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Summary 

At the onset of winter, warm-blooded animals inhabiting seasonal environments may remain 

resident and face poorer climatic conditions, or migrate towards more favourable habitats. 

While the origins and evolution of migratory choices have been extensively studied, their 

consequences on avian energy balance and winter survival are poorly understood, especially 

in species difficult to observe such as seabirds. Using miniaturized geolocators, time-depth 

recorders and a mechanistic model (Niche Mapper™), we investigated the migratory 

strategies, the activity levels and the energy expenditure of the closely-related, sympatrically 

breeding Brünnich’s guillemots (Uria lomvia) and common guillemots (Uria aalge) from 

Bjørnøya, Svalbard. The two guillemot species from this region present contrasting migratory 

strategies and wintering quarters: Brünnich’s guillemots migrate across the North Atlantic to 

overwinter off south-east Greenland and Faroe Islands, while common guillemots remain 

resident in the Barents, the Norwegian and the White Seas. Results show that both species 

display a marked behavioural plasticity to respond to environmental constraint, notably 

modulating their foraging effort and diving behaviour. Nevertheless, we provide evidence that 

the migratory strategy adopted by guillemots can have important consequences for their 

energy balance. Overall energy expenditure estimated for the non-breeding season is 

relatively similar between both species, suggesting that both southward migration and high-

arctic winter residency are energetically equivalent and suitable strategies. However, we also 

demonstrate that the migratory strategy adopted by Brünnich’s guillemots allows them to 

have reduced daily energy expenditures during the challenging winter period. We therefore 

speculate that ‘resident’ common guillemots are more vulnerable than ‘migrating’ Brünnich’s 

guillemots to harsh winter environmental conditions.  
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Introduction 

Seasonality affects most of the planet and fluctuating environmental conditions associated 

with this phenomenon impact endothermic animals by challenging their energy balance 

(McNamara et al. 2008). Winter-time for instance features an energetic bottleneck which 

potentially affects the survival of organisms in seasonal environments, and ultimately shapes 

their population dynamics (e.g. McNamara et al. 2008, Maldonado et al. 2009).  Migration, 

which often results in the avoidance of difficult winter conditions via movement towards 

energetically less challenging areas (Berthold et al. 2003), appears as an attractive strategy to 

face winter energy constraints. Birds, with their ability to fly distances of up to several 

thousand kilometres (e.g. Egevang et al. 2010), are best-candidates for migration. 

Nevertheless, not all of them choose this strategy, and in the fall, birds from temperate to 

polar regions can decide to: 1) stay and overwinter in the same region as the one of their 

breeding season (residency), or 2) move towards lower latitudes (migration). Residency 

entails increased living costs due to degraded environmental conditions which migrants avoid. 

However, migration also affects avian energetics, notably through an increase in flight 

activity which requires elaborate energy management en route (Klaassen 1996; McWilliams 

et al. 2004). Migration timing, behaviour and associated costs also have a clear impact on bird 

fitness and survival (Møller 1994; Klaassen 2003). In this context there is the potential not for 

a single, but for a series of evolutionary stable strategies (see Newton 2008).  

While passerines and waders are the primary targets of migration studies (Bearhop et al. 2005; 

Rolshausen et al. 2010), the seabird group has been largely neglected, essentially because of 

technical difficulties. Indeed, most seabirds are offshore during the entire non-breeding 

period, where they are difficult or even impossible to observe directly. This results in a lack of 

winter-time information about their movements, distribution, behaviour, and energetics. Such 

knowledge is nonetheless particularly important since this period is equally crucial for 
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seabirds as it is to land birds, notably by conditioning adult winter survival (Lebreton et al. 

1992). Today, the use of novel biotelemetry tools is rapidly opening new avenues in the study 

of the ecophysiology of wintering seabirds (e.g. Grémillet et al. 2005; Fort et al. 2012).  

