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Chapter 9 

Changing tides through climate change: Can migratory 

herbivores keep up with an advancing green wave of 

spring growth? 

 

Alexandra J. van der Graaf and Julia Stahl  

Abstract 

The influence of climate change on the life histories of many species in temperate and 

Arctic regions is inevitably becoming more severe. Through trophic cascades, a changing 

phenology of plants affects primary and secondary consumers. Barnacle Geese, Branta 
leucopsis, are migratory herbivores, following consecutive waves of fresh spring growth of 

forage plants on their journey from temperate wintering to arctic breeding sites. At each 

stopover they time their staging to profit maximally from the spring production and the 

temporarily high quality of forage grasses. Temperature rise will advance the onset of 

spring growth. But can these migratory herbivores keep up with advancing food peaks? 

Here we analyse weather data along the East Atlantic flyway during the past 30 years. 

We compare weather patterns of the traditional staging sites in order to assess the 

predictability of spring temperatures and food availability en route. We report on field 

experiments with portable green houses at three important staging sites along the flyway, in 

which a small temperature rise was induced in early spring and the growth responses of 

forage plant species were measured.  

We show a correlation in weather patterns between sites. Plant growth is significantly 

advanced by small increases of spring temperatures and is closely related to cumulative 

spring temperatures. This allows predicting circumstances at the following migratory 

destination. An analysis of migration patterns of the geese demonstrates that timing of 

migration is advanced in warmer years; however this advancement does not match the 

advancement of plant growth at all staging sites. We discuss the capability of geese to keep 

up with the advancing green wave and other temperature induced changes and review 

alternative migration strategies that recently developed in this migratory species.  
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Introduction 

Temperature rise has become evident during the last century (IPCC 2001). The temperature 

increase is reflected in changes in phenology, in plants as well as in animals. Long-term 

phenological records show advancement in leaf appearance, flowering and first appearance 

dates of birds, butterflies and amphibians over the past century (Sparks and Carey 1995; 

Sparks et al. 2005b). Onset of spring growth of plants in cool and temperate areas mainly 

depends on spring temperatures (Botta et al. 2000). Plant growth at northern latitudes 

increased during the 1980’s (Myneni et al. 1997), most likely related to the earlier 

disappearance of snow. At both Arctic and temperate latitudes, advancements in the start of 

spring has affected leaf appearance, flowering dates and fruit ripening as well as the length 

of the growing seasons, all of which have been related to the increased spring temperatures 

(Schwartz 1994; Sparks and Carey 1995; Myneni et al. 1997; Post and Stenseth 1999; 

Menzel and Fabian 1999; Menzel et al. 2001; Fitter and Fitter 2002; Menzel 2003).   

When spring growth of plants is advanced, herbivores that depend on peaks of spring 

growth and quality of their forage will be forced to advance their life cycles also, as will the 

predators that feed on these herbivores. An example is given by Buse et al. (1999); winter 

moths (Operophtera brumata) feed on the young leaves of the pendunculate oak (Quercus 
robur) and are themselves the main food for great and blue tits (Parus major and Parus 
caeruleus) during chick rearing. With increasing spring temperatures bud burst advanced in 

oak, and winter moths advanced their hatching dates simultaneously, which forced the birds 

to advance their laying dates. A lack of synchrony with food resources may result in 

reduced individual fitness, possibly leading to a reduction in population size. 

 

Many bird species have advanced their migration and breeding dates with increasing spring 

temperatures (Crick and Sparks 1999; Lehikoinen et al. 2004; Dunn 2004; Marra et al. 
2005; Sparks et al. 2005a). Some bird species, such as great tits and pied flycatchers 

(Ficedula hypoleuca) advanced their breeding dates, although not sufficiently to keep up 

with the advancing peak in food availability (Buse et al. 1999; Both and Visser 2001; 

Visser and Holleman 2001; Visser et al. 2004). It is suggested that long-distance migrants 

(e.g. pied flycatchers) are not able to adapt to climate change, since they cannot predict 

weather on their breeding sites from that at their wintering sites in Africa (Both and Visser 

2001; Coppack and Both 2002; Butler 2003). On the other hand short-distance migrants are 

better able to predict circumstances in their breeding sites and have advanced their 

migration date appropriately (Butler 2003). 
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It thus seems that there are two important factors for birds to adapt to climate change, 

flexibility and predictability. First of all the timing of the birds needs to be flexible, based 

on environmental parameters rather than on fixed cues such as photoperiod. Second, the 

birds must be able to predict circumstances further along their migration route. Here, strong 

correlations of weather phenomena between consecutive sites will be of utmost importance.  

