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Has prey availability for arctic birds 

advanced with climate change? 

Hindcasting the abundance of tundra 

arthropods using weather and seasonal 

variation

Arctic (in press)

Ingrid Tulp

Hans Schekkerman 

9    Prey availability for arctic birds



The arctic pulse192

Of all climatic zones on earth, arctic areas have experienced 

the greatest climate change in recent decades. Predicted 

changes, including a continuing rise in temperature and 

precipitation and a reduction in snow cover, are expected 

to have a large impact on arctic life. Large numbers of birds 

breed on the arctic tundra, many of which, such as shorebirds 

and passerines, feed on arthropods. Their chicks depend on 

a short insect population outburst characteristic of arctic 

areas. To predict the consequences of climate change for 

reproduction in these birds, insight into arthropod phenology 

is essential. We investigated weather-related and seasonal 

patterns in abundance of surface-active arthropods during 

four years in the tundra of Taimyr, Siberia. The resulting 

statistical models were used to hindcast arthropod abun-

dance on the basis of a 33-year weather dataset collected in 

the same area. Daily insect abundance was correlated closely 

with date, temperature, and, in some years, with wind and 

precipitation. An additional correlation with the number of 

degree-days accumulated after June 1 suggests that the pool 

of potential arthropod recruits is depleted in the course of 

the summer. The amplitude of short-term weather-induced 

variation was as large as the seasonal effect. The hindcasted 

dates of peak arthropod abundance advanced by 7 days 

between 1973 and 2003. The timing of the period during which 

birds have a reasonable probability of fi nding enough food to 

grow changed as well: dates with the highest probabilities 

have also advanced. At the same time the overall length of 

the period with probabilities of fi nding enough food have 

remained unchanged. This results in an advancement of the 

optimal breeding date for breeding birds. To be able to track 

this advancement, the start of breeding in arctic shorebirds 

and passerines must shift accordingly, which could affect 

the entire migratory schedule. Because our analyses are 

based on one arctic site only we can not conclude that this 

is a general pattern for the entire Arctic. To investigate the 

generality of this pattern, our approach should be applied 

at other sites too.
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Introduction

Due to global warming, the permanent ice cover at the North Pole is melting faster than 
hitherto expected (McBean 2005; Meehl et al. 2005). According to the Arctic Climate Impact 
Assessment (McBean 2005), sea ice cover has decreased by 15 to 20% in the past 30 years. 
Arctic tundras form the northern fringes of the continents bordering the arctic seas. Given the 
great infl uence of sea ice on the climate in arctic areas, arctic tundra is one of the terrestrial 
ecosystems likely to be highly vulnerable to climate change. The annual average tempera-
ture has increased at almost twice the rate in the Arctic compared to that in the rest of the 
world (Callaghan et al. 2005). Generally, vegetation types, snow and weather regimes are 
expected to show extensive changes, and these changes will be more pronounced in the 
Arctic than at temperate latitudes (Callaghan et al. 2005). Climate models predict that 
temperatures will increase (more so in winter than in summer), precipitation will increase 
and the duration of snow cover will decrease (Kattsov and Källen 2005; McBean 2005).
 Arctic tundras are the breeding grounds for a great number of migratory birds that 
spend the boreal winter in temperate or tropical zones. The long daylight period, suffi cient 
food availability, and possibly a general scarcity of parasites, pathogens and predators, allow 
their offspring to survive and grow rapidly (Carey 1986; Helmers and Gratto-Trevor 1996; 
Piersma 1997; Lepage et al. 1998; Andreev 1999; Schekkerman et al. 2003). Birds feeding on 
terrestrial invertebrates, such as shorebirds and passerines (Custer and Pitelka 1978), make 
up a signifi cant part of arctic landbird communities (Chernov 1985; Troy 1996). The adults of 
several of these species and the young of most depend mainly on surface-active arthropods 
for food. Shorebird chicks feed for themselves from their fi rst day of life onwards, and take 
arthropods from the tundra surface while walking around attended by one or two parents. 
Passerine chicks remain in the nest for at least the fi rst part of their pre-fl edging period 
and are fed arthropod prey by the parents.
 In the Arctic, arthropods are active and lay their eggs in the summer and spend the 
winter as eggs, larvae, (pre)pupae, or in some cases as inactive adults (Chernov 1978; Danks 
1981a; Danks 1981b; Downes 1981). The latter two strategies in particular can result in a 
highly synchronised emergence of adults in the summer. Development is controlled by 
cumulative temperature or temperature thresholds in many species (Danks 1999). At the 
onset of temperature rise and snow melt the fi rst arthropods emerge. After emergence, 
adult insects of many species devote their time mainly to reproduction and die shortly 
afterwards. This results in a characteristic short burst of adult arthropod abundance 
(MacLean and Pitelka 1971).
 The predicted increase in winter temperature is likely to result in an increase in alter-
nating periods of melting and freezing in some areas (Callaghan et al. 2005). These freeze-
thaw cycles may reduce the winter survival of insects, either by ice-crust formation leading 
to anoxic conditions, or by loss of cold-hardiness during an early melt period followed by 
further freezing (Hodkinson et al. 1998; Sinclair et al. 2003; Hodkinson 2005; Turnock and 
Fields 2005). With increasing summer temperatures, seasonal patterns of emergence may 
be altered or disrupted, especially in species with highly seasonal life cycles (Hodkinson et 
al. 1998). Changes in the phenology of summer emergence may affect the life cycles of the 
arthropods themselves (in either positive or negative ways), but will also affect the seasonal 
pattern of food availability for birds (and other invertebrate predators), possibly affecting 
the optimal timing of breeding for these species. Such an effect is expected if the period in 
which successful breeding is possible is limited by food abundance. Many investigators have 
pointed out the synchrony of hatching dates of arctic shorebirds and passerines with the 
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local midsummer peak in insect emergence (Hurd and Pitelka 1954; Holmes 1966a; Holmes 
1966b; Schekkerman et al. 1998; Schekkerman et al. 2003; Pearce-Higgins and Yalden 2004). 
Schekkerman et al. (2003) have shown that growth rate of shorebirds chicks is correlated 
with short-term variation in surface arthropod availability and this translates into chick 
survival. Although not yet investigated in arctic areas, similar correlations between arthropod 
abundance and chick growth have also been demonstrated in passerines (Hart et al. 2006).
 Arctic birds may have diffi culties adapting to changes in the timing of arthropod avail-
ability if they use timing cues or face constraints (e.g. migration, snow melt) that do not 
match changes in the timing of food availability (Both et al. 2005). Also, migrating birds 
may be unable to predict at southerly latitudes (characterised by relatively small climatic 
change) the start of the season thousands of kilometres north. If birds cannot respond to 
changes in the timing of prey abundance, this may affect their breeding success and popu-
lation size (Both et al. 2006). Therefore the seasonal pattern of arthropod surface activity 
is a yardstick against which changes in phenology of animal groups that depend on them 
can be evaluated (Visser and Both 2005).
 In this paper, we describe the variability in arthropod abundance on the tundra surface 
during summer in relation to date and weather conditions, on both short (within-season) 
and long (between-year) time scales, based on four years of fi eld data from one site in arctic 
Siberia. From a ‘food for birds’ perspective, short-term relationships between arthropod 
abundance and weather are as important as long-term seasonal patterns and changes therein, 
because the former greatly affect the predictability of food abundance. Capitalizing on the 
tight relationships observed between weather, date and arthropod abundance, we use the 
statistical model derived from the fi eld data to hindcast arthropod abundance using a 33-
year weather dataset collected in the same area. The hindcasted yearly abundance curves 
are then used to investigate interannual variability and time trends that may have occurred 
in relation to climate change. 

