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Box B
Early breeding

Julia Schroeder, Jos Hooijmeijer, Christiaan Both & Theunis Piersma

“The importance of early breeding in black-tailed godwits (Limosa limosa)”;
Osnabrücker Naturwissenschaftliche Mitteilungen (2008) 35, 239—241.

Summary

Human impacts on the landscape have increased the penalties for black-tailed godwits laying
their eggs too late, especially in the very intensive agricultural landscapes of The Netherlands.
Thus, godwits have experienced a dramatic change of their fitness landscape, because the
advance in mowing date made late clutches worthless destroying either eggs or chicks. To deter-
mine the driving forces of the recent population decline we study the individual variation in
timing of breeding with respect to reproductive success in a population unaffected by mowing.
Our results show that even in a low intensity agricultural area it is very important for godwits to
breed early in the season.



Introduction

THE ENVIRONMENT OF MEADOWBIRDS in The Netherlands was subject to extreme
changes during the last century (Beintema et al., 1995). Detrimental conditions – in
particular the advanced mowing date – are thought to have lead to the elimination of
most offspring of birds that initiate breeding late in the season (for an overview see:
Kruk, Noordervliet & ter Keurs, 1996). The temporal nature of this anthropogenic
effect has obviously a different impact on late and early breeders. The negligible
reproductive success of late breeders has been mentioned as a possible reason for the
heavy decrease in many meadowbird popula-tions (Kruk, Noordervliet & ter Keurs,
1997). To determine the driving forces of the population decline it can be revealing to
look at the individual variation in timing of breeding with respect to reproductive
success. Hence, in this project we ask: what determines why some godwits are early
breeders and others not? And how does the timing of egg laying influence reproduc-
tive success in populations that do not suffer from advanced mowing dates?

The majority of the European population of black-tailed godwits breed in The
Netherlands (Piersma, 1986; Beintema & Müskens, 1987); here they are still one of the
more abundant breeding birds in what is left of the low intensity agricultural areas.
Due to their relatively late breeding season black-tailed godwits are particularly vulner-
able to early mowing dates (Kruk et al., 1997). Despite much concern and debates, the
decrease in numbers is going on unabated since the 1970’s (Beintema et al., 1995;
Teunissen & Soldaat, 2005). We assume that the natural variation in individual timing
of breeding correlates with individual quality and reproductive success, and thus can be
related to the mechanisms causing the population decline. Therefore we test whether
body condition and timing of egg laying are correlated with components of reproduc-
tive success in a population of the black-tailed godwit that is unaffected by mowing.

Methods

OUR STUDY AREA, the Workumerwaard in Friesland is a low intensity agricultural
pasture complex of about 300 ha; mowing is delayed every year after 15th of June, thus
not threatening godwit nests or chicks. In 2004, 77 nests where found. Eggs were meas-
ured, the average egg volume per nest was calculated (Romanoff & Romanoff, 1949)
and lay day was estimated (van Paassen et al., 1984). Early and late nests were defined
by whether the birds initiated their nest before or after the mean lay day. Daily nest
survival probabilities were calculated following Johnson (1979). 66 adult Godwits have
been caught and individually color-ringed, weighed and measured. Sex of adults was
determined biometrically (individuals with bill length>99mm were classified as female),
female condition was calculated as residuals from a linear regression of mass and
tarsus-toe (p<0.001). 107 chicks from 31 nests were caught, ringed and measured. We
used the daily nest survival probability, average egg volume and average chick mass as
estimates for reproductive success. Statistica® 7.0 was used for statistical analysis.
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Results and Discussion

THE MEAN LAY DAY was the 24th of April. 40 nests were initiated before this day and
37 after. Daily nest survival probability was significantly different for early (0.996) and
for late (0.989) nests (Fig. B.1A). Average egg volume per nest declined with lay day
(Fig. B.1B). Average chick mass per nest was significantly lower in late chicks (Fig.
B.2A). Females, which initiated nests early, were in a significantly better body condi-
tion than those that layed late (Fig. B.2B). 

Daily nest survival probability was noticeably higher for early nests than for late
ones. Further mean hatchling mass per nest was higher in earlier nests. Females in a
good condition laid eggs early and low condition females initiated their nests later in
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Figure B.1: A: Daily nest survival probability of early (N = 40) and late (N = 37) nests, z-test:
P<0.001, B: The seasonal decline of mean egg volume per nest (Nearly = 22, Nlate = 22, t-test:
P = 0.124, t = 1.568). Bars represent 95% confidence intervals. 
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Figure B.2: A: The decline of mean hatchling mass per nest during the season (Nearly = 13, Nlate =
18, bars represent 95% confidence intervals, t-test. t = 1.568, p = 0.019); B: Condition of females
with an early and late lay day (Nearly = 131, Nlate = 11, bars represent 95% confidence intervals,
t-test, t = 2.776, P = 0.011). 



the season. Thus, the individual timing of egg laying seems to be correlated with
components of reproductive success. This decline over the season took place in a
population unaffected by anthropogenetic inf luences such as mowing, thus can be
considered as natural. 

