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Abstract

Philopatry and monogamy are conventionally viewed as strategies for improving fitness. Many philopatric and monogamous
species have, however, been shown to perform breeding dispersal—an exchange of territory (and often also partner) between
two breeding seasons. The adaptiveness of breeding dispersal remains controversial, as data remain scarce and sporadic.
For the Northern Goshawk, a typically highly philopatric and monogamous forest raptor, pairs breeding in barren forest
landscapes produce fewer fledglings than pairs breeding in more productive landscapes. Using data on Finnish breeding
female Goshawks (Accipiter gentilis) during 1999-2016, we tested the hypotheses that: (1) breeding dispersal is more likely
at barren territories, (2) dispersing females move to less barren territories, and (3) breeding dispersal improves the survival
of young. About 29% of the female Goshawks in our study performed breeding dispersal, which contrasts to philopatry and
suggest that site and partner fidelities show large variation within the species’ breeding range. We found no evidence that
territorial landscape barrenness (proxy on habitat quality) affects the probability of breeding dispersal. However, females
that dispersed upgraded to less barren territories. Nevertheless, there were no subsequent effects of breeding dispersal on
reproductive performance, suggesting no obvious difference in the capability of rearing young at either site. Although
dispersal events were directed to less barren habitats, we suggest that female dispersal is not driven by the pursue for more
prospersous habitats, rather that those females are forced to move, for whatever reason. In addition to other observed reasons
such as female—female competition for mates and loss of the original mate, intense logging of mature forests lowering local
food availability and restricting nest site availability were likely a partial cause of increased breeding dispersal.
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Zusammenfassung

Ausweichen von brutbereiten Weibchen in hoherwertige Habitate bei einem brutorttreuen Top-Pridator
Brutorttreue und Monogamie werden iiblicherweise als Strategien zur Verbesserung der Fitness angesehen. Fiir viele
philopatrische und monogame Arten wurde jedoch inzwischen nachgewiesen, dass sie zwischen zwei Brutsaisonen ihr
Territorium (und oft auch ihren Partner) austauschen. Der Anpassungscharakter dieser Ausbreitung zum Briiten ist nach
wie vor umstritten, da nur wenige und sporadische Daten vorliegen. Beim Habicht (Accipiter gentilis), einem normalerweise
sehr brutorttreuen und monogamen Wald-Greifvogel, haben in kargen Wéldern briitende Paare weniger Junge als solche in
ergiebigeren Habitaten. Anhand von Daten briitender Habichtweibchen aus den Jahren 1999-2016 in Finnland haben wir
die Hypothesen getestet, dass (i) Brutausbreitung in kargen Gebieten mit hoherer Wahrscheinlichkeit vorkommit, (ii) die
Weibchen in weniger karge Gebiete zichen und (iii) diese Brutausbreitung das Uberleben der Jungen verbessert. Etwa 29
% der Habichtweibchen in unserer Studie sind zum Briiten woandershin gezogen, was im Gegensatz zur Philopatrie steht
und darauf schlielen ldsst, dass die Standort- und Partnertreue innerhalb eines Brutgebiets stark variiert. Wir haben keine
Hinweise darauf gefunden, dass die Kargheit von Landschaften (fiir Habitatqualitét stehend) die Wahrscheinlichkeit der
Ausbreitung von Vogeln zum Briiten beeinflusst. Allerdings zogen diejenigen Weibchen, die zum Briiten wegzogen, in
weniger karge Gebiete. Dennoch hatte die Abwanderung keine Auswirkungen auf die Fortpflanzungsleistung, was darauf
hindeutet, dass es zwischen beiden Standorten keine offensichtlichen Unterschiede fiir die Aufzucht von Jungen gibt. Wir
vermuten, dass diese Ausbreitung der Weibchen wahrscheinlich kein bewusster Wechsel zu besseren Habitaten ist, sondern
dass die Weibchen aus irgendwelchen anderen Griinden zur Abwanderung gezwungen sind. Neben anderen beobachteten
Griinden wie z.B. dem Wettbewerb zwischen Weibchen um Partner und dem Verlust des urspriinglichen Partners war
wahrscheinlich die intensive Abholzung alter Wélder, die das lokale Nahrungsangebot verringerte und die Verfiigbarkeit

von Nistplitzen einschrénkte, einer der Griinde fiir die zunehmende Ausbreitung zum Briiten.

