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Seven
Degree of melanin plumage coloration in a
grassland-breeding shorebird: interpretable
correlations with nest density

Julia Schroeder, Niko M. Groen, Rosemarie Kentie, Pedro M. Lourenço,
Jos C. E. W. Hooijmeijer, Christiaan Both, Theunis Piersma 

Abstract

Sexually selected male plumage ornamentation is known to play a role in male-male interac-
tions about territory acquisition. Melanin plumage ornamentation has also been proposed to
show pleiotropical links with steroid levels and aggressiveness. Here we present evidence consis-
tent with a link between melanin plumage coloration and territorial behaviour, the latter inte-
grated as nest density, in a grassland breeding shorebird, the black-tailed godwit Limosa limosa.
Paler male godwits nested at higher densities, their nests were defended by a larger number of
birds and their eggs had a higher probability of hatching. Nests at higher densities contained
larger eggs. A previous study showed that paler males were mated with females that layed larger
eggs, and our data are consistent with this even when nest density was statistically accounted
for. To explain why paler birds may nowadays have an advantage over more colourful birds, we
argue that a recent change of habitat quality and heterogeneity may have led to relaxed compe-
tition for nest sites. We suggest that females in areas with an abundance of high quality habitat
choose for either pale males or high nest density sites, because these males tolerate nesting at
higher densities where fitness is predictably higher. Thus, male melanin plumage coloration
may also be linked with territorial behaviour, with historically changing plumage ornamenta-
tion patterns as the phenotypic outcome.
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Introduction

SEXUALLY SELECTED PLUMAGE ORNAMENTATION can evolve when conspicuous
plumage ornaments signal competing abilities to conspecifics and when individuals
compete for scarce resources such as mates, access to food, or nesting sites (Andersson,
1994). If competitors of higher quality are preferentially mated with, and sire more,
offspring, and when ornamentation is heritable, this may lead to exaggerated and
conspicuous plumage ornamentation (Andersson, 1994) that must be costly in order to
be reliable (Grafen, 1990). Until recently, it was unknown how the expression of
melanin-based plumage ornaments could evoke physiological costs (McGraw et al.,
2002; McGraw 2008; but see Griffith et al., 2006). Ducrest et al., (2008) proposed that
the POMC gene pleiotropically links melanin coloration, stress-resistance, aggressive-
ness and steroid levels. Since coping with stress and steroid receptiveness may vary
between individuals, such genetic linkage provides an explanation for the costs of
melanin plumage coloration (Kempenaers et al., 2008). Further, these behavioural
traits and melanin coloration may be linked by dynamic feedbacks rather than being
unidirectional (Rubenstein & Hauber, 2008). This suggests, without assuming directed
causality, that more ornamented individuals would be more aggressive, have higher
stress-resistance and steroid levels, and more likely to succeed at competitive interac-
tions (McGraw et al., 2003). The feedback dynamics may also explain empirical corre-
lations between sexually selected plumage traits and environmental changes or social
interactions, and thus orchestrate the evolution and maintenance of sexually selected
plumage coloration (Safran et al., 2008; Rubenstein & Hauber, 2008). 

Black-tailed godwits (Limosa l. limosa) provide an example of a species in which
sexually selected, melanin plumage coloration has undergone historical change at the
population level (Schroeder et al., 2008; 2009), and of which individuals show covaria-
tion between POMC gene variation and plumage (A. Roulin et al., unpubl.; Toral et
al., 2008). Male black-tailed godwits defend their territory by ground and aerial
displays where the melanin plumage may be important (Lind, 1961; Green et al.,
1990; Beintema et al., 1995). If in godwits plumage coloration and aggressiveness were
indeed pleiotropically linked, we would expect male godwits with a more colourful
plumage to be more successful in competitive interactions with conspecifics (McGraw
et al., 2003) and being able to secure a larger territory of (in heterogeneous habitats)
presumably better quality (Fretwell & Lucas, 1970). 

