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Abstract: Several studies have described geographic variation in plumage coloration, providing important
insights into the processes of local adaptation and speciation. Given that such variation appears to be
common, individuals of different origin within a single population may vary accordingly. However, as yet
no study has been able to test for such origin-related differences. The population of great tits (Parus
major L., 1758) on the small Dutch island of Vlieland is especially suitable for such a study, as we
know of every breeding adult whether it has been born on the island or not, and if it is, where on the
island it was born. Furthermore, we have previously found large differences in clutch size and survival
among birds of different origin in the same population. Here, we measured the spectral reflectance of
the yellow breast feathers, and found that yearling, but not older, birds born in the eastern part of the
island had feathers that were of a less bright yellow and UV than birds born elsewhere, irrespective
of where they were breeding. Interestingly, this difference in coloration among yearlings of different
origin shows a remarkable similarity with the genetic differences found earlier in this population with
respect to clutch size and local survival. We thus show that systematic differences in color signals may
exist within populations, among individuals of different origin, and we argue that it is crucial that such
variation and its potential implications be accounted for irrespective of whether these differences have
a genetic or an environmental basis. De nombreuses études ont décrit la variation géographique de la
coloration du plumage et ainsi ouvert des perspectives importantes sur les processus d’adaptation locale
et de spéciation. Comme ce type de variation semble être commun, les individus d’origine différente dans
une même population peuvent varier en conséquence. Cependant, à ce jour, aucune étude n’a réussi à
tester ces différences reliées à l’origine. La population de mésanges charbonnières (Parus major L., 1758),
de la petite île hollandaise de Vlieland convient particulièrement à une telle étude, car on sait, au sujet
de chaque adulte reproducteur, s’il est né ou non sur l’île et, si oui, on connaît l’endroit de sa naissance
sur l’île. De plus, nous avons trouvé antérieurement de fortes différences dans les tailles des couvées et la
survie parmi les oiseaux d’origines diverses dans cette même population. Nous mesurons ici la réflectance
spectrale des plumes jaunes de la poitrine et observons que les oiseaux d’un an, mais non les plus âgés, nés
dans la partie orientale de l’île ont des plumes de coloration jaune et UV moins vive que les oiseaux nés
ailleurs, quel que soit l’endroit où ils se reproduisent. Ce qui est intéressant, c’est que les différences de
coloration chez les jeunes d’un an d’origines différentes sont remarquablement similaires aux différences
génétiques trouvées antérieurement dans cette population, en ce qui a trait à la taille des couvées et à la
survie locale. Nous démontrons donc qu’il peut exister des différences systématiques dans les signaux de
coloration dans les populations, parmi les individus d’origines différentes; nous croyons qu’il est essentiel
de tenir compte de cette variation et de ses conséquences potentielles, que ces différences aient une base
génétique ou environnementale.
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Origin-related differences in plumage coloration

within an island population of great tits (Parus

major)

E. Postma and P. Gienapp

Abstract: Several studies have described geographic variation in plumage coloration, providing important insights into

the processes of local adaptation and speciation. Given that such variation appears to be common, individuals of different

origin within a single population may vary accordingly. However, as yet no study has been able to test for such origin-

related differences. The population of great tits (Parus major L., 1758) on the small Dutch island of Vlieland is espe-

cially suitable for such a study, as we know of every breeding adult whether it has been born on the island or not,

and if it is, where on the island it was born. Furthermore, we have previously found large differences in clutch size

and survival among birds of different origin in the same population. Here, we measured the spectral reflectance of

the yellow breast feathers, and found that yearling, but not older, birds born in the eastern part of the island had

feathers that were of a less bright yellow and UV than birds born elsewhere, irrespective of where they were breed-

ing. Interestingly, this difference in coloration among yearlings of different origin shows a remarkable similarity with

the genetic differences found earlier in this population with respect to clutch size and local survival. We thus show

that systematic differences in color signals may exist within populations, among individuals of different origin, and

we argue that it is crucial that such variation and its potential implications be accounted for irrespective of whether

these differences have a genetic or an environmental basis.

