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Abstract
Understanding intraspecific phenotypic variation in prey specialisation can help to predict how long-term changes in prey
availability affect the viability of these phenotypes and their persistence. Generalists are favoured when the main food resources
are unpredictable compared to specialists, which track the availability of the main prey and are more vulnerable to changes in the
main food resource. Intraspecific heritable melanin-based colour polymorphism is considered to reflect adaptations to different
environments. We studied colour morph-specific diet specialisation in a generalist predator, tawny owl (Strix aluco), during
offspring food provisioning in relation to mammal prey density. We hypothesised that the grey morph, with higher fitness than
the brown in Northern boreal conditions, is more specialised in mammalian prey than the brown morph, which in turn has higher
fitness than the grey in the temperate zone.We found a higher diversity of prey delivered to the nest by brown fathers compared to
grey ones, which also depended on the overall mammalian prey availability. Brown fathers provided proportionally fewer
mammalian prey than grey in poor, but not in favourable mammal prey years. Our results suggest that the brown morph is more
generalistic and reacts more strongly to variations in food supply than the grey morph, which may be a beneficial strategy in an
unpredictable environment caused by environmental degradation.

Significance statement
Diet choice of a species may vary depending on fluctuations in the abundance of their food resource, but also within a population,
there can be adaptations to use different food resources. The tawny owl exhibits a grey and a reddish-brown colour morph and is
considered a generalist predator eating both mammal and bird prey. We find that the diet of the reddish-brown morph is more
diverse than that of the grey. When the tawny owls’ main prey, small mammals, are abundant both colour morphs prey on
mammals, but in years with less small mammals, the reddish-brown morph is more prone of switching to small bird predation
than the grey. The generalist strategy of the brown morph is likely to be more favourable than a stricter specialisation in small
mammals of the grey under recently reoccurring irregularities in small mammal dynamics.

Keywords Diet breadth . Functional response .Melanism . Predator-prey interaction . Vole cycle

Introduction

Diet specialisation and phenotypic variation in food resource
use and food requirements dictate the ability of populations
and species to respond to changes in food resource availabil-
ity. Theoretically, the degree of specialisation can range from
pure “narrow-range resource utilising specialists” to “wide-
range resource utilising generalists”, and this continuum can
occur both within- and between-species (Partridge and Green
1985; Wilson and Yoshimura 1994; Durell 2000; Bernays
et al. 2004; Egan and Funk 2006; Woo et al. 2008).

In predatory species, optimal foraging models predict that
diet specialisation is determined by the variety and abundance
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of available prey and by the energetic value of utilising the
prey, e.g. search time in relation to abundance, handling time
and caloric value (MacArthur and Pianka 1966). It is therefore
predicted that the degree of specialisation is a function of
spatial and temporal heterogeneity and predictability in the
abundance of resources, cultural experiences and the efficien-
cy of foraging adaptations (Partridge and Green 1985; Sherry
1990;Whitfield 1990; Durell 2000). Specialists, which evolve
specific adaptations or breeding strategies, do better when
their preferred food resource is abundant, but may face a cost
of specialisation if the preferred prey becomes scarce
(Terraube et al. 2011). Therefore, generalists are predicted to
be favoured when the main food resources are unpredictable
or scarce, whereas specialists adjust their life history to the
availability of the main prey and become more vulnerable to
unpredictable changes in the main food resource.

How diet specialisation varies within species and how it
evolves and is maintained remain poorly understood. Such
knowledge of heritable phenotypic and/or genetic diversity
in resource use in natural populations would help to under-
stand how directed changes in food resources due to environ-
mental change could impact population dynamics, diversity
and viability. Empirical studies of species displaying genetic
polymorphisms can provide novel insight of heritable intra-
specific diversity in food resource use and specialisation and
thereby improve our knowledge of the evolutionary potential
and ecological relevance of intraspecific diet specialisation.

