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The importance of the farmland-forest edge for area use of
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Twenty-six Hooded Crows (Corvus corone cornix) breeding in a fragmented farm-
land-forest landscape in southeastern Norway were radio-tracked between April and
June in three years. The 95% home range size averaged 0.15 km2. The proportional
distribution of habitat categories in the home ranges was compared with that in the
landscape; EDGE (forest <30 m from open habitats) and FIELD (mainly pastures and
gardens) ranked first, followed by CROP (farmland ploughed annually), OLD (forest
>30 m from open habitats) and YOUNG (clear-cuts and young planted forest) . The
same ranking was found when the habitats used were compared with those available
within the home ranges . Crows devoted more time to perching, mostly in EDGE, than
to foraging, mostly in FIELD and CROP. Use of EDGE increased with increasing
availability ofEDGE in the home range, but the crows used EDGE more than expected
from availability only as long as the proportion of EDGE was <0.40. Home range
decreased as the proportion of EDGE in the home range increased. The results suggest
that an increase in the farmland-forest edge-to-area ratio may increase the density of
breeding Hooded Crows, and thus increase the predation risk on bird nests in edge
habitats .



1. Introduction

Habitat fragmentation, e.g . through agricultural
development and forest harvesting, changes birds'
living conditions in many ways and particularly
by an increase in the edge-to-area ratio (Forman
& Godron 1986, Andren 1994) . Habitat special-
ists may lose their living areas and become rare
when fragments become too small (Hinsley et al .
1996), whereas generalists may be favoured by
fragmentation and attain higher population den-
sities through fragmentation . However, few stud-
ies have focused on individual-based area use of
habitat generalist predators in fragmented land-
scapes . This limits our understanding of the ef-
fects of fragmentation (Andren 1995, Robinson
et al. 1995, Marzluff&Restani 1999). In particu-
lar, an understanding of the mechanisms underly-
ing increased nest predation with increased forest
fragmentation hinges on a detailed understanding
of the habitat use of generalist predators.

Rates of nest predation caused by generalist
predators may increase when fragmentation in-
creases (Gates & Gysel 1978, Andren 1992). In-
creased nest predation rates have been documented
for both natural and artificial nests in farmland-
forest edges compared to the inner forest habitats
(Andren & Angelstam 1988, Temple & Cary
1988, Huhta et al . 1996, Donovan et al . 1997,
Söderström et al . 1998), and in small forest frag-
ments scattered in the agricultural landscape com-
pared to continuous forest (Wilcove 1985, Møller
1988, Donovan et al. 1997). There is evidence to
suggest that the edge effect of increased nest pre-
dation is more important in agricultural and ur-
ban areas than in forested areas (Marzluff &
Restani 1999, Jokimäki & Huhta 2000). In forest
dominated landscapes with minor human in-
fluence, edge-related increase in nest predation
might even be absent (Huhta et al . 1998).

Among the generalist predators believed to
benefit from increasing landscape fragmentation
are corvids in general (Preston 1957, Tenovuo
1963, Ratti & Reese 1988) and crows (Corvus
spp.) in particular . The European Crow (Corvus
corone) and the American Crow (Corvus bra-
chyrhynchos) are regarded as potentially impor-
tant predators on a wide range of bird nests in
agricultural landscapes in Europe (Andren 1992)
and in fragmented forests in North America

(Yahner et al . 1993), respectively . The widespread
European Crow is regarded as both a habitat
generalist (Wittenberg 1968, Andren 1992) and a
food generalist (Meidell 1943, Yom-Tov 1975,
Goodwin 1986). It is found in highest densities in
agricultural areas intermingled with forest
(Andren 1992, Jokimdki & Huhta 1996). To re-
veal the mechanisms behind the observed in-
creased density of crows with increasing habitat
fragmentation and proportion of edge habitat, we
need to know more about the relationship between
home range, and the use of edges between farm-
land and forest compared to availability at the
individual level.

