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Abstract

The mechanisms behind expansions of the distribution of a bird species and the ensuing establishment of new populations
are poorly known. The distribution of Great Grey Owl (Strix nebulosa) in the western Palearctic has generally expanded
towards southwest during the past fifty years, and particularly so in Fennoscandia. In the past decade, the recorded breed-
ing population in Norway, confined to Hedmark county bordering Sweden, increased from 1 pair in 2009 to > 100 pairs in
2017-2018, extending the southwestern border of the distribution > 100 km. We studied the age structure of this expanding
population based on the molting pattern of the wing feathers of birds captured at the nest site for banding and of non-captured
birds photographed in flight. In Fennoscandia the Great Grey Owl relies on shrews and microtine rodents, which usually
fluctuate in 3—4 years cycles. The proportion of 1-year old birds among the nesting Great Grey Owls was higher in peak year
two of each small mammal population cycle (2011, 2014 and 2018) than in peak year one (2010, 2013 and 2017), and was
particularly high (77%) in 2011 when the owl population was far lower (22 nestings recorded) than in later corresponding
years (64 nestings in 2014 and 103 in 2018). Thus, this population seems to have been founded to a large extent by birds
nesting as 1 year olds, and most likely having dispersed from Sweden. The ability to determine the age of Great Grey Owls
without having to capture them extended our data set, in particular for males, which are more reluctant to attack intruders
at the nest site and, therefore, less likely to be captured for banding. Being able to age a bird without having to capture it is
important, because trapping does not sample a bird population randomly.
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Zusammenfassung

Altersstruktur in einer neu entstandenen und wachsenden Population: anfanglich hoher Anteil an Jungvogeln bei briitenden
BartkduzenDie Mechanismen hinter der zunehmenden Verbreitung einer Vogelart und der damit einhergehenden Etablierung
neuer Populationen sind kaum bekannt. Die Verbreitung des Bartkauzes (Strix nebulosa) in der Westpaldarktis hat sich in
den letzten fiinfzig Jahren allgemein nach Stidwesten ausgedehnt, vor allem in Fennoskandien. In den letzten zehn Jahren
nahm die erfasste Brutpopulation in Norwegen, die auf den an Schweden angrenzenden Bezirk Hedmark beschrinkt war,
von einem Paar in 2009 auf >100 Paare in 2017-2018 zu, was zu einer zunehmenden Verbreitung der siidwestlichen Grenze
um >100 km fiihrte. Wir untersuchten die Altersstruktur dieser zunehmenden Population basierend auf dem Mausermuster

Communicated by O. Kriiger.

P4 Geir A. Sonerud Faculty of Environmental Sciences and Natural Resource
geir.sonerud @nmbu.no Management, Norwegian University of Life Sciences, P. O.

) Box 5003, NO-1432 As, Norway
Roar Solheim
roar.solheim @uia.no Natural History Museum, Agder University, P. O. Box 422,

NO-4604 Kristiansand, Norway
Trond Berg

tr-ber3 @online.no Natural History Unit, Norwegian Broadcasting Corporation,

Grgnnegt. 67, NO-2317 Hamar, Norway

@ Springer


http://orcid.org/0000-0001-9575-3512
http://crossmark.crossref.org/dialog/?doi=10.1007/s10336-020-01809-1&domain=pdf

110 Journal of Ornithology (2021) 162:109-118

der Fliigelfedern der Vogel, die am Nistplatz zur Beringung gefangen wurden, und nicht gefangenen Individuen, die im Flug
fotografiert wurden. In Fennoskandien ist der Bartkauz auf Spitz- und Wiihlméuse angewiesen, dessen Bestdnde gewohnlich
in Zyklen von 3-4 Jahren schwanken. Der Anteil der einjidhrigen Bartkiduze innerhalb der briitenden Population war im zweiten
Spitzenjahr der Zyklen jeder Kleinsdugerpopulation (2011, 2014 und 2018) hoher als im ersten Spitzenjahr (2010, 2013
und 2017). Im Jahr 2011 war der Anteil an Einjéhrigen besonders hoch (77%), obwohl die Bartkauzpopulation viel kleiner
war (22 Nester erfasst) als in den spiteren entsprechenden Jahren (64 Nester in 2014 und 103 in 2018). Somit scheint diese
Population vor allem von Vogeln gegriindet worden zu sein, die als einjahrige Vogel briiteten und sich hochstwahrscheinlich
von Schweden aus ausgebreitet haben. Die Moglichkeit, das Alter von Bartkduzen zu bestimmen, ohne diese fangen zu
miissen, hat unseren Datensatz insbesondere bei den Miannchen erweitert, die eher Eindringlinge am Nistplatz durch Angriffe
zuriickhalten und daher mit geringerer Wahrscheinlichkeit bei der Beringung gefangen werden. Die Altersbestimmung eines
Vogels, ohne diesen fangen zu miissen, ist bedeutend, da ein Fang zu keiner zufélligen Stichprobe der Vogelpopulation fiihrt.

