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Resumo

O Bufo-real (Bubo bubol é um dos principais predadores de topo na PenÍnsula lbárica e uma

espécie classiftcada como Vulnerável em Portugal (lCN rn pess). A conservação desta ave

em ecossistemas medÍtenânicos depende da existência de conhecimento de base sobre a

sula biotogia, nomeadarnente a ecologia trófica. A predação, sobretudo porespécies detopo,

é um mecanismo fundamental do funcionamento dos ecossistemas. Os objedivos deste

estudo são (í) conhecer as estratrágias alimentares do Bufo-real na PenÍnsula lbérica e (2)

analisar as consequências da sua dieta no Sulde Portugalem termos de conservaçâo.

O estudo desenrolou-se no Sul de Portugal, mais especificamente nas áreas do Parque

Natural da Sena de São Mamede, Bacia Média do Guadiana, Sema de Monfurado e

Nordeste Algarvio.

Os casais de Bufo+eal foram detectados com recurso a escuta de vocalizações

espontâneas e reprodução de vocal2ações conspecíficas. As amostras de restos

alimentares foram recolhidos nos ninhos e poisos utilizados pelas aves. A identifieção das

presas foi realizada com o apoio de colecções de referência e chaves especÍficas, tendo

sido calculados: a frequência na dieta e o contributo em termos de biomassa. As estratégias

alimentares na Península lbérica foram estudadas utilizando os dados obtidos para Portugal

e os resultados publicados relativos a diversas regiões de Espanha, com recurso a uma

análise de componentes principais (PCA). A relação entre as frequências das presas foi

analisada reconendo à conelação de Spearman.

Os principais resultados obtidos apontam para a existência de três estratégias alimentares

na PenÍnsula lbérica: dietas baseadas em lagomorfos; dietas baseadas em roedores; e

dietas com maior diversidade mas cuia presa principal são os lagomorfos. No Sul de

Portugal, os lagomorfos são as presas principais, sobretudo o coelho. Alguns casais

alimentam-se sobretudo de lagomorfos, enquanto outros apresentam dietas mais

diversificadas, embora os coelhos e lebres sejam a base alimentar. As aves de médio porte,

os ouriços e os roedores são as prsas complementares mais oomuns.

O Bufo-realdepende dos lagomorfos pelo que é essenciala manutenção da disponibilidade

destas presas, fundamentais a diversos predadores ibéricos. O efeito reguladordo Bufo+eal

é mal conhecido, sendo importante estudar as intera@es com as suas presas, a maioria

espécies cinegéticas, mas também meso-predadores ou espécies de importância

conseruacionista. A conserva@o desta espécie pode passar, em grande medida, por uma

conecta gestão dos habitats incluÍdos no tenitório dos casais, de modo a permitir uma maior

disponibilidade de presas.
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Abstract

The food habits of the Eagle Owl BuÔo Ôubo and the conservation implications in

mediteranean ecosystems

The Eagle Orrvl (Buôo bubo) is one of the main top predators living in the lberian Peninsula

and a species considered vulnerable in Porhrgal (lCN ,n pre§s).The onservation of this od

in medi,tenanean ecosystems depends upon knowing its lífe history, namelly the food habitrs,

onoe larga predatorc have an active role in food chains. The aims of thÍs study consist in

understanding feeding strategies of lberian Eagle olrls and analysing diet consequences on

conservation in Southem Portugal-

The study was conduçted in Southem Portugat, in the Sena de São Mamede Natural PaK

the Mld Guadiana River Basin and Monfurado (Cenfat Alentejo), and the North+astem

Algarve.

Eagle 6xul pairs were detected by spontaneous calls and response to playback of conspeciftc

calts. Feeding remains were collected in nests and perches and identified using reference

collections and specific studies. Frequency in the diet and biomass contribution were

calculated for each prey. Feeding strategies were studied based on our data for Portugal and

published resutts for Spanish regions, using a Principal Components Analysis (PCA).

Relations between prey frequencies were analysed using Spearman's conelation-

The resutts highlight the existence of three feeding strategies in the lberian Peninsula: diets

based on lagomorphs; diets based on rodents; and diversified diets where lagomorphs are

important preys. tn Soúhem Portugal, lagomorphs are the most important preys, and rabbits

above alt. Some pairs feed mainly on lagomorphs while others have diversÍfied diets, based

on rabbits and hares. lVledium sized birds, hedgehogs and rodents are the most common

complementary preys.

The Eagle Owl is dependent of tagomorphs in tberian meditenanean e@systems, reason

why is essenciat maintaining the availability of these preys, also fundamental for many

predators. The regulation efÍect of the Eagle orrl on its preys has been poorly studied,

although this owlfeeds mainly on game species, but also on meso+redators and species of

conservation gonc€)m. The conservation of this predator seems to be dependent on a conect

management of the habitats included in the tenitory of each pair, in order to achieve a good

prey availability.
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Í. lnüodução

A onservação de uma espácie ameaçada assenta neessariamente nos pilares do

conhecirnento adquirido no âmbito de várias disciplinas das ciências nafurais e sociab- A

biologia da conservaéo ê considerada uma área cientÍfica de síntere e uma das zuas

cornponentes principais é a ecologia (MefÍe & Canoll 1997)-

No campo da ecologia, a dência das relaçôes entre os organismos vivos e o meio abiótico,

está incluÍda muita da informação de base essencial à biologia da conserva@o,

nomeadamente em termos de conhecimento dos habÍrats indispenúveis à sobrevivência da

espécie e estudo das interacções especÍficas e funçáo ecológica nos ecossistemas.

A elabora@o de planos de conserva$o para as espécies que apre§êntam situações

desfavoráveis é uma das ferramentas básicas em biologia da conserva@o (Sutherland

2O0O), tendo estes planos sido já preparados para algumas das aves mais ameaçadas da

Europa (e.g. Goruález 1996, De Juana & Martínez 1997, Anoyo & Feneiro 2OO1).

De modo a que seia possível delinear as medidas de conserva$o mais adequadas para

uma espécie é primeiro necessário reunir informação sobre a sua biologia, nomeadamente:

dimensão populacional, distribuição geográfica, tendência populacional, ecologia, factores

limitantes e ameaças (Sutherland 2000, ver também González 1996, Anoyo & Feneiro

2001).

A tarefa de síntese de conhecimentos é entáo um dos primeiros passos em biologia da

conserva@o. No caso deste estudo, apresenta-se em seguida uma recolha da informa@o

biológica existente, aplicada à conservação do Búo+eal Bubo bubo (Ltnnaeu§, 1758) em

ecossistemas mediterrânicos, e mais especiftcamente no Sulde Portugal.

3Rui Fazenda Lourenço (2@O
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2, lnformação biotógiea ê aspectoe da conservaçáo do Bufo-real em

ecossistefl tas meditedn icos

2.í. Descrição

O Bufo-reat prtence à Ordem Sfiigiformes (Voous 1977, Sibley & Monroe í996, Howard &

Moore 2OO3) e é a maior ave de rapina noc'tuma do Paleárctico Ocidental e uma das

maiores do mundo (Mihtola 1983, Burton 1W21.

Os indivíduos de maiores dimensões pertencem à subespécie Bubo bubo sibiicus (Miktola

í983) e atingem comprimentos de asa de 45,6 qn (machos) e 49,1 cm (fêmeas) (Cramp

í985), claramente superiores aos valores referentes à subespécie que ocoÍre em Portugal,

B. b- hispanus, cujo comprimento de asa ronda os 42,2 cm (machos) e 45,3 on (fêmeas)

(Martínez et al.2OO2).

O peso médio dos indivíduos da subespécie ibérica é 1543 g para os mac{ros e2027 g para

as fêmeas (Martínez et al. 2OO2), inferior aos valores médios paÍa a subespécie centro-

europeia B- b. bubo, sobretudo quando comparado com as populações da Rússia (machos:

2458 g; fêmeas: 3164 g) (Cramp í985).

A envergadura do Bufo-real, na Península lbérica, varia enhe os 147 cm (macho) e 160 cm

(fêmea) (Martínez et at.2OO2), tendo uma dimensão aproximada a algumas das águias de

maior dimensão que aí ocoÍrem: e.g. Águia-cobreira Circaetus gallicus (envergadura: 18$

195 cm; peso: 166l.1735 g), Águia-imperial-ibéica Aquila adalbefti (envergadura: 180-210

cm), Águia de Bonelli Hieraaetus fascraÍus (envergadura: 150-í80 cm; peso: 1721'2386 g)

(Snow & Penins 1998).

O comprimento total na subesÉcie B- b hispanus ronda os 63,0 cm para os machos e 67,4

cm para as fêmeas (Martínez et al. 2OO2). Ao nível da plumagem esta subespécie é

bastante similar à subespécie nominal B. b. bubo, diferindo apenas na cor de fundo mais

dara e nas listras melhordefinidas na região ventral (Mikkola í983).

O dorso apresenta um padrão geral de manchas castanhas e pretas enquanto o ventre é

amarelo-acastanhado pálido com listas verticais pretas bastante proeminentes no peito

(Mik'kola 1983, Cramp í985). O disco facial é castanho-acinzentado onde se destacam os

olhos com íris hranja e os tufos auriculares escuros e compridos (Mikkola í983).

2.2. Biogeografia, distribuição e situação populacional

O Género Bubo apresenta uma distribuiso mundial vasta, estando apenas ausente da

região Australásia (Cramp í985). Segundo Howard & Moore (2003) incluem-se neste

Género 19 espécies, enquanto Sibley & Monroe (1996) apenas consideram 15 espécies.

Assim ambos estes autores consideram as seguintes espécies no Género Bubo:. B.

Rtii F asda Lourenço (2(XlO
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virginianus; B. bubo, B. ascalaphus, B. bengalensis, B. capensis, B. africanus, B. poensis, B.

vosselei, B. nipalensis, B. sumatranus, B. dtelley| B. ladeus, B. coratmndus, B.

leuoosficÍu.$ B. philippensis, diferindo em quatro espécies, induídas no Género Ketupa por

Siblrgy & Monroe (1996) e no Género Bubo por Howard & Moore (2@3): Ketupa blakistani,

K. zeylonensis, K. flavipes, K. ketupu.

O Bufo+eal Buba bubo é consi&rada uma espécie do tipo paleárctico, embora a sua

distribui@o úranja todo o Paleárctico e parte das regiôes lndo+nalaia e Afro-tropical

(Mikkola í983, Newton 2003). Trata-se de uma espécie politípica oom diferenças

morfológicas entre subespécies sobretudo ao nível das cores da plumagôm e da dimensão

(Mikkola 1983, Cramp 1985).

As subespécies reconhecidas no Paleárctico Ocidentalsão B. b. bubo, B. b. hispanus, B. b.

ruthenus, B. b. sibiricus, B. b. interpositus, B. b. nikolskii, B. b. turcomanus, B. b. gladkovi

(Mikkola 1983, Cramp í985). Relaüvamente às subespéciee B. b. deseftorum, B. b.

ascalaphus, B. b. bengalensis, existem divergências entre autores que as consideram como

especies distintas (e.9. Sibley & Monroe 1996, Howard & Moore 2003).

