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Resumo

O aumento da populagcdo mundial e consequente urbanizagéo levaram a uma progressao
da reducdo e fragmentacdo dos habitats naturais devido aos impactos das pressdes
antropogeénicas nos ecossistemas, sendo que as aves marinhas foram um dos grupos mais
afetados. As aves marinhas séo um grupo de aves que tém vindo a diminuir drasticamente
ao longo dos ultimos anos, nomeadamente devido a atividades humanas, como a
sobrepesca com 0 uso de redes de emalhar e a poluicdo dos oceanos, e também pelo
aumento das alteracGes climaticas. No entanto, alguns grupos de aves marinhas tém vindo
a aumentar exponencialmente ao longo dos anos, nomeadamente 0s membros
pertencentes a familia Laridae, familia esta que inclui as gaivotas, devido ao facto de
apresentarem uma dieta plastica e de terem adaptado as suas atividades com o ambiente
urbano. Dentro das espécies que mais tem aumentado nesta familia destaca-se a Gaivota-
de-patas-amarelas Larus michahellis. A Gaivota-de-patas-amarelas é uma ave marinha
oportunista, de grande porte e de habitos diurnos que apresenta uma grande area de
dispersdo e tem vindo a aumentar exponencialmente durante as ultimas décadas na
América do Norte e na Europa, especialmente no Mediterraneo, onde a maior parte das
areas costeiras estdo dominadas por esta espécie. Os maiores nucleos desta espécie na
Europa séo nas Ilhas Marseille em Franga, no Arquipelago Balearico em Espanha e na
Ilha da Berlenga em Portugal. A consequente adaptacdo destas ao meio urbano fez com
gue tomassem proveito de infraestruturas humanas para nidificarem nas grandes cidades,
e de fontes externas de alimentacdo, nomeadamente de descargas de peixe em portos de
pesca ou de lixo existente nas lixeiras ou nos esgotos, diminuindo assim o esfor¢o de
procura de alimento para as crias e aumentando assim a taxa de sucesso reprodutor. No
entanto, o aumento das populacdes urbanas de Gaivotas-de-patas-amarelas comegaram a
provocar interacdes negativas com outras espécies de fauna e de flora em habitats
adjacentes ao meio urbano, e a um aumento dos conflitos com 0 homem devido ao seu
comportamento agressivo durante a época de nidificacéo, barulho e lixo que provocam
nos meio urbanos. Além disso, sendo espécies generalistas e fenotipicamente maiores,
provocam impactos negativos e danos em outras populacbes de aves simpatricas,
predando os ovos ou competindo por melhores locais de nidificagdo, sendo que também
afetam a vegetacdo e as especies floristicas nos locais onde formam grandes colonias
nidificantes, pelo aumento excessivo de nutrientes no solo, pela introdugdo de sementes

de espécies invasoras ou pela deposic¢do de metais pesados nos solos. No geral, devido ao
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grande aumento desta espécie e devido ao seu comportamento agressivo e impactos que
podem provocar nos seus habitats, sdo consideradas como uma peste e um grande
problema ecoldgico.

No presente estudo, foram analisados os efeitos de uma col6nia antiga e de duas mais
recentes de Gaivotas-de-patas-amarelas na cobertura vegetal de diferentes tipos de
vegetacao (total, viva alta/baixa e morta alta/baixa) e nas espécies de plantas nos habitats
de dunas cinzentas na Ria Formosa, nomeadamente nas llhas Deserta e Culatra.
Quadrados de vegetacdo foram usados para recolher dados sobre a cobertura de vegetacédo
em areas com e sem gaivotas a nidificar. Paronychia argentea, Helichrysum italicum,
Thymus carnosus, Suaeda maritima e Malcolmia littorea foram as espécies vegetais mais
significativas encontradas em ambas as areas. Analises com recurso a Modelos Lineares
Generalizados (GLM) foram usados para avaliar os efeitos do local das colonias de
Gaivotas-de-patas-amarelas, da época e da sua interacdo nos diferentes tipos de vegetacdo
e espécies. Além disso, foram avaliados os efeitos potenciais desta mesma espécie nas
taxas de sucesso reprodutor de duas espécies de aves marinhas migradoras que nidificam
no mesmo habitat, a Gaivota-de-Audouin Ichtyaetus audouinii e a Andorinha-do-mar-ana
Sternula albifrons. Para a primeira espécie, trés subcolonias diferindo em cobertura de
vegetacao e presenca de Gaivotas-de-patas-amarelas a nidificar (uma zona com vegetacéo
alta e uma com vegetacdo baixa de controlo e uma de vegetacédo alta com confluéncia por
parte das patas-amarelas) foram escolhidas e foram acompanhadas desde o inicio da
época de nidificacdo, sendo que na subcolénia dominada por vegetacdo mais alta e com
Gaivotas-de-patas-amarelas a nidificar em conjunto com as Audouin, foi montado um
abrigo para observar possiveis interacdes entre as duas espécies: 1) Cleptoparasitismo, 2)
Ataques aéreos e contra-ataques, 3) Intrusdo nos ninhos, 4) Predacdo dos ovos e 5)
Predacéo das crias. Os ninhos foram devidamente marcados com estacas numeradas, 0S
ovos medidos com o auxilio de uma craveira e depois a primeira cria de cada ninho foi
acompanhada durante cinco dias, tendo sido tirado o peso em cada dia para depois aplicar-
se um modelo de regressdo quadratico a cada uma das crias de modo a medir a sua taxa
de crescimento nesta fase do ciclo de vida. Para as andorinhas-do-mar, camaras de foto-
armadilhagem foram colocadas em locais estratégicos perto dos ninhos das mesmas em
duas coldnias independentes, Fuseta e Barrinha, Praia de Faro, que também foram
acompanhadas desde o inicio da época de nidificacdo, de modo a observar possiveis

interacdes entre ambas as espécies. Os resultados obtidos mostraram que as Gaivotas-de-
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patas-amarelas afetavam negativamente a percentagem de cobertura vegetal de quase
todos os tipos de vegetacdo nas areas onde nidificam e induziam o crescimento e o
aparecimento de espécies ruderais e gramineas, tais como a Malcolmia littorea ou a
Paronychia argentea, e que este efeito era mais evidente na colonia mais antiga localizada
na llha Deserta, mostrando o papel de modificador ecoldgico das mesmas nas areas onde
se estabelecem. Nas andorinhas-do-mar-anas, ndo foi possivel determinar um efeito
negativo da Gaivota-de-patas-amarelas. Por outro lado, as baixas interacgdes,
nomeadamente de predacdo de ovos e crias, registadas a partir do abrigo mostraram que
as Gaivotas-de-patas-amarelas ndo representavam uma ameaca para a subcolonia de
Gaivotas-de-Audouin, mas podem representar para col6nias em dareas com pouca
cobertura de vegetacdo, uma vez que as crias estavam mais expostas a potenciais
predadores devido a falta de cobertura de vegetacdo, refletindo isso em taxas de
crescimento mais reduzidas na area com pouca cobertura de vegetacdo, mostrando que a
densidade da vegetagdo em torno dos ninhos tem um papel importante para a

sobrevivéncia das crias de gaivotas que nidificam no solo.



Abstract

The Yellow-legged gull Larus michahellis is a well-studied seabird that has been
increasing exponentially across the Europe and North America, especially on the
Mediterranean region, over the last decades. Due to its aggressive and sedentary
behaviour, its abundance and ecological role on their habitats, they can be considered as
athreat to local fauna and flora. In this study, it was evaluated the effects of old and recent
resident Yellow-legged gull populations on the grey dune vegetation and plant species
percentage cover on different colonies and seasons, as well as the effects on the breeding
success of two migratory sympatric seabirds, Audouin gull Ichthyaetus audouinii and
Little tern Sternula albifrons, on the Ria Formosa Barrier Islands (Deserta and Culatra
Islands). Sampling squares were used to measure the percentage cover in areas with and
without breeding gulls. Paronychia argentea, Helichrysum italicum, Thymus carnosus,
Suaeda maritima and Malcolmia littorea were the most significant species found on both
areas. GLM analysis was used to assess the effects of the Yellow-legged gull on the types
of vegetation and plant species. In addition, three sub-colonies of Audouin gull differing
in vegetation cover were monitored and a hide was erected in an area with tall vegetation
and nearby nesting Yellow-legged gulls. Camera traps were placed in strategic places in
two different colonies of Little terns to record interactions between both species, but
without success. Results showed that Yellow-legged gulls affected the vegetation cover
of most types of vegetation on their breeding grounds and induced the growth of ruderal
and graminoid plant species, like Malcolmia littorea. Interactions recorded from the hide
showed that Yellow-legged gulls do not pose a significant threat on the defined sub-
colony of Audouin gulls but could be a potential threat in the areas with low vegetation

cover, where chicks may not hide efficiently and be predated by Yellow-legged gulls.



Table of contents

INAEX OF FIQUIES ..ot e s te e e reesteeneanaenraenee s 3
INAEX OF TADIES ... 4
List of abbreviations, acronyms, and SymbolS ...........ccceoviiiiiieiiiie e 6
Chapter 1: INTrOQUCTION........ouiiiiiiee e 7
1. The impact of opportunistic species on other biota...........cccceveiiieicieniiineee, 7
1.1 The demographic expansion of Yellow-legged gull populations....................... 9
1.2 The impacts of gulls on vulnerable fauna and flora..........ccccoooeveiiiiniiinnnn. 10
2. Biology and ecology of the Study SPECIES .........cccuevviiieiieriecie e 17
2.1 Yellow-1egged QUIL ..o 17
2.2 AUOUIN QUI ..ot esraene s 19
2.3 LI ToIN e 21
3. ODJECHIVES ...ttt bbbt bbb 24
I R (=] (=1 [0 TSRS 25
Chapter 2: The impact of the Yellow-legged gull Larus michahellis on the biota of their
nesting dune habitats Of Ria FOrMOSA .........cccoviiiiiiiiiee s 34
N 01 - Tod SR 34
100 104 T o OSSR 34
IMIBENOMS ..ttt et b reas 37
STUTY BIBA ....vvevieeeecieeite ettt ste et ettt e sttt et e et e s be e te e aeesbe e eeeseesbeebesaeesbeesteeneearaennens 37
IMpacts 0N the VEQETAtiON ..........cooiiee e 38
Impacts on sympatric migratory Seabirds............ccecviveiieieiie s 39
AUAOUIN GUIIS ...ttt ee e nes 39
[ L= (T USSR 40
STALISTICAL ANAIYSIS ... s 41
RESUIES ..ttt et reete e e nreenne s 42
Seasonal variation in vegetation cover on old established colonies of Yellow-legged
GUIIS bbb bbb 42
Spring vegetation cover on newly established colonies of Yellow-legged gulls........ 45
Cover of native and alien species on old and new established colonies of Yellow-
=T oo T=To [ U1 1 PSPPI 47
D ol T 5] o] O URTURTRT 54
Effects 0N the VEQgEtatioN............ccve i 54



Effects on sympatric birds ....
ConclUSIONS ...eeeveeeeeeeeeceieee
References ......ooeevvveeeececennee,

List of Supplementary Material



Index of Figures

Chapter 1: Introduction

Figure 1.1: Adult of YLG Larus michahellis feeding from a trash container in an urban

area (source: Armindo Veiga).

Figure 1.2: Examples of ecological mechanisms in which seabirds can affect the dynamics
of the soils and plant species (Ellis, 2005).

Figure 1.3: Adult of YLG Larus michahellis (source: Diogo Portela).
Figure 1.4: Adult pair of AG Ichthyaetus audouinii (source: Diogo Portela).
Figure 1.5: Distribution range of the AG (IUCN, 2022).

Figure 1.6: Comparison of the breeding pairs of YLG (orange) and AG (blue) on the
Deserta island, Faro, from 2014-2022. Note (*): On the 2020 it was not made a census

because of the Covid-19 pandemic.

Figure 1.7: Breeding pair of Little terns Sternula albifrons (source: Diogo Portela).

Figure 1.8: Map with the distribution range of the Little tern (IUCN, 2022).

Chapter 2: The impact of the Yellow-legged gull Larus michahellis on

the biota of their nesting dune habitats of Ria Formosa

Figure 2.1: Geographic area of the RFNP, including the Deserta, Culatra and Farol
islands (red arrows). (source: Costa, 2015; ICNF, 2015)

Figure 2.2: Example of a vegetation square with three vegetation species: a) Malcolmia

littorea, b) Paronychia argentea and c¢) Lotus creticus.



Index of Tables

Chapter 1: Introduction

Table 1.1: Review of the types of impacts and respective outcomes that Larid species
have on fauna and flora on different study areas.

Chapter 2: The impact of the Yellow-legged gull Larus michahellis on

the biota of their nesting dune habitats of Ria Formosa

Table 2.1: Seasonal variation on the percentage of vegetation cover for East Deserta
Island (see methods), and for the spring of 2022 for East Deserta, West Deserta and

Culatra Islands. VValues are shown as mean + SD.

Table 2.2: Generalized Linear Model (GLM) results for the percentage of each type of
vegetation (total vegetation, dead low/tall and alive low/tall) at East Deserta Island.
Parametric coefficients are also shown (Estimate £ SD and t test) and significant results
(p < 0.05) are in italics. The reference categories are respectively non-nesting areas and

Autumn season

Table 2.3: Generalized Linear Model (GLM) results for the percentage of each type of
vegetation (total vegetation, dead low/high and alive low/high) at East Deserta, West
Deserta and Culatra Islands for the springtime of 2022. Parametric coefficients are also
shown (Estimate = SD and t test) and significant results (p < 0.05) are in italics. The

reference categories are respectively non-nesting areas and Culatra Island.

Table 2.4: Comparison of vegetation cover percentage for the species that were found in
areas with and without nesting Yellow-legged gulls for Deserta East, Deserta West and
Culatra Islands for the Spring of 2022. Values are shown as mean * SD.

Table 2.5: Generalized Linear Model (GLM) results for the percentage cover of each type
of specie (Helichrysum italicum, Malcolmia littorea, Paronychia argentea, Suaeda
maritima and Thymus carnosus) at each area site (East Deserta, West Deserta and Culatra
Islands) for the springtime of 2022. Parametric coefficients are also shown (Estimate +
SD and t test) and significant results (p < 0.05) are in italics. The reference categories are

respectively non-nesting areas and Culatra Island.



