
 

 

 University of Groningen

The arctic pulse
Tulp, Ingrid Yvonne Maria

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2007

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Tulp, I. Y. M. (2007). The arctic pulse: Timing of breeding in long-distance migrant shorebirds. [Thesis fully
internal (DIV), University of Groningen]. [s.n.].

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 26-05-2023

https://research.rug.nl/en/publications/0d6554e8-900d-4fec-9298-794c57321edb


The arctic pulse216

Chapter 10



217

General discussion

10  General discussion  



The arctic pulse218

The different chapters of this thesis discussed a variety of potential selection pressures that 
may affect the timing of breeding of shorebirds in the Arctic. Below I will fi rst describe how 
shorebirds timed the breeding in three consecutive seasons in relation to snowmelt, weather 
and food. In an effort to integrate the results of different chapters, I will here collate all fi nd-
ings regarding selection pressures that affect the breeding season, how their infl uence may 
differ as a function of the parental care system and how they differ between parents and 
chicks. In doing so I also make comparisons between Taimyr and other (especially Nearctic) 
sites. Occasionally I will use information not previously presented in this thesis. Finally, 
I will outline how these results can be used to model the effect of arrival date and body 
condition on reproductive output, in terms of models of migration: the so-called ‘terminal 
reward’ function (Ens et al. 1994; Weber et al. 1998; Weber et al. 1999). I will conclude with 
some ideas of how the change in climate could impact on timing of breeding and based on 
this summarising discussion, outline what questions remain for a future research agenda.

Breeding phenology in Medusa Bay in 2000-2002

Upon their arrival in the tundra in the fi rst two weeks of June, shorebirds generally fi nd the 
largest part of the tundra surface still covered in snow. However, the year-to-year variation 
in snow cover in the period when most birds start establishing territories is considerable. 
Even within the three study years the start of snow melt varied greatly (fi gure 10.1). For 
instance, on 5 June 2000 not even half of the study area was snow-covered, while on the 
same date in 2001 over 80% and in 2002 the whole area was still covered. The rate at which 
snow disappears also differed between years. In 2001 snow disappeared rapidly due to 
warm weather, resulting in a practically snow-free tundra by 15 June. In contrast, in 2000 
this stage was only reached in the last week of June. In 2002 the snowmelt was the latest 
ever recorded during studies at Medusa Bay: snow cover was 70% until 18 June.
 As the occurrence of surface-active arthropods is highly correlated with weather condi-
tions, the summer peak in abundance also shows variation between years (fi gure 10.2). 
Despite this variation, the timing of shorebird breeding was highly similar between 2000 
and 2001. In 2002, however, the median laying dates of various species were 4-10 and 2-9 
days later than in 2000 and 2001. Furthermore the range between the fi rst and the last 
nests was much smaller in the late year 2002, with most of the eggs laid within a two week 
period. In an early year like 2000, this period can be as long as four weeks. 
 As a result of the relatively late peak in arthropod abundance in 2000 and 2002, most 
chicks were born when the availability of surface-active arthropod prey was at its maxi-
mum. In 2002 chicks grew up on the declining part of the curve. In 2001 numbers of arthro-
pods were already declining by the time that the fi rst chicks hatched. Thus, in three years 
of study, hatching occurred late relative to the food peak, but an earlier start of breeding 
was probably not possible because of snow cover. The plovers (ringed plover and Pacifi c 
golden plover) generally start breeding later than the sandpipers. The fi nding that biparental 
species start breeding earlier than uniparental species (Whitfi eld and Tomkovich 1996) was 
only partly confi rmed in our studies. When limiting the comparison to the sandpipers, the 
uniparental curlew sandpiper seems to be the odd one out, starting breeding as one of the 
earliest. This was exactly the same species that Whitfi eld & Tomkovich (1996) also identifi ed 
as being an unusual early breeder for a uniparental species. From all uniparental species 
this is the only one that nests on dry ridges, a habitat that becomes snow-free relatively 
early. Not only do uniparental species start breeding later than biparental species, they 
also arrive later (fi gure 10.2). 
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Figure 10.1. Hatching dates (dots: median dates) with range (lines) for shorebird nests (lowest 

fi gures), observed directly or deduced from egg fl otation or chick measurements at Medusa Bay. 

Species are ordered to breeding date. Numbers between brackets indicate the number of nests and/

or broods on which the distribution is based. Open dots represent biparental breeders, closed dots 

uniparental breeders. The middle fi gures show the seasonal patterns in arthropod abundance (on a 

log scale) and mean temperatures to illustrate the timing of hatching relative to seasonal patterns 

in food availability and temperature. Snow cover in relation to date is presented in the top fi gures.
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Selection pressures on the t iming of  reproduction

