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Timing of  breeding

Reproductive success in relation to variation in timing of breeding has been studied in many 
bird species, and especially the hypothesis that timing of breeding is tuned to food availability, 
has received a lot of attention (Lack 1968; Perrins 1970; Daan et al. 1989; Brinkhof 1995). 
 Lack (1950) proposed that on average breeding is timed so that the hatching of chicks 
coincides with the peak in food supply. Later Perrins (1970) showed that in at least two species 
most individuals breed later than would be expected based on the optimal timing for chicks. 
He concluded that an earlier timing was constrained by the proximate mechanism of a food 
shortage for the female at the time when eggs need to be produced. This led to experimental 
studies where females were experimentally supplied with extra food. In a recent review Drent 
(2006) summarized the fi ndings of ten such studies and he concluded that supplemental 
feeding led to only a slight advancement of egg-laying. Apparently there are other factors, 
possibly controlled by an internal rhythm, that play a role as well. Studies in which laying 
date was advanced experimentally did result in higher reproductive output, but at the cost 
of reduced parental survival. The timing of breeding is therefore the result of a compromise 
between the best chances both for survival of the chicks and the adults. The conclusion is 
that laying date is optimised on the individual level infl uenced by local environmental con-
ditions (Drent and Daan 1980; Daan et al. 1989; Brinkhof 1995; Daan and Tinbergen 1997).

The Arctic  as a magnifying glass?

Most environments on earth are not constant but show variation in day length, weather 
and food availability depending on the time of year. Opportunities for successful reproduc-
tion are therefore limited and restricted to a limited period per year (Alerstam 1990). 
 Many shorebird species are long distance migrants that spend the nonbreeding season 
at temperate or tropical latitudes and undertake migrations to their arctic breeding areas 
in spring. Timing of breeding in long-distance migratory shorebirds is closely linked with 
other parts of the annual cycle. Most species have a tight time schedule within which they 
travel from their wintering sites, through stopover sites to the breeding areas (Piersma 
1987; Ens et al. 1994). The onset of breeding is often only days after arrival at their arctic 
breeding sites. 
 The Arctic may stand out from temperate regions because of its extremes in environ-
mental forcing. Arctic areas are not inhabitable for the greater part of the year by most 
organisms unless they have developed certain adaptations to overcome the limits set by 
the harsh environment (Scholander et al. 1950; Morrison 1964; Andrews and Ryan 1971; 
Wang et al. 1973; Giardina et al. 1989; Brix et al. 1990; Stokkan 1992). Snow covered, with 
temperatures far below freezing and without daylight for most of the winter: certainly 
circumstances that do not make an easy living. As evidenced by ptarmigan Lagopus mutus, 
snowy owl nyctea scandiaca, snow hare Lepus timidus and lemmings it is nonetheless pos-
sible to live here year round (Wang et al. 1973; Chernov 1985; Stokkan 1992; Reid and Krebs 
1996). But without their abilities to fi nd food and shelter below the snow and adaptations 
to withstand the low temperatures, they would not be able to survive. The Arctic is there-
fore not an environment where shorebirds can stay year round. With their sensitive bill 
tips they need soft sediments or vegetation to look for food (Piersma et al. 1998). The logical 
consequence then is to migrate away from the place of birth or the breeding site in the arctic 
tundra and spend the rest of the year in areas that do provide the necessary conditions for 
survival.
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The arctic summer is short and time available for fi nding a mate, laying eggs, raising chicks 
and preparing for migration is hardly more than two months. Even within this period, 
weather is capricious, with large day-to day variations in temperatures and regular occur-
rences of strong winds, rain and snow showers. In addition, food abundance (arthropods) 
shows a seasonal peak and strong weather-dependence. Therefore, arriving on time and in 
a condition that allows a quick start of breeding may be paramount for successful repro-
duction. This does not necessarily mean that the relevance of an appropriate timing is 
stronger here or that birds are more time stressed here than in more temperate systems. 
Although it has been the general conviction that the relevance of an appropriate timing 
increases with climate harshness, there’s increasing evidence that also in temperate 
climates the season with the right conditions for reproduction is short (Both et al. 2006). 
The length of period in which food conditions are suffi cient for successful breeding and 
the energetic requirements caused by local environmental conditions are relatively low, is 
what determines the size of the window of opportunity (fi gure 1.1). The seasonal pattern 
in food abundance will depend on the type of food and the way the environment interacts 
with its availability. The part of the window of opportunity that is determined by food 
abundance is less likely to differ greatly between temperate and arctic sites. Energetic 
requirements however show the steepest decline and largest difference between winter 
and summer months in arctic areas (Wiersma and Piersma 1994). This aspect is different 
from temperate areas: here the opportunities for successful reproduction are predomi-
nantly limited by food availability, whereas the seasonal effect on energy requirements 
show less steep changes than in the Arctic. Whereas in the Arctic many species depend on 
arthropod fauna as a single food source, in temperate areas there are often more alterna-
tives. Another aspect that differs from temperate zones is the huge short-term variation in 
weather. In midsummer cold spells lasting several days are not uncommon and even within 
a day temperatures can easily vary over more than 10°C. Because of the general lower tem-
perature level, such fl uctuations have high impacts. A drop from 10 to 2°C has a stronger 
effect than a drop from 25 to 17°C. For instance, the availability of arthropods can vary by 
a factor 5 between consecutive days.
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Figure 1.1. The presumed window of 

