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Abstract 

Several populations of geese have abandoned their migratory behaviour and 
are now sedentary and established along the northwest European coast, an area 
characterized by extensive changes in agriculture and land use. Young geese 
from sedentary populations grow slower compared to their Arctic migratory 
conspecifics. To examine whether these differences are due to health status, 32 
barnacle goslings (Branta leucopsis) from the Arctic Svalbard (16 birds, migratory) 
and the temperate Dutch (16 birds, sedentary) populations were raised within 
their natural environment. Natal areas were exposed to parasites naturally shed 
from wild conspecies. Body mass and size were measured weekly until fledging, 
followed by post-mortem examination to analyse health status. Antihelmintics 
were administrated to eight of the Arctic goslings to experimentally address 
health status on growth rate. Treatment with antihelmintics showed no effect on 
growth rate, but decreased parasitic burden. The temperate sedentary group had 
a significantly lower health status than both Arctic groups, with higher burden of 
intestinal and renal parasites, clear histopathological changes in liver, kidney and 
intestine, and significantly lower body mass after week 2. There was no relation 
between health status and growth rate, neither within nor between groups. Overall, 
abandoning migratory traditions can increase risk of parasite infestations with 
consequences on health status of young barnacle geese, although a causal relation 
between health status and growth rate could not be proven.
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Introduction 

Avian migration is driven by food availability, predation risk and disease avoidance 
(van der Graaf et al. 2006a, van der Graaf et al. 2006b, Buehler, Piersma & Tieleman 
2008, McKinnon et al. 2010, Altizer, Bartel & Han 2011), all of which vary with 
habitat. Life history theory predicts that the costs of long distance migration 
should be balanced by benefits. For example, geese travelling northwards benefit 
from nutritious spring grass (van der Graaf et al. 2006b, van der Jeugd et al. 2009), 
while wading birds utilize burgeoning insect populations (Chapman et al. 2012). 
Northward migration also may incur lower predation risk (McKinnon et al. 2010) 
and environmental disease pressure (Greiner et al. 1975, Bennett, Montgomerie & 
Seutin 1992, Callaghan et al. 2004, Guernier, Hochberg & Guegan 2004). Reduced 
disease pressure in the extreme environment of the Arctic is largely due to an 
inhospitable climate for many parasites and their vectors (Greiner et al. 1975, 
Bennett, Montgomerie & Seutin 1992, Callaghan et al. 2004, Guernier, Hochberg 
& Guegan 2004, Coulson 2007, Fierer et al. 2009, Sandström et al. 2013).

Reduced growth rate and/or body mass due to parasitic infestations (Soler et 
al. 2003, Fessl, Kleindorfer & Tebbich 2006) often affects survival (Magrath 1991, 
Souchay, Gauthier & Pradel 2013). As a result, life history traits, overall fitness 
and behaviour are altered in infected individuals (Watt, Dobson & Grenfell 
1995, Thomas, Adamo & Moore 2005). Young birds, however, can adjust to the 
environmental disease pressure by decreasing somatic growth relative to disease 
defence (van der Most et al. 2011). This in turn can lead to slower growth in 
environments with higher disease pressure. Significantly, growth rates of young 
geese in temperate regions are lower than those in Arctic regions (Loonen et al. 
1997, van der Jeugd et al. 2009).

Barnacle geese (Branta leucopsis) typically migrate to high Arctic breeding 
grounds and return in autumn to temperate wintering grounds in Scotland and 
The Netherlands. Recent changes in agriculture and land use have improved the 
summer conditions for geese in The Netherlands, resulting in establishment of 
a sedentary population of barnacle geese in the delta along along the SW of The 
Netherlands. Benefits of abandoning traditional migration are decreased predation 
risk during the migration itself (Jonker et al. 2010), shorter parental care (Jonker et 
al. 2012) and stable food supply (van Eerden et al. 2005) at temperate summering 
grounds. Moreover, the sedentary population of geese has no dangerous and 
energy-demanding journey of thousands of kilometres to and from the Arctic 
breeding grounds. 
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The main objectives of this research were to: 1) study individual growth of 
barnacle geese and relate growth to health status in each habitat and treatment 
group, and 2) experimentally manipulate health status and study its effect on 
growth. Arctic migratory (Svalbard) and temperate sedentary (The Netherlands) 
animals were raised within their natural environment to examine if differences 
in growth rate could be explained by health status. Health status was assessed 
summarising results of post-mortem examination as “general infestation/lesion 
index”. The effect of the health status on growth rate was projected using weekly 
measures of body size. To experimentally address the effect of health status on 
growth rate, a single administration of antihelmintics was given to eight of the 
Arctic goslings. 