 

Barnacle Geese, Branta leucopsis, depend on seasonal peaks of spring forage availability 

for successful breeding. They migrate north following consecutive waves of fresh spring 

growth of their forage plants (Figure 9.1; Chapter 5). At each stopover site they time their 

arrival to maximise their profit from the temporarily high spring production and the high 

nutrient content of the forage grasses in order to gain more fat reserves (Prop 2004; Hübner 

2006). Individual geese that leave their staging sites in a better condition have a higher 

reproductive output (Ebbinge and Spaans 1995; Prop and Black 1998). For Barnacle Geese 

it will thus be extremely important to keep up with advancing spring phenology. However, 

it is not known whether the geese time their migration based on fixed cues such as 

photoperiod or on more variable factors such as weather or food conditions at each site. 

Neither do we know whether weather patterns are linked or predictable from one staging 

site to the next along the flyway.  The population of Barnacle Geese has increased 

considerably since the 1980’s (Ganter et al. 1999). Along with the overall growth of the 

population the geese expanded their breeding range and breeding colonies now occur along 

most of the northern coast of Russia, in the Baltic Sea and in the Dutch delta (Larsson et al. 
1988; Filchagov and Leonovich 1992; Syroechkovsky Jr. 1995; Leito 1996; Ganter et al. 
1999; Chapter 10). Part of the population nowadays does not follow the traditional routes 

and travel schedules (Eichhorn et al. 2006). However, we here focus on the traditional 

migration route and schedules. 

 

In the present study we will first examine the effects of temperature increase on the growth 

of forage plants of Barnacle Geese at their different staging and stopover sites. We use this 

information for predictions about the shift in food availability with increasing temperatures. 

Secondly, we will investigate how predictable weather and forage availability are along the 

flyway and, finally, whether geese show flexibility in their ability to adjust to seasonal 

differences between years so that they time their arrival on the breeding grounds to coincide 

with the onset of spring growth. We attempt to analyse whether Barnacle Geese will be able 

to adapt to the imminent climatic changes occurring along their flyway at present. Our 

study is the first to assess the effects of global warming on migratory herbivores that 

directly depend on the spring phenology of forage plants. 
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Methods  

Study sites 

Barnacle Geese traditionally migrate from their wintering quarters in the Wadden Sea in 

western Europe (The Netherlands, Germany) to breeding sites in northern Russia (e.g. 

Novaya Zemblya). On their migration they use several sites in the Baltic Sea (Sweden, 

Estonia) and in the White Sea (Russia) as stopover for resting and refuelling (Leito 1996; 

Ganter et al. 1999). In all areas they use coastal salt marshes as well as adjacent agricultural 

pastures for foraging. We will focus mainly on three sites along the migration route (Figure 

9.1, Table 9.1). The first site is on the Dutch island of Schiermonnikoog in the Wadden Sea, 

which is a winter and spring staging site for Barnacle Geese (Box 1). Geese arrive in 

October and forage on inland pastures and coastal salt marshes until their departure in mid-

April. The diet of the geese mainly consists of Red Fescue, Festuca rubra (90%).  The 

second site is a stopover site in the western Baltic Sea on the island of Gotland in Sweden 

(Box 2). The geese stay for a period up to 4 weeks in April and May, before continuing 

their migration towards the breeding grounds. The geese forage in the salt marshes, mainly 

in areas with a mixed sward of Festuca rubra and Juncus gerardi. These species make up 

respectively 45 and 15 % of the diet on this site (own data). The last site is a breeding site 

in northern Russia near the village of Tobseda in Kolokolkova Bay. Here, the main 

vegetation type that is used by the geese consists of a mixture of Carex subspathacea and 

Puccinellia phryganodes (Chapter 2), the diet contains these species in equal proportions 

(own data from Kolokolkova Bay).  