opportunity for shorebirds breeding at a 

temperate (upper) and arctic (lower) site. 
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Consequently, processes related to timing of breeding in the Arctic may be as if observed 
through a magnifying glass. In addition, of all climatic zones on earth, arctic areas have 
shown the greatest climatic change in the past decades (Meehl et al. 2005). In line with 
this, predicted effects of climate change are expected to show up most prominently in the 
Arctic (McBean 2005). 
 For the moment, neglecting the question what brings shorebirds to the Arctic in the 
fi rst place, the central theme of this thesis is: what are the selective forces that determine 
the timing of breeding of arctic breeding shorebirds?

The breeding season in the annual cycle: the terminal reward

Another special feature of the Arctic is that most species that breed there come from far 
away. So, there is not only the decision to be made of when to start breeding, but also of 
when to leave the wintering grounds and when to arrive on the breeding grounds. Models 
of bird migration have tried to describe the annual cycle including migration and breeding.
 The basic assumption in these models is that there is a relationship between arrival 
date and arrival condition and breeding success, as a proxy for fi tness (Ens et al. 1994; Weber 
et al. 1998). Yet, in contrast to the situation in arctic breeding geese (Ebbinge and Spaans 
1995; Madsen 2001), to date there is little direct published evidence of such a relationship in 
shorebirds. The models assume that reproductive success has an optimum with respect to 
arrival date, or declines continuously to some fi nal date beyond which reproduction is impos-
sible (fi gure 1.2). Furthermore, some minimum condition is required to initiate a clutch. 
Both arrival date and condition may be infl uenced by factors operating in the wintering 
areas and at migration stopovers (site quality) or during migratory fl ights (weather), and 
they may determine whether there is enough time to raise chicks before the end of the 
summer, or the number and quality of eggs being produced. The shape of this ‘terminal 
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Figure 1.2. Schematic presentation of the link between maximizing reproductive success and the 

time and body mass at arrival on the breeding grounds (from Ens et al 1994).
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reward function’ is based on general patterns in birds, but varies between species, locali-
ties, and years. The project set out to collect data on the breeding grounds to provide an 
empirical basis for these models of migration for shorebirds. This model can then be used 
to evaluate the effect of (human-induced) disturbances to the optimal migration schedule 
(Weber et al. 1999). 

Approach

The original approach of this study was to measure reproductive success in shorebirds in 
relation to arrival date and condition. We wanted to capture birds upon arrival to have 
accurate measures of both arrival date and arrival condition and follow their breeding 
performances. In practice, this did not work. Only few of the birds captured upon arrival 
stayed within the study area, predation rates were high and estimating fl edging success in 
most species was not feasible. In a more indirect approach we did measure the seasonal 
pattern of food availability and compared this with energetic demands and performance 
of parents and young (energy expenditure, condition, growth, time available for foraging). 
The rationale behind this is that if we can pin down energetically stressful periods, it may 
be possible to identify selection pressures on the timing of breeding. Additional insight 
can then be gained by comparing the fi ndings among species that have different reproduc-
tive strategies. 

Factors that  may be important for t iming of  breeding

Conditions at arrival and in the pre-laying phase. 
The risk of starvation upon arrival is probably the greatest potential cost of being early. On 
the other hand, early arrival may bring several benefi ts. Early birds may obtain the better 
territories with respect to food supply or safety. Arrival date may also affect the options to 
choose a mate, including the chance to remate with a known partner, as in the black turn-
stone Arenaria melanocephala, where reunited pairs fl edged more young than newly formed 
pairs (Handel and Gill 2001). Early arrival may also translate to an early laying date, although 
variation in the time needed to accumulate nutrients for egg production may modify this 
relationship. Early arriving birds may be able to prepare their body for breeding faster if 
they have access to better feeding sites (Morrison et al. 2005), though arctic waders often 
feed outside their breeding territory. However, laying date can also be constrained by a late 
snowmelt. Because nests in small snow-free patches incur a high predation risk (Byrkjedal 
1980), eggs can only be laid once suitable nesting ground is exposed (Green et al. 1977).

Food availability for chicks. 
Abundance of surface-active arthropods that form the main food of arctic wader chicks, 
generally peaks during a short period in (most often) July, the timing of which varies under 
the infl uence of weather conditions. A hatching date well-timed to the insect peak will 
increase chick growth rate and survival (Schekkerman et al. 1998a). Although some early 
authors identifi ed hatching as the phase to be matched with the insect peak (e.g. Nettleship 
1973), this may not be the whole story, as required foraging intake rates are higher for 
older chicks with their greater energy requirements (Schekkerman et al. 2003).

Food availability for adults during incubation. 
Although adult waders may utilise a wider food spectrum than chicks (e.g. also buried 
larvae), food availability for them may also be highest during the peak of surface arthro-
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pod activity. This may lead to a confl ict of interest between adults (which could alleviate 
energetic problems by incubating during the insect peak) and chicks (which should have 
hatched by then, fi gure 1.3).

