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Contribution to the study of the breeding biology
of the European shag Phalacrocorax aristotelis
in Berlengas archipelago, Portugal
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Berlengas archipelago holds the largest breeding population of European Shag Phalacrocorax aris-
totelis in Portugal. This work aims to contribute to the study of the reproductive biology and to the
conservation of this species. In particular, we aimed to estimate the size of the breeding population
and quantify breeding success, as well as to assess nest quality throughout the breeding season. We
have also characterized adult attendance patterns at the nest. Data collection was carried between
January and June of 2015. The studied population was estimated at 75 breeding pairs and the max-
imum number of active nests was recorded on the 13 of April. Average clutch size was 2.14 eggs/
nest (SD = 0.8, n=58), hatching success was 62% (n=58), fledging success was 92.5% (n=51) and,
overall breeding success was 57.3% (n=58). The incubation shifts lasted 12 hours on average (SD =
7h00 min; n=58 shifts), and foraging trips lasted 3h39 min (SD = 1h57 min; n=179 trips). Pairs that
started breeding earlier in the season chose the higher quality nests, laid more eggs and had higher
productivity. While analyzing surveys of the breeding population of shags at Berlenga, between 1978
and 2015, we found no clear long-term trend despite some large inter-annual variations. Ensuring
high quality of nesting areas and low disturbance by humans may contribute to the stability of this
population. Long-term and regular monitoring is critical to detect population changes and under-
stand which management measures can contribute to the conservation of this species.

Keywords: Breeding success, breeding population trend, nest quality, Phalacrocorax aristotelis, seabird.

E no arquipélago das Berlengas que se encontra o maior nicleo reprodutor de galheta, Phalacro-
corax aristotelis, em Portugal. O presente trabalho teve como objetivo principal contribuir para o
estudo da ecologia reprodutora e para a conservagio desta populacdo. Foram definidos como obje-
tivos principais: estimar a populagio reprodutora de galheta no arquipélago, determinar o sucesso
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Biologia reprodutora da Galheta Phalacrocorax aristotelis nas Berlengas

reprodutor e analisar a qualidade do habitat de nidificagdo e a evolugio do estado dos ninhos ao
longo da época reprodutora. Foram ainda quantificados os turnos de incubagio e alimentagao de
aves adultas reprodutoras. A recolha de dados foi efetuada entre janeiro e junho de 2015. Foram
contabilizados 75 casais reprodutores, tendo o pico de ninhos ativos sido atingido no dia 13 de
abril. O tamanho médio das posturas foi de 2.14 ovos/ninho (SD = 0.8, n=58), a taxa de eclosiao
foi de 62% (n=58), a taxa de sobrevivéncia das crias foi de 92.5% (n=51) e estimou-se 0 sucesso
reprodutor em 57.3% (n=58). Os turnos de incubag¢io tiveram uma duragio média de 12h00 min
(SD = 7h00 min, n=58 turnos) e as viagens de alimentacao 3h39 min (SD = 1h57 min, n=179 via-
gens). Concluiu-se ainda que os casais que iniciaram a reprodug¢iao mais cedo, escolheram os mel-
hores locais de reproducio, efetuaram posturas maiores e tiveram maior produtividade. O efetivo
populacional da galheta na ilha da Berlenga, entre 1978 € 2015, mostrou uma grande oscilacdo
inter-anual nio se observando uma tendéncia clara ao longo dos anos. A elevada qualidade do
habitat de nidificacdo e a reduzida perturbacao humana contribuem para este ser o maior nticleo
populacional da espécie no pais e para a relativa estabilidade do seu efetivo populacional. Contudo
€ necessdrio continuar as acoes de monitoriza¢io de forma a detetar alteracdes nas tendéncias
populacionais e perceber que tipo de medidas podera contribuir para a conservagio da espécie.

Palavras-chave: Sucesso reprodutor, nidificacio, qualidade do ninho, Phalacrocorax aristotelis, Ave marinha.

A galheta ou corvo-marinho-de-crista (Phala- tolerante a perturbacio durante o periodo
crocorax aristotelis) € uma espécie pertencente a reprodutor, nidificando predominantemente
ordem dos Pelecaniformes e a familia Phalacro- em locais de dificil acesso (Cabral et al. 2005).
coracidae (Cramp & Simmons 1977). Trata-se De forma geral é monogamica e o macho e a
de uma ave costeira e exclusivamente marinha. fémea partilham os cuidados parentais (Har-
Tal como outras aves marinhas, é um indica- ris 1991, Graves et al. 1993). A postura varia
dor da boa qualidade do habitat. A sua area de entre 1 a 6 ovos e a incubagdo é realizada pelo
distribui¢do inclui a costa europeia atlantica e casal durante aproximadamente um més (Snow
mediterranica, o Mar Negro e a costa noroeste 1963, Cramp & Simmons 1977, Dias 2006). As
africana (Cramp & Simmons 1977). A pop- crias, altriciais, nascem sem penas, cegas e com-
ulagao global foi estimada em 75.000 casais pletamente dependentes dos progenitores (Neto
reprodutores entre 1998 e 2002 (Mitchell et 1996).
al. 2004). Em Portugal Continental, onde é res- A uma escala global, a galheta apresenta o
idente, apresenta uma distribuicao localizada, estatuto de conserva¢io “Pouco Preocupante”
ocorrendo sobretudo na costa sudoeste e no (LG; BirdLife International 2015). Em Portugal,
arquipélago das Berlengas (Equipa Atlas 2008). estd atualmente classificada como “Vulnerdvel”
A populagdo na costa continental portuguesa (VU) devido a sua reduzida populagio nidifi-
¢ constituida por cerca de 130 casais reprodu- cante (Cabral et al. 2005). As principais ameacas
tores (Teixeira 1984), e nunca excedeu os 200 descritas para esta espécie sdo a perturbacao das
casais (Teixeira 1984, Cabral et al. 20035). areas de nidificacdo pela atividade humana, a

A galheta reproduz-se geralmente em introdugdo de espécies exdticas invasoras (ratos,
colénias e constrdi ninhos em falésias rocho- coelhos, gatos, etc), a perda de habitat de nidifi-
sas (Martinez et al. 2006). Esta espécie € pouco cagdo, o consumo de lixo, os derrames de hidro-
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carbonetos (Croxall et al. 2012), a escassez de
alimento e, outrora, a caca pelo Homem (Potts
1969, Velando et al. 1999). Existe ainda mortal-
idade associada a captura acidental e interacdo
com artes de pesca tais como redes ou anzdis
(Barros et al. 2013).

E no arquipélago das Berlengas que estd
concentrada a maior populagio de galhetas do
territorio portugués (Equipa Atlas 2008). Neste
local, nidificam cerca de 60 a 75% da populagdo
nacional (Neto 1997, Lecoq 2002, Equipa Atlas
2008, Ramirez et al. 2008). Devido a importan-
cia deste local e a facilidade na monitorizacio
da populagio reprodutora comparativamente
a outros locais, o arquipélago das Berlengas
assume um papel chave na conservagao da gal-
heta em Portugal.

O presente trabalho teve os seguintes objec-
tivos: (1) efetuar o censo da populagdo repro-
dutora de galheta no arquipélago das Berlengas
e caraterizar os principais paramétros reprodu-
tores, (2) caraterizar e avaliar a qualidade dos
microhabitats de nidificagdo e (3) descrever a
duracdo dos turnos de incubagio e das viagens
de alimentacio.

O presente trabalho foi realizado durante a
época de nidificagao da galheta, em 2015, no
arquipélago das Berlengas, englobando toda a
costa rochosa com potencial para a nidificacio
da galheta, incluindo a ilha da Berlenga e os
ilhéus das Estelas, dos Farilhoes, Maldito e da
Velha. Este arquipélago encontra-se situado na
costa ocidental portuguesa, aproximadamente
a 7 km a noroeste de Peniche e do cabo Carvoe-
iro. Trata-se de um dos locais mais importantes
de ocorréncia e nidificacio de aves marinhas
na costa de Portugal Continental aber-
gando atualmente populagdes nidificantes de
cagarra (Calonetris borealis), roque-de-castro
(Oceanodroma castro), gaivota-de-patas-ama-
relas (Larus michabellis), gaivota-d’asa-escura
(Larus fuscus) e galheta (Lecoq 2002, Oliveira
et al. 2013, Ramirez et al. 2008).

A partir de uma pesquisa bibliografica
foram compilados dados de censos da pop-
ulagdo reprodutora de galheta desde o ano
de 1978 até a atualidade (2015) de forma a
descrever a dindmica populacional da espé-
cie no arquipélago das Berlengas. Com o
objetivo de censar a populacdo reprodutora
em 2015, efetuaram-se visitas mensais, entre
os meses de janeiro e junho, nas quais todas
as falésias foram prospetadas, tendo-se reg-
istado o numero total de ninhos observados.
Em cada visita foram realizados percursos a
pé (somente na ilha da Berlenga) e de barco
(para os ninhos menos acessiveis e para os
ilhéus das Estelas, Farilhoes, Maldito e da
Velha) para detetar os ninhos ocupados. O
estado de desenvolvimento de cada ninho foi
classificado com base no esquema utilizado
por Harris & Forbes (1987), de acordo com
as seguintes categorias: 1 — Ninhos ativos
(completamente construidos com um adulto
em posi¢io de incubag¢io ou com uma nin-
hada); 2 — Ninhos completos (aparentemente
capazes de conter ovos, mas sem adulto ou
qualquer ovo ou ninhada visivel); 3 - Nin-
hos parcialmente construidos (plataforma de
material de construgio insuficiente para con-
ter ovos); 4 - Ninhos abandonados (ninhos
que chegaram as categorias de ativo ou com-
pletamente construido mas que foram poste-
riormente abandonados sem que nenhum ovo
tenha eclodido). A populacdo nidificante no
arquipélago foi estimada através do max-
imo de ninhos ocupados em simultaneo pela
classificacido 1, 2, ou 3 (Potts et al. 1980).

Para além das saidas para a realizagio
de censos, houve um acompanhamento da
evolucdo das diferentes etapas da reproducio
nos ninhos da ilha da Berlenga. Mensalmente,
foram realizadas cerca de trés monitorizac¢des
a pé aos ninhos. As datas de postura e eclosdo
foram determinadas, na sua maioria, por
quinzena, devido ao intervalo entre visitas.
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Descri¢io e modo de classificacio dos pardmetros de avaliagio de qualidade dos locais de nidificagdo de galheta
(Phalacrocorax aristotelis) no arquipélago das Berlengas.

- Description and classification of the parameters used to evaluate nesting site quality of shags (Phalacrocorax
aristotelis) at Berlengas archipelago.