Introduction

The selection of a breeding territory and a partner are among
the most central decisions animals make pre-breeding, hav-
ing direct effects on fitness (Reynolds 1996). In long-lived
animals, individuals typically stay with the choice they ini-
tially make, and this behaviour has been considered adaptive
due to the benefits a familiar territory and/or partner have on
fitness (Newton 2010). However, an established territorial
adult sometimes changes breeding territory, and often this
is also associated with partner replacement. This behaviour
is referred to as breeding dispersal and has been broadly
reported in the literature, but the current knowledge regard-
ing its causes and consequences remain scarce, and have
received little attention (Newton 2010). This is somewhat
surprising, as breeding dispersal may have profound impli-
cations on the population and its spatial dynamics (Bowler
and Benton 2005).

One reason for the lack of research on breeding dispersal
is that dispersal events often will go undetected in typical
field studies, and is then difficult to separate from mortal-
ity, especially if untracked individuals disperse outside the
study area (e.g. Cilimburg et al. 2002). Still, an increasing
body of literature reports the prevalence of this behaviour,
including species earlier considered highly philopatric and
monogamous. Several possible drivers of breeding disper-
sal have been suggested: individual characteristics such as
young age (Choudhury 1995; Daniels et al. 2000; Beheler
et al. 2003; Blakesley et al. 2006; Cline et al. 2013), being
a female (Winkler et al. 2004; Beheler et al. 2003; Part and
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Gustafsson 1989; Calabuig et al. 2008; Cline et al. 2013,
cf. Blakesley et al. 2006), low previous breeding success
(Part and Gustavson 1989; Beheler et al. 2003; Winkler
et al. 2004; Calabuig et al. 2008), reproductive failure (Haas
1998; Bradley et al. 1990; Daniels et al. 2000; Blakesley
et al. 2006; Newton 2010) as well as spatial or temporal con-
ditions such as sub-optimal habitat quality (Newton 1986,
2010; Forero et al. 1999; Blakesley et al. 2006; Cline et al.
2013). This suggests that various factors may drive breeding
dispersal through a range of individual and environmental
conditions.

Long-term philopatry and monogamy have been sug-
gested to be more advantageous than breeding dispersal,
particularly so in long-lived species (e.g. Bradley et al.
1990). However, long-lived species are also provided with
particularly many opportunities for breeding dispersal if
they experience disadvantageous conditions at their breed-
ing site. Some studies have shown that breeding dispersal
can lead to increased individual breeding success (Forero
et al. 1999; Calabuig et al. 2008), or increased habitat quality
(Blakesley et al. 2006), but still not necessarily leading to
better breeding success than that of philopatric individuals
from the same population (Calabuig et al. 2008). Thus, as
a potential trade-off, individuals may optimise their current
versus future fitness prospects and initiate breeding dispersal
as a conditional strategy to avoid remaining in sub-optimal
conditions, or may even be circumstantially forced to do so
for example due to mate loss or if the original breeding site
suffers habitat loss. Clearly, more studies are needed before
generalisations can be made.
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The Northern Goshawk (Accipiter gentilis) (hereafter
Goshawk) is a large raptor known for a high degree of
philopatry and monogamy (Kriiger and Lindstrom 2001;
Kenward 2006; Rutz et al. 2006). Female Goshawks
choose their territory indirectly through their male mates,
who themselves compete for territories (Kenward 2006) so
that territory quality may reflect individual male quality
(Penteriani et al. 2013). However, Goshawks do occasion-
ally show breeding dispersal (Bechard et al. 2006; Ken-
ward 2006; Rutz et al. 2006; Reynolds et al. 2017), but
this behaviour is less studied than turnover rates which
only reflects a territory where one individual is replaced
with a new individual the following year, which is par-
ticularly prominent among females (e.g. Selas et al. 2017,
Tolvanen et al. 2017). As breeding dispersal is typically
associated with replacement of both territory and mate,
studies on its causes and subsequent consequences may
struggle with separating between the effects of upgrading
the partner and upgrading the territory (Choudhury 1995).
Naturally, breeding dispersal may be related to neither of
these options.

