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Dispersal decisions are affected by the internal state of the individual and the external
environment. Immigrants entering a new population are phenotypically different from
residents due to selection that mitigate costs of dispersal and facilitate settlement.
Sexual and status signaling traits may influence individual’s ability to settle in a
population, either by showing a subordinate phenotype thus reducing aggressive
interactions, or by signaling a more competitive phenotype, thus gaining local breeding
resources, including mates. By comparing immigrants vs. residents in a common
kestrel population across 17 years, we evaluated the influence of dispersal on fitness
components (laying date, clutch size and number of fledglings) and investigated if sex,
age and phenotypic traits (body size, body condition and plumage coloration) involved
in movement and social interactions affected settlement. We found that population
characteristics affected sexes and age classes differently, as the admission of females
and young males into our population had fewer obstacles than the admission of males.
In females, immigrant young were larger, had longer wings and tails, showed better
body condition, had less gray tails, started breeding earlier, and laid larger clutches
than residents. Adult female immigrants also showed better body condition and less
gray tails. In males, immigrants had longer tails and higher number of black spots than
residents. Summarizing, immigrants are good-quality individuals and, as deduced from
their breeding performance, they benefited by signaling subordination, thus reducing the
probability of aggressive encounters and facilitating settlement. Our study highlights the
role of phenotypic traits related to signaling to study dispersal.

Keywords: dispersal, delayed plumage maturation, melanin traits, status signaling, tail length, ornaments,
philopatry, coloration

INTRODUCTION

Dispersal is a key life-history trait influencing population dynamics and evolutionary processes
(Clobert et al., 2012). Two dispersal movements can be distinguished: natal dispersal, in which
young individuals leave their birth site and select another site to breed for their first time, and
reproductive dispersal, in which adults change breeding sites between consecutive breeding seasons

Frontiers in Ecology and Evolution | www.frontiersin.org 1 May 2022 | Volume 10 | Article 810516

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2022.810516
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fevo.2022.810516
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2022.810516&domain=pdf&date_stamp=2022-05-10
https://www.frontiersin.org/articles/10.3389/fevo.2022.810516/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles


fevo-10-810516 May 4, 2022 Time: 18:56 # 2

Fargallo and López-Rull Settlement Phenotypes

(Greenwood and Harvey, 1982). Across many taxa, studies
aimed to understanding why animals disperse show that far
from being a random behavior, a variety of factors influence
the costs and benefits of dispersal at the three distinct stages
of departure, transience, and settlement (Bowler and Benton,
2005; Cote et al., 2017). Thus, dispersal decisions are found
to be both condition-dependent, when individuals rely on a
set of external environmental cues such as habitat quality and
conspecifics density (e.g., Denno and Roderick, 1992; Doligez
et al., 2004; Garant et al., 2005; Matthysen, 2005), and phenotype-
dependent, when dispersal depends on phenotypic attributes
such as structural size (Camacho et al., 2013, 2015), body mass
(Senar et al., 2002; Garant et al., 2005) sex (Trochet et al., 2016),
personality (Fraser et al., 2001; Bize et al., 2017), coloration
(Saino et al., 2014; Camacho et al., 2018), etc. (reviewed by
Clobert et al., 2009).

Dispersers are found to differ from non-dispersers (residents
hereafter) in several ecologically important attributes including
physiological, morphological, behavioral and life history traits
(review in Clobert et al., 2009). This dispersal phenotypes or
syndromes (when multiple such traits are shaped in concert)
may arise because dispersers and residents face different
environmental and social contexts throughout their life, and
thus divergent selection shapes their respective phenotypes
favoring different traits or combinations of traits (Ronce and
Clobert, 2012; Cotto et al., 2014). In general, three main
explanations are assumed to underlie phenotypic differences
between dispersers and residents. First, some traits are needed
to increase dispersal success either by enabling dispersal (e.g.,
wings) or by facilitating dispersal and reducing its costs (e.g.,
longer wings, higher energy reserves; Clobert et al., 2009; Ronce
and Clobert, 2012). Facing new environments is considered
a settling cost within the dispersal process (Bonte et al.,
2012), as unfamiliarity with breeding grounds impairs foraging
efficiency, the defense of resources and territory acquisition,
and survival (Forero et al., 2002; Bonte et al., 2012). Therefore,
a second explanation is that some traits not needed for a
high dispersal capacity per se benefit dispersers more than
residents to optimize performance in new environments e.g.,
different behavioral responses to optimize performance in new
environments such as exploration, locomotor activity or boldness
(Fraser et al., 2001; Jokela et al., 2008; Chapman et al.,
2011). When selection promotes phenotypic adaptations that
mitigate the costs of dispersal, facilitate settlement and/or benefit
dispersers more than residents, the fitness of immigrants and
residents may be similar (Bélichon et al., 1996). Third, given that
dispersal is a costly process, energetic investment in dispersal
is traded-off against energetic allocation to other traits (e.g.,
trade-off between flight capability in insects and fecundity;
Roff and Gelinas, 2003).

The idea that dispersal modifies phenotypes because it diverts
resources for other functions is particularly interesting in relation
to sexual and status signaling traits which are costly to produce
and maintain, thus being honest signals of individual quality
(Hamilton and Zuk, 1982; Hill, 1991; von Schantz et al., 1999)
that are decisively involved in gaining breeding territories and
mates (e.g., Greene et al., 2000) and therefore in the settlement

phase of the dispersal. On this basis, dispersal might be traded-
off against the expression of such traits, yet the role of dispersal
in the expression of sexual and social signals or the influence of
these on departure and settlement behavior are unknown.

Immigration rates are closely related with individual decisions
for settlement, for which knowing environmental and social
conditions favoring immigration is essential to delve into the
phenomenon of dispersal. It is known that an increase of
food abundance (Korpimäki, 1994; Doonan and Slade, 1995;
Matthysen, 2012) or breeding sites (Berthier et al., 2012) results
in higher immigration rates, probably because immigrants can
assess the quality of an area based on these indicators. Yet, the
relationship between breeding density and immigration rate is
not so clear: whereas a positive relationship has been explained
through a conspecific attraction, a large population providing
good expectations for mating and/or good environmental
conditions favoring settlement (Stamps, 1988; Schaub et al., 2013;
Szostek et al., 2014), a negative correlation could occur if the
number of territories is limited and immigrants are subordinate
to residents (Wilson and Arcese, 2008).