PARAMETROS MODO DE CLASSIFICACAO

-1 - Locais com elevada probabilidade de serem cobertos pelo mar alto resultando de ventos de
intensidade inferior a de tempestade

Protecdo em relagio ao mar 0 — Locais com moderada probabilidade de serem destruidos pelo mar bravo resultante de ventos
de tempestade

+ 1 — Locais cujos ninhos aparentemente ndo serdo destruidos pelo mar bravo durante o Verdo
-1 - Locais em zonas descobertas com um angulo de 360 graus de exposi¢io
Exposi¢do a chuva 0 — Locais com angulo de exposicdao de 90 a 270 graus
+1 — Locais com angulo de exposi¢do inferior a 90 graus ou numa cavidade, ou com protegdo superior
-1 — Pequeno demais para conter um jovem
Dimensdo do ninho 0 — Pequeno para conter 3 jovens e 1 progenitor
+ 1 - Conveniente para criar 3 jovens
- 1 — Mais de um ninho entre o local considerado e o mar
Acesso ao mar 0 — Um ninho entre o local considerado e o mar
+ 1 - Local com acesso direto ao mar

-1 - Ninhos muito préximos, elevado risco de perturbagao (5-10m)

Proximidade aos ninhos de

. 0 — Ninhos relativamente proximos, moderado risco de perturba¢ao (11-20 m)
Gaivota-de-patas-amarelas

+1 — Ninhos distantes, sem risco de perturbagdo (mais de 21 m)
-1 - Locais em zonas descobertas com um angulo de 360 graus de exposi¢io
Exposi¢do a radiagdo solar 0 — Locais com angulo de exposi¢do de 90 a 270 graus
+ 1 - Locais com dngulo de exposicdo inferior a 90 graus ou numa cavidade, ou com prote¢do superior

-1 - Sem plataforma, elevado perigo para as crias

Dimensdo da plataforma onde

estd instalado o ninho 0- Plataforma pequena (até 50 cm aproximadamente), perigo moderado para as crias

+1- Plataforma extensa (mais de 50 cm), perigo reduzido para as crias

-1-25a45°

Inclinagdo da plataforma onde
estd instalado o ninho

0-25°
+ 1- Sem inclina¢ao

-1- Elevada percentagem de lixo (+ de 50%), elevado risco de ingestdo e/ou ferimento

Quantidade de lixo como

. - . 0- Vestigios de lixo (10%), risco moderado de ingestdo e/ou ferimento
material de constru¢do do ninho

+1 = Sem lixo (0%), reduzido risco de ingestdo e/ou ferimento

-1 - Sem vegetacio, elevado risco de queda de ovos

Quantidade de vegetagio como

. - . 0 — Pouca vegetagdo, risco moderado de queda de ovos
material de constru¢io do ninho

+1 — Muita vegetagio, reduzido risco de queda de ovos
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Nos ninhos em que nio se sabia com exatiddo
a data de postura/eclosdo assumiu-se os 30
dias do tempo de incubagio referidos na bib-
liografia (Snow 1963, Cramp & Simmons
1977, Dias 2006). Calcularam-se ainda para a
populacdo estudada os seguintes pardmetros
reprodutores: dimensdo da postura (nimero
de ovos por ninho; n=58), taxa de eclosio
(nimero de ovos eclodidos/nimero total de
ovos postos; n=58), taxa de sobrevivéncia das
crias (nimero de juvenis voadores/ nimero
de ovos eclodidos; n=51), sucesso reprodutor
(namero de juvenis voadores/n® de ovos pos-
tos; n=51) e produtividade média (nimero
de juvenis voadores/ niimero de casais repro-
dutores, n=58). As crias foram consideradas
voadoras depois de completarem 20 dias.

A qualidade dos ninhos foi classificada
através do sistema proposto por Potts et
al. (1980), baseado em quatro parametros:
prote¢ao em relagio ao mar, exposi¢do a
chuva, dimensio do ninho e acesso ao mar
(Tabela 1). Os paramétros defindos por Potts
et al. (1980), foram determinados através do
estudo das causas de mortalidade dos juve-
nis, nas ilhas de Farne, Northumberland,
no Reino Unido (Potts et al. 1980) e utiliza-
dos por outros autores, tais como Barret et
al. (1986), Morais (1991) e Neto (1996).
Para além destes, foram adicionados outros
pardmetros que se consideraram relevantes:
proximidade aos ninhos de gaivota-de-pa-
tas-amarelas (Larus michabellis), exposi¢ao a
radiacdo solar, dimensio da plataforma onde
estd instalado o ninho, inclina¢do da plata-
forma onde estd instalado o ninho, quanti-
dade de lixo como material de construcao
do ninho e quantidade de vegetacio como
material de contru¢io do ninho (Tabela 1).
Os ninhos foram classificados para todos os
pardmetros utilizando uma escala que varia
de-1a1 (-1=mau, 0=médio e 1=bom). Foram
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utilizados dois indices de qualidade para cada
ninho, um resultante das somas parciais dos
paridmetros propostos por Potts et al. (1980)
e que varia entre -4 € 4 (e que é compardavel
com outros estudos), e outro resultante das
somas parciais dos pardmetros propostos
neste estudo, que varia entre -6 e 6. Na total-
idade foram avaliados 72 ninhos.

A observacao direta de ninhos foi realizada
em diferentes periodos do dia com o auxilio
de bin6culos e telescopio, compreendendo 1 a
5 horas de observagido por dia em ninhos pre-
viamente selecionados de acordo com a faci-
lidade de observacao. Em média cada ninho
foi observado durante 6 horas. A anailise
das viagens de alimentagio foi realizada em
varias etapas da reprodugdo (presenca/ausén-
cia de ovos e crias) e apenas na ilha da Ber-
lenga. Um turno de alimentacio difere de um
turno de incubac¢do uma vez que nem sempre
os progenitores trocavam de posi¢cdo depois
de uma saida para procura de alimento.
Para além da observacdo direta de 5 ninhos
acessiveis, foram instaladas 12 cAmaras dire-
cionadas para 18 ninhos (algumas cimaras
captavam imagens de mais que um ninho
simultaneamente). As cAmaras funcionaram
durante 3 meses, 8 delas filmando apds serem
ativadas por movimento e as restantes tirando
fotografias de 1 em 1 minuto durante o dia.

No total, foram identificados 88 locais
de nidificacdo, situando-se 4 nos ilhéus dos
Farilhoes (no Farilhdo Grande) e os restantes
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Evolu¢io do nimero de casais reprodutores de galheta Phalacrocorax aristotelis no arquipélago das Berlengas
entre os anos de 1978 e 2015 (Aratjo & Luis 1982, Luis 1982, Barcena et al. 1984, Teixeira 1984, La Cigana 1991, Morais

1991, Neto 1996, Lecog 2003, ICNF 2013).

- Population trend of breeding shags Phalacrocorax aristotelis at Berlengas archipelago between 1978 and 2015
(Aradjo & Luis 1982, Luis 1982, Barcena et al. 1984, Teixeira 1984, La Cigana 1991, Morais 1991, Neto 1996, Lecoq 2003,

ICNF 2013).
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na ilha da Berlenga. O pico de ninhos ocu-
pados ocorreu no dia 13 de abril, tendo-se
registado 75 ninhos ocupados, o que corre-
sponde a cerca de 85% do numero de ninhos
contabilizados ao longo da época de repro-
ducdo. Foram, assim, estimados 75 casais
reprodutores para o ano de 20135.

Ao avaliar a tendéncia populacional dos
efetivos do arquipélago das Berlengas, entre
1978 e 2015, verificou-se que apesar de nio
haver uma tendéncia clara ao longo dos
anos, ha uma grande oscilacdo inter-anual.
O ndmero maximo de casais foi de 130 em
1984 e 0 minimo de 15 em 1998 (Figura 1).

No ano de estudo, a primeira postura ocor-
reu entre os dias 1 e 7 de marco e a dltima
entre 24 e 30 de abril. Apenas em trés nin-
hos foi possivel saber o dia exato de postura.
Nesses ninhos, a incubacido teve a duracdo
de 33, 34 e 35 dias, ou seja, foi ligeiramente
superior ao periodo médio de incubacdo
de 30 dias determinado por Cramp & Sim-
mons (1977) e Dias (2006). No total, foram

1994
1995
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colocados 124 ovos, correspondendo a uma
dimensdo média da postura de 2.14 ovos (SD
+ 0.8, n=58). A taxa de eclosio foi de 62%,
o que corresponde a 76 crias. Cerca de 40%
da populacdo recenseada fez uma postura
de 3 ovos, mas apenas em 1 dos 23 ninhos
com 3 ovos é que eclodiram 3 crias (1.7%).
Na maioria dos ninhos eclodiram 2 crias
(34.4%) ou apenas 1 cria (25.8%). A taxa de
sobrevivéncia das crias foi bastante elevada,
atingindo um valor de 95.2% (n=51), tendo o
sucesso reprodutor sido estimado em 57.3%
(n=51) e a produtividade média foi de 1.31
juvenis por ninho. O periodo de permanéncia
das crias no ninho variou entre os 49 a 65
dias, sendo em média de 53 dias (SD = 16;
n=6 crias).

No presente trabalho, os dados mostraram
que parece haver uma relacdo entre a data
de postura e o sucesso reprodutor, sendo que
quanto mais tardia a data de postura (calcu-
lada por quinzena), menor é o sucesso repro-
dutor (x*,=17.17, p=0.001).
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Mapa de distribui¢io e abundéncia de ninhos de galheta Phalacrocorax aristotelis na ilha da Berlenga no ano de 20135.

- Map with the distribution and abundance of shag’s Phalacrocorax aristotelis nests at Berlenga island in 2015.

N° de casais reprodutores

Foi também encontrada uma relacio nega-
tiva entre o més (marco vs. abril) em que sio
colocados os ovos e o respetivo tamanho da
postura (Mann-Whitney: U=98.00; p=0.000).
No més de postura mais tardio (abril), o
namero de ovos colocado foi inferior.

Os ninhos das galhetas no ano de 2015 na
ilha da Berlenga concentraram-se, preferen-
cialmente, nos seguintes locais: Carreiro dos

11-15 16-20

Cacoes, Carreiro do Zé da Carolina e Rio da
Poveira (Figura 2). A classificagio média da
qualidade dos ninhos foi de 2.15 (numa escala
de -4 a 4) nos quatro parametros descritos
por Potts et al. (1980) e de 2.47 (numa escala
de -6 a 6) nos restantes parametros (Tabela 2).
A qualidade dos ninhos (avaliada pelos
10 pardmetros) e o sucesso reprodutor
encontram-se correlacionadas de forma
positiva e significativa (Spearman correla-
tion: r=0.289; p=0.024). A qualidade do
ninho afetou de forma positiva e significa-
tiva o tamanho da postura (Kruskal-Wallis:
x?=8.5; p=0.04), ou seja, ninhos de maior
qualidade apresentaram posturas maiores.



Biologia reprodutora da Galheta Phalacrocorax aristotelis nas Berlengas

Numero de ninhos de galheta (e percentagem do total) classificados na escala de -1, 0 e 1 relativamente a cada
pardmetro de avalia¢io de qualidade do ninho (n=72 ninhos).

- Number of Shag nests (and proportion from total) classified in a scale of -1, 0 and 1 for each parameter of evaluation

of nest quality (n=72 nests).

PARAMETROS -1 (MAU)
Protecdo em relagao ao mar 4(5.1%)
Exposi¢ao a chuva 2 (2.8%)
Dimensio do ninho 3 (4.2%)
Acesso ao mar 0
Total
Proximidade aos ninhos de gaivotas 12 (16.7%)
Exposicado a radiagio solar 11 (15.3%)
D1rf1§nsao da platgforma onde 10 (13.9%)
esta instalado o ninho
Inc!lpagao da plaFaforma onde 2 (2.8%)
estd instalado o ninho
Quantidade de lixo como material

- . 0
de constru¢io do ninho
Quantidade de vegetagio como material 6 (8.3%)

de constru¢io do ninho

Total

Média de todos os parametros

Através das observacoes realizadas ao
longo do trabalho de campo nas Berlengas
e das imagens das cdmaras, verificou-se
que, em média, as viagens de alimen-
tacdo apresentaram uma durag¢do de 3h39
min (SD = 1h57, n=179). A viagem mais
curta durou apenas 22 minutos e a mais
longa 24h13 min (Tabela 3). As viagens
no periodo de incubagdo apresentaram em
média uma dura¢io de 5h50 min (SD =
4h40, n=57), sendo mais curtas no periodo

0 (MEDIO) +1 (BOM) MEDIA
24 (33.3%) 44 (61.1%) 0.56
55 (76.4%) 15 (20.8%) 0.18
21 (29.2%) 48 (66.7%) 0.63
15 (20.8%) 57 (79.2%) 0.79
2.15
55(76.4%) 5(6.9%) -0.1
50 (69.4%) 11 (15.3%) 0
21 (29.2%) 41 (56.9%) 0.43
20 (27.8%) 50 (69.4%) 0.67
2(2,8%) 70 (97.2%) 0.97
23 (31.9%) 43 (59.7%) 0.51
2.47
4.63

de alimentag¢do das crias em que duraram
em média 2h51 min (SD = 2h04 min,
n=69). Os turnos de incubag¢do tiveram
uma duracdo média de 12h00 min (SD =
7h00 min, n=58).