Given that the reproductive success of Goshawks is
habitat-dependent (Kriiger and Lindstrom 2001; Kriiger
2002; Byholm et al. 2007; Byholm and Kekkonen 2008),
the aim of this study is to investigate whether female Gos-
hawks perform breeding dispersal based on their current or
future breeding habitat quality, measured as the proportion
of forest relative to the proportion of peatland. The relative
proportion of these landscape elements has previously been
shown to reflect territory quality in Finland: territories with
productive forest-dominated habitats host more prey (lead-
ing to better breeding performance) than territories where
barren bogs (peatland) are more dominating (Byholm and
Kekkonen 2008). Finally, since the number of produced gos-
hawk fledglings in the focal study population differs among
territories along the forest-peatland gradient as a result of
habitat-dependent partial brood loss (Byholm et al. 2007),
we also investigate whether egg and nestling survival as
measured partial brood loss changes after a breeding dis-
persal event occurs. We raise three predictions:

(1) Females whose ranges are characterised by low-pro-
ductive peatland (i.e. less forest) have a greater prob-
ability to switch their territory than females breeding
in landscapes characterised by forest. If not, this may
reflect that females are, for whatever reason, forced to
disperse.

(2) Females who switch territory disperse from a low-
quality territory to a more productive territory where
the proportion of forest is higher.

(3) Females who switch territory succeed in reducing the
level of partial brood loss, leading to higher survival
of the nestlings, in relation to their previous breed-

ing attempts and annual variation (as seen in other
females).

Materials and methods

We used data from 173 breeding events of 55 Goshawk
females at 47 territories. The data were collected during
19992016 in an area of 4300 km? around Kristinestad and
Nirpes in western Finland (62° 00'-62° 55’ N, 21° 05'-22°
40" E). The area is dominated by mixed coniferous forest, but
peatland and agricultural areas are also common. The area is
very flat, with an elevation varying between approximately
1-200 m.a.s.l. Further details of the study area are found in
Byholm (2005) and Byholm et al. (2007).

Each year, fieldwork was initiated in early- to mid-May
and focussed on registering clutch size by climbing the
trees and inspecting the nests. Occupied nests were typi-
cally revisited multiple times during the breeding season
to ring the chicks and for monitoring brood survival (i.e.
“partial brood loss”), by relating the eventual brood size
at the time of ringing to the initial clutch size; see Byholm
(2005) for details. Shed feathers of the breeding female were
commonly found and collected in and around the nest (Selés
et al. 2017). As part of the monitoring, breeding adults were
trapped at the nest site using a dho-gaza (Zuberogoitia et al.
2008), with a large overrepresentation of females compared
to males—which were not the focus our study as they show
no indication of breeding dispersal in our study area. Both
trapping and DNA analysis of shed feathers were used to
identify individuals and hence to detect breeding dispersal.
Fieldwork was avoided in the early breeding season to avoid
disturbance in the early breeding phase when the breeders
are most easily disturbed. In addition, visits to the nest area
were kept as short as possible. While trapping of individuals
would be the most invasive method, not a single trapped bird
aborted their breeding attempt.

Identification of individual females

To collect a sufficiently large sample on female breeding dis-
persal events, we also identified individual breeding females
from multilocus DNA (microsatellites) extracted from the
adult female’s moulted feathers around the nest. The feath-
ers were collected during 1999-2006, and the laboratory
analyses were completed during 2006-2007 (Ylinen 2008).
This is a robust and non-invasive method to distinguish
individuals from each other. We identified 35 females from
132 breeding events using feather DNA, 9 females from 20
breeding events from trapping, and 11 females from 21
breeding events from feather DNA complemented with trap-
ping of the bird the same year.
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DNA amplification and genotyping of individuals

DNA extraction was performed using the salt extraction
method by Aljanabi and Martinez (1997). Slight modifica-
tions were made due to predicted lower DNA yield from the
feather samples. These included one additional centrifuge
stage to remove keratin leftovers (13,000g 8 min), prolonged
incubation times (+58 °C 48 h 400 rpm or+58 °C 72 h
0 rpm) and increased amount of proteinase K (10 ul, with
mass concentration 20 mg/ml).

Eleven polymorphic microsatellite markers were used for
genotyping the birds (Ylinen 2008). The characteristics of
these markers are presented in Table S1. The DNA sam-
ples were amplified by PCR in a reaction volume of 10 pl
using a PTC-100™ Programmable Thermal Controller (MJ
Research Inc.). The PCR program included an initial dena-
turation (94 °C for 3 min), followed by 35 cycles (Step 1
denaturation: 94 °C for 45 s; Step 2 annealing: varied in
each loci, see Table S2; Step 3 elongation: 72 °C for 2 min)
and a final extension phase (72 °C for 15 min). The PCR
was carried out in a reaction volume of 10 pl using three
different recipes (Table S3). The amplification products of
the 11 microsatellite markers were sequenced using Mega-
BACE (Amersham Biosciences). The scoring of alleles was
performed using the software Fragment Profiler (Amersham
Biosciences). Furthermore, the potential scoring errors and
null alleles were identified using MICRO-CHECKER (ver-
sion 2.2.3, Van Oosterhout et al. 2004).