 

 
 

Table 9.1: Overview of the study sites and the locations of the weather stations of which we obtained 

long-term (1950-2004) and short-term (2003/2004) weather data. 

 
Staging Sites Experimental Area Weather data – long term Weather data – short term 

Wadden Sea Schiermonnikoog,

The Netherlands 

53˚30N 

6˚10E 

Schiermonnikoog, 

The Netherlands # 

53˚30N 

6˚10E 

Schiermonnikoog,

The Netherlands # 

53˚30N 

6˚10E 

Baltic Sea – 

Sweden 

Grötlingboudd, 

Gotland 

57˚07N 

18˚27E 

Hoburgen, 

Gotland ## 

56˚55N 

18˚09E 

Hoburgen, 

Gotland ## 

56˚55N 

18˚09E 

White Sea -  Archangelsk * 64˚35N 

40˚30E 

-  

Pechora 

Delta 

Tobseda 68˚35N 

52˚20E 

Nar’yan Mar * 67˚38N 

53˚03E 

Khodovarikha ** 68˚57N 

53˚45E 
# Vrije Universiteit, Amsterdam 
## Swedish Meteorological and Hydrological Institute SMHI, Norrköping, Sweden 

* European Climate Assessment and Dataset, http://eca.knmi.nl 

** Russian weather server, http://meteo.infospace.ru/main.htm 
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Experiment 

At all three study sites, we conducted the same experiment to test the effect of increased 

temperature on the growth of forage plants. At all sites we selected an area that was 

frequently used by foraging geese. To raise air temperature, greenhouses of a modified 

‘cloche’ type (Strathdee and Bale 1993; Dormann et al. 2004) were used, consisting of an 

open cylinder (65 cm diameter, 30 cm height) made out of acrylic glass (2 mm), covered 

with water- and gas-permeable cloth (insect mesh). The insect mesh reduced incoming light 

with about 9% on cloudy days (inside vs. outside greenhouse: 11667 Lux vs. 12667 Lux) 

and about 19% on bright days (28667 Lux vs. 24000 Lux). In close vicinity to the 

greenhouse, we established a similar sized control plot. The control plot was protected from 

grazing by a chicken wire fence of 50 cm height. A 4-channel data logger (HOBO H8-006-

04, Onset Computer Corporation) was installed on each site, measuring air (at 15 cm height) 

and soil temperatures (at 2 cm depth) inside and outside the greenhouses. The experiment 

was conducted in 2003 on the Russian breeding site (N = 5) and in 2004 on the Wadden Sea 

staging site (N = 5) and on the Baltic stopover site (N = 5), distance between the replicates 

was at all sites more than 10 metres.  

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9.1:  Map of the flyway of the Barnacle Goose and a schematic overview of the green-wave 

hypothesis (Chapter 5). Breeding sites are given with dark grey shading. Closed circles are the 

experimental sites, open circles indicate additional stopover sites. Arrows show the sites for which we 

obtained migration data 
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To measure plant growth, we used a very detailed, non-destructive method, to allow 

repeated measurements on the same plot. We counted tillers in 10 fixed squares of 5.5 by 

5.5 cm in each greenhouse and in a paired control plot every 10-14 days. Tiller counts of 

the 10 squares within each plot were averaged to avoid pseudo-replication. Additionally, 

we collected 30 tillers from each greenhouse and control plot to assess individual tiller 

weights. For collecting tillers we randomly selected a point and collected tillers around that 

point up to a maximum sample of 30 tillers, in order to achieve a representative sample of 

tiller sizes. Tillers were dried at 60˚C for 48 hours and weighed. The combination of tiller 

density and tiller weight provides a measure of plant biomass. In the Baltic and Russian 

area, where two species were abundant in the experimental plots, both species were 

measured separately. 