Table 2.6: Interaction rate per hour recorded from the hide by the YLG towards
sympatric Audouin gull’s species on the East Deserta Island. Values are shown as rates

(number of interactions/ hour)

Table 2.7: Interaction rates per hour recorded by the YLG on sympatric Little terns on
the Farol and Fuseta islands and on Barrinha, Praia de Faro. VValues are shown as

interaction rates (number of interaction/ hour).

Table 2.8: Clutch size (eggs/clutch), egg length (mm), egg breadth (mm), egg volume
(cm?®), egg shape index (S) and hatching success (%) retrieved from each area. Values are

shown as mean = SD and significant values (p < 0.05) are in italics.

Table 2.9: Early growth parameters of the Audouin gull chicks for the three defined areas.

Values are shown as mean + SD and significant values (p < 0.05) are in italics.

Table 2.10: Clutch size (eggs/clutch) and hatching success (%) of the breeding Little terns
on Fuseta Island and on Barrinha, Praia de Faro. Values are shown as mean = SD and

significant values (p < 0.05) are in italics.

Table S1: List of the catalogued species of each colony site and their percentage cover on
the areas with and without nesting YLG. The species in red were the most abundant in
each place and the ones that were used for the statistical analysis. Values are shown as

mean = SD.



List of abbreviations, acronyms, and symbols

SPA- Special Protected Area
YLG- Yellow-legged gull
AG- Audouin’s gull

LT- Little tern

GF- Greater flamingo

CP- Common puffin

AT- Arctic terns

RT- Roseate tern

CT- Common tern

Lm- Larus michahellis
Cr- Croicocephalus ridibundus
Lo- Larus ocidentalis
Lm1- Larus marinus

Ld- Larus delawarensis
Lc- Larus cachinnans

Ls- Larus schistisagus
Hp- Hydrobates pelagicus
La- Larus argentatus

Sh- Sterna hirundo

Lf- Larus fuscus

Fa- Fratercula arctica

Lcl- Larus crassirostris



Chapter 1: Introduction

1. The impact of opportunistic species on other biota

The increase of the human population and consequent rapidly growing urbanization have
led progressively to a reduction and fragmentation of natural habitats due to the impact
of anthropogenic pressures on ecosystems. Such impacts originated a decrease in species
richness and diversity, changes in the interactions between urban and adjacent rural
populations, and created new novel biotic interactions between wildlife and humans
(Chauhan, 2014; Evans et al., 2009; Fuirst et al., 2018; Samia et al., 2015). Because of
the changes in the natural landscapes originated from an increase in urbanization, urban
areas became suitable habitats for a wide variety of species, including mammals, reptiles
and birds, that possess the ability to adapt to these new fragmented habitats by becoming
more tolerant to the presence of humans and the disturbance from their daily activities
(Bateman & Fleming, 2012; Kitchen et al., 2010). Synurbization, i.e., the capacity of
animals to adapt to urban habitats, can be beneficial to some species, because of the
increase in food sources and shelter from predators, potentially leading to higher adult
survival and breeding rates. However, many populations of these species are non-
native/exotic and overpopulated in urban areas due to their opportunistic and gregarious
behaviour. Well-known examples of species that adapted well to urban habitats are the
House sparrow Passer domesticus, White-winged doves Zenaida asiatica, gulls Larus
sp., Red foxes Vulpes vulpes and even Brown anoles Anolis sagrei (Ditchkoff et al., 2006;
French et al., 2018; Lapiedra et al., 2017; Samia et al., 2015; Spelt et al., 2019; Wandeler
et al., 2003; West, 1993). Exotic species that adapt well to urban areas may also alter the
genomic pool of native species through hybridization, like the Egyptian goose Alopochen
aegyptiaca, which has been increasing in urban parks and started to interbreed with native
duck and goose species (Callaghan & Brooks, 2016; Swardt, 2010).

The strong increase in populations of opportunistic species increase may lead to negative
interactions and conflicts with humans and impact native vulnerable species and habitats
adjacent to urban areas (French et al., 2018; Mikula et al., 2014; Schwemmer et al., 2008).
These adjustments are particularly evident in generalist species with higher phenotypic
and behavioural plasticity, such as larids, allowing them to overcome the challenges of a
novel environment by, for instance, adapting and exploiting food sources derived from

anthropogenic activities, such as fisheries and landfills, and by using the urban areas as



nesting grounds, becoming less vulnerable to predation and potentially increasing their
reproductive success (Fuirst et al., 2018; Schwemmer et al., 2008; Spelt et al., 2019)
(figure 1.1). The increase of the Yellow-legged gull (YLG) Larus michahellis populations
throughout Europe is linked to an increase in negative interactions both with humans and
wildlife (Pais de Faria et al. 2021). The first involves noise and pollution in cities,
contamination of water sources by the transmission of pathogens and parasites, like
Salmonella sp., and aggressive behaviour towards humans during the reproductive period.
The second involves competition for food, habitat, and nesting sites with other coastal
seabirds, ruderalization of the vegetation and changes in soil nutrients (Arcos et al., 2001;
Belant, 1997; Benussi & Fraissinet, 2020; Pefia-Lastra et al., 2022; Migura-Garcia et al.,
2017).

Opportunistic species such as gulls can have several impacts on native species, mainly
through competition for food, habitat and nesting sites, the proliferation of diseases, and
other ecological problems associated with them, whether in terrestrial or aquatic
environments (Gyimesi & Lensink, 2012). The increase of some gull species, such as the
Yellow-legged gull, can be an important threat to vulnerable populations of seabirds
breeding on small coastal inlets and colonies, like the common tern Sterna hirundo, as
well as to native plant species, by being seed dispersers of alien plant species or by
changing nutrients composition through deposition of heavy metals and guano (Bays,
1997; Donehower et al., 2007; Gyimesi & Lensink, 2012; Martin-Vélez et al., 2022;
Matias & Ruiz, 2003).



Figure 1.1: Adult of YLG Larus michahellis feeding from a trash
container in an urban area (source: Armindo Veiga).

1.1 The demographic expansion of Yellow-legged gull populations

Seabirds are a well know studied marine group, thus being known as good indicators of
“long-term and large-scale changes on the marine environments” and despite the global
decrease of this group, mainly due to human activities, such as fisheries and pollution,
and the increase of climate changes, some groups of seabirds have been increasing
drastically throughout the years, especially the Laridae family members due to their
opportunistic and adaptable behaviour towards urbanization (Croxal et al., 2015;
Paleczny et al., 2015; Parsons et al., 2008; Schreiber, 2002).

Gulls Larus spp. are known to be gregarious larids that live in large colonies with other
sympatric seabird species, been classified as top avian predators on ecological food webs,
and their populations have increased enormously in the last decades, especially due to the
increase of external food sources from open dumps and discharges from fisheries, and
due to their plastic diet, thus modifying and adapting their foraging strategies in different
areas (Ceia et al., 2014; Oro & Martinez-Vilalta, 1994; Westerberg et al., 2019).

In general, the species belonging to the Laridae family are known to be very aggressive,
both intra-specifically and inter-specifically, cohabitating with other larid and seabirds or
wader species during the breeding season, where most of the larger gulls show dominance
and are considered top predators on the food webs, like the Great black-backed gull Larus

marinus, meaning that they may influence and control the population size of other smaller



seabird species, like auks or petrels, and even of populations from smaller gull species
such as the Audouin's gulls Ichthyaetus audouinii (Oro & Martinez-Vilalta, 1994;
Furness, 2012; Matias & Catry, 2010; Veitch et al., 2016).

The YLG is a large and opportunistic seabird with diurnal habits that has a large area of
dispersion and that has been increasing exponentially during the last decades in North
America and Europe, especially in the Mediterranean region over the last 30 years, where
most coastal areas are now overpopulated by this species (Arcos et al., 2001; Duhem et
al., 2003; Ramos et al., 2009, Pais de Faria et al., 2022). In southern Europe, with around
5000 islands and islets in the Mediterranean, the YLG populations have been increasing
exponentially since 1980, mainly on small inhabited coastal islands close to the mainland,
such as Marseille islands in France, the Balearic archipelago in Spain and Berlenga island
in Portugal. Such demographic explosion has generated negative effects on coastal
ecosystems, both on animal and plant populations (Conover & Miller, 1976; Spelt et al.,
2021; Vidal et al., 1998).

The increase of the YLG populations in many places may be derived from the fact that
they adapted to urbanised areas and that their diet is variable and not strictly dependent
on fish or crustaceans like other gull species, such as the Audouin's gull, thus having
easier and larger food resources throughout the whole season, being that the knowledge
of their ecology and foraging strategies on urban areas is still very slight (Méndez et al.,
2020; Oro & Martinez-Abrain, 2007; Pais de Faria et al., 2021). Being an opportunistic
species, they have taken advantage of external food sources released from the fisheries'
discards and from the open refuse dumps or sewage waste from human activities. These
food resources may be particularly important during the inter-breeding period, which has
contributed to an increase in their survival rates, but also during the chick-rearing period,
which is an important factor to explain the increasing in breeding success (Bosch et al.,
1994; Bosch et al., 2000; Ceia et al., 2014; Duhem et al., 2003; Vidal et al., 1998).

1.2 The impacts of gulls on vulnerable fauna and flora

Animals can choose areas and habitats that will maximize their fitness and net energy
gains by adaptation of their foraging strategies toward temporal and spatial variations
(Spelt et al., 2021). For ground-nesting seabirds, such as gulls, vegetation plays a major

role in the choice of the nesting site because it provides shelter from predators or
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neighbouring individuals, as well as protection and shade from higher temperatures for
the young chicks, thus increasing chick survival and overall breeding performance (Kim
& Monaghan, 2005; Miyazaki, 1996). However, a very large density of gulls in an area
will damage the vegetation with their daily activities, like faecal materials, pellets,
stamping or pecking of plant species for nest building (Signa et al., 2012; Sobey, 1976)
(figure 1.2).
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Boundary clashes l
Lower seedling survival Altered pH
Damage to adult plant Increased N,P,K (others?)
- Increased salts
Burrowing | Increased organic matter (7)
| Aiered weter retaining capaciy
Plants:
Adhesion to leaves; inhibition

of photosynthesis
Erosion

Decreased water
retention of soil (?) Supply of ruderal,
‘ cosmopolitan propagules

Decline of many
native woody and
herbaceous perennials o —— e —— -
(persistence of certain
native species)

Expansion of herbaceous ruderals,
o ytes, and ies (and
{Competition?) certain native species, pamcularly annuals)

Figure 1.2: Examples of ecological mechanisms in which seabirds can affect the
dynamics of the soils and plant species (Ellis, 2005).

The high deposition of “guano” during the breeding season changes the nutrient
composition of the soil, particularly phosphorous (P) and nitrogen (N). The changes in
the biogeochemical cycles of these nutrients may lead to soil eutrophication, with
consequent negative impacts on terrestrial vegetation and aquatic water bodies through
runoff. Changes in the flora species have been associated with the deposition of ammonia
(NHs3) by gulls through defecation, thus promoting the appearance of nitrophilous species,
threatening native flora species reported in some previous studies, like Stachys
brachyclada (Pérez, 1998; Vidal et al., 1998). Some previous studies have shown that
gulls have favored the development of nitrophilous plant species in the Riou Archipelago,
such as Lavatera arborea. Furthermore, the increase of the number of breeding pairs on
a colony of Slaty-backed gull Larus schistisagus has promoted the damage of a great part
of the plant cover on the Shelikan island, mainly due to pecking and plugging of plants

for nest construction, consequently decreasing and driving to local extinction of a wide

11



variety of vascular plants, e.g., Gymnocarpium dryopteris and Linnaea borealis (Vidal et
al., 1998; Zelenskaya & Khoreva, 2006). Also, other seabirds, like Auks and Northern
Fulmars Fulmarus glacialis have impacted soil and sediment properties, as well as plant
communities, in the Artic region through the consequent accumulation of guano in the
soils (Xu et al., 2016).

Gulls can also impact soil suitability for vegetation by other means besides eutrophication
and ruderalization. Salt from the plumage of gulls, when in large amounts, can affect the
composition of the soil (Otero et al., 2015; Pefia-lastra et al., 2020; Vidal et al., 1998).
Deposition of heavy metals on the soils, such as cadmium (Cd) or lead (Pb), is another
possible damage that the gulls can bring, mainly due to their feeding behaviour on open

dumps or municipal garbage dumps in cities (Pefia-lastra et al., 2020).

Regarding the impacts on fauna, gulls tend to breed in huge colonies, cohabitating with
other gull and seabird species along the nesting sites, and given their aggressive behaviour
and higher phenotypic plasticity, they tend to be dominant in those places, competing for
food and breeding sites, predating eggs and chicks or displacing the neighbouring
seabirds from their breeding areas, such as the Audouin’s gull, a threatened gull species,
and other native waterbirds to areas more exposed to native predators (Arcos et al., 2001;
Vidal et al., 1998). Terns, a smaller seabird group that includes species such as the Arctic
Sterna paradisaea and Roseate Sterna dougalii terns, have been suffering from gulls'
pressures, mainly from the Yellow-legged gull. These two tern species are the most
reported to be affected because most of the aerial strikes made by the gulls on the terns
and the eggs predated from the nests were recorded in smaller colonies and on nesting
grounds with few or no surrounding dense vegetation (Cavanagh & Griffin, 1993;
Donehower et al., 2007; Hernandez-Matias & Ruiz, 2003).

Numerous studies have also reported predation and kleptoparasitism of eggs and chicks
of other species by gulls, as well as competition for food sources or nesting grounds, such
as with the Audouin gull, European storm-petrels Hydrobates pelagicus, Great Flamingos
Phoenicopterus roseus, Common puffin Fratercula arctica and Black-headed gulls Larus
ridibundus (Arcos et al., 2001; Oro et al., 2005; Nettleship, 1972; Salathé, 1983; Skorka
etal., 2014).

Overall, due to the large increase of this superabundant species group and because of their

aggressive behaviour and impacts that they can make on their habitats, they have been
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considered a pest and a major ecological and conservation problem (Table 1.1). This is

mainly due to the negative impacts and damage that they cause on other sympatric seabird

populations, by predation of nests and competition for food sources and habitat, impact

on vegetation and soils where they form huge colonies, and even on human infrastructures

and activities, like cities, airports, recreation, and fisheries (Arcos et al., 2001; Bosch et
al., 2000; Duhem et al., 2003; Oro & Martinez-Abrain, 2007; Otero et al., 2015; Ramos

et al., 2009; Vidal et al., 1998).