O Bufo-real ocone em grande parte do Paleárctico Ocidental, constituindo excepçôes a

lslândia, Grã€retanha, lrlanda, França Ocidental e várias ilhas mediterrânicas (Mik'kola

1983, Donázar & Kalinainen 1997, Snow & Penins 1998). No Norte de África ocoÍre a

espécie Bubo ascalaphus (Sibley & Monroe 1996, Howard & Moore 2003) considerada por

alguns autores como subespécie do Bufo-real Bubo buho (e.9. Snow & Penins í998).

Durante a primeira metade do Século XX, o Bufo-real sofreu um acentuado declínio em

várias regiões da Europa, devido sobretudo à perseguição humana e profunda alteração dos

habitats (Mikkola 1983, Donâzar & Kalinainen 1997).

Segundo Mikkola (í994), a população reprodutora do Bufo-real, em 34 países europeus

onde ocore, encontrava-se, no início dos anos g0 entrie os 11.000 e os 40.000 casais,

registando-se os maiores valores paÍa a Escandinávia e Rússia. Embora se encontrasse

estável ou em crescimento, a popr.llaçáo europeia do Bufo-real, no seu global, estava em

declínio, sendo por isso incluída na Categoria SPEC 3 e aúibuído o estatuto de Vulnerável

(Mikikola 1994). O trabalho posterior de Donázar & Kalinainen (1997) para estes 34 países

apontava, em meados da década de 90, para uma população reprodutora enlre 12.853 e

37.926 casais e uma tendência populacional de declÍnio, em @nsonância com Mikkola

(1ee4).

A estimativa mais recente da popula@o reprodutora europeia, do início do Século XXl,

aponta para 12.OOO a 42.OO0 casais, dos quais 9.í00 a 20.O0O em países da União

Europeia, indicando uma tendência populacionalactualestável, embora a nívelpan-êuropeu

Rui Fzsda Lourenço (2@5)
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a situação seja maÍs desfavorável (BirdLife lntemationaEB& 2000, Birdlife lntemational

2OA4r.

A situa@o do Bgfo-real em Espanha é bem onhecida, estando disbibuído por praticamente

todo o país, à excepção do Litoral Cantábrico e parte da Galiza (Marfínez & ZubrogoitÉ

2AAg). Comparativamente à estimativa meno§ preclsa de Punoy (19971, gue apontava a

exiEtência de 5Zo a 6&) casais reprodr.rtore em Espanha, os dsdos rnaís realisEs de

Martínez & Zuberqoitia (2003) referem a existência de uma populaÉo reprodutom mínima

de 2345 mais. Esta diferenF é devida à diftculdade de dete@o da esscie, que ap6ar

da sua dimensão pode facilmente passar despercebida, sobretudo quando ocupa habitats

considerad@ m6nos tÍpicos (Erclnázar & Katinainen 1997, Martínez & Zuberogoitia 20O3)'

Ainda assim a tendência populacional parece crescente (Martínez & Zuberogoitia 2003)'

A informação disponível para Portugal, em termos da situação populacional do BuÍo+eal é

redtrzida e pouco precisa. A estimativa de Rufino (1989) conesponde a um intervalo entre

100 e 1.000 casais reprodutores, tendo desde a mesma deconido iá vários enos.

No âmbito desta tese, foi realzada uma oompilaÉo de informa@es diversas sobre a

ocorrência da espécie, muÍtas das quais não publicadas, resultando uma estimatíva dos

efectivos no Sulde Portugal na ordem dos 150 aZAO casais reprodutores e para todo o País

uma população de 200 a 400 casais. A informação utilizada para a realizaçâo destas

estimativas foi a seguinte: Rufino (1989), Santos (1998), Elias eÍ at (1998), ÁMares &

Figueira (1999), Lourenço (20ü)), Lourenço et al. (2oo2), Lourenço (2OO2), Pinheiro (2003),

costa et al. (2003), cEAt (ZAf/,'), Lourenço (2W4), bem como diversas observações

ocasionais não incluÍdas nestes trabalhos-

O Bufo-realocone de Norte a Sulde Portugal, embora a sua distribuição esteja concentrada

ao longo da metade interior e bastrante associada aos vales encaixados dos rios principais

(Fig. l; Rtrfino 1ggg, Lourenço et al. 2OO2, R.F. Lourenço dados não publicados)- A

tendância populacional não é conhecida uma vez que a espécie não é alvo de monitoriza$o

dos efectivos reprodutores-

Esta espécie está incluída na categona Raro dos estatutos de conserva@o do lCN,

apesentando uma tendência populacional regressÍva (Cabrat et al. 1ÇNO). Na revisão do

Liwo Vennelho dos Vertebrados de Portugal apresenta a etegoria Vulnerável, aÚibuÍda

mm base no critério D1, i.e., tamanho esümado da população menof do que 'l'000

indivíduos mduros (lCN ín Pre§s).

6
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Figura 1. Distribuição do Bufo-real Bubo bubo no Sul de Portugal, com base em Rufino

(1989) e em dados pessoais (1997-2OOS).

2.4. Comportamento

O Bufo-realé uma espécie sedentária e bastante tenitorial ao longo de todo o ano (Mikkola

í983)- No entanto, algumas populagões nos limÍtes Norte da distributçáo (e.g.Rússia)

apresentam um comportarnento nómada tace a lnvemos muito rigorosos (Cramp Í985),

bem como populaçôes de zonas montanhosas (Mikkola 1983). Os indivíduos imaturos

reatbam movimentos de dispersâo, que podeÍn atingir os 200 km, no entanto, a maioria

nunca ulúapassa os 50 km (Mikkola 1983, Cramp í985), Esta espécie tem actividade

crepuscular e noctuma, sendo por isso de dÍÍícil observação (Mik{<ola í983). Apresenta uma

considerável actividade vo@|, uma vez que os chamamentos constituem o principal meio

utilizado para a defesa do tenitório e atracção de parceiros (Mikkola 1983).

2.5. Ulilização dos biótopos

A dimensão dos tenÍtórios de Bufo-real na Península lbérica é mal conhecida, no entanto, a

sua dimensâo é relativamente pquena, isto é, quase sempÍe inferior a 10 km2 (Ruiz-

Martínez et al. 1996, Lourenço 2000, V. Penteriani oom. pess.).

Rui Fzerda Larenço (zfi)O
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Em termos de sele@o do habitat os estudos existentes apontam para uma preferência por

zonas com alguma inegularidde topográfica localEadas em regiões de altÍhrdes baixa ou

média e com matagais e culturas de sequeiro (Donázar í988, !úadínez et aL.1992, Martínez

& Calvo 2(X)O, Penteriani et al.2OA1, fr/liartínez et al.20FIJ). A heterogeneidade da paisagem

e a disponibílidade de coelho parecem §ualmente caracíerÍsticas favoráveio. Á'reas com

maiordeÍlsidade populacbnal e várias estradas alcatrode eão evitadas.

No Sul de Portugal, as áreas mais favoÉveis para o Bufo-real são os valeo ripímlas ou

crisúas roc*toss rodeadas por matagais, zonas agrícolas de sequeiro ou montadoe pouco

densos, onde * presas são abundantes, muitias vezes associado a zonas de caça especial
(Santos í998, Lourenço 2AAO, Lourenço et al.2OA2. Pinheiro 2AO3, CEAI 2OA4, Lottenço
z0o4-).

2,6. Biologia da rcprodução

Nos ambientes medÍterrânicos o Bufo-real inicia a reprodução bastante @do, deconendo

em todas as suas fases entre Novembro e Maio.

Como local de nidificação utiliza sobretudo plataformas em encostas roctosas, embora
pontualmente ocupe ninhos em árvores construídos por outras espécies (e-g. cegonhas) ou

nidifique no chão (Mikkola í983). No Sul de Portugal os ninhos encontram-se

maioritariamente em vales escarpados, cristas rochosas e pedreiras abandonadas
(Lourenço 2000, Pinheiro 2OO3, CEA|2004).

Esta espécie epenas real;za uma postura, embora sejam frequentes posturas de reposiçáo

em caso de perda de ovos ou crias (Mikkola 1933). A postura é geratmente de dois a três

ovos (por vezes quatro), que são incubados sobretudo pela fêmea durante 32 a 35 dias
(Mik{<ola 1983). Após a eclosão, as crias dependem da alimenta@o dos progenitores

durante @rcz de úês meses (Cramp í985, Penteriani et al.2O04b). O sucesso reprodutor é

normalmente elevado, se na região em causa não esüverem sujeitoa a muitos factores de
perturbação. Blondel& Badan (1979) referem para a Provença (Franp) uma média de2,l
iuvenis por casal em 13 ninhos com posfunas. Olsson (í997) aponta um valor médio de O,T

jwenis por casal paÍa a Suécia. Penteriani et al. (2OA4a) apresentam uma produtividade

média de 1,7 jwenis por casal na Provença. Em Murcia (Espanha) a prodtrtividade média
(número de juvenis por casal) varia entrie 0,9 e 2,4 (MartÍnez et al- 1gg2). No Sul de

Portugal, Pinheiro (2003) refere para dois anos @nsecutivos os valores de sucesso

reprodutor de í,1 e 2,2 cnas por casal com postura.

Rui Fazenda Lorenço (2G)5)
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2.7. Feetaree do amêaça ê Gausas de mortalidade

Os principah factoree de arneaça do Bufo+eal, a nÍveleuropeu, estÍio mociados à aaçao

direc*a do Homam, sendo os mais relevantes:

a) PertrrbaÉo humana devido à pÉtica de ac'ttvidades de lazernas imedia$e dos ninhoo

(Mikkola Í994);

b)Abate ilesal de avee (Mikkola 1g%, Martinez & Zuberogoitia 2003);

c) Colieão e elecf,rocussão em linhas de transporte de energia (Rubolini et al.20íJ1, Sergio eÍ

aL 2Ao4.);

d) Mortalidade por atropelamento. sobretudo de iuvenis (Mikkola 199a\;

e) Pilhaoem de ovos e crias no ninho (Mikkola 1994, Martínez & Zuberogoitia 2@3);

f) Dedínio das populações de coelho-bravo devido a epizootias (Donázar& Kalinainen 1997,

Martínez & Zuberogoitia 200í, MartÍnez & Calvo 2OO1, Martínez & Zuberogoitia 2fi)3).

2.8. Cnlários de consorvação e insúumentos legais

O Bufo+eal está incluÍdo na categoria SPEC 3, dado apresentar um situação desfavorável

na Europa, embora a sua população mundial não esteja concentrada exdusivamente nesta

região (Birdlife lntemation al 2OO4l.

Esta espécie está incluída no Anexo I da Directiva Aves (79l409lCEE; DL 140199 de 24 de

Abri[ e no Anexo ll da Convençáo de Bema (DL 95/81 de 23 de Julho; DL 316/89 de 22 de

Setembro).

2.9. Ecologia frófica

2.9.1- lntroduçâo teórica sobre a ecologia bófica

As interacções entre espécies são um dos temas cenhais da ecologia e um pilar para a

compreensão dos ecossisbmas, no entanto, estas apresentam uma elevada complexidade,

o que na§uns casos dificr.rlta a sua compartimentração em categorias estanques (Brerrer

í 994). Uma divisão inicial possível destas interacções poderá ser agrupá-las em intera@s

trróficas (nas quais uma espécie utiliza outra omo alimento) e interacç6es não troficas

(Brewer 19W'). Na primeira categoria estão incluídas, entre outras, a preda$o e o
parasitismo, enquanto que a segunda categoria abrange o @mensalismo, a compeüção,

neutralismo, etc.

