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Abstract   

The behaviour of individual animals to return to a previously used location is referred to as site fidelity 

and is driven by predictable resource distributions in time and space. Understanding site fidelity in 

seabirds under global change is important as changes in environmental conditions may vary spatially. 

This study investigated site fidelity to wintering areas (wintering-site fidelity) of Brünnich's Guillemots 

Uria lomvia in three West Greenland breeding colonies (Kippaku, Sermilinnguaq, Kitsissut Avalliit) 

using light-based geolocation data collected over 9 years (2008-2012, 2019-2022). Considering the 

ocean-scale distribution and long migration of the species, we found that Brünnich's Guillemots from 

these colonies showed wintering-site fidelity. Mean inter-track distance (MID), as a measure of site 

fidelity, was 3.5 times greater among birds than among years for the same bird (log scale coefficient 

= -1.25, 95% confidence limits -1.42 –      -1.069     ), suggesting wintering-site fidelity at an individual 

level. Kippaku and Sermilinnguaq Guillemots had within-individual MIDs of less than 200 km, while 

among-individual MIDs remained below 700 km. Based on empirical data, Kitsissut Avalliit had a 
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within-individual MID of less than 258 km and an among-individual MID of 724 km. While wintering-

site fidelity did not differ between colonies, Kippaku birds showed larger variation in space-use when 

compared to Sermilinnguaq birds. Wintering-site fidelity did not differ? between sexes. This work 

highlights that Brünnich’s Guillemots are site faithful to specific areas of the North Atlantic Ocean 

during their wintering period. The protection of these wintering areas is important for the continued 

conservation of the species, particularly for declining colonies. 

 

Eqikkaaneq 

Najugannaaqartarneq – uumasut najugannaaminnut ukiut tamaasa uteqqiattarnerat – pissusaavoq 

pinngortitami pisuussutit piffissap ingerlanerani siumut naatsorsorneqarsinnaanerannut 

attuumassuteqartoq. Timmissat imarmiut najugannaaqartarnerat attuumassuteqarpoq, imaani 

avatangiisini allanngortoqartarnera peqassutsit appariaateqarnerannik kinguneqarsinnaasartoq, 

sumiiffimmiit sumiiffimmut assigiinngisitaarsinnaasarmat. Appat Uria lomvia ukiuunerani 

najugannaaqartarnerannik misissuinermi appaqarfiit Kalaallit Nunaata kitaaniittut pingasut 

misissuiffigineqartut tassaasut: Kippaku, Sermilinnguaq aamma Kitsissut Avalliit. Misissuinermi 

atortorissaarutit qaamaneq atorlugu sumiissusersiutit (light-based geolocation) logger-illu mikisut, 

appanik sumiissusersiutit qaamanermik nalunaarsuutit atorlugit – appat ukiut 9-it ingerlaneranni 

(2008-2012, 2019-2022) ukiuunerani nikerartarneri malinnaavigineqarput. Inernerusut takutippaat, 

appat ataasiakkaat najugannaaqartartut. Appat assigiinngitsut appallu ataasiakkaat ingerlaartarfiisa 

ungasissusiat agguaqatigiissillugu naatsorsorneqarmat (Mean Intertrack Distance - MID) appat 

assigiinngitsut ingerlaartarnerat appap ataatsip ukiumiit ukiumut ingerlaartarneratanit 

ungasissusianit 3,5-imik annertunerusoq paasineqarpoq. Najugannaaqartarneq 

assigiinngissuteqarpallaanngikkaluartoq appap Kippakumeersup appamit Sermilinnguameersumit 

ingerlaartarneri assigiinnginnerupput (MID qaffasinneruvoq), tamanna isumaqarluni ingerlaartarfii 

appamiit appamut assigiinngisitaarnerusut. Appat ataasiakkaat Sermilinnguameersut 

Kippakumeersullu MID-at 200 km-it ataappaat, kiisalu appat akornanni MID-ip 700 km-it ataappai. 

