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Abstract 

Colour polymorphism in animals can be maintained by selection pressures that may vary in 
time and space depending on specific ecological settings. Although the effects of colour 
variation on several life-history traits are well described, effects on natal dispersal behaviour 
are understudied. Moreover, effects of colour polymorphism on space use strategies 
throughout the early stages of life are lacking.  
Here, we studied the effects of plumage coloration on natal dispersal behaviour in the 
polymorphic Common buzzard (Buteo buteo). Furthermore, we studied the effect of 
coloration on habitat choice in the first months of wandering. 
Using GPS transmitter data collected from 64 juveniles in a Dutch population, we tested 
whether plumage coloration influenced emigration timing, number of areas visited, tenure 
in areas, cumulative distance among areas, distance of settlement from nest in first winter 
and proportion of forested habitat chosen. 
We found that coloration was only associated with the number of areas visited, but not with 
other traits. Darker individuals visited a higher number of areas during the first months of 
dispersal compared to lighter individuals. 
Our results highlight the importance of understanding ecological and social selection 
pressures acting on colour polymorphic species in such an important but yet poorly 
understood life-history stage as the natal dispersal. 
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Introduction 

Genetically determined colour morphs are common across the animal kingdom, but the 
selection pressures responsible for the maintenance of this genetic variation are often 
poorly understood. These selection pressures are likely to be frequency or habitat 
dependent, and may vary across time and space depending on the specific ecological 
settings. Additionally, colour variation could be linked to other physiological and behavioural 
trait variation, with selection acting on a suite of linked traits. Indeed, behavioural traits are 
often associated with variation in melanin-based coloration because genes encoding for 
colour pleiotropically influence physiology (Ducrest et al. 2008; Van den Brink et al. 2012; 
Van Den Brink et al. 2012). Again, selection should vary on these trait combinations in space 
or time, depending on variable ecological conditions (like frequency-dependence or density 
dependence) in order to maintain this variation.   
 Numerous studies have shown differential life-history traits in melanin-based 
polymorphic species (see Roulin 2004), which leads to the hypothesis that morphs might be 
adapted to different environments that may vary in food abundance, social interactions or 
climate. It has also been suggested that colour morphs could influence movement ecology 
and in particular dispersal behaviour because of the association of boldness/exploration 
with dispersal on the one hand and with coloration on the other (van den Brink et al. 2012; 
Saino et al. 2014; Camacho 2018). 
 As selection on colour morphs may depend on habitat features and hence may vary 
in a spatial context, it is important to understand how individuals varying in morph behave 
spatially. Polymorphic species can be locally adapted in heterogeneous environments and 
show differential spatial distribution on a small scale (Preston 1980; Dreiss et al. 2012), 
leading to phenotype-habitat matching (Edelaar et al. 2008). Morphs can prefer habitats 
that provide protection from predators by visually matching backgrounds (Ahnesjö and 
Forsman 2006), or that increase hunting success by favourable light conditions (Tate et al. 
2016; Tate and Amar 2017). Habitats that provide visually matching backgrounds might be 
preferred by raptors to conceal them from prey, although support is rather controversial 
(Nebel et al. 2019). 
 Whereas most research on space use of colour polymorphic birds has been done 
on adults, there is little knowledge on space use strategies at the time when selection is 
strongest: during the period between independence and recruitment to the breeding 
population. At this stage, individuals often sample different areas, and need to decide where 
they can settle depending on factors like their own morph, the habitat type, but also the 
competition from other young, and especially adult territorial individuals. The aim of this 
study is to understand whether dispersal traits in the months after independence are related 
to colour morph in Common buzzards (Buteo buteo), a raptor with continuous and highly 
heritable variation in plumage colour.  

Natal dispersal is a key life-history trait because it affects population dynamics and 
population genetic structure (Whitlock 2001). Interestingly, spatial behaviour such as 
dispersal is often part of a behavioural syndrome (Dingemanse et al. 2003; Duckworth and 
Kruuk 2009; Hawkes 2009; Kurvers et al. 2009; Cote et al. 2010; Vegvari et al. 2011; Patrick 
and Weimerskirch 2014), which could also be genetically linked to melanin-based colour 
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variation (Ducrest et al. 2008; Van den Brink et al. 2012; Van Den Brink et al. 2012). 
Generally, darker individuals are often bolder, more explorative and more resistant to stress 
than lighter ones (Mafli et al. 2011; Mateos-Gonzalez and Senar 2012; Schweitzer et al. 
2015). As a consequence, species displaying different colour morphs may differ in 
dominance and aggressive interactions and colouration could thus in turn affect habitat 
selection and territorial behaviour (Kallioinen et al. 1995; Lank et al. 1995; Sinervo and 
Zamudio 2001; Tuttle 2003; Pryke and Griffith 2006; Brazill-Boast et al. 2013). 

The association between coloration and dispersal has been poorly investigated so 
far. Studies found that Barn swallows (Hirundo rustica) and Pied flycatchers (Ficedula 
hypoleuca) with darker colour pigmentation were more likely to disperse (Saino et al. 2014; 
Camacho 2018). However, other studies found no difference in distance of first breeding site 
from the natal nest between morphs of Barn owl (Tyto alba), Eleonora’s falcon (Falco 
eleonorae) and Black sparrowhawk (Accipiter melanoleucus) recruits (Emaresi et al. 2014; 
Sumasgutner et al. 2016b; Gangoso and Figuerola 2019). 