Brünnich’s guillemots (Uria lomvia) and common guillemots (Uria aalge) are among the 

most abundant seabird species of the North Atlantic and Arctic marine ecosystems (Gaston & 

Jones 1998), and both of them play a crucial role in energy flow through Arctic marine food 

webs (Brooke 2004). Despite their obvious ecological importance and the regular occurrence 

of events of winter mass-mortality (Gaston & Jones 1998; Gaston 2004), little is known about 

the non-breeding biology of these two closely-related species and how they are affected by 

winter conditions, particularly for populations from the eastern North Atlantic (but see 

Lorentsen & May 2012). Interestingly, first results based on ring recoveries tend to indicate 

that sympatric populations of Brünnich’s and common guillemots breeding in Svalbard 

respond differently to seasonal constraints, with Brünnich’s guillemots migrating southward 

to winter off Newfoundland and southwest Greenland (Bakken & Mehlum 2005), while 

common guillemots stay close to their breeding sites in the Barents and the Norwegian Seas 

(Gaston & Jones 1998).  These results can now be confirmed and detailed using miniaturized 

global location sensors (GLS, sensu Wilson et al. 1992), to identify migration routes and 

wintering patterns, and to investigate how different migratory and overwinter strategies might 

constrain seabird behaviour and energetics.  

Using light-level geolocation and time-depth recorders, the present study therefore aimed to 

1) study the migration patterns of Brünnich’s and common guillemots from Bjørnøya, 

Svalbard to confirm that their populations adopt divergent migratory strategies, and to 

highlight their main wintering quarters. 2) Compare their behaviour and energetics over the 

entire non-breeding season to understand how they cope with the different environmental 

conditions encountered, and how distinct migratory responses affect their energy balance.  
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Methods 

STUDY SITES, SPECIES AND DATA-LOGGERS 

During the 2007 breeding season, 25 geolocation archival tags (LTD 2400; Lotek Wireless, 

St. Johns, NF, Canada; mass in air = 5.5g; diameter = 11mm; length = 35mm) were deployed 

on common and Brünnich’s guillemots nesting at Bjørnøya (Svalbard; 74°21’N, 19°05’E; 

n=10 and n=15, respectively). Attached to conventional leg rings used for individual 

identification, these tags were programmed to record time, pressure, external temperature and 

light intensity every eight min through the 2007-2008 non-breeding period, defined as 

extending from 15 September 2007 to 31 May 2008. September 15th was chosen as a non-

breeding period starting date to avoid any bias in bird behaviour due to males accompanying 

their chick at sea after fledging (fledging occurs end of July for both guillemot species; 

Bakken & Pokrovskaya 2000; Barrett & Golovkin 2000), and due to moult and flightless 

constraints in late August/early September (Lorentsen & May 2012, Supplementary material 

Appendix 1). An additional small amount of blood was sampled on each bird for subsequent 

molecular sexing. 

In July 2008, all resighted equipped birds were recaptured at their colony. In total, five of the 

loggers deployed on Brünnich’s guillemots were recovered. All of them successfully recorded 

pressure, light intensity and temperature. All 10 loggers deployed in common guillemots in 

2007 were retrieved in 2008. Six of them successfully recorded all three parameters for the 

entire period, one successfully recorded light levels and the last four failed. The higher failure 

rate observed in common guillemot data-loggers is presumably due to colder water 

temperatures experienced by birds during the study period (see results) resulting in battery 

failure. 
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LIGHT-LEVEL GEOLOCATION ANALYSIS 

Animals’ locations were estimated from light levels using Tremblay et al. (2009) method (see 

Tremblay et al. 2009 for details). Light-level geolocation data entail relatively large errors of 

about 100-200km (Teo et al. 2004; Shaffer et al. 2005) and are limited at high latitudes by 

either constant day or night, or equal day and night duration during equinoxes. In addition, the 

animal's behaviour might occasionally alter the quality of the light level readings (e.g. the 

sensor being shaded by feathers), which causes poor correspondence between measured and 

theoretical light curves. The method used thus aims at taking into consideration these errors as 

well as some other external parameters such as the fact that seabirds do not cross large pieces 

of land. One other important parameter is the utilization of the recorded temperature from the 

logger, which is compared to satellite-derived sea surface temperature (SST) maps (Teo et al. 

2004; Shaffer et al. 2005). SST was extracted from the raw temperature data, as being stable 

successive readings of temperatures within a reasonable range of possible SST. The method 

consists in transforming each estimate of position into a cloud of possible locations, 

distributed in relation to the method's error. Each of these locations (or particles) is then 

weighed in relation to a number of parameters such as being on land or not, having a good 

matching SST or not. From this cloud of particles, the model ran a number of biased random 

walks. The spread of these model iterations allowed us to visualize, not one track, but a 

number of possible tracks. This spread is therefore very helpful in interpreting the data, since 

it can be understood as a likelihood of presence.  

