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Abstract 1

2

Neophobia, the fear or avoidance of the unfamiliar, can have significant fitness consequences. It is typically
assessed by exposing individuals to unfamiliar objects when they are alone, but in social species the pres-
ence of conspecifics can influence neophobia. However, previous research on the effect of group dynamics
on neophobic responses has produced mixed results. Here, we explored the degree of neophobia of an
individual in different social contexts in a highly social species, the herring gull. To this end, we exposed
juvenile herring gulls (N = 54) to novel objects in both individual and group settings (4-5 individuals),
replicating each condition twice. Individuals tested in groups were quicker to eat, and spent more time near
a novel object than individuals tested alone. The results of our study suggest that the presence of group
members reduces perceived individual risk, allowing individuals to behave less cautiously. Preregistered
Stage 1 protocol: https://osf.io/u4b7q (date of in-principle acceptance: 17/05/2024)
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Introduction 16

Neophobia is the fear or reluctance to engage with new or unfamiliar objects, places or scenarios. It is often 17

considered to be a consistent personality trait across species, affecting an individual’s survival and adaptation 18

(Both et al., 2005; Greggor et al., 2015; Kimball and Lattin, 2023; Vrublevska et al., 2015). Research into animal 19

behaviour is increasingly focusing on neophobia because of its significance in the context of rapid environmen- 20

tal change. The world is rapidly urbanising, with the footprint of urban land cover expected to at least double 21

by the end of the century (Gao and O’Neill, 2020). Many species must therefore adapt to human-induced 22

changes in their environment, and hence, to unfamiliar scenarios (Lee and Thornton, 2021; McKinney, 2002). 23

In such situations, neophobia can, on the one hand, serve as a survival mechanism, allowing individuals to 24

avoid potential threats and increase their chance of survival (Greenberg and Mettke-Hofmann, 2001). On the 25

other hand, excessive aversion to novelty can restrict exploratory behaviour, limiting an individual’s ability to 26

locate and exploit novel resources, learn from its novel environment and adapt to environmental changes 27

(Biondi et al., 2010; Greenberg, 2003). 28

To assess neophobia, individuals are typically exposed to novel food, objects, or spaces (Greggor et al., 29

2015; Mettke-Hofmann, 2017). For example, in the ’novel object task’, which we used in the present study, an 30

individual encounters an unfamiliar object, often placed next to a food reward, in a familiar environment. The 31

latency to approach the food (in the presence of the novel object) or to interact with the novel object itself, 32

is then used as a measure of neophobia (Greggor et al., 2015; Miller, Lambert, et al., 2022; Vernouillet and 33

Kelly, 2020). These measures have been used in cross-species comparisons to investigate, for example, the 34

socio-ecological drivers of neophobia (Mettke-Hofmann et al., 2002; Miller and Lambert, 2024; Miller, Lambert, 35

et al., 2022), or within species, to investigate both the causes and consequences of individual differences in 36

neophobia (Greenberg and Mettke-Hofmann, 2001). 37

Most research on neophobia has focused on individual animals, both in laboratory and field settings. How- 38

ever, it is important to consider that many species are to various extents reliant on social information, so 39

individuals can influence each other’s behaviour. This is also true in the context of adapting to environmental 40

changes and urbanisation (Lee and Thornton, 2021). For instance, when individuals encounter a new envi- 41

ronment, they may learn from others about appropriate roosting or nesting sites, food sources, or unfamiliar 42

predators (Harel et al., 2017; Keen et al., 2020; Loukola et al., 2012). In this context, several studies suggest 43

that the presence of conspecifics also influences neophobia. However, the mechanisms behind this social 44

phenomenon are still a topic of debate due to the various patterns that have been observed. 45

First, some studies have found that individuals in groups are generally less neophobic than when tested 46

alone. For example, Coleman and Mellgren presented zebra finches (Taeniopygia guttata) with novel feed- 47

ers and decorated the feeders with novel objects (Coleman and Mellgren, 1994). Individuals in a group ap- 48

proached and started using the new and decorated feeders more quickly than when tested alone. Other stud- 49

ies reported similar patterns in different species for some (but not necessarily all) measures of neophobia 50

(Benson-Amram and Holekamp, 2012; Kareklas et al., 2018; Moretti et al., 2015; Soma and Hasegawa, 2004). 51

Such mitigating effects of social context on neophobia may be attributed to ’risk dilution’ (Krause and Ruxton, 52

2002) or ’social buffering’ (Kikusui et al., 2006). These theories predict that neophobia, or fear responses in 53

general, are reduced in the presence of others, as individuals in a group collectively share the potential risks 54

associatedwith novel situations or threats, causing them to behavemore similarly
:
.
::::
This

::::::
shared

:::
risk

::::::::::
perception 55

:::
will

::::
also

::::
lead

::
to

:::::
more

:::::::
uniform

::::::::::
behaviour

:::::
within

::::
the

::::::
group,

::
as

:::::::::
individuals

::::::
adapt

::::
their

:::::::
actions

::
in

::::::::
response

:::
to 56

:::
the

:::::::::
behaviour

::
of

::::::::::
conspecifics. 57

Second, some studies found the opposite pattern. For example, common ravens (Corvus corax) and carrion 58

x hooded crows (hybrid; C. corone, C. cornix) approached novel objects faster when alone than when accom- 59

panied by a conspecific (Miller, Bugnyar, et al., 2015; Stöwe, Bugnyar, Heinrich, et al., 2006a; Stöwe, Bugnyar, 60

Loretto, et al., 2006). Other studies have observed similar patterns in other species, including Indian mynahs, 61

Acridotheres tristis (Griffin, Lermite, et al., 2013), house sparrows, Passer domesticus (Kelly et al., 2020), and 62
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even zebra finches (Kerman et al., 2018; St. Lawrence et al., 2021), thus failing to replicate the findings of the 63

aforementioned study by Coleman and Mellgren (1994). Interestingly, however, some of these studies found 64

that once individuals reached the novel object, they spent more time interacting with it when in the presence 65

of others (either in pairs or in groups) than when isolated (Miller, Bugnyar, et al., 2015; St. Lawrence et al., 66

2021; Stöwe, Bugnyar, Heinrich, et al., 2006a). It has therefore been suggested that the slower approach la- 67

tencies may be due to conspecifics ’negotiating’, by using behavioural cues to coordinate their actions and 68

deciding who will approach the novel object first. Consequently, this may lead to a convergence of individual 69

behaviours, as group members align their actions based on these cues. 70

Third, some studies failed to find effects of social context on average neophobic responses altogether (e.g 71

Apfelbeck and Raess, 2008). While it is of course possible that social context does not matter for some species, 72

it is also possible that the presence of conspecifics alters behaviour of individuals without changing the mean 73

response. Specifically, in environments where conspecifics’ behaviour serves as an indicator of appropriate 74

responses, individualsmay adjust their own behaviour tomatch that of others (Herbert-Read et al., 2013). This 75

synchronisation of behaviours within the group, or ’social conformity’, enhances cohesion and helps the group 76

to adapt to their environment. Observations in a variety of species, such as zebra finches (Schuett and Dall, 77

2009) and gouldian finches, Erythrura gouldiae (King et al., 2015), show how individuals adapt their behaviour 78

and mirror their partners’ character traits. For instance, if a gouldian finch exhibited bold behaviour, the 79

observing individual tended to become bolder as well, while if the partner displayed shyness, the observing 80

individual mirrored this trait (King et al., 2015). Thus, this study found that the neophobic response was 81

similar on average for individuals tested alone or in pairs, but there was less variation between individuals in 82

the paired condition compared to the alone condition. 83

Current study The aim of this study is to investigate if and how the social context affects neophobia in the 84

herring gull (Larus argentatus). Gulls’ natural coastal habitat is rapidly disappearing, forcing them to live closer 85

to humans in urban environments and to rely more on anthropogenic food sources (Coulson, 2015; Nager 86

and O’Hanlon, 2016). Although reports in popular media may suggest that herring gulls are generally not neo- 87

phobic due to their approach towards humans or stealing food, such anecdotes do not necessarily reflect the 88

species’ behaviour at a population level (Inzani et al., 2023). In fact, widely differing levels of neophobia as well 89

as individual differences therein exist within populations (Inzani et al., 2023). The latter finding suggests that 90

for some individuals, it might be easier to adapt to environmental change and urbanisation than for others. 91

Indeed,
:
there is considerable intraspecific variation in how herring gulls utilise urbanised areas, ranging from 92

minimally to almost complete dependence (O’Hanlon et al., 2017; Pavlova and Wronski, 2020). 93

Herring gulls are a highly social species, utilising cues not only from conspecifics, but even from other 94

species, including humans. This suggests that social learning is a key aspect of gull behaviour (Feist et al., 95

2023; Frings et al., 1955; Gandolfi, 2009; Goumas et al., 2020). Thus, when assessing their neophobia, it is 96

important to do this not only in an individual context, but also in a social (group) context. Based on previous 97

findings (as reviewed above), we predict that the distribution of neophobic responses will depend on the 98

social context. However, the direction of the effects will depend on the social mechanisms at play. In Figure 99

1, we provide a template for testing the three different hypotheses of group effects, taking into account two 100

measures, namely the average neophobic response and the variance between individuals. 101

