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Abstract

In the Iberian Peninsula, fishing activities are of great importance for the
HFRQRP\ 7KHVH SUDFWLFHYV FDQ SOD\ DQ LPSRUWDQW L
WKURXJK ILVKHULHVY GLVFDUGYV ZKLFK UHSUHMWHQW D SU
species. Gulls are among the most opportunistic seabirds, benefiting from these
rejections. Taking this into account, our aim was to understand the role of fisheries in the
diet of diverse yellow-legged gull populatiorisatus michahellis Using diet samples
and stable isotopes analysis, we studied and compared the diet of gulls from four different
colonies along the southwest coast of the Iberian Peninsula (Deserta, Pessegueiro,
Berlenga and Salvora islands), during the breeding and non-breeding seasons of 2016 and
2017. In addition, we compared the diet with fish landing data in order to analyse the
JXOOVY GHSHQGHQFH RQ IRRG VXEVLGLHVY SURYLGHG E\ Il

Fish was the main food source for Deserta and Pessegueiro gulls, in contrast with
crustaceans for Salvora and Berlenga gulls. Stable isotopes also revealed differences
among the dietary choices of birds from the four distinct colonies. Chicks of the four
different colonies presented similar stable isotope values (2017 samples), while the stable
isotope values for adults changed among colonies, seasons andryéaesbreeding
season of 2016, Deserta and Berlenga gulls exhibited a restricted isotopic niche,
respectively with prey of high and low trophic levEhis trophic segregation was shaped
by the presence of fish and crustaceans in the diet of birds from Deserta and Berlenga,
respectively. However, during the 2017 chick-rearing, only gulls from Pessegueiro
colony site showed a specialist diet. For the incubation and post-breeding season, the
results were similar to those of the chick-rearing period, with Pessegueiro gulls revealing
a more specialist diet. Overall, the diet and stable isotopic values from the four distinct
colonies suggest a large foraging plasticity of yellow-legged gulls, as shown by previous
studies. The diet of Pessegueiro gulls, although restrict, also presented seasonal changes,
mostly noticed during the post-breeding season with a great consumpticorevha
album fruits. As for the annual changes, during the pre-breeding of 2016 gulls from
Pessegueiro ate mostly crustaceans, in contrast with the high fish intake in 2017. The
opposite happen with Berlenga gulls which increased their fish consumption during the
2017 pre-breeding season, diverging from a diet rich in crustaceans, as observed in other

seasons. Regarding fish discards, gulls from Deserta and Pessegueiro showed a



significant correlation between the percentage of occurrence of the main fish prey items
in the diet and their amount landed in the nearby fishing port. However, this relationship
varied between years and seasons. This meaning, Deserta gulls presented a significant
relationship with fish landings during the pre-breeding period of each year, whereas
Pessegueiro gulls exhibited a significant relationship during the post-breeding season, the
period when more fish was landed in the nearby fishing port.

With this study, we were capable to discern, not only the annual and seasonal
shifts in yellow-OHJJHG JXOOVY GLHW DQG WURSKLF HFRORJ\ G>
how much the different gull populations rely on fishing discards. Moreover, our results
provide some insights about the influence that the new discard ban policy, imposed by
the European Commission, might have on these gull populations. Yellow-legged gulls
are highly plastic and generalist seabirds. They are capialdéeng other human activities
as a source of food, thus minimizing energetic constraints. These traits, alongside with
our conclusions, suggest that in the long-term, the discard ban should not affect
notoriously the populations of this gull species. Nonetheless, further studies should help

better understand the effect of the discard babasns michahelligpopulations.

Key-words: Yellow-legged-gull, diet, trophic ecology, fisheries



Resumo

Na Peninsula Ibérica, as atividades pesqueiras sdo de grande importancia
economica. Estas praticas podem desempenhar um papel importante na subsisténcia de
aves marinhas, principalmente através das rejei¢coes da pesca que representam uma fonte
previsivel de alimento para algumas espécies destas aves. As gaivotas estao entre as aves
marinhas mais oportunistas, beneficiando destas rejeicdes. Tendo isso em conta, 0 N0SSO
objetivo foi perceber o papel das pescas na dieta de diversas populacdes de gaivotas-de-
patas-amarelas &rus michahellis Com o uso de amostras de dieta e andlise de is6topos
estaveis, estudamos e comparamos a dieta de gaivotas de quatro coldnias distintas ao
longo da costa sudoeste da Peninsula Ibérica (ilhas Deserta, Pessegueiro, Berlenga e
Salvora), durante as épocas reprodutoras e ndo reprodutoras de 2016 e 2017. Além disso,
comparamos a dieta com os dados do peixe desembarcado na lota de portos que se situam
nas redondezas de cada colonia, a fim de analisar a dependéncia destas gaivotas pelo
alimento fornecido pelas praticas pesqueiras.

A principal fonte de alimento das gaivotas da Deserta e do Pessegueiro foi peixe,
em contraste com 0s crustaceos encontrados na dieta das gaivotas de Sélvora e da
Berlenga. Os isOtopos estaveis também revelaram diferencas entre as escolhas
alimentares das aves das quatro coldnias. As crias de todas as colonias apresentaram
valores semelhantes de isétopos estaveis (amostras de 2017), enquanto os valores de
isétopos estaveis para os adultos variaram entre coldnias, épocas e anos. Durante a época
reprodutora de 2016, as gaivotas da Deserta e da Berlenga apresentaram um nicho
isotopico restrito, respetivamente com presas de alto e baixo nivel trofico. Esta
sgyregacao trofica foi formada pela presenca de peixes e crustaceos na dieta das gaivotas
da Deserta e da Berlenga, respetivamente. No entanto, durante a época de alimentacao
das crias de 2017, apenas as gaivotas da colénia do Pessegueiro apresentaram uma dieta
especializada. Para as épocas de incubacdo e poés-reprodutora, os resultados foram
semelhantes aos do periodo de alimentacdo das crias, com as gaivotas do Pessegueiro a
exibirem uma dieta mais especializada. No geral, a dieta e os valores isotopicos das quatro
colonias sugerem uma grande plasticidade por parte das gaivotas-de-patas-amarelas na
procura de alimento, como mostrado em estudos anteriores. A dieta das gaivotas do
Pessegueiro, embora restrita, também apresentou mudancas sazonais, notadas

principalmente durante a época poés-reprodutora com o grande consumo de frutos de



Corema albumQuanto as mudancas anuais, durante a época pré-reprodutora de 2016, as
gaivotas do Pessegueiro consumiram maioritariamente crustaceos, em contraste com a
alta ingestédo de peixe em 2017. O oposto aconteceu na dieta das gaivotas da Berlenga
gue aumentaram o consumo de peixe durante a época pré-reprodutora de 2017, divergindo
da dieta rica em crustaceos observada nas outras épocas. Em relacao as rejeicdes da pesca,
as gaivotas da Deserta e do Pessegueiro apresentaram uma correlacao significativa entre
a percentagem de ocorréncia das principais espécies de peixes presentes na dieta e a
guantidade desembarcada dos mesmos no porto de pesca mais préximo. No entanto, esta
relacdo variou entre anos e éaedleste sentido, as gaivotas da Deserta apresentaram
uma relacédo significativa com os peixes desembarcados durante o periodo pré-reprodutor
de cada ano, enquanto as gaivotas do Pessegueiro apresentaram uma relacao significativa
durante a época pos-reprodutora, periodo com maior quantidade de desembarques perto
da coldnia.

Com este estudo, fomos capazes de discernir, ndo apenas as mudancas anuais e
sazonais na dieta e ecologia trofica das gaiviegsatas-amarelas durante 2016 e 2017,
mas também o quanto as diferentes populacdes de gaivotas dependem das rejeicbes da
pesca. Além disso, 0s nossos resultados fornecem alguma informacéo sobre a influéncia
que a nova politica de rejei¢cdes, imposta pela Comissao Europeia, podera ter nas
populacdes desta gaivota. As gaivotas-de-patas-amarelas sdo aves marinhas altamente
plasticas e generalistas nas praticas de procura de alimento. Sdo capazes de usar outras
atividades humanas como fonte de alimento, minimizando assim 0s custos energéticos.
Estas caracteristicas, juntamente com as nossas conclusdes, sugerem que, a longo prazo,
a proibicéo de rejeicbes ndo devera afetar de forma notéria a populacdo desta espécie de
gaivota. No entanto, mais estudos deverdo ajudar para melhor entender o efeito desta

proibicdo nas populacdes darus michahellis

Palavras-chave Gaivota-de-patas-amarelas, dieta, ecologia tréfica, pescas
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1.1. The effect of fisheries on marine ecosystems

Human activities can deeply affect ecosystems, changing the population dynamics
of many species (Shochet al. 2006). Anthropogenic actions range from air and water
pollution, resources overexploitation (like overfishing) to introduction of invasive
species, which will impact native species. Climate change, a source of great concern
nowadays,s also a consequence of human activities. Fisheries are important for the
economy and livelihood of many countries (Smathal. 2010) and may affect many
organisms and habitats in different ways (Agardy 2000). The major problem with
fisheries is when they are poorly managed (Bickeedl.2016), leading to a decline or
collapse of fish stocks (Myers & Worm 2003), bycatch of untargeted species (Le&wison
al. 2004) and seabed destruction by bottom trawls (Buhl-Morterseal. 2016).
Overfishing is the unsustainable fish removal, in other words, fish is caught at such high
rates that fish populations cannot endure, and this will contribute to stock declines and
changes in the trophic structure and prey-predator relationships (Coleman & Williams
2002).

%\FDWFK LV WKH PRVW VHULRXV ILVKHULHVY LPSDFW
attention, since it represents the incidental catch of non-target marine species, such as
turtles, seabirds and sharks (scavenger species) (Detyahrd 995 Coleman & Williams
2002 Bellido et al.2011). At an alarming pace, this situation increases the mortality rate
of those species (Belda & Sanchez 2001) in purse seiners, trammel nets @abes
2001) and longlines (Barcelomd al. 2010).36 OLSSDJH” LV D UHODWHG FRQF
case, fish is immediately released from the net, alive but impacted by the net confinement
or moribund (Marcalcet al. 201Q Margaloet al. 2013). This is a common practice in
pelagic purseV HLQH Q HMsg &\koldQQ10).

Regarding deep-sea fishing disturbance, bottom trawling can have a very strong
impact on the seabed (Buhl-Mortensgral. 2016) especially due to the removal of biota
and sediment turn-over (Hapenceret al. 2002). In this practice, a fishing gear is
dragging across the seabed (Wrigital. 2015) affecting, mostly, marine benthonic
communities, which, among other things, get exposed to predators (Jeniirz004)
and also species with a slow recovery rate (e.g. corals and sponges) @RiadH2015).
However, Phanet al. (2014 showed that in some areas this practice can be replace by
bottom longline, reducing the negative effects of deep-sea fishery @ralr2014).
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According to the Food and Agriculture Organization of the United Nations (FAO),
fishery discards are described #ish stocks elements that are rejected after capture and,
normally, do not survivé Daily, a huge amount of unwanted fish is rejected, surpassing
seven million tonnes a year (Kelleher 2005). There are EU regulations set by the EU
Common Fisheries Policy (CFP), aiming to ensure that fishing and aquaculture provide
food with sustainable and economic practices (Bicketedll. 2013). This means that fish
canonly be rejected if it does not fit the regulated parameters, such as size, quality, market
value (Condieet al.2014), or even if the catch is damaged (Beldtial.2011). Discards
canalso vary in time and space according to socio-economic demands (Catthglole
2005) and in relation to the target species, for instance shrimp fishing presents one of the
highest amounts of discards, approximately 27% of the total discards (Kelleher 2005).

Therefore, due to the global fish demand and the threats to fish stocks, this practice
is not sustainable (Bicknedlt al. 2013), because it is nothing more than an unnecessary
death (Bellidoet al. 2011), reason why the European member states following CFP are
gradually stopping at-sea discards with the implementation of the discard ban policy
(European Commission 2018)hereis a large number of species affected by discard
practices. Fish populations are negatively affected, because unwantettiiiwn to
the sea often dead (Cond# al. 2014), however other species may benefit, such as
seabirds (Furness 2003), marine mammals and some fish species. Species that benefit
from discards are often marine scavengers that use the rejected fish as food source
(Bicknell et al. 2013), which may improve their body condition and breeding output
(Furnes=t al.2007).

In Portugal, fishing activities are very important for the economy. In this activity,
purse seine and multi-gear fishing, are more common, since there are few licences for
trawling. The fish caught is very diverse but there are three species that are the mostly
caught sardine $ardina pilcharduy the atlantic chub macker@&¢omber coligsand the
atlantic horse mackereTlfachurus trachurus(Leitdoet al.2014).
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1.2.How fisheries influence coastal seabirds

Coastal seabirds (e.g. gannets and gulls) are organisms that inhabit coastal areas
(Lewisonet al.2012), and usually breed in dense colonies (Jataali 2008). Some are
considered flagships species (Grbal. 2009), charismatic species that catch pefple
attention and can be used in conservation programs (Walpole & Leader-Williams 2002)
or used as indicators of ecosystem health (Makbil.2006). Furthermore, seabirds are
easier to monitor in relation to other marine top predators (Leveisah2012), and can
even give information about terrestrial and marine environment (Grémillet &
Charmantier 2010), which make them ideal to study. They are K-strategists characterized
by delayed reproduction, low reproductive rate and long lifespan (Ricklefs 1990). Such
characteristics make them very vulnerable to Human related stress factors such as
contamination (e.g. persistent organic pollutants (POPs), found in gulls eggs (Morales
al. 2012)), plastic presence, and fishing activities (Gonzéalez-Solis & ShafferO0@s
& Gonzélez-Solis 2012). Climate change can also influence these marine predators.
Climatic phenomena, such as the North Atlantic Oscillation (NAO), can alter the foraging
activity by changing the seasonal availability of their main food source (BEa.2013).

