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Tawny Owl females of intermediate colour morph reproduce
better and increase in a local polymorphic population
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Individuals of the same population with differing melanin plumage colouration can re-
spond differently through fitness to environmental stressors. In a local population of
Tawny Owls (Strix aluco), we collected individual-based data on nesting attempts of this
well-known colour polymorphic species between 1985 and 2014. We studied whether
body size, condition, demographic parameters and habitat around occupied nest sites dif-
fer among grey, intermediate and brown coloured females. The proportions of females
belonging to each of the three colour morphs in the local population changed during the
study period, with intermediate individuals becoming more frequent in the last decade.
Females were similar in body size and achieved similar body condition during breeding
irrespective of plumage colouration. Although most of the analysed demographic param-
eters were not statistically significantly related to the colour morph, the intermediate owls
raised more nestlings in a lifetime and tended to have higher recapture probability. We
found little support for habitat and morph associations. In summary, we propose that the
increase in intermediate Tawny Owl colour morphs in this local population is associated
with their better reproductive performance compared to the other morphs.

1. Introduction

Colour polymorphism is the coexistence of two or
more distinct and genetically determined colour
forms in an interbreeding population (Roulin
2004). This is a phenomenon observed in many
vertebrate taxa including birds, especially birds of
prey and owls (Fowlie & Kriiger 2003, Roulin
2004). Apostatic, disruptive and sexual selection
are three major hypotheses proposed to explain the
origin and maintenance of colour polymorphism
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in birds (Fowlie & Kriiger 2003, Galeotti et al.
2003). However, regardless of the mechanism that
results in colour polymorphism in any particular
species, this phenomenon is usually regarded as
providing adaptive functions to local environmen-
tal conditions (Tate et al. 2016 and references
therein). The ratio of different colour morphs
within a local population of raptor species tends to
vary spatially along geographical or environmen-
tal gradients (Galeotti et al. 2003, Amar et al.
2014, Roulin & Randin 2015, Tate et al. 2016).
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The relationship between melanin-based plu-
mage colouration and fitness in birds is species-
dependent (Meunier ef al. 2011). At temperate lat-
itudes in Germany, individuals of the dominant in-
termediate morph of Common Buzzard (Buteo
buteo) produced two times more nestlings than the
individuals of the rare light and dark morph during
their lifetime (Kriiger & Lindstrdm 2001). In the
case of Tawny Owls (Strix aluco) breeding at
northern latitudes in Finland, individuals of the
grey colour morph survived better and produced
more nestlings during their lifetime than brown in-
dividuals (Brommer et al. 2005). In a long-term
study of Swainson’s Hawk (Buteo swainsoni) in
California, however, Briggs ef al. (2011a) did not
find any significant differences in survival and
various reproductive parameters among individu-
als of three colour morphs. Similarly, brood size
was independent of colour morph in the dimorphic
Booted Eagle (Aquila pennata) population in
south-eastern Spain (Martinez et al. 2016). Re-
gardless of whether colour polymorphism influ-
ences fitness or not, the ratios of morphs usually
remain stable over time within local populations of
various raptor species (Brommer et al. 2005,
Briggs et al. 2011a, Martinez et al. 2016). At the
distribution range scale, however, temporal
changes in plumage pigmentation may be region-
specific (Roulin ef al. 2011). The stable long-term
ratio may be a result of different and temporally al-
ternating performance strategies of the colour
morphs at a fine scale (Roulin ef al. 2003). Global
warming, however, can selectively affect individ-
uals in different ways in a given population
(Roulin 2014). Karell ef al. (2011b) demonstrated
that changes in the climatic conditions resulted in
an improvement in the fitness of brown-coloured
individuals in Tawny Owls, leading to an increase
in the number of individuals of this morph in the
population.

