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1. Resumol/abstract

A influéncia da configuragdo e da gestdo agro-silvo-pastoril dos montados do SIC
de Monfurado (Portugal) na comunidade local de rapinas nocturnas foi avaliada. Na
andlise foram usadas duas abordagens distintas: (1) centrada na localizagdo estimada de
cada individuo e (2) centrada na localizagao do ponto de escuta.

A espécie mais abundante é a Coruja-do-mato Strix aluco, associada a areas com
montados densos, com grande extensio de orlas e galerias ripicolas. A Coruja-das-torres
Tyto alba e o Mocho-galego Athene noctua estdo associados a areas proximas de
povoagdes € com um certo nivel de persisténcia de pastoreio bovino, mas com reduzida
riqueza especifica de mamiferos camivoros. O Mocho-galego esta ainda associado a
areas abertas, € a Coruja-das-torres a montados em mau estado sanitario. Sao tecidas
consideracdes relativamente a gestdo desta area, tendo em vista a conservagao da
comunidade de rapinas nocturnas.

Conservation of nocturnal raptors (Strigiformes) in Mediterranean oak woodland ecosystems: an
application to the Site of Community Interest of Monfurado (Natura 2000 Network, Portugal)

The influence of structure and agro-forestry and pasture management in the owl community of the
SCI of Monfurado (Portugal) was evaluated. Two approaches were used in the analysis: (1) based on
estimated locations of individuals and (2) based on the location of point counts.

Tawny Owl Strix aluco is the most abundant species and occurs in areas with dense tree cover
associated fo great extent of edges and riparian galleries. Bam Owl Tyto alba and Liitle Owl Athene
noctua are present in areas closer to human seftlements, associated to pastures with a certain degree of
bovine permanence and poor richness of camivore mammals. Little Owl is also present in open areas,
while Bam Owl is associated to oak woodlands in poor heaith condition. Conservation clues headed for
habitat management are recommended.
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2. Introdugéao

2.1. Enquadramento

A Coruja-do-mato (Strix aluco) € uma ave de rapina nocturna particularmente
agressiva relativamente a outras de menor porte no seu territério (Mikkola 1983), sendo
associada a regressdo de espécies com estatuto de conservagdo mais desfavoravel na
Peninsula Ibérica (Muntaner & Mayol 1994). Por sua vez, o Mocho-galego (Athene noctua)
€ uma espécie aparentemente vulneravel a predagdo por parte desta espécie (Mikkola
1983, Zuberogoitia 2002), o que parece estar na origem de uma limitagcdo nas suas areas
de distribuicido em algumas regides (Zuberogoitia & Campos 1997, Zuberogoitia 2002).
Adicionalmente, estdo documentados varios casos em que a expansdo das areas de
distribuicio da Coruja-do-mato coincidiu precisamente com o declinio da Coruja-das-torres
Tyto alba (Muntaner & Mayol 1994).

Este trabalho relaciona-se com a avaliagdo dos factores ambientais que influem na
distribuicdo destas espécies, e que podem estar relacionadas com a sua sobreposi¢do ou
exclusdo geografica. A area de estudo é dominada por montados de sobro. Pela sua
variedade estrutural, consistindo em areas florestadas mais ou menos densas associadas
a areas abertas, estes bidtopos podem preencher simultaneamente os requisitos
ecoldgicos da Coruja-do-mato, da Coruja-das-torres e do Mocho-galego, possibilitando a
sua coexisténcia.

Em ditima instancia, neste trabalho pretende reunir-se informagdo de base,
visando contribuir para uma gestdo adequada de habitat e, consequentemente, para a
manutengdo das comunidades de aves de rapina noctumas no Sitio de Interesse
Comunitario de Monfurado e em outros sistemas agro-silvo-pastoris mediterranicos
similares.

2.2. Ponto da situacdao em Portugal e na Europa

Apesar de em alguns paises se empregar um consideravel esfor¢o na investigagdo
das Strigiformes, em Portugal existe uma enorme lacuna de informagdo. Os dados
existentes reportam-se a recenseamentos pontuais (e.g. Rufino 1989, Elias et al. 1998,
Lourengo et al. 2002) e a alguns trabalhos, iguailmente pontuais, sobre a ecologia de
Coruja-das-torres Tyto alba (Fernandes 1991, Tomé 1994, Santos 1998, Tomé & Valkama
2001, Alvaro 2002, Roque 2003), Mocho-galego Athene noctua (Bloise 1999, Chumbinho
1999, Tomé 2004, Tomé 2005), Coruja-do-nabal Asio flammeus (Tomé et al. 1994), e




Conservagdo de Aves de Rapina Noctumas (Strigiformes) em sistemas agro-silvo-pastoris mediterrinicos: aplicagdo ao Sitio de
Interesse Comunitario de Monfurado (Rede Natura 2000, Portugal)

Bufo-real Bubo bubo (Lourengo 2000, Santos 1998, Pinheiro ef al. 2003). Existem ainda
alguns estudos que abordam questfes metodolégicas relacionadas com os censos de
aves nocturnas, nomeadamente de Coruja-das-torres, Coruja-do-mato e Mocho-galego
(Tomé & Silva 1994, Santos 1998).

Os primeiros estudos a contribuir para o conhecimento das Strigiformes em
Portugal reportavam-se as comunidades de micromamiferos, baseando-se sobretudo na
analise da dieta de Coruja-das-torres (e.g. Magalhdes 1971, Madureira 1979, Barbosa &
Loureiro 1985). Face a facilidade em obter e analisar regurgitagées de Coruja-das-torres, o
estudo da sua alimentagdo é feito na generalidade dos trabalhos sobre a espécie
(Fernandes 1991, Tomé 1994, Santos 1998, Cruz 2001, Alvaro 2002, Rogue 2003). A
andlise de regurgitacoes foi também recentemente aplicada na avaliagdo da distribuigdo e
abundéncia das presas a nivel nacional, durante o projecto de revisdo do estatuto dos
micromamiferos no Livro Vermelho dos Vertebrados de Portugal (A. Mira com. pess.).

As tendéncias das populagcies nacionais de Strigiformes sdo desconhecidas,
havendo apenas registos acerca de decréscimos locais de Coruja-das-torres com base em
inquéritos (e.g. Fernandes 1991, Roque 2003), exceptuando-se um caso no Sul do pais,
em que a tendéncia (-20%) foi quantificada com base na analise de dois conjuntos de
dados, recolhidos com um intervalo de trés anos (Alvaro 2002).

O desconhecimento generalizado sobre as populagdes nacionais de Strigiformes
ndo podera ser ultrapassado sem a implementacdo de um programa de monitorizacédo, a
semelhanga do existente noutros paises, destacando-se (pela proximidade geografica da
sua area de aplicagdo) o caso do programa espanhol NOCTUA, iniciado em 1997 pela
Sociedad Espaiiola de Ornitologia (SEO/BirdLife 2000). Em muitos paises da Europa,
estes programas de monitorizagdo ja existem desde 1988, data em que teve inicio o
projecto “Monitoring of Raptors and Owls in Europe®, criado durante a “| Conferéncia sobre
a Ecologia das Populagbes de Aves de Rapina Diumas e Nocturnas®, que decorreu na
Alemanha em 1987 (SEO/BirdLife 2000).

Em Portugal, foi criado recentemente o Grupo de Trabalho sobre Aves Nocturnas
da Sociedade Portuguesa para o Estudo das Aves (membro da BirdLife International), cujo
principal objectivo € implementar a curto prazo um programa de monitorizagdo de aves
nocturnas.

2.3. A importincia ecolégica das Strigiformes

A importancia deste grupo para o equilibrio dos ecossistemas é amplamente
reconhecida: constituem predadores de topo, contribuindo para a sustentabilidade das




Conservaciio de Aves de Rapina Noctumas (Strigiformes) em sistemas agro-siivo-pastoris mediterr@nicos: aplicacio ao Sitio de
Interesse Comunitério de Monfurado (Rede Natura 2000, Portugal)

suas populacdes-presa através da eliminagdo preferencial de individuos doentes e menos
viaveis (e.g. Newton 1979, Brewer 1988). Além de contribuirem para a selecgédo natural, as
suas préprias populacées podem ser reguladas pela abundancia de presas (Mikkola 1983),
gue, na maioria dos casos, sao organismos particularmente sensiveis a alteragfes no
meio; desta forma, a sua presencga pode ser indicadora da qualidade do ambiente. Desta
forma, a aplicagdo de medidas de gestdo visando a conservagdo de Strigiformes é
consonante com a conservagao do habitat e das relagGes ecol6gicas entre as espécies.

Algumas espécies assumem uma particular importancia para o Homem, dado
produzirem um efeito directo nos agroecossitemas. Por exemplo, a Coruja-das-torres e o
Mocho-galego sdo utilizados como auxiliares em praticas de agricultura biolégica para
controlo natural de pragas de micromamiferos e insectos (e.g. Brazil & Shawyer 1992,
Ferreira et al. 1999).

Tém sido realizados recentemente alguns trabalhos em ecotoxicologia que
comprovam que as Strigiformes estdo enfre as espécies de aves mais sensiveis ao
envenenamento secundario, provocado pela bioacumulagdo de uma série de poluentes
quimicos ao longo da cadeia alimentar (e.g. Newton & Wyllie 1992, Sheffield 1997). Apesar
de ser um tema ainda pouco estudado, estas evidéncias comprovam a importancia destas
aves para o Homem, enquanto sentinelas na avaliagdo da exposicdo e dos efeitos
secundarios da contaminagdo ambiental (Sheffield 1997).

2.4. A conservacgiao das espécies

Em Portugal existem sete espécies de Strigiformes, das quais cinco sdo
residentes. O Bufo-real e a Coruja-do-nabal séo as espécies que apresentam um estatuto
de conservacdo mais desfavoravel, encontrando-se na lista do Anexo | da Directiva Aves,
i.e. sdo consideradas espécies que requerem medidas rigorosas de conservagdo do seu
habitat (Tab. 1).

A imprecisdo das estimativas populacionais, quer a nivel nacional, quer a nivel
europeu, é indicadora do desconhecimento que existe relativamente aos efectivos
populacionais reais deste grupo de aves. No espago de 15 anos que separa os dois Livros
Vermelhos dos Vertebrados existentes em Portugal, o Mocho-d’'orelhas Otus scops deixou
de ser considerado uma espécie ndo ameacgada para assumir um estatuto de conservacédo
indefinido, por falta de informacdo. As restantes espécies ndo viram alterados os seus
estatutos de ameaga, apenas havendo alteragdo da designagdo das categorias (Tab. 2) .
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Em Espanha, as tendéncias populacionais calculadas com base em dados
recolhidos durante quatro anos (1998-2001) evidenciaram o decréscimo das popula¢des
de Bufo-pequeno Asio otus (-48%), Coruja-das-torres (-24%) e Mocho-galego (-19%), e um
acentuado crescimento das populagbes de Bufo-real (+60%) e Coruja-do-mato (+21%).
Apesar de poderem nao reflectir com fiabilidade as tendéncias reais das populacdes, por
se basearem num periodo de amostragem curto (SEO/BirdLife 2002) estes dados
constituem a melhor aproximacgéo possivel as tendéncias populacionais Ibéricas. De notar
o acentuado declinio de Bufo-pequeno e Coruja-das-torres, contrariando as tendéncias
positivas atribuidas num contexto europeu, bem como o aumento acentuado de Bufo-real
e Coruja-do-mato, em contraste com a estabilidade da generalidade das populagbes
europeias (BirdLife 2004) (Tab. 2).

Os factores de ameaca as Strigiformes (Tab. 3) estdo, em termos gerais,
relacionados com a intensificagdo agricola (alteragGes de uso do solo, uso de pesticidas,
reconversdo de edificios rurais, etc.) e a crescente urbanizagdo (expansdo das zonas
urbanas, das redes viarias, etc.) (e.g. Mikkola 1982).