Introduction of the expansion of a greater real breeding population (Berg

2016; Berg et al. 2019). In 2017 and 2018, another two nests
were found even further to the south and west in two other
counties (Haga and Bjerke 2017; Steen and Midtgard 2019).
This expansion has been possible to follow in detail because
Great Grey Owls have an iconic appearance, are large (male
body mass c. 900 g) and not very shy, and are often active

The colonization of new areas by a bird species through
natural expansion of the breeding range, from the arrival
of the first individuals to the establishment of a population,
is fundamental for our understanding of avian speciation
and population ecology in general, and of the effects of
human activities and climate change in particular (Newton
2003). Still, the mechanisms behind such expansions are
poorly known, mainly because such events are rarely directly
observed in detail (Karvonen et al. 2012). These mecha-
nisms may be intricate, as revealed for the cyclic replace-
ment of one cavity nester by another in ephemeral habitat
created by forest fire in Montana, USA; of the rapidly dis-
persing but poorly competitive Mountain Bluebird (Sialia
currucoides) by the slowly dispersing but more competitive
Western Bluebird (Sialia mexicana) (Duckworth and Bady-
aev 2007). This replacement is mediated by selection in the
Western Bluebird for highly aggressive dispersing males at
high breeding density and for less aggressive philopatric .o
males at low breeding density, through females biasing birth

order by having sons early and late in the clutch, respectively
(Duckworth 2008; Duckworth et al. 2015).

The Great Grey Owl (Strix nebulosa) has a circumpo- ‘
lar distribution in the boreal forest of the Paleractic and ¢
Nearctic (Cramp 1985). In the western Paleartic, its range
has for a long time extended through central Finland into
northern Sweden (Cramp 1985). In the course of the last
fifty years, however, the breeding range of the Great Grey
Owl in Fennoscandia has undergone an expansion towards
southwest (Stefansson 1997; Sulkava and Huhtala 1997,
Valkama et al. 2011; Ottosson et al. 2012; Lawicki et al.
2013). In particular, during the last decade a remarkable
colonization has occurred in an area of ¢ 10 000 km? located
in Hedmark county in south-eastern Norway on the border

200 km

Fig.1 The study area (hatched) and the core area (cross-hatched) in
the southern part of Hedmark county, Norway, where a Great Grey
Owl population was established in 2009-2011, with the pre-2009 dis-

to Sweden (Berg 2016; Berg et al. 2019) This extends the
breeding range of this species > 100 km towards the south-
west (Fig. 1). Here, the number of recorded breeding pairs
has increased from one in 2009 and three in 2010 to> 100
in 2017 and 2018 (Fig. 2a), probably being representative
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tribution of Great Grey Owls in Sweden (Svensson et al. 1999) and
Finland (Valkama et al. 2011) indicated. The two sites where data
on small mammal population fluctuations were collected are marked
with a dot. Data from the northern site are presented in Fig. 2a, and
data from the southern site are presented in Wegge and Rolstad
(2018)
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at daytime, foraging by perching in open habitats (Cramp
1985). Hence, they may quite easily be spotted by ornitholo-
gists and members of the public. In addition, the fact that
Great Grey Owls nest in abandoned stick nests made by large
raptors, in particular Northern Goshawk (Accipiter genti-
lis) and Common Buzzard (Buteo buteo), which had been
monitored by local ornithologists for many years before the
first Great Grey Owl was found (Berg et al. 2011), has facili-
tated the recording of breeding pairs. Putting up man-made
nesting platforms as raptor nest surrogates (cf. Bull et al.
1987; Stefansson 1997) has added to this ability to monitor
the expansion of the Great Grey Owl population. The pro-
portion of the recorded Great Grey Owl nests in Hedmark
county located at such platforms has increased from 12% in
2010-2013 to 48% in 2016-2018 (Berg et al. 2019). Orni-
thologists have been eager to capture and band the breeding
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Fig.2 Annual variation during 2009-2019 in a spring trapping index
of small mammals, calculated as number of animals trapped per 100
trap nights, at the northern site in Fig. 1, and b number of Great Grey
Owl nesting attempts recorded in Hedmark county, Norway

owls, and to take photos of them, and this has given the
opportunity to age the owls.

