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The Tawny Owl Strix aluco was studied at the northernmost limit of its geo-
graphical range (63°20'N) in order to investigate how this extremely resi-

~ dential species has adapted to the marginal conditions of its northern out-
post. The presence of nemoral forest vegetation was crucial for the occur-
rence of the species . The mean annual home range size of radio tagged

~ . ►í y~ females was much larger than reported in any other study . The winter home
ranges were, on average, 54% larger than those in summer . In the summer,
range size was negatively correlated with the proportion of mixed decidu-

/ ous/coniferous forest within 1km of the nest . This could be explained by the
abundance of bird prey, which comprised 61% of the summer diet. In the
winter, no significant correlation's with home range sizes were found . Dur-
ing this season, mammals comprised 95% of the diet . In extreme cases,
females left the nesting area for prolonged periods during the non-breeding
season. We conclude that even a species known to be notoriously residen-
tial can express a high degree of plasticity in its ranging behaviour when
population densities are low, at least among the females . However, the envi-
romnental and social factors leading to some females leaving their nest are-
as in the non-breeding season are more complex than the result of mere lack
of food.
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INTRODUCTION tance of specific habitats, in particular (Carey et
al . 1992; Zabel et al. 1995 ; Boyce & McDonald

Individual behavioural responses to the environ- 1999).
ment have often turned out to be good indices of The Tawny Owl is a famous example of a
which resources actually limit a species' abun- long-living, generalist predator with a stable pop-
dance (Cody 1985 ; Manly et al. 1993 ; Rotenberry ulation structure maintained through strict territo-
& Wiens 1998) . Hence, in owls, measures of gen- riality, and a population density tuned to the over-
eral occurrence, home range size and habitat all food supply in the environment (Southern
selection may be good predictors of the quality of 1970 ; Hirons 1985a ; Galeotti 1994). The species
the environment, in general, and of the impor- should therefore be a suitable model for studying
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Fig . 1 . The study area with playback stations, vegetation zones and home ranges (100% minimum convex poly-
gons) of 13 radio-tagged female Tawny Owls .

the ranges of individual responses to varying and con-specifics decrease (Davies 1978) .
availability and dispersion of food supply. Hence, We have studied a population of Tawny Owls
increasing fragmentation of suitable foraging hab- living at the northern limit of the species' geo-
itats (woodlots in farmland) has previously been graphical range in order to investigate how a resi-
shown to correlate with an increase in territory dent, territorial, generalist predator adapted to this
size and a decrease in territorial conflicts (Red- seasonal and assumed marginal environment .
path 1995) . In contrast to populations in the south
that may be limited by fragmentation of otherwise
high quality habitats, those in northern environ- STUDY AREA AND METHODS
ments are dependent on smaller and seasonally
more varying prey populations throughout all The study area consists of the eastern side of the
habitats . In addition, the prey base is limited to Trondheims-fjord (63°20N, 10°45'E) in central
fewer species. For instance, amphibians and many Norway (Fig . 1) . To our knowledge, few pairs

bird species, serving as important alternative breed north of the study area . The natural vegeta-

preys in early spring in central Europe (Wendland tion within the study area changes from deciduous
1984 ; Jedrzejewski et al. 1996), are available only forest and mixed deciduous/coniferous forest near
during May-September in the north . Therefore, it the coast, on south facing slopes and in valley bot-
is likely that winter is a narrower bottleneck here toms, to purely boreal vegetation dominated by
than elsewhere. This might force the individual to dense spruce forests a few kilometres inland . At
utilise larger areas in order to f•ind suitable hunt- altitudes > 500 m a .s .l., open arctic-alpine heather
ing grounds. Accordingly, investment in resource and bog vegetation dominate. Most of the lowland
holding may decrease as it becomes costlier and is cultivated, so southern forest vegetation primar-
less rewarding as the densities of both resources ily occurs on steep slopes or in riparian areas . The
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hours of daylight vary from 4-5 hours in mid-win- months . The owls were usually located every 3-14

ter to almost 24 hours in mid-summer. Permanent days, yielding 20-61 telemetry locations on an

snow cover usually lasts from mid-December to annual basis (Table 1) . We tried to obtain loca-