A complexidade das interacções tróficas e em particular da predação, ponto central neste

estudo, é revelada ao nívelde algumas questões úave paÍaa compreensão (Brewer 1994):

1) a actividade é a base da transferência de energia numa comunidade;

Rui Fazeda Lourenço (2@O
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2) existem diferentes técnicas de alimentação, nomeadamente de procura e capfura das

preffis;

3) pode existir uma influência da intera@o na dimensão da populafro do predador ou da

pÍesa (efeito numéfio);

4) existe um efeito seleciivo, ou evolutivo, da predação sobre a presa e da escassez de

alimento sobre o predador.

Na relação predadorpresa, existem alguns factores mndicionantes que determinam a

incoçora$o de uma determlnada espécie na dieta de um predador (Brewer 19911),

desÍgnadamente:

Í) a abundância da especie presa;

2) a disponibilidade da presa em termos de eptur:a (comportamento, meenismos de

defesa, etc.);

3) e a preferência do predador (dependente sobretudo da relação custo captura - benefÍcio

energético).

A dieta óptima (optimal foraging) é considerado um ponto fulcral na evoluSo dos

predadores, baseando-se numa fun@o entre o benefício energético do consumo de uma

determinada presa e o custo (em termos sobretudo de tempo e energia) da sua captura

(Brewer 1994). No entanto, na§uns casos não é apenas a relação custo-benefÍcio que

determina a dieta, mas também uma série de outros factores, como sejam a alimentação de

crias, a susceptibilidade à predação, etc (Brewer í994).

O efeito da predação nas populações do predador e da presa é uma questão complexa na

ecologia das comunidades (Ricklefs 1990, Brewer 19€.41.

O modelo predador-presa de Lotka-Volterra baseia-se nos princípios simples de que: um

predadordepende da popula@o da presa, sendo o efeito expÍesso na taxa de natalidade da

e§péciê predadora; e os efecfivos da presa dependem da população do predador, gue adtua

sobre a taxa de mortalidade. Em síntese, o predador é limitado pela presa e a presa é
limitada pelo predador (Breurer 1994.).

De facto, este modelo revela-se demasiado simples para explier a complexidade inerente

às relações enúe predadores e presas, não avaliando a capacidade das presas de se

refugiarem do predadoç bem oomo a capacidade do predador de se alimentar de presas

altemativas (Brewer 1994, Ricklefs í990). Algumas críticas ao modelo de Lotka-Voltena

apontaram sobretudo para o facto de que a resposta dos predadores à densidade das

presas não ser na generalidade uma função linear, mas poder tomar formas variadas e

complexas (Ricklefs 1 9gO).

Rd Fzenda Lourenço (2@5)
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A predaSo irúaguilde, ou Beia, a crtfiwa de urn animal que explora recuÍaos alimentares

seneltrantes, é urn fenórneno particuhr da predação e reiÍeÇe ser rnais restrita a indivÍduas

jovens e espécies de menor dimensão como prêsas; fado devido sobtettdo ao risco e

esforço inerente ao proomso de morte de um oubo predador equiparado (Polis et al. 1989)-

No caso deste esúudo, são particulannente interessantes todos os fenómenos inêfenb à

predação e ao papel dos predadores nas comunidades bióticae, uÍna vêz qüê a eepécie em

çgusa é um predador do topo da cadeia úófica e uÍna espécie relativamente @mum na

região meditenânie (Donázar & Kalinainen 1997, MartÍnez & Zuberogoiüa 2003).

2.9.2. Ecologia trófica do Bufo+eal

Os hábitos alimentares do Bufo-real são um tema bastante estudado a nível europeu,

existindo trabatrhos publicados paÍe a maioria dos paÍses onde ocome (ver revisôes em

Mikkola 1983, Penteriani 199ô). Em Portugal, o conhecimento sobre a biologia do Bufo-real

é ainda reduzido e sobretudo pouco divulgado, exiEtindo no entanto alguns trabalhos

pontuais (Iavares et a\.1989, Mira í995) e poucos estudos mais aprofundados embora não

publicados (Santos í998, Lourenço 2000, Pinheiro 2003).

Nesta perspectiva, o presente estudo pretende suprimir esta lacuna do conhecimento da

ecologia trófica do Bufo-reat, tentando aprofundar a verlente no âmbÍto da biologia da

conservação.

3. Obiectivos

Os recursos alimentares são um dos principais factores limitrantes na reprodução das aves

de rapina, a par com a disponibilidade de locais de nidificação (Newton 1979,lrlewton í998),

sendo por isso um tópico essencial na @nservação de predadores-

Assim, os objectivos deste estudo consistem na análise da ecologia trófica do Bufo-real,

atavés das seguintes abordagens encaradas numa perspectiva de biologia da conservação:

1) Estudo das estratfuias atimentares do Bufo-real em ambientes mediüenânicos da

Penlnsula Íbérica.

2) Estudo da dieta do Bufo-reat no Sul de Portugal e análise das implie@s

conservacionistas.

Rui Fzenda Lorenço (2(ffi)
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4- i*eade etrdo

Este estudo foi desenvolvido no Sulde Portugal, definido neste proposito ooÍno a porÉo do

tenitório continental a sul do rio Teio. A árca de estudo global empreende guafo áreas

localizadas no Alentelo e Algarve e enquadradas naa bacias hidrográfies dos rios Tejo,

Guadiana e §ado (F.g- 2).Estas guatro áreas apresentam a§uma variação em temros

biofísios e paisagÍstios, embota em todas predominem características meditenânicas. A

região no todo pertene à Província Luso-Extremadurense (Costa ef aí- í998).

w E

0 20 6 €0 eoFniffi
I=-'l

Troço médio
do Guadiana

NE Algarvio

Fgtna 2. Locr,lbaçâo das quatro regiões estudadas no Sul de Portugal.

Nordeste Alenteiano (PNSSM)

Esta área conesponde em grande parte ao Parque Naturalda Sera de São Mamede. Esta

zona wÍrana vana em aÍtitude entre os 300 e os 1027 m s.n.m. e os habitats dominantes

são as florestas de carvalho-negral Quercus pyrenaica, sobreiro Quercus subere azinheira

Quercus rotundifolia, os matagais dominados por estevas e giestas, os soutos (Castanea

saÍnra), pinhais (Pinus pinastefl, olivais (Olea europaeal e cultunas agrícolas de sequeiro.

S
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Troço mádio da Bacia do Guadiana

Esta área looaliza-se noo concelhos deAlandroal, Reguengos de B/lorlsaraz" Mourão, Poltel

e Moura, onde os principais afluentes do Rio Guadiana são: Luefêce, Azevé|, Cuncos,

fúcanache, Degebe, Adila e @eare. As planícies são dominantes, sendo cortradas polos

vales acentuados dos rios e ribeiras- Os habitds dominantes são os montados e bosgues de

uirtho, os matagais escÍeróúÍtos, os olivais, as únhas e as culü.rras agrÍcolas de segueÍro.

SÍtio de Monfurado (Bacia do Sado)

Esúa área destam-se da planície alentejana envolvente por um aumento da altitude até aos

40O m. A paisagem é dominada por montados de sobro ê ern mênor grau por cufturas

agrÍcolas de sequeiro, vinhedos e rnatagais.

Nordeste Algarvio

Esta área c,orespondo às bacias hidrogÉficas do Rio Vascão e Ribeira da Foupana,

afluentes do Rio Guadiana. O relevo é ondulado, mas de caraderísticas não muito bruscas,

existindo poucos desníveis muito acentuados. Os habitats dominantes são os matagais

esclerófrtos, os montados de azinho e as culturas hortofrutÍcolas de sequeiro. Os bosques

de sobro e as plantações de pinheiro-manso Pinus pinea estão presentes, embora assumam

uma menor importância.
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5. Os hábitos alimerúare do Bufo-real na Península lbérica

Artigo subrnetido a: Joumal of FtoH Omithology
(Asrcciation of Field Omithologists)
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THE FOOD T.ffiEITS OF EAGLE OIflI-g IN THE IBERTÂSI PEHINST'I.A

Rui F. Lourenço

Cenfio de Estudos da Avifauna lbérie, CEAI, Apartado 535,7AA2'506 Évora

ABSTRACT: lnformation on the diet of Eagle &vls inhabiting the lberian Peninsula is mostly

dertved from strdies in Spain, and until nouí no pubtishd data was available for Portugal.

Diet was analyzed in 23 Eagle Gail tenitories in Southem Portugal and results where

compared with data ftom Spanish studies using PCA. Diet in Southem Portugal raras mainly

based on Lagomorphs. Overall in the lberian Peninsula three main diets were described: (1)

tagomorphs-based; (2) rodents-based; (3) diversifted diets wÍth lagomorphs as main prey-

There were no evident large sele diet variations due to high heterogeneity in lberian

Meditenanean landscapes. Differences in diet are mainly determined by tenitory

charac*eristics. The results obtained point out the need to (1) recover rabbÍt populations; (2)

appty habitat management measures to increase preys populations at the tenitory scale; and

(3) analpe the influence of diet variations on the fiútess of breeding pairs.

KEY-\ /ORDS: Bubo bubo, diet heterogeneity, Mediterranean habitats, Portugal, Spain
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Knowledge on the food habits of a predator is na essenüal feature to its conseryaüon' since

diet inftuances survival (Hakkarainen et at. 2AA2l, breeding performanoe (Vrftuela arud Veiga

1992; Anoyo 1998; Penteriani et al. 2ao2l and revêals possible conflicb wtth human

activities Clhirgood et al. 2000). Moreover, thê analysis of the diet of top prdators may be

partictrlarly urefulfor species conrervation vuhen intraguild predation is acting (sergio et al'

zAAq.

The Eagle oad Bubo bubo is a large prcdator of Palearctic disffibution and diet of European

populations was laryely studied in several counÚies (Penteriani 1996)' Hourcver, the

informaüon on the diet of this species in the lberian Peninsula concêms only spanish regions

(e.g. HÍraldo et at. 1975;Donázar 1989; Serrano 1998; Martínezand Zuberogoitia 20O1), and

no information is availab&a for Portugal-

Lagomorphs, and more speciftcally rabbits Orvctolaous cuniculus, play an important

ecological role in the food webs of westem Meditenanean ecosystems (Delibes and Hiraldo

1981; lbona et al. 1990). Eagle owls are rabbit-specialized predators in the lberian

peninsula (Hiraldo et al. 1g76; Donázar et al. 1989) that, due to the abundance of this prey,

attain here high population densities. ln the last decades, myxomatosis and rabbit

hemonhagic disease were responsibte for the impressive decline of rabbit populations in the

tberian peninsula (Villafuerte et al. í995). As a consequence, two rabbitdependent species

like the Spanish lmperial Eagle Aquila adalberti and the lberian Lynx Lvnx pardinus are

nomadays in dramatic conservation situations (Fener and Negro z}Aq.Athough large scale

effeds of rabbit diseases on lberian Eagle Ouvl populations and their diet have never been

evaluated, soÍne aúhors have reported negative consequences associated with the

reduction in availability of this prey (Martínez and Zuberogoitia1ool; Penteriani et al- 2002)'

Main obiectives of the present study were: (1) the descripüon of the Eagle &vl's diet in

Southem portugal; and (2) a comparison of food hab'lts among different lberian populations

to assess the possible existene of diverse diet skategies in the lberian Peninsula.

