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Arctic shorebirds breeding in Siberia are facing highly 

variable breeding conditions. Hatching success is largely 

determined by predation pressure, which varies in a three 

year cycle, depending on lemming abundance. Breeding 

productivity is further infl uenced by weather and food 

availability for the self-feeding chicks. 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. As a follow up of two studies in which 

relationships between growth of chicks and environmental 

conditions were investigated in curlew sandpiper Calidris 

ferruginea and red knot Calidris c. canutus, we explored 

these patterns in two congeneric but smaller shorebird 

species: dunlin Calidris alpina and little stint Calidris 

minuta in 2001 and 2002 in Taimyr, Western Siberia. In 2001 

growth of dunlin and little stint chicks was found to depend 

on hatch date, temperature, wind speed and food abundance. 

These effects were partly aliased, but models with combined 

effects explained additional variation. Despite a larger sample 

size, effects of hatch date and weather were not signifi cant 

in 2002. As a crude estimate of the survival of chicks, the 

probability to resight broods that were ringed 2 days or later 

after ringing, showed a decline in course of the season in 

2001, indicating that the declining arthropod availability 

affected chick survival. In parallel with the effects on growth 

rate also here no seasonal decline in chick survival was found 

in 2002. The fact that seasonal and weather-related effects 

were found in 2001 but not in 2002 is correlated with a very 

late start of the season in 2002, that has lead to a highly 

synchronised breeding season and little variation in food 

abundance over the period of measurement. That two sum-

mers already show such contrasts illustrates the enormous 

variation in opportunities for successful reproduction in the 

capricious environment of the high Arctic. 
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Introduction

Reproductive success in birds that breed in the arctic tundras of Siberia is highly variable 
(Underhill et al. 1993). One of the main driving forces behind this is the lemming abundance. 
Being the most important prey for predators, their abundance determines whether bird nests 
and chicks suffer from predation or are ignored by birds of prey and arctic foxes Alopex 
lagopus, because lemmings are generally more profitable prey when abundant. Several 
studies have already shown the correlation between breeding success of shorebirds and 
geese and indices of lemming abundance (Summers 1986; Summers and Underhill 1987; 
Underhill et al. 1993; Blomqvist et al. 2002). 
 However, breeding success is not guaranteed at low predation pressure. Arctic shore-
bird chicks feed themselves from their fi rst day of life onwards on arthropods living on the 
tundra surface. This is a food source that shows strong seasonality and weather-dependence 
(chapter 9). In the fi rst days the chicks can not maintain body temperature and need to be 
brooded at regular intervals (Visser and Ricklefs 1993). They are guided by one or two parents 
and feeding periods are alternated with brooding bouts throughout the day, with a period 
of continuous brooding during the coldest night time hours (even though feeding could be 
continued due to 24 hr daylight, Schekkerman et al. 2003b). At low temperatures feeding 
time is further limited because chicks cool down more rapidly and brooding time increases 
(Beintema and Visser 1989a; Visser and Ricklefs 1993). In such conditions energy expendi-
ture for thermoregulation and activity is greater (Krijgsveld et al. 2003; Schekkerman et al. 
2003b) while intake rate is reduced through lower arthropod availability (chapter 9). 
 Given the caprices of arctic weather and limited time window available for breeding, 
weather conditions in the chick period can be an important factor infl uencing reproduc-
tive success. In a study where breeding output in curlew sandpiper Calidris ferruginea was 
investigated using a 18 year dataset of juvenile percentages in South-Africa, it was shown 
that after correction for ‘high predation’ years, the remaining variation could largely be 
explained by the weather in the chick period in the breeding area (Schekkerman et al. 
1998b). Similarly, dunlin Calidris alpina juvenile percentages wintering in Wales showed a 
strong correlation with summer temperature in the breeding area in northwestern Siberia, 
but not with rainfall (Beale et al. 2006). Chick survival and number of chicks fl edged per 
breeding pair are very hard to measure in the fi eld in most arctic shorebird species due to 
their mobility, inconspicuous behaviour and terrifi c cryptic plumage of the young in a vast 
expanse of habitat and in some species even the premature leaving of the parent. Growth 
rate may be a good proxy of fl edging success, as it affects the birds condition and the length 
of the risky period.
 Growth rates in chicks have been shown to be dependent on temperature and food 
availability in two arctic shorebird species, curlew sandpiper and red knot Calidris c. canutus 
(Schekkerman et al. 1998b; Schekkerman et al. 2003b). While in temperate breeding shore-
birds the correlation of growth with weather has been demonstrated (Beintema and Visser 
1989a; Beintema and Visser 1989b; Pearce-Higgins and Yalden 2002), a possible relation-
ship with food has been suggested (Elias et al. 2000) but never quantifi ed. To test whether 
this pattern is robust across species and years and whether the dependency of growth on 
weather and food is stronger in smaller species, we measured chick growth in relation to 
weather and food availability in two other, smaller arctic shorebird species (little stint 
Calidris minuta and dunlin Calidris alpina) in a three year program on the Taimyr Peninsula 
in Western Siberia, Russia. Of all species of which daily energy expenditure is measured to 
date, little stints were shown to have the relatively highest Daily Energy Expenditure (DEE, 
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Piersma et al. 2003). Therefore we expect that chicks of this species, that is one of the smallest 
breeding in the Arctic, are more sensitive to variation in food and temperature. During the 
fi rst of the three years, predation pressure was so high, that only very few nests survived 
till hatching. In the other two years enough nests survived (mean nest survival rate of 0.19 
and 0.59 in 2001 and 2002 respectively, Schekkerman et al. 2004) to be able to carry out 
measurements on chick growth. Instead of estimating breeding success in number of fl edged 
chicks per pair, we used a crude measure of brood survival to investigate if there is a relation-
ship between birth date and probability of survival. 