The general theory of genetic polymorphisms states that
polymorphism evolves and can be maintained in environ-
ments, which vary in time or space and where the fitness of
the alternative morphs depends on the environment (Ford
1945; Fisher 1958;Majerus 1998). Selection therefore favours
differential use of the habitat or niche by the morphs, which is
expected to be reflected in e.g. their life history and choice of
diet (Galeotti and Rubolini 2003; Roulin 2004). A phenotypic
marker for genetic polymorphism in vertebrates—melanin-
based colour polymorphism—has been found to covary with
several behavioural and physiological traits (Ducrest et al.
2008) with fitness depending on the environment they are
experiencing (Svensson et al. 2001; Karell et al. 2011a;
Emaresi et al. 2014; San-José et al. 2019). This makes colour
polymorphic species excellent study organisms to investigate
heritable intraspecific diversity in resource use specialisation.

In this paper, we study prey specialisation in the colour
polymorphic tawny owl (Strix aluco) in a natural population
in Finland in 2013–2018. In the boreal zone, tawny owls
mainly prey on voles, which fluctuate in numbers between
years (Karell et al. 2009a) and which have been found to
follow irregular dynamics in recent years (Hörnfeldt et al.
2005; Brommer et al. 2010; Cornulier et al. 2013). In years
with poor availability of small mammals, tawny owls switch
to utilise more alternative prey, mainly birds (Petty 1999), and
they produce smaller broods or may skip breeding completely

(Roulin et al. 2003; Karell et al. 2009a; Millon et al. 2014).
The tawny owls come in a reddish-brown (hereafter brown)
and a grey highly heritable morph (Brommer et al. 2005;
Karell et al. 2011a), which reside in the same geographical
area and mate non-assortatively with respect to plumage col-
our (Brommer et al. 2005). Both colour morphs produce a
similar number of offspring per reproductive event in northern
boreal environments, but the grey morph has higher fitness
than the brown morph due to higher survival (Brommer
et al. 2005) especially in years of snow-rich and cold winter
conditions (Karell et al. 2011a). On the contrary, the brown
morph has higher fitness in a central European population
under experimentally improved offspring rearing conditions
(Emaresi et al. 2014). In Finland, the brown morph has steadi-
ly increased in frequency since the 1960s in tandem with
milder winter conditions (Karell et al. 2011a).

Tawny owls have biparental care with distinct division of
duties: The smaller males engage in courtship feeding of the
female prior to egg-laying and are the main providers of food
for the incubating female and hatched offspring, whereas the
larger females incubate the eggs and guard the nest (Mikkola
1983; Sasvári et al. 2000; Sunde et al. 2003). During breeding,
the brown tawny owls have a more fixed reproductive effort
than the grey (Emaresi et al. 2014), and the brown morph
parents produce heavier offspring regardless of fluctuations
in abundance of small mammal prey (Morosinotto et al.
2020). In central Europe, grey tawny owl females are more
likely than brown to skip breeding in unfavourable years
(Roulin et al. 2003), and grey offspring grow relatively better
in adverse food conditions (Piault et al. 2009). These results
suggest that reproductive effort of the colour morphs is differ-
ently determined and therefore that they would be differently
affected by changes in food resource availability. Brown taw-
ny owls may be better than the grey at utilising the microhab-
itat, either in terms of space use or daily activity rhythm,
which is likely to translate into differential prey choice
(Galeotti and Rubolini 2003).

Here, we test the hypothesis that the brown morph has a
wider diet breadth than the grey morph and that the grey
morph is more specialised on specific types of prey. In the
boreal zone, microtine voles fluctuate strongly in cycles, and
many birds of prey are dependent on peaks in vole numbers
for reproduction (Brommer et al. 2000, 2002; Karell et al.
2009a; Lehikoinen et al. 2011; Korpimäki and Hakkarinen
2012). Furthermore, during winter, most bird prey species
migrate south, which makes overwinter survival highly de-
pendent on mammal prey (Francis and Saurola 2004), and
we therefore predict that specialisation on mammal prey
would be favoured by selection in this northern environment.
We hypothesise that the grey tawny owl morph is more
specialised on mammalian prey, whereas the brown morph
has a wider prey use, switchingmore easily to alternative prey,
and is thereby less dependent on a specific food resource.
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Material and methods