However, even late mowing dates can have devastating effects on chick growth,
mediated by a lowered density of insects, which are the main prey items for growing
godwits. The described pattern has been confirmed in 2005 (own data) and takes
place in other populations of black-tailed godwits as well (Schroeder, Groen & Both,
2005). Seasonal declines in reproductive success are well known in many other bird
species (Price, Kirkpatrick & Arnold, 1988), and black-tailed godwits seem to be no
exception.

As not all birds are breeding early, we have to assume constraints on being early.
Apparently, only females in a good condition can afford to initiate early nests.
Individual body condition on the breeding grounds may also be affected by habitat
quality – for instance mediated through food abundance – during non-breeding
periods where they spend more than half of a years cycle (Marra, Hobson & Holmes,
1998; Norris et al., 2003). In the Icelandic population of black-tailed godwits (Limosa
limosa islandica) a link between the quality of wintering habitats and reproductive
success was found. Birds feeding on high quality grounds in the winter were the same
birds occupying the breeding grounds where high reproduction rates could be attained
(Gill et al., 2001). 

This seasonal carry-over effect could be acting on the nominate race, too, with
birds that winter on good quality sites being able to achieve a good condition in time
to start breeding early. The conditions in wintering and staging areas of black-tailed
godwits might affect foraging conditions and thus govern – via body condition – the
feasibility to initiate early egg laying. As more and more droughts occur in the sub-
Saharan wintering grounds and in southern Spain during the migration period, food
abundance in increasingly dry habitats is expected to be rather low. In the context of a
strong carry-over effect this could affect body condition on the breeding grounds and
could be one of the reasons for the population decline.
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Three
Caught between climate change
and agricultural intensification: a grassland
shorebird fails to adjust breeding date
but does alter reproductive investment

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

Abstract

Like other meadowbirds, black-tailed godwits (Limosa l. limosa) experienced drastic changes of
their agricultural grassland breeding habitats in The Netherlands. Due to the advance of
farming schedules associated with agricultural intensification and warmer springs, the seasonal
food availability for chicks may have come to an increasingly early and rapid decline.
Conditions affecting pre-laying food most likely improved. This was suggested to be the reason
for an advancement of laying dates by two weeks between 1930 and 1976. We analyze hatching
dates and hatchling mass of black-tailed godwits from The Netherlands during 1976–2007.
Despite warming of springs, most likely leading to improvement of environmental conditions
during laying, black-tailed godwits did not advance timing of breeding any further during this
time. Instead, early females now lay larger, and late female smaller eggs than in the past.
Heavier chicks were more likely to survive. After warm winters females laid larger eggs, prob-
ably because food availability for adults is high, and females probably are in good pre-laying
condition. The reason that they have not continued to advance their laying date despite the
ongoing strong selection for early breeding may be due to constraints in other parts of their
annual cycle. The strong population decline of this bird may partly be due to this lack of
advancement of breeding because this would have mitigated the severe reduction of reproduc-
tive success due to early mowing.
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Introduction

IN SEASONAL HABITATS THE timing of reproduction is of major importance for
reproductive success of birds (Lack 1950; Perrins 1970; Drent 2006). Because offspring
survival depends on food resources, parents are expected to time their reproduction so
that the time of maximum offspring food requirements coincides with maximum food
availability. To achieve this, females may pay high costs, because they often should lay
when food availability for themselves is low (Drent 2006). Hence the optimal laying
date is a trade-off between these costs and benefits, and in most avian systems
offspring number and quality declines with laying date, suggesting that many females
breed after the peak in chick food abundance (Lack 1950; Perrins 1970; Drent & Daan
1980).

If fitness prospects of either the young and or the parents change seasonally, birds
should optimize laying date, but also reproductive investment to environmental
circumstances. In many species, clutch size declines over the season (Klomp 1970;
Drent & Daan 1980; Daan et al., 1990; Siikamäki 1998). If birds fail to adjust laying
date to the phenology of the environment, they may reduce their clutch size even
more (Both & Visser 2005); if they have an invariant clutch size, they can adjust the
size of eggs if the value of late hatched chicks changes relative to that of early hatched
chicks (Williams 2005).

