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ABSTRACT. The ability to recognize and associate objects with prior experiences has been demonstrated in several avian taxa. Corvids,
for example, recognize visual stimuli associated with negative previous experiences and will modify their behavioral responses according
to the level of perceived threat. However, the extent to which similar memory-based behaviors exist in seabirds is poorly understood.
Our study investigated object recognition by Herring Gulls (Larus argentatus smithsonianus) on their breeding grounds, the site of a
long-term monitoring project. When handling gulls and conducting field research, researchers wear standard bicycle helmets as a
protective measure against physical aggression by nesting gulls. We tested whether previously banded gulls vary their behavioral responses
based on the headgear worn by human researchers. Herring Gulls were significantly more aggressive when approached by helmeted
observers compared to those wearing neutral headwear or even holding a helmet, thus indicating a potential association between
wearing bike helmets and the negative experience with researchers. Our study demonstrates that Herring Gulls are capable of object
memory and object recognition within context, and display different behaviors toward different objects according to their levels of
perceived threat. This information is key when designing studies with nesting gulls to ensure that behavioral biases are not unintentionally
created due to gull prior experiences or researcher safety gear.

RESUMEN. La habilidad para reconocer y asociar objetos con experiencias anteriores ha sido demostrada en varios grupos de aves.
Los Cuervos, por ejemplo, reconocen estímulos visuales asociados con experiencias negativas en el pasado y modifican sus respuestas
comportamentales de acuerdo con el nivel de amenaza percibido. Sin embargo, el nivel al cual comportamientos similares, basados en
la memoria, en aves marinas ha sido poco comprendido. Nuestro estudio investigó el reconocimiento de objetos en Larus argentatus
smithsonianus en su zona de reproducción, el sitio de un proyecto de monitoreo a largo plazo. Cuando se manipulan los individuos y
se realiza la investigación de campo, los investigadores usan cascos de bicicleta como una medida de protección contra las agresiones
físicas de gaviotas anidando. Evaluamos si las gaviotas que han sido anilladas anteriormente varían en sus respuestas comportamentales
basados en el tipo de preda en la cabeza utilizada por los investigadores humanos. Los individuos de L.a.smithsonianus fueron
significativamente más agresivos cuando fueron aproximados por investigadores utilizando cascos comparado con investigadores
utilizando prendas neutrales en la cabeza o incluso con los cascos en las manos, indicando una asociación potencial entre el uso de
cascos y la experiencia negativa con los investigadores. Nuestro estudio demuestra que los individuos de L.a.smithsonianus son capaces
de generar una memoria de los objetos y de reconocimiento de los objetos con un contexto, y desplegar diferentes comportamientos
hacia diferentes objetos de acuerdo con los niveles de amenaza percibidos. Esta información es clave para el diseño de estudios en
anidación de gaviotas para asegurar que los sesgos comportamentales no son creados sin intención debido a las experiencias previas
de las gaviotas o las prendas de seguridad de los investigadores.
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INTRODUCTION
Cognition and memory have long been topics of ornithological
interest, and the effects of memory on avian behavior have been
relatively well-studied (Emery 2006). Past research has
demonstrated that multiple species of birds possess episodic
memory, indicating the ability to have a detailed recollection of
past personal experiences. For example, Common Ravens (Corvus
corax) have a demonstrated ability to store, categorize, and recall