Material & Methods

Study populations and study areas
The Arctic study population of barnacle geese (Branta leucopsis) breeds on the tundra 
of Spitsbergen, west Svalbard, and undertakes a 3000 km migration to the wintering 
area in Solway Firth, Scotland (Black, Prop & Larsson 2014). The temperate study 
population breeds at the deltas of Zuid Holland, SW of The Netherlands, and in 
contrast to the Arctic population, does not undertake seasonal movements (van 
der Jeugd et al. 2009, Eichhorn et al. 2010). The difference in genetic structure 
between the two populations is small due to a high rate of genetic exchange (Jonker 
et al. 2013). In the Arctic population, incubation spans the period from end of May 
through mid-July followed by a moulting period during July and early August. 
Incubation period in the temperate population ranged from mid-April through 
mid-June followed by a moulting period from early June to mid-July (van der 
Jeugd et al. 2009).

Field capture and bird handling
Newly hatched goslings (4 July 2008; n=16; age 12 ± 6 hours) were collected from 
eight nests in the Kings Bay near Ny Ålesund, Svalbard (Indrebreøyane, 78°93’ N, 
11°95’ E) and individually marked. Although two goslings were collected from 
each nest, kinship cannot be guaranteed because of “egg dumping” (Black, Prop & 
Larsson 2014). All goslings were raised together as one group in the area concurrent 
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of wild conspecifics and kept overnight in a restricted area with a minimum risk 
of depredation. Water was given ad libitum while food availability mirrored the 
natural conditions of the wild population by grazing the natural vegetation visited 
by their wild conspecies, enriched by pellets (Kasper Faunafood, anseres I) during 
night. Measurement of body size, including full head-, mid wing-, total tarsus- 
length and body mass, were collected on a weekly basis (Dzubin, Cooch 1992).
Eight goslings from the Arctic group (one from each nest) were treated with 
an anthelmintic by oral administration of 1 ml of 10 % fenbendazole solution 
(Panacur®) at the age of three weeks (day 21). The remaining eight goslings 
were left as Arctic controls, to allow later comparison between the three groups:  
Arctic treated, Arctic untreated, and temperate untreated. 

Newly hatched goslings (8 June 2010, n=16; age 12 ± 6 hours) from the 
temperate Dutch population were collected from ten nests (from five nests one 
individual was collected; from four nests two individuals were collected; from one 
nest three individuals were collected) at Goeree Overflakkee near Haringvliet, The 
Netherlands (51°79’ N, 4°12’ E). Nests with up to 14 eggs were identified (personal 
observation) indicating a high rate of “egg dumping” at Dutch breeding grounds, 
casting doubt on within-nest kinship (Black, Prop & Larsson 2014). Goslings were 
collected and raised within the concurrent area of wild conspecies. The collection, 
upraising and measurements followed the same protocol as on Svalbard. Full 
head length data are missing from one individual at week 2 and week 3. Due to 
lack of permission by the Dutch Animal Ethics Committee, no treatment with an 
antihelmintic was given to half of the Dutch group. 