At this stage, microsatellite loci were characterised after
removing identical multilocus genotypes from the dataset,
so that feathers with unique multilocus genotype were pre-
sented only once. GENEPOP (version 3.4, Raymond and
Rousset 1995) was then used to test for linkage disequilib-
rium and deviations from Hardy—Weinberg equilibrium.
Allele frequencies, genetic diversity and F;q were determined
using FSTAT version 2.9.3.2 (Goudet 1995). IDENTITY
version 1.1 (Wagner and Sefc 1999) was used to calculate
the probability of identity (PID) for a randomly breeding
population, and PID among first-order relatives (PIDg;,).

Landscape data

A digital map covering the study area was constructed
using ArcGIS 10.5 (ESRI 2017) by combining Multi-source
National Forest Inventory data (MS-NFI) with CORINE
land cover inventory data (CLC 2006-Finland, 2008) and
sediment data for peat deposits > 0.3 m thick as obtained
from Geological Survey of Finland (GTK open licence CC
BY 4.0, GTK’s Superficial deposits 1:200,000, www.hakku.
gtk.fi). Due to different resolution of datasets, spatial data
were re-sampled to one common resolution 25 X 25 m. MS-
NFI data represent forest composition in 2005 as the amount
of wood (m3/ha) and age for the three most common tree
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species: birch, pine and spruce, and for other broad-leaved
tree species (Tomppo et al. 2005). These data were first
converted into forest classes according to volume and age,
after which the information was combined with the CORINE
land cover inventory data following the approach described
in Byholm et al. (2020). The prepared map layer was then
merged with the rasterised peat deposit polygons resulting
in a final map where peat deposits were prioritised over the
MS-NFI-CORINE map when overlapping.

For measuring habitat composition in the breeding terri-
tories, we used the resulting map to calculate the proportion
of forest (mature spruce-, pine- and mixed forest; young for-
ests), clear cuts, peatland, agricultural land, urban areas and
water at three different spatial scales (radii 1000 m, 2000 m
and 4000 m) around each nest (cf. Byholm et al. 2020). At
all three scales, we calculated a multiplicative contrast (the
logarithm of a ratio) between the proportion of peat and for-
est (hereafter called “Barrenness”):

(Peatland area + 0.05)
(Forest area + 0.05)

Barrenness = In

We added 0.05 to the proportion of peatland and forest
before applying the natural logarithm to circumvent prob-
lems due to zero- or nearly zero values. In general, to avoid
outliers, these kinds of procedures can be recommended in
analyses of habitats with occasionally low proportions, and it
does not notably bias the results (Aebischer et al. 1993). The
resulting continuous variable “Barrenness” hence measures
the amount of peatland compared to forestland, being zero
with an equal proportion of peatland and forest, positive
with more peat and negative with more forest in a symmetric
manner. Since barren peatlands offer less habitat for most
principal goshawk prey species than forests do (Byholm
et al. 2007; Byholm and Kekkonen 2008), the food avail-
ability for the Goshawk decreases with barrenness.

Statistical analyses

To study whether a higher degree of barrenness of the ini-
tial breeding habitat led to higher probability of breeding
dispersal, we tested the one-tailed null hypothesis of no
such positive association. For this, we constructed a bino-
mial generalised linear model (GLM with binomial error
and logit-link function) with a binary response variable
(“switched”/*stayed”), explained by the centred continu-
ous variable “Barrenness.c” (with zero mean). We defined
breeding dispersal as the first observed events where an
individual female was recorded as breeding in one territory
1 year, and in another territory at the next breeding event.
To test whether females who switched territory
upgraded their habitat as a result of breeding dispersal
(leading to decreased barrenness with larger proportion
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of forest), we made a before/after comparison of “Bar-
renness” among the females that switched their territory.
For this, we created a linear model with “Barrenness.c”
after breeding dispersal as the response variable, and
“Barrenness.c” before breeding dispersal as the explana-
tory variable. The one-tailed null hypothesis was that
switching Goshawk females with average initial terri-
tories do not achieve reduced barrenness as a result of
breeding dispersal (a negative intercept implies an effect
of reduced barrenness). The analysis is like a paired sam-
ples t-test, but with the extra property that the degree of
upgrading/downgrading may depend on the initial condi-
tion (the slope may differ from 1). In a few cases, a female
was recorded to switch territory more than once. To avoid
pseudo-replication we disregarded any breeding events
after the second switch. This enables us to compare the
situation before and after the first known territory switch.
To validate the assumptions for this analysis, we used
Shapiro—Wilk tests for testing the null hypothesis that the
model residuals were normally distributed.