In this study, we investigated fitness and habi-
tat in the well-known polymorphic species Tawny
Owl. Individuals of this generalist nocturnal pre-
dator vary from pale grey to reddish-brown, but
two (i.e., grey and brown) or three (i.e., grey, inter-
mediate and brown) distinct morphs are most fre-
quently described with their proportions spatially
distributed in Europe without a clear geographical
cline (Galeotti & Cesaris 1996, Karell et al.
2011b). Melanin-based plumage colouration in
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Tawny Owl is under strong genetic control, highly
heritable and is not sensitive to environmental
conditions (Brommer et al. 2005, Karell et al.
2011b, Emaresi et al. 2014). Tawny Owl individu-
als differing in plumage colouration show some
behavioural (Da Silva et al. 2013), physiological
(Galeotti & Sacchi 2003, Gasparini et al. 2009a,
2009b, Karell et al. 2013, Emaresi et al. 2016),
morphological (Roulin ef a/. 2003) and fitness dif-
ferences (Roulin ef al. 2003, 2004, 2008, Brom-
mer et al. 2005, Piault et al. 2009, Karell et al.
2011a, 2011b, Da Silva et al. 2013, Emaresi et al.
2014). Differently coloured Tawny Owls tend to
be associated with specific regional environmental
conditions (Galeotti & Cesaris 1996). This expec-
tation, however, may be valid in a local population
as well (Roulin ez al. 2003) because environmental
heterogeneity can promote the evolution of
phenotypic plasticity with individuals matching
their phenotypes with the environment (Roulin ez
al. 2008). Galeotti and Sacchi (2003) showed that
differently coloured individuals are associated
with varying habitats at a fine scale. Moreover, in-
dividuals of similar plumage colouration in dis-
tinct populations under different environmental
conditions may even show opposite patterns of the
same fitness trait (¢/- Brommer ef al. 2005, Ema-
resi et al. 2014) indicating that morphs are adapted
to specific environmental conditions that vary
geographically. Further, the effect of global warm-
ing may vary spatially and subsequently, distinct
colour morphs may respond differently, in terms
of fitness, to the same environmental stress
(Roulin 2014). Karell ez al. (2011b) demonstrated
how environmental changes differently drive the
fitness of the colour morphs of Tawny Owls in the
same geographical area. Thus, former findings for
any particular species in a specific geographical
area, habitat and/or time period may not be a uni-
versal reflection of the fitness of a colour morph
and its change over time within that species.
Using data from breeding Tawny Owl females,
captured over a period of 30 years in a temperate
forest in Lithuania, Central Europe, we investi-
gated whether body size, reproductive perfor-
mance and habitat around nest sites is colour
morph dependent. Additionally, we predict that: 1)
proportions of morphs change over years; 2) re-
production and survival are morph dependent; 3)
the relationship between mean winter tempera-
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Fig. 1. Location of the
study site (forest area
= black fill) in Kédainiai
district (bold line), Li-
thuania.
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tures, mean spring temperatures and reproductive
parameters differs among morphs; and 4) habitat
composition differs between nest sites occupied
by females of the three colour morphs.

2. Material and methods
2.1. Data

Data for this study were collected between 1985
and 2014 in the Dotnuva forest (area: 39 km’), sur-
rounded by agricultural fields in Keédainiai district,
Central Lithuania (55°23°27” N, 23°46°25” E)
(Fig. 1). The terrain is flat and deciduous tree spe-
cies dominate in the forest. All available nest
boxes (nest boxes were first erected in 1977; from
30to 55 nest boxes were available annually for oc-
cupation between 1985 and 2014) were checked
by S. Rumbutis for occupation from February to
March, depending on the winter weather condi-
tions. On average, five pairs of Tawny Owls bred
annually (S. Rumbutis, unpubl.). A nest box (here-
after nest site) was considered occupied if a clutch
was found. Occupied nest sites were checked later
in April-May to estimate breeding output, as well
as to capture the females attending broods with a
hand net.

The date of the start of breeding was estimated

using one of two methods, namely accounting for
a) the age of nestlings; b) egg laying intervals (ev-
ery second day) in cases of incomplete clutches
were found during the early nest site checks. The
age of the oldest nestling was estimated using a
nestling age identification key compiled by S.
Rumbutis (unpubl. data). The start of breeding
then was determined by backdating calculation,
accounting for the incubation duration (30 days;
Southern 1970). For further analyses, we ex-
pressed the start of breeding in Julian days
(wherein 1% January is day 1), also accounting for
leap years. The length and maximum breadth of
the eggs in full clutches were measured using a
sliding calliper to the nearest 0.1 mm. Egg volume
was calculated as 7 x egg length x breadth’/6000
(Tatum’s index; Hakkarainen & Korpimaki 1993).
For further analyses, the mean volume of the eggs
in the clutch and clutch size were used as response
variables. Brood size was measured as the number
of nestlings of at least two weeks of age.