Résumé : De nombreuses études ont décrit la variation géographique de la coloration du plumage et ainsi ouvert des per-

spectives importantes sur les processus d’adaptation locale et de spéciation. Comme ce type de variation semble être com-

mun, les individus d’origine différente dans une même population peuvent varier en conséquence. Cependant, à ce jour,

aucune étude n’a réussi à tester ces différences reliées à l’origine. La population de mésanges charbonnières (Parus major

L., 1758), de la petite ı̂le hollandaise de Vlieland convient particulièrement à une telle étude, car on sait, au sujet de cha-

que adulte reproducteur, s’il est né ou non sur l’ı̂le et, si oui, on connaı̂t l’endroit de sa naissance sur l’ı̂le. De plus, nous

avons trouvé antérieurement de fortes différences dans les tailles des couvées et la survie parmi les oiseaux d’origines di-

verses dans cette même population. Nous mesurons ici la réflectance spectrale des plumes jaunes de la poitrine et observ-

ons que les oiseaux d’un an, mais non les plus âgés, nés dans la partie orientale de l’ı̂le ont des plumes de coloration

jaune et UV moins vive que les oiseaux nés ailleurs, quel que soit l’endroit où ils se reproduisent. Ce qui est intéressant,

c’est que les différences de coloration chez les jeunes d’un an d’origines différentes sont remarquablement similaires aux

différences génétiques trouvées antérieurement dans cette population, en ce qui a trait à la taille des couvées et à la survie

locale. Nous démontrons donc qu’il peut exister des différences systématiques dans les signaux de coloration dans les pop-

ulations, parmi les individus d’origines différentes; nous croyons qu’il est essentiel de tenir compte de cette variation et de

ses conséquences potentielles, que ces différences aient une base génétique ou environnementale.

[Traduit par la Rédaction]

Introduction

Given its central role in sexual selection (Andersson
1994), intraspecific variation in coloration has attracted a

great amount of interest in a wide range of taxa (e.g., Houde
1987; Milinski and Bakker 1990; Olsson 1994; Sinervo and
Lively 1996; Kodric-Brown and Johnson 2002; Hill and
McCraw 2006). Although the vast majority of these focused
solely on variation among individuals within a single popu-
lation, numerous studies have by now described differences
in coloration among populations of insects (e.g., Abbott et
al. 2008), fish (e.g., Houde and Endler 1990; Grether et al.
1999), mammals (e.g., Hoekstra et al. 2005), reptiles (e.g.,
Stuart-Fox et al. 2004; Rosenblum 2006), and many species
of birds (e.g., Slagsvold and Lifjeld 1985; Bensch et al.
1999; Hõrak et al. 2001; Doucet et al. 2004). Given that dif-
ferences in coloration among populations are common and
exist across a range of geographical scales, individuals of
different origin within a single population may also differ
accordingly. However, even though many studies have de-
scribed variation across a range of geographical scales,
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none have so far compared individuals of different origin
within a single population. However, irrespective of whether
such systematic phenotypic differences have a genetic or an
environmental basis, when individuals of different origin
vary in more ways than just their color (e.g., fitness or
mate-choice preferences) and we do not account for these
differences explicitly, this can easily lead to the incorrect in-
ference of, among others, selection or assortative mating.

In birds we can distinguish two types of (plumage) colo-
ration, namely those that are pigment-based and those that
are structural. An example of the first are the yellow and
bright red colors seen in many species, which are typically
based on carotenoid pigments deposited in the feathers (see,
for example, Table 5.1 in McGraw 2006). Birds are unable
to synthesize carotenoids themselves and thus have to obtain
them from the environment (Goodwin 1984), but there their
availability is limited (e.g., Grether et al. 1999; Tschirren et
al. 2003). As carotenoids are not only used for coloration,
but also play an important role in many physiological proc-
esses (Olson and Owens 1998), variation in carotenoid-based
coloration is often considered to be a reliable predictor of
individual quality. For example, individuals with plumage
that contains more carotenoids are healthier (e.g., Hõrak et
al. 2001; Saks et al. 2003b), survive better (Hill 1991; Hõrak
et al. 2001), are in better nutritional condition (Hill and
Montgomerie 1994), or provide more care for their young
(Senar et al. 2002).