In this study, we tested the hypothesis that variation in melanic coloration predicts 
natal dispersal behaviour in the Common buzzard. The general aim of our study is to improve 
our knowledge on the selection pressures acting on colour morphs. Common buzzards are 
highly variable in plumage coloration (Ulfstrand 1970; Kappers et al. 2017) and earlier 
studies showed that this colour polymorphism influences fitness of adult individuals (Krüger 
et al. 2001, chapter 4). Recently, we showed a phenotypic change with an increasing 
proportion of intermediate morphs over time (chapter 4). Intermediate morphs had higher 
cumulative reproductive success and assortative pairs were more likely to produce offspring 
than disassortative pairs (chapter 4). We concluded that apparent evolutionary change not 
just arose from selection on individual phenotypes, but also from fitness benefits of mating. 
However, our fitness estimates did not include dispersal and recruitment, a period in which 
selection is likely to be strongest. 

We used satellite-telemetry to track 72 juvenile Common buzzards during their first 
months of dispersal to test whether their movement patterns and spatial distribution 
differed among morphs. Studies of natal dispersal in raptors have focused on different 
developmental stages: a post-fledging dependence period ending in emigration from the 
natal environment, a transitional phase with provisional settlement in temporary areas (also 
called transient or wandering stage), and settlement at the first breeding site. We focus on 
the transient stage. Telemetry methods now allow to measure where individuals establish 
more or less stable home ranges during this stage. Under the hypothesis that darker 
buzzards are bolder and more explorative than lighter buzzards (Ducrest et al. 2008), we 
predicted that darker morphs 1) emigrate earlier, 2) explore more areas, 3) travel over 
longer distances and 4) settle further from their natal area in their first winter. Moreover, 
as Common buzzard morphs may disperse to find the best habitat conditions to which they 
are adapted, and we reasoned that dark individuals would benefit from crypsis mostly in 
concealed habitats, we predict that darker morphs would visit areas with a higher 
proportion of forested habitat. Studies of dispersal in raptors found that females disperse 
further than males (Newton and Marquiss 1983; Korpimäki 1993), as males tend to be 
philopatric to increase chances of territory acquirement, whereas females tend to disperse 
to get mates and resources necessary to breed successfully (Johnson and Gaines 1990). In 
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our buzzard population, we tested the hypothesis that females would emigrate earlier and 
settle further than males. Our study tests these predictions and describes in detail the 
dispersal process in the first months after emigration. 

Materials and methods 

Study species and site  

The Common buzzard  is a long-lived raptor that may disperse over several years before the 
first reproduction attempt occurs (Dare 2015). During juvenile dispersal, individuals often 
settle in different home ranges over time and acquire skills such as becoming more efficient 
in hunting (Walls and Kenward 1997; Dare 2015).  

We studied Common buzzards from a long-term study population in Friesland, The 
Netherlands. The study site encompasses an area of 5724 ha with 1400 ha of forested 
patches, centred at 53°04'09.2"N, 6°13'46.6"E, and contained on average 76 ± 12 SD 
breeding pairs/year over a 20-year period (1996–2015). Monitoring Common buzzards 
throughout this study area consisted of visits in February and March to confirm any pre-
breeding activity (e.g., presence of the adult pair, display flights, nest building, or 
copulation), during the incubation and early nestling period in April-May to confirm breeding 
attempts, prior to fledging to ring the nestlings, and after fledging to determine breeding 
success (i.e., number of fledged chicks).  

Field procedures  

During 2015 and 2016, we monitored 36 active nests before and during the nestling phase 
and measured weight and wing length of the nestlings up to four times (mean: 2.6 times). 
We determined nestling sex with genetic analyses using primers 3007 and 3112 (Ellegren 
and Fridolfsson 1997) on growing feathers collected during the various nest checks.  

We estimated nestling age based on the following formula obtained from growth 
curves (Bijlsma 1997, 2000): y = ax4 + bx3 + cx2 + dx + e, where x is the wing length of an 
individual (the other values depend on sex and are a= -8.42*10-9, -9.69*10-9; b= 7.95*10-
6, 8.5*10-6; c= -2.39*10-3, -2.41*10-3; d= 0.386, 0.378; e= -5.14, -4.72 respectively for 
females and males). We also calculated a scaled body condition index, following Peig et al. 

(2009), as follows:  M� i = Mi �𝐿𝐿0𝐿𝐿𝑖𝑖
�
𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

, where Mi and Li are the body mass and the linear body 

measurement of individual i respectively; bSMA is the scaling exponent estimated by the 
SMA regression of M on L; L0 is an arbitrary value of L (e.g. the arithmetic mean value for the 
study population); and M� i is the predicted body mass for individual i when the linear body 
measure is standardized to L0.  