Although population dynamics are affedtby pollution, habitat destruction and
invasive species (Liboist al. 2012), there has been an increase in some opportunistic
seabird species in the last decades (Arizztgal. 2013) due to other human activities,
such as fishery discards or refuse dumps (Nawetrial. 2010) )RFXVLQJ RQ ILVKHUI
impact, these can compete with seabirds because both occupy the same temporal and
spatial place and depend on the same resources (Gonzalez-Solis & Shaffer 2009)
Overfishing may starve seabirds through the depletion of their major food resources
(Grémillet et al. 2016). Additionally, fisheries can decrease seabird numbers by
increasing mortality rate through bycatch (i.e. unwanted species which are caught in the
nets (Barcelona&t al. 2010). Seabirds, among other species, follow the trawlers in an
attempt to eat the caught fish, getting themselves trapped or colliding with the fishing
gears (Bicknelket al.2013).

On the other hand, fish discards can provide a superabundant source of food
(Louzaoet al.2011), predictable in time and space (Davaeal. 2003), which can be
advantageous for seabirttsobtain their food requirements without spending too much
energy (Camaet al. 2012). There are several studies reporting empirical proof of this
behaviour, for instance Votier et al. observed, mostly in male gaktwetss bassanys
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an extensive overlap between feeding areas and fishing boats, showing the importance of
fisheries for these seabirds (Votetral.2013).

1.3.The effects of fisheries on yellow-legged gull populations

Yellow-legged gulls (YLGLarus michahelli are generalist predators (Ronconi
et d. 2014) with a breeding distribution through almost all Southern Europe and North
Africa (BirdLife International 2017). This speciésvery plastic in terms of foraging
habitat and environmeaitadaptation (Camaet al.2012), being able to adapt, not only to
human-altered environments (Ranasl.2009b), but also to changes in the availability
of prey (Arcos & Oro 1996), whether due to annual variations or to changes in fishing
activities. These traits are the main reasons for the exponential population increase of
several gull species in the last fifty years, which caused some concern due to the
disturbances at harbours and urban areas, requiring management control activities in some
situatons@UR ODUWLtQH](O)$EUDtQ

Although this gull species can prey on eggs, chicks and adults of other seabirds
(Sanz-Aguilaret al.2009 Pedroet al.2013), it is considered a scavenger species (Alonso
et al. 2015) because it uses products from Human activitiesvesn food source, such
as general waste (Duhest al. 2005) and/or fishery discards (Arizaghal.2013). The
breeding site is also related to this dependence, because discards can increase the
ecosystem carrying capacity and, consequently, increase reproduction and survival of
individuals (Ramoset al.2009a), which means that, if this source of energy decreases or
disappeardt is also likely to cause a decrease in the number of individuals, especially by
areduction of the reproductive output (Pons 1992). However, due to the plastic nature
of this species, it is expectable that they will adapt to the new conditions and will explore
new feeding resources.

There are also several studies that illustrate the interaction fisheries-YLG diet
Ramosetal. (20093 analysed chick/rggurgitates from four yellow-legged gull colonies
along the Western Mediterranean coast of Spain and observed that the main source of
food for those chicks were products of human activities, such as refuse dumps and fishing
discards. Another example is the study by Cairal (2012), where the highest density
of yellow-legged gulls matched the highest density of trawlers. Furthermore, yellow-
legged density was higher around 16h, when fish discards were available, confirming not
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only that these gulls depended on nearby fishing activities, but also that they anticipated

in space and time the presence of food.

1.4.The diet and feeding ecology of yellow-legged gull in relation to

fisheries

Diet identifications from pellets of hard remains regurgitated by seabirds, describe
a short-term diet of the individuals (Hobsenal.1994), based on the identification of
otoliths, bones, squid beaks (Barrettal. 2007) and/or vertebras. It is a non-invasive
technique because the pellets are collected from the breeding area after the birds
regurgitate, once after every meal in the case of gulls (Batreit 2007). Like every
method, regurgitation analysis show some disadvantages, not only because it can
overestimate the importance of certain species in thg giigit (Duffy & Jackson 1986)
but also due to the difficulty in identifying some samples that are more damaged. Despite
all this, it is a valid technique used through direcEVHUYDWLRQ RI SUH\VY UHPD
when possible, identified to species-level.

Since the 1970s (Kelly 2000) a stable-isotope analysis (SIA) have been used to
complement bird diet studies (Ranmeisal.2015). SIA does not identify the specific prey
(Arizagaet al. 2013) but instead takes into account the assimilated food (Rainals
2009b) and using the carborH [ S U H V \AiC)Gand \nittogen ratio £°N) allows to
identify the cRQVXPHUTTV IRU Relrespridl & Dnratig/Dadhwater) and the
predator trophic level, respectively (Barrettal. 2007). This is only possible since the
two isotopes increase in the consumer tissues at each trophic level (Beah@004
Bearhopet al. 2006 Caron-Beaudoiret al.2013) in a predictable manner (Barrettal.

2007), being that carbon suffers an increase &f W R (Phillips et al. 2011), while
nitrogen has a greater increase oA WR A DW H D F K(B&athB@tHaLID0GHH Y H O

In order to successfully perform this technique, blood and/or feathers samples are
collected. Although both represent short-term diet (Beaghah2002), feathers can give
a clue about the diet composition during a larger period (one year), even the non-breeding
period, because specific feathers provide isotopic information for the moulting period,
when they are growingand thus irrigated by blood (Barredt al. 2007). Nitrogen and
carbon are the most used isotopes but, when in presence of a complex food web, it is also

recommended the use of a third isotope, the sulpRt8)( which allows, as carbon, to
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distinguishing the prey origin (Hebest al. 2008) but can better discriminate not only
different marine prey origins but also between marine/terrestrial prey (Ma&teab

2010). Carbon presents low values for both marine and terrestrial prey, making difficult
to distinguish between these two types of prey, while sulphur presents higher values for
terrestrial prey and low values for marine prey. Nevertheless, it is also worth mention that
stable isotopes are not the only methods that can be used in diet studies (Ramos &
Gonzélez-Solis 2012), trace elements and some organic pollutants such as mercury (Hg),
arsenic (As), cadmium (Cd) and selenium (Se), can also specify the consumer trophic
level (Beckeret al.2002).

We used diet identification from prey hard remains in pellets and stable isotope
analysis to evaluate how fisheries are related with the feeding and trophic ecology of four
gull populations. We used data from gulls breedin@alvora Island (Galicia, Spain),
Berlenga Island, Pessegueiro Island and Deserta Island (Portugal), which differ markedly
in the amount of fish landed (and discarded), and in the diversity of fishing activities. In
Galicia for instance, the amount of fish landed is far superior to any Portuguese study site
and it is also worth mention that the target fish are different among the two countries.
Galicia fishing sector represents 9% of the European Union (EU) fishing activity (343
thousand tonnes, (European Commission 2017)), and the most important species landed
there are blue whiting Micromesistius poutass@iu european hake Merluccius
merlucciug; horse mackerel Tfachurus sp.); megrims Lepidorhombus bosciand
Lepidorhombus wiffiagonjs anglerfish ophius budegas$aand Norway lobster
(Nephrops norvegic)gValeiras 2003Vazquez-Rowet al.2010). In contrast Portugal
for the last two years, landed in Peniche harbour (near Berlenga) around 12000 tonnes of
fish each year. Sines harbour, close to Pessegueiro, gathered each year more or less 7000
tonnes of fish, while the lowest amount of fish landed was in Olh&o harbour (close to
Deserta) with about 4400 tonnes of fish a year. Indubitably, fish caught/landed vary
during the year, not being available for gulls in the same amount through all seasons (see
FigureAl).

SUHYLRXV GLHW LGHQWLILFDWLRQ VWXGLHV IURP SH
swimming cralPolybius henslowiis the main prey for yellow-legged gulls breeding both
in Galicia(Munilla 1997 Morenoet al.2010) and in Berlenga Island (Alonstal.2015).
Nevertheless, in both places there were also fish prey present in the diet. At Berlenga,
YLG seems to feed also on sardirgafdina pilcharduy chub mackerel Scomber
colias), horse and blue jack mackerd@lrdchurussp.). Gulls ate also chicke®déllus
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gallus), pork/cow Sus domesticus/Bos taujuplastic, metal, paper and glass, as refuse
tips (Alonsoet al.2015). There are also recent studies in Algarve showing that, although
there is some refuse waste and insect consumption, the main YLG food prey at this site,
during the breeding season, is fish (Calatal. 2018). The fish species found were
sardine $ardina pilcharduy mackerels $combersp. andTrachurussp.), seabreams
(Diplodus sp.), blue whiting Micromesistius poutasspubogue Boops boopsand,
occasionally, garfishBelone belone

Previous studies were made during the breeding period, when gull pellets are
easier to find and collect (Barrett al. 2007), but there are few studies examining
seasonal variations in diet. During the winter occurs a decrease in fishing activities, reason
why usually gulls shift their food source (Hippop & Wurm 2000), and, therefore, we also
expect variation in the diet between different periods of the year.

We evaluated seasonal, annual and spatial variations in the diet of yellow-legged
gulls and how this is relatito fishery activities and discards. The main goal of this work
was to determine howarus michahellisare dependent on fisheries. Two hypotheses
were formulated: 1) the composition of diet and isotopic niche of the 4 different colonies
should reflect the fishing activities around those colonies and, based on this, it is expected
that the amount of fish in the diet is proportional to the fish landings in the nearby ports.
It is also expected that the fish diet composition is partially a reflection of the diversity
and amount in fish landings, because, often the mostly caught fish species are also
discarded in considerable numbers (e.g. injured fish from the purse-seine fishing gear
(Marcaloet al. 2010)) Furthermore, the isotopic niche will be larger where gulls ingest
a larger diversity of prey types. 2) The second hypothesis states KI@@@QVY GLHW DQC
isotopic niche should vary seasonally in response to changes in fishery intensity and
breeding duties. According to this hypothesis, we expect marine food, mainly fish, to be
more important during the breeding season, in order to me&t ke FNV { aDnie®dJ LWLR Q
(Alonso et al. 2015). On the other hand, terrestrial prey should be more relevant during
the non-breeding period, because during winter fishing intensity is lower and the climate
conditions are unpredictable (Arizagial.2013), which means that gulls will try to find

other food sources, thus enlarging their isotopic niche (Catdb2018).
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2. Methods
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2.1. Study sites

This study was carried out in four different places along the Portuguese coast and
Galicia (Spain): Salvora Island (Galicia), Berlenga Island (Peniche), Pessegueiro Island
(Sines) and Deserta Island (Algarve), between 2016 and 2017. Yellow-legged gull colony
in Salvorais locatedat Atlantic Islands of Galicia National Park, more exactly at Ria de
Arousa, a place characterized by a high productivity due to its upwelling ré&jivaeez-
Salgadcet al.2002). Delimited by two peninsulas, Barbanza at north and Salnés at south,
Ria de Arousa is the biggest of Rias Bajas group. Salvora Island (42° 7N, 9°

AN) has 190 ha of surface and is located approximately 3 km from the coast (Velando
et al.2017), holding around 25000 yellow-legged gull breeding pairs.

Berlengalsland f « Z 1 34Z :e hBiosphere UNESCO Reserve
located in the continental shelf, about 9 km off the Portuguese coast. With 78.8 ha and 11
km along the coast, it is positioned in an upwelling zone with consequent high
productivity (Sousaet al. 2008). Approximately 8500 YLG adults bred in Berlenga in
2014 (Ceizet al. 2014). Pessegueiro Island (37°¢ 2N, 8° « 2W) is the smallest
of the studied sites. This rocky island ha&n# of surface area and belongs to the
Sudoeste Alentejano e Costa Vicentina Natural Park, a coastal strip of 110 km length and
2 km width, extending from S. Torpes, SinesBurgau, Lagos. This YLG population
was detected in 2008 and has been growing exponentially since then, numbering today
around 500 breeding pairs. In Algarve, our study was conducted at Ria Formosa National
Park (southern Portugal), more exactly at Deserta (Barreta) Island (86°1 T * 1

19 : The Ria Formosa National Panwith 60 km coastline and 18.400 ha, is
composed by two peninsulas and five barrier islands, and is a Ramsar Site as well as part
of the Natura 2000 network as a Special Protection Area under the Birds Directive
Deserta Island, which was artificially separated from the Farol/Culatra barrier Island, is
located approximately 5.5 km from the mainland and presents a length of 7 km. At
Deserta there are 1300 YLG breeding pairs, which breed in sympatry with Audouin gull
(Larus audouinii ~2900 breeding paiys

The fishing activities and the corresponding landings (and discards) differ strongly
among the 4 sites. Galicia has the largest amount of landings, as well as the largest amount
of fishing trawlers operating, which also implies different species caught
(https://www.pescadegalicia.gal/). Berlenga (Peniche) presents the second highest
amount of fish landings, followed by Pessegueiro (Sines) and the Algarve (Olh&o). Olh&o
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presents a large amount of fishing activities, but these areeiouthe chub mackerel

capture with purse seine fishing (Carvalho 2017).