Arrival in the snow-covered tundra: risk of starvation
Most arctic shorebirds fl y to their breeding grounds from distant fi nal spring staging areas 
(van de Kam et al. 2004). As the weather in the wintering and stopover sites is not likely to 
be correlated with the snow conditions in the breeding areas (Piersma et al. 1990), the 
birds have no clues to adjust their arrival to the timing of spring. This is illustrated by the 
lack of trends in fi rst arrival date of shorebirds in several arctic sites, despite changes in 
arctic climate, e.g. in the Yukon Kuskowim Delta and Chukotka (Meltofte et al. in press). 
When the fi rst shorebirds arrive in the high arctic Siberian tundra, the ground is still frozen 
and largely covered with snow in most years, with scattered snow-free sites, where snow 
has melted or been blown away. Birds tend to congregate along snow edges where they feed, 
before they disperse to the breeding territories. Because shorebirds collect the nutrients 
needed to produce eggs locally (Klaassen et al. 2001; Morrison et al. 2005) and also have to 
rebuild organs that were reduced before or during the migratory fl ight, they need food as 
soon as they arrive. In this period adult birds feed on soil invertebrates such as (tipulid) 
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larvae and lumbricids along the edges of the melting snowfi elds; surface-active adult 
arthropods are hardly available at this time. Although in territorial species competition 
for the best breeding sites may lead to a selection for early arrival (Kokko 1999), there may 
also be a severe (survival) cost in years when snow melts late or the tundra surface freezes 
up for several days after arrival of the birds. Such mortality effects of early arrival in adverse 
conditions has been documented for barn swallows Hirundo rustica (Moller 1994). The fact 
that there are examples of starvation of shorebirds upon arrival, such as extensive mortality 
of adult red knots in northern Greenland and Canada in the cold early summers in 1972 
and 1974 (Boyd and Piersma 2001) illustrates that this is not merely a hypothetical situa-
tion. The leftover reserves that were taken from the wintering grounds and have not been 
used during migration may only last a couple of days (chapter 2, Morrison et al. 2005). 
 If birds reach the breeding area in a single fl ight from a distant stopover site, and laying 
date is limited by the availability of snow-free habitat, one would expect that arrival date 
would not be affected by a late snow melt, but that the interval between arrival and laying 
would be. In our study site we recorded the arrival of previously colour-marked dunlin and 
analysed whether arrival date was correlated with timing of breeding. Delayed laying in 2002 
did coincide with a delayed snow melt, but resightings of colour-marked birds indicate that 
this did not result in a longer time between arrival and laying. Instead, the birds arrived 
later and events developed similarly thereafter (Schekkerman et al. 2004). This suggests 
that dunlins do not fl y to their previous year’s breeding site directly, but make one or more 
stops short of their fi nal destination, adjusting their progress across the tundra to local 
snow conditions.
 That such a scenario indeed occurs is also indicated by transect counts made in the snow-
free areas of the study plot during the fi rst weeks of the season in 2002 (Schekkerman et 
al. 2004). Numbers of dunlin counted along the transect were high in the fi rst half of June 
but initially very few marked birds were seen among them, indicating that the majority 
were not locally breeding birds. When snowmelt accelerated after mid June, the unmarked 
birds disappeared from the area and the proportion of marked dunlin rose quickly (fi gure 
10.3). In the Canadian arctic shorebirds have also been observed to stop short of their fi nal 
destination. This occurred in 1992, for example, when the eruption of a tropical volcano 
resulted in a very late spring all over the Arctic (Ganter and Boyd 2000). Records at 30 sites 
showed that arrival was very late compared to other years, followed by a late start of breeding 
that resulted in an almost complete failure of reproduction for shorebirds and waterfowl. 
Birds shifted breeding areas or appeared in unusual numbers outside their regular breeding 
range. The fact that in late springs shorebirds tend to arrive later (Syroechkovski and Lappo 
1994; Tomkovich et al. 1994; Tomkovich and Soloviev 1996), provide a strong indication 
that the fi nal destination is approached in short hops instead of long leaps. 
 If birds run the risk to starve if they have to wait too long for food becoming available 
in thawed-out tundra, a prudent fi nal approach to the breeding site is a sensible strategy. 
But such a strategy also means that ‘arrival date’ and ‘arrival condition’ in the sense used 
in migration models (Weber et al. 1998) have a rather wide geographic defi nition (ranging 
over areas several 100 km or more across), and are therefore diffi cult to measure in the 
fi eld. This situation is likely to be different for breeding sites that are separated by barriers 
such as open sea (i.e. Iceland, Greenland). In conclusion, there is a real risk of starvation 
and as a selective force it will push the optimal arrival date backwards, but arrival date is 
not as clear-cut a parameter as assumed in migration models.
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Effects of timing of snow melt and permafrost 
Laying date can be constrained by a late snowmelt. Eggs can only be laid once suitable nesting 
ground has become exposed. But egg laying early in the season is risky: nests in small 
snow-free patches incur a relatively high predation risk (Byrkjedal 1980). If predators are 
present at this time of the season they have a reasonably easy job because their search area 
is limited to the snow-free patches.
 An early start of egg laying does not automatically result in an early start of breeding. 
In shorebirds the four eggs are generally laid in c. four consecutive days, but there are 
several studies that show a clear correlation between date of fi rst egg laying and the length 
of the laying period (Tomkovich 1988; Schamel 2000; Meltofte et al. in press). Individuals 
that start egg laying early took a longer time to complete the clutch, indicating that in 
early spring either food is limiting or the high costs required for thermoregulation limit 
the energy to produce the eggs from. 
 Early in the season the permafrost layer is close to the tundra surface (chapter 3) and 
eggs are laid only centimetres away from frozen soil. The energy required to warm eggs is 
signifi cantly greater at low ground temperatures (Cresswell et al. 2004). Despite the fact that 
the smaller and uniparental species seem to adapt to this situation by constructing better 
isolated nests (chapter 3), the increased incubation costs caused by the proximity of perma-
frost may be a factor that causes postponing of egg laying date. Increased incubation cost 
may be one of the factors that contribute to the general later breeding dates in species with 
uniparental incubation compared with biparental incubators (Whitfi eld and Tomkovich 
1996). In conclusion, snow cover will push the optimal arrival date backwards, especially 
in small uniparentals.

