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1 APRESENTACAO

Dentro do ecossistema marinho, as aves marinhas destacam-se por ser um
grupo carismatico e bem estudado por pesquisadores no ambito global
(Weimerskirch 2001). Das 346 espécies existentes, 28% estdo em risco de extin¢cao
e 10% sao listadas globalmente como quase ameacadas (Croxall et al. 2012). No
Brasil, as aves marinhas representam uma grande porcao (10,5%) da lista de
animais ameacados (Olmos 2005) e estéo sujeitas a ameagas ndo apenas em seu
periodo reprodutivo, mas também no momento de forrageio, onde dependem de
grandes extensdes do ambiente marinho para sua alimentagéo (Weimerskirch et al.
2005). Alem disso sao afetadas por diversos impactos, tais como degradacéo e
perda de seus habitats de nidificacdo (BirdLife International 2008), introducdo de
predadores exoticos e poluicdo marinha (Votier et al. 2005; Jones et al. 2008),
interacdo e competicdo com a pesca comercial (Bugoni et al. 2008; Anderson et al.
2011), impactos de exploracdo e turismo (Burger & Gochfeld 1993) assim como

mudancas climaticas (Chambers et al. 2011).

Neste sentido, enquanto algumas ameacas, tais como mudancas de rota ou
de distribuicdo da fauna exigem uma ampla mobilizacdo mundial para que ocorra
uma mudanca efetiva, outras podem ser resolvidas com acdes locais e de escala
nacional (Lascelles et al. 2012), sendo a criacdo e conservacdo de areas marinhas
protegidas (AMPs) (Kelleher 1999) um componente resolutivo fundamental e inicial
para essa acao. No Brasil, o Parque Nacional Marinho dos Abrolhos (PARNAM) foi
a primeira unidade de conservacdo marinha a ser criada, em 1983 (Alves et al.
1997) e atualmente é um importante mantenedor da biodiversidade marinha do pais,
principalmente no tocante as aves (Alves et al. 2004). E fato, que Abrolhos abriga
colénias de varias aves marinhas, tais como Sula leucogaster, Sula dactylatra,
Fregata magnificens, Anous stolidus, Onychoprion fuscatus, Phaethon lepturus e
Phaethon aethereus, que se utilizam das ilhas e seu entorno para repouso,
alimentacdo e reproducdo (Alves et al. 1997). No entanto, estudos sobre aves
marinhas no litoral brasileiro sdo escassos e seu estado de conservagdo em longo
prazo, incerto, tornando urgente a necessidade de pesquisas com enfoque na

ecologia e conservacgéo dessas aves (Efe 2008).
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Além disso, as &reas marinhas protegidas sao explicitamente dedicadas a
protecdo e manutencdo da biodiversidade marinha, assim como de seus
ecossistemas e recursos culturais, sendo 0os mesmos devidamente administrados
para este fim (Kelleher 1999). No entanto, apesar da popularidade destas como
ferramentas de gestdo, poucas parecem cumprir seu papel (Chape et al. 2005).
Diante desse cenario, surge uma demanda mundial por estudos que possam utilizar
avaliacOes objetivas capazes de apontar atividades de manejo, de forma a melhorar
a eficacia dos esforcos de gestdo e otimizar a alocacdo de recursos humanos e
financeiros (Pomeroy et al. 2005). Igualmente importante, a descontinuidade
espacial em ecossistemas terrestres permite a identificacdo direta de habitats
propicios a protecao, o que néo ocorre na maioria dos ecossistemas oceanicos, que
sdo vastos em escala e muitas vezes transitorios espacgo-temporalmente (Hooker &
Gerber 2004). Em consequéncia dessa dificuldade, o tamanho de uma éarea
protegida pode ser considerado pequeno ou ecologicamente insuficiente,
principalmente quando considerados 0s animais com grande capacidade de

movimentac&o, como as aves marinhas (Lascelles et al. 2012).

Diante do apresentado torna-se urgente um estudo capaz de integrar fatores
gue influenciam na capacidade de sobrevivéncia dessas espécies, a fim de prever a
viabilidade das popula¢cdes e adquirir ferramentas eficientes para sua conservacgao.
A partir dessa perspectiva, o presente trabalho abrange a tematica da conservacéo
de trés espécies de aves marinhas residentes no Arquipélago de Abrolhos. Essa
dissertacdo € apresentada em trés capitulos, sendo o primeiro de cunho introdutério
constituido por uma revisao bibliografica. O segundo capitulo avalia a probabilidade
de extincdo e estima os efeitos de ameacas sobre a populacdo do rabo-de-palha-
de-bico-vermelho, P. Aethereus, no Arquipélogo de Abrolhos, Brasil. O terceiro
capitulo define durante a época reprodutiva, locais e padrdes de forrageamento das
duas espécies de atobas (S. dactylatra e S. leucogaster) residentes no Arquipélogo
de Abrolhos, Brasil.
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2 Revisao da literatura

2.1 Conservagao de Aves Marinhas

Um dos principais desafios para a pesquisa e conservacdo das aves
marinhas é entender a dindmica de suas populacbes e os diferentes impactos
causados pelas variacdes ambientais e pelas atividades antrdpicas a que estdo
submetidas (Croxall et al. 2012). As aves marinhas apresentam consideravel
variabilidade em seu comportamento, em sua ecologia, historia de vida e
demografia (Hamer et al. 2001; Weimerskirch 2002) e respondem as mudancas nas
condi¢des do ambiente marinho em curto e longo prazo (Sydeman et al. 2009).

E fato, que o impacto humano nas Ultimas quatro décadas foi responséavel
pelo declinio populacional de muitas espécies e pela diminuicdo da cobertura
original de diversos habitats (Butchart et al. 2010). Assim, nos ultimos 2.000 anos,
aproximadamente 25% das aves do mundo foram extintas (Steadman 1995), sendo
0 crescimento populacional humano e seu aumento na demanda de recurso, 0s
principais responsaveis por esse impacto (Boersma et al. 2002). Nesse sentido,
disturbios como a captura incidental e a poluicdo costeira representam impactos
capazes de causar o declinio de populacdes, ja que sdo capazes de gerar
mortalidade em massa em uma escala de tempo reduzida (Croxall et al. 2012).
Portanto, estima-se que um quarto do estoque de peixes marinhos de que as aves
marinhas sdo dependentes estdo sendo superexplorados pela pesca (Furness et al.
2007).

Da mesma forma, em uma revisdo feita por Croxall et al. (2012), foi
observado que as aves marinhas sdo mais ameacadas do que qualquer outro grupo
de aves com o mesmo numero de espécies e quase 30% delas sao consideradas
globalmente ameacadas. Neste mesmo trabalho, os autores também observaram
gue as espécies pelagicas sdo mais ameacadas do que as costeiras e por iSso
tendem a mostrar um maior declinio populacional (com 52% versus 33%). Além

disso, praticas de conservacdo no ecossistema marinho sdo raras quando



14

comparadas ao ambiente terrestre (Wood et al. 2008). Neste sentido, a Convengéo
da Diversidade Bioldgica (CDB) sugere que até 2010 sejam protegidas 10% das
eco-regides oceanicas (incluindo areas marinhas e costeiras, CDB 2006). Contudo,
apenas pouco mais de 1% foram designadas como Areas Marinhas Protegidas
(AMP’s, Wood et al. 2008). Além disso, a grande maioria das AMP’s sdo pequenas,
em areas costeiras e focadas, principalmente, em habitats benténicos (Game et al.
2009). Mesmo assim, ainda s&o consideradas ferramentas chave para a
conservacao da biodiversidade marinha (Chuenpagdee et al. 2013; Lascelles et al.
2012; Weaver & Johnson 2012) tdo ameacada por distlrbios antropogénicos tais
como a degradacao e perda de habitat, a poluicdo marinha, as mudancas climaticas
e as doencas (BirdLife International 2008; Wilcove et al. 1998). Além disso, uma das
maiores ameacas a biodiversidade e a dindmica dos ecossistemas é a introdugéo
de espécies exoticas (Kolar & Lodge 2001; Pimentel et al. 2005; Allen et al. 2009).

2.2 Espécies exoticas

Espécies exoéticas sdo inseridas nos ambientes através de atividades
humanas tais como agricultura, aquicultura, recreacéo e transporte (Kolar & Lodge
2001). No entanto, a persisténcia dessas espécies no ambiente invadido depende
das caracteristicas especificas da prépria espécie e da condicdo ambiental
encontrada (Kolar & Lodge 2001) podendo tornar-se uma espécie invasora sempre

gue o habitat for impactado negativamente (CDB 2010; McGeoch et al. 2010).

Assim, uma vez estabelecidas as espécies exoticas invasoras competem por
recurso com as espécies nativas e em sua maioria apresentam melhor
desempenho, jaA que seus predadores naturais ndo estdo presentes (Ledo et al.
2011). Desta forma, esse tipo de competicdo pode alterar ecossistemas naturais e
levar & extin¢do de espécies (Reinthal & Kling 1997). E fato que, dentre todas as
extingdes ocorridas nos ultimos 500 anos, 75% delas ocorreram em ilhas afetando
vertebrados terrestres e mais de 66% afetando plantas (Sax & Gaines 2008). Além
disso, que espécies nativas residentes de ilhas oceénicas sdo ainda mais
susceptiveis devido ao tamanho populacional pequeno, distribuicdo limitada,

pequena disponibilidade de recurso e falta de adaptacao a predadores (Fernandez
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2004; Ledo et al. 2011). Dessa forma, a introdugdo de mamiferos em ilhas tem
causado impactos desproporcionais nas espécies insulares (Clout & Russell 2006).

Neste sentido, dentre os seis mamiferos invasores mais devastadores esta o
rato, Rattus rattus (Russell & Le Corre 2009), uma espécie capaz de exercer forte
efeito na predacédo de ovos e filhotes de aves marinhas (Le&o et al. 2011). Eles
possuem estratégias generalistas de forrageamento e alta adaptabilidade a novos
ambientes o que caracteriza seu sucesso como invasor de ilhas (Jones et al. 2008).
Segundo Towns et al. (2006), os ratos sdo 0os maiores causadores de impactos em
populacbes de aves marinhas pois ocorrem em 90% de todas as ilhas, sendo
responsaveis, inclusive, pelo declinio populacional de diversas espécies (Atkinson
1985). Em uma reviséao feita por Jones et al. (2008) em 94 estudos que observaram
os efeitos dos ratos nas aves marinhas foi observado que 10 populagbes de aves
marinhas foram extirpadas apos a introducédo de ratos. O impacto foi observado
tanto em aves pequenas (de 27 g) como em aves com mais de 2 kg, com variacdes

filogenéticas, comportamentais e morfologicas (Jones et al. 2008).