Table 1.1: Review of the types of impacts and respective outcomes that Larid species

have on fauna and flora on different study areas.

Species Type of impact Outcomes Study Area Reference
Armeria sp. populations very affected by Isle of May, Scotland Sobey, 1976
the gulls
Lm
1) Stomping and Ruderalization of the vegetation and Atlantic Islands Natural Park  Pefia-Lastra et
pulling of plant floristic changes of Galicia, Spain al., 2020
species
Possible exctinction of seagrass Zostera . - Otero et al.,
. Cies Islands, Galicia
marina 2015
Floristic changes on native species . . Bukacinski et
cr distribution and abundance Vistula River, Poland al., 1994
Decrease and extinction of several Zelenskaya &
Ls . Shelikan Island, Russia Khoreva,
vascular plant species 2006
Changes on soil nutrients and pH Atlantic Islands Natural Park  Pefia-Lastra et
composition of Galicia, Spain al., 2022
Lm 2) Floristic Species turnovers and immigration and Riou archipelago, France Baumberguer
changes extinction of some plant species Frioul archipelago, France etal., 2012
L Decrease of cover percentage of Chafarinas Islands, near Garcia et al.,
0 ;
herbaceous species Marroco 2002
Dispersion of seeds of alien plant species  Atlantic Islands Natural Park  Pefia-Lastra et
such as Parietaria judaica of Galicia, Spain al., 2022
3) Dispersion of
Lm alien species Vélez et al
Dispersion of seeds of alien plant species Barcelona, Spain 2022 N
Sigurdsson &
Larus sp. Changes on soil nutrients composition Surtsey, Iceland Magnusson,
2010
_ Drift changes on vegetation dynamics by Bejaia, Algeria Hussein et al.,
4) Defecation the increase of guano deposition Jijel, Algeria 2021
Lm Floristic changes on native species _
distribution and abundance Isle of May, Firth of Forth, Sobey, 1976

Changes on soil nutrients composition

Scotland
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Table 1.1: Continued

Species Type of impact Outcomes Study Area Reference
Drift changes on vegetation and soil
nutrients by the deposition of guano Signa et al
Marinello ponds, Italy 2012 B

Changes on soil nutrients composition

Decrease of lignin and cellulose on the
plants cell wall
Ld Drift changes on vegetation and soil
nutrients by the deposition of guano
Deposition of heavy metal compounds on
soils
Drift changes on vegetation and soil
Lc nutrients by the deposition of guano

Changes on soil nutrients composition

Calanques National Park,
France

Cies Islands, Galicia

Great Lakes, Canada

Cies Islands, Galicia

Chafarinas Islands, near
Marroco

Pefia-Lastra et
al., 2021

Otero et al.,
2021

Hogg &
Morton, 1983
Otero, 1998

Garciaetal.,
2003

Bukacinski et

Cr Vistula River, Poland al., 1994
Drift changes on vegetation and soil
la nutrients by the deposition of guano Chafarinas Islands, near Garcia et al.,
Marroco 2003
Changes on soil nutrients composition
Species Type of impact Outcomes Study Area Reference
Atlantic Islands Natural Park of  Pefia-Lastra
Eutrophication of the soils were the Galicia, Spain etal., 2020
colonies are placed . . Otero et al.,
Lm 5) Eutrophication Cies Islands, Galicia 2015
Calanques National Park, Pefia-Lastra
France etal., 2021
Riou archipelago, France Baumbergu
Ruderalization of the vegetation . . eretal.,
Frioul archipelago, France 2012
Lm 6) Interspecific Floristic changes on native species Isle of May, Firth of Forth, Sobey,
competition distribution and abundance Scotland 1976
Oro &
Martinez-
. Vilalta,
Ebro Delta, Spain 1994
Predation of AG eggs and chicks
Martinez-
Lm Chafarinas Islands, near Abrain et
Marroco al., 2003
Columbretes Islands, Spain
Predation of European Storm-petrels Borg et al.,
7) Predation Hydrobates pelagicus chicks Maltese Islands, Malta 1995
Predation Hydrobates pelagicus Oroetal.,
chicks Benidorm Island, Spain 2005
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Species Type of impact Outcomes Study Area Reference
Predation of White-faced
Stormpetrels Pelagodroma marina Selvagem Grande, Madeira, Matias &
Predation of endemic land snails Portugal Catry, 2010
Theba macandrewiana
. Hern&ndez-
Predation g{eergr]]%shcﬁlﬁc&r:mon terns Ebro Delta, Spain Mgtias &
Ruiz, 2003
Predation of eggs and chicks of Salathé
Greater Flamingos Phoenicopteros Rhéne Delta, France 1983 '
roseus
Lc Gopzéles-
. . Chafarinas Islands, near Solis etal,
Predation of AG eggs and chicks ' 1997
Marroco .
Gonzales-
Solis, 2003
Predation of eggs and chicks of GF Rhéne Delta, France Sig;ge’
Isle of May, Firth of Forth, Finney et al.,
Predation of Puffins nests chicks Scotland 2001
Predation of Fratercula arctica Gull Island, Newfoudland,
chicks Canada Rice, 1987
Predation of eggs of Sh
Predation of eggs of Arctic terns
L Sterna g|z])21radisaea Eastern Egg Rock, USA Donehower
a . etal., 2007
Predation of eggs of Roseate terns
Sterna dougalii
Predation of Lf chicks SOderSkalr:i?] 1Ir:n3anctuary, Hario, 1994
) Predation Predation of eggs and chicks of . S Southern &
Ring-billed gulls (Ld) Rogers city, Michigan Southern,
g g 1984
Predation of Comm_on gulls Larus Hanko Peninsula, Finland Kilpi, 1994
canus chicks
. . Wilkins &
Predation of chicks of La Mellum Island, Germany Exo, 1998
Isle of May, Firth of Forth, Finney et al.,
Predation of Puffins nests and chicks Scotland 2001
Lf . . Skokholm Island, Wales Davis &
Predation of CP chicks ! Dunn, 1976
Predation of Leach’s Storm-petrels . Hey et al.,
Hydrobates leucorhous Ellidaey Island, Iceland 2020
Predation of eggs of common murre
Uria aalge .
Predation of eggs, ch?cks and adults Gull Islang, Nec\llvfoudland, Ve'tzcglzt al.,
of Black-legged Kittiwake Rissa anada
Lmil tridactyla
Predation of eggs of CT Doneh
Predation of eggs of AT Eastern Egg Rock, USA etO;e gg\{g
Predation of eggs of RT i
Lm Arcos et al.,
Ebro Delta, Spain 2001
Gonzales-
8) Pressure Competition for food with AG hafarinas Island Solis, 2003
Le Cha anr:\;s slands, near Gonzéles-
arroco ;
Solisetal.,
1997
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Species Type of impact Outcomes Study Area Reference
Pressure on Black-headed gulls (Cr) Reservoir in southern Poland Sko;koalit al.,
Oro &
Martinez-
Ebro Delta, Spain Vilalta, 1994
Ebro Delta, Spain .
. Martinez-
Lm Chafarinas Islands, near .
Abrain et al.,
Marroco
Columb Islands, Spai 2008
Kleptoparasitism on AG nests olumbretes Islands, Spain
Arcos et al.,
Ebro Delta, Spain 2001
Gonzales-
. Solis, 2003
Lc Chafarinas Islands, near Gonzéles-
Marroco .
Solis et al.,
9) Kleptoparasitism 1997
Isle of May, Firth of Forth, Finney et al.,
La Kleptoparasitism on Puffins nests Scotland 2001
Gull Island, Newfoudland,
Kleptoparasitism on Fa nests Canada Rice, 1987
Lf Isle of May, Firth of Forth, Finney et al.,
Kleptoparasitism on Puffins nests Scotland 2001
Lmil Kleptoparasitism on Fa nests Gannet Islands, Labrador, Veitch et al.,
ptop New Zealand 2016
Kleptoparasitism of Rhinocerous . Miyazaki,
Lel auklets Cerorhincam onocera Teuri Island, Japan 1996

Notes: In this review the focus was to emphasize the effects mainly from YLG, however

other larid species were included. Points 1-6 refer to studies that focused on the effects of

gulls on vegetation and native flora, and points 7-9 on the effect on other seabird species.

16



2. Biology and ecology of the study species

2.1 Yellow-legged gull

The Yellow-legged gull Larus michahellis is a seabird that belongs to the Charadriiformes
order and to the Laridae family (Demongin, 2016). It is a relatively large gull species,
with the body, rump, and head mainly white, belly, mantle, and wings greyish, and the
tips of the wings are black. The legs and the eyes are yellow, with a red orbital around
them, and the bill, is also yellow where the inferior part has a red dot (Svensson et al.,
2009) (figure 1.3).

Figure 1.3: Adult of YLG Larus michahellis (source: Diogo
Portela).

Yellow-legged gulls do not have sexual dimorphism; however, the males are normally
larger than the females, and the juveniles are all black greyish, being difficult to
distinguish from other juvenile gull species, mainly from the Lesser Black-backed gulls
Larus fuscus (Svensson et al., 2009; Almeida, 2013). They tend to breed in colonies,
between April and July, with other seabird species, mainly on cliffs, coastal islands and
inlets, and dunes. They lay 1-3 eggs (Harris, 1994; Hey et al., 2020; Pérez et al., 2006).

They are opportunistic omnivores and their diet includes pelagic fishes, crabs, molluscs,
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insects, as well as waste generated from human activities and even marine seabirds or

small mammals (Meirinho et al., 2014; Mendes et al., 2018).

This species has a large area of dispersion and has been increasing exponentially during
the last decades in North America and Europe, especially in the Mediterranean region
over the last 30 years, where most coastal areas are now overpopulated by this species
(Arcos et al., 2001; Duhem et al., 2003; Ramos et al., 2009; Pais de Faria et al., 2022).
Also, they are known to be the most abundant gull species in the southwestern Palearctic
region, and the European population was estimated to have a near maximum of 1 million
mature individuals in 2015 (Birdlife international, 2015; Olsen & Larson, 2004).

In Portugal, they are present all year throughout the continental coastline, especially from
the Cabo Carvoeiro to the southern part of the country, and the biggest colony of Yellow-
legged gulls is located on Berlenga island. In 1994 it was estimated to be around 45000
breeding individuals (Meirinho et al., 2014; Morais et al., 1994), but control measures led
to a decline of the breeding population to around 13150 breeding individuals in 2013.
However, with the recent start of breeding in urban areas, such as Peniche or Porto, their
numbers are expected to increase even more (Meirinho et al., 2014; Pais de Faria et al.,
2021).

Due to their great expansion and aggressive behaviour, YLG has started to be considered
a global problem, posing threats to humans and wildlife. Therefore, control and
management measures have been implemented to try to decrease their pressure and their
population size (Belant, 1997; Calladine et al., 2006; Rock, 2005).
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2.2 Audouin gull

The Audouin’s gull Ichthyaetus audouinii is another seabird belonging to the
Charadriiformes order and to the Laridae family (Demongin, 2016). It is a rare endemic
medium-sized gull of the Mediterranean region, with the body and head brightly white,
belly and wings clear-greyish, and the tips of the wings are black with some white dots.
The legs are green-greyish, the eyes are dark and the bill is red with a black strip on the
edge (Svensson et al., 2009) (figure 1.4).

Portela).

Like the YLG, AG does not present sexual dimorphism and the criteria for the distinction
between males and females is the same. The juveniles are also quite difficult to distinguish

from those of other gull species (Blanco & Marchamalo, 1999; Svensson et al., 2009).

AG are strictly piscivores and are usually seen along the coastline fishing or near trawling
boats. Their diet includes small pelagic fishes, like sardines Sardina pilchardus or

anchovies Engraulis encrasicolus (Arcos et al., 2001; Meirinho et al., 2014).

They are a migratory species that normally breed on cliffs or on sandy beaches in huge
colonies in the Mediterranean, between March and July, and one of the largest known
colonies is in the Ebro Delta (figure 1.5). They lay 1-3 eggs and migrate to west Africa
up to Mauritania and Senegal (Garcia-tarrason, 2014; Pastor et al., 1995). However, the
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colonies of the Ebro Delta have been collapsing, from near 15000 pairs to 1000 pairs in
2019, due to the decrease of the fishing discards from fishing vessels on ports and due to
the presence of mammal predators near the breeding colonies (Birdlife International,
2020). In Portugal, they breed only on Deserta island, Ria Formosa Natural Park, where
they may be affected by the pressure from YLG that breeds in sympatry (Meirinho et al.,
2014).
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Figure 1.5: Distribution range of the AG (IUCN, 2022).
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Despite the decreasing status of the AG populations worldwide and the decrease of the
conservation status classification from least concern to vulnerable, according to the IUCN
red list of threatened species, the number of breeding pairs on Deserta island has been
increasing exponentially (figure 1.6), and the LIFE project (LIFE-llhas Barreira) that
now underway aims to promote conservation actions for this species (SPEA, 2020).
Nowadays the colony of AG on Deserta island is the biggest known colony of this species
worldwide (CIESM, n.d).
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Figure 1.6: Comparison of the breeding pairs of YLG (orange) and AG (blue) on the
Deserta island, Faro, from 2014-2022.
Note (*): On the 2020 it was not made a census because of the Covid-19 pandemic.

2.3 Little tern

The Little tern Sternula albifrons is the last seabird that is going to be on focus in this
work. It belongs to the Charadriiformes order and the Laridae family as well (Demongin,
2016). It is a small-sized tern that breeds through Europe, mainly in the Mediterranean
region, with the body and belly clearly white, wings clear-greyish with the tips black, and
the upper part of the head black. The legs and the bill are yellowish, and the tip of the bill
has a black strip (Birdlife international, 2019; Svensson et al., 2009) (figure 1.7).

21



Figure 1.7: Breeding pair of Little terns Sternula albifrons (source:
Diogo Portela).

They don’t present sexual dimorphism, but the males are slightly bigger than females,
like in most seabird species (Blanco & Marchamalo,1999; Svensson et al., 2009). This
tern species is mostly piscivorous and are usually seen along the coastline fishing, mainly
on shallow waters, and their diet includes small pelagic fishes, like gobies Pomatoschistus
spp. and sand smelts Atherina spp. (Catry et al., 2006; Meirinho et al., 2014; Ramos et
al., 2013).