The study was conducted in Uusimaa, at a study area with
suitable tawny owl nest boxes of approximately 300 km2 (cen-
tre of study area 60.24696, 24.28244). The area consists of a
mosaic of agricultural land, spruce-dominated and mixed for-
ests and lakes and streams. The landscape and habitat config-
uration is similar in territories inhabited by grey and brown
tawny owl males (Schenk 2018). Approximately one hundred
nest boxes were placed in mixed forest areas with a relatively
high proportion of deciduous trees. Nest sites were visited 3–5
times during the breeding season to collect information about
clutch size, timing of hatching and hatching success and to
conduct parental trapping and offspring ringing prior to fledg-
ing (see Karell et al. (2009a) for details on general protocol).
Brood size equals the number of ringed fledglings. Both par-
ents were trapped at the nest box during the nestling period,
aged, measured (wing length and mass) and ringed to allow
individual identification (Karell et al. 2009a). Plumage colour
was scored in adults using a semi-continuous score based on
the degree of reddish-brown colouration in four body parts:
facial disc, back, breast and general appearance. From this
overall score, we then categorised each individual as either
grey or brown morph (Brommer et al. 2005). It was not pos-
sible to record morphometric data blind because our study
involved focal animals in the field.

After each breeding event, the nest material (sawdust-wood
chips layer in which the prey remains and regurgitated pellets
accumulate) is collected and replaced with a fresh layer in
each nest. Tawny owl young regurgitate the undigested parts
of the prey, bones and fur or feathers in pellets, which accu-
mulate and mix in with the nest material. In 2013–2018, we
identified the prey remains from 38 nests in which both par-
ents were identified, and which successfully produced
fledglings.

The sawdust and prey remains were sorted according to the
method described in Brommer et al. (2003) and Kekkonen
et al. (2008). In short, bones were defined as right and left
side when possible and paired, which yields a least estimation
of individual numbers.Mammals were identified on species or
genus level, while birds were sorted into groups according to
their size: large birds, thrush-sized birds, finch-sized birds and
smaller warbler-sized birds following the guidelines by
Juutilainen (1998), Siivonen and Sulkava (2002)
and Bjärvall and Ullström (2010). The number of individuals
of each species or group was counted from the most numerous
bones. To minimise observer bias, blinded methods were used
when prey remains were recorded and analysed.

In order to get an estimate of the prey mass of the different
prey types delivered to the nest, wemultiplied average mass of
species or group (Supplementary Table 1) with the number of
items counted from the remains (average number of prey de-
livered: 56.9 ± 5.7 SD). The number of items is always the

least estimation, as the mother, which shares the food in the
nest box, may eat some of the prey and regurgitate the pellets
outside of the nest box. In addition, the smallest bone parts
may be lost. This method gives good estimates of the parental
prey delivery in Strix owls (Brommer et al. 2003; Karell 2007;
Kekkonen et al. 2008; Karell et al. 2009b).

We studied the mass of the prey delivered per nest instead of
number of prey items as this better corresponds to dietary require-
ments, resource use and net energetic value of the prey. For
example, mammalian prey of tawny owls in our study area range
commonly between 7 g (common shrew, Sorex araneus) and
257 g (rat, Rattus norvegicus) and everything in between (see
Supplementary Table 1). For this reason, preymass gives a more
complete estimate of the diet the tawny owls provide to their
nestlings compared to the number of prey items.

In tawny owls, males are the main food providers for the
brood, whereas the females incubate and defend the nest
(Mikkola 1983; Sasvári et al. 2000; Sunde et al. 2003). Males
engage in courtship feeding of the female to attract her to lay
eggs (Mikkola 1983). In this waymales have a significant impact
on the timing of breeding in tawny owls (Brommer et al. 2015).
Halfway in the nestling period, when the chicks begin to ther-
moregulate well and are able to eat the prey items independently,
the female begins to guard the nest from the outside and also
contribute in food provisioning. Here, we consider that the males
contribute to the reproductive output of the female (brood size)
and that variation in prey delivered to the nest in the nestling
period is mainly attributed to characteristics in the males (see
“Statistical methods” section below).