 

FORAGING BEHAVIOUR ANALYSIS 

Diving behaviour was analysed from pressure data using the software MultiTrace-Dive 

(Jensen Software Systems, Laboe, Germany). Due to limited tag memory and the extended 

recording period, the sampling frequency was set to eight minutes. This sampling rate 
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precluded detailed analysis of diving behaviour in these species for which dives usually last 

less than 2 minutes (Tremblay et al. 2003; Takahashi et al. 2008). Nevertheless, it allowed 

identification of foraging phases, defined as periods during which birds performed successive 

diving bouts. Only dives to depths >3m were analyzed (Elliott et al. 2008). Following Gentry 

and Kooyman (1986), we defined foraging phases as periods of successive recorded dives 

interrupted by surface time greater than 37min for Brünnich’s guillemots and greater than 

50min for common guillemots (such inter-foraging phases were spent either resting at the 

water surface or flying). We also collected information on maximum dive depth. 

 

BIO-ENERGETIC ANALYSIS 

Seabird daily energy requirements were estimated throughout the non-breeding period using 

Niche Mapper™. This thermodynamic model, designed to investigate energy balance and 

energy transfers in a variety of animals, has been previously described in detail (Porter & 

Mitchell 2006; Fort et al. 2011) and validated for wintering seabirds, including guillemots 

(Fort et al. 2009). This model is composed of two different sub-models: a climate model that 

calculates local microclimate, and an endotherm model which uses local environmental 

parameters generated by the microclimate sub-model, as well as morphological, physiological 

and behavioural characteristics of the animal to ultimately estimate bird energy requirements. 

In this study, Niche Mapper™ was used to estimate energy requirements for individual adult 

birds for the Julian day at the centre of each week throughout the non-breeding season. Birds’ 

morphological and physiological properties used as input data are those described for 

Brünnich’s guillemots in Fort et al. (2009); these two guillemot species being very similar 

morphologically (Gaston & Jones 1998).  
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Climate data 

From light-level geolocation data, we calculated the average weekly location of each bird 

throughout the non-breeding period and determined climate conditions associated with these 

locations and therefore encountered by individuals. These climate parameters were maximum 

and minimum water and air temperatures, wind speed and relative humidity (ICOADS 

monthly data for 2ºx2º boxes provided by NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, 

(http://www.cdc.noaa.gov/)). All climate data associated with bird locations were then entered 

into the climate sub-model. Common guillemots spent all the non-breeding season at high 

latitude, exposed during several weeks to a continuous darkness period (this study). During 

this period at such high latitudes, the precision of the geolocators is affected and the range of 

possible locations less accurate. Therefore, we considered that all common guillemots spent 

the entire non-breeding season within an area between 65-75°N and 12-40°E (see results).  

Behavioural properties 

Conduction, convection, evaporation, solar and infrared radiation affect heat loss, heat gain, 

and energy expenditure. These processes are affected by the physical characteristics of the 

media surrounding the bird’s body during its different activities (flying in air, diving under 

water, or resting at the water surface). Bird behavioural parameters (flying, diving, and resting 

as defined above) therefore need to be incorporated into Niche Mapper™, as well as air and 

water temperatures, flight altitude, dive depth and flight speed (see Fort et al. 2009, 2011). 

The proportion of time spent in foraging phases was estimated weekly using recorded diving 

behaviours (see above). The proportion of time spent flying cannot be estimated for 

guillemots from temperature recordings of leg-mounted devices because, during winter, birds 

spend undefined lengths of flight time with their feet either in the air, or in the (warmer) 

plumage (Linnebjerg et al. unpublished). Based on published data concerning the breeding 

season (Falk et al., 2000; Falk et al., 2002) and unpublished data for the winter period (Gaston 
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& Elliott unpublished), inter-breeding Brünnich’s and common guillemots were assumed to 

spend 5% of their time flying when not migrating, and 15% during the migration periods. 

These migration periods for Brünnich’s guillemots were defined from the obtained GLS 

positions (see results) as extending from mid-September to end-November for the autumn 

migration and from mid-February to mid-March for the spring migration (Supplementary 

material Appendix 1). 