Energy needs throughout the breeding season. 
Mean air temperature varies from below the freezing point when shorebirds arrive, to as 
high as 25°C in mid summer. But weather can be highly variable from day to day. Even in mid 
summer, days with low temperatures and snow or rain showers occur. Walking around on 
the windswept tundra generally costs more energy than sitting tight in a nestcup sheltered 
from the wind (Piersma et al. 2003). Most shorebirds are precocial: they have self-feeding 
chicks. Unlike adult birds, young chicks are incapable of maintaining their body tempera-
ture (Visser and Ricklefs 1993; Krijgsveld et al. 2001). Therefore young chicks require regular 
brooding by their parents to enable their body temperatures to increase. As a result, the time 
budget of the parents is limited by the time needed for brooding. The organisation of the 
breeding cycle – what activity takes place in which period – will defi ne the energy needs 
throughout the season and may affect the optimal timing of breeding (fi gure 1.4). Also in 
this respect the interests of parents and chicks may differ with regard to timing of hatching.

Competition during autumn migration. 
In many shorebird species, one parent deserts the breeding area well before the chicks 
have fl edged, and even the remaining parent usually migrates away before the young 
(Cramp and Simmons 1983). This may refl ect a declining food supply in the tundra, but 
may also point to some advantage of arriving early at autumn staging or moulting sites. An 
indication for such an advantage is the study of Boates and Smith (1989), who found that 
in response to the infl ux of migrant semipalmated sandpipers Calidris pusilla into the Bay 
of Fundy in late July, the larger male amphipods Corophium volutator did not show up at the 
surface anymore due to a behavioural shift and depletion by sandpipers. Thus only the 
early-arriving birds can take advantage of the most profi table prey. There are several other 
examples of prey depletion at autumn staging sites (Schneider and Harrington 1981; 
Szekely and Bamberger 1992; Zwarts et al. 1992).

Figure 1.3. Hypothetical relationship 

between food supply, date of laying and date 

of young becoming independent. The curve 

shows level of food abundance against (i) the 

food required for general body maintenance 

and (ii) the food required for forming eggs. 

The straight line X represents the time 

required for forming and laying eggs and 

incubating these to the point of hatching. 

Line Y represents the time taken to raise the 

young to the point of independence (from 

Perrins 1970).
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Parental care systems
Many systems of parental care exist in shorebirds. Apart from the biparental system in 
which both parents share incubation and chick-rearing duties, a variety of systems occur 
with unbalanced parental roles (Reynolds and Szekely 1997). At the extreme of these, the 
contribution of one sex is reduced to fertilization only (as for example in ruff Philomachus 
pugnax, van Rhijn 1991). This might even take place already during a stopover on north-
ward migration. Shorebirds are also known for the occurrence of reversed sex roles. In that 
case the contribution of the female is reduced to egg laying but she leaves the remaining 
the parental duties to the male, as is the case in phalaropes (Schamel 2000). The conse-
quence of both these examples is that one bird carries out all parental duties alone (‘uni-
parental’). However, also within biparental systems variations occur. Some species take 
care of eggs and chicks together until the chicks fl edge, while in others the male or the 
female leaves when the eggs hatch or shortly after that.
 The different parental care systems have great consequences for the energy and time 
budgets of parents. For instance, birds that share incubation and chick-rearing duties 
will have more time available for feeding than birds that fulfi ll all parental duties alone. 
In the Arctic, species representing several of this array of parental care systems co-occur. 
This provides a unique opportunity to investigate constraints on breeding as the different 
systems affect time-energy budgets differently.

June July August

arrival body transf. egg incubation chick rearing departure

ADULTS
CHICKS

temperature

arthropod availability 

snow cover

Figure 1.4. Shorebirds breeding in the Arctic are dealing with a season that is limited to 2.5 months. 

In spring nesting can only start once the snow has disappeared, while food and temperature show a 

strong seasonal pattern. The bars indicate the periods when adults and chicks are present in the 

area.
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Khatanga

Taimyr peninsula

Dikson Pyasina

Yenissei

Lake Taimyr
KARA SEA

Severnaya Zemlya

Study area

The majority of the studies presented here are based on fi eldwork that was carried out in 
2000-2002 at Medusa Bay situated 18 km south of Dikson in the west of the Taimyr peninsula, 
Siberia, Russia (73°20’N 80°30’E, fi gure 1.5). In some chapters in the thesis I also use data 
that were collected in 1996 by an expedition under the umbrella of the Working Group for 
international Waterbird and Wetland Research (WIWO). In one chapter (chapter 5) a compila-
tion of data is used that were collected in different locations across the Siberian Arctic by 
many teams of researchers in different years.
 In 1994 the Dutch Ministry of Agriculture, Nature Management and Food Safety fi nanced 
the building of a fi eld station at Medusa Bay to stimulate research in the area as well as co-
operation between Russian and Dutch scientists. Gerard Boere, at the time working at the 
ministry, was the driving force behind this. Our studies were funded by the Dutch Ministry 