Small mammal density was estimated each year in late
autumn prior to snow fall by snap trapping in two sites within
the study area, each containing both a field and a forest habitat.
The small mammal density reflects reproductive decisions in
the tawny owl in this population (Karell et al. 2009a). These
two localities are expected to reflect the general seasonal
abundance of small mammals in the study area since the spa-
tial variation captured with this trapping method is far smaller
than the annual variation (Karell et al. 2009b). The small
mammals consisted mainly of bank voles (Myodes glareolus),
field voles (Microtus agrestis), wood mice (Apodemus
flavicollis) and shrews (Sorex spp.). Small mammal index in
late autumn prior to the breeding season predicts reproductive
output and diet of Strix owls (Brommer et al. 2002; Karell
2007; Kekkonen et al. 2008; Karell et al. 2009a, b). Small
mammal prey index was calculated as the number of captures
per 100 trap nights (Karell et al. 2009a). We did not have the
possibility to assess the density of bird prey.

Statistical methods

Based on the prey items found, we calculated the Simpson’s
diversity index (SDI) which takes into account the number,
abundance and evenness of prey types (Simpson 1949). We

Page 3 of 8     45Behav Ecol Sociobiol (2021) 75: 45



present the inverse SDI (1/SDI) where a higher value indicates
a higher diversity of prey types. We identified 13 mammalian
prey types, 4 avian prey types, one lizard prey type and one
frog prey type. For a full list of prey types found in the nests
and used to calculate the inverse SDI, see Supplementary
Table 1. For the second set of models, we separated the mass
of birds and mammals respectively from the total prey mass to
get estimates of proportion of bird prey mass and mammal
prey mass. The inverse SDI does not reflect the type of prey
(avian or mammalian), and therefore we analysed the propor-
tions of the mass of different prey types (birds, mammals) in a
different set of models.

We used linear mixed models with normal errors to analyse
variation in inverse SDI and generalised linear mixed models
with binomial errors to analyse the proportions of mammalian
prey mass delivered to the nest. Brood size was entered as a
covariate to correct for variation in reproductive effort. To ac-
count for repeated observations, we added Father ID since some
fathers nested in several years (N= 28 fathers on 38 observations)
and year as random effects (N = 6 years). All models (inverse
SDI and proportion of avian/mammalian prey) included the same
explanatory variables to aid in comparison of effects: father
morph (grey = 1, brown = 2), small mammal index + brood size
and the interaction father morph by small mammal index. In
order to confirm that the effect was driven by the father morph
and less by themothermorph, we also run an additional set of the
same models where we replaced father morph with a four-level
categorical variable “parental colour morph cross” (grey × grey,
grey × brown, brown × grey, brown × brown; see also
Morosinotto et al. 2020). This way we could assess the effect
of both mother and father cross in the same variable (see supple-
ment for results on these models). All models were implemented
in R3.6.1 using the lmer function for the LMMs and glmer for
the GLMMs in the lme4 package (R Development Core Team
2019).F-tests were used in significance testing of the LMMs and
z-tests in the GLMMs. All models were checked for normality.

Results

On average, the tawny owls in our population delivered
3255 g (± 295 SE) of prey to their nest during the nestling
period. Mammals constituted the largest mass in the delivered
prey with 56% of total prey mass, 39% of the mass were birds,
and 5% constituted of frogs and one lizard. In terms of prey
types, the water voles (Arvicola amphibius), field voles
(Microtus agrestis), bank voles (Myodes glareolus) and wood
mice (Apodemus flavicollis) were the most important mam-
malian prey constituting 42.4% of the total prey mass. Among
birds, thrushes were the biggest group with a total of 33.4% of
the total prey mass (Supplementary Table 1).