 

STATISTICAL ANALYSIS 

Statistics for behavioural and energetic results were computed in R 2.11.1 (R Development 

Core Team, 2010). The effects of time through the non-breeding period on all recorded 

variables were analyzed using linear mixed-effects models (lme) fitted by residual maximum 

likelihood for repeated measures analyses (REML). In these analyses, ‘weeks’ were entered 

as fixed factors, and ‘bird’ as a random factor. This method accounted for the fact that we 

were dealing with time series. All data are presented as mean ± S.E. 

 

Results 

 

BRÜNNICH’S GUILLEMOTS 

Migration patterns 

In mid-September, Brünnich’s guillemots performed a southward migration to overwinter 

about 2500km from their colony, off south-east Greenland and between Iceland and the UK 

(Fig. 1, Supplementary material Appendixes 1 and 2). One individual stayed along the 

Norwegian coast during winter (Supplementary material Appendix 2).  
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Foraging behaviour 

The foraging behaviour of Brünnich’s guillemots varied markedly during the non-breeding 

season.  

Average weekly maximum dive depth showed significant variability throughout this period 

(F36,144=11.14; P<0.001), following a quadratic relationship (r
2
=0.51; Fig. 2). Indeed, it 

increased progressively from September to December (from 67±8m to 171±11m). It then 

generally decreased from January until the end of the non-breeding season to reach 48±2m at 

the end of May (Fig. 2).  

The number of foraging phases per week also varied significantly across the non-breeding 

season (F36,144=2.70; P<0.001; Fig 2). After a slight increase until November (min=22.6±3.6, 

max=28.2±2.6), it decreased to reach a minimum in early December at 15.6±1.4 foraging 

phases per week. This variable remained relatively constant during the winter period and 

increased again from the end of February to late May (from 15.4±1.9 to 26.0±5.5; 

Supplementary material Appendix 3). Spring values were similar to those observed in the fall. 

However, the mean duration of these foraging phases followed a reverse, significant trend 

(F36,144=3.14; P<0.001; Supplementary material Appendix 3). Indeed, the mean foraging 

phase duration was low and constant during the first few weeks (from mid-September to end-

October: mean = 65.3±9.5 min; Fig 2). At the end of October, and until early-December, this 

value increased sharply, to reach a maximum duration of 161.3±24.9 min. The foraging phase 

duration was then high but much more variable during winter with two peaks in early-

February and early-April, respectively, before decreasing again towards the end of the non-

breeding season (Supplementary material Appendix 3). 

Time-budget 

The proportion of time spent within foraging phases per week (product of the number of 

phases per week over foraging phase duration) varied significant according to the date period 
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(F36,144=3.96; P<0.001; Fig. 3). Indeed, it progressively increased until the end of November 

from 9.2±1.7% to 20.5±3.5%. From December to the end of the non-breeding period, the time 

spent in foraging phases was then relatively constant (mean = 21.0±0.7%).  

On average, Brünnich’s guillemots spent a total of 1187 hours involved in foraging phases 

throughout the non-breeding season. 

Daily energy expenditure 

Despite missing geolocation data around the equinoxes precluding energetic calculations for 

these specific periods, the predicted daily energy expenditure of Brünnich’s guillemots 

presented significant variability across the non-breeding season (F27,62=8.01; P<0.001; Fig. 4). 

After a stable period in September and October (1236 ±22 kJ d
-1

), daily energy expenditure 

decreased to remain between 1113 and 1207 kJ d
-1 

during the winter period (November to 

mid-February). It then increased to 1350 kJ d
-1

 with the start of the spring migration before 

slowly decreasing until the end of the study period (from 1386 kJ d
-1

 early March to 1278 kJ 

d
-1

 late April; -8% in 11 weeks). 

The total energy expenditure predicted for Brünnich’s guillemots across the non-breeding 

season was on average 2.4 x 10
5
 kJ per bird (over 28 weeks). It represents on average 1238 kJ 

d
-1 

per bird. 

 

COMMON GUILLEMOTS 

Migration patterns 

Contrary to Brünnich’s guillemots, all common guillemots stayed in a restricted area, close to 

their colony during the winter (Fig. 1). Indeed, though they moved southward after the 

breeding season to reach the Norwegian and Russian coasts, they spent the entire non-

breeding season in areas located 200-1000 km from their breeding site (Fig. 1, Supplementary 

material Appendix 1). Interestingly, our analysis suggests that males and females common 
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guillemots were spatially segregated during winter (Supplementary materials Appendix 4).  