For analysing how territory switching affects egg and
nestling survival (i.e. whether brood loss occurs), we used
a binomial mixed effects model with brood size at ringing
(k) and clutch size (n) as the response variable(s), hence
modelling the binomial probability (or proportion) of sur-
vived individuals (p). (In R the syntax requires the input
as successes k and failures n—k). Higher expected values in
this model imply better egg/fledgling survival, or a lower
level of brood loss. The explanatory variables were central-
ised “Clutch size”, “Switch” and “Barrenness.c”, with an
interaction between “Switch” and initial “Barrenness.c”.
Since partial brood loss is habitat dependent in the focal
goshawk population (Byholm and Kekkonen 2008), the hab-
itat “Barrenness.c” was measured before the switch. We set
female identity “Female.ID” and the factor variable “Year”
as random effects on the intercept. The effects of “Clutch
size”, “Barrenness.c” (expected to be negative), “Switch”
and the interaction between “Barrenness.c” and “Switch”
(expected to be positive) were tested using one-tailed tests.

The consistent application of one-tailed test is done with
clear a priori stated predicted directions of all outcomes of
statistical tests, hence not inflating the rate of errors of type
1. In particular, the purpose of our study is to investigate
whether poor quality habitat increases the probability of
breeding dispersal, whether the dispersing females upgrade
their habitat and whether they improve their breeding suc-
cess. For all the hypotheses tested, an effect in the oppo-
site direction would be difficult to explain in the light of
our data, and hence subject to mere speculation. While we
reserve hypothesis testing for the stated directions, effects
in both directions can be assessed by the reader in terms of
the absolute values of the reported #- and Z-statistics, which
are the coefficients divided by their standard errors (SE).

Values of abs(f) >2 or abs(Z) > 2 indicate relevant devia-
tions from zero.

For each type of analysis (separate response variable), we
fitted the same model separately for the three spatial scales
(radii 1000 m, 2000 m and 4000 m). We applied Bonfer-
roni corrections to account for multiple testing at the three
spatial scales. Applying the typical 5% risk level (a=0.05)
for statistical significance, the adjusted critical level of null
hypothesis rejection applied here was P <0.0167 (= a/3);
and correspondingly P <0.0333 (=0.1/3) was used as the
critical level for near significance. All statistical analyses
were carried out in R version 3.5.1 (R Core Team 2018).
For the binomial mixed model, we used package “lme4”
(Bates et al. 2015).

Results
DNA amplification and genotyping of individuals

Eighty-eight unique multilocus genotypes were identi-
fied within 195 amplified samples. No deviations from
Hardy—Weinberg equilibrium were observed (y*=20.53;
df=22; P=0.55). After Bonferroni correction in a pair-wise
comparison of loci, no linkage disequilibrium was detected.
Since there was no evidence for non-random associations of
alleles at different loci in the study population, all 11 loci
can be independently used as genetic markers (Table S1,
Table S4). The allele number of a locus varied between 2 and
12, genetic diversity between 0.801 and 0.099, and expected
heterozygosity between 0.099 and 0.796 (Table S4). No evi-
dence of inbreeding was observed (F;g=0.014). The esti-
mated probability that two unrelated birds show the same
genotypes was PID 8.87 x 10~, and for siblings PIDsib
1.72x 1073, Thus, the multilocus genotypes determined
using 11 polymorphic microsatellite loci provided a reliable
tool for individual identification of Goshawks.