Material  and methods

Study site
Data were collected during four summers (1996, 2000-2002) at Medusa Bay, 18 km south of 
Dikson on the Taimyr Peninsula, Siberia (73°20’N 80°30’E). Field seasons ran from early 
June to mid-August. The 1996 expedition only covered the period 21 June-21 July and will 
be used for a subset of the analyses only. The commencement of the fi eld period in the 
other years was planned so that the observations of arthropod abundance started on the 
date of emergence of the tundra from under the snow. The study area was situated in the 
arctic tundra subzone (cf Chernov 1985). Vegetation consisted of mosses, lichens, grasses and 
sedges, dwarf willows Salix polaris, and various herbs generally not higher than 20 cm, with 
a substantial proportion (up to 20%) of the soil surface bare. Patches of bare soil consisted of 
clay patches with scattered stones (polygonal or spotted tundra, Chernov 1985). On slopes 
and plateaus on tops of hills (up to 50 m above sea level), the vegetation was generally drier, 
dominated by grasses, lichens and dwarf shrubs. In the marshy areas found in valleys, on 
the lower parts of slopes, and sometimes on hilltops, extensive meadows of sedges Carex 
spp. predominated. For a more detailed description of the study area see Schekkerman et 
al. (2004). During the fi eld period there was continuous daylight.
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Weather
In 2001 and 2002 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 above ground level in the shade, while wind speed and direction were 
recorded at 10 m height. Precipitation was measured in mm/day. In 1996 and 2000 the 
automated weather station was not yet in use and only air temperature was measured in the 
study area, and stored in a TinyTag datalogger at 30-minute intervals; all other variables 
(measured at two hourly intervals) were provided by the meteorological station in Dikson, 
18 km north of the study site.
 Weather data (daily averages of temperature and wind speed) from Dikson for the years 
1973-2005 were obtained through the National Oceanic and Atmospheric Administration 
(NOAA, www.ncdc.noaa.gov). Given the strong effect of sunshine on the activity of arthro-
pods (Danks 2004), temperature measured at ground level with a black sphere may be a 
better predictor than air temperature. Although we measured black sphere temperatures 
in 2000-2002, we chose to use air temperature in the analyses, because that was the only 
temperature variable available for the long-term dataset. Because air temperature and 
black sphere temperature were closely correlated (r = 0.94), this did not strongly infl uence 
our results.

