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ABSTRACT

Urban populations of herring gulls (Larus argentatus) are increasing and causing
human-wildlife conflict by exploiting anthropogenic resources. Gulls that breed in
urban areas rely on varying amounts of terrestrial anthropogenic foods (e.g.,
domestic refuse, agricultural and commercial waste) to feed themselves. However,
with the onset of hatching, many parent gulls switch to sourcing more marine than
anthropogenic or terrestrial foods to provision their chicks. Although anthropogenic
foods may meet chick calorific requirements for growth and development, some such
foods (e.g., bread) may have lower levels of protein and other key nutrients compared
to marine foods. However, whether this parental switch in chick diet is driven by
chicks’ preference for marine foods, or whether chicks’ food preferences are shaped
by the food types provisioned by their parents, remains untested. This study tests
whether chick food preferences can be influenced by their provisioned diet by
experimentally manipulating the ratio of time for which anthropogenic and marine
foods were available (80:20 and vice versa) in the rearing diets of two treatment
groups of rescued herring gull chicks. Each diet was randomly assigned to each of the
27 captive-reared chicks for the duration of the study. We tested chicks” individual
food preferences throughout their development in captivity using food arrays with
four food choices (fish, cat food, mussels and brown bread). Regardless of the dietary
treatment group, we found that all chicks preferred fish and almost all refused to eat
most of the bread offered. Our findings suggest that early-life diet, manipulated by
the ratio of time the different foods were available, did not influence gull chicks’ food
preferences. Instead, chicks developed a strong and persistent preference for marine
foods, which appears to match adult gulls’ dietary switch to marine foods upon chick
hatching and may reinforce the provisioning of marine foods during chick
development. However, whether chicks in the wild would refuse provisioned foods,
and to a sufficient extent to influence parental provisioning, requires further study.
Longitudinal studies of urban animal populations that track wild individuals’ food
preferences and foraging specialisations throughout life are required to shed light on
the development and use of anthropogenic resource exploitation.
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INTRODUCTION

Living alongside humans presents many challenges for wildlife, as their natural habitat
changes at an unprecedented rate. Animals have to cope with, and adapt to, differences
between natural and urban landscapes in the accessibility and abundance of resources
essential to survival. Urban areas have degraded or replaced coastal areas, woodland,
grassland and estuarine floodplains that used to provide animals’ natural breeding habitat
and prey. Urban areas also hold the potential risk of predation by unfamiliar predators
(mainly domestic cats and other non-native species), and of human-wildlife conflict
(Beckerman, Boots & Gaston, 2007; Concepcion et al., 2015; McKinney, 2006; Sol et al.,
2014; Soulsbury ¢ White, 2015). Although urban areas have fewer natural resources, they
can harbour many anthropogenic resources. These include breeding and roosting spaces
on/in buildings mirroring natural spaces (e.g., flat roofs as cliff tops for gulls, attics as caves
for bats), as well as shelter from natural predators and harsh environmental conditions
(Sol, Lapiedra ¢ Gonzdilez-Lagos, 2013; Soulsbury ¢» White, 2015). People also feed wildlife
and leave food waste on the street, in bins, and in rubbish dumps, which can be easily
accessible for animals and can become a reliable food source (Bateman ¢ Fleming, 2012;
Coulson, 2015; Soulsbury & White, 2015; Cox & Gaston, 2016; Real et al., 2017). Being
behaviourally flexible, a dietary generalist, and making use of increasingly abundant
anthropogenic foods can be beneficial for animals and allow colonisation of, and
persistence in more urbanised areas (Bolnick et al., 2003; Araiijo, Bolnick & Layman, 2011;
McCleery, 2015; Soulsbury & White, 2015; Galbraith et al., 2017; Callaghan et al., 2019).

A potential risk of consuming anthropogenic food is that it may not be nutritionally
appropriate for the animal. This appears to be particularly important for specialist marine
top predators such as Steller’s sea lions (Eumetopias jubatus, Osterblom et al., 2008),
northern gannets (Morus bassanus, Votier et al., 2010), black-legged kittiwakes (Rissa
tridactyla, Romano, Piatt & Roby, 2006) and tufted puffins (Fratercula cirrhata, Romano,
Piatt & Roby, 2006); shifting from consuming scarce, high-quality foods such as pelagic
fish to consuming prey that is more abundant but of lower nutritional and/or energetic
quality, such as fishery discards of demersal fish, has been associated with negative fitness
outcomes. For example, adult Cape gannets (Morus capensis) that relied on fishery boat
discards were not disadvantaged themselves, but struggled to rear chicks to fledgling more
so than those adults that caught their own prey (Grémillet et al., 2008). This may be due to
fishery discards differing in fat, protein and micronutrient composition as compared to
pelagic fish, as found by previous seabird studies (Spaans, 1971; Votier et al., 2010; Oro
et al., 2013; van Donk et al., 2017; Sotillo et al., 2019).

In contrast, generalist foragers, with broader dietary ranges, such as various gull species,
might be more likely to benefit from anthropogenic access to energy-dense foods,
including food that is terrestrial in origin, such as animal carcasses, as well as plant-based
food waste from domestic and agricultural sources. Silver gulls (Larus noveaehollandiae)
for example showed no ill effects of consuming terrestrial anthropogenic foods on adult
body mass or condition (Auman, Meathrel & Richardson, 2008), while yellow-legged gulls
(Larus michahellis) exhibited a reduction in body mass following refuse dump closures
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(Steigerwald et al., 2015). Foraging on terrestrial anthropogenic refuse or agricultural waste
has even been shown to increase population sizes and lead to range expansion of gull
species such as herring gulls (Larus argentatus), kelp gulls (Larus dominicanus), lesser
black-backed gulls (Larus fuscus) and yellow-legged gulls (Pons, 1992; Oro, Bosch ¢ Ruiz,
1995; Duhem et al., 2008; Lisnizer, Garcia-Borboroglu & Yorio, 2011; Camphuysen, 2013).
However, the effects on chick growth and fledging success appear to be mixed; studies of
kelp gull (Lenzi et al., 2019), glaucous gull (Larus hyperboreus; Weiser ¢~ Powell, 2010) and
yellow-legged gull (Steigerwald et al., 2015) chicks found positive effects on fledgling
success as a result of increased parental access to terrestrial and anthropogenic food
sources, and yellow-legged gulls and herring gulls produced larger eggs (Steigerwald et al.,
2015; Serré et al., 2022). In contrast, other studies have reported that gull pairs where one
or both parents provided more anthropogenic and terrestrial foods than marine-sourced
food had lower productivity and produced chicks with lower body mass (Annett ¢ Pierotti,
1999; O’Hanlon, McGill ¢ Nager, 2017; Sotillo et al., 2019). Furthermore, herring gulls
raised larger broods when they provisioned their chicks with more marine foods (including
pelagic and intertidal prey), compared to those that provisioned less marine and more
terrestrially-sourced foods (O’Hanlon, McGill ¢» Nager, 2017). These mixed results may be
due to the fact that the type and nutritional content of terrestrial (e.g., grain or chips) vs.
marine foods (e.g., fish or mussels) obtained depend on breeding colony location and the
associated foraging range of the gulls during breeding (O’Hanlon, McGill ¢ Nager, 2017;
van Donk et al., 2017; Enners et al., 2018). Thus, high-quality terrestrial food might, in
some cases, generate higher reproductive success than low-quality marine food.

Within generalist gull species, individuals have been found to differ considerably in
their foraging habits (which also vary with age, seasons, location and breeding status);
some individuals specialise on terrestrial foods like refuse, grains, invertebrates in fields,
human refuse or intertidal or marine prey (Lisnizer, Garcia-Borboroglu ¢ Yorio, 2011;
Steenweg, Ronconi & Leonard, 2011; Davis, Elliott & Williams, 2015; Gyimesi et al., 2016;
O’Hanlon, McGill & Nager, 2017; Peterson, Ackerman & Eagles-Smith, 2017; Mendes et al.,
2018; Langley et al., 2023). In contrast, others are generalists and forage on a wide range of
foods in both marine and terrestrial habitats (Brousseau, Lefebvre & Giroux, 1996; Annett
& Pierotti, 1999; Steenweg, Ronconi & Leonard, 2011; Davis, Elliott & Williams, 2015;
Nager ¢ O’Hanlon, 2016; O’Hanlon, McGill & Nager, 2017; van Donk et al., 2017; Peterson,
Ackerman & Eagles-Smith, 2017; Mendes et al., 2018; Spelt et al., 2019, 2021; Westerberg
et al., 2019; Langley et al., 2021; Pais de Faria et al., 2021). Such inter- and intra-specific
variation in foraging strategies, in terms of the different types of food exploited, can be
shaped by a range of factors, from differences in life history traits, sex, individual
personality traits like explorativeness and boldness, to variation in one’s tendency to rely
on individual vs. social learning and relative resource profitability and local abundance
(Aratijo, Bolnick & Layman, 2011; Allen, 2019; Bolnick et al., 2003; Dall, Houston &
McNamara, 2004).