LT is a migratory species that normally breed on sandy beaches with low vegetation cover
in small colonies along the Mediterranean, between May and July, where clutch size
varies between 1-3 eggs as well (Birdlife international, 2019). After the breeding period,
most of the European populations begin their migration in late July until late September,
wintering in West Africa (Meirinho et al., 2014) (figure 1.8).
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Figure 1.8: Map with the distribution range of the Little tern (IUCN,
2022).

In Portugal, this species is present during the breeding period and on the migration period
after breeding. Most of the Little terns are seen and breed in the Algarve region, mainly
on the barrier islands or in saltpans, however, there are records available in other places
of the country, like in the saltpans of Aveiro and Tejo or Sado estuaries (Catry et al.,
2004; Meirinho et al., 2014).

Despite the decreasing status of the LT populations worldwide, the trends for the
European populations are still unknown (Birdlife international, 2019). However, just like
for the AG, the conservation actions of the LIFE project (LIFE-llhas Barreira) tend to
help the LT populations by analysing the state of the populations on the Ria Formosa
coastal lagoon and trying to make them breed in other suitable breeding grounds, to
afterwards implement more measures to help on the conservation of this species (SPEA,
2020).
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3. Objectives

This study will evaluate the extent to which the YLG populations may impact negatively
the fauna and flora of the Ria Formosa barrier islands ecosystem, a study site that contains
areas of major conservation importance, classified as Special Protected Areas (SPA) for
wild birds and sites for conservation importance (SICS) under the habitat’s directive
(Directive 92/43/CE, 21 of May) that protects all habitats and communities species on
extinction pathways or threatened, such as the grey dune habitats, as well as under the
bird’s directive (Directive n® 79/409/CEE, 2nd of April) that protects all bird species,
including migratory species such as the Audouin gull or the Little tern, that occur on a
wild state on Europe and in the states members of the European Union territories
(Torribio, 1999; Tozato, 2016).

So, the two main objectives of this study are the following: 1) to evaluate the effects of
the Yellow-legged gull on vegetation cover and plant composition in the grey dune
habitats, and 2) to evaluate the inter-specific aggression and predation pressure on two
vulnerable seabird species, the Audouin gull and Little Tern Sternula albifrons. We
compared vegetation cover and composition between areas with Yellow-legged gull
nesting and adjacent areas without Yellow-legged gull nesting and evaluated interspecific
aggression of breeding Yellow-legged gull on adjacent breeding Audouin gull and
predation pressure on breeding Little Terns. It is expected that the Yellow-legged gulls
will have a harmful impact on the abundance and cover percentage of the type of
vegetation species surrounding their breeding grounds throughout the different seasons
of the year, as well as a negative impact on the breeding success of Audouin gull and
Little Tern populations by potential predatory and kleptoparasitic events, as well as by

interference on nesting activities and chick growth on Audouin gull.
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Abstract

The Yellow-legged gull Larus michahellis is a well-studied seabird that has been
increasing exponentially across Europe and North America, especially in the
Mediterranean region, over the last decades. Due to their aggressive and sedentary
behaviour, their abundance and their ecological role in their habitats, they can be
considered a threat to local fauna and flora. In this study, it was evaluated the effects of
old and recent resident Yellow-legged gull populations on the grey dune vegetation and
plant species percentage cover in different colonies and seasons, as well as the effects on
the breeding success of two migratory sympatric seabirds, Audouin gull Ichthyaetus
audouinii and Little tern Sternula albifrons, on the Ria Formosa Barrier Islands (Deserta
and Culatra Islands). Sampling squares were used to measure the percentage cover in
areas with and without breeding gulls. Paronychia argentea, Helichrysum italicum,
Thymus carnosus, Suaeda maritima and Malcolmia littorea were the most significant
species found in both areas. GLM analysis was used to assess the effects of the Yellow-
legged gull on the types of vegetation and plant species. In addition, three sub-colonies
of Audouin gull differing in vegetation cover were monitored and a hide was erected in
an area with tall vegetation and nearby nesting Yellow-legged gulls. Camera traps were
placed in strategic places in two different colonies of Little terns to record interactions
between both species, but without success. Results showed that Yellow-legged gulls

affected the vegetation cover of most types of vegetation on their breeding grounds and

34



induced the growth of ruderal and graminoid plant species, like Malcolmia littorea.
Interactions recorded from the hide showed that Yellow-legged gulls do not pose a
significant threat to the defined sub-colony of Audouin gulls but could be a potential
threat in the areas with low vegetation cover, where chicks may not hide efficiently and

be predated by Yellow-legged gulls.

Introduction

The increase of the human population and consequent rapidly growing urbanization have
led progressively to a reduction and fragmentation of natural habitats due to the impact
of anthropogenic pressures on ecosystems. Such impacts originated a decrease in species
richness and diversity, changes in the interactions between urban and adjacent rural
populations, and created new novel biotic interactions between wildlife and humans
(Chauhan, 2014; Evans et al., 2009; Fuirst et al., 2018; Samia et al., 2015). Urban areas
are suitable habitats for a wide variety of opportunistic species, including mammals,
reptiles and birds, that possess the ability to adapt to these new fragmented habitats,
becoming more tolerant to disturbance events and the presence of humans (Bateman &
Fleming, 2012; Kitchen et al., 2010).

The strong population increase of opportunistic species leads to negative interactions and
conflicts with humans and impacts on native vulnerable species and natural habitats
adjacent to urban areas (French et al., 2018; Mikula et al., 2014; Schwemmer et al., 2008).
These are particularly evident in generalist species with higher phenotypic and
behavioural plasticity, such as gulls Larus sp., allowing them to overcome the challenges
of a novel environment by, for instance, adapting and exploiting food sources derived
from anthropogenic activities, such as fisheries and landfills, or by using the urban areas
as nesting grounds, becoming less vulnerable to predation and potentially increasing their

reproductive success (Fuirst et al., 2018; Schwemmer et al., 2008; Spelt et al., 2019).

Gulls Larus spp. is known to be gregarious larids that live in large colonies with other
sympatric seabird species, and their populations have increased enormously in the last
decades, especially the Yellow-legged gull (YLG) Larus michahellis. In southern Europe,
with around 5000 islands and islets, these species have been increasing exponentially
since the decade of 80, mainly on small coastal islands close to the mainland, such as

Marseille islands in France, the Balearic archipelago in Spain and Berlenga island in
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Portugal. (Conover & Miller, 1976; Pais de Faria et al., 2022; Spelt et al., 2021; Vidal et
al., 1998).

Such demographic explosion of the YLG populations throughout Europe is linked to a
consequent increase in negative interactions with both humans and wildlife (Pais de Faria
et al. 2021). The first one involves noise and pollution in cities, contamination of water
sources by the transmission of pathogens and parasites, like Salmonella sp., and
aggressive behaviour towards humans during the gulls’ reproductive period. The second
involves competition for food, habitat, and nesting sites with other coastal seabirds,
ruderalization of the vegetation and changes in soil nutrients (Arcos et al., 2001; Belant,
1997; Benussi & Fraissinet, 2020; Pefia-Lastra et al., 2022; Migura-Garcia et al., 2017;
Thomas, 1972).

Gulls can impact soil suitability by causing eutrophication and ruderalization of the
surrounding vegetation and changing chemically their compositions. Changes in the flora
species have been associated with the deposition of ammonia (NHz) through defecation,
thus promoting the appearance of nitrophilous species, threatening native flora species
reported in some previous studies, like Stachys brachyclada (Pérez, 1998; Vidal et al.,
1998). Deposition of heavy metals on the soils, such as cadmium (Cd) or lead (Pb), mainly
due to their feeding behaviour on open dumps or municipal garbage dumps in cities and
even huge segregation of excessive salt from the feathers are other damages that gulls can
bring to natural breeding habitats, like grey dunes, changing the properties of the soils
(Otero et al., 2015; Pefa-lastra et al., 2020; Vidal et al., 1998).

Regarding the impacts on fauna, gulls tend to breed in huge colonies, cohabitating with
other gull and seabird species along the breeding areas. Given their aggressive behaviour
and higher phenotypic plasticity, they tend to be dominant in those places, competing for
the most suitable breeding sites, displacing the neighbouring seabirds from their breeding
areas or by attacking birds arriving from their foraging areas or predating their eggs and
chicks (Arcos et al., 2001; Martinez-Abrain et al., 2003; Oro & Martinez-Vilalta, 1994;
Vidal et al., 1998). Terns, a smaller seabird group that includes species such as the Arctic
Sterna paradisaea and Roseate Sterna dougalii, are the two tern species mostly reported
to be affected by gulls, mainly from the YLG, because most of the aerial strikes made by
the gulls on the terns and the eggs that were preyed from the nests were recorded in
smaller colonies and on nesting grounds with few or no surrounding dense vegetation
(Cavanagh & Griffin, 1993; Donehower et al., 2007; Hernandez-Matias & Ruiz, 2003).
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Numerous studies have also reported predation and kleptoparasitism of eggs and chicks
of other species by gulls, as well as competition for food sources or nesting grounds, such
as with the Audouin gull Ichtyaetus audouinii, European storm-petrels Hydrobates
pelagicus, Great Flamingos Phoenicopterus roseus, Common puffin Fratercula arctica
and Black-headed gulls Larus ridibundus (Arcos et al., 2001; Oro et al., 2005; Nettleship,
1972; Salathé, 1983; Skorka et al., 2014).

This study evaluated the extent to which the YLG populations impact negatively the flora
and fauna of the Ria Formosa barrier islands ecosystem, a study site that contains areas
of major conservation importance, classified as Special Protected Areas (SPA) for wild
birds and sites for conservation importance (SICS) under the habitat’s directive (Directive
92/43/CE, 21 of May) that protects all habitats and communities species on extinction
pathways or threatened, such as the grey dune habitats, as well as under the bird’s
directive (Directive n° 79/409/CEE, 2" of April) that protects all bird species, including
migratory species that occur on the wild state on Europe and in the states members of the
European Union territories (Torribio, 1999; Tozato, 2016). The two main objectives are
the following: 1) to evaluate the effects of the breeding Yellow-legged gulls on vegetation
cover and plant composition in the grey dune habitats, and 2) to evaluate the inter-specific
aggression and predation pressure on two vulnerable seabird species, the Audouin gull

and Little Tern Sternula albifrons.

Methods

Study area

The study was made mainly on three sand-dune barrier islands of the Ria Formosa Natural
Park, Algarve Portugal: Deserta or Barreta Island (36° 57' 56.61" N, 7° 52' 21.4752" W),
Culatra Island (36° 59’ 20" N, 7° 50’ 25" W) and Fuseta Island (37° 02' 36.888" N, 7° 44'
43.35"W) (figure 2.1). These islands are included in the Portuguese Network of Protected
Areas by the Decree-law n° 373/1987, to protect and conserve the fauna, flora, habitats
and all of the Ria Formosa lagoon system, which is listed in the Ramsar Convection
(Amaral, 2009; Ceia, 2007; Ceia et al., 2010; Costa, 2015). In this area, there are groups
of Yellow-legged gulls and Audouin gulls that breed in sympatry (Deserta Island), as well

as colonies of Little terns.
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Figure 2.1: Geographic area of the RFNP, including the Deserta, Culatra and
Farol islands (red arrows). (source: Costa, 2015; ICNF, 2015)

Impacts on the vegetation

A comparison of the vegetation cover in areas with nesting Yellow-legged gulls with
similar adjacent areas without nesting gulls was made to evaluate the impact of this
resident species on the surrounding vegetation. Firstly, the vegetation cover was
measured in areas where Yellow-legged gulls nested since 2010-2013, and in similar
adjacent areas without nesting gulls, in the East Deserta island colony. Four sampling
periods, one for each season were made in 2020-2022: Spring (April 2021), Summer
(June 2021), Autumn (September 2021) and Winter (February 2020). A similar approach
was used for the Culatra colony and the West Deserta Island colony, but only for the
Spring of 2022 (March-April). These two colonies were occupied by Yellow-legged gulls
since 2018. The comparison between the effects of gulls on East Deserta and on these
two last colonies enables to assess of whether a colony established for a longer period has
more detrimental effects on the vegetation types and plant species.

To assess seasonal variation in vegetation cover in areas with and without breeding gulls
25 squares of 5m? each were marked in East Deserta. For each season (Spring, Summer,
Autumn, and Winter) total vegetation cover, percentage cover of short (< 5 cm) and tall
(>5 cm) of dead and alive vegetation was recorded using a 1m? quadrat placed in each
one of the 4 corners of each 5m? square. In the Spring of 2022, 20 squares of 5m? each
were established on Culatra and West Deserta to assess also similarly the percentage
cover of the total, short and tall dead or alive vegetation, as well as the abundance of

native and alien plant species that were present in areas with and without nesting Yellow-
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legged gulls (Figure 2.2). The percentage cover of native and alien plant species was also

assessed on the 25 squares marked on the East Deserta colony during Spring.

5 e : i g o

Figure 2.2: Example of a vegetation square with three vegetation species: a) Malcolmia
littorea, b) Paronychia argentea and c) Lotus creticus.