Prey mass delivered to the nest showed no difference be-
tween father morphs (colour morph: F = 1.84, df = 30.36, p =

0.19), nor depending on the mammal index (small mammal
index:F = 3.37, df = 3.12, p = 0.15) or their interaction (colour
morph by small mammal index: F = -0.62, df = 32.0, p =
0.44). However, brood size was positively associated with
prey mass (brood size: F = 18.23, df = 24.82, p < 0.001).

The diversity (number and evenness) of prey item types,
estimated as the inverse Simpson’s diversity index (inverse
SDI), was higher in nests sired by brown males than in those
of grey males (Table 1, colour morph). Prey type diversity
tended to be higher in years with higher small mammal abun-
dance (Table 1, small mammal index), and this trend was
strong only in nests sired by grey and less in those sired by
brown males (Fig. 1; Table 1, colour morph by mammal
index). Prey type diversity was not related to brood size
(Table 1, brood size). The inverse SDI was not related to the
morph of the mother (Supplementary Table 3).

Grey fathers delivered a larger proportion of mammalian
prey mass to their nestlings compared to brown fathers
(Table 2a, colour morph). This effect depended on small
mammal density, where the proportion of mammals in the diet
delivered by brown males was lowest in low small mammal
density and reached the level of the grey males in high small
mammal densities (Fig. 2; Table 2a, colour morph by small
mammal index). The proportion of mammal prey was higher
in larger broods (Table 2a, brood size). The morph of the
mother did not affect the proportion of mammalian prey mass
(Supplementary Table 4).

Discussion

Within-species phenotypic variation in diet specialisation and
its impact on population viability and adaptation is poorly
understood. In order to achieve such information, we need
empirical studies of natural populations where this variation
can be monitored. Evidence is accumulating that colour
polymorphism—a phenotypic marker for genetic
polymorphism—is associated with morph-specificity in habi-
tat use (Galeotti and Cesaris 1996; Dreiss et al. 2011;

Table 1 Results of a LMM of variation in inverse Simpson’s diversity
index among prey items delivered to the nest in relation to paternal colour
morph, small mammal index, brood size and the interaction paternal
colour morph by small mammal index

Variable Estimate SE F p

Colour morph (grey) -0.86 0.33 6.45 0.02

Small mammal index 0.05 0.10 2.31 0.21

Brood size -0.05 0.08 0.42 0.52

Col morph:mammal index 0.19 0.05 13.10 0.001

Brown colour morph is the reference value. Significant results are shown
in italics. Random effects, male ID: V = 0.10. Year: V = 0.35
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Passarotto et al. 2018; Koskenpato et al. 2020) and differential
fitness depending on environmental conditions (Karell et al.
2011a; Emaresi et al. 2014; San-José et al. 2019). Such differ-
ences are expected to reflect variations in food resource use
and diet specialisation. Here, we tested the hypothesis that
colour polymorphism is linked with diet specialisation. We
found that the diversity of prey delivered by tawny owl males
to their nestlings differed depending on their colour morph
and prevailing density of their staple food, small mammals.
Prey brought by brown fathers had a higher diversity com-
pared to that of the grey fathers, and this prey diversity vari-
ation between morphs depended on the overall mammalian
prey availability.

Furthermore, we found that the type of prey delivered dif-
fered depending on the colour morph of the father: Brown
fathers provided proportionally less mammalian prey com-
pared to the grey in poor vole years but not in favourable small
mammal years. Conversely, in poor vole years, the brown
morph preyed mainly on the other main prey type, birds.
Our results therefore suggest that the grey morph is more

specialised in small mammal prey, whereas the brown morph
is more generalistic and also switches to alternative prey to a
larger extent than the grey morph when the mammalian prey
densities are low. The morph of the mother did not have a
significant impact on prey composition (Supplementary
Tables 3 and 4), which is expected since the male is the main
provider of food during the nestling stage (Sunde et al. 2003).
Likewise, a limitation of the data collection method is that
smaller prey items are more difficult to detect and some pellets
may be removed by the parents, which may bias the observa-
tions to larger prey. However, both bird and mammal prey
types that were identified in the data are large and easily de-
tectable from their bones. Therefore, we are confident that our
data reflect prey choice of tawny owl males.

