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Flexibility and constraints of migration and breeding
in the barnacle goose

This thesis deals with issues of time and energy management and costs and benefits

of migration. Behavioural decisions on migration and reproduction will directly

mould the pattern of energy acquisition and use. On the other hand, behavioural

choices are limited by the access to energy and nutrient sources. Our studies have

revealed a remarkable flexibility in timing of migration as well as reproduction in

the barnacle goose. Starting off from the same wintering area geese of the sedentary

North Sea population hatch their young at a time when arctic-breeding conspecifics

have not even reached their breeding sites (ch. 3, 6). Birds from the same arctic

breeding colony may leave the wintering area as long as eight weeks apart, and even

the very same individual may decide to depart from there 45 days later than it did

the year before (ch. 4). Throughout, I have tried to assemble appropriate data from

the past to compare with the current situation. A first point in the discussion here

concerns fuelling for migration in spring. 

Deposition of body stores: now and then 

The function of the Baltic as traditional fuelling site on the way to arctic breeding

grounds has been taken over by the Wadden Sea for an increasing part of the flyway

population, and we propose a capacity problem in the Baltic as the key explanation

for this (ch. 3, 4). In the chapter discussions so far it remained an intriguing possi-

bility that not only fuelling prospects in the Baltic have deteriorated relatively to

those in the Wadden Sea, but, additionally, opportunities for fuelling in the Wadden

Sea may have improved over past decades. Figure 8.1 illustrates the seasonal

pattern of body mass change in adult female barnacle geese caught/shot along the

spring migratory route. For the Wadden Sea area recent data can be compared to

data collected 15 to 25 years ago and reveals striking differences: the rate of mass

gain more than doubled compared to former times, though birds nowadays show a

lower body mass early in the season. Body mass reached a same level in each of the

data sets by mid April (day 45). This date coincides with the traditional departure

date when the geese used to move to the Baltic for further deposition of body

stores, whereas nowadays a large proportion of the population continues fuelling in

the Wadden Sea until mid May, apparently at a higher rate than decades ago. 

According to the optimal migration model this new strategy will be favoured

only if the fuelling rate in the Baltic falls below 88% of that in the Wadden Sea (ch.

4). That is, below 10 g d-1 nowadays, and would mean that the formerly high gain

rate in the Baltic (21 g d-1) has decreased by 52%. Such a scenario is corroborated

by findings of Van der Graaf et al. (2006b) indicating a currently high grazing pres-

sure in the Baltic resulting in lower food availability than at staging sites in the

Wadden Sea. 

Food availability is only one of the factors limiting gain rates. For instance, the

advantage of longer daylight periods in the Baltic provides potentially longer

foraging time to the geese, and may compensate for the lower food availability
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compared to Wadden Sea sites. On the other hand, this potential benefit might be

lost due to increased disturbance from white-tailed eagles. Their numbers are

boosting in the Baltic over the past three decades (ch. 4) and assessing their direct

and indirect effects on staging geese seems revealing. 

The importance of pre-breeding staging sites for Arctic breeders

The dramatic change in migratory schedule concerns only the first part of the

journey up to the Baltic. Departure from the Baltic remained stable over the past

decades. Our expeditionary work coupled with tracking of individual geese has

revealed the stopover sites connecting the Baltic with the breeding sites. After birds

have left the Baltic they stay for a remarkably constant period (3 weeks) in arctic

pre-breeding sites (notably the Dvina river delta and Kanin peninsula) before they

finally arrive in the colony ca. four days prior to egg-laying (ch. 3, 5; Eichhorn

2005). The geese replenish some of the body stores lost during migration at these

arctic pre-breeding sites, and females enter the phase of rapid follicular growth 12

days before egg-laying. The high estimate of daily body mass gain for Kanin lacked

statistical significance, probably due to the small sample of geese collected over a

very short time period of seven days (Fig. 8.1). However, preliminary results from

field studies on food intake yielded similarly high gain rates of more than 30 g d-1

