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General

IN THIS THESIS, we discuss how within-population individual differences are affected
by changing selection pressures due to large-scale land-use changes, changes we
humans impose on the environment. Traditionally, when the environment of a species
is changed through human activities, we report demographic parameters to assess the
situation. This is important for the monitoring of population size and the assessment
of the extinction risk. However, as unpromising such situations are, we can addition-
ally utilize such changes to learn about the biology of the individuals of the affected
species (Piersma, 2006). This approach has been taken by many studies that unravel
effects of climate change on the avian annual schedules (Crick & Sparks, 1999; Both &
Visser, 2005; Visser & Both, 2005; Both et al., 2006), and effects of changes in habitat
available for populations (Baker et al., 2004). Alike, we can also utilize other anthro-
pogenic changes to learn about behavioural ecology. Especially in species that
changed their traditional, natural habitat for an anthropogenically modified one it
might be interesting and instructive to discuss impacts of human interference with
nature from a historical perspective, on both, the individual and the population level.
Sometimes, this may allow us to learn about how animals can adapt to a changed
environment with phenotypic f lexibility with respect to individual characteristics and
life-history traits, and how they cannot. We may be able to unravel sequences of inter-
correlated individual fitness traits that can affect demographic parameters in ways
that may otherwise be hard to predict. Ultimately, such studies should help us find
ways to reconcile human and animal requirements and find solutions that enable
coexistence.

We discuss and examine the response of organisms to changes in the environment.
What exactly is adaptive? The basic idea of adaptation is the change due to natural
selection that makes an individual better suited to its environment (Townsend et al.,
2006). But in our framework of species coping with a changing world, it may mean
two things: (1) a change in gene frequency, that leads to a change in trait frequency
that benefits the bearer of the now more frequent trait expression. In this case, indi-
viduals with a certain genetic make-up are performing better, gaining higher fitness
and adding more offspring to future generations that individuals with a different, less
fit genetic make up. (2) However, some traits may also be phenotypically plastic,
evolved to change with a changing environment. This adaptive response is called reac-
tion norm. For instance, birds may decide to breed earlier or later, because that bene-
fits their fitness in certain years while not in others. In this case, phenotypes change
but not the underlying genetic variation, because birds may be able to breed early one
year and late the next. The degree of phenotypic plasticity can provide us information
on the original environmental variation of the organisms’ natural habitat; it in a
certain way is a display of the evolutionary history of that species. Hence a phenotypi-
cally plastic response to a changing environment evolved to benefit the fitness of the
organism within its natural environment. But, if the environment change is unpre-
dictable and unnatural, such adaptive (in the natural environment) phenotypic
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responses can be maladaptive (in an environment that differs strongly from the natural
one). Since individual responses to a changing world not only affect individual fitness,
but also population dynamics, a maladaptive individual response can have severe
population consequences.

In this work we often fail to distinguish between phenotypic plasticity and evolved
adaptations. To make this distinction, one has to determine the genetic basis and the
heritability of the focal traits, which provide basic information on the scope of evolu-
tionary change (Falconer & Mackay, 1996). Further, determing reaction norms
requires cross-foster experiments to disentangle the fitness effects of the genotype from
those of the environment (Falconer & Mackay, 1996). Both experiments require
knowledge on f ledged and recruited offspring, something our study species is not
suited for, methologically and, most importantly, because of the extremely low recruit-
ment rate.

In this last Chapter, I want to summarize our findings and put them in perspec-
tive. The dominating theme of this thesis is how human-made habitat changes
throughout the range of Black-tailed godwits during the last century may have led to
changes in selection pressures that act on fitness correlates. For black-tailed godwits
breeding in The Netherlands, advancing and intensifying agricultural schedules
together with climate warming have led to increased penalties for late breeding in
black-tailed godwits (Haverschmidt, 1963; Zwarts et al., 2009). Simultaneously, condi-
tions for adults during egg production may have improved (Bijlsma et al., 2001; Zwarts
et al., 2009). The switch from natural wetlands to agricultural breeding habitats most
likely affected competition for nesting territories, and this in turn may have affected
the importance of the information content of male plumage ornamentation. The
remodeling of natural wetlands, or even of dry land, into rice fields on the Iberian
Peninsula, and therewith a change in diet on the spring staging grounds, may also
have inf luenced godwit biology. In this thesis, we discuss possible consequences of
these changes for godwit life-history traits, sexually selected characters and demo-
graphic parameters.

The nature of changes inflicted by human activities over a long time span makes it
impossible to conduct experiments. Therefore, the patterns we observed are correla-
tive and aimed to provide testable hypotheses. Many of the variables my coauthors
and I collected data on are correlated with each other and that makes it very difficult,
if not impossible, to prove causation. To improve this situation, we gathered more data
for supportive, yet circumstantial evidence on a different subspecies (the Icelandic
godwit, Limosa l. islandica), and on historical datasets (Chapters 5, 6, 8). We also tried
to test hypotheses and expectations derived from examining data collected over the
last several decades and other research programs (Chapters 3, 6, 8). In addition, we
repeated some of our analysis on larger datasets (Box B, Chapters 3, 4 and 8). We
think that this data is valuable and the conclusions we draw may be of help to under-
stand the phenotypic adaptive potential of black-tailed godwits, and also other mead-
owbirds, with respect to directional changes that humans are imposing on their
habitat. 
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Timing of breeding

Optimal timing of breeding
Lack (1950) first brought up the idea of the optimal timing of breeding. The time
when birds raise the highest number of offspring was suggested to be that time of the
season when food availability for chicks peak. Subsequent studies showed that this
view was conceptually right, but too simplistic, because it appeared that most birds
behaved suboptimal: the majority of birds bred too late, and only the very early
breeding birds met the optimal timing of breeding (Drent & Daan, 1980). Now, what if
the optimal timing of breeding also depends on individual features of the parents with
respect to the environment? 

It was proposed that the nutritional state of a female during the phase of egg laying
was important for the timing of breeding because it directly affects via energetic
constraints the number and size of the eggs a female is able to lay (Drent & Daan,
1980; Daan & Tinbergen, 1997; Drent, 2006). Timing and quantity of egg production
is affected by the nutritional state of the egg-laying female (Bolton et al., 1992;
Ratcliffe et al., 1998). Since the amount of resources animals can allocate is limited,
resources used for reproduction cannot be allocated to maintenance and self-survival
(Stearns, 1992). Thus, the amount of resources a female is willing and able to allocate
to egg production is assumed to affect her future survival. Females are selected to
maximize liftetime reproductive output, and not annual reproductive output. This
major trade-off between current and future reproduction is the basis of all life-history
theory; it affects how females decide when to lay eggs, their number and size and is
supposed to be the reason why so many females seem to lay too late.

The life-history context
The way this trade-off is accounted for in a particular life-history depends on the
ecology of the species. At the extremes, there are species that have only a single repro-
ductive season (semelparity) and a majority (to which all bird species belong) that
reproduce more than once in a lifetime (iteroparity). In the first case, a female will put
all her resources in the first (and last) reproductive attempt, at the cost on her own
survival (Cole, 1954). In such species only the fitness of the chicks should affect timing
of breeding (Bennett & Owens, 2002). In cyclic and somewhat stochastic environments
however, iteroparity will be more successful (i.e. Wilbur & Rudolf, 2006; Simons,
2009). The benefit of such a reproductive strategy is the spreading of risk. If reproduc-
tion during one year fails due to external circumstances (stochastic catastrophic
events), the next years offer more chances of producing offspring (Cole, 1954; Orzack
& Tuljapurkar, 2001). In such species clearly the importance of adult survival and
future reproductive success increases with the life expectancy. Extremely long-lived
organisms are expected to shun unexpected costs to their offspring or even refrain
from a year’s reproduction if external conditions are too detrimental (Stearns, 1992;
Erikstad et al., 1998; Bennett & Owens, 2002; Orzack & Tuljapurkar, 2001). 