 

Long-term climate and migration data 

Climate change models predict an increase in globally averaged temperatures of 0.8-2.6 ˚C 

for the period of 1990-2050, long-term predictions up to the year 2100 even predict an 

increase of 1.4–5.8 ˚C (IPCC 2001). For Arctic regions this increase is predicted to be even 

stronger, an increase of 2. -14 ˚C for winter and 4.0-7.5 ˚C for summer temperatures (IPCC 

2001).  

Long- and short-term climate data were gathered from several weather stations along 

the flyway of the Barnacle Goose (Table 9.1). We used daily mean temperatures to 

calculate growing degree days (GDD), the accumulated product of time and temperature. 

This is a measure that is frequently used in phenological studies to predict start of flowering 

or emergence. As starting point we used the 1st of January of each year and we used a 

threshold temperature of -5˚C (Botta et al. 2000). Whenever available (see Table 9.1), data 

from 1970 until present were used. 

Long-term data on mass migration of Barnacle Geese along the flyway were gathered 

from the Hamburger Hallig, Germany (1988-1997; Stock and Hofeditz 2002) and from 

Eemshaven, The Netherlands (1999-2002, data Kees Koffijberg –SOVON). For all sites 

and all years, we used the date at which 75% of the Barnacle Geese observed at that site 

had travelled through the site previously (75% of total migration). Data from Eemshaven 

and Hamburger Hallig were combined and represent the departure date from the Wadden 

Sea. We obtained data on peak migration days over southern Finland from Lintukymi, the 

annual reports of the Kymenlaakso Birding Society (1990-2004). Data on peak hatch and 

nest initiation were obtained from Gotland, Sweden (1985-2004, pers. comm. Henk van der 

Jeugd and Kjell Larsson) and Tobseda, Russia (2002-2004, pers. comm. Henk van der 

Jeugd and Götz Eichhorn).  
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Figure 9.2: Biomass with (closed symbols) and without (open symbols) increased temperatures; (A) 

for Festuca rubra in the Wadden Sea , (B) for Festuca rubra, Juncus gerardi and total biomass in the 

Baltic Sea  and (C) for Puccinellia phryganodes, Carex subspathacea and total biomass in the 

Pechora Delta. * indicate significant differences in total biomass between the control and the 

increased temperature treatment in that week (P <0.05). 
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Table 9.2: Average air and soil temperatures (˚C ± se) over the experimental period and the 

temperature increase inside the greenhouses. Average temperature increase is a weighed average, 

taking into account the number of measuring days at each site. All comparisons between 

unmanipulated average temperatures and manipulated increased temperatures are highly significant 

(paired t-test, N = # days, P<0.0001). 

 Experimental Period Air Temperature (˚C) Soil Temperature (˚C) 

 

(day/month, year) Average 

Control 

Increase 

Greenhouse 

Average 

Control 

Increase 

Greenhouse 

Wadden Sea 20/2 – 19/4, 2004    6.79 ± 0.47 0.75 6.51 ± 0.40 0.82 

Baltic Sea 7/5 – 20/5, 2004    10.43 ± 0.69 1.20 13.12 ± 0.40 1.25 

Pechora Delta 8/6 – 31/7, 2003   8.68 ± 0.71 1.30 7.41 ± 0.55 1.10 

Average Increase  1.08  1.06 

 

 

 

Statistics 

Data on plant growth were tested for normal distribution. When the assumption of 

normality was not met we applied the following transformations to allow statistical testing: 

Data from the Wadden Sea staging site and the Russian breeding site were log10-

transformed; data from the Baltic stopover site were squareroot- transformed. Data on plant 

growth from all sites were analysed using a repeated measurement ANOVA with week as 

the repeated factor and treatment and replicate within treatment as factors. To analyse the 

effects of the treatment for each week separately we used a multivariate ANOVA with 

treatment and replicate within treatment as factors.  

 

Results 

Temperature effects on spring biomass 

The greenhouses elevated temperature an average of 1 ˚C (Table 9.2). The experimental 

temperature rise differed slightly between sites, and at each site there was a high variation 

in temperature from day-to-day. This variance is mainly caused by differing light levels (i.e. 

day length and direct exposure to sunlight). In general, temperature increase was higher at 

higher ambient temperatures.  