Methods

Study site
Data were collected in June-early August 2001-2002 at Medusa Bay, in the west of the Taimyr 
peninsula, Siberia (73°20’N 80°30’E). The habitat consists of arctic tundra (cf Chernov 1985). 
Vegetation consisted of moss, lichen, grass, sedges, herbs and dwarf shrubs Salix spp, 
generally not higher than 20 cm with a signifi cant proportion of the surface bare ground. 
The landscape is characterised by a rolling relief with scattered stony ridges, wet valleys 
with marshes and drier slopes and hilltops. During the complete study period there was 
continuous daylight. For a more detailed description of study area we refer to Schekkerman 
et al. (2004).

Weather
Air temperature, wind speed, wind direction and precipitation were recorded every 30 
minutes at our study site using an automated weather station. Air temperature was 
recorded at 1 m height in the shade, wind speed and direction at 10 m height. Precipita-
tion was measured in mm/day.

Arthropod abundance
The abundance and activity of surface-active arthropods was monitored using pitfall traps. 
Two lines of ten white plastic jars (ø 11 cm, 10 cm deep) were placed along two line transects 
at intervals of 5-10 m, one in moderately dry polygonal tundra, the other in relatively wet 
sedge dominated marsh tundra. The pitfalls were fi lled with 1-2 cm formaldehyde solution 
(4%) and a drop of detergent to reduce the surface tension. The traps were emptied every 
evening around 2300h and sorted and measured in the camp immediately or on the next 
day. If jars were fl ooded due to rainfall or thawing, they were discarded and data were 
corrected for differences in number of jars. Arthropod dry mass was calculated using the 
length-dry mass relations hips given for different orders in Rogers et al. (1977) and 
Schekkerman (1997). For orders for which no specifi  c relationship could be found, a 
general relationship for arthropods (Rogers et al. 1976) was used.