While there is no true semelparous bird species, there is considerable variation in
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mortality and reproductive rate (Bennett & Owens, 2002). Some bird species, among
those short-lived passerines, reproduce only in two years on average, while others, for
instance albatrosses and parrots have a reproductive lifespan of on average more than
50 years (Carey & Judge, 2001). We expect that such differences in life history affect
decisions on the optimal timing of breeding.

The costs of reproduction
Life-history theory ref lects on the trade-off between future and current reproductive
success and relies on the assumption that reproduction is costly in terms of parent
survival. This major assumption is often made, but also subject to debate (i.e. Cam et
al., 2002; Harshman & Zera, 2007; Ricklefs & Cadena, 2007; Mace & Pelletier, 2007;
Weladji et. al., 2008). In birds, egg production is physiologically costly to laying
females, but also costly with respect to life history traits (see review by Williams, 2005).
Nutrition limits timing of egg production, but also, and especially when nutritional
quality is considered, egg and clutch sizes (Williams, 2005). Within species, it has been
shown that egg production does affect survival and/or fecundity of females (Monaghan
et al., 1998; Nager et al., 2001; Visser & Lessells, 2001). In this thesis we have used egg
volume as indicator of the investment of a female into reproduction. Our line of
reasoning is since godwits nearly always lay a clutch of four eggs, females can only
vary investment to clutches by varying egg size and the timing of laying. We did not
consider egg quality and content. Egg volume has previously been shown to ref lect
female nutritional status at laying (Amat et al., 2001; Sanchez-Lafuente, 2004; Karell
et al., 2008) and female godwits relatively heavier for their size lay larger eggs (Chapter
3, Box B). We therefore assume that average egg volume per nest is costly for female
godwits and thus can be used as an index of female reproductive investment (Bonato et
al., 2009).

Optimization of reproduction in a long-lived farmland bird
In species with different food sources for adults and chicks, the phenologies of the two
types may be differentially affected by environmental changes. Adult godwits forage
on earthworms and leatherjackets, and the availability of these is to a certain extend
positively affected by warmer winters and increasing amounts of fertilizers applied by
farmers (Beintema et al., 1985; Beintema et al., 1995; Edwards & Lofty, 1982; Jordan
et al., 2004; Timmerman et al., 2006; Zwarts et al., 2009). Chicks, on the other hand,
rely on insects dwelling in the grass canopy, whose phenology is earlier in years with
warmer springs, but whose abundance is reduced considerably by mowing (Beintema
et al., 1991; Schekkerman & Beintema, 2007). This means that advancing agricultural
schedules together with climate warming should have led to a higher and better food
availability early in the season for adults, but also earlier, but unpredictable reductions
in food availability for chicks (Bijlsma et al., 2001; Schekkerman & Beintema, 2007;
Zwarts et al., 2009).

In Chapter 3 we speculate that godwits may decide on how much to invest in
reproduction and when to lay eggs based on cues that are informative on adult food
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availability during egg production. But while conditions for adults during egg laying
have improved since the 1950s, conditions for offspring have become worse: warmer
springs, improved plant species for more hay production and optimized fertilization
schedules allow farmers to mow grasslands earlier and multiple times in the season
(Haverschmidt, 1963; Bijlsma et al., 2001; Zwarts et al., 2009). Earlier mowing is
dangerous for godwit chicks and clutches, and even lowers survival of chicks that
survived the blades, especially for those born late in the season (Schekkerman &
Beintema, 2007). Beintema et al., (1985) proposed that godwits did advance their
laying date for approximately two weeks between 1911 and 1974, however, it was
suggested that they did not do this in response to increased penalties for late clutches
but rather because of improved conditions for females during laying. In a dataset
found in Haverschmidt (1963), the first egg date in Friesland advances by approxi-
mately 10 days from 1929-1962, and the arrival date of godwits in Friesland advanced
alike (Chapter 3).  Such advancement theoretically should have led to a longer
breeding season and thus may have also allowed more second or replacement clutches.
However since mowing advanced during that time, too (Haverschmidt, 1963; Bijsma
et al., 2001; Zwarts et al., 2009), we suggest that the breeding season got cut off at the
end of the season and that (late) second clutches may have been of little importance.

For the time after 1976, we find no evidence for any further advance in the timing
of laying in godwits (Chapter 3). Cranef ly abundance (Tipulids), the major food for
godwit chicks, depends on weather during summer of the previous year (Pierce-
Higgins et al., 2009). Such a lag in response can lead to an even more delayed
response in the higher trophic bird populations whose chicks rely on the insects for
food. For instance, in golden plovers (Pluvialis apricari), whose chicks like many other
temperate breeding shorebirds forage on adult crane flies, productivity was related to
the summer temperatures the pre-previous year (Pierce-Higgins et al., 2009). Such a
delayed response is difficult to detect, and it might be worthwhile to examine the
patterns of timing of breeding in godwits with respect to such a mechanism. However,
as for now, the reason of why godwits did not further advance laying date since 1976
despite an improvement of the conditions for the egg laying females, need further
scrutiny and should be a fertile area of future work. We need to examine abundance
and availability patterns of chick prey in relation to climate in natural areas, and relate
timing of breeding to those. One possibility would be to conduct experiments with
delayed or advanced timing of breeding, where eggs of nests of different incubation
stages are swapped; together with radio tagging of the chicks to precisely determine
f ledging success. To determine the inf luence of anthropogenetic interferences at
different levels, the very same experiment could be conducted in habitats of different
quality. To determine the influence of the evolutionary natural history of the species, it
could also be conducted on the Icelandic godwits, again in habitats of different quality. 
Instead of advancing laying dates, godwits increased investment into early laid eggs
and decreased investment to late clutches (Chapter 3). It is unlikely that the changed
reproductive investment is an evolutionary response to selection against late clutches.
The average lifespan of an adult godwit is about 11 years, and the oldest godwit in the
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EURING database reached nearly 30 years (Staav & Fransson, 2008; Roodbergen et
al., 2008). Selection by mowing only occurred over a few godwit generations and this
time span may have been too short for selection by mowing to take place.

Therefore, phenotypic plasticity, - a response that evolved to be adaptive in a
natural environment, may be a better explanation for our findings, no advance in
laying date, increased investment early in the season during years with warmer winters
and decreased investment later in the season in years with warmer springs. Thus,
there have been two major changes in godwit fitness landscape; the patterns we
observe can be a response to either one, or both. First, godwits may respond to
increased penalties for late breeders due to earlier mowing; and second, they can
respond to improved conditions, like the higher food availability early in the season. If
we want to explain our findings in the framework of changed selection pressures, we
need two components: (1) we need a functional explanation of cues godwits can
respond to, and (2) we need to explain how the response to the cue discussed in (1)
might have evolved, i.e. benefited godwits in a historical setting. 

