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ABSTRACT

Using a novel method for testing the effect of gaze direction on flight initiation distances of
European Herring Gulls Larus argentatus, we found that distances were significantly shorter for
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an averted gaze treatment than for a direct gaze. There was no difference between adult and
immature gulls in their response, suggesting that from an early age Herring Gulls consider the

orientation of a human'’s eye in their anti-predator responses.

Predation can create considerable selection pressures on
populations of prey species (Kotrschal et al. 2017). For a
predator to be successful, it must first find prey in its
environment, employ a suitable method of pursuit and
capture, and then consume the caught prey item.
Consequently, prey species have developed a wide
array of anti-predator mechanisms which interrupt
steps in the chain of predation. Anti-predator
mechanisms involve the combined use of physical
adaptations and behavioural responses and can be
grouped into three main strategies (Kavaliers &
Choleris 2001). The first group of strategies aims to
reduce detection from predators. The second set of
strategies includes adaptations that allow prey to fight
or ward off a predator. Lastly, the third group of
strategies involves avoiding predation by fleeing from
a predator once detected. A critical component of
these strategies is the ability of a potential prey
individual to identify a predator, assess the threat it
poses, and then carry out an appropriate anti-predator
behaviour (Berankova et al. 2014).

Under optimal escape theory, an animal should only
flee when the risk is such that the benefit of fleeing will
outweigh the costs of lost foraging or mating
opportunities (Ydenberg & Dill 1986). If flight is
initiated too frequently, the substantial loss of energy
and time acquiring resources results in a fitness cost
(Samia et al. 2013). Prey species must therefore
consider a wide range of variables before determining
the distance from a predator at which to flee (flight

initiation distance, FID) (Samia et al. 2016). One such
variable is the behaviour of the potential predator. As
a predator is required to catch prey to consume it,
predatory intent can be determined through analysing
a predator’s gaze cues and system of approach
(Bateman & Fleming 2011, Meller & Tryjanowski
2014). Gaze cues refer to the presence, direction and
motion of the head or eyes. Species which are capable
of identifying and reacting to the gaze cues of another
individual are referred to as ‘gaze sensitive’ (Davidson
& Clayton 2016).

Currently, the mechanisms by which gaze sensitivity
develops within individuals are poorly understood, with
hypotheses suggesting that gaze sensitivity is either an
innate trait of certain species or that gaze sensitivity is
an example of associative learning within individuals,
with a higher probability of occurring within some
species (Davidson & Clayton 2016). Gaze research
within birds has illustrated that juvenile hand-reared
Common Ravens Corvus corax display gaze sensitivity.
At four months old, Common Ravens gain the ability
to track the gaze of others, while adults demonstrate
flexibility in their gaze responses and habituate to
repeatedly meaningless gaze cues (Schloegl et al.
2007). Other bird species such as the Hadeda Ibis
Bostrychia hagedash and European Herring Gull Larus
argentatus (hereafter Herring Gull) have displayed
aversive gaze responses to human head direction
(Bateman & Fleming 2011, Goumas et al. 2019).
Furthermore, Herring Gulls have larger FIDs when
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exposed to a forward facing human head with forward
gaze, than to a forward facing head with a downward
gaze (Goumas et al. 2020). Investigating adults and
immature gulls could help determine when gaze
sensitivity develops.

Herring Gulls are a good model species for
investigating the development of gaze responses in
wild populations, as both adults and recently fledged
individuals display gaze aversion (Goumas et al. 2019,
2020), have distinct plumage stages with age (Dwight
1920), and are an accessible species to sample as they
are frequently found in large numbers at coastal cities
across Northern Europe (Rock 2005). They are also
frequently habituated to human presence, allowing
relatively close approaches before they initiate flight;
key when determining whether they pay attention to
subtle cues such as gaze direction or not. Aberdeen,
Scotland is one such city; an urban area larger than
previous study sites that hosts a large population of
Herring Gulls.

First, we aimed to determine whether Herring Gulls
respond to the orientation of the eyes from a human’s
gaze. We developed a novel FID sampling method
comparing a ‘direct-gaze’ treatment to an ‘averted
gaze’ treatment (Figure 1). As Herring Gulls have
previously displayed aversion to human gaze, we
expected that Herring Gulls exposed to the direct-gaze
treatment would exhibit a longer FID. Secondly, we
compared the gaze responses between adult and
immature Herring Gulls, as differences between adult
and immature birds would provide insight into the
development of gaze responses. We predicted that
adult gulls would exhibit a longer FID than immature
gulls, as they would have learned through experience
to be averse to a human’s gaze.