Tab. 1. Classificacdo taxonémica e regulamentacdo (incluso em Anexos de Directivas
comunitdrias) abrangendo as espécies de Strigiformes que ocorrem em Portugal

Continental.
Classificagdo Nome comum CEE ~ CmES  Bema — Aves
(AnexoC1) (Anexoll)  (Anexoll)  (Anexol)
Fam. Tytonidae
Tyto alba Coruja-das-torres X X X
Fam. Strigidae
Buboninae
Otus scops Mocho-d'orelhas X X X
Bubo bubo Bufo-real X X X X
Athene noctua Mocho-galego X X X
Striginae
Strix aluco Coruja-do-mato X X X
Asio otus Bufo-pequeno X X X
Asio flammeus Coruja-do-nabal X X X X
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Tab 2. Fenologia, estimativas populacionais em Portugal, estatutos de conservagdo e tendéncias populacionais das

espécies de Strigiformes que ocorrem em Portugal Continental. Fenologia (F): R - residente, N - nididficante, | - invernante
(Rufino 2000). Estimativa populacional em Portugal segundo Rufino (1989) e na Europa segundo Tucker & Heath (1994).
Estatutos de conservagéo em Portugal segundo Cabral et al. (1990): NT — ndo ameacado, K — insuficientemente conhecido,
R - raro, V — vulneravel; e segundo Cabral et al. (2005): LC — pouco preocupante, DD - informagéo insuficiente, VU -
vuineréavel. Categorias SPEC (Species of European Conservation Concern): 2 - espécie concentrada na Europa e com
estatuto de conservagio desfavordvel nesse temitério, 3 — espécie ndo concentrada na Europa, mas com estatuto de
conservacdo desfavoravel na Europa, 4 — espécie concentrada na Europa e com estatuto de conservagdo favoravel nesse
territ6rio (Tucker & Heath 1994, BirdLife 2004). Tendéncias populacionais da Europa segundo BirdLife (2004).

Estimativa

Tendéncias populacionais na

Espécie Populacional tivro Vermetho SPEC Europa (Pop. Nidificante)
F Portugal  Europa 1990 2005 1984 2004 1970-1990 1990-2000
Tyto alba R 1.000-10.000 100.000 - 210.000 NT LC 3 3 Decl. moderado Decl. moderado
Otus scops N 1.000-10000  ©0.000 - 210.000 NT DD 2 2 Desconhecida Desconhecida
Bubo bubo R 100-1000  11.000-40.000 R VU 3 3 Decl. acentuado Estével
Athene noctua R 10.000-100.000 180.000 - 570.000 NT LC 3 3 Aumento acent. Dacl. moderado
Strix aluco R 1.000-10000 380.000 - 800.000 NT LC 4 Non-SPEC Estével Estével
Asio ofus R 10- 100 200.000 (min) K DD - Non-SPEC Estével Estével
Asio flammeus | - 19.000 - 130.000 R vuU 3 3 Estével Decl. moderado

Tab. 3. Principais ameagas para as Strigiformes. CT: Coruja-das-torres, MO: Mocho-d'orelhas, BR: Bufo-real,
MG: Mocho-galego, CM: Coruja-do-mato, BP: Bufc-pequeno, CN: Coruja-do-nabal (Tucker & Heath 1994,

Hagemeijer & Blair 1997, Purroy 1997, Marti & Moral 2003).

Principals ameagas Tab Osco Bbub Anoc Sal Aot “‘::u

a ps ) tua uco us s

Perda e fragmentag¢do do habitat de alimentagdo X X X X X X

Redugdo da disponibilidade de poisos e locais de nidificagdo X X

Envenenamento por pesticidas X X X X

Atropelamentos X X X

Desflorestagdo X X X

Distarbio nos locais de nidificagéo X X

Abate ilegal X X X X

Electrocusséo ou colisdo com linhas eléctricas X
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sistemas agro-silvo-pastoris mediterranicos: aplicacdo ao Sitio de

2.5. As espécies em estudo

Este trabalho centra-se nas trés espécies de aves de rapina nocturnas mais

comuns em Portugal: a Coruja-das-torres (Tyto alba), representante da Familia Tytonidae,

e o0 Mocho-Galego (Athene noctua) e a Coruja-do-mato (Strix aluco), pertencentes a

familia Strigidae.

Fig. 2. Coruja-das-torres (Tyto alba), Mocho-galego (Athene noctua) e Coruja-do-mato (Strix aluco).

Adaptado de Cramp 1998.

2.5.1. Coruja-das-torres (Tyto alba Scopoli 1769)

Fig. 2. Distribuicao da Coruja-das-torres na
Regiao Palearctica Ocidental. Adaptado de
Cramp 1998.

Ave de médio porte com membros
inferiores longos e olhos negros sobressaindo
num disco facial branco e em forma de
coracdo. Partes superiores castanho-
alaranjadas com pintas cinzentas e parte
inferiores brancas a castanho-alaranjadas,
mais claras que no dorso, com ou sem pintas
pretas (Cramp 1998).

Espécie cosmopolita, bem distribuida
pelo continente Europeu, apenas ausente no
extremo norte, nos Pirenéus e nos Alpes
(Mikkola 1983, Cramp 1985). Ocorre por todo
o territério de Portugal Continental, sendo

aparentemente mais comum no Centro e Sul
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(Rufino1989). Ocorre também na Madeira, onde a subespécie T. a. schmitzi constitui um
endemismo (Cramp 1985).

E uma espécie sedentaria, no entanto verificam-se movimentos de dispersdo dos
juvenis, no Outono e no Inverno. Alguns individuos do Norte da Europa podem nidificar na
Peninsula Ibérica (Saez-Royuela 1980), em consequéncia de movimentos de maior
extensdo e envolvendo um maior nimero de aves que ocorrem entre as populagdes do
Norte da Europa (Mikkola 1983, Cramp 1985).

Uma vez que é uma espécie associada a habitats agricolas abertos, as principais
ameacgas as populagées de Coruja-das-torres decorrem das alteragbes das praticas
agricolas tradicionais, nomeadamente a destruicdo de sebes naturais (van der Hut et al.
1992) e dos locais propicios a nidificacdo e ao uso de pesticidas (Bunn et al. 1982, Cramp
1985, Taylor & Massheder 1992). Outro importante factor de declinio € o aumento da
mortalidade por atropelamento (Muntaner & Mayol 1994).

2.5.2. Mocho-galego (Athene noctua Scopoli 1769)

Ave de pequeno porte e compacta, de
coroa achatada e plumagem castanha com
marcas brancas, mais clara nas partes
inferiores. Os olhos amarelos e as listas
supraciliares brancas sobressaem no disco
facial (Cramp 1998).

Espécie distribuida desde a Europa
Ocidental e Norte de Africa, até ao Extremo
Oriente. No continente Europeu encontra-se
ausente na Islandia, Escandinavia e algumas
regides do Reino Unido, Europa Central e
Russia (Mikkola 1983, Cramp 1985). Em
Portugal, encontra-se distribuido por todo o

Fig. 3. Distribuicao do Mocho-galego na Regiao
Palearctica Ocidental. Adaptado de Cramp

1998. do Tejo (Rufino 1989).

Essencialmente sedentaria, embora

territério continental, sendo mais comum a sul

alguns adultos possam dispersar durante o Outono e Inverno. Os juvenis estabelecem-se
normalmente a menos de 20 km do territério parental (Cramp 1985).
Tal como a Coruja-das-torres, esta espécie ocupa essencialmente habitats

agricolas, pelo que as principais ameacas se relacionam com alteragbes no seu habitat

10
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decorrentes da crescente intensificagdo e mecanizagdo da agricultura (Mikkola, 1982,

Cramp 1985, Exo 1992). A mortalidade por atropelamento constitui também um importante

factor de declinio (Muntaner & Mayol 1994).

2.5.3. Coruja-do-mato (Strix aluco Linnaeus 1758)

Fig. 4. Distribuicao da Coruja-do-mato na
Regido Palearctica Ocidental. Adaptado de
Cramp 1998.

Espécie de médio porte com asas
relativamente curtas, plumagem parda de cor
castanha-avermelhada a castanha-
acinzentada. A cabecga é grande e redonda e
os olhos sao pretos (Cramp 1998).

E a ave de rapina nocturna mais
abundante na Europa (Mikkola 1983,
Muntaner & Mayol 1994). Espécie cuja
distribuicdo mundial se divide em dois
nacleos: o nucleo ocidental estende-se desde
a Escandinavia até ao Norte de Africa e, para
leste, até ao Irdo; enquanto que o nucleo
asiatico se estende desde o Paquistao até ao
Sul da China (Mikkola 1983). Ocorre por todo
o territorio de Portugal Continental, sendo
aparentemente mais comum no Centro e Sul
(Rufino1989).

Os adultos reprodutores sdo residentes, no entanto alguns individuos das

populacdes do extremo norte da sua distribuicdo podem deslocar-se para sul, em Invernos

particularmente frios. Ap6s a emancipacéo,

do territério parental (Cramp 1985).

a maioria dos juvenis estabelece-se até 10 km

Tem vindo a expandir a sua area de distribuicdo devido ao facto de as politicas

florestais potenciarem os seus habitats mais favoraveis, embora em termos gerais se

possam considerar como factores de

atropelamentos (Muntaner & Mayol 1994).

mortalidade a pilhagem de ninhos e os

11
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2.6. O contributo deste trabalho

Este trabalho pretende contribuir para responder a uma problematica emergente,
no que refere a conservagdo das Strigiformes: em algumas regides da Peninsula Ibérica
tem sido registado um aumento das populagdes de Coruja-do-mato, coincidente com o
declinio de outras espécies de Strigiformes com estatuto de conservagdo mais
desfavoravel (Muntaner & Mayol 1994).

A Coruja-do-mato é a espécie de ave de rapina nocturna mais amplamente
distribuida na Europa (Muntaner & Mayol 1994) e, apesar de ter sofrido um declinio na
década de 60, a sua populacdo europeia veio posteriormente a recuperar e a estabilizar
(Cramp 1985, Mikkola 1983), estando actuaimente desprovida de estatuto SPEC (Species
of European Conservation Concem, Birdlife 2004). Por sua vez, o Mocho-galego e a
Coruja-das-torres possuem o estatuto de SPEC3 (i.e. espécies cuja populacgdo global ndo
esta concentrada na Europa, mas que detém estatuto de conservagdo desfavoravel na
Europa, Birdlife 2004). O Mocho-galego tem vindo a registar um declinio continuo e
moderado na Europa, incluindo a regido Mediterranica (Muntaner & Mayol 1994). Por sua
vez, a Coruja-das-torres tem mostrado um declinio mais acentuado, tendo desaparecido
por completo de algumas regibes, declinio esse suplantado em alguns paises através da
implementagado de medidas de protecgdo (Colvin ef al. 1984, Shawyer 1987, Muntaner &
Mayol 1994).

Apesar de ser uma espécie caracteristica de habitats florestais, os territérios de
Coruja-do-mato podem incluir areas abertas com arvores ou outras estruturas isoladas,
que sdo usadas como poiso (Zuberogoitia & Campos 1997, Mikkola 1983, Cramp 1985).
Por outro lado, o Mocho-galego e a Coruja-das-torres sdo espécies sobretudo associadas
a areas abertas, evitando areas florestadas (Bunn et al. 1982, Génot & Van Nieuhuyse
2002, Zuberogoitia 2002). Os montados constituem habitats estruturalmente mistos,
alternando manchas florestais mais ou menos densas com areas abertas, promovendo
potencialmente a ocorréncia das trés as espécies.

Zuberogoitia & Campos (1997) sugerem que a distribuicio do Mocho-galego seja
limitada pela distribuigdo da Coruja-do-mato, uma vez que tende a existir um sobreposicdo
minima de territdrios, ainda que ocorram zonas de habitat potencial para Mocho-galego em
adreas dominadas pela Coruja-do-mato. Esta espécie é particularmente agressiva
relativamente a aves de rapina de menor porte no seu territério, havendo varios registos de
ataques e predagdo de Mocho-galego e Coruja-das-torres (Mikkola 1983).

Conhece-se pouco relativamente as comunidades de Strigiformes dominadas pela
Coruja-do-mato, bem como aos factores ambientais a influir nos padrdes de distribuigéo e
abundancia das varias espécies, quando coexistem num mesmo espago. A resposta a
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este tipo de questdes devera constituir a base de uma correcta gestdo de habitat, de forma
a promover o equilibrio das comunidades e a conservagéo das espécies com estatuto de
conservagao mais desfavoravel.

Este trabalho, subordinado a tematica da Biologia da Conservagdo, pretende
contribuir para o conhecimento das relagées espécie-habitat nestas trés rapinas noctumnas,
o Mocho-galego, a Coruja-das-torres e a Coruja-do-mato, numa area dominada por
montados de sobro no centro-sul de Portugal (Sitio de Interesse Comunitario de
Monfurado, Rede Natura 2000).
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3. Nota metodoldgica

3.1. Area de estudo

A area de estudo compreende o espacgo geografico correspondente a area inserida
na Rede Natura 2000 — Sitio de Monfurado, que engloba a zona da Serra de Monfurado e
planicies adjacentes (concelhos de Montemor e Evora), com uma éarea total de 23.946
hectares (Fig. 5).