We studied habitat-specific area use and be-
haviour of breeding Hooded Crows (Corvus
corone cornix) in a fragmented farmland-forest
landscape during the breeding season in three
years by use of direct observations aided by ra-
dio-telemetry in order to answer the following
questions : 1) Do the crows select home ranges
with more edge habitat than randomly expected
from the landscape composition? 2) Do the crows
use the edge between farmland and forest more
than expected from availability within theirhome
range? 3) If so, can the crows' home range size be
explained by the availability of edge between
farmland and forest? 4) Can the pattern ofhabitat
use be explained by the crows' differential allo-
cation of time to the components of behaviour
across habitats?

2. Methods
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2.1 . Study area and trapping

The data were collected in Hamar and Ringsaker
municipalities in Hedmark county in southeast-
ern Norway (approx. 60°50'N, 11°10'E) during
the HoodedCrow's breeding season in three years;
from 12 April to 26 June 1993, from 19 May to
28 June 1995, and from 7 May to 21 June 1996 .
The study area is a mixed farmland-forest land-
scape with a declining farmland-forest ratio with
increasing altitude (150-500 ma.s .l .) and accom-
panying transition from the boreonemoral to the
boreal zone (Fig . 1) . This gradient is similar to
that through Limes Norrlandicus in Sweden (see
Andren 1992), but is much shorter due to a steeper
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Fig. 1 . Mapof the study area .

terrain . Three fur farms, but no rubbish tips are
situated in the study area . The fur farms were used
by non-breeding crows during April-May and by
some breeding crows in June.

Crows were trapped in April and May by use
ofa modified version ofthe Larsen trap (Reynolds
1990, Tapper et al . 1991) with two large com-
partments (each compartment approx . 0.5m x
0.45m x0.5m) . Traps were distributed fairly even
over the study area . Trapping (for details see
Hansen et al . (2000)) and radio-tagging were con-
ducted with permission from the Directorate for
Nature Management and from the National Ani-
mal Research Authority in Norway .

Trapped crows were weighed, measured,
sexed ifpossible, ringed, and equipped with a ra-
dio transmitter (Biotrack, UK) mounted as a
backpack and attached with a harness made of
tubularteflontape (BallyRibbon Mills, PA,USA),
locked with plier-flattened small cylinders ofSter-
ling silver. The radio-tagged crows were located
several times for the next 24 hours to ensure that
the tag did not impair the bird . Of the crows in-
cluded in the present study, three had a 12 g radio
tag, and the remaining ones had a 18 g tag (har-

ness included). Each crow was allowed to habitu-
ate to the tag for at least 48 hours before collec-
tion of data started . Sex was determined from a
combination of behaviour, body mass, body meas-
ure and brood patch (Slagsvold 1983). The me-
dian body mass of radio-tagged crows were 495 g
(range 485-515, n = 9) for females and 560 g
(range 515-610, n = 17) for males. The 18 g tag
thus made up about 3.6% and 3.2% of the body
mass of females and males, respectively . Radio-
tagging may influence behaviour and mortality
of birds (Paton et al. 1991). None of the breeding
crows included in the present analysis lost their
territory after tagging, and many raised offspring
to independence in the same season as they were
tagged . The non-breeding crows joined the flocks
as usual after tagging. We therefore believe that
area and habitat use of the crows included in the
present study were not influenced by the tags.

2.2. Tracking

The sample analyzed consists of data from 26
breeding crows, ofwhich six were tracked in 1993,
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ten in 1995, and ten in 1996 (Fig . 1) . The crows
tracked included one mated pair in 1993 and an-
othermated pair in 1995 . Both individuals in each
ofthese pairs were tracked the same year. We have
regarded data collected on the mates in 1995 to
be independent because their home range overlap
was only ca . 33% of the male's home range. In
contrast, the data collected on the mates in 1993
were judged to be dependent because their home
range overlap was ca. 75% of the male's home
range. Both mates in the pair tracked in 1995 were
included in the present analysis, whereas the male
in the pair tracked in 1993 was excluded from the
analysis .