early April . Local and temporal snow conditions tions from both night and day by triangulating

vary from no snow at all to more than one meter their bearings . However, in the winters it was usu-

depth. In general, much less snow accumulates in ally practically impossible to obtain night loca-

the coastal areas than in the inland . The first tions of any appropriate precision since the owls

known record of breeding Tawny Owls in the stu- often resided in areas > 1 km from roads, and

dy area dates from around 1900 and nesting was because snow prevented night movements in the

scarce until the late 1950s (Haftorn 1971) . A per- hilly terrain. Roosting owls were homed in on and

manent population was established in the 1960s visual observation was attempted as often as pos-

(S. Haftom pers. comm.) . During our study sible . If contact with an individual was lost, it was

(1994-98), the occurrence of Tawny Owls was searched for by car, eventually by fixed wing air-

patchy, rarely exceeding 1 pair km-2 and usually craft if still not found . Once a year, when the nest

far fewer. A large part of the population bred in boxes were checked, it was possible to determine

nest boxes controlled by local ringers, but pairs whether lost females were still present in the

also bred in buildings and natural tree cavities. breeding territory or had died or moved away .

Playback recordings Division of the year

The occurrence of territorial Tawny Owls was The annual cycle was divided into five peri-
registered by playback survey, following Red- ods : the time between fledging (late May to mid

path's (1994) procedure. Registration was per- June) and reaching independence (period 1) ; the

formed systematically at 81 playback stations time from independence or death of the last off-
(Fig . 1). The playback surveys were done three spring unti130 September (period 2) ; late autumn

times (Feb-Mar 1997, Dec 1997-Jan 1998 and and early winter, 1 October to 31 December (peri-

Feb-Mar 1998). The playback surveys were car- od 3) ; late winter, 1 January to 15 March (period
ried out during periods of stable weather condi- 4) and the pre-incubation period, from 16 March

tions (i .e . high-pressure periods with no precipita- until onset of incubation (period 5) . Periods 1-2

tion and little wind) . Each time, the provocations represent the summers, i .e . the periods in which

were done two days apart, i .e . 162 times within the weather usually was mild and the trees had

each of the three periods, or 486 times in total . leaves. Accordingly, the rest of the year (period 3-

Since it took two nights to survey all stations 5) will be referred to as `winter' . At its longest,

once, each of the three surveys took four consecu- period 1 lasted until 18 August, whereas the peri-

tive nights. Once an owl responded to a playback, od was eliminated from the study when owls had
the species was registered as present on the loca- lost their offspring during the nesting stage . Since

tion. The response was scored as 0 (no response all offspring were radio tagged (Overskaug et al.

within 30 min), 1(vocalising from a distance) or 2 1999), we could determine when they died or
(approaching). reached independence (i .e. dispersed from the

area) . Period 3 represented the more benign half

Radio tracking of adult females of the winter, whereas period 4 represented the

Tawny Owl females were radio-tracked harsher part with the lowest mean temperatures

throughout 1994-95 and 1996-1998 . Females and extensive snow cover. Period 5 represented

incubating chicks were caught in their nest boxes the last 2-4 weeks before the females began incu-
and fitted with a 12g backpack transmitter (TW-3 bating . During this period, the mean temperatures

model, Biotrack Ltd., Wareham, UK) beneath the began to increase, and the snow layers decreased

plumage . Usually, the transmitters lasted for 9-11 in depth .
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Table 1 . Range use data of 13 radio tagged female Tawny Owls . The data are based on telemetry fixes collected
at both night and day. Home ranges (ha) are given as 95% (95K) and 50% (50K) kernels (see text for further details)
and 100% minimum convex polygons (MCP) . nf= number of fixes . Annual home ranges are calculated only if z 3
fixes are available from each season. Mean distance from the nest box is calculated for the following periods : 1,
post fledgling period (dependent, fledged offspring) ; 2, post reproductive period (after independence or death of
offspring until 30 September) ; 3, 1 October-31 December, 4, 1 January-15 March ; and 5, 16 March-incubation
start.