Chick growth rate
Nests were usually located during incubation by looking for nest-indicative behaviour of 
the attendant birds. Expected timing of hatching was estimated based on the fl oatation 
method (Liebezeit et al. 2007). On the expected hatching date, nests were visited to ring 
and measure the newly hatched young. Afterwards, chicks were retrapped whenever a 
known family (with colour-ringed adult) was encountered and new families (of which we 
did not fi nd the nest) were also caught and ringed. Chicks of known families were recap-
tured at intervals of several days to measure their growth (body mass, bill, wing length). 
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Chick growth rate was measured in little stint and dunlin. Little stint chicks were more 
easily (re)captured than chicks of most other shorebird species due to their parents’ tame-
ness, although trapping became more diffi cult in older chicks. Little stint families generally 
congregate in the low-lying wet areas and usually do not wander over distances of more 
than a few hundred meters. Dunlin families behave less boldly and chicks are often ex-
tremely hard to fi nd. We used the alarm calls and distraction behaviour of the parent as a 
cue for the presence of chicks. 
 Because mass growth is not linear but follows an S-shaped curve, growth rates of chicks 
measured at different ages and over different intervals cannot be compared directly. There-
fore, growth rates were transformed to an index, by dividing the observed growth by the 
growth expected over the same interval from a published logistic growth curve for little stint 
(Schekkerman et al. 1998a). The advantage of this curve is that it is compiled over many 
study sites and many years and provides a good baseline for comparison. For arctic breeding 
dunlin there is no published growth curve available. Therefore we had to use a logistic 
growth curve fi tted to our (limited) data of chicks of known age for dunlin and an asymptote 
of 46.4 g (the average mass of fl edged juvenile dunlin before departure). Hence, a growth 
index of 1 means that chicks grew as fast as expected from this curve, while 0 denotes that 
chicks did not grow at all, and negative values indicate mass loss. These growth indices 
were used to analyse the dependence of growth rate on temperature and food availability 
during the recapture interval. Since shorebird chicks often loose mass during the fi rst 
day(s) after hatching, which is not refl ected in the logistic growth curves, growth indices 
for chicks fi rst weighed when less than a day old (often still in the nest) tend to be lower 
than those for older chicks. Therefore, we distinguished neonates (< 5 g, resp. < 8 g at start of 
recapture interval in little stint and dunlin respectively) from older chicks in the analysis. 
 The date midway every interval (mid-interval date) was used for the time axis. In the small 
chicks of little stints and dunlin (weighing only 4 g resp. 7 g at hatching), measurement 
error in short intervals can be relatively large. If chicks were recaptured on consecutive 
days, we merged 1 day intervals with the adjoining 1 or 2 day interval to arrive at 2 or 3 day 
intervals. If a chick had only been recaptured once (on the day after ringing), this adjust-
ment was not possible and we used the 1 day interval. 

Brood survival
As a crude measure of brood survival, we used the probability that a brood of small chicks 
was recaptured or seen again (recognised by colour-marked adult) two days or more after the 
initial capture. If chicks could not be seen, the distraction behaviour of the parents (alarm 
calls) was used as a cue to determine if one or more chicks were still alive. Especially in 
broods with older chicks, that do not need brooding so often, chicks are not easily seen 
and it is very diffi cult to count exact numbers of chicks in each family. Up to the last days 
of July, the study area was searched almost every day, especially the sites that were most 
preferred by broods (marshes, valleys with streams). Hence, while an absence of repeat 
observations for a brood is no proof that the chicks did not survive for long, it certainly is 
an indication.

Statistical analyses 
Growth rates of chicks may be infl uenced both by the availability of surface-active arthro-
pods (affecting feeding success) and by weather (affecting energy expenditure and the time 
available for foraging instead of being brooded by a parent). For every growth interval the 
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mean air temperature, wind speed, mean arthropod mass and the sum of total rainfall 
were calculated. All these parameters are strongly correlated with date. Because these 
parameters cannot be separated in one analysis, we fi rst tested whether there was an effect 
of date (mid-interval date) and then the effect of weather (temperature wind speed and 
rain) and arthropod mass in separate analyses. To investigate if arthropod mass and weather 
variables explained additional variation, we used a forward stepwise procedure to test the 
signifi cance of these variables in combination in yet another analysis.

Figure 8.1. From top to bottom: snow cover, mean air temperature and arthropod abundance and the 

number of observations on chick growth for little stint and dunlin in relation to date in 2001 and 2002.
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To analyse the effect of food availability, temperature and mid-interval date on chick growth 
rate, Linear Mixed Models were used, taking into account different levels of variation in the 
observations (multiple observations on several chicks from the same brood). Nest and chick 
were entered as random effects and arthropod dry mass, temperature, wind speed, rain or 
the mid-interval date as fi xed effects. Apart from arthropod mass entered as a linear term, 
we also tried this parameter log-transformed to allow for a possible curvilinear function. 
However, in all analyses untransformed arthropod mass gave a better fi t than log arthro-
pod mass. Separate analyses were carried out per species and year testing for differences 
between age-group (0-2 days, ‘young chicks’ and > 2 days, ‘old chicks’) by including them in 
the fi xed effects (both singly and in interaction to test for differences in intercept and slope). 
If an explaining variable was not signifi cant, we repeated the analyses on the separate age 
groups to test if it was signifi cant in one of the age groups.
 The probability of resighting a brood that has been ringed after a period of at least two 
days was analysed using logistic regression. Data for both species were analysed separately 
for the two years. All analyses were carried out in Genstat 8.