Tendo em conta os habitats naturais e semi-naturais constantes do anexo B-l do
Dec. Lei n.° 49/2005, o Sitio caracteriza-se por uma dominancia de montados (6310),
extensos e em bom estado de conservagdo, principalmente de sobro (Quercus suber),
mas também de azinho (Quercus rotundifolia) ou mistos em zonas mais restritas. Existem
ainda montados mistos de sobro e carvalho-negral (Quercus pyrenaica), espécie que tem
aqui o limite sul da sua area de distribuicdo. Em subcoberto dispGem-se arrelvados
mediterranicos xeréfilos, de floragdo primaveril ou estival, dominados por Poa bulbosa
(6220*), habitat com excelente representatividade neste Sitio (ICN 2006).

Regista-se ainda a presenga de alguns sobreirais (9330) de pequena dimens&o.
Neste Sitio ocorrem excelentes comunidades de espinhais de Calicotome villosa (5330),
matagais densos que em Portugal s3o exclusivos da regido de Evora. Existem ainda
diversos habitats com vegetacao ripicola, tais como amiais (91E0) e salgueirais (92A0), em
razoavel estado de conservagdo, bem como comunidades de rantnculos flutuantes (3260),
de Potamogeton (3150), e vegetagdo benténica de Chara (3140) (ICN 2006).

Na perspectiva da ocupacio do solo, os montados de sobro e de azinho perfazem
85% da area total, sendo que parte consideravel desta area (15%) é ocupada por prados,
pastagens e pousios com montado disperso de sobro. As restantes espécies arbéreas,
como pinheiros, eucaliptos e outras folhosas ocupam apenas 3% da area total, enquanto
que as areas agricolas estdo representadas em cerca de 8% da area total. As areas
sociais correspondem apenas a 0,35% da area total (ERENA 2004a).

A rede hidrografica da Serra de Monfurado insere-se nas bacias hidrograficas do
Rio Sado e do Rio Tejo. As principais linhas de agua sdo a Ribeira de S. Cristovéo, a
Ribeira de S. Brissos e a Ribeira da Pintada. O limite norte do Sitio é parcialmente definido
por um pequeno troco do Rio Almansor. A profus@o de nascentes, fontes, pogos, picotas e
chafarizes, é indicadora de uma abundante toalha freatica a baixa profundidade (Flebbe
2001).

A andlise da rede hidrografica revela que os solos que apresentam maior
importéncia sdo os aluviossolos, pelo facto da formacdo deste tipo de solos ter origem na
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dindmica do escoamento e nos fendmenos de erosédo — transporte — sedimentagdo de
material organico e mineral (Flebbe 2001).

A

Fig. 5. Localizagdo da area de estudo (SIC de Monfurado, Evora) no territério nacional.

A area do Sitio integra duas unidades geomorfolégicas distintas: a peneplanicie
alentejana (no limite sul) e a serra de Monfurado. Estas duas unidades sdo separadas pela
estrada Valverde — Escoural, seguindo quase em linha recta até a Torre da Gadanha
(Carvalhosa & Carvalho 1969, Carvalhosa & Zbyszewski 1994). A zona da peneplanicie é
suavemente truncada pela rede hidrografica, formando um mosaico de linhas de agua e
zonas de festo. A Serra de Monfurado é constituida por um conjunto de colinas dispostas
em duas filas paralelas, com orientagdo NW-SE, caracterizadas por declives bastante
acentuados com dominio de vales encaixados (Flebbe 2001).

Segundo a andlise geolégica, com base na carta geol6gica de Portugal a escala de
1:50 000 na folha n.° 40-A de Evora e da folha n.° 35-D de Montemor-0-Novo, bem como
nas respectivas notas explicativas (Carvalhosa & Carvalho 1969, Carvalhosa &
Zbyszewski 1994), a area de estudo situa-se no Macigo esférico da Zona Ossa-Morena,
mais precisamente no Macigo Evora-Morena, que é uma das unidades paleograficas e
geotécnicas do Macigo Hispanico.

Relativamente ao clima, a regido apresenta caracteristicas predominantemente
Mediterranicas, com um Verdo quente e seco e um Inverno ameno e humido. A maior
precipitacéo é registada nas vertentes norte e oeste da serra (SMN 1991, Fiebbe 2001).

Sob o ponto de vista bioclimatolégico, a analise dos dados da estacado
meteorolégicas de Evora revela a insergdo do Sitio de Monfurado no Piso bioclimatico
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mesomediterranico inferior sub-himido (Rivas-Martinez 1987). No entanto, tendo em conta
que as condicdes determinadas pelo relevo da serra sdo bastante distintas daquelas
existentes na cidade de Evora, é possivel que existam mais pisos bioclimaticos (Flebbe
2001).

Segundo Costa et al. (1998), a posicdo biogeografica da area de estudo, i.e. a
tipologia que caracteriza a distribuicdo dos seres vivos, relacionando o meio fisico com o
biolégico, é a seguinte:

Reino Holoartico
Subreino Tetiano
Regiao Mediterranica
Subregido Mediterranica Ocidental
Superprovincia Mediterranica-Iberoatlantica
Provincia Luso-Estremadurense
Sector Marianico-Monchiquense
Subsector Araceno Pacense
Superdistrito Alto Alentejano
Superdistrito Baixo Alentejano

3.2. Metodologia de censos

A detecgdo e contagem de Strigiformes é dificultada pelo facto de exibirem um
comportamento tipicamente nocturno, de ocotrem em densidades reduzidas, e de se
deslocarem rapidamente ao longo de vastas areas (Fuller & Mosher 1981). Os métodos
mais comuns de amosiragem de aves nao sdo aplicaveis a este grupo, cuja dificuldade de
detecgdo é ainda acrescida pela dissimulagdo das cavidades onde nidifica a maioria das
espécies.

O método mais frequentemente utilizado para censos de Strigiformes consiste na
realizagdo de pontos de escuta, para detecgdo de vocalizagdes espontdneas ou
recorrendo a emissdo de vocalizag8es conspecificas. Esta segunda abordagem permite
aumentar o nimero de contactos (Fuller & Mosher 1981), induzindo uma exibigdo
territorial, uma vez que simula a presenga de um intruso.

Os dados foram recolhidos no ambito do recenseamento da comunidade de
Strigiformes do Sitio de Monfurado, efectuado recorrendo ao método pontual (e.g. Bibby et
al. 1992) com emiss&o de vocalizagGes conspecificas.
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O trabalho de campo compreendeu a amostragem de 30 pontos (Fig. 6),
seleccionados (com base na representatividade do habitat e na acessibilidade) do total de
41 centréides de manchas homogéneas de montados marcados no ambito do projecto
“Serra de Monfurado, Conservacao e Valorizagdo do Patriménio Natural”.

As amostragens foram realizadas entre 24/02 e 05/04/2004, totalizando um esforgo
de aproximadamente 16,8 horas de amostragem (média de 23,5 minutos por ponto). As
espécies recenseadas foram o Mocho-galego (Athene noctua), a Coruja-das-torres (Tyto
alba) e a Coruja-do-mato (Strix aluco). Em todas as visitas foi respeitado um periodo de
aproximadamente dois minutos apds a chegada ao local (ap6s desligar o veiculo) para
minimizacdo do efeito da perturbagdo no censo e para adaptacdo do ouvido ao ruido de
fundo. O censo iniciou-se com um periodo de 1 minuto de escuta passiva, para deteccéo
de vocalizagfes espontaneas.

Para cada espécie foi utilizado um esquema de emissdo e escuta com a duragéo
total de 7,5 minutos, compreendendo 2,5 minutos de emissdo de vocalizages
conspecificas e 5 minutos de escuta. Os periodos de emissdo corresponderam a 3
sequéncias de 30 segundos de canto continuo, intercaladas com 2 periodos de siléncio
com igual duragao.
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Figura 6. Localizacdo dos pontos de amostragem de Strigiformes (n = 30) na area de estudo.

As gravagoes foram adaptadas de Roché (1990), sendo utilizado como suporte
uma cassete e como emissor um megafone acoplado a um walkman. A intensidade sonora
foi previamente testada, sendo audivel ao ouvido humano a uma distancia de 1 km.
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Em todos os pontos o megafone foi colocado sobre o tejadilho do veiculo, por
forma a ficar o mais elevado possivel, sendo alternadamente virado em 3 direcgbes
opostas e aleatérias (por forma a que cada periodo de 30 segundos de vocalizagdo
continua de cada espécie fosse emitido em direcgGes diferentes), mantendo-se as
mesmas direcgoes para todas as espécies, em cada ponto de escuta.

A ordem de emissdo foi a seguinte: 1) Mocho-galego, 2) Coruja-das-torres e 3)
Coruja-do-mato. Foram emitidas em primeiro lugar as vocalizagdes das espécies de menor
porte, no sentido de minimizar a inibicdo na resposta destas por parte de espécies maiores
(Fuller & Mosher 1981).

Os resultados foram registados em fichas de campo (Anexo 1), com referéncia a
espécie a responder, ao sexo do individuo (possivel de determinar no caso da Coruja-do-
mato, cujas fémeas podem emitir uma vocalizagdo distinta da vocalizagao do macho) e a
direccdo da resposta. Dada a dificuldade em estimar a distancia a que uma ave se
encontra a vocalizar (Tomé & Silva 1994), foram estabelecidos dois limites: 0-500 metros e
500-1000 metros, sendo eliminadas da andlise todas as aves cuja estimativa da distancia
excedia 1 quilébmetro. Relativamente as aves a vocalizar a menos de 100 metros, foi
estimada a distancia tendo em conta a arvore em que a ave parecia encontrar-se (de notar
que nao foram estabelecidos quaisquer contactos visuais com aves a vocalizar durante os
censos).

Para cada individuo a responder foi registado o momento do inicio da resposta, de
forma a determinar o periodo de laténcia. Em todos os pontos de amostragem foram
registadas ainda as seguintes variaveis: vento, nebulosidade, luminosidade e ruido. Estas
variaveis foram quantificadas de acordo com o protocolo utilizado por Takats et al. (2001)
(Anexo 2), com algumas adaptacdes.

Foram realizadas repeticdes em 43,3% dos pontos (n=13), para validagdo dos
resultados e como tentativa de aumentar a probabilidade de certeza nas auséncias
registadas.

3.3. Comportamento vocal

A Coruja-das-torres foi a Unica espécie que respondeu apenas a vocalizagdes
conspecificas. No caso do Mocho-galego registaram-se ainda 1 individuo ap6s a emissao
das vocalizagtes de Coruja-das-torres, e 2 individuos apés a emisséo das vocalizagdes de
Coruja-do-mato. Quanto a Coruja-do-mato, 4,3 % dos individuos foram detectados no
periodo de escuta passiva, 10,1 % responderam a vocalizagées de Mocho-galego e 13,0
% responderam a vocalizagdes de Coruja-das-torres (Fig. 7).
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Ap6s o primeiro minuto de emissdo de vocalizagbes conspecificas foram
registadas 50 % das respostas de Coruja-das-torres, atingindo-se os 75 % ap6s 3,5
minutos e os 100 % apéds 6,5 minutos (Fig. 8). Relativamente a Mocho-galego e a Coruja-
do-mato, 75 % das respostas foram registadas até 5,5 min apés o inicio da emisséo das
vocalizagBes conspecificas.