Kitsissut Avalliit pillugit paasissutissat killeqarput, kisiannili tassani appat assingusumik aamma 

ileqqoqarlutik. Angutivissat arnavissallu najugannaaqartarneri assigiinngissuteqanngillat. 

Misissuinerup takutippaa appat ungasissorujussuarmut ingerlaartaraluartut nuuttaraluartullu 

Atlantikup avannaani najugannaaminnut uteqqiattuusartut. Tamatumuunalu appat ukiisarfiinik 

paarsilluarnissaq naqissuseqaneqarpoq, pingaartumik appat ineqarfinniittartut ukiisarfii 

appaarukkiartortut eqqarsaatigalugit. 

 



Wintering-site fidelity of Brünnich's Guillemot 

3 Seabird 38 (2026) 
 

Keywords Thick-billed Murre, non-breeding ecology, individual consistency, conservation 

 

Introduction   

Seabirds are one of the most threatened groups of vertebrates, with almost half of all species 

experiencing population declines due to hunting, oil spills, bycatch, and shifts in prey distributions, 

amongst other known threats (Dias et al. 2019). Many seabird species are known for their long-

distance migrations and ocean-scale distribution during their wintering period (Carey et al. 2014; 

Alerstam et al. 2019). Understanding the spatial use of seabird populations and linking breeding 

populations to wintering habitats is important for conservation efforts, not least because many 

seabirds use several jurisdictions during their annual cycle (Frederiksen et al. 2016; van Bemmelen et 

al. 2017; Léandri-Breton et al. 2021; Strøm et al. 2021). By identifying important non-breeding areas, 

it is possible to get a better ecological understanding of the demography and population trajectories 

of seabirds (Fauchald et al. 2019, Bråthen et al. 2021). SEATRACK is an example of a project 

investigating the space use of seabirds. The project aims to map the non-breeding distribution and 

abundance of 16 colony-nesting seabird species encircling the North Atlantic 

(https://www.seatrack.net). One aspect of space use is site fidelity, which describes an animal’s 

behaviour of repeatedly returning to previously used locations, and is impacted by spatial and 

temporal predictability of patchily distributed resources (Switzer 1993). But a strong site fidelity can 

limit an individual’s ability to relocate if habitat conditions deteriorate (Merkel et al. 2022). For 

seabirds, habitat loss and deterioration of key wintering area could have population-level 

consequences if individuals cannot readily shift to alternative sites (Tranquilla et al. 2010). Knowledge 

of seabirds’ site fidelity to wintering areas (referred to as wintering-site fidelity) is therefore important 

for understanding their resilience to changes in environmental conditions in these areas. 

Understanding site fidelity in species, populations, colonies, and individuals is important, as groups 

with stronger fidelity may be more vulnerable to rapid environmental changes. Knowledge of site 

fidelity and the location of preferred wintering areas will thus be important for the future 

management and conservation of seabirds.  

Brünnich's Guillemot Uria lomvia (hereafter ‘Guillemot’) is one of the most abundant marine birds in 

the Northern Hemisphere (Paleczny 2015), wintering predominantly in low Arctic ice-free waters 

(McFarlane Tranquilla et al. 2013; Gaston and Hipfner 2020). Chicks leave the nest before they have 

completed growing full flight feathers, whereafter the male parent continues to provision the chick 

for six to eight weeks (Sealy 1973; Nettleship 1985; Elliott et al. 2017). This causes a difference in 

migration behaviour between the sexes, as males leave the colony earlier and migrate slower 

https://www.seatrack.net/
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(accompanying their fledgling), whereas females leave later and migrate faster (Frederiksen et al. 

2016). While large population declines have already been seen in Greenland since the 1930’s, caused 

by human-induced mortality factors such as hunting and oiling, these factors can only explain part of 

the more recent decline (Merkel et al. 2014; Frederiksen et al. 2019). Gaining a greater understanding 

of Guillemot wintering-site fidelity could help reveal current drivers behind recent population declines 

and inform conservation measures such as the placement of marine protected areas. 