(Eichhorn, unpubl. data). High digestibility of young food plants and, in particular,
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Figure 8.1. Residual body mass (from a regression of mass on wing length) of adult females

at pre-migratory sites in the Wadden Sea (WS), at staging sites in the Baltic (Gotland) and

White Sea (Kanin), and upon arrival in the breeding area at Tobseda. Shown are daily means

± SE. Note the different years of sampling. Regression lines are depicted for all but Tobseda

data, and yield gain rates [g d-1] of 11.3 for WS 2004 (F1,108 = 176.8, P < 0.0005); 3.8 for

WS 1979/89 (F1,102 = 5.53, P = 0.021); 20.7 for Gotland 1982 (F1,35 = 13.39, P = 0.001).

The estimated slope of 37.0 g d-1 for Kanin lacked statistical significance (F1,22 = 1.47, P =

0.240). Data from WS 1979/89 and Gotland 1982 were kindly provided by B.S. Ebbinge (see

also Ebbinge et al. 1991).



the long feeding days allowed for such impressive intake rates at this important

staging site in the eastern White Sea. An important finding in chapter 3 was that a

delay of departure from the Baltic resulted in a delay of nest initiation, supporting

the proposal by Drent and Daan (1980) that late-laying individuals choose to accu-

mulate more/ adequate reserves for reproduction at southern staging sites. Thus,

females can profitably feed not far from breeding sites and are not entirely

dependent on body stores for egg synthesis upon arrival at the colony where little

food is available (Rohwer 1992). 

In Figure 8.2 I assembled the estimated gain rates at the major spring staging

sites together with rates of body mass change during various stages while in the

Russian breeding area. The conclusion is that spring fuel deposition rates in the

Baltic and the Wadden Sea that formerly differed markedly have recently converged

by deteriorating in the Baltic and improving in the Wadden Sea. There are no

tangible signs of a possible buffer effect (Kluyver and Tinbergen 1953; Gill et al.

2001; Gunnarsson et al. 2006) associated with the saturation of the Baltic sites and

penalising the recently evolved alternative strategy of delayed departure from the

Wadden Sea. Timing of egg-laying, which is a strong predictor of potential breeding

success, was the same for ‘Wadden Sea-stagers’ and ‘Baltic-stagers’ (ch. 4).

Apparently, by their large-scale change in site use the geese have managed to spread

optimally over the total of resources available to them in the North Sea-Baltic
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Figure 8.2. Average rates of body mass change in arctic-breeding female barnacle geese at

spring staging sites and during various stages in the breeding area. Black and grey colour

indicate present and former (before 1990) estimates, respectively. Vertical dashed lines mark

former (left) and present (right) dates of mass departure from the Wadden Sea. Note that

timing of mass departure from the Baltic occurs around 20 May and has not been changed

over past decades. Solid lines refer to periods with data coverage; for the Baltic the current

rate was assumed at 88% of that in the Wadden Sea (see Fig. 8.1 and text for details).

Horizontal stippled lines refer to extrapolations from these data.



region during spring thereby escaping negative effects of density dependence. The

hitherto unbroken geometric growth of the Russian barnacle goose population

corroborates these findings. 

During the pre-laying period upon arrival in the colony the geese seem to main-

tain the level of body stores, as has been concluded from their abdominal profile

indices (Eichhorn unpubl. data)(for an evaluation of this method see Madsen and

Klaassen 2006). Females deplete their body stores at a rate of 11 g d-1 over 25 days

of incubation. At hatch they have reached their lowest body mass within the annual

cycle (1500 g, ch. 7). Food availability peaks around hatch, allowing them to

replenish stores quickly. After only 14 days from hatch females enter wing moult

with a body mass similar to that at start of incubation (1720 g and 1742 g, respec-

tively). This translates into a rate of body mass gain (since completion of incuba-

tion) of 19 g d-1. The duties of rearing young (brooding and defence from preda-

tors) may be responsible for a lower gain rate compared to the spring staging period

on Kanin which represents the peak value in the annual cycle (Fig. 8.2).      