The wing and tail lengths of captured females
were measured with a ruler, the individuals were
weighed with a spring balance to the nearest five
grams and, in the case of first time captures, the
birds were ringed. Wing and tail lengths showed a
statistically significant positive correlation, and
hence we used scores of the first principal compo-
nent as an index for individual body size. Larger
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scores indicated larger individuals. To estimate
body condition, we used the generalized linear
model (GLM) where we related female weight (as
aresponse variable) with body size and the day of
capture (as explanatory variables) (following
Blomberg et al. 2014). Female body weight tends
to decline during the breeding period (Southern
1970), hence the day of capture was calculated as a
difference between the Julian day of capture and
the Julian day of the start of breeding. Addition-
ally, we used standardized residuals of the above-
mentioned GLM as an estimate of individual body
condition in relation to body size and standardized
to a common day of capture after the start of bree-
ding. Assignment of females to colour morphs was
always performed in the field at the time of capture
and, in case of recaptures, without knowledge of
their previous morph assignment. Furthermore, fe-
male captures and morph assignments were con-
ducted by the same person — Saulius Rumbutis —
during the entire 30 year period of the field work.
Females were assigned to one of the three colour
morphs based on the intensity to which the indi-
vidual displayed brown or grey colours across the
entire body plumage: grey — birds entirely lacked
brown colour in the feathers, intermediate — both
brown and grey colours were present in the plum-
age; brown — only brown feathers were present.
Out of 57 females, 22 individuals were recaptured
at least once. Only during two recaptures (5% out
of 39 recaptures) females were assigned to differ-
ent morphs. For these two females, we used the
morph estimated during the first capture. Addi-
tionally, colour morphs of 69 dead female speci-
mens, collected by the public from different locali-
ties in Lithuania between 1985 and 2014, were in-
spected in the skin collection of Kaunas T.
Ivanauskas Zoological Museum. Using the same
method as in the study population, S. Rumbutis as-
signed each of the specimens to one of the three
morphs.

Spatial data on occupied nest sites throughout
the study period were analysed in the GIS environ-
ment (ArcGIS 10.0 software). A habitat layer was
created based on photo-interpretation of satellite
images and orthophotographs at a scale 1:10,000
for non-forested land and State Forest Cadastre
data derived from stand-wise inventories for for-
ested land. Data sources for the year 2000 were
used to represent the mid-period of the study. To
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represent habitat around occupied nest sites, 0.4
km radius buffers were created (such a buffer cov-
ers the core area of the Tawny Owl home range;
Sunde & Bolstad 2004). In the buffers, we mea-
sured proportions of 1) fields (intensively culti-
vated fields, pastures, grasslands), 2) openings
within forests (clear cuts, small forest meadows,
etc.), 3) deciduous forest (birch, aspen, black al-
der, grey alder, oak, ash, lime or maple dominating
in the stands by volume proportion), and 4) conif-
erous forest (spruce or pine dominating in the
stands by volume proportion). Thereafter, pair-
wise Pearson correlations between habitat vari-
ables were checked to reduce collinearity. If corre-
lation between pair of variables is strong (i.e., >
0.6), only the variable which was more relevant to
the study species was retained (Sergio et al. 2006
and references therein). Only the proportions of
fields and deciduous forest were strongly related (»
> (.6), hence for further analyses, we included all
the above-mentioned habitat variables, except for
the proportion of fields.

2.2. Data analysis

The proportions of individuals belonging to each
of the three colour morphs over the three decades,
i.e., 1985-1994, 1995-2004 and 2005-2014 were
compared using the chi-square test. We assigned
each individual to one of these decades according
to the year of entering into the study population
(i.e., year of the first capture of that individual).
Altogether, 57 unique females were captured since
1985 for the first time at the study site.

For survival and recapture probabilities analy-
sis, we included data on 57 females captured in to-
tal 96 times during the period 1985-2014. Survival
and recapture probabilities of Tawny Owls,
marked and recaptured during the nest site inspec-
tions, were estimated using the program MARK
Version 7.1 (Cooch & White 2015), using Cor-
mack-Jolly-Seber live mark-recapture models
(Jolly 1965). Apparent survival probability (¢) ac-
counts for both survival and permanent emigration
of individuals from the studied population. Recap-
ture probability (p) indicates the probability of re-
capturing a marked bird when it is still present in
the study population. A number of models were
examined with different assumptions regarding
survival and recapture probabilities. Survival and
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recapture probabilities were modelled as either
constant (denoted ¢ (.) and p (.)) or morph depend-
ent (i.e., denoted ¢ (morph) andp (mmph)). Due to small
sample size, models with time-dependent survival
and/or recapture probabilities resulted in many in-
estimable parameters, therefore such models were
not analysed. Akaike Information Criterion with a
correction for small sample size (AICc) was used
for model evaluation and selection of the most par-
simonious model (Lebreton et al. 1992). Goodness
of fit of the data was evaluated by running 1,000
bootstrap simulations of the global model (¢ (morph)
P (momh)). Overdispersion of the data was evaluated
by calculating the ¢ (variance inflation factor) by
dividing the deviance of the global model (¢ (