METHODS

§firdy aÍee. The study area is located in Alenteio and Algarve provinces (Southem

portugal), included in the Mesomediteranean and Thermomeditenanean bioclimaüc belts'

character2ed by a hot and dry Meditenanean climate (Rivas-l\íartínez et al- 2oo2}

Landsepe is dominated by plains or low hills with etevation ranging from sea-levelto í000

m a.s.!., and main habitats are agricultural fields (cereal steppes, olive groves, vineyards),

Meditenanean scrublands, and Holm oak (Quercus rotundifolia) and Cork Oak (Quercus

sube4 pastoralwoodlands (lnontados). The area is cunently suffering large scale changes in

Rui Fzenda Loureaço (2ülO
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the landsepe, mainly due to large reseruoirs, convercion of traditÍonal agricultural fields into

tnigated onês, and abandonment or afÍolestation of open fields-

Tenitory suryley. Eagúe Orul tenitories raere searched from í997 to 20&4 by combining

listening and playbad< sesÊions during üre pre{ay}ng peÍiod (Novemberfebruary in the

study area), followÍng Penteriani et al. QOOI) and l{lartít'elz et aL QAA3)- [/loreover, from

hlarch to June, atl suitable aÍaas were visited to search for nests, roost sitea, and feeding

percfies.

Diet analyeis. Eagle charl's diet was studied on a sampb of 23 tenitories. í5 tenÍtories

were visited twice (in dÍfferant yearc), while the remaining eight were visited only once- To

redue disturbance, visits took place at the end of the breeding season only. During eacft

visit, al feeding materials (i.e. reent and old pellets, prey remains, and accumulated bones)

rruere collected. To reduce bias due to double-counting of a same prey, the minimum number

of individualE was determined fotlowing recommendations of Simmons et al- (í991) and

Marchesi el al. (20O2a). prey Ítems were identÍfied by comparison with both the collection of

the Laboratory of Archaeozoology (lPA - Portuguese lnstitute of Archaeology), and

identification tables of specific studies (Gama 1957; Madureira and Ramalhinho 1981;

Moreno 1985, 1986, 1987; Callou 1997; Prenda etal. 1997). Data are presented as prey

Írequencies only (i.e. the number of items in a prey class divided by the sample size),

because they best reflect foraging efforts (Rosenberg and Cooper 1990)- Moreover,

frequencies were also used because in the lberian diet comparisons severalstudies did not

reported biomass percentages.

Spanftsh sfrrd'les. For comparisons with feeding habits of Portuguese owls, the

inclusion of Spanish diet studies followed three main criteria. First, the diet descripüon had to

be separated by localities, each conesponding to a breeding pair. Secondly, sample size per

tocality had to be targer than 50 prey individuals- Finally, only those studies in which prey

groups were well dÍscriminated (i.e. species or genus) were included. So, the comparative

analysis induded five studies with a total of 68 localities (Hiraldo et al. 1975; Pérez 1980;

Donázar 1989; Senano 1998; Martínez and Zuberogoitia 2001), which allowed a good cover

of the Spanish Medítenanean region.

Staüstical anaryses. Principal Components Analysis (PCA) was used to arrange

localiües in subsets, based on prêy classes frequencies in the diet- ln this analysis the

components (axes) revealthe conelations among variables (prey classes) and each locality

is then retated with these components (tabachnick and Fidell 2001). PCA was performed

using 28 variables, consisting in the frequency of different prey classes in the Eagte Owl diet-

Data in the cross-producús matrix was centered by columns (variane/covariance), so that

the variables could contribute to the analysis in proportion to theirvariances (Jongman et al-
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1995). Scores for column variabtes were calculated by weighted averaging (McCune and

Mefford 1999).

Spearman's rank conelation (rs; Zar 1999) was used to test for relationships between prey

class frequencies and diet diversi§ (Shannon's index; Brower et a!. 1990). All tests were two-

tailed and s§nificance level was defined at 5 0.05. All statistical analysis were computed

using the software PCORD 4 (McCune and Mefford 1999) and SPSS 10.0 (SPSS lnc.

1eeg).

RESULTS

Diet in Southern Portugal. The 23 tenitories yielded a total of 2666 prey individuals,

belonging to 64 different species (Iable 1). Lagomorphs (rabbit and lberian hare Lepus

sranatensis) were the most frequent preys in the majori§ of localities, ranging from 27 to

670/o (mean frequency = 47o/o). Among the other mammal species, the most frequent preys

were rodents (mean frequency = 13%) and hedgehogs Erinaceus europaeus (mean

frequency = 5%). Birds were present with frequencies ranging between 14 and 48olo (mean

frequency = 32o/ol, from which passerines (mean frequency = 9olo), pigeons and doves (mean

frequency = 4o/o\, owls (mean frequency = 3o/o\, moorhen Gallinula chloropus (91% of the

overall Gruiformes, mean frequency = 3%), and the red-legged partridge Alectoris rufa (99%

of the overall Galliformes, mean frequency = 9%) were the most frequent preys.

Diet in the lberian Peninsula. ln the comparative analysis, the 91 Portuguese and

Spanish localities corresponded to a total of 14251preys. First and second axes in the PCA

explained cumulatively 80.5% of the variance (axis 1 : 51.1o/oi axis 2: 29.4o/o). Axis 1 showed

a high conelation with the frequency of rodents (eigenvector = 0.739), rats Rattus spp.

(eigenvector = 0.216) and mammals (eigenvector = 0.157) on the positive side, while the

negative side was mainly conelated with the frequency of lagomorphs (eigenvector = -0.587)

and birds (eigenvector = 4.166). Axis 2 was highly conelated with birds (eigenvector =

0.559) on the positive side, and on the negative side with mammals (eigenvector = {.556)

and Iagomoçhs (eigenvector = -0.512). Therefore, the four quadrants of the PCA plot (Fig.

1) corresponded to: (í) loelities with diet based on lagomorphs and birds; (2) localÍties with

diet based mainly on lagomorphs; (3) localities with diet based on rodents and

complemented with birds; (4) Iocalities with diet based on rodents and complemented with

lagomorphs. Localities from Southem Portugal belonged almost entirely to the two quadrants

on the left, that is, diets based only on lagomorphs and based on lagomorphs and birds. A

locality in Salamanca (Spain) was clearly isolated on the top left quadrant, conelated with the

frequency of birds. On the lower right, there was also an evident group mainly constituted by

localities from north-eastem Spain, which was conelated with high frequency of rodents.

Rui Fazenda Lourenço (2fi)S)
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Diet diversúy was negatively conelated with the frequency of mammals (r" = {.81; P =

0.000) and lagomorphs (r, = {.36; P = 0.000) and positively conelated with the frequency of

insectivores(r.=0.70; P=0.000),hares(r"=0.24; P=0.020)andbirds(r"=0.64; P=

0.000).
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Figure 1. PCA scatter plot of 91 localities with Eagle Owl breeding pairc in the lberian

Peninsula, compared using the frequency of 28 prey classes. Regions: 1) southem Portugal;

2) south-central Spain; 3) north-eastem Spain.

DISCUSSlON

The Eagle Owl is considered a generalist top-predator which specializes in the most

advantageous food and therefore being able to occupy several biomes (Donázaret al. 1989).

ln Southem Portugal, as in other Meditenanean habitats, lagomorphs are the key preys of

this owl, once rabbits are a very profitable prey due to their abundance and size. ln the

Portuguese region however, lberian hares also have an important contribution, showing a
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higher mean frequency (9%) than most Spanish studies (e.9. Hiraldo et al. 1975; Donázar

1g8g; Serano 1998; MartÍnez and Zuberogoitia 2001). On the other hand, some breeding

pairs have more diversified diets, which include small mammals and birds, as a probable

response to lower availabilÍty of lagomorphs, typical of a generalist predator.

Overall, in the lberian Peninsula, three main diets can be considered, depending mostly of

the avaitability of rabbits: (1) low diversified diets based almost exclusively on lagomorphs;

(2) diets base on rodents but also including lagomophs and birds; and (3) diversified diets in

urhich lagomorphs are the main preys but birds, and sometimes small mammals, have hÍgh

frequencies also.

lberian localities with lagomorphs-based diets were found mainly in areas with high to very

high abundance of rabbÍts (Vitlafuerte et al. 1998; Mathias í999). According to Marchesi et

al. (2O02b), focusing on an optimal prey is the best Íoraging strategy and is related to higher

breeding success in Eagle Owls. Higher proportion of rabbits in the diet of Black Kites

1g1ygs_tdorans) is also related to higher reproductive success (Vifiuela and Veiga 1992) and

in this case, lberian Eagle Owls pairs specialized on capturing lagomorphs may also have a

better breeding perfonnance.

On the other hand, localities with rodents-based diets were found mainly in the north-eastem

lberian Peninsula, in areas with low rabbit abundance (Villafuerte et al. 1998; but see

Donázar 1989; Senano 1998). ln a situation of rabbit scarcity, Eagle Owls were able to

capture rats as main altemative preys. Nevertheless, the existence of effects on breeding

performance has not been assessed, and these localities may colTespond to lower quality

tenitories.

ln their tum, one would expect diversified diets to be associated with medium to low rabbit

abundance, as highlighted by Penteriani et al. (2002) for Meditenanean France. Localities

with diversified diets were widespread in the lberian Peninsula, and according to Villafuerte

et al. (1998) some were located in areas with high rabbit abundance. The heterogeneity

inherent to MedÍtenanean landscapes is responsible for intrapopulation variations (see

Penteriani et al. 2OO2, 2AO4l, and is probably behind the fact that in areas with high rabbit

abundance, both diversified and lagomorphs-based diets were found. Above all this is a

maüer of scale, once in areas of high rabbit abundance, smaller patches may have lower

abundance and though a lower frequency of lagomorphs which leads to diversified diets.

Overall, variations in the diet of Eagle Owls in the lberian Peninsula seem mainly dependent

on the characteristics of tenitories. Differences between study areas have comparatively

lower importance due to landscape heterogenei§. When available, lagomorphs are the main

preys, however Eagle Owls are able to diversifu their diet or even shift to rodents-based

diets, when rabbits are scarce in theirtenitory. This dietary plasticity, associated with relative

eclecticism in the choice of nesting site could represent favorable life-history traits helping
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Eagle Owl's to survive in the lberian Peninsula betterthan other large avian predators as the

Bonelli's Eagle Hieraaetus fasciatus or the Spanish lmperial Eagle. Nevertheless, a piece in

the puzle is süll missing, that is, the consequences of each freding strategy in terms of

fitness.

Conservaüon implicaüons, Rabbit populations have been suffering large decreases,

associated with diseases (Viftuela and Villafuerte 2003), as well as inadequate hunting

efforts and habitat management (Moreno and Villafuerte 1995: Calvete et al. 2005), that can

have several negative consequences on Eagle Owl populations (e.9. Martínez and

Zuberogoitia 2001; Martínez and Calvo 2001). Since rabbits are the staple prey of this

predator, the recovery of the populations of this lagomorph is essential to lberian owls.