We scored plumage coloration according to a seven-morph scheme (Kappers et al. 
2017). We also re-categorized plumage coloration using a three-morph scheme following 
Kappers et al. (2017) to be consistent with previous studies (e.g. Krüger et al. 2001). We used 
both morph schemes in our analyses (see supplementary material for results with the three-
morph scheme). 
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Tagging 

We fitted satellite transmitters to 34 juveniles in 2015 and to another 38 individuals in 2016. 
Individuals were estimated to have hatched between 29 May and 22 June 2015 (mean: 10 
June), and between 2 and 23 June 2016 (mean: 14 June). In total, we tagged 45 males and 
27 females. The tagged juveniles came from 36 different nests and 26 different pairs (i.e. 
nestlings from 10 pairs were tagged in two years). All tagged individuals were between age 
30 and 39 days (mean ±SD: 34.8 ±1.9), i.e. when the body is almost fully-grown, the morph 
can be scored, and there is no risk that they would jump out of the nest (Bijlsma et al. 1994; 
Bijlsma 1997). We never observed nest desertion or brood failure in relation to capture 
events.  
Of the 72 juveniles, 12 were dark, 12 were dark-intermediate, 18 were intermediate, 8 were 
light-intermediate, 15 were light and 7 were very light (we had no “very dark” individuals). 
This translates to 12 dark, 38 intermediate and 22 light individuals according to the three-
morph scheme.  

We used three solar-powered transmitter models: 25 g GPS-GSM tags from 
Microwave Telemetry Inc. (n=30 + 9 reused), 23 g GPS-GSM tags from Ecotone Telemetry 
Inc. (n=4) and 19 g GPS-GSM tags from Ecotone Telemetry Inc. (n=29).  

We fitted transmitters with a backpack harness made out of a body loop directly 
connected to a neck loop using 25'' tubular Teflon Ribbon (Bally Ribbon Mills, Bally, 
Pennsylvania). At the time of tagging, individuals weighed between 667 and 984 g (mean 
±SD: 788 g ±74). Thus, transmitter weights were less than 3–5% of the body weight, as 
recommended (Kenward 2000). 

We programmed each transmitter to record data between sunrise and sunset, i.e. 
with a duty cycle such that GPS locations were only collected during periods when birds 
move. Locations were obtained at intervals ranging from 60 per hour to 1 per day, depending 
on the battery level and transmitter model (mean locations per day ±SE: 5.6 ±0.62 for 
Ecotone TI and 10.2 ±1.06 for Microwave TI). During winter months with low sunlight 
(October to December), batteries did not charge enough to send at least one position per 
day, but we could follow the individuals again when day length started to increase (January-
February) (mean locations per active day ±SD: 16 ±28, range 1–383). The tags of 26% of the 
juveniles were still sending positions one year after tagging.  

Emigration 

Date of emigration was defined as the date when an individual had moved >0.54 km from 
its nest without returning for 10 consecutive days. We chose this distance threshold based 
on the average distance between nests of first-order neighbours in the 2016 breeding 
season (we assumed a similar breeding density in 2015; see chapter 4). We determined the 
first-order neighbours of each breeding pair, by constructing Voronoi polygons and 
calculating the average distance-from-natal-nest. Given the coordinates of the nests, we 
computed a maximum likelihood estimate of the total study area that is the convex hull of 
the points (following Ripley and Rasson 1977) with the function ripras of the package 
spatstat (Baddeley and Turner 2004) in R (R Core Team 2016). We chose ten days as the 
minimum time an individual had to be away from the territory (even if it returned later), 
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because a study on Golden eagles Aquila chrysaetos showed that this is the maximum period 
a juvenile can survive without food from its parents (Weston et al. 2013).  

For eight juvenile buzzards the transmitter stopped sending locations before they 
emigrated (three individuals in June, four in July and one in September). We assumed the 
juveniles had died, but only for one we could retrieve the transmitter in the vicinity of the 
nest with signs of predation.  

Thus, the final dataset consisted of 64 buzzards (24 females, 40 males), of which 12 
were dark, 10 dark-intermediate, 16 intermediate, 8 light-intermediate, 14 light and 4 very 
light (three-morph scheme: 12 dark, 34 intermediate, 18 light). The birds that did not 
disperse were 2 dark-intermediate, 2 intermediate, 1 light and 3 very-light (three-morph 
scheme: 4 intermediate and 4 light). Using the data from these birds, we ran a linear mixed 
model including emigration date (Julian) as response variable and sex (factor), morph 
(continuous, scaled by subtracting the mean and dividing by the standard deviation) and 
their second-order interaction as fixed effects. We also included year (factor), hatching date 
(continuous, scaled), body index (continuous, scaled) and brood size at fledging (continuous) 
as covariates. Because the data included siblings, we included the identity of the nest (n=36) 
and the parents (n=26) as random effects. As the interaction term was not significant (see 
table 5.1 and S1) we did not retain it in the final model. Before performing the analyses, we 
confirmed that there was no collinearity among our predictors.  

Dispersal behaviour 

We described dispersal behaviour of all 64 individuals between the date of emigration until 
200 days after tagging (until circa beginning of January). We chose this time window because 
it was the period for which we had the biggest sample size, both in terms of individuals and 
locations. During the selected period, the mean period an individual was followed before 
the tag stopped sending data was 90 days ±SD 34 (range 15–157, see figure S1). During this 
period, the mean number of days on which at least one location was sent for an individual 
was 64 ± SD 25 (range 9–121). These two variables are highly correlated (Pearson’s r=0.84), 
so we only included “period” in our models to control for the between-individual differences 
in overall time they were followed. 