information (Müller et al. 2017); likewise, American Crows (C.
brachyrhynchos) can form positive or negative associations with
an object based on their prior experiences with that object
(Marzluff  et al. 2010). Additionally, both Rock Pigeons (Columba
livia) and Keas (Nestor notabilis) have similar recognition and
association skills, and display an ability to recognize objects in
pictures and associate them with positive stimuli (Soto and
Wasserman 2014, Wein et al. 2015).  
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Although the field of animal behavior was initially established
with the study of gull behaviors (Tinbergen 1953, 1960), research
on memory and object recognition and their associated behavioral
effects in gulls (Laridae) is sparse. Studies of avian memory and
cognition tend to focus on relatively few taxa—primarily
Corvidae (e.g., Marzluff  et al. 2010, Smirnova et al. 2020),
Columbiformes (Peissig et al. 2006, Soto and Wasserman 2014),
and Psittaciformes (Pepperberg 1994, 2006, Wein et al. 2015).
Even with the taxonomically skewed research on avian memory,
some researchers have drawn inferences on the similarities
between avian and human cognition (e.g., Soto and Wasserman
2012, 2014, Darby et al. 2018). That said, several studies have
explored a variety of behaviors in gulls, including detailing their
breeding and foraging behaviors (e.g., Tinbergen 1953, 1959,
Annett and Pierotti 1989), their ability to recognize and
distinguish the auditory signals of threats from non-threats
(MacLean and Bonter 2013), individual recognition between
adults, chicks, and family groups (e.g., Beer 1969, Miller and
Emlen 1975), and even the ability to solve small puzzles (Neibuhr
1983). Given this wealth of behavioral studies in gulls, and that
gulls can serve as a sentinel or early indicator of the effects of
climate change (Cimino et al. 2022), it is unclear why few, if  any
studies have directly explored the possibility of cognition and
memory in this taxonomic group.  

Banding studies of gulls are crucial for both basic and applied
inquiries into their biology, and must include research across
species and years. Long-term studies of gull nesting colonies
provide a unique opportunity to study a wide variety of biological
phenomena, including breeding biology, longevity, and
population trends (e.g., Pierotti and Annett 2001, Ellis and Good
2006, Bonter et al. 2016). One such long-term banding and
monitoring project takes place along the northwest Atlantic coast,
off  the Maine–New Hampshire border, where researchers
routinely band and study the biology of breeding American
Herring Gulls (Larus argentatus smithsonianus) and Great Black-
backed Gulls (L. marinus) (Ellis et al. 2005, 2007; MacLean and
Bonter 2013, Crisologo and Bonter 2016). Prior research on both
this and other study systems has indicated that breeding gulls may
be distressed by researcher presence, which has the potential to
negatively affect breeding success (Brown and Morris 1994,
MacLean and Bonter 2013). Anecdotal evidence suggests that the
breeding gulls of Appledore recognize researchers versus non-
researchers (Gulls of Appledore Research Group, personal
observation). While other avian species have been shown to
recognize researchers after research activities such as capture and
banding have been conducted (Marzluff  et al. 2010, 2012), this
has yet to be demonstrated in gulls. In addition to the safety of
the gulls, researchers’ safety is a high priority, and since nesting
gulls may respond defensively to perceived threats, field
researchers frequently wear bicycle helmets when performing
research tasks, including banding.  

We sought to determine whether Herring Gulls respond
specifically to the sight of a particular recognizable object—
bicycle helmets—which are worn by gull researchers on
Appledore Island for personal safety purposes. We hypothesized
that Herring Gulls would exhibit different behavioral responses
depending on the presence of our focal object, the helmet.
Specifically, we predicted that relative to control trials, a

researcher wearing a helmet would elicit the greatest intensity of
behavioral response due to stressful past experiences involving
helmeted researchers.

METHODS

Study site
This study was performed on Appledore Island, Maine
(42.9887°, -70.6135°). Appledore is a 38-ha (95-acre) island within
the Isles of Shoals, a small archipelago approximately 13 km (8
miles) east of Rye, New Hampshire, and is the site of various
educational and research activities, each of which exposes nesting
gulls in the central portion of the island to regular human
interaction throughout their breeding season. In particular, the
island is home to the Shoals Marine Laboratory and a seasonal
songbird banding station (Appledore Island Migration station),
and serves as the field site for the Gulls of Appledore Research
Group. Herring Gulls and Great Black-backed Gulls breed on
Appledore from late April through August (Ellis and Good 2006).
From 2004 to the present, the Gulls of Appledore Research Group
has conducted banding of Great Black-backed Gulls each season,
and through 2017, the group also regularly banded both adult
and pre-fledgling Herring Gulls; only a small number of
additional Herring Gulls have been banded since 2017.  