In birds, plumage coloration has long been the focus of
research on social selection, including both sexual and status
signaling (Andersson, 1994; Hill, 2006; Senar, 2006). In addition,
coloration is a phenotypic trait showing a boundless variation
in nature, this variability being commonly associated with other
phenotypic traits in a genetic, developmental or simply functional
way, promoting phenotypic integration (Pigliucci and Preston,
2004). Melanic coloration has been reported to covary with
morphological, behavioral, physiological or hormonal traits in
different bird species (e.g., Roulin and Ducrest, 2011; Pryke
et al., 2012; Kim et al., 2013; Fargallo et al., 2014). Interestingly,
recent studies have reported a covariation between melanin
coloration and propensity to disperse (van den Brink et al., 2012;
Roulin, 2013; Saino et al., 2014; Camacho et al., 2018). In a
different perspective, looking for a covariation between colored
traits and dispersal predisposition in the origin population may
mask other potential functions of colored traits. Quality and
status signaling might have an essential role in entering the
populations where dispersers settle and might explain dispersal
patterns. For this reason, knowing how admittance of foreign
individuals in settlement populations works is essential to have
a more complete view of dispersal. In this context, the expression
of sexual and social status traits may influence individual’s
ability of immigrants to enter a population, either by showing
a subordinate phenotype thus reducing aggressive interactions,
or by signaling a more competitive phenotype, thus gaining
local breeding resources, including mates. The former would be
particularly relevant for sexually dichromatic species in which
young males show delayed plumage maturation, as one of the
functions proposed to explain this trait is to signal subordination
to more dominant and experienced individuals, which would
favor settlement (Lyon and Montgomerie, 1986; Vergara and
Fargallo, 2007; Hawkins et al., 2012).

The aim of this study is to investigate whether individual
phenotypes and population conditions affected dispersal
decisions in the common kestrel Falco tinnunculus, a partially
migratory and sexually dichromatic species in which sexually
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mature young males show delayed plumage maturation and
colored plumage traits have been reported to signal quality,
playing an important role in social contexts (e.g., Palokangas
et al., 1994; Fargallo et al., 2007; Vergara and Fargallo, 2007;
Vergara et al., 2009; Vergara and Fargallo, 2008; Zampiga et al.,
2008).

By comparing foreign immigrants (dispersed individuals
entering the population for the first time) vs. residents in 17
breeding seasons (from 2004 to 2020), we analyzed the influence
of dispersal at the settlement phase on fitness components (laying
date, clutch size, and number of fledglings) and evaluated if the
individual phenotype involved in movement capacity and social
interactions (sex, age, body size, feather length, body condition,
and plumage coloration) and population characteristics (mean
clutch size, density and growth) had an effect on settlement.
We predict that good quality immigrants showing a subordinate
phenotype may reduce aggressive interactions with conspecifics
and thus successfully settle in the population. In addition,
male common kestrels are more territorial and philopatric than
females (Village, 1990; Vasko et al., 2011; Terraube et al., 2015),
making the competition for breeding territories stronger in males
than in females, for which we expect more females entering the
population than males. Since mean clutch size in our population
is considered a proxy of environmental food conditions (Vergara
et al., 2009) we predict immigration rate to be positively
correlated with mean clutch size. We do not have a clear
prediction for the relationship between immigration and density.

MATERIALS AND METHODS

Study Species and Population
The common kestrel (kestrel hereafter) is a medium-sized raptor
with a marked sexual dimorphism in body weight, females
being 17% heavier as 1-year old or second calendar year (young
hereafter) and 20% as adults. Sexual dimorphism in size is
moderate (Supplementary Table 1) with females being less
than 5% larger than males in both young and adults. Plumage
coloration in kestrels is melanin based (Fargallo et al., 2007)
and exhibit a marked sexual dichromatism (Palokangas et al.,
1994). Adult females are brown on the head, back and upper
side of wings, with black bars and showing a brown-gray color
variation in the rump, upper tail-coverts and tail, but always
black-barred. Adult males are brownish-red, with black spots on
the back and on the upper side of wings. Head, rump, upper
tail-coverts and tail are gray and unbarred (Vergara et al., 2009;
Vergara and Fargallo, 2011). One-year-old females can also have
black-barred gray feathers. Young males are, in general, like adult
females, with a proportion of them showing variable amounts
of black-barred gray coloration on the rump, upper tail-coverts
and tail (Vergara and Fargallo, 2007). There is a great variation
in the proportion of molted body feathers among young males,
as some birds have changed all of them before they reach a
complete year of life, whereas others have replaced very few
(Vergara and Fargallo, 2007), showing differential maturation of
sexual traits as well (Vergara et al., 2012). Plumage coloration
of males and females has been found to correlate with fitness

components, such as laying date and fecundity (Palokangas et al.,
1994; Vergara et al., 2009; Vergara and Fargallo, 2011), with
individual quality in terms of parasite load (Korpimäki et al.,
1996), body condition (Fargallo et al., 2007; Vergara and Fargallo,
2011), hunting skills (Palokangas et al., 1994) and competitive
capacity (Vergara and Fargallo, 2008) and with female mating
preferences (Palokangas et al., 1992; Zampiga et al., 2008). The
common kestrel is a monogamous species showing a low rate
of polygamy (Costantini and Dell’Omo, 2020). In our kestrel
population, an average of 0.9 ± 1.1 males were polygynous each
year, representing 3.9± 4.0% (n = 398 pairings of 256 males in 18
years). Dispersal in the common kestrel has only been analyzed in
one population from Finland (Vasko et al., 2011; Terraube et al.,
2015). These studies found that female, yearling and good body
condition individuals dispersed longer distances than male, older
and poor body condition individuals, body condition particularly
affecting females (Vasko et al., 2011; Terraube et al., 2015). Also
dispersal distances were longer when food conditions were lower
in the spring of settlement (Vasko et al., 2011). In addition, the
kestrel is considered almost migrant species in northern, partially
migrant in central and sedentary in southern Europe (Village,
1990; Costantini and Dell’Omo, 2020). In our population, and
based on ring recoveries and PVC ring resighting, we know that
some individuals migrate to Africa to spend the winter while
other individuals winter in our study area. Mate retention, i.e.,
breeding with the same partner the following year, is low in this
species (Costantini and Dell’Omo, 2020).

Study Area and Procedures
The study was carried out in the region of Campo Azálvaro,
located in central Spain, where about 10–45 breeding common
kestrel pairs nest each year in an area of 23 km2. The area is
a flat treeless valley at 1,300 m a.s.l., mainly devoted to cattle-
raising (Fargallo et al., 2001). The kestrel population has been
monitored since 1993 (Fargallo et al., 2001). In 1994 we began
to install kestrel nestboxes in the area, adding the last 15 in 2005
to reach 62 boxes in total (Fargallo et al., 2009). Although kestrels
have historically used nesting sites other than nestboxes in our
study area (Fargallo et al., 2001), this fraction has been gradually
decreasing as nestboxes have been installed. In the core 23 km2

region, from 2004 to date, only 13 breeding attempts have been
observed in six different nest sites that were not nestboxes, the
last being in 2013. In all of them, all breeding females and some
males could be captured.