2.2. Study species

The yellow-legged gull is characterized by a generalist and scavenging feeding
behaviour (Arcot al.2001). It feeds mostly from common and abundant food sources
like landfills organic waste or fish discards (Valeiras 2003),itboén also present an
adive predatory behaviour (Matias & Catry 2Q1&8lonso et al. 2015). It is present
throughout the year in southern Europe, including along the coasts of the Mediterranean,
Black Sea and Caspidé@ea, as wellasin Portuguese and Spanish islands , howater,
may also winter in the southwest of Asia and the north coast of Africa (BirdLife
International 2017). With an average body mass of 800-1500 g, a length of 52-58 cm and
120-140 cm of wingspan, this coastal seabird is a long-lived gull with the capability to
breed in different habitats, from rocky shores to sandy beaches. The breeding season is
from mid-March to June, with the eggs (generally three) incubating for 27-31 days and

chicks fledging after 35-40 days.

2.3. Fishing activities data

Data on fish landings was acquired from the General Direction of Natural
Resources, Safety and Maritime Services (DGRM)
(https:/iwww.dgrm.mm.gov.pt/web/gug¢sihich present updated fishing information
Therefore, it was possible to obtain data from the seasonal and annual fluctuations in fish

landings and to obtain rough measures of fish discards (Areteaa2013).

2.4. Sample collection

In order to study the YLG diet, regurgitations were collected randomly in each
colony 2/3 times a week during the breeding (May-June), post-breeding (September-
October) and pre-breeding period (February-March). This process had to be executed the

fastest way possible to minimize disturbance and only fresh pellets were considered in
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order to ensure they were from the studied period (Duéeai. 2003). The collected
samples were then put into identified plastic bags and kept frozen until later analysis.

To study the trophic ecology, we colledtF K L Fedtti€fs and blood and feathers
from adults for stable isotope analysis. Samples were collected in 2017. Adults were
caught using nest traps (Weaver & Kadlec 1970), and around 0.5-1 ml of blood was
collected from the tarsal vein. The blood was kept in a cold box and centrifuged within
2-3h to separate plasma (chick-rearing period) from red blood cells (RBC, incubation).
After centrifugation, samples were preserved frozen until stable isotopes analysis (SIA)
Samples from 3 types of feathers were also collected from each individual: 1) chicks
breast feather&-5 random feathers), 2) 1st primary (P1, about 2-3 cm from the tip), for
the breeding period characterization, and 3) the 8th secondary, which represents the non-
breeding season (S8, about 2-3 cm from the tip), that were kept sealed in plastic bags until

later analysis.

2.5. Diet sampling analysis

The comparison of the diet between the four colonies was the major goal of
regurgitates analysis. For that purpose, the collected pellets were sortedaunder
steromicroscope to separate all hard prey remains such as vertebrae, otoliths and crab
chelae. All prey were identified to the lowest taxon possible using our own reference
collection and published identification guides (Assis 200dset et al. 2008). The
samples also contained inorganic material, such as glass, paper and plastic, and other hard
parts, mostly broken bones and vegetal matter. EneUlidne§ are likely from some
predatory behaviour by the yellow-legged gulls, but the inorganic material and the vegetal
matter should be, almost all, ingested accidentally, however, it also provides valuable

information about the studied species diet, so it was kept for analysis.
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2.6. Stable isotopes analysis

The stable isotopes analysis was performed in the laboratory and it was used the
/3C and A°N. The carbon isotope/C) provides information about th& U HAng
(marine/terrestrial), in other words the foraging habitat of the consumergiG#ia012)
while the nitrogerisotope (*°N) gives the predatdftrophic position (Ceiat al. 2012
Ceiaet al.2014). All isotopes were measured in feathers and blood samples since plasma
and RBC can give short-term information on diet, while feattemgrovide a long-term
diet information (up to one year) because keratin is metabolically inert so the diet
information is related to the moult period (Cetaal. 2012). The feathers are related to
different seasons from previous year to which they are collected, in other words, P1
feather is replaced in the end of the breeding season so it represents this season, while the
S8 replacement takes place at the middle of the post- breeding period @amn2811),
giving information from this period.

Possible contaminants present in the feathers were cleaned using a 2:
chloroform-methanol solution. After an oven-dried period (24h to 48h at 50°C), they were
cut into small fragments. Blood samples were freeze-dried, homogenised (Betahop
2006 Ceiaet al. 2014) and then had the lipids removed from the plasma samples by
successive rinses in a 2:1 chloroform-methanol solution since high lipid concentrations
LQ SODVPD FDQ Ofcha@iuct/RhSditARBOB)H G /

For this analysis, approximately 0.35 mg of sample was weighed in a
microbalance. The samples were then combusted in a tin cup so that the isotopes ratios
could be determined by continuous-flow isotope ratio mass spectrometry (CF-IRMS).
According to the HTXDWLRQ /; > 5VDP S QK 10®YVnasDit @drd) G
HI[ISUHVVHG LQ WKH FRPPR Qs @gerdtGonsand dr perRniAD WthiRQ DV SDU
equation, X is'3C or N, Rsample is the corresponding rattdC/’C or N/**N and
Rstandard is the ratio for the international references PeeDee Belemnite (PDB) for carbon
and atmospheric N2 (AIR) for nitrogen. The analytical precision for the measurement was
02A IRU ERWK FDUERQ DQG QLWURJHQ
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2.7. Data analysis

The food items found in regurgitations were separated in different groups
according to the prey category (pelagic and demersal fish, crustaceans, insects, molluscs
and other prey, including refuse (all organic and inorganic material from human origin),
vegetal matter, birds, mammals or others animal species, gull eggs and unidentified
items). Those pelledf FRQWHQWY ZHUH GHVFULEHG DV VSHFLHVY IU
%) in relationto the total number of diet samples, calculated from a binary matrix of
presence/absencko calculate FO, it was used the formulai E@i/ntotal x 100%, where
i represents a specific prey or prey grauighe number of samples in whicls present
andntotal corresponds to the total number of samples analysed. The numeric frequency
of individuals of each species (NF, %) in relation to the total number of individuals was
additionally calculated with NE ni/ntotal x 100% formula. In this formula also
represents a specific prey or prey group but, differently from the previous formula,
represents the number of individualsigiresent whilentotal corresponds to the total
number of individuals. From the frequency of occurrence was obtain the percentage of
occurrence for each prey type which was expresspig charts.

Subsequently, diet compositionasitested using a Generalized Linear Model
(GLM), which tested the influence of (1) colony site (Sélvora, Berlenga, Pessegueiro and
Deserta islands), (2) annual seasons (pre-breeding, breeding and post-breeding), (3) years
(2016 and 2017) and (4) their interaction (explanatory variables) on the species
frequency of occurrence present in diet (response vasjalideie to lack of data for
Pessegueiro and Sélvora in some seasons or years, GLM analyses with all independent
variables were only run for Berlenga and Deserta colonies. Nonetheless, the site influence
was tested for the breeding season of 2017. Lastly, @l Hrealyses were graphically
representethy Non-Metric Multidimentional Scalling (NMDS), once again, one for the
2017 breeding period for all sites and two others for each year but only taken into account
Berlenga and Deserta colonies.

GLM with quasipoisson family asused to evaluate the effects of (1) colony site
(Sélvora, Berlenga, Pessegueiro and Deserta), (2) season (bré&bfegtlers), non-
breeding (S8 feathers), chick-rearing (plasma) and incubation period (red blood cells))
and (3) their interaction (independent variables) on 0 and (2)/*°N values (response
variables). Neverthelessarbon and nitrogen isotopic signatures from adults feathers
present enriched values relative to blood so, in order to perform this analysis, this values
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were adjusted with a discriminant factor, A8and 0.6 IRU FDUERQ DQG QLWL
respectively (values for the same species obtain from Calado (2015)). Additionally,

metrics available within SIBER (Stable Isotope Bayesian Ellipses in R) were used in order

to establish the isotopic niche for each tissue. The comparison of isotopic niches amongst

annual seasons (pre-breeding, breeding and post-breeding) and the differences between

sites were also performed, for the first, the area of the standard ellipse) (%84

determined, whereas for the second the Bayesian estimate of the standard ellipse and its

area (SEAR) was done (Jacksaet al.2011) ,Q WKLV DQDO\VLV FKLFNVY EUHD
also used. All results were then presented as mean = SD and C:N ratio.

The potential association between fisheries (explanatory variable) and diet
(response variable) was tested, when possible, with a PggfYsoRRUUHODWLRQ FRHI!
Forthese analysesye only consideed prey present in the diet with a F@) higher than
2.5%, (data was arcsine transformed in order to fit a normal distribution).

The R statistical program (R Core Team 2017) was used in all analyses, with
significance level of P < 0.05.
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3. Results
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3.1. Comparing main diet items among colony sites

The yellow-legged gull population from Deserta Island fed mostly on fish,
irrespective of season, and at a much higher proportion than yellow-legged gull
populations at the other three study sites (mean for 2016/2017: Salvordata/13.8%,
Berlenga+12.5/26.7%, Pessegueit?0.9/44.5%, Deserta67.8/63.8%, See Figurg.1
Most of the fish taken by Deserta birds at all seasons was pelagic fish, with the exception
of the pre-breeding period in both years, when mostly demersal fish was consumed (FO
> 60%, Table A1 and A4). Refuse was also highly consumed by this population (2.5 to
25.5%, Figure 1), followd by Insecta (1.7 to 10.0%, Figure 1) and other items such as
vegetal matter (0.0 to 9.4%, Figure 1) and Mollusca (0.8 to 5.6%, Figure 1) in fewer
quantities. These last items presented higher amounts in the other three sites, in
comparison with a lower consumption of refuse (0.0 to 18.3%, Figure 1). Birds from
Pessegueiro Island fed mostly on fish (20.9 to 56.0%, Figure 1) and crustaceans (5.3 to
69.8%, Figure 1), with a high@roportion ofBoops boopsind Scombessp. (e.g. FO >
30% in the 2017 breeding and post-breeding seasons, respectively, Table A and A6
Polybius henslowii(e.g. FO > 50% in the 2016 pre-breeding season, Table Al)
Nonetheless, in the 2017 post-breeding season, see@srema albumwere very
important in the diet (> 30%, Figure 1). GUlldiet in Berlenga was dominated by
crustaceans, particularlyy Henslow's swimming crabP¢lybius henslowjj ranging
from 14 to 71.6 % of the diet. The 2017 pre-breeding season was an exception, because
fish was the most consumed item (> 42%, Figure 1). Gulls from Salvora Island consumed
frequently Henslow's swimming crab (FO > 50%, Table A5), but vegetal matter, refuse
and fish were also highly consumed (14.9%, 12.1%, 13.8%, respectively. Figure 1
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Pessegueiro Berlenga Séalvora

Deserta

Pre-Breeding 2016 Breeding 2016 Post-Breeding 2016
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Figure 1: Pie charts with the percentage of occurrence (PO %) of the main diet itemsiforaS8erlenga,
Pessegueiro and Deserta during the pre-breeding, breeding and igestihg seasons of 2016 and 2017, (sar
size (hnumber of pellets) presented in the topright of each chart).
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3.2. Comparing gullsfdiet from Deserta and Berlenga among seasons

and years

GLM results testing the effect of year (2016 and 2017), season (pre-breeding,
breeding and post-breeding) and site (Berlenga and Deserta) on the diet of gulls showed
that many diet items varied significantly among years, seasons, and sites (Table 1). Most
species had a higher occurrence in the diet in 2017 than in 2016, although this tendency
was not observed for vegetadatter. Also, the main diet items were more important
during the breeding season. During the pre-breeding period, demersgbdisina
pilchardus Diplodussp. and vegetal matter were the main items. MoredviesQpterus
sp. was more important for the post-breeding season. Finally, fish, refuse and vegetal
matter were significantly more important at Deserta than at Berlenga, Rdlybius
henslowiiwas the most important diet item at Berlenga.

The interaction Year*Season showed that most diet items were more consumed
during the breeding period of 2017. NotwithstandBgombeisp. was higher in theg
breeding of 2017Scomberosox sauris the breeding season of 2016 and vegetal matter
was more relevant during the pre-breeding of 2016. The interaction Year*Site showed
that most diet items were more importamtthe diet of gulls from Deserta in 2017,
although demersal fishc8mbersp. and 8omberosox saurusere significantly higher
for Deserta in 2016, andolybius henslowiand Insecta were the main diet items for
Berlenga gulls in 2017. The Season*Site interaction showed that gulls presented a greater
consumption of the main diet items during pre-breeding and breeding periatl
Deserta Island, which may be partially a reflection of the larger sample size for this
period. Nonetheles3risopterussp. was the most important prey for the post-breeding
of Deserta, whilé?olybius henslowivas most consumed %ot HUOHQJDYV EUHHGLQJ

The interaction between all variables (Year*Season*Site) showed that some of the
main diet components (demersal fidgops boopsand vegetal matter) were more
consumed during the pre-breeding period by gulls from Deserta in 2016. Despite this,
pelagic fish and Mollusca species had a &rgimportarce for the 2017 breeding period
at Deserta, while in the same season, Berlenga gulls consumedPaighbeus henslowii

and Insecta species.
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Table 1. Generalized Linear Model (GLM) testing the effect of year (2016, 2017), sdeBmt Pre-Breeding; Bre- Breeding; PTBre- Post-Breeding), (Btl-

Berlenga: Des- Desertandtheir interaction in the presence of the main prey in dijgidlets (FO > 10%) from 2016 and 2017 in Berlenga and Deserta.

