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INTRODUCTION

Breeding site territoriality comes at an energetic cost. Individuals 
must actively defend the breeding site from competitors and 
potential predators (Hinde 1956) but at the same time cannot 
engage in self-maintenance (e.g., foraging, preening) or offspring 

protection. Additionally, breeding site territoriality results in 
individuals being spatially limited to forage near the nest site 
(Orians & Pearson 1979, Krebs 2002). For most seabirds (perhaps 
not so much gulls; see below), the breeding season is the only time 
within the annual cycle when breeding adults must return to land 
(Gill 2006). Evolved for a life at sea, time on land can increase 
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ABSTRACT

MAYNARD, L.D., GULKA, J., JENKINS, E. & DAVOREN, G.K. 2022. At-colony behaviour of Great Black-backed Gulls Larus marinus 
following breeding failure. Marine Ornithology 50: 197–204.

Territoriality for breeding sites comes at an energetic cost—individuals actively defend the site from competitors and potential predators, thus 
precluding themselves from self-maintenance (e.g., foraging, preening) or offspring care. Breeding individuals are also constrained to central-
place foraging within a limited range of the territory. For these reasons, many seabirds do not spend extensive periods or make regular visits to the 
colony following breeding failure. To investigate behaviour following breeding failure, we studied colony and nest attendance and daily number 
of visits for six Great Black-backed Gulls Larus marinus that had failed to breed following global positioning system (GPS) tag attachment on 
the northeast coast of Newfoundland, Canada. Three failed breeders reduced colony and nest attendance by an average 6.32 h/d (95% confidence 
interval: 1.14) after the estimated date of failure. Conversely, three other failed breeders showed no decrease in attendance, and one individual 
increased colony attendance by 5.4 h/d. We predicted that failed breeders would be more likely to forage while attending the colony relative to 
active breeders (i.e., incubating or chick-rearing) due to their lack of offspring and territory to defend. During 18 two-hour nest watches of active 
and failed breeders, active breeders (n = 4) behaved more aggressively (e.g., predation, swooping) toward gulls at nearby sites in the colony, while 
failed breeders (n = 6) behaved mostly passively (e.g., preening, sitting, P = 0.029). Our findings indicate that failed breeders continue to attend 
the colony after breeding failure, indicating potential benefits (e.g., maintaining breeding territory and pair bonding). Our findings also reveal 
that using tracking data to indicate breeding failure may be misleading and, thus, we suggest researchers also use visual confirmation of breeding 
failure, when possible, in future studies. Finally, we warn researchers of the negative effects of tag attachment on gull reproductive success.
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RÉSUMÉ

La protection d’un territoire de reproduction vient avec des coûts énergétiques, où les individus doivent défendre activement le site contre 
des compétiteurs et des prédateurs. Durant la défense, ils ne peuvent s’investir dans le soin d’eux-mêmes (e.g., alimentation, lissage) ou de 
leurs poussins. Les individus reproducteurs sont aussi restreints à l’intérieur d’une distance maximale de leur territoire lors des déplacements 
alimentaires (lieu central d’alimentation). Ainsi, plusieurs espèces d’oiseaux marins ne continuent pas de visiter régulièrement ou rester 
longtemps sur la colonie après un échec reproducteur. Nous avons étudié le comportement et la fréquence de visite de la colonie et du nid chez 
six goélands marins (Larus marinus) suivant le déploiement d’appareils de suivi par système mondial de positionnement (GPS) et un échec 
reproducteur sur la côte nord-est de Terre-Neuve, Canada. Trois des individus ont réduit la durée des visites à la colonie et au nid de 6.32 h/j en 
moyenne (Intervalle de confiance 95%: 1.14) à la suite de l’échec reproductif. À l’opposé, trois autres individus n’ont montré aucune réduction 
en durée et fréquence des visites après la date estimée d’échec et un individu a même augmenté la durée des visites à la colonie de 5.4 h/j. Nous 
avons prédit que les goélands avec un échec reproductif auront plus tendance à s’alimentater durant leur visites à la colonie que les goélands 
reproducteurs puisqu’ils n’ont pas de poussins à protéger. Durant 18 suivis des nids de 2 heures, les reproducteurs (n = 4) étaient plus agressifs 
(e.g., prédation, descente en piqué) vers d’autres goélands des sites voisins, alors que les goélands avec échec (n = 6) étaient plus passifs (e.g., 
lissage des plumes, position assise, P = 0.029). Les résultats indiquent que certains individus avec échec reproducteurs continuent de visiter la 
colonie, ce qui indique la présence de bénéfices (e.g., maintien du territoire de reproduction ou renforcement des liens du couple), mais aussi que 
les données de suivi télémétriques (i.e., taux de visites au nid ou colonie) ne sont pas toujours assez fiables pour déterminer le statut reproducteur 
et nous suggérons aux études futures de confirmer visuellement l’échec reproductif. Enfin, nous prévenons les chercheurs sur les effets négatifs 
sur la reproduction des goélands par la pose d’appareil de suivis. 