Arthropod abundance
The abundance of surface-active arthropods was monitored using pitfall traps. Two lines of 
fi ve (1996) or ten (other years) white plastic jars (diameter 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 low-lying relatively wet sedge-dominated marsh tundra, the same tundra types 
that shorebird broods frequented. The two lines were ca 100 m apart. 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 23:00h and samples were sorted and 
measured immediately or on the next day. Arthropods were sorted into classes or orders 
(Araneae-spiders, Collembola-springtails, Coleoptera-beetles, Diptera-fl ies and midges, 
Hymenoptera-wasps, Crustacea-crustaceans, Acarina-mites), and Diptera and Coleoptera 
were separated into families if possible. Springtails and mites were excluded from the 
analysis, because we considered them to be too small to be energetically valuable for shore-
bird and passerine chicks, and their contribution to the total biomass sampled was small. 
Body length of each arthropod was measured to 0.5 mm for animals smaller, and to 1 mm 
for animals larger than 5 mm. 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 was used (Rogers et al. 1976).
 The method of pitfall trapping used in this study does not measure absolute abundance 
of arthropods, but rather a combination of their abundance and surface activity. However, 
for our purpose of measuring season and weather-induced variation in arthropod availability 
for birds, this method served well. Several studies have shown a positive correlation between 
growth of arctic shorebird chicks and arthropod catches in 5-10 pitfalls. Schekkerman et al. 
(2003) found that this correlation remained after effects of temperature, wind and rainfall 
on the growth rate of red knot Calidris canutus chicks had been controlled for statistically. 
Conversely, including weather variables did not improve the fi t of a model that already 
contained the number of arthropods caught in 5 pitfalls. This result is only expected if 
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food availability for chicks is indeed reduced on days with poor pitfall catches. We found 
similar correlations between pitfall catches and growth rate of chicks of dunlin Calidris 
alpina and little stint Calidris minuta at our study site during this study (chapter 8). In cold 
weather, total abundance of arthropods may be the same as on warmer days but they are 
inactive and likely to be harder to fi nd by chicks. Although pitfall traps only catch crawling 
and low-fl ying insects, this is not a problem given the relative scarcity of high-fl ying insects 
in our study area and the fact that shorebird chicks only feed on the ground. In a com-
parative study in which we used modifi ed (Malaise) traps equipped with vertical screens to 
catch insects in fl ight on top of pitfalls, there was little difference in species composition 
and catch magnitude made by pitfall traps only (Tulp et al. 1998). It might be argued that 
a sample size of ten pitfall traps is small, but because the day to day variation in numbers 
caught is so large, variations within pitfall traps is small compared to that and will not 
disturb patterns in effects of weather and season on arthropod abundance.

Statistical analyses 
Log-linear regressi on (McCullagh and Nelder 1989) was used to analyse the effects of season 
and weather variables on arthropod availability. To allow for overdispersion in the abun-
dance data, a dispersion parameter was estimated in these regressions. Because size distri-
butions of arthropods did not show a normal distribution, log-linear regression models 
were also used for the analyses of body size patterns. Variables tested in models to describe 
the arthropod abundance included: date, mean temperature, cumulative mean tempera-
ture (accumulated mean daily temperature since the day of snow melt, treating subzero 
temperatures as 0 since arthropod activity does not vary once temperatures drop to 0°C or 
below), mean wind speed, quadratic terms of the four preceding parameters (to allow for 
nonlinear relationships), the occurrence of precipitation (absent/present on the sampling 
day) and the amount of precipitation (mm/day). 
 The models were built starting with an empty model and testing weather variables after 
entering date and date2 (to allow for a curvilinear pattern). To test the independence of date 
and weather effects, weather variables were also entered fi rst after which date and date2 

were added to the model.
 We also considered the possibility that each summer the stock of arthropod larvae, 
(pre)pupae or imagines that could potentially emerge on the surface becomes depleted. 
The number of larvae reaching an adequate developmental stage at the end of the previous 
summer determines this stock. Because of the clear positive effect of temperature on 
arthropod surface activity and emergence, the cumulative temperature since the date of 
snow melt is correlated with the number of arthropods already emerged since that date 
(Hodkinson et al. 1996). Therefore, depletion of this stock of potential recruits will become 
apparent in a negative effect of cumulative temperature on surface arthropod activity 
after current weather and date have been statistically accounted for. If the possible effect 
of depletion is tested in single-year analyses, depletion effects become confounded with 
the seasonal pattern; the effects of date and depletion can therefore only be distinguished 
in a multi-year analysis.
 To test for differences in phenology between the two habitats sampled we used a log-
linear model with dry mass in the two series as the dependent variable and date and date2 
as predictor variables. If interaction terms date.habitat or date2.habitat were signifi cant, 
the phenology was considered to be different in the two habitats. 
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Table 9.1. Analysis of seasonal trend in total dry mass of arthropods  (mg per 20 traps per day) 

including weather variables at Medusa Bay in 1996, 2000, 2001 and 2002. The null model includes 

the constant only, the fi nal model includes all signifi cant parameters shown. The parameters tested 

included: date, date2 (daynr since 1 June, together describing a parabolic curve), mean temperature 