6€

Year Season Site
Prey F11673 P Main Effects  F21674 P Main Effects F11676 P Main Effects
Pelagic fish 19.34 <0.001 2016<2017 11.36 <0.001 Bre > Others  271.92 <0.001 Berl < Des
Micromesistius poutassor  7.70 0.005 2016 <2017 43.12 <0.001 Bre > Others  135.65 <0.001 Berl < Des
Sardina pilchardus 2.55 0.110 -- 8.11 <0.001 PBre > Others 38.32 <0.001 Berl < Des
Scomber sp. 1.41 0.236 -- 4.45 0.117 - 18.14  <0.001 Berl < Des
Scomberosox saurus 0.88 0.349 -- 3.03 0.048 Bre > Others 1.26 0.262 --
Trachurus sp. 1.63 0.201 -- 0.16 0.852 -- 69.00 <0.001 Berl < Des
Demersal fish 0.26 0.609 -- 4255 <0.001 PBre>Others 319.54 <0.001 Berl < Des
Boops boops 0.10 0.757 - 1.48 0.227 -- 16.30 <0.001 Berl < Des
Diplodus sp. 2.84 0.092 - 34.05 <0.001 PBre>Others 222.82 <0.001 Berl < Des
Trisopterus sp. 12.06 0.006 2016<2017 4.43 0.012 PTBre > Others 0.41 0.522 --
Refuse 28.20 <0.001 2016<2017 13.68 <0.001 Bre > Others 23.00 <0.001 Berl < Des
Vegetal matter 11.13 <0.001 2016>2017 6.66 0.001 PBre > Others 8.79 0.003 Berl < Des
Polybius henslowii 8.89 0.003 2016 <2017 25.36 <0.001 Bre > Others  918.61 <0.001 Berl > Des
Mollusca 23.08 <0.001 2016<2017 1.97 0.140 Bre > Others 0.43 0.512 --

Insecta 2.31 0.128 -- 2.73 0.065 -- 0.70 0.403 --




or

Table 1: Continued.

Year*Season Year*Site Season*Site
Prey F21668 P Main Effects F1.1670 P Main Effects F21671 P Main Effects
Pelagic fish 9.92 <0.001 2017 Bre > Others 34.55 <0.001 2017 Des > Others 3.41  0.03 Bre Des > Others
Micromesistius poutassc 1.40 0.247 -- 419 0.041 2017 Des > Others 5.28 0.005 Bre Des > Others
Sardina pilchardus 1.94 0.144 - 9.74 0.002 2017 Des > Others 6.68 0.001 PBre Des > Others
Scomber sp. 442 0.012 2017 PBre > Other: 24.80 <0.001 2016 Des > Others 0.27 0.760 -
Scomberosox saurus 8.56 <0.001 2016 Bre > Others 23.94 <0.001 2016 Des > Others 13.20 <0.001 Bre Des > Others
Trachurus sp. 8.45 <0.001 2017 Bre > Others 18.13 <0.001 2017 Des > Others 0.73 0.481 -
Demersal fish 1.44 0.237 - 11.38 <0.001 2016 Des > Others« 9.54 <0.001 PBre Des > Others
Boops boops 0.08 0.926 -- 149 0.222 -- 0.68 0.505 --
Diplodus sp. 2,51 0.081 -- 0.05 0.822 -- 0.32 0.723 --
Trisopterus sp. 0.96 0.381 -- 1.75 0.186 -- 5.15 0.006 PTBre Des > Other:
Refuse 0.02 0.980 - 4.00 0.045 2017 Des > Others 23.69 <0.001 Bre Des > Others
Vegetal matter 456 0.010 2016 PBre > Other: 1.38 0.240 -- 3.10 0.045 PBre Des > Others
Polybius henslowii 51.00 <0.001 2017 Bre > Others 6.83 0.009 2017 Berl > Others 7.83 <0.001 Bre Berl > Others
Mollusca 0.58 0.560 -- 10.88 <0.001 2017 Des > Others 2.46 0.086 --
Insecta 3.08 0.046 2017 Bre > Others 29.64 <0.001 2017 Berl > Others 5.34 0.005 PBre Des > Others




Table 1: Continued.

Year*Season*Site

Prey F2.1666 P Main Effects

Pelagic fish 5.31 0.004 2017 Bre Des > Others
Micromesistius poutassou 2.23 0.108 --

Sardina pilchardus 2.55 0.078 --
Scomber sp. 0.00 1.000 -
Scomberosox saurus 0.00 1.000 --
Trachurus sp. 2.15 0.116 -

Demersal fish 7.95 <0.001 2016 PBre Des > Others
Boops boops 3.82 0.022 2016 PBre Des > Others
Diplodus sp. 251 0.082 -

Trisopterus sp. 0.09 0.917 -

Refuse 2.01 0.134 -

Vegetal matter 4.28 0.014 2016 PBre Des > Others
Polybius henslowii 4.34 0.013 2017 Bre Berl > Others

Mollusca 0.00 1.000 2017 Bre Des > Others

Insecta 1.82 0.162 2017 Bre Berl > Others

The NMDS for 2016 showed a notorious division among seasons. NMDS
revealed a notorious separation of the breeding period from Berlenga, together with the
pre-breeding and post-breeding periods from Deserta (characterize by fish preg, Insec
and Mollusca) from all other seasoifisisopterussp. along with the remaining diet items
was important to characterize the remain seasons (Figure 2).

NMDS 2 clearly divided the two colonies, with Insecta, Mollusca and demersal
fish characterizing the diet of gulls from Berlenga, while pelagic fish was more prevalent

on the diet of birds from Deserta.
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Figure 2: Non-metric multidimensional scaling (NMDS) with the main consumed prey (> 10% percentage
of occurrence) in Berlenga and Deserta during 2016. Demersal and peldgiarfis different seasons

(PBre- Pre-Breeding; Bre- Breeding; PTBre- Post-Breeding) identified in bold.

In 2017, and according to the NMDS %Y HUOHQJDTV EUbfdddhigQJ DQG S
along with "HV HU W D T ¥regding wer \¢Marly separated from the other seasons.
The diet of gulls from these colonies were characterized by fish, nédaelypberosox
saurus Trisopterussp., Trachurus sp., Micromesistius poutassoand Diplodus sp,
whereas the others food items characterized the remain seasons (Figure 3).
NMDS 2 did not present a clear distinction among seasons/sites. It indicates that
the diet for the breeding season of all colony-sites as well asHhéH U W-bré§eding U H
season were mostly characterize by fiShgmberosox saurandTrisopterussp., were

an exception), apart from refuse and vegetal matter (Figure 3).

42



Figure 3: Non-metric multidimensional scaling (NMDS) with the main consumed prey (> éSrpage
of occurrence) in Berlenga and Deserta during 20D@émersal and pelagic fish and different seasons
(PBre- Pre-Breeding; Bre- Breeding; PTBre- Post-Breeding) identified in bold.

3.3. Comparing the diet of gulls during the breeding period among

sites

During the breeding season of 2017, most prey items differed significantly among
colony sites (Table 2). With a few exceptions, fish species, along with refuse and
Mollusca, were significantly more important for Deserta birds than for the other three
colony sites. On the other han®plybius henslowiiand Insecta showed greater
importance for Berlenga gulls whigoops boopsnd vegetal matter were importamt

Pessegueiro and Séalvora colony sites, respectively.
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Table 2 Generalized Linear Models (GLM) testing the effect of site (Salv- Salvora; BednBa; Pes-
Pessegueiro; Des- Deserta) in the presence of the main prey iffgellists (FO > 10%) during the
2017 breeding season.

Prey F3 633 P Main Effects
Pelagic fish 22.89 <0.001 Des > Others
Micromesistius poutassou 14.63 <0.001 Des > Others
Sardina pilchardus 4.46 0.004 Des > Others
Scomber sp. 2.54 0.055 -
Scomberosox saurus 1.17 0.318 --
Trachurus sp. 4.01 0.007 Des > Others
Demersalfish 22.06 <0.001 Des > Others
Boops boops 14.60 <0.001 Pes > Others
Diplodus sp. 22.61 <0.001 Des > Others
Trisopterus sp. 0.49 0.689 --
Refuse 28.19 <0.001 Des > Others
Vegetal matter 12.97 <0.001 Salv > Others
Polybius henslowii 145.07 <0.001 Berl > Others
Mollusca 4.12 0.006 Des > Others
Insecta 6.97 <0.001 Berl > Others

The NMDS comparing all four sitetsQ WHUPV RI WKH JX@ungy GLHW S
the breeding season of 2017 revealed a distinct separation of Berlenga and Deserta from
Salvora and Pessegueiro along NMDS axis 1. However, a distinguish pattern in diet is
not clear in this axis. Axis 2 on the other hand presents a notorious separation between
fish and other diet items (Figure 4).
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Figure 4: Non-metric multidimensional scaling (NMDS) with the main consumed prey (> é6%niage
of occurrence) in all yellow-legged gull colonies (Salvora, Berlenga, Pessegudifeserta) during the
breeding season of 2017. Demersal and pelagic fish and different sg@&dnes Pre-Breeding; Bre-
Breeding; PTBre- Post-Breeding) are identified in bold.

3.4. Trophic Niche

The ratio C/N was approximately 3 for all tissues which means lipid removal was
effective (Poset al.2007). Moreover, carbon and nitrogen stable isotope values differed
among sites and seasons (Table 3). As showed by the GLM analysis (Table 4), stable
carbon isotope values differed significantly among sites (GLW,.¥7.89, P = <0.001),
with the highest effect for Berlenga which had lower carbon values in all tissues (Figure
5). Carbon values were also significantly influenced by season (Gt M=F5.28, P =
<0.001), wth the non-breeding season (S8 feathers) exhibiting higher values (Figure 5).

Site and season had a significant effect on the stable nitrogen isotope values (Table
4). The main effect was observed for Pessegueiro (GLM;#3.69 P = 0.013, Figure
6), while the breeding season (P1 feathers) showed the highest values (§&kd¥, F
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1482, P = 0.001, Figure 6). Nitrogen was also highly influenced by site*season
interaction (GLM, Ek160= 3.46 P = <0.001), where Deserta showed the highest values
during the breeding season (P1 feathers) (Figure 6

Table3 /%1 DQ%&/ PHDQ “ 6' Aand D:N Matib\bf feathers and blood for yellow-legg

gulls (YLG) from Salvora, Berlenga, Pessegueiro and Deserta islands collectddis2tnple size (N

presented).
Tissues N / & “ 6' /1“6 C:N
Salvora
P1 10 -16.5+£0.8 145+0.8 3.1
S8 10 -16.1+£1.3 13.6+1.2 3.1
Br 15 -16.9+£0.5 13.4+0.6 3.1
RBC 10 -18.7+£0.9 12.7 £ 0.7 3.3
Plasma 10 -18.8+£0.8 136+1.1 3.1
Berlenga
P1 16 -17.2+0.4 13.7+0.7 3.0
S8 16 -16.8+1.1 14.4 £ 0.7 2.9
Br 10 -17.0+£ 0.6 12.8+0.7 3.2
RBC 16 -18.8 £ 0.7 12.6 £0.7 3.4
Plasma 16 -19.3+£0.5 121+£1.4 3.7
Pessegueiro
P1 -16.1+£1.0 14.3+0.9 3.1
S8 -16.1+£0.5 14.8+0.7 3.1
Br 13 -16.7 £ 0.3 13.7+0.2 2.9
RBC -18.0+£0.4 13.5+0.6 3.2
Plasma -184+0.4 13.0+0.7 3.5
Deserta
P1 11 -15.7+£0.4 14.9+£0.8 3.1
S8 11 -16.7+£1.4 142+1.1 3.1
Br 15 -16.6 £ 0.9 13.2+0.7 2.9
RBC 11 -18.5+0.8 12.0+1.3 3.2
Plasma 11 -19.1+£1.2 12.1+£15 3.7
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Table 4: Generalized Linear Model (GLM) testing the effect of itee(Bes-Deserta, Pes-Pessegueiro, Berl-Berlenga
Salv-Salvora)season (NBre - dbh-breeding (S8), Bre - Breeding (RIJR - chick-rearing (plasma) and IP - incubatic
period (red blood cells)) and their interaction in the trophic niche. Values wek & WHG ZLWK D GLVFUL
FDUERQ DQG A 1RU @oWdigRificHnvarigtiey/aReSdpiésented.