From arctic to temperate-breeding geese: comparison of
major life-history traits 

Clutch and incubation

For arctic-breeding barnacle geese poor food availability upon arrival in the colony

and during egg-laying (a total period of ca. nine days) is expected to constrain both

opportunities for replenishment of stores as well as clutch size. In contrast,

temperate-breeding barnacle geese enjoy higher food availability at the time of egg-

laying. Therefore, temperate geese can exploit current diet to produce eggs to a

greater degree, thereby sparing body stores, than their arctic-breeding counterparts.

This combined with smaller stores in migratory geese at the time of egg-laying due

to costs of transport is the most likely explanation for the pattern of decreasing

clutch size with latitude (ch. 7). 

Most of the stored ‘capital’ brought by geese to their arctic breeding grounds is

needed to sustain them through incubation (ch. 5). Surprisingly, the contribution of

endogenous stores to incubation was even higher in temperate-breeding geese (ch.

7). Although different nest attentiveness may be the proximate reason for this (Box

C), causes for higher nest attentiveness in temperate birds remain to be explained. 

Timing of reproduction and moult

Despite an impressive advance of six to seven weeks in laying date compared to

arctic breeders temperate barnacle geese breed too late in order to match peak food

resources with growth of their young (ch. 6). Selection for earlier breeding is

strong. But what are the prospects for improvement of the timing of reproduction?

The ongoing amelioration of climate will advance the food peak further. Geese may

be able to gain breeding condition earlier as well. However, there are limitations

doing so. While climate change will affect food conditions, it will not affect light
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regime. Therefore, geese would have to gain condition within increasingly shorter

daylight periods which may confront them with a food-processing bottleneck

(Sedinger and Raveling 1988; Prop and Vulink 1992). Thus, the mismatch will

remain as long as both adults preparing for breeding and offspring depend on the

same food peak. A broader diet including food sources peaking differently or migra-

tion between peaks offer possible evolutionary solutions to this dilemma.

Avian circannual rhythms are often controlled by an endogenous clock (Gwinner

1996) and this has been shown also for the timing of reproduction and wing moult

in geese (Davies et al. 1969; Larsson 1996; Loonen and Follestad 1997). Interest-

ingly, timing of wing moult has been considerably less advanced than reproduction

in temperate-breeding barnacle geese compared to arctic breeders (ch. 6) indicating

that these two cycles can be adjusted to new circumstances independently. Gwinner

and Dorka (1976) revealed such an ability of birds to uncouple cycles of reproduc-

tion and moult in laboratory experiments with garden warblers Sylvia borin.  

Post-fledging survival and the costs of migration

In the long-distance migrating Barents Sea population, post-fledging survival (i.e.,

survival from fledging in the arctic until arrival on the wintering grounds) was

much lower (averaging 0.55) than in both the Baltic population (0.90) with its

more modest migratory distance and the resident North Sea population (0.97)(ch.

6). Moreover, in the Barents Sea population there was a strong penalty for young

that fledge late. Post-fledging survival in the Spitsbergen-breeding population of the

barnacle goose was on average 0.84 in ‘normal’ seasons but fell to 0.65 in a late

season (Owen and Black 1989). Hunting has been banned along the route taking

this population via Norway to wintering grounds in Scotland. Taken together these

comparisons implicate a higher mortality during autumn migration in the arctic

populations, facing both long flights over open sea as well as hunting mortality.

However, if we consider the output of fledged young per nesting female that

reach the winter grounds a comparison with data for the Spitsbergen population is

again revealing. Prop and De Vries (1993, refined in Black et al. 2007) assessed the

number of goslings surviving migration to Scotland per marked individual female in

relation to the date they settled in the breeding colony. In the three early seasons in

their material these values peak at approximately 1.5 surviving goslings for females

settling between 2 and 8 June, with much lower success both earlier and later than

this. Including the two late seasons in the study (0.3 goslings per female at best

with little seasonal trend) the overall output was 0.55 ± 1.045 (SD) surviving

goslings per female (n=335; J. Prop pers. comm.). This mean value compares with

0.42 for our Barents Sea population and 0.71 for the Baltic and 0.51 for the North

Sea populations (ch. 6). In this comparison the North Sea population performs

unexpectedly bad, given the very high post-fledging survival and large clutches (ch.