Figure 1.5. Location of the study area (circle near Dikson) on the Taimyr Peninsula.
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of Agriculture, Nature Management and Fisheries (DWK program 404). The precondition 
for this study was that we would base ourselves at this fi eld station. This was not entirely 
a logical choice considering the conservation-oriented scope of the work and the desired 
emphasis on species for which the Wadden Sea is an important stopover site. Most of the 
species that breed in Medusa Bay either do not follow the East Atlantic Flyway, but follow 
a more eastward route (dunlin, Pacifi c golden plover), or, if they do use the East Atlantic 
Flyway, hardly use the Wadden Sea (little stint, curlew sandpiper). The Wadden Sea species 
are generally found further north and east in Taimyr, places that are much harder to access 
than Medusa. Nevertheless, given the practical problems included in working in remote 
areas such as the Siberian Arctic, the availability of a fi eld station provides an opportunity 
that must not be underestimated. Furthermore, the problems encountered by arctic breed-
ing shorebirds are unlikely to depend on longitude.
 At the latitude of Medusa Bay there is continuous daylight throughout the breeding 
period. The last sunset is on 3 May and the fi rst sunset on 11 August. Medusa Bay is situated 
at the northeastern end of the river Yenissei, near the mouth (fi gure 1.5). The fi eld station 
is situated on the northeast side of the bay, on a small peninsula. Most of the shorebird 
breeding biology studies were undertaken in a 4 km2 area east of Medusa Bay, bounded by 
natural borders: the Medusa river in the south, the bay and the sea in the north and west 
and another small river in the northeast (fi gure 1.6). 
 The study area can be classifi ed as ‘arctic tundra’ according to (Chernov 1985), with 
some characteristics of ‘typical tundra’. This somewhat vague terminology is used for the 
area that stretches out between the July 8-11°C isotherm in the south and 1.5°C isotherm 
in the north. The vegetation is low, without trees and bushes and usually not higher than 
30 cm. Arctic tundra is characterized by patches of bare ground, which are often surrounded 
by fringes of vegetation. This type of polygonal tundra is formed by frost heaving and 
stretches of it are present at Medusa Bay. Other features caused by the action of frost and 
thawing are noticeable everywhere: split blocks and stones, cracks in the ground and 
mounds. In summer the landscape is colourful because of the abundance of fl owering 
plants, especially on south slopes.
  At Medusa Bay the landscape is characterised by a rolling relief. The top of the highest 
hill in the intensively studied area is situated 39 m above sea level, and the lowest point is 
at sea level. No lakes or ponds are present. To the east of the study area the relief becomes 
more distinct, with hilltops reaching as high as 160 m above sea level. Rock formations are 
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present throughout the area and rocky outcrops are 
often found on steep slopes. Gravel occurs along rivers, at 
river mouths and on beaches. The vegetation consists 
of lichens, mosses, sedges, grasses, dwarf willows Salix 
polaris, and various herbs on the slopes and plateau’s 
on top of hills. In the marshy areas found in valleys, on 
the lower parts of slopes and sometimes on hilltops, 
extensive meadows of sedges Carex spp. predominate. 
East, north and southeast of the plot large polygonal bogs 
are found. In most of the area well-vegetated tundra pre-
dominates, with few areas of frost-boiled tundra with 
clay-medallions. Part of the area is traversed by tracks of 
caterpillar vehicles, which has changed the landscape 
considerably. In these tracks vegetation cover increases 
through proliferation of grasses and sedges. Also tracks 
cause drainage and creation of micro-relief and new 
puddles. Some shorebird species seem to prefer these 
tracks for nesting.

Generally mean daily temperatures increase to above 
0°C and snow starts to melt in the fi rst half of June, 
and in early September mean temperatures tend to 
drop below 0°C and the fi rst permanent snow occurs 
(NCDC Climate Resources, www.ncdc.noaa.gov). 
 In the years 2000 and 2001 few lemmings were 
around, while numbers were on the increase in 2002, 
although densities usual in ‘lemming peak years’ 
(such as 1996) were not reached (www.arcticbirds.ru). Only in 1996 and 2002 numbers were 
high enough to encourage predators such as snowy owls Nyctea scandiaca and pomarine 
Stercorarius pomarinus and long-tailed skuas S. longicaudus to start nesting, although these 
species did suffer problems in fi nding enough lemmings to feed their mates and chicks 
later in the season. In all years arctic foxes Alopex lagopus were present in the area, leaving 
behind a trace of empty wader nests, especially in 2000 and 2001. In 2002, arctic fox num-
bers had been much reduced by two years of lemming scarcity, foxes were present in the 
surroundings and visited our study area a few times. Nevertheless, predation pressure on 
breeding waders was noticeably less in 2002 than in 2000 and 2001, and good numbers of 
chicks hatched.
 In order of decreasing breeding density the local shorebird community consists of little 
stint Calidris minuta, Pacifi c golden plover Pluvialis fulva, dunlin Calidris alpina, curlew sand-
piper Calidris ferruginea, ringed plover Charadrius hiaticula, turnstone Arenaria interpres and 
Temminck’s stint (table 1.1). In some years red phalarope Phalaropus fulicarius, dotterel 
Charadrius morinellus, pectoral sandpiper Calidris melanotus and ruff Philomachus pugnax 
bred in the area as well. In years with high lemming peaks (1996, 2005) brent geese form 
colonies around nests of snowy owl (Tulp et al. 1997; van Kleef et al. 2007). Other species 
that breed in the area (in some years) include several duck and passerine species (table 1.2).
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Table 1.1. Numbers of shorebird nests and broods of which nests were not found, inside the 4 km2 

intensive study area in 1996 and in 2000-2002. The last column shows in which chapters the different 

species are featuring.