A comparable stage of development close to fledging was chosen for both 
populations to end the experiment. The temperate goslings were allowed 
additional time to reach similar size as the Arctic group (Table 4.1). Therefore the 
Arctic goslings were euthanized at five weeks after hatch and the Dutch group at 
seven weeks after hatch. All goslings were sedated and euthanized according to 
approved protocols by the Institutional Animal Care and Use Committee in The 
Netherlands and by the Norwegian Animal Research Authority. 
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Table 1. Body size parameters as a function of habitat and anthelminthic treatment. Descriptive statistics 
include sample size (N), mean, standard deviation (SD) with additional maximum and minimum ranges for 
all groups by the end of the experiment (end exp.). Test statistics are F-values to t-test between habitats and 
treatment, and t-values to paired t-test between week 5 and week 7. P-values (P) and degrees of freedom 
(DF) are given for all tests.  

Group Pa
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the Netherlands full head (µm) 700 29 16 637 746 yes b <0.001 15 13.862

Week 5 mid wing (µm) 991 98 16 772 1164 yes b <0.001 15 16.229

total tarsus (µm) 803 41 16 743 909 yes b 0.017 15 -2.697

  body mass (g) 904 136 16 620 1155 yes b <0.001 15 23.855

the Netherlands full head (µm) 762 18 16 732 801 no a 0.261 1, 22 1.334

Week 7 (end exp.) mid wing (µm) 1336 55 16 1212 1435 no a 0.29 1, 22 1.176

total tarsus (µm) 816 40 16 755 900 yes a 0.03 1, 22 5.401

  body mass (g) 1243 133 16 995 1510 yes a 0.001 1, 22 14.792

Svalbard untreated full head (µm) 772 23 8 738 804 - - - -

Week 5 (end exp.) mid wing (µm) 1310 57 8 1230 1380 - - - -

total tarsus (µm) 858 42 8 792 900 - - - -

  body mass (g) 1493 182 8 1257 1754 - - - -

Svalbard treated full head (µm) 763 27 8 731 798 no a 0.506 1, 14 0.466

Week 5 (end exp.) mid wing (µm) 1313 43 8 1250 1360 no a 0.922 1, 14 0.01

total tarsus (µm) 848 31 8 815 890 no a 0.608 1, 14 0.276

  body mass (g) 1493 153 8 1270 1682 no a 1 1, 14 0

a Are compared to Svalbard untreated
b Are compared to the Netherlands, Week 7

Post-mortem examination 
Post-mortem examination was performed by a veterinary pathologist. Animals 
were assessed grossly and extensive histological samples were obtained from:  
brain, tongue, (para)thyroid gland, thymus, pectoral muscle, trachea, lung, heart, 
kidney, adrenal gland, liver, spleen, gonad, proventriculus, gizzard, duodenum, 
pancreas, jejunum, caecum, colon, bursa of Fabricius, bone marrow and bone. 
Samples were fixed in 10 % formalin, paraffin-embedded and sectioned for routine 
histopathological evaluation using haematoxylin and eosin stained sections. Bone 
was decalcified. 
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Presence of intestinal parasitic infestation (jejunum and caecum) was classified 
as absent, mild, moderate or severe, where absence was scored as zero and severe 
as three. The severity of the histopathological changes in the sampled organs was 
likewise scored. To represent the individual health status, the five most prominent 
findings from the post-mortem examination were used to generate a general 
infestation/lesion index, (hereafter GII) (Table 4.2). To generate GII, scores were 
numerically added (maximum score 15) and then graded into four classes; absent 
or minimal (score 0-2), mild (score 3-6), moderate (score 7-11) and severe (score 
>11) infestations and/or lesions. In each habitat group there was one individual 
with partially missing data, consequently GII is averaged per group excluding the 
missing data.

Table 2. General Infection/Lesion Index (GII) scores per population and treatment. Five parameters and a 
summarizing GII were individually scored in four classes (absent, mild, moderate and severe) based on the 
finding from the post-mortem examination. The kidney, liver, jejunum and colon represent the histological 
changes and the intestinal parasitic infestation was determined macroscopically. Test statistics show 
difference from Svalbard untreated. 