All fledglings born in the study area have been marked since
1994 with metal rings to identify them in subsequent breeding
attempts. For this study, we used data collected between 2004
and 2020. During this period there have always been unoccupied
nestboxes available for kestrel nesting, ranging from 11 (22%) in
2004 to 51 (84%) in 2018. All nests were checked periodically
to record laying date (date of the first laid egg), clutch size
and number of fledglings (number of live chicks in the nest 26
days after hatching). To know the identity of breeding adults,
reproductive individuals were captured at the age of 10–12 days
of the chicks. At capture, metallic ring was recorded, and if
there had no ring, we put one. Data on reproductive kestrels
included dispersal status (immigrants or residents, see below
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for details), body mass, body measurements (tarsus, wing and
tail length), body condition (weight corrected for size), age
(young or adult, see below for details), and plumage coloration
(see below for details). In addition, to determine the impact of
dispersal on fitness, data on the onset of reproduction (laying
date), fecundity (clutch size), and productivity (number of
fledglings) have been used.

Dispersal Status and Age
For each year kestrels were classified as "residents" if they were
found ringed, or as "immigrants" if they were not. Immigrants
were defined as kestrels that were born outside of the study area
and dispersed into our population. Immigrants who reproduced
again in the population in the subsequent years after their first
entrance, were considered as residents the following years. This
is so because variation in condition and coloration is greatly
influenced by local environmental conditions (Fargallo et al.,
2007; Vergara et al., 2009) and because the interest of the study
is to compare the phenotypes of the individuals that enter
in a given year with those of the individuals already settled
in the population in that year. So, resident kestrels include
individuals born in the population and ringed as chicks as well
as individuals that have dispersed from their origin population
but reproduce habitually in our study population. This means
that an individual can have a dispersal status for one year and
a resident status in subsequent years. The age of the immigrant
individuals could be classified as “young” (1-year old) or “adult”
(>1-year old) based on plumage characteristics (e.g., Village,
1990).

To examine whether the entry of individuals in the population
was associated with annual environmental conditions and
population size, we calculated the proportion of dispersed and
resident in each age class (young and adults) and sex (males and
females) for each breeding season. We used the mean clutch size
of the population as a proxy of environmental conditions, mainly
food conditions (Vergara et al., 2009). Population density was
calculated as the number of breeding pairs in 23 km2.

In our population female modal age is young representing 30%
of the individuals, young females + 2-year old females make up
the 52% of the population (Supplementary Figure 1). In males,
modal age is 2-year old, representing 39% of the population,
being young males + 2-year old males the 55% of the population
(Supplementary Figure 2).

Plumage Coloration
From 2004 to 2020 field estimations and digital photographs
were taken from the back side of the captured individuals to
measure color traits as described in Fargallo et al. (2007) and
López-Rull et al. (2016). Photographs were taken at an angle
of 90◦ between the objective of the camera and the surface of
the body using a Nikon D70 camera (objective: 18–70 mm AF-
S Nikkon DX). All photographs were taken under a sunshade
in the morning. Images were imported into Photoshop CS5,
where color trait variables were measured. A metric scale was
set for all pictures prior to measurements by equalizing pixel
distance to measurement units (cm). All measurements were
performed at real scale.

In the case of females, six color trait variables were measured:
rump grayness (RG), tail grayness (TG), width of black terminal
tail bands (TTB), width of black tail bars (TB), width of
black rump bands (RB) and wing blackness (WB). These
traits have been shown to be implicated in the probability of
recruitment (López-Rull et al., 2016) and personality (López-
Idiáquez et al., 2019) in chicks and to reflect individual quality
and environmental conditions in breeding females (Vergara et al.,
2009) and chicks (Fargallo et al., 2007). We estimated rump
grayness as the percentage of gray with respect to brown covering
the whole rump and tail (0% = completely black-barred brown
and 100% = completely black-barred gray) by direct observation
in the field. Field measurements of rump and tail coloration
are highly repeatable and closely correlated with those taken
from digital images (Fargallo et al., 2007; Vergara et al., 2009).
TTB, TB, RB, and WB were measured from the photographs. To
compute band widths the “ruler tool” was used. Measurements
of the TTB were performed in the two central tail feathers,
whereas TB and RB were measured in four different feathers
on the left side of the body. Band widths were calculated as
the mean value of these feather measurements. To estimate WB,
the proportion of black coloration was calculated in the covert
feathers of a known area of the wing. Black spots and bars are
easily distinguishable from the brown background of the wing
plumage, and thus, they were outlined and their area determined
as the number of pixels occupied using the “magic wand tool.”
All these color trait measurements have been proved repeatable
(López-Rull et al., 2016). In the case of males, three color trait
variables were measured: width of black terminal tail bands and
the number and size of black spots in the back of males. The width
of black terminal tail bands was measured directly in the field
with a digital micrometer. The size and number of black spots was
estimated from the photographs. Spot size was measured as the
mean size value of five randomly selected spots using the “loop”
tool as described in López-Idiáquez et al. (2018). These color trait
measurements have been proved repeatable (terminal tail band:
Vergara et al., 2009; number and size of spots: López-Idiáquez
et al., 2018).

In the case of females, the six color variables were first
combined in a principal components analysis (PCA) in order
to reduce the number of variables and statistical tests. The
PCA that resulted in two main axes showing eigenvalues >1
(Supplementary Table 1). The first axis (PC1) explained 32% of
the variance and represented a gradient from high to low values of
WB, RB and TB, that is, individuals having more blackness in the
wing also showed wider bars in rump and tail. The second axis
(PC2) explained 31% of the variance and described a gradient
of RG, TG and TTB so that females showing grayer rumps and
tails also have wider terminal tail bands. In the case of males,
combining the three color traits of males in a PCA resulted in two
axes, explaining 39 and 38% of the variance, respectively, showing
no clear reduction in the number of variables. For this reason, in
the case of males, we worked with the three variables separately.

Statistical Procedures
Generalized linear mixed models (GLMMs; binomial distribution
and logit link function) where used to analyze the relationship
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between the proportion of immigrant individuals and population
variables (mean clutch size and breeding density). An
events/trials double column was used as the dependent
variable including the number of immigrants (events) and
the number of individuals in the population (trials). Mean
clutch size and breeding density were included in the models
as independent variables, age and sex as fixed factors and
year as a random factor. Interactions between the different
terms are also analyzed. We fitted the effect of variables to
the observed data following backward stepwise procedure,
testing the significance of all the variables and interactions and
removing the one with the highest p in each step. The final
model is the one that contains the variables that contribute
significantly. Non-significant variables remain in the model if
they participate in a significant interaction. Phenotypic variables
were analyzed using general linear mixed models (LMMs)
for females and males separately. In the models, male and
female morphology, body mass, coloration and reproduction
variables were considered dependent variables, dispersal status
(immigrant vs. resident) and age (young vs. adult) were included
in the models as fixed factors, tarsus, wing and tail lengths were
included as covariates when required and individual identity and
year were included as random factors to avoid pseudoreplication.
Body condition was determined as body mass corrected in
the models for tarsus length as a covariate. Proportions as
dependent variables were logit transformed (log (y/[1 - y]). Since
proportions equal to 0 and 1 transform to undefined values
-∞ and +∞, respectively, for which 0 values were replaced by
0.01 and 1 values by 0.99 (Warton and Hui, 2011). All models
were checked for normality of residuals. All analyses were
performed in SAS 9.4 statistical software (SAS Institute Inc.,
Cary, NC, United States).