Overall, we predict that there will be lower variance between individuals when they are tested in a group, 102

compared to when they are tested alone. After all, all of the major hypotheses discussed above assume that 103

individuals becomemore similar to each other by spreading risk, jointly buffering stress, negotiating with each 104

other, or simply through social conformity. However, there are three possible scenarios regarding the average 105

neophobic response. First, the ’risk dilution’ hypothesis predicts that herring gulls will be less neophobic on 106

average when in a group compared to when they are alone (scenario A in Figure 1). Second, the ’negotiation’ 107

hypothesis predicts that individuals will be more neophobic when in group (scenario B in Figure 1). Third, 108

according to the ’social conformity’ hypothesis, individuals will tend tomimic one another’s behaviours—those 109

who are neophobic will show a decrease in their fear of novel objects when surrounded by others who are 110
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less neophobic, and vice versa (scenario C in Figure 1). Thus, in this third scenario, there is a reduction of 111

variance but no change in the average neophobic response. These three predictions are contrasted with the 112

null hypothesis that social context does not modulate variance, or group means (’Null Hypothesis’, Figure 1). 113

To test these predictions, juvenile herring gulls were subjected to four distinct conditions: individual or 114

group tests paired with a control or novel object. Each condition was repeated twice. The guidelines for 115

designing neophobia tests of Greggor et al. (2015) were followed, and a within-subject design with a relatively 116

large sample size (N = 67 individuals) was chosen to further increase the statistical power of the study. One 117

additional reason for the inconsistent previous findings is that sample size was relatively low in many studies 118

(see also Farrar et al., 2020). In addition, the herring gulls used in this study were raised by hand from the egg 119

to control for sampling bias, a recurring issue when testing wild animals. After testing, they were released in 120

the wild. 121

Figure 1. Overview of hypotheses

Material and methods 122

Sample size 123

We originally planned to test 80 herring gulls twice across a 2x2 design (thus eight tests per individual; 124

see above). We performed an a-priori power sensitivity analysis using G*Power (Erdfelder et al., 2009), for 125

a repeated measures MANOVA with three within-subject factors: context (with levels group and individual), 126

object (with levels control and novel object), and trial (with levels 1 and 2). Our initial analysis indicated that 127

a sample size of 80 would be sufficient to detect small main effects of context, object, and trial (Cohen’s f 128

effect size of 0.11 (Cohen, 2013); Power = 0.80 ; cor. among RM
:::::::::
correlation

:::::::
among

::::::::
repeated

:::::::::
measures

:
= 129

0.5), as well as an interaction between context and object with small effect size (0.11; Power = 0.80 ; cor. 130

among RM
:::::::::
correlation

::::::
among

::::::::
repeated

:::::::::
measures = 0.5). We reared the gulls from the eggs (see the ’Subject 131

section’ below) and we anticipated that in some cases herring gull eggs would be mistaken for those of the 132

phylogenetically and ecologically related lesser black-backed gull (LBBG) during egg collection. For logistical 133

reasons, the chicks could only be identified to the species level after testing by visual inspection of plumage 134

differences. To mitigate the potential reduction in sample size (due to the exclusion of LBBGs), we conducted 135

a second a-priori power analysis accounting for a potential 10% dropout rate. This a-priori analysis revealed 136

that even with a 10% reduction, our study would still have sufficient statistical power (Cohen’s f effect size of 137

0.17) to detect significant effects. 138
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Due to unanticipated mortality, we were only able to test 67 birds (instead of the registered 80). Of these 139

67 birds, 13 individuals were later identified as LBBG (a higher percentage than we had anticipated) and were 140

excluded from further analysis in accordance with the registered protocol
::
as

:::::
there

:::::
may

::
be

::::::::::
differences

:::
in 141

:::::::::
neophobic

:::::::::
responses

::::::::
between

::::::::
migratory

::::
(i.e.

:::::
LBBG)

::::
and

:::::::::::::
non-migratory

:::
(i.e.

:::::::
herring

:::::
gulls)

::::::
species

:
(Miller and 142

Lambert, 2024). This further reduced our final sample size (N = 54). Although this is a significant reduction 143

from our planned sample size (N = 72 after exclusion of LBBG), it is important to note that our sensitivity 144

analyses were based on repeated measures MANOVAs (within species
:::::::
subjects factors). This type of analysis 145

does not take into account the additional flexibility offered by (G)LMMs, which are not currently covered by 146

G*Power or most other power estimation tools. The mixed effects models used in this study (in line with the 147

registered protocol) are more robust and better equipped to deal with unexplained variance than the fixed 148

effects MANOVAs used in our sensitivity analysis. Thus, despite the reduction in sample size, our proposed 149

mixed-effects models are expected to retain sufficient power to detect the effects of interest.
:::
An

::::::::
overview 150

::
of

:::
the

::::::
group

:::::::::::
composition,

::::::::
including

:::
the

::::::::
number

::
of

:::::
LBBG

::::::::::
individuals

:::
and

::::
the

:::
sex

:::::::::::
distribution,

:
is
::::::::
provided

:::
in 151

:::::::::::::
Supplementary

:::::
Table

::
2. 152

Subjects 153

Egg Collection and Incubation 154

The herring gulls used in this study are part of a larger research project and were raised and tested at the 155

avian research facilities of Ghent University (Lab number LA1400452), located at the Wildlife Rescue Centre 156

(WRC) in Ostend, Belgium. Eggs were collected in May and June 2024, from nests of roof-breeding parents, by 157

the Research Institute for Nature and Forest (INBO) under the license of the Agentschap voor Natuur en Bos 158

(ANB) and the ’gull patrol’ team, authorised to remove eggs along the Belgian coasts for nuisance prevention. 159

Collected before the pipping stage, the eggs were transported to the WRC under stable conditions for further 160

incubation, using Brinsea Ova-Easy incubators (temperature = 37.5°C; humidity = 45%). Upon arrival,
:
eggs 161

were marked with a unique nest identifier and the two largest eggs, which are typically the first laid eggs of 162

a clutch (Parsons, 1972), were incubated. They were checked twice daily for small cracks, indicating pipping. 163

Eggs showing signs of pipping, were moved to a MS700U Hatchery (temperature = 37.2°C; humidity = 50%). 164

Chick Rearing 165

Once hatched and fully dried, the chicks received a unique combination of colour rings for identification. 166

::::::
Feather

::::::::
samples

::::
were

::::::::
collected

:::
for

:::
sex

::::::::::::
determination

:::
via

::::
PCR,

::::::::
following

:::
the

:::::::
protocol

::::::::
outlined

::
by

:::::::::::::::::::::::::
Fridolfsson and Ellegren, 1999167

.
:::::
This

:::::::
method

:::::::
targeted

::::
the

:::::::
CHD1W

:::
and

:::::::
CHD1Z

::::::
introns

:::::
using

::::::::::::
2550F/2718R

:::::::
primers,

::::
with

::::
PCR

::::::::::
conditions

:::
set 168

::
to

::
30

::::::
cycles

::
at

:::
an

:::::::::
annealing

:::::::::::
temperature

:::
of

:::::
56°C.

:
The chicks were then housed in groups of 10 in boxes 169

with netting bottoms (size = 120 x 60 x 60cm, LWH) within heated rooms (ambient temperature= 15-25°C; 170

humidity=40%-80%; under natural light conditions). Each box contained a heating plate (30 x 30cm). The 171

semi-precocial chicks were hand-fed small pieces of fish and dog pellets soaked in water, supplemented with 172

Akwavit, a complementary feed specially developed for fish eating animals (Kasper Faunafood, The Nether- 173

lands). Food was available ad libitum. Once the chicks were at least 5 days old and their weight exceeded 60 174

grams, they were moved to outside enclosures (size = 500 x 205 x 265cm, LWH), housed in stable groups of 10 175

::::
8-10 individuals. Outside, heating plates were provided during the first few days if night-time temperatures 176

were forecasted to drop below 5°C, or in the event of adverse weather conditions such as heavy rain or storms. 177

Food consisted of a mixture of dog pellets soaked in water and fish, provided 4 times per day, following the 178

default policy at the WRC. Water was provided ad libitum. Individuals were tested when they were approxi- 179

mately 30 days old, shortly before they reached fledging age. After testing, the birds were moved to a large 180

flight cage (approximately 180m2) for dehabituation from handling. Once they were 8-10 weeks old, birds 181

were released in the wild, and a subset (n = 23) received a GPS-device. 182
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Behavioural Test: Novel Object Task 183

Task Design: For testing purposes, each home enclosure containing eight to ten
::::
8-10 birds was pseudo- 184

randomly divided into two stable testing groups of four to five individuals that were familiar with each other. 185

Within these subgroups, we ensured that nestmates were not placed in the same testing group. This arrange- 186

ment allowed tomaintain consistent housing conditions when not testing, while ensuring that testing sessions 187

consistently involved the same subgroups of four to five individuals. 188

In the ’novel object’ condition, birds were exposed to a pseudo-randomly selected novel object. Conversely, 189

in the ’control object’ condition, birds were exposed to a familiar object. By placing a familiar object behind 190

the food plate in the control condition, we ensured that responses in the ’novel object’ condition were elicited 191

by the novelty of the object and not just the presence of the object itself (see e.g. Greggor et al., 2015, for 192

justification). The familiar object remained in place throughout the testing and habituation period to avoid 193

dishabituation from the familiar object. It was replaced by the novel object only during the novel object testing 194

sessions. To preserve the integrity of the experimental design, the novel object introduced in each of the 195

four sessions was unique, thus each bird’s interaction with it marked their first encounter. The experimental 196

timeline spanned from late June to mid-July, and lasted 8 consecutive days. We used five objects (Figure 2) of 197

similar size (approximately the same size as a four weeks old gull), but of different colour, form and texture. 198