For each individual, we defined the following variables. (1) The number of home 
ranges (hereafter called residency areas). We identified residency areas with density-based 
spatial clustering using the R-package tdbscan (Valcu 2019). We set the following arbitrary 
parameters, determined based on visual inspection of the tracks (figure S2): 1 km as size of 
the epsilon neighbourhood (the set of locations within a specified radius around a given 
location); 10 as the minimum number of locations in the epsilon neighbourhood (core 
locations); 20 locations as maximum relative temporal lag (the number of locations in 
between two potential residency areas independent of the time passed in between); 60 
hours as minimum time difference between the last and the first entry in the area. Residency 
areas were calculated as 90% home-range size with Kernel density estimation (UD) using the 
package adehabitatHR (Calenge 2011) (see figure S2 for examples). (2) Tenure in each 
residency area, defined as the period between the first and the last data point in this area. 
(3) The Euclidian distance between the nest and the last observed residency area (within the 
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200-day period). (4) The cumulative distance among residency areas (within the 200-day 
period). We tested if the different frequency of locations sent by individuals with the two 
transmitter types (Ecotone TI and Microwave TI) had an influence on the definition of our 
variables. As we found no significant effect, we used the data together. 

We ran a linear mixed model for each of the four response variables with sex 
(factor), morph (continuous, scaled) and their second-order interaction as fixed effects. As 
the interaction term was not significant (see table 5.2) we did not retain it. We also included 
year (factor), number of days an individual was followed (continuous, scaled) and emigration 
date (Julian, scaled) as covariates and nest and pair identity as random effects. Tenure was 
normalized by log10-transformation and distances were normalized by square-root 
transformation before analyses. For the model that predicted tenure we included individual 
identity as additional random effect because we had repeated measures per individual. 

For each residency area we calculated the proportion of forested habitat based on 
raster data from the CORINE Land Cover (EEA 2012) with a 100 m resolution grid. Proportion 
of forested habitat was derived for each area using packages raster (Hijmans et al. 2015), sp 
(Pebesma and Bivand 2005), and rgdal (Bivand et al. 2015). For analysis, we weighted this 
proportion by tenure as an estimate of overall individual presence in a given habitat. 
Weighted proportions were arcsine-squareroot transformed prior to analysis. We ran a 
linear mixed model with proportion of forested habitat (weighted) as response variable and 
morph, sex and year as fixed effects. We included nest and pair identity as random effects.  

For all models, we confirmed that there was no collinearity among the predictors. 
 
 

Results 

Effects on emigration date 

All 64 buzzards that survived until independence left their natal area, i.e. emigrated, in their 
first summer, with a peak in August in both years (range: 20 July–23 October, figure 5.1a). 
Emigration date correlated positively with hatching date and negatively with brood size, but 
was independent of plumage colour morph and sex (figure 5.1b, tables 5.1 and S1). 
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Figure 5.1: Emigration timing for 64 juvenile buzzards. a, the distribution of emigration dates 
for juveniles tagged in 2015 (white bars) and in 2016 (grey bars). b, Relationship between 
emigration date (Julian) and colour morph. Larger values represent lighter-coloured 
individuals. Shown are the regression line with 95% confidence interval (based on the model 
in table 5.1) and the raw data (points, jittered horizontally to avoid overlap). 
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Table 5.1: Results of a linear mixed model explaining variation in emigration date (Julian) of 
64 juvenile buzzards in relation to sex (female as reference category) and morph 
(continuous, dark to very light, scaled). We controlled for year (2015 as reference category), 
hatching date (Julian, scaled), brood size (numeric, range 1–3) and body condition index 
(scaled) and included nest and pair identity as random effects. Shown are the results from 
the simplified model, except for the interaction term estimate, which is from the full model.  
 
  

Predictors  Estimate CI P 

Intercept  238.64 224.23 – 253.04  

Sex: male  -5.12 -12.17 – 1.93 0.16 

Morph*  -1.18 -5.00 – 2.64 0.54 

Sex: male × Morph*  -0.47 -7.90 – 6.96 0.90 

Year: 2016  4.79 -2.52 – 12.09 0.20 

Hatching date  5.53 1.47 – 9.59 0.008 

Brood size  -7.23 -13.01 – -1.45 0.014 

Body index  0.44 -3.06 – 3.95 0.80 

Random Effects     

σ2 185.03    

τ00 nest 0.00    

τ00 pair ID 1.82    

ICC nest 0.00    

ICC pair ID 0.01    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a seven-morph scale 
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Effects on dispersal behaviour 

Individual buzzards had on average 6.2 (range 1–12) residency areas between fledging and 
the subsequent January. Darker buzzards visited significantly more residency areas in this 
period compared to lighter buzzards (figure 5.2a, tables 5.2 and S2). Tenure per residency 
area varied from 2.5 to 125.7 days (mean: 19.8 days ±25, n=396), and was unrelated to 
morph, or to any other explanatory variable. Dispersal distance varied widely within the 
population, with some individuals settling only <1 km from their natal nest, whereas 13 
individuals moved over 100 km, mostly in southerly direction. Note that this could be viewed 
as seasonal migration, but due to the geography of the area, movements in northerly and 
westerly directions were restricted by the sea. Especially in 2015 many individuals settled in 
the winter in an area ca 30 km west of the natal area where an outbreak of common voles 
occurred (Bijlsma 2016). Dispersal distance was not correlated with colour morph or any 
other explanatory variable (figure 5.2c, table 5.2). The cumulative distance travelled varied 
from 0.02 - 635.5 km (mean: 132.9 ±139.7), and again, was unrelated to colour morph (figure 
5.2d, table 5.2).  