P (momh)) by the mean deviance of the 1,000 51muTa-
tions. In our case, ¢ of 1.0389 indicated some
overdispersion in the data (lack of fit), therefore
quasi-likelihood adjusted AICc (QAICc) was used
for the final model selection (Cooch & White
2015). In order to account for the uncertainty in
model selection and obtain the best estimates of
survival and recapture probabilities, model aver-
aging was applied (Cooch & White 2015) for the
supported models (i.e., AQAICc < 2).

Linear mixed models (LMM) were used for
analyses of continuous response variables (for
body size, body condition, start of breeding, mean
egg volume), while generalized linear (GLM) (for
number of nesting attempts per female and total
number of offspring per female) and generalized
linear mixed models (GLMM) (for clutch size and
brood size) were used for analysis of count vari-
ables and morph associations. LMM, GLM and
GLMM models were fitted by the maximum like-
lihood method. Morph was entered as a fixed cate-
gorical variable. Female identity and year were in-
cluded into LMM and GLMM models as random
factors. Models with and without an explanatory
variable of interest were compared with the likeli-
hood ratio test.

The mean winter temperature before nesting
attempts of the different colour morph females
was analyzed through multinomial logistic regres-
sion (MLR), where morph was a response variable
and mean winter temperature as the explanatory
variable. Brown colour morph was used as a refer-
ence group. Models with and without the explana-
tory variable were compared using the likelihood
ratio test. To estimate the significance of interac-

tion between colour morph and mean winter or
spring temperature (T) (in models with response
variables including body condition, timing of
breeding, clutch size, mean egg volume in the
clutch and brood size), we compared models
(LMM, GLMM) with an additive effect of these
explanatory variables (i.e., morph + winter T;
morph + spring T) with the models where the same
explanatory variables were included through in-
teraction term (i.e., morph x winter T; morph x
spring T) using the likelihood ratio test. Mean win-
ter temperature was calculated from the mean
monthly values of December, January and Febru-
ary, and mean spring temperature from the mean
monthly values of March, April and May, respec-
tively.

Habitats around the nest sites occupied by fe-
males of the three morphs were analyzed through a
multinomial logistic regression. All possible com-
binations of the above mentioned three habitat
variables were included in the models. Brown col-
our morph was used as a reference group in these
models. Further, we used the information-theoreti-
cal approach for model selection and multi-model
inference procedure (Burnham & Anderson
2002). Akaike Information Criterion with a cor-
rection for small sample size was used. The rela-
tive importance of each model was estimated
through ranking the models by Eq. 1 (where
AlCc_. is the best model in the model set).

min

AAICc = AICc, — AlCc (1)

Model weight was estimated through the normal-
ized Akaike weights, Eq. 2.

exp (—0.5x AAICc) @)

R
D exp (-05x AAICC, )

r=1

To separate good models from less supported
models, the threshold AAICc < 2 was used. Pois-
son error structure and log link function were used
for all GLMs and GLMMSs with the count vari-
ables as responses. Packages /me4 (Bates et al.
2013), nnet (Venables & Ripley 2002) and MuMIn
(Barton 2013), in the statistical environment R (R
v.2.15.2; R Core Team 2012 and R v.3.3.2; The R
Foundation for Statistical Computing), as well as
Statistica 6.0, were used for analysis.
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3. Results