Adult banding has typically taken place early during incubation
(mid-May), and birds have been captured with nest traps or by
hand at the nest. Banding of chicks has typically occurred during
mid-July; pre-fledgling chicks have been captured by hand prior
to their ability to fly. All individuals have been banded with
stainless steel USGS and a 3-digit field-readable PVC leg band.
Morphometric measurements, including mass, head–bill
(distance from the occipital to the tip of the bill), and sometimes
wing chord length have been taken and recorded. During banding
and research activities throughout the summer, researchers wear
helmets, typically standard bicycle helmets, but occasionally
snowboarding or skateboarding helmets. Due to the danger of
physical flighted attacks by gulls (particularly the Great Black-
backed Gulls) defending their nests, the practice of wearing a
helmet as standard field protective equipment began circa 2008
and has been a consistent requirement of field researchers since
2010.

Study species
This study focused on Herring Gulls nesting near the buildings
of Shoals Marine Laboratory (Fig. 1). Selection of focal
individuals around the campus buildings ensured that gulls had
regular interactions with non-researchers (students at field
dorms), in addition to past interactions with researchers during
banding and ongoing monitoring projects. Nesting initiation
peaks around 14 May for Appledore’s Herring Gulls (M. Everett,
unpublished data), and incubation of their typical clutch of three
eggs lasts 30–32 days (Weseloh et al. 2020). While male Herring
Gulls tend to be slightly larger than females, the sexes are
otherwise similar, and both males and females participate in
incubation, brooding, and chick provisioning (Gulls of
Appledore Research Group, unpublished data; Weseloh et al.
2020). The 25 individuals included in this study were banded by
the Gulls of Appledore Research Group between 1 and 17 years
prior to our study (mean ± SD = 8.5 ± 3.37 years). Nineteen of
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 Fig. 1. Map of Appledore Island (42.98°, -70.61°) showing
locations of all the island’s gull nests from a 2018 census. Gray
hatched boxes represent island buildings, including Shoals
Marine Laboratory facilities and private homes.
 

the gulls used in this study were banded as hatch-year chicks and
ranged in age from 5 to 17 years (mean ± SD = 9.3 ± 3.28 years,
median = 8). The remaining six were banded as fully mature, after-
fourth-year adults and ranged in age from at least 5 years to at
least 11 years. Using only previously banded Herring Gulls
allowed for repeated testing of individuals in our randomized
experimental trials.

Experimental trials
We tested the Herring Gulls between 31 May 2022 and 4 June
2022, while all focal individuals were incubating eggs (mean ± SD
= 2.76 ± 0.44 eggs; range 1–3 eggs). Focal gulls experienced each
of our four experimental trials in a randomized order, with a
minimum of 2 hours between trials. The four trials were as follows:
(1) researcher wearing a standard black bicycle helmet on their
head, (2) researcher carrying the same helmet by the straps at their
side, (3) researcher wearing a solid grey baseball cap, and (4)
researcher with no headwear. Field researchers wore neutral,
dark-colored clothing (blacks, browns, blues) for every trial. Semi-
randomized trial assignments across the seven field researchers
guaranteed that each gull experienced only one trial by an
individual researcher, none of whom were personally involved in
the prior banding or prior year’s research on the Appledore gulls.
Each focal individual experienced the four trials over a maximum
of 5 days (mean = 2.76 days) to minimize the effects of seasonal
changes in behavioral response (e.g., Crisologo and Bonter 2016).
All trials were conducted between 0630 and 1935 hours and were
limited to fair weather conditions.  