Predation risk and lemmings
The risk of predation on the Taimyr peninsula is greatly infl uenced by lemming abundance, 
a factor that in Siberia roughly follows a three year cycle (Danell et al. 1999). In years with 
high lemming densities, predators such as skuas, snowy owls and arctic foxes prefer lem-
mings over shorebird eggs and chicks, because lemmings are a more profi table prey and 
easier to fi nd (Angerbjorn et al. 1999). In the year after a lemming peak, the expanded arctic 
fox population that reproduced very successfully in the peak year will have decimated the 
lemming population over the winter. In such years arctic foxes are abundant and in the 
absence of lemmings they mainly feed on eggs and chicks of birds. For this reason breeding 
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productivity by shorebirds and geese is generally low in lemming low years and high in 
lemming peak years (Roselaar 1979; Summers 1986; Underhill et al. 1993; Summers et al. 
1998; Blomqvist et al. 2002). In the winter lemmings stay under the snow, but as soon as the 
snow melts and their burrow system falls apart, they will move to their summer burrows. 
Lemmings become visible on the surface only when snow melt reaches these sites, after 
the more exposed ridges and watersheds have become snow-free. In springs with rapidly 
increasing temperatures, lemmings are driven out of their winter sites by snow melt and 
fl ooding, while summer burrows in the exposed parts of the tundra are still either frozen 
shut or fl ooded with melt water. Only after the soil thaws out the animals can move under-
ground. After two years with extremely low lemming abundance, the numbers of lemmings 
increased in 2002, though still not very high. The three-year cycle in lemming abundance 
that has been apparent in Taimyr for several decades was maintained, with an unusually 
low peak in 2002. During the summer season the probability of predation on shorebird nests 
was not constant during the summer, but showed a general increase (fi gure 10.4). Preda-
tion started when lemmings, which had been relatively common on the tundra surface for 
a number of days after their winter haunts in the snow had melted, had moved into the 
thawed-out summer burrows and became much less available to predators. 
 Within-season variation in predation risk varies widely across the Arctic (see www.
arcticbirds.ru). Both higher and low nest survival of early nests have been described (Reyn-
olds 1987; Tomkovich 1995). Between seasons, however, early seasons generally show better 
nest survival in most studies (Nol et al. 1997; Sandercock 1998). The problem with the inter-
pretation of these fi ndings is that different mechanisms may be the cause. 
 In conclusion, predation probability shows a seasonal pattern in some years and in such 
cases optimal timing of breeding is early. In lemming peak years, however, predation is 
much less of a problem. In years with rapid snow melt or in years with such low lemming 
numbers that they are not an interesting prey, the mechanism as described above will not 
occur. Therefore, effects of snow on the vulnerability to predation interact with the prey 
situation and the response of predators. As the synchronous lemming cycle is a phenome-
non restricted to the Siberian tundra only, this will be less of a issue at other sites because 
predation pressure is more constant there. Generally Nearctic breeding areas are not 
characterised by pronounced rodent cycles running synchronously over large areas and 
overall shorebird breeding success is less variable than in the Russian Arctic (Meltofte et al. 
in press, www.arcticbirds.ru). 
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Potential for replacement clutches
Several shorebird species that breed in the study area replace their clutches when they are 
lost to predation. In our area this phenomenon was observed in the biparental species 
dunlin, ringed plover and Pacifi c golden plover. The reproductive value of a replacement 
clutch, however, is likely to decline with progressing date, as the chicks may hatch too late 
to profi t from the midsummer peak in food availability (see below). Delayed egg-laying 
results in a reduction of time available for re-nesting before the end of the time window that 
allows a chance of reproductive success. Because a large proportion of the local dunlin 
population was colour-ringed, replacement clutches of individual birds could be registered. 
During our studies, replacement clutches occurred mostly in 2000. In that year 9 nests of 
17 nests that were depredated before the end of June were replaced, but nests lost after 25 
June usually were not (fi gure 10.5). In 2001 and 2002 there were two and one replacement 
nests of dunlin, respectively. Because predation will on average occur earlier in clutches 
that are laid earlier, birds that produced replacement clutches were also the birds that 
started their fi rst clutch as one of the earliest (Tulp et al. 2000). 
 Also in other areas late June seems to be a sort of cut-off for probabilities for renesting. 
In a subarctic population of semipalmated sandpipers at La Pérouse Bay, Canada, in late 
seasons there were no replacements. But in early seasons 47% of those losing nests before 
26 June re-nested (Gratto-Trevor 1992). In sanderling on northern Taimyr, in early years one 
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third of the population may attempt to produce a second clutch as part of the double-clutch 
breeding system, while in late seasons virtually no second clutches were laid (Tomkovich 
and Soloviev, 2001). In the Low Arctic, on the Yukon-Kuskokwim Delta, western sandpipers 
re-nested in all years irrespective of spring timing, but the re-nesting occurred twice as 
often in the earliest year relative to the latest, and there was a signifi cant linear relationship 
between median nest initiation date and the proportion of pairs re-nesting (B. McCaffery, 
unpubl.). In conclusion, renesting is only possible in years with a relatively early start of 
the season and early predation, but offers a second opportunity for at least the biparental 
species if the fi rst nest fails.