Each crow was located no more than once a
day in daylight, but sometimes (<10% ofthe days)
also on roost at night. The locations of crows at
roost did not extend their calculated home range,
and were not included in the habitat selection
analysis . The temporal distribution of a crow's
locations was systematically spaced so that within
each month each crow was located at all hours of
the day (Andersen &Orrin 1989, Beyer&Haufler
1994). When locating a radio-tagged crow, we
aimed to get a visual confirmation ofthe location
without disturbing or flushing the bird . This was
usually possible at distances of 50-200m by us-
ing binoculars . Because we proceeded until we
could get a visual confirmation of its behaviour,
we occasionally flushed a bird .

The crows' behaviour when first spotted dur-
ing our approach to determine location was re-
corded as one of three mutually exclusive catego-
ries ; perching, flying or foraging . Foraging in-
cluded all movements by the crow on the ground,
and consisted of the two behaviour categories
"walking" and "eating" pooled . This pooling is
justified by the fact that breeding crows in our
study area almost always foraged when on the
ground (Brekke 1994). In cases when the crows
rested on a fence, stone, or a similar structure ad-
jacent to the foraging area, their behaviour was
recorded as perching . The behaviour categories
perching and foraging were classified by habitat,
while the behaviour category "flying" was not.
The number of observations per crow equals the
number of observations for the estimation of its
home range.
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Locations were plotted on copies of aerial
photos (scale 1 :22000, June 1991) in the field and
later transferred to maps (1 :5000 or 1 :10000).
Home range calculations are based on both day-
time and the few (<10%) nighttime locations,
whereas habitat analyses are based on daytime
locations only .

2.3 . Analyses

Home ranges were calculated according to the
minimum convex polygon (MCP)method (Samuel
& Garton 1985) by using the Wildtrak software
for Macintosh computers (Todd 1992). Home
range sizes were calculated forthe 95% MCP. This
was drawn after the 5% most distant positions
from a calculated center of activity had been re-
moved (Todd 1992). All analyses are based on
the 95% home range, because the 100% home
range mayhave biased habitat proportions due to
occasional sallies . The 95% home range is a con-
servative estimate with less risk of including habi-
tats which are never used . Four of the breeding
crows were located 1-4 times on a fur farm situ-
ated 3-5 km away from their home range com-
monly used . These locations were excluded be-
fore calculating home range size, because these
crows were never observed between their home
range commonly used and the fur farm .

The habitat in which a radio-tagged crow was
first spotted during our approach to determine lo-
cation (unless judged to have moved to this posi-
tion due to our approach) was recorded as one of
five mutually exclusive categories; CROP,
FIELD, YOUNG, OLD andEDGE. Agricultural
habitats were made up by CROP (farmland
ploughed annually) andFIELD (pastures, gardens,
farmyards and road sides), and forested habitats
were YOUNG (clear-cuts with planted conifer-
ous trees <3 m high), OLD (all forest with trees
>3 m high, mostly mature forest, situated >30 m
from CROP,FIELDor YOUNG) andEDGE (for-
est with trees >3 m high situated <30 m from
CROP,FIELDORYOUNG; i.e. theedge between
open and closed habitat) .

Foreach breeding crow we estimated the habi-
tat availability from enlarged copies of aerial pho-
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tos (original scale 1 :22000, copy scale 1 :11000)
onto which its 95% MCP had been delineated .
We then placed a grid over the aerial photograph
and classified the habitat at each intersection
within the 95% MCP (cf. Sullivan & Dinsmore
1992). This yielded a median of 131 classification
points (range 48-296) per home range with ca .
35 mbetween classification points .