(in °C), mean cumulative temperature since 1 June, mean wind speed (wind in ms-1) plus quadratic 

terms and precipitation (in mm per day). In all cases precipitation gave a better fi t as a continuous 

variable than as a categorical variable. If date2 was signifi cant but date was not, both were included 

in the model.

year model df change in deviance P coefficient  SE

   

1996 constant    -1.0600 2.1400

 null model 30 8936.0    

 fi nal model 3 3751.0   

 date 1 0.7 0.953 0.4430        0.1210

 date2 1 2931.0 <0.001 -0.0063       0.0017

 precipitation 1 820.0 0.050 0.0566        0.0259

2000 constant    2.0030 0.5960

 null model 53 8056.9   

 fi nal model 5 7210.2   

  date 1 5713.8 <0.001 0.1239 0.0253

 date2 1 203.6 0.001 -0.0011 0.0003

 temperature 1 770.3 <0.001 0.1118 0.0160

 wind 1 415.1 <0.001 -0.0974 0.0276

 precipitation 1 107.5 0.015 -0.9500 0.4100

2001 constant    1.9280 0.4560

 null model 60 3831.0

 fi nal model 5 2593.0

 date 1 51.8 <0.001 0.1144       0.0213

 date2 1 1436.8 <0.001 -0.0016    0.0003

 temperature 1 687.0 <0.001 0.2716       0.0697

 temperature2 1 181.0 0.006 -0.0102     0.0037

 precipitation 1 236.2 0.002 -0.1386 0.0466

 

2002 constant    3.0820 0.7060

 null model 54 4159.0   

 fi nal model 4 3285.3   

 date 1 271.4 <0.001 0.0201 0.0342

 date2 1 645.2 <0.001  -0.0002 0.0004

 temperature 1 2263.9 <0.001 0.0095 0.0788

 temperature2 1 104.9 0.016 0.0099 0.0040
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Figure 9.1. Seasonal changes in numbers and dry mass of arthropods 

and mean air temperature in 1996 and 2000-2002. 
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Results

Seasonal and weather-related variation in surface-active arthropod abundance 
The two habitats generally yielded the same patterns, although in most years biomass was 
slightly larger in the wet series. In1996 and 2000 phenologies were similar in the two trap 
lines, but in 2001 arthropod abundance peaked two days earlier in the wet series (date.
habitat P = 0.651, date.habitat2 P = 0.006) while in 2002 arthropod abundance peaked fi ve 
days later in the wet series, date.habitat P = 0.463, date.habitat2 P = 0.028). The correlation 
between the daily catches in the two transects was high (1996: r = 0.79, 2000: r = 0.84, 2001, 
r = 0.63, 2002: r = 0.77). Because of the similar patterns found in both series, dry mass values 
are combined throughout the following analyses.
 The seasonal pattern of total dry mass of arthropods caught in pitfall traps showed a 
maximum in July in three of the four sampling years (fi gure 9.1). In 2000, surface arthropod 
biomass continued to increase until the end of the study period in August. The day-to-day 
variations were explained largely by weather conditions. As date and weather are partly 
correlated it is diffi cult to distinguish between these effects. After adding date + date2, 
weather variables (precipitation in 1996; temperature and wind speed in 2000; tempera-
ture, temperature2 and precipitation in 2001 and temperature and temperature2 in 2002) 
signifi cantly improved the models that described patterns in total dry mass (table 9.1). Total 
explained deviances varied between years from 42% to 89%. The lower explanatory power 
of the model for 1996 is caused by the shorter time series and smaller variation in weather 
data. In three out of four years entering date+date2 after the weather variables instead of 
before resulted in the same set of signifi cant variables. Only in 2002 date and date2 were no 
longer signifi cant. Hence in most years there was both a unimodal seasonal pattern with a 
midsummer maximum, and additional variation caused by weather. The amplitude of this 
short-term variation was as large as that of the seasonal effect (fi gure 9.1).

Seasonal variation in size of arthropods
In all years, average body length of arthropods increased with season (fi gure 9.2, date and 
date2, P < 0.01 for all years). Because the body length of insects that have reached their adult 
phase usually remains stable, the seasonal cline in size must be caused by a trend in the 
size of emerging arthropods, i.e. small individuals or species emerging earlier than larger 
ones. Because the various insect families showed relatively small within-group variation in 
size, the main cause of variation was the phenology of different families. The change in 
average size is explained predominantly by the emergence of the largest-sized family, crane-
fl ies Tipulidae (Diptera, fi gure 9.3). Because of their slow locomotion, large size and partial 
winglessness, tipulids are likely to be an important prey for chicks (Holmes and Pitelka 
1968; Pearce-Higgins and Yalden 2004). They emerged in a relatively short and peaked period 
(fi gure 9.3). The maximum contribution of cranefl ies to total biomass on a day was 86%.