However, for a vulnerable open-nesting species like black-tailed godwits, breeding
in close proximity to conspecifics can also be beneficial, for example because it
enables group defence strategies (Green et al., 1990; Beintema et al., 1995;
MacDonald & Bolton, 2008). Nest defence or anti-predator behaviour to protect the
clutch and the offspring is common among birds (e.g. Kis et al., 2000; Kontiainen et
al., 2009). High nesting density can reduce predation risk, because the risk of being
injured or killed during predator defence is spread among many, and because more
defending birds are more effective in driving predators away (Inman & Krebs, 1987;
Kis et al., 2000).
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Here we examine the following predictions for black-tailed godwits breeding on a
high-quality breeding site in The Netherlands. (1) We expect that at higher nest densi-
ties, more godwits will be involved in predator defence. (2) In homogenous habitats of
relatively high quality like hay meadows in The Netherlands, nests that are defended
by more birds should contain larger eggs and be more likely to hatch than more soli-
tary nests. (3) We expect more ornamented godwit males to breed at lower densities
than less ornamented males. Size may enhance agility, and thus effectiveness of aerial
defence; therefore, we additionally analyzed breeding density with respect to wing
length (Jönsson & Alerstam, 1990).

Methods

Field methods
We carried out our studies at the Northern part of the Workumerbinnenwaard,
province of Friesland, the Netherlands (52°59’N, 5°24’E) in 2004–2007. This is an
area of 243 ha grassland mown from early June onwards. For a detailed description of
the study area see Van den Brink et al., (2008). Briefly, local volunteers of the meadow
bird conservation group Fûgelwacht Warkum found nests and reported approximate
locations to us. We revisited the nests and determined exact positions with handheld
Garmin GPS 12 devices to the nearest 2 m. We calculated nest density as the number
of all nests in the area of 250 m radius around the focal nest (hereafter “density”). We
chose a radius of 250 meters because this is a reasonable indication of a godwit terri-
tory (Groen, 1993; Van den Brink et al., 2008). To calculate density, we excluded all
nests that were located on edges to areas that harboured godwit nests in unknown
numbers. However, these nests were still used for calculation of density for other nests.

At the first visit, eggs were measured. Incubation stage and estimated hatching
dates were calculated following Liebezeit et al., (2007). Average egg volume was calcu-
lated by the formula (length*width2*0.52) and averaged per nest (Romanoff &
Romanoff, 1949). Egg volume did not change over the course of the season; however,
it may vary between years (unpubl. data). Therefore, we standardized egg volume per
year. To minimize disturbance, nests were only visited again shortly before predicted
hatching, to confirm hatching success (yes/no) and to catch adults (see below). This
resulted in 323 nests with known nest density, egg volume and hatching success. 

From 2005 onward, we counted the number of godwits alarming in flight when we
approached a nest (Brunton, 1990). Because birds often do not defend nests early in
incubation and during egg laying (Kis et al., 2000; pers. obs.), we only used data of the
first observation of nests incubated for more than 10 and less than 20 days. We have
data on the numbers of alarming birds, hatching success and density near 143 nests
from 2005-2007.

Adult godwits were captured in late incubation in 2004–2007. When cracks were
found in the eggs three days before the estimated hatching date, or when the chicks
were audibly beeping from inside the eggs, two indicators of a very close hatching
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date, catching attempts were undertaken with either a walk-in trap or an automatic
fall-trap. The traps were constantly monitored by an observer from a hidden place
(ditch edge). Immediately after a bird entered a walk-in trap and sat down on its nest,
an observer started running towards it causing the bird to f lee. The funnel shaped
entrance of the walk-in trap prevented the bird from escape until the observer reached
the cage. The automatic fall-trap consists of two metal rings connected with mistnet
fabric. Both rings rest atop of three metal poles that are placed around a nest. This
construction allowed a bird to enter the trap from all sides. Once the bird sat down on
its nest, the lower ring was released by a remote control and the bird was trapped, and
immediately picked up by an observer. The two types of traps did not lead to any
observable change in the birds behaviour and we never observed nest abandonment
after catching attempts (Schroeder et al., 2008; 2009). 