Conservation measures based on habitat management as a way to increase prey availability

(e.g. Moreno & Villafuerte 1995; Ontiveros et al. 2005) should be, in the case of the Eagle

Owl, based firet on the tenitory scale.

Finally, it is necessary to assess how tenitory characteristics influence diet in lberian

Meditenanean ecosystems and which are the consequences in terms of survival and

breeding performance. These results can help in identifying high quality areas for Eagle Owls

and primary for conservation.
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LOCALITY 1 2 3 4 5 6 7 I I 10 11 12

MAMMALS 56.9 67.7 52.3 51.6 52.2 63.6 48.7 60.7 57.4 5í.8 77.9 81.6

lnsectivora 10.9 5.6 í0.8 6.9 11 .9 6.8 2.7 5.4 6-6 1.2 1.4

Camivora 1.5 1.3

Rodentia 12.4 6.5 7.7 2.7 1.3.4 12.9 18.4 8.9 10.9 9.0 10.5 12.9

Arvicola sapidus o.7 1.6 9.8 3.9 5.4 6.2 4.8 7.O 7.5

Rattus spp. 8.0 4.O 0.5 10.5 1.5 14.5 2.7 2.3 3.6 4.8

Lagomorpha 33.6 55.6 32.3 42.O 26.9 4Íi.9 28.9 49.1 41.1 36.1 66.3 67.3

Lepus qranatensis 5.1 9.7 7.7 5.9 14.9 5.3 1.3 14.3 8.5 6.6 3.5 1.4

Oryctolaous omiculus 14.6 14.5 9.2 12.2 11.9 '|'9.7 18.4 4.5 23.3 12.O »..1 38.8

Leporidae n.i. fiweniles) 13.9 31.5 15.4 23.9 18.9 9.2 30.4 9.3 17.5 40.7 27.2

BIRDS 38.0 30.6 6.2 4.1 47.8 35.6 28.9 36.6 39.5 4.6 ?2.1 15.0

PodiciFdiformes o.7 1.6 9.0 1.5 7.9

Ciconiiformes 0.7 0.8 1.5 0.8 1.3 0.8 0.6

Anseriformes o.7 1.5 1.1 0.8 0.9 1.2

Accipitriformes 0.8 1.6

Galliformes 2.9 8.1 1.5 2.7 9.0 3.0 2.6 8.0 3.9 5.4 10.5 5.4

Gruiformes 2.9 1.6 9.2 6.9 6.0 10.6 1.3 5.4 1 0. 1 1.2 3.5 1.4

Charadriiformes o.7 2.4 3.1 2.1 1.5 0.8 1.3 2.7 0.8 1.2 o.7

Columbiformes 13.9 8.9 18.5 í3.8 9.0 2.3 1.3 5.4 9.3 5.4 1.2 2.7

Strigiformes 9.5 3.2 7.7 6.4 9.0 6.8 3.9 2.7 6.2 1.2 1.2

Coraciiformes 1.3

Piciformes 1.5

Passeriformes 4.4 4.8 3.1 9.6 3.0 9.1 7.9 11 .6 7.O 27-',I 5.8 4.8

REPTILES

AMPHIBIANS o.7 0.8 1.1 1.3 2.7 í.6 3.0 3.4

FISHES 0.8

INVERTEBRATES 4.4 1.5 3.2 0.8 21.1 1.6 0.6

SAMPLE SIZE 137 124 65 188 67 132 7A 112 129 166 86 147

Table 1. Preys frequency in Eagle Owl localities (Southem Portugal).
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Table 1. Continued.

Rui Fazenda Lourenço (2005)
AecologiatróficadoBúoreal Bubobuboex implicaç6es consenacionish eÍn ecossistema meditenânicc.

LOCALITY 13 14 15 16 17 18 19 20 21 ?2 23

MAMMALS d2.4 6-2.5 65.3 73.5 70.6 68.1 62.6 86.0 61.5 77.2 65.4

!nsdivora 2.2 6.3 2.4 1.4 2.4 5.0 5.0 7_5 8.8 3.5 1.9

Gamivora 1.2

Rodentia 14.6 12.5 8.1 12.9 10.6 10.9 20.1 4t.0 6.6 2'.1-1 5.8

Arviola spidus 5.3 3.1 2.4 7.5 7.1 1.7 15.1 28.0 3.3 11.O 1.9

Rattus spp. 7.O 1.7 3.2 1.4 1.2 1.7 2.3 6.5 2.2 3.5

Lagomorpha 45.6 43.8 54.8 59.2 56.5 52.1 37.4 35.5 46.2 52.6 57.7

Lepus qmnatensis 6.6 9.4 13.7 17.7 11.8 9.2 11.7 3.2 12.1 '12_3 21.2

Oryctolaous cuniculus 11 .9 25.O 27.4 13.6 21.2 17.6 11.7 8.6 20.9 10.5 9.6

Leporidae n.i. fiweniles) 27.O 9.4 13.7 27.9 23.5 25.2 14.0 23.7 13.2 29.8 26.9

BIRDS 35.8 37.5 25.O '18.4 29.4 26.9 31.3 í4.0 36.3 19.3 34.6

Podicipediformes o.4 1.6 2.2

Ciconiiformes 0.6

Aneriformes 4.7

Accipitriformes 1.1

Galliformes 6.2 7.8 1s.3 12.2 18.8 7.6 9.5 7.5 2.2 12.3 21.2

Gruiformes 0.9 4.7 0.8 0.7 4.2 '|'.7 2.2

Charadriiformes 3.1 o.7 1.7

Columbiformes 1.3 1.6 2.O 'l-7 3.9 1.1 1-',| 3.8

Strigiformes 2.2 0.8 0.6 4.4 3.8

Coraciiformes o.4

Piciformes

Paseíformes 24.3 12.5 7.3 2.7 10.6 12.6 13.4 5.4 8.8 7.O 5.8

REPTILES 0.8

AMPHIBIANS 1.8 3.2 2.7 2.5 1.1 'l-1 1.8

FISHES 4.8 o.7 4.5 1.8

INVERTEBRATES 0.8 4.8 2.5 0.6 1.1

SAMPLE SIZE ?26 u 124 147 85 í19 179 93 91 57 52
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SUMMARY

The food habits of Eagle Owls were studied in 37 tenitories in Southem Portugal.

Lagomorphs are the basic preys and rabbits assume special importance. The decline of

rabbit and hare populations represent a threat factor for many raptors, including Eagle Owls,

so urges the application of conservation measures to recover lagomorphs populations. Due

to conflicts between game managers and predators, it is essential to study the impact of

predation on smalt game species and define measures for reconciling game-hunting and

conservation. Eagle Owls have an important rote in Meditenanean food webs, because they

are intraguild predators and can control meso-predators and opportunist species, being a key

species in top-down regulation. Some individuals feed regularly on pigeons being possibly

exposed to diseases, as trichomoniasis, and persecution by pigeon fanciers.

tilpltcAçÕes cor,tsERvActoNtsrAs Dos HÁBtros ALIMENTARES Do BUFO-REAL

NO SUL DE PORTUGAL

Este estudo baseou-se na análise dos hábitos alimentares em 37 tenitórios de Bufo-real no

Sul de Portugal. Os lagomorfos constituem as presas básicas, destacando-se sobretudo a

importância do coelho-bravo. Os declÍnios registados nas populações de coelho e lebre

representam um factor de ameaça para diversas aves de rapina, incluindo o Bufo-real, pelo

que é essencial a aplicação de medidas de conservação para recuperar as populaçôes de

lagomorfos. Devido à existência de conflitos entre a actividade cinegética e os predadores, é

fundamental estudar o impacto da predação em espécies cinegéticas de modo a definir

medidas de reconciliação entre a caça e a conservação. O Bufo-realdesempenha um papel

importante nas cadeias tróficas em ambientes meditenânicos, dado tratar-se de um

predador intraguilde e poder controtar espécies oportunistas e meso-predadores, sendo

uma espécie-chave na regulação dos sistemas. Alguns indivíduos alimentam-se

regularmente de pombos estando sujeitos a doenças, como a tricomonÍase, e a perseguição

por criadores de pombos.
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INTRODUCTION

predation are central issue in applied ecology, due to the role of this interaction as a driving

force in ecosystems (Ormerod 2002). For conservation biology, top camivores are often

keystone species in the ecosystems (Meffe & Canol 1997), and therefore large raptors may

have fundamental ecological functions, namely topdown population regulation (Nevúon

19e8).

The Eagle 61M Bubo ôuôo is the most @mmon avian top predator in Southem Portugal, but

atso in Spain (see MartÍ & Del Moral 2OO3). This species is the largest owl in the world, and

occurs in most of the countries of the Westem Palearctic (Cramp 1985, Donázar &

Kalinainen 1997). After strong population declines in the last century (Mikkola 1983), the

present situation in Europe seems more favourable (BirdLife lntemational2004), with Spain

as one of the strongholds (MartÍnez & Zuberogoitia 2003). !n Portugal, however, the Eagle

Owl is considered a vulnerabte species (lCN ,n press). Understanding the food habits of this

species can contribute not only for its conservation, but also to improve the knowledge on the

most important prey species.

The main goal of this paper is to describe Eagle Owl's diet and analyse its implications on

conservation biology in Portuguese Meditenanean ecosystems.

STUDY AREAS

The three study areas are located in Southem Portugal, in the provinces of Alentejo and

Algarve. These areas are included in the Luso-Extremadurense biogeographic province

(Costa ef at 1998), which is part of the Mesomediteranean and Thermomeditenanean

bioclimatic belts, characterized by a hot and dry Meditenanean climate (Rivas-Martinez et al-

20021.

The northemmost area is Iocated in the district of Portalegre, being included in the Sera de

São Mamede Natural Park (hereafter PNSSM). This mountainous area range§ in elevation

from 250 to 1027 m a.s.l. and most common habitats sunounding Eagle Owl nests are Cork

Oak Quercus suôerand Holm Oak Quercus rotundÍfotiawoodlands (montados), scrublands,

agriculturalfields, orchards, olive groves and Eucalyptus spp. plantations.

The limits of the Central Alentejo area (hereafter C-Alent) are somewhat defined by the

localities of Alandroal, Montemor-o-Novo and Moura. This area is dominated by plains,

existing a few mountains (Ossa, Monfurado and Portel) and pronounced river valleys.

Elevations range from 100 to 650 m a.s.l., and main habitats around nests are agricultural

fields, scrublands and Holm Oak woodlands.

Rui Fazenda Lourenço (2ü)Q
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The third area is located in the northcastem part of Algarve (hereafter NE-Alg). This is a

rugged area of low hills, ranging from 0 to 577 m a.s.l., and dominant habitats around nests

are scrublands, agricultural fields, orchards and Holm Oak and Cork Oak woodlands.

The majority of the nests were close to or within game hunting estates. Around 600/o of the

breeding pairs were included in areas with some sort of legal protection (Natural Park,

Special Protection Area, Natura 2000 Network sites).