RESULTS

Proportion of Immigrants
The mean percentage of immigrants in our population was
34.9% (range = 26.1–56.1%). The mean percentage of immigrant
females was 21.1 ± 6.4% (range = 11.8–33.9%) of which 42.0%
were young (range = 0.0–73.7%). Regarding males, the mean
percentage of immigrants was 13.8 ± 5.2% (range = 7.9–25.0%)
of which 21.3% were young (range = 0.0–66.7%). The differences
observed in the proportion of immigrants between sexes were
statistically significant (Table 1 and Figure 1), although they
were mainly due to the higher proportion of females with respect
to males in the young age class (GLMM, post-hoc comparisons
t = -4.13, P < 0.001), which was not significant in adults
(GLMM, post-hoc comparisons t = -1.16, P = 0.25; Figure 1).
The interaction being significant (Table 1). The proportion of
immigrants was positively correlated with the mean clutch size
of the population, but not with breeding density (Table 1). The
interaction between age and breeding density was significant
(Table 1), showing that when breeding density increases there
tends to be more young immigrants and fewer adult immigrants.
However, neither trend was significant when analyzed separately
(GLMM, both P > 0.07).

TABLE 1 | Results of GLMMs for the proportion of immigrant common kestrels as
a function of age (young vs. adults), breeding density, mean clutch size of the
population, the interaction between age and sex and between age and
breeding density.

Term Estimate s.e. F P 95%C.I.

Age −2.037 1.06 23.4 < 0.001 -3.11, -0.97

Sex −0.178 0.16 22.9 < 0.001 -0.49, 0.13

Breeding density −0.025 0.01 0.0 0.929 -0.04, -0.01

Mean clutch size 0.461 0.21 4.7 0.035 0.03, 0.89

Age × sex −1.030 0.29 12.6 < 0.001 -1.61, -0.45

Age × breeding density 0.052 0.02 10.8 0.002 0.02, 0.08

The year is included in the model as a random factor. N = 68 and d. f. = 47.
Dispersion of the model = 1.21.

FIGURE 1 | Interaction between sex and age in the proportion of common
kestrel immigrants (residuals from the GLMM). Red and blue colors represent
females and males, respectively. Dots and whiskers represent mean and s.e.
values, respectively.

TABLE 2 | Results of LMMs for wing and tail lengths of common kestrel females
as a function of dispersal status (immigrant vs. resident), age (young vs. adult),
and the interaction between dispersal status and age.

Term Estimate s.e. F P 95%C.I.

Wing length

Status −0.494 0.58 2.46 0.119 -1.65, 0.66

Age −3.635 0.79 16.20 < 0.001 -5.20, -2.07

Status × age 2.751 1.13 5.85 0.017 0.50, 5.00

Tarsus length 0.995 0.23 18.72 < 0.001 0.54, 1.45

Tail length

Status −0.409 0.52 2.47 0.118 -1.45, 0.63

Age −6.166 0.72 93.69 < 0.001 -7.59, -4.74

Status × age 2.435 1.03 5.56 0.020 0.40, 4.47

Tarsus length 0.485 0.21 5.46 0.021 0.07, 0.90

Effects of tarsus length are also shown. N and d. f. are 431 and 155 for wing length
and 427 and 153 for tail length models.

Female Dispersal Phenotypes
Tarsus length of female immigrants entering the population
were similar to that of residents (LMM, P = 0.233). Controlling
for tarsus length, differences in wing and tail lengths between
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FIGURE 2 | Differences in wing (A) and tail (B) lengths corrected by body size
(tarsus length) in breeding females. YI is young immigrant, YR is young
resident, AI is adult immigrant and AR is adult resident. P-values correspond
to post-hoc comparisons between groups from the interaction dispersal
status x age in the LMMs. Values to the left and to the right correspond to
differences in young and adults, respectively. “ns” means not significant
differences (both P > 0.40). LMMs: wing length in young,
estimate ± s.e. = 2.257 ± 0.97, t = 2.33; tail length in young,
estimate ± s.e. = 2.026 ± 0.88, t = 2.29. Bars and whiskers represent mean
and s.e. values, respectively.

immigrant and resident females were not significant (Table 2).
Adults showed longer wings and tails than young (Table 2) and
in both models the interactions between dispersal status and
age were statistically significant (Table 2 and Figure 2). Post-
hoc comparisons showed that young immigrants entering the
population, but not adult immigrants, had longer wings and
tails (Figure 2). Regarding body condition, immigrant females
showed higher body condition than resident ones (Table 3 and
Figure 3).

In relation to plumage coloration, PC1 (combining wing
blackness, width of black rump bands, and width of tail bands)
did not differ between immigrant and resident females, young
and adult females and not significant interaction between both
variables was found (LMM, all P > 0.43, n = 392). Removing
the interaction term (LMM, P = 0.530) and controlling for
age (LMM, P < 0.001), PC2 (combining tail grayness, rump
grayness and width of tail terminal bands) showed marginally

significant differences between immigrant and resident females
[LMM, estimate± s.e. = -1.120± 0.07, F(1, 139) = 3.43, P = 0.066].
To better understand this potential difference, we analyzed the
traits separately. Rump grayness and the width of the terminal
tail band (corrected for tail length as a covariate in the model)
did not show significant differences between immigrant and
resident females (LMM, both P > 0.22). However, controlling
for age, immigrant females showed less gray tails (browner tails)
than resident ones [LMM, estimate ± s.e. = -0.486 ± 0.20, F(1,

139) = 6.12, P = 0.015, n = 392, Figure 4], the interaction between
age and dispersal status being not significant (LMM, P = 0.248).

Female Reproduction
Adult females started laying earlier, laid more eggs, and produced
more chicks than young ones (Table 3 and Figure 5). Regarding
dispersal status, immigrant females also started laying earlier
than resident ones (Table 4). This was mainly due to the
difference found in young, but not in adults, as resulted from the
significant interaction between dispersal status and age (Table 4
and Figure 5). No differences were found between immigrant
and resident females in clutch size or number of fledglings
(Table 4), though the interaction between status and age was
significant for clutch size and marginally significant for the

TABLE 3 | Results of LMMs for body condition (body mass corrected by tarsus
length) in breeding common kestrel females as a function of dispersal status
(immigrant vs. resident), age (young vs. adult) and the interaction between
dispersal status and age.