Portanto, a erradicacdo de ratos invasores em ilhas passou a ser uma
ferramenta altamente eficaz para a conservacdo das aves marinhas, tendo sido
aplicada com sucesso em 318 campanhas ao redor do mundo (Howald et al. 2007).
De acordo com Russell & Le Corre (2009), a erradicacdo serve como medida
mitigadora imediata do impacto desses invasores mamiferos sobre as espécies
nativas. No entanto, € necessario definir a melhor estratégia de acdo e avaliar
previamente cada situacdo e suas condicbes ambientais (Ledo et al. 2011).
Portanto, o desenho eficiente de estratégias de conservacao passa pela obtencéo
de dados consistentes sobre a historia de vida das espécies (Begon et al. 2006) e

pela previsao do futuro de suas populagbes (Boyce 1992).

2.3 Andlise de viabilidade de populacdes

Neste sentido, esta previsdo pode ser realizada a partir de modelos
matematicos ja bastante reconhecidos, como a analise de viabilidade populacional

(AVP) (Boyce 1992). Essa € uma das analises mais eficazes para avaliar a
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vulnerabilidade de uma populagéo e o risco de extingdo da mesma (Brito 2009). A
AVP utiliza uma combinacdo de dados sobre a historia de vida, demografia, e
informacfes ambientais para modelar a dindmica de uma populagdo e estimar
tendéncias populacionais (Morris & Doak 2002). Pode ser usada para comparar
estratégias de manejo de acordo com seu impacto relativo na persisténcia de
populacdes silvestres, comparar ameacas de acordo com seu impacto relativo nas
populac@es, guiar decisbes de politicas ambientais, bem como auxiliar no plano de
manejo de areas protegidas (Boyce 1992; Lindenmayer et al. 1993; Morris & Doak
2002).

Atualmente, o programa mais utilizado nas analises de Vviabilidade
populacional ainda € o VORTEX, o qual modela os efeitos de processos
deterministicos e estocasticos na dindmica das populacbes de animais selvagens
(Miller & Lacy 2005). Este pacote foi desenvolvido originalmente para populac¢des de
mamiferos e aves com baixa fecundidade (Miller & Lacy 2005) e vem sendo
utilizado para simular a dindmica das populacfes de espécies atraves de dados
reais da histéria de vida das mesmas. O Vortex modela a dinamica de popula¢cdes
através de eventos discretos e sequenciais (como nascimento, morte e catastrofes)
gue ocorrem com uma probabilidade definida (Lacy 2000). Esta probabilidade é
modelada como eventos constantes ou como variaveis randémicas que seguem
uma distribuicéo especifica (Lacy 2000). O modelo realiza diversas simulacdes para
revelar a distribuicdo de destinos que a populacdo pode seguir sob um dado
conjunto de condicbes de entrada. Assim, o Vortex simula uma dada populacdo
percorrendo uma série de eventos que descrevem o ciclo de vida tipico de

reproducao do organismo (Lacy 2000).

Desta forma, a AVP ja provou a sua utilidade como um instrumento valido e
preciso para a conservacdo e manejo de espécies ameacadas (Boyce 1992; Brook
et al. 2000). Por isso, estudos de analises de viabilidade populacional tem ampla
utilizacdo em todo o mundo (Norton 1995; Taylor 1995; Beissinger & Westphal 1998;
Duca 2009). Os resultados destas andlises costumam ser usados para categorizar o
grau de ameaca na construcdo de listas de espécies ameacadas com base nos
critérios da IUCN (IJUCN 2001). O Conservation Breeding Specialist Group (CBSG)
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da World Conservation Union (IUCN) até o ano de 2009 ja havia realizado mais de
130 analises deste tipo (CBSG 2012). Além disso, estudos importantes como os de
Reed et al. (1998) e Brook et al. (2000) demonstraram a utilidade dessa andlise
como guia estratégico para o manejo das espécies e afirmam ser esta a melhor

ferramenta que temos até o momento para abordar estas questdes.

Apesar disto, no Brasil, poucas espécies de aves foram analisadas com esta
ferramenta (Brito 2009). Paglia (2003) produziu estimativas de probabilidade de
extincdo de algumas espécies de vertebrados que ocorrem na regidao da Mata
Atlantica do Sul da Bahia, entre elas do papagaio-chaua, Amazona rhodocorytha.
Da mesma forma, S&o Bernardo (2004) avaliou o impacto da caca ilegal sobre a
persisténcia de uma populagéo insular de jacutingas, Aburria jacutinga. Além disso,
Duca et al. (2009) apresentaram uma abordagem usada para auxiliar no manejo da
populacdo de Neothraupis fasciata do Cerrado brasileiro, ndo apenas ranqueando
resultados biologicos e de viabilidade, mas incorporando custos econdémicos,

apresentando assim um novo fator a ser considerado nestas analises.

2.4 Padrdes de forrageamento e uso do mar em aves marinhas

Igualmente importante para o desenvolvimento de medidas adequadas de
conservacao de aves marinhas (Boersma et al. 2001) s&o informacéo bioldgicas
basicas sobre as areas e estratégias de forrageio. No entanto, pouca informacao
existe disponivel (Weimerskirch et al. 2005). Grande parte disso se deve a
dificuldade de estudos com esses animais em mar aberto. No passado, a maioria
dos trabalhos classicos focaram seus esforcos em estudo sobre a histéria de vida
das aves marinhas dentro de suas colbnias. Dessa forma, varios pressupostos
foram derivados de estudos desenvolvidos em terra, incluindo estudos sobre
fenologia de reproducéo, tempo de forrageamento, taxas de entrega de alimento
para a prole e dieta (Ashmole 1971; Ricklefs 1990). No entanto, atualmente, com a
miniaturizacdo dos equipamentos eletrbnicos, especialmente transmissores por
satélites (Jouventin & Weimerskirch 1990) e aparelhos bio-registradores, tornou-se
possivel examinar, com algum detalhe, como predadores lidam com a fragmentacéo

e heterogeneidade dos recursos marinhos (Weimerskirch et al. 2007). Assim, a
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tecnologia do Sistema de Posicionamento Global (GPS) para estudo de aves no mar
vem sendo amplamente utilizada (Weimerskirch et al. 2002; Gremillet et al. 2004,
Kotzerka et al. 2010; Le Corre et al. 2012), embora no Brasil ainda seja uma
tecnologia pouco aproveitada.

Em adicdo, a tecnologia GPS esta avancando rapidamente e vém sendo
produzidos dispositivos de rastreamento com tamanhos e pesos reduzidos (p.e., 24
x 14,5 x 4 mm e menos de 2g sem bateria) o que torna possivel sua aplicacdo em
espécies cada vez menores. Além disso, o rastreamento por GPS pode fornecer
uma fina resolucéo espacial de poucos metros e tem sido usado com sucesso em
uma variedade de estudos com aves marinhas (Weimerskirch et al. 2005; Grémillet
et al. 2004; Hamer et al. 2000; Torres et al. 2011) e na definicdo de limites de areas
marinhas protegidas (Thaxter 2012) e areas importantes para a conservagao das
aves (IBAS - Birdlife International 2009).

No entanto, a colocar limites em torno dos ecossistemas é muito mais dificil
no meio marinho, pois as fronteiras sao dinamicas e fluidas (Hooker & Gerber 2004).
Em consequéncia dessa dificuldade, o tamanho de uma éarea protegida pode ser
considerado pequeno ou ecologicamente insuficiente, principalmente quando
considerados os animais de grande capacidade de movimentacdo, como as aves
marinhas (Ludynia et al. 2012). Nesse sentido, estudos sobre a area de vida dessa
fauna podem ser Uteis ndo apenas devido ao conhecimento gerado sobre sua
ecologia, mas também para o estabelecimento de areas-alvo e limites para areas de
protecdo marinha (Le Corre et al. 2012). Em adicdo, o padrdao de distribuicdo e
comportamento de forrageio utilizado pelas aves marinhas no ambiente marinho
depende principalmente da distribuicdo, abundancia e previsibilidade de suas
presas (Bell 1991). No entanto, uma série de fatores como histéria de vida,
competicao intra/interespecifica e interacdo com o meio sdo de extrema importancia
na determinacdo da forma como as espécies saem a procura de seu alimento
(Ricklefs 1990).

Além disso, durante a época reprodutiva, a area utilizada para forrageio pelas

aves marinhas é restrita, devido a necessidade dos adultos proverem alimento para
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si e a0 mesmo tempo para suas crias (Weimerskirch 2005). Portanto, essa area
pode variar de acordo com o estagio do ciclo reprodutivo em que a ave se encontra
(BirdLife International 2004). Em algumas espécies, como albatrozes e petréis, o
padrado de distribuicdo no mar durante o forrageio apresenta acentuada variacédo
entre o periodo de incubacdo e criacdo dos filhotes (BirdLife International 2004).
Estudo realizado na ilha de Possession (llhas Crozet) com o albatroz-errante,
Diomedea exulans mostra que durante o periodo de incubacao, individuos podem
chegar a permanecer no mar durante 10 dias (variando entre 2 e 22 dias) e
percorrer longas distancias alcancando os 3.600 km (BirdLife International 2004). Ja
no periodo de cuidado com os filhotes essa média pode reduzir pela metade. Além
disso, na maioria das espécies que apresentam dimorfismo sexual, o padrdo de
distribuicdo no mar pode variar também em relagcdo ao sexo, como no caso do
petrel-gigante-do-norte, Macronectes halli. Essa espécie apresenta acentuado
dimorfismo sexual (Gonzalez-Solis 2004) e estudos sobre habito alimentar, anélise
da dieta e is6topos estaveis mostraram forte segregacdo do nicho tréfico entre
machos e fémeas da espécie (Becker et al. 2002; Gonzalez-Solis et al. 2002b). Foi
observado ainda segregacdo com relacdo a area e padrdo de forrageio, tendo
machos apresentado menor duracdo média de viagem, menor distancia diaria
percorrida e menor velocidade de voo (Gonzalez-Solis et al. 2000a,b). Por outro
lado, no ambiente tropical, Mancini et al. (2013) ndo encontraram diferenca
significativa nas posicoes troficas e areas de forrageamento entre machos e fémeas

em nenhuma das seis espécies tropicais estudadas.