Home range estimates
Mean distance to nest box (m)

Summer Winter Whole year Period in the annual cycle
ID (Jun-Sep) (1 Oct-15 Mar) (Jun-Apr) 1 2 3 4 5
Owl

95K 50K MCP nf 95K 50K MCP nf 95K 50K MCP nf

1/94 130 27 27 9 257 71 155 17 172 32 191 32 - 248 384 784 455

2/94 176 55 48 8 169 26 - 15 246 50 216 31 1160 383 797 641 589
1/96 151 26 42 10 296 31 42 10 264 27 285 20 233 692 1335 286 -

2/96 181 33 40 12 - - - 3 224 31 91 16 365 447 1132 - -
3/96 144 24 86 17 313 77 91 8 208 26 236 25 392 144 1337 642 -
4/96 259 32 816 14 - - - 3 321 37 1780 17 190 2889 3225 - -
11/97 153 27 166 30 351 43 629 9 194 26 918 39 562 883 2619 1855 -
1/97 217 23 172 6 328 30 338 12 440 26 404 25 - 1562 2457 1266 785

2/97 129 28 45 33 200 39 189 16 165 41 287 55 106 401 460 687 485
4/97 122 31 21 14 - - - - - - - 14 94 292 - - -

6/97 149 30 56 30 186 24 84 10 275 48 727 51 276 272 3497 - -

7/97 79 24 13 29 191 55 83 9 106 26 126 49 191 348 787 1247 215

13/97 163 27 598 39 184 26 135 17 177 31 667 61 387 1287 730 723 389

mean 158 30 164 248 42 194 233 33 494 360 758 1563 903 486

n 13 13 13 10 10 9 12 12 12 11 13 12 9 6

SE 12 2 69 22 6 62 25 3 139 90 213 316 157 78

Analyses of habitat selection wise procedure, testing the additive effects of th e
Habitats were classified into four categories : loaded variables with the maximum likelihood

coniferous forest (usually spruce) ; mixed decidu- method (Hosmer & Lemeshow 1989) . Habitat
ous/coniferous forest; southern deciduous tree selection by the owls within their ranges (3,d
stands and open land (mostly fields with grass order habitat selection level : Johnson (1980)) was
crops or grazing livestock) . At landscape level tested with compositional analysis (Aebischer et
(2nd order habitat selection level : Johnson (1980)), al. 1993), using the habitat composition within a 1
the absence or presence of responding owls at km radius of the nest box as available habitat . The
playback stations was modelled as a resource model test was based on a randomisation proce-
selection probability function (Manly et al. 1993) dure ('Bycomp.sas' by courtesy of P. Ott & F.
using logistic regression . The distance to the sea Hovey, Forest Service, British Columbia, Canada)
and the proportions of the different habitat catego- written for SAS (SAS Inst .) . We used 9999 ran-
ries within 500m of the playback station were domisations in our analyses . The habitat selection
loaded as independent factors in a forward step- analyses were done separately for the summer
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(periods 1-2) and the winter data (periods 3-5) . A & Garrott 1990), our figures will underestimate

minimum of 15 relocations should be recorded for the `real' range sizes . In order to cope with the

any individual within an interval in order to inclu- unequal numbers of relocations in the different

de it in the analyses. samples, the range use analyses are partly base d

on the owls' mean distance to their nest boxes
Food habits and prey availability (MDNB) . The nest box was used as a focal point