Term Estimate s.e. F P 95%C.I.

Status 1.398 1.92 5.61 0.019 -2.40, 5.20

Age −15.52 2.66 49.00 < 0.001 -20.78, -10.27

Status × age 5.750 3.66 2.46 0.119 -1.50, 13.00

Tarsus length 3.786 0.65 33.89 < 0.001 2.50, 5.07

The effect of tarsus length is also shown. N = 400 and d. f. = 133.

FIGURE 3 | Differences in body condition (body mass corrected by tarsus
length) between immigrant and resident breeding females. Bars and whiskers
represent mean and s.e. values, respectively.
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FIGURE 4 | Differences in tail grayness between immigrant and resident
breeding females. Bars and whiskers represent mean and s.e. values,
respectively.

number of fledglings (Table 4). In the case of clutch size, post-
hoc comparisons showed that differences were observed in young
females, immigrant individuals having larger clutch sizes than
resident ones (Figure 5). With regard to the number of fledglings,
marginally significant differences were observed between adults,
resident females tending to produce a higher number of fledglings
than immigrant ones (Figure 5), being adult residents the most
productive female group (Figure 5).

Female Tail and Reproduction
Controlling for age and dispersal status, female tail grayness
was not correlated with tail length (LMM, P = 0.485). The
interaction between dispersal status and age was not significant
(LMM, P = 0.229). Since tail length was correlated with tarsus
length, we used the residuals of the regression between tail
and tarsus lengths to control for body size. Controlling for age
and dispersal status, laying date was correlated with female tail
length [LMM, estimate ± s.e. = -0.164 ± 0.08, F(1, 152) = 4.73,
P = 0.031, n = 428; Figure 6]. The interactions between tail
length and dispersal status or age were not significant (LMM,
both P > 0.22). Controlling for age and dispersal status, the
correlation between clutch size and tail length was positively
and marginally significant (LMM, P = 0.062). The interactions
between tail length and dispersal status or age were not significant
(LMM, both P > 0.28). Including laying date in the model,
no trend was found (LMM, P = 0.19). Regarding the number
of fledglings and controlling for age and dispersal status, a
significant effect of tail length was observed (LMM, P = 0.003)
and the interactions between tail length and dispersal status or
age were not significant (LMM, both P > 0.30). Including laying
date in the model, the positive correlation between the number
of fledglings and tail length still remained significant [LMM,
estimate± s.e. = 0.037± 0.01, F(1, 153) = 8.04, P = 0.005, n = 426;
Figure 6].

Controlling for age and dispersal status, tail grayness of
females did not affect significantly laying date (LMM, P = 0.711),

FIGURE 5 | Differences in laying date (A), clutch size (B) and number of
fledglings produced (C) in breeding common kestrel females. YI is young
immigrant, YR is young resident, AI is adult immigrant and AR is adult
resident. P-values correspond to post-hoc comparisons between groups from
the interaction dispersal status × age in the LMMs. Values to the left and to
the right correspond to differences in young and adults, respectively. “ns”
means not significant differences (all P > 0.22). LMMs: laying date young
females, estimate ± s.e. = -5.475 ± 1.69, t = 3.24; clutch size young females,
estimate ± s.e. = 0.291 ± 0.14, t = 2.02; number of fledglings adult females,
estimate ± s.e. = -0.407 ± 0.21, t = 1.90. Bars and whiskers represent mean
and s.e. values, respectively.

but the interaction between tail grayness and dispersal status was
significant [LMM, estimate± s.e. = 1.165± 0.25, F(1, 154) = 16.44,
P < 0.001, n = 432]. Laying date was not correlated with tail
grayness in immigrant females (LMM, P = 0.383, n = 165),
whereas a negative correlation was found for resident females
[LMM, estimate± s.e. = -0.559± 0.28, F(1, 100) = 3.96, P = 0.049,
n = 267; Figure 6]. The interaction between dispersal status and
age was not significant (LMM, P = 0.874). Regarding clutch
size and controlling for age, a similar significant interaction
was found between dispersal status and tail grayness (LMM,
P = 0.013), although in this case, no clear significant correlations
were observed between clutch size and tail grayness neither in
immigrants nor in residents (LMM, both P > 0.07). In the
case of the number of fledglings and controlling for age, no
significant effects were found for dispersal status, tail grayness
and interactions (LMM, all P > 0.12).
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TABLE 4 | Results of LMMs for laying date, clutch size and number of fledglings
produced by common kestrel females functions of dispersal status (immigrant vs.
resident), age (young vs. adult) and the interaction between
dispersal status and age.

Term Estimate s.e. F P 95%C.I.

Laying date

Status 0.900 1.10 5.17 0.024 -1.27, 3.07

Age 12.59 1.42 89.09 < 0.001 9.77, 15.41

Status × age −6.375 2.02 9.94 0.002 -10.37, -2.38

Clutch size

Status −0.912 0.09 1.11 0.293 -0.95, 0.07

Age −0.912 0.12 70.60 < 0.001 -1.15, -6.67

Status × age 0.402 0.17 5.48 0.020 0.06, 0.74

Number of fledglings

Status −0.409 0.21 0.03 0.872 -0.83, 0.02

Age −1.22 0.28 18.29 < 0.001 -1.78, -0.66

Status × age 0.750 0.40 3.55 0.061 -0.04, 1.53

N and d. f. are 432 and 155 for laying date, 433 and 156 for clutch size and number
of fledglings.

Male Dispersal Phenotypes
Controlling for age, immigrant males entering the population
were similar in tarsus length to resident ones (LMM, P = 0.59),
the interactions between dispersal status and age being also
not significant (LMM, P = 0.33). Controlling for body size
(tarsus length), no differences were found in wing length and
the interaction between dispersal status and age interaction as
not significant (LMM, P > 0.90). Controlling for body size,
the difference in tail length between immigrant and resident
males was significant (Table 5 and Figure 7) and the interaction
between dispersal status and age was marginally significant
(Table 5). Adults showed higher body condition than young
individuals [LMM, estimate ± s.e. = -6.085 ± 2.07, F(1,

102) = 16.20, P < 0.001, n = 348], but no differences were
found between immigrant and resident males and the interaction
between dispersal status and age was not significant (LMM, both
P > 0.57).

In relation to color traits, controlling for age, the
size of the spots correlated with wing length [LMM,
estimate ± s.e. = 0.098 ± 0.03, F(1, 93) = 8.94, P = 0.005,
n = 338] and tarsus length [LMM, estimate± s.e. = 0.309± 0.15,
F(1, 93) = 4.02, P = 0.048, n = 338]. Since wing length fitted the
linear model better than tarsus length (lower s.e.), we used the
former as a covariate in the models to control for male size.
Also, controlling for age, the number of spots was not correlated
with any measurement of body size (LMM, both P > 0.21). The
width of the terminal tail band was positively correlated with tail
length [LMM, estimate ± s.e. = 0.092 ± 0.03, F(1, 104) = 11.79,
P < 0.001, n = 344], for which this variable was used as covariate
in the models to control for body size.