While the Guillemot, and closely related species, exhibit consistent wintering strategies (Merkel et al. 

2021a; Merkel et al. 2021b), there is currently a gap in knowledge concerning the degree and variation 

of wintering-site fidelity. Specifically, it is not known to what extent the same individuals consistently 

use the same oceanic wintering locations year after year, or if this differs between colonies or sexes. 

The aim of this study was to investigate the wintering-site fidelity of Guillemots breeding in three West 

Greenland colonies, based on data collected over 9 years (2008-2012, 2019-2022). This was done using 

light-based geolocation to track individuals. We investigate whether individual birds show wintering-

site fidelity, and whether wintering-site fidelity differs between colonies and sexes.  

Materials and methods 

Data and study system 

Tracking data used in this study was collected prior to the initiation of the SEATRACK project and 

during its implementation. Breeding adult Guillemots at three Greenland colonies (Kippaku: 73     

°43’N, 56     °39’W; Sermilinnguaq: 65     °25’N, 52     °53’W; and Kitsissut Avalliit: 60     °47’N, 48     

°30’W) were equipped with a Global Location Sensor (GLS) attached to a plastic leg ring. Birds were 

captured at their nest during one breeding season, ringed, and outfitted with a GLS logger of the model 

BAS mk9 or Biotrack/Lotek mk3006. Instrumented individuals were then recaptured 1−4 years later 

to recover the GLS. Birds were held for as short as possible (handling time < 10 min), and although no 

systematic study of device effect has been carried out, initial data suggested no impact of tags on body 

condition within or between breeding seasons (Frederiksen et al. 2014). Birds were sexed using DNA 

extracted from feathers collected during capture. 

Tracking data from November to February were included in analysis, as this is when Guillemots are 

most stationary at their wintering location (Frederiksen et al. 2016; Gaston and Hipfner 2020). The 

Kippaku colony had data from the wintering periods of 2008 to 2012 and from 2019 to 2022, 

Sermilinnguaq from the wintering periods of 2019 to 2022, and Kitsissut Avalliit from the wintering 

periods of 2009 to 2012. Position data were obtained for 77 Guillemots, 51 of which were tracked for 

more than one year, resulting in 149 bird-years of data (Table 1). A total of 33,957 positions across 
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bird-years were obtained, in which there were 372 data gaps, with a gap classified as a day with no 

positions. All individuals had fewer than 30 gaps, except for one individual from the Kippaku colony 

which had 104 gaps. Gap days were excluded from the dataset prior to calculating the mean inter-

track distances used in the analysis (see       Inter-track distance). Individual-level data on number of 

tracks and number of gaps are provided in Appendix A.1  

The raw light data collected by the GLS were processed following routines developed within the 

SEATRACK program (Fauchald et al. 2019; Bråthen et al., 2021). Briefly, two positions per day were 

estimated from the ambient light levels recorded by the geolocators. Longitudes were calculated from 

the estimated timing of noon and midnight, while latitudes were based on the estimated length of day 

and night, using a threshold method (Lisovski et al. 2020). The procedure is described in detail in 

Bråthen et al. (2021) and is reliable except during the equinoxes and continuous night/day periods. 

Table 1 Tracking data of Brünnich’s Guillemots Uria lomvia, by colony. Gaps are defined as days with 

zero GLS positions.  