With respect to increased investment to eggs laid early in the season, we found no
reliable cues that could predict timing of mowing at the time of egg laying (1) (Chapter
3). Therefore, the increased investment early in the season is unlikely a reaction to
increased penalties for late clutches. However, it could be a response to higher food
availability early in the season (1). Females may decide how much to invest into eggs
depending on nutritional state, which depends on food availability, which is positively
correlated with winter temperatures. (2) This explanation is valid in a natural setting
(the original habitat of godwits, with no synthetic fertilizers), where food availability
during egg laying maybe originally constrained how much a female could invest to her
clutch. This would also explain why females invest less into eggs laid later in the season
during warmer springs, when the soil is dried out and food is hard to get by (Chapter
3). Given that food availability and abundance for adult birds early in the season is
higher and more homogenous in the agricultural grasslands than in natural wetlands
godwits originally adapted to (Haverschmidt, 1963; Bijlsma et al., 2001; Zwarts et al.,
2009), one could propose that godwits reacted to this increase in food by advancing
laying date until a nutritional state-independent threshold was reached, and then
instead invested the surplus of resources to increase egg size (2). It might even be that
both processes happened at the same time, but we cannot make inferences on this since
the data available to us is restricted to the time period after the advance in laying date.

I suggest that while godwits apparently do not adjust reproductive investment to
the needs of their chicks, they do so to the needs of the adult, to maximize fitness: a
surplus of food early in the season may have enabled females to lay earlier, and also
larger eggs, while warmer springs and lower water tables may have constrained
females in warmer years to produce larger eggs later in the season. 

Linking individual life history decisions and population dynamics
Theory predicts that such unpredictability of the annual fitness prospects can support
the evolution of longevity (Orzack & Tuljapurkar, 2001). Long-lived birds are normally
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expected to be more prudent in their current reproductive investment, because they
still have a long future reproductive life (Drent & Daan, 1980). They are expected to
put the costs of current adverse environmental circumstances on their offspring, and
base their reproductive investment less on the needs of the offspring than on those of
the adult at the time of egg laying (Erikstad et al., 1998). In comparison with godwits,
in short-lived passerines the food peak for chicks seems to be of utmost importance
for decisions on timing of breeding and reproductive investment (Visser et al., 1998;
Both & Visser, 2001; Cresswell & McCleery, 2003). In long-lived species, during
shortages, adults are expected to invest less, abandon a clutch or even refrain from
laying at all (Erikstad et al., 1998; Weimerskirch et al., 2001). The same trade-off is
balanced out differently according to the life-history of the species (Bennet & Owens,
2002).

Our results suggest that godwits behave like theory predicts for long-lived birds:
investment to annual reproduction follows a rather fixed scheme with little response in
egg volume (Chapter 3), but not laying date, to environmental variation (Ricklefs,
1977; Erikstad et al., 1998). Supporting this, a large part of our godwit breeding popu-
lation was found to skip a reproductive season during years when either drainage or
dry spells led to dried out, hard to penetrate soils and access to food for adults was
restricted (P. L., unpublished data; G. J. Gerritsen, unpublished data). Thus godwits
apparently maximize lifetime fitness by maximizing adult survival, and not annual
reproductive output. Further, godwits start their autumn migration back to the winter
quarters ever earlier, which can be seen as an indication for fewer second clutches laid
after failing the first (Zwarts et al., 2009).

If annual f luctuations are stochastic, and if the future after a bad year is indeed
expected to be better, this strategy works well for all individuals. If circumstances
change directionally, this prudent strategy may become maladaptive for birds that
trade off reproductive investment for survival, because this brighter future will never
occur. If godwits do not adjust laying date in their agricultural habitat, because that
reaction may have been adaptive in a natural environment, it will have even worse
consequences for reproduction, both for individuals but also on a population level.
The few heavier chicks early in the season seem to be insufficient to counteract the
high mortality of late offspring, and the population size will decrease. Reproductive
output is too low to compensate for mortality (Schekkerman, 2008), causing the severe
population decline shown by the Dutch black-tailed godwits (Fig. 10.1, Bijsma &
Mulder 2001; Thorup, 2006).

What could be done to set these things right? From a very simplistic point of view,
making sure that conditions for offspring during chick rearing are a match to the
conditions for adults during settlement and egg laying would be beneficial. As early as
1963, François Haverschmidt noted on the subject of a breeding population that
disappeared within a few years time: “is it possible that a minor change in the ground
waterlevel was responsible for the […] disappearance of the godwits?” (Haverschmidt,
1963). Kleijn et al. (2004) suggest that high ground water levels are attractive to
godwits when they make their settlement decisions. In general, one would expect that
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high water levels also provide good conditions for insect food later in the season.
Further, mowing should be postponed as long as possible, as advanced mowing dates
not only increase chick mortality but also shorten the breeding season considerably
(Schekkerman, 2008, Zwarts et al., 2009). This is also not a new insight. I cite again
François Haverschmidt: “Should grass drying [i.e. mechanical mowing early in the
season, annotated by JS] be extended in the future, as its to be expected, it would
appear that our meadow birds are doomed and the only solution would be to establish
special reserves for them” (Haverschmidt, 1963). 

Other factors like predation and/or the quality and conditions on wintering and
staging grounds may play a role (Schekkerman et al., 2009, Chapter 9). However, the
most frequently named measures to improve the situation of godwits in The
Netherlands, higher water tables throughout the breeding season, and late and
cautious mowing, are all measures that also lead to a lower harvest. Thus it is not
possible to reconcile economic expectations of farmers, who want to maximize grass-
land yields, with the wish to increase godwit reproductive output. 

Long-term and large-scale changes happened not only on the breeding grounds,
but also on the staging sites on the Iberian Peninsula. In Chapter 9, we studied a
possible relationship between the food ingested during spring staging and reproductive
parameter on the breeding grounds. 

Habitat changes on staging sites

FOR BLACK-TAILED GODWITS, the staging habitat and diet on the Iberian Peninsula
did change dramatically during the last decades (Kuijper et al., 2006). Godwits used to
forage in natural wetlands, assumedly on a mixed diet of naturally occurring insect
larvae, worms and plant seeds, plus marine prey items. Nowadays, the main spring
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Figure 10.1: Population development of individual black-tailed godwits breeding in The
Netherlands. Data pre-1960 are estimations based on data given in Bijlsma et al., (2001).
(Beintema et. al., 1995; Bijlsma et al., 2001; Thorup 2006; Schekkerman, 2008)  



staging areas are agricultural rice fields in Spain and Portugal (Lourenço & Piersma,
2008b; Sánchez-Guzmán et al., 2007). The abundance of animal prey items on these
rice fields is low and fecal sample analyses from godwits staging there contained 94%
of rice grains (Lourenço & Piersma, 2008a). Thus diet for godwits in Iberia probably
changed from a well-balanced mixed diet to an apparently monotonous rice diet, and
the implications of this change are not clear. 

Our results from Chapter 9 suggest that a diet that results in a high δ13N value
would most likely be beneficial. Such a diet would be one that consists of animal prey
items, and marine prey. However, our results indicate that a diet on rice grown on
highly fertilized soil could also lead to such isotopic signatures and we thus were not
able to make definite statements on the consequences of a shift towards a diet with a
high rice percentage. We are currently collecting more prey samples from more loca-
tions to be analyzed. 