Site Season Site*Season

Fszi172 P Main Effects Fsi169 P Main Effects Fgi50 P Main Effects

C 7.89 <0.001 Berl<Others 6.28 <0.001 NBre > Others 1.75 0.081 --
N 3.69 0.013 Pes>O0Others 14.82 0.001 Bre>Others 3.46 <0.001 Bre Des > Others

Figure 5: Carbon isotopic values (median, 25-75% inter-quartile range, non-outiiege and outliers)

for Berlenga (Berl-red), Desertdesgrey), Pessegueiro (Pes-green) and Salvora (Sélv-blue) in breeding
(P1feather)nonbreeding E8feather)incubation (RBCandchick-rearing (plasma) seasons. To compare

among different tissugisotopic values of feathers were enriched withA. ® FFRUGLQJ WR &DODGR
and following a method described by Cherel et al. (2014
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Figure 6: Nitrogen isotopic values (median, 25-75% inter-quartile range, non-outliegeand outliers)

for Berlenga (Berl-red), Desertdesqgrey), Pessegueiro (Pes-green) and Salvora (Salv-blue) in breeding

(P1 feather), non-breeding (S8 feather), incubation (RBC) and cbarikag (plasma) seasons. To compare

DPRQJ GLITHUHQW WLVVXHV LVRWRSLF YDOXHV RMR RRDWBOKWRY ZHUH H
and following a method described by Cherel et al. (2014

Regarding the niche width (SEATable 5 and Figure 7), primarily, Berlenga
exhibit the highest value in S8 feather, suggesting a more varied diet, whereas Pessegueiro
presented the lowest values, implying a more specialist diet. More specifically, chicks
exhibited a wider niche in Deserta in relation to the others sites, and the overlap varied
between 54% to approximately 0% (Deserta-Berlenga, Berlenga-Pessegueiro,
respectively). For the breeding period, both Salvora and Pessegueiro had a similar
isotopic niche, which was wider than those of the others sites. Furthermore, Pessegueiro
in the breeding season was the only site showing significant differences in the niche width
in relation to Berlenga (SEAP = 0.034). About the niche overlap, this varied from 0%
(Deserta-Berlenga) to 56% (Pessegueiro-Salvora). In the non-breeding, Berlenga
revealed a significantly larger niche, as well as the highest nitrogen values (Figure 6). The
overlap in this period was very high for all sites with the exception of Salvora, which had

an almost null overlap with Deserta and Pessegueiro.
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For the incubation period, results revealed a larger niche width for Sélvora, in
opposition to PesseglieU R 1V Q D UNdredve, ISEIKOrR also presented the largest
overlap with Berlenga, while Deserta and Pessegueiro had almost no overlap. The chick-
rearing period revealed the larger niche in Deserta and, similarly to the incubation,
Pessegueiro with a narrow niche. Concerning the niche overlap, Deserta presented high
values in relation to the other sites while Berlenga and Pessegueiro presented the smallest

overlap.

Table 5 SIBER outputs: area of the standard ellipse (SE

for Salvora, Berlenga, Pessegueiro and Deserta in each t

(season).
SEAC
Séalvora Berlenga Pessegueirt Deserta

P1 15 0.7 15 0.5
S8 2.7 4.3 1.0 2.3
Br 0.7 0.7 0.1 1.5
RBC 1.6 14 0.5 1.0
Plasma 2.9 2.4 0.6 3.9

49



Figure 7: Isotopic niche comparison between chicks (Br), breeding (P1) bneeding (S8), incubation
(RBC) and chick-rearing (plasma) seasons, for all sites: Berlengd, (l2ekerta (grey), Pessegueiro

(green) and Salvora (blue). It is represented the standard ellipses BE&s).

3.5. The influence of fisheries in the diet

Concerning the relationship between fish landed (explanatory variable) and fish
consumed (response variable), only a few significant values were obtained. There was a
significant correlation between the main consumed fish species by gulls from Deserta
during the pre-breeding and the percentage of fish landed in the nearby port during the
same period, for both 2016 (r = 0. 83, P = 0.001; Figure 8) and 2017 (r = 0.55, R = 0.03
Figure 9. These suggest an influenaifisheries in the gull§diet of Deserta Island. Data
from the 2017 post-breeding for Pessegueiro also showed a significant correlation (r
0.94, P =0.01, Figure 1Berlenga did not show any relationship between the proportion

of fish in the diet and that in the fish landings, although the correlation for the pre-
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breeding periosf 2017 show a P value close to 0.05 (r = 0.57, P = Ol0%hould be
noted that for Salvora (breeding of 2017) and Berlenga during the pre and post-breeding
periods of 2016 and 2017 breeding and post-breeding periods the diet was mainly
composed by Crustacea, Mollusca species or vegetal matter (Table Al, A&)Aand

thus we could not correlate it with fish landings.

Figure 8: Pearson correlation between prey percentage of occurrence (PO%) in the pehets fr
Deserta colony site and the percentagfeorey landed in Olh&o harbour during the pre-breeding
period of 2016, (only prey present in diet with a frequency of occuri(§it@%) superior to 2.5%

were considered).
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Figure 9: Pearson correlation between prey percentage of occurrence (PO%) in the peltets fro
Deserta colony site and the percentage of prey landed in Olh&o harbdongdhe pre-breeding
period of 2017, (only prey present in diet with a frequency of occuri(§it@%) superior to 2.5%

were considered).

Figure 10: Pearson correlation between prey percentage of occurrence (PO%) in the peltets fr
Pessegueiro colony site and the percentadeprey landed in Sines harbour during the post-
breeding period of 2017, (only prey present in diet with a frequency ofrence (FO%) superior

to 2.5% were considered).
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4. Discussion

Photo: Hugo Guimaro
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With this study, we were able, not only to characterize the diet of yellow-legged
gulls from four different coastal populations in the Iberian Peninsula, but also to
distinguish trophic shifts in these colonies amongst distinct seasons and years. Although
there are many studies on the diet of gulls, most were conducted during the breeding
season only and on one colony site per study. Therefore, this study provides a more
comprehensive framework of the spatial, seasonal and annual shifts in the diet of gulls.
Moreover, we were able to evaluate how gulls rely in fishing activitiessasirce of
food.

We observed an overall generalist diet for the gulls from different colony sites.
Nonetheless, diet components exhibited notorious seasonal differences, which may be
UHODWHG ZLWK VHDVRQDO FKDQJHV LQ IRRG DYDLODELQ
nutritional needs as showed by differences in stable isotopes values and isotopic niche
width. In addition, only Deserta presented a diet mainly composed by fish, whereas, in
the other colony sites, the diet comprised mostly crustaceans, insects, vegetal matter
and/or refuse$V ITRU JXO OV PpnGishddHaptsitieq Pekerta Island, where fish
was the main consumed item, exhibitedtrong relationship with fisheries, especially
during the pre-breeding period3HVV HJ X HL U R § Vol kedey fdd f00d Rurth¢d O L H G

the post-breeding season.

4.1. Dietary and trophic shifts among colony sites during the

breeding season

As it is characteristic for this species, our results presented an overall generalist
diet for all populations during the breeding season, yet, distinct patterns in diet were also
perceptible when comparing the different colony sites. According to diet samples there
was a notorious separation of Deserta and Pessegueiro, where the diet was rich in fish,
from Berlenga and Salvora, where gulls consumed mostly crustaceans (see Table 1). We
expected that, during the breeding period, diet would be of better quality, mostly due to
F K L F NtvinaD dXeeds, being constituted predominantly by fish (Annett & Pierotti
1989 % X N D Fdt a/19%b5) and, consequently, colonies would display a narrow trophic
niche due to this specialist diet. Overall, the diet of gulls from both Deserta and
Pessegueiro seem to agree with our hypothesis. However, we have to take into

consideration thad diet characterization using regurgitations, although adequate, cannot
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describe all diet items, since it takes into account only prey hard parts that are partially
digested and some items, particularly those with soft parts, will not be assessed with this
method (Barretet al. 2007). Therefore, a complementary use of isotopic analysis was
helpful to better characterize the yellow-legged gull trophic ecology (Haisalnl 994
Karnovskyet al.2012), be it from adults or chicks.

2XU UHVXOWYV IRU d KithFoNrvhpdainesis\WbeBaliteHaH colonies
presented a specialist diet, some highly overlapped, suggesting that chicks from all
colonies were fed with similar diet items (Bearheipal. 2004), which is predominantly
fish according to several studies (Moregtoal. 201Q Alonso et al. 2015). The isotopic
niche for Deserta’s chicks, however, wagger when compadto that of other colonies,
which could suggest an intake of different groups of fish (demersal and pelagic), a
reported by Caladet al.(2018) and Navarret al. (2010).

Regarding adults isotopic nichthis could present some variations in relation to
chicks, as observed by Navambal. (2010). Moreover, it cannot be forgotten that P1
(breeding period) andlgsma (chick-rearing) tissues, although representing similar
periods, characterize different years (Gstial.2014) 7DNLQJ WKLYV LQWR DFFRXQ
gulls presented, during this season, a narrow isotopic niche, suggesting a more specialist
diet, and high values for nitrogen, which characterize diets rich in fish. This can be
explained with a potential relation with nearby fishing activities, as observed in previous
studies. Valeiras (2003) and Arcesal.(2001) described fishing activities as beneficial
for various seabird species, including YLG, specifically in foraging practices. Cama and
others also observed that the peak demdigulls coincided, both in time and space, with
the higher amount of fishing vessels (Caetal. 2012 Camaet al. 2013). Moreover,
Navarroet al. (2010) reported that high values of nitrogen matched with demersal prey
coming from fisheries, which could also explain our results. Nonetheless, another
explanation to our results could be a possilIE LI1W LQ JXOOVY IRUDJLQJ VHOH
chicks with a more nutritious and easy to swallow food items, as we hypeth&milar
results were reported by other studies where gulls fed mostly on fish, but other prey items
were also found (Pedret al. 2013 Caladoet al. 2018). In Pessegueiro, the pattern was
distinct with gulls presenting a generalist diet. Diet samples from 2016 were not collected,
however, their trophic niche also presented a substantidd® ODS ZLWK 6iOYRUD JX(
Our samples o6 iO YR UD {V @&d & §¥nevakist dlidtywhiich could denote not only
similarities between the two colonies but also that a generalist diet is maintained in both
colonies during the breeding period. Our results ®©rO Y R U D {(ahd Jpo$3i0lyW
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Pessegueiro colony site) could be relate with Moeral. (2010) observations, wheae
diverse diet, even though rich in fish, was provided to chicks, according to nearest food
source. Notwithstandingluring the chick-rearing period, gulls from Deserta presented a
larger trophic niche, suggesting that adults selected different food resources for their
offspring and, due to parental constrictions, choose a closer and predictable source of
food to feed themselves. This result is similar to what was reported by Adbals(2015)
for Berlenga island, which observed this change in the breeding period, where adult gulls
consumed mostly crustaceans, but fed their chicks with fish, a more energetic and easier
to ingest food resource. These results and the specialist diet exn®bHbYYV H J ¥§Hd UR TV
are related with theF K L Héelliflg niche (Deserta with a more generalist diet and a
restricted diet for Pessegueiro), suggesting, as reported by Aekzabé2013), a similar
diet between adults and chicks and, consequently, that gulls select food of better quality,
as stated in our hypothesis.

6iOYRUD DQG %HUOHQJD FRORQLHV ERWK SUHVHQV
(Polybius henslowji(see Table A2 and A5) as main food source. This crab species occurs
in high numbers during upwelling events (Soesal. 2005) which can vary between
years, yet that was not the case in our study. Even though this is a food resource with low
caloric value, it is very abundant and allows gulls to feed without losing energy in their
foraging activities. Alonset al. (2015) also reported a high consumption of crabs by
gulls from Berlenga, which becomes an advantage mostly during the reproductive season,
when gulls are central place foragers. Berlenga’s gulls presented a more restricted diet
during the breeding season, according to the narrow niche that was recorded
Additionally, because more than 60% (see Table 1) ofieO OV GLHW ZDV FRPSR
crabs, it also explains the low nitrogen values (Navatral. 2010) observed in our
results. Carbon values also suggest differences in the foraging habitat from Berlenga in
relation to the other colonies, because lower values imply a more pelagic foraging
behaviour (Ramost al.2015). Moreover, gulls from this colony showed a high overlap
in terms of stable isotopic values with Deserta gulls during the chick-rearing period,
suggesting a similarity in prey isotopic signatures consumed at the two sites (Bstarhop
al. 2004). Gulls from Salvora presented a large niche, in accordance with diet samples,
suggesting a large spectrum of diet items, in other words, gulls probably fed on resources
more abundant and predictable near the colony. This outcome matches with previous
observations also performed in Galicia (Munilla 199Toreno et al. 2010), were

Polybius henslowiwas the main prey. Nonetheless, we cannot neglect the significant
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amount of vegetal matter and refuse also present in the diet of gulls (see Table Aj), which
as stated by Duheet al. (2005) reveal advantages for adult gulls, who would perform
short foraging trips in order to minimize the time chicks spend alone and see their chances
of predation decreasedq X N D Fé&t &V NMB6). These results suggest different and also
predictable food sources near the colony sites, which adult gulls would select due to

parental constrains.

4.2. Comparing annual and seasonal variations in diet and trophic

ecology among colonies

Overall, yellow-legged gulls presented similar diets for the two years.
Notwithstanding, some changes in diet could be witness in Pessegueiro and Berlenga
colonies, between the two years. Gulls from Pessegueiro, during the pre-breeding season
(2016), presented a higher intake of crustaceans, contrasting with the other 2017 periods
with a large consumption of fish. These results could suggest, not only, a shift in diet
among seasons/years, but also a greater relevance of terrestrial food during the non-
breeding season, as stated in our hypothesis. The pre-breeding season is a period with
high energy demands, especially for females (Mills 1979). Crabs, as well as molluscs, are
reported as a good source of calcium, which can be beneficial for the egg formation or
HYHQ IRU FKLFNYV {(S&hr&rimer & Badhe RV UTHis assumption could
suggest a preference for this food items during the pre-breeding season as reported by
Navarroet al.(2010), that observed a greater intake of American crayfish in feingl® O V
diet during the incubation period. However, according to stable isotopes analysis, this
outcome appears to be a singular situation, because during the incubation period a
specialist diet with high values of nitrogenasvobserved, which owing to the
opportunistic feature of this gull species, suggest the presence of demersal fish from
discards (Navarret al.2010). Nonetheless, we have to take into account that diet samples
from the pre-breeding in Pessegueiro were only collected in the previous year and that
some changes in food availability may be the cause for this shift between years, as
reported for Berlenga in 2011 (Catal.2014 Alonsoet al.2015). Regardless, this shift
in foraging behaviour was described in other studies (Lindsay & Meathrel 2008),
including with different speciessreported by Paivat al.(2010)in & RU\fV VKHDUZDWH!
(Calonectris borealis Our study was not the first to present differences between years.
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Similarly, Arizagaet al.(2013) also reported differences among colonies and years. Ceia
et al. (2014) also observed slight differences between years, though these were an
apparent consequence of a shift in prey availability.