A blood sample of 20 µl was taken from the brachial vein for molecular sex assign-
ment, for which we followed the protocol described as in Griffiths et al., (1998), slightly
modified to prevent sexing errors following Schroeder et al., (2008). We measured wing
length (f lattened and straightened, ± 1 mm). We took digital pictures of the birds in a
standardized way and scored breeding plumage of all male birds (black bars on the
belly, the orange plumage on neck and breast, the amount of white plumage in the
head plumage, the extend and number of breeding feathers on the back), as detailed by
Schroeder et al., (2008; 2009). We collapsed the plumage scores in a principal compo-
nent analysis. The first principal component (PC1 hereafter) explained 53.6% of varia-
tion in plumage coloration, and birds that score high are more colourful than birds that
score low (eigenvalue: 2.68). This resulted on plumage, wing length and density data
on 56 observations of 51 male godwits. Variation in sample sizes results from missing
values. All fieldwork was carried out in accordance with the Dutch Animal Welfare
Act Article 9, and the Animal Welfare Office of the University of Groningen granted
permission to conduct this work under the under licence number DEC 4112B.

Statistics
We tested whether aerial defence was related with a higher hatching success and
whether nests defended by a larger number of godwits contained larger eggs. If,
because of the increasing value over time of the clutch, predator defence were stronger
later during incubation, we would expect late nests to be defended by more birds.
Since nests late in incubation would have a higher probability to hatch than nests
found earlier, this gives a potential bias (Mayfield, 1975). We accounted for this bias by
using only the first observation of each nest after the 10th day of incubation and
adding the incubation stage as a covariate to the models. We tested for the effect of
defence on hatching success with a generalized linear model (GLM) with a binomial
error distribution and a logit link function. To test for an effect of defence on egg
volume we used a linear model (LM). We then tested whether nests in higher densities
were defended by more godwits than nests in lower densities, and we used a GLM
with a Poisson error distribution and a log link function, adding year as a factor and
incubation stage as a covariate. 
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To investigate whether male plumage and wing length influenced breeding density,
we used a generalized linear mixed model (GLMM), with a Poisson error distribution
and a log link function, where individual males were modelled as random effects on
the intercept to correct for pseudoreplication (Gelman & Hill, 2006). We tested for
quadratic effects of wing length and plumage coloration. Females may choose to lay
larger eggs when mated with a more colourful male, when nesting at high nest densi-
ties, or both. We used a linear mixed model (LMM) to explain standardized egg
volume, with plumage and density as explanatory covariates, and individual as
random effect. We used a GLM with a binomial error distribution and a logit link
function to determine whether nests in higher densities would be more likely to hatch,
and added year as fixed factor. There was no evidence for overdispersion in any of our
models. 

We used R 2.8.1 for computing statistics, the glm() function for computing GLMs,
the lm() function for LMs and the lmer() function of the lme4 package to compute
LMMs and GLMMs (R Development Core Team, 2008). We report parameter esti-
mates and confidence intervals of the most parsimonious model obtained using the
Akaike information criterion (AIC, Burnham & Anderson, 2002).

Results

THE BINOMIAL LOGISTIC MODEL explaining hatching success showed that nests with
more birds taking part in the aerial defence were more likely to hatch (Fig. 7.1; GLM,
bdefence ±SE = 0.56 ±0.19, Z140,142 = 2.93, P = 0.003, N = 143). The covariate ‘incuba-
tion stage’ was not significant, but we left it in the final model to correct for the bias in
hatching success (bincubation stage ±SE = -–0.06 ±0.07, Z140,142 = –0.82, P = 0.41). Nests
that were defended by a larger number of godwits did not contain larger eggs (LM:
F1,137 = 0.61, P = 0.44; N = 139). Nests at higher densities were defended by a larger
number of birds (GLM, final model: bdefence ±SE = 0.05 ±0.21, Z139,142 = 2.07, P =
0.04, N = 143). The covariate ‘incubation stage’ did not contribute significantly to the
variation here either, but like the variable year, we left it in the final model to correct
for any bias in hatching success (Pincubation stage = 0.33, Z139,142 = –0.98, Pyear< 0.001,
Z139,142 = –9.14). The quadratic term for number of defending birds was not signifi-
cant and we removed it from the final model (term removed from GLM: Pdefence^2 =
0.45, Z139,142 = 0.76).