Variation in carotenoid-based coloration among popula-
tions may reflect variation in carotenoid availability in the
environment, which may be mediated directly via the carote-
noid content of the food or indirectly via the carotenoid con-
tent of the eggs (e.g., Slagsvold and Lifjeld 1985; Hõrak et
al. 2001; Biard et al. 2006, 2007). Alternatively, birds of dif-
ferent origin may differ in their ability to incorporate the
available carotenoids into their feathers, or in the relative
amount of carotenoids allocated to plumage and, for exam-
ple, the immune system. This may have a genetic basis, but
also may be the result of (early) environmental conditions
(Hill and Montgomerie 1994; Hõrak et al. 2000, 2001; Fitze
et al. 2003; Hadfield and Owens 2006).

Of the few studies that have compared carotenoid-based
color expression in birds from different habitats and (or)
populations, most focused on nestling plumage coloration.
Slagsvold and Lifjeld (1985) found that nestlings of great
tits (Parus major L., 1758) in deciduous forest were more
intensely yellow than those reared in coniferous forest, and
Eeva et al. (1998) found that nestling great tits living farther
away from a polluting copper smelter had more intense yel-
low breast feathers. Furthermore, Arriero and Fargallo
(2006) found reduced expression of carotenoid-based colora-
tion in nestling blue tits (Cyanistes caeruleus (L., 1758))
growing up in young and structurally simple forests. Finally,
Hõrak et al. (2000, 2001) found that both fledgling and adult
great tits in a rural area were more yellow than those from
an urban area.

Carotenoid content of feathers has been found to explain a
significant and substantial proportion of the variation in the
yellowness of, for example, tail feathers of European green-
finches (Carduelis chloris (L., 1758) (Saks et al. 2003a).
However, a substantial amount of variation in yellow colora-
tion may in fact be attributable to other sources like the

underlying microstructure of the feather (Shawkey and Hill
2005). Interestingly, this microstructure reflects in the UV
part of the spectrum as well (between 320 and 400 nm)
(Eaton and Lanyon 2003; Prum et al. 2003), which birds
and many other animals are able to see (Bennett and Cuthill
1994).

The production and maintenance of this regular micro-
structure is likely to be costly. Not only is it sensitive to de-
velopmental stress, but it is also affected by external factors
like, for example, feather abrasion, the accumulation of dirt,
and the presence of feather-degrading bacteria (e.g., Örnborg
et al. 2002; Shawkey et al. 2007). UV coloration is thus, just
like carotenoid-based coloration, assumed to reflect pheno-
typic quality (Keyser and Hill 2000). Both types of colora-
tion are, however, likely to differ in their information
content (Candolin 2003; Johnsen et al. 2003), although as
yet we know very little about how birds value these funda-
mentally different components of plumage coloration (Saks
et al. 2003a; Shawkey and Hill 2005).

Here we test for differences in adult plumage coloration
across the full bird-visible spectrum among birds of different
origin within the same population. We measured the spectral
reflectance of yellow breast feathers of both male and fe-
male great tits of known origin, breeding in one of the two
subpopulations on the small Dutch island of Vlieland. Inter-
estingly, we have previously found large genetic differences
in clutch size and survival, both between birds born in dif-
ferent parts of this small island, and between locally born
and immigrant birds (Postma and van Noordwijk 2005).
However, as yet it remains unclear whether there is a causal
relationship between larger clutches and lower survival of
immigrants.

Although birds of different origin do not differ in tarsus
length, body mass, or wing length, it is important to keep in
mind that such morphological measurements provide a very
limited description of a bird, and birds may very well be dif-
ferent in ways that may be less obvious to the human eye,
but that are by no means less important. Hence we do not
only test whether birds of different origin show differences
in plumage coloration, but also compare them with the pre-
viously found differences in clutch size and survival. Fi-
nally, we briefly discuss the potential evolutionary
implications of small-scale geographic variation in plumage
coloration for the information content of color signals, and
its consequences for sexual selection in general.