Mots clés: échec reproductive, effet de déploiement, goéland, comportement de reproduction
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their vulnerability to predators (Burger & Schreiber 2001), as well 
as the energetic costs of traveling to suitable foraging grounds not 
necessarily situated near the colony (Danchin et al. 2012). Although 
competition for nesting grounds (Kokko et al. 2004) and pair-
bonding (Stacey 1982, Spoon et al. 2006, Kenny et al. 2017) might 
encourage a non-breeding seabird to visit a colony, seabirds tend to 
reduce the frequency of visits to the colony (or land; Cubaynes et 
al. 2011, Kazama et al. 2013) following breeding failure (Calladine 
& Harris 1997). 

Unlike many seabirds, most Larids (e.g., gulls and terns) frequent 
land for foraging (Isaksson et al. 2016) and roosting (Schreiber 
1967, Shamoun-Baranes et al. 2011), as well as breeding (Burger 
& Schreiber 2001). For these reasons, in the case of gulls, they may 
be more inclined to visit their colony even after breeding failure or 
during non-reproductive years than other seabird species. In fact, 
as a function of coloniality, the colony may become a foraging site 
whereby gulls depredate the chicks and eggs of other nearby seabird 
nests (Davis & Dunn 1976, Bukacinska et al. 1996). This behaviour 
is common among large gulls, including the Great Black-backed 
Gull Larus marinus (Stenhouse & Montevecchi 1999, Veitch et al. 
2016), the largest North American gull. Like other large gulls, Great 
Black-backed Gulls claim territories large enough (~4-7 m spacing 
between nests) for their chicks to move around after 5–7 days of age 
and have places to hide (Good 2020). This species of gull often feeds 
at a higher trophic level than other gulls (Maynard & Davoren 2020), 
with some individuals specializing on a diet of seabird eggs or chicks 
(Stenhouse & Montevecchi 1999, Veitch et al. 2016). This predatory 
behaviour sometimes leads to lethal control or nest destruction at 
colonies overseen by wildlife managers (Scopel & Diamond 2017). 

Following the failure of several nests targeted for tracking movements 
of breeding Great Black-backed Gulls, we took the opportunity to 
describe and compare at-colony behaviour of these failed breeders 
with actively incubating or chick-rearing pairs. Using tracking data, 
we first described colony and nest attendance of failed breeders 
and identified breaks (i.e., sudden changes) in daily attendance to 
determine the potential date of nest failure. Using nest watches, we 
compared behaviour of both active and failed breeders while at the 
colony. We hypothesized that behaviour at the nest site and colony 
would differ between failed and active breeders. As Great Black-
backed Gulls are known predators of seabird chicks and eggs, and 
failed breeders do not have offspring to protect, we predicted that 
failed breeders would be more likely to forage while attending the 
colony. We also predicted that failed breeders would exhibit more 
aggressive behaviour than successful breeders, including predation 
attempts toward gull eggs and chicks at nearby nest sites. This 
study informs our understanding of at-colony behaviour of gulls 
post-breeding failure and questions the reliability of determining 
breeding status using only tracking or colony attendance data.