On all sites total biomass of foraging plants was significantly increased by the imposed 

temperature elevation (Table 9.3, Figure 9.2), except for Festuca rubra in the Baltic site 

(Figure 9.2B). We used a stepwise linear regression to test whether plant growth was 

dependent on values of growing degree days (GDD) or date. The analyses showed that, 

along the entire flyway, biomass was better predicted by GDD than by date (Figure 9.3, 

P<0.005), therefore we used only the relationship between GDD and plant growth for the 
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following analyses. From our data, we were able to predict biomass at all sites along the 

flyway for a given date in any year, whenever temperature records are available in order to 

calculate GDD. We used these relationships to predict biomass for different migration dates 

and dates of peak hatch and subsequently to calculate the advancement of plant growth 

under a climate change scenario of 1˚C temperature rise, in days per ˚C (Table 9.5). 

 

 
Table 9.3: Effects of temperature increase (treatment) on biomass of the study species along the 

migration route. 

  Replicate within Treatment Treatment 

Site Species df F P df F P 

Wadden Sea        

 Festuca rubra  8,90 5.890 <0.001 1,90 7.843 =0.006 

Baltic Sea        

 Festuca rubra  8,90 4.223 <0.001 1,90 2.821 =0.097 

 Juncus gerardi  8,90 64.371 <0.001 1,90 40.805 <0.001 

 Total Biomass  8,90 36.187 <0.001 1,90 23.528 <0.001 

Pechora Delta        

 Puccinellia phryganodes 8,40 25.754 <0.001 1,40 90.748 <0.001 

 Carex subspathacea 8,40 22.051 <0.001 1,40 11.718 =0.001 

 Total Biomass  8,40 7.488 <0.001 1,40 187.077 <0.001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9.3: The dependence of biomass on growing degree days (GDD) for three areas along the 

flyway. Regression lines are shown for all areas. Regression line equations (with BM being biomass) 

are: for the Wadden Sea BMwad=1.614+0.022GDD (R2=0.662, F1,48=129.371, P<0.001),  Baltic Sea 

BMbal=-10.867+0.191GDD  (R2=0.588, F1,33=73.710, P=0.003) and the Russian breeding site 

BMrus=0.225+0.245GDD  (R2=0.860, F1,63=202.995, P<0.001).    
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Table 9.4: Correlation (R2) between growing degree days (GDD) at the different consecutive 

locations. Framed blocks indicate the timing of the start of migration from a current site towards a 

subsequent site.  * P  0.05, ** P  0.005, *** P  0.001. 

Next month/location 

April  May 

Current Month/ 

Location March 

Baltic Sea Baltic Sea White Sea White Sea Pechora 

June 

Pechora 

March Wadden Sea 0.69 *** 0.70 *** 0.34 *** 0.15 * 0.09 0.11 

April Baltic Sea   0.51 *** 0.35 ***  0.19 * 0.26 ** 

May White Sea     0.60*** 0.50 *** 

 Pechora      0.78 *** 

 

 

Spring temperature trends and migratory schedules 

GDD is positively correlated between staging sites along the flyway (Table 9.4). The 

predictability between consecutive sites is 50 to 80%. For the Wadden Sea and Baltic Sea 

areas, GDD up to April 30th correlates significantly with year (R2=0.33, P=0.001 and 

R2=0.14, P=0.024, respectively), demonstrating an increase in spring temperature over the 

past decades in western/northern Europe. For the Russian areas, no such trend is detectable. 

GDD was significantly correlated with the migration dates of the geese. We found that 

the timing of the migration was best correlated with the GDD from January 1st until the 

average date of departure. This was end of March for the Wadden Sea (R2=0.71, P<0.001, 

N=14) and mid-May for the departure from the Baltic Sea (R2=0.45, P=0.004, N=16). Peak 

hatch for the Baltic breeding colonies was best correlated with GDD from January 1st until 

egg laying (end of April, R2 =0.82, P<0.001, N=19). Departure from the Wadden Sea and 

the Baltic Sea, as well as breeding date in the Baltic Sea is significantly advanced in years 

with higher spring temperatures (Figure 9.4). We used a univariate ANOVA with both year 

and GDD as covariates and included year to control for any trends in migration date that are 

not temperature-related. For all correlations, year did not have a significant effect on 

departure dates, when tested together with temperature. We, therefore, show only 

relationships between temperature and migration. Departure from the Wadden Sea showed 

a variation of about one month (Figure 9.4A), whereas departure from the Baltic was spread 

over only a 10-day period (Figure 9.4C). Temperature-related advancement of migration, in 

days per ˚C, was calculated from the slopes of Figure 9.4. At departure from the Wadden 