group
 

parameter
 

 
 

individuals (n) per class   Mann-Whitney Ub

absent a mild moderate severe U Z P
the Netherlands kidney - - 16 - 0.0 -4.699 0.000

jejunum 2 1 13 - 8.5 -3.598 0.000
colon 2 8 6 - 12.0 -3.131 0.002
liver - 3 13 - 14.0 -3.461 0.001
parasitic infestation* 3 4 6 2 12.0 -3.325 0.001
GII- score*    - 3 12  -   0.0 -3.751 0.000

Svalbard untreated kidney 4 4 - - - - -
jejunum ** 6 1 - - - - -
colon** 6 1 - - - - -
liver 4 3 1 - - - -
parasitic infestation 8 - - - - - -
GII- score**   5 2  -  -    -  -  -

Svalbard treated kidney 7 1 - - 20.0 -1.567 0.117
jejunum 8 - - - 24.0 -1.069 0.285
colon 8 - - - 24.0 -1.069 0.285
liver 8 - - - 16.0 -2.219 0.027
parasitic infestation 8 - - - 32.0 0.000 1.000

  GII- score   8  -  -  -   6.0 -2.794 0.005

*is based on 15 individuals
** is based on 7 individuals
a for GII; absent or minimal
b is different from Svalbard treated
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Statistics
Differences in body size variables were tested with ANOVA with the covariates 
group (Netherlands untreated - as reference factor- or Svalbard treated and Svalbard 

untreated) as fixed factor. Distributions were graphically analysed by histograms and 
found reasonably close to normality. Changes in body size over time within one 
group were tested using paired t-test. Differences in pathological scores were 
evaluated using Mann Whitney U-test.

General linear models (GLM) were used to explore the variation in body mass 
in week 5, with the covariates treatment (Svalbard untreated - as reference factor- or 
Svalbard treated ) and habitat (Svalbard- as reference factor- or The Netherlands) as 
fixed factor, and body mass as main effects. Separate models were made with body 
mass for week 1, 2 and 3 as explanatory covariate. First models included treatment 
which was removed if not significant. Second model included habitat as well as the 
interaction fixed factor (habitat) with covariate (week). Final model was selected 
after stepwise removal of non-significant terms.

Residuals of growth were determined by a regression of body mass at week 5 
over body mass at week 2, hereafter referred to as growth. For all tests, P ≤ 0.05 was 
considered significant. All analyses were performed using the statistical program 
SPSS version 20 (IBM Corp. 2011).

Results

Growth 
No difference in body mass was observed between the different groups during 
the first two weeks (Fig. 4.1). From week 2 onwards, the Arctic goslings gained 
significantly more body mass than the temperate group (two sample t-tests d.f. 
=1, 30; all p < 0.05; Fig. 4.1). Within the Arctic group there was no difference in 
body mass or other size measurements found after treatment with an antihelmintic  
(d.f. = 1, 14; all p > 0.50). At week 5 the Arctic group was bigger than the temperate 
group in all body size measurement. The difference in body mass and total tarsus 
length remained significant until the end of the experiment while mid wing- and 
full head- length did catch up when temperate goslings were allowed to grow for 
another two weeks (Table 4.1). Despite the wide range in body mass, all goslings 
were concluded to be in good body condition at the end of the experiment.
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Figure 4.1. Growth differences of the Arctic and temperate group remain until conclusion of the experimental 
period. The development of body mass (g) over time given for the temperate Netherlands and Arctic 
Svalbard goslings. Antihelmintics were administered (dashed line) to half of the Arctic group at week 3. 

Post-mortem examination 

Macroscopic examination
All goslings at both locations were in good body condition with well-developed 
musculature and moderate fat reserves appropriate for their age. The majority 
of the temperate group was moderately infested with intestinal parasites (Table 
4.2). Twelve goslings of the temperate group had mild to severe infestation of 
Heterakis dispar (Nematoda, Ascaridida, Heterakidae) in the caecum. Three of 
these had an additional mild infestation of Drepanidotaenia lanceolata (Cestoda, 
Hymenolepididae) in the jejunum. Three goslings of the temperate group had no 
intestinal parasitic infestations. The two temperate goslings with a severe parasitic 
infestation in the caecum showed diffusely mild thickening of the mucosae. Within 
the Arctic groups there were no parasitic infestations in the intestine (Table 4.2). 
Further, there were no significant macroscopic changes present in other organs of 
either group.