Modelling the peak in arthropod abundance
The measurements on arthropod abundance in relation to weather and date were used to 
model seasonal patterns in arthropod abundance for a period of 33 years (1973-2005). Over 
this period, mean temperature in June-August increased signifi cantly in the study area 
(0.05°C annually). This was the result of a temperature rise in July and August, but not in 
June (fi gure 9.4). 
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Figure 9.2. Mean size (with standard deviation) of arthropods 

per day in 1996 and 2000-2002. The curves represent the fi tted 

loglinear regression lines.
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Data from all four years were used to fi t one model describing arthropod biomass with the 
same variables as used in the analysis for separate years, including year as an extra factor, 
but excluding precipitation, because data were not available for the 33 year period. Year, 
date (plus quadratic term), temperature, cumulative temperature (plus quadratic term) and 
wind all signifi cantly contributed to the model (table 9.2) and together explained 74% of 
the total deviance. Restricting this analysis to tipulids yielded a similar model but without 
wind and the cumulative effect of temperature and explained 54% of the deviance.
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Figure 9.3. Dry mass caught in the pitfall traps for tipulids and 

all other groups (non-tipulid) separately.
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Figure 9.4. Mean temperature in June, July and August in the period 1973-2005. 

The line is the linear regression of mean temperature in the three months 

(F1,31 = 7.8, P = 0.008).

Table 9.2. Results of loglinear regression of weather and seasonal variables on arthropod dry mass, 

used to model arthropod abundance in 1973-2005. The null model includes the constant only; the 

fi nal model includes all signifi cant parameters. The parameters tested included: date, temperature 

(in °C), cumulative temperature since 1 June, wind speed (wind in ms-1) plus all quadratic terms.
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Figure 9.5. Comparisons between model predictions and actual dry mass caught in the pitfall 

traps in 2000, 2001 and 2002. Data for 1996 are not presented here, because the fi eld season was 

not complete. Correlations between model outcomes and measured values: total arthropods: 

0.90, 0.70 and 0.90, tipulids: 0.76, 0.72, 0.89 for 2000, 2001 and 2002 respectively.
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For the years in which arthropod abundance was measured, the fi tted model closely matched 
the actual values, both for total arthropods and for tipulids only (correlations for all arthro-
pods between 0.70 and 0.90, for tipulids 0.71 and 0.88, fi gure 9.5). Using this model, we then 
estimated abundance of arthropods (and tipulids separately) for the years 1973-2005 on the 
basis of the measured weather data. Because year effects can not be extrapolated outside 
the sampling period, we used the average of the year effects for the four sampling years in 
our predictions. The year effect determines variation in overall population level between 
years, but not the seasonal patterns within years which is our main interest.
 Dates of peak occurrence in every year were determined by fi tting a 2nd-order polynomial 
(date + date2) to the predicted arthropod abundance (log-transformed) and calculating the 
date on which the fi rst derivative of each year model equalled zero. In 1973-2005, peak dates 
ranged between 8 and 31 July and occurred most often on 17 July and 20 July (both 4 years) 
(median peak date = 19 July, fi gure 9.6). Over the 33 year period the peak date advanced by 
0.2 (SE = 0.07) days per year on average, resulting in a total advancement of 7 days (F1,31 = 
5.75, P = 0.02, R2 = 0.16, fi gure 9.7). The average deviation of the modelled peak date from 
the long-term average corrected for the long-term trend was ± 4 days (range 0-10 days). 

Figure 9.6. Frequency distribution of predicted peak dates in arthropod abundance (upper graph, 

bars) in the period 1973-2005. The peak dates for the years 2000, 2001 and 2002 are indicated, 1996 

is left out because the fi eld data do not cover the whole period. The lower graph represents the 

probability that total dry mass caught in pitfall traps exceeds the limit of 100 or 200 mg/day/20 

traps in the period 1973-2005. The triangles indicate median dates, the bars the central 90% of 

the distribution.
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For chicks it may be more important that they encounter a food supply suffi cient for 
growth, rather than to hit the actual peak in abundance. Red knot chicks were able to 
grow normally only when arthropod biomass caught in pitfalls exceeded approximately 
200 mg per 20 traps per day and growth was severely retarded when arthropod biomass 
dropped to levels below 100 mg per 20 traps per day (Schekkerman et al. 2003). Choosing 
200 mg as a general approximation of a food situation that allows suffi cient growth for 
chicks, we calculated the probability that this level was reached in the model predictions 
for each date in the period 1973-2005. This probability seldom exceeded 40% (fi gure 9.6, 
lower panel), indicating that even at the height of the insect season, days with adverse 
feeding conditions are common. The probability that arthropod biomass caught was >100 
mg exceeded 50% continuously in the period 10 July to 9 August. 
 To evaluate possible long-term changes in the timing of the total period with a reason-
able probability that birds can fi nd enough food to grow, we analysed probabilities that 
biomass exceeds 100 or 200 mg/day/20 traps, separately for three consecutive eleven year 
periods: 1973-1983, 1984-1994, 1995-2005. The general pattern that can be derived from 
this comparison is that dates with enough food supply for chicks to grow have advanced. 
For the 200 mg limit the distribution of the fi rst period (1973-1983) differed signifi cantly 
from the last (1995-2005, Kolgomorov-Smirnov test �2 = 6.28, P = 0.043) but not from the 
second, nor was there a difference between the second and the third period. For the 100 
mg limit the distributions of the fi rst period differed from that of the last period (�2 = 8.70, 
P = 0.013) and the last two periods differed as well (�2 = 6.28, P = 0.043). The number of days 
in June, July and August with a probability of a minimum of 100 mg has increased signifi -
cantly in the 33 years (F1,31 = 16.63, P < 0.001, R2 = 0.35). The length of the season (period 
between the fi rst and the last date with probabilities that arthropod mass caught exceeds 
100 mg) has remained unchanged (F1,31 = 0.42, P = 0.52). Similar results were found when 
using the 200 mg limit (increase in number of days: F1,31 = 6.44, P = 0.016, R2 = 0.17; length 
of season: F1,31 = 0.26, P = 0.61).