Os resultados sugerem que o macho
incuba durante a noite e realiza a pri-
meira saida didria. Com efeito, através
das camaras foi observada, todas as man-
has, a recolha de material de construgdo
apOs a primeira troca de posi¢des e essa é,
geralmente, a fun¢do do macho (Barcéna
et al. 1984)
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Variagio da duragio de viagens de alimentagio de galheta de acordo com a etapa de reprodugio.

- Variation in the duration of feeding travels of shags in different phases of reproduction.

Pré-postura

Duracdo média das viagens (n=179)

Viagem de alimentagio mais curta (n=179)

Viagem de alimenta¢do mais longa
(n=179)

Saida para viagem de alimentagio
mais precoce (n=12)

Saida para viagem de alimentagio
mais tardia (n=12)

Chegada da viagem de alimenta¢do
mais precoce (n=14)

Chegada da viagem de alimentacio
mais tardia (n=14)

O presente estudo vem confirmar a
importancia do arquipélago das Berlengas,
em particular da ilha da Berlenga, para a
populacdo nidificante de galheta em Por-
tugal, tal como anteriormente referido por
outros autores (Teixeira 1984, Neto 1997).
Em 2015 foram estimados um minimo de 75
casais reprodutores. No total, foram identifi-
cados 88 locais de nidificacdo, quase o dobro
do valor estimado em 1991 (n=46 ninhos;
Morais 1991). A variag¢do inter-anual verifi-
cada no ntmero de casais reprodutores pode
dever-se as diferencas nos métodos de amostr-
agem uma vez que, em alguns censos, o efetivo
reprodutor pode estar subestimado devido
a amplitude temporal das posturas e conse-
quente ndo contabilizagdo de ninhos precoces
e ninhos tardios (Morais et al. 2009).

Na galheta, a data de postura pode ser um
fator determinante para o sucessor reprodu-
tor (Velando et al. 1999). No presente tra-
balho, verificou-se que os casais com posturas
mais tardias tendem a apresentar um menor

1h58 minx 1h54 min,
(n=53)

Incubagao Alimentacao das crias

5h50 min = 4h40 min
(n=57)

2h51 min = 2h04 min
(n=69)

00h22 min (Média 3h39 min, SD = 1h57 min, n=179)

24h13 min (Média 3h39, SD = 1hS7 min, n=179)

6h20 min (Média 7h11 min, SD + 00h40 min, n=12)

8h29 min (Média 7h11 min, SD + 00h40 min, n=12)

17h10 min (Média 18h54 min, SD + 00h37 min, n=14)

19h52 min (Média 18h54 min, SD = 00h37 min, n=14)

sucesso reprodutor. Também nas ilhas May
nos anos de 1974-76 e 1985-86 decrésci-
mos significativos no sucesso reprodutor (46
e 79% respetivamente) foram atribuidos a
posturas realizadas tardiamente (Aebischer
1992). Neste estudo a primeira postura foi
efetuada no inicio de marco, quase um més
mais tarde do que a data registada em 1995
(2 de fevereiro, Neto 1996). De uma forma
geral, as aves mais velhas escolhem os mel-
hores locais para nidificar e iniciam a postura
até cinco semanas mais cedo do que as aves
mais jovens (Potts 1980).

O tamanho médio da postura em 2015,
2.14 ovos por ninho (n=58), foi inferior ao
obtido por Luis (1982),2.9 (n=10) e por Neto
(1996), 2.57 (n=23), também no arquipélago
das Berlengas. Comparativamente com
colonias do norte da Europa, o tamanho
da postura foi também inferior. Em Honey,
Noruega, o tamanho da postura foi de 2.87
ovos (n=121; Barret et al. 1986), nas ilhas
Farne, Escocia, 3.01 ovos (Potts et al. 1980),
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nas ilhas Lundy, Inglaterra, 3 ovos (Snow
1960) e nas ilhas Chausey, Franca, 2.95 ovos
(Debout 1985). Este facto podera estar rela-
cionado com a latitude das dreas de repro-
dugdo. A baixas latitudes o periodo noturno
de verdo é superior, o que limita o tempo de
procura de alimento e consequentemente o
numero de crias que poderdo ser produzidas
(Burton 1941). O mesmo podera acontecer
durante o periodo pré-reprodutor dado que,
segundo Neto (1996), o tamanho dos ovos
também tende a ser inferior.

A taxa de eclosio estimada neste estudo
(62%) foi baixa comparativamente com
dados obtidos no mesmo local em 1995
(75.7%; Neto 1995), bem como em com-
paragdo com a ilha de Lundy, Reino Unido
(69 a 73%; Snow 1960). Contrariamente, a
taxa de sobrevivéncia das crias (95.2%) foi
bastante elevada em relagio ao ano de 1995
que apresentou um valor de 72.6% (Neto
1996). O sucesso reprodutor foi de 57.3%,
valor ligeiramente superior ao calculado em
1995 (52.6%, Neto 1996). Relativamente a
producdo média de juvenis por ninho (1.31),
esta foi superior ao valor calculado em 1990
(0.9, Morais 1991) e em 2012 (1.01, Lecoq
et al. 2012), e apenas ligeiramente infe-
rior aos valores estimados em 1991 (1.36,
Morais 1991) e 1995 (1.33, Neto 1996) para
o mesmo local. Produtividades médias esti-
madas noutras populagdes tiveram valores
semelhantes ou superiores aquela encon-
trada neste estudo (1.26, Potts et al. 1980,
1.33, Aebischer 1992, 1.87, Cramp & Sim-
mons 1977). Neste estudo, os valores de
sobrevivéncia das crias, sucesso reprodutor
e produtividade poderdo estar sobrestima-
dos pelo facto de se ter considerado os juve-
nis voadores apenas com 20 dias de idade.
Este pressuposto foi implementado devido ao
facto da ultima visita ter sido relativamente
precoce, quando havia ainda vdrias crias no
ninho.

As crias desta espécie permanecem no
ninho até ficarem completamente desenvolvi-
das. Os juvenis permaneceram no ninho,
em média, 53 dias, valor idéntico ao calcu-

lado por Snow (1960) para 35 juvenis, mas
ligeiramente inferior aos valores obtidos na
mesma drea de estudo em 1995 (56.3 dias,
Neto 1996). A amplitude de permanéncia no
ninho neste estudo variou entre os 49 a 65
dias enquanto no trabalho de Snow (1960)
variou entre os 48 e 58 dias. Segundo o tra-
balho de Harris (1987), a média de dias foi de
53, variando entre os 43 e os 58 dias. Potts
(1969) verificou, ainda, que as crias ndo se
tornam independentes antes dos 76 dias de
vida e podem permanecer no ninho até aos
55 dias.

No presente estudo, em nenhum caso se
registou uma segunda postura por parte de
um mesmo casal. Segundo Snow (1960) como
esta espécie apresenta periodos de incubacdo
e dependéncia dos juvenis tao longos, dificil-
mente um casal de galhetas seria bem-suce-
dido ao fazer uma nova postura apds um
periodo de incubagio.

O indice de qualidade dos ninhos calcu-
lado neste estudo para os quatro paramet-
ros definidos por Potts et al. (1980) revelou
valores mais baixos do que estudos anteri-
ores efetuados também na ilha da Berlenga
(3.24, n=46 e 3.37, n=48, respetivamente em
Morais 1991 e Neto 1996) mas mais eleva-
dos do que nas ilhas Farne no Reino Unido,
onde foi obtida uma pontuacio de 1.78
(n=667) em 1971 (Potts et al. 1980). Segundo
Potts et al. (1980), a qualidade do micro-
habitat de nidificacio é a principal causa
que afeta o nimero de crias produzidas por
ninho. As caracteristicas do ninho condicio-
nam a sobrevivéncia e desenvolvimento das
crias. A queda de crias do ninho, por exem-
plo, devido ao espaco reduzido deste, é uma
causa frequente de morte em crias desta espé-
cie (Cramp & Simmons 1977, Neto 1996).
Outra causa relevante é a desregulagio tér-
mica provocada pela elevada exposicdo solar
ou “spray” constante da maré quando os nin-
hos se encontram préximos da linha de dgua
(Snow 1960, Potts et al. 1980, Neto 1997).

Observou-se neste estudo que os casais
reprodutores tém preferéncia pela zona norte
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da ilha da Berlenga (Figura 2). A elevada
disponibilidade de paredes rochosas com
plataformas horizontais, terd contribuido
para esta distribui¢io. Também podera estar
relacionado com a selecio de locais menos
expostos a luz do sol, fator que pode influ-
enciar de forma negativa a sobrevivéncia dos
juvenis (Neto 1996). Nas Estelas e nos ilhéus
Maldito e da Velha, que se encontram prox-
imos da ilha da Berlenga, ndo se registaram
locais de nidificagdo e nos Farilhdes apenas
se contabilizaram 4 ninhos. O motivo da aus-
éncia de ninhos nos locais indicados podera
estar relacionado com a falta de plataformas
horizontais e de vegetagiao para a construciao
do ninho. As galhetas procuram locais que
protejam os ninhos de condi¢bes atmosféri-
cas adversas e de predadores, mas que lhes
permita ter uma visdo da area circundante
(Velando & Feire 2003).

As andlises comportamentais, nomeada-
mente a caracteriza¢io dos padrdes de pre-
senca/auséncia e regularidade das visitas
aos ninhos pelos progenitores, podem con-
tribuir para a percecdo da real utilizagdo
das IBAs (Important Bird Areas) por parte
das aves marinhas (Sengo et al. 2013). A
determinacdo da duracio das viagens de
alimentag¢do, por exemplo, pode fornecer
informacdo sobre a distincia das dreas de
alimentagido e/ou a abundancia de alimento.
Wanless et al. (1997), no seu trabalho real-
izado na Escécia verificaram que os progeni-
tores tendem a ausentar-se entre 7 a 8 horas
por dia enquanto procuram alimento. J4 no
presente trabalho, registou-se uma ausén-
cia de até 24 horas, embora as viagens ten-
ham tido uma duracio média muito menor,
nio ultrapassando as 4 horas. Segundo as
observag¢oes realizadas por Morais (1991),
a média de duragio das viagens de alimen-
tagdo pos-eclosio foi de 1h41 min, um valor
um pouco mais baixo do que aquele regis-
tado no presente estudo (2h51 min). Estudos
realizados nas ilhas Farne concluiram que
a maior parte das viagens de alimentagio
(40%) demoraram entre 20 a 40 minutos
sendo que o tempo médio foi de 46 minu-
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tos e a distdncia maxima percorrida de 11.5
milhas (Pearson 1968). Comparativamente a
Farne, a duracio das viagens de alimentagio
na ilha da Berlenga foi bastante superior o
que pode sugerir que as zonas de alimen-
tagdo preferenciais de situam mais longe do
local de nidifica¢do ou que, sendo proximas,
o alimento é menos abundante (Pearson
1968, Morais 1991).

O presente estudo permitiu ampliar o
conhecimento sobre a dindmica populacio-
nal e a biologia reprodutora da galheta no
arquipélago das Berlengas, bem como moni-
torizar a qualidade dos microhabitats de nid-
ificacdo. Uma das principais preocupagdes
na conservagdo desta espécie passa por pro-
teger os seus locais de nidifica¢do, reduzindo
o livre acesso aos mesmos. Também a mon-
itorizac¢do regular é importante para detetar
alteragdes na populagdo e perceber como
contribuir para a conservagdo desta espécie.
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This article gives the first quantitative and qualitative findings on bird mortality from tele-
phone-line collisions in open grassland areas on the islands of Fuerteventura and Lanzarote in
the east of the Canary archipelago. A first ground search along 115.2 km of telephone lines on
the two islands found the carcasses/remains of 107 birds belonging to 16 different species, corre-
sponding to a mortality rate of 0.8 birds/km. The most frequent species were Eurasian Stone-cur-
lew (Burhinus oedicnemus, 34.6 %), Barbary Partridge (Alectoris barbara, 15.0%), Rock Dove
(Columba livia, 14.0%) and Houbara Bustard (Chlamydotis undulata, 10.3%). When later
patrols and other complementary findings are also taken into account, total bird deaths along
these lines amount to a minimum of 175 birds belonging to 21 species. Once more the main
species in the total findings are Eurasian Stone-curlew (34.9%), Houbara Bustard (22.3%), Rock
Dove (9.7%) and Barbary Partridge (9.1%). These results suggest a high bird mortality rate from
telephone-line collisions. From a conservation point of view, the negative impact of telephone
lines on bird communities in the Canary archipelago is exacerbated by the fact that these are
island environments and, as such, frequently more vulnerable than mainland areas.