species nests + broods in 4 km2  chapter 

 1996 2000 2001 2002   

little stint Calidris minuta 74 110 94 99 2, 3, 4, 5, 6, 7, 8,10

dunlin Calidris alpina 13 31 18 20 2, 3, 4, 6, 8, 10 

Pacifi c golden plover Pluvialis fulva 23 27 26 17 3, 10 

curlew sandpiper Calidris ferruginea 71 13 19 10 2, 3, 4, 10 

ringed plover Charadrius hiaticula 6 10 2 6 10 

ruddy turnstone Arenaria interpres 5 3 2 4 2, 3, 10 

red phalarope Phalaropus fulicarius - - 2 3 2, 3, 4, 10 

pectoral sandpiper Calidris melanotos - - 7 2 4, 10 

Temminck’s stint Calidris teminckii - 1 2 1  

ruff Philomachus pugnax 1 - 1 -  

dotterel Charadrius morinellus - - 2 - 2 

      

Table 1.2. Numbers of nests of other species, inside and outside the 4 km2 intensive study area 

(but within the area shown in fi gure 1.6) in 1996 and in 2000-2002.

species nests inside + outside 4 km2

 1996 2000 2001 2002   

brent goose Branta bernicla 51 - 1 12 

white-fronted goose Anser albifrons - - 1 - 

long-tailed duck Clangula hyemalis - - - 1 

Steller’s eider Polysticta stelleri - - - 1 

king eider Somateria spectabilis (brood) - - - 1 

ptarmigan Lagopus mutus - 4 4 5 

long-tailed skua Stercorarius longicaudus 3 - 3 4 

pomarine skua S. pomarinus 4 - - 18 

snowy owl Nyctea scandiaca 4 - - 2 

rough-legged buzzard Buteo lagopus 3 1 - - 

shorelark Eremophila alpestris 12 6 14 7 

red-throated pipit Anthus cervinus 1 2 6 1 

white wagtail Motacilla alba - 1 1 - 

northern wheatear Oenanthe oenanthe - - 1 1 

common redpoll Carduelis fl ammea - - - 1 

Lapland bunting Calcarius lapponicus 7 18 15 10 

snow bunting Plectrophenax nivalis 3 23 9 6 
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Study species

There are several species featuring in this thesis (table 1.1). To avoid repetition of descrip-
tions of the characteristics of the main species, here I will introduce the ones that play a 
major role. Their order refl ects their importance in the thesis.

Little stint
Little stints have a wide distribution in winter, ranging from the Mediterranean in the 
north all along the African east and west coast, as far south as South Africa and as far east 
as India (Cramp and Simmons 1983, fi gure 1.7). In the Arctic little stints are also wide-
spread and locally very abundant. The breeding area ranges from northern Scandinavia in 
the west to east Russia, beyond the Lena Delta in the east. Little stints are not faithful to 
their breeding site. In 2000-2002 we ringed 582 full-grown little stint, of which half were 
colour-marked and we ringed 320 chicks, but never saw a single one again. Nor did we ever 
resight any of the 67 colour-ringed adults and 75 ringed chicks that were ringed in 1996. 
Despite thousands of birds having been ringed in both in Taimyr and abroad, only very few 
Taimyr little stints have been recovered elsewhere. We received three recoveries from our 
colour-marked birds from wintering areas in Namibia, Tanzania and Israel (fi gure 1.7).
 As an unbiased scientist you’re not supposed to have favorites but I can’t help that for 
me little stints are the absolute champions among arctic breeding shorebirds. Apart from 
being the smallest shorebird in the Siberian Arctic, they also take care of the eggs and 
chicks alone. The female lays a clutch of four, after which one of the parents (usually the 
male) starts incubating this clutch, while the female moves further north and produces a 
second clutch, likely with another male (Hildén 1978; Tomkovich et al. 1994; Tulp et al. 
2002). Starting with a mere 4 g, the tiny fl uff balls on their enormous legs grow at high 
speed to full-sized birds in little over two weeks. Furthermore, little stints are extremely 
enjoyable to work with due to their tameness. They will readily keep the chicks warm while 
you take chick by chick to ring and measure them, after which you put them back under 
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the parent’s belly! The repertoire of tactics they use to lead you away from nest or chicks is 
extensive and very charming to a human observer (although defi nitely not intended like 
that). Perhaps one of the most striking is the one we called the “dead sheep display” where 
the bird sits behind a tussock and jumps vertically into the air, while squeaking like a lem-
ming (something that reminded us of the dead sheep falling from the sky featuring in one 
of the Monty Python movies). They generally breed in the wetter areas along streams, in 
sedgefi elds and polygonal tundra. This is also the area where they stay once the chicks are 
born. Young chicks are reasonably easy to work with, but they tend to become more diffi -
cult to track when they grow older and no longer require brooding.