ITIIETHODS

Field work was conducted from 1997 to 2OA4 and Eagle Owltenitories were located using a

combination of two methods, commonly used in such surveys (e.9. Penteriani et a\.2001,

Marchesi et al. 2OO2b, Martínez et a1.2003, Sergio et al. 2004). (í) From November to

February, when adults are more vocally active (Penteriani 2OO2} we used listening sessions

consisting in a passive auditory interval, followed by the broadcast of conspecific

vocatizations (Martínez & Zuberogoitia 2OO2). Sessions started half an hour before sunset

and never exceeded the following four hours, a period of high vocal activity (Mikkola 1983).

(2) From March to June, all suitable areas were visited to search for nests, roost sites and

feeding perches.

To assess the diet of Eagle Owls we examined 37 tenitories, I in PNSSM, 17 in C-Alent and

12 in NE-Alg. Whenever possible, tenitories were visited twice, in different years. ln every

visit, all feeding material (recent and old pellets, prey remains, accumulated bones) was

thoroughly searched in nests, roosting places and feeding perches. Visits took place from

April to September in order to reduce disturbance. The samples conesponded to all year

round food of both adults and nestlings. To reduce bias, pellets and prey remains in each

tenitory, were pooled into a single sample, where the minimum number of individuals was

determined, following the recommendations of Simmons eÍ a/. (199í) and Marcfiesi eÍ aí.

(2oo2a).

Prey items were identified to the species level whenever possible, using for comparisons the

reference collection from the Laboratory of Archaeozoology (Portuguese lnstitute of

Archaeology - lPA), and studies (Gama 1957, Madureira & Ramalhinho 1981, Moreno í985,

1986, 1987, Callou 1997, Prenda et a|.1997).

Results are presented as frequency in the diet (F%), which conesponds to the number of

individuals of a specific prey divided by the total tenitory sample size, multiplied by 100 to

obtain a percentage (see Rosenberg & Cooper 1990). Frequencies Íor the three areas were

determined by calculating the mean values in all representative tenitories (with more than 40

individuals). To evaluate the contribution in terms of biomass (B%), the weight of individuals

of a prey species or class was divided by the weight of all captured individuals in a sample,
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multiplied by 100 to obtain a percentage. Mean biomass contribution values for each area

were determined as for prey frequencies. ln prey species with significant size variations,

biomass was estimated using published equations involving weight and speciÍic bone

measurements: Rabblt Oryctotagus cuniculus (Donázar & Ceballos 1989); Rats Raffus spp.

(Monis tg79), not identified Passeriformes (Monis & Burgis 1988), Barbels Barbus spp. (D'

Freitas unpublished data, L.F.M. Coneia unpubtished data),lberian Hare Lepus granatensis

(Batista & Mexia 1996, T. Batista unpubtished data, R.F. Lourenço unpublished data)- ln the

remaining species, a mean weight was assigned based on authoritative biHiographic

sour."s (Cramp et at. 
,1g77-94, MacDonald & Banett 1993) and measurement of individuals

in the field.

Spearman,s rank conelation (Zar í999) was used to test for relationships between

frequencies of some prey classes. All tests were two-tailed and signifiGan@ level was

defined at pS 0,05. Shannon's diversity index (H') was calculated for prey frequencies in

each area following Brower ef aL (1990).

RESULTS

ln the three areas, a total oÍ 2g67 individuals were identified as preys of the Eagle Owl, being

separated in significant sample sizes for each area (PNSSM n = 603; C-Alent n = 1359; NE-

Alg n = 1OO5). At least 64 different species were preyed in Southem Portugal, belonging to

24 Orders, mostly of vertebrates (n = 20). Average Shannon's Diversi§ lndex was 0.849 in

PNSSM, 0.820 in C-Alent and 0.707 in NE-Alg.

Mammals were more frequently preyed upon than any other Class, being dominant over

birds and invertebrates (Table 1). Although commonly included in the diet, birds contribute to

the biomass less than one third. The remaining classes have a very low significance as prey

forthe Eagle Owl. Within mammals, the highest contribution was that of lagomorphs (lberian

Hare and Rabbit), being clearly the basic preys in Southem Portugal. Although never

reaching dominance in any tenttory, Hedgehogs Ertnaceus europaeus, rodents (mainly Rats

and Southem Water Yole Aruicotasaprdus), Red-legged Partridges Alectois rufa, Moorhens

Gallinula chloropus, Domestic pigeons Columba liviavar. domestica and Owls (Strigiformes)

showed relevant biomass contributions.

DrscussloN

The Eagle Owl is a well-known eclectic predator (Mikkola 1983, Cramp í985), as also

showed by the sample of 64 prey species (mainty birds) that were identified in southem

portugal. Similar values of species richness were found in diet studies in the Westem

Meditenanean that have approximate sample sizes, such as, Hiraldo et al. (1975; 77
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species), Orsini 1i985; 80 species), Donázar (1989; 53 species), Bayle (1996; 107 species)

and Serano (1998; 58 sPecies).

The spectrum of preys found in Southem Portugal ranged from small invertebrates (less than

5 g) to the lberian Hare (up to 2500 g). Nevertheless, as predicted by the optimal foraging

theory (see Brewer 1994), these prey represent a clearly different energetic contribution to

the Eagle O1rd (a 1.5-2 kg predator), so that the capturing effort should be different as well.

The frequency of a prey in the diet can better reflect the foraging effort when compared with

the biomass percentage, which in tum is a good expression of energy input of a prey to its

predator (Rosenberg & Cooper 1990).

Lagomorphs, and specially rabbits, were the most frequently captured preys and those with

higher energetic contribution. Similar results have also been reported for several areas in

Spain (e.g. Hiraldo et al. 1975, Perez 1980, Martínez et al. 1992), reason why rabbits are

considered the optimal prey of Eagle Owls in the lberian Peninsula (Henera & Hiraldo 1976,

Hiraldo et al. 1g76, Donázar eÍ at 1989). Moreover, according to Delibes & Hiraldo (1981)

the rabbit is an important prey for many of the lberian top predators, such as the Spanish

lmperial Eagle Aquita adalbefti(Fener 2OO1), the Golden Eagle Aquila chrysaetos (Delibes

et al. 1g75), or the Bonelli's Eagle Hieraaetus fasciaÍus (Ontiveros & Pleguezuelos 2000).

Nevertheless, the biomass contribution of lberian hares (between 15% and 30% in average)

to Eagle Owls diet is undoubtedly important, and sometimes higher than rabbits, even

though, there is a difficul§ inherent to the identification of juveniles from both species, due to

bone fracture and digestion which does not permit precise identification. So, it is preferable to

address the importance to both lagomorphs, than risk to underestimate the role of lberian

hares in favour of rabbits. lt is interesting to notice that, in the majority of diet studies in

Spain, lberian hares showed a lowerfrequency and biomass contribution.

The remaining species which are frequently captured also have a signiÍicant weight, normally

above íS0 g, being either mammals (hedgehog, rats, southem water vole) or birds (red-

legged partridge, moorhen, pigeons, owls). Despite their frequency, these preys never reach

biomass contributions equivalent to lagomorphs, so they can't be considered as serious

dietary altematives. Outside the Westem Meditenanean, however, Eagle Owls have adapted

to feeding mainly on rodents and birds (e.9. Janossy & Schmidt 1970, Willgohs 1974,

Marchesi et al.2OO2b), the same occuning in Westem Meditenanean urban areas, where

rats are the main prey (e.g. Pérez 1980, Rathberger & Bayle 1997), due to their high

availability in rubbishdumPS.

As a conctusion, in natural environments of Southem Portugal, the Eagle Owl seems to be

dependent on the availability of rabbits and hares. There is, however, the possibility that in
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areas with low or null availability of lagomorphs, Eagle Owls may prey on altemative species'

provided that these can have a compensatory relation behÂíeen availability and energy yield'

Effecb of decllnes in rabbit and hare populaüons

ln the last decades, rabbits have registered signÍfrcant populaüon decreases in the lberian

Peninsula, mostly as a result of myxomatosis and viral haemonhagic disease - vHD

(Villafuerte eÍ at 1gg5, Vifiuela & Mllafuerte 2oo3). However, also agriculture intensiÍication,

inadequate habitat management and excessive hunting pressure have also contribúed to

reduce rabbit densities (Moreno & villafuerte 1995, Palma et a/. í999' Mllafuerte 2002,

Calvete et al.2OO5), with similar effects in the lberian hare (Cano & Soriguer 200,2).

ln general, food-shortage is known to induce low breeding success and often reduce survival

and density in birds (Newton 1gg8). ln the case of the Eagle owl-rabbit interaction, Martínez

& Zuberogoitia (2001) and MartÍnez & Calvo (2001) pointed out that rabbit population

crashes due to VHD were responsible for a decrease in density and breeding success of the

owls, although no significant dietary changes were registered. Golden Eagles in Navana

reacted to a rabbit population decline due to VHD, with a lower inclusion of this prey in the

diet but a consequent decrease in breeding success (Femández 1993)'

Rabbit and lberian hare populations in the study areas show densities considered medium

for portugal (Mathias 1ggg, pais ef aí. 2003). Therefore, we were not able to evaluate the

influence of low availabili§ of lagomorphs on the owl's diet' As a Gonsequence' main

biomass contribution in allanalysed pairs belonged to lagomorphs'

Since Eagle Owls are generally dependent on lagomorphs in Southem Portugal, maintaining

medium to high densities of rabbits and lberian hares can be a basic conservation measure

for this species, benefiting as well other endangered lberian top predators. Within these

conservation measures, correct management of habitats for game-hunting and maintenanoe

of traditional agricultural patches, can have a greater contribution (see Moreno & Villafuerte

1gg5, Martins & Bonalho 1998, Palma ef aI 1999, Calvete et at.2OO4). We consider though

necessary to investigate how changes in main preys densi§ can influence demographic and

reproductive parameters of this predator in Portugal'

Gonsequences of predation on small game species

Due to their avaitability and size, small game species, are optimal prey for many predators

along Europe (see Delibes & Hiraldo 198í, lbona eÍ aí. 1990, Valkama & Korpimaki 2002). ln

southem Portugal, as in most lberian Peninsula, main preys of Eagle owls are also game

species. Rabbits, tberian hares and red-legged partridges are the prefened small game

species for sport hunting in Portugal. Despite the already proved predation, we ignore the
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existen@ of any study conceming the Eagle Owl as a limiting factor of this game species

populations.

considering that the capture of individuals with lower frtness and of intraguild prey acts as a

compensatory predaüon (see Bonalho et at. 1993), the Eagle owl might be a useful predator

in the raptorcgame ecology (Femandez-Llario & Hidalgo de Trucios 1995, Kenward 2oo2,

see also section below). Although we were not able to quantify the predation on sick rabbits

(myxomatosis and VHD), once lesions are not üsible in digested material, the capture of

lagomorphs with notorious malformations was detected in Southem Portugal (min' of I
individuals). AIso for Redlegged Partridges aboul 4o/o of the individuals (n = 9) exhibited

malformations, mainly in the tarsus-metatarsus. Despite this data, no strong conclusion can

be drawn on the sanitary role of this predator.