In long-lived owls and birds of prey most individuals
do not start breeding as early as they are physiologically
able to, and commonly delay breeding until they are at least
2-3 years old. The optimal age at first breeding is affected
by a complex interplay between costs and benefits of early
breeding mediated by habitat heterogeneity and population
density (Kriiger 2005). Apart from the fact that some indi-
viduals have been recorded breeding as 1 year old (Cramp
and Simmons 1980; Cramp 1985), data on age of first-time
breeders are limited for most species. In the Tawny Owl
(Strix aluco), 70% started to breed as 1 year old in a popu-
lation in southern Finland, with no difference between the
sexes (Karell et al. 2009), while in a population in northern
UK, only 27% of males and 14% of females started breeding
as 1 year olds (Millon et al. 2010). In the larger Ural Owl
(Strix uralensis), 16% started to breed as 1 year olds in a
population in southern Finland (Brommer et al. 1998). In
a population of Cooper’s hawk (Accipiter cooperi) in Ari-
zona, USA, only 14% of males and 42% of females started to
breed as 1 year olds (Mannan et al. 2006), while in the larger
Northern Goshawk, 42% started to breed as 1 year olds in a
population in Germany (Kriiger 2005).

Breeding owls have traditionally been aged based on
being banded as nestlings and later recaptured as nesting
adults (cf. Stefansson 1997). Molt patterns in the wings of
owls can, however, be used to age the birds as long as some
juvenile flight feathers are still present (e.g., Pietidinen and
Kolunen 1986; Hornfeldt et al. 1988; Suopajarvi and Suopa-
jarvi 1994; Solheim 2011a, b, 2012). Photos of a flying owl
where the wings are fully stretched may reveal the age of the
bird without having to capture it. This makes it possible to
age more individuals than the ones which can be captured
and examined in hand, and may even be used to recognize or
separate different individuals (Solheim 2010, 2016). Being
able to age an owl without having to capture it is impor-
tant, because the probability of trapping an individual bird
depends on its personality and sex, implying that trapping
does not sample a population randomly (Garamszegi et al.
2009).

Great Grey Owls in Fennoscandia subsist almost exclu-
sively on small mammals, i.e., shrews (Soricidae) and micro-
tine rodents (Arvicolinae), and in particular on Microtus
voles (Mikkola 1981, 1983; Cramp 1985). They show a
strong numerical response to the 3—4 year small mammal
population cycles, and rarely nest in years other than the
two ensuing peak years (hereafter termed “peak year one”
and “peak year two”) of each cycle (Hipkiss et al. 2008).
Therefore, we hypothesized that the proportion of 1 year
olds among breeding individuals would be higher in peak
year two than in peak year one of each small mammal
population cycle. Further, we hypothesized that in a newly
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established and expanding population of Great Grey Owls
the proportion of 1 year olds among breeding individuals
would be particularly high in peak year two in the first small
mammal cycle after the establishment of the Great Grey
Owl population, and would decline as the population density
increased. Finally, we hypothesized that there would be no
difference between the sexes in the proportion of 1 year old
birds breeding, and no difference in the proportion of 1 year
olds between breeding birds being captured for banding and
breeding non-captured birds being photographed in flight.

Materials and methods

The 344 nesting attempts of Great Grey Owls recorded
in the boreal forest in Hedmark county in Norway during
2009-2019 were located in 14 municipalities in the southern
half of the county (for details, see Berg 2016; Berg et al.
2019). These municipalities cover a total land area of 14
777 km? at c. 60°00°-61°30°N, 10°30°~12°30°E (Fig. 1), of
which 9 887 km? is productive forest. The core part, consist-
ing of five neighboring municipalities which each had > 25
nesting attempts, in total 295 nesting attempts (see Berg
2016; Berg et al. 2019), covers 4869 km? (Fig. 1), of which
3601 km? is productive forest. The number of recorded nest-
ing attempts in each municipality (1-172) was not signifi-
cantly correlated with the land area of the actual municipal-
ity (Spearman’s rank correlation, r,=0.17, n=14, p=0.56)
or the area of productive forest (r,=0.14, n=14, p=0.63).
This was also the case for the core part (r;=0.50, n=35,
p=0.39 in both cases). In Elverum municipality, where most
nesting attempts were recorded, the density in 2017 averaged
6.4 recorded nesting attempts per 100 km? of productive for-
est (59 nesting attempts on 926 km?). A similar maximum
nesting density has been recorded in Sweden and Finland
(Mikkola 1981).