During three decades of the study period, we cap-
tured 57 different breeding females with 42% of
them being grey, 40% intermediate and 18%
brown. Over the three decades, however, the pro-
portion of grey-coloured females that entered the
study population decreased, while intermediate
breeding females increased and brown females
fluctuated over time (Fig. 2). The proportion of the
three plumage morphs was similar in the entering
females in the first and second decades (i.e., 1985—
2004) ()(22 = 4.8, p < 0.09), but significantly
changed between the second and third decade (i.e.,
from 1995-2004 to 2005-2014) (X22 =68.7,p <
0.0001). During the first two decades, only 11% of
36 female specimens collected in Zoological Mu-
seum were of intermediate plumage colour, 47%
of them being grey and 42% brown. The percent-
age of intermediate colour morph females found
between 2005 and 2014 increased to 30% (N=33),
while the proportion of brown females remained
similar (i.e., 40%) and grey decreased to 30%.
These changes in the proportions of morphs were
statistically significant ()(22 =21.8, p<0.0001).
Analysis of the survival of 57 marked female
Tawny Owls revealed that the best model assumed
constant survival, but different recapture probabil-
ities between the colour morphs (¢ (.) p (morph);
Table 1). This model had 2 times more support
than the next best (constant) model (¢ (.) p (.))
(AQAICc = 1.39). Both models that included
morph-dependent survival probability (¢ (morph) p
(morph) and ¢ (morph) p () were not supported by the
data (AQAICc > 4; evidence ratios > 8), indicating
no difference in survival probability between the
three colour morphs (Table 1). The recapture
probability estimated after model averaging of the
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Fig. 2. Proportions of females belonging to each of
the three colour morphs the first time they entered
the study site in three decades: 1985-1994, 1995—
2004 and 2005-2014. Sample sizes are 22, 15 and
20 females for each decade, respectively.

two supported models (i.e., AQAICc < 2) was
more than 1.6 time higher for the intermediate
morph (0.46+0.12 SE) compared to both grey and
brown colour morphs (0.27 and 0.29 respectively;
Fig. 3).The estimated survival probability of
Tawny Owl females was 0.71 £+ 0.05 SE.

The body size (LMM: %, = 0.08, p = 0.96) as
well as body condition of the females (LMM: xzz =
0.58, p = 0.75) did not differ between the colour
morphs (the original measurements for body
weight, wing and tail length are presented in Table
2). Similarly, timing of breeding, number of nest-
ing attempts, mean egg volume, clutch and brood
size were also independent of the female colour
morph (see Table 2). On the other hand, total num-
ber of nestlings produced in all observed nesting
attempts recorded during the entire study period
was significantly different between the morphs

Table 1. Survival and recapture probability model selection, based on quasi-likelihood adjusted AlCc
(QAICc). ¢ — survival probability, p — recapture probability, (.) — parameter is constant, () — parameter
varies over the three morphs (i.e., grey, intermediate and brown).

Model QAICc AQAICc Weight Model Number QDeviance
likelihood of parameters

O ()P (ompn) 211.2 0.00 0.58 1.00 4 171.31

d()p () 212.5 1.39 0.29 0.50 2 177.04

O Cooron) P (orpn) 215.4 4.25 0.07 0.12 6 171.01

o ( p( 215.8 4.68 0.06 0.10 4 175.99
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Fig. 3. Recapture probabilities (+ SEs) for the three
colour morphs, estimated through model averaging
of the supported models (AQAICc < 2).

(Table 2, Fig. 4). According to estimates of the
GLM, intermediate females raised 0.57 nestlings
(+ 0.14 SE, p <0.0001) more than grey females
and 0.43 nestlings (+ 0.18 SE, p = 0.014) more
than brown females.

The change in the mean winter temperature be-
fore the nesting season was not associated with the
change in the log-odds of capturing different col-
our females (MLR: le =0.1, p = 0.95). Further-
more, the interaction between mean winter tem-
perature and colour morph was not significant for
Tawny Owl body condition (LMM: xzz =224,p=
0.33), timing of breeding (LMM: Xzz =2.13,p=
0.34), clutch size (GLMM: x; =1.22,p=0.54)or
mean egg volume (LMM: y°, = 4.33, p = 0.11).
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Fig. 4. The total number of nestlings raised by the
females of brown, intermediate and grey colour
morph. Filled squares represents medians, boxes
represent inter-quartile ranges, lines represent non
outlier range, hollow circles represent outliers and
hollow triangles represent extremes.

Similarly, the interaction between spring tempera-
ture and plumage colouration was not significant
in the model where brood size was included as a
covariate (GLMM: X22 =2.09, p=0.35). These re-
sults indicate that differently coloured females re-

Table 2. The mean, standard deviation and sample size (in brackets) of Tawny Owl female body measure-
ments and reproductive variables. x> and p represent results of the likelihood ratio tests between intercept
models and corresponding models with the colour morph as the fixed variable. LMM — linear mixed, GLMM
— generalized linear mixed and GLM — generalized linear model.