Selection pressures for the timing of reproduction may fluctuate between years, e.g.
due to stochastic weather, but can also change directionally in response to large-scale
environmental changes. In many species, annual variation in average laying dates is
related to pre-laying temperatures, with earlier laying in warmer springs (Dunn 2004).
As a result, many species show directional trends in laying dates in response to recent
climate warming (Crick et al., 1997; Crick & Sparks 1999). These changes are
expected in seasonal environments, because lower trophic levels tend to show earlier
phenology patterns in warmer springs, and because the matching of food require-
ments with the peak in food availability requires earlier breeding (Visser & Both 2005;
Both et al., 2009). However, resource phenology for parents during egg production
may change at a different pace than the phenology of offspring resources. This will
change the trade-off between adult survival and reproductive output. Indeed, the
responses of breeding dates to phenological changes in offspring food availability have
been shown not to be sufficient in some systems, leading to an increased mismatch
between timing of breeding and the food peak for chicks (Visser & Both 2005),
followed by population declines (Both et al., 2006).

Most of the responses in avian breeding phenology to a changing environment
have been shown to be phenotypically plastic (Przybylo et al., 2000; Charmantier et
al., 2008; Gienapp et al., 2008). Nevertheless, species with longer delays between the
onset of laying and the time of maximum food requirements for chicks are expected to
have smaller capacity to respond because of limited predictability at the time of laying
(van Noordwijk & Müller 1994; Both et al., 2009). Further, life history theory predicts
a trade-off between current and future reproduction (Stearns 1992; Bennett & Owens
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2002; Brinkhof et al., 2002), and in species that reproduce more than once during
their lifetime, females may decide to invest little or even skip a year’s reproduction if
food availability is low during egg production (Erikstad et al., 1998). Such a bet-
hedging strategy will be maladaptive if the environmental variability that leads to
smaller investments is not stochastic but unidirectional, and the better future that is bet
on will never come (Pearce-Higgins et al., 2009). 

Birds not only have to cope with climate change, but at the same time they experi-
ence other directional changes in their habitat, often directly caused by humans
altering habitat. Probably most challenging are the advances in the timing and intensi-
fication of agricultural activities for ground-breeding grassland birds in the north-
temperate climate zone (Beintema et al., 1995; Schekkerman & Beintema 2007;
Schekkerman et al., 2008). In meadow habitats the sequence of fertilizer application
and mowing has advanced, increased drainage and fertilization levels and spring
warming allowing farmers to have more and earlier harvests per season. Mechanical
mowing exerts a strong selection pressure on ground breeding birds, because it
destroys nearly all nests, kills chicks and sometimes even incubating parents
(Schekkerman et al., 2009). Chicks that escape the mowing machines experience a
severe drop in insect food availability and cover, reducing survival prospects consider-
ably (Schekkerman & Beintema 2007; Schekkerman et al., 2009). Drier summers due
to climate change may have the same effect on insect availability – the food for chicks
(Pearce-Higgins et al., 2009), while an acceleration of vegetation growth may advance
the seasonal insect peak and reduce foraging success for late born chicks due to prob-
lems with vegetation density (Kleijn et al., in press). 

The same increased use of grassland fertilizer and warmer soils early in the season
positively affect the abundance of belowground prey (Edwards & Lofty 1982; Jordan et
al., 2004; Timmerman et al., 2006), favoring adult birds when they arrive on the
breeding grounds after spring migration. Food availability often relates to female
nutritional state, which in turn positively inf luences laying date and reproductive
investment (Bolton et al., 1992; Ratcliffe et al., 1998), enabling females to initiate
larger clutches earlier (Nager 2006). 

Indeed, there is support for a connection of laying date advancement in Dutch
grassland-breeding shorebirds (black-tailed godwits Limosa l. limosa, northern
lapwing Vanellus vanellus, redshank Tringa totanus, snipe Gallinago gallinago, ruff
Philomachus pugnax and oystercatcher Haematopus ostralegus) with increased use of
fertilizer during 1940-1976 (Beintema et al., 1985), and in northern lapwing also with
warmer springs and wetter winters during 1901-2003 (Both et al., 2005). All three
factors affect food availability during egg laying and may have enabled females to lay
earlier. However, for all these species but northern lapwings, these conclusions are
based on data from 1911-1973 (Haverschmidt 1963; Beintema et al., 1985), from
before the greatest change in climate.

Since then, agricultural practices have continued to intensify, nitrogen loading of
the Dutch grasslands increased until the 1980s, mowing dates advanced and local
spring temperature increased (Both et al., 2005; Kleijn et al., in press). In response,
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grassland-breeding shorebirds either should continue advancing their timing of
breeding, or should change the seasonal patterns of reproductive investment. That the
Dutch black-tailed godwit population is in steep decline since the 1970s (Thorup 2006;
Gill et al., 2007; Schekkerman et al., 2008) implies that these birds have not successfully
adapted to the environmental change they experienced. Here, we explore how black-
tailed godwits responded with breeding time and reproductive investment to climatic
changes and associated changes in agricultural practice. For this we analyze data on
laying dates, egg volume and hatchling mass from 1976-2007 for populations in The
Netherlands, the major breeding area of the West-European godwit population.