METHODS

Study area and field work

During 2018, adult Great Black-backed Gulls were captured during 
incubation (n = 7, 10–11 June) and chick-rearing (n = 1, 08 July) 
from different nests on North Cabot Island (49°10′30.67″N, 
053°21′57.57″W) on the northeast coast of Newfoundland, Canada. 
North Cabot Island is a small island of about 0.09 km2 that supports 
~10 pairs of Great Black-backed Gulls, ~100 pairs of Herring Gulls 
Larus argentatus, and a few pairs of Black Guillemot Cepphus 

grylle (Wilhelm et al. 2015). This is the expected number of pairs 
for the island, and the expected ratio of Great Black-backed Gulls to 
Herring Gulls given the more solitary and loose coloniality of Great 
Black-backed Gulls (Butler & Trivelpiece 1981, Butler & Janes-
Butler 1982, Good 2020). Upon capture using drop traps, gulls 
were fitted with a uniquely coded colour band easily readable with 
binoculars. Bill depth at gonys, and total head length, were recorded 
to allow sexing of each individual following Mawhinney & 
Diamond (1999). As part of a different study (Maynard et al. 2021), 
solar-paneled Global Positioning System (GPS) loggers (Ecotone® 
HARRIER-M, Ecotone Telemetry, Gdynia, Poland; ~20  g) were 
deployed using a leg-loop harness made of 6.5 mm Teflon tape 
(Mallory & Gilbert 2008). Devices weighed between 0.8%–1.3% of 
body mass and recorded latitude and longitude (± 18 m) at 15 min 
intervals. Data from tags were remotely downloaded upon return 
of each gull to the island via ultra-high frequency (UHF) to a base 
station located in the center of the colony. The coordinates and 
breeding status of nests of tagged individuals were recorded on the 
last day of the first colony visit (10–11 June) as well as on the first 
day of subsequent colony visits (05–09 July, 21–25 July). 

To monitor the breeding performance and parental behaviour at 
nest sites, we performed two-hour nest watches on each day of the 
second and third colony visits during the morning (08h00–12h00 
Newfoundland Daylight Time, NDT) and afternoon (13h00-18h00 
NDT) of both members of all pairs of Great Black-backed Gulls on 
the island (n = 10 pairs), including nest sites of tagged individuals 
(total number of two-hour nest watches  =  18). When possible, 
we confirmed the identity of each individual by the presence of a 
colour-band and/or GPS logger. During nest watches, the colony 
was scanned every 10 min. During scans, we recorded the status of 
each Great Black-backed Gull nest site (i.e., chick-rearing, failed). 
Additionally, we recorded the behaviour of solitary parents or 
pairs on first sight at each nest or within ~ 20 m of nest sites (i.e., 
instantaneous scan sample; Martin & Bateson 2007). Behaviour 
categories recorded for each solitary individual or individual 
of a pair included: aggressive behaviour towards another gull 
(i.e., swooping, chasing, predation events), social behaviour (i.e., 
preening other individuals, gathering nest material, courtship), 
passive behaviour (i.e., sitting, self-preening, standing), and active 
behaviour (i.e., walking, flying). 

All procedures performed in studies involving animals were in 
accordance with the ethical standards of the University of Manitoba 
(F16-017/1/2). A master banding permit was issued to Gail Davoren 
(10873).