Figure 2. Novel or control objects.
Prior to the Task: In preparation of the novel object task, and following a series of cognitive tests as part 199

of another study (three tests in total), the test setup (Figure 3) was introduced into the birds’ home enclosure 200

when the birds were not present. This setup included the pre- and post-testing pens, the start area, and 201

one of our five pseudo-randomly selected objects, which later acted as the control object in the neophobia 202

assessments. After having introduced the test setup, birds were allowed to accustom to the presence of the 203

test apparatus for a period of six days. This habituation period minimised any potential stress towards a new 204

6



Figure 3. Test setup in home enclosure.

environment, which may influence the behavioural outcome of the test trials. 205

In order to distinguish the birds when they were being tested in a group, each individual was given a unique 206

marking (marker pen, Raidex) a few days before the test, which could be easily detected by a roof-mounted 207

camera, as colour rings were not visible in the video recordings. 208

Testing Protocol: The testing commenced after the six-day habituation period. Order of conditions was 209

counterbalanced to incorporate control and novel object conditions, as well as individual versus group set- 210

tings, with the entire sequence being repeated twice. The animals were food deprived since their last feeding 211

moment the evening before each test at 5:30 PM, to reduce motivational differences before testing. Testing 212

began around 7:30 AM and was completed around 11 AM. In both group and individual trials
:::::::
settings, individ- 213

uals were given a maximum of 10 minutes for entering the test arena, and an additional
::
to

:::::
leave

:::
the

:::::
start 214

::::
area

:::
and

:::::
enter

::::
the

:::
test

::::::
arena.

:::::
Once

:::
an

:::::::::
individual

:::::::
entered,

:::
the

::::
trial

::::::::
duration

::::
was

:
a
:::::
fixed 10 minutes.

:::::::
During 215

:::
this

:::::::
period,

:::::::::
individuals

::::
had

::::
the

::::::::::
opportunity

:
to feed, which is consistent

:::
but

:::
the

::::
trial

:::::::::
continued

:::
for

:::
the

::::
full 216

:::::::::
10-minute

:::::::
duration

:::::::::
regardless

:::
of

:::::::
whether

:::
the

::::
bird

::::
first

:::::::
touched

:::
the

:::::
food.

::::
This

:::::::::
approach

:::::
aligns with previous 217

novel object studies (Brown and Nemes, 2008; Bruijn and Romero, 2021; Lecuelle et al., 2011).All tests were 218

recorded with roof-mounted cameras. 219

Prior to testing, all the birds were moved to the pre-testing holding pen. Next, a stacked plate of fish
::::
food 220

::::
plate

:::
(27

:::
cm

::
in
::::::::::
diameter),

:::::::::
completely

:::::
filled

::::
with

::::
fish,

:
and an object (novel or control, depending on the con- 221
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dition) was
::::
were placed at the back of the enclosure, with the food plate placed in front of the object to rule 222

out directional preference. A single bird, or group of birds, depending on the social context, was placed in 223

the start area. The tester lifted the door of the start area after 15 seconds and left, giving the bird(s) access 224

to their home enclosure (Figure 3). The first 10-minute period started when the door began to move, the 225

second 10-minute period started for each bird individually when it left the start area. The test session ended 226

10 minutes after the bird had left the start area in individual trials, or after all birds had left the start area in 227

group trials. Next, the tester moved the tested bird(s) to the post-testing holding pen and started a new test 228

with a new (group of) bird(s). 229

Data processing and analysis 230

Video coding. We coded all videos using the free, open-source software BORIS (Behavioural Observation 231

Research Interactive Software) (Friard and Gamba, 2016). Four events were coded, namely ’start of trial’, ’test 232

arena entry’, ’eating’, and ’zone of interest’ (see Table 1 for full descriptions). Based on the coded events, we 233

determined latencies and cumulative times. By extracting the time difference between ’start of trial’ and ’test 234

arena entry’, we determined the latency to leave the start area (Figure 3). In order to determine the latency 235

to approach the food, we extracted the time difference between ’test arena entry’ and ’eating’. Time spent in 236

the zone of interest (i.e. in proximity to the food reward and/or novel object, see Figure 3) was calculated as 237

the cumulative time over the length of the trial. If an individual did not perform one of the target behaviours, 238

we assigned the maximum latency, representing the full task duration (in seconds), to that behaviour. For 239

example, the behaviour ’test arena entry’ has a latency of 600 seconds if an individual did not enter the test 240

arena. This maximum latency applies only to latency measures; for time spent in the zone of interest (ZOI), a 241

value of 0 was recorded if a bird did not enter the ZOI. For the group tests, we followed each bird individually 242

to code their behaviours. 243

Video coding was conducted collaboratively by multiple experimenters, with 20 percent of all videos being 244

double-coded by a third experimenter to assess inter-rater-reliability (IRR) using Cohen’s Kappa. Our analysis 245

resulted in a Cohen’s Kappa of 0.89, which indicates strong agreement between coders (McHugh, 2012). 246

Table 1. Ethogram of behaviours that were coded in BORIS. The ’zone of interest’ was defined as a fixed
rectangle that included the object and the food bowl. To ensure comprehensive observation coverage, this
area was expanded by the approximate body length of a 4-week-old gull (30 cm). This ensured that all relevant
activities within and around the novel object were captured.

Action Definition
Start of trial (Point event) Moment the door starts moving.
Test arena entry (Point event) When the entire bird is outside the start area.
Eating (Point event) When the beak touches the food.
Zone of interest (State event) When the

:::
The

::::
bird

::
is

::::::::::
considered

::
to

:::::
enter

::
or

:::::
leave

::::
the

::::
zone

:::
of

::::::
interest

::::::
when

:::
the front half of the bird

::
its

::::
body

:
crosses the (no-

tional) line
::::::::
boundary

::
of

:::
the

:::::
zone.

Statistical analysis 247

Statistical analyses were conducted using R, version 4.4.1 (R Core Team, 2021). All package version num- 248

bers are documented and managed using the renv package (Ushey and Wickham, 2024). Mixed-Effects Mod- 249

els (LMMs) were fitted using the lme4 package (Bates et al., 2015), and parameter estimation along with p- 250

values were calculated using the lmerTest package (Kuznetsova et al., 2017), via Satterthwaite’s degrees of 251

freedom method. Model assumptions, including normality and heteroscedasticity, were assessed using the 252

performance package (Lüdecke et al., 2021), and transformations (log or Box-Cox) were applied where nec- 253

essary. 254
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Initial diagnostic plots indicated non-normality of residuals and heteroscedasticity in the models. To ad- 255

dress these violations, we followed a structured approach. Each dependent variable was first fitted using the 256

raw data. When this did not meet assumptions, a log transformation was applied. This approach sufficiently 257

improved model fit for the ZOI duration model, and the model was refitted accordingly. For the latency to en- 258

ter and latency to eat models, however, the log transformation did not resolve assumption violations. In these 259

cases, a Box-Cox transformation was implemented, with optimal lambda values determined using maximum 260

likelihood estimation. The estimated lambda values were λ = −0.869 for latency to enter and λ = −0.828 261

for latency to eat. The models were refitted using the Box-Cox transformed dependent variables, leading to 262

improved model assumptions. 263

The primary objective of the analysis was to determine whether neophobic responses differed between 264

individual and group trials. LMMs were fitted to different latency measures (latency to enter, latency to eat, 265

and ZOI duration) under appropriate transformations (log or Box-Cox). Models were selected based on the 266

best fit and diagnostics, with Type III sum of squares used to ensure appropriate partitioning of variance for 267

the fixed effects. Key fixed effects included object (control vs. novel objects) and context (individual vs. group). 268

We added trial as a fixed effect to account for repeated testing.
::::::::::
Additionally,

::::
sex

::::
was

::::::::
included

::
as

::
a
:::::
fixed 269

:::::
effect

::
to

:::::::
account

:::
for

::::::::
potential

::::::::::
differences

:::::::
between

::::::
males

:::
and

::::::::
females.

::::
Data

:::::
were

::::::::
available

:::
for

::
all

::::::::::
individuals 270

::::::
except

::::
two:

:::
one

::::::
where

:::
the

::::
PCR

:::::
failed

:::
and

::::::::
another

:::::
where

:::
the

:::::::
sample

::::
was

:::
lost.