Juvenile gulls’ food preferences and foraging strategies are likely to be influenced by
their parents and other conspecifics, given that they receive extended parental food
provisioning and live in colonies (Spaans, 1971; Pierotti ¢ Annett, 1991; Bukacinska,
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Bukacinski ¢ Spaans, 1996). When captive herring gull chicks were fed a single food type
from hatching, they preferred the familiar food over novel food when tested at 6 days old,
and some chicks rejected novel foods altogether when these were offered again with no
alternative (Rabinowitch, 1968). Variation in individuals’ food preferences may thus be
influenced by differences in early-life experiences from parental provisioning, as well as
individual variation in food neophobia (temporary fear of novel food) and dietary
conservatism (a prolonged avoidance) (Marples & Kelly, 1999). At least 75% of the UK’s
herring gull population is currently breeding in urban areas (Burnell, 2021). Herring gulls
often exploit human refuse and food waste (Belant, Ickes e~ Seamans, 1998; Burnell, 2021;
Monaghan, 1979; Raghav ¢ Boogert, 2022; Rock, 2005), as it can be temporally and
spatially more predictable and abundant than foraging for marine prey, and can provide
more calories for less time and effort spent foraging (Pierotti ¢ Annett, 1991; Belant, Ickes
& Seamans, 1998; van Donk et al., 2017). However, urban-nesting in the UK only
commenced in the early 1900s (Monaghan & Coulson, 1977), and parent herring gulls are
often observed to switch to a more marine, higher-protein diet when their chicks hatch,
possibly to better meet the nutritional requirements of chick development and growth
(Bukacinska, Bukacinski & Spaans, 1996). Herring gull chicks may thus have a pre-existing
preference for marine foods, and integrate terrestrial anthropogenic foods into their diet
later, through either personal experience or parental provisioning. How urban herring gull
chicks acquire their dietary preferences, is, however, poorly understood.

The aim of this study was to test whether herring gull chicks have individual food
preferences and whether those can be influenced by early-life dietary experience. We
repeatedly tested whether young captive-reared herring gull chicks preferred marine or
terrestrial foods shortly after arrival to captivity, and then while being reared on either a
predominantly (i) marine or (ii) a terrestrially-sourced diet. Our dietary manipulation
reflects the extremes in the range of foods that herring gulls have been observed to
provision their chicks in the wild (Pierotti & Annett, 1991; Serré et al., 2022), to explore
whether chicks would develop a preference for those foods that they were provisioned
with. As described above, we predicted that herring gull chicks might initially prefer
marine foods. However, we hypothesised that chicks in the terrestrial diet group would
shift their preference to consume more terrestrial than marine foods due to habituation to
their experimental rearing diet. Each rearing diet also contained both high- and
low-protein food types. We predicted that chicks in both treatment groups would consume
high-protein options first, as this would be the most beneficial choice to maximise growth
and development (Spaans, 1971; van Donk et al., 2017; Sotillo et al., 2019). Finally, we
tested for consistent intra- and inter-individual differences in food preferences within
treatment groups, which could result from a combination of genetic factors, maternal
effects and individual experiences prior to our experiment (Monaghan, 2007).

METHODS

Ethics
This study was approved by the University of Exeter, College of Life and Environmental
Sciences, Penryn Ethics Committee (eCORN002962 9.1). GPS tagging (as part of a
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concurrent study and not included here) and marking of chicks with leg rings and
non-toxic temporary dye were approved by the British Trust for Ornithology Special
Methods Technical Panel on behalf of the Joint Nature Conservation Committee &
Natural England (application licence numbers: 11962 and 11963). The total time that each
chick was handled during ringing did not exceed 20 min, except for seven chicks that were
GPS-tagged (GPS back-mounted thoracic weak-link harness), where handling time did not
exceed 50 min. Avian specialist vets monitored the health and welfare of the gull chicks
throughout the study and ascertained that chicks were fit for release. Chicks were kept in
captivity until they demonstrated strong flying capabilities in the pens and were confirmed
fit for release by the vet. Chicks that were included in this study were kept in captivity for
the purpose of rescue and rearing to independence, and their inclusion in this experiment
did not hinder or delay their release from captivity.

Chick husbandry during captivity and release

The herring gull chick rehabilitation facilities were at a private residence near Troon,
Cornwall, which contained unimproved grassland areas on the property and was
surrounded by improved grassland fields within 1 km.

All herring gull chicks brought into captivity for rearing and rehabilitation were first
assessed by avian specialist veterinarians to check their condition. The chicks were
apparent ‘orphans’ who could either not be reunited with their parents, placed back into
their nest, or their exact origin was unidentifiable, thus they were unlikely to survive
without intervention. All chicks were found and brought into the rehabilitation facilities
within 24 h of rescue from towns across Cornwall, the majority from residential roofs.
Over seventy percent of the county of Cornwall is agricultural land, while Cornwall also
has 697 km of coastline. It therefore seems likely that most of the chicks would have been
provisioned with a mixture of marine and terrestrial foods while still at the nest. However,
other than their rescue location, we do not have any information regarding their early-life
or dietary experiences in the wild before they entered the rehabilitation facilities.

Chick ages were estimated by ELI (an experienced ornithologist) on admission to
captivity, according to their weight, feather development and other physiological features
(e.g., presence or absence of an egg tooth). The mean chick age + SD was estimated to be
10 days old + 8 days (n = 27). All chicks included in our study were assessed by a vet to be
healthy, with no major injuries or other health concerns. Any chicks brought in with
treatable injuries or illnesses were not included in the study cohort. Some non-study chicks
were present in the enclosures with the study chicks. Any chicks showing illness or distress
during rehabilitation were immediately taken to a vet and received medical treatment.
Two study chicks developed a respiratory disease whilst in care and were temporally
separated and removed from the study until they had fully recovered and were confirmed
healthy by a vet, and were returned to the study cohort. Both were from the Marine diet
treatment group; one chick missed a 24 h test, and the other the day five test (see below for
details of treatments and tests). As their experimental diets and apparent appetites were
unchanged during this period, we decided not to remove them from the study sample.
Chicks were weighed daily until ca. 30 days of age, then at least once weekly to check on
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their health and development. Tarsus length was also measured at least weekly to quantify
skeletal growth. Handling times were ca. 5 min/day for small chicks and ca. 2 min/week for
chicks >30 days old.

Chicks <5 days old were initially kept in an incubator together and fed with tweezers
approximately every 2 h during the day, until they were reliably feeding independently.
Chicks 5-25 days old were housed indoors overnight in groups of three in cages (0.6 m
length x 0.5 m width x 0.5 m height) that were raised off the floor for safety reasons. From
ca. 10 days old, they were housed in indoor ground pens (0.9 m x 0.9 m x 0.5 m height)
during daylight hours (ca. 10 h a day), with up to 9 chicks in one pen with ad lib food,
water and environmental enrichment (e.g., seaweed, cardboard boxes, water trays) until ca.
25 days old. At night, chicks were still housed in their groups of three in the raised
overnight cages until ca. 25 days of age. Each chick was marked with a spot of non-toxic
sheep marker-spray on downy feathers (approved by the British Trust for Ornithology
(BTO) Special Methods Technical Panel (SMTP)) to allow for individual identification
whilst <15 days old. Once the chicks were >15 days old, they were fitted with temporary
poultry colour rings on their tarsus for ID purposes.

From ca. 25 days of age, when chicks’ body feathers had grown sufficiently to make
them waterproof, chicks were moved into partially sheltered outdoor aviaries (ca. 2 m x
4.6 m x 2.5 m) for a week to acclimatise and then into outdoor flight pens (ca. 7 m x 3.5 m
x 2.5 m) with other chicks assigned to the same dietary treatment (up to 15 chicks per
pen). Outdoor enclosures were on grass with netted roofs and included a paddling pool,
perches, foraging enrichment (i.e., scattered dried mealworms (Tenebrio molitor larvae)
and fresh seaweed), shelters, and ad lib food and water. Once the chicks were assessed by a
vet and deemed fit for release at ca. 50 days old, they were ringed with a permanent BTO
metal ring on one leg and an alpha-numeric coded blue plastic colour ring on the other.
Prior to release, each chick was weighed, measured for minimal tarsus length (Caravaggi
et al., 2021), head length (measured from the back of the skull to the tip of the upper
mandible), bill length (from the tip of upper mandible to where the base of the upper
mandible meets feathers) and bill depth (measured at the gonys angle on the bill) and
scored for aggression (number of bites/pecks received by handler during ringing).

The first, older group of 15 chicks were soft-released on 26 July at the average age
(mean * SD) of 69 + 12 days old, by removing the netted tops of their enclosures to allow
the gulls to leave by flight during the day. Video recordings showed that all the juveniles
flew out of the pens within several hours of the netting being removed, and four individuals
left within the first half an hour. However, the chicks remained at the rearing site and spent
the night as a group in the surrounding field. Three of these chicks were predated by red
foxes (Vulpes vulpes). A further two of the released chicks were found around the pens
trying to enter them again so they were returned to captivity to be re-released at a later
date, while a third was also seen but chose to fly away. The remaining nine gull chicks were
not found onsite and are presumed to have been released successfully. The second group of
14 chicks (including the two returned to captivity) were released later at a local reservoir
and nature reserve (Stithians Reservoir, Cornwall SW 7325 3691) on August 23" and 24™,
when their mean age (+SD) was 71 + 12 days. One study chick was retained as it tended to
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approach humans and was released on 19™ September once it showed more appropriate
wariness towards people.

Experimental dietary treatments

Chicks (n = 27) were assigned to one of two experimental dietary treatment groups;
thirteen to the “Terrestrial’ group and fourteen to the ‘Marine’ group, where the dietary
treatments resembled opposite extremes of gull parental provisioning strategies observed
in the wild (van Donk et al., 2017; Sotillo et al., 2019; Serré et al., 2022). Chicks were
provided with foods categorised as terrestrial or marine in an 80:20 ratio. All chicks were
exposed to all foods offered, to avoid food neophobia (Rabinowitch, 1968). Each treatment
diet also included high protein and low protein food, with the low protein food accounting
for 20% of the wet mass of food provided (see Supplemental Materials Table S1 for the
nutritional value of foods). The diet ratios were achieved by presenting the different food
types (terrestrial and marine) for set amounts of time throughout daylight hours (ca. 12h a
day), with the order in which food types were presented changing daily, to achieve 80:20
ratios of the food types offered. All chicks were fed ad lib; the amount of food provided was
proportional to the number of chicks present and their ages, food was always available
during the day, and food was added to or exchanged four times a day for small chicks up to
15 days old, and three times a day for older chicks. The number of visits to older chicks was
reduced to limit their exposure to people to minimize tameness, which could impact their
survival upon release. All non-consumed foods were removed when a food type switch
occurred. When all chicks reached ca. 25 days of age and were moved outside, they were
provided with terrestrial and marine foods in a 50:50 ratio simultaneously. The latter
change in the ratios of food offered was not initially planned, but we observed that chicks
were reluctant to eat when not offered marine foods. The chicks prioritised consuming the
marine foods when offered, which could have caused some less- competitive chicks to have
a reduced food intake, because they refused to eat terrestrial foods.