Females were mainly wintering along the Norwegian coast of the Barents Sea and in the 

White Sea (a previously unsuspected destination with no recoveries of ringed adults, 

Lorentsen & May 2012). Males were distributed more eastward along the Norwegian coasts 

of the Barents and Norwegian Seas (Supplementary materials Appendix 4). 

Foraging behaviour 

The average weekly maximum dive depth recorded for common guillemots followed a similar 

quadratic pattern (r
2
=0.40) to that of Brünnich’s guillemots, with a significant effect of the 

considered time-period (F36,174=6.31; P<0.001; Fig. 2). Indeed, maximum dive depth sharply 

increased after the breeding season and until mid-November (min = 55±3m, max = 130±6m). 

It then remained constant, yet with a high inter-individual variability, throughout winter.  

After this period and until the end of the non-breeding season, maximum dive depth slowly 

and progressively decreased from 142±3 to 90±7 meters (Fig. 2). 

The mean number of foraging phases per week also presented significant variability through 

time (F36,174=1.83; P=0.006; Supplementary material Appendix 3). However, after a peak 

between September and November (min=26.1±2.6, max=35.7±1.7), it remained constant over 

a long period until early-April (mean=28.7±0.3). It then increased at the end of the non-

breeding season, yet with high inter-individual variability (Supplementary material Appendix 

3). 

The duration of these foraging phases was also affected by time (F36,174=3.54; P<0.001). It 

strongly increased during eight weeks, to reach a peak of 165.3±20.5 min in mid-November 

(Supplementary material Appendix 3). The average foraging phase duration then remained 

constant at ~90 min per phase, until the end of the non-breeding phase. 
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Time-budget 

The proportion of time spent in foraging phases per week in common guillemots was 

significantly affected by the date period (F36,174=4.48; P<0.001; Fig. 3). From October to 

December, birds presented a strong increase in their foraging effort which was multiplied by 

four. Subsequently, the proportion of time spent in foraging phases rapidly decreased and 

remained relatively constant until the end of the non-breeding season (Fig. 3).   

On average, common guillemots individually spent a total of 1321 hours involved in foraging 

phases throughout the non-breeding season. 

Daily energy expenditure 

Predicted daily energy expenditures of common guillemots varied through the non-breeding 

season (F32,122=749.50; P<0.001) according to encountered climatic conditions, with higher 

energy constraints during winter and the polar night period (Fig. 4). Across the non-breeding 

period, common guillemots had a total energy expenditure of 3.0 x 10
5
 kJ per bird on average 

(over 33 weeks). It represents an average of 1293 kJ d
-1 

per bird. 

 

SPECIES COMPARISON 

The weekly foraging effort (proportion of time spent in foraging phases per week) was on 

average similar between the two species throughout the non-breeding season (t-test; t=1.70; 

df=72; P=0.09). Despite more flight time, average of weekly energy expenditures of 

Brünnich’s guillemots was similar to the one of common guillemots during the autumn 

migration period (Mann-Whitney test, U = 14.0, P = 0.12, n = 7 weeks). During the wintering 

period, average of  energy expenditures was 13.3 % lower in Brünnich’s than in common 

guillemots (Mann-Whitney test, U = 0.0, P<0.001, n = 12 weeks).  
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Discussion 

By comparing the winter ecology of two closely-related seabird species, our study highlights 

two divergent migratory strategies in Brünnich’s and common guillemots sympatrically 

breeding on Bjørnøya, Svalbard, and defines how the contrasting environmental conditions 

encountered affect their foraging behaviour and their energetics. We show that despite an 

important behavioural plasticity adopted by both species to respond to environmental 

constraints, the decision to move back-and-forth across the North Atlantic or to spend the 

winter closer to the breeding sites has important consequences for the winter energy balance 

of one of the largest groups of wintering seabirds in the North Atlantic. 

Despite the fact that we took great care in analyzing behavioural data, our method entails 

potential biases and we wish to stress that our results on time-energy budget are therefore 

estimates and should be interpreted carefully. More detailed studies using higher sampling 

rates over shorter periods and/or new technologies such as accelerometers (Shepard et al. 