Regurgitated pellets were collected in four ter- because its presence is assumed to be decisive fo r
ritories during both summer and winter. All iden- the owls' opportunities to reproduce the following
tifiable remains were re-counted to the number of year. MDNB was calculated for each period, both
individual prey in the portions . The prey's body for day and night locations.
mass obtained from literature was used to calcu- Differences in MDNB between day and night
late its proportion of the ingested biomass . Confi- locations were tested for each period with Wil-
dence intervals of the mean values were found by coxon's matched pairs signed rank test . Since the-
a bootstrap procedure as recommended by Rey- re were no tendencies towards such a difference in
nolds & Aebischer (1991), using 2000 bootstrap any of the five periods, day and night locations
re-samplings . The frequency with which the sum- were lumped in the subsequent analyses . Differ-
mer and winter diet consisted of birds or of mam- ences in MDNB between succeeding periods
mals was tested with Fisher's exact test . In order were tested with Wilcoxon's test. Since these tests
to ascertain whether habitat use of the Tawny revealed no differences between the adjacent peri-
Owls was related to food sources, the densities of ods 1-2 and 3-4, these groups were pooled for
birds and small mammals were indexed in each of summer and winter for the analyses of home ran-
the three categories of forest vegetation in owl ge areas . Home range calculations for a given
home ranges (i .e . < 100m from occupied nest period were done for owls with 8 fixes or more,
boxes), and in areas where no owl activity had using the Animal Movement extension for Arc-
been recorded. The statistical set-up was thus a 2 View (Hooge & Eichenlaub 1997) . Home range
(owls present/absent) x 3 (habitat type [random size was measured as 100% minimum convex
factor]) ANOVA design . The abundance of bird polygons (Mohr 1947) and 95% and 50% kernels
prey during the summers was assessed in June (Worton 1989) with a smoothing factor set to 250
2000, using the point count method (Bibby et al. in. The arbitrary choice of 250m was a compro-
1992), i .e . the numbers of birds heard or seen by mise between the owls' assumed perception of
an observer during a 30 min observation period . their environment and the small number of telem-
Small mammals were indexed as the catching fre- etry fixes . Accordingly, the sizes of the kernel are-
quency in baited snap traps in July 1997 and late as are comparable only with home ranges calcu-
December 1997, using 100 traps for 24h in each lated with the same fixed factor. The relation
trap line . In total, 18 trap lines were used each between seasonal area use and habitat availability
time . Owing to the low catching frequencies, the within ikm from the nest was tested with correla-
catches were summed over all species for the sta- tion analyses (rs) .
tistical analyses. For stabilisation of the variances,
the sighting/trapping data were square root trans-
formed prior to the analyses. RESULTS

Analyses of range use Playback survey
For practical reasons, it was possible to obtain At 45 out of 81 stations, a response was

only a limited number of fixes for most individu- recorded at least once . There was a very signifi-
als (Table 1) . Since most home range models cant positive relation between the occurrence of
require > 30 fixes to give stable estimates (White owls and the proportion of deciduous forest
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0.0001, R = 0.302) . No other vegetation types, nor habitat category
the distance to the sea, explained any additive
variation after the effect of deciduous forest was Figure 4 . Habitat uses of radio-tagged female Tawny

accounted for. The response pattern at the 45 sta- Owls in summer (June-September) and winter (Octo-

tions with owl occurrence was : no response in ber-April) compared to availability within 1000m of
their nest boxes ( top diagram) and habitat selection

5 (indexed as 1og2[use/availabi lity]) of the same data
(bo ttom diagram) . Relative difference in preference
between two categories can be obtained by subtracting

4 their means. The bars give means ± 95% con fidence
limits. n = 7 owls each season. CON = coniferous

$ 3 wood, MDX = mixed coniferous and (southern) decidu-
Q ous forest vegetation, DEC = deciduous forest vegeta-

'
R cn 2 tion, OPEN = open land (fields and pastures) . The win-

ter data primarily reflect the habitat use at daytime . In
1 summer litt le difference exists between day and night

due to the northern latitude.

CON MIX DEC
habitat type 72% of the cases, distan t responses in 18% of the

Fig 3 . The summer density of birds indexed as the cases
and approaching, aggressive responses in

numbers of birds heard or seen from a spot within 30 10% of the 270 attempts (Appendix) .

min in the 3 forest type categori es . The figure indicates
the means and confidence limits (square root trans- Diet and prey supply

formed raw data). CON = coniferous forest, 1VIIX = Birds made up more than half the diet in the

mixed coniferous and nemoral broadleaf forest, DEC = summers, whereas the winter diet almost complete-

nemoral broadleaf forest. ly consisted of voles, mice and sh rews (Table 2,
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Table 2 . Tawny Owl diet determined from pellet contents or prey remains (the juvenile crows) in summers (June-
September) and winters (October-March) . n = number of prey items. The 95% confidence limits of the biomass
proportions are found with bootstrap re-sampling (see text) .