Ademais, a area escolhida para forragear pode ser afetada pela competicao
entre populacdes de uma mesma espécie que vivam em coldnias vizinhas ou entre
espécies que reproduzem em areas proximas (Weimerskirch 2001). No entanto, a
competicdo inter-especifica pode ser evitada através da segregacao ecoldgica com
base na escolha do alimento (Weiss et al. 2009), na areas de alimentacédo (Wilson
2010), pela profundidade do mergulho (Mori & Boyd 2004) ou através do horario
escolhido para forragear (Wilson 2010). De certo, exemplos de segregacéo
ecolégica podem ser encontrados em atobas, os quais frequentemente sao

encontrados reproduzindo em simpatria com seus congéneres (Weimerskirch et al.



20

2009a; Young et al. 2010). Neste sentido, véarios estudos demonstram que a dieta
dessas espécies é bastante similar, concentrada na captura de presas como peixe-
voador (Exocoetidae) e lulas (especialmente Ommastrephidae) (Harrison et al.
1983; Alves et al. 2004; Serrano & Azevedo-Junior 2005; Young et al. 2010). No
entanto, dada a similaridade da dieta, a segregacéo espacial parece evitar uma
possivel competicdo entre espécies. No Atol Palmyra, na parte tropical do Oceano
Pacifico, foram observadas, através de dispositivos de rastreamento GPS,
diferencas pronunciadas no padrao de forrageamento das duas espécies de atobas,
Sula dactylatra e S. sula (Young et al. 2010), sendo o mesmo observado em
Galapagos entre S. dactylatra e S. nebouxii (Anderson & Ricklefs 1987).

Outrossim, area de forrageamento € ainda influenciada pela distribuicdo dos
recursos. Essa distribuicdo esta diretamente ligada as condicbes oceanogréficas,
tais como batimetria, temperatura da superficie do mar, produtividade primaria,
velocidade e direcdo dos ventos (Ballance et al. 1997; Shaffer et al. 2009). No
entanto, as aguas tropicais sdo consideradas menos produtivas, e menos
estruturadas com relacdo a distribuicdo dos recursos do que aguas temperadas e
polares (Longhurst & Pauly, 1987). Dessa forma, a distribuicdo e abundancia de
presas nessa regido parece ser heterogénea e imprevisivel (Ashmole 1971).
Igualmente importante é o fato de que estudos com aves marinhas em ambientes
tropicais sdo menos frequentes e apresentam variagdo em relacdo ao padréo de

forrageio (Weimerskirch 2007).

~

Quanto a identificacdo de possiveis fatores de risco em relacdo as acodes
antropicas desenvolvidas fora dos limites das unidades de conservacédo, sabe-se
gue as aves marinhas tém sido um dos grupos de vertebrados mais impactados
pela exploracdo e transporte de hidrocarbonetos (Marchioro et al. 2005). Esse
impacto pode ser causado em decorréncia de derrames deliberados ou acidentais
com petroleiros, dutos e plataformas (Marchioro et al. 2005). Estes derrames néao
apenas causam a mortalidade direta de individuos (em alguns casos eliminando
populacdes inteiras), mas também afetam a disponibilidade de alimento e causam
contaminacao crénica, com reflexos de longo prazo (Marchioro et al. 2005). Outro

fator de risco é a pesca, especialmente quando o pesqueiro e as aves tém como
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alvo a mesma presa (Okes et al. 2009; Trebilco et al. 2010). Sabe-se que areas de
forrageamento de aves marinhas frequentemente se sobrepbem com a pesca,
muitas vezes levando a efeitos negativos, como a captura incidental de aves
marinhas e a competicdo por recursos comuns (Tasker et al. 2000; Montevecchi
2002; Furness 2003). Dessa forma, tais fatores podem comprometer 0 sucesso
reprodutivo das populacdes de aves marinhas (Okes et al. 2009; Trebilco et al.
2010).

2.5 AREA DE ESTUDO
2.5.1 O Parque Nacional Marinho dos Abrolhos (PARNAM)

O Parque Nacional Marinho dos Abrolhos (Figura 1), com uma area de
87.943 hectares, foi criado pelo Decreto n° 88.218, de 6 de abril de 1983. O parque
€ composto por cinco ilhas, sendo elas Siriba, Sueste, Redonda, Guariba e Santa
Barbara. Esta ultima esta sob jurisdicdo da Marinha do Brasil (IBAMA 1991). Além
do arquipélago, o limite do PARNAM ainda engloba o Parcel dos Abrolhos e o
Parcel das Paredes (IBAMA 1991). O Arquipélago dos Abrolhos, primeiro Parque
Nacional Marinho brasileiro abrange o maior e mais rico complexo de recifes de
coral do Oceano Atlantico Sul (Francini-Filho & Moura 2008). Possui uma diversa
fauna marinha, considerada como uma das mais importantes no litoral brasileiro
(Francini-Filho & Moura 2008). A avifauna do parque é composta por 33 espécies,
das quais seis sdo espécies de aves marinhas residentes, que usam o arquipélago
para descanso e reproducdo (Alves et al. 1997). Conforme Antas (1991), o
arquipélago dos Abrolhos possui a principal colénia de P. aethereus da costa
brasileira, além de importantes populacdes reprodutivas de S. dactylatra, S.
leucogaster e A. stolidus. A temperatura média anual é de 27°C e precipitacdo anual
de cerca de 1400 mm e a temperatura média da superficie do mar fica entre 28°C e
30°C e a salinidade entre 35.0 e 37.0%. (Macedo et al. 1998). O clima é tropical com
duas estacdes distintas: periodo chuvoso, de janeiro a agosto e periodo seco no
resto do ano. O arquipélago recebe de forma intensa e constante os ventos alisios
de sudeste (Batistella 1996).
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Figura 1. Arquipélago de Abrolhos, composto por 5 ilhas, localizado a
aproximadamente 70 km da costa sul do Estado da Bahia, Brasil. Fonte: Mapa - Autor
2014, Imagem retirada do Google.

2.6 ESPECIES ESTUDADAS

2.6.1 Phaethontidae

Phaethontidae € uma familia com apenas um género e trés espécies:
Phaethon aethereus, P. lepturus e P. rubricauda (Figura 2) (Orta 1992). Conhecidas
como grazinas ou rabo-de-palhas, sdo aves oceanicas de médio porte e tipicas de
mares tropicais e subtropicais (Orta 1992). Nas Américas ocorrem e reproduzem em

ilhas oceénicas ou na costa dos oceanos Atlantico e Pacifico (Orta 1992). A
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caracteristica mais marcante dessas aves é a cauda com penas centrais alongadas,

de onde origina seu nome (Harrison 1985).

Figura 2: Espécies da familia Phaethontidae. a) Phaethon aethereus, b) Phaethon
lepturus, ¢) Phaethon rubricauda. Fonte: Google.

Essas aves apresentam grande capacidade de voo e mergulham a pique no
mar para capturar suas presas (Sick 1997). Alimentam-se principalmente de peixes-
voadores (Exocoetidae) e lulas (Ommastrephidae), assim como de outros tipos de
peixes, cefalopodes e raramente de crustaceos (Orta 1992; Le Corre 1997; 2001;
Ramos & Pacheco 2003; Castillo-Guerrero et al. 2011). Passam a maior parte do

tempo sozinhas, ou em pares, voando sobre o oceano (Sick 1997).

2.6.2 Rabo-de-palha-de-bico-vermelho, Phaethon aethereus

No Brasil, P. aethereus nidifica em Fernando de Noronha, no Arquipélago de
Abrolhos e ocasionalmente visita a costa do Maranhao (Sick 1997). Sua maior
colbénia brasileira estd presente em Abrolhos (Antas 1991) onde é encontrado
colocando seus ovos nas cinco ilhas, com maior concentracdo de ninhos na llha
Santa Barbara (Alves et al. 1997). Em Abrolhos nidificam em cavernas, nos

penhascos e cavidades entre blocos de rochas no solo (Efe 2008) (Figura 3a).

Nunes et al. (2013) ao investigar a existéncia de dimorfismo sexual em P.
aethereus, encontrou diferenca significativa entre machos e fémeas, com machos

demostrando ter tamanho de bico e asa maiores do que as fémeas. As penas
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longas da cauda sdo flexiveis e sdo usadas pela ave como sinal visual nas
exibicbes de corte (Orta 1992) (Figura 3b). Os pés sdo pequenos e totipalmados
diminuindo a capacidade de movimentar-se em terra (Orta 1992). Suas asas sao
longas, estreitas e pontudas, o que permite um voo forte e direcionado (Harrison
1985). Apresentam uma rede de sacos aéreos cobrindo a cabeca, a garganta e o
pescoco que sao responsaveis por absorver o impacto no momento do mergulho da
ave na agua (Orta 1992).

Em alguns locais de ocorréncia, como na ilha de Farallon de San Ignacio, no
Golfo da Califérnia, a reproducédo ocorre em épocas definidas (Castillo-Guerrero et
al. 2011), ja em outros locais, como na ilha de Ascengdo, no Atlantico Sul
(Stonehouse 1962) e na ilhas Daphne, em Galapagos (Snow 1965; Harris 1979) os
ovos sao postos durante todo o ano. Os pais alimentam os filhotes com comida
semi-digerida através de regurgitacdo (Orta 1992). Os ovos sao incubados por 42-
46 dias (Stonehouse 1962; Snow 1965). Os recém-nascidos pesam cerca de 20 g e
sdo alimentados pelos pais até adquirirem plumagem, que ocorre entre 70-91 dias
(Stonehouse 1962; Orta 1992). A plumagem dos adultos é atingida com cerca de
dois a trés anos de idade (Orta 1992). Essas aves podem viver de 16 a 30 anos
(Harrison 1985; Orta 1992).

Embora P. aethereus néo seja globalmente considerada uma ave ameacada,
a espécie apresenta uma distribuicdo global restrita (BirdLife International 2013). A
estimativa de sua populacédo global € de 8.000 pares, com evidéncia de declinio
populacional (Lee & Walsh-McGehee 2000; BirdLife International 2013). Esse
declinio foi documentado em colbnias residentes em Bermuda, Cuba, llhas Cayman,
Porto Rico e Jamaica (Lee & Walsh-McGehee 2000). O género Phaethon, embora
nao venha sendo extinto de seus locais de reproducao, tornam-se restritos a locais
inacessiveis devido ao impacto da presenca humana (Lee & Walsh-McGehee 2000).
Além disso, ndo existe nenhuma evidéncia historica que indique colonizacdo de
novos locais, ou seja, esse género ndo apresentou qualquer tipo de expansao

populacional desde o final do Pleistoceno (Walsh-McGehee et al. 1999).
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Figura 3: Phaethon aethereus a) nidificando em cavernas nos penhascos, b)
sobrevoando o arquipélago de Abrolhos, Bahia, Brasil. Fonte: a) Autor, 2013, b)
Google.