2008) should now be performed to investigate winter diving and flying behaviours as well as 

energetics at shorter temporal scales. Yet new technology available today, especially the joint 

use of geolocators, time-depth recorders and mechanistic models allows extremely useful 

insights into the ecophysiology of seabirds wintering in the North Atlantic. This permits 

initial tests of migration theory related to sympatric species, which were so far largely 

restricted to land birds and waders (e.g. Bearhop et al. 2005; Boyle et al. 2011). 

 

MIGRATING BRÜNNICH’S GUILLEMOTS 

The migratory strategy adopted by Brünnich’s guillemots breeding on Bjørnøya allowed them 

to spend the winter in the Atlantic Ocean, between south Greenland and Faroe Islands (Fig. 1) 

where climatic conditions (including the photoperiod) are more favourable than further north. 

Under these conditions, birds displayed significant behavioural plasticity, with important 
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differences between the winter period and the rest of the non-breeding season (Fig. 2, 

Supplementary material Appendix 3). Previous studies showed that Brünnich’s guillemots 

usually forage at depths of 20-50m when breeding, with maximum dive depths >100m (Croll 

et al. 1992; Falk et al. 2002). Our results confirm these observations, with an average 

maximum dive depth of about 60m mid-September (Fig. 2). Soon after, maximum dive depth 

increased sharply and remained high during the entire winter period before decreasing in the 

spring (Fig. 2). Brünnich’s guillemots probably modified their behaviour in response to a 

variation in winter prey availability, either by following prey vertical migration (Godø & 

Michalsen 2000; Rowe et al. 2000), and/or by feeding on a different prey type (Falk & 

Durinck 1993; Rowe et al. 2000). Further studies investigating guillemot diet along with 

diving behaviour are necessary to test these different hypotheses. However, observed 

behavioural changes are unlikely due to variations in climatic conditions encountered during 

the non-breeding season. Indeed, maximum dive depth is the only measured parameter which 

varies similarly in common and Brünnich’s guillemots. Since these two species experienced 

very different climatic conditions, day length or light intensity, this similar trend is more 

likely to be linked to changes in prey vertical availability.  

Brünnich’s guillemot foraging effort remained high from November to May compared to the 

breeding season (Fig. 3; Falk et al. 2002). This pattern is similar to those observed in other 

high-latitude seabirds such as Great cormorants (Grémillet et al. 2005) or European shags 

(Daunt et al. 2006). It therefore confirms that seabirds generally increase their foraging effort 

as day length decreases because the altered photoperiod affects both prey availability and 

seabird visual capabilities (Daunt et al. 2006; White et al. 2008; Regular et al. 2011).  

Overall, the migration strategy adopted by Brünnich’s guillemots allowed them to achieve 

slightly lower average and overall energy expenditures than common guillemots across the 

non-breeding season, yet with large differences predicted between both species during the 
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winter period (Fig. 4). Moreover, during winter, these expenditures were low compared to 

those predicted or measured during their breeding season (Barrett et al. 2002; Benvenuti et al. 

2002). This strategy therefore allows Brünnich’s guillemots to minimize energetic costs 

during the season presenting the most challenging environmental conditions. 

 

‘RESIDENT’ COMMON GUILLEMOTS 

Wintering common guillemots are not strictly resident to their Svalbard breeding grounds, yet 

they remain within 200-1200 km of their breeding colonies during the entire non-breeding 

season, and do not cross the Atlantic (Fig. 1). In these areas of the Norwegian, Barents and 

White Seas, they face climatic conditions substantially more challenging than those 

encountered by Brünnich’s guillemots off south Greenland, notably through several weeks of 

continuous darkness that might increase thermoregulatory costs. Consequently, common 

guillemots responded rather differently to variations of environmental conditions during the 

study period, both in terms of behaviour and energetics. Hence, their winter foraging 

behaviour appeared far more stable than that of Brünnich’s guillemots (Fig. 2, Supplementary 

material Appendix 3), except for an activity peak in October/November, which corresponds to 

the beginning of the polar night. We speculate that birds may then increase their foraging 

effort and prey intake to achieve their maximum energy reserves (by feeding e.g. on cod: see 