Impacts on sympatric migratory seabirds
Audouin Gulls

To evaluate the aggressive behaviour of the Yellow-legged gulls towards sympatric
Audouin gulls, a bird hide was mounted from the beginning of the breeding season and
the behaviours of the Yellow-legged gulls towards the Audouin's gull were recorded. On
Deserta Island ca. 5400 pairs of Audouin gull and ca. 700 pairs of Yellow-legged gull
breed there in 2022 (authors, own data). The hide was placed early in the laying season,
around mid-April, so that the gulls got used to it. Observations were made from the hide
for about 2 h per day (1 hour in the morning and 1 h in the afternoon) when the birds were
incubating the eggs and later when feeding young chicks, to record detailed aggressive
behaviours and predation events of sympatric Yellow-legged gulls. Five different types
of interactions were defined, similar to the ones used by Oro and Martinez-Vilalta (1994):
1) Aerial kleptoparasitism, when a Yellow-legged gull chased an Audouin gull to induce
regurgitation and consequent drop of the food; 2) Aerial strikes, when a Yellow-legged
gull or Audouin gull tried to attack an individual during flight; 3) Ground intrusions, when
a Yellow-legged gull entered on the Audouin gull sub-colony and near a nest, provoking
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an alarm call by the last; 4) Egg predation, when a Yellow-legged gull pecked an egg or
consumed it and 5) Chick predation, when a Yellow-legged gull attempted to catch a
fledgling chick or on the nest. The hatching success and early chick growth (until the age
of 5 days) for the Audouin’'s gulls' nesting was also measured on areas differing in
vegetation cover towards the Yellow-legged gulls’ pressure was trying to be assessed.
The rationale is that the predation by Yellow-legged gulls on Audouin's gull nests and
small chicks could be influenced by vegetation cover because the small chicks depend on
the vegetation for hiding and protection towards predators and heat. To assess these, three
areas were selected: one area of nesting Audouin's gull with high vegetation cover close
to the Yellow-legged gull nesting area, and two control areas (A=with high vegetation
cover, B=with low vegetation cover) away from nesting Yellow-legged gulls. For each
area, around 50 nests were marked, the eggs were measured with callipers and the chicks
weighed every day with a spring balance. The breadth and length of the eggs were
registered, the egg volume content (Egg volume (cm3) =K* L*B2, where K=0,4866,
L=length (mm) and B=breadth (mm)) and the egg shape index (S=100* B/L) whereas
therefore calculated for each area with the formula used by (Coulson 1963). Hatching
success (%) per area was calculated as the number of eggs that hatched / the total number
of eggs laid for each individual nest. For the chick growth rates, a quadratic regression
model was fitted after obtaining the body mass weights of each first hatched chick on the
first five days of age (Md= MO+ ad + bd?, where Md = chick mass on day d, M0=
estimated chick mass on day 0, d =age in days, a = linear growth, b = quadratic growth
parameter) to retrieve some parameters that could describe the growth and therefore
preview possible survival rates of the early chicks (Ramos, 2001). The chicks that were
found dead near the nests, mainly by pecking’s on the chest or that disappeared before
the fifth day of monitoring were not used to obtain regression models and were considered

as preyed by Yellow-legged gulls.

Little terns

For the nesting colonies of Little terns, camera traps were used to monitor and register
nest predation and evaluate the proportion of disturbed incubating individuals and
predated nests by passing Yellow-legged gulls. The hatching success of the Little terns’
chicks and possible predation events were checked on the study colonies. Also,

observations of possible interactions between the two species, like was done for the
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Audouin gulls, were registered opportunistically between the two species when
monitoring the colonies. To assess breeding success, 60 nests were numbered with
wooden tongue sticks on Fuseta island, a place with lesser pressure of YLG, and 40 nests
on Barrinha, Praia de Faro (36° 59' 65" N, 7° 57' 84" W), a place with higher pressure of
YLG. The hatching success (%) for the Little terns was calculated as the number of eggs
that hatched / the total number of eggs laid for each colony. Also, a total of 6 camera traps
per area were placed in strategic places to try to register possible predation events or other

interactions between the gulls and the terns.

Statistical analysis

Generalized Linear Models (GLMs) were used to evaluate the effect of the presence of
YLG in East Deserta Island (areas with and without nesting YLG), season (Spring,
Summer, Autumn and Winter) and their interaction with the percentage cover of dead and
alive short and tall vegetation. The response variable was the percentage cover of the
different types of vegetation (total, dead low/alive and tall low/alive). GLMs were also
used to assess the effect of the presence of YLG on vegetation type during spring for the
recent colonies of West Deserta and Culatra, for one model the response variable was the
same as for the East Deserta and for the other it was the plant species that were found in
both sites with and without gulls. Regarding the impacts on sympatric seabird species,
one-way ANOVAs were used to compare egg size, egg volume, egg shape, hatching
success and early growth parameters between the control area with high vegetation cover,
control area with low cover and confluence area with high cover and nearby breeding
YLG on East Deserta for the Audouin gulls. Interactions between species (YLG vs AG
and YLG vs LT) and the clutch size and hatching success of the Little terns between
Fuseta and Barrinha, Praia de Faro were also compared with one-way ANOVAs, being
that for the statistical analysis of the hatching success for the two species it was calculated
the breeding success of each individual clutch. Chick growth rate for the Audouin gulls
was obtained with the aid of a fitted quadratic regression model, being that each early
growth parameter (MO, Linear growth and Quadratic growth) was obtained for each first
hatched chick and one-way ANOVA was used to see statistical differences between the
defined areas. All data was previously checked for normality (Shapiro-Wilk normality

test) and homogeneity of variances (Levene test). Percentage cover data were arcsin-
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transformed (arcsin (Vx/100)) to meet parametric assumptions to perform the GLMs
(Steel & Torrie, 1980).

GLMs with a quasibinomial error distribution and logit link was used to test the effects
of the presence of nesting Yellow-legged gulls, individual season and colony site, and
their interaction on each type of vegetation cover and species cover for each study area
and for the Spring of 2022, separately. Statistical analyses were conducted within the R
environment v. 4.2.0 (R Core Team 2022). All data are shown as mean + SD (standard
deviation) unless mentioned otherwise. Differences were considered statistically

significant at a p value < 0.05.

Results
Seasonal variation in vegetation cover on old established colonies of

Yellow-legged gulls

Table 2.1 shows the seasonal variation in vegetation cover for East Deserta Island and the
Spring of 2022 for the remaining study areas. All different types of vegetation differed
between areas with breeding and non-breeding gulls on the East Deserta colony. GLM
models results showed that the presence of Yellow-legged gulls was positively associated
with the percentage cover of dead low vegetation (t = 11.06; p = <0.001), and negatively
associated with tall vegetation, both dead and alive (t = -5.61; p =<0.001 and t = -7.12; p
=<0.001). For each season, the effect was mostly negatively associated, when compared
with the autumn season, particularly for the winter season when all types of vegetation
cover were negatively related to the presence of nesting Yellow-legged gulls. The
interaction between presence the of nesting Yellow-legged gulls and each season was
similar in terms of negative and positive association for each type of vegetation, inducing
that the presence of gulls would influence the vegetation cover of each type of vegetation
(Table 2.2).
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Table 2.1: Seasonal variation on the percentage of vegetation cover for East Deserta
Island (see methods), and for the spring of 2022 for East Deserta, West Deserta and

Culatra Islands. Values are shown as mean + SD.

Total

vegetation (%) vegetation (%)

Dead low

Dead tall
vegetation (%)

Alive low
vegetation (%)

Alive tall
vegetation (%)

East Deserta Island

YLG nesting
Spring 2021 77.2 +16.39 8.09 +1.96 6.33+2.75 35.25+ 14.86 2753 +6.73
Summer 2021 7433 +15.42 31.15+16.80 0.73+1.95 11.36 £ 3.65 31.09 +9.48
Autumn 2021 70.23+ 1559 20.66 + 10.56 12.64 +£12.72 14.07 £ 4.69 22.86 £ 9.01
Winter 2020 13.13+5.48 3.93+3.30 2.43 +3.49 5.73 +4.03 1.04+1.71
YLG not nesting
Spring 2021 70.59 + 15.35 8.73+6.61 3.02 +£3.38 34.25+14.04 2459 +9.11
Summer 2021 83.90+16.90 38.69+22.43 144 +1.16 6.79 +2.77 36.98 + 9.59
Autumn 2021 8456+ 17.04 63.91+18.35 1.09+1.27 16.08 + 5.76 3.48 £5.37
Winter 2020 23.18 + 6.92 3.76 +2.06 6.51+2.78 424 +2.34 8.87 +5.03
Spring 2022
East Deserta Island
YLG nesting 57.21 +14.24 12.78 £ 4.69 8.57 £5.37 31.57+12.73 4,29 +4.08
YLG not nesting 56.13 + 10.52 5.79 + 2.66 12.97 +£4.90 18.51 +£6.20 18.86 £ 7.35
West Deserta Island *
YLG nesting 67.12+14.71 6.37 £ 2.29 14.97 £5.99 14.83 +£6.13 30.96 +11.44
YLG not nesting 69.09 + 18.05 8.18 £+ 3.17 17.3 +£10.09 16.54 + 8.02 27.08 £ 18.96
Culatra Island !
YLG nesting 86.69 + 16.02 10.79 £ 5.56 22.48 +11.13 20.25+7.24 33.18 +9.81
YLG not nesting 72.67 £12.26 8.33+4.19 15.26 £ 9.18 17.29 + 10.27 31.81+10.32

! Newly established colony
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Table 2.2: Generalized Linear Model (GLM) results for the percentage of each type of
vegetation (total vegetation, dead low/tall and alive low/tall) at East Deserta Island.
Parametric coefficients are also shown (Estimate = SD and t test) and significant results
(p < 0.05) are in italics. The reference categories are respectively non-nesting areas and

Autumn season.

Response Variable Explanatory variable Estimate + SD t test p-value
YLG nesting (yes) 0.84 +0.25 3.35 <0.001
Spring -0.17 £ 0.19 -0.87 0.38
Summer 0.79 £ 0.25 3.19 0.002
Total vegetation ~ Winter -2.06 £0.23 -8.95 <0.001
YLG nesting (yes): Spring  -0.96 + 0.29 -3.29 0.011
YLG nesting (yes): Summer  -1.43 +0.36 -4.01 <0.001
YLG nesting (yes): Winter ~ _153+0.37 -4.16 <0.001
YLG nesting (yes) 1.91+0.17 11.06 <0.001
Spring -1.25+0.19 -6.27 <0.001
Summer 0.89 +0.17 5.14 <0.001
Dead low Winter -1.89+£0.31 -6.09 <0.001
YLG nesting (yes): Spring -1.44 +0.26 -5.54 <0.001
YLG nesting (yes): Summer  -2.25 +0.24 -9.54 <0.001
YLG nesting (yes): Winter ~ _1.87 +0.43 -4.34 <0.001
YLG nesting (yes) -2.58 + 0.46 -5.61 <0.001
Spring -0.02+0.17 -0.12 0.9
Summer -2.29+0.41 -5.66 <0.001
Dead tall Winter -0.73+0.23 -3.19 0.02
YLG nesting (yes): Spring 1.74 +0.49 3.56 <0.001
YLG nesting (yes): Summer  1.89 +0.80 2.36 0.02
YLG nesting (yes): Winter 1.55 + 0.57 2.69 0.008
YLG nesting (yes) 0.16 +0.19 0.84 0.4
Spring 0.66 + 0.16 4.21 <0.001
Summer -0.81+0.23 -3.48 <0.001
Alive low Winter -1.31+0.27 -4.8 <0.001
YLG nesting (yes): Spring 0.28 +0.22 1.28 0.2
YLG nesting (yes): Summer  0.41 +0.31 1.33 0.18
YLG nesting (yes): Winter 0,16 + 0.36 0.44 0.66
YLG nesting (yes) -2.11+0.29 -7.12 <0.001
Spring 0.02 +0.14 0.13 0.89
Summer 0.68 +0.16 4.36 <0.001
Alive tall Winter -1.11+£0.21 -5.27 <0.001
YLG nesting (yes): Spring 1.52 +0.32 4.72 <0.001
YLG nesting (yes): Summer  1.84 +0.33 5.57 <0.001
YLG nesting (yes): Winter -0.12 £ 0.59 -0.2 0.84
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Spring vegetation cover on newly established colonies of Yellow-legged

gulls

On the newly established colony sites on West Deserta and Culatra Islands, there were no
differences in vegetation cover for each type of vegetation between areas with and without
breeding gulls (Table 2.1). The results of the GLM model that evaluated the effects of the
presence of nesting Yellow-legged gulls, new and old colony sites (East/West Deserta
and Culatra), and their interaction with each type of vegetation cover showed that the
presence of nesting Yellow-legged gulls was negatively associated with the percentage
cover of all types, but it was only significant for the total vegetation and alive low
vegetation (t = -2.95; p = 0.004 and t = -2.27; p = 0.024). The colony site with nesting
Yellow-legged gulls was also negatively associated with the percentage cover for each
type of vegetation and showed that Culatra Island had less vegetation cover for most types
of vegetation than on both East and West Deserta. The interaction between the colony
site and the nesting Yellow-legged gulls was, in general, positively correlated with the
percentage cover of most of the types of vegetation, and both colony sites of the Deserta
Island had more percentage cover than the Culatra colony site, both in areas with and

without nesting gulls (Table 2.3)
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Table 2.3: Generalized Linear Model (GLM) results for the percentage of each type of
vegetation (total vegetation, dead low/high and alive low/high) at East Deserta, West
Deserta and Culatra Islands for the springtime of 2022. Parametric coefficients are also
shown (Estimate = SD and t test) and significant results (p < 0.05) are in italics. The
reference categories are respectively non-nesting areas and Culatra Island.

Response Variable Explanatory variable Estimate + SD ttest p-value
YLG nesting (yes) -0.75+0.19 -295 0.004
Deserta East -1.48+0.25 -6.29 <0.001
Total vegetation Deserta West -1.01+£0.24 -4.07 <0.001
YLG nesting (yes): Deserta East 0.79+031 255 0.01
YLG nesting (yes): Deserta West 0.82+0.33 0.82 0.01
YLG nesting (yes) -0.27+£0.15 -1.79 0.08
Deserta East -0.66+£0.15 -4.26 <0.001
Dead low Deserta West -056 £0.16 -3.46 <0.001
YLG nesting (yes): Deserta East 1.14+0.21 547 <0.001
YLG nesting (yes): Deserta West 0.54+0.23 2.38 0.02
YLG nesting (yes) -0.17+0.17 -0.99  0.32
Deserta East -0.08 £0.15 -0.53 0.59
Dead tall Deserta West -0.35+0.17 -2.03 0.05
YLG nesting (yes): Deserta East -0.72+£0.24 -2.95 0.04
YLG nesting (yes): Deserta West 029+024 1.2 0.23
YLG nesting (yes) -044+0.19 -227 0.024
Deserta East -0.63+0.19 -3.32 0.002
Alive low Deserta West -047+£0.19 -238 0.019
YLG nesting (yes): Deserta East 157+£0.26 6.02 <0.001
YLG nesting (yes): Deserta West 0.60+0.28 2.13 0.035
YLG nesting (yes) -0.04+0.18 -0.24  0.81
Deserta East -0.74+£0.18 -4.03 <0.001
Alive tall Deserta West -0.08 £0.18 -0.46 0.65
YLG nesting (yes): Deserta East -1.60+0.34 -4.7 <0.001
YLG nesting (yes): Deserta West -0.16 £0.26 -0.61 0.54
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Cover of native and alien species on old and new established colonies of

Yellow-legged gulls

For all areas, 18 different plant species were registered during the spring period of 2022,
with only Culatra Island having all the catalogued species. When comparing areas with
and without nesting gulls for each colony site, the number of plant species was higher in
the areas without gulls, with the exception of the West Deserta island (14 species in areas
with gulls vs 12 species in areas without gulls) (Table S1). The percentage cover of most
plant species in each colony site was higher for the areas without nesting gulls, with the
opposite observed for the West Deserta colony site as well. However, only 5 native
species (Helichrysum italicum, Malcolmia littorea, Paronychia argentea, Suaeda
maritima and Thymus carnosus) were used for statistical analysis, because these were the
most dominant species that coexisted in both areas, with and without gulls, in each colony
site. The most dominant species that were found in areas with nesting gulls were
undergrowth species like Malcolmia littorea and Paronychia argentea (e.g, 4.91 £ 5.25
% and 21.42 £+ 12.46 %, respectively on East Deserta), and outside gull nesting areas taller
plant species such as Suaeda maritima or Thymus carnosus were dominant (e.g., 12.17
13.35and 7.62 * 8.19, respectively) (Table 2.4).