2.7 Sulidae

Existem nove espécies de sulideos em todo o mundo (Carboneras 1992), das
guais trés sao encontradas em ambientes temperados (gannets) e seis em
ambientes tropicais (atobas) (Carboneras 1992). Destas, cinco sdo registradas no
Brasil, Morus capensis, M. serrator, Sula sula, S. dactylatra, e S. leucogaster (CBRO
2006; Efe et al. 2006) e as ultimas duas nidificam no Arquipélago de Abrolhos
(Figura 4).
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Figura 4. Espécies da familia Sulidae reproduzindo no Arquipélago de Abrolhos,
Bahia, Brasil: a) Sula leucogaster b) Sula dactylatra. Fonte: Autor, 2013.

2.7.1 Atoba-mascarado, Sula dactylatra

Sula dactylatra € uma ave com ampla distribuicdo pelos oceanos tropicais e
subtropicais (Harrison 1983). Apresenta habitos pelagicos e reproduz-se em ilhas
oceanicas, sendo dificilmente avistados proximo a costa (Nelson 1978). No territorio
brasileiro, as principais colénias concentram-se no Atol das Rocas, Arquipélago de
Fernando de Noronha e Arquipélago dos Abrolhos, ocorrendo ocasionalmente na
ilha da Trindade (Fonseca-Neto 2004). Em Abrolhos, S. dactylatra é considerada a
mais comum e abundante dentre as aves marinhas residentes do arquipélago, com
uma estimativa de 800 individuos reprodutores distribuidos por todas as ilhas do
arquipélago (Alves et al. 2000). Em geral, seus ninhos sdo construidos em locais
planos, tanto na regido periférica como no interior das ilhas (Nelson 1978; Alves et
al. 2000). Utilizam como material de construcdo para seus ninhos gravetos e folhas
secas (Alves et al. 2000). A coloracdo do corpo é branca com asas e caudas
marrom escura, iris amarela, bico e pés amarelados e uma mancha preta azulada
ao redor dos olhos e na base do bico (Nelson 1978; Sick 1997). A espécie
apresenta um reduzido dimorfismo sexual quando comparado com outros membros
dessa familia (Mancini et al. 2013). No entanto, as fémeas apresentam tamanho

corporal superior aos machos (Mancini et al. 2013) e a vocaliza¢do entre 0s sexos é
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também diferente e facil de ser reconhecida, sendo a do macho um assobio agudo
e a da fémea um grito grave (Nelson 1978). A fémea pde dois ovos brancos,
incubados por cerca 45 dias e ambos os sexos participam da incubacdo e do
cuidado com o filhote (Alves et al. 2000). Apenas um dos filhotes sobrevive (Alves et
al. 2000; Weimerskirch et al 2009b). Sula dactylatra obtém suas presas
mergulhando em média até dois metros de profundidade, podendo alcancar até seis
metros (Weimerskirch et al. 2008). Forrageia de forma solitaria ou em pequenos
grupos (Carboneras 1992). Em estudo prévio sobre a dieta de S. dactylatra na
regido de Abrolhos (Serrano & Azevedo-Junior 2005) foi observado uma dieta
preferencial de peixes das familias Exocoetidae, Hemiramphidae e Clupeidae.
Destacando-se os peixes-voadores Cypselurus spp. e Prognichthys spp., a agulha-
preta Hemiramphus brasiliensis e a sardinha-bandeira Ophistonema oglinum. Em
outros locais, como no Arquipélago do Havai, estudos de ecologia alimentar
registraram a presenca constante de lulas (Ommastrephidae) na dieta de S.

dactylatra e S. leucogaster (Harrison et al. 1983).

2.7.2 Atoba-marrom, Sula leucogaster

Sula leucogaster € considerada a espécie de menor tamanho corporal da
familia (Carboneras 1992). Essa espécie € tipicamente pantropical (Sick 1997).
Distribui-se no continente americano influenciado pela Corrente do Golfo, ao norte, e
pela Corrente do Brasil, ao sul (Jones 2001; Mellink et al. 2001; Chaves-Campos &
Torres 2002; Branco et al. 2005). Na costa brasileira reproduz-se em ilhas
oceanicas, como nos Penedos de Sdo Pedro e Sao Paulo, Arquipélago de Fernando
de Noronha, Atol das Rocas e no Arquipélago dos Abrolhos. Também é encontrado
reproduzindo em ilhas costeiras, como llha de Cabo Frio, Cagarras, Arquipélago de
Santana, llhas dos Currais e llhas Moleques do Sul (Alves et al. 2004; Both &
Freitas 2004). Em Abrolhos, reproduz durante todo o ano, principalmente nas ilhas
Sueste, Redonda e Santa Barbara (Alves et al. 1997, 2000). Em julho de 1994 a
populacdo de Abrolhos foi estimada em 400 individuos adultos em ninhos com ovos
el/ou filhotes (M.A. Efe, com. pess.). A espécie tem preferéncia por areas periféricas

das ilhas, geralmente na borda de encostas em areas de alta declividade (Coelho et
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al. 2004; Schultz-Neto 2004), onde constréi seus ninhos com materiais como
graveto, folhas e raizes (Sick 1997). Contudo, também costumam nidificar em areas
planas, como observado no Atol das Rocas (Schultz-Neto 2004). Ambos os sexos
tem participagdo na construcdo de seus ninhos, assim como se envolvem na
incubacado dos ovos e cuidados com o filhote (Nelson 1978). Essa espécie coloca
dois ovos, mas como regra apenas um filhote sobrevive (Nelson 1978). Reproduz-se
continuamente e de forma assincronica durante o ano, apresentando algumas vezes
picos reprodutivos (Martins & Dias 2003). Sula leucogaster € considerada uma ave
arisca e territorialista, demonstrando alta filopatria (Nelson 1978). Possui plumagem
predominantemente marrom escura, com ventre e partes inferiores das asas
brancas (Nelson 1978). A espécie apresenta dimorfismo sexual reverso, onde as
fémeas possuem tamanho corporal maiores do que os machos, coloracéo dos pés e
manchas oculares (Sick 1997; Mancini et al. 2013). A fémea apresenta o bico de cor
amarelo-rosado com uma mancha a frente dos olhos. O macho apresenta o bico
mais afilado que a fémea e a coloracdo é por sua vez amarelo-azulada,
contrastando com o azul existente em volta dos olhos (Alves et al. 2000). Nos
machos a regido da bolsa gular adquire uma tonalidade alaranjada, caracteristica de
individuos em época de reproducdo (Alves et al. 2000). Também apresenta
dimorfismo vocal (Nelson 1978). Essa espécie tem o habito de pescar em aguas
rasas, mergulha penetrando na superficie da agua através de mergulhos obliquos
(Nelson 1978). E geralmente observado forrageando perto da costa e alimenta-se
principalmente de peixes-voadores (Exocoetidae) e Ilulas (Ommastrephidae)
(Dorward 1962; Nelson 1978; Harrison et al. 1983). Em Abrolhos, foi encontrada
alimentando-se de espécies de cinco familias de peixes, predominando aqueles da
familia Exocoetidae. Os itens mais consumidos foram agulha-preta, Hemiramphus

brasiliensis e o peixe-voador, Parexocoetus brachypterus (Alves et al. 2004).
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3.1 ABSTRACT

Seabird populations are widely declining due a combination of threats, such as
destruction of nest sites and introduced predators. The Red-billed tropicbird
(Phaethon aethereus) is a tropical, colonially nesting seabird. In Brazil, this species
has a highly restricted distribution, with a small, isolated breeding colony located
within the Abrolhos National Park. This is the most southerly population in the
western Atlantic, and among the most southerly in its global distribution. In this study
we conduct a population viability analysis of Phaethon aethereus in Abrolhos to
estimate the impacts of predation by invasive rats on eggs and fledglings and to
guide management actions. Our results indicate high levels of population stability
under natural conditions (under absence of invasive rodents). However, predation by
rats was identified as a significant threat with the potential to quickly drive the
population into serious decline. To effectively reduce this threat, we suggest the
urgent implementation of a rat eradication/control program.

Keywords: Seabird, conservation, rat, Brazil

3.1.1 RESUMO

Em todo o mundo as aves marinhas sofrem declinio populacional devido a uma
combinacdo de ameacas, tais como destruicdo dos seus locais de nidificacdo e
introducdo de predadores exéticos. O Rabo-de-palha-de-bico-vermelho (Phaethon
aethereus) é uma ave marinha tropical e colonial. No Brasil, essa espécie apresenta
distribuicdo restrita, com uma pequena e isolada col6nia nidificando dentro do
Parque Nacional Marinho dos Abrolhos. Essa populacéo esta localizada no limite sul
da distribuicdo da espécie no Oceano Atlantico ocidental, e entre as populacdes
mais ao sul de sua distribuicdo global. No presente estudo realizamos uma analise
de viabilidade populacional de Phaethon aethereus em Abrolhos para estimar os
impactos da predacdo por ratos invasores em ovos e filhotes, a fim de orientar
acOes de manejo. Nossos resultados mostram que a populacdo foi considerada
viavel sob condicbes ambientais naturais. No entanto, a predacdo por ratos foi
identificada como uma potencial ameaca capaz de rapidamente levar a populacéo
dessa ave a um acentuado declinio. Para que essa ameaca possa efetivamente ser
contornada defendemos que a implementacdo de um programa de gestdo
direcionado para erradicar/controlar a populacdo de ratos em Abrolhos deve
urgentemente ser colocada em préatica.

Palavras chaves: Aves marinhas, conservacao, ratos, Brasil
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3.2 Introduction

The present scenario of global biodiversity loss and species extinctions
demands urgent long-term conservation actions [1]. Among birds, those that depict a
marine habitat are the most threatened [2], particularly those which breed colonially
[3]. Out of the 346 species of marine birds in the world, 28% are listed as threatened
and 10% as Near-Threatened [3]. Marine birds are threatened by a combination of
interlinked factors such as competition with the fishing industry [4,5], climate change
[6], degradation of breeding sites and egg/chick predation by introduced species [7].

On oceanic islands and archipelagos, the introduction of non-native species is
considered a serious threat to the persistence of seabirds [3]. Invasive rodents
probably represent the largest impact on seabird populations, occurring on over 90%
of all islands [8]. Seabird breeding colonies are particularly vulnerable to rats
because most species nest on the ground or in burrows, and chicks are poorly
adapted to escape from predators [9]. Rats have been observed to prey on seabird
eggs, fledglings and adults, and are directly or indirectly responsible for 42% of bird
extinctions on islands [10,11].