The high-protein terrestrial food provided was tinned cat food (chicken, turkey, lamb
and beef), all flavours in jelly and gravy (Tesco and Asda own-brand cat foods). Chicks <10
days old were provided with cat food chunks of ca. 0.5 cm x 1 cm x 1 cm, while older,
larger chicks were given 2-4 cm® chunks. The lower-protein terrestrial food was diced
brown bread, sized ca. 1 cm® when chicks were small, and 1 cm x 2 cm x 2 cm for larger
chicks. We chose bread as the low-protein terrestrial food type as it is commonly
consumed by gulls in urban areas from domestic garbage and from people feeding ducks at
parks and lakes (Spaans, 1971; Pierotti & Annett, 1991; Scott, Duncan ¢ Green, 2015; van
Donk et al., 2017). We included bread in the terrestrial dietary treatment group to test
whether early-life provisioning with bread would generate a preference for this food. In the
marine treatment diet, the high-protein food was whole fish (European sprats Sprattus
sprattus and Atlantic mackerel Scomber scombrus), cut into 1-2 cm® pieces when chicks
were small, while larger chicks were presented with whole sprats that were ca. 7 cm x 2 cm,
and pieces of mackerel cut to similar sizes. The lower-protein marine food was pre-cooked
mussels (Mytilus edulis, Tesco frozen cooked shell-less mussels, ca. 1 cm x 1.5 cm X 2 cm).
To compensate for any potential nutritional differences between diets, we added thiamine
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(vitamin B1) and vitamin E supplements (Holland and Barrett 100 IU vitamin E capsules,
oil removed from capsules, and Holland and Barrett 100 mg thiamine tables, quartered and
crushed) at appropriate dosages (vitamin E: 100 IU kg™, thiamine: 25 mg kg™") per kg of
fish, and a multi-vitamin and calcium powder supplement (Nutrobal® Vetark) to bread, to
ensure normal chick development. These dosages were prescribed by the veterinarian.

It was not possible to overdose an individual chick as no one chick could consume all the
fish presented in a feed, nor be able to monopolise the food, as it was presented in multiple
bowls spaced through their enclosures. The supplements were also only added to the first
feed of the day to avoid the potential for overdosing on vitamin E. However, it should be
noted that other seabird species can tolerate large dosages exceeding the daily
recommended allowance with no apparent side effects (Crissey, McGill ¢ Simeone, 1998;
Crissey, Slifka & McGill, 2002). Thiamine is water soluble and cannot cause overdoses as
excess is excreted by the chicks naturally. The Nutrobal® powder was added to the bread in
sufficiently small doses that overdosing was not possible.

Experimental protocols

Immediately upon arrival to captivity, each chick was alternately and randomly assigned to
either the Marine (n = 14) or the Terrestrial (n = 13) diet treatment group. For the
experimental tests of chicks’ behaviour, chicks were individually placed and tested in
ground pens adjacent to their overnight cages (0.9 m length x 0.9 m width x 0.4 m height)
in which they were kept during the day, but in the absence of any group mates, objects or
shelters. Chicks <15 days old were tested in either the ground pens or a clean overnight
cage (0.6 m x 0.5 m x 0.5 m) if they were not yet familiar with the ground pen when < 5
days old. Once outside, chicks >25 days old were tested in an empty flight pen of the same
dimensions as, and adjacent to, the flight pens they occupied (ca. 7 m x 3.5 m x 2.5 m).
All tests were filmed using a Panasonic HC-V770 video recorder placed outside the
enclosures. Chicks were tested at 24-72 h, 5, 10, 15 and 35 days in captivity. All
experimental tests were conducted between 7-9:30 am, prior to weighing and ad lib
feeding. The four food types (terrestrial high-and low-protein food, and marine high- and
low-protein food) were offered in experimental food arrays comprising of four grey plastic
cat food bowls (CatCentre® 0.35 1 bowls). Each bowl contained only 10 g of food to avoid
chick satiation. The food bowls were the same as those used for the daily feeding of the
chicks and were thus familiar to the test subjects. Some individuals missed some
experimental tests for health reasons, but all chicks were tested at least four times.

A baseline experimental test for food preference, which was conducted 24-72 h after
arrival into captivity, commenced once the chick did not show any apparent signs of
distress, and tested for their baseline preference for marine or terrestrial high-protein foods
(i.e., fish vs. cat food). After an initial 10 min to habituate to their test enclosure, two food
bowls, each containing 10 g of one or the other food type, were presented equidistantly, at
approximately 20 cm in front of the chick, for a maximum of 10 min. We measured the
latency of the chick to approach and consume (i.e., food visibly eaten or pecked at three
times) their first food choice and what that food category was. We also scored whether the
chick approached the food/experimenter as the food bowls were being placed inside the
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cage or pen (yes or no) as a measure of tameness. Both foods were weighed before and after
the test to calculate the amount consumed. The trial was stopped once all food had been
consumed, or when 10 min had passed. The presentation side of the two foods (left or right
hand side) was randomised. Chicks <3 days old that struggled to feed independently were
not tested in this baseline trial.

A protocol similar to the baseline preference test was used on days 5, 10, 15 and 35 to
test for potential changes in chicks’ food preferences due to the dietary treatments. Chicks
were given 10 min to habituate to the test area, after which they were presented with a 2 x 2
grid of food bowls with 10 g of one of the four foods (chopped fish, mussels, cat food and
diced bread) in each, and left for 10 min (see Supplemental Material for video of a food
preference test trial). The position of each food in the array was randomised in every trial
to control for side biases and spatial learning. As before, the food offered was weighed
before and after the trial to calculate the amount consumed. For each trial, we recorded the
food that the chick consumed first (i.e., food visibly eaten or pecked at three times), the
latency to consume the food (time between presentation of the food and it being
consumed/pecked at for third time), the second food consumed, and if the chick
approached the food as the food bowls were placed into the enclosure (yes or no). All 27
chicks were presented with up to four replicate trials of the food preference tests
throughout their time in captivity, but not all chicks chose to participate and consume food
during the trials (day 5: n = 25; day 10: n = 26; day 15: n = 24; day 35 (when outdoors and
tested in adjacent outdoor test pen): n = 13).

All behaviour was scored from video recordings. Videos were scored by ELI and an
independent observer blind to the hypothesis being tested to assess the inter-observer
reliability of the behavioural scores. To test whether two independent observers agreed on
the chicks’ food preferences, we calculated Intra Class Coefficients (ICCs). Both the latency
for chicks to approach and consume food, and the first food eaten had very high
repeatability between scorers (Latency: ICC = 0.917 (95% Cl [0.884-0.941]), P < 0.001;
First food: ICC = 0.921 (95% ClI [0.887-0.945]), P < 0.001).

Statistical analyses

All analyses were conducted using R version 4.0.3 (R Core Team, 2020) and the packages
Ime4 (Bates et al., 2015) and MASS (Venables ¢» Ripley, 2002). The error family and link
function combination for each generalised linear mixed model (GLMM) conducted was
tested to select for the lowest AIC value and smallest residuals.

To determine whether food location within the 2 x 2 arrays affected choice, we
performed chi-squared contingency tests. We found that chicks were most likely to choose
a bowl from the front of the array (i.e., nearest to them) first (x> = 4950, df = 1, n = 88
trials, P < 0.001). However, chicks did not appear to have side biases (left vs. right side
comparison; y* = 0.44, df = 1, n = 111 trials, P = 0.51). Neither bowl position nor side
influenced chicks” second food choices (bowl at front or back of array: ¥ =265 df =1,
n = 74 trials, P = 0.10; left vs. right side: ¥} =022,df =1, n =74, P=0.64). As food type
position was randomised for each trial, bowl position and side were therefore not included
in further analyses.
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Individual chick weights and tarsus measurements taken over the duration of captivity
were compared between the two diet treatment groups using Wilcoxon’s tests. Chick
weights were compared when chicks were ca. 5 days old (n = 4 chicks per treatment group),
15 days (n = 8 from the marine group, 7 from the terrestrial) and when last weighed
recorded prior to release (n = all 27 study chicks). For the final weighing, chick age ranged
from 52-79 days due to differences in chick age when received into captivity. Chick tarsus
measurements were compared when chicks were ca. 14-16 days old (n = 7 chicks from
each treatment group). Tarsus measurements were not taken at younger ages due to time
constraints. Chicks’ last tarsus measurement prior to release was taken when chick age
ranged from 31-58 days old, when all chicks (n = 27) should have reached their growth
asymptote (Supplemental Materials, Figs. S1 and S2 for chick weights and tarsus
measurements, respectively).

To test whether chicks’ first, non-baseline, food choice for marine (fish or mussels) or
terrestrial (cat food or bread) food types was influenced by their diet treatment group
(Marine vs. Terrestrial), we used a GLMM of the binomial family (link = probit) with diet
treatment group as a fixed effect. Included was test day (day 5, 10, 15 and 35) as a fixed
effect, to test for the potential influence of increasing chick age and experience on food
preferences. Chick ID was included as a random effect to account for repeated sampling.
Test trials where no food was consumed were not included in the analysis.