We studied the crows' habitat use attwo scales
(Johnson 1980). First, we determined habitat use
at the landscape scale by comparing the habitat
proportions within the home ranges ofthe breed-
ing crows with the habitat proportions at the land-
scape scale. For the data from 1993, we deline-
ated a landscape area by pooling all locations
(n = 248) offive radio-tagged non-breeding crows
tracked simultaneously with the breeding crows
(Smedshaug 1994) and calculating the associated
95%MCP. This amounted to an area of 20.48 km2,
and completely included the home ranges of all
the six breeding crows tracked in 1993. Thesame
procedure was applied for the crows tracked in
1995 ; the 95% MCP based on the pooled loca-
tions (n = 368) of nine non-breeding crows
amounted to 20.02 km2 and completely included
the home ranges of the ten breeding crows tracked
in 1995 . This procedure of defining available habi-
tat on the landscape scale provides a conservative
estimate of the area available to the radio-tagged
crows, because it includes only an area that we
really know is used by radio-tagged crows. Even
if we were unable to sex and accurately age all
the non-breeding crows, we know that they con-
sisted of both males and females of different ages .
The non-breeding crows present in 1996 were not
trackedintensively enough to make a reliable land-
scape delineation. Therefore, for the data from
1996 we used the habitat proportions found for
1995, because the breeding crows tracked in 1996
were in the same area as those tracked in 1995 .

Second, we determined the crows' habitat use
within the home range by comparing the propor-
tional distribution of habitats used with that of
habitats available within the home range. How-
ever, only six of the 26 radio-tagged crows had
YOUNG available in their home range. Com-
positional analysis (see below) is not well-de-
signed for this problem (Alldredge et al . 1998).
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Therefore, we included YOUNG in CROP, re-
ducing the number ofhabitat categories used from
five to four . Also, nine crows did not have OLD
habitat within their home range. Therefore, the
values for the missing cases were determined by
randomization (see Aebischer et al. 1993).

The traditional measure of habitat selection,
relating use of a habitat to its availability (e .g .
Neu et al . 1974), has recently been challenged
(Aebischer et al . 1993, Mysterud & Ims 1998).
First, Aebischer et al. (1993) argued on statistical
grounds that habitat preference should be substi-
tuted by habitat ranking based on individual log-
ratios to overcome the unit-sum constraint . We
employed such compositional analysis proposed
by Aebischer et al . (1993) to investigate habitat
selection, since it is the best method so far devel-
oped (Alldredge et al . 1998). Compositional
analysis is a general multivariate analysis which,
by reducing dimensionality through a log-ratio,
overcomes the unit sum constraint arising in re-
source selection analysis (Aitchison 1986), and
applies relative habitat use to rank the habitats .
Compositional analysis also uses the individual
as the sampling unit, which is desired when the
aim is to draw inference on apopulation .

Second, Mysterud and Ims (1998) further de-
veloped the approach of Aebischer et al . (1993)
by pinpointing the common problem inthe analy-
sis ofhabitat selection that both the calculation of
absolute preference and that ofranking implicitly
assume that use of a habitat is directly propor-
tional to its availability . This may mask any dif-
ferential allocation of time to the components of
behaviour (e .g . foraging vs . resting) across habi-
tats, and give rise to misleading conclusions con-
cerning whether a habitat is selected or avoided
(Smedshaug 1994). Therefore, Mysterud and Ims
(1998) introduced the term functional response
in habitat use, meaning a change in the relative
use of a habitat type with changing availability of
two habitat types, and defined selection ofa habi-
tat to occur only within the range ofhabitat avail-
ability for which the proportion of use is sig-
nificantly greater than the proportion available .
By applying a logistic regression model, regress-
ing habitat use against the logit of habitat avail-
ability (i .e . log ofproportion habitat available di-



vided by one minus proportion of habitat avail-
able), Mysterud and Ims (1998) argued that evi-
dence for functional response in habitat use could
be inferred by means ofthe regression parameter
values (i .e . the intercept aand slope β) . Mysterud
and Ims (1998) interpreted functional response in
habitat use relative to habitat availability to be
presentfor all significant parameter estimates, ex-
cept in the case where a=0 and β = 1 (i .e . habitat
is used equal to availability), and in the case where
β = 0 (i .e . the investigated habitat is used inde-
pendently of its availability). In our case, the fo-
cal habitat type is EDGE, and the other habitat
type consists of all the other habitattypes (defined
above) pooled (CROP, FIELD, YOUNG and
OLD).