Diet of gulls from Berlenga also exhibited a shift between years, with 2017 pre-
breeding diet representing an exception in the overall crustacean based diet. In this season
it was noticeable some influence from fisheries, even thought this was not meaningful.
These results can suggest different interpretations. First, it is possible that gulls alter their
diet selection in order to prepardRfU F K bWl §pecifically gathering caloric
energetic food for the egg laying and territory protection, as reported in laihes
V S H F(MHs/EP79; Lindsay & Meathrel 2008). Second, as merngidbefore, there
could have been a seasonal decre@atiee abundance éfolybius henslowjias observed
during the 2011 breeding season (Gsial.2014 Alonsoet al.2015), which forced gulls
to search for other food sources. Third, the high amount of fisheries (see Figure Al), and
consequent discards, could provide a predictable and stable food source, as Cama and
others perceived in yelolBHJJHG JXOOV DV ZHOO @¥madtW.K $XGRXL
2012 Camaet al.2013) However, we cannot forget the generalist diet observed during
the incubation period, similar for all colonies (exceptPessegueiro), as well as the
notorious overlap among colonies, which suggests that, without parental duties of the
breeding phase, gulls were abldded in similar habitats and consumed the same species,
or species with similar isotopic values (Bearled@l. 2004).

Concerning seasonal changes in diet, these were more noticeable during the post-
breeding season for Pessegueiro. Terrestrial items were of great importance in this
FRORQ\TV GLHW DJUHH L(@riesfialVgrey Rt impbBaRtVditingwthey
winter due to the decrease of fishing practices and the unpredictability of weather
conditiong. Nevertheless, it is important to highlight the presenc€afema album
(Portuguese crowberry) seeds. This plant can be found in dunes or rocky shores through
all Iberian coast and its fruits mature between August and Septe@l2I QY LXR(&DQFHOD
2002), providing a low energy food resource, but that is highly predictable and can be
obtaired with a minimum energy cost, as stated by the optimal foraging theory
(MacArthur & Pianka 1966). These results are in accordance with a previous study
performed in Vigo, where young gulls, with less foraging skills, appeared to use the
abundanCorema albuniruits asamain food source. Regarding the large amount of fish
consumed during this period, it is worth mentioning that fishing activities were higher in

this season in relation to other study periods (see Figure Al), suggesting some
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RSSRUWXQLVWLF EHKDYLRXU L QThésK tegultd Xa@ee With tReUD JL Q J
stable isotope analysis, where birds from Pessegueiroetiffieam the other colonies,
because3SHVVHJXHLUR JXOOVY GLHWHdnd abBrGiR ¥d/6r PDLQO\
fish, presumably from fisheries discards (high nitrogen values).

All other colonies presented a similar diet throughout the year. Although, it is
important to highlight the difference between the diet of Deserta gulls from that of other
colony sites. Deserta gulls fed almost exclusively on fish, which suggests a high
dependence on fishing activities. However, we cannot disregard the differences observed,
among years/seasons, initlteophic ecology, specifically the variation detected between
breeding and chick-rearing, as already mention, as well as the changes in the niche width
between the breeding and non-breeding period. Furthermore, it is also worth mention that
we are in presence of a complex food web, which can cause some misinterpretation of
JXOOVY WU R Bedube ehFRrpRedant low values for marine and terrestrial prey.
Therefore, it would be beneficidb use a third isotope, sulphur, which can better
distinguish between the two foraging areas, presenting high values for prey of terrestrial

origin and low values for marine prey.

43.5ROH RI ILVKHULHV LQ JXOOVY GLHW

Regarding fishing activities, we expected that the amount of fish present in diet to
be proportional to the landings in the harbours near the colonies. Morgavas, also
SUHGLFWHG WKDW WKH ILVK LQWDNH ZDV KLJKHU GXULQJ
nutritional needs. Nonetheless, this was not always observed in our study. Although all
colonies presented some fish intake, only Deserta and Pessegueiro gulls exhibit
significant correlations with fishing activities, even though that relationship was not
constant the whole year. Through diet samples, we were able to observe a close
UHODWLRQVKLS EHWZHHQ WKH JXOOVY GLHW RI WKHVH Wz
nearby ports. However, in Deseft¥ J XlasQdirelation was presented in the pre-
breeding season of each year (2016 and 2017), while for gulls from Pessegueiro Island it
occurred during the post-breeding period (2017). Curiously, the post-breeding season in
Pessegueiro matched with the period with highest fishing activities near the colony (see
Figure Al), suggesting by itself a cause for the observed relatior(stipf.Q WKRXJK JXOOV
IRUDJLQJ VWUDWHJILHYV ITURP 3HVVHJX greWoRd] sttde® RQ\ VLW
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corroborate the previous assumption, for instance Huppop and Wurm (2000) that
observed, in gulls from the North Sea, a higher fish intake during fishing days and a shift
from marine to terrestrial food items on days withastidries. Votieret al. (2013) and
Camaet al.(2012) also observed fisheries-bird interaction on northern gannets and gulls,
respectively, once again evidencing seabirds strong connection with fisheries. Studies like
these, not only validate our hypothesis but also allow us to better understand possible
differences between distinct coloniasjt is shown by Ramost al.(2009a), where gulls

from Columbretes Island (more distant to the mainland) had a higher intake of fish in
relation to the other colony sites.

For both Deserta and Pessegueiro colony sites, the main species consumed by
gulls were the pelagic speci8sombersp. (mackerels)licromesistius poutassdblue
whiting), Sardina pilchardugsardine) andlrachurussp. (horse mackerels), together
with the demersaDiplodussp. (seabreamdpoops boopgbogue) andChelon labrosus
(mullet) (see Table A1A4 and A6). The pelagic fish presence could suggest a predatory
behavioury yellow-legged gulls, however, the opportunistic foraging behaviour in this
species has been reported in many studies, be it in relation with fishing activities (Oro &
Ruiz 1997 Arcoset al.2001, Camaet al.2012) or with refuse dumps (Duhenal.2003
Realet al.2017). Plus, the assumption that gulls use fisheries as a food source provider,
was also corroboratday the presence of demersal fish in their diet. Gulls are not capable
to dive to depths where demersal fish occur (Vaiteal.2010), and thus such prey were
unquestionably obtained from fisheries (Arizagal.2010).

Even though our hypothesis states that the améuht ILVK LQ JXOOVY GLHW
reflect the fish landed near the colony, we cannot forget that gulls do not feed directly
from the fish caught, instead they exploit fish and its offal rejected from fishing activities
(Valeiras 2003). From the main consumed spe@esdina pilchardusScombersp,,
Trachurussp and Diplodus sp. are amongst the main target species in Portuguese
fisheries (Cabragt al.2003 Costaet al.2008), however, its presence in gulls diet is owed
to the fact that even target species can be rejected if they do not meet the necessary
requirements impose by the EU Common Fisheries Policy (CFP), reason why our
hypothesis is valid. Discard of target species is not the only way gulls can feed on it.
Stratoudakis and Marcalo (200)HSRUWHG LQ VDUGLQH SXUVH VHLQH ¢
phenomenon were fish is release with the lowering of theyeethis practice can also
injure fish, increasing its mortality and making it more accessible to gulls. As for the

remain speciedvlicromesistius poutassandBoops boopsan also be found among the
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fish landed, although in lower quantities, because they are noedbgetcan have some
commercial value (Costt al.2008),Chelon labrosuspn the contrarypresents a 100%
discard rate (Cabradt al. 2003). Despite this, all target and non-target species appear as
greatly discarded (Borge=t al. 2001, Goncalveset al. 2008), which could explain its
presence in yellownoHJJHG JXOOVY GLHW

However, we cannot forget that these fisheries-diet association was analysed
taking into account diet samples. Because this type of analysis, as referred before, can
cause some bias in our results, it is possible that other correlations passed unnoticed. This
could be the case for Pessegueiro Island, during the breeding season, where a large
volume of Boops boopsa demersal fish, & consumed (see Table A5) yet, no
relationship between diet and fishing activities was found. The diet of gulls from Berlenga
and Salvora can also be related with fisheries discards, given the high importance of
Polybius henslowiin the diet,a highly discarded species (Batigthal. 2009 Ordéfiez-
Del Pazcet al.2014). However, as Arizag al.(2013) suggested, the use of fish landed
as indicator of discarded species could imply some inconsistencies in diet-fisheries
correlations, so in order to better discern the previous assumptions, concrete data on

discarded items for each site would be important.

4.4. Conclusions and final remarks

Through this work, we were able to better understand shifts in yellow-legged
JXOOVY GLHW RYHU WKH \HDUV ORUHRYHU ZH REVHUY!I
foraging behaviour of this gull species. Taking into account our results, yellow-legged
gulls did not exhibit a major dependency on fisheries, instead, they use this human activity
as provider of high nutritional and energetic value type of food, together with other
predictable and abundant food sources, such as refuse dumps (rtioaé2610) and/or
crustaceans (Munilla 199Alonso et al. 2015). Additionally, our hypothesis was only
partially confirmed, because only Deserta and Pessegueiro colony sites, where gulls had
a greater intake of fish, exhileil a meaningfully relationship with fisheries, whereas
Peniche, the harbour near Berlenga colony, presented the higher amount of fish landed
(see figure Al). Nevertheless, we cannot exclude the possibility that fisheries around
Deserta and Pessegueiro islands produce high amounts of discards, as reported by Costa

et al. (2008), which could justify our results.
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Gulls, as well as other seabirds, benefit with discards by improving the
reproduction success (Taskatral. 2000), decreasing chicks mortality (less time away
from nests) and/or decreasing energy use in foraging activities (€arak 2012)
Nonetheless, the exploitation of this predictable food source can lead to seabird bycatch
(Lewison et al. 2004 Cortéset al. 2017). Even though fisheries are advantageous for
gulls, the overfishing of stocks would ultimately lead to a reduction in prey availability.
Due to this, the European Commission (EU) approved recently a discard ban that has
been slowly imposed through all member states, with a full deadline applicef06&9.

This ban states that all fish thatesmot meet the necessary requirements and/or it is not
target cannot be rejected, instead, it should also be landed in the harbouit whikbe

used for another proposes, such as animal food (European Commission 2018). Due to the
opportunistic nature of yellow-legged gulls and their use of fisheries, the possibility that
this discard ban will affect XOOV { G L HWent BUpmvalFiagtd Hel considered.
According to our results, gulls from Algarve would be the most afteess well as gulls

from Pessegueiro during part of the year. Nevertheless, we cannot forget the plastic nature
of gulls and, taking this into account, the most probable scenario is that gulls will suffer
some decrease in their numbers as a response to the sudden lack of a predictable food
source (Oroet al. 1995). However, in time they would adapt to the new conditions,
probably by the increase of foraging practices in refuse dumps and/or predatibarof
species. Moreover, yellow-legged gulls presence in cities has being increasinglydreporte
showing its high adaptability.

Taking into consideration all the previous information, it is probable that the
discard ban will not affect significantly, in the long-term, the yellow-legged gull
populations. However, it would be interesting to deepen this research in order to better
evaluate gullgdiet and the influence of fisheries, perhapthwhe addition of a third
isotope (sulphur)tE HWWHU GLVWLQJXL V&t résomg i ThaviseRfSSIREF HF R OF
data, in order to, more accurately, examine fisheries-gulls interaction, as reported by
Camaet al. (2012). Nonetheless, this work contribution 30X O O  \th dahiNOH iU
disregarded, not only due to the description of less studied colonies such as Pessegueiro,
but also due to the diversity in diet and foraging strategies demonstrated with the
comparison of different yellow® H J J H Gcalogi@0  V
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Appendix

Table Al: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of alkiteund in the diet in Berleng:
Pessegueiro and Deserta during the pre-breeding of 20lénber of samples (FO) and number of individuals (I

presented below colony sites (*correspond to squid species).

Pre-Breeding 2016

FO (%) FN (%)
Berlenga Pessegueiro Deserta Berlenga Pessegueiro Deserta
N=77 N=29 N=224 N=201 N=117 N=622
Pelagic Fish 13.8 42.0 4.3 25.7
Atherinasp.
Belone belone 6.9 0.4 1.7 0.2
Chelonsp 3.1 1.1
Engraulis encrasicolus
Gadiculus argenteus 0.4 0.2
Micromesistius poutassou 6.7 4.8
Myctophum punctatum 0.9 0.3
Sardina pilchardus 3.4 24.1 0.9 13.2
Scombesp. 3.4 9.8 0.9 4.3
Scomberosox saurus 0.4 0.2
Trachurussp. 3.4 14.3 0.9 6.3
Demersal Fish 13 13.8 71.9 15 3.4 47.6
Ammodytes tobianus
Anguilla anguilla 0.9 0.3
Arnoglossus laterna 0.9 0.3
Boops boops 8.9 4.2
Callionymussp.
Capros aper
Cepola macrophatalma 0.4 0.2
Chelidonichthysp. 34 0.9
Chelon labrosus 54 2.1
Citharus linguatula
Coelorhynchusp. 0.4 0.2
Conger conger 2.7 1.0
Dicentrarchussp. 0.4 0.2
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Table Al: Continued.