As many as possible of the recorded breeding owls
were captured for banding or were recaptured for control
of formerly banded individuals. Chicks were banded either
as grown nestlings or shortly after they had left the nests,
before they were able to fly properly. Adult Great Grey Owls
often defend their chicks by approaching and fiercely attack-
ing humans who come too close (Stefansson 1997). Attack-
ing owls were captured in large scoop-nets, a dho-gaza net,
or with a noose-line on a telescopic fishing rod when an
owl was perching close by without attacking. A total of
165 adults (30 males and 135 females) and 543 chicks were
banded. In addition, 48 adults were recaptured and had their
leg bands read for the purpose of aging. Some of these 48
individuals were recaptured more than once, resulting in a
total of 71 recaptures. Individuals that could not be captured
were photographed if possible. A total of 278 nesting adult
owls (64 males and 214 females) were aged, which is 40.4%
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of the 688 assumed possible number of individuals in the
recorded 344 nesting attempts during 2009-2018 (Table 1).

The aging categories for birds proposed by Runde (1991)
were used. A bird is in its first calendar year (1CY) from the
time of hatching until 31 December. In the following year
it is 2CY, and so on. A bird is denoted 5CY + when it is in
its fifth calendar year or older. The birds were aged using
the molt schemes described by Suopajérvi and Suopajéarvi
(1994) and Solheim (201 1a), supplied with later experiences
with birds in age category 5CY. For some owls photos of
the bird’s tail only and not the wings were obtained, so it
could only be decided whether the owl had molted its juve-
nile retrices or not. These individuals were thus classified as
either young (2CY) or older (3CY +) adult owls.

We used one individual owl in one nesting attempt as
unit in statistical tests. The 64 nesting males and 214
nesting females that we scored for age were from 217 dif-
ferent nests (At a few nests, the male, but not the female,
was aged.). Of these 278 owls, 225 were captured for
banding or were recaptured, and then aged when handled,
while 53 (19.1%) were photographed without being cap-
tured, and aged from the photo only (Table 1). Exclud-
ing repeated captures of the same individuals in different
years to avoid pseudoreplication, we were left with 62
different males and 161 different females scored for age.
Individuals being photographed, but not captured, in one
year may have been captured or photographed in a later
year and still recorded as different individuals.

As an index of the abundance of prey for the Great
Grey Owls during the breeding season in 2009-2019 we
used data collected in spring from a long-term trapping
study on fluctuations of small mammal populations in

Table 1 Number of breeding Great Grey Owls aged after having been
captured and banded or after being recaptured, or photographed in
flight without being captured, during 2009-2019 in Hedmark county,
Norway

Year Number of aged individuals Number
Banded Recaptured Photographed Total of nesting
attempts
2009 0 0 2 2
2010 4 0 0 4 3
2011 15 3 8 26 22
2012 0 0 0 0 0
2013 21 4 5 30 30
2014 36 13 17 66 64
2015 0 0 0 0 0
2016 0 0 0 0 2
2017 40 17 12 69 119
2018 38 34 9 81 103
2019 0 0 0 0 0
Total 154 71 53 278 344
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the northern boreal forest, conducted within our study
area (Fig. 1). The distance from this site to the nearest
recorded Great Grey Owl nesting attempt is ¢ 10 km,
the distance to our core Great Grey Owl breeding area is
30-40 km, and the distance to our most distant nesting
attempt is c. 130 km. The trapping site and the trapping
method are described by Sonerud (1986, 1988) and Selas
et al. (2013). For the purpose of the present study, we use
the trapping index of all small mammals species pooled,
i.e., Microtus voles (Field Vole M. agrestis and Tundra
Vole M. oeconomus pooled), Bank Vole (Myodes glareo-
lus), Wood Lemming (Myopus schisticolor) and shrews
[Soricidae; mostly Common Shrew (Sorex araneus)],
because these are all delivered at Great Grey Owl nests
(Mikkola 1981, 1983; Cramp 1985). In addition, we refer
to a corresponding trapping index based on long-term
data collected in fall by Wegge and Rolstad (2018) at a
site in the southern part of Hedmark county, ¢ 120 km
south of the other trapping site (Fig. 1). All recorded
Great Grey Owl nesting attempts were located < 100 km
from one of these trapping sites, and most < 50 km from
the northern site (Fig. 1). Together, the small mammal
population fluctuations recorded at these two sites would
fairly well reflect the situation in our study area, and the
small mammal populations at these two sites fluctuated
in close synchrony.