6, 7). This implies that many of the eggs laid by Dutch breeders do not produce a

fledgling. Further research has to reveal the factors causing these losses. 

It should be noted that these production values for ‘goslings per breeding

female’ do not reflect the output for the population as a whole, as non-breeding is
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not covered. These comparative figures also suggest that the proportion of non-

breeders is likely to be higher in the arctic populations which are exposed to gener-

ally harsher environmental conditions. If they miss the very tight time window for

laying a clutch (with a reasonable chance to produce offspring), they better refrain

from breeding in that season altogether. Thus, for the population as a whole the

non-migratory population breeding in the Netherlands performs very well and is

growing at a spectacular rate of 23% annually since 1984 (Black et al. 2007). In part

this may be an effect of relaxed density dependence in these still young colonies.

Growth will inevitably slow down with saturation of suitable habitat, as has been

recently observed for the Baltic breeding population which showed an annual

growth of 11% over the period1984-2002 but is facing a decline currently (ch. 6).

The Russian population has been increasing at an annual rate of 8% since 1975

(Black et al. 2007), so using this criterion the current balance of costs and benefits

of arctic versus temperate breeding in this species obviously favours the latter. 

Predation and facilitation by man

Reasons for the strong increase of the total barnacle goose population and the

expansion of its breeding range have been addressed in several studies (Ebbinge

1991; Syroechkovsky 1995; Van Eerden et al. 2005; van der Graaf et al. 2006a; ch. 6

this thesis) with the general conclusion that reduced predation and disturbance

over the entire range together with improved feeding conditions in the wintering
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Figure 8.3. Siberian Dolgans driving flightless geese for capture (from Popov 1937). This

drawing illustrates nicely the simple way we too caught moulting geese during this study

(Note, we did not alter ground levels in or around the corral, in contrast to the catching

construction illustrated here.).



area due to changes in agricultural practice must be regarded as the main drivers

behind these changes. An increasing use of agricultural crop by geese and the posi-

tive effect on their numbers has been reported for most of the goose species in the

northern hemisphere (Vickery and Gill 1999; Abraham et al. 2005; Gauthier et al.

2005; Fox et al. 2005). 

Before the dramatic range expansion in recent times the Russian barnacle goose

population was restricted to hardly accessible breeding sites on the islands of

Novaya Zemlya and Vaygach and counted less than 20000 individuals 50 years ago

(Ganter et al. 1999). These High Arctic strongholds may well have served as the

only refuges left after times of intensive exploitation. Geese and other waterfowl are

exceptional vulnerable when adults moult their wings and young have still to

fledge. They can be captured easily and in great numbers during this flightless

period (Nowak 1995; Fig. 8.3). Gathering highly nutritious food by such simple

means has certainly a long-standing history among human hunting traditions

(Trevor-Battye 1895). Reduced prosecution and predation may sufficiently explain

the range expansion within the Arctic (Van der Graaf 2006). However, the estab-

lishment of temperate-breeding populations most likely required an improvement

of local feeding conditions in addition (ch. 6). Without doubt, man has clearly an

enormous impact on the dynamics of goose populations by both direct and indirect

means (Jefferies and Drent 2006). 

Fat or protein: distinguishing body composition during 
deposition and depletion

Some important conclusions in this thesis hinge upon our ability to distinguish

between fat and protein components of the body (ch. 7, Box D; expanded here).

Although total body water measurements by isotope dilution only allow estimates

of the total lean mass, changes in wet lean mass over time can be almost entirely

attributed to changes in wet protein mass while relative changes of other compo-

nents like carbohydrates and minerals are regarded negligible. Fat and protein differ

largely in energetic value and the roles they play in the organism. Fat binds about

eight times more energy per unit wet mass than protein or carbohydrates and repre-

sents the major energy storage in birds (Blaxter 1989; Blem 1990). Protein has

mainly structural and nutritional functions. Structural protein (e.g., muscles) can be

mobilised to supply nutrients, for instance, for egg production (Nager 2006) or

during immune responses (Klasing 2004). Only under extreme conditions and

when fat reserves are exhausted, protein may temporarily serve as primary energy

source (Blem 1990).  