The alternative foraging strategy hypothesis to explain the
evolution andmaintenance of colour polymorphism states that
alternative colour morphs exploit different ecological niches
(Roulin 2004). According to the pleiotropy hypothesis, regu-
lation of melanin production in the melanocortin system in
vertebrates simultaneously affects functions associated with
behaviour and physiology (Ducrest et al. 2008; Emaresi
et al. 2013). A plethora of empirical studies have found evi-
dence suggesting covariation in wild populations regarding
colour morph-specific physiology and immune function
(Gasparini et al. 2009; Piault et al. 2009; Karell et al. 2011b,
2017; Almasi et al. 2012; Emaresi et al. 2013), dispersal, ag-
gressiveness, habitat use (Galeotti and Cesaris 1996; Dreiss
et al. 2011; van den Brink et al. 2012; Da Silva et al. 2013) and
plumage characteristics (Roulin et al. 2013; Koskenpato et al.
2016). These intrinsic attributes are expected to directly affect
behaviour and energy requirements, which translate into
context-dependent diet preferences and adjustments of life
history trade-offs of the colour morphs. Our results here are
in line with this prediction and bring about novel results
linking melanin-based colouration with diet specialisation. In
particular, our results suggest that higher degree of

Fig. 1 The inverse Simpson’s diversity index of the prey items delivered
by grey and brown fathers in relation to small mammal density index. A
high value indicates high diversity (number and evenness) of prey types.
The plot presents the marginal effects (± 95% CI) of the interaction in the
statistical model (see “Material and Methods” section for details)

Table 2 Results of a binomial GLMM of variation in the proportion of
(a) mammalian prey type mass and (b) bird prey type mass among prey
items delivered to the nest in relation to paternal colour morph, small
mammal index, brood size and the interaction paternal colour morph by
small mammal index

Variable Estimate SE z p

Mammals proportion

Colour morph (grey) 1.76 0.49 3.63 < 0.001

Small mammal index 0.33 0.09 3.57 < 0.001

Brood size 0.36 0.04 10.08 < 0.001

Col morph:mammal index -0.26 0.02 -14.39 < 0.001

Brown colour morph is the reference value. Random effects: (a) male ID,
V = 1.45; year, V = 0.37, and (b) male ID, V = 2.06; year, V = 0.61

Fig. 2 Proportion of mammalian prey mass delivered to the nest by grey
and brown fathers in relation to small mammal density index. The plot
presents the marginal effects (± 95%CI) of the interaction in the statistical
model (see “Material and Methods” section for details)
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pheomelanism (i.e. brown morph) is associated with a wider
diet breadth.

The observed difference between morphs in diet breadth
may be determined by a different use of the microhabitat be-
tween the two morphs. The “niche divergence hypothesis”
(Galeotti and Rubolini 2003) states that morphs differently
use the microhabitat which then in turn reflects different prey
choices. Furthermore, differential activity rhythms of both the
owls and their prey may affect the observed predation dynam-
ics. Several species of small mammal prey (voles and shrews)
are mainly active during night, while the bird species common-
ly found (various species of thrushes) are mainly diurnal. Our
results clearly show that the brown morph utilises the second
staple food, bird prey, to a larger extent in poor mammal years
as compared to the greymorph. Small mammal prey are mainly
found on the ground, whereas bird prey are mainly perching or
flying. It is therefore possible that the brown morph has a dif-
ferent hunting strategy and utilises a wider set of microhabitats
for hunting and/or has a wider activity rhythm and hunt more
during daytime than grey ones. In such a scenario, the colour
morphs would not necessarily be directly specialised in given
diets but in the use of different ecological niches. If the spatial
heterogeneity is similar, the two morphs would have a similar
trophic niche as there would not be any specific advantage for
any of them. But, in poor small mammal years, when also other
environmental characteristics are likely to be different, the
brown morph might have an advantage because it is able to
exploit a wider range of environmental conditions, whereas
the grey one is constrained by its ”specificity” to certain condi-
tions and thereby utilise a narrower trophic niche. On the other
hand, in harsh winters when bird prey has migrated south, the
greymorphwould have an advantage as a mammal specialist to
increase its over-winter survival probability. Future studies
should therefore aim at investigating prey choice and use of
the habitat by the morphs outside the breeding season.