Results

Weather and arthropod availability in the two seasons
The two seasons differed in amount of snow cover early in the season and the speed of 
snowmelt (fi gure 8.1). Upon arrival on 5 June in 2001 more than 90% of the area was still 
covered in snow. Because of a relatively warm June, the snow melted rapidly and reached 
25% cover on 11 June and 10% on 16 June. In 2002 almost the whole area was still covered 
by snow upon arrival. Only at hilltops and ridges small windblown patches were free of 
snow. Because of low temperatures until mid June, the snow melted away much slower 
than in 2001. On 19/20 June snow cover was much reduced by heavy rain. Only on 23 June 
the snow cover reached 10% cover. Mean daily air temperature was 4.6°C in the incubation 
period (15 June-6 July) and 7.2°C during the chick period (3 July-10 August) in 2001. In 2002 
mean temperatures were 3.9°C during incubation (23 June-14 July) and 8.5°C (14 July-18 
August) during chick-rearing. The year 2002 was distinctly less sunny. Also the amount of 
precipitation differed markedly between the years: 59 mm rain was recorded between 6 June 
and 9 August in 2001, compared to 132 mm in the same period in 2002. Daily average wind 
speed was mostly between 2 and 10 ms-1 in both years. Arthropod mass showed a strong 
seasonal pattern and close correlation temperature in both years (fi gure 8.1, see chapter 9 for 
detailed analyses). Variation in arthropod abundance in 2001 was much larger than in 2002, 
especially in the period when most chick growth measurements were taken.

Growth rate in little stint
In the analysis including both age groups there was no seasonal trend in growth index. 
However, when analysed separately, young chicks showed a signifi cant seasonal decline in 
growth rate (table 8.1). In 2001 growth rate was positively correlated with temperature, 
arthropod availability and rain and negatively to wind speed when tested in separate analyses 
(fi gure 8.2, table 8.1). Different intercepts (tested by including the age groups) were found in 
the relations between growth index and mid-interval date, temperature and arthropod mass 
(table 8.1). In addition, also the slope differed between the age groups in the relation between 
growth index and temperature and between growth index and arthropod mass (figure 8.1, 
table 8.1). After entering temperature fi rst, additional variation could be explained by wind 
speed and arthropod mass (table 8.1), but this model did not differ for the two age groups.
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Despite the larger sample size in 2002, there was neither a signifi cant seasonal effect nor 
an effect of any of the weather variables or arthropod mass on chick growth in both age 
groups combined or separate (table 8.1). Judging from the plot (fi gure 8.2) a curvilinear 
relationship would be expected, but a ln-transformation of the explanatory variables did 
not show it. There was, however, a tendency for the lower growth rate extremes to coincide 
with late dates, low temperatures and low arthropod mass. 

Table 8.1. Results of Linear Mixed Models to analyse the effect of mid-interval date, temperature, 

wind speed, rain and arthropod mass on growth (growth index) of little stint chicks. Nest/brood and 

ring number were entered as random variables. Because of the correlation between the weather-

related variables and mid-interval date, these were analysed separately. For every year the effect of 

mid-interval date was investigated and in separate model the effect of temperature and arthropod 

mass. Models were fi rst run for both age groups combined; if no effect was found separate analyses 

were run for each age group.

year N age group model Wald P effect SE

             

2001 49 all mid-interval date not signifi cant  

  age 0-2 days  6.32 0.0120 -0.0635 0.0253

  age > 2 days  not signifi cant  

       

  all temperature 15.39 <0.001 0.2569 0.0379

   age 11.57 <0.001  

   temperature.age 35.06 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2 days   -0.0828 0.1004

       

  all wind speed 11.64 <0.001 -0.1107 0.0325

       

  all rain 6.41 0.011 0.1587 0.0627

       

  all arthropod mass 5.90 0.015 0.1781 0.0266

   age 37.05 <0.001  

   arthropod mass.age 18.02 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2 days   0.4173 0.0990

       

  all temperature 13.47 <0.001 0.0035 0.0229

   wind speed 18.35 <0.001 -0.1962 0.0310

   arthropod mass 22.74 <0.001 0.1302 0.0273

       