Histologic examination
The main histopathological changes for both habitat groups were in the intestine, 
kidney and liver (Table 4.2) with the most prominent lesions found in the 
temperate group (Fig. 4.2). Changes in the intestine (small intestine, caecum and 
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colon) of the temperate group varied from no significant microscopic changes 
to mild to moderate infiltration of lymphocytes, plasma cells, macrophages 
(mononuclear infiltrate) and eosinophilic granulocytes in the lamina propria  
(Fig. 4.2 A). Occasional intralesional parasites consistent with cestodes were 
present in the jejunum and nematodes in the caecum. The renal changes varied 
from no significant microscopic changes to multifocal moderate chronic 
histiocytic to lymphoplasmacytic interstitial nephritis with intralesional protozoal 
organisms (coccidian) with multifocal mild haemorrhage and mild to moderate 
necrosis of tubuloepithelial cells consistent with renal coccidiosis (Fig. 4.2 C). The 
hepatic changes varied from no significant microscopic changes to multifocal mild 
to moderate lymphoplasmacytic to histiocytic hepatitis with mild hepatocellular 
necrosis consistent with a nonspecific reaction (Fig. 4.2 E). In summary, there was 
an enterocolitis and nephritis, both varying in severity with presence of various 
parasites. The hepatitis represented a non-specific reaction, most likely due to 
parasite infestation in the intestine and kidney.

General infection/lesion index (GII) 
The temperate group showed significant histopathological changes in the kidney, 
liver and intestine (both jejunum and colon), as well as prominent parasitic 
macroscopic intestine infestation, resulting in a high GII (Table 4.2). Pathological 
changes were consequently scored higher for the temperate group compared to 
both the Arctic group as a whole (p = 0.000) and to Arctic untreated (p < 0.002). 
The antihelmintic treated group had a lower GII than the untreated Arctic group  
(p = 0.005), deduced from the changes observed in the liver (p = 0.027).The 
other organs of the Arctic goslings showed no difference according to treatment  
(p > 0.1, Table 4.2).
The temperate group was moderately healthy with three animals with GII mild 
and 12 animals with GII moderate. The Arctic group was considered healthy; 13 
animals with GII minimal or absent and two animals with GII mild (Table 4.2). The 
Arctic group had significantly lower GII and significantly higher body mass than 
the temperate group by the end of the experiment (Fig. 4.3). This difference was 
consistent for both treatment groups, Arctic treated and Arctic untreated.
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Figure 4.2. Histology of the intestine, kidney and liver of temperate and Arctic barnacle geese. Histology of 
the intestine (A, B), kidney (C, D) and liver (E, F) of the sedentary temperate (A, C, E) and migratory Arctic 
(B, D, F) group. The temperate goslings had moderate increase of mononuclear infiltrate with moderate 
number of eosinophilic granulocytes in the lamina propria (asterisk) (HE 100x) in the  intestine (A); 
moderate mononuclear infiltrate in the interstitium (asterisk) with intralesional protozoal organisms and 
tubular degeneration (arrow) (HE 200x) in the kidney (C); and moderate mononuclear infiltrate within 
portal area (arrow) and midzonal in the parenchyma (asterisk) (HE 200x) in the liver (E), while the Arctic 
goslings showed no significant changes (B, D, F). All photos from the Arctic group belonged to untreated 
individuals. Pairs of photos were made using the same magnification; differences in colour are due to 
processing and should be ignored.
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Figure 4.3. General Infestation/Lesion Index (GII) and body mass. The Arctic group had significantly lower 
GII and higher body mass than the temperate group by the end of the experiment (see Table 4.2 and Table 
4.1, respectively). 