Food for adults
Most arctic breeding shorebirds spend the nonbreeding periods at temperate or tropical 
shores where they fi nd their food in intertidal areas (e.g Piersma 1997, van de Kam et al. 
2004) and their diets consists of molluscs, polychaetes, crustaceans and other intertidal 
benthic fauna. In the tundra, most shorebirds seem to rely to a large extent on the same 
food source: arthropods, notably insects and spiders. Early in the season adult birds feed 
also on buried insect (Tipulidae) larvae, earthworms (Lumbricidae) and berries, but they 
switch in diet when arthropod food becomes abundant (Holmes 1966b). The relevance of this 
buried prey to the adults, especially in early springs, has been investigated in early years in 
the Canadian Arctic but rarely in the Siberian Arctic (Hurd and Pitelka 1954; Holmes 1966a; 
Holmes and Pitelka 1968; Holmes 1972). In our study area it seemed that tipulid larvae and 
earthworms mainly occurred locally in tussocks of moss, something we discovered when 
observing feeding dunlin, curlew sandpiper and little stint early in the season. This part of 
arctic shorebird ecology in Taimyr defi nitely deserves a detailed study in the future. How-
ever, judging from the fact that especially after snow has melted away, most shorebirds 
were actively seen feeding on surface arthopods, we are confi dent that such arthropods 
are important for adults also. Little stint clearly demonstrate two different feeding types 
associated with buried or surface-active prey, categories that are easily distinguished in 
the fi eld. When they are looking for buried prey they probe with their bills in the soil, often 
along snow edges, in moss tussocks or in sedge fi elds. The technique used for feeding on 
arthropods involves faster pecks directed at the vegetation instead of the soil, with their 
heads held more horizontally. The transition between these two feeding modes occurred 
quite abruptly in all three years, as soon as insect catches in our pitfall traps started to in-
crease. 
 At the start of incubation, the abundance of arthropods is still very low (chapter 9). In the 
course of the ca 20-25 day incubation period food abundance increases and reaches it’s maxi-
mum around mid July (chapter 9), depending on the weather conditions. After that arthro-
pod abundance declines, a decline that is not merely caused by deteriorating weather, but 
also by depletion of the stock of arthropods that is ready to emerge (chapter 9). Of course, 
the pattern in arthropod abundance will only affect adults if food is a limiting factor. The 
fact that this can be the case at certain periods in some species is illustrated by the body 
mass dynamics of little stint and curlew sandpiper that show a decline after a few days of 
inclement weather (chapter 4). Uniparental incubators like these two species have to trade 
off feeding time against incubation time (chapter 4), and this will increase their sensitivity 
to the level of food availability for maintaining energy balance (chapter 6). The absence of 
such a weather effect on body mass in dunlin shows that this species is less vulnerable to 
bad weather periods and this could well be related to the different parental care system, 
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allowing each sex up to 12 hours of foraging time each day. The fi nding that little stints 
carry extra stores during incubation (chapter 5) is an indication that there is a serious risk 
that periods with energy imbalance during incubation actually occur. The expected in-
creasing latitudinal gradient in the risk of encountering such periods is indeed refl ected 
in a latitudinal increase in energy reserves in little stints (chapter 5).
 So, instead of a timing merely tuned to the chicks’ needs resulting in a high reproductive 
success, optimal timing may additionally be shaped by nutritional shortage early in the 
egg-laying period or during incubation (Perrins 1970; Drent 2006), and this may apply 
especially to uniparental species. The proximate force infl uencing laying date is then the 
food abundance for the female who has to produce the eggs. While for the chicks an earlier 
start of breeding would be better, for the parents a later start is better. In these species, 
energetic stress is higher during incubation, and parental energy requirements may weigh 
heavier in addition to those of the chicks than in biparental species, resulting in a later 
optimal time of breeding, closer to the seasonal food peak (Drent 2006). 

Food for chicks
In contrast to adults that can take buried prey as well as surface-active prey, chicks, whose 
bills are not yet fully grown and are not suitable for probing, can only feed on arthropods 
present at the tundra surface or on aquatic prey in shallow water (Holmes 1966b; Holmes 
and Pitelka 1968; Holmes 1972; Nettleship 1973; Kistchinski 1982; Schekkerman et al. 2003). 
When the fi rst chicks are born in the fi rst or second week of July, in many years the abun-
dance of surface-active arthropods reaches its maximum (fi gure 10.1, chapter 9). During their 
fi rst week of life the required intake rate is high due to the fact that feeding time is limited, 
because the chicks need to be brooded a large proportion of the time (Schekkerman et al. 
2003). After the fi rst week the energy needs are high because growth rate is fastest in this 
period (Schekkerman et al. 1998a; Schekkerman et al. 2003). Therefore a large proportion 
of chicks is in fact born too late: food is already declining again when energy requirements 
of the growing chicks are highest. The relationships found between chick growth and food 
abundance illustrate that food is not available ad libitum, but that it can reach such low 
levels that chick growth is actually retarded (Schekkerman et al. 2003, chapter 8).
 Spatial variation in food availability might offer opportunities to stretch the period with 
high food abundance. Differences in microhabitat (sheltering, moistness) may result in 
variation in the seasonality of arthropod abundance. By adjusting the feeding habitat after 
the chicks have hatched, some leeway can be gained in the short food season. A study amongst 
different microhabitats at Cape Sterlegov, northern Taimyr, showed that the seasonal 
decline of arthropod abundance was steepest in the dry areas and less pronounced in the 
wetter areas (Tulp et al. 1998). Curlew sandpipers leave their nesting area as soon as chicks 
hatch and head for the wetter marsh sites (Schekkerman et al. 1998b). At Pronchischev 
Lake, eastern Taimyr, and Cape Sterlegov the same was observed for grey plovers Pluvialis 
squatarola and turnstones and at Medusa Bay for curlew sandpipers (Schekkerman et al. 1998b; 
Tulp et al. 1998). Little stints do not wander far away from their nesting sites, but these are 
generally already situated close to streams and marshes. Examples of movements to wetter 
habitat by shorebird broods in other parts of the Arctic are also manifold (Holmes 1966a; 
Parmelee et al. 1968; Nettleship 1973; Ashkenazie and Safriel 1979; Miller 1983).
 For an optimal use of the food peak, hatching dates in two of the three years should be 
earlier than they were. However, the predictability of the timing of the food peak is very 
poor and the analysis of long-term data indicates that a start as early as possible, i.e. right 
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after snow melt gives the best chances for a timing that coincides with the food peak 
(chapter 9). Therefore, from the ‘food for chicks’ perspective the timing of breeding should 
be advanced. 