Data analysis

We used the GPS tracking data to quantify daily time spent within 
the gull colony and at the nest site by failed and active breeders 
during the breeding season. GPS locations were first quantified 
as either on or off the breeding island and on or off the nesting 
site (within 20 m of nest; logger coordinate error  ±  18 m; nest 
coordinate error ± 2 m) using the intersect function in QGIS (QGIS 
Development Team 2021). This allowed us to calculate h/d each 
tracked gull spent within the gull colony on the island (colony 
attendance) as well as within 20 m of the nest (nest attendance). 
To identify the date of nest failure, we detected breakpoints (i.e., 
abrupt changes in attendance; Ponchon et al. 2017) in colony and 
nest attendances for each tagged individual using the package 
“strucchange” in R (Zeileis et al. 2002). We also calculated the 
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number of colony and nest site visits per day during the breeding 
season. When a breakpoint was identified, we compared mean 
attendance and number of visits before and after the breakpoint. 
We considered a significant difference between means if 95% 
confidence intervals did not overlap. We did not compare attendance 
and visits per day between failed and active breeders given the small 
sample size of active breeders (n = 2), but we used these metrics to 
compare with other studies. 

Using data from the nest watches, we used a t-test to compare the 
number of individuals per pair present at nest sites between failed 
and active breeders. To evaluate whether nest site behaviour differed 
with breeding status, we summed the number of times an individual 
exhibited a behaviour in each of the four behavioural categories 
(i.e., aggressive, social, passive, active) at each nest site as the four 
response variables and conducted a MANOVA, where the predictor 
variables were breeding status and nest ID. When a predictor 
was significant, we used univariate ANOVAs to determine the 
contribution of predictors to each of the four response variables. All 
analyses were performed in R version 3.6.0 (R Core Development 
Team 2021). Results are presented as mean ± confidence interval.

RESULTS

GPS loggers were deployed on six male (LMG01–LMG05; 
LMG08) and two female Great Black-backed Gulls (LMG06, 
LMG07) from independent pairs. Loggers recorded data for 6–66 d 
during the period 10 June–15 August. Nest fate was determined on 
05 July, the first day of the second colony visit, indicating that nest 
failure had occurred for six of the initial seven tracked individuals 
between 08  June and 05  July (Table  1). The tracked individual 
with a successful nest had two chicks on 05 July but had lost its 
GPS logger after 10 days (LMG07). The GPS logger deployed on 
08  July (LMG02) was lost after five days during which the nest 
site had two chicks (Fig. 1). Therefore, GPS loggers from breeding 
individuals (i.e., LMG02, LMG07) recorded for 6–13 d and from 

failed breeders for 14–66 d (Table  1). Additionally, we observed 
two untagged, undisturbed pairs of Great Black-backed Gulls 
during nest watches that successfully raised four chicks in total.

We identified breakpoints in colony attendance for four failed 
breeders (LMG04, LMG05, LMG06, LMG08; Fig.  1A, Table  1). 
LMG05 also had a sudden decline in colony and nest attendance 
after 20 June (Fig. 1), but it was not identified as a breakpoint in 
the model; colony attendance and number of visits were higher 
after the identified breakpoint than before (Table  1, Fig.  1). For 
the other three individuals (LMG04, LMG06, LMG08), colony 
attendance and visits were significantly lower after the breakpoint 
date than before (mean difference 6.8 ± 1.7 h/d; Table 1, Fig. 1). For 
nest attendance, two breakpoints were identified for LMG04 and 
LMG06 (Fig. 1) at the same date as colony attendance (Table 1). 
For both birds, nest attendance (mean difference 5.65 ± 0.76 h/d) 
and number of visits to nest (mean difference: 1.25 ± 0.21 visits/d) 
were significantly lower after the date of breakpoint than before 
(Table 1). In particular, LMG08 spent < 5 h/d at the nest throughout 
the study period, generally had the lowest mean colony and nest 
attendance relative to other birds and was observed a few times 
~35 m west of its original nest site during the nest watches. 