 Kippaku Sermilinnguaq Kitsissut 

Avalliit 

Total 

Individuals 52 21 4 77 

Individuals tracked >1 

years 

31 16 4 

 

51 

Tracks  96 44 9 149 

Positions 

Gaps 

21,745 

300 

10,198 

31 

2014 

41 

33,957 

372 

 

Inter-track distance 

Inter-track distance was calculated as a measure for wintering-site fidelity, following the approach of 

van Bemmelen et al. (2017), with comparisons between individuals restricted to birds from the same 

colony. Daily inter-track distance was calculated using the distance between Guillemot positions 

recorded within the same time window but in different years. For each day in the wintering period, a 

reference position was compared to positions from other years that occurred within a 7-day window 

around the day with the reference position. We calculated daily inter-track distance as described by 

van Bemmelen et al. (2017), using the three functions rdist.earth2, nearest and track.consistency.near 



Wintering-site fidelity of Brünnich's Guillemot 

6 Seabird 38 (2026) 
 

provided by the author (van Bemmelen, pers. comm.; Appendix A.2). The function rdist.earth2 was 

first used to calculate the great-circle distance (the shortest distance between two points on the 

surface of a sphere) between two positions. Next, we used the function nearest to find the nearest 

position in the comparison track for the reference position, within a specified time window. Lastly, the 

function track.consistency.near was used to organise the comparison of tracks, either for the same 

bird in different years or for different birds in different years (see Appendix A.2 for further description 

of the functions). The output was a daily inter-track distance for each day in the wintering period for 

every track-comparison. A comparison thus included either tracks from the same bird in different 

years or from different birds from the same colony, also in different years. Longer time windows can 

account for variations in migration timing, while shorter windows provide more precise estimates of 

daily inter-track distance. Analysis showed that the choice of time window did not significantly affect 

results, as they remained qualitatively and quantitatively similar across 7-day, 10-day, and 30-day 

windows (see Appendix A.3). The conclusion remained the same while the parameter estimates 

differed slightly. We selected a 7-day time window to maximise precision of inter-track distances while 

still accounting for minor differences in the timing of migration. Subsequently, daily inter-track 

distance values were averaged for each track-comparison, resulting in a seasonal inter-track distance, 

referred to as mean inter-track distance (MID). This was done to circumvent temporal autocorrelation, 

as positions on subsequent days were non-independent. 

Statistics 

We used linear models using the lm function from the stats package ((R Core Team 2025). We applied 

a log transformation to the MID values to reduce skewness and stabilize variances, which improved 

the normality and homoscedasticity of model residuals, thereby meeting analysis assumptions of the 

linear models used. Due to the low number of birds tracked from Kitsissut Avalliit, we did not include 

this colony in the statistical analysis but provide simple empirical statistics for comparison. In some 

cases, both mates of a breeding pair were tracked in the same years, but since paired Guillemots are 

not known to show coordinated migration (Huffeldt et al. 2024), we did not take pair identity into 

account. In all linear models, colony was included as a fixed effect to account for colony-specific 

differences.  

 Firstly, we tested whether wintering-site fidelity differed between individuals by comparing MID 

within and among individuals. The response variable was the log-transformed MIDs distances. Fixed 

effects included comparison type (i.e. same bird in different years, or different birds in different years) 

and colony. Secondly, we tested whether wintering-site fidelity differed between sexes by comparing 

within-individual MID. Fixed effects included colony and sex.  
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We used the maximum likelihood (ML) method for model selection (Luke 2017). Akaike’s Information 

Criterion (AIC) was then used to evaluate support among competing models, and the model with the 

lowest AIC was identified as the one receiving the most support from our data. When top models 

differed <2 in AIC, the simplest model was selected (Burnham and Anderson 2004). All plots and 

analysis were done running R v. 4.5.1 (R Core Team 2025) and estimates are provided with 95% 

confidence limits (CL). The performance package (Lüdecke et al. 2021) was used to assess model 

performance using the function check_model, with outputs from the best supported models provided 

in Appendix A.4. 