3.4. Influéncia de variaveis ambientais

A maioria dos pontos foi feito em condigGes de vento entre 0 e 5 km/h (0-1 na
escala de Beaufort; 51,2%) (Fig. 9), céu limpo a pouco nublado (0-10 % de cobertura; 83,7
%) (Fig. 10), lua nova/encoberta ou quarto crescente/minguante (41,9 e 48,8 %) (Fig. 11) e
com um nivel de ruido correspondente a leve barulho de fundo (som que ndo distrai; 53,5
%) (Fig. 12). A maioria das respostas foram igualmente registadas nas referidas condi¢gdes
ambientais (Fig. 13 a 16), ndo havendo diferencgas significativas entre a percentagem de
respostas esperadas e observadas em cada classe de condicbes ambientais. Destas
varidveis, apenas o ruido apresentou uma influéncia marginalmente significativa nas
respostas de Mocho-galego (x*> = 0,165, p = 0,05, df = 7) (Tab. 4).
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Fig. 7. Comportamento vocal de Mocho-galego, Coruja-das-forres e Coruja-do-mato ao longo do periodo
de amostragem.
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Fig. 8. Frequéncia absoluta de respostas de Mocho-galego (linha preta), Coruja-das-torres (linha laranja)

e Coruja-do-mato (linha verde) ao longo do periodo de amostragem.
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Fig. 9. Condigbes de vento em que foram
realizados os pontos. Legenda: 1 — 0-5 km/h
(Beaufort 0-1), 2 — 6-12 km/h (Beaufort 2), 3 —
13-19 km/h (Beaufort 3), 4 — superior a 19 km/h
(Beaufort 4 ou mais).
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Fig. 10. Condicdes de nebulosidade em que
foram realizados os pontos. Legenda: 1 -0-30 %
(céu limpo/ pouco nublado), 2 — 30-70 % (céu
moderadamente nublado), 3 — 70-100 % (céu

muito nublado).
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Fig. 11. Condicbes de luminosidade em que
foram realizados os pontos. Legenda: 1 — lua
nova/ encoberta, 2 - quarto crescente/
minguante, 3 — lua cheia.

% de respostas

Vento

Fig. 13. Influéncia do vento na percentagem de
respostas obtidas. Legenda: 1 - 0-5 km/h
(Beaufort 0-1), 2 — 6-12 km/h (Beaufort 2), 3 —
13-19 km/h (Beaufort 3), 4 — superior a 19 km/h
(Beaufort 4 ou superior).
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Fig. 12. Condigbes de ruido em que foram
realizados os pontos. Legenda: 1 — siléncio, 2 —
barulho que n3o distrai, 3 — barulho significativo
(pode reduzir a probabilidade de detecgdo das
respostas), 4 — barulho muito significativo.
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Fig. 14. Influéncia da nebulosidade na
percentagem de respostas obtidas. Legenda: 1
—0-30 % (céu limpo/ pouco nublado), 2 ~ 30-70
% (céu moderadamente nublado), 3 — 70-100 %
(céu muito nublado).
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Fig. 15. Influéncia da luminosidade na Fig. 16. Influéncia do ruido na percentagem de
percentagem de respostas obtidas. Legenda: 1 respostas obtidas. Legenda: 1 — siléncio, 2 —
— lua nova/ encoberta, 2 — quarto crescente/ barulho que n#o distrai, 3 — barulho significativo
minguante, 3 — lua cheia. (pode reduzir a probabilidade de deteccio das

respostas), 4 — barulho muito significativo.

Tab. 4. Resultados do teste de Qui-quadrado (Siegel & Castellan
1988) relativos a comparagio dos efeitos das variaveis ambientais
nas respostas obtidas através do método dos pontos de escuta (n

= 43).

Variaveis Espécies x* P

Vento Athene noctua 0,238 0,086
Tyto alba 0,238 0,086
Strix aluco 0,333 0,135
Totais 0,333 0,135

Nebulosidade Athene noctua 0,199 0,081
Tyto alba 0,306 0,140
Strix aluco 0,306 0,140
Totais 0,306 0,140

Luminosidade Athene noctua 0,199 0,081
Tyto alba 0,306 0,140
Strix aluco 0,199 0,081
Totais 0,36 0,140

Ruido Athene noctua 0,156 0,050
Tyto alba 0,238 0,086
Strix aluco 0,333 0,135
Totais 0,333 0,333
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3.5. Confirmagao de auséncias (repetigoes)

Foram repetidos 13 dos 30 pontos de escuta, resultando num incremento de 1
resposta de Mocho-galego, 2 respostas de Coruja-das-torres e 10 respostas de Coruja-do-
mato, o que cormresponde, respectivamente, a um aumento de 14,3, 33,3 e 15,2 % de
detecgdes em cada espécie. Nao foram, no entanto, registadas diferengas significativas entre
a primeira e a segunda amostragem (Tab. 5).

Tab. 5. Resultados do teste de Wilcoxon (Siegel &
Castellan 1988) relativos 8 comparacgao das respostas
obtidas em dois periodos de amostragem (n =13).

Espécies K p

Athene noctua 0,000 1,000
Tyto alba -0,577 0,564
Stnix aluco -0,182 0,856
Total -0,052 0,958

3.6. Estudos transversais

Neste topico sdo sumariamente descritos outros trabalhos realizados na area de
estudo e que serviram de base aos artigos cientificos, proporcionando o levantamento de
variaveis de caracterizagéo do habitat das espécies em causa.

3.6.1. Levantamento de variaveis de caracterizagdo fisica

3.6.1.1. Cartografia de ocupacao do solo

Trabalhos de fotointerpretagéio realizados entre Setembro de 2003 e Fevereiro de
2004 na Serra de Monfurado, no ambito do projecto Caracterizagdo agro-silvo-pastoril e agro-
econémica do Sitio de Monfurado.

A metodologia consistiu na elaboragéo da chave de interpretagao das classes de uso
do solo (Tab. 6), seguida de fotointerpretagéo e digitalizagdo em ecra, em ambiente ArcView
3.2/ArcGIS 8 — ArcEditor 8.3, dos diferentes usos do solo, sobre imagens (rasterizadas e
georeferenciadas, voo 98/99, a cor real). Nos ficheiros vectoriais, foi utilizado o sistema
Hayford-Gauss, Datum de Lisboa (coordenadas militares). A codificagdo dos poligonos foi
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efectuada de acordo com a legenda apresentada na Tab. 7, com verificagéo sistematica no
terreno das duvidas de fotointerpretagdo. Seguiu-se um controlo de campo de forma a obter
uma precisdo global de classificacio e precisdo da classificagdo nas classes ligadas ao
montado superiores a 95%. Finalmente, foi efectuado um controlo topolégico de forma a
garantir a auséncia de erros de ligagdo. O limite minimo para a delimitagéo das manchas foi
de 0,25 ha, com uma escala de trabalho de 1:5000 (ERENA 2004a).

Tab. 6. Chave de interpretacdo das classes de uso do solo (ERENA 2004a).

Cédigo  Ocupagio do solo Cédigo  Ocupagao do solo

A Barragens e charcas Mx Mosaico de Policultura

As Area social ol Olival

Az Montado de azinho Pb Pinheiro bravo

Ca Culturas anuais Pm Pinheiro manso

Ec Eucalipto Pom Pomar

F Folhosas Pp Prados, pastagens e pousios
lc Incultos Sb Montado de sobro

K Corte raso ou plantagéao Ve Vias de comunicacédo

Ma Matos Vn Vinha

Tab. 7. Grau de coberto dos povoamentos de sobreiro e azinheira
(ERENA 2004a).

Cédigo Classes de densidade

1 Grau de coberto entre 10 e 30%
2 Grau de coberto entre 30 e 50%
3 Grau de coberto > 50%

3.6.1.2. Inventario florestal

Trabalhos de inventario florestal de sobreiro e azinheira realizados entre Setembro de
2003 e Fevereiro de 2004 na Serra de Monfurado, no ambito do projecto Caracterizagédo agro-
silvo-pastoril e agro-econ6mica do Sitio de Monfurado.

A amostragem foi efectuada com base numa rede de parcelas, seleccionadas
aleatoriamente e com um espagamento minimo de 200 m, ocupando no total 2000 m?. A area
de montado a inventariar foi dividida em trés classes de densidade do arvoredo, de acordo
com os resultados da fotointerpetagio (Tab. 6), de forma a realizar-se uma amostragem
estratificada (Shiver & Borders 1996). No ambito do inventério foram recolhidas diversas
variaveis ao nivel da arvore (ex. perimetro a altura do peito, area basal, idade, diametro, etc.)




Conservagao de Aves de Rapina Noctumnas (Strigiformes) em sistemas agro-silvo-pastoris mediterranicos: aplicagio ao Sitio de Interesse
Comunitario de Monfurado (Rede Natura 2000, Portugal)

com a finalidade de produzir um conjunto de mapas tematicos que ilustrativos da distribuigao
de um conjunto de varidveis importantes na caracterizagido dos montados do Sitio de
Monfurado (ERENA 2004b).

3.6.1.3. Caracteriza¢cdo agro-econémica

Trabalhos de inventario e caracterizagdo da gestdo do coberto vegetal, pastoreio, tipo
de gestao cinegética, estrutura fundiaria e recurso a subsidios das propriedades, realizados
entre Setembro de 2003 e Fevereiro de 2004 no ambito do projecto Caracterizagdo agro-
silvo-pastoril e agro-econémica do Sitio de Monfurado.

Os valores foram estimados a partir de um conjunto de parédmetros agro-sécio-
econdomicos das exploragbes agro-florestais da area de estudo. A unidade de amostragem foi
uma parcela de forma circular, com 500 m de raio, na qual o centro foi aleatoriamente
determinado. A localizagdo das parcelas de amostragem foi a determinada por Mira (2003). A
informacéo foi recolhida recorrendo a inquéritos a todos os proprietarios cujas propriedades
fossem interceptadas pelo circulo amostral. A recolha de dados foi realizada através de visita
ao local, entrevista aos gestores das exploragcbes e entrevista aos proprietarios das
exploragdes (ERENA 2004b).

3.6.1.4. Caracterizagdo ecolégica da rede hidrografica

Estudo de analise e caracterizagdo ecolégica da rede hidrografica do Sitio Monfurado,
com o objectivo e produzir a cartografia de cada bacia hidrografica com indicagéo dos trogcos
(identificados como homogéneos) e do respectivo valor ecolégico, obtido mediante avaliagao
individual de cada trogo referenciado (Flebbe 2001).

A avaliagdo das condigbes ecolégicas das linhas de agua foi efectuada de acordo com
o grau de proximidade a estrutura e fungbes originais das diferentes caracteristicas
individuais. Considerou-se o grau mais elevado de proximidade ao natural quando as linhas
de agua correspondiam as condigbées naturais ou quando, ap6s a intervengdo humana,
ocorria recuperagdo natural até um estadio equivalente ao original (Tab. 8). A caracterizagéo
foi feita em campo mediante utilizacdo da ficha desenvolvida por LWANW (1985), com
adaptacgdes referentes a pequena dimensdo e ao caracter torrencial e sazonal das linhas de
agua mediterranicas. Na analise foram consideradas trés zonas (em secg&o transversal),
diferenciadas pelas comunidades vegetais presentes, mas em constante interdependéncia:
zona aquatica, zona anfibia e zona terrestre (Flebbe 2001).
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Tab. 8. Escala utilizada como critério de avaliagio das condigdes ecolégicas de cursos de agua do Sitio de
Monfurado (Flebbe 2001).

Grau Naturalizagao Descrigao

- As caracteristicas de avaliagdo apresentam um cunho de n&o-influéncia
5 Natural

humana.

- As caracteristicas de avaliagio apresentam em larga medida um cunho de nao-
4 Proximo do natural . . gho ap 9

influéncia humana.
5 Condicionadamente - As caracteristicas de avaliagio apresentam s6 em parte um cunho de néo-

préximo do natural influéncia humana.

- As caracteristicas de avaliagio apresentam um cunho consideraveimente
2 Afastado do natural Gao ap
alterado pelo Homem.

i - As caracteristicas de avaliagio apresentam um cunho de completa alteragdo
1 Diferente do natural gao ap P G
pelo Homem.

3.7. Levantamento de variaveis de caracterizagao biolégica

Estudos da fauna e dos factores que mais influenciam a composigéo das
comunidades faunisticas do Sitio Serra de Monfurado, integrados no projecto Serra de
Monfurado, Conservagédo e Valorizagdo do Patriménio Natural — 22 fase (Mira 2003).

Este projecto permitiu reunir informagéo de base com vista a elaboragdo de um Plano
de Gestdo para a area, sendo um dos principais objectivos cartografar as areas
particularmente relevantes para a conservagdo de cada um dos grupos faunisticos.