Sea, advancement of migration is about 10 days per ˚C, whereas at departure from the 

Baltic Sea this is only 2 days (Table 9.5). Migration advancement in the Wadden Sea 

matches the advancement of plant growth, whereas further along the flyway, the timing of 

departure from the Baltic Sea does not advance as much as plant growth. The geese that 

follow a different strategy and breed in the Baltic also do not advance their laying dates as 

much as plant growth is advanced (Table 9.5). 
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The staging duration in the Baltic Sea area was calculated from departure dates in the 

Wadden Sea and dates of mass migration over Finland, when birds leave the Baltic Sea area. 

We found a strong negative relationship (R2 = 0.95, P<0.001) between the moment that the 

geese leave the Wadden Sea and the duration of their stay in the Baltic Sea (see also 

Eichhorn et al. 2006). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9.4: Correlation of growing degree days (GDD) with (A) departure from the Wadden Sea – 

grey dots are data from the Hamburger Hallig (D), open dots from Eemshaven (NL), Departure Day = 

208.9 -0.114*GDDmarch (R
2=0.71, P<0.001) (B) departure from the Baltic Sea, Departure Day = 155.6 

-0.014*GDDmidmay (R
2=0.45, P=0.004).  

 

 
Table 9.5: Traditional timing of peak spring grazing pressure, migration and peak hatch (average 

over N years), and the advancement of vegetation growth and goose migration with a 1-degree 

temperature rise scenario. Timing in brackets give estimated dates, the advancements derived from 

these dates are, therefore, less reliable (also between brackets).  

  Traditional  Advancement (days ˚C-1) 

  Timing N Vegetation Geese 

Wadden Sea      

 departure April 16th 14 8 10.2 

Baltic Sea      

 (arrival) (April 20th) (16) (11) - 

 departure May 20th 16 8 1.9 

 peak hatch May 29th 19 8 2.2 

Pechora Delta      

 arrival (June 1st) (3) (5) - 

 peak hatch July 11th 3 4 - 
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Discussion 

Changing tides: advanced spring growth differs along the flyway 

In all sites plant growth was enhanced by the increased temperature in the greenhouses. We 

found that biomass was most closely related to growing degree days (Figure 9.3).Under a 

scenario of temperature rise by 1 ˚C (current prediction of IPCC 2001 for the period up to 

2050), plant growth will be advanced by eight days in the Wadden Sea and Baltic Sea. At 

the Russian breeding site, a similar temperature rise will only result in an advancement of 

four days, due to the strong influence of below-zero temperatures well into the month of 

May. Under more extreme scenarios (IPCC 2001), plant growth would be even more 

advanced. In Chapter 5 I showed that Barnacle Geese follow a green wave of spring growth 

on their spring migration, profiting from peaks in food availability and quality when 

leaving their spring staging sites, during their stay on the stopover sites and at peak hatch. 

Our results demonstrate that temperature rise will not have the same effect at different sites 

along the flyway. With increasing temperatures due to climate change, the green wave of 

spring growth will, therefore, not advance synchronously along the flyway and food pulses 

become increasingly difficult to track by migrating herbivores. Similar results were 

obtained by a study using NDVI data to investigate regional climate change impact in 

Fennoscandia, Denmark and the Kola Peninsula (Høgda et al. 2001). In their paper, Høgda 

et al. (2001) predicted for our Baltic site an even larger advancement of spring than we 

found, of about 2-4 weeks. In contrast, predictions for the Kola Peninsula (Russia) were no 

advancement, or even locally a delay in the onset of spring. 