Keywords: Bird mortality, collision, telephone lines, Lanzarote, Fuerteventura, Canary Islands.

Este estudo apresenta os primeiros dados quantitativos relativos a mortalidade de aves por
colisio com linhas telefénicas em areas esteparias das ilhas de Lanzarote e Fuerteventura, no
extremo oriental do arquipélago das Candrias. Numa primeira prospec¢io que cobriu 115.2
kms de linhas telefonicas nas duas ilhas foi registada a morte de 107 aves pertencentes a 16
espécies, o que corresponde a uma mortalidade de 0.8 aves/km. As espécies com frequéncias
relativas de mortalidade mais elevadas foram o Alcaravao (Burhinus oedicnemus, 34.6%), a
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Perdiz-moura (Alectoris barbara, 15%), o Pombo-das-rochas (Columba livia, 14%) e a Abetar-
da-moura (Chlamydotis undulata, 10.3%). Quando foram considerados dados de prospeccoes
complementares, o nimero de aves mortas foi estimado num minimo de 175 individuos perten-
centes a 21 espécies. De acordo com os resultados anteriores, as espécies mais atingidas foram o
Alcaravao (34.9%), a Abetarda-moura (22.3%), o Pombo-das-rochas (9.7%) e a Perdiz-moura
(9.1%). Estes resultados sugerem uma elevada mortalidade por colisdo com linhas telefdnicas.
Do ponto de vista da conservagao, o impacto negativo das linhas telefonicas na comunidade de
aves das ilhas Candrias é exacerbado pelo facto dos ambientes insulares serem em geral mais
vulneraveis do que dreas similares continentais.

Palavras-chave: mortalidade de aves, colisdo, linhas telefonicas, Lanzarote, Fuerteventura, ilhas Candrias.

By now an appreciable amount of informa-
tion has been built up on bird mortality from
collision with power lines (Tinto et al. 2010,
Prinsen et al. 2011, Demerdzhiev 2014, Guil
et al. 2015). In marked contrast few infor-
mation is available on bird deaths into other
structures like transmission pylons, telephony
antennae, etc. (see Ferrer & Janss 1999, Fer-
rer 2012, Telleria 2012).

Among these structures, the telephone lines
have not been studied, but there is no doubt
that they are part of the current landscape
of natural environments, and they share the
landscape with the power lines. Therefore,
it is expected some effect on the mortal-
ity of the birds. Telephone lines are smaller
and have a much simpler design than power
lines. Furthermore, they do not present a risk
of electric mortality for birds. However, the
telephone lines represent a collision threat
to birds, in particular those whose flight
altitude is lower than the power lines. Pre-
cisely, the scenario of this study is dominated
by open environments and birds adapted to
such landscapes, for instance birds like bus-
tards, stone-curlews, larks, that flight at low
altitude (Bota et al. 2005) and might be thus
more susceptible to collision with lines com-
pared to species from other environments. In
fact, waterfowl (gulls, ducks, waders, etc.)

and steppe birds (bustards, cranes, etc.) are
those more heavily affected by collision with
overhead wires (Bevanger 1998, Alonso &
Alonso 1999, Janss 2000, Ferrer 2012, Tell-
eria 2012).

In an attempt to start filling this gap, this
study gives the first qualitative and quantitative
findings on insular bird mortality from tele-
phone line collisions. Also, the island charac-
ter of these bird communities should never be
overlooked, since this makes them potentially
more vulnerable than their mainland counter-
parts (Gorman 1991, Fernandez-Palacios &
Martin-Esquivel 2001, Fernandez-Palacios
& Morici, 2004).

These study was conducted on the islands
of Lanzarote (846 km? in area and maximum
height above sea level of 670 m) and Fuerte-
ventura (1660 km? and 807 m), the two east-
ern islands of Canary archipelago, lying only
127 and 95 km, respectively, off the African
coast (Figure 1). The predominant habitat on
both islands is xeric shrubland and grassland.
Telephone lines were sampled in areas dom-
inated by volcanic sand and thin-soiled and
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Map of the islands of Lanzarote and Fuerteventura in the Canary Islands, detailing the transects on both islands.

- Mapa das ilhas de Lanzarote e Fuerteventura no arquipélago das Candrias com a localizagdo dos transectos

efectuados em cada ilha.

Canary Islands
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stony plains both inland and along the coast-
line of the two islands, the typical habitat for
grassland bird communities in this islands
(Martin & Lorenzo 2001, Lorenzo 2007).
The main mountain chains, urban areas and
malpaises (“badlands” of dry volcanic rock)
were not surveyed.

Fieldwork was carried out mainly in
November and December 2005 on the two
islands, although complementary surveys
were also conducted in December 2011 and
April and September 2012. A total of 115.2
km of telephone lines was patrolled in 2005,
51.9 km on Fuerteventura and the remaining
63.3 km on Lanzarote (Table 1). These dis-
tances were divided into 31 transects, 16 of
them on Fuerteventura and the remaining 15
on Lanzarote (Figure 1). All transects were
visited once in November-December 2005.
One transect (2.8 km) on Fuerteventura and
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Lanzarote
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5 transects on Lanzarote (14.1 km) were
re-visited in subsequent dates (December
2011, April 212 and September 2012; Table
1). A further analysis includes additional
data of species and numbers of birds from
other studies that have included some of the
same telephone lines between 1993 and 2008
(Table 5).

The dominant telephone wire arrangement
throughout the whole study area consist of
wooden poles from 8-9 m high and about
45-55 m apart, holding up between them a
steel-wire braided only telephone line cov-
ered with an insulating material adding up
to a total diameter of 45-65 mm. This con-
ventional telephone line network connects all
towns and cities in each of the islands. Also,
this is the telephone network owned by the
former national company, but is now owned
by a multinational company responsible
for its maintenance. All sections of this line
through open grassland areas of Fuerteven-
tura and Lanzarote have been included in this
study.



Bird mortality from telephone line collisions in the Canary Islands

Number and total length (km) of telephone lines transects prospected in the islands of Lanzarote and Fuerteventura

from 2005 to 2012.

- Ntmero e comprimento total dos transectos de linhas telefonicas prospectados nas ilhas de Lanzarote e Fuerteventura

entre 2005 e 2012.

FUERTEVENTURA LANZAROTE TOTAL

SURVEY PERIODS
N° of Lenght N° of Lenght N° of Length Length

transects (km) transects (km) transects (km) ( ‘ﬁ)
November/
December 2005 16 63.3 15 51.9 31 115.2 87.2
December 2011 - - 3 7.4 3 7.4 5.6
April 2012 1 2.8 - - 1 2.8 2.1
September 2012 - - 2 6.7 2 6.7 5.1
Total 17 66.1 20 66.0 37 132.1 -

The ground-search methodology involved
patrols of three people walking abreast
about 20 m apart, one directly under the line
and one to either side, each covering 20 m
transects, as a fixed band census. The band
patrolled by the three observers was there-
fore about 60 m wide. In these 60 m, each
observer prospected its 20 m (10 m on each
side). When any carcasses or bird remains
were found, we recorded the distance from
the line, the bird species, the decomposition
status of the remains, any signs of collision
and predator activity, etc. Most of the remains
were collected and then donated to scientific
collections; in the case of protected species,
the pertinent authority was informed on the
location of the bird. Importantly, the remains
were removed once recorded, to avoid dupli-
cation in subsequent visits.

Survey results, during the main and
most intensive ground search carried out
in November and December 2005, show a
mortality of at least 107 birds of 16 differ-
ent species, 62 of them on Fuerteventura and
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the remaining 45 on Lanzarote (Table 2). At
least two remains, representing 1.9% of the
total, were unidentifiable at species level; one
seemed to correspond to a dove species, Strep-
topelia sp., while the other was unidentifiable
even down to genus level but was definitely a
different species from the 16 identified ones
(Table 2). Moreover, it is interesting to note
that, according to their preservation status,
most of these remains belonged to animals
that died in less than one year before detec-
tion date.

In decreasing order of abundance, the most
frequent recorded species were Eurasian
Stone-curlew Burhinus oedicnemus (34.6%,
0.3 birds/km), Barbary Partridge Alectoris
barbara (15.0%, 0.1 birds/km), Rock Dove
Columba livia (14.0%, 0.1 birds/km), Hou-
bara Bustard Chlamydotis undulata (10.3%,
0.1 birds/km) and Yellow-legged Gull Larus
michahellis (6.5%, 0.1 birds/km). Together
these species represent over 80.0% of the
total remains found in the main ground
search on the two islands (Table 2).

Although more bird remains were found
on Fuerteventura than Lanzarote (62 and
45, respectively), when the extension of lines
surveyed was considered (63.3 and 51.9 kms,
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Number of specimens (n), relative percentage (%) and relative abundance (dead birds per km) of bird species killed by
collision with telephone lines on the islands of Lanzarote and Fuerteventura during the November and December 2005 survey.

- Numero de exemplares (n), percentagem relativa (%) e abundancia relativa (aves mortas por km) de espécies de
aves mortas por colisio com linhas telefénicas nas ilhas de Lanzarote e Fuerteventura durante o periodo de prospecgio de

Novembro e Dezembro de 2005.

FUERTEVENTURA

SPECIES

n % Birds/km
Burhinus 19 30.7 0.3
oedicnemus
Alectoris barbara 9 - -
Columba livia 9 - -
Chlamydotis

3 - ,
undulata
Larus michahellis 6 - -
SIS 4 6.5 0.1
orientalis
Falco tinnunculus 3 4.8 0.1
Upupa epops 3 4.8 0.1
Lanius
meridionalis 2 32 14.5
Cursorius cursor 2 3.2 14.5
Calonectris
diomedea 0 0.0 4.8
Bubulcus ibis 0 0.0 9.7
Coturnix 1 1.6 0.0
coturnix
Pluvialis 0 0.0 0.0
squatarola
Streptopelia sp. 0 0.0 0.0
Not identified 1 1.6 0.0
Total 62 - 0.9

respectively), the results do not differ so
appreciably, with mortalities of 0.7 birds/km
on Lanzarote and 0.9 birds/km on Fuerteven-
tura (Tables 1 and 2). Excluding unidentified
remains, a slightly higher variety of species

n

18

0.1

0.1

0.1

0.1

45

21

LANZAROTE TOTAL

% Birds/km n % Birds/km
40.0 0.4 37 34.6 0.3
15.6 0.1 16 15.0 0.1
13.3 0.1 15 14.0 0.1
17.8 0.2 11 10.3 0.1
2.2 0.0 7 6.5 0.1
0.0 0.0 4 3.7 0.0
0.0 0.0 3 2.8 0.0
0.0 0.0 3 2.8 0.0
2.2 0.0 3 2.8 0.0
0.0 0.0 2 1.9 0.0
2.2 0.0 1 0.9 0.0
2.2 0.0 1 0.9 0.0
0.0 0.0 1 0.9 0.0
2.2 0.0 1 0.9 0.0
2.2 0.0 1 0.9 0.0
0.0 0.0 1 0.9 0.0

- 0.7 107 - 0.8

was found on Fuerteventura than on Lan-
zarote: 11 and 9 species, respectively (Table
2). Furthermore, on Fuerteventura the most
frequent findings were Eurasian Stone-cur-
lew (30.6%), Barbary Partridge (14.5%),
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Number of specimens (n), relative percentage (%) and relative abundance (dead birds per km) of bird species killed
by collision with telephone lines on the islands of Lanzarote and Fuerteventura during complementary surveys (see methods).