Paler males bred in higher densities than more ornamented males (Fig. 7.2). The
quadratic term for wing length and wing length itself were removed from the final
model (GLMM including the quadratic term wing length2 compared with the final
model: Pwing length^2 = 0.77, dAIC = 60; Pwing length = 0.96, dAIC = 2.0). Similarly, the
quadratic term of plumage coloration was not statistically significantly related to
breeding density and we removed it from the final model (PPC1^2 = 0.35, dAIC = 1.3),
which then only contained the variable for plumage coloration (final model GLMM:
bPC1 ±SE = –0.18 ± 0.08, Z = –2.18, P = 0.02; N = 56 observations of 51 individuals).
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We found that nests in higher density areas contained larger eggs (Fig. 7.3; LM:
b ±SE = 0.02 ±0.009, F1,321 = 3.96, P = 0.047). We found no effect of density on
hatching success (GLM, b ±SE = –0.01 ±0.02, Z321,322 = –0.47, P = 0.64; N = 157
hatched, 166 did not hatch). Year did not remain in the most parsimonious model
(dAIC = 2.11).

In a model explaining egg volume on the basis of nest density and male plumage
ornamentation, in contrast to the result presented above, the parameter estimate for
nest density was not significant (P = 0.59) and unlike male plumage ornamentation, it
was removed from the final model (dAIC = 7.72). There was a tendency for paler
males to be mated with females laying larger eggs, although the parameter estimate
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Figure 7.1: The proportion of successfully hatched nests in relation to the number of godwits
alarming when an intruder (researcher) made a nest control at black-tailed godwits nest in The
Netherlands. Numbers above the graph represent sample sizes.
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Figure 7.2: Plumage ornamentation of male black-tailed godwits (measured as PC1, higher
scores translate to more colourful birds) in relation to nest density (number of nests in a radius of
250 meters around the focal nests) of godwits breeding in The Netherlands. Line depicts model
prediction of a GLM with a Poisson error distribution and log link function, density as response
and PC1 as explanatory variable.



itself was not significant (LMM: b ±SE: –0.29 ± 0.14; t = –2.03, P = 0.14; N = 53 obser-
vations on 49 males). It must be noted that within a larger sample in the same dataset
(due to males caught on nests that were considered edge nests here, see methods),
paler males were statistically significantly mated with females laying larger eggs
(Schroeder et al., 2009). 

Discussion

WE FOUND CORRELATIONS BETWEEN NEST DEFENCE or alarm behaviour, nest
density, male plumage ornamentation and reproductive parameters in a Dutch black-
tailed godwit breeding population. Our results support the notion that these behav-
iours are linked, and that these links may play a role in the maintenance of sexually
selected traits in black-tailed godwits. 

Nests at higher densities were defended by more godwits, and contained larger eggs
than more solitary nests. Further, nests defended by a larger number of godwits were
more likely to hatch. Increasing density can lead to decreasing fitness expectations, but
it can also be beneficial (Fretwell & Lucas, 1970). Predators seem to avoid, or be less
successful in, areas that are defended by many birds in contrast to areas with little
defence (Elliot, 1985; Inman & Krebs, 1987). More birds defending together against
predators is often related with higher nesting success (e.g. Becker, 1995; Larsen et al.,
1996; Harris, 2008; MacDonald & Bolton, 2008). Usually, and this is not different in
our study area, godwits breed close to other meadowbirds sporting a similar defence
strategy against aerial predators, like Northern lapwing (Vanellus vanellus) and
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Figure 7.3: Nest density (number of nests in a radius of 250 meters around the focal nests) of
Black-tailed godwits breeding in The Netherlands in relation to average egg volume per nest,
standardized per year. Line represents linear regression.