FO (%) FN (%)
Berlenga Pessegueiro Deserta Berlenga Pessegueiro Deserta
N=77 N=29 N=224 N=201 N=117 N=622
Diplodussp. 37.5 21.7
Echiichthys vipera
Echiodonsp. 0.4 0.2
Galeussp. 0.9 0.3
Gobiussp.
Halobatrachussp. 0.4 0.2
Helicolenus dactylopterus 0.9 0.3
Hoplostethus mediterraneu
Lepidotrigla cavillone 6.9 1.7
Lithognathus mormyrus 0.4 0.2
Macroramphosus scolopax 0.4 0.2
Malacocephalus laevis 1.3 1.4
Merluccius merluccius 4.5 1.6
Microchirussp 3.4 0.9
Mullus surmuletus
Nezumiasp.
Other Soleidae 6.3 2.4
Pagellussp. 0.4 0.2
Pagrussp 1.3 0.5
Pegusa lascaris
Phycissp. 0.9 0.3
Platichthys flesus 0.9 0.3
Sarpa salpa 4.0 1.4
Scophthalmusp 0.4 0.2
Scorpaenasp 2.2 0.8
Serranussp 3.1 1.1
Sparus aurata
Spondyliosoma cantharus 0.9 0.3
Synchiropus phaeton
Trachinus draco
Trigla lyra 1.3 0.6
Trisopterussp. 1.3 0.4 15 0.2
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Table Al: Continued.

FO (%) FN (%)
Berlenga Pessegueiro Deserta Berlenga Pessegueiro Deserta
N=77 N=29 N=224 N=201 N=117 N=622

Zeus faber
Unidentified fish 2.6 13.8 20.1 1.0 3.4 9.2
Total fish 3.9 31.0 915 2.5 11.1 82.5
Crustacea
Carcinus maenas 0.4 0.3
Polybius henslowii 88.3 51.7 96.0 47.0
Uca tangeri
Pachygrapsus marmoratus 3.4 2.6
UnidentifiedBrachyura 6.9 4.0 1.7 1.4
Procambarus clarkii 34 0.9
Pollicipes pollicipes 37.9 33.3
OrderSessilia
Mollusca
Mytilus sp. 10.3 3.4
Patellasp.
Sepia officinalis 0.9 0.3

Other Decapodiformes*

Unidentified Bivalve

Unidentified Cephalopoda 1.3 0.6
Unidentified Gastropoda

Insect

Order Coleoptera 7.1 8.4
Order Hemiptera

Order Hymenoptera 2.7 1.4
Order Orthoptera

Unidentified Insect 4.9 4.2
Others

Corema album - - -
Unidentified vegetal matter 10.4 3.4 13.8 - - -
Refuse 15.6 12.9 - - -
Bird species 3.9 2.2 15 0.8
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Table Al: Continued.

FO (%) FN (%)
Berlenga Pessegueiro Deserta Berlenga Pessegueiro Deserta
N=77 N=29 N=224 N=201 N=117 N=622
Rat species
Egg Shell - - -
Asteroidea

Unidentified Animal
Fishhook - - -

Unidentified item - ; .

Table A2: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of all iteumnsl fim the diet in Berleng:
and Deserta during the breeding of 2016. Number of samples (FO) an@nafimhdividuals (NF) presented below colo

sites (*correspond to squid species).

Breeding 2016

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=152 N=163 N=382 N=465

Pelagic Fish 5.3 60.7 2.9 50.1
Atherinasp.

Belone belone 3.7 1.7
Chelonsp. 1.8 0.6
Engraulis encrasicolus 0.6 0.2
Gadiculus argenteus 3.7 2.2
Micromesistius poutassou 1.3 22.1 0.8 17.0
Myctophum punctatum

Sardina pilchardus 2.6 11.7 1.3 5.2
Scombesp. 9.8 34
Scomberosox saurus 11.7 10.5
Trachurussp. 1.3 23.9 0.8 9.2
Demersal Fish 8.6 35.0 3.9 20.2
Ammodytes tobianus 1.8 15
Anguilla anguilla 0.6 0.4
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Table A2: Continued.

FO (%) FN (%)

Berlenga Deserta Berlenga Deserta
N=152 N=163 N=382 N=465

Arnoglossus laterna

Boops boops 2.6 3.7 1.0 15
Callionymussp.

Capros aper 0.7 0.3

Cepola macrophatalma

Chelidonichthysp.

Chelon labrosus 3.7 1.3
Citharus linguatula 0.6 0.2
Coelorhynchusp.

Conger conger 0.7 2.5 0.3 0.9
Dicentrarchussp. 0.6 0.2
Diplodussp. 0.7 10.4 0.5 4.3
Echiichthys vipera 3.1 1.1
Echiodonsp. 1.2 0.4
Galeussp. 0.6 0.2
Gobiussp. 0.6 0.2
Halobatrachussp. 0.6 0.2

Helicolenus dactylopterus
Hoplostethus mediterraneus

Lepidotrigla cavillone

Lithognathus mormyrus 0.6 0.2
Macroramphosus scolopax

Malacocephalus laevis 1.2 0.4
Merluccius merluccius 1.3 1.8 0.5 0.6

Microchirussp.
Mullus surmuletus
Nezumissp.

Other Soleidae

Pagellussp.

Pagrussp 2.5 0.9
Pegusa lascaris 1.8 0.6
Phycissp. 0.6 0.2
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Table A2: Continued.

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=152 N=163 N=382 N=465
Platichthys flesus
Sarpa salpa 1.2 0.4
Scophthalmusp.
Scorpaenap.
Serranussp. 1.3 55 0.5 24
Sparus aurata 0.6 0.2
Spondyliosoma cantharus 0.6 0.2
Synchiropus phaeton
Trachinus draco
Trigla lyra 2.5 1.1
Trisopterussp. 1.3 0.6 0.8 0.4
Zeus faber
Unidentified fish 6.6 27.0 2.4 11.4
Total fish 20.4 80.4 9.4 81.7
Crustacea
Carcinus maenas
Polybius henslowii 64.5 11.7 85.3 5.2
Uca tangeri
Pachygrapsus marmoratus
Unidentified Brachyura 4.3 15
Procambarus clarkii
Pollicipes pollicipes
Order Sessilia
Mollusca
Mytilus sp
Patellasp
Sepia officinalis 1.2 0.4
Other Decapodiformes* 1.8 0.6
Unidentified Bivalve
Unidentified Cephalopoda 0.6 0.2

Unidentified Gastropoda
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Table A2: Continued.

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=152 N=163 N=382 N=465
Insect
Order Coleoptera 2.0 2.5 1.6 0.9
Order Hemiptera
Order Hymenoptera
Order Orthoptera
Unidentified Insect 2.6 9.8 2.6 7.5
Others
Corema album - -
Unidentified vegetal matter 2.0 13.5 - -
Refuse 5.9 184 - -
Bird species 2.0 4.9 0.8 1.7
Rat species 0.7 0.6 0.3 0.2
Egg Shell 0.6 - -
Asteroidea
Unidentified Animal
Fishhook - -
Unidentified item 1.8 - -

Table A3: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of all iteunsl fim the diet in Berlengz
and Deserta during the post-breeding of 2016. Number of samples (EQ@uamber of individuals (NF) presented bel

colony sites (*correspond to squid species).

Post-Breeding 2016

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=43 N=112 N=84 N=251
Pelagic Fish 14.0 68.8 8.3 58.6

Atherinasp.
Belone belone
Chelonsp. 0.9 0.4

Engraulis encrasicolus
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Table A3: Continued.

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=43 N=112 N=84 N=251
Gadiculus argenteus 1.8 1.2
Micromesistius poutassou 2.3 40.2 1.2 33.5
Myctophum punctatum
Sardina pilchardus 7.0 8.9 3.6 5.6
Scombesp. 8.9 4.0
Scomberosox saurus
Trachurussp. 4.7 27.7 3.6 13.9
Demersal Fish 44.6 29.1
Ammodytes tobianus
Anguilla anguilla
Arnoglossus laterna
Boops boops 8.0 4.8
Callionymussp.
Capros aper
Cepola macrophatalma
Chelidonichthysp. 0.9 0.4
Chelon labrosus 1.8 0.8
Citharus linguatula 0.9 0.4
Coelorhynchusp.
Conger conger 0.9 04
Dicentrarchussp.
Diplodussp. 10.7 5.6
Echiichthys vipera
Echiodonsp.
Galeussp.
Gobiussp
Halobatrachussp.
Helicolenus dactylopterus
Hoplostethus mediterraneus
Lepidotrigla cavillone 0.9 0.4
Lithognathus mormyrus 0.9 0.4
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Table A3: Continued.

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=43 N=112 N=84 N=251
Macroramphosus scolopax
Malacocephalus laevis 6.3 4.0
Merluccius merluccius 8.0 3.6
Microchirussp. 0.9 0.4
Mullus surmuletus
Nezumiasp. 0.9 0.4
Other Soleidae
Pagellussp.
Pagrussp 2.7 1.2
Pegusa lascaris
Phycissp. 0.9 0.4
Platichthys flesus
Sarpa salpa 0.9 0.4
Scophthalmusp.
Scorpaenap 3.6 1.6
Serranussp. 0.9 0.4
Sparus aurata
Spondyliosoma cantharus
Synchiropus phaeton
Trachinus draco 6.3 3.2
Trigla lyra
Trisopterussp 0.9 0.4
Zeus faber
Unidentified fish 17.9 7.6
Total fish 14.0 94.6 8.3 95.2
Crustacea
Carcinus maenas
Polybius henslowii 60.5 88.1
Uca tangeri
Pachygrapsus marmoratus
Unidentified Brachyura 1.8 1.2
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Table A3: Continued.

FO (%)

FN (%)

Berlenga
N=43

Deserta

N=112

Berlenga Deserta
N=84 N=251

Procambarus clarkii
Pollicipes pollicipes
Order Sessilia

Mollusca

Mytilus sp.

Patellasp.

Sepia officinalis

Other Decapodiformes*
Unidentified Bivalve
Unidentified Cephalopoda
Unidentified Gastropoda
Insect

Order Coleoptera

Order Hemiptera

Order Hymenoptera
Order Orthoptera
Unidentified Insect
Others

Corema album
Unidentified vegetal matter
Refuse

Bird species

Rat species

Egg Shell

Asteroidea

Unidentified Animal
Fishhook

Unidentified item

2.3

4.7
16.3
2.3

0.9

1.8

2.7
3.6

1.8

0.4

2.4 0.8

0.8
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Table A4: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of all iteuns! fim the diet in Berleng:
and Deserta during the pre-breeding of 2017. Number of samples (Fl0)uanber of individuals (NF) presented bels

colony sites (*correspond to squid species).

Pre-Breeding 2017

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=84 N=184 N=189 N=504
Pelagic Fish 38.1 58.2 30.7 41.5
Atherinasp.
Belone belone 3.6 0.5 2.6 0.6
Chelonsp. 3.3 1.4
Engraulis encrasicolus 1.1 0.4
Gadiculus argenteus 4.3 2.4
Micromesistius poutassou 6.0 13.0 2.6 7.9
Myctophum punctatum
Sardina pilchardus 7.1 21.2 4.2 9.9
Scombesp. 8.3 13.0 5.3 5.8
Scomberosox saurus 9.5 0.5 9.0 0.2
Trachurussp. 11.9 24.5 6.9 12.9
Demersal Fish 25.0 62.0 17.5 35.7
Ammodytes tobianus
Anguilla anguilla
Arnoglossus laterna 11 0.4
Boops boops 4.8 5.4 3.2 2.4
Callionymussp. 0.5 0.2
Capros aper
Cepola macrophatalma
Chelidonichthysp. 4.8 11 2.6 0.4
Chelon labrosus 0.5 0.2
Citharus linguatula
Coelorhynchusp.
Conger conger 3.3 14
Dicentrarchussp. 2.7 1.0
Diplodussp. 24 35.9 1.1 18.5

Echiichthys vipera
Echiodonsp.
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Table A4: Continued.

FO (%) FN (%)

Berlenga Deserta Berlenga Deserta
N=84 N=184 N=189 N=504

Galeussp.

Gobiussp.

Halobatrachus sp.

Helicolenus dactylopterus

Hoplostethus mediterraneus

Lepidotrigla cavillone 3.6 0.5 1.6 0.2
Lithognathus mormyrus

Macroramphosus scolopax

Malacocephalus laevis 3.8 2.0
Merluccius merluccius 8.3 4.9 5.3 2.0
Microchirussp 1.2 4.9 0.5 2.0
Mullus surmuletus

Nezumiasp.

Other Soleidae

Pagellussp. 0.5 0.2
Pagrussp. 2.2 0.8

Pegusa lascaris
Phycissp. 0.5 0.2
Platichthys flesus

Sarpa salpa 0.5 0.2
Scophthalmusp.