In Brazil, seabirds represent 10.5% of the bird fauna in the Brazilian red list,
including species with >95% of their populations restricted to one or two breeding
sites [12]. Among them is the Red-billed Tropicbird (Phaethon aethereus) a tropical
colonially-nesting seabird, with restricted global geographical range, high breeding
site fidelity, high longevity, late sexual maturation and annual reproduction [13,14].
Some of these characteristics have already been associated with high extinction risk
for seabirds in Brazil [15]. The most important breeding colony of Red-billed
Tropichird in Brazil is located in the Abrolhos archipelago, and may be the most
southerly in the western Atlantic, and among the most southerly in its global
distribution [14]. Such peripheral populations, which are close to the limits of
tolerance of the species, are predicted to be at the margins of viability in comparison
to those occupying the central parts of the species range [16,17]. Moreover, this type
of population are frequently morphologically, genetically and ecologically distinct [17]

making them a legitimate target for conservation [18].
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A clear understanding of the necessary conditions for the long-term
maintenance of seabird populations is important for the development of effective
conservation strategies [19]. Such understanding can be gained through population
viability analysis (PVA), a widely used tool in conservation to assess extinction risk
and guide conservation actions [20-22]. In this context, our aim was to estimate the
extinction probability and identify threats to the viability of the Red-billed Tropicbird
population in the Abrolhos archipelago.

3.3 Methods

Study area

Data collection was carried out in the Abrolhos archipelago, a set of five oceanic
islands (Santa Barbara - ASB; Redonda - ARE; Siriba — ASI; Guarita - AGU and
Sueste - ASU) located approximately 70 km off the southern coast of Bahia state,
Brazil (17°20-18°10’S, 38°35’-39°20’'W) (Figure 1). The archipelago is a Marine
National Park, excluding the largest island, Santa Barbara, whose jurisdiction and
control remain under the responsibility of the Brazilian Navy [23]. Abrolhos hosts the
largest breeding colony of Red-billed Tropicbird in Brazil [24], divided in
subpopulations breeding in all islands. The Abrolhos native fauna is composed of
insects, arachnids, lizards and seabirds [25]. However, the archipelago has been
subject to numerous planned and unintentional species introductions, and the
current invasive fauna includes cockroaches, goats and two species of rats: the

black rat (Rattus rattus) and the brown rat (R. norvegicus) [26].

Data collection

Demographic data were collected through a live capture-mark-recapture conducted
over a nine year period during sporadic expeditions between 1991-1998 and
bimonthly in 2011 and 2012. In the last two years, the nests were labeled, geo-
referenced and checked for the presence of adults, chicks and eggs, as part of the
Monitoring Program of Abrolhos Birds, coordinated by AVIDEPA (a Brazilian NGO).
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Through this monitoring program it was possible to estimate the impacts of nest
predation in the breeding population of Red-billed Tropicbird. The species lays one
egg and raises one chick per year, nests in holes, cliffs and rock crevices [27]. Nests
where either the egg or the chick disappeared before the minimum incubation or
fledging period had been completed (42 and 84 days, respectively, [28]), were
considered predated. As Red-billed Tropicbird has high site fidelity (they return to
their natal island and nest in the same site every year — [13]), we could link birds to a
specific breeding site. The few individuals that did not return to their original breeding
site and bred on an alternative island were regarded as dispersing animals.

Life history and population attributes

Red-billed Tropicbhird is a tropical, monogamous, colonially nesting seabird, long-
lived species with late sexual maturation and annual reproduction [13,3]. In some
places, reproduction occurs in restricted periods (usually during spring and summer),
whereas in other places the eggs are laid year round [13]. Eggs are incubated for 42
to 46 days and parents feed their offspring with semi-digested food until they form
plumage (70 to 91 days) [28]. Full adult plumage takes 2 to 3 years to be formed and
longevity is 16 to 30 years [29]. Its diet is based on fish, captured in the open ocean
while breeding takes place on remote oceanic islands [30,31]. Abrolhos archipelago
hosts the largest breeding colony of Red-billled Tropicbird in Brazil, where the

species is considered nationally threatened [32].

Population Viability Analysis (PVA)

The PVA was performed with the software VORTEX (Version 9.99b) [33]. The
program simulates survival and reproductive events in successive years for each
individual in the population, using the Monte Carlo method, modeling the effect of
deterministic and stochastic processes on the dynamics of the population [34]. A
detailed description of the package and its features is given in Lacy [35, 33] and
Miller and Lacy [34].
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PVA was modeled for 100 years [34]. The generation time of Red-billed Tropicbird
was estimated as 8.5 years, so that a 100-year simulation covers approximately 11
generations. We used 1,000 interactions [36] in each modeling scenario. Extinction
was defined as the total removal of at least one sex [37]. We used a metapopulation
approach as this is more realistic for the Abrolhos archipelago, since the species
show site fidelity and we could estimate a dispersal rate between islands of the
Archipelago.

We used maximum habitat availability (measured as the number of nesting sites
available) as an indication of the carrying capacity of each island, since there is no
evidence of food or other environmental limitation. In order to estimate survival rate
and metapopulation size we used Pollock’s robust design model, which is a
combination of the Cormack-Jolly-Seber (CJS) [38-40] live-recapture model and the
closed capture models [41], using the software MARK [42]. In this model, instead of
just one capture occasion between survival intervals, multiple capture occasions
were used and allowed the estimation of the temporary emigration from the trapping
area. As such, more precise estimates of survival were obtained due to additional
information on probabilities of capture. For this analysis we used a seven years data
period (1991 and 1998 were excluded from the analysis because we had just one
visit per year, resulting in just one capture occasion) (for more details see [43,44])).
The initial population size and percentage of breeding females were calculated
based on the size of the metapopulation (see carrying capacity above) and the
number of nests recorded and active nests on each island. Dispersal rate was
determined by the number of individuals migrating from one island to another, and
was defined as an individual found nesting in more than one island in different
periods. The genetic parameters are based on VORTEX 9.99 default values of 3.14
lethal equivalents with 50% of that due to lethal alleles [34]. Population attributes and
life history variables included breeding system, maximum age of reproduction, age of
the first successful breeding, maximum number of brood and progeny per year and
sex rate. These parameters were estimated from our field monitoring and supported,
if necessary, by the published scientific literature [28,13,45,46]. The summary of all

parameters used as input data to the PVA is given in Table 1.
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Predation scenarios

We also created scenarios to estimate the impact of predation by invasive rats on
Red-billed Tropicbird population. We observed the disappearance of eggs and
chicks in the last two years of our monitoring program (2011 and 2012): in 2011, we
recorded 103 eggs and 102 chicks; with a total of 73 eggs and 11 fledglings lost due
to rat predation. In 2012 we recorded 81 eggs and 88 fledglings; with a total of 42
eggs and five fledglings lost due to rat predation. Therefore, we created scenarios
modeling three levels of nestling predation: high predation (79% of nestling mortality,
as recorded in 2011), low predation (55% of nestling mortality, as recorded in 2012)
and a mean predation value (67% nestling mortality).

It is of great importance to model a management scenario with the objective to
project the outcome of potential conservation strategies in order to guide the
implementation of on-the-ground rat eradication actions. In these scenarios, we
assumed that lower control of the rat populations will result in higher egg and
fledging predation. So, as we increase the eradication rate of the rat population, we
decrease the probability of Red-billled Tropicbird extinction. We modeled the effect
of a rat eradication program on the probability of extinction of Red-billed Tropicbird

(with eradication success rate varying from 10 to 100% of rat control).

Sensitivity analysis

In order to examine the robustness of our models we investigated model responses
to parameter change. We selected two population parameters: percentage of
females breeding and the effect of inbreeding depression. We used a variation of -
20%, -10%, +10% and +20% of the basic scenarios for % reproductive females. The
effect of inbreeding was examined by introducing inbreeding depression to the basic
metapopulation scenario. The significance of the difference in output between the
basic scenario and changed models was tested using a Student’s two-tailed t-test
[47].
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3.4 Results

Using the capture-recapture database we estimated a metapopulation of 709 Red-
billed Tropicbirds distributed among the four larger islands of Abrolhos archipelago,
and a carrying capacity of 1095 individuals based on the number of available nests.
An estimated 79% of the females were breeding and the population showed an
annual survival rate of 93% (7% mortality) (Table 1).

The metapopulation baseline model suggests that the Red-billed Tropicbird
population is likely to persist over the next 100 years, with a mean metapopulation
size of 1001 individuals retaining 99% of the original gene diversity. Sensitivity
analysis indicated that neither the result of variation in the % of breeding females or
the inclusion of inbreeding depression were significantly different from the basic
scenario; therefore their variation does not have a great influence on population
trends (Table 2).

The scenarios modeled, of mean and high nestling predation (67% and 79%
mortality, respectively), showed an increase in the probability of extinction of Red-
billed Tropicbird from 0% (basic scenario) to 17% (mean predation scenario) and
98% (high predation scenario) (Figure 2). Overall, this result shows a very high
sensitivity of the models to the predation parameter.

In the management scenario, as eradication rate of rats increased, we observed a
decrease in the probability of extinction. With an eradication success of 40% (i.e., if
eradication removes 40% of the rodent population), there was a dramatic reduction
in the risk of population extinction (only 0.5% probability of extinction for the

metapopulation) (Figure 3).

3. 5 Discussion

This study shows that the Abrolhos population of Red-billed Tropichird is viable
under natural environmental conditions. However, a decrease in egg and chick
survival due to the invasive predators (black and brown rats) has the potential to

cause population declines and lead the extinction of the population.
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Despite the wide global distribution of Red-billed Tropicbird, its total
population size is small [48] and decreasing [14]. Populations at the core of the
species’ distribution exceed 1000 pairs (Galapagos Islands and West Indians
[48,49]). However, Abrolhos houses only a few hundred individuals [50] (also see
results of this study). Nunes [59] found that Abrolhos’s population show high level of
inbreeding and also small heterozygosity when compared with other seabirds with
decreasing population trends. Nevertheless, the same authors found no evidence of
recent bottlenecks in this population. For most species, intense ecological impacts,
such as predation, that directly influence survival and reproduction, may pose the
greatest extinction risk, as it can reduce the number of individuals, intensify

inbreeding and loss of genetic diversity [51,52, 60].

Additionally, tropicbirds are known to vigorously defend their burrows or nests
and the availability of burrows is often a limiting factor, sometimes causing extensive
breeding failure [13]. Therefore, we found a carrying capacity of 1,095 individuals,
with an estimated population size of 709 individuals, suggesting that nest site

availability in Abrolhos is not currently a limiting factor for population growth.