 
 

 

Figure 4.4. Body mass at initiation and conclusion of antihelminthic treatment. Within the Arctic group 
treatment with antihelmintics at week 3 had no effect at later growth. 
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Manipulation of health
The administration of antihelmintics at the age of three weeks affected health 
status. Treated individuals had no histological changes in any organs, except for 
one individual that had mild renal changes (Table 4.2), whereas all untreated 
individuals displayed histological changes in at least one organ, except for one 
individual with no changes. Nevertheless, anthelmintic treatment did not affect 
growth rate (Fig. 4.4). There was no difference in increase of body mass from week 
3 to week 5 between Arctic treated and Arctic untreated (F1,13=0.676, P= 0.426), neither 
any differences in measurements of body size between both groups at week 5 
(Table 4.1). 

Growth differences determined early in life
Body size in week 5 for all four variables (body mass, full head, mid wing and total 
tarsus) could be explained by the same body size measurement at earlier age (Table 
4.3). There were no differences between the Arctic treated and Arctic untreated groups 
in any of the body size measurements. Growth rate between the two habitats was 
similar, as seen by the lack of significant interaction between location and body 
size. Nonetheless, individual differences in body size of week 1, week 2 and week 3 
significantly contributed to body size in week 5. 

Table 3. Differences in body size in week 5 are explained by differences early in life. Values represent the 
significance of body size at weeks 1, 2 or 3 on the same variable at week 5. In all models habitat (Svalbard or 
the Netherlands) is included. There was no significant effect of treatment within the Svalbard group and 
significant interaction between location and size at early life.

 
 

body mass  
 

full head  
 

mid wing  
 

total tarsus

F DF P F DF P F DF P F DF P

Week 1 14.47 1,29 0.00 1.81 1,29 0.189 17.0 1,29 < 0.001 5.0 1,29 0.033

Week 2 20.98 1,29 < 0.001 7.94 1,28 0.009 15.5 1,29 < 0.001 13.7 1,29 0.001

Week 3 71.32 a 1,29 < 0.001   20.35 1,28 0.000   37.3 1,29 < 0.001   71.0 1,29 <0.001
a= location included but not significant , DF= degrees of freedom

Growth not correlated to health status
Even though the Arctic goslings were heavier and healthier than the temperate 
goslings, no relation between health status and growth was evident (Fig. 4.5).  
There was no statistical support to explain health status, using GII, or any of the 
five parameters comprising GII, with growth (Kruskal-Wallis, P> 0.05).
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Figure 4.5. General Infestation/Lesion index (GII) with growth. 

Discussion 

Habitat, characterized by a number of factors such as environmental disease 
pressure, disease vectors, food quality and quantity, which directly or indirectly 
are influenced by population density, temperature, day length and season length, 
influence both growth and health status (Black et al. 1987, Cooch et al. 1991, Cooch 
et al. 1993, Loonen et al. 1997, Birkhead, Fletcher & Pellatt 1999, Cooch, Rockwell 
& Brault 2001, Hoi-Leitner et al. 2001, Horrocks et al. 2012a, Sandström et al. 
2014). Migration also can have a greater influence on health status, as previously 
suggested by Altizer, Bartel & Han (2011) showing that migration may help 
reduce disease risk. Our results reveal health differences between migrating and 
non-migrating groups of Barnacle geese. Specifically, the migrating Arctic group 
was heavier than the non-migrating temperate group, Arctic goslings were less 
infested with parasites and pathomorphological changes in organs were less severe 
compared to temperate goslings. However, even though temperate goslings had 
overall lower health status and lower body mass compared to Arctic goslings, there 
was no causal relation between health status and growth rate. 
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Migration
A consequence of abandoning migratory traditions, as demonstrated between 
migratory and sedentary monarch butterflies, is a negative influence on the health 
status of the sedentary population (Altizer, Bartel & Han 2011). One reason may 
be the loss of infected individuals at the beginning of migration (Bradley, Altizer 
2005). Work on Bewick’s swans (Cygnus columbianus bewickii) showed that 
individuals infected with low-pathogenic avian influenza virus delayed migration 
with one month compared with healthy individuals (van Gils et al. 2007), however, 
tolerance to infections seem species-specific (Kleijn et al. 2010). Furthermore, 
parasites may remain in the environment when moving to a new habitat (Loehle 
1995). This is especially true for parasites with transmission stages that can saturate 
the environment, such as various types of helminths. Migration, therefore, may 
lower the parasite load in the migratory population. 