Eurasian oystercatcher (Haematopus ostralegus, Beintema et al., 1995). These birds,
when nesting close by, will help driving predators away. Not including these shorebird
species in our analysis may have lowered our statistical power but should not affect the
direction of our results. Also, we cannot fully exclude the possibility that godwits
simply breed at higher densities in areas with higher breeding success and/or lower
predation pressure. However, we consider this unlikely because we measured density
on a relatively small scale (250m around the nest), whereas the breeding area most
likely has a spatially rather constant level of predation pressure from birds of prey.
Therefore, we suggest that anti-predation behaviour of black-tailed godwits may be
more effective in preventing clutches from being depredated when more godwits
participate.

We have shown that females lay larger eggs in areas with higher nest density. Yet,
when male plumage was added to the analysis in a smaller sample size, the factor nest
density was no longer significant. Since egg production is physiologically costly for
females, in species with an invariant clutch size like black-tailed godwits egg volume
may be an indication of female reproductive investment (Williams, 2005; Bonato et al.,
2009). A female may decide how much to invest in current reproduction, i.e. the size
of the eggs to produce, dependent on certain cues, for instance territory quality or
mate quality (Cunningham & Russell, 2000; Loyau et al., 2007). Two possible cues are
nest density and/or male plumage ornamentation. In our relatively small dataset, this
relationship was best explained with male plumage as found before (Schroeder et al.,
2009). Female godwits lay larger eggs when mated with paler males who apparently
happen to breed at higher densities. That the effect in the present study is not statisti-
cally significant most likely reflects lack of statistical power. 

In any case, this correlation between male plumage and female reproductive
investment does not necessarily mean that the two are causally related. Such a correla-
tion could also arise if females adjust reproductive investment according to the quality
of the nesting site, which they may asses, possibly next to nest density, by additional
features like estimated food resources for offspring, prior breeding success at a given
nest location, or male timing of migration. The latter could be ref lected by male
breeding plumage (Piersma & Jukema, 1993; Schroeder et al., 2009). Although we
cannot conclude which cue (plumage or density) may be more important (Schroeder et
al., 2009), we think it is important that the two traits were suggested to be pleiotropi-
cally linked by the POMC gene and melanocortin receptors (McGraw et al., 2003;
Ducrest et al., 2008; Rubenstein & Hauber, 2008). This supports the suggestion that
both, intersexual competition for territories and male plumage play a role in sexually
selected traits in godwits.

Paler males bred in higher densities. Thus, more ornamented male godwits were
able to evict other godwits from their territory, or paler males preferred or were
enabled to nest in closer proximity to conspecifics. Johnson & Lanyon, (2000)
suggested that greater habitat heterogeneity in marshes would lead to stronger inter-
male competition, and favour the evolution of sexually selected ornaments. Turning
around their argument, in godwits, a historical habitat change from marshes to
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meadows may have lead to relaxed intersexual competition for nesting sites, due to the
higher food abundance for adults in agricultural areas (Haverschmidt, 1963; Bijlsma et
al., 2001; Schroeder et al., 2009). This may have lead to signalling in male-male
competition become less important and allowed birds to nest closer together. Further,
predation danger increased, while breeding success decreased during the last decades
(Schekkerman et al., 2009), and both factors may lead to cooperative defence and
breeding in higher densities become more important. 

Conclusion
Our data are consistent with the idea that in black-tailed godwits, male plumage orna-
mentation is linked with behaviour, and that the interplay between melanin ornamen-
tation, nesting density and predator defence behaviour may be important for the
evolution and maintenance of sexually selected traits in godwits. 
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