 

Predictability of plant growth and flexibility of migration schedules 

Weather patterns in the Wadden and Baltic Sea, as well as in the Russian areas are closely 

correlated (Table 9.4). However, weather patterns show a lower correlation between the 

Baltic Sea and the Russian areas (Table 9.4). Predictability of weather and thus of plant 

growth is high between the Wadden Sea and the Baltic Sea and within the Russian areas, 

but lower between the Baltic and the White Sea. We expect that goose migration is better 

matched to spring phenology for these parts of the migration with a high predictability. This 

is supported by our finding that the geese time their migration from the Wadden to the 

Baltic Sea accurately with the spring temperatures experienced over the past months and 

with plant phenology (Table 9.5). In contrast, migration from the Baltic does not seem to be 

linked to spring phenology. Similarly, Gordo et al. (2005) showed for six trans-Saharan 

migrants that timing of migration was very closely linked to climate in the wintering 

quarters during the months preceding migration, rather than that in their potential European 

breeding grounds. However, Ahola et al. (2004) showed for the Pied Flycatcher (Ficedula 
hypoleuca) that timing of migration is can be further influenced by temperatures along the 

migration route.  
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The large year-to-year variation in departure dates from the Wadden Sea (Figure 9.4A) 

shows that the geese are very flexible in their timing of this migration step. Apparently, 

timing of migration from the Wadden Sea to the Baltic Sea is mainly based on weather or 

vegetation parameters.  We thus expect that Barnacle Geese will adjust the timing of 

migration when temperature increases through climate change. There are no data available 

on migration within Russia but we expect similar processes there.  

The critical step on the migration route thus seems to be the step from the Baltic to the 

White Sea, where weather patterns between the two areas are uncoupled. Departure from 

the Baltic Sea shows little variation (Figure 9.4B). In years that geese arrive later in the 

Baltic Sea due to low spring temperatures, they shorten their stay in the Baltic. The range of 

departure dates is restricted to a period of only 10 days in all years. Based on these rather 

fixed departure dates from the Baltic Sea and on the low predictability of the weather and 

plant growth on the next staging site (Table 9.4), we conclude that migratory timing cannot 

be ideal in all years. The geese do not advance their migration according to the 

advancement of plant growth at their departure site in the Baltic Sea. (Table 9.5). Since 

variation in departure from the Baltic is so small, we suggest that this trait is based on fixed 

cues, such as photoperiod, rather than on phenological cues at a preceding site along the 

route. It is interesting to note, that the advancement of migration by about 2 days per ˚C 

when departing from the Baltic Sea is within the range of temperature related migration 

advancements found for many other bird species (Crick and Sparks 1999; Sparks and 

Menzel 2002; Marra et al. 2005).  

 

Keeping up with the green wave under climate change 

In conclusion, our data show that part of the Barnacle Goose migration is flexible and that 

this species of Arctic breeding goose will likely be able to adapt to elevated temperatures as 

far as the timing of the migration is concerned. On the first step on the migration route, 

from the Wadden to the Baltic Seas, the geese will still be able to follow the green wave of 

spring growth, even when the wave itself advances. The timing of the step between the 

Baltic and White Sea is obviously based on rather fixed cues. We, therefore, expect that 

under a scenario of a strong temperature increase at the Arctic breeding sites, the geese will 

not be able to adjust their departure date from the Baltic Sea accordingly. This is especially 

true if climate change will not result in complementary increases of temperatures at each 

staging site but a higher rise of temperatures at the Arctic site, as is predicted (IPCC 2001). 

However, when the geese leave the Baltic Sea, the average GDD on their breeding site is 

225 ± 23 GDD, which is still below the threshold for onset of growth of 240 GDD (Botta et 
al. 2000). In general there is a gap of at least two weeks between departure from the Baltic 

Sea (mid- to late- May) and arrival in the Russian breeding areas (early- to mid-June). The 

geese are known to spend this time in the White Sea area, or in areas even closer to their 

breeding sites. It is suggested that from these so-called ‘pre-breeding areas’ the geese can 
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more accurately predict circumstances at their breeding sites and adjust their arrival to snow 

melt and plant growth at the colony site (Sedinger and Raveling 1986; Hübner 2006). 