Prey Summer Winter)
mass (32 pellets) (42 pellets

Species (g) n Biomass % n Biomass %
Mammals mean 95%CI mean 95%CI

Common Shrew Sorex araneus 10 1 21 10 5-17 11 3 1-5
Pygmy Shrew Sorex minutes 7 1 - - - 1 0.2 0-1
Bank Vole Clethrionomys glareolus 16 ' 11 8 4-16 42 21 13-29
Field Vole Microtus agrestis 211 18 18 10-30 73 47 35-62
Grey-sided Vole Clethrionomys rufocanus 18 1 3 3 0-6 - - -
House Mouse Mus musculus 241 - - - 3 2 0-5
Yellow-n . Mouse Apodemus flavicollis 18 , - - - 2 1 0-3
Brown Rat Rattus norvegicus 1001 - - - 1 3 0-11
Stoat d Mustela erminea 300 2 - - - 1 9 0-37
Red Squirrel Sciurus vulgaris 3002 - - - 1 9 0-37

Subtotal . 53 39 25-59 135 95 89-100

Birds
Hooded Crow5 Corvus cornix 2503 2 24 0-47 - -
Thrushes Turdus sp . 1004 5 24 6-43 1 3 0-10
Small passerines sp. 304 9 13 6-24 2 2 0-3

Sub total 16 61 40-75 3 5 0-11

'Nilsson 1981, 2Siivonen 1968, 3estimated, 4Haftom 1971, 5nestlings of Hooded Cro w

Fisher's exact test, P < 0.001) . Point counts in the (summer : F214 = 1 .67, P = 0.22, winter : F214 =
summers revealed mixed forest to sustain signifi- 0 .226, n.s.) or in presence/absence of owls (sum-
cantly higher densities of prey birds than did mer : Fl 14 = 1 .80, P = 0 .20, winter : F1 114 = 0. 004,
coniferous and deciduous forest (Fig . 3, habitat: n.s .) .

FZ 32 = 7 .31 P = 0 .002 ; presence/absence of owls :
F 1 32 = 2 .77, n.s.) . Only shrews (mainly Common Telemetry survey
Shrew Sorex araneus), Field Voles Microtus In the summers, the radio-tagged owl females
agrestis and Bank Voles Clethrionomys glareolus primarily used mixed and deciduous forest,
were caught in the snap traps. On average, 1 .0 whereas in the winter, primarily coniferous and
(confidence interval 0 .4-2 .6) small mammal was mixed forests were used (Fig. 4A). At both sea-
caught per 100 trap nights in the summers (88% sons, utilisation differed significantly from avail-
shrews and 12% voles of a total of 32 catches) and ability (Summer: Wilk's A = 0.044, n 7, P =
2 .1 (1 .1-6 .2) per 100 trap nights in the winters 0 .015 . Winter: Wilk's A = 0.054, n = 7, P 0 .016)
(73% shrews and 27% voles of 51 catches) . There with mixed forest being the most preferred habitat
were no significant differences in the frequencies and open land the most avoided (Fig . 4B). Pair-
of trapped mammals between different habitats wise tests revealed no differences in mean dis-
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€ 300o isation during the two seasons. In the summers,

m • 95% kernel home range size and MDNB were
E
E 250 0 both negatively correlated with the proportion of

__ 200 0 mixed forest within 1km of the nest box (Table 3,
Fig . 5) . In the winters, no significant correlations

1500 • were found between spatial distribution and habi-
tat• composition, though there was a tendency

c looo • towards a negative correlation with the propor tion

0 500 • of deciduous forest within 1km of the nest box

ó •~• • • (Table 3) . In a few cases, the females not only
2 Oo 5 io 15 20 25 exp anded their ranges during the autumns, but
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Fig 5 . Mean distances from radio-tagged owl to its
nest box (MDNB) in period 2 (the summer period from •
the independence or death of offspring unti130 Septem-
ber, n = 13 female owls) plotted against the relative '# 3/96
cover of mixed deciduous/coniferous forest (1VIIX)
within 1000 m of the nest box. , ~ " .