We used Chi-squared tests to determine whether there was a significant preference for,
or avoidance of, one of the four foods offered in the chicks’ first food choices for each test
trial day (day 5, 10, 15 and 35) separately, to avoid pseudoreplication. To test for individual
consistency in first and second food preferences, we performed two Intra-Class Coefficient
tests (ICCs).

To test whether chicks were preferentially choosing higher protein food (fish or cat
food) over lower protein options available (bread or mussels), we used exact binomial tests
for each test trial day, excluding the baseline trial, to determine whether chicks chose a
higher protein food first (yes or no) more often than would be expected by chance (0.5).
We also used exact binomial tests for each test trial day to determine whether chicks were
significantly more likely than chance to choose high protein foods consecutively in both
their first and second choice (probability of occurring by chance was 0.83).

RESULTS

Does dietary treatment affect chick growth?

Chicks in the terrestrial group were significantly lighter at their last weight measurement
before release as compared to the marine group (median difference = 110 g, 95% CL
[10-215] g; Wilcoxon test, W = 138, n = 14 Marine diet chicks, 13 Terrestrial, P = 0.02).
This weight difference measured when 52-79 days old was not apparent when chicks were
<15 days old (Wilcoxon tests at 5 and 15 days old: P value > 0.05). Similarly, when chicks
were 31-58 days old, the tarsi of those in the terrestrial group were significantly smaller
than those in the marine group (median difference = 3.5 mm, 95% CL [1.7-4.9] mm;
Wilcoxon test, W = 152, P = 0.004). This difference between the diet groups was not quite
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Table 1 Post-hoc pairwise comparisons using chi-squared tests for given probabilities (0.25) of each
of the four foods consumed first across the food preference trials.

Food Frequency of being consumed first Expected frequency Chi-square value P value
Day 5 trial
Bread 0 6.25 8.33 0.016
Cat food 3 6.25 2.25 0.53
Fish 17 6.25 24.65 <0.001
Mussels 5 6.25 0.33 1
Day 10 trial
Bread 1 6.5 6.21 0.051
Cat food 2 6.5 1.28 1
Fish 13 6.5 8.67 0.013
Mussels 8 6.5 0.46 1
Day 15 trial
Bread 2 6 3.56 0.24
Cat food 1 6 5.56 0.074
Fish 12 6 8 0.019
Mussels 9 6 2 0.63
Day 35 trial
Bread 0 3.25 4.33 0.015
Cat food 2 3.25 0.64 1
Fish 8 3.25 9.25 0.009
Mussels 3 3.25 0.03 1
Note:

Significant terms (P value < o = 0.05) are highlighted in bold.

significant when chicks were 14-16 days old (Wilcoxon test, W = 40, n = 8 Marine chicks,
7 Terrestrial chicks, P = 0.06).

Do herring gull chicks have food preferences, and does the rearing diet
influence individual food preferences?

Twenty-three of the twenty-seven chicks participated in the baseline food preference test.
Chicks showed no preference for either food type (exact binomial test: number of chicks
choosing fish = 13/23; P = 0.68). In the later test trials with all four treatment diet foods
presented in a 2 x 2 grid, chicks’ first food choices did differ from chance (Day 5 trial:
x> =26.68, df = 3, n = 25, P < 0.001; Day 10 trial: y* = 12.46, df = 3, n = 26, P < 0.001; Day
15 trial: * = 14.33, df = 3, n = 24, P < 0.001; Day 35 trial: y* = 10.69, df = 3, n = 13,

P =0.01). As shown in Table 1 and Fig. 1, chicks preferred to consume fish first and
appeared to avoid bread. Although mussels and fish seemed to be preferred over cat food,
and both cat food and mussels appeared to be preferred over bread, these patterns were not
significant. We found no influence of the diet treatment group nor the test day on chicks’
preferences for marine or terrestrial food types (Table 2; GLMM: P > 0.05). Chick ID
explained no variation when included as a random effect in this GLMM model, indicating
that the variation between individuals in initial food preferences was undetectable
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Figure 1 The frequency of chicks’ first food choices in four test trials (n = 88 observations of n = 27
chicks). Not all chicks participated in every test trial: day 5 = 25, day 10 = 26, day 15 = 24, and day 35 = 13
chicks. The bar colour represents the food type. Results for chicks in the Marine group are presented on
the left, and results for the Terrestrial group are presented on the right.
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Table 2 Results of a binomial GLMM (link = probit) testing whether herring gull chicks prefer marine or terrestrial foods.

Estimate Standard error Degrees of freedom Z value P-value

Intercept -1.15 0.37 1

Diet treatment group -0.05 0.33 1 -0.15 0.88

Test day 10 (proxy for chick age and compared to day 5 in intercept) — —0.002 0.011 1 0.70 0.49

Test day 15 (proxy for chick age and compared to day 5 in intercept) 0.02 0.46 1 0.05 0.96

Test day 35 (proxy for chick age and compared to day 5 in intercept) 0.15 0.53 1 0.28 0.78
Note:

Random term: Chick ID variance within the model accounted for = 0, standard deviation = 0. This term had to be included to account for repeated measures of individuals

over time.

(Table 2). This might be due to most chicks consistently choosing marine and higher
protein foods first in the great majority of trials (Fig. 2A). For chicks’ second food choices,
fish and mussels were preferred over cat food, while bread remained a rare choice (Fig. 2B).
Chicks’ first and second food choices appeared to broadly reflect the amount of each

food type that they consumed (Fig. 3). Bread consumption was very low, and only occurred
after chicks had consumed all the food in the other bowls. Fish consumption showed the
opposite pattern, with most chicks consuming all of the fish available. However, cat food
consumption was quite high considering that cat food was less frequently the first or
second choice of the chicks, compared to the marine foods. The amount of cat food
consumed appeared to decrease with increasing time spent in captivity, while mussel
consumption varied widely between individuals and across test days (Fig. 3).We found no
significant differences between the chicks in their first and second food choices, nor
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Figure 2 The frequency of foods consumed as first and second choices for each test subject. (A) Shows the first food choice each chick made, and
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each chick’s participation and consumption of food in the four food preference trials. Bar colours refer to food types.
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significant within-individual consistency between test trial days 5, 10 and 15; day 35 could
not be included in this analysis due to reduced chick participation (Table S2 in the
Supplemental information; all ICCs: P > 0.05).

Do chicks prefer higher protein foods over lower protein foods?
Higher protein foods were generally more frequently consumed as chicks’ first choice
(Fig. 4A) and second choice (Fig. 4B) during the food preference trials. However, exact
binomial tests of a high protein food being chosen first (yes or no, probability by
chance = 0.5) showed that only in the day 5 trials chicks showed a significant preference for
high protein foods for the first food consumed (Table 3). Chicks generally ate higher
percentages (>50%) of high protein food first in trials on days 10, 15 and 35, but this was
not significantly different from the 50% expected by chance. Within the first two food
choices made during trials, almost all chicks chose a high protein food (Table 3). Exact
binomial tests of the frequencies of choice for higher protein foods within the first two
choices suggest that chicks preferentially chose higher protein foods on days 5 and 10
(P = 0.02). Yet, their first two choices for high-protein foods on days 15 and 35 did not
differ significantly from chance (P = 0.11 and P = 0.71 respectively; Table 3).
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Figure 3 The amount of bread, cat food, fish and mussels consumed by the chicks in the 10 min food
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Figure 4 Bar graphs of chicks’ first (A) and second (B) food choices in each trial, according to the food types’ protein levels (high vs. low). The
bar colour indicates whether a higher protein food was chosen (yes or no). (A) Represents n = 88 observations where chicks made a first food choice
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Table 3 Exact binomial tests of probabilities for higher protein food consumed first (0.5) and for whether consumed within the first two foods
consumed by chicks (0.83) across the test trials.

Test Frequency of higher P-value for first Number of chicks that Frequency of higher protein food P-value for first &
day protein food consumed consumed food participated (consumed consumed within the first & second second food
first food) choices consumed
Day 20 <0.001 25 25 0.015
5
Day 17 0.169 26 26 0.015
10
Day 13 0.839 24 23 0.107
15
Day 10 0.092 13 12 0.710
35
Note:

Significant (o < 0.05) stats are highlighted in bold.

DISCUSSION

We tested whether rescued herring gull chicks had individual food preferences, and
whether those preferences were influenced by their rearing diet in captivity. We found that
herring gull chicks unequivocally preferred marine food, specifically fish, and avoided the
bread offered. Individual preferences for cat food and mussels were not clear nor
consistent, but mussels were picked more often as a first or second option than cat food.

Recently-hatched chicks are usually provisioned by the parent gull with pre-digested,
mixed regurgitates on the floor and presented with smaller, appropriately sized, amounts
of food by the parent directly into the chick’s beak (Tinbergen ¢ Perdeck, 1950). For the
first few days post-hatching, chick vision and acuity are not fully developed, so visual
identification of food may be beyond chick abilities until they are a few days older and
more developed (Segovia et al., 2020; Thompson, 1971). This may contribute to the lack of
preference in our baseline food preference trial with younger chicks, as there may not be a
biological imperative to have preferences until they can distinguish the prey provided.
However, from the first 2x2 food preference test onwards, virtually all chicks preferred
fish, regardless of their experimental rearing diet. Marine-based diets appear to facilitate
gull fledgling productivity in terms of growth and survival (Spaans, 1971; Bukacinska,
Bukacinski & Spaans, 1996; Annett ¢ Pierotti, 1999; Sotillo et al., 2019). Marine prey, such
as pelagic fish, are thought to contain better nutrition (protein and micronutrients) for
chick development than terrestrial anthropogenic foods like domestic refuse (Pierotti ¢
Annett, 1991; Nogales, Zonfrillo & Monaghan, 1995; Bukacinska, Bukacinski ¢ Spaans,
1996; O’Hanlon, McGill & Nager, 2017; Sotillo et al., 2019). Calcium, for example, is one of
the essential micronutrients required for skeletal growth, and the calcium in fish bones is
easily digested and absorbed by growing gull chicks (Spaans, 1971; Annett ¢» Pierotti, 1989;
Pierotti ¢ Annett, 1991).