Huse et al. 2004) before the more challenging polar night period which could affect their 

foraging efficiency. Indeed, while the maximum dive depths observed during the non-polar 

night periods were similar between both species, the darker conditions encountered by 

common guillemots clearly prevented them from foraging as deep as Brünnich’s guillemots in 

a more southerly environment. Furthermore, while the overall non-breeding energy 

expenditures of the two species were relatively similar, daily estimations showed some 

interesting variations. Indeed, during the Brünnich’s guillemot migration periods, both species 
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have very similar energetics, despite the fact that the common guillemots flying activity was 

greatly reduced. Then, during the harsh winter phase, when both species have equal flight 

constraints, the residency strategy adopted by studied common guillemots did not allow them 

to decrease their energy demand, making this period even more challenging. These findings 

are essential as they confirm the importance of climatic conditions for the energy balance of 

North Atlantic wintering seabirds (Fort et al. 2009), in particular of common guillemots 

wintering in the Barents, the Norwegian and the White seas (Fig. 4). Nevertheless, it should 

be noted that daily energy expenditures of common guillemot during the non-breeding period 

were lower than those predicted for breeding birds (Barrett et al. 2002). 

 

In conclusion, our comparative study highlights how closely-related, sympatric seabird 

species can adopt divergent migratory strategies, and demonstrates their varied consequences 

for seabird behaviour and energetics. Focused on wintering common and Brünnich’s 

guillemots from Bjørnøya, it suggests that, in terms of long-term energetics, both southward 

migration and high-arctic winter residency are relatively equivalent and suitable. 

Nevertheless, on a day-to-day scale, the migratory strategy adopted by Brünnich’s guillemots 

allows them to have reduced energy expenditures during the more challenging core-winter 

period, and might therefore present an important advantage. Every winter, hundreds of 

seabirds unable to cope with extreme climatic conditions and high energy constraints die of 

starvation during winter wrecks (Gaston 2004, Fort et al. 2009). Because of their inability to 

decrease their high energy requirements during winter, northern common guillemots appear 

more liable to face an energetic bottleneck and to be confronted by these mass-mortality 

events. It would nevertheless now be important to investigate the quality of food available for 

both species at their wintering sites. Indeed, prey with higher calorific content could, if more 

available to common than to Brünnich’s guillemots, reduce this difference by 
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counterbalancing the higher energy expenditure of common guillemots, and allowing both 

species to balance their energy budgets.  
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Figure 1. Wintering (1 December – 31 January) grounds of Brünnich’s guillemots (n=5) and 

common guillemots (n=7) breeding on Bjørnøya, Svalbard and tracked by GLS during the 

2007-2008 non-breeding season. The star represents the breeding colony. Map projection: 

Albers equal area conic. 
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Figure 2. Weekly maximum foraging dive depth of Brünnich’s (n=5) and common guillemots 

(n=6) throughout the non-breeding season. Values are ± SE (n=5-12). The continuous line 

indicates the period during which common guillemots are exposed to the polar night at 72ºN. 
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Figure 3. Weekly foraging effort (time spent diving) of Brünnich’s (n=5) and common 

guillemots (n=6) throughout the non-breeding season. Values are ± SE 
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Figure 4. Predicted daily energy expenditure of Brünnich’s (open circles; n=4) and common 

guillemots (filled circles; n=5) throughout the non-breeding season. Values are ± SE. No 

value was calculated for the equinox periods. Each data point represents the estimated 

expenditure for the Julian day at the centre of each week. 
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Supplementary material 

 

Appendix 1 

Weekly distance to the colony of origin for tracked Brünnich’s guillemots (red, n=5) and 

common guillemots (blue, n=7).  On each box, the central mark is the median, the edges of 

the box are the 25th and 75th percentiles, the whiskers extend to the most extreme data points 

not considered outliers, and outliers are plotted individually. 
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Appendix 2 

Individual winter (December and January) distribution of Brünnich’s (A) and common 

guillemots (B). Each individual is represented by a different colour. The white point shows 

the breeding colony. Map projection: Albers equal area conic. 
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Appendix 3 

Weekly foraging behaviour of Brünnich’s and common guillemots (n=5 and n=7, 

respectively) throughout the non-breeding season. Values are ± SE. The continuous line 

indicates the period during which common guillemots are exposed to the polar night at 72ºN. 
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Appendix 4 

Winter (December and January) distribution of Brünnich’s (A) and common guillemots (B) 

by sex. Males and females are represented in blue and pink, respectively. The white point 

shows the breeding colony. Map projection: Albers equal area conic. 

 

 