A metodologia adoptada consistiu na selecgdo de 41 Pontos de Amostragem Comum
em habitats terrestres (PACs) e 31 Pontos de Amostragem em Linhas de Agua (PALAs). Os
PACs foram seleccionados com base nos habitats mais representados no Sitio de Monfurado,
nomeadamente montados de sobro, azinho ou mistos. Contudo, para efeitos comparativos e
de caracterizagio seleccionou-se igualmente um pequeno conjunto de pontos de amostragem
noutros habitats menos representados na area de estudo (Pousios, Eucaliptal, Olival, Vinha e
Hortas peri-urbanas). Com centro no ponto definido pelo centréide de cada mancha
homogénea de habitat, definiu-se um circulo com raio de 250 m, no interior do qual foram
realizadas as amostragens dos varios grupos faunisticos. A éarea sujeita a caracterizagéo
agro-silvo-pastorial foi definida num raio de 500 m a partir dos mesmos centréides. A
seleccdo dos PALAs baseou-se na cartografia do estudo da Andlise e Caractenzagdo
Ecolégica da Rede Hidrogréfica do Sitio Monfurado (Fiebbe 2001).
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Influence of built-up areas and vegetation structure of a montado
ecosystem in the distribution and abundance of an owl guild

Inés Roque', Jodo E. Rabaga' e Ricardo Tomé?
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ABSTRACT: The effect of buil-up areas and nine types of vegetation structure (considering both canopy and
shrub density) of montados in the distribution and abundance of Barn Tyto alba, Little Athene noctua and
Tawny Owils Strix aluco were analysed at the Site of Community Interest (SCI) of Monfurado (Center-South
Portugal). Point counts (n = 30) were conducted between late February and early April 2004, integrated in a
project aiming the characterization and enhancement of the natural heritage of this area. Differences between
areas occupied by Tawny Owl and occupied by other owls (Little and/or Barm Owils) were inspected using
Mann-Whitney tests. Also, the relation between the availability of each habitat and the abundance of owls was
examined using Spearman correlations.

Tawny Owl was the most abundant and ubiquous species, presenting none relationship with built-up areas or
any type of vegetation structure. In opposition, Little Owl showed the most restrict distribution and no overlaps
were found with other owls. Barn and Little Owls were associated to built-up areas and low density montados
with shrub cover. The latter were also related to lower abundance of owls. In opposition, moderately dense
montados without shrub cover were associated to areas with greater abundance of owls. Guidance is given to
the management practices headed for conservation of Strigiformes at this specific site.

KeYywoRDS: Built-up areas, montado, Strigiformes, vegetation structure

1. Introduction

There is scarce information about owls (Strigiformes) in Portugal. Their discreet habits
and low densities make them one of the most difficult groups of birds to study (Proudfoot &
Beasom 1996). Moreover, since some species live in close relation to humans, their
populations are very susceptible to man-caused changes in the environment (Newton 1979).

Mediterranean cork Quercus suber and holm Q. rotundifolia oak groves (designated as
montados in Portugal) are structurally mixed habitats, which alternate more or less dense
forest patches and open areas, thus potentially promoting the occurrence of different owl
species with distinct ecological requirements. The three more common owl species in Portugal
are Barn Owl Tyto alba, Little Owl Athene noctua and Tawny Owl Strix aluco. The two first are
associated to open and humanized landscapes (Bunn 1982, Génot & Van Nieuhuyse 2002,
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Zuberogoitia 2002); Tawny Owl is considered a forest species, although including also open
areas on its territories, with trees or other isolated structures used as hunting perches (Mikkola
1983, Cramp 1985, Zuberogoitia & Campos 1997).

Montados represent an agro-silvo-pastoral system shaped by humans, combining
woodlands, high quality pastures, rotation crops and shrubs. Both canopy characteristics
and soil uses are important factors to the establishment of owls, since they can directly
influence breeding and shelter (affecting availability of nests and roosting sites) and the
hunting success (affecting prey availability and accessibility). Species which depend on
montados are known to respond both to factors acting at a landscape scale, and to trophic and
structural factors within montados. All these factors are significantly influenced by montado
management, which affects the extent and fragmentation of this environment (Fernandez-Alés
et al. 1992) as well as food abundance, structure of understorey vegetation and tree density.
The latter has been described as the main correlate of woodland bird diversity in the Iberian
Peninsula (Telleria 2001). When food is not limiting, the main factor determining bird
distribution patterns tends to be habitat structure (Wiens 1989) and significant associations
have been found between groups of species and the vegetation structure resulting from
different types of montado management (Pulido & Diaz 1992).

We analysed the effect of built-up areas and several types of vegetation structure (both
canopy and understorey) of montados in the distribution and abundance of Barn, Little and
Tawny Owls at the Site of Community Interest (SCI) of Monfurado (Center-South Portugal).
This study was included in a project aiming the characterization and enhancement of the
natural heritage of this area (Mira 2003), and the final purpose is to get basis information to
the management practices headed for conservation of Strigiformes at this specific site,
incorporating the knowledge of the ecology of target species and the dynamics of the entire
system.

2. Methods

2.1. Study area

The SIC of Monfurado comprises the Monfurado Mountain and adjoining lowlands,
covering 23.946 ha. Located in the Center-South Portugal (W 08° 07° 00”, N 38° 35’ 00”),
about 85 % of this area include cork oak montados, holm oak and mixed stands being
restricted to some areas (ICN 2006). Mediterranean xerophile short-grass annual grasslands,
classified as the priority habitat 6220 (EC/DGE 2003), have excellent representation at this
site and scrub strata include mainly thermo-mediterranean formations and european dry heats
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(ICN 2006). A considerable part of the area (15%) is occupied by prairies, pastures and set
asides with disperse cork oak montados. The remaining tree species, like pines, eucalyptus
and other leafy trees occupy only 3% and agricultural lands are represented in about 8% of
the area. Built-up areas, which included human settlements and associated infra-structures,
correspond to only 0.35% of the study area (ERENA 2004).

2.2. Fieldwork

Nocturnal bird data were collected in the context of a broader project aiming the
characterization of local fauna and the enhacement of the natural heritage existent in the SCI
of Monfurado (Mira 2003). Count stations were defined by the sampling network settled by that
project, and comprised 30 of 40 points where every fauna groups were sampled. Ten points
were excluded due to accessibility constraints or because they represented other biotopes
than montado. Distance between adjacent points ranged from 1000 to 3750 meters.

Owl census was conducted between late February and early April 2004, which is an
appropriate period to detect territorial vocalizations of the target species (Tomé & Silva 1994).
We completed 30 point counts with the use of playbacks (Bibby et al. 1992), located in the
centre of patches of montados. For each species we used a scheme comprising 2.5 minutes
broadcasting vocalizations and a 5 minutes period for listening (7.5 minutes total). Emission
periods corresponded to 3 sequences of 30 seconds of continuous songs spaced by 2 silent
periods with equal duration. For playbacks we used sequences adapted from Roché (1990) in
tape support. We respected an emission order starting in the smallest species to prevent their
responses to be inhibited by the presence of larger species (Fuller & Mosher 1981). In the
case of Barn Owl, the census was complemented with directed search for nests and roosting
sites (Mira 2004), which consisted in visits to buildings likely to be occupied by this species
dispersed by the study area.

In 43.3 % of the cases we conducted replicate point counts, in order to validate our
results and to increase the probability of confidence in absences. Given the difficulty of
distance estimates conceming vocalizing owls (Tomé & Silva 1994), we excluded registers
considered to be over 1000 m from the observer. Observations were registered within two
distance bands: 0-500 and 500-1000 meters. No visual contacts occurred during the census,
thus the estimations of owl locations were empirically made in site, considering sound
direction and intensity, as well as terrain and vegetation structure. Concerning owls vocalising
up to 100 m, we estimated distances based on the tree (or group of trees) where the bird was
perched.
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2.3. Data treatment

Owl localizations estimated in the field were transferred to a Gaussian grid of 1x1 km
using a geographic information system (ArcView 3.1). Distribution maps were produced to
each species. For statistical analysis we eliminated marginal squares, i.e. squares which
crossed the limits of study area and for which there was no complete information. We sampled
built-up area and vegetation structure based on cartography. Montados were divided in 9
categories corresponding to 3 classes of tree density (10-30%, 30-50%, > 50%) and 3 classes
of shrub density (absent, <560%, >50%). All variables represented % area in the 1x1 gaussian
squares and were quantified based on soil occupation cartography obtained by ERENA
(2004).

Our data were unsuitable for applying parametric statistics and maintained non-
normality and heterogeneity after transformation trials (square rooth, logarithmic, quadratic
and inverse). Differences between the median values of habitat variables between squares
occupied by Tawny Owl and occupied by other owls (both Little and/or Barn Owis) were
inspected using Mann-Whitney U tests (Siegel & Castellan 1988, Zar 1996). We excluded
squares where Tawny Owl and other owis overlapped (n = 5). Furthermore, we used
Spearman correlations (Sokal & Rolph 1995, Zar 1996) to inspect the relation between the
availability of each habitat and the abundance of Strifgiformes (number of individuals).

3. Results

Tawny Owl was the most abundant of the three owl species (49 individuals located,
Fig. 1), contrasting with Little Owl which presented the most restrict distribution (only 7
individuals, Fig. 2). An equally small number of Barn Owis was detected at point counts (7
individuals), but a directed search for nests and roosting sites revealed more 15 presences
(Fig. 3), of which 4 were located in the area surveyed by point counts (i.e. within 1000m radius
from the observer at each point) where this species wasn’t detected.

The highest class of tree density showed no relation with species distribution or
abundance. While none of the analysed variables affected significantly the distribution of
Tawny Owl in the study area, Little and Bam Owils showed preferences for greater proportion
of built-up areas (U = 166.0, p < 0.05) and montados with low to moderate tree density. In
these types of montados, shrub density was determinant. Thus, low density montados were
preferred when shrub cover was present, irrespectively of being low (U = 201.5, p < 0.05) or
high (U = 195.0 , p < 0.05). Moreover, montados with moderate tree density were preferred
when associated to low density shrub cover (U = 166.5, p < 0.05) (Tab.1).
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Tree and shrub density were also associated to the variation of owls abundance: low
density montados with low density shrub cover were associated to areas with less individuals
(p=-0.351, p < 0.05), while moderately dense tree cover associated to the absence of shrubs
represented a higher percentage in the areas with higher abundance of owls (¢ = 0.290, p <
0.05) (Tab. 2).
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Fig. 1. Distribution of Tawny Owl in the SCI of Monfurado (black circles represent

presences; shaded squares represent sampled area).
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Fig. 2. Distribution of Little Owl in the SCI of Monfurado (black circles represent

presences; shaded squares represent sampled area).
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Fig. 3. Distribution of Barn Owl in the SCI of Monfurado (black circles represent
presences detected in point counts; black and white circles represent presences

detected by directed search; shaded squares represent sampled area).
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Tab. 1. Results of the Mann-Whitney test and respective mean ranks of built-up area and nine
types of vegetation structure (reflecting different levels of canopy and shrub covers) quantified
in Gaussian squares (1x1 Km) by presence of Tawny Owl (n = 31) and other owls (Bam and
Little Owls, n = 16).

U p Mean rank
Tawny Owl Other Owis
BUILT-UP AREA 166.0 ] 0.016* 214 29,1
MONTADO Canopy cover:  Shrub cover:

Absent 203.0 0.312 22.55 26.81

10-30% 0-50 % 201.5 0.014* 22.50 26.91

> 50% 195.0 0.026* 22.29 27.31
Absent 2265 0.626 23.31 25.34
3050 % 050% | 166.5 0.049* 21.37 29.09
> 50% 136.0 0.707 24 .39 23.25
Absent 2040 0.278 2542 21.25
>50 % 0-50 % 216.0 0.452 25.03 22.00
> 50% 2390 0.789 24.29 23.44

Tab. 2. Results of Spearman correlations applied to abundance of
Strigiformes.

@ P

BUILT-UP AREA -0.064 0.650

MONTADO Canopy cover:  Shrub cover:

Absent 0.085 0.547

10-30% 0-50 % -0.351  0.011*
> 50% -0.115 0.417

Absent 0.280 0.037*

30-50% 0-50 % -0.262 0.061
> 50% -0.121 0.393

Absent 0.093 0.512

>50 % 0-50 % -0.004 0.977

> 50% 0000  0.998
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4. Discussion

Our survey revealed that the owl community at SCI of Monfurado is clearly dominated
by Tawny Owi. In this area, its distribution overlaps in 9 % with that of Bamm Owl (aimost 23 %
overlap considering Barn Owl distribution), suggesting that montados can assure ecologic
requirements that allow these two species to coexist. Exclusive areas of Barn and Tawny Owil
present similar areas of sparse and moderately dense montados without shrub cover,
respectively 45 and 49 %, but in common areas (represented by 5 surveyed squares) this
proportion raises up to 72 %. Although not allowing generalization, these results give a clue
about what type of habitat is probably in the basis of this coexistence.