Conflicts between birds of prey and hunters are considerably old and percecution has been

mainly focused on those species known to feed on domestic or game species (Newton

1g7g). ln spite of being legally protected, Eagle Owls are sometimes subject of persecution'

During the eight years of study we have never made a regular monitoring of the breeding

period, notwithstanding we have registered nine confirmed cases of direct persecution

(clutch destruction, killing or robbing of nesflings). The Red Kite Mitvus milvus is an example

of how rabbit populations decline can cause an increased persecution on predators

(Villafuerte ef a/. 1998), however, illegal control of predators is also extended to conflicts

associated with other game species (e.g. Whitfield et al.2OO3, see also Mafiosa 2OO2\'

ln summary, Eagle Owls in Southem Portugal prey mainly on game species, which can be a

sour@ of conflicts with game wardens and managers. At the same time, the effects of

predation on prey populations are generally poorly studied, being fundamental in

conservation biology to have a ctear quantification of this interaction. Above all, to reduce

conflicts between predators and game-hunting it is necessary to apply the adequate

conservation tools, such as, habitat management, promote intraguild predation, education or

economic compensation, among others (see Sutherland 2000, Kenward 2002I

The role of intraguild Predaüon

lntraguild predation (lGP) is deÍined by Polis et al. (1989) as a combination between

competition and predation, where a species kills and eats another that is a potential

competitor. lcp is most common in generalist predators that are usually larger than their

intraguild prey (polis eÍ aí. 1989), such as Eagle Owls in Meditenanean ecosystems (see

DonázareÍat 1989).

Eagle Owls have won the fame of super-predators, capable of killing any predator up to its

size, mosly due to publications compiling records outside diet context (e.9. Herrera 1973,
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Mikkola ig76, Kriiger & Kriiger 1991, Real & Mafiosa 1990). Nevertheless, some studies

proved lGp by this owl to be a limiting factor to meso-predators populations. Sergio ef aL

(2003) showed that IGP by Eagle Orrls can condition the breding suc@§s of Black kites

Mi1us migrans,wtth the presence of the owl being an indicator of habitat quality for kttes

(Sergio & Newton 2003). IGP involving the Eagle Owl is mainly asymmetric, i.e., this species

is generally the lG predator. There are however a few records of predation on this owl

nestlings and adults by camivores and birds of prey (Mikkola 1976, Mikkola 1983, Solé

2000).

ln Southem portugal we found that the Eagle Owl killed and fed upon 86 individuals of four

owlspecies: Bam Owl lyfo a/ba, Little OwlAfhene noctua, Tawny OwlSÍr7x aluco and Long-

eared OwlÁsrb ofus. Orls represented between 1o/o Ànd60/o oÍ the individuals captured and

were present in the majority of the analysed tenitories. Little Owl was the most common

prey, probably due to its smaller size (see Woodward & Hildrew 20021 or overall higher

abundance comparatively with other owl species (see Lourenço et al. 2002). On their tum'

diumal birds of prey are rarely included in Eagle Owl food in Southem Portugal, with only

four individuals identified. Comparatively with owls, diumal birds of prey are inactive during

night, making them less available than a owl singing to defend its tenitory. Conceming

camivores, their frequency is also low, with only three individuals detected, which is in

agreement wÍth the low levels of capture of camivores reported by Hiraldo et al- (1975),

Donázar (1989), Bayle (1996) or Senano (1998).

lGp can increase as a response to decreases in the abundance of nonguild typical preys

(Polis et a/. 1989), that in the case of the Eagle Owl in Southem Portugal can be related with

low density of rabbits and hares. As a matter of fact, in our three areas we found a negative

conelation between the frequency of lagomorphs and the frequency of owls in the diet

(Spearman's rho = -0,541, p = 0,008, n = 23), results which are similar to those compiled by

Senano (2OOO). The increase in IGP on birds of prey (and mainly owls) when rabbits are

scarce seems to be due mainly to food stress, rather than a prooess of competitors removal

(Iella & Maftosa 1993, Senano 2OOO). Moreover, most of the species preyed upon in

Southem Portugal are rare consumers of lagomorphs, supporting the hypothesis of lower

availability of rabbits and hares as the driving force behind lGP.

Although the control of meso-predators by top predators is a polemic subiect and seldom

verified (see Litvaitis & Villafuerte 1996, but also Palomares eÍaí. 1995), the Eagle Owlmight

contribute to maintain abundances of smaller generalist predators at low levels, which is

considered a useful tool in reconciling game-hunting and birds of prey (Kenward 2O02).

tn conclusion, the Eagle Owl as an intraguild predator might regulate meso-predators

populations. Nevertheless, this fact has rarely been assessed with rigour, and so further
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investigation is needed on the analysis of food data associated with demographic aspects of

intraguild preys. Analysing IGP can also contribute to understand the role of complex species

interactions in conservation biology and specially the ecological effects of the dedine or

removalof predatorc.

Eagle Orls and high conservation concern species

predation and competition are strong mechanisms of population limitation in birds (Newton

lggg) and special attention should be focused when species with high conservation value

are involved. Although not widely studied, Eagle Owls can affect in different degrees the

population dynamics of a few species with unfavourable status via predation and competition

(see Gainzarain eÍ a|.2002, Sergio et at. 2OO3). Once most of the reports on predation and

competttion by Eagle Owls Iack a quantitative analysis of the impacts on the populations of

its preys, judgements should be careful when considering species of conservation concem,

in this discussion both predator and preys.

ln Southem Portugal, considering the predation of Eagle Owl on species with high

conservation concem categories (BirdLife lntemational2OO4,lCN ,n press), it conesponded

mostly to sporadic captures, as in the case of Black-winged Kite Elanus caeruleus (n = 1),

Red Kite Milvus milvus (n = 1), Little bustard Tetrax tetrax (n = 1) and Eurasian woodcock

Sco/opax rusticota (n = 1). However, the exception was the Eurasian Thick-knee Burhinus

oedicnemus, considered as vulnerable in Portugal (lCN rn press), with 17 individuals

captured in the three areas. The fact that this species has noctuma! habits, which include

loud calts (Cramp et al. 1977-94), can be the major factor why it is regularly preyed by this

owl. ln Southem Portugal, the Eurasian Thick-knee is a species typical of cereal-steppes

(Brtto 1998), normally a habitat less exploited by Eagle Owls in a large scale (Martínez eÍ a/-

2OO3), so predation might be regular only when steppe-like habitats are available in the owl's

tenitory. Having these facts in mind, one should not assume the predation by Eagle Owls to

be relevant for Eurasian Thick-knee populations in Southem Portugal. Notwithstanding,

investigation should be undertaken, to evaluate implications of predation on species with

unfavourable status. ln the study area, Eagle Owls regularly share their tenitory with Black

stork Crbonia nigra and Bonelli's Eagle, two threatened species, however, no evidence of

strong competitive or predatory interactions was found.
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The control of opportunisüc sPecies

ln conservation biology, an important role of top-predators is the limitation they can exert on

populations of common opportunistic prey species, that en register strong increases in the

absence of regulation by predation (Meffe & Canol 1997). Type lllfunctional responses, @n

regulate prey densities, and specially in cases of generalist predators (see Ricklefs 1990 but

also Redpath & Thirgood 1999). To our knowledge we ignore the existence of any study

focusing on effective controlof opportunistic species by Eagle Owls.

ln Southem Portugal, considering common and opportunistic species, the Eagle Od is a

regular predator of Rats (frequency 2.6-5.50lo) and corvids (Corvidae: 2.18.2o/o), namely

Magpie Pica pica, Jay Gamttus glandarius and above allAzure-winged Magpie Cyanopica

cyanus. Once more, these results point out the fact that this predator might have an

important role of population regulation in Meditenanean ecosystems. Conceming the corvids,

these species have a bad reputation among game wardens, once most species are able to

prey on eggs and juveniles of Red-legged Partridges (see Calderon 1977), but also other

smallgame species.

lntraguild predation by top-predators can represent an altemative, less expensive and more

human method of predator control (Kenward 2OO2), demonstrating to game-managers the

benefits of birds of prey.

Risks associated with feeding on pigeons

Domestic and feral pigeons Columba liviavar. domestica can exist in considerable numbers

in areas were pigeon-fancying is a popular activity. Their availability and size makes of

pigeons an energy yielding prey for raptors with the ability to capture these fast flying birds,

such as the Bonelli's Eagle Hieraaetus fasciaÍus (e.9. Ontiveros & Pleguezuelos 2000) and

the Peregrine Falcon Falco pereginus (Cramp & Simmons 1980). Although Eagle Ovvls are

not agile birds, they can strike birds during night resting, reason why pigeons are sometimes

captured, but normally in frequencies lower than 2o/o (see Hiraldo et al. 1975, Bayle 1996,

Senano 1998). ln Southem Portugal, we found low frequencies in NE-Alg and C-Alent,

however, in the PNSSM some breeding pairs presented frequencies between 9% and 13o/o,

that can be considered relevant.

There are in general two main problems associated with the predation of pigeons:

transmission of diseases and human percecution. Pigeons and doves (Columbiformes) are

the main hosts in natural environments of avian trichomoniasis, caused by the protozoan

Trichomonas gallinae, and predation on infected pigeons can be a way of transmission to

diumal birds of prey and owls, groups susceptible to the disease (Friend & Franson 2001).

Trichomoniasis in Bonelli's Eagle is frequent in regions where it commonly preys on pigeons,
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being an important cause of mortality in nestlings (Real eÍ aI 2000, HÕfle et aI 2000). ln

Eagle Oirls we have no infornation of individuals infected with trichomoniasis, nevertheless

this disease has been reported in the Great Homed Ond Buôo virginianus (Jessup 1980)' a

close species from the American continent (Burton 1992). Gonsidering these fads, the

incidence of trichomoniasis should be analysed in breeding pairs that prey regulady on

pigeons, to determine if this disease can be a @use of mortality in the Eagle Owl-

The second consequence deals with conservation consciou§ness, an important tool in

conservation biology (Sutherland 2OO0), since persecution due to eonflicts with human

activities is stilt one of the main threats to endangered species (e.g. Anoyo & Feneiro 2001,

Fener 2001).
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Table 1. Diet in Sena de São Mamede Natural Park (PNSSM), Central Alentejo (C-Alelt)

and North+astem Áúr. (NE-Alg). N - number of prey individuals; F(o/o) -frequency in the

- biomass contribution.,t70
G'AlentPNSSM

N F (olul B (7o) N F (o/o B%) N F Plo

MAMHALS 384 6í.0 74.1 w 6í.5 76.6 sll @.6 8í.Í
lnsecüvom 57 9.4 142 62 4.0 6.í 42 4.0 6.3