Antihelmintic treatment 
High parasitic abundance can have a negative effect on growth rate and survival 
of wild birds, especially in young hosts (Shields, Crook 1987, Møller 1993, Møller 
1994, Slattery, Alisauskas 2002). For example, helminths have a negative effect on 
fat reserves and body condition (Sepúlveda et al. 1994, Bosch, Torres & Figuerola 
2000, McLaughlin 2008). Consequently, we expected an increase in body mass in 
Arctic goslings that received an antihelminthic (fenbendazole). To our surprise, 
however, the antihelminthic-treated goslings did not differ in body mass or growth 
from goslings not treated with the antihelminthic. 

A lack of effect could be due to: 1) ineffectiveness of the antihelmintic,  
2) absence or low numbers of parasites at the time of treatment, or 3) absence 
of direct relation between body mass and/or growth and parasite load. To our 
knowledge, no resistance against fenbendazole has been documented in waterfowl. 
A possible effect of antihelminthic treatment was noted at histopathological 
level, where treated individuals had minimal or no changes on liver and lower 
GII compared to untreated Arctic individuals (for details, see Table 4.1). The 
difference in overall parasite load may account for the observed differences in 
histology.  Unfortunately, a reciprocal experiment in the temperate group could 
not be conducted because regulatory permission was not allowed. 
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Growth determined early in life
Arctic goslings have a higher growth rate than more southerly populations (Loonen 
et al. 1997, van der Jeugd et al. 2009). The faster rates may be necessary because the 
Arctic season is shorter and migration must occur fairly early. Arctic goslings, no 
matter treatment with antihelminthics, were heavier by the end of the experiment, 
a difference that was observed as early as week 2. Individual growth towards 
week 5 was relative to initial body size, settled already at week 1, stronger at week 
2 and strongest at week 3. Future studies are needed to establish key elements 
determining early life-stage growth, either internal (genetic) or external such as 
characteristics of the habitat. 

Foraging conditions of the two habitats vary widely; peak plant standing crop 
(as a measure of goose food availability) in the Arctic is at most half of that found 
at temperate sites (data for The Netherlands in Bakker et al. 1993, for Svalbard 
in Johansen, Tommervik 2014), whereas food quality is similar (Black, Prop & 
Larsson 2014). The overall more favourable feeding conditions in the temperate 
habitat may have enabled the goslings to invest more in immune activities (Hoi-
Leitner et al. 2001), which in turn might have had a negative effect on growth 
(Nilsson 2003, Mauck et al. 2005). 

To fully separate environmental effect from genetic effect, a reciprocal transplant 
experiment, in which eggs collected at both areas were reared simultaneously 
under equal conditions, would be required. Permission for a reciprocal transplant 
experiment placed within habitats concurrent with wild conspecies, however, was 
not granted. 

Health status in a changing climate
The harsh climate and low temperatures of the Arctic reduce survivorship and 
development of protozoal oocysts, nematode eggs, and cestode proglottids during 
transmission from host to host, compared to more temperate climates. For example, 
optimal sporulation temperature of Eimeria tenella is ca. 20°C: therefore oocysts 
shed at Arctic grounds are likely to be ineffective (Edgar 1954, but see Dolnik, 
Loonen 2006). Nevertheless, the rapidly warming Arctic may modify host-parasite 
relationships and recent work revealed a positive relationship between prevalence 
of ticks in Arctic guillemots and increased mean winter temperatures (Descamps 
2013). We stress the importance of further studies addressing changes in the 
climate and its possible effect on health status. 
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Conclusions

Based on post-mortem examination of barnacle geese raised in two environments, 
we suggest that maturation in the high Arctic can increase fitness through better 
health status and higher initial growth rates. Overall, abandoning migratory 
traditions can increase risk of parasite infestations with consequences on health 
status of young barnacle geese, although a causal relation between health status 
and growth rate could not be proven.
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