On the contrary, no overlaps were found in relation to Little Owls and either Barn and
Tawny Owils. Although Little Owl shows no overlap with Barn Owl when considering
approximate locations of owls (i.e. data transferred to the Gaussian grid of 1x1km), these two
species were seldom heard in the same point counts. The picture of the structure of the owl
community will depend on the scale of the analysis. Both point counts (1 km buffers) and
estimated locations (1 km squares) provide but rough approximations of the owls’ real
territories; moreover, the considered species have different home ranges and our sampling
methods only allow for a single-scale analysis. However, exclusion of Little Owl from areas
occupied by Tawny Owl is probably a consequence of predation pressure, since the latter is
particularly aggressive towards smaller owls in its territories and there are several records of
predation attacks (Mikkola 1983). Moreover, the distribution of Little OWl is regularly limited by
that of Tawny Owil, since despite the occurrence of potential habitat Little owl rarely exists in
areas dominated by Tawny Owl (Zuberogoitia & Campos 1997).

Conceming Barn Owl, we detected a failure of 16.6 % in point counts when compared
to directed search for nests and roosting sites. Although this species tend to respond promptly
to playbacks (pers. data) when present in the vicinity, silent points constitute doubtful
absences. Because of its wide home ranges it's possible that a Barn Owl present in the area
doesn’t respond to playbacks, since it can be temporarily in another extreme of the territory;
moreover, the proximity to nest is also a bias factor, since Barn Owl shows stronger territorial
activity in the surroundings of nest sites (Taylor 1994, Tomé & Silva 1994, Zuberogoitia 2002).

Besides being the most abundant species, Tawny Owl shows the most ubiquous
distribution in SCI of Monfurado since it is well widespread and presents none relationship with
built-up areas or any type of vegetation structure. In opposition, Bamn and Little Owls showed
preferences for built-up areas and low density montados with shrub cover. These resuits were
expectable, since these two species are traditionally associated to humanized landscapes and
often breed in artificial structures (Bunn 1982, Génot & Van Nieuhuyse 2002, Zuberogoitia
2002, Roque 2003). Likewise, most presences of Barn Owl in the study area resulted from
inspections in that type of structures.
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Several authors refer the association of Barn and Little Owls to open areas (Bunn et al.
1982, Mikkola 1983, Exo 1992, Bruijn 1994, Taylor 1994, Tucker & Heath 1994; Génot &
Juillard 1997, Pérez-Olea 1997, SEO/BirdLife 1999). The presence of shrubs in the area
occupied by these species is likely to affect prey accessibility: structural variability offers both
food and refuge, since it represents good hunting grounds and areas of greater abundance of
prey (Diaz et al. 1997, Pulido & Diaz 1992). On the other hand, Little Owls prefer to hunt in
pastures, prairies and crop lands with poor development of vegetation height, since they feed
essentially on invertebrates (Orthoptera and Coleoptera) (Mikkola 1983, Génot & Bersuder
1995), (Génot & Wilhelm 1993, Van Nieuwenhuyse et al. 2001). Therefore, the effect of
shrubs may be related to landscape diversity (e.g. patch size and variability) more than with
availability (total area) of each habitat type as a whole.

Vegetation structure associated to Barn and Little Owls presences is as well related to
lower abundance of owls. This is likely to happen because these species represented mostly
single individuals at point counts, in opposition to Tawny Owl which often represented more
than one record per point station. Consequently, areas with Barn and Little Owls are expected
to correspond to lowest abundances.

Moderately dense montados without shrub cover are associated to areas with greater
abundance of owis. This type of vegetation structure is probably representing an intermediate
habitat, suitable for the three owl species, since trees may be used as hunting perches
(Mikkola 1983, Cramp 1985, Zuberogoitia & Campos 1997) and vegetation density and height
may render higher hunting success (Southern & Lowe 1968): for instance, male Tawny Owls
are reported to move along wider areas during spring and summer, because vegetation height
hardens the access to small mammals (Sunde & Bolstad 2004).

In conclusion, concerning the conservation of owls in the SCI of Monfurado, we advise
(1) the maintenance of montados with open to moderately dense tree and shrub cover, mainly
in the vicinity of built-up areas (promoting Barn and Little Owis shelter and food); and (2) the
maintenance of open areas with low density of trees and without shrubs (promoting owl
abundance, probably because these areas represent optimum hunting grounds). Studies on
the influence of these types of montados in terms of landscape structure (in opposition to
simple quantification) are needed to understand the influence of habitat diversity in the
distribution and abundance of owls.

In addition, we strongly advice the divulgation of owls, mainly Barn and Little Owl, as
helper species in biologic agriculture practices, and the subsequent placement of nest-boxes
in order to prevent the loss of Barn Owl nest sites (this is frequent due to building degradation
or conversion; Bunn ef al. 1982, Cramp 1985, persn. data) and to promote the establishment
of Little Owls in suitable areas, near human settiements.
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ABSTRACT: Montado is a semi-natural landscape which supports high biodiversity and forms one of the most
remarkably sustainable agro-forestry systems. A set of 43 environmental variables reflecting the variability of
this ecosystem (in terms of human closeness, agriculture and pasture management, vegetation structure and
land use) was used to assess habitat preferences within the owl community inhabiting the Site of Community
Interest (SCI) of Monfurado. Point count census of Bam Owl Tyto alba, Little Owl Athene noctua and Tawny
Owl Strix aluco were conducted between late February and early April 2004, integrated in a project aiming the
characterization and enhancement of the natural heritage of this area. The effect of the measured variables in
the presence/absence of Tawny Owl and other owis (Bam and/or Litle Owis) was evaluated by logistic
regression analysis. Separate analysis for Bam and Little Owis were conducted using Mann-Whitney tests.
Tawny Owl prefers dense and heterogeneous woodlands, i.e. with great extent of habitat edges, associated to
undisturbed areas (riparian galleries). On the contrary, Bam and Little Owls were associated to human-
changed areas, closer to settlements and with greater persistence of bovine cattle, but also with lower
richness of carnivore mammals. Individual preferences of Little Owl were related to the abundance of open
areas. Conceming Bam Owl alone, the analysis revealed habitat preferences to be related to poor heath state
of montados. Conservation clues headed for habitat management are recommended.

Key-woORDS: habitat preferences, montado, Strigiformes

1. Introduction

Montados are mosaic-like landscapes comprising open forestations of cork Quercus
suber and holm Q. rotundifolia oaks in varying densities, combined with a rotation of
crops/fallow/pastures (Pinto-Correia & Mascarenhas 1999). These semi-natural ecosystems
are exclusive to the western Mediterranean Basin and have been ranked among the most
valuable habitats in Europe (listed in the EC Habitats Directive): they support high
biodiversity and form one of the most remarkably sustainable agro-forestry systems (WWF
Mediterranean Program 2006).

Little is known about the influence of this dynamic system in the owl community. Barn
Owl Tyto alba, Littie Owl Athene noctua and Tawny Owl Strix aluco are the most common
species in Portugal and, in general, they present different habitat requirements. In Portugal,
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they occur all over the country, although they are apparently more common in the Centre and
South (Rufino 1989).

In some areas, Tawny Owl is dependent on montados, avoiding open landscapes such
as low density or young stands (Santos 1997, Pais et al. 2000). On the other hand, Barn and
Little Owls are associated to open areas, nesting both in natural cavities and artificial
structures, and avoiding dense forests (Mikkola 1983, Cramp 1985). Despite these differences
in terms of habitat requirements, distribution of these owl species is expected to have some
extent of overlap given the structural diversity offered by montados.

Our study was part of a wider project — SCI of Monfurado: conservation and
enhancement of the natural heritage (Mira 2004) — conducted by a multi-disciplinary research
team, and among other goals the project intended to evaluate the effects on several faunal
taxa (insects, amphibians, reptiles, birds and mammails) of different vegetation structure and
management practices. The aim of this study is to evaluate the environmental variables that
influence the requirements of the owl guild (Barn Owil, Little Owl and Tawny Owl) inhabiting
the Site of Community Interest (SCI) of Monfurado, which is characterized by well conserved
extensive montados. Moreover, there is the purpose of characterizing relations existent within
distribution of local owls.

2. Methods

2.1. Study area

The study area comprises the Monfurado Mountain and the adjacent lowlands,
constituting an area proposed to integrate the Natura 2000 Network (SC! of Monfurado). It is
located in the Center-South of Portugal (W 08° 07° 00", N 38° 35’ 00”), belonging to the
municipalities of Montemor-o-Novo and Evora. The area covers 23.946 hectares, mainly
occupied by cork and holm oak montados (85% of the total area). A considerable part of the
area (15%) is occupied by prairies, pastures and set asides with disperse cork oak montados.
The remaining tree species, like pines, eucalyptus and other leafy trees, occupy only 3%, and
agricultural lands represent about 8% of the area. Social land uses, including human
seftiements and associated infra-structures, correspond to only 0.35% of the total area
(ERENA 2004a).
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2.2. Fieldwork

We sampled 30 points corresponding to centres of homogeneous patches of

montados, selected in the scope of the project SCI of Monfurado: conservation and
enhancement of the natural heritage (Mira 2004). This project included multidisciplinary work
in common areas, which provided a large database containing information on management,
vegetation and local fauna of montados. In order to accomplish the project goals and to assure
data comparability, sampling sites were previously established and surveys for each studied
taxa had to be conducted on them. In what owl species are concerned, this procedure
imposed some sample design and analytical constrains, due to their larger home ranges and
limited densities.
Owl sampling was performed between late February and early April 2004 by means of point
counts with emission of conspecific vocalizations (Bibby et al. 1992), which allows increasing
the number of contacts by inducing a territorial exhibition in the presence of a simulated
intruder (Fuller & Mosher 1981). In all visits we observed a period of about two minutes after
arriving to the census point (after tuming off the car), in order to minimize the disturbing effect
and for hearing habituation to background noise. Census started with one minute of passive
listening for detecting spontaneous vocalizations. After this, an for each species, we used a
scheme comprising 2.5 minutes broadcasting vocalizations and a 5 minutes period for
listening (7.5 minutes total). Emission periods corresponded to 3 sequences of 30 seconds of
continuous songs spaced by 2 silent periods with equal duration. For playbacks we used
sequences adapted from Roché (1990) in tape support. The transmitter was a megaphone
coupled to a walkman. Sound intensity was previously tested and regulated for detection 1 km
away from human hearing. In all points megaphone was settled on the top of the vehicle,
being alternately turned in 3 opposite directions (so each period of 30 seconds of vocalizations
was transmitted in a different direction). Emission order was Little Owl, Bam Owl and Tawny
Owl: the smallest species was broadcasted first to prevent their responses to be inhibited by
the presence of larger species (Fuller & Mosher 1981). All recorded Individuals were
registered within two distance bands (500 and 1000 m from the observer).

2.3. Environmental variables

Environmental variables at each sampling point were assessed using interviews with
landowners about management techniques regarding agriculture and pastures (ERENA
2004a), vegetation measurements (ERENA 2004b), mapping of land use and infrastructures
(ERENA 2004b) and applying point and transect methods for counting local vertebrate fauna
(Mira 2004). These resulted in a data set of 43 variables describing each sampling point (Tab.
1). Apart from interviews (where sampling unit was defined as the homogenous patch of
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montado itself), sampling units were defined by buffers with 500 meters radius centred in the
point count stations.

2.4. Statistical analysis

The effect of the measured variables in the presence/absence of owls was evaluated
by logistic regression analysis. We grouped sampling stations based on Tawny Owl presences
(n = 17) and absences (n = 13), and other owls (both Little and Barn Owis) presences (n=10)
and absences (n = 20). All birds vocalising over 500 m from the observer were excluded from
the analysis. We started the variable selection procedure applying univariated logistic
regression analysis to each independent variable. Variables with p-values under 0.25 were
retained to further analysis (Hosmer & Lemeshow 1989) and submitted to colinearity
diagnosis. Correlation coefficients higher than 0.70 reflect strong colinearity (Tabachnik &
Fidel 1996) and in these cases one of the independents must be removed from the analysis,
usually the one considered to have the poorer biological meaning. No variables showed
significant bivariate correlations so the all set of selected variables entered the multivariated
logistic regression model.