We did not find any evidence of distinct among-individual preferences or
within-individual consistency in food choices. We also did not find a strong preference for
the higher-protein food options, contrary to expectations. These results are likely to have
been driven by the chicks’ strong preference for fish and avoidance of bread. Our findings
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on herring gull chicks’ unwillingness to consume bread appear to be at odds with a study
on wild, urban black-headed gulls (Chroicocephalus ridibundus) which found that gulls in
more urban areas preferred bread over fish, while gulls in rural settings exhibited the
opposite preference (Scott, Duncan ¢ Green, 2015). An increased reliance on
anthropogenic foods such as bread may emerge later in life, perhaps when older
individuals experience lower foraging returns from attempts to feed on dwindling marine
prey (Greig, Coulson & Monaghan, 1986; Bicknell et al., 2013; Oro et al., 2013; Blight et al.,
2015; Carmona, Aymi & Navarro, 2021; Pais de Faria et al., 2021). In addition, gull chicks
and independent juveniles have also been observed to consume bread in the wild, which
may be due to the reliability and ease of access to anthropogenic foods for the parent gulls
to forage (Spaans, 1971; van Donk et al., 2017; Sotillo et al., 2019). In addition, juveniles
may consume less nutritious foods, such as bread in parks, due to competition and
exclusion from higher-quality resources by adult gulls (Verbeek, 1977; Greig, Coulson ¢
Monaghan, 1983; Carmona, Aymi & Navarro, 2021; Pais de Faria et al., 2021). Further
research is required to unravel how food preferences and foraging specialisations develop
and change through individuals’ lifespans. Willingness to consume novel anthropogenic
foods has been shown to vary in birds across urban-rural gradients (Blight et al., 2015;
Brousseau, Lefebvre & Giroux, 1996; De Leon et al., 2019; Langley et al., 2021; Scott, Duncan
¢ Green, 2015). However, for many animals, the consumption of anthropogenic foods
could be an evolutionary trap, as described by the junk-food hypothesis’, where
individuals shift from consuming scarce, high-quality foods to consuming more abundant
but nutritionally lower-quality foods (Auman, Meathrel ¢ Richardson, 2008; Grémillet
et al., 2008; Sol et al., 2014; Stillfried et al., 2017; De Leon et al., 2019). Whether herring gulls
suffer later-life detrimental effects on their health when they increasingly rely on human
food waste, remains to be determined, however.

We did not find any influence of early-life experimental diets on later food preferences,
although the chicks appeared to gain a predominant and enduring preference for fish and
avoidance of bread in virtually all tests after the initial baseline test. Individual experience
and learning in early life are thought to underlie young seabirds’ acquisition of foraging
specialisms in later life that might help escape conspecific competition (Anderson et al.,
2009; Borrmann et al., 2021; Patrick et al., 2014; Votier et al., 2017). Early-life experience
through social learning or maternal effects has been shown to influence food preference
and foraging specialisation. Weanling rats (Rattus norvegicus), for example, are more
willing to consume food with onion flavouring if they experience this taste from their
mother’s milk (Wuensch, 1978). Bottlenose dolphins (Tursiops aduncus) and other
odontocetes show later-life specialisms in prey choice and foraging behaviour from
learning in early life from their mothers and other group members (Allen, 2019; Strickland
et al., 2021). Individual or group variation in prey choice allows multiple ecotypes to
coexist with reduced competition. Knowledgeable individuals can either directly or
indirectly pass information on to juveniles as to which foods to consume (Monaghan,
2007). Our experiment did not test chicks’ food preferences in a social context (such as
sibling competition), nor did our test subjects have any access to a more knowledgeable
individual (e.g., their parents as in wild juveniles) that could have increased individual
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variation in food preferences, as observed in wild primates (Brown, Almond & Bergen,
2004), white-tailed ptarmigan (Lagopus leucurus, Allen ¢» Clarke, 2005), meerkats (Suricata
suricatta, Thornton & Malapert, 2009) and New Caledonian crows (Corvus moneduloides,
Holzhaider, Hunt & Gray, 2010). As herring gull chicks may refuse to consume certain
foods, as seen in our study, this may reinforce provisioning behaviour seen in the wild
where parents provide more marine foods to their chicks (Spaans, 1971; Annett & Pierotti,
1989; Pierotti & Annett, 1991; Nogales, Zonfrillo & Monaghan, 1995; van Donk et al., 2017).
Our diet treatments were designed to replicate extremes in the ratios of marine and
terrestrial foods that wild gulls have been recorded to provide their chicks with (Pierotti ¢
Annett, 1991; Sotillo et al., 2019). Though we presented the different foods for differing
amounts of time to make the dietary ratios, all foods were made available to all of the
chicks, which may not be the case in the wild (Brower, Spaans ¢ De Wit, 1995; Duhem
et al., 2003; Mendes et al., 2018; Pierotti ¢ Annett, 1991; van den Bosch et al., 2019).
We found that our terrestrial diet group chicks were lighter and their tarsus measurements
were smaller prior to release (Figs. S1 and S2). Our findings differ from studies on captive
lesser black-backed gull chicks, where those reared on chicken breast grew faster and were
larger in mass at 30 days old than those that ate more fish (Gupta et al., 2016; Sotillo et al.,
2019). Anthropogenic foods of terrestrial origin, like household food waste (e.g., animal
remains), can be high in calories and protein, which would meet chick requirements for
growth and development (Gupta et al., 2016; Sotillo et al., 2019; van Donk et al., 2017; van
der Meer et al., 2020). Our terrestrial diet group chicks may have been lighter because, once
they were >25 days old, they started to refuse the terrestrial foods provided for the majority
of the time (with time available used to create the experimental diet ratios). Instead of
eating the terrestrial foods, they often waited until the marine foods were provided (as per
the diet time ratio). All food was provided ad lib and all chick weights were within the
natural, healthy ranges at last measurement (Spaans, 1971). However, to avoid reduced
daily food intake, we provided marine and terrestrial foods simultaneously for the
remainder of the gull chicks’ time in captivity. The refusal to consume bread and to some
extent, cat food, may point to dietary conservatism (Marples & Kelly, 1999). Although we
could not distinguish variation in individuals’ dietary conservatism nor test for social
competitive effects, such factors could influence individual food preferences in later life.
This study shows that investigating the development of individual food preferences of
animals is important to understand and predict how species may cope with increasing
urbanisation and climate change. Animals can live in and exploit urban areas for
anthropogenic food waste and refuse. However, this does not necessarily mean that they
are thriving or that they prefer anthropogenic food, rather than making the best of a bad
situation (Oro et al., 2013; Soulsbury ¢ White, 2015). Further research on the consequences
of early-life provisioning of anthropogenic foods on later-life food and habitat preferences
is needed on a wider range of taxa. It would also be of interest to study knock-on effects of
food preferences and diet on longevity, reproductive success and demography.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 17/24


http://dx.doi.org/10.7717/peerj.17565/supp-1
http://dx.doi.org/10.7717/peerj.17565/supp-2
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

ACKNOWLEDGEMENTS

We would like to thank Suzy Sharpe for her experienced care and guidance, and for the use
of her facilities to help rear these gull chicks to release and, without whom, this study could
not have been conducted. We thank the ornithological specialist vets, in particular Dr
Felicity Woodhouse, who advised and helped to oversee the care of the juvenile herring
gulls in this study. Also, thanks to Shubhi Raghav for help with coordinating tests on a
couple of very busy mornings. We would also like to thank our reviewers Dr Lamarre, Dr
Stienen and a third anonymous reviewer for their invaluable comments that have
contributed to making this a much better manuscript.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

Emma Inzani is funded by a NERC GW4+ PhD studentship NE/S007504/1 and
NE/L002434/1. Neeltje J. Boogert and Laura Kelley are funded by Royal Society Dorothy
Hodgkin Research Fellowships (NB: DH140080, LK: DH160082). The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

NERC GW4+PhD Studentship: NE/S007504/1 and NE/L002434/1.

Royal Society Dorothy Hodgkin Research Fellowships: DH140080, DH160082.

Author Contributions

¢ Emma Inzani conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

e Laura Kelley conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

 Robert Thomas analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

* Neeltje J. Boogert conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the article, and approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This study was approved by the University of Exeter, College of Life and Environmental
Science, Penryn Ethics Committee (eCORN002962 9.1). GPS tagging and marking of
chicks with leg rings and non-toxic temporary dye were approved by the British Trust for
Ornithology Special Methods Technical Panel on behalf of the Joint Nature Conservation
Committee & Natural England (application licence numbers: 11962 and 11963).

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 18/24


http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

Data Availability
The following information was supplied regarding data availability:
The raw data and code are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.17565#supplemental-information.

REFERENCES

Allen JA. 2019. Community through culture: from insects to whales. BioEssays 41(11):1900060
DOI 10.1002/bies.201900060.

Allen T, Clarke JA. 2005. Social learning of food preferences by white-tailed ptarmigan chicks.
Animal Behaviour 70(2):305-310 DOI 10.1016/j.anbehav.2004.10.022.

Anderson OR]J, Phillips RA, Shore RF, McGill RAR, McDonald RA, Bearhop S. 2009. Diet,
individual specialisation and breeding of brown skuas (Catharacta antarctica lonnbergi): an
investigation using stable isotopes. Polar Biology 32(1):27-33 DOI 10.1007/s00300-008-0498-9.

Annett C, Pierotti R. 1989. Chick hatching as a trigger for dietary switching in the western gull.
Colonial Waterbirds 12(1):4 DOI 10.2307/1521306.