We conducted experiments on the effect of a rice diet versus a diet on fly larvae on
black-tailed godwit body mass and plumage development. We found that godwits
feeding for six weeks on rice only did not gain much mass during that time, in contrast
to birds feeding on f ly larvae (Box C). This suggests that a diet on rice alone may be
not sufficient for godwits to fatten up during spring staging. Since we also observed a
higher level of aggression of birds that were fed rice only, we cannot conclude
causality, or a direction of causality. We cannot be sure whether the energetic contents
of rice lead to a lower body mass, or whether eating rice in captivity led to higher
aggressiveness which in turn led to lower body mass. Calculations of energy budgets
and digestive efficiency suggest that a pure rice diet (ad libitum) should be sufficient
for a godwit to gain weight and fatten up for migration (P.M. Lourenço, pers. comm.).
Therefore we still do not know what effect different diets during spring staging have on
black-tailed godwits. 

During spring staging, godwits start molting into breeding plumage (Zwarts et al.,
2009). Plumage ornamentation is often used for signaling individual quality during
mate choice and reproduction, and is expected to covary with fitness correlates. In
Chapters 4-7, we examined the sexually selected plumage ornamentation, and the
effect of changing selection pressures on it, in black-tailed godwits.

Plumage ornamentation and the loss of sexual plumage dimorphism

BLACK-TAILED GODWITS ARE SEXUALLY DIMORPHIC with respect to plumage
ornamentation and males are usually more colorful than females (Chapter 4). Theory
of sexual selection predicts that sexual plumage dimorphism occurs when ornamenta-
tion is favored by selection more in one sex than in the other (Andersson, 1994).
Surprisingly, Chapter 5 reports an opposing selection pressure: godwit males that were
more colorful and more ornamented were smaller, lighter and paired with females
that laid smaller eggs than paler males. And larger eggs produce larger chicks that are
more likely to survive, - larger eggs mediate higher reproduction (Chapter 3). 
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Only few examples exist where males with a less exaggerated sexual trait gain
higher reproductive success. Sætre et al., (1997) found that pied f lycatchers Ficedula
hypoleuca breeding females prefer duller brown males over more colorful ones, in
areas where they in sympatry with the collard flycatcher, F. albicollis, perhaps to avoid
hybridization. In an island population of the house sparrow Passer domesticus, females
preferred to mate with males that have smaller badges, although this was not found
again on data of the same population but from later years (Griffith et al., 1999, but see
Nakagawa et al., 2007, own data).  In 2007, Delhey et al. found that blue tits (Cyanistes
caeruleus) males with a lesser-exaggerated male trait experienced higher reproductive
success. However, the underlaying mechanim was apparently age: older males were
less ornamented, but also more experienced and thus a correlative pattern with repro-
ductive output arose (Delhey et al., 2007). In black-tailed godwits, museum skins of
male godwits from 100-150 years ago were more colorful than the ones today (Chapter
5). It is unlikely that this effect is due to storage time, since storage effects are usually
small. Further, dust would have the opposite effect (older skins to be paler than younger
ones). It has recently been suggested for melanin coloration that over time, the propor-
tion of eumelanin may decrease, which could lead to an increase of overall reflectance
(Doucet & Hill, 2009). However, if we were to find such an effect, we would expect to
find it in both sexes alike, but we only find it in male skins. The orange-reddish and
black plumage ornamentation of male godwits gradually faded over these 150 years,
and we suggest that sexual dimorphism in plumage decreased (Fig. 10.2). 

Phylogenetic studies have revealed that loss of elaborate male traits, that before
were maintained by sexual selection, is widespread (Burns, 1998; Wiens, 2001). The
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expression of an honest, sexually selected signal is a balance between natural selection
pressures, male condition and female preferences (Andersson, 1994). Environmental
changes of habitat can influence the strength of sexual selection and also the opposing,
natural selection. Therefore, when environmental changes occur, it may be that the
costs of an ornament become too high to be maintained. Then males that do not pay
the costs but invest in reproduction would have an advantage over males that maintain
ornamentation (Wiens, 2001). An often-cited example is found in fish. Differential
predation pressure between populations of guppies (Poecilia reticulata) living in
different streams lead to differential expression of male coloration (Endler, 1983). If
predation pressure increases, it may be too costly for males to maintain conspicuous
ornaments (Wiens, 2001).

For the godwits, this means that the very same selection pressures that once
favored more ornamented males (something that seems to occur in a congener, the
bar-tailed godwit (Limosa lapponica, Piersma et al., 2001; Drent et al., 2004) and a
subspecies, the Icelandic godwit (L. l. islandica, Chapter 6)) must have changed,
disappeared or at least, weakened. Since this happened over the last 150 years,
changes in the environment that occurred during this time must be responsible for
this decrease in sexual plumage dimorphism (Fig. 10.2). In search for an explanation,
we review what changed for godwits on the breeding grounds during this time
period.

Environmental changes on the breeding grounds as explanation
From early 1800 onwards, the bogs and swamps that were the original breeding
habitat of black-tailed godwits in The Netherlands were lost and changed into agricul-
tural areas (Bijlsma et al., 2001; Zwarts et al., 2009). At the end of the 19th century,
when more and more farmers started using artificial fertilizers, black-tailed godwits
left their natural breeding habitat to breed in agricultural grassland (Haverschmidt,
1963; Beintema et al., 1995; Bijlsma et al., 2001). Although not much data is available,
we know that the population of godwits in The Netherlands increased considerably
after the move (Fig. 10.1; Haverschmidt, 1963; Bijlsma et al., 2001; Zwarts et al.,
2009). The higher quality of the grasslands in terms of food abundance for godwits
triggered this move (Beintema et al., 1995; Bijlsma et al., 2001; Zwarts et al., 2009),
and afterwards, the population size increased considerably (Fig. 10.1; Beintema et al.,
1995). An increase in population size can only be due to an increase in one or both of
the demographic parameters adult survival and reproductive output. An increase in
reproductive output could have taken place due to the improved conditions on the
breeding grounds. However, at the very same time, the large-scale creation of rice
fields on the Iberian peninsula took place and it is unclear yet whether that affected
adult winter survival positively or negatively. We can only speculate which was the
case for godwits at that time (Figure 9.2). 

However, from 1960 onwards, with ongoing advances in agricultural practice, the
wet, extensively managed meadows made room for intensive agricultural fields
(Beintema et al., 1997; Bijlsma et al., 2001). Since then, the population decreased by
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nearly 50% (Thorup, 2006; Zwarts et al., 2009). This was due to lowered reproductive
output, not to lowered adult survival (Roodbergen et al., 2008). 

This also means that since recruits are scarce, the adult population grows older
(Zwarts et al., 2009). If older godwits are paler than younger adult godwits (personal
observation N.M. Groen), the population average plumage coloration would decrease
as the population age increases. In addition, if more experienced, older godwits gain
higher reproductive output, this could explain the pattern we find. However, this
explanation is based on the assumption that older godwits are paler than younger ones
and there are no studies to support it. We made an attempt to test this for the
univariate plumage scores in Chapter 4. We now have repeated plumage measure-
ments on seven females and seven males, one of each sex of three years and six each
sex of two years. We calculated repeatabilities of the first principal component (PC1)
(Becker, 1984; Lessells & Boag, 1987). PC1 was highly repeatable in males (Figure 9.3,
R = 0.79 ±0.14, N0 = 2.13, N = 7, F = 12.05, P = 0.001) and less so in females (R = 0.60
±0.24, N0 = 2.13, N = 7, F = 4.51, P = 0.02). Repeatabilities of the univariate plumage
scores are equally high (Chapter 4). Visual inspection of Figure 10.3 does not support
the idea of plumage ornamentation changing considerably between consecutive years.
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To my current knowledge, no method exists on age determination in adult godwits, so
we cannot refine this analysis. However, since godwits are long-lived (Staav &
Fransson, 2008, Roodbergen et al., 2008) and we only cover five years of data, we
cannot exclude a possible age effect.