We completed 18 two-hour nest watches for a total of 36 h on all 
10 Great Black-backed Gull nests on the study island. Based on 
these nest watches, the number of individuals per pair remaining 
at and nearby their nest sites did not differ between failed 
(1.0 ± 0.1  individuals) and active breeders (1.1 ± 0.1 individuals; 
t155 = 1.47, P = 0.14). A MANOVA revealed that active and failed 
breeders exhibited different behaviour when present at the colony 
(F4,158 = 2.76, P = 0.029). Active breeders were slightly more active 
(i.e., flying, walking; 0.42 ± 0.17 events/watch) than failed breeders 
(0.26  ±  0.15 events/watch; Fig.  2), but this was not significant 
(ANOVA: F1,158  =  1.8, P  =  0.18). Observations of aggressive 
behaviours differed between active and failed breeders (ANOVA: 
F1,158 = 7.43, P = 0.007), whereby failed breeders did not exhibit 

TABLE 1
Mean and breakpoint date in colony and nest attendance and visits per day for eight tagged Great Black-backed Gulls Larus marinus 

Individual Breeding 
status

Colonya Nesta

No. 
tracking 

days
BP  

dateb

Attendance ± CI  
(h/d) No. visits/d ± CI

%  
daysc

BP  
dateb

Attendance ± CI  
(h/d) No. visits/d ± CI

%  
daysc

Before  
BP

After  
BP

Before  
BP

After  
BP

Before  
BP

After  
BP

Before  
BP

After  
BP

LMG02d Chicks – 12.3 ± 3.6 3.7 ± 1.3 100 – 9.0 ± 3.9 3.2 ± 1.4 100 6

LMG07 Chicks – 15.4 ± 2.5 5.0 ± 1.2 100 – 13.3 ± 2.3 4.4 ± 1.3 100 13

LMG01 Failed No BP 11.2 ± 1.46 2.9 ± 0.5 93.8 No BP 9.5 ± 1.3 2.4 ± 0.4 92.2 64

LMG03 Failed No BP 16.8 ± 2.5 4.0 ± 1.2 100 No BP 13.27 ± 2.7 3.4 ± 0.9 100 14

LMG04 Failed 04 Jul 16.7 ± 1.7 12.0 ± 2.2 3.6 ± 0.5 3.3 ± 0.7 93.9 03 Jul 13.5 ± 2.0 8.4 ± 2.2 3.4 ± 0.5 2.3 ± 0.4 92.4 66

LMG05 Failed 03 Jul 12.6 ± 3.6 18.0 ± 1.4 2.5 ± 0.9 5.2 ± 0.7 90.9 No BP 12.6 ± 1.5 3.7 ± 0.5 90.9 66

LMG06 Failed 17 Jun 12.4 ± 3.7 4.1 ± 1.4 4.3 ± 1.0 2.5 ± 0.4 86.2 17 Jun 9.1 ± 2.8 2.9 ± 1.2 3.6 ± 0.7 2.2 ± 0.4 75.9 58

LMG08 Failed 17 Jun 11.0 ± 3.3 3.3 ± 1.6 3.0 ± 0.9 1.4 ± 0.3 40.0 No BP 1.0 ± 0.8 1.3 ± 0.3 20 60

a Abbreviations: BP = breakpoint; CI = confidence interval.
b ‘No BP’ indicates that a break point could not be detected. Bold font indicates significant differences in means before and after the breakpoint.
c Percent tracking days (% days) indicates number of days with at least one colony or nest visit over the number of tracking days. 
d Captured during chick-rearing on 08 July.
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Fig. 2. Number of active (A), aggressive (B), social (C), and passive (D) behaviours in active (n = 4) compared to failed (n = 6) breeding 
Great Black-backed Gulls Larus marinus observed during 18 two-hour nest watches on North Cabot Island, Newfoundland, Canada. Note 
that the y-axis is different for (D) passive behaviour. Asterisk indicates a significant difference between active and failed breeders.
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Fig. 1. Daily colony (A) and nest (B) attendance by tagged individual Great Black-backed Gulls Larus marinus (red: active breeders, blue: 
failed breeders) between 10 June 2018 and 15 August 2018 on North Cabot Island, Newfoundland, Canada. Solid vertical lines indicate 
identified breakpoints in attendance whereas coloured horizontal lines indicate mean attendance with 95% confidence intervals (shading). 
The dashed line represents the date when breeding failure was confirmed. The grey areas represent colony visits by researchers.
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aggressive behaviour (0  ±  0 events/watch) while active breeders 
exhibited aggressive behaviour toward other gulls (0.09  ±  0.07 
events/watch; Fig. 2), including one predation event on a Herring 
Gull chick. Observations of social behaviour (i.e., preening, 
gathering nest material; ANOVA: F1,158  =  1.66, P  =  0.19) and 
passive behaviour (ANOVA: F1,158 = 0.82, P = 0.37) did not differ 
between active breeders (social: 0.11 ± 0.09 events/watch, passive: 
12.68 ± 1.29 events/watch) and failed breeders (social: 0.22 ± 0.12 
events/watch, passive: 11.66 ± 1.67 events/watch; Fig. 2). 