Annett CA, Pierotti R. 1999. Long-term reproductive output in western gulls: consequences of
alternate tactics in diet choice. Ecology 80(1):288-297
DOI 10.1890/0012-9658(1999)080[0288:LTROIW]2.0.CO;2.

Aratjo MS, Bolnick DI, Layman CA. 2011. The ecological causes of individual specialisation.
Ecology Letters 14(9):948-958 DOI 10.1111/j.1461-0248.2011.01662.x.

Auman HJ, Meathrel CE, Richardson A. 2008. Supersize me: does anthropogenic food change the
body condition of silver gulls? A comparison between urbanized and remote, non-urbanized
areas author (s): Heidi J. Auman, Catherine E. Meathrel and Alastair Richardson published by:
waterbird Soci. Waterbirds: the International Journal of Waterbird Biology 31(1):122-126
DOI 10.1675/1524-4695(2008)31[122:SMDAFC]2.0.CO:;2.

Bateman PW, Fleming PA. 2012. Big city life: carnivores in urban environments. Journal of
Zoology 287(1):1-23 DOI 10.1111/j.1469-7998.2011.00887 x.

Bates D, Michler M, Bolker BM, Walker SC. 2015. Fitting linear mixed-effects models using
Imed4. Journal of Statistical Software 67(1):1-48 DOI 10.18637/jss.v067.i01.

Beckerman AP, Boots M, Gaston KJ. 2007. Urban bird declines and the fear of cats. Animal
Conservation 10(3):320-325 DOI 10.1111/j.1469-1795.2007.00115.x.

Belant JL, Ickes SK, Seamans TW. 1998. Importance of landfills to urban-nesting herring and
ring-billed gulls. Landscape and Urban Planning 43(1-3):11-19
DOI 10.1016/S0169-2046(98)00100-5.

Bicknell AWJ, Oro D, Camphuysen KC]J, Votier SC. 2013. Potential consequences of discard
reform for seabird communities. Journal of Applied Ecology 50(3):649-658
DOI 10.1111/1365-2664.12072.

Blight LK, Hobson KA, Kyser TK, Arcese P. 2015. Changing gull diet in a changing world: a 150-
year stable isotope (8'°C, §'°N) record from feathers collected in the Pacific Northwest of North
America. Global Change Biology 21(4):1497-1507 DOI 10.1111/gcb.12796.

Bolnick DI, Svanbick R, Fordyce JA, Yang LH, Davis JM, Hulsey CD, Forister ML. 2003. The
ecology of individuals: incidence and implications of individual specialization. American
Naturalist 161(1):1-28 DOI 10.1086/343878.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 19/24


http://dx.doi.org/10.7717/peerj.17565#supplemental-information
http://dx.doi.org/10.7717/peerj.17565#supplemental-information
http://dx.doi.org/10.7717/peerj.17565#supplemental-information
http://dx.doi.org/10.1002/bies.201900060
http://dx.doi.org/10.1016/j.anbehav.2004.10.022
http://dx.doi.org/10.1007/s00300-008-0498-9
http://dx.doi.org/10.2307/1521306
http://dx.doi.org/10.1890/0012-9658(1999)080[0288:LTROIW]2.0.CO;2
http://dx.doi.org/10.1111/j.1461-0248.2011.01662.x
http://dx.doi.org/10.1675/1524-4695(2008)31[122:SMDAFC]2.0.CO;2
http://dx.doi.org/10.1111/j.1469-7998.2011.00887.x
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.1111/j.1469-1795.2007.00115.x
http://dx.doi.org/10.1016/S0169-2046(98)00100-5
http://dx.doi.org/10.1111/1365-2664.12072
http://dx.doi.org/10.1111/gcb.12796
http://dx.doi.org/10.1086/343878
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

Borrmann RM, Phillips RA, Clay TA, Garthe S. 2021. Post-fledging migration and wintering
strategies of individual juvenile lesser black-backed gulls (Larus fuscus). Ibis 163:12917
DOI 10.1111/ibi.12917.

Brousseau AP, Lefebvre J, Giroux J. 1996. Diet of ring-billed gull chicks in urban and non-urban
colonies in Quebec. Colonial Waterbirds 19(1):22-30 DOI 10.2307/1521803.

Brower A, Spaans AL, De Wit AAN. 1995. Survival of herring gull Larus argentatus chicks: an
experimental analysis of the need for early breeding. Ibis 137(2):272-278
DOI 10.1111/j.1474-919X.1995.tb03249 x.

Brown GR, Almond REA, Bergen YV. 2004. Begging, stealing, and offering: food transfer in
nonhuman primates. In: Advances in the Study of Behavior. Vol. 34. Academic Press, 265-295.

Bukacinska M, Bukacinski D, Spaans AL. 1996. Attendance and diet in relation to breeding
success in herring gulls (Larus argentatus). The Auk 113(2):300-309 DOI 10.2307/4088896.

Burnell D. 2021. Population estimates for urban and natural nesting herring gull Larus argentatus
and lesser black-backed gull Larus fuscus in England. Natural England 1-44.

Callaghan CT, Major RE, Wilshire JH, Martin JM, Kingsford RT, Cornwell WK. 2019.
Generalists are the most urban-tolerant of birds: a phylogenetically controlled analysis of
ecological and life history traits using a novel continuous measure of bird responses to
urbanization. Oikos 128(6):845-858 DOI 10.1111/0ik.06158.

Camphuysen CJ. 2013. A historical ecology of two closely related gull species (Laridae): multiple
adaptations to a man-made environment. Groningen: University of Groningen.

Caravaggi A, Bayley S, Facey R], de la Hera I, Shewring MP, Smith JA. 2021. The long and short
of it: converting between maximum and minimum tarsus measurements in passerine birds.
Ringing & Migration 36(1):9-17 DOI 10.1080/03078698.2022.2050937.

Carmona M, Aymi R, Navarro J. 2021. Importance of predictable anthropogenic food subsidies
for an opportunistic gull inhabiting urban ecosystems. European Journal of Wildlife Research
67(1):74 DOI 10.1007/s10344-020-01446-2.

Concepcion ED, Moretti M, Altermatt F, Nobis MP, Obrist MK. 2015. Impacts of urbanisation
on biodiversity: the role of species mobility, degree of specialisation and spatial scale. Oikos
124(12):1571-1582 DOI 10.1111/0ik.02166.

Coulson JC. 2015. Re-evaluation of the role of landfills and culling in the historic changes in the
herring gull (Larus argentatus) population in great Britain. Waterbirds 38(4):339-354
DOI 10.1675/063.038.0411.

Cox DTC, Gaston K]J. 2016. Urban bird feeding: connecting people with nature. PLOS ONE
11(7):e0158717 DOI 10.1371/journal.pone.0158717.

Crissey SD, McGill P, Simeone A-M. 1998. Influence of dietary vitamins A and E on serum H- and
k-tocopherols, retinol, retinyl palmitate and carotenoid concentrations in Humboldt penguins
(Spheniscus humboldti). Comparative Biochemistry and Physiology Part A: Molecular ¢
Integrative Physiology 121(4):333-339 DOI 10.1016/51095-6433(98)10131-9.

Crissey S, Slifka K, McGill P. 2002. Penguins: nutrition and dietary husbandry. In: Nutrition
Advisory Group Handbook. Available at http://www.zoocentral.dk/uploads/4/9/7/5/49755431/
penguin_-_aza__nutrition__-_2002.pdf.

Dall SRX, Houston AI, McNamara JM. 2004. The behavioural ecology of personality: consistent
individual differences from an adaptive perspective. Ecology Letters 7(8):734-739
DOI 10.1111/j.1461-0248.2004.00618.x.

Davis ML, Elliott JE, Williams TD. 2015. Spatial and temporal variation in the dietary ecology of

the Glaucous-winged gull Larus glaucescens in the Pacific Northwest. Marine Ornithology
43:189-198.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 20/24


http://dx.doi.org/10.1111/ibi.12917
http://dx.doi.org/10.2307/1521803
http://dx.doi.org/10.1111/j.1474-919X.1995.tb03249.x
http://dx.doi.org/10.2307/4088896
http://dx.doi.org/10.1111/oik.06158
http://dx.doi.org/10.1080/03078698.2022.2050937
http://dx.doi.org/10.1007/s10344-020-01446-2
http://dx.doi.org/10.1111/oik.02166
http://dx.doi.org/10.1675/063.038.0411
http://dx.doi.org/10.1371/journal.pone.0158717
http://dx.doi.org/10.1016/S1095-6433(98)10131-9
http://www.zoocentral.dk/uploads/4/9/7/5/49755431/penguin_-_aza__nutrition__-_2002.pdf
http://www.zoocentral.dk/uploads/4/9/7/5/49755431/penguin_-_aza__nutrition__-_2002.pdf
http://dx.doi.org/10.1111/j.1461-0248.2004.00618.x
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

De Leon LF, Sharpe DMT, Gotanda KM, Raeymaekers JAM, Chaves JA, Hendry AP, Podos J.
2019. Urbanization erodes niche segregation in Darwin’s finches. Evolutionary Applications
12(7):1329-1343 DOI 10.1111/eva.12721.

Duhem C, Roche P, Vidal E, Tatoni T. 2008. Effects of anthropogenic food resources on
yellow-legged gull colony size on Mediterranean Islands. Population Ecology 50(1):91-100
DOI 10.1007/s10144-007-0059-z.

Duhem C, Vidal E, Roche P, Legrand J. 2003. Island breeding and continental feeding: how are
diet patterns in adult yellow-legged gulls influenced by landfill accessibility and breeding stages?
Ecoscience 10(4):502-508 DOI 10.1080/11956860.2003.11682798.