Controlling for wing length, spots were larger in young than
in adult males [LMM, estimate ± s.e. = 1.079 ± 0.75, F(1,

91) = 5.07, P = 0.027, n = 338], but not significant effects were
found for dispersal status or the interaction between dispersal
status and age (LMM, both P > 0.74). In regards to the number
of spots, adult males had significantly fewer spots than young

FIGURE 6 | Linear relationship between laying date (residuals) and tail length
(A), number of fledglings and tail length (B) and laying date (residuals) and tail
grayness (C) in female common kestrels.

TABLE 5 | Results of LMMs for tail length of common kestrel males as a function
of dispersal status (immigrant vs. resident), age (young vs. adult), and the
interaction between dispersal status and age.

Term Estimate s.e. F P 95%C.I.

Status −0.183 0.52 6.59 0.012 -1.21, 0.85

Age −5.350 0.86 27.77 < 0.001 -7.06, -3.63

Status x age 3.715 1.32 7.92 0.006 1.10, 6.33

Tarsus length 0.468 0.25 3.59 0.061 -0.02, 0.95

N and d. f. are 351 and 103.

individuals (Table 6 and Figure 8) and residents tended, but not
significantly so, to have fewer spots than immigrants (Table 6).
This trend was due to the lower number of spots in the resident
adults than in the immigrant adults, a difference that was not
observed in young individuals (Figure 8), as the significant
interaction between dispersal status and age shows (Table 6).
Controlling for tail length, adults exhibited wider terminal tail
bands than young [LMM, estimate ± s.e. = -8.691 ± 0.45,
F(1, 102) = 605.28, P < 0.001], but a not significant difference was
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found between residents and immigrants and a not significant
interaction between dispersal status and age was observed (LMM,
P > 0.40).

Male Reproduction
Adult males started breeding earlier than young males [LMM,
estimate ± s.e. = 12.371 ± 1.67, F(1, 109) = 57.28, P < 0.001,
n = 358]. A marginally significant difference in laying date
was observed between immigrant and resident males [LMM,
estimate ± s.e. = 0.056 ± 1.12, F(1, 109) = 3.03, P = 0.089]
and similarly, a marginally significant interaction was observed
between dispersal status and age [LMM, estimate ± s.e. = -
4.670 ± 2.65, F(1, 109) = 3.10, P = 0.081]. Post-hoc comparisons
showed that no significant difference was observed between
dispersed and resident adults (LMM, P = 0.960), but young
immigrants tended to breed earlier, although not significantly so,
than young residents (LMM, estimate ± s.e. = -4.615 ± 2.38,
t = 1.94, P = 0.056). Adult males also paired with females laying
more eggs and produced more fledglings than young males
(LMM, both P < 0.001), but no differences were found between
immigrants and residents and no significant interactions were

FIGURE 7 | Differences in tail length of breeding common kestrel males. YI is
young immigrant, YR is young resident, AI is adult immigrant and AR is adult
resident. P-values correspond to post-hoc comparisons between groups from
the interaction between dispersal status and age in the LMMs. Values to the
left and to the right correspond to differences in young and adults,
respectively. “ns” means not significant differences (P > 0.05). LMMs: young,
estimate ± s.e. = 3.532 ± 1.21, t = 2.93. Bars and whiskers represent mean
and s.e. values, respectively.

TABLE 6 | Results of LMMs for number of spots of common kestrel males as a
function of dispersal status (immigrant vs. resident), age (young vs. adult), and the
interaction between dispersal status and age.

Term Estimate s.e. F P 95%C.I.

Status 6.802 1.55 2.96 0.089 3.73, 9.87

Age 11.824 2.35 19.91 < 0.001 7.15, 16.49

Status × age −7.396 3.65 4.10 0.046 7.15, 16.49

N = 338 and d. f. = 92.

observed between dispersal status and age neither in clutch size
nor in the number of fledglings (LMM, all P > 0.14).

Male Tail Length and Reproduction
Since tail length was correlated with tarsus length, we used the
residuals of the regression between tail and tarsus lengths to
control for body size. Controlling for age (LMM, P < 0.001),
laying date was correlated with tail length in males [LMM,
estimate ± s.e. = -0.265 ± 0.08, F(1, 105) = 10.67, P = 0.002,
n = 350; Figure 9]. Dispersal status and the interactions dispersal
status× age and dispersal status× tail length were not significant
(LMM, all P > 0.12). Controlling for age, neither clutch size
nor the number of fledglings were significantly correlated with
tail length with or without laying date in the models (LMM, all
P > 0.16) and no significant effects were observed for dispersal
status and remaining interactions (LMM, all P > 0.20).

DISCUSSION

Population Conditions
Immigration rates found in our study (35%) are slightly lower
than those found in populations of other bird species that vary
between 46 and 54% (Verhulst et al., 1997; Bensch et al., 1998;
Frederiksen and Petersen, 2000; Mayer et al., 2009; Schaub et al.,
2013. It is also lower than in other related species, such as
the Falco naumanni (48% of young and 47% of adults; Serrano
et al., 2004), and even considerably lower than in populations of
common kestrels (90% in females and 68% in males; Sumasgutner
et al., 2014). Good environmental conditions, particularly high
food abundance, increases survival (Martin, 1987) and also
increases philopatry in the same way that it attracts dispersers
(Forero et al., 2002; Matthysen, 2012; Terraube et al., 2015).
Furthermore, it is known that sedentary species and populations
have lower dispersal rates (Paradis et al., 1998). Our population
is one of the densest known for this species (Fargallo et al.,
2001) and also shows a high average clutch size (Carrillo and
González-Dávila, 2010), indicating that it is a population that
offers good food conditions. This, and its sedentary status,
might explain the low rate of immigration found. Population
results also showed that good environmental food conditions
promoting large clutch sizes do not increase the density of
kestrel breeding pairs, indicating that environmental and/or
demographic variables others than food abundance have a
stronger influence in the dynamics of our population reducing
density-dependent processes.