T0/~~~

\ 26vo~
tance to the nest box between roost and activity s~ Aug~
fixes within any of the five periods (Wilcoxon's °ra ~
signed rank tests, all P>_ 0.35) . Night and day
observations were therefore pooled in the subse-
quent analyses. Pair-wise tests of the succeeding isap,.,_ \
periods of the year indicated no difference in dis- ~ Z-s3ep &
t ances to the nest boxes be tween the post-fledging 5 s~F # 4, 96
phase and the rest of the summer (period 1 vs . 2, Z Phasu - . r, ti, a

.~ `'' 8 :_-1 .376, n = 10, n.s .), whereas the distance to the
a°° u

nest boxes increased significantly from the post- 2 1 eo~
breeding summer period to late autumn/early win- A 4 2 km
ter (pe riods 2 vs . 3, Z = -2 .589, n = 12, P = 0.01) .
MDNB did not differ between periods 3 and 4 (Z Fig. 6. Range use of two neighbouring Tawny Owl
= -1 .244, n = 9, n .s .), but after 15 March, the birds females both su rveyed throughout 1996-97. Female
again stayed closer to their nest boxes (period 4 #4/96 provided the most extreme example of long-dis-
vs . 5, Z = -2.201, n = 6, P = 0 .03) . tance, long-term excursions, whereas #3/96 expressed a

The 95% kernel home ranges were, on aver- year-round, resident behaviour with a moderate home

age, 1 .54 times larger in winter than in summer (Z range increase in winter. Immediately after indepen-

= -2 .701, n = 10, P = 0 .007), which seemed to be dence of its offspring, owl # 4/961eft its summer r ange

the case for core areas, as well (50% kernels, in late August and was not recorded again until late

mean difference = 1 .51, Z= - 1 .682, P = 0 .09)
. November. During this period, contact was lost for four

weeks be fore the owl was re-located by aerial tracking
However, range sizes in the summers did not cor-

in late October. Soon after having returned to the nest
relate with the range sizes in the winters (95% box area, contact was lost again (presumably transmit-
kernels, YS = 0 .04, n 10, P = 0.91 ; 50% kernels, ter failure) untIl the owl was found incubating in its nest
rs = -0.50, n = 10, P 0.14) as should be expect- box the fo llowing spring . Owl #3/96 disappeared 21
ed if a constant relation existed between area util- February 1997 . Its fate is unknown.
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Table 3. Correlation coefficients (rs) between mean distance from the owl's position to the nest box (MDNB) and
home range size (95%-kemels 95%-K), and habitat composition (coniferous, mixed coniferous/deciduous, decidu-
ous forest and open land) within ikm of the nest box . * denote significant results (P < 0 .05) . `Summer' = Jun-Sep,
'winter' = 1 Oct-15 Mar. The MDNB analyses in the summers were done on birds only after the independence or
death of their offspring .

n coniferous mixed deciduous open
forest forest forest land

Summer MDNB 13 -0.382 -0.663* -0.074 0.556*
95%K 13 0.118 -0.655* -0.196 0.050

Winter MDNB 11 0.000 -0.470 -0.502 0.401
95%K 10 -0.006 0.086- 0.585 -0.438

DISCUSSION

25 Mar 22 Dec J~
~V Habitat requirements

10 Nov At landscape level, southern broadleaf forest
11 Feb was decisive for the presence of Tawny Owls .

This is in accordance with the species' global
northern limit that closely follows the geographi-

5 Nov cal limit of southern broadleaf tree species (Mik-
kola 1983). In the present study area, most nest
boxes and all natural nesting places were located

phases in the in lowlands, more or less in connection withannual cycle:
• 1 23 Sep southern deciduous forests . The habitat distribu-

: 3 tion may therefore, in part, reflect suitable nesting
~ 5 places. The combination of nest box supply and of
® neM box 1 lun old, decaying southern deciduous forest vegeta-

tion may also explain the population increase

Fig 7. Territory switching by female # 6/97, replacing during the 20th century
. Until the 1920s, much of

female # 4/97 (home range indicated with shaded poly- the present deciduous forests in the rural lowland

gon) that died in September/October 1997
. The summer regions along the Norwegian west coast were

home range of # 6/97 is also indicated with a shaded thtensively used as livestock pastures and hay
polygon. fields, and mature deciduous trees were intensive-

ly felled for firewood. Thus, the species may have
been nest-limited in most of western Norway

also stayed outside their breeding ranges for a throughout this period .
month or more (Fig . 6) . Territory switching was
observed in one case, in which a female took over Range use, habitat selection and diet
the neighbouring territory after the resident fema- Generally, the owls in this study roamed over
le there had died (Fig .7). much larger areas than reported elsewhere (Table