Energy needs
Arctic breeding shorebirds spend about twice as much energy during incubation as shore-
birds breeding at temperate latitudes (Piersma et al. 2003). It is suggested that these high 
costs are not caused by the extra energy associated with incubation, but by being active on 
the cold and windswept tundra with few opportunities for shelter (Piersma et al. 2003). The 
analysis of DEE during incubation and chick-rearing of little stint and dunlin (chapter 6) 
showed that although energy expenditure in both phases is equally high, energetic demands 
will differ because of a difference in time budgets. During incubation the time available 
for feeding is constrained by the time the eggs need to be brooded. In uniparental breeders 
the nest can only be left alone for short intervals (leaving only 4-5 hours per day to feed), while 
biparental breeders each have half the day available for feeding provided that they take 
equal shares. A way to alleviate the time constraint a little would be the use of a better nest 
insulation (chapter 3) that would provide more leeway in the time schedule of uniparental 
species. The scope for such effect, however, is probably limited. During chick-rearing the 
self-feeding chicks fi nd their own food, but need to be brooded at regular times to main-
tain their body temperatures. But these brooding bouts take far less time than the eggs 
require. The rest of the time the parents can feed whenever the chicks feed, but allowing 
time spent on vigilance. For both groups the time budget in the chick-rearing period leaves 
more leeway for the parents to feed. In combination with better food conditions and higher 
air temperatures, the energetic stress is lower than during incubation, but the difference 
is considerably larger for uniparental than biparental species.
 When energetic stress gets so high that the birds’ survival or future fi tness is at risk, 
the bird might decide to leave the clutch. Such situations can occur in severe weather 
circumstances or if adverse weather prolongs, especially late in the season. Nest desertion 
can also be the result of events such as heavy snow storms (Hildén 1979; Tomkovich et al. 
1994), massive passage of reindeer Rangifer tarandus (chapter 4) or fl ooding (Holmes 1966a; 
Meltofte 1985; Handel and Gill 2001). Although not common, nest desertion did occur in 
several species in our area, especially in uniparentals: in the three years 25 of 370 little 
stints, 1 of 83 dunlin, 2 of 79 Pacifi c golden plover, 1 of 12 red phalarope and 1 of 14 pectoral 
sandpiper nests under observation were deserted (Tulp et al. 2000; Tulp and Schekkerman 
2001; Schekkerman et al. 2004). Desertion of late nests has been reported for many sites 
(Tomkovich 1988; Gratto-Trevor 1992; Tomkovich et al. 1994; Meltofte 2000; Tomkovich and 
Soloviev 2001).
 Nearly all uniparental incubators in our area showed extra long recesses in their incu-
bation schedule, occurring during or after some periods of particularly inclement weather, 
lasting up to eight hours (chapter 4). These extra long recesses may indicate that the animal 
is under energetic stress. Such periods are likely to precede nest desertion. However, many 
nests in which these long absences were recorded hatched successfully, even if they were 
in advanced incubation stage. 
 Energy needs in the different phases of breeding might therefore explain the relatively 
later start of uniparental species compared to biparental species; they benefi t more from 
an improving food situation and increasing temperatures during incubation. The sharing 
of incubation duties in biparental species enables an earlier start of breeding.
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Competition for food when travelling to wintering area
If there is a benefi t of an early departure form the breeding grounds or an early arrival on 
moulting or migratory stopover sites or the wintering grounds, birds might be in a hurry 
to leave the tundra in autumn. After the chicks fl edge, the parents leave them and migrate 
to the wintering areas ahead of their young. Early departure by one sex after laying (curlew 
sandpiper, pectoral sandpiper, phalaropes) or after hatching of the eggs (dunlin, sanderling, 
red knot), and rapid migration of the remaining parent after fl edging of the chicks, point 
to a premium on leaving the tundra early. There are several indications showing that 
adults are indeed in a haste to leave the tundra and do not stay longer than necessary. 
 Curlew sandpipers are seen at staging areas in West Europe already from mid July 