:
Initially, we fitted a full random 271

effects structure (in line with the preregistered report) accounting for variability at the NestID, GroupID, and 272

BirdID levels, with specific terms for individual (indiv_dummy) and group (group_dummy) conditions to capture 273

within-subject and within-group variation. The full random effects model was: 274

Latency ∼Object× Context+ Trial+Object× Sex
::::::::::::

+ (1|NestID)
+ (−1 + Group_dummy|GroupID)
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (1)

However, the full randomeffects structure, outlined in the preregistered report, led to over-parameterisation. 275

Consequently, non-significant interactions were dropped to simplify the model. In addition, the final models 276

were simplified by including only random intercepts for BirdID, while retaining the dummy variables where the 277

model allowed it. This approach effectively captured individual-level variability in both individual and group 278

conditions, avoiding over-fitting. The final model structure for each latency measure is as follows: 279

Box-Cox(Latency to enter) ∼Object+ Context+ Trial+Sex
::::

+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (2)

Box-Cox(Latency to eat) ∼Object× Context+ Trial+Sex
::::

+ (1|BirdID) (3)

Log(ZOI duration) ∼Object× Context+ Trial+Object× Sex
::::::::::::

+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (4)
For models fitted on Box-Cox transformed latency data, transformation parameters were estimated using 280

the MASS package (Venables and Ripley, 2002). Marginal means for the fixed effects (context and object) were 281
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computed and back-transformed to the original scale (seconds) using the Box-Cox inverse transformation, 282

or an inverse log transformation for eating latency, with the emmeans package (Lenth, 2024). Random effect 283

variances for individual (indiv_dummy) and group (group_dummy) contexts were extracted from the model 284

outputs using the lme4 package (Bates et al., 2015). To aid interpretation, we back-transformed the random 285

effects by simulating random effects for 1000 individuals under both conditions (individual and group), while 286

accounting for the covariance between indiv_dummy and group_dummy using themvtnormpackage (Genz et al., 287

2020). These simulated randomeffects were then combinedwith the predicted fixed effects for each condition 288

(individual vs. group, control vs. novel object) and back-transformed to the original scale. The inverse Box- 289

Cox transformation was applied to latency to enter and ZOI duration, while the inverse log transformation 290

was applied to latency to eat. 291

We also fitted a multivariate model on the combined dataset for latency to enter and latency to eat, using 292

a contrast for behaviour type (eat_vs_leave_contrast) to account for potential correlations between the two 293

outcomes. The multivariate model confirmed the findings from the univariate analyses, indicating consistent 294

effects across both latencymeasures. However, for ease of interpretation, the results of the univariatemodels 295

are presented in the main manuscript
:::
here, as they allow a more straightforward interpretation of the individ- 296

ual effects of each predictor on the dependent variables. Although the multivariate model is not discussed 297

in detail, a full walk-through of all intermediate models, including the preregistered version of the statisti- 298

cal analysis and the multivariate model results, is provided in the supplementary material.
::
For

:::::::::::
exploratory 299

::::::::
purposes

::::
and

::
to

:::::::::
determine

::::
the

::::::::::
robustness

::
of

::::
our

:::::::
findings,

::::
we

:::::
reran

:::
the

::::::::
analyses

::::::::
including

:::
all

:::::
LBBG

:::::
data. 300

:::::
These

::::::::
analyses

::::::::
produced

::::
very

::::::
similar

::::::
results

:::
to

:::::
those

::::::::
reported

:::::
below

::::
(see

:::::::::::::
Supplementary

:::::
Table

:::
6). 301

Post-hoc analyses of significant interactionswere performedusing estimatedmarginalmeans via theemmeans 302

package (Lenth, 2024), with appropriate back-transformations applied for models with transformed depen- 303

dent variables. Random effect variances were compared between individual and group trials using likelihood 304

ratio tests to assess whether separate variance components werewarranted for each condition. Binary predic- 305

tors were contrast-coded as (-0.5 vs 0.5) to optimise interpretability. Multicollinearity concerns were minimal 306

due to the balanced nature of the predictors, so variance inflation factor (VIF) assessments were not required. 307

Finally, model assumptions were verified through diagnostic plots, and pairwise comparisons for significant 308

findings were adjusted using Bonferroni-Holm corrections. 309

Results 310

Descriptive statistics for each dependent variable across the four experimental conditions are summarised 311

in Table 2. The table includes themeans, standard deviations, minimum andmaximum values (all in seconds), 312

and the number of non-responses (instances where birds did not perform the target behaviour) for each con- 313

dition. 314

315

All results are reported using both the transformed values (Box-Cox or logarithmic) and back-transformed 316

values (Mean [M], SE, CI) to facilitate interpretation on the original scale. Box-Cox transformations were ap- 317

plied to address non-normality and heteroscedasticity for latency to enter and latency to eat, while a logarithmic 318

transformation was used for zone of interest (ZOI) duration. In the main text, we report back-transformed val- 319

ues for ease of interpretation, and p values for the statistical tests. The complete output of the mixed-effects 320

models can be found in Table 3. 321

Latency to enter 322

A significant effect
:::::::::
Significant

:::::
effects

:
of context (

::::::::
individual

:::
vs.

::::::
group)

:
(p = 0.04) was

:::
and

:::
sex

::::::::
(p < 0.01)

:::::
were 323

found on the birds’ latency to enter the test arena, while object (novel vs. control) did not have a significant 324

effect (p = 0.47). Specifically, birds tested in the group context entered the arena significantly faster (back- 325

transformedM = 1.91 s,SE = 0.06, 95%CI = [1.80, 2.03]
:::::::::::::
M = 1.91texts,

::::::::::
SE = 0.05,

::::::::::::::::::
95%CI = [1.81, 2.02]) 326
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Table 2. Descriptive statistics for each dependent variable across the four experimental conditions.
Variable Condition Mean (s) SD (s) Min (s) Max (s) Non-responses

Latency to enter
Group-control 2.34 1.41 0.87 9.40 0
Group-novel 2.58 7.52 1.08 27.92 0
Individual-control 11.30 53.14 1.16 335.56 1
Individual-novel 23.35 79.10 0.93 494.57 2

Latency to eat
Group-control 3.29 6.03 1.93 20.50 0
Group-novel 18.59 43.73 1.72 239.68 2
Individual-control 22.94 27.61 2.56 66.13 3
Individual-novel 146.62 118.90 2.73 367.37 24

ZOI duration
Group-control 114.43 135.42 8.20 465.87 0
Group-novel 180.59 135.55 9.83 597.23 2
Individual-control 153.28 152.78 10.08 598.13 2
Individual-novel 104.16 148.34 2.27 595.44 16

Figure 4. Difference plots of raw values illustrating changes in neophobic response from individual to group
contexts for each dependent variable (i.e. latency to enter, latency to eat, ZOI duration). Black lines show the
average response whereas dotted lines show the individual responses to illustrate the variance. In particular,
plot A (latency to enter) shows a reduced variance but not a reduced average in neophobic responses across
social contexts. Note that individual variation is partly masked, as lines are plotted on top of each other. Plot
B (latency to eat) illustrates a reduced average neophobic response across social contexts, whereas we could
not test for a reduction of variance. Plot C (ZOI duration) indicates a reduced average and a reduced variance
in neophobic responses across social contexts.

than those tested individually (back-transformedM = 2.07 s
:::::::::::::
M = 2.07texts,SE = 0.09, 95%CI = [1.91, 2.26]). 327

:::
On

:::::::
average,

:::::
males

:::::::
entered

:::
the

:::::
arena

:::::
more

::::::
quickly

:::::
than

::::::
females

::::::::::::
(M = 1.84, s,

:::::::::::
SE = 0.068,

::::::::::::::::::
95%,CI = [1.71, 1.98]328

::
for

::::::
males;

:::::::::::
M = 2.15, s,

:::::::::::
SE = 0.089,

:::::::::::::::::::
95%,CI = [1.99, 2.34]

:::
for

::::::::
females). 329

Variance analysis indicated
:::::::
revealed

:
greater individual variability in latency to enter

:::
the

::::
test

::::
zone

:
when 330

birds were tested individually (back-transformed σ2 = 19.38 s2
:::::::::::
σ2 = 2.72, s2, SD = 4.40 s

::::::
1.65, s) compared to 331

when they were tested in a group (back-transformed σ2 = 2.72 s2
:::::::::::
σ2 = 1.22, s2, SD = 1.65 s

:::::
1.10, s). A like- 332

lihood ratio test confirmed that this reduction in variance in the group context was statistically significant 333

(χ2(2) = 9.09, p = 0.011), suggesting that birds’
:::::::::::
χ2(2) = 11.8,

:::::::::
p = 0.02).

::::::
These

::::::::
findings

:::::::
suggest

::::
that

:::::
birds’ 334

behaviour was more consistent when tested in groups. 335

Moreover, the estimated correlation between the individual and group random effects was high (Corr = 336

0.76
:::
0.82), indicating strong repeatability of behaviour across both contexts. Birds that entered quickly when 337

tested alone also tended to enter quickly when tested in groups. 338
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Latency to eat 339

Both
::::::
Latency

::
to

:::
eat

::::
was

::::::::::
significantly

:::::::::
influenced

::
by

:
context (p < 0.001) and object

:::::
object (p < 0.001)significantly 340

influenced latency to eat. A .
:::
We

::::
also

:::::
found

::
a significant interaction between context and object (p = 0.015)was 341

found: as shown in figure
::::::::
p = 0.02).