DISCUSSION

Failed breeders continuously visited the colony throughout the 
breeding season. Visits to the colony, however, were not limited 
to nest sites. Half of the failed breeders showed lower attendance 
and visits after the estimated nest failure date (date of breakpoint), 
but three individuals showed either an absence of breakpoint or an 
increase in attendance after the breakpoint. Failed breeders also 
exhibited mostly passive, social behaviours with few interactions 
with other gull adults or chicks relative to active breeders. 
Additionally, the high breeding failure of tagged individuals 
(n  =  6) relative to undisturbed breeding pairs (n  =  2) or tagged 
individuals who were able to quickly remove their loggers (n = 2) 
raised the possibility that tagging may impact breeding success, 
as suggested previously (Maynard & Davoren 2018, Maynard & 
Ronconi 2018); therefore, tagging effects should be considered in 
future studies. Overall, our results indicate that failed breeders may 
benefit from continuing to visit the colony (e.g., known roosting 
sites, maintaining breeding territory) and the nest site after a failed 
breeding attempt. 

Attendance and at-colony behaviour

All failed breeders that were tracked continuously visited the colony 
throughout the breeding season. Visiting the colony after breeding 
failure has previously been observed for Great Black-backed Gulls 
in the western North Atlantic but was often followed by multi-day 
foraging trips outside the foraging range of the colony (Maynard 
& Davoren 2018, Maynard & Ronconi 2018). Continued and high 
daily nest and colony attendance is somewhat surprising because 
we expected lower attendance and/or visit rates to the nesting 
territory as seen in failed or sabbatical breeders in other seabird 
studies (Kazama et al. 2013, Ponchon et al. 2015). For instance, 
Bukacinska et al. (1996) found that failed breeders of Herring 
Gulls travelled away from the colony more frequently and for 
longer periods relative to successful pairs. Another study at a nearby 
colony in Newfoundland found that tagged Great Black-backed 
Gulls that failed to breed exhibited prolonged absences from the 
colony and multi-day, long distance foraging trips south (up to 
2 300 km). However, these trips occurred several weeks following 
breeding failure and coincided with prey hotspots in southeastern 
Newfoundland (Maynard & Davoren 2018). Birds, however, may 
benefit from foraging within a restricted range around the colony 
despite a lack of breeding due to increased familiarity with the area, 
leading to reduced chances of nest failure in future years (Calladine 
& Harris 1997). Indeed, larids can increase spatial knowledge 
of prey resources by staying within range of the colony during 
non-breeding periods (Irons 1998, Bijleveld et al. 2010, Kazama 
et al. 2013). Alternatively, high colony attendance might prevent 
other gulls from taking over an established nesting site from the 
pair (Ainley & Boekelheide 1990, Kokko et al. 2004). Overall, the 
duration and frequency of visits to the colony after breeding failure 

may be influenced by competition for nesting sites and favorable 
local foraging conditions, which may vary from year to year or 
across space. Depending on the foraging opportunities in the region, 
tracking data could thus be a weak indicator of breeding failure in 
some years but a stronger indicator in other years. 