4) . The home ranges in this study are even likely
to be underestimated since they generally are
based on few fixes . Moreover, contact was lost
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Table 4. Home range sizes (ha) of Tawny Owls in previously published telemetry studies as measured with the
100% minimum convex polygon method. n indicates the numbers of radio tagged birds .

100%MCP (ha)

Location Reference median range n

S-Sweden Nilsson 1978 118 89-146 2
Scotland (farmland) Hardy 1992 53 2-118 4
England (much fragmentation) Redpath 1995 107 33-287 12
England (moderate fragmentation) Redpath 1995 73 71-75 2
England (little fragmentation) Redpath 1995 24 948 8
Netherlands (dune plantains) La Haye et al . 1995 156 88-224 2
This study (no/little fragmentation) 286 91-1780 12

with several birds for extended periods . It is also deciduous forest during this season is likely to

worth noting that in central Europe, home range indicate poor concealment opportunities for roost-

sizes - and borders - are constant throughout the ing after the broadleaf trees had shed their leaves .
year (Southern 1970; Hirons 1985a ; Galeotti 1994), It is worth noting that the range expansion in

whereas in this study, larger/other areas were used winter seemed not to correlate with the severity of
in the winters. The lack of correlation between the weather since the largest distances to the nest

summer and winter range sizes indicates that dif- boxes were found in the autumn/early winter
ferent ecological factors determined home range (Table 1) . In contrast, the females stayed relative-
quality at different times of the year. In the sum- ly close to their nest boxes from mid March when
mers, mixed deciduous/coniferous forest was the the snow thickness often reached its maximum . In
most preferred habitat (Fig . 4B), and range size Tawny Owl females, accumulation of large body

decreased with its abundance (Table 3, Fig . 5) . fat reserves is essential for successful reproduc-

This habitat type also sustained by far the highest tion, and the number of eggs laid is directly pro-

bird densities (Fig . 3) . Dispersion in summers portional with the size of the fat deposits (Hirons

therefore seemed to be ruled by the availability of 1985b) . In general, the pairs in the study area gai-
food resources . ned the highest pre-incubation weights and laid

In winter, no clear relations were found the largest mean clutches ever reported for the
between range size and habitat availability. How- species (Overskaug & Bolstad 1998) . This can
ever, it is likely that areas with thin snow cover only mean well above average feeding conditions
are important hunting grounds, since the most before incubation started shortly after snow melt .
important prey, Field Voles, never move above the It is therefore unlikely that the extensive winter
snow surface (Sonerud 1986) . Snow-free patches ranges of some females were owing to the lack of
can be found where the ground is exposed to wind food, alone. Exploration of the surrounding areas,
and sun, including clearings in logged spruce with respect to prey occurrence and/or mating
forests . The prey availability during the winters status on neighbouring territories is probably a
may therefore be relatively independent of vege- more likely explanation of the extensive range use
tation category. Little significance should be atta- in early autumn . The small number of radio-tag-
ched to habitat preference during winter, since ged females did not allow statistical comparisons
data primarily reflects habitats used by roosting between winter range size and clutch size the fol-
and not by foraging owls. The strong avoidance of lowing spring, but females roaming large winter
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areas seemed to reproduce equally well the fol- leaving the nest area, in terms of the risk of losing

lowing year as did those that stayed close to their the breeding territory, is limited, at least for the
nest boxes all year round. females. The possibility exists that the males held

the territories while the females were gone, since
Territoriality stronger male tenancy to the nest area in the non-