Methods

Study species
From late February to early April black-tailed godwits return to their Dutch breeding
grounds from staging areas in Iberia (van den Brink et al., 2008). Upon return, adult
godwits forage mainly on earthworms (Beintema et al., 1995). Female godwits initiate
nests from early April onwards (Beintema et al., 1995). Replacement clutches after nest
failure occur but are rare after mid-May (Schekkerman & Müskens 2000). The preco-
cial chicks hatch in May or June and their diet consists of insects from the grass
canopy, especially Diptera, many of which exhibit a seasonal abundance peak related
to temperature, and are sensitive to dry spells in previous years (Beintema et al., 1991;
Pearce-Higgins & Yalden 2004; Schekkerman & Beintema 2007; Pearce-Higgins et al.,
2009). 

Black-tailed godwits are strongly inf luenced by human activities, even in areas
managed especially for them. From February onwards, depending on the weather,
farmers apply fertilizers to the grasslands. At present, mowing starts in mid- to late
April, during the time when black-tailed godwits incubate (Schekkerman et al., 2008;
Kleijn et al., in press). 

Data sets 
We used four different datasets collected in The Netherlands over 30 years (Table 3.1).
In all areas hatchlings were ringed in the nest (which is only possible on the day of
hatching), and some of these chicks were recaptured later before f ledging. The data-
sets are: (1) During 1976-1985, in a nation-wide Dutch chick-ringing program, data of
1480 hatchlings and 49 recaptured chicks were collected mainly by amateurs
(Beintema 1995). (2) From 1984 to 1989, data on 966 hatchlings, 12 recaptured chicks
and egg dimensions from 265 nests were obtained by NMG and coworkers in a nature
reserve near Zaanstad (52°31’N, 4°47’E) (Groen & Hemerik 2002). (3) Data on 99
hatchlings were collected near Baarn (52°12’N, 5°19’E) from 1993-1995 (Schekkerman
& Beintema 2007). (4) From 2004-2007, data on 764 hatchlings, 43 recaptured chicks
and corresponding 207 nests with egg dimensions were collected in southwest
Friesland (52°59’N, 5°24’E) (Schroeder et al., 2008; van den Brink et al. 2008). 
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The oldest dataset was gathered unsystematically on several sites, while the other
datasets come mainly from nature reserves or areas with agri-environment schemes
specifically managed for meadowbirds, hence breeding areas of high quality. To
reduce clutch mortality, the management regimes in these nature reserves mimic agri-
cultural practices in the 1960s and 1970s with respect to grazing density and timing of
mowing. Whereas conditions in the normal agricultural areas have intensified over the
last 30 years, the conditions in the nature reserves have only done so moderately, and
are more comparable to circumstances in the past. Furthermore, areas with high

Timing and reproductive investment

41

Table 3.1: Annual sample sizes of eggs, nests with data on egg volume and hatchlings, total
amount of hatchlings caught and recaptures at an age more than four days of Black-tailed Godwits
breeding in The Netherlands. In the two last columns, annual parameter estimates of a linear
mixed model of hatchling mass on date of season are given.  

data set year Nests with hatchlings recaptures intercept slope
chicks and

corresponding
egg volume

BE 1976 NA 91 4 28.91 -0.02

BE 1977 NA 119 6 28.80 0.02

BE 1978 NA 258 15 28.47 0.04

BE 1979 NA 201 3 29.69 0.06

BE 1980 NA 98 NA 27.39 0.02

BE 1981 NA 132 9 27.45 0

BE 1982 NA NA NA NA NA

BE 1983 NA 54 2 28.31 0.02

BE & NG 1984 NA 385 8 28.38 0.02

BE & NG 1985 68 461 2 28.96 0.02

NG 1986 65 222 8 28.50 -0.03

NG 1987 47 160 NA 28.58 -0.01

NG 1988 44 145 2 28.72 -0.03

NG 1989 41 120 2 27.66 -0.04

1990-1992 NA NA NA NA NA

HS 1993 NA 49 NA 28.07 0.01

HS 1994 NA 28 NA 27.89 -0.02

HS 1995 NA 22 NA 28.54 -0.02

1996-2003 NA NA NA NA NA

JS 2004 32 86 8 27.84 -0.06

JS 2005 54 160 8 28.33 -0.04

JS 2006 39 154 2 27.83 0.03

JS 2007 82 364 25 28.33 -0.04



godwit densities, and hence high quality, are likely to have provided most of the chicks
caught by volunteers from the first study, as avoidance of these best sites seems
unlikely. Therefore, we think that any difference in area quality can be neglected for
the purpose of this study. 