Another change in godwit breeding environment is increased predation pressure
mainly by increasing populations of birds of prey, which was suggested to be one of the
many factors that drive the population decline (Bijlsma et al., 2001; Teunissen et al.,
2008; Schekkerman et al., 2009). In godwits, both sexes incubate the eggs, which are
laid in a nest on the ground (Beintema et al., 1997). As the habitat structure changed
during the last 150 years (Bijlsma et al., 2001), it is likely that the detection probability
of an incubating bird by a bird of prey changed, too (Schekkerman et al., 2009). This
might have led to higher detection rate of nests incubated by conspicuous birds, and
females that choose for less bright males would have a reproductive advantage over
others and might be more prone to invest more into reproduction, and lay larger eggs.
Nonetheless, these two explanations (ageing population and increased predation pres-
sure) are not very satisfying because they fail to explain why godwits already became
paler during the first half of the twentieth century, when the population was growing
and predation pressures were lower. 

I propose another scenario. During the time of population expansion, the avail-
ability of high quality nest sites must have been high, and therefore, competition
among males for territories must have been relatively low. It may well be that it was no
longer important for a male to signal his abilities to gain a high quality territory with a
colorful plumage, since every male, regardless of his qualities, must have been able to
secure a good quality nesting site. Hence, being colorful may not have yielded the
benefits of higher reproductive output any longer, and sexual plumage dimorphism
decreased. Further, paler males may have been able to breed closer to conspecifics,
which might have led to a stronger predation defense due to more individuals that
would take part (Box C). This could have led to females investing more to clutches that
are better defended. I will f irst explain why I suggest a change in competition for
nesting sites and later go into detail on the benefits of being pale and the costs of being
colorful. 

The idea that competition for high quality nesting sites is connected with male
godwit plumage coloration implies specific assumptions on what led to the sexual
plumage dimorphism in the first place. In a natural setting when competition for
nesting sites may have been high, and where selection pressures may have had the
opposite effect, we would expect more ornamented male godwits to be more successful
than pale godwits (Piersma & Jukema, 1993; Piersma et al., 2001; Drent et al., 2004).
We collected more correlational data on populations that breed in a different environ-
ment to gather more circumstantial support.

We conducted a study on male plumage coloration in relation to egg volume on
the Icelandic subspecies, Limosa limosa islandica (Chapter 6). The most striking differ-
ence between both subspecies is the current population trend: the limosa population is
in strong decline, while the islandica population is increasing (Gill et al., 2007).
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Another difference is the breeding habitat: in The Netherlands, godwits breed on agri-
cultural grassland, which is most often intensively managed (Beintema et al., 1995).
In Iceland, godwits breed on, from a Dutch point of view, less than extensively
managed grassland and on near-natural dwarf-birch bogs (Gill et al., 2007). However,
the latter is considered low-quality habitat for godwits, while only the former, exten-
sively managed grasslands are high quality areas with higher reproduction rates than
the low quality areas (Gunnarsson et al., 2005a). It was suggested that the high quality
areas resemble the former low-intensity agricultural fields that godwits found so
attractive in The Netherlands at the beginning of the 20th century (Gill et al., 2007). In
the contemporary situation, the nominate population is in strong decline. The most
often named cause for this is a strong reduction of reproductive output, most likely due
to high mortality of chicks after hatching. The pre-egglaying situation however, is
different. It is likely that the average breeding site a Dutch black-tailed godwit can
secure is of higher quality – with respect to food for adults pre-egglaying – than that of
one in a natural setting. 

In contrast with The Netherlands, such high quality breeding areas are rare in
Iceland. The increase in population size in Iceland occurred concurrent with an
increased colonization of low quality habitat, which is seen as an indication for the
high quality areas to be filled up (Haverschmidt, 1963; Gunnarsson et al., 2005b).
Thus, in the Icelandic godwits, competition for nesting sites is supposedly strong and
male plumage ornamentation may be indicative of male-male competition. A more
colorful male might be able to secure a high quality-nesting site, and on such a site, a
female may be more likely to invest much into reproduction. As expected, we found a
positive correlation between male plumage ornamentation and egg size in Icelandic
godwits (Chapter 6) – opposite to the pattern in the nominate species (Chapter 5). This
supports the notion that competition for nest sites may be linked to male plumage
ornamentation in black-tailed godwits of both subspecies, with selection acting oppo-
site on both populations. 

This explanation for the decrease of plumage sexual dimorphism in the nominate
species has an important shortcoming. We find that paler males of the nominate
species were in a better condition and mated with females laying larger eggs. However,
if ample availability of high quality territories led to all males securing high quality
territories regardless of their quality and ornamentation, then why should paler males
have a fitness advantage over more colorful males? If signaling a colorful plumage is
no longer important we would expect no fitness differences between males differing in
ornamentation. Since paler males performed better, and the frequency of pale males
increased since 1840, we expect selection for paler males or selection against colorful
males. This means we have to be more specific and identify the costs of being colorful
and the benefits of being pale, and discuss how those costs changed over time.

The costs of being colorful
The coloration of godwit breeding plumage is melanin-based (Toral et al., 2008).
According to the handicap principle, sexually selected signals must be costly to be reli-

Synthesis

157



able; otherwise they cannot function as honest indicators of a male’s qualities (Zahavi,
1975; Pomiankowski, 1988). Until recently, it was unknown how the expression of
melanin-based ornaments could invoke physiological costs (Griffith et al., 2006). One
idea to explain the costs of melanin plumage coloration was the existence of a
pleiotropic link between steroid levels and melanin-based coloration (Almasi et al.,
2008; Ducrest et al., 2008; Roulin et al., 2008). 

The gene responsible for the production of melanocortins, and therefore also
melanin coloration, is the pro-opiomelanocortin gene (POMC). The main site of
melanocortin synthesis is the pituitary gland, but also the melanocytes. There are four
main receptors for melanocortin (MC1-5R), and only one of those (MC1-R) regulates
melanin coloration while the other play roles in several physiological and behavioral
functions, among those aggressiveness, stress response and steroid levels (Prota, 1992;
Nadeau, Burke & Mundy, 2007; Ducrest et al., 2008). Therefore, covariation between
melanistic coloration and sexual behavior, steroid levels, aggressiveness, stress coping,
immune response, metabolic rate, body mass and size is expected and observed in a
range of species (McGraw et al., 2003; for an overview see Ducrest et al., 2008; Safran
et al., 2008).