Enners L, Schwemmer P, Corman AM, Voigt CC, Garthe S. 2018. Intercolony variations in
movement patterns and foraging behaviors among herring gulls (Larus argentatus) breeding in
the eastern Wadden Sea. Ecology and Evolution 8(15):7529-7542 DOI 10.1002/ece3.4167.

Galbraith JA, Jones DN, Beggs JR, Parry K, Stanley MC. 2017. Urban bird feeders dominated by
a few species and individuals. Frontiers in Ecology and Evolution 5:81
DOI 10.3389/fevo.2017.00081.

Greig SA, Coulson JC, Monaghan P. 1983. Age-related differences in foraging success in the
Herring Gull (Larus argentatus). Animal Behaviour 31(4):1237-1243
DOI 10.1016/S0003-3472(83)80030-X.

Greig SA, Coulson JC, Monaghan P. 1986. A comparison of foraging at refuse tips by three species
of gull (Laridae). Journal of Zoology 210(3):459-472 DOI 10.1111/j.1469-7998.1986.tb03649 x.

Grémillet D, Pichegru L, Kuntz G, Woakes AG, Wilkinson S, Crawford RJM, Ryan PG. 2008. A
junk-food hypothesis for gannets feeding on fishery waste. Proceedings of the Royal Society B:
Biological Sciences 275(1639):1149-1156 DOI 10.1098/rspb.2007.1763.

Gupta T, Santos C, Sotillo A, De Neve L, Stienen E, Miiller W, Lens L. 2016. Nutritional stress
causes heterogeneous relationships with multi-trait FA in lesser black-backed gull chicks: an
aviary experiment. Symmetry 8(11):133 DOI 10.3390/sym8110133.

Gyimesi A, Boudewijn TJ, Buijs RJ, Shamoun-Baranes JZ, de Jong JW, Fijn RC,
van Horssen PW, Poot MJM. 2016. Lesser black-backed gulls Larus fuscus thriving on a
non-marine diet. Bird Study 63(2):241-249 DOI 10.1080/00063657.2016.1180341.

Holzhaider JC, Hunt GR, Gray RD. 2010. Social learning in new Caledonian crows. Learning &
Behavior 38(3):206-219 DOI 10.3758/LB.38.3.206.

Langley LP, Bearhop S, Burton NHK, Banks AN, Frayling T, Thaxter CB, Clewley GD,
Scragg E, Votier SC. 2021. GPS tracking reveals landfill closures induce higher foraging effort
and habitat switching in gulls. Movement Ecology 9(1):1-13 DOI 10.1186/s40462-021-00278-2.

Langley LP, Bearhop S, Burton NHK, Banks AN, Frayling T, Thaxter CB, Clewley GD,
Scragg E, Votier SC. 2023. Urban and coastal breeding lesser black-backed gulls (Larus fuscus)
segregate by foraging habitat. Ibis 165(1):214-230 DOI 10.1111/ibi.13109.

Lenzi J, Gonzalez-Bergonzoni I, Machin E, Pijanowski B, Flaherty E. 2019. The impact of
anthropogenic food subsidies on a generalist seabird during nestling growth. Science of the Total
Environment 687(3):546-553 DOI 10.1016/j.scitotenv.2019.05.485.

Lisnizer N, Garcia-Borboroglu P, Yorio P. 2011. Spatial and temporal variation in population
trends of kelp gulls in northern Patagonia, Argentina. Emu 111(3):259-267
DOI 10.1071/MU11001.

Marples NM, Kelly DJ. 1999. Neophobia and dietary conservatism: two distinct processes?
Evolutionary Ecology 13(7-8):641-653 DOI 10.1023/A:1011077731153.

McCleery R. 2015. Urban mammals. Urban Ecosystem Ecology 55:87-102
DOI 10.2134/agronmonogr55.c5.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 21/24


http://dx.doi.org/10.1111/eva.12721
http://dx.doi.org/10.1007/s10144-007-0059-z
http://dx.doi.org/10.1080/11956860.2003.11682798
http://dx.doi.org/10.1002/ece3.4167
http://dx.doi.org/10.3389/fevo.2017.00081
http://dx.doi.org/10.1016/S0003-3472(83)80030-X
http://dx.doi.org/10.1111/j.1469-7998.1986.tb03649.x
http://dx.doi.org/10.1098/rspb.2007.1763
http://dx.doi.org/10.3390/sym8110133
http://dx.doi.org/10.1080/00063657.2016.1180341
http://dx.doi.org/10.3758/LB.38.3.206
http://dx.doi.org/10.1186/s40462-021-00278-2
http://dx.doi.org/10.1111/ibi.13109
http://dx.doi.org/10.1016/j.scitotenv.2019.05.485
http://dx.doi.org/10.1071/MU11001
http://dx.doi.org/10.1023/A:1011077731153
http://dx.doi.org/10.2134/agronmonogr55.c5
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

McKinney ML. 2006. Urbanization as a major cause of biotic homogenization. Biological
Conservation 127(3):247-260 DOI 10.1016/j.biocon.2005.09.005.

Mendes RF, Ramos JA, Paiva VH, Calado JG, Matos DM, Ceia FR. 2018. Foraging strategies of a
generalist seabird species, the yellow-legged gull, from GPS tracking and stable isotope analyses.
Marine Biology 165(10):1-14 DOI 10.1007/500227-018-3421-0.

Monaghan P. 2007. Early growth conditions, phenotypic development and environmental change.
Philosophical Transactions of the Royal Society B: Biological Sciences 363(1497):1635-1645
DOI 10.1098/rstb.2007.0011.

Monaghan P, Coulson JCC. 1977. Status of large gulls nesting on buildings. Bird Study
24(2):89-104 DOI 10.1080/00063657709476538.

Monaghan P. 1979. Aspects of the breeding biology of herring gulls Larus argentatus in urban
colonies. Ibis 121(4):475-481 DOI 10.1111/j.1474-919X.1979.tb06687 x.

Nager RG, O’Hanlon NJ. 2016. Changing numbers of three gull species in the British Isles.
Waterbirds 39:15-28 DOI 10.1675/063.039.sp108.

Nogales M, Zonfrillo B, Monaghan P. 1995. Diets of adult and chick herring gulls Larus
argentatus argenteus on Ailsa Craig, South-West Scotland. Seabird 17:56-63.

Osterblom H, Olsson O, Blenckner T, Furness RW. 2008. Junk-food in marine ecosystems. Oikos
117(7):967-977 DOI 10.111 1/j.0030-1299.2008.16501.x.

Oro D, Bosch M, Ruiz J. 1995. Effects of a trawling moratorium on the breeding success of the
yellow-legged gull Larus cachinnans. Ibis 137(4):547-549
DOI 10.1111/§.1474-919X.1995.tb03265 x.

Oro D, Genovart M, Tavecchia G, Fowler MS, Martinez-Abrain A. 2013. Ecological and
evolutionary implications of food subsidies from humans. Ecology Letters 16(12):1501-1514
DOI 10.1111/ele.12187.

O’Hanlon NJ, McGill RAR, Nager RG. 2017. Increased use of intertidal resources benefits
breeding success in a generalist gull species. Marine Ecology Progress Series 574:193-210
DOI 10.3354/meps12189.

Pais de Faria J, Paiva VH, Verissimo S, Gongalves AMM, Ramos JA. 2021. Seasonal variation in
habitat use, daily routines and interactions with humans by urban-dwelling gulls. Urban
Ecosystems 24(6):1-15 DOI 10.1007/s11252-021-01101-x.

Patrick SC, Bearhop S, Grémillet D, Lescroél A, Grecian WJ, Bodey TW, Hamer KC,
Wakefield E, Le Nuz M, Votier SC. 2014. Individual differences in searching behaviour and
spatial foraging consistency in a central place marine predator. Oikos 123(1):33-40
DOI 10.1111/j.1600-0706.2013.00406.x.

Peterson SH, Ackerman JT, Eagles-Smith CA. 2017. Mercury contamination and stable isotopes
reveal variability in foraging ecology of generalist California gulls. Ecological Indicators
74:205-215 DOI 10.1016/j.ecolind.2016.11.025.

Pierotti R, Annett CA. 1991. Diet choice in the herring gull: constraints imposed by reproductive
and ecological factors published by: ecological society of America Stable URL: http://www.jstor.
org/stable/1938925 references linked references are available on JSTOR for this article. Ecology
72(1):319-328 DOI 10.2307/1938925.

Pons JM. 1992. Effects of changes in the availability of human refuse on breeding parameters in a
herring gull Larus argentatus population in Brittany. France Ardea 80:143-150.

Rabinowitch VE. 1968. The role of experience in the development of food preferences in gull
chicks. Animal Behaviour 16(4):425-428 DOI 10.1016/0003-3472(68)90035-3.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 22/24


http://dx.doi.org/10.1016/j.biocon.2005.09.005
http://dx.doi.org/10.1007/s00227-018-3421-0
http://dx.doi.org/10.1098/rstb.2007.0011
http://dx.doi.org/10.1080/00063657709476538
http://dx.doi.org/10.1111/j.1474-919X.1979.tb06687.x
http://dx.doi.org/10.1675/063.039.sp108
http://dx.doi.org/10.1111/j.0030-1299.2008.16501.x
http://dx.doi.org/10.1111/j.1474-919X.1995.tb03265.x
http://dx.doi.org/10.1111/ele.12187
http://dx.doi.org/10.3354/meps12189
http://dx.doi.org/10.1007/s11252-021-01101-x
http://dx.doi.org/10.1111/j.1600-0706.2013.00406.x
http://dx.doi.org/10.1016/j.ecolind.2016.11.025
http://dx.doi.org/10.2307/1938925
http://dx.doi.org/10.1016/0003-3472(68)90035-3
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

Raghav S, Boogert NJ. 2022. Factors associated with herring gulls Larus argentatus stealing food from
humans in coastal towns. Bird Study 69(3-4):103-108 DOI 10.1080/00063657.2022.2162846.