Figure 9.7. Predicted timing of the 

peak in arthropod abundance in the 

period 1973-2005. 
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Figure 9.8. The probability that total dry mass caught in pitfall traps 

exceeds the limit of 100 and 200 mg/day/20 traps in three periods: 

1973-1983, 1984-1994, 1995-2005. The triangles indicate median dates, 

the bars the central 90% of the distribution.
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Discussion

Patterns in arthropod abundance
In this paper we used total catches of arthropods in pitfalls, summed over many taxa, as a 
measure of food availability to tundra insectivores. Arctic shorebird diets comprise a wide 
range of arthropod taxa (Holmes and Pitelka 1968) and therefore these totals are likely to 
provide a useful index of food availability, although bird species may show some differences 
in the relative share of various arthropod taxa. 
 We have shown that the variation in the activity and abundance of surface-active tundra 
arthropods is to a large extent explained by date and weather. Superimposed on a unimodal 
seasonal pattern, there were strong infl uences of temperature, wind and precipitation. 
Similar close correlations with weather were also observed in other studies in both tem-
perate and arctic areas (MacLean and Pitelka 1971; Goulson et al. 2005). The reduction in 
arthropod mass caught in pitfall traps during cold weather can be explained by mortality, 
reduced emergence in response to adverse weather, and/or by a reduction in activity. In 
cold conditions arthropods seek thermally favourable sites and retreat into the moss layer 
or soil and become less available to birds (Danks 2004).
 The signifi cant contribution of cumulative temperature (plus its quadratic term) to the 
fi t of the models already containing date and weather variables indicates that the total 
number of arthropods ready to emerge can become depleted over the season. This contrib-
utes to the peaked seasonal pattern of arthropod availability for birds, and causes food 
availability to decline well before declining temperatures reach a threshold that would 
reduce developmental rates and survival of surface-active arthropods. 
 Weather, date and depletion effects together explained a major part of the total varia-
tion in arthropod abundance over our sampling years (table 9.2). This good fi t allowed us 
to hindcast within-year patterns in surface arthropod activity over a long period in the past 
with some confi dence. In the absence of long-term datasets on actual measured arthropod 
abundances, this exercise provides insights into the variability in timing of food availability 
for arctic insectivores.
 The timing of peaks in arthropod abundance in 2000, 2001 and 2002 fell on 23 July, 
8 July and 12 July respectively. Compared to the 33-year period of weather data, 2001 and 
2002 were among the years with the earliest peaks in temperature and hence arthropod 
abundance, but 2000 showed one of the latest peaks (fi gure 9.6). The occurrence of these 
extremes within the observation period means that >75% of all years fell within the range 
captured during our study. 
 As a consequence of the large variation characteristic of arctic weather (Myers and 
Pitelka 1979) and its strong effects on arthropod activity, the predictability of the timing 
of food availability for arctic breeding birds in any single year is rather poor (fi gure 9.8). 
In our 33-year set, the average deviation of the modelled peak date from the long-term 
average corrected for the long-term trend was 4 days.
 For chick growth, the exact timing of the peak itself is less important than the occur-
rence of enough days with suffi cient food availability during their growth period. Several 
consecutive days with adverse weather and low food levels can severely reduce chick sur-
vival (Schekkerman et al. 1998; Schekkerman et al. 2003). Our modeling indicated that 
over the past decades not only the date of peak occurrence, but also the range of dates with 
a good probability for the birds to fi nd suffi cient food for normal growth, have advanced. 
A potential problem with this second measure of the timing of food availability for birds 
is that it involves an absolute estimate of arthropod availability (< or > 100 or 200 mg) and 
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not only a within-year comparison of abundance like in the modeling of peak dates. 
Because our model can not predict variation between years in overall levels of arthropod 
abundance (but uses the average of the four observation years), the probability of fi nding 
enough food can be predicted with less confi dence than the peak date of abundance. How-
ever, variation in overall insect abundance between years is more likely to affect the mean 
level of the calculated probabilities than their distribution over dates. Therefore we interpret 
the advancement of the probability distributions towards earlier dates as a strong indica-
tion that the period with suffi cient food availability for reproduction has indeed advanced. 
The questions remain if and when southern arthropod species will migrate north, and if 
this migration will affect the total amount of arthropod productivity. Of course, there is no 
substitute for actual measurements, so we urge researchers to set up long-term monitoring 
of arthropod abundance patterns in the Arctic (e.g. Hoye et al. 2007), and study the under-
lying mechanisms generating those patterns. Also the pattern detected in our study area 
might not be a general one for the Arctic. To evaluate how our site in Taimyr compares to 
others in this respect, our approach should be applied to other sites as well.