The actual causal relationships between these traits – whether steroid levels affect
plumage ornamentation and behavior; whether plumage ornamentation affects the
behavior of conspecifics and in response that of the bearer, and then hormone levels
or any other combination of causality chains – is not well understood, and apparently
not unidirectional (Safran et al., 2008, Rubenstein & Hauber, 2008). It was suggested
to be a dynamic feedback system (Rubenstein & Hauber, 2008). In such a system,
dynamic feedbacks between steroid or androgen levels, and linked behavioral costs
may govern the evolution and maintenance of sexually selected plumage coloration
(Rubenstein & Hauber, 2008). Genetic differences may lead to individual variation in
melanin expression and or individual variation of susceptibility to hormone level
changes. Further, between-individual variation of such a dynamic feedback system
within single traits and their costs, may occur due  to the environment, while the social
environment in turn may be affected by the individual itself. For instance a colorfully
ornamented bird that is exposed to other aggressive birds may react differently than a
bird that is surrounded by relatively peaceful conspecifics, dependent on a combina-
tion of its previous experience, hormone levels and genetic makeup (Rubenstein &
Hauber, 2008). On the other hand, a more ornamented bird may be exposed to more
aggressive behavior by conspecifics, and the costs it will pay may depend on its indi-
vidual susceptibility to such aggressiveness, or its individual ability to cope with higher
hormone levels (Kempenaers et al., 2008; Safran et al., 2008; Rubenstein & Hauber,
2008). This may provide us with a possible explanation for the costs of being colorful
in godwits, but also makes it clear that genotype and environment both affect godwit
plumage ornamentation. In black-tailed godwits, there is covariation of microsatellites
repetitions on the POMC gene with male plumage ornamentation (Figure 10.4, A.
Roulin, pers. comm.), supporting that this system might be involved in plumage
expression.
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We have some, albeit anecdotal, support for a link between plumage coloration
and aggressiveness: Godwits spend late winter and early spring on the Iberian
Peninsula, where they moult into breeding plumage. We carried out an experiment
during spring staging on captive black-tailed godwits (Box C). Captive godwits were
fed rice or f ly larvae ad libitum for six weeks during spring staging. We found that
although the birds feeding on fly larvae fattened up quickly, they did not moult into a
colorful breeding plumage. Birds feeding on rice, at excess availability, did only gain
little mass, but (mostly males) moulted in a more ornamented and colorful breeding
plumage (Box C). The captive birds feeding on rice often displayed aggressive behavior
towards each other, while this did not occur in the birds feeding on f ly larvae. It is
likely that such behavior is indicative of, or induces, stress and therewith may be
related with steroid levels (Soma, 2006) – traits that due to the pleiotropic effects are
likely related to the expression of melanin-based plumage traits (Ducrest et al., 2008). 

Thus in our experiments, it is not possible to distinguish whether birds were aggres-
sive towards each other in the first place, and lost weight because of the frequent
aggressive and presumably energy consuming interactions, or whether they lost weight
because they were eating rice, leading to a worse nutritional condition which in turn
caused stress that could have induced aggressiveness. However, since such aggressive
interactions are likely to incur severe physiological costs, this may have led to the lower
body mass, which represent some of the costs for being colorful (Ketterson & Nolan,
1999; Wikelski et al., 1999; Owen-Ashley, Hasselquist & Wingfield, 2004; Safran et al.,
2008).

Further, although we could show that melanin ornamentation in godwits has a
genetic basis (Chapter 8 and Figure 10.4), we also showed that there is some pheno-
typic plasticity (Box C). We do not know how exactly the interplay between genotype
and environment affects godwit plumage ornamentation. Nevertheless, the experi-
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ment does provide anecdotal support for a link between aggressiveness, plumage orna-
mentation and body mass change in male godwits. 

The benefits of being pale 
The assumption of a link between intraspecific aggression and plumage coloration in
male godwits allowed us to formulate further expectations on why it might be benefi-
cial for a male godwit to be pale. Given that more colorful male godwits are more
aggressive towards conspecifics, we expect them to be more successful when inter-
acting with conspecifics and drive them away from their preferred nesting site
(Andersson, 1994; McGraw et al., 2003). Therefore, we expect paler males to breed in
higher densities than more ornamented males. Since we know that on agricultural
land paler godwit males are more successful than more ornamented males (Chapter 5),
we expect pale male godwits of nests in higher densities to have an advantage (their
nests containing larger eggs or being more likely to hatch) over the ones breeding more
solitary and being more colorful. One mechanism for this advantage could be that
high nesting densities could be linked with a more effective anti-predation behavior
(Elliot, 1985).

Black-tailed godwits employ a group defense against aerial and ground predators,
where a number of godwits f locks together and harasses the intruder (Beintema et al.,
1995). When engaging in anti-predation behavior parents increase the chances of
survival of their young, but this comes at costs for the parents. Although the chance of
the adult being killed or injured by the predator seems to be low, it exists (Sordahl,
1990). This chance is likely lower when a large number of birds engage in the defense
than when it is done by a single bird only, because the risk of being killed is spread
among a larger number of birds and, more importantly, because a nest defense with a
large number of participants can reduce the overall rate of predator visits (Elliot,
1985). 

In areas with a high density of nests, such flocks of defending godwits may consist
of a large number of godwits, simply because many birds are available. It may there-
fore be beneficial to breed in higher densities because the number of birds that partici-
pate in such a defense is higher, which should ultimately lead to a higher breeding
success (for example Becker, 1995; Larsen et al., 1996; Harris 2008). We also expect
that nests that are defended by a larger number of birds to contain larger eggs,
because females may be more prone to invest into eggs if they are likely to be more
secure. Another expectation is that these eggs are more likely to hatch, because preda-
tion defense is more effective.

If it is true that in godwits plumage coloration and aggressiveness are linked, we
speculate that male godwits with a more colorful plumage may be more successful in
competitive interactions with conspecifics. In non-agricultural settings, a trade-off
between a large territory around the nest site and breeding in high densities may have
existed. In a natural habitat, more ornamented male godwits may have been able to
secure a larger, and presumably better, territory whose resources need not to be shared
with others, benefiting the territory owner and his mate (McGraw et al., 2003). The
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costs of having a large territory would have been a less effective predator defense. In
areas where food availability is not constrained and predation pressure increased, like
the current breeding habitat of godwits (see above), it may be that this trade-off has
changed, with food availability and the size of the territory being less important and
predator defense being more important.

In Chapter seven we show that paler males breed in higher densities, while more
ornamented males bred more solitarily, indicating that they were either able to evict
other godwits from their territory, or that paler males preferred nesting sites in higher
densities. However, our data suggests that the nesting sites of males with more colorful
breeding plumage are of lower quality. Breeding success with respect to egg volume and
hatching success was lower (Chapter seven). The explanation for this may be that the
quality of a nesting site is mostly determined by nest density and predator defense and
only to a lesser extent by other local characteristics of that site, like food availability.
One complication of this hypothesis is that not much is known about nesting densities
of limosa godwits in non-agricultural areas. Haverschmidt (1963) notes about godwits
breeding in a moor, that “Godwits like to nest in each others company, and sometimes
we can even speak of colonies." And: "[…] this is not the general rule and many
isolated pairs occur". If we infer that nesting densities in bog and fen areas resembled
nesting densities as they occur in the islandica subspecies on Iceland, godwit in the past
in natural areas likely bred in lower densities than they do nowadays in grassland.