- Numero de exemplares (n), percentagem relativa (%) e abundancia relativa (aves mortas por km) de espécies de
aves mortas por colisao com linhas telefonicas nas ilhas de Lanzarote e Fuerteventura durante visitas complementares (ver
métodos).

FUERTEVENTURA LANZAROTE LANZAROTE TOTAL
April 2012 December 2011 September 2012
SPECIES
Birds/ Birds/ Birds/ Birds/

n % m n % m n % m n % m
Chlamydotis o 90 00 11 647 15 4 667 06 15 652 09
undulata
e 0 0.0 0.0 4 235 05 2 333 03 6 261 04
oedicnemus
Columba livia 0 0.0 0.0 1 5.9 0.1 0 0.0 0.0 1 4.3 0.1
Lanius o 00 00 1 59 01 0 00 00 1 43 01
meridionalis
Total 0 0.0 17 2.3 6 0.9 23 1.4

Rock Dove (14.5%) and Yellow-legged Gull
(9.7%), whereas on Lanzarote they were Eur-
asian Stone-curlew (40.0%), Houbara Bustard
(17.8%), Barbary Partridge (15.6%) and Rock
Dove (13.3%).

These main figures have been fleshed out by
other visits made to the same lines in subsequent
years (Table 1), although in this case only some
sections of the lines were checked and dead
birds were recorded only on Lanzarote (Table
3). These surveys revealed a minimum of 23
bird deaths: Houbara Bustard (65.2%), Eur-
asian Stone-curlew (26.1%), Rock Dove (4.3%)
and Southern Grey Shrike Lanius meridionalis
(4.3%). Other finds were also made during
casual visits in different sites of both islands,
for example a Northern Raven Corvus corax
underneath a Fuerteventura telephone line in
March 2009 (M. Cabrera, pers. com.).

Bird mortality by collision with telephone
lines had previously been reported in the study
area (Table 4), where some telephone lines were
mistakenly counted as part of the power line
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network (see, for example, Ramos & Padrén
2008). A total of 68 bird deaths from 21 species
were recorded in previous studies, with mortal-
ity rates ranging between zero and 2.3 birds/
km (Table 4). Comparisons with other studies
should be performed with due caution because
the number of recorded dead birds from this
study cannot be reliable attributed to a particu-
lar time period. Also, and despite the differences
between these studies, such as the period of the
annual cycle, number of observers, prospection
methodologies, etc. (Table 5), cumulative figures
from all studies give an idea of the conservation
problem both from the point of view of its per-
sistence over time and from the number of spe-
cies impacted. Although both the present study
and most of the previous studies were carried
out during migration and wintering periods
(Table 5), amongst recorded bird deaths there is
a notably high proportion of species that breed
in the islands, when compared with passage
migrants or winter visitors (Martin & Lorenzo
2001, Lorenzo 2007). In quantitative terms
these figures affect 20.4% of the total species
nesting on Lanzarote and 21.8% of the total
of Fuerteventura nesters (Martin & Lorenzo
2001, Lorenzo 2007).
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Table 4 - Number of specimens (n) and relative percentage (%) by species of birds killed by collision with telephone lines on
the islands of Lanzarote and Fuerteventura in surveys conducted between 1995 and 2012 (results from this study and previous
research). Legend of the sources, arranged chronologically: (1) Lorenzo 1995, (2) Lorenzo et al. 1998, (3) present study, (4)
Ramos & Padrén 2008 and () other non-systematic data obtained in the two islands between 2006 and 2010 (unpublished).

- Namero de exemplares (n), percentagem relativa (%) e abundancia relativa (aves mortas por km) de espécies de
aves mortas por colisao com linhas telefénicas nas ilhas de Lanzarote e Fuerteventura em transectos efectuados entre 1995 e
2012 (resultados deste estudo e estudos prévios). As fontes bibliograficas por ordem cronoldgica sdo: (1) Lorenzo 1995, (2)
Lorenzo et al. 1998, (3) presente estudo, (4) Ramos & Padrén 2008 e (5) dados nao sistematicos obtidos nas mesmas ilhas
entre 2006 e 2010 (ndo publicado).

FUERTEVENTURA LANZAROTE TOTAL SOURCE

SPECIES

n n n % %
Burhinus oedicnemus 20 41 61 34.9 3and 4
Chlamydotis undulata 3 36 39 22.3 3 and 4
Columba livia 9 8 17 9.7 3and 4
Alectoris barbara 9 7 16 9.1 3
Larus michabellis 6 2 8 4.6 3and 4
Lanius meridionalis 2 2 4 2.3 3
Pterocles orientalis 4 0 4 2.3 3
Indeterminate birds 2 2 4 2.3 3 and 4
Calonectris diomedea 0 3 3 1.7 3and 4
Falco tinnunculus 3 0 3 1.7 3
Upupa epops 3 0 3 1.7 3
Bubulcus ibis 0 2 2 1.1 3 and 4
Cursorius cursor 2 0 2 1.1 3
Larus sp. 0 2 2 1.1 4
Bulweria bulwerii 0 1 1 0.6 4
Calandrella rufescens 0 1 1 0.6 4
Corvus corax 1 0 1 0.6 N
Coturnix coturnix 1 0 1 0.6 3
Pluvialis squatarola 0 1 1 0.6 3
Streptopelia sp. 0 1 1 0.6 3
Tyto alba 0 1 1 0.6 4
Total 65 110 175 - -
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Detailed information of the surveys conducted between 1995 and 2012: source, island, date of fieldwork, survey
methodology, number of observers and band length (meters). Both aerial lines (power and telephone) and only for telephone

lines, length of the transects (km), number

- Informacgao detalhada sobre os estudos efectuados entre 1995 e 2012: fonte, ilha, data, metodologia de prospeccio,
numero de observadores e largura das bandas de prospec¢do. E apresentada ainda informag¢do sobre o comprimento dos
transectos (km) e o nimero total e a abundéncia relativa de aves mortas para as linhas aéreas (energia e telefone) e linhas

telefonicas separadamente.

Search

SOURCE Island Date metho- N° of Sensus
dol observers band (m)
ology
Three
Lorenzo, Fuerte-  November
1995 ventura 1993 fixed 3 40-60
bands
. Three
Lorenzo April and
et al, 1998 Lanzarote May 1994 fixed 3 40-60
bands
]é?:lzrézéz & Fuerte-  November Eizf; 3 60
2007 ventura 2005 bands
Lorenzo & December Three
Ginovés, Lanzarote 2005 fixed 3 60
2007 bands
Multiple
Lorenzo, Fuerte- November
1995 ventura 1993 fixed 3 40-60
bands
. Multiple
Lorenzo April and
etal, 1998 Lanzarote May 1994 fixed 3 40-60
bands
Lm0 e Nt TR
2007 ventura 2005 bands
Lorenzo & December Multiple
Ginovés, Lanzarote 2005 fixed 3 60
2007 bands
Three
Lorenzo, Fuerte- November
1995 ventura 1993 fxed 3 40-60
bands
. Three
Lorenzo April and
etal, 1998 Lanzarote May 1994 fixed 3 40-60
bands
Lorenzo & Three
L Fuerte-  November
Ginovés, ventura 2005 fixed 3 60
2007 bands

Some of the fatal telephone-line collisions
might be related to the line’s maintenance. The
deaths of some species seem to be especially
bounded up with breakage of the steel support
cable. The abovementioned Northern Raven
found dead on Fuerteventura, for example, was
found in an area where the cable was frayed
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Aerial lines Phone lines

Lenght  Phone Dead Lenght N° of Dead
(km) lines  birds/km (km)  dead birds birds/km
48 1.1 3.6 0 0.0 0.9
160 1.5 0.7 0 0.0 0.4
343 1.2 63.3 62 1.0 0.1
266 1.4 51.9 45 0.9 0.1
48 1.1 3.6 0 0.0 0.9
160 1.5 0.7 0 0.0 0.4
343 1.2 63.3 62 1.0 0.1
266 1.4 51.9 45 0.9 0.1
48 1.1 3.6 0 0.0 0.9
160 1.5 0.7 0 0.0 0.4
343 1.2 63.3 62 1.0 0.1

and hence thinner and much less visible to flying
birds. The same applies for power lines with a
ground line, which is thought to be responsible
for larger number of collisions than the thicker
conductor wires (Ferrer & Janss 1999, Ferrer
2012). However, there have also been recorded
many cases of bird impacts with telephone lines
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in a perfect state of maintenance, for example
of Houbara Bustard and Stone-curlew.

The lower height of the telephone lines in
comparison with electrical lines may be the
cause of increased occurrence of species with
lower flying heights, such as the Barbary Par-
tridge or Hoopoe Upupa epops. However,
more detailed research is needed to affirm this
assumption rigorously. In other continental
areas studied, the design (especially the exis-
tence of ground line) and the location of the
line, as well as the type of bird and its flight per-
formance, and the visibility conditions, influ-
ence collisions of birds (Bevanger 1994, Janss
2000, Ferrer 2012).

It should be pointed out here that, estimates
of bird mortality based exclusively on ground
searches below telephone lines might underesti-
mate the real problem. Data from carcass search
are biased by several factors such as observer
acuity, bird detectability, the type of terrain the
line runs through and scavenger removal (Bev-
anger 1999, Ferrer 2012). For example, if the
Fuerteventura and Lanzarote findings under
aerial (telephone and power) lines in Novem-
ber and December 2005 are corrected by the
Bevanger formula (1995a and b, 1999), the
351 and 263 carcasses found, respectively, in
each island actually represent a bird mortality
rate of 3000 a year (Lorenzo & Ginovés 2005).
According to these authors, the total number
of dead birds (N) under lines can be estimated
as N = tam / pae x pne x pp x pam, where tam
is the total number of dead birds found, pae is
the percentage of dead birds not removed by
scavengers in an experimental study, pp is the
proportion of lying that can prospect, and pam
is the percentage of dead birds in the area pros-
pected being detected by the team (Bevanger
1995a and b, 1999).

From these findings no strong conclusions
can be drawn about the percentage of bird
populations affected by this type of mortal-
ity. Reliable species counts close to the study
area are scarce. The Houbara Bustard counts
carried out in the same year as this fieldwork
(2005), suggest that 0.86-1.41% of the pop-
ulation was affected in that year, 1.00-2.10%
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for Lanzarote and 0.65-0.80% for Fuerteven-
tura (Lorenzo et al. 2007). Also, in the case of
Stone-curlew, deaths account for 0.70-4.85%
on both islands, 0.45-3.71% for Lanzarote and
1.41-6.83% for Fuerteventura, according to
the estimated population in spring 2005 (Car-
rascal & Alonso 2005). Houbara Bustard and
Stone-curlew, are the most affected species in
the two islands (Table 4).

An analysis of the conservation status of the
various species involved in these telephone line
deaths at regional, national and international
level brings out the importance of this bird
mortality from a conservation point of view.
Many of these species are not only protected
but are also listed as endangered, such as the
Canarian Houbara Bustard C. undulata fuer-
taventurae, Canary Northern Raven C. corax
canariensis, Cream-coloured Courser Curso-
rius cursor, Black-bellied Sandgrouse Ptero-
cles orientalis and Eastern Islands Barn Owl
Tyto alba gracilirostris (Madrofio et al. 2004).
Other species with lower conservation status
are still of considerable value, such as the Bar-
bary Partridge, as a game species, and the Rock
Dove, raised for racing activities (a consider-
able proportion of the dead birds found had
been ringed by the Real Federacion Espafiola
de Colombofilia, i.e., the Spanish Pigeon-Rac-
ing Federation).