Results 

The spatial distribution of positions used in the calculation of daily inter-track distance, divided by 

colony affiliation and sex, are shown in Figure 1. Position data at the individual level are provided in 

Appendix A.5. 
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Figure 1 The spatial distribution of Brünnich’s Guillemots Uria lomvia included in the study is shown 

by their recorded positions throughout the wintering period (November to February). Each plot 

represents a specific combination of colony affiliation and sex. Breeding colony locations are indicated 

by orange filled circles and bird positions are indicated with blue dots. 

The best supported and simplest model included additive effects of comparison type and colony (Table 

2), with both effects being significant (Table 3, Fig. 2). MID was 3.5 times greater among Guillemots 

than within (log scale coefficient = -1.25, 95% CL -1.42 – -1.069), indicating that individuals were likely 

to return to similar wintering areas year after year and thus display wintering-site fidelity. There was 

no statistical support for an interaction between comparison type and colony, indicating that the 

relative difference between within-individual MID and among-individual MID was the same across 

colonies. The observed difference in MID between colonies therefore indicate a difference      in 

wintering space-use, not site fidelity. For Kippaku Guillemots MID was 1.8 times greater compared to 

Sermilinnguaq Guillemots (Figs. 2 and 3). Guillemots from the Kippaku colony had a predicted MID of 

642 km among birds and 185 km within birds. For Sermilinnguaq Guillemots, the respective predicted 

MIDs were 341 km among birds and 98 km within birds. Kitsissut Avalliit Guillemots had an empirical 

MID of 724 km among birds and 258 km within birds.  

Table 2 Summary of linear model selection results showing AIC, ΔAIC (difference between each 

model’s AIC and the lowest AIC in the set) and R2 for models comparing within- and among-individual 

mean inter-track distance. Comparison type and colony as fixed effects with the best supported model 

marked in bold. 

Model AIC ΔAIC R2 

log(Distance) ~ 1 11112.1 517.9 0 

log(Distance) ~ colony 10783.1 188.9 0.073 

log(Distance) ~ comparison type + colony  10595.4 1.2 0.11 

log(Distance) ~ comparison type * colony  10594.2 0 0.11 

 

Table 3 Estimated fixed effects for the linear model including additive effects of comparison type and 

colony (Table 2). Kippaku as the reference value for colony, and among-bird as the reference value for 

comparison type. 
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Fixed effects Estimate 

(log km) 

Confidence 

interval 2.5% 

Confidence 

interval 97.5% 

Std. 

Error 

t value p value 

Intercept 6.466 6.439 6.492 0.0135 479.13  

Sermilinnguaq -0.634 -0.703 -0.564 0.0355 -17.87 <0.001 

Within-bird -1.245 -1.42 -1.069 0.0894 -13.92 <0.001 

 

 

Figure 2 Mean inter-track distance (km) across colonies (n shown in figure). Among‑individual 

comparisons refer to distances calculated between two different individuals across different years, 

whereas within‑individual comparisons refer to distances calculated for the same individual across 

different years. The y‑axis is shown on a logarithmic scale. 
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Figure 3 Inter‑track distance (km) for the different colonies throughout the wintering period 

(November to February), with among‑individual comparisons in light blue and within‑individual 

comparisons in dark blue. The values represent weekly means, and the 95% confidence intervals were 

calculated using bootstrapping with 250 resamples. 
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The simpler model without sex as an explanatory term had a delta AIC within 2 of the model including 

sex, and so we selected the simpler model (Table 4). Furthermore, as was also seen in the model 

including comparison type (Table 3), colony affiliation in these models also proved a significant factor 

in within-individual MID (Table 5). Within-individual MID was 2.5 times higher for Kippaku Guillemots 

compared to Sermilinnguaq Guillemots (Fig. 2 and 3). 

Table 4 Summary of linear model selection results showing, AIC, ΔAIC (difference between each 

model’s AIC and the lowest AIC in the set) and R2 for models explaining variation in within-individual 

mean inter-track distance. Sex and colony as fixed effects with the best supported model marked in 

bold. 