Data preparation and definitions
Egg volume, available for the years 1984-1989 and 2004-2007, was calculated as
length*width2 *0.52 (Romanoff & Romanoff 1949). Godwits nearly always lay a clutch
of four eggs (Schroeder et al., 2009). Consequently, differential investment to clutches
can mainly be achieved by female godwits varying egg volume and timing of laying. In
birds, egg production is costly (Williams 2005) and can affect survival and/or future
fecundity of females (Monaghan et al., 1998; Nager et al., 2001; Visser & Lessells
2001). Egg volume has been shown to reflect female nutritional status at laying (Amat
et al., 2001; Sanchez-Lafuente 2004; Karell et al., 2008) and female godwits relatively
heavy for their size lay larger eggs (Schroeder et al., 2009). We therefore assume that
average egg volume per nest is a useful index of female reproductive investment. Here
we want to test whether females adjust reproductive investment to environmental
conditions, but instead of egg volume we use hatchling mass, as we have a much larger
dataset for this parameter which is closely related to egg volume (Hegyi & Sasvári
1998).

The rationale of the analysis is that hatchling mass, an indicator for egg volume
and therewith female reproductive investment, is indeed a fitness correlate since it is
indicative of chick survival, which is lowest during the first days after hatching and
increases substantially later, with heavier chicks being more likely to survive
(Schekkerman et al., 2009). Hence the more a female invests in her eggs, the heavier
her offspring and the higher her inclusive fitness.

Reproductive success is related to laying date in black-tailed godwits (Roodbergen
& Klok 2008), and hence we analyze within and between year variation in laying date.
Hatching occurs c. 23 days after the start of incubation (Cramp & Simmons 1983;
Beintema et al., 1995). Laying date was defined as the start of incubation, calculated
by subtracting incubation duration from the hatching date or, if hatching date was
unknown, by estimating the incubation stage of the eggs (van Paassen et al., 1984;
Liebezeit et al., 2007). 

Environmental covariates
We analyzed whether laying date and hatchling mass are affected by different environ-
mental variables with ecological relevance. As most important factors we consider (1)
the phenology of food abundance before and during egg-laying, (2) the date of first
mowing because this affects food availability and causes direct mortality among nests
and chicks, (3) weather during the chick period, affecting insect abundance and
activity. Because we have no direct measures, we use approximations of annual varia-
tion in these variables based on temperatures collected at De Bilt (52.12°N 5.18°E), in
the central Netherlands from 1901 until 2007 (www.knmi.nl). . 
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The climate variables we use as approximation for the factors named above are: (1)
the date farmers are supposed to apply fertilizer, (2) the date that most meadows get
mown and (3) temperatures during May that determine timing of insect availability for
chicks (Pearce-Higgins & Yalden 2004; Nooker et al., 2005). (1) Timing of fertilizer
application depends on plant phenology, which is partly determined by the date a
certain temperature-sum during late winter/early spring is reached. These annual
temperature-sums are the sum of all average daily temperatures (= mean of daily
minimum and maximum) for days with positive temperatures from the first of January
until the focal date. Farmers are advised to use the date when a temperature sum of
180°C is reached to determine the optimal timing of the first fertilizer application
(Kruk et al., 1996). It is a description of plant growth and likely affects invertebrate
abundance and phenology (Jordan et al., 2004; Timmerman et al., 2006).

(2) Farmers determine the optimal date of mowing based on features of meadows,
and since individual meadows differ, the first mowing varies over a period of several
weeks. A general predictor of the timing of mowing is the date when the temperature-
sum reaches 890°C, when 50% of the grassland area is mown (Kleijn et al., in press).
We use this variable to indicate when food availability for chicks will strongly decline
due to mowing. 

We also tested other weather variables (late winter/early spring air temperatures
and precipitation, similar to Both et al., 2005). None of those revealed interesting
patterns and therefore we only present analysis on the above-mentioned variables.

Statistical analyses
We used mixed-effect models with a variable representing year (cohort) as random
factor accounting for variation in annual sample sizes. 

To show that hatchling mass conveys the same information as egg volume, a linear
mixed model (LMM) was employed with average chick mass per nest, dataset and year
as main effects and cohort as random effect on the intercept. Data on egg volume and
corresponding chick mass was available for 472 nests in 1985-1989 and 2004-2007
(Table 3.1). Both variables were averaged per nest.

To determine what influences hatching date, we used a linear model with median
annual hatching date as dependent variable and the climate variables and year as
explanatory variables. To examine the relationship between hatchling mass and date,
and its change over time, we applied a LMM with hatching date of individual chicks,
year (as a continuous variable) and the interaction of both covariates, and cohort as
random effect on the intercept. For most datapoints, we have no information on nest
affiliation. To further examine what influences the change of the seasonal decline, we
used step-wise deletion of non-significant terms from a linear model with the param-
eter estimate of the slope of the former model as dependent variable, and all climate
variables and year as covariates. Because we do find a change in the covariation
between hatchling mass and hatching date over the years, we examine whether this is
due to early chicks increasing and/or late chicks decreasing in mass over time. We do
this by examining trends for the earliest 10% and the latest 10% chicks. The former
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also circumvents the problem of replacement clutches, which likely to contain smaller
eggs. We tested with linear models for association between climate variables and the
average hatchling mass of the 10% earliest and latest born hatchlings of each year. 