Materials and methods

Study population

Vlieland is one of the smaller islands in the Dutch part of
the Wadden Sea (53.178N, 5.038E; 3258 ha) (Fig. 1). The
first nest boxes were put up in 1955, and the population has
been monitored continuously since. Nest boxes are supplied
and monitored in five more or less spatially separated wood-
lands (in total covering ca. 300 ha) and a small village.
These areas can be grouped into an eastern subpopulation
and a western subpopulation (van Noordwijk et al. 1981;
Postma and van Noordwijk 2005). Although the woodlands
in the west are younger than the woodland in the east, there
are overall no obvious differences in forest composition and
structure among the west and the east, whereas variation in
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composition and structure is relatively large within both
areas (E. Postma, unpublished data). The landscape between
the woodlands consists mainly of dunes and is unsuitable
habitat for great tits.

Since nest boxes are available in excess in all suitable
nesting habitat, it is possible to ring virtually all chicks that
are born on the island each year. Consequently, we can
make the assumption that birds breeding on Vlieland that
were not ringed as nestlings on the island are immigrants
from elsewhere (Verhulst and van Eck 1996; Postma and
van Noordwijk 2005). Although the village is part of the
eastern subpopulation, we chose not to pool the birds born
in the village and the surrounding woodland a priori, as their
environments may differ considerably (e.g., Hõrak et al.
2001).

Color measurements

During the 2004 breeding season we took four feathers
from a standardized area on the breast of males and females
caught during chick feeding. We collected feathers from
birds breeding in both the western and the eastern subpopu-
lations, but not from birds breeding in the village. The re-
flectance of the feathers (measured area approximately
1 mm2) across the full avian visual spectrum (300–700 nm)
was measured by arranging the four feathers on top of each
other, resembling the natural situation as much as possible,
and mounting them on black velvet. Five replicate reflec-
tance measurements were taken using an USB2000 spec-
trometer with a DH2000 deuterium–halogen light source
(both from Avantes, Eerbeek, the Netherlands), illuminating
and measuring perpendicular to the feathers. A WS-2 PTFE
white reference tile (Avantes) was used as a standard for
each measurement, while the black velvet on which the
feathers were mounted was used as the dark reference. A
sheath that was attached to the probe prevented ambient
light from being measured and ensured that the distance be-
tween the probe and the feathers remained constant. All
color measurements were performed blindly with respect to
the origin of the birds. In total we obtained reflectance spec-

tra for 91 males and 96 females. For sample sizes per sub-
population of birth and of breeding see Table 1.

Analysis of spectra

Raw spectral data produced by the spectrometer software
(Avasoft version 5.1 Basic; Avantes), consisting of approxi-
mately 1200 data points (the reflectance from 300 to 700 nm
at intervals of 0.3–0.4 nm), was reduced to the medians of
10 nm bandwidths. This resulted in 40 data points per spec-
trum, which were subsequently transformed into principal
component (PC) scores following Cuthill et al. (1999). PC
scores for replicate measurements on the same bird were
subsequently averaged. Repeatabilities of the PC scores
were calculated following Lessells and Boag (1987). To
help in the interpretation of the PC scores, we plotted the
PC coefficients against the original wavelength intervals
(Cuthill et al. 1999).

Statistical analysis

The main PC scores were first analyzed using an explora-
tory multivariate analysis of variance (MANOVA) that in-
cluded sex, age (yearling or older), origin (west, east,
village, or immigrant), and area of breeding (east or west),
as well as all two-way interactions. This maximal model
was then simplified by a stepwise deletion of nonsignificant
terms, starting with the interactions. Nonsignificant terms
were removed, starting with the least significant interactions
(Crawley 2007). When interactions were significant the
main terms were kept in the model, irrespective of their sig-
nificance.