Nonetheless, egg and chick survival rate of Red-billled Tropicbird in Abrolhos
seems to be a critical demographic parameter for population persistence, and
therefore, its conservation. During this period, Red-billled Tropichird stablish
colonies, confining a large portion of the population to a very small geographic area
[56]. It is a stressful time for adults, during which eggs and fledglings are particularly
vulnerable to predation [11,57]. Red-billed Tropicbird is an easy and attractive prey
to rats because their nest sites (burrows and crevices, holes in cliffs and spaces
between rocks) are easily accessible, they have a long incubation period and lay a
single egg [13]. Burrow or crevice-nesting strategies of seabirds may make them
particularly vulnerable to predation by rats [58], as this predator uses such structures

for foraging and nesting.

Rats were initially introduced to the Abrolhos Archipelago around 150 years
ago, when the first lighthouse was built and vessels began to regularly arrive at the

archipelago [23]. In 1994, domestic cats were also introduced in a failed attempt to
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control rat infestation. After some years, cat removal was necessary because they
were threatening the resident breeding population of Masked Boobies (Sula
dactylatra). With the cat population removed, rats started to reproduce freely in the
area, without a predator to regulate their population growth. A study on the Little
Barrier Island recorded that the initial eradication of cats led to reduced breeding
success of Cook's Petrels (Pterodroma cooki), as a result of uncontrolled rat
predation [53]. The two rat species found in Abrolhos, black and brown rat, are
among the most ecologically damaging invasive species, with the largest impacts on
seabird populations [8,54,55]. Jones et al. [11] compiled global studies of isotopic
analysis of rats, observations of seabird population declines after rat introduction,
experimental manipulation of rats and direct observations of seabird depredation.
The 94 studies demonstrated a very significant impact of rats on seabirds: 115
negative interactions were described in 61 oceanic islands, affecting 75 different

species.

When rats threaten the viability of bird populations, as it is the case for Red-
billed Tropichird at Abrolhos, eradication is frequently the most common and
effective management option. This strategy has been successfully applied in 318
conservation interventions globally [55]. Besides direct eradication, effective
conservation actions may also include limiting other food sources for rats (e.g.
garbage generated by the human population inhabiting the islands) and better
sewage treatment. The procedures for garbage removal from the islands might also

be revised and improved.
Conservation implications

Based on the results of our study, the future of Red-billed Tropicbird at Abrolhos is
highly uncertain if the current high rates of rat predation on eggs and fledglings
continue. The population faces a high risk of decline, with a mean probability of
extinction of 57.5% and mean time to extinction of only 75 years. However, even if
the ideal scenario of complete eradication of the rat populations is not achieved, a
decrease of 40% in the rat population already shows a positive response in the

viability of Red-billed Tropicbird population. Therefore we argue that the
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implementation of a management program directed to eradicate/control the rat
population in Abrolhos is of utmost importance for the long-term viability of Red-billed
Tropicbird.
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3.7 TABLES

Table 1. Life history parameters of Red-billed Tropicbird (Phaethon aethereus) used as
input to computer program VORTEX for Population Viability Analysis of the population
breeding at Abrolhos Archipelago, Brazil, in the southwestern Atlantic Ocean.

Parameter Base value of Source
metapopulation

Breeding system Monogamous Orta (1992)

Maximum age of reproduction 17 This study

Age of first breeding 4 Schreiber &  Burger
(2001)

Maximum number of broods and 1 Stonehouse (1962);

progeny per year Doherty et al. (2004)

Sex ratio (% males) 50 This study

% Adult female breeding 79 This study

% Males in breeding pools 79 This study

% Annual Mortality 7 (14) This study

Initial Metapopulation size 709 This study

Santa Barbara (ASB) 387 This study

Siriba (ASI) 66 This study

Redonda (ARE) 172 This study

Sueste (ASU) 84 This study

Carrying capacity (K) 1095 This study

ASB 513 This study

ASI 95 This study

ARE 316 This study

ASU 171 This study

Dispersal rate (%) 1.50 This study

Environmental variation, survival Concordant
and reproduction
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Table 2. Sensitivity analysis: variation of -10%, - 20%, +10% and +20% of the basic
scenarios for % reproductive females and the effect of introducing inbreeding depression on
the Population Viability Analysis for the Red-billed Tropicbird (Phaethon aethereus) at
Abrolhos Archipelago, Brazil, in the southwestern Atlantic Ocean. Mean rate of stochastic
population growth (rstoc) and Probability of extinction (PE).

Scenarios rstoc Mean P(E)100 Mean Final Mean

(SD) (%) (SD) Population (SD)
Size

Basic scenario

Metapopu|aﬂon 0.10 0.098 O 0 906 112

-10% female breeding 0.09 0.098 0 0 882 123

-20% female breeding 0.07 0.097 O 0 846 139

+10% female breeding 0.12 0.097 O 0 922 104

+20% female breeding  0.13 0.098 O 0 929 92

Inbreeding depression  0.10 0.097 O 0 911 100

Significance of the difference in output between the basic and changed
models was tested using a Student’s two tailed t-test , *P<0.05.
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3.8 FIGURES

Figure 1. Detail of the five islands that form part of the Abrolhos Archipelago, located
approximately 70 km off the Brazilian coast, Atlantic Ocean.
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Figure 2. Scenario to estimate the extinction impact due to predation on Red-billed
Tropicbirds (Phaethon Aethereus) populations at Abrolhos Archipelago, Brazil, Atlantic
Ocean. Three levels of predation were modeled: high predation (79% mortality, as recorded
in 2011), low predation (55% mortality, as recorded in 2012) and a moderate predation value
(67% mortality, as a mean from the above).
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Figure 3. Scenarios of implementation of a rat eradication program and their effects on
probability of extinction of Red-billed Tropichird (Phaethon aethereus) at Abrolhos
archipelago, Brazil, in the southwestern Atlantic Ocean. The effect of eradication in the
probability of extinction of the metapopulation, as well as in each of the subpopulations at

Abrolhos is shown.
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4.1 ABSTRACT

Precise information on the foraging behavior and at-sea distribution of
seabirds is fundamental for the conservation and understanding of most aspects of
seabird foraging ecology. In this work we used GPS technology to assess the at-sea
distribution and behavior of two tropical seabirds that breed sympatrically on the
Abrolhos Archipelago, Bahia, Brazil: the Masked booby (Sula dactylatra) and the
Brown booby (Sula leucogaster). Both species fed on mutually exclusive areas with
a small overlap (6%). While Masked boobies fed in deep waters close to the
continental shelf break, Brown boobies used shallow waters closer to the mainland
coast. On average, Masked boobies reached longer distances from the colony and
flew faster than Brown boobies. The two species used a total area of 22.856,53 km?,
exceeding by far the protective boundary of the Abrolhos Marine Reserve.

4.2 Introduction

Inter and intra-specific interactions between organisms influence the pattern of
space and resource use, especially for top-predators (Young et al. 2010). Resource
competition can lead to spatial or temporal niche differentiation, allowing the
coexistence of species (Pianka 1973). For example, sympatric seabird species with
similar ecological requirements often show segregation in some niche dimensions
(Croxall & Prince 1980; Diamond 1983; Weimerskirch et al. 1986), which is
maintained either by differences in the foraging range, feeding strategies, or by

differences in the type of prey they consume (Croxall et al. 1997).

Masked (Sula dactylatra) and Brown (S. leucogaster) boobies are the two
most common tropical boobies (Sulidae) found breeding together in mixed colonies
in the southern Atlantic Ocean (Alves et al. 2000). The Brown booby is a typical
pantropical species, with a distribution influenced by the warm Gulf Stream to the
north, and the warm Brazilian Current to the south, usually near the coast. The
Masked booby is the largest tropical species of the family (Nelson 1978). This

seabird species forages over pelagic waters, reproduces only on oceanic islands and
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is rarely seen close to the shore (Nelson 1978). Indeed, little information exists on
the foraging ecology and at sea distribution of these two species in particular and of
tropical seabird species in general (Weimerskirch 2007, 2009a, b; Young et al.
2010). The limited number of studies that have been performed on tropical seabirds
indicate that there are differences between the foraging behaviour of these animals
and those that inhabit polar regions and these differences have been mainly
attributed to the differences in productivity between tropical and colder waters, as
well as the distribution of food resources (Longhurst & Pauly 1987; Weimerskirch
2006, 2007). In addition, tropical seabirds such as boobies have been observed to
have a series of very specific flight and activity patterns that might have been
evolved as an adaptation to tropical water conditions (Weimerskirch et al. 2005).

Seabirds suffer from degradation and loss of their habitats (Croxall et al.
2012). However, on a global scale, an examination of the threats faced by these
animals suggests that it at sea that they are subject to more risks and where
research needs to be focused (Hooker & Gerber 2004). Thus, precise information on
the foraging behavior and at-sea distribution of these animals is fundamental not
only for understanding many aspects of the inter- and intra-specific interactions but
also to understand how these animals interact with the environment (Weimerskirch
et al. 2012). The evaluation of key foraging areas is an important tool in the study of
evolutionary biology and conservation, as it can help to identify oceanic areas of
particular importance, known as “population hotspots” (Weimerskirch 2001; Le Corre
et al. 2012).

During the last years, the miniaturization of electronic devices, especially GPS
technology, allowed researchers to examine, in detail, how medium-sized bird
predators deal with patchy distribution of resources and heterogeneity of marine
resources (Weimerskirch 2007, Lascelles et al. 2012). Until now, most of these
studies have been performed on temperate or polar waters existing only a few on
tropical seabirds (see above) and even less or none analyzing the general foraging
trip characteristics of the tropical birds making use of the tropical waters of the coast
of Brazil. Thus, the aim of this study was to characterize the at-sea distribution and

describe general aspects of the foraging trips of Masked and Brown boobies
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breeding sympatrically at the Abrolhos Archipelagos, South Atlantic Ocean, by
means of miniaturized GPS technology. We were particularly interested in the
characterization of the foraging areas used by both species in order to analyze the
degree of spatial segregation. Moreover, we were also interested in discover if
foraging ranges of boobies ranges outside the Abrolhos Marine National Park

boundaries.

4.3 Methods

Study area

Data collection was carried out between 11 and 19 July 2013, at the Abrolhos
Archipelago, which consists of a group of five oceanic islands (Santa Barbara - ASB;
Redonda - ARE; Siriba — ASI; Guarita - AGU and Sueste - ASU). The Archipelago is
located approximately 70 km off the southern coast of Bahia state, Brazil (17°20'-
18°10’S, 38°35-39°20'W) (Figure 1). The archipelago is a Marine National Park,
excluded Santa Barbara, whose jurisdiction and control remains under responsibility
of Brazilian Navy (IBAMA/FUNATURA 1991).