Dunlin 
The subspecies breeding in Taimyr is Calidris alpina centralis (Engelmoer and Roselaar 1998). 
The nonbreeding area of this subspecies is largely unknown; there have been only two 
recoveries of birds ringed in eastern Taimyr from the Sivash (Sea of Azov in the Black Sea 
area) in 2003/2004 (P.S. Tomkovich pers. comm.). The most likely wintering area is some-
where in the Persian Gulf (fi gure 1.7). We also never got a single recovery from the 150 
adult dunlin that we ringed and (part of them) colour-marked in our study area, nor from 
the 136 birds ringed as chicks. Together with Pacifi c golden plover and ringed plover, 
dunlin is the only site-faithful species in the area. We systematically colour-marked all 
dunlin breeding in the area and based on three years data we calculated an apparent 
annual survival rate of 69% (Schekkerman et al. 2004). Dunlin are biparental during the 
egg phase. Male and females take equal turns in incubation, but as soon as the chicks hatch 
the female leaves. She is often still seen for a few days in the area, but not near the nest and 
leaves shortly after. Dunlin breed in wet areas, often in tracks produced by caterpillar 
vehicles. They often breed very close to the nest site of the previous year. The chicks are 
notoriously diffi cult to fi nd because of their behaviour and their extremely good camou-
fl age. 

Curlew sandpiper
The curlew sandpiper is a breeding bird of the arctic tundras in northern Siberia between the 
Yamal Peninsula in the west and the Chuckchi Peninsula in the east (Lappo and Tomkovich 
2006). They spend the nonbreeding season at southern latitudes from sub-Saharan Africa 
to New Zealand (fi gure 1.7). It is a strictly uniparental species; the male leaving after the 
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eggs are produced and even chased away from the territory by the female. Males leave the 
breeding area early in the season and are seen on southward migration in the beginning 
of July in the Wadden Sea (Bijlsma et al. 2001). Curlew sandpipers are not breeding site-
faithful. None of the 37 (2000-2002) and 43 (1996) colour-ringed adults or 45 (2000-2002) 
and 72 (1996) ringed chicks returned to the breeding site in the years of study. Curlew 
sandpipers ringed at Medusa Bay were reported from Britain, Spain (ringed as chick) and 
South Africa, all in autumn. They breed in the area every year, and in some years in extremely 
high densities (1996, table 1.1). Curlew sandpipers nest in the drier parts of the area, often 
on hill slopes. With chicks they move towards the wetter valleys (Schekkerman et al. 1998b) 
and are very diffi cult to fi nd when they are older than a few days of age.

little stint

curlew sandpiperdunlin

?

Figure 1.7. The different fl yways connecting 

Taimyr to the wintering sites in the southern 

hemisphere for the three most common species 

at Medusa Bay: little stint, dunlin and curlew 

sandpiper. The six recoveries of birds that were 

colour-ringed in this study are shown.
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Outline of  the thesis

The different chapters in the thesis follow the arctic summer in a chronological order. 
Although this is not the order in which they were originally written, this seems the most 
logical way of presenting them and provides the best possibilities to build the next paper 
on the fi ndings of previous ones. 

Arriving in the snow
The body condition with which shorebirds arrive from their last spring stopover site in the 
Siberian Arctic is still largely undescribed (but see Morrison et al. (2005) for red knot Calidris 
canutus in northernmost Canada). The expectation is that most of the energy stores are 
depleted after the long distance fl ights into the breeding areas. Empirical studies have 
confi rmed that arctic shorebirds generally produce eggs not from nutrients brought from 
the wintering grounds but from nutrients collected after arrival on the breeding grounds 
(Klaassen et al. 2001; Morrison and Hobson 2004). However, a residual store could still be of 
use if it can provide some leeway in case they fi nd a snow covered tundra upon arrival with-
out feeding possibilities (Morrison and Hobson 2004). The reason for the lack of information 
on arrival condition is that usual methods for catching birds, such as mist netting, do not 
work in the Arctic because of continuous daylight. Also situations that would enable the 
use of cannon nets such as communal roosts or feeding sites do not occur much (with the 
exception of Alert, see Morrison et al. 2005). Therefore we used a modifi ed version of the 
wilsternet (a clap net used for catching golden plovers in The Netherlands, Jukema et al. 
2001) that is successful in catching migrating waders in stopover and wintering areas but 
was hitherto never applied in the arctic breeding areas. In chapter 2 we describe arrival 
condition both in terms of total body mass, and by means of the deuterium dilution method 
also in terms of lean and fat mass.

Warming eggs on the icy tundra
Upon arrival, the tundra is still snow covered and frozen. The permafrost layer is only centi-
meters away from the surface. Since in some species egg laying starts within days upon 
arrival, it means that in practice they have to lay their eggs on frozen ground. Not a very 
energy-effi cient place, considering that eggs need a high and constant temperature for 
successful embryonic development (Drent 1975; Webb 1987). The way shorebirds protect 
their eggs against the cold environment through careful nest design is the subject of 
chapter 3.