We used R.2.7.1 statistical software (R Development Core Team 2008). The lme
function (nlme package) of was employed for fitting LMM and the lm function (base
package) was used for fitting linear models. We selected the most parsimonious model
by AIC (Burnham & Anderson 2002). For LMM, we report parameter estimates ±
standard errors and the significance level of each coefficient when all other mentioned
fixed effects are in the model. For linear models, we used step-wise deletion of non-
significant effects until only significant (p<0.5) effects remained.

Results

Egg volume
Egg volume and hatchling mass did not differ between the two datasets where egg
volume was available (t-test: tEV = –0.63, PEV = 0.53; tHM = –0.89, PHM = 0.38, N =
472). Larger eggs hatched larger chicks (Fig. 3.1). The best model explained hatching
mass with egg volume only (βEV = 0.53 ±0.02, t = 23.77, P<0.001, N = 472, R2 = 0.54).
Neither year nor dataset remained in this model (both fixed effects P>0.25 when in
the model). 

Changes in temperature
For all three climatic variables there is an initial phase of no directional change up to
ca 1975, after which all show a trend towards warming (see LOWESS trends lines in
Figs 3.2A-C). We concentrate here on the trends from 1976 onwards because our
godwit data starts here, but it should be highlighted that before this year godwits have
shown a steady advance in their breeding dates, without an apparent increase in the
temperatures they experienced before laying (Beintema et al., 1985).

Since 1976, average May temperatures increased by 0.06 ±0.03°C SE per year
(F1,30 = 4.58, P = 0.04).There was a trend for the temperature-sum 180°C to be
reached earlier every year (βt-sum 180 = 0.81 ±0.41SE, F1,30 = 3.92, P = 0.06) and the
temperature-sum 890°C advanced significantly (βt-sum 890 = 0.69 ±0.20SE, F1,30 =
11.66, P<0.001). The quadratic tem was rejected in all three models (P>0.90). Before
1976, the temperature-sum date 180°C and average May temperatures were not corre-
lated with each other (βmay = 0.009 ±0.007SE, F1,73 = 1.88, P = 0.17), implying that
warmer winters were not more often followed by high May temperatures and therefore
could not be used as a cue for the prediction of spring weather. In contrast, post 1976,
the temperature-sum date 180°C was positively correlated with average May tempera-
tures (βt-sum 180 = 0.06 ±0.03SE, F1,30 = 6.09, P = 0.02).
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Trends in hatching date
The increasing temperatures during late winter and spring did not lead to a significant
advancement in annual median hatching date from 1976 to 2007 (Fig. 3.3A, F1,18 =
0.06, P = 0.81). To exclude the possibility that in more recent years more second
clutches obscured a possible advance of laying date, we tested only the earliest 10% of
all nests each year. To exclude the possibility that the national decrease in population
size may have concealed a possible advance (Tryjanowski & Sparks 2001), we also
tested for the first 20 and 30% of all annual nests and of those between 20 and 80%.
We did not find evidence for an advancement of the average hatching date for any of
these subsets (all P>0.77). Surprisingly, median hatching dates of godwits were earlier
when May temperatures were low and later when May was warm (Fig. 3.3B). Only
May temperature remained in a model explaining median hatching date (βmay = 1.75
±0.74SE, F1,18 = 5.56, P = 0.03) and temperature-sum 180°C and 890°C and year were
removed from the model (all P>0.49). 

Temporal changes in hatchling mass in relation to climate
The seasonal decline in hatchling mass became stronger over the years (Fig. 3.4A, B).
The best linear model explaining hatchling mass included the interaction between
year and hatching date (Fig. 3.4A, LMM: βhatching date = –0.25 ±0.07SE, t = 5.13,
P<0.001; βyear = 0.05 ±0.03SE, t = 3.79, P = 0.20; βhatching date*year = 0.01 ±0001SE,
t=-5.13, P<0.001, N=3309). During 1976-2007 the effect of hatching date on hatchling
mass was first positive, but in due course changed to negative: in recent years early
hatchlings were heavier than late ones (Fig. 3.4B; F1,18 = 6.27, P = 0.02). We examined
covariation of this change in seasonal decline with a linear model explaining the
annual slopes of the previous linear mixed model with the climate variables and year
as covariates. In addition to a linear year effect, we found an effect of the T-sum
180∞C: after warmer winters hatchling mass declined more steeply with hatching date
than after colder winters (t-180°C: F2,17 = 8.43, P = 0.01, βt-180 = 0.001 ±0.0001SE,
year: F2,17 = 8.85, P = 0.01, βyear = –0.001 ±0.001SE). 
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A change in the seasonal reproductive investment pattern can arise because (1)
hatchlings became both heavier early in the season and lighter later, (2) only became
heavier early in the season, or (3) only lighter late in the season. The latter two expla-
nations are expected to result in a change of average hatchling mass over the years.
This did not happen (F1,18 = 1.74, P = 0.20). Under the latter two hypotheses we also
expected the annual variance in hatchling mass to increase over the years, which we
did not find either (F1,18 = 0.19, P = 0.67). Thus, over the years, early born chicks seem
to have become heavier, and later born chicks lighter.
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To get a better understanding of why birds increasingly lay larger eggs early and
smaller eggs later in the season, we explore patterns between environmental correlates
and the annual mean mass of either early or late hatchlings. We employed two linear
models to correlate, respectively, (1) the annual average hatchling mass of the 10%
earliest (N = 307) and (2) the 10% latest born chicks per year (N = 150) with climate
variables and year. In the most parsimonious model with the earliest chicks (1), only
the temperature-sum 180°C remained in the model, indicating that early hatchlings
were heavier in years with warm winters (Fig. 3.4C, F1,18 = 7.55, P = 0.01, βt-sum180 =
–0.04 ±0.02 SE). All other variables were removed from the final model (Fig. 3.4d,
temperature-sum 890°C: P = 0.10, all other P>0.46). 