Unfortunately, we have no time series of either migration or breeding dates of Barnacle 

Geese in the Russian Arctic, and it is therefore not known how flexible the duration of stay 

is in these areas. For the Russian breeding sites, we cannot relate advancement in plant 

growth to advancement of hatching dates. However, in the Canadian Arctic several goose 

species advanced their nest initiation date in relation to climate change (Macinnes et al. 
1990; Cooke et al. 1995; Skinner et al. 1998). Following calculations by Cooke et al (1995) 

we find that Lesser Snow Geese, Anser caerulescens caerulescens, advance their laying 

dates by about 10 days per degree temperature increase. Barnacle Geese, breeding in the 

Baltic, also advance their laying dates with increasing spring temperatures (H.P. van der 

Jeugd and K. Larsson, unpublished data) although this advancement seems insufficient to 

compensate for the advancement of plant growth (Table 9.5). 

 

Climate change may affect the plant community 

In our study, we investigated the effects of elevated temperatures on the growth of food 

species and the repercussions for forage availability for small herbivores. Our experiments 

were limited to the most important forage species, but even with the limitations of this 

experimental design we observed a shift in the relative abundance of the species. At the 

Baltic site, Juncus gerardi became dominant over the main food species, Festuca rubra, 

which profited less from the elevated temperatures. This is an indication of the potential 

disruption of the competitive balance of species through climate change. Recent studies 

show that elevated temperatures and the resulting elevated soil temperature will change the 

abundances of species and, over the long-term, species composition (Van der Wal et al. 
2003; Dormann et al. 2004; Wahren et al. 2005; Hollister et al. 2005). These studies 

especially point at an increase in the cover of shrubs, an increased cover of dead material 

and an increased canopy height. Consequences for small herbivores will be far reaching and 

remain to be investigated. 

 

Traditional migration versus new strategies 

The population of Barnacle Geese showed an exponential increase in the 1980’s and along 

with this increase the breeding range was expanded along the flyway. It is likely that part of 

the population follows different migration strategies nowadays. Koffijberg and Günther 

(2004) show that in the last five years the geese stay longer in the Wadden Sea area, a shift 

which is not in any way related to changing spring temperatures. We looked at additional 

migration data from the bird ringing station in Ottenby (Sweden, data A. Hedenström) and 

arrival dates of geese in Estonia (data A. Leito), from 1970 until 2004. For Ottenby only a 

very small percentage passed the observatory until the 1980’s, hereafter the number of 
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geese that was counted increased in the following years. Besides this, there is a strong 

positive correlation between date of passage (75% of total migration) and year, showing 

that the geese pass through later every year. For Estonia, Leito (1996) reported a relation 

between first arrival date and spring temperatures for the traditional staging area in the 

Matsalu Nature Reserve. However, other areas did not show this trend, but we found a 

significant trend with year for Saarema, which was colonised later. These analyses support 

our ideas that part of the population adapted to other strategies after expansion of the 

population in the 1980’s. The changes might be caused by overcrowding at the traditional 

staging sites, which might spring from a combination of the larger population size as well 

as a lower availability and suitability of coastal sites brought about by changes in land use 

and management of nature reserves (Black et al. 1991; Prop et al. 1998; Stock and Hofeditz 

2002; Chapter 10). In contrast, close to these traditional sites new foraging areas on 

(fertilised) inland pastures have become available which provide an alternative source of 

high quality food (Owen et al. 1987; Leito 1991; Leito 1996; Ganter et al. 1999).  

In conclusion, we have shown that the phenology of the forage species of Barnacle 

Geese is significantly advanced under increased temperatures. Increased temperatures as 

well as changes in land use will further change the timing and amount of forage availability 

along the flyway. Barnacle Geese can advance their migration in years with an earlier 

spring, moreover, part of the Barnacle Goose population changed its migration route and 

schedule in the past decades, probably to adjust to a growing population and changes in 

land use along the flyway. It is, therefore likely, that the geese will be able to adjust to 

future changes in forage availability in its staging and breeding areas.  
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Greenhouses on the salt marsh near Tobseda (top) and on the salt marsh of Grötlingbo-udd (bottom) 