The results of the GLM model showed that the presence of nesting Yellow-legged gulls
was positively associated with the percentage cover of most plant species, apart from
Paronychia argentea (t = -1.3; p = 0.19) and Thymus carnosus (t = -3.12; p = 0.002). The
colony site was similar in terms of positively and negatively associated with the
percentage cover of all species, showing that, overall, the percentage cover of some
species in Culatra island was similar with both East and West Deserta, with the same
outcome occurring for the interaction between colony site and the nesting Yellow-legged
gulls (Table 2.5)
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Table 2.4: Comparison of vegetation cover percentage for the species that were found in
areas with and without nesting Yellow-legged gulls for Deserta East, Deserta West and
Culatra Islands for the Spring of 2022. Values are shown as mean + SD.

Helichrysum italicum Malcolmia littorea Paronychia argentea

Suaeda maritima  Thymus carnosus

East Deserta Island

YLG nesting
YLG not nesting

West Deserta Island

YLG nesting
YLG not nesting

Culatra Island

YLG nesting
YLG not nesting

0.34£0.97
0.19+0.66

16.22 + 8.48
3.48 £5.62

13.46 +£9.49
7.26 £8.43

491 +5.25
2.09 +£1.67

058 £0.91
3.87 £4.89

3.75+4.88
2.09+2.16

21.42 +12.46

8.06 £4.75

2.09 +3.27
4.88 +8.29

5.03+7.19
8.44 +£12.33

1.28 +3.33
2.51+4.23

4.39 £5.07
12.17 £ 13.35

1.76 £2.93
0.87 £2.07
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0.38+1.14
7.62+8.19

2.53+4.32
0.08 £0.33

0.49 +£1.47
5.76 £5.95



Table 2.5: Generalized Linear Model (GLM) results for the percentage cover of each type
of specie (Helichrysum italicum, Malcolmia littorea, Paronychia argentea, Suaeda
maritima and Thymus carnosus) at each area site (East Deserta, West Deserta and Culatra
Islands) for the springtime of 2022. Parametric coefficients are also shown (Estimate +
SD and t test) and significant results (p < 0.05) are in italics. The reference categories are

respectively non-nesting areas and Culatra Island.

Response Variable Explanatory variable Estimate + SD ttest p-value
YLG nesting (yes) 0.69+0.27 252 0.013
Deserta East -3.71+1.17 -3.16 0.002
Helichrysum italicum Deserta West 091+0.27 341 <0.001
YLG nesting (yes): Deserta East -0.13+1.47 -0.09 0.93
YLG nesting (yes): Deserta West -2.37+0.44 -539 <0.001
YLG nesting (yes) 0.60 £ 0.40 1.5 0.13
Deserta East 0.003+0.43 0.008 0.99
Malcolmia littorea  Deserta West -1.30+0.68 -1.9 0.06
YLG nesting (yes): Deserta East 0.28+0.53 053 0.59
YLG nesting (yes): Deserta West 134+£076 1.75 0.08
YLG nesting (yes) -055+042 -1.3 0.19
Deserta East -0.05+0.36 -0.14 0.88
Paronychia argentea Deserta West -1.46 £0.57 -255 0.012
YLG nesting (yes): Deserta East 1.68+£052 329 0.0013
YLG nesting (yes): Deserta West 143+0.74 1.92 0.06
YLG nesting (yes) 0.72+0.86 0.83 0.41
Deserta East 1.08 +£0.79 1.35 0.18
Suaeda maritima Deserta West 1.66+0.77 215 0.03
YLG nesting (yes): Deserta East -1.41+107 -131 0.19
YLG nesting (yes): Deserta West 0.38+0.94 041 0.68
YLG nesting (yes) -252+0.80 -3.12 0.002
Deserta East 0.30 £0.29 1.02 0.31
Thymus carnosus Deserta West -0.86+£042 -207 0.04
YLG nesting (yes): Deserta East -054+1.14 -048 0.63
YLG nesting (yes): Deserta West -1.02+2.16 -0.48 0.64
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Impacts on sympatric birds

Table 2.6 shows all the interactions registered between Yellow-legged gulls with both
Audouin gulls and Little terns in the different study areas. Camera traps did not reveal
any interaction between Yellow-legged gulls with the other two species. On Deserta
Island, observations made from the hide registered four different types of interactions,
with aerial strikes by the Yellow-legged gulls on Audouin gulls being the highest recorded
event (n=31). As for the Little terns, retaliation by them on attacking Yellow-legged gulls
was the highest recorded event in the different colony areas, with Barrinha, Praia de Faro
the place with the highest rate, but being the interaction rates of retaliation by Little terns
and the aerial strikes by Yellow-legged gulls were not statistically significant between
areas (y2 = 1.19, p = 0.28) (Table 2.7).

Table 2.6: Interaction rate per hour recorded from the hide by the YLG towards

sympatric Audouin gull’s species on the East Deserta Island. Values are shown as rates
(number of interactions/ hour).

East Deserta

Interactions N Rate
Total number of effort hours (h) 29

Aerial kleptoparasitism -

Aerial strikes YLG 31 1.07
Retaliation by AG 25 0.86
Ground intrusions 9 0.31
Egg predation 8 0.28

Chick predation -
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Table 2.7: Interaction rates per hour recorded by the YLG on sympatric Little terns on
the Farol and Fuseta islands and on Barrinha, Praia de Faro. Values are shown as
interaction rates (number of interactions/ hour).

Barrinha

Farol Rate Fuseta Rate Praia de Faro  Rate
Interactions N N N
Total number of effort hours (h) 8 3 3
Aerial kleptoparasitism - - - - - -
Aerial strikes YLG 4 0.63 3 0.67 12 4
Retaliation by LT 16 2 5 1,33 13 4,33
Egg predation - - - - - -

Chick predation - - - - - _

Regarding the reproductive parameters of the Audouin gulls in the three designated areas
on East Deserta Island, significantly higher clutch size and reproductive success were
registered in the control area with a high percentage of vegetation cover (Table 2.8). It
should be noted that the egg-volume and the egg-shape index for the control area with a
low percentage of vegetation cover were significantly smaller, as well as the hatching
success (F2385= 15.68, p = <0.001; F2,385= 8.25, p = <0.001 and y,? = 59.16, p = <0.001),
suggesting that the group of Audouin gulls that established on that area could be
composed by mostly new and inexperienced reproductive pairs (Table 2.8). There were
significant differences in the estimated mass at day 0 (MO: F161=4.34, p = < 0.05) and
in the quadratic growth rate (F1e1 = 4.40, p = <0.05) between the confluence and the
control area of high vegetation cover with Yellow-legged gull and post hoc Tukey tests
showed that there were statistical differences between the high cover areas for almost all
parameters, including egg-volume content, suggesting that the nearby presence of
Yellow-legged gulls might have influenced the growth rate of Audouin gull chicks and
that the individuals that were there established have a low breeding quality rate (table
2.9). As for the Little terns, the clutch size was similar between the two areas, and the
hatching success was higher on Fuseta Island than on Praia de Faro, but the difference
was not statistically significant (F1,01 = 2.69; p = 0.1) (Table 2.10).
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Table 2.9: Early growth parameters of the Audouin gull chicks for the three defined areas.
Values are in mean + SD and significant values (p < 0.05) are in italics.

Control area with high Confluence area with high Control area with low

cover cover cover
East Deserta Island N N N Statistic  p-value
Early growth parameters

MO (g) 41 42.21+19.6 22 27.05 £ 23.97 4 48.42 +6.99 Fie1=4.34 <051
Linear growth (g day ) 41 4.86 £5.01 22 2.23+3.35 4 0.14+4.29 F16=099 321

Quadratic growth (g day™?) 41 1.77+1.34 22 0.71+£0.89 4 2.09+081 Fue1=4.40 <051

! The chicks from Control area with low cover were not used for the statistical analysis,
because the sample size was too small, as very few eggs hatched.

Table 2.10: Clutch size (eggs/clutch) and hatching success (%) of the breeding Little
terns on Fuseta Island and on Barrinha, Praia de Faro. VValues are shown as mean + SD.

Fuseta Barrinha, Praia de Faro
Parameters N N Statistic p-value
Clutch size (eggs/clutch) 60 2.78 £0.45 41 2.63+0.66 F199=1.81 0.2
Hatching success (%) * 60 70.24 £ 45.25 41 53.15 +49.35 F101=2.69 0.1

1N of eggs that hatched/total of eggs laid for each clutch
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Discussion

Effects on the vegetation

In this study, the effect of nesting Yellow-legged gulls on vegetation cover and plant
composition in the grey dune habitats was examined, assessing the effect of nesting gulls
on older and recently established colony sites. GLM analysis showed that on the older
colony site, breeding Yellow-legged gulls had a harmful effect on the total vegetation
cover during all seasons- When comparing older and newer established colonies, GLM
analysis suggested that nesting Yellow-legged gulls negatively affected the vegetation
cover, but that was not clear for all colony sites. Also, the only plant species that were
negatively correlated with nesting gulls were Paronychia argentea and Thymus carnosus.
The data for the older colony sites revealed that in the areas with no pressure of nesting
Yellow-legged gulls the percentage cover of total vegetation was higher than that in the
areas with nesting gulls. However, the percentage of dead vegetation was higher in the
areas with nesting gulls, suggesting a negative effect of nesting gulls on the vegetation.
Moreover, during spring, areas with nesting gulls registered a higher percentage cover of
alive low vegetation, presumably because the soils on the breeding grounds are more
suitable and richer in nutrients due to the deposition of guano, mainly for graminoid
nytrophilous species, such as Paronychia argentea and Malcolmia littorea. On the other
hand, taller plant species were found at a higher percentage in the areas without gulls,
because these plant species generally prefer soils with low organic matter content (Costa
etal., 1996). In general, we speculate that the breeding gulls have a harmful effect on the
percentage cover of the different types of vegetation, as well as on the cover of the
different plant species in the different colony sites, supplementing the finds of other
studies with the same or similar gull species (Garcia et al., 2003; Hogg & Morton, 1983;
Hussein et al., 2021; Pefia-Lastra et al., 2020; Pefia-Lastra et al., 2022; Vidal et. al, 1998).
Gulls tend to establish large nesting colonies on cliffsides or sandy coastal areas with
surrounding vegetation, and the increase of these colonies changes the dynamics of the
original habitat (Pefia-lastra et al., 2020). Vegetation cover is an important factor for
seabirds that breed on the ground since it can protect the eggs and the future chicks from
predators, as well as from daily heat gain or nocturnal heat loss when the birds are not
incubating (Kim & Monaghan, 2005). However, during the breeding period, damages can
be made to the surrounding vegetation, mainly due to pecking and plugging of plants for
nest construction, or by competition amongst individuals for the best breeding areas.
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Several studies have reported the pressure effects made by the increased density of the
Yellow-legged gull communities on their breeding areas on the plant species composition
and percentage cover, as well as the possible extinction of some of these plant species,
and increase of drift changes on the soil nutrients and properties (i.e, pH) (Hussein et al.,
2021; Otero et al., 2015; Pefa-Lastra et al., 2022; Sobey 1976; Vélez et al., 2022; Vidal
etal., 1998).

Gulls are seabirds that have sedentary behaviour and are phenotypically bigger, thus
having stronger effects on the vegetation cover and soil properties than migratory seabird
species like the Audouin gull. On Deserta Island, the grey dune habitats are threatened by
the consequent increase and pressure of breeding pairs of Yellow-legged gulls and
Audouin gulls (Talavera et al., 2022). These gulls can cause significant damage to the
island surrounding vegetation with their daily routines, mainly during the breeding season
when they are building their nests by pecking and plugging different types of vegetation,
and with the deposition of faecal materials (“guano”) and droplets on the soils (Signa et
al., 2012; Sobey, 1976). The high deposition of guano during the breeding season may
change the nutrient composition of the soils, particularly in phosphorous (P) and nitrogen
(N), leading to a decrease in plant species diversity (Garcia et al., 2003; Pefia-lastra et al.,
2020; Stevens et al., 2004). These consequent increases in nutrients can modify the
biogeochemical cycles of these nutrients and can have consequent negative impacts on
terrestrial vegetation and aquatic water bodies, mainly through soil eutrophication
(“orniteutrophication”) or plant ruderalization, as seen in the great increase and growth
of Malcolmia littorea and other graminoid ruderal species on the breeding grounds of
Yellow-legged gulls, with the same outcome been seen on the older established colonies
of gulls on this study (Ellis, 2005; Hogg and Morton, 1983; Lopes et al., 2021; Otero et
al., 2018; Talavera et al., 2022). On the recently established colonies, the ruderal effect
by the gulls and the soil properties were different, with dominant species on both nesting
and non-nesting areas typical species of the grey dunes habitats (e.g. Thymus carnosus or
Helychrisum italicum), showing that the time of the establishment of the gull
communities is correlated with the environmental effects on the area, acting as
environmental modulators that change the dynamics of the original habitat (Pefia-Lastra
et al., 2021). Other studies have shown that other seabirds species such as Leach’s Storm-
petrel Hydrobates leucorhous, Tufted Puffins Lunda cirrhata, Slaty-backed gulls Larus

schistisagus or Western gulls Larus ocidentalis affected the dynamics of the soils through
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“orniteutrophication”, as well as the vegetation cover and plant species turnovers the same
way that Yellow-legged gulls did on the study areas (Duda et al., 2020; Garcia et al.,
2002; Mocholova & Khoreva, 2013; Zelenskaya & Khoreva, 2006).