However, our interpretation hinges on the assumption that habitat quality in terms
of food availability for adults is relatively high, and that adult food-related differences
between territories have little biological meaning. One could also think of the possi-
bility that areas where godwits breed in higher densities are of considerably high
quality and can harbor a much larger number of godwits than areas with solitary
nests. If this would be true, we cannot explain why more ornamented godwits would
not breed in these high quality areas, too. The assumption that agricultural areas
provide ample food supply for adults as opposed to the natural breeding habitat of
godwits, marshes and bogs was made before (Bijsma et al., 2001; Zwarts et al., 2009).
After moving the breeding habitat from natural areas into the agricultural grassland,
godwits and other meadowbirds that relied on similar food experienced a considerable
population increase, which is usually explained by the better food availability
(Beintema et al., 1995; Bijlsma et al., 2001; Zwarts et al., 2009). Second, experimental
studies have shown that an increase in food availability can enable birds to lay their
eggs earlier in the season (see review by Meijer & Drent, 1999). When the usage of soil
fertilizer increased during the last half of the last century, many meadowbirds
including black-tailed godwits, shifted their laying date forward (Beintema et al., 1985).
It was suggested that a nitrogen-related increase in food availability enabled black-
tailed godwits to lay their clutches two weeks earlier (Beintema et al., 1985; Zwarts et
al., 2009). This leads us to believe that it is valid to assume that food availability for
adult godwits in agricultural grasslands is not a constraining factor for the choice of a
nesting site. 

We conclude that two factors, higher food availability and predation pressures,
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could have decreased the benefits of obtaining a larger, solitary nesting site for black-
tailed godwits breeding in agricultural grasslands. Further, higher food availability
may have enabled godwits to breed at higher densities where they could meet the
dangers of increased predation pressures more efficiently, benefiting less aggressive
and paler male black-tailed godwits.

This does not contradict the results of Chapter 3, where we conclude that food
availability for adults affects female reproductive investment. In Chapter 3 we found
that godwits may allocate resources to eggs depending on how many resources they
have at their disposal. We also found that nowadays, godwits invest more into repro-
duction early in the season than thirty years ago. This might imply that there are more
resources to be allocated to reproduction than there may have been thirty years ago;
suggesting that food availability early in the season may now be higher than it used to
be. Since circumstances early in the season ref lect circumstances during settlement,
this supports our idea that a change in habitat quality may have been responsible for
the decrease in sexual plumage dimorphism in black-tailed godwits. 

We have collected circumstantial support for the notion that the change from
natural breeding grounds towards agricultural grasslands, and the ongoing intensifica-
tion of those grasslands, may have led to a decrease in black-tailed godwit sexual
plumage dimorphism. However, all our results are correlational, and we do not have
proof of causality. Further, we cannot distinguish whether pale males are pale and
more ornamented males are more ornamented because of their genetic make-up, or
whether these differences are due to phenotypic plasticity. In this thesis, we found
some evidence for a genetic basis of male plumage coloration (Chapter 8, Figure 9.4).
On the other hand, we also showed that plumage expression might be a phenotypical
effect (Box C). For a better understanding of the change in plumage traits in godwits,
we need to calculate heritability estimates, thus we need to undertake cross-foster and
diet experiments to find out how much of this variation is determined by genotype and
how much by environmental variation. All this is currently not an option in Black-
tailed godwits, since it requires a much larger dataset, and more importantly, more
data on recruits which is not available due to the low productivity.

Predicting the fall of the black-tailed godwit in The Netherlands
Accepted for publication in Dutch in De Levende Natuur

MY COAUTHORS and I investigated individual fitness correlates of black-tailed
godwits. I tried to take a historical perspective to find out about current and past selec-
tion pressures acting on godwits that may affect population growth rates. In the light
of the demands of agricultural politics and economics, it is questionable if any of this
can help stop or slow down the decline of the black-tailed godwit in The Netherlands.
In this last part, I want to look at population dynamics. By now there is ample empir-
ical data on basic demographic variables available. I will use these and set up simple
population dynamics models to predict how long it will take long until the godwit,
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formerly the “King of the meadow birds” (Thijsse, 1904), will be a rare –or even
extinct– breeding bird in The Netherlands. 

Currently, the Dutch godwit population is declining at a rate of 5% per annum
(Gill et al., 2008; Zwarts et al., 2009). This decline started in the 1970s, from a
maximum population size of 135 000 breeding pairs (Bijsma et al., 2001; Gill et al.,
2008). Currently, there are an estimated 40 000 godwit pairs breeding in The
Netherlands (Zwarts et al., 2009). If we simply assume the population will continue to
decrease by 5% annually, there will be less than 15000 pairs by 2030 (Fig. 10.5, dotted
line). Similar to what I did in Schroeder et al. (2008b), I calculated the population
development using a more accurate mathematical model. This model is not intended
to replace an analysis of population viability (PVA), however, it still can serve as an
eye-opener for how the future will look like, and the model can highlight actions that
are long overdue to be taken.

Population size = surviving adults + surviving fledglings last year

I assume survival in the first year after f ledging to be lower than in consecutive years
(sjuv < sad). Also, I assume that only 20% (p) of all birds start breeding in their second
calendar year, and the remaining 80% only start breeding in the third calendar year.
The population at a given time (t) consists of the following: 

Synthesis

163

br
ee

di
ng

 p
ai

rs
 (x

10
00

)

0

20

40

30

10

2060 2080204020202000 2100

Figure 10.5: Predicted development of the number of breeding pairs of black-tailed godwits in
The Netherlands. Left line assumes an adult survival of 0.77 (van Noordwijk & Thomson, 2008)
and an annual reproductive success of 0.3 fledged young per pair; right line an adult survival of
0.85 (Roodbergen et al., 2008) and an annual reproductive success of 0.7 fledged young per pair
(Schekkerman et al., 2008). Population dynamics were calculated following equation (1), assuming
that 100% of all present birds proceed to breed. The grey line depicts a scenario with high repro-
duction (0.7) and high adult survival (0.85), but where only 60% of the population actually
proceeds to breed. Dashed line depicts a decline of 5% annually.



(1) N(t) = NCY2(t) + Nad(t)

One year later, there will be new offspring. A constant reproductive success (r = 0.5 *
fledglings produced per pair) gives:

NCY2(t+1) = sjuv(NCY2(t) r p + Nad(t) r)

Plus the remaining, surviving birds:

sad (NCY2(t) + Nad(t))

Thus the total population one year later will be the sum of the latter two:

N(t+1) = sjuv(NCY2(t) r p + Nad(t) r) + sad (NCY2(t) + Nad(t))

N(t+1) = sjuv r p NCY2(t) + sjuv r Nad(t) + sad (NCY2(t) + Nad(t))

Plugging (1) in the latter equation gives me:

(2) N(t+1) = sjuv r p NCY2(t) + sjuv r Nad(t) + sad N(t)

For the sake of simplicity I assume no density dependence. I use this model (2) to
predict the population development from 2009 onwards, starting with a population
size of 40 000 breeding pairs, and a starting population of second year birds (NCY2(1)
= N(1)*r*sjuv). I set the fledgling survival rate of the first year to be 0.4, and all consec-
utive survival to 0.77 (van Noordwijk & Thompson, 2008) or 0.85 (Roodbergen et al.,
2008). Observed estimates of reproductive productivity have been shown to range
from averages of 0.7 to 0.3 f ledged young per pair and year (Schekkerman et al.,
2008). Figure 10.5 shows the most conservative (adult survival = 0.77; reproductive
success = 0.3) and the most optimistic prediction (adult survival = 0.85; reproductive
success = 0.7). Under the best circumstances, the Dutch godwit population will
continue to decline, reaching less than 15 000 breeding pairs by the year 2060, while a
more conservative estimate predicts this to happen within the next 5 years. 