Figure 5.2: Relationship between aspects of natal dispersal behaviour and plumage colour 
morph in Common buzzards. Larger values on the X-axis represent lighter-coloured 
individuals. Shown are raw data (points, jittered horizontally to avoid overlap) and 
regression lines with 95% confidence intervals based on the back-transformed estimates 
from the models in table 5.2. a) number of residency areas visited, b) tenure in each 
residency area, c) dispersal distance and d) cumulative distance travelled.  



 

     Random effects 
Dependent variable Predictors Estimate CI P σ2 τ00 nest τ00 pair τ00 tag ICC nest ICC pair ICC tag 
Residency areas Intercept 6.67 5.42 – 7.92  4.80 0.00 1.50  0.00 0.24  
 Sex: male 0.64 -0.62 – 1.90 0.32        
 Morph* -0.73 -1.41 – -0.05 0.035        
 Year: 2016 -1.55 -2.83 – -0.28 0.017        
 Recording days 0.91 0.24 – 1.57 0.007        
 Emigration date -0.78 -1.42 – -0.13 0.018        
Tenure Intercept 2.32 2.05 – 2.58  1.18 0.00 0.08 0.00 0.00 0.06 0.00 
 Sex: male -0.08 -0.34 – 0.18 0.54        
 Morph* 0.08 -0.07 – 0.22 0.29        
 Year: 2016 0.17 -0.11 – 0.44 0.24        
 Recording days 0.05 -0.09 – 0.18 0.48        
 Emigration date 0.13 -0.01 – 0.26 0.06        
Dispersal distance Intercept 7.25 5.22 – 9.29  18.04 0.00 0.00  0.00 0.00  
 Sex: male 0.77 -1.42 – 2.96 0.50        
 Morph* 0.19 -0.87 – 1.26 0.72        
 Sex: male × Morph* 1.17 -0.97 – 3.32 0.28        
 Year: 2016 -1.31 -3.55 – 0.93 0.25        
 Recording days 0.97 -0.18 – 2.12 0.01        
 Emigration date -0.20 -1.33 – 0.92 0.72        
Cumulative distance Intercept 9.63 7.10 – 12.17  18.04 0.00 0.00  0.00 0.00  
 Sex: male 2.04 -0.70 – 4.78 0.14        
 Morph* -0.14 -1.47 – 1.20 0.84        
 Sex: male × Morph* 1.23 -1.46 – 3.92 0.37        
 Year: 2016 -1.48 -4.29 – 1.32 0.30        
 Recording days 1.81 0.38 – 3.24 0.013        
 Emigration date -1.04 -2.45 – 0.36 0.15        
σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a seven-morph scale 



  COLOUR POLYMORPHISM AND NATAL DISPERSAL  
 

103 

Table 5.2: Results of linear mixed effect models explaining variation in aspects of dispersal 
behaviour of 64 juvenile buzzards during their first autumn (up to 200 days after tagging) in 
relation to sex (female as reference category) and morph (continuous, dark to very light, 
scaled). We controlled for year (2015 as reference category), number of recording days 
(scaled) and emigration date (Julian, scaled). Dependent variables were number of residency 
areas visited, tenure in each residency area, dispersal distance from the natal nest and the 
cumulative distance travelled. Tenure in each of the residency areas was normalized by log10 
transformation and then modelled with individual, nest and pair identity as random effects. 
Distances were normalized by square-root transformation and then modelled with nest and 
pair identity as random effects. Shown are results from the simplified models, except for the 
interaction term estimate, which is from the full models.  

We found no tendency for morph-dependent habitat choice, however there was no 
substantial variation in how forested habitats were. Buzzards of different morphs were 
equally likely to visit residency areas with a lower or higher proportion of forested habitat 
during the first months of the wandering stage (figure 5.3, tables 5.3 and S6).  
 We found evidence for family resemblance in both the number of residency areas 
(table 5.2; Intraclass correlation coefficient on pair ID: 0.24) and especially in habitat choice 
(table 5.3; forest cover of residency areas: ICCpair ID=0.61). In both cases these resemblances 
were on the pair-ID level rather than on the nest level. Given that siblings were never 
observed to move together (see supplement), this suggests innate movement strategies, or 
effects of early ontogeny unrelated to nestling condition or timing of independence. 

Figure 5.3: Relationship between the proportion of forested habitat in the residency areas 
visited by dispersing Common buzzards in relation to their plumage colour morph. Larger 
values on the X-axis represent lighter-coloured individuals. Shown are the regression line 
with 95% confidence interval based on the back-transformed model estimates (table 5.3) 
and the raw data (points, jittered horizontally to avoid overlap).  
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Table 5.3: Results of a linear mixed model explaining variation in the proportion of forested 
habitat in the residency areas visited by 64 juvenile buzzards in relation to plumage colour 
morph (continuous, dark to very light, scaled). We controlled for sex (female as reference 
category) and year (2015 as reference category) and included nest and pair identity as 
random effects. The proportion of forested habitat was weighted by tenure and then 
normalized by arcsine-square-root transformation.  