Mean clutch size of the population has the potential to
explain the entry of foreign immigrants. One reason good feeding
conditions attract dispersers is because it reduces settlement costs
(Bonte et al., 2012), since it favors access to food resources
and relaxes conspecific competition (Forero et al., 2002), thus
allowing higher immigration rates in years where the food is
abundant (Korpimäki, 1994). This may explain the positive
correlation between the proportion of immigrants entering the
population and mean clutch size. A greater investment of males
in the defense of resources for the attraction of females is one of
the ideas proposed to explain the greater tendency of bird females
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FIGURE 8 | Differences in the number of spots in breeding common kestrel
males. YI is young immigrant, YR is young resident, AI is adult immigrant and
AR is adult resident. P-values correspond to post-hoc comparisons between
groups from the interaction dispersal status x age in the LMMs. Values to the
left and to the right correspond to differences in young and adults,
respectively. “ns” means not significant differences (P > 0.05). LMMs: adult,
estimate ± s.e. = 6.802 ± 1.55, t = 4.40). Bars and whiskers represent mean
and s.e. values, respectively.

FIGURE 9 | Linear relationship between laying date (residuals) and tail length
in male common kestrels.

to disperse compared to males (Greenwood, 1980), including
raptors (Serrano, 2018). Males would face higher costs if they
decide to leave a familiar area. Sex differences in the investment
and defense of breeding territories and nest sites might explain
the higher immigration rate of females with respect to males
observed in our study, although it is only significant in the case of
the young. This result suggests that the admission of females into
our population had fewer obstacles than the admission of males.
We found no clear relationships between breeding density and
immigration rate, nor effects of age or sex. Specific studies are
needed to understand how birth, death, and immigration rates
affect population density.

Reproduction
Although productivity did not differ between immigrant and
resident females, young immigrants start laying earlier and lay
more eggs than resident females, which does not occur in
adults. This implies higher survival prospects for the offspring
coming from immigrants as fledglings from earlier breeding
attempts have higher body condition (Martínez-Padilla et al.,
2017), longer post-fledging dependent periods (Vergara et al.,
2010), which is associated with higher recruitment rates (López-
Idiáquez et al., 2018). Regarding male reproduction, a tendency
was observed for young immigrants to start breeding earlier
than young residents, which was not observed in adults. Neither
clutch size nor the number of fledglings were affected by dispersal
status. Although poorly studied, the immediate consequences
of dispersal in raptors are generally improved breeding success
(see Serrano, 2018) also in kestrels (Terraube et al., 2015). Our
results partially agree with this, since only females, particularly
young females, seem to show an improvement in reproductive
parameters, suggesting higher dispersal benefits for females than
for males which would also explain the higher immigration rates
of females with respect to males found in our study.

Body Size and Condition
At the individual level, there were clear differences between
young and adult females entering the population. Immigrant
young females, had longer wings and tails, and showed better
body condition than resident young females. No differences
in size or feather length were found in adult females, but
young and adult immigrants showed better body condition than
residents. In the case of males, no clear differences in size,
wing length or body condition between immigrant and resident
males were observed. Only in young males we found differences
in tail length, immigrant individuals having longer tails than
resident ones. The longest wings favor long displacements
and it has been found frequently associated with dispersal
distances in birds (Paradis et al., 1998; Dawideit et al., 2009).
Our results on body condition coincides with that reported
by Terraube et al. (2015) who found that in female kestrels,
but not in males, dispersal distances were correlated with body
condition. Good body condition might provide a higher capacity
to buffer the costs linked to long-distance dispersal and pre-
breeding prospecting (Barbraud et al., 2003; Delgado et al.,
2010; Terraube et al., 2015; see also Clobert et al., 2009). Even
without knowing the dispersal distances of the individuals that
enter our population, our results suggest that either many of
the immigrant females come from distant places and/or that a
good body condition favors entry into the population through
increased competitive skills or male choosiness. Our study
therefore indicates a link between phenotypic traits potentially
favoring dispersal movement during the transient phase, such
as long wings, and individual quality, such as body condition
and tail length (see below) favoring transient and settlement
phases of dispersal. This is particularly relevant in young
females, suggesting that this association is mainly stablished
for natal dispersal within this sex. Overall, these results also
point to a sexual difference in dispersal patterns in which
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selection pressures might be stronger for females, developing
phenotypes to favor it.

Plumage Coloration
The common kestrel exhibit sexual dichromatism, so that, with
the exception of the terminal tail band, the color traits studied
differ between sexes. Our results show that immigrant females
show tails with less gray than residents. Recent studies have
reported that grayness of females and female-like young males
reflects individual quality (Fargallo et al., 2007; Vergara and
Fargallo, 2008; Vergara et al., 2009) and is considered a badge
of status (Vergara and Fargallo, 2007; López-Idiáquez et al.,
2016a). Our results here show that females exhibiting grayer
tails start laying earlier, lay more eggs and produce more
chicks. Interestingly, it has been reported in experimental studies
simulating individual intrusions in kestrel breeding territories
that young male intruders elicited different levels of aggressive
responses depending on the manipulated color trait (Vergara
et al., 2012). Specifically, a gray tail is the trait triggering the
highest degree of aggressive behavior in territorial breeding
females, concluding that the best phenotype for a young male
is the one that creates a balance between signaling quality
to get a mate and reducing aggressive behavior of male and
female breeders (Vergara et al., 2012). Since phenotypes of
young males resemble that of adult females, this conclusion
can be applied to the present study. According to this, the
relationship between tail grayness and reproductive parameters
was observed in resident but not in immigrant females,
suggesting that good-quality but inexpert immigrant females
who enter new populations should be benefited by signaling
subordination (browner tails), thus avoiding confrontations
with adult breeders, mainly female breeders, and favoring
population settlement.

In the case of males, adults, but not young, entering the
population had a higher number of black back spots than resident
individuals, and no differences were observed in other measured
color traits. Previous studies carried out in our population
showed that the number of black spots in males decreases with
age and was negatively correlated with clutch size, especially in
years of poor food conditions (López-Idiáquez et al., 2016b).
The most plausible explanation for the difference we found
is that adult immigrants entering the population are younger
than the mean age of the adult residents. When all ringed
residents are taken into account, the modal male age in the
population is 2 years (Supplementary Figure 2A). In the case
of immigrants, the most frequent males are 1-year old, these
individuals being 70% more common than 2-year old individuals
are (Supplementary Figure 2C), which is a drastic difference
compared to that found in the residents. This is so because the
real age in the immigrant fraction of the population can only
be known with individuals who entered at the age of 1 year.
If we do this with residents (Supplementary Figure 2B), the
distribution of ages are similar to that found in immigrants.
All of this suggests two aspects of interest. One is that we
are surely underestimating a high proportion of 2-year old
individuals entering the population that might explain the higher
number of black spots found in adult immigrants with respect

to residents, who are older on average. Another aspect is that,
the data with which we work in the study does not allow us
to differentiate dispersal or settlement patterns between natal
and breeding dispersal, since many individuals reproduce for the
first time at an age that we consider to be adult, particularly
many males start breeding at 2 years of age (López-Rull et al.,
2016). Contrary to females, in males we did not observe a
clear difference in individual quality signals associated with
plumage coloration between different dispersal statuses. In the
case of females, and considering the plumage coloration, the
individuals that enter the population would be indicating low
quality or subordination (Vergara and Fargallo, 2007; Vergara
et al., 2012).