Female breeding dispersal

Out of the 55 females, 16 performed breeding dispersal
by switching their territory and partner. This corresponds
to a rate of 29% (95% CI based on binomial distribution
17.6%-42.9%). Again, the new critical values adjusted
for multiple testing was 0.0167 for hypothesis rejection
and P <0.0333 for near significance. The probability for a
female to switch territory was not statistically significantly
related to initial territorial barrenness at neither 1000 m
radius (b=0.495+0.399 SE, Z=1.243, P=0.107);
2000 m radius (b=0.741+0.473 SE, Z=1.567,
P =0.059); nor at 4000 m radius (b=1.217+0.753 SE,
Z=1.616, P=0.053). At the radius of 1000 m, however,
females that switched territory moved to areas with on
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average significantly lower barrenness, i.e. the habitat
quality was upgraded (intercept: — 0.442+0.178 SE,
t=-2.485, P=0.013; Fig. 1). The corresponding estimated
effects had the same sign at larger spatial scales, being near
significant with 2000 m radius (intercept: — 0.427 +0.188
SE, r=—2.268, P=0.020) and being non-significant with
4000 m radius (intercept: — 0.087 +£0.126 SE, t=— 0.693,
P =0.250). In the analysis of barrenness after breeding
dispersal, the Shapiro—Wilk tests gave no reason to doubt
the assumption of normally distributed residuals at the
1000 m scale (W=0.936, P=0.303), where our strong-
est result was found. However, at the intermediate spa-
tial scale with radius 2000 m, the result was significant,
indicating some evidence for non-normality (W=0.879,
P =0.037), and at the 4000 m scale, the result was near
significant (W=0.904, P =0.092).

There was no statistical evidence for positive effects of
breeding dispersal on the probability of partial brood loss
at any radius. This was the case for both the main effect of
breeding dispersal (variable Switch) and the interaction
between breeding dispersal and initial habitat (Table 1).

Barrenness after switch

| | | | | | |
-15 -10 -05 00 05 10 15

Barrenness before switch

Fig.1 Mean-centred barrenness before and after breeding dispersal
in 16 females that had more than 1 territory during the study (circle-
symbols represent data points). The black solid line shows the rela-
tionship. The vertical grey bar is a 95% confidence interval for the
model intercept, showing that on average females switching territory
are indeed upgrading. In contrast to the null hypothesis test, the CI is
two-tailed with no Bonferroni-correction. With slope 1, this regres-
sion would be identical to a paired samples #-test but allowing for
another slope corrects for effects of limited availability of high-qual-
ity territories. Birds with good (bad) quality territories before have
less (more) options to upgrade, even just by chance
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Table 1 Estimated parameters from binomial GLMMs analysing the
effects of breeding dispersal on the probability of egg and fledgling
survival with the barrenness index counted using three different radii
from the nest (1000, 2000 and 4000 m)

Model Parameter Estimate SE Z-value P
(radius

m)

1000 Intercept 1.104 0.197 5.603 0.000
1000 Clutch size 0.183 0.190 0.962 0.832
1000 Switch —-0.372 0393 —-0.947 0.828
1000 Barrenness.c —0.151 0.253 -0.596 0.276
1000 Switch X Barrenness.c 0.209 0.507 0.413 0.340
1000 Female.ID, rnd (SD) 0.867 - - -
1000 Year, rnd (SD) 0202 - - -
2000 Intercept 1.113 0.197 5.662 0.000
2000 Clutch size 0.178 0.191 0.931 0.824
2000 Switch —0.381 0.395 —0.964 0.832
2000 Barrenness.c —0.140 0305 -0.458 0.324
2000 Switch X Barrenness.c 0.001 0.538 0.018 0.493
2000 Female.ID (SD) 0.880 — - -
2000 Year, rnd (SD) 0.192 - - -
4000 Intercept 1.113 0.195 5.710 0.000
4000 Clutch size 0.175 0.191 0.915 0.820
4000 Switch —0.348 0.402 -0.866 0.807
4000 Barrenness.c —0.248 0481 -0.515 0.303
4000 Switch x Barrenness.c —0.318 0.966 —0.329 0.629
4000 Female.ID(SD) 0.880 - - -
4000 Year, rnd (SD) 0.183 - - -

The estimates are associated with standard errors (estimate and SE,
respectively), Z-statistics (Z), and statistical significances (P) that are
one-tailed for all fixed effects parameters but the intercept. For ran-
dom effects, the estimated standard deviations are reported (“Female.
ID, rnd (SD)”; “Year, rnd (SD)”)