Subsequently we analyzed the individual PCs separately
using ANOVA, starting with the minimal adequate model
as indicated by the MANOVA. Again we removed any non-
significant terms, starting with the least significant. If there
were significant differences among birds of different origin,
whether as a main effect or in an interaction with another
term, we subsequently tried to find the exact location of
these differences by further model simplification, lumping
together birds of different origin and testing whether this re-
sulted in a significantly worse fit of the model. Levels were
lumped based on the difference between them, starting with
the most similar (Crawley 2007). All analyses were per-
formed using R version 2.7.1 (R Development Core Team
2008).

Results

Principal component analysis

The first three PCs explained 87.5%, 7.26%, and 3.40%
of the variation, respectively, and were highly repeatable
across replicate measurements (PC1: r = 0.88; PC2: r =
0.92; PC3: r = 0.88). All other PCs explained <1% of the
variation in reflectance. As we did not standardize our re-
flectance spectra before principal components analysis by
the overall reflectance, PC1 was associated with overall
brightness (Fig. 2, open circles) (correlation between PC1
and mean reflectance: r = 0.999). PC2 and PC3 represented
variation in spectral shape. PC2 (Fig. 2, solid circles) was
positively correlated with the spectral reflectance between
400 and 500 nm, and this association was strongest around
450 nm. This is the wavelength at which the absorbance by

Fig. 1. Map of the Netherlands (inset) with the location of the is-

land of Vlieland (see arrow), and a detailed map of Vlieland with

the location of the woodlands that provide suitable nesting habitat

for great tits (Parus major) in gray, and their grouping into west

and east.
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the carotenoids lutein and zeaxanthin, the pigments that give
the breast feathers of great tits their yellow color, is maxi-
mal (Partali et al. 1987). Note that feathers with higher lev-
els of carotenoids reflect less light in this part of the
spectrum, and thus have lower values for PC2. Finally, PC3
(Fig. 2, shaded circles) was positively associated with varia-
tion in reflectance in the UV part of the spectrum (between
300 and 400 nm). Although birds most likely do not per-
ceive the UV and the yellow parts of the reflectance spectra
of the breast feathers as two separate colors, we will refer to
PC2 as reflecting variation in (carotenoid-based) yellow col-
oration and to PC3 as reflecting variation in (structural) UV
coloration. All three PCs followed a normal distribution
(Shapiro–Wilk test: P > 0.2).

A MANOVA including all three PCs showed that there
were significant differences in brightness and (or) spectral
shape with respect to sex (Wilks’ l = 0.74, exact F[3,175] =
20.6, P < 0.001) and the area of breeding (Wilks’ l = 0.92,
exact F[3,175] = 5.34, P = 0.002). Furthermore, there was a
significant interaction between age and origin (Wilks’ l =
0.89, approximate F[9,426.05] = 2.33, P = 0.014) (all other
two-way interactions: P > 0.5).

PC1 (overall brightness)

Although the main focus of this paper is on chromatic
variation (represented by PC2 and PC3, see Fig. 2), we
briefly report the results for PC1, reflecting achromatic var-

iation among individuals. Birds breeding in the east were
brighter than those breeding in the west (F[1,183] = 11.4, P <
0.001), while males were brighter than females (F[1,183] =
7.46, P = 0.007) and older birds were brighter than yearlings
(F[1,183] = 5.05, P = 0.026). The interaction between origin
and age was not significant (F[3,177] = 1.67, P = 0.18); there
was also no significant main effect of origin on PC1
(F[3,180] = 1.00, P = 0.39).

PC2 (yellow)

There was no significant difference in PC2 between birds
breeding in the east and the west (F[1,177] = 0.060, P = 0.81),
or between males and females (F[1,178] = 2.21, P = 0.14).
However, there were differences among birds of different
origin (immigrant, west, east, village), and these differences
were different between yearling (so born in 2003) and older
birds (born before 2003) (age � origin interaction: F[3,179] =
2.96, P = 0.034) (Figs. 3A, 3B).