Data collection

During the study period, Masked boobies were rearing small to large chicks (1
to 5 weeks-old), and only a few individuals were still incubating., while Brown
boobies were all incubating. Based on the availability of nests, our main study site
was located on the Santa Barbara Is. 17 nests were monitored three times per day to
determine at what time the pair switching event took place. A total of 16 Masked
boobies was instrumented; six males and six females from six couples and two
males and two females from independent nests. In addition, we instrumented 12
Brown boobies (five couples and two independent males). Female and male of the
same nest were instrumented giving a minimum of 3 days of interval between each
other. Every night, the member of the couple that was close to leave the nest was
captured, sexed by their vocalizations and equipped with a GPS logger. The GPSs

were attached beneath the base of the 3 central tail feathers using TESA tape
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(Wilson et al. 1997). Each device together with its waterproof package weighted 8.5
g and accounted for 0.5% of the species body mass. Loggers were programmed to
register latitude, longitude and speed data every second. A ‘foraging trip’ was
defined as the time between the departure from and arrival to the colony. A foraging
trip was classified as ‘complete’ when it was well documented from the start to the
end, and ‘incomplete’ when not all positions were recorded, mainly because the
battery ran out. GPS positions recorded at the breeding colony or within 300 m of it
were excluded from the analysis (Soanes et al. 2013). During the study period, the
wind was blowing mainly from the south and southeast and during the last day of
study the wind blew from the northeast (Brazilian Navy at Abrolhos Archipelagos).

Statistical analysis of foraging behavior

Only complete trips were used for statistical analyses. For each trip we
calculated its duration, the total distance traveled, the maximum distance reached to
the colony (foraging range) and the mean flight speed. The comparison of these
variables between sexes and species was performed using Mann-Whitney tests.
Those positions associated with a speed higher than 15 km h™* were classified as
flying while those with speed values below 15 km h™ were classified as floating. This
threshold value was determined by the examination of the frequency distribution of
the recorded speeds (see Grémillet et al. 2004). In addition to this, positions
associated with a signal interruption lasting more than 10 s were considered diving
events. Once all positions had been classified, the total amount of time each bird
spent flying, floating and diving as well as the total amount of diving events were
calculated. These parameters were compared between by means of t-test or Man

Whitney test, depending on normality.
Statistical analysis for at-sea distribution and foraging areas
Complete and incomplete trips were used for spatial statistical analyses. The

total area covered by each species was estimated using the Minimum Convex

Polygon Analysis (MCP, Worton 1987), which provides an acceptable measure of



66

the minimum area covered by birds considering the outermost locations at sea. We
then calculated the core areas used by both species by conducting a fixed Kernel
Density Analysis (UD) using the function kernelUD of the package adehabitatHR
(Calenge 2006). We used a smoothing parameter of h=0.036 with cell size of 1000 m
to determine kernel contours of 50, 75 and 95%. To quantify the overlap of the
foraging areas between species, we quantified the percentage of the kernel area
(95%) that overlapped between Brown and Masked boobies. The degree of overlap
was calculated as the percentage of the area used by Masked boobies that
overlapped with the area used by Brown boobies and vice versa. All the spatial
analyses were performed using the open source statistical package R version 3.0.2
(R Development Core Team 2013) and statistical analyses were performed with
STATISTICA 6.0. Data is expressed as means + one standard deviation (SD).

4.4 Results

We obtained information from 34 foraging trips, 16 of which were complete. Of
the complete trips, 10 were performed by Masked boobies (five females and five

males) and six by Brown boobies (two females and four males).

Foraging trip general characteristics

On their foraging trips Masked boobies travelled a mean total distance of
214.5 +19.6 km (range 48.8-377.8 km) and reached a maximum distance from the
colony of 72.1 + 38.7 km, with no differences found in any of these parameters
between female and males (Table 1). The foraging trip duration was similar between
males and females and ranged between 1.5 and 10.6 h (mean values 6.2 + 2.9 h
and 6.3 + 3.8 h for male and female, respectively, Mann Whitney U-test, Z=0.1, p =
0.92) (Table 1). Mean flight speed was 47.0 + 2.4 km h™, with no difference between
sexes (47.03 + 2.37 km h™* and 49.23 + 1.4 km h™* for male and female, respectively,
Mann Whitney U-test, Z = -1.56, p = 0.117) (Table 1). Masked boobies spent on
average 67.9% of the foraging trip flying, 30.8% floating and 1.0% diving, and made
a mean of 9.9 dives per foraging trip (Table 3). All trips occurred during daytime

hours.
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Due to the small sample, no statistical tests were performed to compare
female and male Brown boobies in terms of general foraging trip characteristics.
Brown boobies travelled on average a distance of 108.4 +35.9 km (range 51.6-140.2
km) and reached a maximum distance from the colony of 35.38 + 22.2 km (Table 2).
The mean flight speed was 38.3 + 6.6 km h™* (Table 2) with Brown boobies spending
40.1% of the trip flying, 54.3% floating and 2.4% diving, with a mean of 12.5 dives
per foraging trip (Table 3), with all trips occurring during daytime hours.

Masked boobies foraged at a maximum mean distance to the nest of 72 km
(up to 140.5 km), while Brown boobies foraged closer to the colony, 35.3 km as the
mean and 74.9 km as maximum (72.1 km + 38.7 and 35.3 + 22.2, for Masked and
Brown boobies respectively; Mann-Whitney U-test, Z = 2.04, p = 0.04) (Table 4) and
flew faster than Brown boobies (48.1 + 2.1 km h™*, N = 10, and 38.3 + 6.6 km h™, for
Masked and Brown boobies, respectively; Mann-Whitney U-test, Z = 3.37, p =
0.001). (Table 4). The time spent flying was significantly different between Masked
and Brown boobies (4,1 £ 2.2 h vs. 1.5 + 0.8 h, for Masked and Brown boobies
respectively, testt = 3.6; p = 0.002) (Table 3).

At-sea distribution

The two species used a total area of 22.856,53 km?, exceeding by far the
protective boundary of the Abrolhos Marine Reserve. Foraging areas of both species
differed in size and location (Figure 2). Masked boobies used a total area of 19,618.8
km? (Figure 3a). This species concentrated its foraging effort in the north and
northeast of the colony over deep waters (>50 m) and beyond the continental shelf,
with only two individuals exploring a southeastern area far away from the colony
(Figure 2). In contrast, Brown boobies foraged over an area of 4,615 km?, located
mainly westward of the island, close to the mainland coast (Figure 3b). In general,
Masked boobies left the colony taking a north and east direction (downwind) while
Brown boobies flew to the west taking advantage of the down and side winds.
Masked boobies spent 95% of their time at sea in an area of 15,106.1 km?, with the
most distant points of all trips situated in deep waters (>50 m depth). The core area

utilized by Masked boobies (50% kernel contours) was concentrated in 1,787.4 km?
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(Figure 3a). Brown boobies spent 95% of the time in an area of 2,955.1 km? and
50% in only 150.6 km? close to the continental coast or on waters surrounding the
colony (Figure 3b).

There was limited overlap in the foraging areas of both species (6%
representing a total of 1,377 km?) (Figure 4). Only 15% of the 95% core area used
by Masked boobies overlapped with the 95% core areas used by Brown boobies,
while 54% of 95% core area of Brown boobies overlapped with the 95% core area
used by Masked boobies (Figure 4).

45 Discussion

This study provides new insights on general aspects of the foraging behaviour
and at sea distribution of adult Masked and Brown boobies that breed sympatrically
at Abrolhos Arquipelago. Our results indicated that breeding Masked and Brown
boobies fed mostly in mutually exclusive waters, with both species foraging outside
the limits of the Abrolhos Marine Park. Masked boobies showed more oceanic
habits, making longer foraging trips and foraging in deeper waters close to the
continental shelf break, while Brown boobies made shorter trips and foraged in

shallow waters close to the mainland coast.

Studies of closely related sympatric seabirds reveal that spatial partitioning
while foraging seems to be a common mechanism to avoid ecological niche overlap
(Mori & Boyd 2004; Young et al. 2010b; Kappes et al. 2011) and this might be the
case for Masked and Brown boobies breeding at the Abrolhos Archipelago. The
spatial segregation observed on this study agrees with the isotopic niche segregation
recently found between these two species at Abrolhos (Mancini et al. 2014). The
occurrence of some spatial overlap during the breeding season can be explained by
the existence of areas with high concentration of prey (Sapoznikow & Quintana
2003). In our site this small area corresponded mainly to the area close to the colony

and which could be explained by easy access to prey.
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Studies revealed that foraging behavior of seabirds often varied along the
different stages of the breeding season (Anderson et al. 2003; Sommerfeld &
Hennicke 2010). Trips are generally longer during the incubation period than during
the chick rearing stage due to energy demands imposed by chicks (Sommerfeld &
Hennicke 2010). The asynchrony in their timing of breeding (Masked boobies mainly
rearing chicks, while Brown boobies still incubating) can be seen as a strategy of
both species to reduce competition for food during the time of highest demand for
food. It may have an influence on the foraging behavior observed between both
species at this site and at this time of the year. However, in Abrolhos, Masked
boobies reached longer distances from the colony than Brown boobies, even though
Brown boobies were incubating whereas Masked boobies were rearing chicks. It can
also indicate that Masked boobies are able to reach longer distances regardless the

breeding stage.

Niche separation between related species, however, is postulated only to
emerge due to competitive advantages accrued by one species over the other (Frere
et al. 2008). In this sense, differences in foraging behavior and/or abilities can help to
explain the spatial niche separation (Gonzalez-Solis et al. 2000; Bocher et al. 2000;
Pinaud & Weimerskirch 2007). In the present study Masked boobies achieved a
significantly greater flight speed than Brown boobies and spent more time of their
total foraging trips flying. This species appears to have great wing loading which can
explain faster flight speeds, although, also may increase the cost of flight (Hertel &
Ballance 1999; Young et al. 2010b). Masked boobies are considered to attain
greater diving depths than Brown boobies, which provided an additional mechanism
for resource partitioning between these species (Weimerskirch et al. 2009a, b).
Differences in body size between species may favour niche differentiation
(Andersson 1994) and this segregation is likely related to the greater mass of
Masked boobies, which would allow individuals to reach greater depths when plunge
diving (Ropert-Coudert et al. 2004). The two species may also have different sensory
abilities with, for example, one species being more able to find prey in turbid waters
than another (Nelson 1978). Despite the fact that Masked and Brown boobies are

both considered visual predators (Shealer 2001), Masked boobies are thought to
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plunge more heavily than other boobies, in order to penetrate deeply (Nelson 1978;
Weimerskirch et al. 2009a, b).