Data analysis

For each case of a Great Grey Owl observed nesting, we
measured the following variables: (1) Age of the individual
(Table 2). (2) Sex of the individual. (3) Whether the indi-
vidual had been captured for banding, and its age determined
when having the bird in the hand, or whether the individual
had been photographed only, and its age determined later
from the photo (Table 1). (4) Study year, taken as a categori-
cal variable. (5) Type of year, i.e., whether the year was peak

year one or peak year two in each small mammal population
cycle. (6) Number of nesting attempts recorded the actual
year, taken as a proxy for the Great Grey Owl population
density.

For the statistical analysis each nesting owl was classified
as either young (2 CY) or old (3 CY +), and type of year,
number of nesting attempts, sex, and method of age clas-
sification, were analyzed using logistic regression in JMP®
Pro version 13.0.0 (SAS 2019). Also, differences between
each year in proportion of young owls were compared by
contingency analysis. Because there were few observations
in 2009 and 2010, these two years were pooled in the lat-
ter analysis. When these multiple tests were performed, we
made sequential Bonferroni corrections (Rice 1989) because
of the enhanced probability of getting p <0.05 by chance.
However, because sequential Bonferroni corrections may be
overly conservative (Moran 2003; Nakagawa 2004; Garam-
szegi 2006), we present the non-corrected p-values as well.
Estimates are given with+ 1 SE.

Results

The small mammal population density in our study area
during the Great Grey Owl breeding season, as measured
annually in May near the core area (Fig. 1), fluctuated
markedly with low levels in 2009, 2012, 2015-2016 and
2019, with peak year one in a cycle (“increase year”) in
2010, 2013 and 2017, and with peak year two in a cycle
(the last year before the crash year) in 2011, 2014 and
2018 (Fig. 2a). This pattern was closely followed by the
number of recorded Great Grey Owl nesting attempts
(Fig. 2b; r;=0.83, n=11, p=0.0017).

The proportion of females among the owls observed
was not significantly related to study year, neither when
all observations were included (;(2 =8.81,df=5, p=0.12),
nor when only the first observation of each individual

Table 2 Number of breeding

. Year 2CY 3CY 3CY+ 4CY 4CY+ 5CY 5CY + Total
Great Grey Owls aged during
2009-2019 in Hedmark county, 2009 0 0 0 0 0 0 2 2
Norway, separated by age class 2010 0 | 0 0 0 0 3
(calendar year, CY), where
3CY +denotes individuals 2011 20 0 0 0 0 0 6 26
in their third calendar year 2012 0 0 0 0 0 0 0 0
or older, 4CY + denotes 2013 0 6 0 8 0 0 16 30
individuals in their fourth 2014 4 0 6 19 0 4 33 66
calendar year or older, and
5CY +denotes individuals in 2015 0 0 0 0 0 0 0
their fifth calendar year or older 2016 0 0 0 0 0 0 0 0
2017 1 1 1 6 1 2 57 69
2018 8 2 0 0 0 6 65 81
2019 0 0 0 0 0 0 0 0
Total 33 10 7 33 1 12 182 278
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Fig.3 Proportion of 1 year old (2 CY) individuals among breed-
ing Great Grey Owls in Hedmark county, Norway, in peak year one
(2009/2010, 2013, 2017) and peak year two (2011, 2014 and 2018) of
the recurrent small mammal population cycles. Data from 2009 and
2010 are pooled and termed 2010 due to low sample size in 2009.
Sample size above the bars

observed breeding in two or more years was included
(y*=6.38, df =5, p=0.27). The proportion of individu-
als that had only been photographed was not significantly
related to study year, neither when all observations were
included (;(2= 8.57, df =5, p=0.13), nor when only the
first observation of each individual observed breeding
in two or more years was included (y>=4.93, df=5,
p=0.42). The sex of an owl observed nesting was, how-
ever, highly correlated with whether the owl had been pho-
tographed only, both when all observations were included
(9.8% of females vs. 50.0% of males; ;(2=51.56, df=1,
p <0.0001) and when only the first observation of each
individual observed breeding in two or more years was
included (12.4% of females vs. 51.6% of males; y>=38.45,
df=1, p<0.0001).