Half of the failed breeders showed lower attendance and visits 
after the estimated nest failure date (date of breakpoint), but three 
individuals showed either the absence of a breakpoint or increase 
in attendance after the breakpoint. In our study, most of the 
failed breeders spent a substantial amount of time at the colony 
(15%–80% of their day) and at their nest site (15%–45%) even after 
the date of breakpoint, which contradicts findings of some other 
seabird studies (Bukacinska et al. 1996, Zangmeister et al. 2009, 
Ponchon et al. 2017). Nest attendance of failed breeders, however, 
varied on a day-to-day basis during the summer season, with some 
individuals spending < 5 h/d at the nest site; we expected that active 
breeders would have attended the nest for 30%–60% of the day 
(about 8–14 h/d). This consistent occurrence of low nest attendance 
might indicate a failure to breed (Bukacinska et al. 1996, Ponchon 
et al. 2017). A breakpoint in colony attendance paired with lower 
attendance after the date of breakpoint could indicate the date of 
failure (Ponchon et al. 2017). Interestingly, breakpoints detected 
for LMG04 and LMG05 were 03–04 July, which coincided with 
our second colony visit (05–09 July) when we visually confirmed 
breeding failure. Additionally, although we confirmed breeding 
failure, LMG05 attended the colony longer after the breakpoint than 
prior. Although it is possible that these breakpoints indicate the dates 
of nest failure, they may also indicate a change in attendance related 
to additional stress from our presence at the colony, as observed 
in other studies (Hunt 1972, Frid & Dill 2002). Two other failed 
breeders (LMG01 and LMG03) showed no change in attendance 
patterns throughout the tracking period that were indicative of date 
of failure. The lack of a breakpoint for LMG03 could be due to the 
limited tracking period (~14 d of tracking, 10–23 June), but LMG01 
was tracked for ~8 weeks and consistently spent around 65% of its 
day at the colony and 30% at the nest with no indication of failure 
except for visual confirmation on the first day of our second colony 
visit.. Therefore, although colony and/or nest attendance could be 
used as indicators of breeding failure, high attendance after failure 
was observed in several failed breeders, and visual monitoring of 
breeding status was necessary to confirm failure for these birds. 

We did not find evidence that failed breeders use the colony 
as a foraging site, indicating that other reasons such as nesting 
competition or pair bonding might be the reasons for the visits. 
Because large gulls are known to depredate the offspring of other 
gulls (Bukacinska et al. 1996), and the study colony is also a 
Herring Gull colony (Wilhelm et al. 2015), the presence of failed 
Great Black-backed Gulls at the colony throughout the season was 
hypothesized to be related to foraging opportunities. Aggressive 
behaviour towards other adult gulls and attempts to depredate eggs 
and chicks, however, were only exhibited by actively breeding 
Great Black-backed Gulls. Therefore, we suggest that foraging is 
unlikely the primary reason for continued colony presence of failed 
breeders. Instead, failed breeders exhibited passive behaviour while 
at the colony, whereby individuals mostly sat and preened near 
their respective nesting territory, sometimes with a mate. These 
observations match previous reports of colony visits of failed 
Great Black-backed Gulls, whereby 45% of the time at the colony 
was spent roosting (Maynard & Davoren 2018). Failed breeders 
also exhibited as much social behaviour (i.e., calling, gathering 
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nesting material, allopreening) as active breeders. Social behaviours 
tighten the bond between mates and the nesting ground, and further 
increase the chances of success in future breeding attempts (Stacey 
1982, Spoon et al. 2006, Kenny et al. 2017). Continuous visits may 
also prevent other gulls from establishing nesting territory in close 
proximity (Butler & Trivelpiece 1981, Butler & Janes-Butler 1982, 
Kokko et al. 2004), therefore maintaining the nesting territory for 
future years. In this regard, Black-legged Kittiwakes Rissa tridactyla 
visit their colony after breeding failure to prospect for new nesting 
sites for future reproductive years (Ponchon et al. 2017). Failed 
breeders may also use the colony as a roosting site, whereby the 
presence of other gulls can reduce their risk of depredation by other 
species, such as Bald Eagles Haliaeetus leucocephalus (Dominguez 
et al. 2003) or terrestrial predators. Thus, our results suggest that 
continuous presence at the nesting colony reflects territoriality and 
social behaviour that may increase future chances of survival and 
higher reproductive output. 