Model AIC ΔAIC R2 

log(Distance) ~ 1 193.4 42.4 0 

log(Distance) ~ colony * sex 152.5 1.5 0.400 

log(Distance) ~ colony 151.7 0.7 0.391 

log(Distance) ~ colony + sex  151.003 0 0.397 

 

Table 5 Estimated fixed effects for the linear model including colony (Table 4) with Kippaku as the 

reference value for colony.  

Fixed effects Estimate 

(log km) 

Confidence 

interval 2.5% 

Confidence 

interval 97.5% 

Std. 

Error 

t value p value 

log(Distance) ~ colony 

Intercept 5.328 5.187 5.474 0.0736 72.443  

Sermilinnguaq -0.937 -1.187 -0.686 0.126 -7.436 <0.001 

 

Discussion 

Wintering-site fidelity was higher in individual than population 

We found that individual Guillemots are more likely to return to similar wintering areas from year to 

year than expected by chance. Considering the ocean-scale distribution and long migration of the 

species, birds from these West Greenland colonies preferred to winter in the same areas year after 
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year. But the true spatial differences remain uncertain (see      Caveats) as positions obtained using 

light-based geolocation are associated with a mean error of ~185 km (Phillips et al. 2004). A high 

wintering-site fidelity has also been found in another alcid, the Black Guillemot Cepphus grylle 

(Bråthen et al. 2026), and in other transoceanic migratory seabird species; the Black-legged Kittiwake 

Rissa tridactyla (Léandri-Breton et al. 2021) and Lesser Black-backed Gull Larus fuscus (Brown et al. 

2021). Multiple behavioural strategies could explain the high site fidelity found within individuals. The 

"win-stay, lose-shift" strategy suggests that if an individual succeeds in a particular area, it is more 

likely to remain there (Switzer 1993). On the other hand, the "always-stay" strategy involves a strong 

commitment to a specific area regardless of challenges or setbacks (Switzer 1993). The "always-stay" 

strategy seems the most likely explanation for the high wintering-site fidelity found in Guillemots. This 

is supported by Merkel et al. (2021a), who introduced the concept of individual migration strategy 

fidelity (IMSF) - when within‑individual variation in space use during the non‑breeding period is lower 

than that observed across the population as a whole. In their study, Guillemot and Common Guillemot 

Uria aalge exhibited IMSF during the wintering period, which aligns with our findings. Individuals of 

both Guillemot species and almost all colonies showed fidelity to geographical sites and not to specific 

habitats, which was best explained by site familiarity rather than habitat specialization (Merkel et al. 

2021a). In the context of rapidly changing environments, species displaying IMSF driven by site 

familiarity may not be able to adjust their migration strategies sufficiently fast as favourable habitats 

shift locations. Furthermore, consistent use of specific wintering areas across years could cause 

seabirds to face prolonged exposure to the same conditions, including pollutants like heavy metals, 

PFAS, and oil spills (Montevecchi et al. 2012; Albert et al. 2021; Léandri-Breton et al. 2024).  

It is worth noting that our data were obtained from colonies that mainly or in part use apparently 

favourable wintering areas (Frederiksen et al. 2016). Frederiksen et al. (2016) found a strong 

correspondence between breeding population status and wintering area, where western stable 

breeding populations (West Greenland, Canada) wintered mainly off the Atlantic coast of Canada, 

while declining eastern breeding populations (Svalbard, Iceland) wintered mainly in waters off 

southwest Greenland and around Iceland. This same pattern was also found in a study of the Svalbard 

breeding population by Descamps et al. (2025) where increasing colonies in northeast Svalbard 

wintered in the northern Barents Sea, while decreasing colonies in western and southern Svalbard 

wintered between Iceland and Canada. It has been suggested that low pre-breeding survival could be 

linked to poor feeding conditions in wintering areas used by declining populations (Frederiksen et al. 