In the best model with the latest 10% chicks (2), only the temperature-sum 890°C
remained, indicating that these late hatchlings are lighter in years with warm springs
and earlier mowing (Fig. 3.4F, F1,18 = 8.08, P = 0.01; βt-sum890 = 0.05 ±0.02 SE). All
other variables were removed from the best model (Fig. 4E, temperature-sum 180°C:
P = 0.10, all other P>0.31). Thus, the change in hatchling mass early in the season (1)
is best statistically explained by the temperature-sum 180°C (adult food availability).
The change in hatchling mass late in the season (2) is best explained by the tempera-
ture-sum 890°C (mowing dates). May temperatures (which may indicate food
phenology for the chicks) did not explain the change in hatchling mass over the
season. 

Discussion

DURING THE LAST 30 YEARS black-tailed godwits experienced strong directional
changes in their breeding habitat. Increasingly warm winters and early springs and
associated advancing agricultural schedules and fertilizer inputs most likely led to
earlier, and possibly higher food availability for adults (Edwards & Lofty 1982;
Beintema et al., 1985; Beintema et al., 1995; Jordan et al., 2004; Timmerman et al.,
2006). Surprisingly, this has not lead to earlier laying, contradictory to advancements
of laying dates found in other waders (Both et al., 2005; Pearce-Higgins & Yalden
2004), and the general effect of spring temperature on laying date among birds (Dunn
2004). But godwits did change other life-history traits: over the years they increased
the hatchling mass of early born chicks (through laying larger eggs early in the season)
but produced lighter chicks later in the season.

We do not know the strength of any selection on breeding date in the past, but in
birds early breeders generally have higher fitness (Drent 2006; Verhulst & Nilson
2008) because of costs of early laying and/or constraints in food availability (Perrins
1970). One of the prime changes in selection pressures on timing of breeding in
godwits is the advance of mowing dates. Mowing causes high mortality of eggs and
chicks, and chicks that do survive experience a strong drop in food availability and
shelter (Schekkerman & Beintema 2007; Schekkerman et al., 2009). This change is
very recent. Godwits advanced egg laying dates prior to 1975 most likely because food
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availability before laying improved, but they failed to advance laying date in recent
years, while selection for early laying intensified because of increasing chick mortality
due to advancing mowing dates. The change in timing of breeding in earlier years, in
response to food availability pre-laying, was most likely phenotypically plastic; many
bird species react with earlier breeding to food supplementation (Drent 2006). It there-
fore indicates that in godwits, breeding time has a relatively large environmental
component, which means that heritability is likely to be low. The latter is supported by
relatively low repeatability of female godwit laying date (<0.08, N = 38, N0 = 2.3;
unpublished data). This together with the realization that godwit generation times are
rather long (5–14 years, Roodbergen et al., 2008) let us believe that an evolutionary
response to selection by mowing after such a short time is unlikely. While a response
with timing of breeding to the food situation for females is possible (and likely has
happened in the past), a response to the strong selection for early breeder by mowing is
(now) possible only on a phenotypic basis. However, for this to take place, females
would need a reliable cue to predict conditions (food abundance for chicks and
mowing dates) at the time of egg production. The weather during late winter did not
predict spring conditions pre-1976. Therefore, to use this environmental cue nowadays
(as winter condition do predict spring climate now), godwits would have needed to
learn to do so during the past 50 years, which apparently did not happen. 