To create our direct-gaze and averted-gaze treatments,
we used a pair of glasses with attachable images of eyes
(made from paper) either pointing directly forwards
(the direct-gaze treatment) or pointing off to the side
(the averted gaze treatment, Figure 1). The paper eyes
on the glasses had two small holes in the centre for the
wearer to retain vision. The use of paper eyes allowed
for a single field worker to safely carry out fieldwork
and provided standardized treatments.

We carried out a pilot study to establish whether gulls
differentiate between real eyes and paper eyes. We
compared direct-gaze paper eyes to a direct gaze with
real eyes using the same FID method as the main
study. Thirty gulls were sampled in the FID pilot
study. No significant difference was found in FID
between the direct-gaze real eyes (mean + SD =12.84
+6.38 m) and direct-gaze paper eyes treatments
(mean £ SD = 14.66 + 6.33 m; two-sample t-test: t,7 905

=—0.785, P=0.438). Therefore, we determined that
we could use paper eyes in the main study.

We carried out sampling on a length of beach at
Aberdeen, United Kingdom (57.143°N 2.069°W to
57.172°N 2.078°W) on ten days from 15th October
2021 to 22nd December 2021, outside of the breeding
season of Herring Gulls. On each day, the
experimenter collected FID samples on one 3500 m
transect, following the shoreline at Aberdeen beach.
When daylight allowed, we commenced sampling just
before low tide, when the largest area of sand for gulls
to forage was available. When low tide did not
coincide with daylight, we sampled during the lowest
tide level that occurred during daylight. All sampling
occurred between 08:30 and 16:00. Clothing colour
(trousers: grey, brown or blue. Jacket: blue or navy)
was randomized, as according to the species
confidence hypothesis, birds may be attracted or
repelled by colours similar to their own or dissimilar
to their own respectively (Gould et al. 2004, Zhou &
Liang 2020).

The beach is separated into 30 segments (mean length
=116m) by groyne fences. The experimenter walked
along the transect, going from the southernmost to the
northernmost groyne on the beach, sampling lone gulls
encountered on the transect. A maximum of one gull
per groyne segment was sampled so that gulls were not
influenced by the others fleeing and as it enabled us to
record the location of gulls we had just tested to avoid
approaching them again immediately after. We
allocated observed gulls into an age category, as either
immature (Ist to 3rd winter birds), or adult (4th
winter or older), using the plumage traits described by
Dwight (1920).

The treatment each target gull
randomized in statistics package R 4.1.1 (R Core Team
2021) prior to sampling. In each of the treatments,
while wearing the glasses, the experimenter (LL) walked
towards the target gull, at a pace of one step every two
seconds, facing the bird directly with their head and
passing at a tangent of 3 m (Figure 1). We considered a
direct approach angle as too aggressive, as pilot study
trials indicated that it was likely to elicit very long
FIDs. As the experiment aimed to determine whether
gulls respond to eye gaze, we deemed it critical for
head direction to be facing the gull, doing so ensured
that any differences between the treatments were likely
to be caused by a gaze response to eyes rather than
head orientation. We considered flight to be sustained
movement (approximately three seconds) away from
the experimenter. FID was recorded by measuring the
distance between the tip of the experimenter’s footprint
and the gulls flight location to the nearest cm. We

received was
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Averted-gaze treatment

Figure 1. Method of tangent approach and treatments. Thick arrow line represents fieldworker approach direction, thin arrow line
represents the fieldworkers head direction, dashed line represents the passing distance between the fieldworker and the gull. Direct-

gaze paper eyes (upper left). Averted gaze paper eyes (lower left).

sampled a total of 39 gulls (adult averted gaze, n = 9; adult
direct gaze, n=12; immature averted gaze, n=7;
immature direct gaze, n=11).

Statistical analysis was carried out using R. We
fitted treatment (direct or averted gaze), age
(immature or adult) and their interaction as fixed
effects using the lme4 package (Bates et al. 2015).
Adults and averted gaze were the reference
categories. We met assumptions of normality by log
transforming the FID variable. We fitted date as a
random effect to account for multiple measures on
the same days. As gulls were not marked, we could
not account for the possibility that we recorded
multiple measures on the same individuals across
different days. Using the dropl function we tested
the interaction for statistical significance with a
likelihood ratio test. If it was not statistically
significant then we removed it from the model and
proceeded to test the main effects for statistical
significance, also with likelihood ratio tests, starting
with the variable with the higher P wvalue and
removing it from the model if the P value was
greater than 0.05 (stepwise regression; Crawley 2007).

The effect of the treatment did not differ between
adult and immature gulls (linear mixed effect model:
treatment x age interaction /3 =0.098, se =0.278, X2:
0.148, P=0.701). Adult and immature gulls did not
differ in their FIDs (main effect of age p=—-0.174, se
=0.131, X2= 1.783, P=0.182). Gulls in the direct eye
gaze treatment had longer FIDs (mean = SD =19.40 +
6.95 m) than gulls in the averted gaze treatment
(mean + SD = 14.74 + 6.69 m; main effect of treatment
B=0.305, se=0.138, x*=4.830, P=0.028; Figure 2).
The among date variance (0.042) was relatively small
compared to the residual variance (0.147), indicating
FIDs were not greatly different among days.