Time problems of single parents
Many species at the study site take care of eggs and chicks alone. Since shorebirds do not 
build up enough stores to sit out the incubation period, they have to leave the nest at 
regular intervals to feed. Time allocation during incubation is likely to depend on factors 
infl uencing egg cooling rates as well as parental energy requirements and food intake 
rates. The co-occurrence of four uniparental species that differ in size (little stint, red 
phalarope, pectoral sandpiper and curlew sandpiper), provided an excellent opportunity 
to study how different species deal with this time allocation problem. Using small data-
loggers that registered the temperature in the nest we compared incubation rhythms 
between these species and investigated weather effects on the organisation of incubation 
in chapter 4.
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Extra’s for bad times
The energetic consequences of a uniparental lifestyle was the topic treated in chapter 5, 
with little stint as the model species for which a wealth of information on body mass 
dynamics was collected by 17 expeditions to 12 sites by over 30 people between 1976 and 
1998. Mass stores in birds can serve as an insurance for transient periods of negative energy 
balance, but carrying such stores entails certain costs as well. Therefore, body mass may 
vary in relation to climatic conditions and stage of the breeding cycle. The compilation of 
data all over the Arctic allowed us to investigate how body mass varies with latitude and 
stage of breeding. 

The housekeeping book of single parents
Energy expenditure during incubation is much higher for arctic breeding shorebirds than 
for their temperate congenerics due to the colder environment (Piersma et al. 2003). High 
energy expenditure can only be compensated by high energy uptake through increased 
food intake. Especially in uniparental species an increased food intake might be diffi cult 
to accomplish within the limited time that is available for feeding. In addition food may 
also not be superabundant. Once the chicks hatch and feed for themselves, the single parent 
may have more time to feed. In chapter 6 we compare daily energy expenditure and time 
budgets during incubation and chick-rearing in little stint. Using dunlin as a representative 
of a biparental species and comparing it to the uniparental little stint, we try to answer the 
question what is the most energetically stressful phase and how this relates to the parental 
care system.

Growing up in the cold
Arctic born chicks are amongst the fastest growing shorebird chicks. Being one of the smallest 
of all arctic species, little stint chicks may be most vulnerable to the cold environment due 
to their high surface to volume ratio. We measured growth rates and energy expenditure to 
test the hypothesis that little stint chicks have greater energy expenditure than predicted 
for their body size, and that environmental variation has a strong effect on their energy 
expenditure and time budgets (chapter 7). 
 Breeding success in terms of number of chicks fl edged is diffi cult to measure in arctic 
breeding shorebirds due to their cryptic behaviour and extreme camoufl age. But growth 
rate is likely to be a good proxy for breeding success as it affects both the birds condition 
and the length of the period in which chicks are most vulnerable. In chapter 8 we explore 
how growth rates of chicks of little stint and dunlin are affected by weather and food avail-
ability.

Food peaks
The major food type for arctic chicks, and to a lesser extent for the parents as well, are 
surface active arthropods. They emerge once the snow has disappeared and show a strong 
seasonal pattern that is highly dependent on the weather. In chapter 9 we describe effects 
of weather and season on arthropods and use the statistical models derived from the fi eld 
measurements to hindcast how the ‘food for shorebird’ situation must have been in the 
past. We discuss the effect of the timing of arthropod emergence on the timing of the 
shorebird breeding season and possible consequences of shifts therein due to climatic 
changes.
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Finally I try to bring together all information in chapter 10 where I try to identify the 
major selection pressures acting on the timing of breeding. I conclude that the needs of 
parents and chicks may sometimes result in opposing selection pressures. Based on all 
collected information I will outline how this can be used to develop a model of the effect 
of arrival date and body condition on reproductive output, in terms of models of migra-
tion: the so-called ‘terminal reward’ function (Ens et al. 1994; Weber et al. 1998; Weber et 
al. 1999).
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De meeste plekken op aarde kennen seizoenen: er is variatie in daglengte, weer en 
voedsel. Daarom is het voor vogels niet mogelijk om op elk moment van het jaar op 
elke plek te broeden, maar wordt het broedseizoen gedirigeerd door de seizoenen. 
Omdat de omstandigheden wat betreft weer en voedsel die nodig zijn om te kunnen 
broeden en kuikens groot te brengen niet geschikt zijn op de plekken waar ze de 
winter doorbrengen, trekken vogels in het voorjaar naar andere gebieden. Daarbij 
leggen ze vaak enorme afstanden af. Veel steltlopersoorten zijn zulke lange afstand-
trekkers die broeden in de arctische toendra en de winter doorbrengen in gema-
tigde of tropische streken, zoals in onze Waddenzee of op het zuidelijk halfrond 
(fi guur 1.7). 
 De Arctis kenmerkt zich door extremen in weersomstandigheden. Gedurende 
het grootste deel van het jaar is het er slecht toeven voor de meeste organismen: 
bedekt met een dik pak sneeuw, temperaturen van enkele tientallen graden onder 
nul en aardedonker. Er zijn diersoorten die het er wel het hele jaar volhouden, 
doordat ze speciale aanpassingen hebben, zoals bijvoorbeeld sneeuwhoenders, 
sneeuwuilen, sneeuwhazen en lemmingen. Die soorten zijn in staat om voedsel te 
vinden onder de sneeuw en maken gebruik van de isolerende werking van het sneeuw-
pak om de winter door te komen. Maar steltlopers zouden de arctische winter niet 
overleven. Met hun zachte snavels is het onmogelijk voedselzoeken in de bevroren 
toendra. Dan zit er dus niks anders op dan weg te trekken, op zoek naar oorden 
waar het wel leefbaar is. Dat doen ze dan ook en aan het eind van het broedseizoen 
vliegen ze zuidwaarts. 
 De arctische zomer is kort en de tijd om een territorium te bemachtigen, een 
partner te zoeken, eieren te leggen, de kuikens op te voeden en de terugtocht voor te 
bereiden beslaat nauwelijks meer dan twee maanden. Zelfs binnen deze korte periode 
maakt het grillige weer het leven moeilijk. Grote temperatuurschommelingen, harde 
wind, regen en sneeuwbuien zijn aan de orde van de dag. Daarbij komt nog dat het 
belangrijkste voedsel, bestaande uit insecten, een duidelijke piek laat zien: alleen 
in het midden van de zomer is er genoeg voedsel voor de kuikens om goed te kunnen 
groeien. Maar zelfs in die periode is het voedsel niet altijd beschikbaar: in reactie 
op het weer schommelt het aanbod van dag tot dag sterk. Daarom is het zaak om 