However, pre-1976, godwits did show a response to improved conditions for adults
during egg production. The previous advancement of laying date in black-tailed
godwits during 1940 – 1975 was observed on the basis of ringing dates of chicks
(Beintema et al., 1985); and data retrieved from Haverschmidt (1963) show that the
date on which the first godwit egg was found in Friesland (the Dutch province that
harbors most breeding godwits) advanced by two weeks from 1930 until 1960 (Fig.
3.5). This advancement was explained by the increased use of fertilizer on grasslands
and the resulting improved food situation for adults, possibly enabling females to lay
earlier, but not by an change in climate, meaning females likely responded to the food
situation for themselves rather than to the expected one for their chicks (Beintema et
al., 1985). We found that laying dates of black-tailed godwits did not advance any
further after 1976 (Fig. 3.3A), while simultaneously temperatures in The Netherlands
began to rise and agricultural schedules advanced further. Kleijn et al. (in press) also
conclude, on the basis of a different dataset, that laying dates did not advance since
1980, suggesting that the non-advancement of timing of breeding is a robust result.
Assuming that ongoing changes in agricultural schedules further led to earlier and
higher food availability for laying females, why did godwits not advance laying dates
further? 

Black-tailed godwits also advanced their arrival date by three weeks from 1930
until 1962 (Fig. 3.5, Haverschmidt 1963). Since then, arrival times have not changed
much. In recent years, the first godwits are still seen in early March (van den Brink et
al., 2008; Kleijn et al., in press). It is possible that the advance in breeding date is only
possible if accompanied by an advance in arrival date, and that circumstances during
other times of their annual cycle prevent earlier migration or are limited in flexibility,
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which may be especially true for long-distance migrants (Miller-Rushing et al., 2008).
A similar argument has been given for why pied f lycatchers Ficedula hypoleuca
adjusted laying date insufficiently relative to the advancing food peak for their
offspring (Both & Visser 2001). After advancing both laying and arrival date, similar
constraints during the non-breeding season may have prevented godwits from further
advancing arrival timing, and possibly also subsequent timing of breeding. 

In contrast to most other bird species, we found that black-tailed godwits laid later
in warmer years. Since 1976, warm Mays are correlated with warmer, and maybe
drier winters, which may reduce food availability for adults pre-egg laying (Pearce-
Higgins et al., 2009), which could lead to females delaying breeding. This is unlikely
since (1) we did not find relationships of timing of breeding with precipitation parame-
ters during early spring, and (2) in the Dutch climate, warmer winters are wetter
(correlation between January-February temperature and January–March rainfall,
1976–2007; R = 0.55, P = 0.001), which should increase food availability and hence
advance timing of breeding (Both et al., 2005). A possible explanation for the counter-
intuitive positive correlation between May temperatures and breeding time is that is
was caused by a bias towards late hatching dates due to more second clutches in
warmer springs. 

Instead of an advancement in timing of breeding, the effect of hatching date on
hatchling mass became more negative over time (Fig. 3.4). Apparently, godwits
invested more in early eggs and less in late eggs, leading to no change in mean annual
hatchling mass. Investment in early eggs was highest in years when the temperature-
sum 180°C was reached early (Fig. 3.4) – already from January to early March. Few
godwits arrive on the breeding grounds before late February and they cannot use the
weather before arrival as a direct cue for timing and investment decisions (Beintema et
al., 1995; van den Brink et al., 2008). We suggest that in years with a lower tempera-
ture-sum 180°C —warm and wet winters with frost periods that were short and with
fertilizer applications that were early (Kruk et al., 1996)—, lead to a high and early
availability of earthworms (Jordan et al., 2004; Timmerman et al., 2006). After
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warmer winters, returning female godwits may thus find it easier yo achieve the
required nutritional state to produce eggs. 

Early born and heavy chicks have a higher survival probability than late born
chicks (Roodbergen & Klok 2008; Schekkerman et al., 2009). Thus, it would seem
advantageous for females to invest less into late chicks, especially in years when
mowing is early. We indeed find a steeper decline in hatchling mass in warm springs
when mowing occurs earlier (Fig. 3.4F). But why would godwits be naturally prepared
to invest less in late offspring during warmer years? It is possible that higher tempera-
tures predict food shortages for late born chicks also in situations without mowing,
because warmer weather is linked with an earlier peak in insect abundance (Nooker et
al., 2005; Tulp & Schekkerman 2008), and thus may mean that the food situation is
less good later.

Long-lived birds are normally expected to be rather prudent in their current repro-
ductive investment, because they still have a long future reproductive life (Drent &
Daan 1980). They are expected to 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), and, during shortages, are expected to invest less, abandon a clutch or even
refrain from laying at all (Erikstad et al., 1998; Weimerskirch et al., 2001). Agricultural
changes and climate change have altered the temporal fitness landscape of black-tailed
godwits in more than one way, improving conditions for females during egg laying and
reducing the value of late born chicks. While black-tailed godwits are apparently not
(any longer) able to respond with laying date, they can adjust egg size. We suggest that
on a continuous gradient of either maximizing adult survival or offspring fitness,
godwits tend to invest and time their reproduction towards maximizing adult survival. 
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