Of the nesting owls observed, 11.9% were scored as
young (2CY) when all observations were included (9.8% of
females and 18.8% of males; (y*=3.76, df=1, p=0.053),
and 14.8% when only the first observation of each individual
observed breeding in two or more years was included (13.0%
of females and 19.4% of males;;(zz 1.41,df=1, p=0.23).

The proportion of young owls was significantly higher
in 2011 (76.9%, 95% C1 60.7, 93.1) than in any other study
year, both when all observations were included (Fig. 3,
Table 3a), and when only the first observation of individu-
als observed breeding in two or more years was included
(Table 3b). In addition, the proportion of young owls was
significantly higher in 2018 (15.4%) than in 2017 (1.8%)
and 2013 (0%) when only the first observation of individuals
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observed breeding in two or more years was included
(Table 3b), and significantly higher in 2018 (9.9%) than in
2017 (1.5%) when all observations were included (Table 3a).
After Bonferroni correction, only the differences between
2011 and the other years were significant.

When all observations were included, the probability that
a nesting Great Grey Owl was 1 year old was significantly
affected by type of year and number of nesting attempts
recorded (Table 4a). The probability that a nesting Great
Grey Owl was 1 year old was higher in peak year two of a
small mammal population cycle (18.5%) than in peak year
one (1.0%), and declined with nesting density. There was
only one 1-year old among the individuals nesting in a peak
year one (in 2017). The effect of the sex of the breeding bird
and the effect of method of age determination, i.e., whether
the bird was captured or only photographed in flight, were
not significant. The results were very similar when only the
first observation of each individual recorded breeding in two
or more years was included (Table 4b).

Among the 16 nestlings that were banded in the 3 known
nests in 2010, no less than two were recaptured while

Table 3 Test of differences between the study years in the proportion
of 1 year old individuals among breeding Great Grey Owls, when a
all cases recorded are included, and b only one case of each individ-
ual owl recorded is included

Year 2011 2013 2014 2017 2018
(@)
2010  12.31 0.00 0.39 0.09 0.65
0.0005 1.00 0.53 0.77 0.42
2011 35.90 48.58 62.47 45.79
<0.0001 <0.0001 <0.0001 <0.0001
2013 1.90 0.44 3.19
0.17 0.51 0.07
2014 2.01 0.71
0.16 0.40
2017 4.69
0.03
(b)
2010  12.31 0.00 0.46 0.11 1.07
0.0005 1.00 0.50 0.74 0.30
2011 32.50 41.76 53.38 28.53
<0.0001 <0.0001 <0.0001 <0.0001
2013 1.95 0.46 4.46
0.16 0.50 0.03
2014 1.94 1.85
0.16 0.17
2017 6.67
0.01

For each combination of two years, the upper value is Pearson chi-
square, and the lower value is p. Significant values are in bold, and
marginally non-significant values are in italic
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Table 4 Effects of type of year, nesting density, sex, and method
of age determination on the probability that a breeding Great Grey
Owl was 1 year old rather than at least 2 years old, with parameter
estimates from Wald test, when a all cases recorded are included
(n=278), and b only one case of each individual owl recorded is
included (n=223)

Estimate + SE 7 df p

(@)

Intercept -499+091 30.14 <0.0001
Type of year -326+0.83 15.53 1 <0.0001
Nesting density - 1.41+0.27 26.39 1 <0.0001
Sex -021+026 0.63 1 0.43
Method 0.21+0.29 050 1 0.48

(b)

Intercept —-438+0.86 26.21 <0.0001
Type of year -297+0.79 14.13 1 <0.0001
Nesting density - 1.32+0.29 20.67 1 <0.0001
Sex -0.09+025 0.12 1 0.73
Method 0.24+0.28 0.71 1 0.40

Nesting density denotes the annual recorded number of recorded nest-
ing attempts (1-119, log,,-transformed and standardized), type of
year denotes whether the year was peak year one (2010, 2013, 2017)
or peak year two (2011, 2014, 2018) in the recurrent 3—4 years small
mammal population cycles (2009 was scored as peak year one), and
method denotes whether age was determined after the owl had been
captured or after when it had been photographed in flight only. a
Whole model: y*>=60.65, df=4, p<0.0001, R2=0.30, model fit y*/
df=1.55. b Whole model: y>=54.48, df=4, p<0.0001, R>=0.29,
model fit y*/df=1.58

breeding in the study area in 2011. In contrast, only three
of the 203 nestlings banded in 2013 and 2017 were recap-
tured while breeding in the study area in 2014 or 2018. This
difference is significant (12.5% vs. 1.5%; )(2:8.08, df=1,
p=0.0045). Thus, a higher proportion of the young pro-
duced in peak year one was recruited to the local population
in peak year two during the first small mammal cycle after
the establishment of the great Grey Owl population than
during the next two cycles.