We applied a stepwise backwards manual selection (“enter” method) using the Wald
test towards elimination of non significant variables (p > 0.05) starting on the independent with
the larger p-value. Probabilities used to include and exclude variables from the model were
0.05 and 0.10 (Bendel & Afifi 1977, Hosmer & Lemeshow 1989). Interaction terms between
significant variables were also tested in order to identify an eventual variation of the effect of
one variable throughout the values of the other (Hosmer & Lemeshow 2000).

To test linearity in the logit of continuous variables, we used the Box-Tidwell
transformation, which adds a term of the form x.In(x) to the model, where x represents a
continuous variable (Geurro & Johnson 1982). We found no significant coefficients for these
variables, thus showing finearity in the logit, meaning no need for transformations.

To determine model adjustment we calculated classification tables and ROC curves.
We used classification tables to determine correct and incorrect classifications of the
dichotomous dependent (Hosmer & Lemeshow 2000). The area under the curve (AUC) of the
ROC curve is another method for accessing model fit. AUC values over 0.7 indicate useful
application and values over 0.9 indicate excellent fit (Swets 1988 in Manel et al. 2001).

In order to find out which variables from the list were associated to distribution patterns
of Barn and Little Owls separately, we used Mann-Whitney non-parametric test for
comparisons of median values of independent variables between areas where these species
were present and absent (Zar 1996, Sokal & Rolph 1995). All statistical analysis were
performed using SPSS 11.0 package.
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Tab. 1. Set of variables used in the analysis by class, with description and descriptive statistics (mean and
standard deviation) calculated for the 30 point counts. a) This variable was used only in the analysis of
presences/absences of Bam and Little Owis.

Class Variable  Description Mean S.D.
HUMAN SETTLE Human settliements (minimum distance) 2494.0 1181.6
CLOSENESS ROADS National roads (minimum distance) 1624.7 784.2
BIOLF Biological fertilizers (% area) 0.184 0.306
TFERT Total fertilizers (Vha) 45733 40.428
AGRICULTURE SOIL Soil mobilization (% area) 0.830 0.446
& FOREST SHRUB Shrub removal (% area) 1.233 1.569
MANAGEMENT CORK Years since cork extraction 0.797 0.483
OVIN Ovine cattle (% area) 0.461 0.407
TOVIN Permanence of ovine cattle (mean months) 4818 4723
DOVIN Mean density of ovines 0.912 1.138
BOVIN Bovine cattle (% area) 0.719 0.379
TBOVIN Permanence of bovine cattle (mean months) 8.167 4.458
PASTURE DBOVIN  Mean density of bovines 0.304 0.188
MANAGEMENT EXTFOR  Financed forrage crops (% area) 0.342 0.368
MANAG Total game management (% area) 87.053 25.136
GAME GEMUN General and municipal game systems (% area) 46.747 25.228
MANAGEMENT ASTOUR Associative and touristicl game systems (% area) 66.174 14.933
TREEA Old trees (% trees) 0.255 0.335
TREE AGE & SSTAT Mean health state (1-good, 2-mean, 3-bad) 2.555 0.607
HEALTH MDESI Montados diseases (% trees) 58.969 20.349
MDENS Dense montado (% area) - tree cover > 50 % 0.693 0.273
MSPAR Sparse montado (% area) - tree cover < 50 % 0.246 0.281
SHRUB Shrub (% area) 0.090 0.143
DENSIT Dominance of dense montados (MSPAR/MDENS) 3.867 2.013
DIVERS Vertical Shannon’s diversity index 0.224 0.092
LDIVER Landscape Shannon'’s diversity index 0.224 0.092
EDGED edge density extent (meters) 175.818 54.777
E::gsAg AS;,E WATERL  Water lines extent (meters) 1.016 0.332

STRUCTURE RIPGAL  Riparian galleries extent (meters)

TERRAIN ALTIT Mean altitude (meters) 298.145 51.087
STRUCTURE SLOPE Mean slope (meters) 298.145 51.087
SMALLA  Small mammals abundance (ipa) 0.025 0.039
SMALLR  Small mammals richness 1.000 0.947
PASSA Passerine abundance (ipa) 2833 0.461
PASSR Passerine richness 0.027 0.004
AMPHA Amphibians abundance (ipa) 24.267 2.970
AMPHR Amphibians richness 12.167 16.969
CARNA Camivore mammals abundance (ika) 2.900 1.788
CARNR Camivore mammals richness 0.000 0.000
DRAPA Diurnal raptors abundance (ipa) 3.800 1.627
FOOD CHAIN & DRAPR Diumal raptors richness 1.467 1.456
COMPETIDORS STRIXa) Tawny owl abundance (ipa) 0.967 1.067
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3. Results

Considering a distance band of 500 m from the observer, we found 32 Tawny Owls in
17 of the 30 point counts (Fig. 1). The presence of other owls (both Little Owl and/or Barn
Owl) was detected in 10 of the 30 point counts (Fig. 2), and in 5 of these points Tawny Owl
was also present.

Eleven variables entered the initial model of the logistic regression model testing the
effect of measured variables in the presence/absence of Tawny Owls in sampled points (Tab.
2). Tawny Owl territories were associated to areas dominated by dense montados, with higher
extension of edges and riparian corridors (Tab. 3). The model explained 80.0 % of the
variation (Tab. 4) and it's discriminative power is significantly higher than chance (AUC=0.896,
p < 0.001; Fig. 3).

Respecting to other owls, twelve variables were selected in univariate logistic
regressions (Tab. 5). The multivariated logistic regression showed Little and Barn Owls to be
associated to areas with longer permanence of bovine cattle, closer to human settlements and
poorer in species of carnivore mammals (Tab. 6). This model explained 76.7 % of the variation
(Tab. 7) and its discriminative power is significantly higher than chance (AUC = 0.835, p<0.01;
Fig. 4).

W =0

..o °

2000 O 2000 Meters
e

Fig. 1. Abundance of Tawny Owl in point counts (n = 30) at the SCI of

Monfurado.
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Fig. 2. Presences of Barn Owl and Little Owl in point counts (n = 30) at the
SCI of Monfurado.

Tab. 2. Values of coefficients (B), Wald statistic (Wald) and associated probabilities (p)
of variables with p-values < 0.25 in univariated logistic regression analyses for Tawny
Owl presence and absence points.

Variable B Wald p

SHRUB 1.121 1.720 0.190
TREEA 2.409 2.681 0.102
BIOLF 1.939 1.726 0.189
EXTFOR 2244 3.590 0.058
MANAG 0.027 2.060 0.151
DENSIT 0.221 1.330 0.249
DIVERS -5.640 1.721 0.190
EDGED 0.016 3.525 0.060
AMPHA 0.314 1.870 0.171
DRAPA 0.651 1.746 0.186
RIPGAL 0.002 2.247 0.134
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Tab. 3. Values of coefficients (B), Wald statistic (Wald) and associated probabilities (p)
in the final logistic regression model explaining the presence and absence of Tawny

Owl in sampled points.

Variable B Waid P

DENSIT 0.5633 3.950 0.047
EDGED 0.025 5.633 0.017
RIPGAL 0.003 4078 0.043
Constant -6.049 5.935 0.015

Tab. 4. Classification table of the final logistic regression model for Tawny Owl with

indication of percentages of presences and absences correctly classified. The cut value

is 0.56.
Predicted
Tawny owl Percentage Correct
Observed Absence Presence
Tawnv owl Absence 10 3 76.9
y Presence 3 14 824
Overall Percentage 80.0
ROC Curve
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Fig. 3. Area under the ROC curve (AUC) for

the probability model
occurrence (AUC = 0.896, p < 0.001).

of Tawny Owl
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Tab. 5. Values of coefficients (B), Wald statistic (Wald) and associated probabilities (p)
of variables with p-values < 0.25 in univariated logistic regression analyses for other

owls (Little and/or Barn Owls) presence and absence.

Variables B Wald P

SHRUB -1.563 2.806 0.094
SSTAT 1.159 1473 0.225
OVIN -1.260 1.5628 0.216
BOVIN 1.876 2.001 0.157
TBOVIN 0.190 2.805 0.094
ASTOUR 0.063 1.946 0.163
GEMUN -0.030 3.364 0.067
MDENS -2.507 2.816 0.093
MSPAR 2.149 2.322 0.128
DENSIT -0.301 2.146 0.143
SETTLE 0.000 1.743 0.187
CARNR -0.444 2.600 0.107

Tab. 6. Values of coefficients (B), Wald statistic (Wald) and associated probabilities (p)
in the final logistic regression model for explaining the presence and absence of other

owls (Barn and/or Little Owis).

Variable B Wald P

TBOVIN 0.298 3.888 0.049
SETTLE -0.001 4.255 0.039
CARNR -0.691 4.208 0.040
Constant 1.769 0.804 0.367

Tab. 7. Classification table of the final logistic regression model for other owls (Barn
and/or Little Owis) with indication of percentages of presences and absences correctly

classified. The cut value is 0.56.

Observed

other owls

Predicted
other owls
Absence Presence
Absence 18 2
Presence 5 5

Overall Percentage

Percentage Correct

90.0
50.0
76.7
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Fig. 4. Area under the ROC curve (AUC) for
the probability model of other owls
occurrence (AUC = 0.835, p < 0.01).

Additional univariate tests showed that Little Owls avoided areas with major
dominance of dense over sparse montados and where Tawny Owl was more abundant; on the
contrary, this species seemed to be favoured in areas with higher percentage of sparse
montados (Tab. 8). Barn Owls were associated to areas where montados were in poorer
health conditions, but avoided areas with greater richness of carnivore mammals (Tab. 8).

Tab. 8. Results of the Man-Whitney tests applied to presences and absences of Little
Owl and Barn Owl in point counts.

Variable U p Mean rank
Absences Presences
Little Owl DENSIT 27.50 <0.05 16.90 8.50
MSPAR 25.00 <0.05 14.00 23.00
STRIX 20.00 <0.05 17.20 7.00
Barn Owl SSTAT 31.50 <0.05 13.81 22.25
CARNR 35.50 = (0.05 17.02 9.42
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4. Discussion

4.1. Census profile

Tawny Owil is clearly the most abundant owl at the site of Community Interest at the
SCI of Monfurado and its distribution fully overlapped that of Bam Owl. These results probably
suggest that studied montados can offer conditions for the coexistence of these species.

To some extent, the scarcity of results about Barn Owl may be related to
methodological constrains, since data derived from nest searches revealed 8 new territories
for the studied area (Roque et al. 2007). Low detection rate is most likely related to the vocal
behaviour of this species, which shows limited territorial activity. Although playback emissions
raise the response probability (e.g. Johnson et al. 1981) it is also possible that a Barn Owl
present in the territory does not respond. For instance, an owl can be temporarily in another
extreme of the territory or the count station can be located too far from the nest site, since
wide hunting areas and a stronger territorial activity in the vicinity of nests are characteristics
of this species (Taylor 1994, Zuberogoitia 2002).

Our results indicate that Little Owl occurs at low densities in the study area, since this
species is usually very responsive to playback broadcasts (Tomé & Silva 1994). Given that
point counts were located in the centre of patches of montados and considering that this
species is more associated to patchy habitats with scattered trees, the recorded low
abundances are probably related with reduced habitat suitability. Santos (1998) also found
poor densities of Little Owl in a similar habitat in NW Alentejo.

4.2. Habitat preferences of Tawny Owl

Our results suggest that Tawny Owil is positively influenced by habitat diversity (caused
by local forest management) as it prefers areas dominated by denser woodland with greater
extent of edges between patches with distinct occupations. These results were expectable
considering the forest habitat profile of the species (Southem 1970, Hirons 1985, Sanchez-
Zapata & Calvo 1999, Ranazzi et al. 2000b), which also includes open areas on its territories
(Mikkola 1983, Cramp 1985, Zuberogoitia & Campos 1997), and similar associations were
found in Northem Spain by Zuberogoitia (2002), in an area dominated by pine and eucalyptus
stands. These results, associated to the ubiquity of this species in the study area, are probably
an indication that Tawny Owl is on the whole well adapted to the structure of local montados.
The landscape complexity associated with this species in Monfurado area is likely to be
associated to the greater richness and abundance of prey detected in the ecotones, where
vegetation configuration increases food and refuge to small mammals and birds, but also to
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alternative prey types that owls may explore in periods of scarcity of basic prey (Petty & Peace
1992).