onwards (Bijlsma et al. 2001). These are predominantly males that must have left the tundra 
shortly after nest completion. Egg laying usually starts in mid June and the period between 
the fi rst and last nest is laid is two weeks (dates of fi rst and last nest in 2000: 13 June-27 
June, 2001: 14 June-28 June, 2002: 23 June-4 July). This time scheme leaves 2 to 4 weeks until 
the fi rst curlew sandpipers show up in western Europe, indicating that the males will stay in 
the tundra only for a short period before they leave. In red knots, females leave immediately 
after hatching and also seem to be in a hurry to leave. In 1994, at Cape Sterlegov, northern 
Taimyr, many nests of radio-marked birds were depredated, and females left the breeding 
area within a day (Tulp et al. 1998).
 Among tundra breeding shorebirds there are few that commence wing moult while 
breeding. In our area only dunlin, Pacifi c golden plover and dotterel were actively moulting 
their fl ight feathers while incubating. Apart from catching shorebirds upon arrival (chapter 2), 
we also caught several species on autumn migration. In dunlin all females and most males 
that we caught in autumn started migration in a progressed state of wing moult, but just 
before they had completely fi nished (fi gure 10.6). A high proportion of the birds migrated 
with the outer primary still growing. Apparently they were in such a hurry to start migration 
and to reach the stopover and wintering areas that they did not wait till they fi nished their 
wing moult. In the Nearctic, Holmes (1971) compared moulting schedules of dunlin breed-
ing at two different sites at different latitudes. In dunlin breeding at Yukon Delta breeding 
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and moult did not overlap in time, but moult is still carried out before autumn migration. 
At Barrow, 10 degrees further north, dunlin started their wing moult while breeding. So if 
there is no need to combine moult with breeding, moult is probably postponed till after 
breeding, but if the summer season is shorter, as is the case in more northerly areas, moult 
must be combined with breeding in order to be ready before autumn migration. 
 Depending on the migration strategy during autumn (long continuous fl ights that re-
quire extensive fattening versus short hops that require only short refuelling bouts) shore-
birds need time and food for preparation. If they have to put on stores, they need suffi cient 
food at a time when surface-active arthropods start to become depleted. Alternatives in 
coastal habitats, streams or pools are likely to be of importance at this stage, but are not 
very common in the arctic tundra range. The strategies chosen probably depends on species 
size, migration route and local feeding opportunities. Shorebirds in our study area did not 
accumulate large stores before departing (fi gure 10.7). Birds travelling from Taimyr can fl y 
mostly along the coast and may fi nd better feeding sites underway, whereas some of the 
species that breed in Greenland, Canada or Alaska, that have to cross large waters on their 
way to the south, are known to accumulate large body stores (R.I.G. Morrison, unpubl., 
M. Klaassen & Å. Lindström pers. comm.). The fact that juveniles from both Nearctic and 
Palearctic origin do not show high body masses on autumn migration, indicates that also 
juveniles try to leave the tundra as soon as possible (Lindström 1998; Lindström et al. 2002). 
When the juveniles have not left before the fi rst permanent snow falls in September, fi nding 
food will even become more diffi cult, and they run the risk of being stuck on the tundra; 
a situation that has been observed in Canada (Morrison 2006).
 Both for adults and juveniles an early departure is apparently the preferred strategy. 
This can have several reasons. The earlier the start of breeding, the earlier return migra-
tion can start. This may refl ect a declining food supply in the tundra, but also suggests 
some advantage of arriving early at autumn staging or moulting sites. Advantages of an 
early arrival on staging sites may be related to: (1) competition for food (Schneider and 
Harrington 1981; Boates and Smith 1989; Szekely and Bamberger 1992; Zwarts et al. 1992), 
(2) competition for best moulting sites in terms of safety or food (van der Have et al. 1984), 
or (3) trying to stay ahead of the predation wave caused by birds of prey such as peregrines 
Falco peregrinus and merlin Falco columbarius migrating southwards (Lank et al. 2003; 
Ydenberg et al. 2004).