De Arctis als vergrootglas
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het tijdstip van aankomst op de toendra goed te plannen. Als ze te vroeg aankomen, 
lopen ze het risico dat de toendra nog bedekt is met sneeuw en er niks te eten is. Na 
een lange vlucht hebben ze niet veel energie over om zonder voedsel te overleven en 
bovendien hebben ze extra voedsel nodig om een territorium te veroveren en eieren 
te kunnen leggen. Maar als ze te laat aankomen en beginnen met broeden, worden 
hun kuikens te laat geboren en missen ze de voedselpiek.
 Dit betekent overigens niet dat het belang van een goed getimed broedseizoen 
alleen beperkt is tot de Arctis of dat de tijdsdruk hier per se sterker is dan in meer 
gematigde streken. Zo’n krappe voedselpiek komt namelijk op meer plekken voor. 
Maar in de Arctis is niet alleen de temperatuur lager, waardoor de vogels meer energie 
nodig hebben, ook de grilligheid van het weer maakt dat de energetische grenzen 
zich duidelijker aftekenen. Hierdoor is het waarschijnlijk dat de effecten van timing 
op de voortplanting in de Arctis duidelijker zichtbaar en makkelijker te ontdekken 
zijn dan in gematigde gebieden. Als door een vergrootglas worden de processen die 
te maken hebben met de timing uitvergroot. Bovendien hebben de poolgebieden, 
zowel de Noord- als de Zuidpool in het verleden de sterkste klimaatveranderingen 
laten zien en is de voorspelling dat ook in de toekomst de effecten van klimaat-
veranderingen hier het sterkst en het eerst merkbaar zullen zijn. Zoals Al Gore in 
zijn fi lm ‘An Inconvenient Truth’ aangaf: de polen zijn de spreekwoordelijke ‘kana-
ries in de kolenmijn’. 
 De vraag waarom steltlopers überhaupt zulke enorme afstanden afl eggen om in 
de Arctis te kunnen broeden is natuurlijk mateloos interessant, maar komt in dit 
proefschrift slechts zijdelings ter sprake. De centrale vraag waar alle deelvragen die 
in dit proefschrift aan de orde komen om draaien is: wat zijn de beperkingen waar 
steltlopers mee te maken krijgen doordat ze broeden in de Arctis, waar het broed-
seizoen kort is en de weersomstandigheden uiterst grillig zijn. En hoe belangrijk is 
een goede timing hierbij? 
 Het onderzoek dat ten grondslag ligt aan dit proefschrift hebben we uitgevoerd 
in 2000-2002 in Medusa Bay op het Taimyr schiereiland in centraal Siberië (fi guur 
1.5). De belangrijkste soorten waar we in ons broedgebied mee te maken hebben 
zijn kleine strandloper, krombekstrandloper, bonte strandloper, steenloper, kleine 
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goudplevier en bontbekplevier. Hiervan 
spelen de eerste drie de meest promi-
nente rol in dit proefschrift. 
 De volgorde van de verschillende 
hoofdstukken volgt grofweg het seizoen: 
na de aankomst op de toendra in de eerste helft van juni (hoofdstuk 2) worden de 
nesten gemaakt en de eieren gelegd (hoofdstuk 3) en begint een periode van zo’n 
drie weken broeden (hoofdstukken 3, 4, 5, 6). Vanaf begin juli worden de kuikens 
geboren en groeien in ca twee weken op (hoofdstukken 6, 7, 8). Door het hele seizoen 
is de voedselbeschikbaarheid (hoofdstuk 9) van groot belang. Om het geheel wat 
beter leesbaar te maken voor niet-vakgenoten wordt elk hoofdstuk vergezeld van 
een kort (en hopelijk voor iedereen begrijpelijk) stukje in het Nederlands.
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