:::
As

::::::
shown

::
in Figure 4, the effect of the novel object on latency to eat was 342

more pronounced when birds were tested individually (Table 3). Specifically, birds in the group-control condi- 343

tion ate the fastest (back-transformedM = 2.96 s
:::::::::::::
M = 2.96texts,SE = 0.12, 95%CI = [2.73, 3.22]

::::::::::::::::::
95%CI = [2.74, 3.21]),344

followedby those in the group-novel condition (M = 3.52 s
:::::::::::::
M = 3.52texts,SE = 0.17, 95%CI = [3.21, 3.89]

::::::::::::::::::
95%CI = [3.22, 3.88])345

andbirds in the individual-control condition (M = 5.20 s
:::::::::::::
M = 5.20texts,SE = 0.35, 95%CI = [4.58, 6.00]

::::::::::::::::::
95%CI = [4.59, 5.98]);346

birds in the individual-novel condition showed the longest latency to eat (M = 9.81 s,SE = 1.15, 95%CI = [7.93, 12.72]
:::::::::::::
M = 9.81texts,347

::::::::::
SE = 1.13,

:::::::::::::::::::
95%CI = [7.97, 12.64]). Notably, in the individual-novel condition, 24 birds did not eat at all during 348

the trial (Table 2). 349

::
In

::::::::
addition,

::
we

::::::
found

:
a
:::::
main

:::::
effect

::
of

::
sex

::::::::
(p < 0.04),

:::
as

:::::
males

::::::::::
(M = 4.00s,

::::::::::
SE = 0.25,

:::::::::::::::::::
95%,CI = [3.56, 4.56]) 350

:::::
were,

::
on

::::::::
average,

:::::
faster

::
to

:::
eat

:::::
than

:::::::
females

:::::::::::
(M = 4.88s,

::::::::::
SE = 0.35,

:::::::::::::::::::
95%,CI = [4.27, 5.68]).

:
351

Variance analysis indicated that the full model, which retained the random effect structure for both in- 352

dividual and group conditions, did not provide a better fit than the reduced model (likelihood ratio test: 353

χ2(2) = 1.39, p = 0.50
::::::::::::
χ2(2) = 1.04,

::::::::
p = 0.59), indicating no significant difference in variance between the 354

two conditions. 355

Zone of Interest (ZOI) Duration 356

Analysis of the time spent in the zone of interest (ZOI) indicated significant effects of context (p = 0.003), and 357

object (p = 0.005). A ,
::::
and

:
a
:
significant interaction between context and object

:::::
them (p < 0.001was observed 358

:
) (Table 3). Birds in the group-novel condition spent the most time in the ZOI (back-transformedM = 111.8 s, 359

SE = 5.47, 95%CI = [98.4, 128.2]
::::::::::
M = 111.8s,

:::::::::::
SE = 13.39,

:::::::::::::::::::
95%CI = [88.3, 141.7]), followed by those in the 360

individual-control condition (back-transformedM = 98.4 s,SE = 4.96, 95%CI = [81.3, 112.3]
::::::::::
M = 98.4s,

:::::::::::
SE = 15.44,361

::::::::::::::::::
95%CI = [72.0, 134.4]). Birds in the group-control condition spent slightly less time in the ZOI (back-transformed 362

M = 80.2 s, SE = 4.09, 95%CI = [72.0, 89.9]
::::::::::
M = 80.2s,

::::::::::
SE = 9.60,

:::::::::::::::::::
95%CI = [63.3, 101.6]), while those in 363

the individual-novel condition spent the least time in the ZOI (back-transformedM = 38.8 s,SE = 2.72, 95%CI = [32.1, 46.0]).364

365

::::::::::
M = 38.8s,

::::::::::
SE = 6.09,

:::::::::::::::::::
95%CI = [28.4, 53.1]).

:
Notably, in the individual-novel condition, 16 birds did not 366

enter the ZOI at all (Table 3). 367

:::
We

::::
also

:::::::::
observed

:
a
::::::::::
significant

:::::::::
interaction

::::::::
between

::::::
object

:
×

:::
sex

::::::::::
(p = 0.010),

:::::::::
indicating

::::
that

::::::
males

::::
and 368

:::::::
females

:::::::::
responded

::::::::::
differently

::
to

:::::
novel

::::::
versus

:::::::
control

:::::::
objects.

::::::::
Females

:::::
spent

:::::
more

:::::
time

::
in

:::
the

::::
ZOI

::
in

::::
the 369

::::::
control

::::::::
condition

::::::::::::::::
(back-transformed

:::::::::::
M = 103.1s,

:::::::::::
SE = 15.56,

::::::::::::::::::::
95%CI = [76.4, 139.1]),

:::::::::
compared

::
to

:::
the

:::::
novel 370

::::::::
condition

::::::::::::::::
(back-transformed

::::::::::
M = 58.7s,

::::::::::
SE = 8.85,

::::::::::::::::::
95%CI = [43.5, 79.2]).

:::
In

:::::::
contrast,

::::::
males

::::::
showed

::
a

:::::
more 371

:::::
stable

:::::::::
response

::::::
across

::::::
object

::::::::::
conditions,

::::::::
spending

::
a
::::::
similar

::::::::
amount

::
of

:::::
time

::
in

:::
the

::::
ZOI

:::
for

:::::
both

:::::::
control 372

::::::::::::::::
(back-transformed

::::::::::
M = 75.7s,

:::::::::::
SE = 11.84,

:::::::::::::::::::
95%CI = [55.5, 103.2])

:::
and

:::::
novel

:::::::
objects

:::::::::::::::
(back-transformed

::::::::::
M = 74.7s,373

:::::::::::
SE = 11.67,

:::::::::::::::::::
95%CI = [54.7, 101.8]).

::::
This

::::::::
suggests

::::
that

:::::::
females

::::::::
exhibited

:
a
:::::::
stronger

::::::::
response

:::
to

:::::
object

::::::
novelty 374

::::
than

::::::
males. 375

Variance analysis indicated greater individual variability in ZOI duration when birds were tested individually 376

(back-transformed σ2 = 1728.00 s2
:::::::::::::::::
σ2 = 15380.41texts2, SD = 41.57 s

::::::::::
124.02texts) compared to when they 377

were tested in a group (back-transformed σ2 = 14317.28 s2
::::::::::::::::::
σ2 = 10220.50texts2, SD = 119.65 s

::::::::::
101.10texts). 378

A likelihood ratio test confirmed that this reduction in variance in the group context was statistically significant 379

(χ2(2) = 15.73
:::::::::::::
χ2(2) = 15.815, p < 0.001), suggesting that birds’ behaviour was more consistent when tested 380

in groups. 381

A high estimated correlation between the individual and group random effects (Corr = 0.68) was observed, 382

suggesting that birds that spent more time in the ZOI when tested individually also tended to do so when 383

tested in a group. This indicates consistent behaviour across both social contexts . 384
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Table 3. Results of linear mixed-effects models for all dependent variables, including variance components
and t-values (with degrees of freedom) where applicable. Significant effects are highlighted in bold.
Effect Latency to enter Latency to eat ZOI duration

Estimate (SE) t-value (df) p-value Estimate (SE) t-value (df) p-value Estimate (SE) t-value (df) p-value
Fixed Effects
Intercept 0.700

::::
0.697

:
(0.021) t(154.22) = 32.733

::::::
33.399 < 0.001 0.838 (0.016

:::::
0.837

::::::
(0.015) t(103.08) = 53.937

:::::
55.060

:
< 0.001 4.111 (0.125

:::::
4.098

::::::
(0.126) t(133.95) = 32.781

:::::
32.530

:
< 0.001

Context (Group) -0.046 (0.022) t(52.61) = -2.081
:::::
-2.080 0.042 -0.201 (0.011) t(374.00) = -18.445 < 0.001 0.427 (0.136) t(52.99) = 3.129

:::::
3.128 0.00285

:::::
0.003

Object (Novel) 0.013 (0.018) t(321.58) = 0.721 0.471
:::::
0.472 0.090 (0.011) t(374.00) = 8.258 < 0.001 -0.298

::::::
-0.288 (0.105

:::::
0.104) t(320.01) = -2.850

:::::
-2.776 0.00466

:::::
0.006

Context × Object – – – -0.053 (0.022) t(374.00) = -2.440 0.015 1.261
:::::
1.262 (0.209

::::
0.208) t(320.02) = 6.021

::::
6.079

:
< 0.001

Trial -0.052 (0.004) t(344.37) = -13.066
::::::
-13.030

:
< 0.001 -0.0012 (0.0024) t(374.00) = -0.507 0.613 0.065

::::
0.068

:
(0.023) t(339.53) = 2.808

::::
2.984

:
0.00527

:::::
0.003

:::
Sex

: :::::
-0.087

::::::
(0.029) t(52.08)

:
=
::::::
-2.970

::::
0.004

: :::::
-0.055

::::::
(0.026) t(52.00)

:
=

:::::
-2.109

: :::::
0.040

:::::
-0.034

::::::
(0.183) t(52.06)

:
=

:::::
-0.187

: ::::
0.852

:

::::::
Object

::
×

:::
Sex

: :
–

:
–

:
–

:
–

:
–
: :

–
:::::
0.550

::::::
(0.212) t(320.08)

:
=

:::::
2.593

::::
0.010

:

Variance components
Variance (Individual) 0.018 (0.134

:::::
0.133) – – 0.008

:::::
0.007

:
(0.088

::::
0.085) – – 0.727

:::::
0.748 (0.853

::::
0.865) – –

Variance (Group) 0.006 (0.075) – – – – – 0.181
:::::
0.192 (0.425

::::
0.438) – –

Residual 0.036 (0.189) – – 0.013 (0.113) – – 1.184 (1.088
:::::
1.163

::::::
(1.078) – –

Likelihood Ratio Test χ2(2) = 9.088
::::::::::::
χ2(2) = 11.83 – p = 0.0106

::::::::
p = 0.003

:
– – – χ2(2) = 15.729

:::::::::::::
χ2(2) = 15.815 – p < 0.001

Discussion 385

This study investigated how social context affects neophobic responses in juvenile herring gulls, specifi- 386

cally whether the presence of conspecifics influences both average behaviour and behavioural variability. We 387

tested three hypotheses: (1) the risk dilution hypothesis, which posits that individuals share the perceived risk 388

among group members, predicting reduced neophobia and reduced variance in groups; (2) the negotiation 389

hypothesis, which suggests that individuals negotiate who will approach first, predicting increased neophobia 390

but reduced variance; and (3) the social conformity hypothesis, which proposes behavioural synchronisation 391

within the group, resulting in no change in average neophobic responses but reduced variance
:
in