2002 158 all no signifi cant relations    
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Figure 8.2. Growth index over recapture in relation to mid-interval date, arthropod availability, and 

mean temperature for little stint in 2001/2002. For the explanation of growth index see text. Lines 

are regression lines for the linear regressions and are only presented if the explaining variable is 

signifi cantly related to growth rate (lines for 0-2 days old chicks, dotted lines for chicks > 2 days).
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Table 8.2. Results of Linear Mixed Models to analyse the effect of mid-interval date, temperature, 

wind speed, rain and arthropod mass on growth (growth index) of dunlin chicks. Nest/brood and 

ring number were entered as random variables. Because of the correlation between the weather-

related variables and mid-interval date, these were analysed separately. For every year the effect of 

mid-interval date was investigated and in separate model the effect of weather and arthropod mass. 

Models were fi rst run for both age groups combined; if no effect was found separate analyses were 

run for each age group.

year N age group model Wald P effect SE

2001 32 all mid-interval date 11.92 <0.001 -0.0327 0.0080

   age 19.39 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2 days   0.3171 0.1083

       

  all temperature not signifi cant  

  age 0-2 days  34.40 <0.001 -0.2053 0.035

  age > 2days  13.64 <0.001 0.0665 0.018

       

  all wind speed 5.00 0.025 -0.0820 0.0206

   age 23.22 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2days   0.4104 0.0852

       

  all rain 40 <0.001 0.1028 <0.001

   age 5.67 0.017  

       age 0-2 days   0.0000 0.0000

       age > 2days   0.1603 0.0673

       

  all arthropod mass 15.91 <0.001 0.0548 0.0110

   age 26.55 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2days   0.4405 0.0850

       

  all wind speed 8.47 0.004 -0.0329 0.0253

   arthropod mass 7.65 0.006 0.0414 0.0143

   age 28.22 <0.001  

       age 0-2 days   0.0000 0.0000

       age > 2days   0.4579 0.0862

       

2002 15 all no signifi cant relations  
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Growth rate in dunlin
For dunlin data of chicks of one day old and older (age in days) of known age were used to 
fi t the logistic growth curve for body mass. We used the mean mass of fl edged juveniles caught 
at the end of the season as an asymptote (46.4, SD = 2.8, N = 10, Schekkerman et al. 2004). 
The fi tted growth curve resulted in: mass = 46.4/(1+exp(- 0.2297*(age-7.136))) (fi gure 8.3).
 Growth of dunlin chicks in 2001 decreased in the course of the season and was posi-
tively related to arthropod mass and negatively to wind speed and rain (fi gure 8.4, table 
8.2). The intercepts of these relations were all different between the age groups, but none 
showed a different slope. The effect of temperature was not signifi cant, but analysis per 
age group resulted in a signifi cant negative slope for the youngest chicks, but a positive 
slope in older chicks (fi gure 8.3, table 8.2). Tested in combination, growth rate was best 
explained by a model containing wind speed, arthropod mass and age group (table 8.2). In 
2002 no signifi cant relationship of growth rate with any of the variables tested was found 
in neither young nor old chicks (table 8.2).

Brood survival
In 2001 in both species, the reduction in growth rate with date was parallelled by a declining 
probability that broods with young chicks (up to c. 4 days) were recaptured or seen again 
at least two days later (fi gure 8.5). The probability that a brood of little stint and dunlin 
chicks was recaptured 2 days after their initial capture decreased signifi cantly with date of 
birth (little stint: �2 = 8.07, P = 0.005, N = 57; dunlin: �2 = 3.84, P = 0.050, N = 18). Due to preda-
tion in 2001 many fi rst clutches of dunlin were depredated and most pairs laid a second 
clutch. This caused the relatively long laying period and consequentially large spread in 
hatching dates. Little stints do not relay after nest failure, but have a longer laying period 
due to their double-clutch mating system (Hildén 1988). In 2002 hatching dates were more 
synchronised due to a late start of breeding, caused by an extreme late snow melt (chapter 
10). In this year for neither species a relationship between brood survival and hatching 
date was found (little stint: P > 0.1, N = 63; dunlin: P > 0.1, N = 17).