Depletion of stores

In chapter 7 we demonstrated the different composition of body mass (BM) lost

during incubation in arctic versus temperate breeding barnacle geese, translating to

energy contents of 34.9 kJ and 21.1 kJ per 1 g depleted BM, respectively. Spaans et
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al. (2007) compiled energetic equivalents of BM loss during starvation for five bird

species (including domestic goose and common eider Somateria mollissima) ranging

from 20 to 25.9 kJ g-1. Our value for temperate breeding barnacle geese fits into this

range, indicating that, although the geese took feeding recesses (Box C), food

intake was insufficient to balance endogenous protein loss. In contrast, arctic

barnacle geese conserved protein by enhanced feeding during incubation. Thus,

food uptake modifies the composition of the depleted body stores. This has implica-

tions for studies deriving energetic estimates from BM changes alone, which may or

may not reflect true starvation. Until changes in body composition during incuba-

tion in brent geese Branta bernicla have been determined empirically (preferably by

isotopic dilution), we will be in the dark regarding the extent these high arctic

breeders draw on their protein reserves at this time (Spaans et al. 2007). 

Deposition of stores and the boon or bane of ‘agrifood’

Long-distance migrants such as the barnacle goose accumulate both protein and fat

stores during spring, traditionally termed ‘spring fattening’ (Lindström and Piersma

1993; Prop and Black 1998). There are three approaches to discriminating between

these two components: (1) carcass analysis (2) isotope dilution and (3) field studies

on food intake and digestibility. Prop and Black (1998) applied method (3) for

barnacle geese of the Spitsbergen population at a late spring staging site in Norway

covering events in early May (2-3 weeks), and give an overview (their table 8) of

results achieved for other goose species by method (1). Prop and Black (1998) esti-

mated fat/protein ratios of stores of 1.2 to 1.4 for geese staging in salt marshes

(feeding mainly on Festuca rubra), which contrasted strongly with a ratio of 22.6

estimated for geese feeding on improved agricultural grassland. I employed method

(2) at a spring staging site in the Wadden Sea (Baltic-Russian barnacle goose popu-

lation) from mid-March until the close of April. I estimated a fat/protein ratio of 8.1

to 13.0 and found no difference in the composition of geese utilising either agricul-

tural pastures or natural saltmarshes (Box D).  

The contrast in protein accumulation on agricultural versus saltmarsh habitat

found by Prop and Black (1998) has been recently extended to spring staging brent

geese in the Wadden Sea area (Prop and Spaans 2004, method 3). The nitrogen

content (regarded to reflect protein content) and protein digestibility of pasture

forage is often higher than of food plants from the salt marsh (Van der Jeugd et al.

2001; Bos and Stahl 2003; Prop and Spaans 2004). Birds excrete a mixture of faecal

nitrogen (mainly from undigested food) and urinary nitrogen with their droppings,

and it is important to distinguish between these sources in order to identify causes

for differences in nitrogen (N) retention (Prop and Spaans 2004). In both studies by

Prop and co-workers the lower nitrogen (N) retention in geese feeding on pastures

was apparently not related to a depressed assimilation of N in the food but to a

higher loss of urinary N. Figure 8.4 points at a similar pattern for spring staging

barnacle geese in the Wadden Sea (island Schiermonnikoog): total N content in

droppings is considerably higher for geese feeding on agricultural pastures compared

to salt marshes, but the difference concerns mainly N from urinary waste products.  
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Why do geese make less use of the apparently higher protein content in pasture

forage? And how can this be reconciled with similar body composition of barnacle

geese captured in these two different feeding habitats in the Wadden Sea (Box D)? 