::::::
groups. 392

We found that individuals tested in groups were on average quicker to enter the test arena and eat than 393

when they were alone. They also spent more time in the zone of interest. For the latter two measures, this 394

group effect was most pronounced when a novel object was placed behind the food (compared to a control 395

object), suggesting reduced neophobia in a group context. In addition, we found reduced variance in group 396

contexts for measures of entering the test arena and time in the zone of interest (but not for latency to eat). 397

Overall, these results are consistent with the risk-dilution hypothesis, whereby perceived risk is shared 398

among individuals, resulting in each bird perceiving a lower level of threat
:::::
when

::
in

::::::
group than when alone 399

with a novel object. Observing conspecifics in the vicinity of a novel object and feeding next to it appears to 400

reduce individual neophobic responses, as each bird
::::
likely perceives the risk to be shared by the group. This 401

is consistent with previous studies showing that social animals often rely on the presence of the group to 402

make quicker decisions and engage in potentially risky situations (Keen et al., 2020; Lee and Thornton, 2021; 403

Loukola et al., 2012). In contrast, our findings did not support either the negotiation hypothesis or the social 404

conformity hypothesis. However, both hypotheses have been supported by other studies that have found 405

no change or even an increase in the average neophobic response in the group context (as discussed in the 406

Introduction)(Apfelbeck and Raess, 2008; Griffin, Lermite, et al., 2013; Kelly et al., 2020; Kerman et al., 2018; 407

King et al., 2015; Miller, Bugnyar, et al., 2015; Schuett and Dall, 2009; St. Lawrence et al., 2021; Stöwe, Bugn- 408

yar, Heinrich, et al., 2006a,b). The inconsistency between studies could be due to a number of factors. In 409

our study, for example, all individuals were of a similar age, size, and had very similar early-life experiences. 410

But in natural settings, groups are not always so homogeneous. In such settings, social conformity or nego- 411

tiation mechanisms may therefore play a more important role (Ekman and Lilliendahl, 1993; Griffin, Netto, 412

et al., 2017). For example, more experienced individuals may assume a leading role in approaching novel 413

objects, while others may follow their lead. This hierarchical or conformist responsemay result in the delayed 414

engagement of other individuals, particularly subordinates, until the perceived risk is mitigated by the actions 415

of more experienced group members. 416

More generally, the effect of social context on neophobia may be dependent on the ecological niche of 417

the species, which may explain the discrepancy between studies. Herring gulls are considered a highly social 418

species. Species with different ecological niches or social structures may adopt alternative social mechanisms 419

(St. Lawrence et al., 2021). Furthermore, in more solitary or less adaptable species, social learning will be less 420

important overall, so neophobic responses may not vary as flexibly with social context at all. For example, a 421
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study conducted by Echeverria and Vassallo (2008) examined neophobic responses in house sparrows (Passer 422

domesticus). Even though birds were observed in groups, they continued to approach feeders individually, 423

exhibiting a heightened level of neophobia. This solitary approach, even in a group setting, may reflect a 424

social structure that prioritises individual foraging, thereby increasing perceived risk in novel situations due 425

to the lack of social reinforcement. Thus, the effect of social context on neophobic behaviour is likely to differ 426

between species and ecological settings. 427

Thus, the
:::
The general pattern of

:::
our

:
results suggests reduced neophobia in the group context. Interest- 428

ingly, birds in the group context spent even more time in the zone of interest (ZOI) when the novel object 429

was present than when the control object was present (resulting in ’negative’ neophobia scores; see Figure 4). 430

This finding contrasts with the typically observed neophobic response, where novel stimuli are typically asso- 431

ciated with reduced time spent near the object (Greenberg, 2003). However, a similar pattern was observed 432

in a group of shiny cowbirds (Molothrus bonariensis), which spent more time near the feeder when a novel 433

object was present compared to the control condition (Echeverría and Vassallo, 2008). As discussed in the 434

Introduction, other
:::::
Other

:
studies have also found that once individuals reached the novel object, they spent 435

more time interacting with it in a group context (Miller, Bugnyar, et al., 2015; St. Lawrence et al., 2021; Stöwe, 436

Bugnyar, Heinrich, et al., 2006a). However, in these studies, there was no control condition, which makes the 437

interpretation of the results difficult. One possible explanation for our results and those of Echeverría and 438

Vassallo (2008) is that the presence of conspecifics reduced fear responses sufficiently to allow individuals to 439

approach and feed despite the novel object, but not enough to reduce them altogether, resulting in some 440

degree of vigilance. Thus, birds in groups may have balanced their reduced fear with the need for heightened 441

vigilance (Beauchamp, 1998), leading to longer feeding times in the novel-object condition. Alternatively, be- 442

ing in a social context may have encouraged individuals to explore more in the novel object condition (Miller, 443

Bugnyar, et al., 2015; Stöwe, Bugnyar, Heinrich, et al., 2006b). In the control condition, where the object was 444

familiar, there was less need for exploration as the birds were already habituated to the object (Rankin et al., 445

2009). This difference in exploration could potentially also explain the increased time in the zone of inter- 446

est. However, at this point, our current data analysis does not permit a definitive distinction between these 447

possible explanations. 448

Although the latency to eat and the time spent in the ZOI were influenced by the presence of the novel 449

object, no such effect of the object was observed for the latency to enter. Note that we did find a main effect 450

of social context as juvenile herring gulls tested in groups generally exited the start area more quickly than 451

those tested individually. The absence of an effect of object on start latency could be due to our test set up. 452

Prior to the start of the trial, the birds were unable to see the object. Given the rapidity with which they exited 453

the start area, it is probable that they became aware of the novel object only after leaving this start area. 454

Finally
:::::::::
Additionally, we found a strong correlation between the individual and group random effect for la- 455

tency to enter and ZOI duration (note
::::
that for latency to eat, we were unable to assess repeatability as our 456

model structure did not allow for this). This correlation suggests that the average behavioural response of 457

an individual was consistent between social contexts, for instance, in the time spent in the ZOI. Our findings 458

align partly with those of Stöwe, Bugnyar, Heinrich, et al. (2006a), who observed consistency in juvenile raven 459

behaviour between individual and dyadic contexts (although this effect diminished in groups of three to six 460

individuals). Overall, this suggests that the presence of conspecifics partially reduced, but did not completely 461

eliminate, inter-individual variation in behaviour. From a methodological point of view, this may indicate that 462

testing individuals alonemay be useful to test intrinsic abilities; information that could then be used to further 463

explore group dynamics (e.g. leaders vs. followers). 464

::::::
Finally,

:::
we

::::::
found

::::::::::
sex-specific

::::::::::
behavioral

::::::::::
differences

::
in

::::
our

:::::::
juvenile

:::::
gulls.

:::::
The

::::::::
observed

::::::::::
differences

:::
in 465

:::::::::
neophobic

:::::::::
responses

:::::
were

:::::::::::
unexpected,

::
as

:::::::
herring

:::::
gulls

::::::
exhibit

:::::
early

::::::
sexual

:::::::::::
dimorphism

:::
but

:::
do

:::
not

::::::
reach 466

:::::
sexual

::::::::
maturity

::::
until

::::
four

:::::
years

::
of

::::
age.

::::::::::::
Nevertheless,

:::::::
females

::::::
spent

:::::
more

::::
time

::::
near

:::
the

::::::
object

::
in

:::
the

:::::::
control 467

::::::::
condition

:::::::::
compared

::
to

:::
the

:::::
novel

:::::::::
condition,

::::::::
whereas

:::::
males

:::::::
showed

::
a
:::::
more

:::::::::
consistent

::::::::
response

::::::
across

:::::
both 468

:::::
object

::::::::::
conditions.

::::
This

:::::
could

:::::::
indicate

::::
that

:::::::
female

::::::
herring

:::::
gulls

:::
are

:::::
more

:::::::::
neophobic

:::::
than

::::
male

:::::::
herring

:::::
gulls. 469
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:::
We

:::
did

:::
not

::::::::
observe

::
an

::::::::::
interaction

::::::::
between

:::
sex

::::
and

::::::
object

::::::::
condition

:::
for

:::
the

::::::
other

:::
two

::::::::::
measures,

::::::::
although 470

::
we

::::
did

:::
find

::
a

::::
main

::::::
effect

::
as

:::::
males

:::::
were

::::::::
generally

:::::
faster

:::::
than

:::::::
females

::
on

:::::
both

:::::
novel

:::
and

:::::::
control

:::::
trials.