  

Predictors  Estimate CI P 

Intercept  0.28 0.18 – 0.38  

Sex: male  0.02 -0.05 – 0.10 0.57 

Morph*  -0.03 -0.07 – 0.02 0.33 

Year: 2016  0.07 -0.02 – 0.15 0.15 

Random Effects     

σ2 0.01    

τ00 nest 0.00    

τ00 pair ID 0.03    

ICC nest 0.05    

ICC pair ID 0.61    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a seven-morph scale  
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Discussion 

To better understand the maintenance of colour polymorphisms, we tracked 64 juvenile 
Common buzzards from independence to five months into the wandering stage. We found 
that morphs only differed in the number of areas visited, but melanic coloration was not 
associated with other traits such as emigration timing, distance travelled and proportion of 
forested habitat chosen. We found that darker buzzards visited a higher number of residency 
areas during the first months of their wandering stage compared to lighter individuals. Our 
data are to some extent consistent with a German study, showing that dark juveniles were 
resighted further from their natal nest until November (Chakarov et al. 2013). As coloration 
and personality traits are associated in many species (Ducrest et al. 2008; Schweitzer et al. 
2015) including Common buzzards (Boerner & Kruger, 2009), one way of interpreting this 
result is that darker buzzards are the proactive behavioural type and thus tend to be more 
exploratory than lighter individuals. Interindividual variation in melanic coloration is strongly 
heritable in this population (h2=0.82; Kappers et al. 2018) and we showed that also one 
aspect of dispersal behaviour and habitat choice had intermediate to high family 
resemblance. This suggests that these traits may also be partially heritable in our population 
as it is in other species (e.g. Dingemanse et al 2002; Duckworth & Kruuk). Although we have 
not investigated genetic correlations between traits, our data support the notion that 
colouration and (spatial) behaviour might be linked as part of a behavioural syndrome. 

We hypothesized that phenotype-habitat matching during this wandering phase 
could have been adaptive, as suggested in some raptors by the relationship between 
polymorphism, activity patterns and vegetation cover or moon light regime (Tate et al. 2016; 
San-Jose et al. 2019). These patterns suggested that variation in coloration might function as 
an adaptation driven by light conditions to exploit varying niches. Tate and colleagues (2016) 
found that breeding individuals of the dark morph in the Black sparrowhawks provided more 
prey in lower light conditions whereas individuals of the light morph provided more prey in 
brighter conditions. Similarly, San-Jose and colleagues (2019) showed that the red morph of 
Barn owls had a lower food intake in moon-lit nights than during new moons, whereas the 
white morph was unaffected by the moon cycle. Although habitat selection was not random 
(as shown by the high family resemblance), we did not find that darker morphs occupied the 
more forested areas. If indeed dark morphs would perform better in forested areas (as in 
the Black sparrowhawks), our results of more residency areas for darker individuals might 
be due to darker young birds experiencing more competition from breeding buzzards as they 
aim at settling in forested areas, where the density of territories is highest (Sovon 2018). 
Hence, the lack of habitat matching as observed in our data might be due to competitive 
exclusion by territorial pairs, rather than a lack of preference for these habitats. As 
aggression is more intense between conspecifics with similar colour morphs (Boerner & 
Krueger, 2009), this could cause frequency-dependent habitat selection and such a process 
will work against a process of phenotype-habitat matching.    

Interestingly, we found that part of the variation in the proportion of forested 
habitat in residency areas was explained by between-pair differences (table 5.3). The ten 
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pairs from which we tagged juveniles in both years were breeding in the same territory as 
the year before, if not in the same tree. Thus, in our study we cannot disentangle if there is 
a heritability component in habitat choice or imprinting on the natal site. 

Morphs did not differ in the timing of emigration. The juveniles tagged in our study 
emigrated all in one wave in their first summer, with no individuals emigrating after the first 
winter, as found in a French, a German and a British population (Nore and Malafosse 1992; 
Chakarov et al., 2013; Walls and Kenward 1997). Why these apparent population differences 
exist remains unknown, but the high density in our population (1.25 pairs/km2, see Materials 
and methods) may force individuals to leave soon after independence. Emigration occurred 
in directions most likely influenced by prey availability and the presence of adults. Indeed, in 
2015 there was a strong tendency for juveniles to join groups of non-territorial buzzards in 
open fields in Friesland, near the end of a vole-plague (Bijlsma 2016). 

Our study focussed on the association between colour morph and natal dispersal, 
because despite a valid theoretical background only few empirical studies tested this 
association. Previous studies about morph differences in dispersal considered the binary 
variable “dispersed or not” or the distance between the natal site and the site of the first 
breeding attempt within the study population or colony (Emaresi et al. 2014; Saino et al. 
2014; Sumasgutner et al. 2016; Camacho 2018; Gangoso and Figuerola 2019). Tracking 
individuals from independence enabled us to investigate the relationship between melanic 
coloration and the wandering stage of natal dispersal, when juveniles sample and temporary 
settle in one or more residency areas before first breeding. In the first months after 
emigration, we found some evidence for an association between colour morph and one of 
the dispersal traits (number of residency areas visited). It would be of great interest to 
investigate the entire wandering stage until first breeding, which can last three to four years 
after emigration in Common buzzards (Dare 2015). Dispersal is an important yet poorly 
understood life-history stage and further investigating if and how morphs differ in dispersal 
behaviour during the wandering stage can improve our understanding of the ecological and 
social selection pressures acting on colour morphs, and answer whether morph frequencies 
are maintained over time or show directional changes in different breeding populations 
(Mueller et al. 2016, chapter 4). 
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Supplemental Material 

Figure S1: Total number of days an individual was followed after emigration and within the 
first 200 days after tagging (n=64). White bars represent individuals that were lost within the 
200-days period and grey bars represent individuals that we could still follow after the 200-
days period, even after a gap due to low battery level (see Materials and methods). 
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Figure S2: Tracks of all buzzards within 200 days after tagging. Grey points represent 
locations that do not belong to any residency area. Coloured points identify residency areas 
visited by buzzards and numbered according to the order of visit. Black asterisc identifies the 
location of the natal nest. See table S7 for more information on the buzzard ID. 
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Figure S2: continued. 
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Figure S2: continued. 