One might argue that barnacle geese, captured on Schiermonnikoog’s eastern

salt marsh and pastureland, respectively, have integrated food from both habitats by

frequently switching between them. During winter, pastures represent the only

feeding habit for geese on the island. The salt marsh fills up quickly in goose

numbers during February when food plants become available here too (Prins and

Ydenberg 1985). Movement into salt marshes was enforced during years (before

2000) with goose scaring regimes on pastureland (Bos and Stahl 2003). However,

switching birds have been seldom observed after the seasonal movement into the

salt marsh (from March onwards) and individuals seem faithful to the chosen

habitat (Van der Jeugd et al. 2001). Similarly, for brent geese on the island: inten-

sive ring-reading of marked birds during May (when staging numbers peak) in two

years yielded 28 rings in the pasture and 32 rings in the marsh, but none was

observed in both habitats (Bos and Stahl 2003). A high site faithfulness within and

between years was furthermore reported for brent geese staging on pastureland

within an reserve on the Wadden Sea island of Texel (Spaans and Postma 2001).

Although too limited to allow sound conclusions on food choice of barnacle geese

on Schiermonnikoog, these data do not hint at feeding strategies integrating

resources from both habitats over the short term.   

Prop and Black (1998) and Prop and Spaans (2004) suspected a less favourable

amino acid composition might be responsible for the lower nitrogen retention effi-

ciency of geese feeding on pasture grass compared to those feeding in the salt

marsh. Amino acids (aa) have to be digested in certain proportions, depending on

actual requirements, in order to make the incorporation into body protein most effi-
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cient. Most relevant here are the essential aa which cannot be synthesised from

other metabolites within the body but have to be supplied by the diet. The balance

of aa in the food is ideal when matching precisely the animal’s requirements. In the

concept of ideal aa ratios, the proportions of specific (essential) aa are expressed

relative to lysine (Klasing 1998). Studies of dietary aa requirements are usually

restricted to laboratory or farm animals. Thus, I relied on the ideal aa pattern estab-

lished for growing broiler chicks by Baker (2003) and assume a similar aa balance

for wild geese maximising protein deposition. The most limited dietary aa relative

to requirements is called the first limiting aa. Lysine is usually regarded the first

limiting aa in most (plant based) diets for animals during intensive protein accre-

tion (Baker 2003; Boisen 2003). 

Six major food plant species (nomenclature follows Van der Meijden 1996)

utilised by spring staging barnacle and brent geese on Schiermonnikoog were

sampled for amino acid analysis once in 2004 and again in 2005 (in both years

between 1 and 4 May). The nearly sole food plant available in pastureland is Lolium

perenne (amounts of Poa pratense being negligible). For barnacle geese in the salt

marsh the staple diet is composed of Festuca rubra and Juncus gerardi, with Festuca

alone contributing ca. 90% to the diet (Van Dinteren 1988; Van der Wal et al. 1998).

Brent goose diet in the salt marsh consists mainly of Puccinellia maritima (70-80%)

supplemented by Festuca, Plantago maritima and Triglochin maritima (Prop and

Deerenberg 1991). Figure 8.5 depicts information about aa contents (as % dry

weight) and about the balance of essential aa when adopting the ideal aa ratios

established for the growing chicken (Baker 2003). Variation in amino acid contents

is generally in line with variation in nitrogen content. Higher N contents in

Triglochin, Puccinellia and Lolium are reflected in higher aa contents, and even at

similar proportions for most of the aa but proline being a notable exception.

Triglochin and Puccinellia are well known for their high accumulation of proline which

functions as osmotic solute in these halophytes (Stewart and Lee 1974; Jefferies

1980). The high levels of (dietary dispensable) proline in food plants will largely be

in excess of requirements by the animal, while the apparent value of essential aa will

be smaller than expected from the higher total N content. For instance, Triglochin

and Puccinellia had a, respectively, 33% and 11% higher total N content than Lolium,

but the content of Lysine was elevated by, respectively, only 23% and 5% (Fig. 8.5).

Overall, differences in aa contents are small among the studied plant species.