Potential causes of breeding failure

During our tracking study, we tagged eight Great Black-backed 
Gulls from different nesting pairs, six of which resulted in nesting 
failures. Tracked gulls that raised chicks successfully either lost or 
removed their loggers within 11 d. While we observed the predation 
of one nest shortly after tag deployment while the nest was left 
unattended, all other tagged individuals still had eggs on the last 
day of tag deployment, and birds were observed returning to the 
nest shortly following tag deployment. Recent tracking studies of 
Great Black-backed Gulls in Atlantic Canada (but led by different 
field teams) have also shown high nest failure of tagged birds 
(Maynard & Ronconi 2018, Maynard & Davoren 2018). In contrast, 
several studies that involve capturing individuals without tagging 
do not report breeding failure (Butler & Trivelpiece 1981, Helberg 
et al. 2005). Therefore, device attachment may be the primary 
factor influencing breeding success. Tagging in this study, however, 
followed a similar protocol to other Great Black-backed Gull 
(Borrmann et al. 2019) and larid studies (Thaxter et al. 2014, Shlepr 
et al. 2021) in which breeding success/failure was not reported. Other 
factors might also have increased the chances of breeding failure in 
tagged gulls, such as a later hatching date which is known to reduce 
probability of success (Spear & Nur 1994), low breeding experience 
(Brown et al. 1997), and human disturbance (Hunt 1972, Frid & 
Dill 2002, Krüger 2002). Gulls in this study could also have inferior 
dominance and/or were unexperienced breeders, causing them to be 
more likely to fail in their breeding attempts (Calladine & Harris 
1997). The breeding colony also has nesting Herring Gulls (Wilhelm 
et al. 2015), the presence of which can negatively affect breeding 
success through increasing inter- and intraspecific interference 
(Butler & Trivelpiece 1981). Although the breeding failure in our 
study was likely related to the presence of tracking devices, the gulls 
targeted in our study might also have been susceptible to breeding 
failure due to some of the aforementioned factors. We caution against 
tracking Great Black-backed Gulls and other larids without careful 
consideration of the potential negative reproductive consequences of 
using tracking devices. We invite future studies to assess capture and 
device attachment methods for Great Black-backed Gulls to reduce 
tag effects for this and other seabird species.

CONCLUSIONS

Our findings indicate high colony and nest attendance (i.e., elevated 
hours/day and number of visits) of Great Black-backed Gulls after 

breeding failure compared with other seabird studies. Therefore, we 
caution that tracking data alone might not be reliable for monitoring 
breeding status or identifying the date of failure in Great Black-
backed Gulls, as some individuals exhibit no changes in behaviour 
following nest failure when measured by this method. We also 
showed that the presence of failed breeders at the colony is likely not 
related to foraging opportunities at the colony, but rather to increased 
pair-bonding with mates and defense of nesting sites, or reduced 
predation risk by roosting at a known safe location. The continuous 
presence of failed breeders near their nesting sites in our study also 
suggests that destruction of gull nests, a common management 
practice used to protect other seabirds (such as alcids and terns) 
from gull predation (Scopel & Diamond 2017), may not effectively 
reduce predation. Exploring tag effects on Great Black-backed Gulls 
that would otherwise be targeted for nest destruction would provide 
an opportunity to better understand the causes of breeding failure 
associated with tagging, and it would provide increased knowledge of 
gull foraging behaviour and nest site attendance. Given the negative 
tag effects demonstrated in our study, future tracking research on this 
species should be carefully considered to balance the value of these 
data relative to possible negative population-level impacts. 
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