The statistical tests were done by using Stat-
wiev 4.0 (Abacus Concepts, Berkeley, USA),JMP
3 .1 (SAS Institute Cary,USA) and S+ 3.3 (Math-
Soft, USA) software . The habitat proportions were
arcsine transformed (Sokal &Rohlf 1995) before
being included in aforward stepwise regression .
In the stepwise regressions the F-to-enter value
was 4.0 . The analysis of habitat use at the home
range scale was conducted with MacComp 0.90
(John Caroll, California, USA) . Statistical sig-
nificance was established at P<0.05, and all tests
were two-tailed. Means are given with ±1 SD un-
less otherwise stated.

3. Results

3.1 . Home range

Crow average 95% home range size was 0.15 ±
0.23 km2. There was no significant difference in
95% home range size between the three years of
study (ANOVA, F2,23 = 1 .26, P=0.30) or between
sexes (unpaired t-test, t = 0.76, n1, =17, n2 = 9, P =
0.45) . There was no significant correlation be-
tween 95% home range size and number of loca-
tions for the breeding crows in all years combined
(r = 0.19, n = 26, P= 0.33) .

3.2. Habitat selection
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Thehabitat composition ofhome ranges differed
significantly from that ofthe landscape (A =0.34,
df = 4, P<0.0001) . When comparing the habitat
composition in the home ranges of the breeding
crows with that in the landscape, EDGE and
FIELD ranked highest with no significant differ-
ence between them, followed by CROP,OLDand
YOUNG, which all were ranked significantly
lower than EDGE (Table 1a; Fig. 2a).

Within their home ranges habitat useby breed-
ing crows was non-random (A = 0.33, df = 3,
P < 0.001). EDGE was used significantly more

Table 1 . Ranking matrix based on compositional analysis of a) the differences in habitat composition between
the landscape and the home ranges of radio-tracked Hooded Crows, and b) the differences between habitat
use and habitat availability within these home ranges . P-values are given in the upper right and the corresponding
t-values are given in the lower left . See text for definition of landscape .
a)

EDGE FIELD CROP OLD YOUNG Rank

EDGE 0.58 0.023 <0.001 <0.001 1
FIELD 0.58 0.20 <0.001 <0.001 2
CROP 2.38 1 .32 <0.001 <0.001 3
OLD 5.95 5.63 5.41 0.20 4
YOUNG 7.23 6.32 6.60 1 .32

b)

EDGE FIELD CROP OLD Rank

EDGE 0.034 <0.001 0.002 1
FIELD 2.31 <0.001 0.01 2
CROP 5.78 4.67 0.52 3
OLD 3.71 2.85 0.69 4
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than FIELD, which was used significantly more
than both CROP and OLD, relative to that ex-
pected from the habitat composition in the 95%
home ranges (Table lb ; Fig. 2b).

3.3 . Functional response

Mean relative use of EDGE by the crows was
0.43 ± 0.15, while mean relative availability of
EDGE in their home ranges was 0.25 ± 0.10. A
binomial logit model was used to investigate
whether the probability ofuse of EDGE wascon-
ditional on the proportional availability of EDGE
in each individual home range. The slope (β ) was
nearly significantly different from zero (β = 0.36
± 0.18 (SE), t = 1 .95, P = 0.052, whereas the in-
tercept ( x ) was not significantly different from

zero (x = 0.20 ± 0.23 (SE), t = 0.88, P = 0.38) .
This indicates that there was a marginally greater
chance offinding an individual crow in the EDGE
habitat with increasing availability of EDGE
(Fig . 3) . However, the model fit to the data was
not optimal (N = 26, P < 0.001, Gres/df = 1 .73) .
Including year in the model did not increase the
fit markedly (G res/df = 1.63), but made year be-
come significant (βyear= -0.24 ± 0.12 (SE),
t = -2.02, P = 0.043).