Furthermore, the relative proportions of aa are very similar for all plant samples and

the same essential aa (and in similar proportions) are in excess or deficit of the

assumed ideal pattern. Proportions of sulphur amino acids (saa) methionine,

cystine and, to a small extent, arginine were smaller than expected from the ideal

pattern. However, relative demand of saa in adult geese out of moult is likely lower

than in growing chicks which have to synthesise much feather keratins. The great

similarity of aa profiles in the six plant leaf samples is not surprising. Sedinger

(1984) also found no major differences in aa patterns among goose forage plants in

the Arctic, and relative proportions of specific aa remained constant over the season

despite seasonal variation in total protein. He emphasised that 50-80% of leaf
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protein is in the form of a single enzyme, ribulose biphosphate carboxylase

(Rubisco), which may explain the relative invariance of aa ratios. 

Thus, amino acid composition of food plants on the basis of our exploratory

analyses cannot explain different nitrogen retention efficiencies in pasture and salt-
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Figure 8.5. Amino acid (aa) contents (standardised to a dry matter content of 100%) in six

plant species (average of two samples) are shown by positive values. The first 11 columns

(from left to right) refer to essential aa (tryptophan was not measured), the last 6 columns

to non-essential aa. For the essential aa (except phenylalanine) the measured contents were

contrasted to expected contents according to ideal aa ratios established for growing broiler

chicken (Baker 2003, see also text): proportions in excess of the ideal pattern are shown in

dark grey; proportions in deficit are given as negative values in black colour. Columns for all

non-essential aa and phenylalanine refer to the measured contents only. Nitrogen (N)

contents measured in the same plant samples are given in brackets next to the plant species

name.



marsh feeding geese, and indeed I was unable to detect differences in the ratio of fat

to protein deposited by barnacle geese utilising the two habitats in spring (Box D).

The situation may differ when considering geese feeding on seeds of maize and

other cereals (McLandress and Raveling 1981; Madsen 1985; Alisauskas and

Ankney 1992b). Compared to grasses, cereal grains are a better energy source due

to their higher content of carbohydrates and lipids, but the protein content is lower

and proteins are deficient in certain essential aa, particularly lysine and methionine

(McDonald et al. 1995). Geese relying primarily on grain in spring may thus

encounter problems in accumulating protein stores in the body.

Instead of food plants’ amino acid composition I propose an alternative reason

for the relatively large proportion of urinary N excreted by geese feeding on

pastureland (Fig. 8.4). N in forage comes, apart from proteins, from a variety of

non-protein nitrogen (NPN) sources including free aa, nucleic acids, amides (e.g.

urea, uric acid), amines, nitrates and further nitrogenous compounds (McDonald et

al. 1995). Free aa can be present in substantial amounts like, for instance, much of

the proline accumulated in certain halophytes (discussed above) and, as long as

required, will be readily used for the building of body proteins. However, other

assimilated NPN compounds cannot be used by geese for protein building and will

enlarge the amount of urinary N. Thus, if these compounds are present in signifi-

cant amounts, total food N should be corrected accordingly in order to calculate

true protein retention efficiencies from nitrogen balances. Due to the intensive

application of fertilisers many of these nitrogenous compounds may be particularly

present in pasture grass, which is clearly the case for at least nitrate (Fig. 8.6).

However, nitrate alone cannot explain all of the difference in N retention efficien-

cies, as nitrate N makes up only 2.5% of the total N in Lolium.  

More research into the partitioning of N in food and faeces combined with

feeding trials on different diets is required for a better understanding of nutritional

limitations of protein acquisition and how this may relate to habitat utilisation in

geese. Currently, geese all over the world seem to benefit from the exploitation of

agricultural land. However, the continuing loss of their natural habitat and

increasing dependence on agricultural crops renders geese ‘captive of agricultural

policy’ (Jefferies and Drent 2006) and this may form a future bane to them, indeed. 
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virtually zero. 



Perspectives in the barnacle goose study

In Box D and above I discussed nutrient utilisation by geese staging in saltmarsh

and agricultural habitat. A somewhat unresolved point concerned the question to

what extent geese may integrate diet from both habitats. Direct observations of

marked birds in an extensive area are difficult to record and provide only snapshots.