Further model simplification by lumping birds of different
origin provided no evidence for a difference in PC2 between
birds born in the east and birds born in the village (F[2,179] =
0.068, P = 0.93); there was also no difference between birds
born in the west and immigrants (F[2,181] = 0.58, P = 0.56).
The interaction between origin (east or village vs. west or
immigrant) was, however, also highly significant in this sim-
plified model (F[1,183] = 8.45, P = 0.004).

A pairwise post hoc comparison of yearling and adult
birds from the east or the village on the one hand, and from
the west and immigrant birds on the other (on the basis of
Tukey’s honest significant differences), showed that young
eastern and village birds were significantly less yellow than
young immigrant and western birds (P < 0.001) (Fig. 3A),
while this difference did not exist among the older birds
(P = 0.99) (Fig. 3B). Furthermore, while older western and
immigrant birds did not differ from yearling birds of the
same origin (P = 0.99), older birds born in the east or the
village were significantly more yellow than yearling birds
from those areas (P < 0.001).

PC3 (UV)

Unlike in PC2 (see above), there were significant differ-
ences in PC3 between males and females, with male plu-
mage reflecting significantly more in the UV part of the
spectrum than female plumage (F[1,177] = 48.5, P < 0.001).
Furthermore, there was a significant effect of the population
of breeding on PC3 (F[1,177] = 11.5, P < 0.001). Most inter-

Table 1. Sample sizes per origin, breeding population, and age (yearling or

older) of great tits (Parus major).

Area of breeding

West East Total

Origin Yearling Older Yearling Older Yearling Older

Immigrant 13 4 15 16 28 20

West 6 9 0 1 6 10

East 2 3 21 67 23 70

Village 1 2 12 15 13 17

Total 22 18 48 99 70 117

Fig. 2. Plot of the correlation coefficients of the first three principal

components (PC) of the spectral reflectance of great tit (Parus

major) breast feathers against the original wavelength intervals.
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estingly, however, PC3 showed similar patterns with respect
to origin as PC2 (Figs. 3C, 3D).

Just like for PC2, there was no difference between birds
born in the village and birds born in the west (F[2,177] =
0.27, P = 0.76); there was also no strong evidence for a dif-
ference between birds born in the west and immigrant birds
in PC3 (F[2,179] = 1.94, P = 0.15). We again found a signifi-
cant difference between western and immigrant birds on the
one hand, and eastern and village birds on the other, and
that the size of this difference varied between yearlings and
adults (F[1,181] = 4.11, P = 0.044). As was the case for PC2,
there was a significant difference in the yearling birds (Tu-
key’s honest significant difference: P = 0.034) (Fig. 3C),
while no such difference existed among older birds (P =
1.00) (Fig. 3D).

Discussion

We found some striking differences and similarities in
both pigment-based and structural components of plumage
coloration with respect to origin among great tits breeding
on the small island of Vlieland, at least among yearling
birds. Although these phenotypic differences in coloration
among birds of different origin may have a genetic basis,
genetic differentiation between nearby populations is gener-
ally assumed to be prevented by the homogenizing effect of
gene flow owing to dispersal. Several recent studies, how-
ever, have shown that genetic differences may exist even on
a very small spatial scale (Coltman et al. 2003; Garant et al.
2005; Postma and van Noordwijk 2005). For example, it has
been shown that immigrant great tits and great tits born in
the western part of Vlieland have the genes for larger
clutches compared with birds that are born in the eastern

part of the island, which is because western birds are more
closely related to immigrants than eastern birds (Postma and
van Noordwijk 2005). The similarity between immigrant and
western birds with respect to their breast color described
here matches this genetic similarity for clutch size. Also the
difference in coloration between yearling western or immi-
grant birds on the one hand and yearling eastern birds on
the other matches the genetic difference in clutch size be-
tween these two groups of birds. The observed pattern in
coloration would thus be in accordance with a genetic dif-
ference in coloration between western or immigrant birds
and eastern birds.