3.4 . Habitat-dependent activity

The crows devoted their time mainly to perching
(mean proportion 0.61 ±0.14) followed by forag-
ing on the ground (0.25 ± 0.11) and flying
(0.13 ± 0.07; Table 2) . There was a strong asso-

Fig . 2. Habitat composition
in the landscape compared
with that in the home
ranges of radio-tracked
breeding Hooded Crows
(a), and habitat use by
these crows compared
with habitat availability
within their 95% home
range (b) . Data are shown
as average ± 1 SD .
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ciation between the two main behaviour catego-
ries (perching and foraging) andhabitat (Table 2) .
The open habitat category CROP was mainly used
forforaging, while the forested habitat categories
OLDandEDGE were almost only used for perch-
ing (Table 2) . The habitat category FIELD con-
tained single trees and was often used by the local
farmers for dumping organic offal, and the crows
used this habitat almost as much for foraging as
for perching (Table 2) . Thus, most perching took
place in EDGE (59%) followed by FIELD(27%),
OLD (11%) and CROP (2%) . In contrast, most
foraging on the ground tookplace in FIELD(47%)
and CROP (45%), followed by EDGE (6%) and
OLD (2%) .

3.5 . Can habitat composition explain home
range size?

In a stepwise regression model (forward selec-
tion) with the log-transformed 95% home range
size as dependent variable and the arcsine trans-
formed proportions of CROP, FIELD, OLD and
EDGE in thehome range as independent variables,
only the proportion of EDGE was included in the
model (R2 = 0.38, n= 26, F = 14.48, P = 0.0009;
Fig. 4), while the variables CROP (F = 0.18),
FIELD (F = 1 .04) and OLD (F = 0.28) were not
included . The home range size declined with an
increasing proportion ofEDGE in the home range
(Fig . 4) .

Table 2 . The proportion (mean ± SD) of time devoted to the main behaviour types (perching and foraging) in
each habitat, and the proportion of total use of these habitats, by radio-tracked Hooded Crows. The number of
individual crows on which the calculated figures are based is given if different from the total number studied
(N = 26) .

Fig . 3 . Logistic regression
of the proportional use of
EDGE by radio-tracked
breeding Hooded Crows
against the proportion of
EDGE available in home
range. The dotted lines
indicate the 95% con-
fidence interval .

Habitat Activity Use

Perching Foraging

OLD 0.94 ± 0.06' 0.06 ± 0.08 0.08 ± 0.11
EDGE 0 .96 ± 0.10 0.04 ± 0.10 0.43 ± 0.25
CROP 0 .10 ± 0.10 2 0.90 ± 0.25 0 .15 ± 0.12
FIELD 0.57 ± 0 .283 0.43 ± 0.29 0.33 ± 0.15

1N = 5, 2N = 21 ,3N = 25
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Fig. 4. The relationship
between the 95% home
range size (ha) of radio-
tracked breeding Hooded
Crows and the proportion
of EDGE within their 95%
home range.

4. Discussion

4.1 . The importance of the forest edge for
crows

The crows inour study used EDGErelatively more
than other habitats at both the landscape scale and
the home range scale . The ranking of EDGE and
FIELD before CROP, OLD and YOUNG at the
landscape scale indicates that the crows selected
a home range with a more diverse vegetation than
random . Similarly, Ignatiuk & Clark (1991) found
a higher density of American Crows in an agri-
cultural area with more diverse land use than in
an agricultural area with more crop land and less
trees .