Applications of advanced tracking techniques (e.g., radio-tracking and GPS) may

provide accurate and frequent positions, and, combined with position/motion-

sensitive gadgets, information on actual (feeding) behaviour of the animal (Hassall

et al. 2001). Ideally, however, one would like to have a more direct measure of

specific food usage by the individual. Comparison of signatures of stable isotopes in

consumer tissue and potential food sources may prove very helpful to this end,

including the assessment of temporal variation in diet (e.g., Hobson 2005; Dalerum

and Angerbjörn 2005; Podlesak et al. 2005). For instance, (relatively non-invasive)

blood sampling can already provide dietary information of two temporal periods:

cellular and plasma fractions of blood have different metabolic turnover rates

reflecting dietary intake over the past few weeks and past few days, respectively

(Hobson and Clark 1993). Recently, Inger and co-workers (2006) applied this tech-

nique successfully in their study on dietary choice of brent geese utilising marine

and agricultural habitat while wintering in Northern Ireland. A prerequisite is that

isotopic signatures of different food sources must differ in order to quantify their

relative contributions to an animal’s diet (Phillips and Gregg 2001). Given the clear

difference in nitrogen (and to a lesser extent carbon) stable isotope ratios between

the major food plants from pastureland and salt-marsh habitat on Schiermonnikoog

(Fig. 8.7) this technique would provide a suitable tool to infer resource usage by

barnacle geese on the island.

Although some influence of ameliorated climate via food plants leading to better

conditions cannot be excluded, other factors than climate change were regarded

essentially responsible for the range expansion and change in migratory ecology of

barnacle geese. This does not, however, automatically imply that the barnacle goose

will have a low sensitivity to projected future climate change. Before any reasonable

judgement is possible we would need to know more about the physiological adapta-

tions allowing this species to breed in its former wintering area nowadays. 

In particular the Arctic is now experiencing some of the most rapid and severe

climate changes on earth, warming two to three times more rapidly than the global

average, but also experiencing discontinuities (Høgda et al. 2001). Therefore, the

Arctic is expected to be one of the most hard-hit environments on our globe (ACIA

Integration Team 2005). To predict the impact of this unprecedented global change

it is crucial to understand the mechanisms by which species adapt to environmental

changes. Understanding these mechanisms also leads to more fundamental insights

into how evolution proceeds towards different life histories. 

Typically, Arctic breeding birds have high levels of energy metabolism (Klaassen

1994). This fast ‘pace-of-life’ is thought to be associated with the specific harsh

conditions that are associated with living in a cold and highly seasonal environment
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(Klaassen and Drent 1991). At the same time it is hypothesised that the Arctic is a

relatively germ-free environment, which would allow their inhabitants to reduce

their immunological investments (Piersma 1997). Thus, one might expect life-

history tradeoffs resulting from coupled physiological constraints like energy

metabolism and immune function (Ricklefs and Wikelski 2002). Differences in

metabolism-immune defence tradeoffs might reflect a phenotypic or genetic

response or even a combination of both. The most powerful way to disentangle

these processes is by means of translocation and common garden experiments.

Recent findings using this approach confirm that immunological differences

between populations of the same species are partly adaptive and perhaps genetic

(Martin et al. 2004). These and other new insights from recent work on the avian

‘pace-of-life’ and its relationships with immune defence are predominantly based on

comparisons of tropical resident versus temperate migrant or resident songbirds

(Wikelski et al. 2003; Tieleman et al. 2005; Wiersma et al. 2007). It would be

exciting to investigate if such concepts also apply to comparisons of temperate resi-

dent versus Arctic migrant birds, and to large, long-lived species that have a very

different reproductive strategy and ontogeny compared to songbirds. The barnacle

goose and its rapid range expansion along a north-south gradient provides a well

suited study system for research on the mechanisms of adaptation and tradeoffs

between lifestyles at different latitudes.
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Figure 8.7. Comparison of nitrogen and carbon isotopic signatures of three food plants from

two feeding habitats on Schiermonnikoog. Pasture forage consists to nearly 100% of Lolium

perenne. Diet from the saltmarsh is mainly composed by Festuca rubra (ca. 90%) and Juncus

gerardi (Van Dinteren 1988; Van der Wal et al. 1998).