Erínaeus il 9.1 14.2 51 4.0 6.1 40 3.9 6.3

2 0.1 0.0 0 0.o 0.0 1 0.1 0.0

-Crocidura 
russula 1 0.1 0.0 1 0.1 0.0 1 0.1 0.0

Gamivota 1 0.3 0.5 1 0.í 0.4 1 0.í o.2

0 0.0 0.0 0 0.0 0.0 1 o.í

Felis cgtfus 0 0.0 0.0 1 0.1 0.4 0 0.0 0.0

Garnivora not identified
,l 0.3 0.5 0 0.0 0.0 0 0.0 0.0

Rodenüa /O 8.0 í.9 170 12.6 5.0 í55 í5.0 5.9

5 0.9 o.4 73 5.í 2.6 89 8.5 4.1

Microtus dudwim oostatus 4 0.9 0.1 2 0.1 0.0 6 0.5 0.0

Raftus raffus 't3 1.9 0.6 17 1_2 0.5 3 0.1 0.1

tcus 0 o-0 0.0 5 0.3 o.2 0 0-0 0.0

5 1.1 0.3 5't 4.O 1.4 24 2.5 0.9

7 1.4 0.1 4 o.2 0.0 3 0.5 0.1

Mus spp. 2 0.5 0.0 7 o.7 0.0 2 o.2 0.0

0 0.0 0.0 0 0.0 0.0 15 1.5 0.4

Srnail rodent' 1 0.1 0.0 4 0.5 0.0 5 0.4

Larqe rodent' 3 1.3 o.4 7 0.6 0.3 I 0.8 0.3

266 /l3.3 57.5 621 4.7 65.0 492 50.4 68.7

42 7.4 16.0 97 7.7 17.7 123 12.4 29.O

91 15.2 26.5 253 17.7 v.1 162 16.4

Jwenile 133 20.8 14.9 271 19.3 13.3 207 21.6 14.1

BIRDS a21 36.5 25-7 469 34.9 23.0 270 26.9 18.2

4 0.5 o.2 17 2.1 0.9 2 o.2 0.1

Tachvbaptus ruficollis 4 0.5 0.2 17 2.1 0.9 2 0.2 0.1

Giconiifomte 3 0.3 0.3 5 0.4 0.4 1 0.{ 0.í

Bubulcus ibis 3 0.3 0.3 4 0.4 o.4 0 0.0 0.0

0 0.0 0.0 1 0.1 0.1 1 0.1 0.1

Anseriforms 4 o.7 0.8 7 o.7 1.1 0 0.o 0.0

,nchos 0 0.0 0.0 3 0.3 0.6 0 0.0 0.0

Anas crecca 0 0.0 0.0 1 0.'t 0.1 0 0.0 0.0

ni 4 o.7 0.8 3 0.3 o.4 0 0.0 0.0

1 o.2 0.í 2 0.í o.2 1 0.í 0.í
1 o.2 0.1 1 0.1 0.0 0 0.0 0.0

Mílvus 0 0.0 0.0 1 0.1 o.2 0 0.0 0.0

0 0.0 0.0 0 0.0 0.0 1 0.1 0.1

23 3.9 4.3 82 6.3 7.2 132 í3.9 1

23 3.9 4.3 81 6.3 7.1 130 13.7 't3.9

0 0.0 0.0 1 0.1 0.0 2 o.2 0.2

26 4.6 3.í 57 5.0 3.8 {3 1.2 0.8

oÍctpus 24 4.3 2.8 51 4.4 2.9 '12 1.2 0.8

atn 0 0.0 0.0 4 o.4 0.9 0 0.0 0.0

Rallidae ni ( uvenile) 1 0.1 0.1 2 o.2 0.1 0 0.0 0.0

I o.2 0.3 0 0.0 0.0 0 0.0

12 2.1 1.6 í3 í.3 í.3 4 o.2 0.2

vanellus 6 í.0 0.5 3 0.3 0.1 0 0.0

Burhinus 6 1.1 1.1 I 0.8 1.0 3 o.2 o.2

0 0.0 0.0 1 0.í 0.í 0 0.0

Small 0 0.0 0.0 1 0.1 0.0 1 0.1 0.0
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Table 1. Conünued 0.9í.53.0 20qt 3.78.971 íí.9Golumblforme o.715 1.21.9 1A5.7 397-950lÍviavq
0.10.í0.8 112 0.8o.72 o.7
0.11 0.í1.0 0.82.6 I3.219
0.10.20.0 30 0.00.0 0.00 I {.03.0 í.84.5 306.238
o.20.3 36 0.31.4í3 2.O
0.15í.8 0.90.9 242.114Athene nwtua
0.10.6 17 o.72.111 2.1Sfiix aluco
0.00o.2 0.10.0 20 0.0Asio ofus
0-0o0.í5 0.50.00 0.0GoraciÍfotme o.00 0.00.0 0.00.0 10.00
0.00.00.0 0I 0.10.0 0.00

!|(..'

llleraps apia§er
0.00 0.00.4 0.10.0 30 0.0Ndo atthis
0.00.00.0 00 0.00.3 o.22
0.00 0.00.0 0.0o.2 02 0.3Pians í.68.72.9 88178 11.25.7 1.436Preertfonne 0.00 0.00.5 0.30.1 61 o.2Pica pica
0.52.70.8 2880 4.30.0 0.00Wopicawki I '1.1o.7 0.30.5 115 1.5
0.00 0.00.53 o.40.0 0.00corcne
0.01 0.10.3 0.1o.2 63 o.4P.
0.21.20.1 I'12 0.60.1 0.01not
0.314 1.3o.7 0.10.3 1012 1.4
0.00 0.00.01 0.10.0 0.00Lanius meridionalis
0.0I 0.10.0 0.00.0 00 0.0Miliarta calandra
0.326 2.10.549 3.52.2 0.414Passeriforme not identified

0 0.00.5 0.40.3 41 0.3Bids not identified
0.01 0.í0.00.0 0 0.00 0.0REPTILES

0.1 0.00.0 10 0.00.00 0.0
o.2í5 1.21.2 0.30.í a24 0.5

0.5 0.í0.2 711 o.70.5 0.14
0.01 0.10.0 0.00.0 00 0.0

0.6 0.1o.2 611 o.70.0 0.00Anum not idenüfied
0.01 0.10.0 0.00.0 00 0.0Pteurdeteswaltl

1.20.o í62 0.0o.2 0.ííFISHES
0.516 1.20.0 0.00.0 00 0.0

0.0 0.00.0 02 0.0o.2 0.11Gvprinidae not identiÍiecl
0.0í3 í.02.4 0.í0.0 2:2í3 í.8ARTHROPODS

0.30.0 43 0.31.8 0.013Coloptera not identifi ed
0.01 0.10.0 0.00.0 00 0.0Orthoptem not identifid

0.40.0 61 0.10.0 0.00Bttth us orcÍtanu s (Scorpionida)
0.02 o.22.0 0.10.0 180 0.0F roam b aru s cl arfui i (DwrPo{eL

í005í359dEÍOTAL OF INDMDUALS
a- sylvaticus I
dubius t Tringa ochropus I Actitis hypoleuens-

spp.; b - A. I Rattus spp. / E c-
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7. Gonclusões finais

O Bufo-real é um dos principais predadores de topo que ooorem na PenÍnsula lbérica,

nomeadamente na região de influência meditenâni@, e os lagomorfos constituem as suas

presas básicas, destacando-se sobretudo o coelhoóravo.

No entanto, devido a factores inerentes às caracterÍsties dos habitats ou a declÍnios

populacionais associados a epizootias e pressão cinegética, os coslhos e lebres podem ser

Iocalmente pouco abundantes ou muito es@ssos. Nestas situações, os casais têm que

diversificar a sua alimentação, o que leva a que seja possível, pelo menos, identificar três

estratégias alimentares na Península lbérica:

a) Os casais que habitam tenitórios com elevada abundância de coelho e/ou lebre,

alimentam-se quase exclusivamente destas presas, dado serem as mais rentáveis,

registando-so assim, dietas baseadas em lagomorfos. Tal como outras espécies de aves de

rapina (e.g. Mfiuela & Veiga 1992, Steenhof et at. 1997, Anoyo 1998), também o Bufo-real

poderá obter benefícios significativos em termos reprodutivos e de sobrevivência, em

consequência de uma alimentação baseada em lagomorfos.

b) Em locais com densidade média/baixa de coelho e/ou lebre, os casais poder-se-ão

centrar numa outra presa se a mesma for rentável em termos energéticos e de

disponibilidade. Apenas os roedores, onde se destacam as ratazanas (Raffus spp-), podem

constituir presas altemativas aos lagomorfos a ponto de permitir uma dieta baseada nestas

espécies. Contudo, esta estratéqia alimentar baseada em roedores é quase sempre

complementada com alguns lagomorfos ou outras presas. A sua oconência na Península

lbérica está sobretudo restrita à parte nordeste e a zonas humanizadas.

c) euando os Iagomorfos e os roedores sáo pouco abundantes, de forma a que

nenhum destes grupos possa constituir a base alimentar dos casais, surgem estratégias

alimentares baseadas na diversidade de presas. No entanto, quase sempre os lagomorfos

mantém contributos importantes. As dietas diversificadas incluem várias aves de média

dimensão, como espécies aquáticas ou rapinas noctumas, e também ouriços, como as

presas com maior contributo.

Em consequência da verifica@o destas três estratégias alimentares, levanta-se a importante

questão de conhecer os efeitos de diferentes esforços de captura de presas e contributos

energéticos no desempenho reprodutor e sobrevivência do Bufo-real na Península lbérica.

No que diz respeito à região Sul de Portugal, identificam-se duas estratégias alimentares:

casais cuia dieta é baseada em lagomorfos; e casais com dieta diversificada embora os

lagomorfos sejam a presa principal. Sobretudo quando se tem em conta o contributo
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enorgético, é possível perceber que os lagomorfos são a base alimentar do Bufo-real.

Apesardo coelho-bravo ser a presa principal na globalidade, nalguns locais a lebre §upera o

contribúo energético da anterior.

Os declÍnios vertficados nalgumas populações de coelhos e lebres são assim um importante

factor de risco paÍa a estabilidade populacional do Bufo-real no Sul do País.

As principais presas do Bufo+eal são simultaneamente as espécies de eça menor

preferidas no Sul de Portugal. Não está confirmada, no entanto, a existência de uma

regula$o populacional destas presas devido à predação. Este facto pode, contudo, rcr um

foco de conflito entre gestores e guardas de caçe e a conservação das aves de rapina, pelo

que é urgente avaliar a fundo esta interacção.

O Bufo-real exerce sobre vários meso-predadores uma predação intraguilde, capturando

também espécies comuns e oportunistas como ratazanas e corvídeos. Contudo, as aves de

rapina noctumas são as presas intraguilde mais frequentes, devido muito provavelmente

aos seus hábitos noctumos. Todos estes factos reforçam o papel do Bufo-real como

predador com a capacidade de exercer alguma regulação populaciona! de presas, um ponto

essencial ao equilíbrio dos ecossistemas meditenânicos. No entanto, é importante referir

que faltam análises objectivas que permitam conoborarestas evidências, nomeadamente no

que toca ao papel da predação intraguilde.

Os pombos são, por vezes, espécies comuns na alimentação do Bufo-real, advindo daí dois

potenciais problemas: a incidência de doenças como a tricomoníase, que não está estudada

nesta espécie; e a persieguição por criadores de pombos. Uma vez mais, é a falta de

conhecimentos que não permite analisar com segurança os factores capazes de influenciar

a dinâmica populacional da espécie.

Das conclusões acima mencionadas resultam como principais medidas de conservação

aplicadas ao Bufo-realos seguintes pontos:

a) Recuperação das populações de coelho e lebre, nomeadamente por protecção dos

habitats agrícolas de sequeiro; cria@o de mosaicos com matagais e áreas abertas.

b) Protecção legalde algumas áreas importantes

c) Educação ambiental dirigida a agentes com maior intervenção no teneno, como

caçadores, gestores de caça, agricultores, produtores florestais, entre outros.

d) Estudo das interacções entre o Bufo-real e as suas pÍesas, nomeadamente espécies

cinegéticas e meso-predadores.
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