Figure 8.3. The growth rate of dunlin 

chicks of known age. The data points 

show individual measurements of 

chicks, and the curve is the logistic 

growth function.
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Figure 8.4. Growth index over recapture intervals in relation to mid-interval date, arthropod 

availability, and mean temperature for dunlin in 2001/2002. For the explanation of growth index see 

text. Lines are regression lines for and are only presented if the explaining variable is signifi cantly 

related to growth rate (lines for 0-2 days old chicks, dotted lines for chicks > 2 days).
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Figure 8.5. Probability of recapturing or resighting broods with small chicks at least two days 

after ringing for little stint and dunlin in 2001 and 2002 in relation to birth date. Lower two panels 

represent food abundance (arthropods) as measured in pitfall traps (see chapter 9). The line is a 

three day running mean.
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Discussion

Factors infl uencing breeding productivity
Although records of the infl uence of hatching date and weather on chick growth and sur-
vival are plentiful in altricial species (Nooker et al. 2005; Arnold et al. 2006; Hart et al. 2006), 
similar studies in self feeding (precocial) chicks are rare (but see Ruthrauff and McCaffery 
2005). So far, similar correlations between season, weather or food and productivity in preco-
cial insect-feeding species have only been demonstrated in wigeon Anas Penelope (Gardarsson 
and Einarsson 1997), Pacifi c golden plover Pluvialis apricaria (Pearce-Higgins and Yalden 
2002), curlew sandpiper (Schekkerman et al. 1998b), red knot (Schekkerman et al. 1998b; 
Schekkerman et al. 2003b), and western sandpiper Calidris mauri (Ruthrauff and McCaffery 
2005). In chicks that are fed, the infl uence of weather on chick growth generally works 
through increased thermoregulatory costs in inclement weather (Ritz et al. 2005) or food 
abundance (Hart et al. 2006) as well. 
 Growth of little stint chicks was found to increase with temperature, food abundance 
and decrease with wind speed in 2001 for both young and old chicks, while the effect of 
date was only signifi cant in young chicks in 2001. The signifi cant positive effect of rain was 
contrary to expectation. In dunlin a positive effect of temperature was only found in older 
chicks, while the increase in growth rate with increasing food abundance, decreasing wind 
speed and rain was apparent in all chicks. In the absence of shelter on the arctic tundra, it 
comes as no surprise that wind increases thermoregulatory costs of arctic breeding shore-
bird chicks (Bakken and Williams 2000). 
 Because the average arthropod biomass over recapture intervals declined strongly with 
mid-interval date in 2001, especially after 15 July, chicks of both species grew more slowly 
as the season progressed. Although the effect of temperature and food on chick growth 
rate are partly aliased, models with both effects explained additional variation compared 
with the simple models (table 8.1). In 2002 we found no signifi cant effect of any of the 
variables tested in neither species. This is in contrast to an earlier report on the same data by 
Tjørve et al. (in press), who described a signifi cant decrease of growth rate in relation to date 
in 2002. In that study however, in the analysis every data point was used as an independent 
value, not correcting for multiple measurements of the same chick or sibling effects, which 
results in a less conservative test. Using mixed models that do take account of different 
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levels of variation, the relationship with mid-interval date was signifi cant in 2001 but not 
in 2002. This could be caused by lack of variation in weather conditions in the chick period 
in 2002 (fi gure 8.1). Because of the late snowmelt in 2002, the breeding season was late and 
condensed, causing breeding attempts to occur highly synchronised. Unlike other years 
(chapter 9), the food peak was very narrow and most chicks hatched well after it, during 
a period that showed little variation in weather and arthropod abundance. Days with tem-
peratures below 5°C, when the strongest reductions in growth rate were observed in 2001, 
rarely occurred in 2002. As a crude estimate of the survival of chicks, the probability for 
broods that were ringed 2 days or later after ringing to be resighted, showed a decline in 
course of the season in 2001 (figure 8.4), indicating that the declining arthropod avail-
ability affected chick survival. It is consistent that a seasonal decline in survival was not 
found in 2002.
 Because of their smaller size we expected any effect of weather and food on growth rate 
to be stronger in little stints than in any larger species. In comparison to the growth effect 
found in little stint and dunlin, the effect of temperature and food availability on growth 
rate was more pronounced in red knots, breeding in northern Taimyr (Schekkerman et al. 
1998b). In this species the relationship was best described using the logarithm of mean 
daily arthropod mass, with a reduced growth rate (index values < 1) at daily arthropod dry 
mass values of less than 10 mg/day/trap. The curvilinear shape as apparent in red knots 
was not found in our study; the logarithm of daily arthropod mass did not provide a better 
fi t than the non-transformed values. The growth index in little stint was on average lower 
than 1.0 (fi gure 8.2), indicating that growth was retarded in comparison with other areas or 
years represented by the general growth curve used as a yardstick (Schekkerman et al. 1998a). 
In both little stint and dunlin, growth indices dropped below 1 at daily arthropod catches 
of less than 10-12 mg/day/trap (in 2001, fi gure 8.2 and 4), similar values to that observed in 
red knot. The only other study where a relationship between growth rate and food abundance 
in an arctic species was established, the curlew sandpiper, was based on fewer data points 
(Schekkerman et al. 1998b). A comparison of the level of food abundance where growth is 
retarded can not be made directly with curlew sandpiper, as arthropod abundance was not 
measured in dry mass in that study, but numbers instead. Growth index dropped below 
1 at ca 10°C, which corresponded to 9-10 arthropods/day/trap (Schekkerman et al. 1998b). 
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From own sampling we know that an average arctic arthropod weighs ca. 1.4 mg (chapter 9). 
Based on this value daily arthropod catches equals 12-14 mg dry mass /day/trap, even exceed-
ing the values in our study. 
 Because of the differently shaped relationship, comparisons of the slopes, representing 
the strength of the effect of weather and food, cannot be carried out. Naturally, the data 
from these three studies were collected at different locations, latitudes and years, but the 
resulting threshold level for growth all seem to be within the same order of magnitude. 
Given the large year to year variation in the relationship between weather and food and 
chick growth, testing the hypothesis that an effect of weather or food is expressed stronger 
in smaller species, would require a study on a range of differently sized shorebird species 
at the same site in the same year.