This rather dark outlook is actually an optimistic version of reality. First of all,
average reproductive success of 0.7 has only been observed in the eighties, while more
current estimates barely reach averages of 0.3 f ledged young per pair and year, more
often than not productivity is close to zero (Schekkerman et al., 2008). Therefore, the
more conservative, “bad” outcome is expected to be closer to reality. Furthermore, a
large proportion of adult birds do return to the breeding grounds, but do not proceed
to breed. In the Workumerwaard – an area managed explicitly for meadowbirds –the
percentage of birds that return to the breeding site but do not proceed to breed was
between 11-50% in the years 2006-2008 (P.M. Lourenço, pers. comm.; own observa-
tion). I incorporate this in the equation by adding a parameter b (proportion of
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breeding birds), and set it to 60%:

(3) N(t+1) = b (sjuv r p NCY2(t) + sjuv r Nad(t)) + sad  N(t)

This darkens the picture considerably. Under the best conditions (high adult survival
and high reproductive output), the Dutch breeding population of black-tailed godwits
drops under 10 000 breeding pairs as early as 2030 (Fig. 10.5, grey line). 

To improve the situation of the black-tailed godwit in The Netherlands, we can
either aim to improve survival or productivity. Survival is hard to modify, given the
already very high annual survival of godwits and the relatively efficient hunting ban.
Therefore I aim at predicting how much productivity has to improve to stabilize the
population decline. Productivity is determined by two components: the proportion of
birds actually proceeding to breed (b), and the actual number of f ledged young per
pair and year (r; reproductive output). In addition to aiming to increase productivity,
we can also try and improve habitat quality, to increase the proportion of birds
proceeding to breed each year. I use equation (3) to estimate the necessary reproduc-
tion rate (r, in fledged young per breeding pair) of godwits in The Netherlands in order
to achieve a stable, self-sustaining population with respect to values for the proportion
of the population breeding (b) ranging from 40% to 100% (all birds breed that year),
incrementing at 10% each step. I did this for both, high and low adult annual survival
estimates (sad = 0.77 and sad = 0.85). Fig. 10.6 shows the results of this model. It
becomes very clear that in order to halt the population decline, we have to improve

Synthesis

165

1

2

50

fle
dg

ed
 y

ou
ng

 p
er

 p
ai

r a
nd

 y
ea

r

0

3

4

0 100 150
% of population breeding per year

A B

s = 0.85

s = 0.77

50 100 150

s = 0.85

s = 0.77

Figure 10.6: Model results depicting the necessary reproductive success for (A) a stable godwit
population and (B) one that triples until 2025 in The Netherlands, in relation to the proportion of
present birds proceeding to breed and adult survival rate. The dark grey shaded area depicts the
realistic range of empirically observed values for both, the annual reproductive output and the
proportion of returned birds that breed (Values >than 100% indicate that a given proportion of
pairs need to breed twice in one season). The lighter shaded grey area depicts the range of annual
reproductive success measured twenty years ago (Schekkerman et al., 2008). Dashed lines give the
annual reproductive success necessary for a stable population in a scenario with realistic parameter
values. 



reproductive success considerably, and simultaneously aim at high proportions of
breeding birds. Under the very best scenario, with an adult survival of 0.85 and all
birds breeding every year from now on (which is likely to be optimistic in most cases),
we have to amplify reproductive success to values of at the very least 0.85 f ledged
young per pair and year. 

In order to stabilize the population, we have to improve reproductive success to
even higher levels than those measured thirty years ago; while in the meantime, repro-
ductive success has been declining over the years (see above; Schekkerman et al., 2008;
H. Hötker, pers. comm.). Further, our lowest assumed value of reproductive output,
0.3 f ledged young per pair and year, is a rather optimistic estimate as an average for
the whole of The Netherlands. As the studies measuring this value did not take a
proportion of non-breeders into account the actual value of f ledged young per pair,
including non-breeders, per year is likely lower than the assumed one. Breeding
success in the Workumerwaard has been considerably below 0.3 during the five years
while I did field work there (own observation). If this is representative for other mead-
owbird reserves, and if these values are generally higher than those of non-reserve
areas, the increase in reproductive success of all godwit pairs breeding in The
Netherlands will have to be considerably larger in order to only keep the population
stable. Note that the Friesian provincial government has announced the ambitious
plan to increase the godwit population threefold by 2025. To achieve this, every
godwit pair breeding in Friesland has to successfully fledge at the very least 1.2 chicks
every year from now onwards until 2025, assuming that every bird that returns to
Friesland breeds and has a high adult survival. For other scenarios, the value rises to 3
and more fledged young per pair and year. It is obvious that it is close to impossible to
take such measures. However, although our goal to stop the decline is very ambitious
and heartening, it is not a realistic one if no severe measures are taken.

Measures taken by the Dutch government in the past have had little effect, and
were and still are expensive (although not so in comparison with the enormous sums of
financial support expanded on our agro-industry through EC’s agricultural policies!).
Warnings that meadowbirds are in decline have been issued since the early 1980ies.
Furthermore, in 2001, David Kleijn and colleagues showed that “Agri-environment
schemes do not effectively protect biodiversity in Dutch agricultural landscapes”;
godwits and other meadowbirds did not breed more frequently in areas that received
special treatment (Kleijn et al., 2001, Kleijn & van Zuijlen, 2004). The Dutch govern-
ment spends on average five times more subsidies per hectare for intensively managed
areas where breeding densities and success are low, than on areas managed specifically
for meadowbirds, where the actual measures taken are much better although still not
enough to halt the decline (T. Piersma, pers. comm.). It is clear that taxpayer’s money
needs to be spent in ways that actually improve the situation for meadowbirds.

Consequently, if we are honest about stopping the decline, we have to take severe
measures to ensure high productivity. Such measures need to encompass the creation
of large nature reserves managed explicitly for meadowbirds, regardless of economic
benefits by agriculturally exploiting the grassland. It has become crystal clear during
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the last five years that we need to maximize chick survival in order to increase
breeding success (Schekkerman & Beintema, 2007, Schekkerman et al., 2008;
Schekkerman 2008). Water management has to be adjusted to increase water levels in
order to improve the food situation for adults and chicks (Verhulst et al., 2007). But
most importantly, mowing needs to be postponed until after all chicks f ledged
(Schekkerman & Beintema, 2007; Schekkerman et al., 2008). This would improve
chick survival considerably and in addition extend the breeding season. Currently,
godwits leave very soon after mowing starts, which leads to a shortened breeding
season and a low breeding success of the population (Zwarts et al., 2009). More than
half a decade ago, “the ordinary hay harvest [i.e. non-mechanical mowing, which was
predominant at that time, annotation by JS] is done for 78% after June, 1st” (Klomp,
1951). In order to reestablish a longer breeding season in which godwits have a chance
at laying a second, or replacement clutch mowing needs to be postponed until July. In
short, the solution to halt the decline of the black-tailed godwit is straightforward in
theory, but the realization of it will be difficult, as it has to be negotiated with respect
to economical expectations of grassland owners. But if we want change (something e.g.
the Netherlands Ministry of Agriculture has pledged more than once), we must act fast
and strongly, or it will be too late. 
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