Scorpaenasp.. 1.2 0.5 0.5 0.2
Serranussp 24 3.3 11 1.2
Sparus aurata 0.5 0.2

Spondyliosoma cantharus

Synchiropus phaeton

Trachinus draco 2.2 1.0
Trigla lyra

Trisopterussp. 3.6 2.7 1.6 1.0
Zeus faber 0.5 0.2
Unidentified fish 16.7 25.5 9.0 111
Total fish 60.7 92.4 57.1 88.3
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Table A4: Continued.

FO (%) FN (%)
Berlenga Deserta Berlenga Deserta
N=84 N=184 N=189 N=504
Crustacea
Carcinus maenas
Polybius henslowii 17.9 19.0
Uca tangeri
Pachygrapsus marmoratus
Unidentified Brachyura 1.2 2.7 0.5 1.0
Procambarus clarkii
Pollicipes pollicipes 1.2 2.1
Order Sessilia
Mollusca
Mytilus sp.
Patellasp.
Sepia officinalis 2.2 0.8
Other Decapodiformes*
Unidentified Bivalve 1.2 1.1 0.5 0.2
Unidentified Cephalopoda
Unidentified Gastropoda 10.7 0.5 9.0 3.4
Insect
Order Coleoptera 4.8 2.7 4.2 1.2
Order Hemiptera 0.5 0.2
Order Hymenoptera 1.1 1.6
Order Orthoptera
Unidentified Insect 6.0 4.9 2.6 2.2
Others
Corema album - -
Unidentified vegetal matter 2.4 4.9 - -
Refuse 26.2 23.9 - -
Bird species 3.6 2.7 1.6 1.0
Rat species 0.5 0.2
Egg Shell - -
Asteroidea
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Table A4: Continued.

FO (%)

FN (%)

Berlenga Deserta

N=84 N=184

Berlenga Deserta

N=189 N=504

Unidentified Animal
Fishhook

7.1
0.5

3.2

Unidentified item

Table A5: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of all iteomsl fm the diet in Salvor:
Berlenga, Pessegueiro and Deserta during the breeding of 2017. NumbenmgésdFO) and number of individuals (M

presented below colony sites (*correspond to squid species).

Breeding 2017

FO (%) FN (%)

Salvora Berlenga Pessegueir Desert: Salvora Berlenga Pessegueirc Deserta

N=101 N=216 N=58 N=262 N=585 N=1103 N=168 N=542
Pelagic Fish 17.8 20.4 46.6 51.1 4.8 7.1 26.2 42.8
Atherinasp.
Belone belone 0.4 0.2
Chelonsp. 6.9 3.9
Engraulis 1.0 0.2
encrasicolus
Gadiculus 0.5 1.7 3.1 1.0 0.6 1.7
argenteus
Micromesistius 7.9 5.6 12.1 25.6 2.2 1.2 4.2 19.0
poutassou
Myctophum 1.1 0.6
punctatum
Sardina 4.0 8.3 22.4 9.9 0.7 1.9 11.3 5.7
pilchardus
Scombesp. 3.0 5.1 12.1 3.1 0.5 1.0 4.8 1.8
Scomberosox 14 1.1 0.3 0.7
saurus
Trachurussp. 5.9 9.7 13.8 17.6 1.2 2.6 5.4 9.2
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Table A5: Continued.

FO (%, FN (%)
Séalvore Berlenga Pessegueir Deserte Salvora Berlenga Pessegueirc Deserte
N=101 N=216 N=58 N=262 N=585 N=1103 N=168 N=542

Demersal Fish ~ 12.9 10.2 48.3 34.7 2.9 3.0 25.6 26.4
Ammodytes
tobianus
Anguilla anguilla
Arnoglossus
aterna 1.7 0.8 0.6 0.4
Boops boops 7.9 19 31.0 5.0 14 0.4 12.5 2.4
Callionymussp. 1.7
Capros aper 0.6
Cepola
macrophatalma
Chelidonichthys

1.0 0.9 1.1 0.2 0.2 0.6
sp.
Chelon labrosus 11 0.7
Citharus
linguatula 0.5 0.4 0.1 0.2
Coelorhynchus
sp.
Conger conger 1.0 2.3 1.7 0.8 0.2 0.5 0.6 04
Dicentrarchussp. 0.8 0.4
Diplodussp. 1.0 3.4 16.4 0.2 1.2 9.4
Echiichthys
vipera
Echiodonsp.
Galeussp. 0.8 0.4
Gobiussp. 0.4 0.2
Halobatrachus

0.4 0.2

sp.
Helicolenus
dactylopterus

Hoplostethus

mediterraneus
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Table A5: Continued.

FO (%, FN (%)

Séalvore Berlenga Pessegueir Desert: Sélvora Berlenga PessegueircDeserte

N=101 N=216 N=58 N=262 N=585 N=1103 N=168 N=542
Lithognathus 5.2 0.4 2.4 0.2
mormyrus
Macroramphosus
scolopax
Malacocephalus 2.7 1.7
laevis
Merluccius 1.0 0.9 3.4 5.3 0.2 0.2 1.2 3.0
merluccius
Microchirus sp. 0.5 15 0.1 0.7
Mullus surmuletu
Nezumiasp.
Other Soleidae
Pagellussp.
Pagrussp. 11 0.6

Pegusa lascaris
Phycissp. 0.8 0.6
Platichthys flesus

Sarpa salpa 0.4 0.2
Scophthalmusp.

Scorpaenasp. 0.5 15 0.1 0.7
Serranussp. 0.5 6.9 1.9 0.1 3.0 1.1

Sparus aurata

Spondyliosoma

cantharus

Synchiropus 1.0 0.5 0.3 0.1

phaeton

Trachinus 2.7 1.3
draco

Trigla lyra

Trisopterussp. 2.0 1.9 1.7 0.8 0.3 0.5 0.6 0.6
Zeus faber 0.8 0.4
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Table A5: Continued.

FO (%,

FN (%)

Séalvora Berlenga Pessegueir Deserte
N=101 N=216 N=58 N=262

Salvora Berlenga Pessegueirc Deserte

N=585

N=1103

N=168

N=542

Unidentified 8.9 10.2 20.7 26.0
fish
Total fish 23.8 25.5 72.4 76.0

Crustacea

Carcinus

maenas

Polybius 50.5 83.3 5.2 1.9
henslowii

Uca tangeri

Pachygrapsus

marmoratus

Unidentified 2.0 1.4 1.7 0.8
Brachyura

Procambarus

clarkii

Pollicipes 8.9 0.5

pollicipes

Order Sessilia

Mollusca

Mytilus sp. 10.9

Patellasp.

Sepia officinalis 0.8
Other

Decapodiformes:

Unidentified 3.0 1.7 15
Bivalve

Unidentified 2.0 0.5 15
Cephalopoda

Unidentified 1.0 5.1 1.7 4.2

Gastropoda

2.6

9.8

66.5

2.1

51

6.8

0.9

0.3

0.2

2.5

12.6

78.2

0.3

0.1

0.1

1.7

9.5

61.3

1.8

0.6

0.6

1.2

14.0

83.2

11

0.2

0.6

0.9

0.9

6.3
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Table A5: Continued.

FO (%) FN (%)

Salvore Berlenga Pessegueir Deserte Salvora Berlenga PessegueircDeserte

N=101 N=216 N=58 N=262 N=585 N=1103 N=168 N=542
Insect
Order Coleopter: 3.0 6.5 10.3 3.1 1.4 2.7 9.5 1.7
Order Hemiptera 1.7 1.8
Order 6.9 0.5 6.9 4.4 0.1 18.5
Hymenoptera
Order Orthoptere 1.0 0.3
Unidentified 3.0 10.2 10.3 3.4 0.5 4.0 3.6 1.8
Insect
Others
Corema album - - - -
Unidentified 25.7 3.7 12.1 5.3 - - - -
vegetal matter
Refuse 20.8 6.9 1.7 36.3 - - - -
Bird species 0.9 3.4 2.7 0.2 1.2 1.3
Rat species 1.0 0.2
Egg Shell 0.5 0.4 - - - -
Asteroidea 1.0 0.2
Unidentified 7.9 0.5 4.2 1.4 0.1 2.0
Animal
Fishhook - - - -
Unidentified - - - -
item
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Table A6: Frequency of occurrence (FO; %) and Numeric Frequency (NF; %) of all items fotne diet in Berlenga,
Pessegueiro and Deserta during the post-breeding of 2017. Number of samplasdr@)mber of individuals (NF)

presented below colony sites (*correspond to squid species).

Post-Breeding 2017

FO (%) FN (%)
Berlenga Pessegueira Deserta Berlenga Pessegueira Deserta
N=42 N=87 N=119 N=153 N=236 N=383
Pelagic Fish 23.8 43.7 714 9.2 25.0 46.7
Atherinasp.
Belone belone
Chelonsp. 5.0 1.6
Engraulis encrasicolus 0.8 0.3
Gadiculus argenteus 8.4 3.7
Micromesistius poutassou 2.3 454 1.3 22.2
Myctophum punctatum
Sardina pilchardus 16.7 16.1 19.3 5.9 6.4 8.9
Scombessp. 7.1 31.0 9.2 2.6 15.7 3.7
Scomberosox saurus 3.4 1.6
Trachurussp. 24 4.6 16.0 0.7 1.7 5.0
Demersal Fish 2.4 20.7 51.3 0.7 8.9 35.5
Ammodytes tobianus
Anguilla anguilla
Arnoglossus laterna 0.8 0.3
Boops boops 2.4 4.6 6.7 0.7 2.1 2.9
Callionymussp. 34 1.3
Capros aper 1.1

Cepola macrophatalma
Chelidonichthysp. 0.4
Chelon labrosus

Citharus linguatula

Coelorhynchusp. 0.8 0.3
Conger conger 4.2 1.3
Dicentrarchussp. 11 0.4

Diplodussp. 5.7 21.8 2.1 8.4

Echiichthys vipera
Echiodonsp.
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Table A6: Continued.

FO (%) FN (%)
Berlenga Pessegueira Deserta Berlenga Pessegueirc Deserta
N=42 N=87 N=119 N=153 N=236 N=383
Galeussp.
Gobiussp. 0.8 0.3
Halobatrachussp.
Helicolenus dactylopterus
Hoplostethus mediterraneu: 0.8 0.3
Lepidotrigla cavillone 3.4 0.8 1.3 0.3
Lithognathus mormyrus 2.5 0.8
Macroramphosus scolopax
Malacocephalus laevis 4.2 3.1
Merluccius merluccius 1.1 7.6 0.4 3.7
Microchirus sp. 1.7 0.5
Mullus surmuletus
Nezumiasp. 1.7 2.1
Other Soleidae
Pagellussp.
Pagrussp. 11 0.8 04 0.3
Pegusa lascaris
Phycissp.
Platichthys flesus
Sarpa salpa 0.8 0.5
Scophthalmusp.
Scorpaenasp. 2.3 0.8 0.8 0.3
Serranussp. 6.7 29
Sparus aurata
Spondyliosoma cantharus
Synchiropus phaeton
Trachinus draco 2.3 2.5 0.8 1.8
Trigla lyra
Trisopterussp. 10.1 4.4
Zeus faber
Unidentified fish 4.8 10.3 28.6 1.3 3.4 8.6
Total fish 26.2 58.6 93.3 11.1 37.3 90.9
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Table A6: Continued.

FO (%) FN (%)
Berlenga Pessegueira Deserta Berlenga Pessegueira Deserta
N=42 N=87 N=119 N=153 N=236 N=383
Crustacea
Carcinus maenas
Polybius henslowii 69.0 2.3 1.7 77.1 1.3 0.8
Uca tangeri 0.8 0.3
Pachygrapsus marmoratus
Unidentified Brachyura 0.8 0.3
Procambarus clarkii
Pollicipes pollicipes 25.3 44.9
Order Sessilia 2.3 0.8
Mollusca
Mytilus sp. 2.3 13
Patellasp. 3.4 3.0
Sepia officinalis 1.1 2.5 0.4 0.8
Other Decapodiformes*
Unidentified Bivalve
Unidentified Cephalopoda 11 1.7 0.4 0.5
Unidentified Gastropoda 2.4 0.8 5.2 1.6
Insect
Order Coleoptera 4.8 3.4 2.0 1.7
Order Hemiptera
Order Hymenoptera 3.4 2.5 5.9 1.8
Order Orthoptera
Unidentified Insect 14.3 3.4 3.4 4.6 1.7 1.3
Others
Corema album 57.5 - - -
Unidentified vegetal matter 4.8 5.7 4.2 - - -
Refuse 9.5 4.6 10.9 - - -
Bird species 3.4 4.2 1.3 1.3
Rat species
Egg Shell - - -
Asteroidea
Unidentified Animal 1.7 0.5
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Table A6: Continued.

FO (%) FN (%)
Berlenga Pessegueirc Deserta Berlenga Pessegueiro Deserta
N=42 N=87 N=119 N=153 N=236 N=383
Fishhook 0.8 - - -

Unidentified item - - R

Fishing Activities
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2500
2000
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1000
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Pre-Breeding Breeding Post-Breeding

Olhdo m Sines m Peniche

Figure Al: Graphical representation of Portuguese landings. Each bars represent
mean amount of fish landed (tonnes) for the two years (2016 and @0ft¥e harbour
nearest to the colony site (Olh&o-Deserta, Sines-Pessegueiro and Peniche- Berleng
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