Effects on sympatric birds

Another aspect that was studied was the effect of the pressure of the Yellow-legged gull
on two sympatric breeding seabird species. The number of interactions of breeding
Yellow-legged gulls on sympatric Audouin gulls in an area with taller vegetation cover
was very low, with no detection of kleptoparasitic events or chick predation. These
records suggest that the Yellow-legged gulls could not be considered a threat to the
Audouin gulls, although the number of hours of observation (n=29 h) was very low when
compared with other similar studies regarding interactions between gulls and other
seabird species (Gonzalez-Solis, 2003 (n=465 h); Fuchs, 1977; Martinez-Abrain et al.,
2003 (n= 545h); Spear, 1993 (n=1324 h). The number of breeding Yellow-legged gulls
on Deserta Island has been decreasing strongly, partly attributed to the death of breeding
adults attributed to botulism (Casero et al. 2022). The death of breeding adults was firstly
reported in 2018 (pers. Observations). Therefore, the impact of the Yellow-legged gull
breeding population on sympatric seabird species should have decreased in recent years.

Yellow-legged gulls have a plastic diet and accessible food sources such as open dump
refuses and fisheries discharges (Calado et al., 2018; Furness et al., 1992; Mendes et al.,
2018), these may be possible explanations for the low kleptoparasitic and predation
events on Audouin gulls, complementing the findings of Oro and Martinez-Vilalta
(1994). Gulls tend to breed in large colonies, cohabitating with other gull and seabird
species along the nesting sites, and given their aggressive behaviour and higher
phenotypic plasticity, they tend to be dominant in those places, competing for food and
breeding sites, predating eggs and chicks or displacing the neighbouring seabirds from
their breeding areas and other native waterbirds to areas more exposed to native predators
(Arcos et al., 2001; Vidal et al., 1998). Some of these behaviours were seen on the study
sites towards other seabird species, mainly Audouin gulls and Little terns, such as aerial
strikes when the birds started to forage, or predation of eggs at the beginning of the

breeding season.
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Reproductive parameters of Audouin’s gull differed significantly among areas differing
in vegetation cover and the nearby presence of breeding Yellow-legged gulls. In areas
with taller vegetation cover hatching and chick survival rates were significantly higher
than those in areas with low vegetation cover, suggesting that vegetation cover plays an
important role in chick survival. Early growth parameters of the Audouin chicks were
also significantly higher in the areas with tall vegetation cover and almost null in the area
with low cover. Areas with taller vegetation cover were dominated by denser species such
as Thymus carnosus and Suaeda maritima that could offer shade, acclimation of the nests
and protection to the young chicks, whether in the low cover areas the dominant species
were graminoid, mainly Malcolmia littorea, with the nests becoming more exposed to
predators and heat. The pressure of the Yellow-legged gulls could interact in a complex
way with vegetation cover and individual quality in offering protection to eggs and chicks
of Audouin gull. In fact, in the area with low vegetation cover, the egg size and egg
volume and clutch size were lower than in the areas with higher cover, as well as the
hatching success, suggesting that individuals with lower quality occupied the area with
low vegetation cover. The fact that the egg shape and volume were significantly lower
for the area with low cover suggests that that area was mostly occupied by young
breeders; younger female gulls are known to lay smaller eggs due to having an
underdeveloped oviduct (Coulson 1963). Moreover, the fact that chick growth rates in
areas of tall vegetation were higher than in the control area (i.e. without nesting Yellow-
legged gulls nearby), suggests a possible interference of Yellow-legged gulls on the early
chick growth parameters in the confluence area, since the egg-volume and egg shape-

index were similar between the two tall vegetation areas.

Many factors contribute to seabird reproductive success, such as food availability,
competition, and quality of the nesting habitat (Arcos et al., 2001; Delgado et al., 2021).
Egg volume content and egg-shape index are two parameters that are correlated with
possible higher chick body mass and that better parental care induces higher hatching
success rates (Bolton, 1991; Blackmer et al., 2004; Delgado et al., 2021). Taken
altogether, the findings of this study suggest that vegetation can affect the breeding
performance of ground-nesting seabirds, contrasting with the findings of Delgado et al.
(2021), and favouring studies that showed that vegetation cover induced higher breeding

success in some Larid species by offering more cover to predators and protection to heat
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and adverse weather conditions (Kim & Monaghan, 2005; Parsons, 1982; Parsons &
Chao, 1983; Rodway & Regehr, 1999).

Little terns tend to breed on sandy areas, especially beaches, since they provide better
habitats, for both food availability and less vegetation cover for the establishment of the
breeding pairs (Paiva et al., 2006; Lopes et al., 2015). Previous studies have determined
that the main threats to the reproductive success of Little terns were human pressure and
consequent predation by Larus sp. (Catry et al., 2004; Fuchs, 1977; Hatch, 1970;
Medeiros et al., 2007). However, few interactions between Yellow-legged gulls and Little
terns were recorded in the different areas, with both areas having both human and gull
disturbance along the breeding period; kleptoparasitism and predation rates on the Little
terns' nests were not found on the visits to the colonies and neither on the camera traps,
but retaliation by the Little terns on Yellow-legged gull strikes was lower on the area that
had more gulls. These observations could suggest that the Little terns' colony on Barrinha
have adapted their behaviour towards the gulls' presence, becoming more tolerable to
them and that other factors, like human disturbance or other kinds of predators (e.g cats),
may have caused negative effects on the reproductive successes of the colonies (Catry et
al., 2004, Fujita et al., 2009).

Conclusions

Overall, our results provide evidence of the effects that Yellow-legged gulls have on the
vegetation cover and on the plant species turnovers on both old and recent colonies on
the islands of the Ria Formosa Coastal Lagoon. Also, the low predation and
kleptoparasitism rates seen in the study areas and the consequent increase of the Audouin
gulls colony and decrease of the Yellow-legged gulls on Deserta Island, suggest that the
presently Yellow-legged gulls have a low negative impact on the Audouin gull
population. Vegetation cover can be considered an important factor for the breeding
success of migratory seabirds like the Audouin gull. Future studies should increase the
sample size for direct observations from hides in relation to nesting areas differing in
vegetation cover for both Audouin gulls and Little terns. This would enable us to detect
more interactions between both species with the Yellow-legged gull. In addition, a

comparison of the plant species and soil properties and macronutrient content among
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areas should be to see the changes in the habitat dynamics and ruderalization on the recent

breeding Yellow-legged gull colonies.

References

Amaral, S. D. D. S. (2009). A avifauna como meio de valorizacdo turistica da Ria
Formosa-Faro (Doctoral dissertation).

Arcos, J., Oro, D., & Sol, D. (2001). Competition between the Yellow-legged gull Larus
cachinnans and Audouin's gull Larus audouinii associated with commercial fishing
vessels: the influence of season and fishing fleet. Marine Biology, 139(5), 807-816.

Bateman, P. W., & Fleming, P. A. (2012). Big city life: carnivores in urban environments.
Journal of Zoology, 287(1), 1-23.

Belant, J. L. (1997). Gulls in urban environments: landscape-level management to reduce
conflict. Landscape and urban planning, 38(3-4), 245-258.

Benussi, E., & Fraissinet, M. (2020). The colonization of the Western Yellow-legged gull
Larus michahellis in an Italian city: evolution and management of the phenomenon.
Problematic Wildlife Il. Springer, 191-212.

Blackmer, A. L., Ackerman, J. T., & Nevitt, G. A. (2004). Effects of investigator
disturbance on hatching success and nest-site fidelity in a long-lived seabird, Leach's
storm-petrel. Biological Conservation, 116(1), 141-148.

Blanco, G., & Marchamalo, J. (1999). Post-breeding inland movements and use of refuse
dumps by Audouin's Gulls in Spain. Waterbirds, 307-309.BOLTON, M. (1991).
Determinants of chick survival in the Lesser Black-Backed Gull: relative contributions of
egg size and parental quality. Journal of Animal Ecology 60: 949-960. doi:10.2307/5424

Borg, J., Sultana, J. and Cachia-Zammit, R. (1995). Predation by the Yellow-legged gull
Larus cachinnans on storm petrels Hydrobates pelagicus on Filflaa. Il Merill 28, 19-21.

Calado, J. G., Matos, D. M., Ramos, J. A., Moniz, F., Ceia, F. R., Granadeiro, J. P., &
Paiva, V. H. (2018). Seasonal and annual differences in the foraging ecology of two gull
species breeding in sympatry and their use of fishery discards. Journal of Avian Biology,
49(1).

Catry, T., Ramos, J. A., Catry, I., Allen-Revez, M., & Grade, N. (2004). Are salinas a
suitable alternative breeding habitat for Little Terns Sterna albifrons?. Ibis, 146(2), 247-
257.

Casero, M. V. M., J. A. Ramos & L. Pereira. 2022. Seabirds and Biotoxins. pp. 126-134.
In: Seabird Biodiversity and Human Activities. J.A. Ramos and L. Pereira [eds.]. CRC
Press, Boca Raton, FL.

Cavanagh, P. M., & Griffin, C. R. (1993). Responses of nesting common terns and
laughing gulls to flyovers by large gulls. The Wilson Bulletin, 333-338.

Ceia, F. (2007). Vulnerabilidade das ilhas-barreira e dindmica da Ria Formosa na optica
da gestdo (Doctoral dissertation).

59



Ceia, Filipe Rafael, Patricio, Joana, Marques, Jodo Carlos & Dias, Jodo Alveirinho (2010)
Coastal vulnerability in barrier islands: The high risk areas of the Ria Formosa (Portugal)
system. Ocean & Coastal Management, 53, 478-486

Chauhan, N. [2014] Urbanisation leading to high risk of gene pollution.

Conover, M. R., & Miller, D. E. (1979). Reaction of Ring-Billed Gulls to Predators and
Human Disturbances at Their Breeding Colonies. In Proceedings of the Colonial
Waterbird Group (Vol. 2, pp. 41-47). Waterbird Society.

Costa, J. C., Lousa, M., & Espirito-Santo, M. D. (1996). A vegetacdo do parque natural
da Ria Formosa (Algarve, Portugal). Studia Botanica.

Coulson JC (1963) Egg size and shape in the Kittiwake (Rissa tridactyla) and their use in
estimating age composition of populations. Proceedings of the Zoological Society of
London 140:211-226

da Costa, A. S. C. (2015). Birdwatcher profile in the Ria Formosa Natural Park (Doctoral
dissertation, Universidade do Algarve (Portugal)).

De la Pefia-Lastra, S., Affre, L., & Otero, X. L. (2020). Soil nutrient dynamics in colonies
of the yellow-legged seagull Larus michahellis in different biogeographical zones.
Geoderma, 361, 1141009.

De La Pefia-Lastra, S., GOmez-Rodriguez, C., Pérez-Alberti, A., Torre, F., & Otero, X.
L. (2022). Effects of a yellow legged gull Larus michahellis colony on soils and cliff
vegetation in the Atlantic Islands of Galicia National Park (NW Spain). Catena, 199,
105115.

Delgado, S., Zorrozua, N., & Arizaga, J. (2021). No evidence of habitat effect on clutch
size, egg quality, and hatching success of the Yellow-legged Gull Larus michahellis at a
micro-spatial scale. Marine Ornithology, 49, 241-246.

do Vale Lopes, D., de Souza, J. J. L. L., Simas, F. N. B., de Oliveira, F. S., & Schaefer,
C. E. G. (2021). Hydrogeochemistry and chemical weathering in a periglacial
environment of Maritime Antarctica. Catena, 197, 104959.

Donehower, C. E., Bird, D. M., Hall, C. S., & Kress, S. W. (2007). Effects of gull
predation and predator control on tern nesting success at Eastern Egg Rock, Maine.
Waterbirds, 30(1), 29-39.

Duda, M. P., Glew, J. R., Michelutti, N., Robertson, G. J., Montevecchi, W. A., Kissinger,
J. A., & Smol, J. P. (2020). Long-term changes in terrestrial vegetation linked to shifts in
a colonial seabird population. Ecosystems, 23(8), 1643-1656.

Ellis, J. C. (2005). Marine birds on land: a review of plant biomass, species richness, and
community composition in seabird colonies. Plant Ecology, 181(2), 227-241.

Evans, K. L., Gaston, K. J., Sharp, S. P., McGowan, A., Simeoni, M., & Hatchwell, B. J.
(2009). Effects of urbanization on disease prevalence and age structure in blackbird
Turdus merula populations. Oikos, 118(5), 774-782.

French, S. S., Webb, A. C., Hudson, S. B., & Virgin, E. E. (2018). Town and country
reptiles: a review of reptilian responses to urbanization. Integrative and Comparative
Biology, 58(5), 948-966.

60



Fuchs, E. (1977). Predation and anti-predator behaviour in a mixed colony of terns Sterna
sp. and black-headed gulls Larus ridibundus with special reference to the sandwich tern
Sterna sandvicensis. Ornis Scandinavica, 17-32.

Fuirst, M., Veit, R. R., Hahn, M., Dheilly, N., & Thorne, L. H. (2018). Effects of
urbanization on the foraging ecology and microbiota of the generalist seabird Larus
argentatus. PLoS One, 13(12), €0209200.

Fujita, G., Totsu, K., Shibata, E., Matsuoka, Y., Morita, H., Kitamura, W., & Higuchi, H.
(2009). Habitat management of little terns in Japan’s highly developed landscape.
Biological conservation, 142(9), 1891-1898.

FURNESS, R. W.« ENSOR.K. and HUDSON. A. v. (1992). The use of fishery waste by
goll populations around the British Isles. Ardea 80: 105-113

Garcia, L. V., Marafén, T., & Clemente Salas, L. (2002). Animal influences on soil
properties and plant cover in the Chafarinas Islands (NW Africa).

Garcia, L. V., Marafnén, T., Ojeda, F., Clemente L. and Redondo, R. (2002). Seagull
influence on soil properties, chenopod shrub distribution, and leaf nutrient status in semi-
arid Mediterranean islands. — Oikos 98: 75-86

Gonzélez-Solis, J. (2003). Impact of fisheries on activity, diet and predatory interactions
between yellow-legged and Audouin's gulls breeding at the Chafarinas Islands. Scientia
Marina, 67(S2), 83-88.