CHAPTER 5 

114 

  



  COLOUR POLYMORPHISM AND NATAL DISPERSAL  
 

115 

 
Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued. 
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Figure S2: continued.  
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Table S1: Results of a linear mixed model explaining variation in emigration date (Julian) of 
64 juvenile buzzards in relation to sex (female as reference category) and morph 
(continuous, dark to very light, scaled). We controlled for year (2015 as reference category), 
hatching date (Julian, scaled), brood size (numeric, range 1–3) and body condition index 
(scaled) and included nest and pair identity as random effects. Shown are the results from 
the simplified model, except for the interaction term estimate, which is from the full model.  
 

Predictors  Estimate CI P 

Intercept  238.08 223.64 – 252.51  

Sex: male  -5.30 -12.32 – 1.72 0.14 

Morph*  -1.89 -5.81 – 2.02 0.34 

Year: 2016  4.69 -2.57 – 11.96 0.20 

Hatching date  5.89 1.73 – 10.04 0.005 

Brood size  -6.90 -12.73 – -1.07 0.020 

Body index  0.62 -2.87 – 4.10 0.73 

Sex: male × Morph*  0.75 -6.81 – 8.31 0.85 

Random Effects     

σ2 180.73    

τ00 nest 0.00    

τ00 pair ID 4.61    

ICC nest 0.00    

ICC pair ID 0.02    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S2: Results of a linear mixed effect model explaining variation in number of residency 
areas visited of 64 juvenile buzzards during their first autumn (up to 200 days after tagging) 
in relation to sex (female as reference category) and morph (continuous, dark to very light, 
scaled). We controlled for year (2015 as reference category), number of recording days 
(scaled) and emigration date (Julian, scaled) and included nest and pair identity as random 
effects. 
 

Predictors  Estimate CI P 

Intercept  6.71 5.48 – 7.95  

Sex: male  0.53 -0.72 – 1.78 0.40 

Morph*  -0.85 -1.52 – -0.19 0.012 

Year: 2016  -1.47 -2.71 – -0.22 0.021 

Recording days  0.89 0.24 – 1.54 0.007 

Emigration date  -0.83 -1.47 – -0.20 0.010 

Random Effects     

σ2 4.58    

τ00 nest 0.00    

τ00 pair ID 1.55    

ICC nest 0.00    

ICC pair ID 0.25    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S3: Results of a linear mixed effect model explaining variation in tenure in 396 
residency areas visited of 64 juvenile buzzards during their first autumn (up to 200 days after 
tagging) in relation to sex (female as reference category) and morph (continuous, dark to 
very light, scaled). We controlled for year (2015 as reference category), number of recording 
days (scaled) and emigration date (Julian, scaled) and included individual, nest and pair 
identity as random effects. Tenure in each of the residency areas was normalized by log10 
transformation. 
 

Predictors  Estimate CI P 

Intercept  2.30 2.03 – 2.57  

Sex: male  -0.06 -0.32 – 0.21 0.67 

Morph*  0.12 -0.02 – 0.26 0.11 

Year: 2016  0.15 -0.12 – 0.43 0.28 

Recording days  0.05 -0.08 – 0.19 0.44 

Emigration date  0.13 -0.00 – 0.26 0.05 

Random Effects     

σ2 1.18    

τ00 tag ID 0.00    

τ00 nest 0.00    

τ00 pair ID 0.07    

ICC tag ID 0.00    

ICC nest 0.00    

ICC pair ID 0.06    

Observations 396    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S4: Results of a linear mixed effect model explaining variation in distance from nest of 
the last residency area visited by 64 juvenile buzzards during their first autumn (up to 200 
days after tagging) in relation to sex (female as reference category) and morph (continuous, 
dark to very light, scaled). We controlled for year (2015 as reference category), number of 
recording days (scaled) and emigration date (Julian, scaled) and included nest and pair 
identity as random effects. Distance from nest was normalized by square-root 
transformation. Shown are results from the simplified model, except for the interaction term 
estimate, which is from the full model. 
 

Predictors  Estimate CI P 
Intercept  7.31 5.28 – 9.34  

Sex: male  0.68 -1.52 – 2.88 0.54 

Morph*  -0.15 -1.21 – 0.92 0.79 

Year: 2016  -1.31 -3.56 – 0.93 0.25 

Recording days  1.01 -0.13 – 2.15 0.08 

Emigration date  -0.21 -1.34 – 0.91 0.71 

Sex: male × Morph*  1.36 -0.81 – 3.53 0.22 

Random Effects     

σ2 18.06    

τ00 nest 0.00    

τ00 pair ID 0.00    

ICC nest 0.00    

ICC pair ID 0.00    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S5: We controlled for year (2015 as reference category), number of recording days 
(scaled) and emigration date (Julian, scaled) and included nest and pair identity as random 
effects. Cumulative distance travelled was normalized by square-root transformation. 
Shown are results from the simplified model, except for the interaction term estimate, which 
is from the full model. 
 