These findings point out the need to imple-
ment mitigation measures to reduce bird mor-
tality on both islands. This would involve pre-
liminary studies to ascertain the black spots,
i.e., areas with higher mortality rates, followed
by the implementation of dissuasive devices (as
spirals, firefly diverters, etc.), as a first attempt
to reduce bird deaths to the minimum. Similar
schemes have already been carried out on power
lines in these same islands (Lorenzo et al. 2012)
and there is also a host of examples at national
and international scale (see, for example Ferrer
& Janss 1999, Ferrer 2012). The island char-
acter of these bird communities should be con-
sidered, since are much more vulnerable than
their mainland counterparts (Gorman 1991,
Fernandez-Palacios & Martin-Esquivel 2001,
Fernandez-Palacios & Morici 2004).
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This study forms part of the set of
measures included in the project LIFE
03NAT/E/000046 6 Conservacion de la
avutarda hubara en las ZEPA de las islas
Canarias, Espafia (Conservation of the
Houbara Bustard in the SPA of the Canary
Islands, Spain), carried out by SEO/BirdLife.
This particular task involved the participa-
tion of J.M. Martinez, P. Expdsito, G. Pefia
and B. Rodriguez, with notable help from J.
Ginovés. Other valuable aid came from the
SEO/BirdLife team of the abovementioned
project: M.A. Herndndez, M. Armas and M.
Batista, with complementary help from C.
Gonzalez of the Delegacion Territorial de
Canarias de SEO/BirdLife. Our thanks also
go to J.C. Rando for his work in identifying
the bone remains collected in the field and
otherwise unidentifiable due to their preser-
vation status. M. Cabrera and G. Tejera also
provided additional information of great
interest. In addition, V. Quilis designed the
map of the two islands and transects. Spe-
cially the editor, and also two anonymous
reviewers, helped improving the manu-
script.
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Alteracoes recentes do comportamento
migratorio da Cegonha-branca (Ciconia
ciconia) em Portugal: O fim da migracao?
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Historically, the White stork (Ciconia ciconia) was almost entirely migratory in Europe, but
recently increasing numbers of individuals started wintering in their Iberian breeding grounds. We
performed a survey in 2015 to estimate the number of wintering storks in Portugal and assess the
last two-decade trend based on results from seven previous surveys performed between 1995 and
2008. The number of wintering storks increased from 1,187 individuals in 1995 to 14,434 in 2015.
Although the breeding population showed a considerable boost during the same period, the pro-
portion of resident individuals increased substantially in the last two decades (from 18% to 62%),
suggesting a sound change in the migratory behaviour of this species towards fully residency.

Keywords: census, migration, Portugal, wintering population, White Stork.

1 Centro de Ecologia Aplicada “Prof. Baeta Neves” & InBio - Rede de Investigagao em Biodiversidade e Biologia Evolutiva, Instituto Superior
de Agronomia, Universidade de Lisboa, Tapada da Ajuda, 1349-017 Lisboa, Portugal . 2 REN Biodiversity Chair, CIBIO/InBIO - Rede de
Investigacdo em Biodiversidade e Biologia Evolutiva, Universidade do Porto, Campus Agrario de Vairdo, 4485-601 Vairao, Portugal. 3 School
of Environmental Sciences, University of East Anglia, Norwich, NR4 7T3J, United Kingdom. & Instituto da Conservacao da Natureza e das
Florestas, IP, Divisdo de Conservagao da Biodiversidade, Centro de Estudos de Migragdes e Protegao de Aves, 2890-015 Alcochete, Portugal.
5 Rua Joao de Freitas Branco, n°. 38 - 2° Dto. 1500-359 Lisboa. 6 Centro de Estudos do Ambiente e do Mar (CESAM), Departamento de
Biologia Animal, Faculdade de Ciéncias da Universidade de Lisboa, 1749-016 Lisboa, Portugal. 7 Rua 25 de Abril, 16 - 3020 575 Brasfemes,
Portugal. 8 Centro de Ciéncias do Mar e do Ambiente (MARE) e Centro de Ecologia Funcional (CEF), Departamento de Ciéncias da Vida,
Universidade de Coimbra, 3000-456 Coimbra, Portugal. 9 Niicleo Regional de Aveiro da Quercus - AIN.C.N., Apartado 363, 3811-905 Aveiro,
Portugal. 10 Divisdo de Ambiente, Municipio de Portimao, Largo 1° de Maio, 8500-543 Portiméao, Portugal. 11 Instituto da Conservacao da
Natureza e das Florestas, IP, Departamento de Conservacao da Natureza e Florestas do Algarve, Parque Natural da Ria Formosa, Divisao
de Gestdo Operacional e Fiscalizacdo, CEAM, Quinta de Marim, Quelfes, CP - 8700-194 Olh&o, Portugal. 12 CIBIO/InBio-UE, Centro de
Investigacdo em Biodiversidade e Recursos Genéticos, Pélo de Evora, Universidade de Evora, Niicleo da Mitra, Apartado 94, 7002-554, Evora,
Portugal. 13 Quinta da Fonte, Caixa n°® 4505, 6200-065 Covilha, Portugal. 14 Rua 26, Lote 533, Marquesa |, 2950-680 Qta do Anjo, Palmela,
Portugal. 15 Estacdo Ornitolégica Nacional Monte do Outeirdo, Apartado 139, 7500-014 Vila Nova de Santo André, Portugal. 16 Quercus,
Centro Associativo do Calhau, Bairro do Calhau, 1500-045 Lisboa, Portugal. 17 Rua David Teixeira n° 226 2° Dto 8100 Loulé, Portugal. 18
Instituto da Conservacao da Natureza e das Florestas, IP, Reserva Natural do Sapal de Castro Marim e Vila Real de Santo Antdnio, Sapal de
Venta Moinhos, Apartado 7, 8951-909 Castro Marim, Portugal. 19 Apartado 19016, 1991-901 Lisboa, Portugal.

* Corresponding author: inescatry@gmail.com

28



Changes on the migratory behaviour of the White Stork

Nas tdltimas décadas, um numero crescente de Cegonhas-brancas (Ciconia ciconia) passa
o inverno na Peninsula Ibérica, em vez de migrar para Africa. Em 2015 foi realizado um
censo nacional para determinar o nimero de individuos invernantes em Portugal e com-
parar com a tendéncia registada nas tltimas duas décadas, baseado em sete censos realiza-
dos entre 1995 e 2008. O namero de Cegonhas-brancas invernantes aumentou de 1,187
individuos em 1995 para 14,434 contabilizados em 2015. Embora este aumento seja em
parte justificado pelo aumento do efectivo reprodutor nas tltimas duas décadas, a pro-
porcdo de individuos residentes aumentou substancialmente no mesmo periodo (de 18%
para 62%), sugerindo uma alteragio no comportamento migratdrio da espécie que podera,

no futuro préximo, tornar-se residente.

Palavras-chave: Cegonha-branca, censo, migragao, popula¢do invernante, Portugal.

The migratory behaviour of birds is
changing in response to global environ-
mental change. Many migratory species
are modifying their migratory phenology
by advancing spring arrival to the breeding
areas (Cotton 2003, Jonzén et al. 2006),
shifting their breeding and wintering ranges
and shortening their migration distances by
wintering closer to the breeding grounds
(Visser et al. 2009, La Sorte & Jetz 2010).
In recent decades, even more profound and
fascinating changes to migratory behaviour
have occurred, with individuals from migra-
tory species abandoning migration com-
pletely (Newton 2008). In southern Europe,
particularly in the Iberian Peninsula, previ-
ously fully migratory species have recently
established non-migratory populations
(Berthold 2001, SEO/Birdlife 2012).

The iconic White stork (Ciconia ciconia)
is a very adaptable, opportunistic species.
After a sharp decline of the western Euro-
pean populations recorded in the mid-20th
century, likely due to the prolonged Suda-
no-Sahelian drought and locust control pro-
grams in this area (Dallinga & Schoenmak-
ers 1989), the Iberian population started to
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recover in the mid-1980s. Increased food
availability and milder temperatures in
winter have enabled an increasing number
of residents, i.e., individuals that choose to
stay in Iberia rather than migrate to Africa.
Residency, coupled with changes in drought
conditions in the Sahel were thought to be
important in reversing the strong popula-
tion decline in Europe (Tortosa et al. 2002).
In Portugal, the recovery of the White stork
population also started in the mid-1980s.
The breeding population increased contin-
uously from 1,533 pairs in 1984 to 3,302
in 1994, 7,684 in 2004 and 11,691 in 2014
(Encarnacdo 2015). Although considered
traditionally a fully migratory species, some
authors refer the presence of small num-
bers of wintering storks in the first half of
the 20th century and the existence of small
flocks during the decades of 1960 and 1970
(Tait 1924, Coverley c. 1945, Cary 1973).

This paper aimed at estimating the cur-
rent number of wintering storks in Portugal
and assessing the last two-decade trend of
resident storks based on results from seven
previous surveys performed between 1995
and 2008.
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Main wintering sites of white storks (Ciconia
ciconia) in Portugal surveyed between 1995 and 2015
(Rosa et al. 2009 and this study).

Principais dreas de invernada de Cegonha-
branca (Ciconia ciconia) em Portugal entre 1995 e
2015 (Rosa et al. 2009 e presente estudo).

Ria de Aveiro Evora landfill

Baixo Mondego Beja landfill

Vale do Tejo Barlavento landfill

Vale do Sorraia Sotavento landfill

Avis landfill

Ria Formosa

Sado Castro Marim

A program to monitor the number of winter-
ing white storks was launched in 19935, but the
last out of the seven census occurred in 2008
(Rosa et al. 2009). In 2015, between 5 and 10
October, we surveyed the wintering popula-
tion of white storks in Portugal to describe the
trend of the wintering population comparing
with data from seven previous surveys (1995
to 2008). The same survey was used to assess
the proportion of resident individuals, i.e., indi-
viduals that stay in Portugal all year-round.
After breeding, most migratory individuals
cross the Strait of Gibraltar towards their Afri-
can wintering grounds till the end of August
(Ferndandez-Cruz 2005). Migratory storks can
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start their pre-nuptial migration very early,
but not before the end of October (Fundaciéon
MIGRES, pers. comm.). From mid September
to mid November, the number of emigrants
and immigrants is residual (Rosa et al. 1998,
pers. obs.). Therefore, we considered the win-
tering birds counted during the survey period
as resident ones, although acknowledging that
these figures might be slightly overestimated by
the inclusion of birds from northern breeding
areas. Surveys included all areas where the spe-
cies is known to winter regularly, giving special
attention to areas with known high winter food
availability, such as landfill sites and rice fields,
where the birds tend to concentrate (Figure 1).



Changes on the migratory behaviour of the White Stork

Number of wintering white storks (Ciconia ciconia) counted in each surveyed area in Portugal between 1995 and

2015 (Rosa et al. 2009 and this study).

Efectivos de Cegonha-branca (Ciconia ciconia) contados em cada drea de invernada em Portugal entre 1995 e 2015

(Rosa et al. 2009 e presente estudo).

1995 1996 1997
Ria Aveiro nc 14 30
Baixo Mondego 22 28 40
Vale do Tejo 2 7 100
Vale do Sorraia 9 31 19
Avis Landfill X X X
Evora Landfill X X X
Sado 272 520 433
Beja Landfill X X X
i‘;fdvgﬁm 95 150 124
Barlavento
Landfill * * *
Ria Formosa 168 156 197
Castro Marim 522 266 550
Other sites 97 253 215
TOTAL 1187 1425 1708

(nc) not counted, (x) landfill site not built at survey date

The number of wintering white storks in
Portugal has increased significantly from
1,187 individuals in 1995 to 14,434 in
2015 (Table 1, Figure 2). Most birds con-
centrated in areas of rice fields (68%) and
landfill sites (21%) where birds likely rely
on the guaranteed year-round food supply,
namely Red-swamp Crayfish (Procambarus
clarkii) and anthropogenic food. The most

1998 1999 2006 2008 2015
1 nc 79 163 422
53 109 377 763 1342
219 405 308 545 3339
67 nc 610 1145 1317
X X 245 628 0
X X 135 900 571
1368 2813 4238 3717 4792
X X 873 1100 550
340 750 0 0 0
X X 585 800 790
52 37 30 10 106
176 45 13 8 13
149 42 450 241 1192
2425 4201 7943 10020 14434

important areas for wintering storks were
the Tejo, Sorraia and Sado valleys holding
approximately 65% of the surveyed storks,
followed by Baixo Mondego and Ria de
Aveiro (12%) and the Algarve (8%; Table
1). The recorded northward range expan-
sion of breeding birds (Encarnagio 2015)
seems to also occur during the non-breed-
ing period: the proportion of storks win-
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Figure 2 - Population trend of wintering white storks (Ciconia ciconia) in Portugal between 1995 and 2015 (Rosa et al. 2009
and this study).