Hatch, J. J. (1970). Predation and piracy by gulls at a ternery in Maine. The Auk, 87(2),
244-254.

Hernandez-Matias, A., & Ruiz, X. (2003). Predation on common tern eggs by the Yellow-
legged gull at the Ebro Delta. scientia marina, 67(S2), 95-101.

Hogg, E. H., & Morton, J. K. (1983). The effects of nesting gulls on the vegetation and
soil of islands in the Great Lakes. Canadian Journal of Botany, 61(12), 3240-3254.

Hussein, A. A., Baaloudj, A., Benhamiche-hanifi, S., Lassouane, N., & Moulai, R. (2021).
Does seabird guano affect plant physiology in insular ecosystem?. Studia Universitatis"
Vasile Goldis" Arad. Seria Stiintele Vietii (Life Sciences Series), 31(1), 11-22.

ICNF (2015) Parque Natural da Ria Formosa: Classificagdo | Caracterizagdo. Available
at: http://www.icnf.pt/portal/ap/p-nat/pnrf/class-carac (Accessed: 09.03.2022)

Kim, S. Y., & Monaghan, P. (2005). Effects of vegetation on nest microclimate and
breeding performance of lesser black-backed gulls Larus fuscus. Journal of Ornithology,
146(2), 176-183.

Kitchen, K. I. M., Lill, A., & Price, M. (2011). Tolerance of human disturbance by urban
magpie-larks. Australian Field Ornithology, 28(1), 1-9.

Lopes, C. S., Ramos, J. A., & Paiva, V. H. (2015). Changes in vegetation cover explain
shifts of colony sites by little terns (Sternula albifrons) in Coastal Portugal. Waterbirds,
38(3), 260-268.

Lopes, C. S., Paiva, V. H., Vaz, P. T., Pais de Faria, J., Calado, J. G., Pereira, J. M., &
Ramos, J. A. (2021). Ingestion of anthropogenic materials by yellow-legged gulls (Larus
michahellis) in natural, urban, and landfill sites along Portugal in relation to diet
composition. Environmental Science and Pollution Research, 28(15), 19046-19063.

61



Martinez-Abrain, A., Gonzalez-Solis, J., Pedrocchi, V., Genovart, M., Abella, J. C., Ruiz,
X., Oro, D. (2003). Kleptoparasitism, disturbance and predation of Yellow-legged gulls
on Audouin's gulls in three colonies of the western Mediterranean. Scientia
Marina, 67(S2), 89-94.

Martin-Vélez, V., Montalvo, T., Afan, I., Sanchez-Marquez, A., Aymi, R., Figuerola, J.,
& Navarro, J. (2022). Gulls living in cities as overlooked seed dispersers within and
outside urban environments. Science of the Total Environment, 823, 153535.

Matos, D. M., Ramos, J. A., Calado, J. G., Ceia, F. R., Hey, J., & Paiva, V. H. (2018).
How fishing intensity affects the spatial and trophic ecology of two gull species breeding
in sympatry. ICES Journal of Marine Science, 75(6), 1949-1964.

Medeiros, R., Ramos, J.A., Paiva, V.H., Almeida, A., Pedro, P. and Antunes S. (2007).
Signage reduces the impact of human disturbance on Little Tern nesting success in
Portugal. Biological Conservation 135: 99-106.

Mendes, R. F., Ramos, J. A., Paiva, V. H., Calado, J. G., Matos, D. M., & Ceia, F. R.
(2018). Foraging strategies of a generalist seabird species, the yellow-legged gull, from
GPS tracking and stable isotope analyses. Marine Biology, 165(10), 1-14.

Migura-Garcia, L., Ramos, R., & Cerda-Cuéllar, M. (2017). Antimicrobial resistance of
Salmonella serovars and Campylobacter spp. isolated from an opportunistic gull species,
Yellow-legged gull Larus michahellis. Journal of wildlife diseases, 53(1), 148-152.

Mikula, P., Hromada, M., Albrecht, T., & Tryjanowski, P. (2014). Nest site selection and
breeding success in three Turdus thrush species coexisting in an urban environment. Acta
Ornithologica, 49(1), 83-92.

Mochalova, O. A., & Khoreva, M. G. (2013). Changes in the vegetation cover of cape
Ostrovnoy (Gulf of Tauisk, the Sea of Okhotsk) under the influence of colonial seabirds.
Contemporary Problems of Ecology, 6(1), 57-64.

Nettleship, D. N. (1972). Breeding success of the Common Puffin (Fratercula arctica L.)
on different habitats at Great Island, Newfoundland. Ecological Monographs, 42(2), 239-
268.

Olsen, K. M., & Larsson, H. (2004). Gulls of North America, Europe, and Asia (p. 608).
Princeton, New Jersey: Princeton University Press.

Oro, D., & Martinez-Vilalta, A. (1994). Factors affecting kleptoparasitism and predation
rates upon a colony of Audouin's gull (Larus audouinii) by yellow-legged gulls (Larus
cachinnans) in Spain. Colonial Waterbirds, 35-41.

Oro, D., de Lebn, A., Minguez, E., & Furness, R. W. (2005). Estimating predation on
breeding European storm-petrels Hydrobates pelagicus by Yellow-legged gulls Larus
michahellis. Journal of Zoology, 265(4), 421-429.

Otero, X. L., Tejada, O., Martin-Pastor, M., De La Pefia, S., Ferreira, T. O., & Pérez-
Alberti, A. (2015). Phosphorus in seagull colonies and the effect on the habitats. The case
of Yellow-legged gulls Larus michahellis in the Atlantic Islands National Park (Galicia-
NW Spain). Science of the total environment, 532, 383-397.

Otero, X. L., De La Pefia-Lastra, S., Romero, D., Nobrega, G. N., Ferreira, T. O., & Pérez-
Alberti, A. (2018). Trace elements in biomaterials and soils from a Yellow-legged gull

62



(Larus michahellis) colony in the Atlantic Islands of Galicia National Park (NW Spain).
Marine pollution bulletin, 133, 144-149.

Pais de Faria, J., V. H. Paiva, S. Verissimo, A. M. M. Gongalves & J. A. Ramos (2021).
Seasonal variation in habitat use, daily routines, and interactions with humans by urban-
dwelling gulls. Urban ecosystems

Pais De Faria, J., Paiva, V. H., Verissimo, S. N., Lopes, C. S., Soares, R., Oliveira, J., &
Ramos, J. A. (2022). Plenty of rooftops with few neighbours occupied by young breeding
Yellow-legged Gulls (Larus michahellis): does this occur at the expense of their health
condition?. Ibis.

Paiva, V. H., Ramos, J. A., Machado, D., Penha-Lopes, G., Bouslama, M. F., Dias, N.and
Nielsen, S. (2006). Importance of marine prey to growth of estuarine tern chicks: evidence
from an energetic balance model. Ardea 94: 241-255.

Parsons, K. C. (1982). Nest-site habitat and hatching success of gulls. Colonial
Waterbirds, 131-138.

Parsons, K. C., & Chao, J. (1983). Nest cover and chick survival in Herring Gulls (Larus
argentatus). Colonial Waterbirds, 154-159.

Pefia-Lastra, S. D. L., Torre, F., Carballeira, R., Santiso, M. J., Pérez-Alberti, A., & Otero,
X. L. (2022). The Rapid Effects of Yellow-legged gull (Larus michahellis) Colony on
Dune Habitats and Plant Landscape in the Atlantic Islands National Park (NW Spain).
Land, 11(2), 258.

R Core Team (2022). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.

Ramos, J. A., Pedro, P., Matos, A., & Paiva, V. H. (2013). Relation between climatic
factors, diet, and reproductive parameters of Little Terns over a decade. Acta Oecologica,
53, 56-62.

RODWAY, M.S. & REGEHR, H.M. (1999). Habitat selection and reproductive
performance of food-stressed Herring Gulls. The Condor 101: 566-576.

SALATHE, T. (1983). La prédation du Flamant rose Phoenicopterus ruber roseus par le
Goeland leucophée Larus cachinnans en Camargue. Revue d'écologie.

Samia, D. S., Nakagawa, S., Nomura, F., Rangel, T. F., & Blumstein, D. T. (2015).
Increased tolerance to humans among disturbed wildlife. Nature communications, 6(1),
1-8.

Schwemmer, P., Garthe, S., & Schwemmer, R. (2008). Area utilization of gulls in a
coastal farmland landscape: habitat mosaic supports niche segregation of opportunistic
species. Landscape ecology, 23(3), 355-367.

Signa, G., Mazzola, A., & Vizzini, S. (2012). Effects of a small seagull colony on trophic
status and primary production in a Mediterranean coastal system (Marinello ponds, Italy).
Estuarine, coastal and shelf science, 111, 27-34.

Skorka, P., Martyka, R., Wojcik, J. D., & Lenda, M. (2014). An invasive gull displaces
native waterbirds to breeding habitats more exposed to native predators. Population
Ecology, 56(2), 359-374.

63



Sobey, D. (1976). The effect of herring gulls on the vegetation of the Isle of May. In
Transactions of the Botanical Society of Edinburgh (Vol. 42, No. 4, pp. 469-485). Taylor
& Francis Group.

Spear, L. B. (1993). Dynamics and effect of western gulls feeding in a colony of
guillemots and Brandt's cormorants. Journal of Animal Ecology, 399-414.

Spelt, A., Soutar, O., Williamson, C., Memmott, J., Shamoun-Baranes, J., Rock, P., &
Windsor, S. (2021). Urban gulls adapt foraging schedule to human-activity patterns. Ibis,
163(1), 274-282.

Spelt, A., Williamson, C., Shamoun-Baranes, J., Shepard, E., Rock, P., & Windsor, S.
(2019). Habitat use of urban-nesting lesser black-backed gulls during the breeding season.
Scientific reports, 9(1), 1-11.

Steel RGD, Torrie JH. (1980) Principles and procedures of statistic: a biometrical
approach. 2nd ed. New York: McGraw Hill; 1980. 633 p.

Stevens, C. J., Dise, N. B., Mountford, J. O., & Gowing, D. J. (2004). Impact of nitrogen
deposition on the species richness of grasslands. Science, 303(5665), 1876-1879.

Talavera, L., Costas, S., & Ferreira, O. (2022). A new index to assess the state of dune
vegetation derived from true colour images. Ecological Indicators, 137, 108770.

Thomas, G. J. (1972). A review of gull damage and management methods at nature
reserves. Biological Conservation, 4(2), 117-127.

Toribio, J. M. (1999). La directiva habitats 92/43/CE y la Red Natura 2000. Cuadernos
Geogréficos, (29).

Tozato, H. C. (2016). Gestéo da biodiversidade na Unido Europeia: o Programa Natura
2000 como instrumento para o alcance da Meta 11 de Aichi. Revista Gestdo & Politicas
Publicas, 6(2), 163-186.

Vidal, E., Medail, F., & Tatoni, T. (1998). Is the Yellow-legged gull a superabundant bird
species in the Mediterranean? Impact on fauna and flora, conservation measures and
research priorities. Biodiversity & Conservation, 7(8), 1013-1026.

Zelenskaya, L. A., & Khoreva, M. G. (2006). Growth of the nesting colony of slaty-
backed gulls Larus schistisagus and plant cover degradation on Shelikan Island (Taui
inlet, the Sea of Okhotsk). Russian Journal of Ecology, 37(2), 126-134.

64



List of Supplementary Material

Table 1: List of the catalogued species of each colony site and their percentage cover on the areas with and without
nesting YLG. The species in red were the most abundant in each place and the ones that were used for the statistical
analysis. Values are shown as mean + SD.

East Deserta

West Deserta

Culatra Island

Specie Areas with gulls ~ Areas without gulls Specie Areas with gulls  Areas without gulls Specie Areas with gulls Areas without gulls
Artemisia campestris 0,4+1,96 Crucianella maritima 0,25+1,09 2,63 +3,27 Anthemis maritima 0,28+1,19 05+2,17
Crucianella maritima 0,08 £0,39 Erodium sp. 4,32+5,92 0,1+0,34 Artemisia campestris 0,52+1,93 0,38+1,52
Helichrysum italicum 0,34 £0,97 0,19 £ 0,66 Helichrysum italicum 3,48 £5,62 16,22 + 8,48 Cistanche phelypaea 0,04 £0,17

Lotus creticus 0,78+1,28 Lotus creticus 3,38+3,76 4,13 +5,09 Crucianella maritima 3,69 £4,59 1,89+ 3,28
Malcolmia littorea 491+5,28 2,09+1,67 Lotus subbiflorus 2,21+5,53 3,79+7,03 Erodium sp. 0,73+2,94 0,38+1,13
Paronychia argentea 21,42 +12,46 8,06 + 4,75 Malcolmia littorea 3,87 +4,89 0,58+0,91 Helichrysum italicum 13,46 + 9,49 7,26 +8,43
Plantago coronopus 0,62+2,22 Medicago littoralis 0,1+0,44 Limoniastrum monopetalum 1,84 £ 6,96
Reichardia gaditana 1,04 + 2,96 Pancratium maritimum 5,29 +8,33 4,99 +7,07 Lotus creticus 4,56 + 6,29 14,56 + 14,94
Seseli tortuosom 5,55+ 5,95 Paronychia argentea 4,88 + 8,29 2,09 £ 3,27 Lotus subbiflorus 0,87 +1,89
Suaeda maritima 1,28+3,33 2,51+4,23 Plantago coronopus 0,25 +0,68 Malcolmia littorea 3,75+4,88 2,09+2,16
Thymus carnosus 0,38+1,14 7,62+8,19 Reichardia gaditana 0,88+ 1,51 1,53+1,43 Medicago littoralis 0,89+1,72
Senecio gallicus 0,31+0,37 Pancratium maritimum 1,21+1,77 0,47 £1,33
Seseli tortuosom 0,25+0,81 Paronychia argentea 5,03+7,19 8,44 +12,33
Suaeda maritima 12,17 +13,35 4,39 +5,07 Plantago coronopus 3,26 £ 3,95 8,59+9,72
Thymus carnosus 0,08+0,33 2,53+4,32 Reichardia gaditana 0,79+1,03 1,80+ 3,13
Salicornia europaea 0,24 £1,05
Seseli tortuosom 1,28 + 3,00
Suaeda maritima 1,76 £2,93 0,87 £2,07
Thymus carnosus 0,49 +1,47 5,76 £5,95
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