We found that Herring Gulls exposed to the averted
gaze treatment exhibited a shorter FID, confirming our
prediction. However, we also predicted adult gulls
would have a longer FID than immature gulls, and we
did not find that to be the case, neither did the
response to the direction of eye gaze differ between
adults and immature gulls. This study provides further
evidence to support the idea that Herring Gulls
consider the orientation of the eyes, as well as head
direction, when determining a gaze response and
corroborates the findings of previous research
(Goumas et al. 2019), as well as extending the
examination of this behaviour to a much larger urban
area than considered previously (Aberdeen has a
population of around 200,000, much larger than any
site in west Cornwall; Goumas et al. 2020). However,
as the Herring Gulls were not marked, we may have
measured the same gull multiple times without
controlling for this statistically. This is a form of
pseudoreplication that may have inflated the
significance of the results. Nevertheless, since our
results match those of previous research (Goumas
et al. 2020), it seems likely our conclusions are robust.

We found no difference between immature and adult
gulls, concurring with Goumas et al (2020) and
suggesting that gulls develop an aversive response to a
direct gaze before maturity. In their natural habitat,
they are often victims of kleptoparasitism from three
skua species Stercorarius spp. and Great Black-Backed
Gulls Larus marinus (Brockmann & Barnard 1979),
and are preyed upon by Peregrine Falcons Falco
peregrinus (Sutton et al. 2017) and even occasionally
Marsh Harriers Circus aeruginosus (Graves 2014).
Developing gaze sensitivity at an early age would allow
immature gulls to identify when they are the target of
predation or kleptoparasitism from both conspecifics
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Figure 2. Boxplots illustrating distribution of Herring Gull flight initiation distance of each treatment in each age group. Jitter dots
represent individual samples. Horizontal bars represent the medians, grey boxes represent interquartile ranges, and whiskers

represent minimum and maximum values.

and heterospecifics, allowing them to respond
appropriately. Alternatively, as both immature and
adult gulls from multiple gull species partake in
kleptoparastism (Kéllander 2006, Steele & Hockey
1995), then perhaps gaze sensitivity could confer
advantages for kleptoparasitism by allowing gulls to
pick targets oblivious to their presence or intention.

We counted immature gulls in this study as
individuals in their first to third winters. Therefore, the
lack of difference between adult and immature gulls
may be explained by older immature gulls behaving in
a manner more similar to adult gulls, obscuring a
difference between younger gulls and adults. Indeed,
while there was no significant difference between the
ages, the immature averted gaze category had the
lowest flight initiation distance, perhaps skewed
through younger, more naive individuals. Additionally,
we found the difference between averted and direct-
gaze treatments was larger in immature gulls than
adults, perhaps as younger gulls display a slightly more
aversive response to a direct gaze, as they may be target
to more kleptoparasitism or predation than adults.
Further research could use a marked population, to test
known individuals of more precisely known ages and
to prevent pseudoreplication.

While we and others have found Herring Gulls, as well
as other birds and mammals (Kaminski et al. 2005, Rosati
& Hare 2009) are responsive to gaze, both Common
Ravens and Chimpanzees Pan troglodytes, species
known for their cognitive abilities, do not respond to
gaze cues from eyes alone (Schloegl et al. 2008,
Tomasello et al. 2007). This variation in response to
gaze may be due to eye structure. Gaze sensitive species
such as Herring Gulls, Western Jackdaws Coloeus
monedula (von Bayern & Emery 2009) and humans
show high contrast between the pupil and the iris/sclera,
making eye orientation visible; Herring Gulls have black
pupils and white to pale yellow irises with bright yellow
to orange orbital rings, while Western Jackdaws have
dark pupils and pale blue irises. The contrast between
the pupil and the iris/sclera may facilitate the
development of conspecific communication via eye
orientation (von Bayern & Emery 2009, Davidson et al.
2014). Chimpanzees and Common Ravens both have
completely dark eyes, making the determination of eye
orientation difficult, potentially explaining their
insensitivity to gaze direction (Davidson et al. 2014,
Tomasello et al. 2007). However, some species with dark
eyes, like the Common Starling Sturnus vulgaris, can be
sensitive to eye gaze (Carter et al. 2008). Future research



should test whether species with colour contrasts between
the pupil and surrounding structures are more sensitive to
gaze direction than species with little or no contrast.
Further, presumably there are benefits for individuals in
communicating the direction of their gaze and so the
role gaze sensitivity plays in conspecific interactions
needs to be explored.
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