10  General discussion  



The arctic pulse230

55

65

75

50

60

70

bo
dy

 m
as

s 
(g

)

curlew sandpiper

55

45

40

50

60

65 dunlin

18

22

26

30

34

38 little stint

15 255
June
15 255

July
4 14

Aug

females spring migration
males spring migration
females breeding
males breeding
females autumn migration
males autumn migration

Figure 10.7. Body mass 

dynamics of little stint, 

dunlin and curlew 

sandpiper throughout 

the season in 2000-2002, 

including departure.

In little stint no distinction 

between the sexes could 

be made. 

       
Timing of  breeding and parental  care system

In different stages of the breeding cycle, different selective forces seem to operate that 
work in different directions for adults and chicks (fi gure 10.8). During early spring the snow 
cover and food availability forces the starting date further into the season, while for the 
feeding condition for the majority of chicks in many years it would be better if they were 
born earlier. On the other hand, early in the season temperatures are lower on average, 
which can be disadvantageous for chicks: in colder conditions they need to be brooded 
longer and less time remains for feeding. In autumn, selective pressures seem to be working 
that make the birds, both adults and juveniles, leave as soon as possible. 
 The different time and energy trade-offs for adults in the nesting and chick-rearing 
period might balance in different directions for species with different breeding systems. 
Therefore, a variety of optimality rules with respect to timing of breeding may apply for 
species differing in breeding strategy.
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A variety of breeding systems occur in the Arctic. The fact that so many arctic species incu-
bate the eggs and/or raise chicks alone shows that there is enough leeway to do this. Given 
the effect of bad weather on body mass dynamics of uniparental, but not on biparental 
species (chapter 4), combined with the higher occurrence of nest desertions and the better 
nest insulation in uni- than in biparental species, the energetic margins are apparently 
smaller for uniparentals. It is therefore possible that uniparental species have certain physi-
ological adaptations that potentially could increase cold tolerance. For instance the degree 
to which eggs can withstand the cold without damage to the growing embryo may differ 
between uniparentals, whose eggs are regularly left unattended, and biparentals with con-
tinuous incubation. The temperature to which eggs of uniparentals are warmed is rela-
tively high (mean during breeding bouts 39.5°C, own measurements using a metal egg). 
This is higher than most incubation temperatures that have been recorded in literature 
(Webb 1987). Unfortunately we do not have measurements of egg temperatures in biparental 
species in the same area. Perhaps the regular absences in uniparentals are compensated by 
a higher temperature during brooding bouts?

Figure 10.8. Selective forces on timing of breeding for uniparental and biparental incubators and 

chicks. Availability of surface-active arthropods (grey line) has an optimum in July. White arrows 

indicate the different phases within the season. Black arrows indicate the directions of selective 

pressures acting on adults (both uniparentals and biparentals) and chicks.
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The effect  of  arrival  date and arrival  condit ion on 

reproductive success

The patterns and processes described above affect the optimal timing of breeding in various 
ways. This information can be used to describe the effect of the timing of and condition at 
arrival on the reproductive success: a concept that is central in models of migration (Weber 
et al. 1998; Weber et al. 1999; Klaassen and Ens 2001). This function is referred to as the 
‘terminal reward’ and provides the basis for formulating the optimal behaviour decision for 
each time/state combination. The aim of this project was to measure reproductive success 
in shorebirds in relation to arrival date and condition. This would then provide the neces-
sary input for the terminal reward function. Since it turned out to be very diffi cult to collect 
this information on the tundra, we applied a more indirect approach where we concen-
trated on identifying the energetic constraints that shorebirds face during the breeding 
season. I will not describe here in detail how we eventually derived the terminal function 
quantitatively based on our fi eld data (Ens et al. 2006), but try to show how the informa-
tion discussed above was used in a more conceptual way.

Adult survival upon arrival
Upon arrival, shorebirds can use their stores to overcome the fi rst days when the tundra is 
still snow covered (chapter 2). When snow and ice conditions make feeding impossible for 
a time that exceeds the capacity of the birds’ nutrient stores they face the possibility that 
they starve. The survival time under starving conditions can be estimated given the bird’s 
fuel stores upon arrival, an estimate of energy expenditure and the probability that starving 
conditions prevail for this long after each possible arrival date (based on weather data). 
The resulting probability of survival is largest for birds that arrive with the largest stores 
and increases with arrival date, due to the fact that the food situation improves and tem-
peratures increase (fi gure 10.9a). This approach assumes that there is no other source of 
mortality on the breeding grounds besides starvation risk (which is not entirely realistic 
given the presence of predators such as peregrines (Schekkerman et al. 2004)). 

Length of prelaying period
Upon arrival on the breeding grounds, arctic shorebirds need time to assemble nutrients 
for transformation of body organs and for egg formation (Morrison et al. 2005). It is likely 
that arrival mass also infl uences the interval between arrival and egg-laying. But to date 
there is no information on the magnitude of this effect. To be able to model all following 
parameters, this interval needs to be estimated.

Nest survival
The increased risk of nest predation encountered early in the season, due to the fact that 
predation rates are higher when snow-free patches are scarce, can be modelled as a function 
of snow cover (fi gure 10.9b). Predation rates are highly variable between years (indicated by 
different baseline predation rates) and snow cover has only a limited effect on nest survival. 
This effect is even partly compensated by the higher probability that early-lost clutches are 
replaced. The nest survival of replacement clutches is unaffected by snow, as they are laid 
later in the season.
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Probability and survival of replacement clutches
When a clutch is lost due to predation, some species will produce a replacement clutch, but 
only if the season has not progressed too far. The degree to what this will happen depends 
on the species and the date on which the nest is predated. The production of a new clutch 
will also take some days. The probability of a replacement being produced decreases rapidly 
by late June (fi gure 10.9c). Because of the later starting date the survival of these second 
clutches is not likely to suffer from the increased predation caused by snow cover, as is the 
case in the fi rst clutches. 

Chick survival 
Whether or not chicks manage to fl edge successfully depends on the food availability at 
the time when they hatch and in the period thereafter (chapter 9). Based on assumptions 
about the necessary food availability for suffi cient growth, on how many days of the growth 
period this level should be reached, and the probability of encountering these levels 
derived from longterm predictions (chapter 9), the probability for chick survival can be 
modelled (fi gure 10.9d). The survival of chicks originating from second clutches can be 
modelled in the same way, taking into account the later hatching date.

Figure 10.9. Illustrations of the various elements that together were used to construct the 

terminal reward function.
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Reproductive success
The reproductive success can then be estimated combining all these probabilities (fi gure 
10.10). Reproductive success depends on the survival of the adult upon arrival on the breeding 
grounds and is made up of the sum of the contributions of fi rst clutches and replacement 
clutches. Success of each of these clutches is the product of hatching success and chick 
survival. Birds that arrive with large stores should arrive relatively early, while birds arriving 
with low stores should arrive later to avoid the risk of starvation at this time. The optimal 
arrival date will thus vary between individuals.