However, whereas we were able to separate the role of
genetic and environmental effects in shaping the observed
patterns in clutch size (Postma and van Noordwijk 2005),
we unfortunately do not have sufficient data to perform a
similar analysis for the observed patterns in plumage colo-
ration. Our finding that birds born in the east have plu-
mage that is of a relatively less bright yellow and UV
than immigrant and western birds could thus be explained
by environmental differences between west and east as
well. For example, parasite abundance may be higher in
the eastern part of the island (Hõrak et al. 2001), or caro-
tenoid or resource availability may be lower (Hill 1993;
Hill and Montgomerie 1994; Hõrak et al. 2001). Note,
however, that it is the eastern birds that are less yellow
and UV, which might suggest that conditions would be
worse in the east than in the west. This is in contrast with
the earlier finding that birds breeding in the east have
higher recruitment rates than those breeding in the west,
and that birds born in the east have higher survival rates
than those born in the west (Postma and van Noordwijk
2005).

The absence of a difference between birds of different ori-
gin among the older birds, of which most will have molted
in their area of breeding, argues against a genetic difference
between yearling great tits from the east and the village on
the one hand, and western birds and immigrants on the
other. It should, however, also be noted that differences be-
tween age classes within a single year are confounded by
differences among cohorts. Furthermore, without data from
multiple years and multiple observations on the same indi-
vidual at different moments in time, it is impossible to dis-
tinguish between age effects and effects of selection. So,
although the absence of an origin effect among birds born
before 2003 is intriguing and deserves further attention, we
can currently only speculate about possible explanations.

Irrespective of the underlying mechanisms, we have
shown that differences in both structural and pigment-based
components of coloration can exist at very small spatial
scales, and that these differences match those found earlier
for clutch size and survival. This may have a number of in-
teresting evolutionary implications. First, if we would have
been unable to distinguish birds of different origin, as is the
case for the majority of studied populations, the similar
patterns we found for coloration, clutch size, and survival
would result in a strong association between coloration
and fitness, suggesting that natural selection is acting di-
rectly on plumage coloration. Second, as individuals are
by chance more likely to have a partner from the same
(sub)population, ignoring systematic differences in colora-

Fig. 3. Mean (SE) variation in yellow (PC2) (A: yearling; B: older)

and UV (PC3) (C: yearling; D: older) with respect to origin. Note

that great tits (Parus major) with higher values of PC2 appear less

yellow, while birds with higher values of PC3 are more UV. PC3

values have been corrected for the effects of sex and area of breed-

ing. Immi, immigrant.
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tion between (sub)populations will result in a correlation
between the color of males and of females, which could
be interpreted as evidence for assortative mating with re-
spect to plumage coloration.

Differences in color between (sub)populations may also
have important implications for sexual selection. For exam-
ple, if immigrant birds differ in their appearance from local
birds, this may facilitate assortative mating with respect to
origin, and thereby reduce gene flow into the population
(Verhulst and van Eck 1996). On the other hand, however,
if their brighter yellow and UV plumage makes immigrant
males more attractive to females (e.g., Hill 1991; Bennett et
al. 1997), then this may in fact increase the amount of gene
flow into the population. Furthermore, if immigrants are
more brightly yellow and UV than local birds, yet are of
similar (genetic) quality (because the price of more intensely
colored plumage differs between populations), then this may
undermine the reliability of plumage coloration as an honest
indicator of quality (Zahavi 1975) and promote the evolution
of multiple ornaments (Møller and Pomiankowski 1993).

On the whole we conclude that spatial variation in plu-
mage coloration can exist on relatively small spatial scales,
and even among birds breeding in the same area but of dif-
ferent origin. Irrespective of whether these color differences
have an environmental or genetic basis, when not accounted
for explicitly they may seriously affect, for example, esti-
mates of selection and assortative mating. Furthermore, our
results emphasize that local and immigrant birds may differ
in many ways, and that many of these differences are not
obvious to the human eye. These differences can play an im-
portant role in shaping gene flow and the reliability of sexu-
ally selected characters, and thereby the processes of both
natural selection and sexual selection.
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