In each trial, field researchers donned their headwear, if
applicable, before entering the focal gull’s field of vision.
Researchers walked past the focal nest (1–2 m from the nest’s edge)
at a slow, steady pace (0.5–0.6 m/s) while remaining quiet and
keeping a neutral expression. The researcher’s gaze was directed
at the ground throughout the trial except for a glance upward to
assess the gull’s reaction, thus controlling for the effect of eye

contact on behavior (Goumas et al. 2019, 2020) (Fig. 2). If  the
researcher could not read the band on the gull while conducting
a trial, they returned immediately after completing the trial to
identify the incubating gull by noting the field-readable band
code. To assess the behavioral response of each gull, we used a
categorical scale (Table 1) (Covino et al., unpublished, as modified
from MacLean and Bonter 2013), with categories ranging from
no response (score of 0) to a response indicating significant
agitation (score of 8). Each gull was accordingly scored
numerically in each trial based on its maximum response
exhibited. Researchers documented the number of eggs present
and whether the focal gull’s mate was present at the time of each
trial.

 Fig. 2. Depiction of a researcher walking past a nesting gull
showing a response of 5 (standing on the nest), including
oblique posture. Researcher is performing the “holding helmet”
trial in this example. Rendition by Dora Donacik.
 

The eggs of one focal individual (Gull ID C17) (Fig. 3) began to
hatch before attempting our fourth experimental trial, so we did
not complete the hat trial on that individual. Additionally,
because both male and female Herring Gulls brood, the focal
individual in each pair was not always present at its nest when
researchers attempted a trial. In these instances, field researchers
waited a minimum of 2 hours before revisiting the nest to test the
focal individual. In one case, a focal individual (Gull ID 68J) (Fig.
3) was continually absent during trial attempts; as such, we could
complete only three trials and were unable to conduct the hat trial
with this individual.

Data analyses
We ran a general linear model to investigate the variation in
behavioral response score across individuals and the potential
effect of (and interaction with) mate presence. We also ran a
general linear model that tested for the effects of trial order and
researcher on response score to test whether our semi-random
experimental design successfully precluded these variables from
influencing behavioral response. We ran a linear mixed-effects
model to examine the effect of trial type on response score, with
Gull ID, trial order, and researcher as separate random factors.
Finally, we also tested for any effects of the number of eggs at the
time of each trial by using a separate general linear model (ran
separately to prevent overfitting our main mixed effects model).
The results of all tests were considered significant at the α = 0.05
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 Table 1. Behavioral response scores used to rate gulls’ overall reaction to the stimuli (Covino et al., unpublished, as modified from
MacLean and Bonter 2013). Higher values represent more energetically intensive responses.
 
Response value Response description

0 No response
1 Immediate increase in vigilance in response to stimulus, followed by relaxation
2 Sustained vigilance for entire walk by; neck slightly raised, looking at researcher, but does not interrupt activities
3 Sustained vigilance for entire walk by; neck fully outstretched, looking at researcher, activities often interrupted, use of “kek-kek” calls
4 Extreme vigilance for at least a portion of the walk by, overall vigilance sustained for entire walk by; use of “yeow” calls in combination

with vigilance (above-described behaviors) and/or oblique posture while still incubating
5 Extreme vigilance for at least a portion of the walk by, overall vigilance sustained for entire walk by; use of above-described behaviors in

combination with interruption of incubation, standing up off  eggs (over the nest), and/or oblique posture
6 Extreme vigilance sustained for entire walk by; use of above-described behaviors in combination with movement within 3 m of nest,

including localized charging or lunging and/or oblique posture
7 Extreme vigilance sustained for entire walk by; use of above-described behaviors in combination with movement beyond 3 m of the nest,

including charging and/or short flights toward the researcher
8 Extreme vigilance sustained for entire walk by; use of above-described behaviors in combination with direct attack behaviors, including

swooping flight

 Fig. 3. Distribution of behavioral responses for each gull (n = 25)
scored using a categorical scale spanning 0 (lowest) to 8 (highest)
(Covino et al., unpublished, as modified from MacLean and
Bonter 2013). Each of the 25 boxes represents the response score
distribution of an individual gull, with the gull’s band ID labeled
on the x-axis. The boxes are arranged from lowest to highest
mean response level. The bolded lines represent an individual’s
median response, interquartile range is indicated by the grey
boxes, and the “whiskers” represent the minimum and maximum
score for each bird (including statistical outliers). Individuals that
are represented by only a bolded line displayed the same response
level in every trial.
 

level. All analyses were run using R (R Core Team 2021). Linear
mixed models were run using packages “lme4” (Bates et al. 2015)
and “lmerTest” (Kuznetsova et al. 2017), and multiple comparisons
were run using package “multcomp” (Hothorn et al. 2008). For
linear mixed models, we used the Satterthwaite’s method to estimate
denominator degrees of freedom.