Variable Colour morph Model voop
Grey Intermediate Brown

Wing lenght (mm) 293 £ 6 (32) 294 + 6 (45) 293 +9 (16)

Tail lenght (mm) 197 £ 9 (32) 195+ 10 (45) 198 + 11 (16)

Weight (g) 593 +50 (32) 598 +48 (45) 596 + 38 (16)

Start or breeding (Julian day) 86 + 9 (32) 82 + 12 (45) 83+ 12 (16) LMM 06 0.73

Mean egg volume (cm’) 371+2.1(20) 39.1+29(34) 385+1.9(12) LMM 3.6 017

Clutch size 3.7+09(32) 38+09(45 35+1(15) GLMM 0.3 0.86

Brood size 24+15(32) 31+13(45) 26+15(16) GLMM 35 0.17

Nesting attempts per female 1.4+0.6(23) 1.9%x21(24) 1.5x0.7 (1) GLM 1.9 0.39

Number of nestlings

produced per female 33+22(23) 59%7.0(24) 3.8+3.7(11) GLM  18.4 <0.0001
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Fig. 5. Mean (x 95% CI) of
the proportion of the open-
ings within forest, decidu-
ous forest and coniferous
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sponded similarly to the mean winter and spring
temperatures during the reproductive season.
Habitat composition varied around nest sites
occupied by females of the three colour morphs
(Fig. 5). Although the intercept-only model re-
ceived most support (AAICc =0.00), similar AICc
weights of MLR models (i.e., 0.281-0.031) indi-
cated model selection uncertainty (Table 3). The
null model had only 1.2 times more support com-
pared to the next best model (AAICc = 0.39,
weight = 0.23), which included the share of conif-
erous forests at the nest site surroundings as an ex-
planatory variable. It suggested that an increase in
the proportion of coniferous forest decrease the
log-odds of occupation of a nest site by intermedi-
ate females compared to brown females (—5.45 +
2.97 SE). An increase in the proportion of conifer-
ous forest, however, did not influence the log-odds
of occupation of a nest site by grey females com-
pared to brown females (-2.31 + 2.98 SE). The
other supported model (AAICc = 1.25), which in-
cluded the proportion of forest openings as an ex-
planatory variable, was 1.9 times less likely than
the best null model. Results show that the increase
in the proportion of forest openings tended to in-
crease the log-odds of occupation of a nest site by
intermediate females (5.53 +3.32 SE) and grey fe-

around occupied nest sites
by grey, intermediate and
brown colour morph fe-
males.

within forest
-@- deciduous
—4— coniferous

males (4.46 + 3.45 SE) compared to brown fe-
males. The last supported model (AAICc = 1.39,
evidence ration 2.0), with the proportion of conif-
erous forest and forest openings as explanatory
variables, indicated similar relationships between
habitat and morphs as described above. Other
models were poorly supported by the data (AAICc
> 2; evidence ratios 3.8-9).

4. Discussion

The proportions of females belonging to the three
colour morphs entering the study area changed
during the 30-year study period, with intermediate
individuals becoming more frequent since the
mid-2000s. The three colour morphs of Tawny
Owls were similar in body size and achieved simi-
lar body condition during breeding. We did not
find any support that the influence of the winter
and spring weather on the performance of the owls
was colour morph dependent. Most of the ana-
lysed demographic parameters of the differently
coloured females did not differ, but intermediate
birds tended to be recaptured more frequently and
produced a higher number of nestlings during all
nesting attempts in comparison to grey as well as
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Table 3. AICc, AAICc and weight of multinomial models for association between colour morph (response
variable) and habitat variables (proportions of coniferous, deciduous forests and openings within forests in

a 0.4-km radius around each nest site).

Model No. Explanatory variables AlCc AAICc Weight
null 194.10 0.00 0.281
3 coniferous 194.50 0.39 0.231
1 openings within forest 195.30 1.25 0.151
5 openings within forest + coniferous 195.50 1.39 0.140
2 deciduous 196.80 2.69 0.073
4 coniferous + deciduous 197.20 3.14 0.058
6 deciduous + openings within forest 198.20 4.18 0.035
7 deciduous + coniferous + openings within forest 198.50 4.40 0.031

brown females. Although there were no clear habi-
tat differences between morphs, we found some
indication that brown females might occupy nest
sites with more coniferous stands compared to in-
termediate, and less fragmented forest cover in
surroundings compared to intermediate and grey
morphs. In summary, we suggest that Tawny Owl
females of intermediate colour morph reproduced
better and this may be the key reason for the spread
of this morph since the mid-2000s.