The repercussions of an earlier peak in arthropod abundance for birds 
Breeding success in birds depends to a large extent on food availability for the chicks (Lack 
1968; Lindholm et al. 1994; Pearce-Higgins and Yalden 2004). In shorebirds, breeding is ideally 
timed so that chicks hatch during or just before the peak in food availability (Hurd and 
Pitelka 1954; Holmes 1966b; Holmes 1966a; Schekkerman et al. 1998; Schekkerman et al. 
2003). Given the strong seasonality in chick growth and survival (Schekkerman et al. 1998; 
Tulp and Schekkerman 2001) and the relationship between surface arthropod abundance 
and chick growth (Schekkerman et al. 2003, chapter 8) the synchronicity of arctic shore-
bird breeding with the seasonal peak in food supply may be crucial for successful repro-
duction. In our study period the variation between years in the timing of peak arthropod 
abundance was very large and even during the peak period, food abundance was highly 
unpredictable because of strong day to day variations in weather. Shorebirds in our study 
area and elsewhere in the Arctic seem to deal with this uncertainty by starting to breed as 
early as possible after the snow melts (Schekkerman et al. 2004; Meltofte et al. 2007). In 
this way they maximise the probability that chicks hatch when food peaks. The risk that 
such strategy would result in the eggs hatching too early is very small, because arthropod 
abundance starts to build up immediately after snow melt. In years with an early snow 
melt such as 2000, the period between the start of the fi rst and last nest is much larger 
than in years with late snow melt as in 2002 (Schekkerman et al. 2004). This is caused by 
the fact that the last nests were initiated no later than 15 July in all years, indicating that 
the opportunities for successful reproduction decline or are abruptly truncated later in 
the season. Studies on breeding phenology in arctic passerines also show that territories 
are established during snow melt, and that chicks fl edge when food is most abundant 
(Seastedt and MacLean 1979).
 Across the period 1973-2005, both the peaks in arthropod abundance and the dates with 
reasonable probabilities of encountering enough food for chicks have advanced, while the 
length of the period with suffi cient food availability has not changed (fi gure 9.7). How can 
birds respond to these changes? 
 Birds use different cues to determine the onset of breeding. Direct measures of food 
abundance may not be reliable because gonad development and egg laying take place well 
before the arthropod peak. If cues that trigger the start of breeding track climate change 
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in the same way as the insect peak, birds would be able to track these changes. If, however, 
the cues that are used are not correlated with the timing of the insect peak, an advance-
ment of the period of food availability may result in a reproductive mistiming. The breed-
ing phenology of arctic shorebirds has been shown to be correlated with interannual varia-
tion in the timing of snow melt, with a smaller additional effect of temperature during the 
pre-laying period (Green et al. 1977; Meltofte 1985; Holmgren et al. 2001; Meltofte et al. 
2007). An early start of breeding for these ground-nesting birds is only possible if there is 
enough snow-free area. If the timing of snow melt has advanced less than the seven days 
advance in the arthropod peak over the past 33 years, the length of the season suitable for 
breeding would have shortened over this period. Although long-term data on the date of 
snow melt in the study area are not available, there are several indications that the onset of 
snow melt has advanced generally in northern Eurasia and other arctic areas (Dye 2002; 
Stone et al. 2002; Dye and Tucker 2003; Walsh 2005). However, given the high geographical 
variability therein, long-term local data on snow cover are needed to evaluate whether 
these two developments keep in pace with each other.
 