RESULTS
We conducted a total of 98 trials on 25 gulls; as noted previously,
the fourth trial was not completed for two individuals. There was a
significant amount of variation in scores across individual gulls
(F24,55 = 8.63, P < 0.001) (Fig. 3).  

There was no effect of the individual researcher (F6,88 = 0.37, P 
= 0.90) or trial order (F3,88 = 0.48, P = 0.70) on response score.
There was a significant effect of headwear on response score
(F3,68.9 = 8.13, P < 0.001). Specifically, scores for both wearing a
hat and no headwear were approximately 1.6 (± 0.4, SE) lower on
our response scale than for wearing a helmet (Fig. 4) (wearing
helmet versus hat: z = 4.18, P < 0.001; wearing helmet versus no
headwear: z = 4.29, P < 0.001). Further, responses for holding a
helmet were approximately 1.1 (± 0.4, SE) lower than wearing a
helmet (z = -3.11, P < 0.01). All other pairwise comparisons were
non-significant (Fig. 4) (holding helmet versus hat: z = 1.23, P =
0.61; no headwear versus hat: z = 0.08, P = 1.00; holding helmet
versus no headwear: z = 1.17, P = 0.64). We found no effect on
response score due to mate presence (F1,55 = 1.12, P = 0.33) or the
number of eggs in the nest (F1,94 = 1.32, P = 0.25).

DISCUSSION
As evidenced by their varying responses to researchers wearing
or carrying different types of headwear, Herring Gulls displayed
memory vis-à-vis object recognition. Individual gulls exhibited
different behavioral responses when a helmet was worn compared
to when a helmet was carried, when a hat was worn, or when there
was no headwear worn or present. Since all Herring Gulls in this
study were previously banded and had experienced field
researchers in helmets during banding, subsequent field projects,
or both, our study suggests that Herring Gulls associate the
helmets with the field researchers specifically, over general human
presence. Future investigations into the effect of the helmet on
gull behavioral responses should incorporate more specific tests
of helmet position; while all researchers held the helmet at their
side in this study, the particular orientation with respect to the
focal gull (whether it was held on the side of the researcher nearest
the gull/nest) was not standardized. The gulls exhibited greater
response intensities when researchers wore a helmet versus when
they carried the helmet, which suggests that the object’s position
may influence object recognition. However, the potential
inconsistency of helmet position may be responsible for the
relatively high variation observed in the “holding helmet” trial
results as a product of varying helmet visibility (Fig. 4).  

Our results are similar to a prior study on American Crows which
responded aggressively to a mask that researchers previously wore
during the banding process (Marzluff  et al. 2010). Much like the
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 Fig. 4. Distribution of response scores of Herring Gulls (n = 25) across the four trial conditions, scored using a categorical scale
where 8 is the highest and most aggressive response (Table 1). Median and mean of each condition are provided by the bolded line
and solid dot, respectively. The boxes represent the interquartile range, whiskers represent the first and fourth quartiles, and a
statistical outlier value is indicated by the closed dot. Between-group differences are indicated by asterisks at the P < 0.01 (**) and P 
< 0.001 (***) levels.
 

crows, the Herring Gulls in this study exhibited a level of precision
in their ability to discriminate between a learned stimulus (a
helmet) and a similar but distinct alternative stimulus (a hat). In
addition, Nováková et al. (2020) recently found that Red-backed
Shrikes (Lanius collurio) did not attack a potential threat—a
dummy of a predator—when its features were scrambled.
However, they were more wary of the scrambled predator than
the neutral control dummy. While the Herring Gulls in this study
had similar responses to researchers holding the helmet compared
to researchers wearing a hat or not wearing any headwear, we
contend that the inconsistencies in helmet position preclude our
ability to directly compare this particular result; this should be
investigated further.  