2021). Comparing wintering-site fidelity from declining populations from Svalbard and Iceland could 

be of interest in further studies, as declining populations may have a lower wintering-site fidelity due 

to less predictable or low-quality prey available in wintering areas. Knowledge on wintering behaviour 
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including distribution, site fidelity and space-use, is of great importance for the future management 

and conservation of the Guillemot.  

Wintering space-use differ between colonies 

While wintering-site fidelity remained consistent across colonies, Kippaku Guillemots had a higher 

space-use compared to Sermilinnguaq Guillemots. This suggests that although individuals show similar 

wintering-site fidelity regardless of colony affiliation, the extent of the area they use is larger for birds 

from Kippaku. Kitsissut Avalliit Guillemots may have a space-use similar to birds from Kippaku, 

although there were not enough individuals tracked to make this conclusion with certainty. While little 

is known about colony-specific wintering space-use in Guillemots, Merkel et al. (2021a) also found 

that within‑individual variation in space-use during the wintering period differed between colonies, 

while McFarlane Tranquilla et al. (2013) found considerable inter-colony variation in which ocean 

areas were used during winter. For our findings, one possible explanation for the observed difference 

in wintering space-use between colonies could be that Guillemots breeding in the Sermilinnguaq 

colony generally have a shorter migration route to their wintering area than Guillemots breeding in 

Kippaku. Previous studies on Guillemots have found that differences between breeding colonies can 

be caused by distance to, and foraging conditions in, nearby feeding areas (Birkhead and Nettleship, 

1981; Falk et al. 2002; Harding et al. 2013). However, a study by Bråthen et al. (2026) found that while 

migration distance differed between colonies, wintering space-use did not. Our findings support the 

importance of assessing individual breeding populations within a species, as populations with strong 

migratory connectivity wintering in small areas are more vulnerable to site specific threats e.g. a 

spatially restricted oil spill. 

Wintering-site fidelity does not differ between sexes 

We found no indication that wintering-site fidelity differed between male and female Guillemots. This 

aligns with previous studies on Guillemots (Merkel et al. 2021a) and Black Guillemots (Bråthen 

et al. 2026), which also reported no sex‑based differences. Similarly, in another pelagic, long distance 

migratory seabird, the Black-legged Kittiwake, sex-related differences in site-fidelity were not 

observed. Because our chosen time window (November to February) excludes the fall migration 

period, when sex-specific differences would be expected due to males swim-migrating with their 

chicks (Frederiksen et al. 2016), any difference between sexes would be differences in winter-site 

fidelity, not moult or migration fidelity. 

Caveats 
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Positions obtained using light-based geolocation are associated with a mean error of around 185 km 

(Phillips et al. 2004), although the overall error of geolocators decreases as the number of days 

positions are pooled over increases (Bennett et al. 2025). Individual estimated distances between 

positions are affected by this error, and the selection of the smallest position-to-position distance over 

a 7-day time window will lead to a negative bias in daily inter-track distance. However, this bias will 

affect all among-group comparisons equally, and our conclusions should thus be robust to position 

error. The mean inter-track distances displayed in Figs. 2 and 3 are likely biased low. Nevertheless, the 

true spatial difference between years within and among individuals remains uncertain. 

Conclusion 

In conclusion, Guillemots showed remarkable consistency in their use of wintering locations among 

years. Individuals were more likely to return to similar wintering areas than expected by chance, 

which suggests that individuals use memory to return to familiar and profitable locations year after 

year. Consistent use of key foraging locations is likely associated with foraging success, which is a 

strong driver of overwintering survival. Wintering-site fidelity did not vary among colonies, but 

space-use did, suggesting that space-use may be influenced by learned behaviour or genetic 

inheritance within breeding populations. Wintering-site fidelity did not differ between sexes, 

indicating that the known differences in migratory behaviour between males and females do not 

carry over into the wintering period. Prioritising the protection of consistently used wintering areas 

in the North Atlantic is important for the continued conservation of these three West Greenland 

colonies.  
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