Tail Length, Plumage Coloration, and
Young Phenotypes
Our study shows that tail length in kestrels is a key trait
associated with settlement patterns in both sexes and related
to different components of fitness. Longer tails usually means
higher costs for flight, making long trips difficult, which explains
why migratory birds tend to have shorter tails (Balmford
et al., 1993; Thomas and Balmford, 1995). The natal and
reproductive dispersal distances found in kestrels are not very
long (<200 km; Terraube et al., 2015), but in general kestrels
travel long distances after fledging and in premigratory and
migratory periods (Adriaensen et al., 1997; Śliwa et al., 2009;
Village, 1990; Holte et al., 2016). Kestrels are also migrants
in southern Europe, traveling to Africa during the winter, as
observed in our population, where at least three individuals
born in our population were found dead during the winter
in Mauritania and Morocco. Also during reproduction, males
can make long-distance trips of more than 10 km (Costantini
and Dell’Omo, 2020). Therefore, long tails in this species
can lead to significant energy costs. However, long tails may
help for hunting. Within the falconids, the kestrel group is
characterized by having a smaller wing-tail ratio (Village, 1990),
which is related with a higher consumption of terrestrial prey
species, mainly small mammals, and an adaptation for flight-
hunting or “hovering,” a type of flight used to capture this
type of prey (Sale, 2020) a flight for which the common
kestrel is well known.

The main function proposed for bird tails is related to stability
and maneuverability and not with flight speed, for which it
has led to believe that the development of the tail has had a
greater margin to evolve as a signal, playing a relevant role
in sexual selection (Balmford et al., 1993; Andersson, 1994;
Winquist and Lemon, 1994). Palokangas et al. (1992) reported
that choosy common kestrel females prefer males with longer
tails to mate, however, the length of the tail was not found to
be associated with breeding success. In our case, we showed
that, irrespective of age and dispersal status, males exhibiting
longer tails started breeding earlier, which was also observed in
females. Furthermore, in females it was positively correlated with
productivity, measured as the number of fledged chicks. In our
population, kestrels prey on a variety of prey species, but they
have a markedly predilection for voles (Fargallo et al., 2020) and
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individuals hunting more voles have lower wing-to-tail ratios
(Fargallo unpublished data). These results indicate that tail length
reflects individual quality in both males and females either by
indicating hunting abilities and nutritional state. Thus, both
young males and females entering the population are of better
quality than young residents, as resulted from the longer tails
found in the formers. Since by choosing long-tailed males it is
possible to start reproduction earlier, the preference of females
for this trait found in previous works (Palokangas et al., 1992)
can be explained.

Considering these results together, we propose that longer
tails, probably not selected for dispersal movements, but signaling
quality, favored the settlement of the young in the new
population. In the lazuli bunting Passerina amoena, a sexually
dichromatic bird exhibiting delayed plumage maturation, Greene
et al. (2000) found that breeding young males show a great
variation of plumage coloration from female-like dull brown
to bright blue, like adult males. The dullest and the brightest
young are more successful in obtaining high-quality territories,
pairing with females and siring offspring, than yearlings with
intermediate plumage. Females choose males based on the quality
of their territories rather than on plumage coloration. Bright blue
young have better competitive abilities to gain better territories
than dull and intermediate, which facilitates mating. On the other
hand, good-quality adult males allow subordinate dull individuals
to breed in close proximity to their territories, benefiting from
it through the extra-pair paternity (EPP), which is high in
this species (49% of nests contained chicks not sired by the
resident male; Greene et al., 2000). Female-like plumages in males
in kestrels reduce conspecific aggressiveness from adult males
(Vergara and Fargallo, 2007) and allow young males breeding
closer to adult males than other adult males (Hakkarainen et al.,
1993). The frequency of extra-pair paternity (EPP) in the kestrel
is low. E. Korpimäki et al. (1996) found EPP in 1.9% of chicks
(6 out of 319 chicks) and 3% of nests (2 out of 75 nests) in
a 3-year study in a Finnish population. EPP analyzed in our
population in years 2005 and 2006 (J. A. Fargallo and J. A. Dávila,
unpublished data) show similar values, being 2.5% in chicks-
eggs (7 out of 279 chicks-eggs) and 6.3% in nests (4 out of
63 nests). In the Finnish population, one of the two cuckolded
males was a young, which is a high frequency (50%) if one
takes into account that there were only two breeding young
males in the population (2.7%; Korpimäki et al., 1996). In our
population, of the four cuckolded males, one was young, the
frequency also being higher (25%) than the proportion of young
kestrels breeding during those 2 years (14.3%). More precise
studies on this matter should be carried out in the kestrel, but it
is possible that, as in the lazuli bunting, young kestrels signaling
subordination may settle more easily in the population if it
represents an opportunity for the adults to increase their fitness
via extra-pair paternity.

In conclusion, within a social selection and signaling scheme,
our study highlights the importance of phenotypic strategies
involved in the final phase of the dispersal, that is, population
settlement. In general, individuals entering a population seem to
be of higher quality than the mean of the population they enter.
This is especially observable in the young class, indicating its

importance for natal dispersal. In the case of females, who reach
the host population in better body condition, direct benefits were
observed in reproduction, as early breeding increases offspring
survival prospects. Also, a similar productivity in the young
and in the general reproductive performance of the adults
is a remarkable achievement in terms of fitness considering
the inexperience of immigrants in unfamiliar places and with
already established social structures, which are considered to be
dispersal costs. Interestingly, some phenotypic traits exhibited in
settlement match with those expected for dispersal phenotypes
in the transience phase, such as long wings observed in young
females. However, other traits, such as long tails in young
individuals (males and females) show the contrary pattern to
those expected for the transience phase, as long tails that
are costly for flight. As a long tail is indicative of good
hunting efficiency and promotes early breeding in both males
and females and higher productivity in females, this character
may be advantageous during settlement and immigrants can
enter the population either because they are of good quality
and compete better for breeding resources than residents or
because they are preferred by mates, at least in the case of
males. Our study also suggests that signaling subordination
to reduce the aggressive interactions with resident individuals
may facilitate the settlement of good quality immigrants. This
deduce from the fact that immigrant females (young and adults)
showed browner tails irrespective of its length. In addition, as
immigrant females enter the population a higher rates, a female-
like phenotype could pose fewer obstacles for the settlement
of inexpert young males, which is suggested as a selective
pressure promoting the existence of delayed plumage maturation.
Finally, our study evidences sexual differences in dispersal
patterns at the level of size, condition, plumage coloration, and
reproduction, suggesting stronger selective dispersal pressures
for females and highlighting the importance of the settlement
phase to better understand dispersal and the pressures shaping
dispersal phenotypes.
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