On the home range scale the crows used EDGE
relatively more than other habitats . Breeding
crows use the forest edge to perch in (Preston
1957) and hunt from (Slagsvold 1980). Moreo-
ver, predators such as the Goshawk (Accipiter
gentilis) may be easier to detect and avoid from
the forest edge . In addition, breeding crows place
their nests in forest edges (Wittenberg 1968,
Loman 1975, own observation), which may incur
a lower nest predation risk from non-breeding
crows thanplacing the nest in single trees (Loman
1979) . The need for observing intruders (Charles
1972) also implies that breeding crows increase
perch time on sites with a good view, such as for-
est edges . The crows probably use the EDGE as a
convenient look-out for prey, predators and in-
truders .

The home range sizes of the breeding crows
in our study decreased with an increasing propor-

tion of EDGE in the home range . The EDGE habi-
tat in this study was primarily between forested
and agricultural habitats and not between forest
and clearcut. According to Wittenberg (1968) the
number of pairs per km forest edge would be a
better density index for the European crow than
number ofpairs perkm2 . Studies ofnon-radiotagged
breeding European crows have found that home
range size in cultivated landscapes increases with
an increasing proportion of forest (Pinowski &
Wasilewski 1962, Wittenberg 1968, Tompa
1975), The density of crows is highest in a land-
scape with both forest and agricultural land, where
the agricultural land is the crows' main food base
(Andrén 1992). Together, the results ofthese stud-
ies and our study suggest that the distribution of
habitats within the home range, and not the forest
proportion per se, may be important to the crows .
Therefore, amount ofEDGE probably is, by some
mechanism, an indication of habitat quality for
crows .

4.2. Habitat-related behaviour

We foundastrong association between activity and
habitat for the Hooded Crow . The habitat category
most used within the home range was EDGE, and
the main behaviour was perching, such that the
Hooded Crows spentconsiderablymore timeperch-
ing in EDGE than in any other habitat. In contrast,
when foraging on the groundthe crows spent equal
amounts of time in FIELD and CROP, and almost
no time in other habitats . Because the crows de-
voted more than twice as much time to perching
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than to foraging on the ground, and because most
perching took place in EDGE which is less com-
mon in our study area and in the crows homeranges
than is CROP, traditional habitat analysis would
have lead to the conclusion that CROP is used less
than expected from its availability and thus is se-
lected against, while EDGE is used more than ex-
pected from the availability and thus is selected.

The 12%of the total time spent in CROP seems
likely to fulfill almost half of the crows' food de-
mand, and the crows could probably have used
more time foraging there if they needed to . Hence,
to conclude that CROP is selected against is prob-
ably incorrect . When thehabitat definitions are such
that the animal under study performs one type of
behaviour in each habitat category, an analysis of
habitat use also is some kind of time budget analy-
sis (Smedshaug 1994, Mysterud & Ims 1998).

4.3. Functional response in habitat use

This interaction between behaviour and habitat
poses aproblem to habitat selection analysis . There-
fore, Mysterud & Ims (1998) presented a test for
functional response in habitat use to reveal any
change in relative use of a habitat with changing
relative availability of that habitat. Lack of such a
functional response maybe due to sometime budget
constraint that does not allow change in use when
the availability changes. Our analysis offunctional
response showed that the crows used EDGE nearly
significantly more with increasing proportion of
EDGE in the home range. However, because the
slope (β = 0.36) was < 1, the crows' use of EDGE
did not increase in proportion to availability . This
seemingly weakfunctional response was due tothe
crows' intensive use of EDGE even at low avail-
ability . The crows selected EDGE only as long as
the proportion of EDGE available in their home
range was belowa certain value (ca. 0.40) . Above
this value, the crows no longer selected for EDGE,
probably because no more time could be devoted
to perching.