Another relation was found between presence of Tawny Owl and the extent of riparian
galleries. In the study area, these galleries are present along watercourses with rare or absent
humane disturbance and thus are very favourable to local fauna. They are less affected by
pollution and present continuous developed riparian vegetation, often associated with older
trees which provide holes and branches suitable for Tawny Owl and other species. For
instance, a Eurasian Eagle Owl was observed sheltering in an old Fraxinus sp. riparian
corridor in the SCI of Monfurado (Flebbe 2001). The importance of riparian galleries to the
reproduction of Tawny Owl species was also reported by Zuberogoitia (2002).

4.3. Habitat preferences of Barn and Little Owls

The association of Barn and Little Owls to areas with greater persistence of bovine
cattle is probably concurrent with better conditions of prey accessibility and, possibly,
abundance. Grazing can modify the spatial heterogeneity of vegetation, influencing ecosystem
processes and biodiversity, and its immediate effect depends on the interaction between the
spatial pattern of grazing and the pre-existing spatial pattern of vegetation (Adler et al. 2001).
Moreover, regeneration and maintenance of the vegetation mosaic depend upon the
relationship between herbivore intake and pasture growth rates (Shiyomi et al. 1983). How
feedbacks between vegetation and grazing influence heterogeneity over time is a complicated
issue and the effect of cattle prevalence in owls’ occurrence is hard to interpret in the scope of
this study.

Bovine cattle can produce a negative impact in bird communities (e.g. Fondell & Ball
2004) but in contrast there are reports of long-duration pastures maintaining higher
populations of small mammals than medium or short duration pastures (Fricke 2006). While a
minor degree of vegetation cover represent less refuge to small mammals towards predators,
the occurrence of certain plant species can support different communities of invertebrates. In
general, pastures are known to attract coleopterans (Rodriguez-Ramo & Garcia-Roman
1988): as they usually lack pesticides, insect prey which are important for Little Owl are
abundant (Santos 1998, Tomé et al. in press).

Closeness to human settlements is also a characteristic of Barn and Little Owls
distribution in the study area. This distribution pattern was expected, since both species are
known to be more tolerant to human presence than Tawny Owl (Mikkola 1983, Cramp 1985).
Finally, these species are also associated to areas with lower richness of carnivore mammals,
probably suggesting that they are avoiding areas with mammal predators. Medium sized
carnivores are notorious nest predators, and can reduce or eliminate both bird and small
mammal populations (Hawkins 1998, Crooks & Soule 1999). Thus, besides potentially having
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direct impacts on the owl populations, mammal predators are likely to affect their prey
(Sullivan & Sullivan 1980). An effect of mammal predator presence on Little Owl densities in
holm oak woodland of Southern Portugal has already been detected in other studies (Tomeé et
al. 2004, R. Tomé unpubl data). However, this may also be a consequence of mammal
predators avoiding areas near human settiements.

When analysing individual preferences of Little Owls, we found it to be associated to
areas dominated by lower canopy cover and with higher percentage of open areas. These
habitat preferences are clearly opposed to those of the Tawny Owl. Zuberogoitia (2002) also
detected this pattern and since Tawny Owl can be a predator of Little Owl (Mikkola 1983) this
is probably a mechanism of competitive exclusion. Actually this species is associated to areas
with lower density of Tawny Owl in the study area. Zuberogoitia & Campos (1997) and Tomé
et al. (2004) also detected this pattern and Zuberogoitia (2002) also reported several Tawny
Owis predating Little Owls.

As revealed by conjoint analysis (both Bamn and Little Owl presences), when
separately analysed Barn Owl shows also to be sensitive to richness of carnivore mammals.
Furthermore, its association with montados in poorer health condition is probably related to the
availability of tree cavities used for perch and possibly as nest sites.

Note that the use of point counts as sampling units is likely to reveal great overlapping
in distributions of these species. We are not considering owls’ individual location and the limits
of their territories are unknown. When using point counts we are measuring the total number
of birds whose territories are at least partly included in the study area, i.e. the number of
fractions of territories in the area (Johnson 2005). Detection of birds in point counts does not
mean necessarily territory overlapping. We can be in a frontier location where we find several
species vocalizing, and that doesn’t mean that individuals must actually interact spatially, as
their territories can be fully separated. This is likely to be in the origin of the overlap between
Little and Tawny Owls found in this study, which disappeared when a similar analysis was
conducted using estimated locations of individuals and considering smaller sampling areas
(Roque et al. 2007).

4.4. Conservation clues

The landscape structure of the SCI of Monfurado, given by a combination of forested
areas, pastures and farming systems, apparently allow for coexistence of the three owl
species, although Little Owls occurs in lower densities and avoids areas with higher
abundance of Tawny Owl. The latter is known to have great environmental plasticity. Although
considered a typical forest owl, it can adapt to conditions of near inexistence of woods
(Sanchez-Zapata & Calvo 1999, Petty & Saurola 1997). Territories in city parks are also
known (Cramp 1985, Galeotti 1990, Ranazzi et al. 2000, Zuberogoitia & Torres 1997). There
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are reports of Tawny Owls displacing Barn Owls by competition for nest sites in churches and
other artificial structures (Zuberogoitia 2002). Avotins (2004) also found several Tawny Owil
territories in open agriculture and suburban landscape, which revealed to offer better
conditions to the species than territories found in large forests areas. Environmental changes
favour opportunistic and flexible species as Tawny Owl, and predation of and competition with
other owl species increases with probability of an encounter (Zuberogoitia 2002).

In what the safeguarding of owl diversity is concemed, conservation measures in the
SCI of Monfurado should be focussed on the requirements of Barn and Little Owls. The
abandonment of extensive pastures is one of the threats identified in the study area. Some of
the proposed management guidelines (ICN 2006) recommend specific pasture practices in
which bovine cattle is preferably associated to priority grassland habitats. However, further
studies are required to understand how cattle permanence affects vegetation structure and
how this influences abundance and accessibility of prey for owls. Studies concerning the effect
of carnivore mammals are also required, in order to understand whether nest predation or
competition for small mammals is influencing the distribution of Little and Barn Owils. Also,
studies are needed to understand the effect of health condition of montados. Although the
abundance of cavities is expected to be higher in areas with ill trees, their effect on the
establishment of Barn Owils is not clear. In the study area, nesting and roosting sites of this
species are known in artificial structures (e.g. farm houses) but no nest surveys were
conducted in forested areas. These results seem to point towards the possible importance of
natural cavities for Barn Owls in montados dominated by Tawny Owil, despite the highest
probability of occupancy of these sites by the latter, given its greater competitive ability. A
similar tendency was found by Roque (2003) in a forest area in Center-South Portugal.
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5. Consideragodes finais

A comunidade de aves de rapina nocturnas (Strigiformes) do Sitio de Interesse
Comunitario (SIC) de Monfurado é caracterizada pela presenca de Coruja-das-torres, Mocho-
galego e Coruja-do-mato. A Ultima espécie é claramente a mais abundante e ubiquista,
parecendo estar bem adaptada a variabilidade estrutural e funcional dos montados locais. A
espécie menos abundante desta comunidade é o Mocho-galego. Apesar de terem sido
obtidos poucos registos de Coruja-das-torres através de pontos de escuta, a prospecgao
complementar de potenciais poisos e locais de nidificagéo veio a revelar que esta espécie
apresenta uma distribuicdo mais alargada na area de estudo. Constrangimentos decorrentes
do comportamento vocal da espécie terdo estado na origem da classificagéo de falsas
auséncias em 16,6% dos casos.

Os resultados deste estudo sugerem a existéncia de alguma sobreposi¢éo entre as
areas ocupadas por Coruja-das-torres e a Coruja-do-mato. Relativamente & sobreposic&o dos
territorios de Mocho-galego, o resultado depende da escala da analise. Uma vez que esta
espécie apresenta menores areas vitais, a discriminacdo dos registos considerando a
localizagdo individual (1° artigo) ou o ponto de escuta (2° artigo) reflecte-se, respectivamente,
numa diluigdo ou numa acentuag&o das sobreposicdes. No entanto, ambas as abordagens
revelam que o Mocho-galego evita areas ocupadas por Coruja-do-mato.

No SIC de Monfurado, a Coruja-do-mato ocupa areas com montados densos e com
grande extensdo de orlas, associados a habitats com pouca perturbagéo, nomeadamente
galerias ripicolas. Em oposic¢éo, a Coruja-das-torres e o Mocho-galego surgem associados a
areas marcadas pela presenga humana, mais préximas de povoagdes e apresentando um
certo nivel de persisténcia de pastoreio bovino mas, simultaneamente, com baixa riqueza
especifica de mamiferos camivoros. O Mocho-galego esta particularmente associado a areas
abertas, enquanto que a Coruja-das-torres parece apresentar alguma preferéncia por
montados em mau estado sanitario. Da informagéo decorrente deste estudo, resultam as
seguintes propostas de gestdo para o SIC de Monfurado:

a) Promover acgbes de sensibilizagdo da populacdo humana para a importancia
ecologica das aves de rapina nocturnas.

b) Divulgar e promover a utilizagdo da Coruja-das-torres e do Mocho-galego enquanto
auxiliares em praticas de agricultura biologica, através da instalagéo de caixas-ninho
junto das povoacdes.

c) Promover as areas de pastagem associadas ao pastoreio por bovinos.
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d) Conservar manchas de montado abertas, principalmente junto as povoagdes,
mantendo um subcoberto diversificado (disponibilizar areas com e sem cobertura
arbustiva).

e) Manter arvores mortas ou arvores velhas com cavidades no montado

f) Condicionar a utilizagdo agricola das margens das ribeiras € promover a regeneragao

natural.

Integrando a informagéo obtida neste estudo com os factores de ameaca descritos
para o SIC de Monfurado no Plano Sectorial da Rede Natura 2000 (ICN 2006), apresentamos
em anexo o quadro-sintese das principais orientaces de gestdo agro-pastoricia e silvicola
que, apesar de direccionadas para determinadas espécies e habitats, poderdo ter
repercussdes importantes na comunidade de aves de rapina nocturnas (Anexo 3).

Os resultados deste estudo sugerem ainda a importancia da realizagdo de estudos
que permitam clarificar a relagéo entre as aves de rapina nocturnas e as seguintes variaveis

ambientais:

i) Tempo de permanéncia do gado bovino nas parcelas, repercussdes na
heterogeneidade espacial da vegetacdo e respectivas consequéncias na

abundancia, diversidade e/ou disponibilidade de presas;

ii) Riqueza especifica de mamiferos carnivoros, possiveis efeitos de predagéo efou
competicio;
iii) Estado sanitario dos montados, relagido com disponibilidade de cavidades e sua

utilizagdo pela Coruja-das-torres.
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ANEXO 1

Ficha de campo
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089" Universidade de Evora ~ Labor
G R Laboratdrio de Omitologia
i Censos - Nocturnas

Notas: [ Vento 1234

2004/__ /__ Ponto: Nebulosidade 1 2 3

Inicio: : h Assistente: Luminosidade 1 2 3
Nivel de ruido 1 2 34
Distancia (m) Temperatura: ........... oC

+ Athene noctua Tyto alba Strix aluco

Ind Espécie Sexo Direcg3o 0 25 50 100




ANEXO 2

Protocolo de quantificagcdo das variaveis ambientais
(vento, nebulosidade, luminosidade e ruido),
adaptado de Takats et al. 2001.
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E 2 : . - Labor
Umver51dade de Evora Laboratdrio de Ornitologia
Censos - Nocturnas
Vento Escalade Beaufort Velocidade (km/h)  Indicadores da velocidade
1 0-1 0-5 Fumo vertical ou na direcgao do vento
2 2 6-12 Sente-se na face, folhas movem-se
3 3 13-19 Folhas e ervas em constante movimento
4 4 20-29 Levantamento de poeiras, pequenos ramos em
movimento
Nebulosidade Descrigao Cobertura (%)
1 Céu limpo/pouco nublado
2 Céu moderadamente nublado
3 Céu muito nublado
Luminosidade Descricdo
1 Lua nova/lua encoberta
2 Quarto crescente/quarto minguante
3 Lua cheia
Nivel de ruido Descrigdo
1 Siléncio
2 Barulho que néo distrai
3 Barulho significativo (que pode reduzir a probabilidade de detec¢do das respostas)
4 Barulho muito significativo constante



ANEXO 3

Tabela-sintese das principais orientacées de gestao
(agro-pastoricia e silvicultura) propostas para o Sitio de
Monfurado no Plano Sectorial da Rede Natura 2000 com

efeito na comunidade de Strigiformes
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