Even though boobies are known to present nocturnal habits at sea (Nelson
1985; Weimerskirch et al. 2009), none of the instrumented birds spent the night at
sea. This behavior can be associated with the fact that Abrolhos and its surroundings
is an area of high productivity with the largest and richest coral reef complex in the
South Atlantic Ocean (Ledo 1996; Francini-filhno & Moura 2008) and chlorophyll
concentration varying from 0.5 to 6 in 2010 and 2011 (MODIS Aqua satellite from
SeaWiFS, NASA/GSFC). Feeding resources close to the colony may allow both
species to obtain the amount of food needed for adult maintenance as well as for
chick development, in time shorter than elsewhere (Weimerskirch et al. 2009b). The
diurnal behavior also appears to avoid predation by sharks (Weimerskirch et al.
2005, 2006).

Our study found no sex-specific differences in any of the studied foraging
parameters of Masked boobies, which is consistent with previous research done on
the same species (Weimerskirch et al. 2009b; Young et al. 2010a). Unfortunately
due to the small amount of complete trips recorded, it was not possible to compare
foraging patterns between sexes in Brown boobies. Intersexual differences have
been previously reported for Brown boobies from temperate zones with females
traveling further from the colony (Weimerskirch et al. 2009a). However, for the same
species the opposite pattern was observed at Johnston Atoll (Central Pacific island)
(Lewis et al. 2005). According to the Intersexual Competition Hypothesis sexual size
dimorphism can provide each sex with access to different resources, which can lead
males and females to explore different trophic niches (Navarro et al. 2009; Cook et
al. 2013). Notwithstanding, in our study site, a stable isotope analysis carried out by
Mancini et al. (2013) found no significant difference in isotope values between male
and females boobies of Brown and Masked boobies,despite such differences were
detected in boobies nesting in other Brazilian islands. The authors observed no
significant correlation between the degree of sexual dimorphism and the trophic
differences between sexes, in a range of tropical seabird species. Variability in the

foraging behavior between sexes may be in some cases due to geographic zones
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(prey resource) and environment conditions more than related to size dimorphism
(Lewis at al. 2005) as trophic segregation has also been observed for monomorphic
species (Lewis et al. 2002). Previous studies also suggest that sex-specific
differences in foraging behaviour of boobies may arise only in high productivity
environments, such as temperate and polar ocean, where superabundant prey
allows greater flexibility in parental roles (Weimerskirch et al. 2009c; Young et al.

2010b). However, further studies are necessary to clarify this point.

Our results indicate that during the breeding season foraging ranges of
Masked and Brown boobies exceeds by far the protective boundary of the Abrolhos
Marine Reserve. Brown boobies had even searched for food close to the coast,
where strong commercial and small-scale fisheries operates (Floeter et al. 2006;
Giglio & Freitas 2013). This attitude can increases the risks during the at-sea
foraging movement, especially when fisheries and seabirds target the same prey Or

when incidental mortality occurs (e.g., Okes et al. 2009; Trebilco et al. 2011).

Overall, we demonstrated the importance of preserving areas outside the
boundaries of the Park, used as foraging habitats by boobies. However, we
encourage further studies that consider other species and breeding seasons, in
order to define key foraging areas for protection, as well the consistency of foraging
grounds around the year and among different breeding seasons. Such approach
would increase seabird conservation effectiveness, as well as contribute for the
conservation of many other marine taxa, as seabirds are good indicators of important

marine ecological processes (Le Corre et al. 2012; Parsons et al. 2008).
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4.7 TABLES

Table 1. Characteristics of foraging trips performed by female and male Masked boobies
(Sula dactylatra) during 2013 breeding season at Abrolhos Archipelago. Mean + SD values

are showed.

Sula dactylatra Male (N = 5) Female (N =5) Mann Whitney test

Total distance traveled (km) 193.68 £ 115 235.37 +133.7 U=10.00,Z=-0.52, p=0.601
Max. distance from nest (km) 58 £ 27.54 86.1 + 46 U =28.00,Z=-0.94, p=0.347
Trip duration (h) 6.2+29 6.27 + 3.8 U=12.00, Z2=0.1, p=0.916

Flight speed (km h™) 47.03 +2.37 49.23 +1.4 U =5.00,Z=-1.56, p=0.117

Table 2. Characteristics of foraging trips performed by female and male Brown boobies (Sula

leucogaster) during 2013 breeding season at Abrolhos Archipelago. Mean + SD values are

showed.

Sula leucogaster Male (N = 5) Female (N =5)
Total distance traveled (km) 93.86 + 38.35 112.86 + 33.34
Max. distance from nest (km) 18.86 + 9.45 46.42 + 23.38
Trip duration (h) 39+14 529+1.4
Flight speed (km h™) 36.58 + 2.07 39.19 + 10.13

Table 3. Characteristics of foraging behavior performed by Masked (Sula dactylatra) and
Brown (Sula leucogaster) boobies during 2013 breeding season at Abrolhos Archipelago,

tracked by GPS loggers. Significant statistical test are shown in bold.

Mean = SD % Species
Masked Brown Masked Brown p
Flying 41+22 1.5+0.8 67.9% 40.1% 0.002
Floating 1.8+15 21+1.6 30.8% 54.3% 0.768

Diving 0.1+0.0 0.1+0.1 1.0% 2.4% 0.342
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Table 4. Characteristics of foraging trips performed by Masked (Sula dactylatra) and Brown
(Sula leucogaster) boobies during 2013 breeding seasons at Abrolhos Archipelago, tracked
by GPS loggers. Values are mean = SD.

Differences between Masked booby Brown booby Mann Whitney test
Species (N=10) (N=16)

Total distance traveled (km) 21453 + 119.6 108.4 + 35.9 U=20.00,Z=1.77 p=0.075
Max. distance from the nest 72.06+38.7 35.38 £22.2 U=17.00,Z=2.04, p=0.040
(km)

Trip duration (h) 6.24+3.1 46+14 U=30.00,Z2=0.88 p=0.374

Flight speed (km h™) 4813+2.1 38.3+6.6 U=2.00,Z=337 p<0.001




4.8 FIGURES

Figure 1. Detail of the five islands that form part of the Abrolhos Archipelago, located
approximately 70 km off the Brazilian coast, Atlantic Ocean.
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Figure 2. At sea distribution (GPS locations) of female and male Masked boobies (Sula
dactylatra) (black) and Brown boobies (Sula leucogaster) (grey) undertaking foraging trips
during 2013 breeding season at Abrolhos Archipelago, Brazil, southwestern Atlantic Ocean.
The dotted line represents the isobath of 50 m and solid line isobath of 200 m and the

polygon represents the limit of the Abrolhos Marine Park.
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Figure 3. At sea distribution (95, 75 and 50 % kernel contours, shades of grey from the
lightest to the darkest, respectively) of (A) tracked Masked boobies (Sula dactylatra) and (B)
Brown boobies (Sula leucogaster) from Abrolhos Archipelago during 2013 breeding season.

The polygon represents the limit of the Abrolhos Marine Park.
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Figure 4. Overlapped areas used by Maked boobies (Sula dactylatra) (shades of grey) and

Brown boobies (Sula Leucogaster) (hollow) from Abrolhos Archipelago during 2013 breeding

season. The polygon represents the limit of the Abrolhos Marine Park.
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5 CONCLUSOES GERAIS

Esse estudo abrangeu a tematica da conservacao de trés espécies de aves
marinhas que reproduzem no Arquipélago de Abrolhos, Bahia, Brasil, fornecendo
informagdes importantes sobre a probabilidade de extingdo e os efeitos de ameacas
sobre a populacdo de P. aethereus, bem como locais e estratégias de
forrageamento de duas espécies de atobas (S. dactylatra e S. leucogaster) durante
a época reprodutiva.

Através da andlise de viabilidade populacional conduzida com a populagéo de
P. aethereus foi possivel verificar que a disponibilidade de ninhos em Abrolhos néao
€ um fator limitante para o crescimento da populacdo atual. Assim, a populacao foi
considerada viavel sob condicbes ambientais naturais. No entanto, vimos que o
futuro de P. aethereus em Abrolhos é altamente incerto se as atuais taxas de
predacéo por ratos, sobre ovos e filhotes, continuar. A populacdo enfrenta um alto
risco de declinio, com uma probabilidade média de extincdo de 57,5% e tempo
médio para extincdo de apenas 75 anos. O presente estudo defende que a
implementacédo de um programa de gestéo direcionado ao controle e erradicacao da
populacdo de ratos em Abrolhos é de extrema importancia para a viabilidade da

espécie estudada, possivelmente beneficiando diversas espécies da fauna e flora.

No segundo estudo foi verificado que as duas espécies de atobas usam
areas de alimentacdo de diferente tamanho e localizacdo. Em média, S. dactylatra
voou com maior velocidade e alcancou maiores distancias da colénia do que S.
leucogaster. No entanto, nenhuma diferenca significativa foi encontrada relacionada
com a distancia total percorrida. Além disso, também observamos um
comportamento alimentar mais oceanico em S. dactylatra, alimentando em aguas
profundas perto da quebra da plataforma continental, enquanto S. leucogaster usou
aguas rasas perto da costa para alimentar-se. Os resultados indicaram que ambos
0s atobas alimentaram-se em areas diferentes, apresentando uma sobreposicéo de
apenas 6%. Sula dactylatra ndo mostrou diferenca entre os sexos em qualquer

parametro de forrageamento, apesar do maior tamanho da fémea. Os resultados
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também indicam que as duas espécies utilizaram uma area total de 22.856 kmz,
sendo a mesma predominantemente fora dos limites da unidade de conservagéo.
Portanto, o estudo sugere uma gestdo adequada das areas marinhas utilizadas
como habitats de forrageamento pelos atobas fora dos limites do Parque Nacional
Marinho dos Abrolhos. No entanto, acreditamos que mais estudos que considerem
outras fases do ciclo reprodutivo dessas espécies, bem como o rastreamento similar
de outras espécies, particularmente englobando a época ndo reprodutiva, séo
extremamente necessarios para a identificacdo de areas-alvo propicias a protecéo.
Dessa forma, tais dados poderdo servir de suporte a proposta de ampliagdo dos
limites desta Unidade de Conservacao.