::
As

::::
our 471

:::::
study

:::
was

::::
not

::::::::::
specifically

::::::::
designed

::
to

::::::
assess

::::
sex

::::::::::
differences,

::::
and

:::::
given

:::
the

::::::::::
constraints

::
of

::::
our

:::::::
sample

::::
size, 472

::
we

:::::::
cannot

::::
rule

:::
out

::::
the

:::::::::
possibility

::::
that

:
a
::::::
larger

:::::::
dataset

::
or

::
a

::::::::
different

:::::::::::
experimental

:::::::
design

:::::
might

::::::
reveal

:::
an 473

:::::::::
interaction

:::::
effect

:::
for

:::::::
latency

::
to

:::
eat

:::
as

::::
well.

::::::::
Previous

::::::::
research

::
on

::::
sex

::::::::::
differences

::
in

:::::::::
neophobia

:::::::
among

:::::
avian 474

::::::
species

::
is

::::::
limited

::::
and

::::::::
remains

:::::::::::
inconclusive.

:::::::::
Although

:::::
some

::::::
studies

:::::::
suggest

::::
that

::::::
males

:::
are

::::
less

::::::::::
neophobic 475

(Tuliozi et al., 2018)
:
,
::::::
others

::::::
report

:::
the

::::::::
opposite

:
(Amy et al., 2017; Danel et al., 2024; Rokka et al., 2014)

::
or 476

:::
find

:::
no

:::::::::
significant

::::::::::
differences

::
at
:::
all

:
(Crane and Ferrari, 2017; Schaffer et al., 2021; Schuett and Dall, 2009)

:
. 477

:::::
These

::::::::::::
discrepancies

::::
may

::::
arise

:::::
from

:::::::::
variations

::
in

:::
the

::::
way

:::::::::
neophobia

::
is

::::::::
assessed,

:::::::
making

:::::
direct

::::::::::::
comparisons 478

::::::::::
challenging.

::::
The

:::::::::
functional

::::::::::
implications

:::
of

:::
sex

::::::::::
differences

::
in

::::::::::
neophobia

::::::
remain

:::::::
unclear

:::
but

:::::
could

:::::::::
influence 479

:::::::
broader

:::::::::
behavioral

::::::::
patterns

::
in

:::
the

::::
wild,

:::::
such

::
as

::::::::::
sex-specific

:::::::
foraging

::::::::::
strategies. 480

A potential limitation of our study is that we worked with juvenile, hand-reared herring gulls in a captive 481

controlled environment. This may limit the generalisability of our findings to wild populations or adult birds. 482

For example, a meta-analysis has shown that wild-caught birds tend to have higher baseline neophobia than 483

captive-bred individuals, probably due to the greater environmental variation encountered by wild birds . 484

(Crane and Ferrari, 2017). Although the lower baseline neophobia observed in captivity might reduce the 485

likelihood of detecting group effects, our results demonstrate that such effects can still be identified. Further- 486

more, in other avian species, age and environmental familiarity have been shown to significantly influence 487

neophobic responses (Biondi et al., 2010; Greenberg, 2003; Miller, Bugnyar, et al., 2015). However, previ- 488

ous research from our laboratory on captive herring gulls reared under similar conditions (Troisi et al., 2024, 489

pre-print), and on wild-reared chicks from a neighbouring colony (Salas et al., 2024) shows that strictly con- 490

trolled testing of birds at this age provides ecologically relevant data on potential behavioural expression. In 491

addition, prior research on wild herring gulls has shown no age-related differences in latency to approach 492

novel objects (Inzani et al., 2023), suggesting our results might extend across different age groups. Finally, all 493

chicks in our study had very similar prior life experiences, minimising sampling bias. This approach addresses 494

potential challenges encountered in wild populations, where tested animals may not be fully representative 495

of the broader population due to prior habituation to specific novelties or situations, or already developed 496

dominance hierarchies. 497

To conclude, our findings demonstrate that social context plays an important role in shaping neophobic be- 498

haviour in juvenile herring gulls. For social species, group living may lower the cost of learning for individuals, 499

as they can rely on the actions of experienced conspecifics to evaluate potential threats, reducing the need 500

for independent assessments of novel stimuli (Webster and Ward, 2011). This is under the assumption that 501

peers provide accurate assessments of risk. Such collective risk assessment can enable more efficient explo- 502

ration and engagement with the environment, mitigating the full cost of individual trial and error. Especially 503

in rapidly changing or urbanised landscapes, where animals frequently encounter novel stimuli, the ability to 504

draw on social cues could likely offer a distinct advantage to social species (Griffin, Netto, et al., 2017; Lee and 505

Thornton, 2021). 506
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Supplementary material 726

Preregistered version of the statistical analysis Statistical analyses will be conducted using R, version 727

4.3.X (R Core Team, 2021). Mixed-EffectsModels (MMs), either linearMMs (LMMs)or generalised LMMs (GLMMs), 728

will be fitted using the lme4 package (Bates et al., 2015). For LLMs, parameter estimation and p-values for the 729

estimated models will be calculated by means of the lmerTest package (Kuznetsova et al., 2017) via the the 730

Satterthwaite’s degrees of freedom method; for GLMMs, the car (Fox and Weisberg, 2019) or carData (Fox, 731

Weisberg, and Price, 2022) package will be used. For the GLMM, we will use partial η-squared (η2p) as effect 732

sizes, and they will be calculated by means of the r2glmm (Jaeger, 2017) package. Models will be fitted to 733

the different latency measures separately, as well as combined. For the combined analysis, the approach 734

proposed by Snijders and Bosker, 2012 will be used, which allows for the simultaneous analysis of multiple 735

dependent variables in the case of nested data structures, thereby considering within-group and between- 736

group variance in latency measures. 737

738

As we aim to determine whether the average neophobic response differs between individual and group 739

trials, a (G)LMM with Type III sum of squares will be performed on the latency measures (Table 1). This analy- 740

sis will include both fixed and random effects to explore the impact of different experimental conditions. The 741

model will incorporate Object, Context, and their interaction as key fixed effects to explore how the type of 742

object and the social setting (alone vs. in a group) interactively affect latency responses. Additionally, Trial 743

will be included as a fixed effect to control for the impact of trial repeat. To specifically assess the variability 744

in latency across individual and group trials, we will compare the estimated variance components within our 745

mixed-effects model. Variance for individual trials will be estimated from the Indiv_Dummy effect at the Bir- 746

dID level. For group trials, the combined estimated variances of the Group_Dummy effect at both the BirdID 747

and GroupID levels will be evaluated. This comparison aims to determine whether individual differences are 748

more pronounced in solitary compared to group settings, with an expectation that individual variances and 749

the total variance might be higher in individual trials. Additionally, an analysis at the BirdID level between 750

the estimated variances of the Indiv_Dummy and Group_Dummy effects will further elucidate how individual 751

differences manifest under different trial conditions, potentially highlighting the influence of group dynamics 752

on individual behaviour. 753

Latency ∼,Object× Context+ Trial
+ (1|NestID)
+ (−1 + Group_Dummy|GroupID)
+ (−1 + Indiv_Dummy+ Group_Dummy|BirdID)

In the model, Object refers to the stimulus presented, distinguishing between control and novel objects. 754

Trial captures the two testing sessions conducted, and Context indicates the social environment, differentiat- 755

ing between individual and group settings. Random effects structures are tailored to accurately reflect the 756

individual and group-level variability in responses. Specifically, NestID is included to control for similarities 757

within nests, Group_Dummy identifies trials conducted in group setting, effectively marking the presence of 758

social interactions during the test. Conversely, Indiv_Dummy indicates the absence of such group dynamics, 759

highlighting trials where subjects are tested alone. 760

761

In all instances, model plots will be generated using the performance package (Lüdecke et al., 2021) to 762

inspect violations of model assumptions, such as heteroscedasticity, non-normality of residuals, and the pres- 763

ence of outliers. Multicollinearity and autocorrelation will be evaluated, with potential model adjustments 764

including transformation of variables or modification of the model structure (e.g., switching from LMM to 765

GLMM). In terms of model design, binary predictors will be encoded using contrast coding (-0.5 vs. 0.5), op- 766

timizing the interpretability and efficiency of our analyses in the context of our perfectly balanced predictor 767
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variables. Post-hoc analyses, following significant findings, will be performed with Bonferroni-Holm corrected 768

contrasts to further explore the data. Given the balanced nature of our model predictors, concerns related to 769

multicollinearity are minimised, negating the need for variance inflation factor (VIF) assessments traditionally 770

used to identify redundancy among predictors. 771

Model overview Below is an overview of all models fitted to determine the best model for each dependent 772

variable (DV). For each DV, the final model listed represents the one used for the analysis. 773

Latency to enter 774

Latency to enter ∼Object× Context+ Trial+ Object× Sex
+ (1|NestID)
+ (−1 + Group_dummy|GroupID)
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (1)

Latency to enter ∼Object× Context+ Trial+ Object× Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (2)

log(Latency to enter) ∼Object+ Context+ Trial+ Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (3)

Box-Cox(Latency to enter) ∼Object+ Context+ Trial+ Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (4)

Latency to eat 775

log(Latency to eat) ∼Object× Context+ Trial+ Object× Sex
+ (1|NestID)
+ (−1 + Group_dummy|GroupID)
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (1)

log(Latency to eat) ∼Object× Context+ Trial+ Object× Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (2)

Box-Cox(Latency to eat) ∼Object× Context+ Trial+ Object× Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (3)

Box-Cox(Latency to eat) ∼Object× Context+ Trial+×Sex
+ (1|BirdID) (4)
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ZOI duration 776

ZOI duration ∼Object× Context+ Trial+ Object× Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (1)

log(ZOI duration) ∼Object× Context+ Trial+ Object× Sex
+ (−1 + Indiv_dummy+ Group_dummy|BirdID) (2)

Testing schedule 777

Table S1: Neophobia testing schedule
Note: "GC" signifies Group Control, "IC" indicates Individual Control, "GT" represents Group Test, and "IT"
stands for Individual Test. The subsequent number (1 or 2) specifies whether it is the first instance or a repeat.
The suffix "-X" identifies the specific object involved, numbers 1-5 corresponding to randomly assigned novel
or control objects.