4.4. Implications for nest predation

Corvids have been found to be the majornestpreda-
tors in several studies of nest predation in edges
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and forest fragments inagricultural and urban land-
scapes in both Europe (Angelstam 1986, Andrén
& Angelstam 1988, Møller 1989, Andrén 1992,
Jokimäki and Huhta 2000) and North America
(Temple & Cary 1988, Robinson et al . 1995,
Hannon & Cotterill 1998), as well as in managed
forest in North America (Yahner & Wright 1985,
Yahner 1991, but see also Marzluff & Restani
1999). However, most of these studies have used
artificial nests and they maynot be representative
of real nests (Willebrand & Marcström 1988,
Valkama et al. 1999). Furthermore, there is reason
to believe that corvids rob ground nests to a lesser
extent than tree nests. There are fewer predator
species foraging in trees than on the ground, so the
proportional predation risk posed by corvids is
possibly higher in trees than onthe ground . In edges
corvids may also be more efficient predators on
tree-nests than on ground-nests .

Andrén (1992) showed that the Hooded Crow
was the mostimportant predator on artificial nests
among corvids in landscapes with agricultural
land . Hannon &Cotteril (1998) found that preda-
tion by corvids was highest in edges and small
woodlots, and suggested this to be due to corvids
foraging in forest edges. Our radio-tagged crows
did not use much time foraging on the ground in
the forest edge, but rather spent their time there
perching . The crows' differential allocation of
behaviour across habitats, with perching located
to forest edge, would facilitate their discovery of
and predation on bird nests in the forest edge .

The breeding Hooded Crowsused EDGE rela-
tively more than otherhabitats on the scales ofboth
landscape and home range, devoted their time in
EDGEto perching, and showed a nearly significant
functional response in use of EDGE habitat. The
selection of EDGE declined with increasing pro-
portion ofEDGE available and disappeared above
c. 40%EDGE in the home range. The size of home
ranges declined with increasing proportion of
EDGE in the home range. Our results suggest that
an increased edge-to-area ratio as an effect of frag-
mentation will increase Hooded Crow density un-
til saturation due to social intolerance, and that this
might cause an increased predation risk from perch-
ing crows on bird nests inthe farmland-forest edge .
Whetherincreasedcrowdensity is the mainmecha-
nism explaining elevated nestpredationinthe farm-
land-forest edge needs further study.
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Sammanfattning : Betydelsen av kant-
zonen mellan odlad mark och skog för
häckande kråkors arealbruk, avslöjat
med anviindning av radiotelemetri

Hemmaområdet och habitatselektionen fdr 26
häckande kråkor (Corvus corone cornix) upp-
mättes med använding av radiotelemetri i ett
fragmenterat jord- och skogsbrukslandskap i
sydbstra Norge i april-juni i 1993, 1995 och
1996 . Hemmaområdet (95% minimum konvex
polygon) baserat på en lokalisering per dag var
i genomsnitt 0.15 km2. Habitatsammansätningen
i kråkornas hemmaområde avvek från habitat-
sammansätningen i studieområdet, och kråkornas
habitatanvänding avvek från habitatsamman-
sätningen i deras hemmaområde. I bägga dessa
fall av habitatselektion rangerade kantzonen
(skog < 30mfrån öppna habitat) ochbetesmark
högst, efterföljd av åker, skog (> 30mfrån bppna
habitat) och avverkningsytor och planterade
ytor . Kråkorna använde mer tid på att sitta stilla
än på att furagera, och använde för det mesta
kantzonen för all sitta stilla och nästan bara
betesmark och åker till att furagera . Kråkornas
använding av kantzonen ökade med ökad
tillgång av kantzon i hemmaområdet, men
kråkorna använde kantzonen mera än tillfälligt
förväntat blott så ldnge kantzonen utgjorde
< 40% av habitattilgången i hemmaområdet .
Kråkornashemmaområde minskade, när andelen
av kantzon i hemmaområdet 6kade. Detta
antyder, att en ökning av andelen av kantzon
mellan odlad mark och skog Gkar tätheten av
häckande kråkor, och således Gkar predations-
risken från sittande kråkor på fågelbon placerade
i denna kantzon.
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