Proportions of females of each of the three col-
our morphs entering the study site were similar be-
tween 1985-1994 and 1995-2004, but changed
significantly during the decade since 2005. The in-
crease in the intermediate morph in both our study
area and the museum skin collection suggests a re-
cent spread of intermediate-coloured individuals
at a wider spatial scale than our study site. The sta-
bility of colour morph ratios over time was repeat-
edly found in other studies on different raptor spe-
cies (Brommer et al. 2005, Briggs et al. 2011a,
Martinez et al. 2016), but a rapid spread of brown
coloured breeding Tawny Owls has been observed
since the 2000s in the population at the northern
part of the distribution range (Karell ez al. 2011b).
Although the assignment of Tawny Owl individu-
als to the different morphs varies from study to
study (e.g., Roulin et al. 2003, Karell ez al. 2011b),
it might be supposed that an increase of darker in-
dividuals in Tawny Owl populations is a recent,
widespread process acting not only at higher lati-
tudes.

An increase in darker coloured individuals in
the population of a polymorphic species is likely to
be an adaptation to global climatic warming as
more intense plumage pigmentation may be an im-

portant trait of organism’s resilience to this envi-
ronmental stress (Roulin 2014). We did not find
support that mean winter temperatures were asso-
ciated with the nesting attempts of differently col-
oured females or differently affected their perfor-
mance. Roulin et al. (2003) found that the number
of breeding grey females in a population in west-
ern Switzerland was negatively related to the
spring and summer temperatures, but was not re-
lated to the winter temperatures. The mortality of
grey individuals was higher during warm years in
Italy (Galeotti & Cesaris 1996). At our study site,
spring, summer and autumn temperatures signifi-
cantly increased over the last three decades, but
not the mean winter temperature (Grasyte et al. in
prep.). Although Galeotti and Cesaris (1996) sug-
gested that the intermediate phenotype of the
Tawny Owl was disadvantageous under all cli-
mate regimes, we speculate that the increase in the
proportion of intermediate but not brown females
observed at our study site might be a consequence
of the seasonally contrasting local climate trends
(see above) favouring the intermediate but not
pure phenotypes.

What performance component may explain
the increase of intermediate-coloured individuals?
First, females assigned to the three morphs were
similar in size and, at least those birds that bred,
achieved similar body condition. Roulin et al.
(2003) suggested that grey females skip reproduc-
tion in poor years, hence we cannot reject the
hypothesis that females of the three colour morphs
achieve different body condition under varying
food supply. However, Roulin e al. (2003) did not
find differences in wing length and body mass, just
as Galeotti and Sacchi (2003) did not find differ-
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ences in body condition and morphology of differ-
ently coloured Tawny Owls. Roulin ef al. (2003)
and Brommer et al. (2005) found random mating
with respect to plumage colouration in Tawny
Owl. Hence, body size is not likely to influence
competition among differently coloured females
and thus facilitate the recent spread of intermediate
females.

Second, although based on a limited sample
size, our results support no differences in survival
among the owls of three morphs at our study site.
Emaresi et al. (2014) found that dark coloured in-
dividuals of Tawny Owl survived better compared
to light coloured individuals in western Switzer-
land. Karell ez al. (201 1b) found, however, that the
survival of brown Tawny Owls was lower than
that of grey females in the Finnish population,
likely due to poorer plumage insulation (Kosken-
pato et al. 2016), but had improved in recent years
as a consequence of decreased winter severity.
Taking into consideration that the mean winter
temperature has not increased over the 30-year
study period and that the survival of females be-
longing to the three colour morphs was similar, vi-
ability is not likely to be the reason for the ob-
served changes in morph composition at our study
site.