Maclean and Bonter (2013) demonstrated that both Herring
Gulls and Great Black-backed Gulls are alarmed by human
presence. In their study, which was also conducted on Appledore
Island, gulls responded similarly or more intensely to human
presence compared to predator audio recordings. Most nests in
our study were located in areas that experienced regular human
activity throughout the 5-day study period; thus, the possibility
that our focal gulls also encountered the presence of other humans
over the course of the study was high if  not ubiquitous. However,
given that most gulls in this study (22 of 25) responded with some
level of alarm (response score ≥ 3) in at least one of the four
experimental trials (Fig. 3), it is clear based on both this study
and that of Maclean and Bonter (2013) that the gulls on
Appledore Island are alerted to human presence. Moreover, some
focal nests were located near nests of other Herring Gulls and/or
Great Black-backed Gulls, which also presented a potential
confounding factor for behavioral response intensity. Nest density

may influence nest success in gulls, as the predation risk by other
gulls intraspecifically and interspecifically may depend on both
nest density and whether the neighbors are conspecific (Watanuki
1988, Ellis and Good 2006). While these effects of additional
human presence and proximity of conspecifics and
heterospecifics may have influenced an individual gull’s response
intensity or likelihood, these effects were likely consistent within
each focal individual’s experience and thus would not have
substantially affected the results of this study.  

Although banding projects with Appledore Island Herring Gulls
began in 2004, in recent years (since 2017) the gull have only
occasionally been banded. The time period between initial
banding and our trials ranged from 1 to 17 years (8.5 ± 3.37 years).
However, there have been consistent banding and monitoring
efforts on the island, which more recently concentrated on
breeding Great Black-backed Gulls. Thus, while a large span of
time had passed for some individuals since their initial banding
experience, because of their nesting locations, our focal Herring
Gulls have regularly experienced helmeted researchers conducting
their work. Similarly, the age of our focal gulls varied across both
those banded as hatch-year chicks (5–17 years) and those banded
as adults (at least 5 years to at least 11 years). The unknown precise
age of all focal gulls (banded adults were at least 4 years old)
precluded our ability to investigate the effects of age on nest
defense and object recognition. Future research should explore
whether gulls’ responses to helmet-clad researchers vary
depending on the time elapsed since banding and/or gull age, but
to do so, a study design would have to include a unique helmet or
other stimulus used solely during banding and not during other
ongoing research efforts.
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CONCLUSION
We demonstrated that Herring Gulls recognized a particular
object—a bicycle helmet—that is associated with researchers
during banding and other studies. The responses of the gulls in
this study suggest that they are associating researchers wearing
helmets with greater threats of danger. These findings are
important because they further expand our understanding of the
ways in which birds recognize certain objects or stimuli, and
expand the taxa for which this capability has been demonstrated.
To our knowledge, no other study has documented object
recognition within the Larus genus.  

As the environment is continuously modified by humans, bird
species are being pressured to adapt their life history strategies to
better survive. Appledore Island represents just one example of
an active breeding colony of birds coexisting alongside human
activity. Human-caused nest disturbance negatively affects
reproductive success across a vast taxonomic breadth of seabirds
(Fetterolf  1983, Carney and Sydman 1999); however, with the
development and implementation of protocols that are mindful
of nesting phenology and bird stress when monitoring a breeding
colony, the detrimental effects of human involvement can be
mitigated (Brown and Morris 1994). For this reason, it is
important to understand the factors that may induce stress and
activity interruption in breeding seabirds to minimize any harm
caused by population monitoring and banding. Researchers
should continue to optimize banding and observation protocols
with special consideration of the particular breeding biology of
their focal species. In examining the potentially negative effects
of monitoring and banding on individuals, we may become better
able to implement protocols that reduce our impact on our study
species overall.
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