Day/Cage Cage 1 Cage 2 Cage 3 Cage 4 Cage 5 Cage 6 Cage 7 Cage 8
Day 1 GC1 - 1 IC1 - 2
Day 2 IC1 - 1 GT1 - 4
Day 3 GT1 - 4 IT1 - 1
Day 4 IT1 - 3 GC1 - 2 GT1 - 5 IT1 - 1
Day 5 GC2 - 1 IC2 - 2 IT1 - 1 GC1 - 4
Day 6 IC2 - 1 GT2 - 5 GC1 - 3 IC1 - 4
Day 7 GT2 - 2 IT2 - 3 IC1 - 3 GT1 - 3 GC1 - 1 IC1 - 2
Day 8 IT2 - 5 GC2 - 2 GT2 - 4 IT2 - 2 IC1 - 1 GT1 - 3
Day 9 IT2 - 2 GC2 - 4 GT1 - 2 IT1 - 4
Day 10 GC2 - 3 IC2 - 4 IT1 - 3 GC1 - 2 GT1 - 2 IT1 - 1
Day 11 IC2 - 3 GT2 - 5 GC2 - 1 IC2 - 2 IT1 - 4 GC1 - 4
Day 12 IC2 - 1 GT2 - 5 GC1 - 3 IC1 - 4
Day 13 GT2 - 4 IT2 - 1 IC1 - 3 GT1 - 5
Day 14 IT2 - 5 GC2 - 2 GT2 - 1 IT2 - 2
Day 15 IT2 - 5 GC2 - 4
Day 16 GC2 - 3 IC2 - 4
Day 17 IC2 - 3 GT2 - 3
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Table 5. Overview of species composition and sex distribution (only herring gulls) per experimental group.
Group ID Total LBBG Male HG Female HG Unknown HG

Cage 1A 4 0 1 3 0
Cage 1B 4 0 1 3 0
Cage 2A 4 0 3 1 0
Cage 2B 4 0 3 1 0
Cage 3A 3 1 1 2 0
Cage 3B 2 0 0 2 0
Cage 4A 4 0 4 0 0
Cage 4B 4 1 1 3 0
Cage 5A 3 2 0 3 0
Cage 5B 3 2 0 2 1
Cage 6A 3 1 2 1 0
Cage 6B 4 1 1 3 0
Cage 7A 4 1 2 1 1
Cage 7B 4 0 2 2 0
Cage 8A 4 1 4 0 0

Table 6. Results of linear mixed-effects models for all dependent variables, including variance components
and t-values (with degrees of freedom) where applicable. Significant effects are highlighted in bold. This
analysis includes data from the lesser black-backed gulls tested.
Effect Latency to enter Latency to eat ZOI duration

Estimate (SE) t-value (df) p-value Estimate (SE) t-value (df) p-value Estimate (SE) t-value (df) p-value
Fixed Effects
Intercept 0.695 (0.020) t(178.16) = 34.917 < 0.001 0.809 (0.013) t(129.47) = 63.236 < 0.001 4.033 (0.109) t(168.10) = 37.051 < 0.001

Context (Group) -0.033 (0.020) t(65.26) = -1.613 0.112 -0.174 (0.009) t(464.00) = -18.939 < 0.001 0.360 (0.115) t(66.01) = 3.134 0.003
Object (Novel) 0.010 (0.017) t(399.22) = 0.571 0.569 0.081 (0.009) t(464.00) = 8.841 < 0.001 -0.296 (0.090) t(398.06) = -3.282 0.001
Context × Object – – – -0.046 (0.018) t(464.00) = -2.528 0.012 1.161 (0.180) t(398.07) = 6.452 < 0.001

Trial -0.053 (0.004) t(428.97) = -14.432 < 0.001 -0.0022 (0.0020) t(464.00) = -1.116 0.265 0.071 (0.020) t(422.58) = 3.584 < 0.001

Sex -0.112 (0.028) t(65.07) = -4.058 < 0.001 -0.061 (0.022) t(65.00) = -2.805 0.007 -0.146 (0.161) t(65.03) = -0.905 0.369
Object × Sex – – – -0.038 (0.019) t(464.00) = -2.045 0.041 0.625 (0.183) t(398.07) = 3.420 < 0.001

Variance components
Variance (Individual) 0.022 (0.150) – – 0.006 (0.079) – – 0.633 (0.796) – –
Variance (Group) 0.004 (0.061) – – – – – 0.212 (0.460) – –
Residual 0.038 (0.194) – – 0.011 (0.107) – – 1.085 (1.041) – –
Likelihood Ratio Test χ2(2) = 19.951 – p < 0.001 – – – χ2(2) = 14.343 – p < 0.001

24

Reinoud Allaert

Reinoud Allaert



 
778



Question Hypothesis Sampling plan Analysis Plan Rationale for 
deciding the 
sensitivity of the 
test for 
confirming or 
disconfirming the 
hypothesis 

Interpretation 
given different 
outcomes 

Theory that 
could be shown 
wrong by the 
outcomes 

Does the 
individual 
degree of 
neophobia 
differ across 
social contexts 
in a highly 
social species, 
the herring 
gull?  

We hypothesise 
that the 
distribution of 
neophobic 
responses will 
change in a 
group context.  
 
Specifically: 
 
 a.) There is a 
reduction of the 
variance in 
group tests.  
 
 
b.) The average 
response differs 
between 
group/individual 
tests, depending 
on the social 
mechanism at 
play 
 

We will test 80 herring 
gulls twice across a 2x2 
design. These four 
distinct conditions are: 
individual or group tests 
paired with a control or 
novel object. Each 
condition will be 
repeated twice. In the 
'novel object' condition, 
birds are exposed to a 
pseudo-randomly 
selected novel object. 
Conversely, the 'control 
object' condition 
involves a familiar 
object, previously 
placed in their home 
enclosure for six days 
before testing. Testing 
trials will be 
randomised, see 
Supplementary table 1 
in the main manuscript 

A (G)LMM with 
Type III sum of 
squares will be 
performed on the 
different latency 
measures. Models 
will be fitted to 
the different 
latency types 
separately as well 
as combined. For 
the combined 
analysis, we will 
use the approach 
proposed by 
Snijders and 
Boskers (2012), 
which allows for 
the simultaneous 
analysis of 
multiple 
dependent 
variables in the 
case of nested data 
structures, thereby 

A-priori power 
sensitivity 
analyses were 
conducted in 
G*Power 
(Erdfelder et al., 
2009), using a 
MANOVA. 
This indicated that 
our sample size of 
80 animals is 
sufficient to detect 
a small effect of 
Context, Group 
and Trial. 
However, we will 
analyse our data 
with (G)LMMs, 
which are 
currently not 
covered by 
G*Power or most 
other power-
estimation tools. 
These models are 

If social context 
fails to modulate 
variance, or group 
means, it could 
suggest that social 
contexts hold little 
significance for 
neophobic 
responses among 
herring gulls. 

Social context 
may either 
modulate the 
group mean, the 
variance, or both. 
The risk dilution 
hypothesis 
suggests that 
being in a group 
will reduce both 
the mean and the 
variance of 
neophobia. 
Conversely, the 
negotiation 
hypothesis 
predicts an 
increase in mean 
neophobia but a 
decrease in 
within-group 
variance. The 
social conformity 
hypothesis 
predicts no change 
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for a detailed testing 
schedule.  
 
Testing groups 
comprise 5 individuals 
by semi-randomly 
allocating gulls to one 
group. We will split nest 
mates across groups. 
Sexing is unfeasible 
prior to testing. While 
we will consider sex 
differences in our 
statistical analyses, we 
do not expect an effect 
of sex since herring 
gulls only reach sexual 
maturity at 4-years of 
age. Groups may also 
include a lesser black-
backed gull. We will 
include all gulls for 
testing but will remove 
the lesser black-backed 
gulls prior to conducting 
the statistical analysis.  
 
 
 

considering 
within-group and 
between-group 
variance in latency 
measures. 
 
The model will 
incorporate 
Object, Context, 
their interaction 
and Trial as fixed 
effect.  
  
A random slope 
for Group 
associated with 
each GroupID will 
be included 
focusing on the 
variability of the 
group effect. 
Moreover, the 
variability in the 
individual 
response due to 
being in a group 
or not will be 
modelled as 
random effects 
within BirdID. 

more flexible in 
assigning variance 
as they allow for 
the specification 
of both fixed and 
random effects. 
However, by 
accounting for 
unexplained 
variance, our 
proposed mixed-
effect models are 
more powerful 
than the fixed-
effect MANOVAs 
used in our 
sensitivity 
analyses. 
 

in mean 
neophobia, but a 
decrease in 
variance. The 
design of our 
study allows us to 
validate or refute 
each of these 
hypotheses. 
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