Third, although we have found that most re-
productive variables were independent of morphs,
the sum of all the offspring produced during all the
nesting attempts of established individuals was
higher and the recapture probability (which may
be approximated to the breeding frequency;
Hakkarainen et al. 2002) tended to be higher for
intermediate birds compared to other colour
morphs. Brommer et al. (2005) found similar re-
capture probabilities and similar brood sizes per
nesting attempt for brown and grey Tawny Owls,
but they differed significantly over the lifespan of
the individual owls, resulting in higher number of
offspring in grey females. Tawny Owl plumage
colouration was not associated with hatching date,
brood size or total number of offspring produced
per female in Switzerland, but greyer females pro-
duced heavier nestlings (Roulin ef al. 2003). In
other species, lifetime reproductive success was
highest for intermediate individuals in Common
Buzzard, but similar between light and dark fe-
males (Boerner & Kriiger 2009). Briggs et al.
(2011a) did not find significant fitness differences
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among individuals of three colour morphs in
Swainson’s Hawk. Likewise, brood size was inde-
pendent of colour morph in Booted Eagle (Marti-
nez et al. 2016). Across bird species the sign and
magnitude of the relationship between plumage
colouration and fitness is species dependent
(Meunier et al. 2011). In parallel, within species,
or at least in Tawny Owl, associations of fitness
components and plumage colouration are likely
dependent on environmental conditions and lack
spatially and/or temporally consistent pattern at a
range scale. Furthermore, as plumage colouration
in Tawny Owl is a highly heritable trait (Karell ez
al. 2011b) and individual reproduction has been
found to positively correlate with subsequent re-
cruitment (Wiens & Reynolds 2005, Briggs et al.
2011Db), fecundity but not the viability component
is likely to be responsible for the increase in the in-
termediate morph in the Lithuanian population.

We failed to show straightforward morph de-
pendent habitat occupation pattern. Brown fe-
males, however, might occupy nest sites with
greater forest cover in the surroundings. It is usu-
ally considered that darker individuals benefit
from close/dark habitats, while light individuals —
from open/bright habitats due to crypsis to preda-
tors, prey, conspecifics and heterospecifics under
varying light conditions (Galeotti et al. 2003).
Roulin et al. (2003) did not find different distribu-
tions of morphs in respect to altitude in a local po-
pulation. In a study of Tawny Owls in urban parks,
Galeotti and Sacchi (2003) found darker rufous
owls in more wooded habitat compared to grey
owls.

Our findings tended to resemble this general
colour morph — environmental gradient pattern be-
cause: a) the brown morph females were found
breeding in nest sites with more abundant conifer-
ous stands, but with fewer forest openings com-
pared to nest sites occupied by intermediate fe-
males; and b) the openings within a forest around
nest sites occupied by brown females tended to be
less abundant compared to the nest sites of grey fe-
males. Moreover, coniferous forest may be more
important for brown females for crypsis during the
leaf-less months within the deciduous dominant
forest, because females stay within breeding terri-
tories year-round (Sunde & Belstad 2004, S.
Rumbutis unpubl. data from study site). Of note,
the size of the study site and its habitat heterogene-
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ity may be too small to reflect morph preferences
for specific habitat types. Amar ez al. (2014) found
an approximately 5% decrease of dark morph
birds for every 100 km along a cline in Black
Sparrowhawk (Accipiter melanoleucus). In the
relatively homogenous habitat, exposure to light
may be rather uniform in contrast to a large-scale
latitudinal gradient, which favours dark or light
coloured birds under different light conditions
(Galeotti et al. 2003).
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Viritykseltiin vilimuotoisten lehtopollojen
parempi pesimimenestys selittii

niiden kasvavaa osuutta viripolymorfisessa
populaatioissa

Ympiristotekijit voivat vaikuttaa hdyhenpeitteen
melaniinivéritykseeltdén erilaisten yksildiden kel-
poisuuteen eri tavalla. Lehtop6ll6 (Strix aluco) on
tunnettu véaripolymorfioistaan. Kerdsimme yksi-
161listd aineistoa lehtopollon pesinndstd vuosina
1985-2014 ja tutkimme, eroavatko harmaat, rus-
keat ja viritykseltddn vdlimuotoiset pdllonaaraat
koon, kunnon, pesimdparametrien tai pesdpaikko-
ja ympérdivén habitaatin suhteen.

Tutkimusjakson aikana populaation naaraiden
varimuotojen jakauma muuttui: vélimuotoiset vé-
rimuodot tulivat yleisemméksi viimeisend vuosi-
kymmenena. Erivériset naaraat olivat samanko-
koisia ja -kuntoisia. Suurimmassa osassa ana-
lysoiduista pesimédparametreistd ei 10ytynyt eroa
erivdristen naaraiden vélilld. Vériltdsn vilimuo-
toiset naaraat kuitenkin kasvattivat elinaikanaan
eniten lentopoikasia, ja niilld oli suurempi uudel-
leenpesinnin todennédkdisyys. Vérimuotojen ja
habitaattien vililla ei 16ydetty yhteytta.

Yhteenvetona voidaan todeta, ettd varitykseel-
tadn vilimuotoisten lehtopdllonaaraiden lisdénty-
minen populaatioissa liittyy todenndkoisesti nii-
den parempaan lisdéntymismenestykseen.
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