Discussion

Most Goshawk populations usually have a high level of
site-fidelity and thus low level of breeding dispersal (e.g.
Kriiger and Lindstrém 2001; Kriiger 2005; Kenward 2006;
Rutz et al. 2006). In this study, we found a high level of
breeding dispersal (29%) in female Goshawks. This high
prevalence of breeding dispersal provides some challenge
to the view that female Goshawks are highly philopatric and
monogamous (Kriiger and Lindstréom 2001; Kenward 2006;
Rutz et al. 2006; Reynolds et al. 2017), but rather suggests
that the degree of philopatry may show large spatial varia-
tion among Goshawk populations throughout their range,
here studied at a higher latitude in Finland. Elevated levels
of turnover rates have also been found earlier in the Nordics
but have been suggested to be mortality driven (Selas et al.
2017; Tolvanen et al. 2017), also providing a contrast to
the levels typically found for this species in Europe (Rutz
et al. 2006 and references therein). However, a turnover
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rate does not directly disclose the level of breeding disper-
sal contributing to its estimate, but sums a range of other
factors than territory fidelity. Although being widespread
across species, breeding dispersal is often difficult to detect
in the field, which leads to a general lack of detailed stud-
ies on the topic. We believe the level of breeding dispersal
in this study should be representative for the true local rate
with our methodological approach of combining trapping of
breeders with genetic identification of females, but this does
not hinder females to possibly disperse to established males
outside the study area. As such cases will remain undetected,
the observed breeding dispersal percentage can be viewed as
a conservative estimate.

We found no evidence for habitat quality (i.e. landscape
productivity) affecting the probability of female breed-
ing dispersal. This contrasts with our prediction and some
previous findings in other species (e.g. Forero et al. 1999;
Blakesley et al. 2006; Cline et al. 2013), although indicated
by Selas et al. (2017). Thus, it may suggest that territorial
landscape productivity, here assessed by the proportion of
peatland, is not a sufficiently strong or relevant driver itself
behind the event of female Goshawks changing their cur-
rent territory (and mate). Previous studies from other species
have shown that events of low breeding success or breed-
ing failure may trigger breeding dispersal (Daniels et al.
2000; Part and Gustavson 1989; Haas 1998; Beheler et al.
2003; Winkler et al. 2004; Newton 2010), likely reflecting
a negative breeding experience at the particular breeding
site. The situation might be opposite of this when starting
out in a high-quality territory; Cline et al. (2013) found that
dispersal distances were on average shorter for individuals
already inhabiting high-quality habitats. In Collared Fly-
catchers (Ficedula albicollis), previously successful females
showed a negative correlation between dispersal distance
and subsequent fitness, while this correlation was positive
for previously unsuccessful ones (Pért and Gustavson 1989).
The prerequisite for such patterns is that individuals assess
their current vs. future prospects based on habitat quality.
However, as opposed to earlier observations in Eurasian
Sparrowhawk (Accipiter nisus) (Newton 1986), there was
no indication that female Goshawks in our study were more
prone to disperse after breeding failure. In most cases of
breeding failure in our study area, the same pair did not
breed the following year, or we lack knowledge about their
further activity.

In line with our second prediction, females that dispersed
(for whatever reason) moved to higher quality territories (i.e.
with a lower barrenness), the result being statistically sig-
nificant at the 1000 m scale, while being near significant
at the 2000 m scale. During the breeding season, the male
Goshawk feeds himself, the female and their offspring for
long periods (Kenward 2006), and the prevalence of forest-
dwelling prey species in close proximity of the nest should

be favourable for the breeding Goshawk as a central-place
forager (Newton 2010). The finding that females upgraded
themselves to more productive territories when dispersing is
in line with the previous finding that landscapes with lower
degree of barrenness are beneficial for ensuring a good prey
base and chick survival (Byholm and Kekkonen 2008). In
other species with breeding onset at young age, death of the
male partner has been suggested to drive females to disperse
to avoid a young partner replacement (Daniels et al. 2000). If
this is a driver behind the observed dispersal, it could partly
explain the paradox of why in our study a large percentage
of females indeed perform breeding dispersal (original male
dies), while others remain philopatric even in less-than-opti-
mal habitats (original male survives). But when females, for
whatever reason, break their territory and mate bond, they
settle in a new territory with potentially more prey that at the
one they left (cf. Byholm and Kekkonen 2008).