Differences in degree of specialisation are considered to be
related to neural limitations in relation to diet breadth. For ex-
ample, in bees specialist-species are more sensitive to key stim-
uli, whereas generalists respond equally to large quantities of
sensory neural inputs (Dukas and Real 1991). According to the
neural hypothesis of diet breadth (Bernays 1998), selecting an
appropriate behaviour is more efficient if simple or exaggerated
cues can be used as a basis of decision-making rather than
making a choice among many complex sensory inputs.
Experiments on grasshoppers show that there is a significant
time cost of making a choice, relative to situations in which
individuals have no choice (Bernays 1998). Therefore, choos-
ing between different prey types increases decision times,
which may involve a significant ecological risk. Quick deci-
sions therefore reduce the risk and favour specialisation of re-
source use. As a consequence of reduced decision time, spe-
cialists also tend to forage more efficiently than generalists,
through a search image formation on a given food type

(Dukas and Kamil 2001; Terraube et al. 2011, 2014).We found
a clear difference in degree of specialisation between highly
heritable colour morphs (h2 = 70–92%; Brommer et al. 2005;
Gasparini et al. 2009; Karell et al. 2011a), which implies that
there can be a strong genetic component in diet specialisation
and thereby potentially also in the sensory ecology of the tawny
owl colour morphs (but see Galván and Møller 2011). Future
studies should aim at investigating if the colour morphs respond
differently to varying types of stimuli, (prey sound, visual cues)
and whether the hunting strategies and activity rhythms differ
between colour morphs.

In boreal environments, such as in Fennoscandia, small
mammals can reach extremely high densities in vole peak
years, which occur in 3–4-year intervals, with years of very
low densities in the low phases of the vole cycle (Korpimäki
et al. 2005). These cyclic food conditions limit the reproduc-
tion of tawny owls in this environment as in low vole cycle
phases tawny owls often skip breeding (Karell et al. 2009a). In
general, the grey tawny owls are more common in dry and
cold areas (Galeotti and Cesaris 1996; PK et al. unpublished
data), and they are adapted to resist snow-rich and cold win-
ters (Karell et al. 2011a), presumably because they have lower
energy requirements in extremely cold conditions (Piault et al.
2009; Karell et al. 2011a; Koskenpato et al. 2016, 2020). In
concordance with this, the life span of the grey morph is in-
deed longer than that of the brownmorph at the Northern limit
of the species range (Brommer et al. 2005).

Until the late 1990s, the grey morph was clearly dominating
in boreal populations (c. 70–80% of breeding owls), but milder
winters have improved the survival of the brown morph and
enabled it to increase in frequency in northern populations
(Karell et al. 2011a). Simultaneously, vole cycles have been
found to become irregular (Hörnfeldt et al. 2005; Brommer
et al. 2010; Cornulier et al. 2013). These irregularities in vole
cycles are likely to be more disadvantageous for the mammal-
specialised grey morph compared to the generalist brown
morph, since the grey morph appears to be more dependent
on recurring cyclic small mammal peaks for reproduction com-
pared to the brown morph. Brown morph parents also produce
offspring in better condition than the grey morph irrespective of
small mammal density (Morosinotto et al. 2020). Thereby, the
brownmorphmay have a reproductive advantage over the grey.
A simultaneous benefit of warmer winters, which reduces over-
winter survival selection against the brown morph, is likely to
reinforce the increase of the brown morph in more northerly
environments. Therefore, if winters become milder and the
small mammal abundance peaks become more irregular or ab-
sent, there is a risk that the mammal-specialised grey morph
will decline in frequency, overridden by its brown generalist
conspecific.
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