To sum up, during our study the proportion of 1 year old
individuals among the breeding Great Grey Owls was higher
in peak year two in each of the three small mammal popula-
tion cycles (2011, 2014 and 2018) than in peak year one in
each of the three small mammal population cycles (2010,
2013 and 2017). It was also higher in peak year two in the
first of the three cycles when the Great Grey Owl population
density was low than in peak year two in the two later cycles
when the Great Grey population density was higher.

Discussion

Among the breeding Great Grey Owls in our study, 12%
were 1 year old, and 16% were 1 or 2 years old. In 2011,
77% were scored as 1 year old, compared to 5% in the later
years. Including the 2 years old owls, the corresponding fig-
ures were 77% and 10%, respectively, so in the years other
than 2011, 90% of the breeding owls were at least 3 years
old. In an established population of the Great Grey Owl in
northern Sweden, only 4% of the nesting individuals were
scored as 1 year old, and another 5% as 2 years old, so 91%
of the individuals were scored as 3 years or older (Solheim
and Stefansson 2016). Thus, the age distribution of our study
population from 2013 onwards was remarkably similar to
that in the established population in northern Sweden. The
aging of nesting owls in the Swedish population was, how-
ever, based on recaptures of birds banded as chicks only,
and not on wing feather characteristics (cf. Solheim 2011a).

The year with the exceptionally high proportion of 1 year
old individuals among the breeding Great Grey Owls in our
study (2011) was preceded by a small mammal peak year
one (2010) and followed by the low year 2012 (cf. Wegge
and Rolstad 2016). Thus, the 1 year old owls were hatched
in the first of the two sequential peak years of a small mam-
mal population cycle (2010). The proportion of 1 year olds
among the nesting Great Grey Owls was relatively high in
2014 (7%) and 2018 (13%), which both were the second
peak year in a small mammal population cycle and followed
by a low year (2015 and 2019, respectively; cf. Wegge and
Rolstad 2016). In a population of Ural Owls in Finland, 16%
of the nesting individuals were 1 year old (Brommer et al.
1998). Here, nesting at one year of age was conditional on
being hatched in peak year one of a vole population cycle;
42% of the breeding Ural Owls were 1 year old in peak year
two in the vole population cycle, compared to only 3% in
peak year one and 0% in the low year (Brommer et al. 1998).
In a population of Tawny Owls in northern England, where
the population density of its main prey species, the Field
Vole, fluctuated with a 3 year cycle, owls of both sexes that
started to breed at an age of 1 year did so almost exclusively
in the years with peak vole density in spring, whereas those
that were 2 years or older when breeding for the first time
did so in low or increase vole years (Millon et al. 2010).
Similarly, in a population of Tawny Owls in southern Fin-
land where voles also exhibited a 3 year density cycle, age
at first breeding was lowest for owls starting to breed in the
year with peak vole density in spring, and higher for those
starting to breed in the low or the increase year of the vole
cycle (Karell et al. 2009).

The proportion of 1 year old Great Grey Owls in our
study was much higher in 2011 than in the correspond-
ing phase of the next two small mammal population cycles
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(2014-2018). The population density of Great Grey Owls
in our study area was far lower in 2011 (22 nesting attempts
recorded) than in 2014 (64 nesting attempts recorded) and in
2018 (103 nesting attempts recorded). Thus, the probability
of a 1 year old Great Grey Owl nesting declined as the popu-
lation density increased. Similarly, in a newly established
population of the Northern Goshawk in Hamburg, Germany,
a large proportion of breeding recruits were 1-2 years old
(Rutz 2008). This is characteristic of young or expanding
Northern Goshawk populations, while in undisturbed, estab-
lished populations, first-time breeders are usually at least
3 years old (Rutz et al. 2006). In both sexes of the Eurasian
Sparrowhawk (Accipiter nisus) in the UK the proportion of
1 year old breeders was higher in a newly established and
expanding population than in either an established and stable
population or in a declining population (Wyllie and Newton
1991).