It is obvious that this approach represents a simplifi cation of all potential factors involved. 
For instance, the effects of adult energetic requirements during breeding, or the predation 
probability caused by other factors than snow cover, have not been taken into account. The 
prerequisite for incorporating certain factors in the model is that the relationship with 
arrival date can be quantifi ed. For some factors this is not yet possible.
 Using dunlin as a model species, we quantifi ed the terminal reward function for birds 
arriving with different body masses (Ens et al. 2006, fi gure 10.11). Through the effect of 
adult survival, reproduction in the current year depends not only on arrival date but also 
on arrival mass. Birds that carry large stores do best by arriving in early June, birds with 
low stores run a high risk of starvation at this time and would best arrive in mid-June, but 
they will have a lower reproductive output anyway. 
 With the terminal reward function quantifi ed, it is interesting to compare it to arrival 
dates and mass observed. In our study area we only have good data on arrival dates for 2001 
and 2002, because in those years we could observe the return of the colourringed individuals 
(fi gure 10.11). These observations showed that dunlin arrived in Taimyr in 2001 and 2002 
between 6 and 17 June (Schekkerman et al. 2004), which is relatively early compared with 
predicted arrival dates (fi gure 10.11). Recorded arrival masses were in the range between 42 
and 57 g (mean 48.9 g), levels that are represented by the middle lines in fi gure 10.11. This 
discrepancy might be explained by the fact that dunlin is a territorial species and the 
model did not take into account early arrival associated with competing for the best breed-
ing sites (Kokko 1999). This nicely illustrates that the terminal reward model in its current 
state is still not fi nished, but should be developed further on the basis of new empirical 
information. 
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Arctic  shorebirds in a changing world

In a recent review, Meltofte et al. (in press) have summarised the fi ndings from a workshop 
held in 2004 on the effects of climate change on arctic breeding shorebirds. This multi-
authored paper brought together the views of 18 researchers of arctic shorebirds on the 
effects of environmental forcing on different aspects of the breeding season. Without going 
in too much detail, the essence of the views on how climatic change might change this, 
based on current scenarios, is that arctic breeding shorebirds may benefi t from it in the short 
term by an increase in both survival and productivity, although different rates in response 
to climate change of the timing of food availability and timing of reproduction may deterio-
rate this prospect. Based on our current knowledge there are no indications that the part 
of the summer season with high food availability (and therefore of probabilities for repro-
duction), will be prolonged, even if the onset of the season is advancing. In the long term 
however, habitat changes both on the breeding grounds and on the temperate and tropical 
nonbreeding areas may put arctic breeding shorebirds under considerable pressure and 
may bring some of them near to extinction. Especially the species of the high arctic tundra 
are at risk; because of the projected northward shifts of habitat zones, this is the fi rst 
habitat that will be pushed over the edge of the continents.
 Given the recent alarming news of the disappearance of the permanent ice on the 
North Pole, the disappearance of the sea ice (Holland et al. 2006) might accelerate these 
developments. Currently the climate on the fringes of the arctic land is greatly infl uenced 
by that sea ice. An open sea without fl oating ice will greatly alter the local weather. How 
this will affect breeding circumstances for shorebirds is not at all predictable but the 
impact will probably outweigh all other climate driven gradual changes.

Research perspectives

The three years of research at Medusa Bay have yielded ‘many new insights’ as one of our 
Russian camp members used to say. Our studies, so far, have been descriptive rather than 
experimental, a quality of our science that regretfully seems to have lost most of its appre-
ciation, especially with the more competitive scientifi c journals. However, in the case of a 
system with many unknowns, even in basic natural history, it is a starting point that cannot 
be passed by. The knowledge on arctic breeding shorebirds is still miles behind that of well-
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studied model species like great tits or pied fl ycatchers. I hope our studies have contributed 
to the understanding of the basic mechanisms that set the limits for arctic breeding in shore-
birds. There are still many unknowns of course and fi elds that defi nitely call for further 
studies are:
• Mechanisms in the physiology of eggs, chicks and parents that enable breeding in the 

Arctic.
• Detailed studies on the relation between food abundance and intake rates of parents 

and chicks. Do intake rates, indeed decrease in bad weather? What is the role of buried 
larvae, earthworms or even berries for adults? (especially early in the season when arthro-
pod abundance is still low)

• Further development of the migration models to which the ‘terminal reward’ was con-
tributed by this study to ultimately be able to assess the impact of cumulative effects 
on shorebird populations.

• Testing whether the patterns found in arthropod abundance and the indications for an 
advancement of the seasonal peak is a pattern that is more general for arctic tundras.

• The double clutch breeding system of little stints is still poorly understood. Do both 
nests that a female produce have the same father? Or does the female go to a different 
area and fi nds a new mate after she laid the fi rst clutch?

• The coexistence of uni- and biparental systems: given the great advantage of two times 
four instead of one time four eggs, why does the uniparental strategy not occur in more 
species? Is the occurrence of uniparentality related to longevity of the species? Could it 
be that for shortlived species that breed in an area with high predation rates in two out 
of three years fi tness can be optimized by laying more eggs? If breeding success is so 
dependent on the local prey and predator situation, is it better to spread the predation 
risk by making two nests?
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