Figura 2 - Evolugao do efectivo populacional invernante de Cegonha-branca (Ciconia ciconia) em Portugal entre 1995 e
2015 (Rosa et al. 2009 e presente estudo).
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Figure 3 - Evolution of the White stork (Ciconia ciconia) resident population in Portugal in the last two decades as estimated
by the ratio between the number of breeding and wintering individuals. Breeding and wintering population were assessed in
the breeding season of 1994, 2004 e 2014 (n= 3302, 7684 and 11691 breeding pairs, respectively; Encarnagdao 2015) and
during winter surveys in 1995, 2006 (Rosa et al. 2009) and 2015 (this study).

Figura 3 - Evolucio da populagdo residente de Cegonha-branca (Ciconia ciconia) em Portugal nas tltimas duas décadas,
estimada como a propor¢do entre o numero de individuos reprodutores e o nimero de individuos migradores. As
estimativas da populagao reprodutora e invernante referem-se aos censos nacionais realizados nas primaveras de 1994,
2004 e 2014 (n= 3302, 7684 e 11691 casais reprodutores, respectivamente; Encarnac¢io 2015) e aos censos de inverno
realizados em 1995, 2006 (Rosa et al. 2009) e 2015 (presente estudo).
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tering north of the Tejo River increased
from approximately 2% in 1995 to 14%
in 2015. Besides the high increase in the
number of wintering storks in coastal areas
in the centre of the country (Baixo Mon-
dego and Ria de Aveiro), we should high-
light the high number recorded in the Cas-
telo Branco district, where 200 birds were
counted at the Fundao landfill site (included
in “other sites”, Table 1). Overall, although
the long-term positive trend in the number
of breeding birds could partially explain the
observed increase in the wintering popula-
tion numbers, our results unveil a change in
the migratory behaviour of white storks, as
the proportion of resident individuals in the
population steeply increased from 18% in
1994/1995 to 62% in 2014/2015 (Figure 3).

Bird migratory behaviour can be highly
flexible. Migration is likely to be advan-
tageous whenever there is sufficient envi-
ronmental variation to benefit individu-
als that move to exploit spatial variation
in resource availability or quality (Boyle
2008, Newton 2008). Changes to envi-
ronmental conditions can thus alter the
selection pressures operating on migratory
behaviour. If winter conditions improve,
species may alter their migratory strategy
and stay closer to their breeding areas. This
saves them the costs of migration in terms
of time, energy and mortality and ensures
the benefits of early arrival to the breed-
ing grounds (Visser et al. 2009). Climate
change may thus not only result in strong
shifts of phenology but also in changes in
the primary migratory decision (to migrate
or not migrate). A recent study showed
that rising winter temperatures in the last
decades have promoted an overall increase
in climatic similarity between the Iberian
Peninsula overwintering areas and African
wintering grounds of six bird species with
recent established overwintering popula-
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tions in Iberia, including the White stork
(Correia 2014). Additionally, year-round
food availability
sources, including rubbish dumps and land-
fill sites (Gilbert et al. 2016), and the intro-
duction of the invasive red-swamp crayfish
in the 1970s (Ramos & Pereira 1981) likely
enabled the establishment of overwintering
populations of white storks in Iberia. In

from anthropogenic

Spain, national winter census performed in
1995 and 2004 showed a large increase in
the number of wintering storks, from 7,594
to 31,229 individuals (Molina & Del Moral
2005). Comparison with surveys of breed-
ing numbers (1994 and 2004, Molina &
Del Moral 2005) suggest an increase in the
resident Spanish population from 23% to
47%, matching well the findings recorded
for Portuguese resident storks in the same
period (18% and 52 %, respectively).

The migratory of the White
stork is changing substantially and in

status

the mid-term, if environmental con-
ditions continue to favour non-mi-
gratory individuals, the population is

likely to change towards full residency.
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Dieta do Corvo-marinho (Phalacrocorax
carbo) no estuario do Sado, e possiveis
impactos na pesca e na aquacultura
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Great cormorants are important predators in freshwater, brackish and coastal marine habi-
tats, often with a significant impact on fish communities and ecosystem functioning. Great cor-
morants have shown a marked increase in Europe, and knowledge on their diet and fish con-
sumption are important, especially because cormorants are at the origin of conflicts between
fishermen and fish-farmers, and wildlife. In the Sado estuary cormorants feed mostly on mullets
(Mugilidae), toadfishes Halobatrachus didactylus and seabreams (Sparidae), but they also prey
on a large diversity of other species. We have evidence that the analysis of diet based on otoliths
underestimates the occurrence of small pelagic fish, such as anchovies Engraulis encrasicolus
and sand-smelts Atherina presbyter, which, together with various flatfishes, have been recorded
as important prey in other Portuguese wetlands. Important species for local fisheries and aqua-
culture were of little importance in cormorant diet. A comparison between the estimated con-
sumption by cormorants and the estuarine stocks and fish-farm production leads to the tentative
conclusion that the overall economic impact of these birds is small. However, it is important to
keep in mind that this does not mean that cormorants are unimportant predators at individual
fish-farms; in fact, it is plausible that cormorants may have a significant impact for some indi-
vidual producers that are unable to effectively deter the birds from feeding on particular ponds.

Keywords: human-bird conflicts, Great cormorant, diet, fisheries, fish farms, foraging ecology
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Os corvos-marinhos sio predadores importantes em habitats dulcaquicolas, estuarinos e
marinhos costeiros, frequentemente tendo um impacto significativo sobre as comunidades
de peixes e o funcionamento dos ecossistemas. As popula¢des destas aves registaram um
incremento marcado na Europa, e o conhecimento sobre a sua dieta e consumo de peixe é
importante, tanto mais que os corvos-marinhos estio na origem de conflitos importantes
entre pescadores, aquicultores e a vida selvagem. No estudrio do Sado, os corvos marin-
hos alimentam-se sobretudo de tainhas (Mugilidae), charrocos Halobatrachus didactylus e
alcorrazes e sarguetas (Sparidae), consumindo também uma grande diversidade de outras
espécies. Temos indica¢des, contudo, de que a caracterizagdo da dieta com base em otdlitos
subestimou a ocorréncia de pequenos peixes peldgicos, tais como o biqueirdo Engraulis
encrasicolus e o peixe-rei Atherina presbyter que, tal como vdarios Pleuronectiformes, foram
registados como presas importantes noutras zonas himidas portuguesas. Espécies impor-
tantes nas pescas e na aquacultura no estudrio do Sado foram elementos comparativamente
pouco importantes da dieta. Comparando o consumo estimado dos corvos-marinhos com
os stocks de peixe no estudrio e com a producdo piscicola nas aquaculturas, parece poder-se
concluir que o impacto econémico global das aves é reduzido. Contudo, é importante ter-se
em conta que esta conclusio nio invalida que os corvos-marinhos possam ter impactos
significativos em certos tanques de produg¢do piscicola. Na verdade, é plausivel que as aves
tenham um impacto relevante para certos produtores que nao conseguiram (ou nio pud-
eram) com eficdcia desencorajar as aves de se alimentarem em certas aquaculturas.

Palavras-chave: conflitos, Corvo-marinho, dieta, pesca, aquacultura, ecologia alimentar

Great cormorants Phalacrocorax carbo to ecosystems and to human activities. Stud-
(hereafter “cormorants™) are large bodied, ies of cormorant diet are also interesting as
abundant and efficient underwater preda- a means to establish baselines and monitor
tors, potentially able to have an impact on fish communities (Bostrom et al. 2012, Dias
fish communities and therefore on the ecol- et al. 2012). In Portugal, great cormorants
ogy of aquatic ecosystems where they occur are almost exclusively wintering birds, with
in large numbers (Boyd et al. 2006, Kar- a markedly increasing trend over recent
pouzi et al. 2007). The sustained increase of decades (Catry et al. 2010). One of the
cormorants in Europe has given rise to con- main wintering areas in Portugal is the Sado
cerns and conflict with fisheries and aqua- river estuary, where frequent complaints
culture (Bregnballe et al. 1997, Leopold et about the predatory action of cormorants
al. 1998, Stewart et al. 2005, Lilliendahl & are voiced, particularly by fish farmers. In
Solmundsson 2006). However, the impact this study, our objectives were to (1) char-
of these birds likely varies regionally, and acterize cormorant diet in the Sado estuary,
more studies are needed to assess how fre- (2) estimate annual consumption of key-
quent and prevalent are occurrences where prey and (3) discuss possible inferences in
cormorants do indeed pose a real problem relation to the cormorant-human conflict.
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This study took place in the Sado estuary
(38° 26’ N, 08° 45> W), in the west coast of
Portugal. This is a large estuary covering 210
km?, mostly composed of shallow waters and
extensive mudflats and sandbanks that are
exposed at low tide. Salt marshes are also
extensive, and the estuary is surrounded by
a large area of salt-pans, most of which have
been abandoned or converted into fish-farms.

We studied the diet of cormorants by ana-
lysing pellets collected at the main roosting
site of the estuary (the islet of Ratdo) where
almost all the birds spend the night. Pellets
were collected in February and March 2012
and monthly between October 2012 and
February 2013 (Table 1). Each pellet was
kept in an individual plastic bag and frozen
until further processing. In the lab, pellets
were individually placed in water at 40°C
with a digestive enzyme (neutrase) during a
period of 4 hours, to allow their disintegra-
tion, followed by a short (few minutes) bath
in ethanol. Prey identification was mostly
based on sagitta otoliths, although vertebrae,
mouth parts, teeth, pharyngeal bones and
teeth, asteriscus otoliths (particularly useful
to identify Cyprinidae) were also used. For
the identification we used our own reference
collections of hard structures of the Portu-
guese fish fauna, as well as published infor-
mation (Prenda & Granado-Lorencio 1992,
Prenda et al. 1997, Assis 2000, Tuset et al.
2008). The occasional molluscs and crusta-
ceans found in pellets were assumed to be
secondary prey, originating in fish guts.

Using pellets to study cormorant diet is
a common and practical procedure (Carss
1997, Barrett et al. 2007), but one that is not
free of biases (Zijlstra & Van Eerden 1995,
Votier et al. 2003, Alonso et al. 2013), which
must be acknowledged and taken into con-
sideration (see Discussion).

We measured the length of otoliths (exclud-
ing eroded ones) to infer fish size and mass
(using equations published in Assis 2000).
When fish prey were not identified to species

Seasonal distribution of diet samples of Great cor-
morant (Phalacrocorax carbo) obtained at the Sado estuary.

- Distribuicdao sazonal das amostras de dieta de
Corvo-marinho (Phalacrococrax carbo) obtidas no estuario
do Sado.