In 2014, four of the 66 aged breeding owls were 4 years
old (5CY), and 33 were at least four years old. Thus, a rela-
tively high proportion of the owls breeding this year had
hatched in 2010 or earlier. Some of these birds would there-
fore have been from the same cohort as the birds we found
nesting at an age of 1 year in 2011. Therefore, an alternative,
or additional, explanation for the declining probability of
finding a 1 year old Great Grey Owl nesting as the popula-
tion density increased would simply be a larger proportion of
individuals from the 2010-cohort in the breeding population
as the years passed.

At least 61% of the Great Grey Owls breeding in our
study area in 2011 were 1 year old. If these birds were
locally recruited, each pair breeding in 2010 must have pro-
duced at least 3 recruits, i.e., 3 fledglings if there was no
mortality from time of fledging until breeding next year, or
6 fledglings if there was 50% mortality the first year. Brood
size at fledging, taken as the average number of young
banded per brood, was 5.3 in 2010, the highest recorded
during the study, although based on a low sample size (Berg
2016). Given that the real proportion of 1 year old individu-
als among the Great Grey Owls breeding in our study area
in 2011 may have been as high as 93%, it can hardly be
explained from the local production alone. Most likely there
was an influx of juvenile birds to our study area from areas
further east in Sweden, adding to the local population of
juvenile birds. This is supported by the fact that two of the
1 year old Great Grey Owl males that were found breeding
in 2011 had been banded as nestlings in our study area in
2010, 6 km and 50 km away, respectively, and one of the
1 year old females had been banded as nestlings in 2010
in Dalarna county in Sweden, 126 km to the east. Also, a
female recaptured while breeding in our study area in 2017
had been banded as a nestling in Sweden in 2010, 325 km
towards northeast, supporting our view of 2010 as a year of
good reproduction for Great Grey Owls in central Sweden.
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A third Swedish-banded female was recaptured breeding
in our study area in 2010, 159 km west of where she had
been banded as a nestling in 1999. As a curiosity, she had
hatched in a nest only 440 m from the nest where the female
recaptured in 2011 had hatched, although 11 years earlier.
In an established population of the Great Grey Owl in north-
ern Sweden, mean natal dispersal distance was 40 km for
females breeding as 1 year olds and 76 km for all females
(Solheim and Stefansson 2016).

We do not know much of what the Great Grey Owls
hatched in our study area in peak year one of the small
mammal population cycles 2013-2014 and 2017-2018 were
doing in peak year two, apart from the fact that two females
banded as nestlings in 2013 were recaptured while nesting
2 km and 25 km away, respectively, in 2014, and that a third
female banded as nestling in 2017 was recaptured while
nesting 15 km away in 2018. Most of the owls hatched in
our study area in 2013-2017 were certainly not among the
nesters recorded and aged here in 2014-2018, respectively.
These 1 year old birds may therefore either have postponed
nesting, or dispersed into other parts of south-eastern Nor-
way in a still expanding population, or into the established
breeding range towards east and northeast in Sweden. Of
the 66 aged breeders in 2014 no less than 23 (35%) were
3 years old birds and 4 years old birds, which further sup-
ports our interpretation that 2010-2011 were years with a
high reproduction in Great Grey Owls in central Sweden and
bordering areas in Norway. This was also reflected in the age
distribution of the non-breeding Great Grey Owls observed
in Norway and Sweden in 2012, with a high proportion of
2CY birds (Solheim 2014).

The proportion of 1 year old Great Grey Owls in our
study tended to be higher among nesting males than among
nesting females. Similarly, age at first breeding was lower
among males (median 2 years) than among females (median
3 years) in a population of Tawny Owls in northern England
(Millon et al. 2010). However, this was not the case in a
population of Tawny Owls in southern Finland (Karell et al.
2009).

The proportion of the breeding owls that were aged based
on photos only was higher for males than for females. This
is because males were far more difficult to capture than
were females, because they showed less aggression towards
intruders at the nest and were thus less likely to attack or
approach close enough to allow a capture attempt.

In conclusion, the Great Grey Owl population of > 100
recorded nesting pairs in Hedmark county in south-eastern
Norway in 2017-2018 seems to have been founded to a large
extent by birds nesting as 1 year olds in 2011, of which most
had likely dispersed towards southwest and west from Swe-
den. Our data set on the age of the nesting owls was extended
due to the possibility to determine the age of the birds from
photos without having to capture them. Being able to age
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an owl without having to capture it is important, because
trapping does not sample a bird population randomly (Gar-
amszegi et al. 2009). Future studies on age structure in owl
populations should sample data by taking pictures of the
owls in flight in addition to, or instead of, capturing them.
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