Predictors  Estimate CI P 

Intercept  9.69 7.17 – 12.22  

Sex: male  1.92 -0.81 – 4.65 0.17 

Morph*  -0.55 -1.88 – 0.77 0.41 

Year: 2016  -1.45 -4.24 – 1.33 0.30 

Recording days  1.84 0.42 – 3.27 0.011 

Emigration date  -1.06 -2.46 – 0.34 0.14 

Sex: male × Morph*  1.29 -1.42 – 4.00 0.35 

Random Effects     

σ2 27.89    

τ00 nest 0.00    

τ00 pair ID 0.00    

ICC nest 0.00    

ICC pair ID 0.00    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S6: Results of a linear mixed model explaining variation in the proportion of 
forested habitat in the residency areas visited by 64 juvenile buzzards in relation to 
plumage colour morph (continuous, dark to very light, scaled). We controlled for sex 
(female as reference category) and year (2015 as reference category) and included 
nest and pair identity as random effects. The proportion of forested habitat was 
weighted by tenure and then normalized by arcsine-square-root transformation. 
 

Predictors  Estimate CI P 

Intercept  0.35 0.16 – 0.54  

Sex: male  -0.03 -0.10 – 0.04 0.38 

Morph*  0.02 -0.06 – 0.10 0.63 

Year: 2016  0.07 -0.02 – 0.15 0.12 

Random Effects     

σ2 0.01    

τ00 nest 0.00    

τ00 pair ID 0.03    

ICC nest 0.07    

ICC pair ID 0.60    

Observations 64    

σ2 = Variance 
τ00 = Ratio of population variance between groups 
ICC = Intraclass Correlation Coefficient 
*on a three-morph scale 
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Table S7: Number of days with at least one position sent of all 72 juvenile buzzards 
tagged in our study. Additional information is sex, morph scored on a seven-scale, 
year of tagging and identity of the parents. 
 

Tag ID Sex Morph Year Pair ID N days 

550 male 4 2015 632.633 66 

550b male 2 2016 624.402 23 

551 female 6 2015 630.303 64 

552 male 5 2015 632.633 79 

553 female 6 2015 630.303 95 

553b male 4 2016 700.345 33 

554 female 4 2015 040.541 96 

555 female 4 2015 560.561 72 

556 male 6 2015 630.303 10 

557 male 6 2015 S573 52 

558 male 2 2015 040.541 110 

559 female 2 2015 045.316 108 

560 female 6 2015 461.575 78 

561 female 4 2015 104.464 7 

562 male 2 2015 542.648 109 

562b male 6 2016 126.127 105 

563 male 3 2015 442.443 104 

564 male 3 2015 S570 8 

565 male 5 2015 483.484 126 

566 female 4 2015 573.345 16 

567 male 4 2015 478.479 122 

567b female 7 2016 525.526 64 

568 male 2 2015 045.316 109 

568b female 7 2016 525.526 3 

569 male 4 2015 560.561 111 

569b male 2 2016 542.648 116 

570 male 4 2015 401.012 105 

571 female 3 2015 478.479 68 

572 male 4 2015 573.345 77 



  COLOUR POLYMORPHISM AND NATAL DISPERSAL  
 

151 

Tag ID Sex Morph Year Pair ID N days 

573 male 5 2015 S573 90 

574 male 2 2015 461.575 91 

574b male 2 2016 542.648 75 

575 male 7 2015 401.012 74 

576 female 3 2015 542.648 45 

576b female 7 2016 525.526 44 

577 male 3 2015 461.575 73 

578 female 2 2015 104.464 95 

578b male 4 2016 624.402 114 

579 male 4 2015 573.345 59 

BUTE01 male 6 2015 536.587 115 

BUTE02 female 7 2015 525.526 116 

BUTE03 male 6 2015 650.651 124 

BUTE04 female 5 2015 536.587 86 

BUZZ01 female 7 2016 306.307 7 

BUZZ02 female 3 2016 370.678 118 

BUZZ03 male 3 2016 040.541 136 

BUZZ04 female 6 2016 306.307 140 

BUZZ05 female 6 2016 514.549 148 

BUZZ07 female 6 2016 500.501 105 

BUZZ08 male 6 2016 500.501 108 

BUZZ09 male 4 2016 632.633 95 

BUZZ10 female 2 2016 045.316 136 

BUZZ11 male 3 2016 385.646 93 

BUZZ12 male 4 2016 632.633 129 

BUZZ13 male 3 2016 536.587 59 

BUZZ14 male 4 2016 536.587 107 

BUZZ15 female 2 2016 104.464 104 

BUZZ16 male 5 2016 370.678 139 

BUZZ17 male 3 2016 385.646 61 

BUZZ18 female 6 2016 483.484 122 

BUZZ19 male 3 2016 483.484 89 
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Tag ID Sex Morph Year Pair ID N days 

BUZZ20 male 6 2016 483.484 94 

BUZZ21 male 5 2016 514.549 118 

BUZZ22 male 7 2016 514.549 23 

BUZZ23 male 4 2016 672.059 173 

BUZZ24 female 2 2016 461.575 102 

BUZZ25 female 5 2016 461.575 135 

BUZZ26 male 6 2016 650.651 101 

BUZZ27 female 3 2016 672.059 121 

BUZZ28 male 4 2016 040.541 162 

BUZZ29 male 4 2016 040.541 27 

BUZZ30 male 5 2016 306.307 139 
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