Annual variation in opportunities for successful reproduction
The main factor affecting hatching success is predation on eggs. After hatching, predation on 
chicks can still strongly reduce the number of fl edged young. In the Siberian arctic lemming 
abundance is an important, and perhaps conditional, factor determining reproductive 
success in shorebirds. Although breeding success in shorebirds is not as discrete between 
good (lemming rich) and bad (lemming poor) years as for instance in brent geese Branta 
b. bernicla (Summers and Underhill 1987; Underhill et al. 1993), some of the variation is 
explained by lemming abundance (Underhill et al. 1993; Schekkerman et al. 1998b). This 
means that benefi cial conditions for breeding with regard to the effect of predation only 
occur every few years. 
 Our results in this study show that chick growth can be highly infl uenced by weather 
and food abundance if the chick period coincides with a period of adverse weather, as shore-
bird chicks do not have reserves to overcome such periods (Norton 1973). A few consecutive 
days with adverse weather can be suffi cient to decimate the number of surviving chicks. In 
another study (chapter 9), we showed that the timing of the peak in arthropod food is 
highly variable between years and is not predictable. The way shorebirds apparently deal 
with this uncertainty is that they start breeding as early as possible, i.e. right after the 
snow melts (Schekkerman et al. 2003a). For most years this means that they maximise the 
probability that chicks hatch when food peaks (chapter 9). Whether food will be suffi cient, 
largely depends on the weather variation on a day-to-day time scale. Reproductive success 
can therefore be severely reduced by adverse weather in the chick period, also in years 
with low predation pressure. The close correlation between the juvenile percentage on 
wintering grounds in curlew sandpiper (Schekkerman et al. 1998b) and dunlin (Beale et al. 
2006) with temperature during breeding illustrates this. 
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Een grillige toendra