Real E, Oro D, Martinez-Abrain A, Igual JM, Bertolero A, Bosch M, Tavecchia G. 2017.
Predictable anthropogenic food subsidies, density-dependence and socio-economic factors
influence breeding investment in a generalist seabird. Journal of Avian Biology
48(11):1462-1470 DOI 10.1111/jav.01454.

Rock P. 2005. Urban gulls: problems and solutions. British Birds 98(7):338-355.

Romano MD, Piatt JF, Roby DD. 2006. Testing the Junk-Food hypothesis on marine birds: effects
of prey type on growth and development. Waterbirds: the International Journal of Waterbird
Biology 29(4):407-414 DOI 10.1675/1524-4695(2006)29[407:TTTHOM]2.0.CO;2.

Scott P, Duncan P, Green JA. 2015. Food preference of the black-headed gull Chroicocephalus
ridibundus differs along a rural-urban gradient. Bird Study 62(1):56-63
DOI 10.1080/00063657.2014.984655.

Segovia Y, Victory N, Navarro-Sempere A, Pinilla V, Garcia M. 2020. A comparative
ultrastructural study of the pecten oculi in adult, juvenile, and nestling yellow-legged gulls, Larus
michahellis (Naumann, 1840). Veterinary Ophthalmology 23(1):113-122
DOI 10.1111/vop.12695.

Serré S, Irvine C, Williams K, Hebert CE. 2022. Lake Superior herring gulls benefit from
anthropogenic food subsidies in a prey-impoverished aquatic environment. Journal of Great
Lakes Research 48(5):1258-1269 DOI 10.1016/j.jglr.2022.08.008.

Sol D, Gonzalez-Lagos C, Moreira D, Maspons J, Lapiedra O. 2014. Urbanisation tolerance and
the loss of avian diversity. Ecology Letters 17(8):942-950 DOI 10.1111/ele.12297.

Sol D, Lapiedra O, Gonzalez-Lagos C. 2013. Behavioural adjustments for a life in the city. Animal
Behaviour 85(5):1101-1112 DOI 10.1016/j.anbehav.2013.01.023.

Sotillo A, Baert JM, Miiller W, Stienen EWM, Soares AMVM, Lens L. 2019. Recently-adopted
foraging strategies constrain early chick development in a coastal breeding gull. Peer] 2019:
€7250 DOI 10.7717/peerj.7250.

Soulsbury CD, White PCL. 2015. Human-wildlife interactions in urban areas: a review of conflicts,
benefits and opportunities. Wildlife Research 42(7):541-553 DOI 10.1071/WR14229.

Spaans AL. 1971. On the feeding ecology of the herring gull Larus argentatus pont. In the Northern
part of the Netherlands. Ardea 38-90:73-188 DOI 10.5253/arde.v59.p73.

Spelt A, Soutar O, Memmott J, Williamson C, Shamoun-baranes J, Rock P, Windsor S. 2021.
Short communication urban gulls adapt foraging schedule to human-activity patterns. Ibis
163(1):274-282 DOI 10.1111/ibi.12892.

Spelt A, Williamson C, Shamoun-Baranes J, Shepard E, Rock P, Windsor S. 2019. Habitat use of
urban-nesting lesser black-backed gulls during the breeding season. Scientific Reports 9(1):1-11
DOI 10.1038/541598-019-46890-6.

Steenweg RJ, Ronconi RA, Leonard ML. 2011. Seasonal and age-dependent dietary partitioning
between the great black-backed and herring gulls. The Condor 113(4):795-805
DOI 10.1525/cond.2011.110004.

Steigerwald EC, Igual JM, Payo-Payo A, Tavecchia G. 2015. Effects of decreased anthropogenic
food availability on an opportunistic gull: evidence for a size-mediated response in breeding
females. Ibis 157(3):439-448 DOI 10.1111/ibi.12252.

Stillfried M, Gras P, Busch M, Borner K, Kramer-Schadt S, Ortmann S. 2017. Wild inside: urban
wild boar select natural, not anthropogenic food resources. PLOS ONE 12(4):1-20
DOI 10.1371/journal.pone.0175127.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 23/24


http://dx.doi.org/10.1080/00063657.2022.2162846
http://dx.doi.org/10.1111/jav.01454
http://dx.doi.org/10.1675/1524-4695(2006)29[407:TTJHOM]2.0.CO;2
http://dx.doi.org/10.1080/00063657.2014.984655
http://dx.doi.org/10.1111/vop.12695
http://dx.doi.org/10.1016/j.jglr.2022.08.008
http://dx.doi.org/10.1111/ele.12297
http://dx.doi.org/10.1016/j.anbehav.2013.01.023
http://dx.doi.org/10.7717/peerj.7250
http://dx.doi.org/10.1071/WR14229
http://dx.doi.org/10.5253/arde.v59.p73
http://dx.doi.org/10.1111/ibi.12892
http://dx.doi.org/10.1038/s41598-019-46890-6
http://dx.doi.org/10.1525/cond.2011.110004
http://dx.doi.org/10.1111/ibi.12252
http://dx.doi.org/10.1371/journal.pone.0175127
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

Peer/

Strickland K, Mann J, Foroughirad V, Levengood AL, Frére CH. 2021. Maternal effects and
fitness consequences of individual variation in bottlenose dolphins’ ecological niche. Journal of
Animal Ecology 90(8):1948-1960 DOI 10.1111/1365-2656.13513.

R Core Team. 2020. R: a language and environment for statistical computing. R Foundation for
Statistical Computing. Available at https://www.R-project.org/.

Thompson G. 1971. The photopic spectral sensitivity of gulls measured by electroretinographic
and pupillometric methods. Vision Research 11(7):719-731
DOI 10.1016/0042-6989(71)90101-5.

Thornton A, Malapert A. 2009. Experimental evidence for social transmission of food acquisition
techniques in wild meerkats. Animal Behaviour 78(2):255-264
DOI 10.1016/j.anbehav.2009.04.021.

Tinbergen N, Perdeck AC. 1950. On the stimulus situation releasing the begging response in the
newly hatched herring gull chick (Larus argentatus Argentatus Pont). Behaviour 3(1):1-39
DOI 10.1163/156853951X00197.

van den Bosch M, Baert JM, Miiller W, Lens L, Stienen EWM. 2019. Specialization reduces
foraging effort and improves breeding performance in a generalist bird. Behavioral Ecology
30(3):792-800 DOI 10.1093/beheco/arz016.

van der Meer J, van Donk S, Sotillo A, Lens L. 2020. Predicting post-natal energy intake of lesser
black-backed gull chicks by dynamic energy budget modeling. Ecological Modelling
423(2):109005 DOI 10.1016/j.ecolmodel.2020.109005.

van Donk S, Camphuysen KCJ, Shamoun-Baranes J, van der Meer J. 2017. The most common
diet results in low reproduction in a generalist seabird. Ecology and Evolution 7(13):4620-4629
DOI 10.1002/ece3.3018.

Venables WN, Ripley BD. 2002. Modern applied statistics with S. Fourth Edition. New York:
Springer.

Verbeek NAM. 1977. Comparative feeding behavior of immature and adult Herring Gulls. The
Wilson Bulletin 89(3):415-421.

Votier SC, Bearhop S, Witt MJ, Inger R, Thompson D, Newton J. 2010. Individual responses of
seabirds to commercial fisheries revealed using GPS tracking, stable isotopes and vessel
monitoring systems. Journal of Applied Ecology 47:487-497
DOI 10.1111/j.1365-2664.2010.01790.x.

Votier SC, Fayet AL, Bearhop S, Bodey TW, Clark BL, Grecian J, Guilford T, Hamer KC,
Jeglinski JWE, Morgan G, Wakefield E, Patrick SC. 2017. Effects of age and reproductive
status on individual foraging site fidelity in a long-lived marine predator. Proceedings of the
Royal Society B: Biological Sciences 284(1859):20171068 DOI 10.1098/rspb.2017.1068.

Weiser EL, Powell AN. 2010. Does garbage in the diet improve reproductive output of Glaucous
gulls. The Condor 112(3):530-538 DOI 10.1525/cond.2010.100020.

Westerberg K, Brown R, Eagle G, Votier SC. 2019. Intra-population variation in the diet of an
avian top predator: generalist and specialist foraging in Great Black-backed Gulls Larus marinus.
Bird Study 66(3):390-397 DOI 10.1080/00063657.2019.1693961.

Wuensch KL. 1978. Exposure to onion taste in mother’s milk leads to enhanced preference for
onion diet among weanling rats. Journal of General Psychology 99(2):163-167
DOI 10.1080/00221309.1978.9710501.

Inzani et al. (2024), Peerd, DOI 10.7717/peerj.17565 24/24


http://dx.doi.org/10.1111/1365-2656.13513
https://www.R-project.org/
http://dx.doi.org/10.1016/0042-6989(71)90101-5
http://dx.doi.org/10.1016/j.anbehav.2009.04.021
http://dx.doi.org/10.1163/156853951X00197
http://dx.doi.org/10.1093/beheco/arz016
http://dx.doi.org/10.1016/j.ecolmodel.2020.109005
http://dx.doi.org/10.1002/ece3.3018
http://dx.doi.org/10.1111/j.1365-2664.2010.01790.x
http://dx.doi.org/10.1098/rspb.2017.1068
http://dx.doi.org/10.1525/cond.2010.100020
http://dx.doi.org/10.1080/00063657.2019.1693961
http://dx.doi.org/10.1080/00221309.1978.9710501
http://dx.doi.org/10.7717/peerj.17565
https://peerj.com/

	Early-life diet does not affect preference for fish in herring gulls (Larus argentatus)
	Introduction
	Methods
	Results
	Discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