We could not show any connection between an upgrade
in habitat quality and breeding performance, as breeding
dispersal was not accompanied by lower brood loss. Habi-
tat quality has earlier been found to affect breeding success
in Goshawks (Kriiger and Lindstrém 2001; Kriiger 2002;
Byholm et al. 2007; Byholm and Kekkonen 2008) and
when viewing breeding dispersal as a condition-dependent
strategy, our result is somewhat counter-intuitive. When
seen in isolation, this may suggest breeding dispersal is
a non-adaptive behaviour in Goshawks, unless they are
forced to disperse from a disruptive situation with lim-
ited options, as a “best of a bad job” rather than a way
to maximise fitness. Calabuig et al. (2008) showed in
Lesser Kestrels (Falco naumanni) that breeding success
increased after breeding dispersal but did still not exceed
that of philopatric individuals from the same popula-
tion. Although we found no relationship between nest
site switch and productivity, dispersal may have affected
productivity through other traits not accounted for in this
study, such as body condition of fledglings or adults, and
their subsequent survival after the breeding season.

We did not compare long-term differences on repro-
ductive success such as occupancy rate at the old versus
new breeding site, which is often related to habitat qual-
ity in birds (Stacey and Legon 1987; Sergio and Newton
2003). It could be difficult to distinguish territory habitat
quality from the quality of the male partner (Daniels et al.
2000), but due to intra-specific competition among male
Goshawks (Kenward 2006) combined with indications
from our study area of lower body condition among males
with territories dominated by bog when compared to for-
est (Byholm et al., unpublished), we believe our estimate
of barrenness as a quality measure reflects the quality of
the territory holder as well. With the present material we
cannot predict what would have happened if the females
would have stayed.
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Apparently, breeding dispersal may not be an obvious
way for female Goshawks to increase their reproductive
performance, at least not when performance is measured
through nestling survival, as partial brood loss may reflect
sub-optimal breeding conditions affecting both parents and
offspring. However, we cannot rule out that the switch to a
higher quality territory affects the lifetime reproductive suc-
cess (Kriiger 2005) or have possible effects on subsequent
survival of fledglings and adults after the breeding season.
Still, breeding dispersal occurs in more than a quarter of the
females, while the rest show philopatry. Most likely, other
factors than habitat quality may be more strongly linked
with the breeding dispersal. The decline in long-term occu-
pancy of nest sites in Finland after the 1990s (Hakkarainen
et al. 2004; Byholm et al. 2020), mainly driven by intensive
logging of mature forests diminishing nest site availability,
in combination with concurrent negative prey population
trends (e.g. Tornberg et al. 2006), have resulted in a decline
of the Finnish Goshawk population (Bjorklund et al. 2020).
We created a subset of our dataset (n=20) where we had
specific information on whether or not any logging occurred
before breeding dispersal. Breeding dispersal events as com-
pared between year ¢ and 7+ 1 matched with a contemporary
loss of the breeding forest patch due to logging in (4/20) of
the cases. Other cases coincided with the original female
being replaced by a new female (5/20; 25%), loss of male
partner (3/20; 15%) and nest takeover by competing species
(1/20; 5%). In one further case (1/20), breeding dispersal
occurred after egg predation in year ¢, while in the remaining
cases (6/20), there was no information available on possible
reasons. While the sample size of this subset is small and
one have to be cautious in drawing general conclusions, it
seems evident that breeding dispersals by female Goshawks
are caused by multiple factors. In cases where a female was
replaced by a new female, we cannot rule out that the former
was expelled by the male partner or a female competitor.
In addition to mate loss and the male re-mating with a new
female, logging of nest stands commonly coincides with
breeding dispersal. As such, some of the breeding dispersal
events are thus the result of human caused habitat destruc-
tion via logging. Logging has also led to a long-term decline
in the forest grouse populations, and low availability of these
central prey species affects the Finnish Goshawk population
negatively in many ways (Tornberg 1997; Hakkarainen et al.
2004; Byholm et al. 2003; Byholm et al. 2007; Sulkava et al.
2006; Tornberg et al. 2006).

In Northern Europe, Goshawks are strongly dependent on
the forest type most attractive to commercial logging, and
so are their preferred prey species, with the result of finding
themselves in a conflict with the contemporary forestry prac-
tices. More generally, the lack of an effect of territorial habi-
tat quality on female breeding dispersal probability together
with the observation that multiple other causes coincide with

@ Springer

observed dispersal events suggests that the decision to leave
an old territory made by female goshawks, and perhaps in
birds in general, is often rather a result of a must than a free
choice. However, when females for whatever reason conduct
breeding dispersal, they succeed on average to find a new
breeding site of similar or better quality than the former
habitat they left. Given the complexity, we call for more
research to resolve pre-dispersal drivers and post-dispersal
consequences of breeding dispersal, especially combining
these two aspects in same studies.
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