Possibilities to advance timing of breeding by adjusting migration schedules
Most arctic breeding birds are seasonal migrants that winter at great distances from the 
breeding areas. Because the period between arrival on the breeding grounds and breeding 
is generally short (Schekkerman et al. 2004; Meltofte et al. 2007), an earlier onset of breed-
ing is possible only if birds arrive earlier. That can be achieved by an earlier departure from 
the wintering grounds, an increase in migration speed or a shortening of migration dis-
tance (Coppack and Both 2002). A long- distance migrant songbird, the pied fl ycatcher Fice-
dula hypoleuca, tended to arrive from tropical Africa and breed earlier, although insuffi -
ciently to track the advancing peak in food supply (Both and Visser 2001; Coppack and 
Both 2002; Both et al. 2005). This mismatch has already resulted in a signifi cant decrease 
of the population (Both et al. 2006). Some factor apparently prevents an earlier arrival on 
the breeding grounds.
 The start of spring migration in long-distance migrant birds is induced by an internal 
clock, synchronised by changes in day length (Gwinner 1996). Although accelerating migra-
tion in response to increasing temperatures even in non-breeding areas and along the route 
has been shown in pied fl ycatchers (Ahola et al. 2004) and in a study of 20 migrant land-
birds (Cotton 2004), changes in the breeding areas may not be perceivable or predictable by 
birds before their arrival (Visser et al. 2004). This may apply especially to the many species 
of shorebirds that cover the distance from their intertidal non-breeding and stopover areas 
to the northern breeding sites in just a few long non-stop fl ights (Hennigsson and Alerstam 
2005). The species that make their fi nal jump from latitudes close to their breeding sites, 
as some shorebird species along the Pacifi c Flyway do (B. McCaffery pers. comm.), will be 
less affected. In the long term, adjustment could take place through selection for earlier 
arriving birds, although this is likely to occur at a slower rate than the advancement of 
seasonality (Both and Visser 2001; Coppack and Both 2002; Both et al. 2005). Evidence for 
the latter mechanism has already been found in long-distance migratory songbirds that 
are leaving Africa earlier (Jonzen et al. 2006). Such selection is conceivable unless speeding 
up migration is constrained by dependence on prey that is only available for a limited period 
of time in specifi c stopover areas, a phenomenon known for a few shorebird-prey combina-
tions (Zwarts 1990; Zwarts and Blomert 1990; Baker et al. 2004). In theory, time-constrained 
resource fl ushes at critical stopovers could also advance in response to climate change if 
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they are temperature-dependent. This might mitigate some of the costs of changing migra-
tion schedules. To date there are very few published studies on long-term trends in timing 
of arrival and breeding of arctic shorebirds and passerines. Determinig whether arctic 
shorebird populations will be able to adapt to a changing phenology of their food resources 
and what the effect of such changes will be on reproductive output will require long-term 
observation programs.
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De arctische zomer duurt maar een paar maanden. De sneeuw begint vroeg in juni 
te smelten en in het najaar valt de eerste sneeuw (die blijft liggen) al weer in sep-
tember. Voor veel vogelsoorten die in de Siberische toendra broeden bestaat het 
voedsel voor een belangrijk deel uit insecten. Die insecten verschijnen echter pas als 
de sneeuw verdwijnt en bovendien zijn ze maar in een korte en erg gepiekte periode 
beschikbaar. Aangezien kuikens alleen goed kunnen groeien als er voldoende voedsel 
is, is het dus zaak voor de ouders dat ze op tijd beginnen met broeden. Ze moeten 
de uitkomst van de eieren eigenlijk zo plannen dat de kuikens precies tijdens die 
voedselpiek geboren worden of opgroeien. 
 In drie jaren hebben we het aanbod van insecten dagelijks gemeten met pot-
vallen en geanalyseerd hoe dat afhangt van het seizoen en de weersomstandigheden. 
De timing van de voedselpiek bleek van jaar tot jaar erg te variëren. Afgezien van 
hogere aantallen midden in de zomer, bleken dag tot dag schommelingen sterk 
samen te hangen met temperatuur, wind en regen. Op warme, stille, droge dagen 
vingen we veel meer insecten dan op koude, winderige dagen met veel regen, vaak 
wel met een factor vijf verschil. Nu zijn de polen erg gevoelig voor opwarming van 
de aarde. Effecten van klimaatverandering die tot nu toe zijn waargenomen, komen 
hier het sterkste en eerst tot uitdrukking. Daarom vroegen we ons af, wat gaat er nu 
gebeuren als de aarde verder opwarmt en de sneeuw eerder gaat smelten, wat ge-
beurt er dan met die insectenpiek? 
 Idealiter onderzoek je dat door over een langere periode (minimaal enkele tien-
tallen jaren) te bekijken hoe die insectenpiek is veranderd. Maar zo’n serie is er niet. 
Daarom hebben we een trucje gebruikt om het voorkomen van insecten in de afge-
lopen 30 jaar te reconstrueren. We hebben de verbanden die we vonden in de drie 
jaar van ons onderzoek gebruikt om aan de hand van weersgegevens te ‘voorspellen’ 
wanneer de piek geweest moet zijn in de afgelopen 30 jaar. Dan blijkt dat de timing 
van die piek gemiddeld genomen steeds vroeger in het jaar valt: een verschuiving 
van 7 dagen in 30 jaar. Dat lijkt misschien niet veel, maar voor het strakke jaarritme 
waar veel van de vogels die in de Arctis broeden, mee te maken hebben kan het wel 
veel uitmaken. De meeste van deze vogels overwinteren op plekken ver weg, waar-
vandaan ze niet kunnen overzien hoe het met het weer in de Arctis gesteld is. Als de 
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insectenpiek verder vervroegt, zonder 
dat de vogels eerder vertrekken uit de 
overwinteringsgebieden of hun vlucht-
schema aanpassen, kan het zijn dat ze 
op een gegeven moment te laat aanko-
men. Als de kuikens pas na de insectenpiek uit het ei komen, is er niet voldoende 
voedsel meer om goed te kunnen groeien. Tot op zekere hoogte zullen vogelsoorten 
die van insecten afhankelijk zijn zich kunnen aanpassen, doordat er selectie zal 
optreden voor vroegbroedende individuen. Die zijn dan in het voordeel vergeleken 
met de laatkomers en zullen meer nakomelingen krijgen. Maar de vraag is of deze 
selectie snel genoeg zal zijn om dit soort veranderingen bij te houden.
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