De kans dat het steltloperouders lukt om hun eieren uit te broeden en hun jongen 
vliegvlug te zien worden, wordt door verschillende factoren beïnvloed. Steltloper-
eieren en -kuikens zijn een gewilde prooi voor poolvossen, jagers en meeuwen, 
maar lang niet zo gewild als lemmingen. In jaren met genoeg lemmingen hebben 
steltlopers daarom niet zo veel te vrezen van poolvossen en andere jagers. Omdat de 
aantallen lemmingen in Siberië sterke en over grote gebieden synchroon verlopende 
fl uctuaties vertonen, varieert de kans op predatie sterk tussen jaren. Tot voor kort 
vertoonde de lemmingenstand een driejarig cyclisch patroon. Recentelijk loopt de 
cyclus wat uit de pas, maar er komen nog steeds lemmingrijke en lemmingarme 
jaren voor, al lopen die niet meer synchroon over heel Siberië.
 Maar niet alleen de predatiedruk varieert sterk, ook het weer kan het ene jaar 
veel gunstiger zijn dan het andere. Op het moment dat de kuikens uitkomen zijn ze 
afhankelijk van voldoende voedsel en gunstig weer. Omdat ze hun eigen temperatuur 
niet kunnen reguleren, moeten ze regelmatig bebroed worden. Maar als het weer 
zo slecht is dat ze snel afkoelen blijft er bijna geen tijd over om voedsel te zoeken. 
Bovendien zijn er dan ook weinig insecten, hun stapelvoedsel, te vinden. Enkele 
dagen met lage temperaturen, regen of sneeuwbuien, hetgeen niet ongebruikelijk 
is in Taimyr, zelfs niet midden in de zomer, kan funest zijn voor kuikens. 
 In het eerste jaar van onze studie, 2000, waren er geen lemmingen en de meeste 
nesten werden gepredeerd voordat ze uitkwamen. In 2001 en 2002 kwamen er wel 
behoorlijk wat nesten uit. Het echte broedsucces meten, in de zin van hoeveel kui-
kens er vliegvlug worden per ouder(paar) is erg moeilijk bij deze soorten, omdat ze 
extreem goed gecamoufl eerd zijn en je de kuikens, zeker als ze eenmaal wat ouder 
zijn, niet makkelijk te zien krijgt. Maar in de veronderstelling dat alleen kuikens die 
goed groeien een goede kans hebben om vliegvlug te worden, hebben we kuiken-
groei als maat voor broedsucces gebruikt. Als de eieren uitkwamen bezochten we het 
nest en ringden we de kuikens. Door ze daarna regelmatig terug te vangen als we ze 
ergens op de toendra tegenkwamen, konden we de groeisnelheid meten. Tegelijker-
tijd hielden we ook bij hoeveel voedsel er beschikbaar was. Doordat juni in 2001 erg 
warm was smolt de sneeuw sneller weg dan in 2002. Verder scheen de zon veel min-
der vaak in 2002 en regende het veel vaker. Het was kortom stabiel maar grijs weer. 
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Door het grilliger weerpatroon in 2001, 
met meer pieken en dalen, varieerde 
het insectenaanbod veel sterker. Dat 
gold vooral voor de periode waarin de 
meeste kuikens geboren werden. Als 
gevolg daarvan was er in 2001 een duidelijk waarneembaar effect van het weer en 
de hoeveelheid voedsel op de kuikengroei. Kuikens groeiden slechter in perioden 
met lage temperaturen en weinig voedsel dan in warmere perioden. Bovendien was 
er een verband met de datum: de vroegst geboren kuikens groeiden het beste. Ook 
bleek dat de kans dat we een familie met kuikens überhaupt nog een keer terug-
zagen nadat we de jongen in het nest geringd hadden, sterk af te nemen in de loop 
van het seizoen. Een aanwijzing dat laat geboren kuikens minder goed overleefden. 
 Ondanks dat we in 2002 veel meer kuikens konden meten en de dataset dus veel 
groter was, vonden we deze verbanden in dat jaar niet. De verklaring daarvoor ligt 
in het feit dat door de extreem late sneeuwsmelt het hele broedseizoen in elkaar 
geschoven was: alle nesten waren binnen een week gelegd! In andere jaren neemt 
dat vaak enkele weken in beslag. Daardoor kwamen de kuikens allemaal in dezelfde 
periode uit en hadden hetzelfde weer te verduren. Er zat dus veel minder variatie 
in de meetserie. Slechts deze twee jaren laten al zien dat de kans op een succesvol 
broedjaar dus enorm kan variëren. Dit wordt ook goed geïllustreerd door het feit 
dat het aandeel jonge krombekstrandlopers dat zich tussen de volwassen dieren 
bevindt in Zuid-Afrika, een belangrijke overwinteringsplek voor deze soort, precies 
de lemmingcyclus volgt. Maar dat is nog maar een deel van het verhaal. Als je name-
lijk rekening houdt met de lemmingcyclus blijkt het aandeel jonge vogels (en dus 
het broedsucces) ook nauw samen te hangen met de temperatuur in het broed-
gebied in de voor kuikens gemiddeld belangrijkste periode, de eerste twee weken 
van juli.
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