The social organisation of the Tawny Owl in breeding season seems to be the rule in a number
previous studies has fitted the ideal despotic dis- of semi-residential owls breeding in northern
tribution (Fretwell & Lucas 1970 ; Sutherland environments (e.g . Great Grey Owl Strix nebulo-
1996), in which some dominant individuals mono- sa (Duncan 1987) ; Tengmalm's Owl Aegolius
polise the vital resources for breeding and surviv- funereus (Lundberg 1979 ; Wallin & Andersson
al. Hence, the density and distribution of breeding 1981; KorpimW et al. 1987) ; Hawk Owl Surnia
territories have been shown to be extremely stable ulula (Byrkjedal & Langhelle 1986)) . In order to
among years (Southern 1970 ; Hirons 1985a; Jedr- obtain further understanding of the behavioural
zejewski et al. 1996) and resident birds to be very basis for the range use expansion of some individ-
aggressive towards intruders (Galeotti & Pavan uals in the population, future studies should focus
1993 ; Galeotti 1994; Redpath 1994). The annual on the relations between neighbours and on the
survival is high (80-90%) for territory holders, but interplay between the mates when one of them
believed to be low for birds without territory leaves . To understand the factors limiting the pop-
(Southern 1970; Hirons 1985a) . In these studies, ulation, reproductive success and adult turnover
the mean densities were 1 .5-5 pairs km-2 and local in territories with different habitat composition on
knowledge has been argued to be vital for the the coast-inland gradient should be targeted after
individual performance making territory switch- suitable nesting places are provided systematical-
ing costly in terms of survival and reproduction . ly throughout the area.
The incidence of territory-switching of a success-
fully reproducing individual in this study may
indicate less site-fidelity than reported in southern ACKNOWLEDGEMENTS
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Appendix. Response patterns (0 = no response, 1 = distant vocalisation, 2 = approaching) of territorial Tawny
Owls to 30 min male playbacks at the 45 (out of 81) stations where response was obtained at least once . During each
of the three periods, playback attempts were performed twice, two days apart (Attempts I and II) . For unknown rea
sons, the summed response scores (possible range : 0-4 in each of the three periods) differed significantly between the
three periods (Friedman's test: x22 = 10 .831, P = 0.004) and between replicates within each period (Wilcoxon tests ;
February/March 1997 : Z=-2.172 P = 0.004, December 1997: Z=-2 .815 P = 0.05, February/March 1998: Z=-0.780
P = 0.44). Therefore, the statistical differences among the three sampling times should not be overrated .

February-March 1997 December 1997 February-March 1998

Playback station I II I II I II

1 0 0 0 1 0 0
2 0 1 1 1 0 0
3 1 1 1 1 0 0
4 0 2 0 0 0 0
5 0 2 1 1 0 0
6 1 1 1 1 0 0
7 0 0 1 1 0 0
8 0 0 0 0 0 1
9 1 0 2 2 0 0
10 0 2 2 2 0 0
11 0 0 2 1 0 0
12 0 0 1 1 0 0
13 0 1 2 2 0 0
14 1 0 0 0 0 0
15 0 0 2 0 0 0
16 0 2 0 0 2 0
17 0 1 0 0 2 0
18 0 0 2 0 0 0
19 0 1 0 0 0 0
20 0 2 0 0 2 0
21 0 0 1 0 0 0
22 0 0 0 0 0 2
23 0 0 1 0 0 0
24 0 1 0 0 0 0
25 0 1 0 0 1 1
26 0 0 1 0 0 0
27 0 2 0 0 1 2
28 0 0 0 0 1 0
29 1 0 0 0 0 0
30 0 2 0 0 0 0
31 0 0 0 1 0 0
32 1 1 0 0 0 0
33 1 0 0 0 0 0
34 0 1 0 0 0 0
35 0 0 1 0 0 0
36 0 1 0 0 0 0
37 0 0 2 0 0 0
38 0 0 1 1 0 0
39 0 0 2 0 0 0
40 0 0 2 0 0 0
41 0 1 0 0 0 0
42 0 2 2 0 0 0
43 0 2 0 0 0 0
44 0 1 1 0 0 0
45 2 0 0 0 0 0
Response frequency 18% 49% 49% 29% 13% 9%
Mean score 0.20 0.69 0.71 0.36 0.20 0.13
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