DATE “PELLETS  INDIVIDUAL PREY
17-02-2012 67 320
24-02-2012 23 -
10-03-2012 34 170
16-10-2012 30 294
14-11-2012 48 235
27-11-2012 50 257
12-12-2012 31 202
08-01-2013 34 159
28-01-2013 30 88
14-02-2013 30 107
25-02-2013 34 143
TOTAL 411 2053

level, we assumed their mass was the same as
the mean mass of other fish of the same gen-
era (or similar ones). For a few rare species
for which size was not possible to estimate,
we arbitrarily assumed a mean mass of 100
g. For each prey type, the total mass ingested
was obtained by multiplying the mean esti-
mated mass for the species by the number
of individual items of that species. However,
for sand-smelt Atherina presbyter and Euro-
pean anchovy Engraulis encrasicolus, which
have very small otoliths subject to rapid
erosion, we considered the largest estimated
size, rather than the mean size. Note that
we believe that these 2 species were strongly
underestimated in diet (see Discussion).
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We made fortnightly counts of cormorants
at the known roosting sites of the estuary from
mid-October to mid-March (the main period
of occurrence of the species). To estimate the
energetic requirement of cormorants winter-
ing in the Sado estuary we used the model
developed by Grémillet et al. (2003). We did
not have detailed information on some of the
parameters used in this model, in which case
either we used the values presented in Grémil-
let et al. (2003), or we used values adapted to
the particular circumstances of the Sado estu-
ary, as depicted in Table 2 and with the follow-
ing rationale:

Body mass: this species does not store
significant fat reserves in winter. Most win-
tering birds in Portugal are Phalacrocorax
carbo sinensis (Catry et al. 2010), while val-
ues in Grémillet et al. (2003) refer to P. c.
carbo, which is larger (Cramp & Simmons
1977).

Time resting at night: the night duration at
Sado at the winter solstice is 871 minutes,
and in early October is 733 minutes (e.g.
http://aa.usno.navy.mil/data/docs/Dur_One-
Year.php). We have seen cormorants at Sado
actively fishing at the beginning of the noc-
turnal period, but often they also start roost-
ing before dark. Taking these into account,
we assumed an interval varying between
750 and 850 minutes. Final output of model
is not much influenced by variation in these
input values (Grémillet et al. 2003).

Time resting in daytime: this value is cal-
culated as the remaining time after exclud-
ing time resting at night, time flying, time
wing-spreading and time in water.

Time flying: considering that virtually all
foraging areas in the estuary are located
within a 12km radius of the main noctur-
nal roosting site at Ratdo, we assume that
on average a cormorant flies at most 30km
per day. Knowing that cormorants fly at 53
km/h (Yoda et al. 2012), we have a mean

time in flight of 34 min. For a minimum
value we duplicated the 5 minutes figure
given by Grémillet et al. (2003) for a cormo-
rant population living in a small lake.

Time wing-spreading: this species wing-
spreads in all kinds of environment and we
opted to keep the value provided by Grémil-
let et al. (2003). Final output of model is not
much influenced by variation in these input
values (Grémillet et al. 2003).

Time in water: the value given by Grémillet
et al. (2003) is for a population foraging on
a lake with a low density of fishes. Accord-
ing to those authors, in more favourable
areas (such as estuaries and fish ponds) cor-
morants spend less time in water.

Assimilation efficiency: we opted to make
this value vary a little, particularly consid-
ering that species such as toadfishes, with
heavy bone structures, may lead to a lower
efficiency.

Average calorific value of fish: from data
published by Bandarra et al. (2004) and
Ridgway (2010), plus expert advice (Nar-
cisa Bandarra, pers. com.) we considered
extreme values of 3.5 and 5.5Kj/g.

Dive/pause ratio: we used the extreme val-
ues presented by Grémillet et al. (2003).

Average water temperature: we extracted
values from the Sines Buoy from the website
of Instituto Hidrografico and considered a
narrow interval to account for the possibility
that the water temperature may be slightly
lower inside the estuary in winter. Final out-
put of model is not much influenced by vari-
ation in these input values (Grémillet et al.
2003).

Average dive depth: the areas most used by
cormorants in the Sado estuary have depths
of 5 metres of fewer (bathymetric data from
Brito 2009).
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Values used in the bioenergetics model used for estimation of daily biomass consumption of great cormorants (Phala-

crococrax carbo) wintering in the Sado estuary.

- Valores utilizados para parametrizar um modelo bioenergético que permite estimar a quantidade de peixe consumida
por dia por corvos-marinhos (Phalacrococrax carbo) invernantes no estudrio do Sado.

PARAMETER

Body mass (kg) 3.2
Time resting at night
(min./day) 958
Time resting in daytime
(min./day) 337
Time flying (min./day) 5
Time “wing-spreading” 10
(min./day)
Time in water (min./day) 130
Assimilation efficiency 77.6
Average calorific value of fish

. 5.33
(Kj/g)
Underwater swim speed
(m/sec.) 1.35
Dive / pause ratio 3.46
Average water temperature 6
(°C)
Average dive depth (m) 5

We used the extreme values in Table 2 to pro-
duce two estimates of daily fish consumption,
and took the mean of those values as a final esti-
mate.

We estimate from the bioenergetics model that
each wintering cormorant at Sado consumes
853 g of fish per typical day in autumn/winter,
which accords well with other studies on this
species (Grémillet et al. 2003, Ridgway 2010).

The number of cormorants counted varied
between 659 and 4671 individuals, and their
overall presence in the Sado estuary during the
autumn-winter was 368,640 cormorants-days.
Their estimated annual consumption of fish was
314 tonnes.

Value in Grémillet et al.
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Plausible value leading
to a maximum
consumption at Sado

Plausible value leading
to a minimum
consumption at Sado

3.0 3.1
850 750
520 516
10 34
10 10
50 130
80 70
5.5 3.5
1.35 1.35
2.88 4.04
16 14
2 5

We collected 411 pellets containing the
remains of 2053 prey-items. Mullets (Mug-
ilidae) dominated the diet both numeri-
cally and in terms of biomass, followed by
breams (Sparidae) and the Lusitanian toad-
fish (Halobatrachus didactylus), the other
groups being less important (Table 3). There
were no clear seasonal trends in diet and we
do not present seasonal data for the sake of
brevity.

Gilt-head seabream Sparus aurata and
European seabass Dicentrarchus labrax, two
of the most important species at Sado fish
farms, represented only 1.5% of the mass
consumed by cormorants. The contribution
of soles Solea solea and Solea senegalensis,
two species of great importance for fish pro-
ducers, is slightly larger, corresponding to
5% of the consumed biomass (Table 4).
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Percentage of total prey (number of individuals) and of biomass of fishes consumed by great cormorants (Phalacro-
cocrax carbo) in the Sado estuary, as revealed by analysis of 411 pellets and the identification of 2053 prey items.

- Percentagem do total de presas (nimero de individuos) e de biomassa consumida por corvos-marinhos (Phalacrococrax
carbo) no estudrio do Sado. Dados obtidos da analise de 411 regurgitagdes e da identificacio de 2053 presas individuais.

Species/Genus/group Numbers (%) Mass (%) Dominant species
Engraulidae 7.2 0.2

Engraulis encrasicolus (anchovy) 7.2 0.2

Belonidae 1.2 0.4

Belone belone (garfish) 1.2 0.4

Serranidae 0.3 0.3

Serranus cabrilla (comber) 0.3 0.3

Clupeidae <0.1 <0.1

Sardina pilchardus (sardine) <0.1 <0.1

Cyprinidae (barbs. carps. etc) 2.5 2.0

Merluccidae <0.1 <0.1

Merluccius merluccius (hake) <0.1 <0.1

Batrachoididae 13.7 15.1

Halobatrachus didactylus (toadfish) 13.7 15.1

Mugilidae 37.2 62.5

Chelon labrosus (mullet) 0.7 0.6

Liza aurata (mullet) 3.6 6.2

Liza ramada (mullet) 7.5 12.9

Liza sp. (mullet) 5.2 8.9 Liza ramada. L. aurata
Mugil cephalus (mullet) <0.1 <0.1

Mugilidae non ident. (mullet) 20.1 33.8 Liza ramada. L. aurata
Atherenidae 4.1 0.2

Atherina presbyter (sand smelt) 4.1 0.2
Moronidae 0.5 0.6

Dicentrarchus labrax (seabass) 0.3 0.3

Dicentrarchus sp (seabass) 0.2 0.3 Dicentrarchus labrax
Sparidae 19.4 10.8

Boops boops (bogue) <0.1 <0.1

Diplodus sargus (white seabream) 0.1 0.1

Diplodus sp. (Senegal seabream, 16.0 8.8 5. (oebloritt IO arrtieis
anular seabream and others)

Pagellus acarne (axillary seabream) <0.1 <0.1

Sarpa salpa (salema) <0.1 <0.1

Sparus aurata (gilt-head seabream) 1.1 0.9

Sparidae non ident. 2.1 0.9

Sciaenidae <0.1 <0.1

Argyrosomus regius (meagre) <0.1 <0.1

Blennidae 0.3 0.3

Parablennius sp. (blenny) 0.3 0.3

Bothidae/Soleidae 10.7 5.1

Solea/Pegusa (soles) 8.7 4.5 S. senegalensis. S. solea
Soleidae (other soles) 0.9 0.1

Bothidae/Soleidae non ident. 1.1 0.5 Arnoglossus laterna
Fishes non ident. 3.0 2.4
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Mean individual mass of the main prey-types (and of economically important prey) and the estimated annual con-
sumption by the non-breeding Great cormorant (Phalacrococrax carbo) population using the Sado estuary. For the breams
Sparidae we do not present a mean individual mass, as the family includes fishes with very diverse body shapes.

- Massa média individual dos principais tipos de presas (e de presas de importancia econémica) e estimativa do
consumo anual pela populacao de corvos-marinhos (Phalacrococrax carbo) invernantes no estuario do Sado. Para os Sparidae

nao se apresenta a massa individual média, j4 que esta familia apresenta formas corporais muito diversas.

SPECIES MEAN MASS (g) TOTAL MASS (ton.)

Mullets Mugilidae
Toadfish

Seabass

Sparidae (breams)
Gilt-head seabream

Soles (Solea/Pegusa)

Great cormorants are generalist fish pred-
ators (e.g. Cramp & Simmons 1977, Suter
1997, Liordos & Goutner 2008, Bostrom et
al. 2012, Veen et al. 2012), and they mostly
took very abundant fishes of the Sado estuary
(Lopes da Cunha 1994, Neves et al. 2008),
such as various mullets, toadfish and Senegal
sea breams, with a variety of other species in
smaller numbers. These results are consider-
ably different from those of other studies on
the diet of cormorants in other Portuguese
coastal wetlands. At Ria Formosa, for exam-
ple, sand-smelt dominated by numbers, even
if mullets and toadfish were also frequent
(Grade 1996, Grade & Granadeiro 1997).
At the Minho estuary, flatfish of the Pleu-
ronectidae family dominated during periods
of higher salinity, and Cyprinids were more
important when river flow was greatest (Dias
et al 2012). Interestingly, and contrary to
expectations, we did not find any eels Anguilla
anguilla, which have been recorded as regular
prey at other locations, such as in the Minho
estuary (Dias et al. 2012) and Lagoa de Santo

212.5 196.5
139.5 47.5
130.7 1.9
34.0
105.2 2.8
66.1 14.2

André (Catry et al. 2010); this may well be
an indication of the increasing scarcity of this
critically endangered migratory fish in Portu-
guese waters.

It should be noted that it is likely that our
sampling through pellets underestimated
small prey with small otoliths. We believe
this particularly applies to sand-smelt and
European anchovy, both of which are very
abundant at Sado estuary in the autumn-win-
ter period (e.g Lopes da Cunha 1994, Cabral
1999, Neves et al. 2008). On many occasions,
we have observed cormorants at Sado estu-
ary fishing in dense flocks (sometimes gath-
ering hundreds of individuals), a technique
these birds use to chase small pelagic prey
(Van Eerden & Voslamber 1995). On some
of those occasions we could see small pelag-
ics (looking like sand-smelts or anchovies)
jumping out of the water where cormorants
were diving; gulls and terns sometimes also
fished above diving cormorant flocks. Given
the frequency with which we observed this
kind of fishing and the large numbers of cor-
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morants involved, we believe it is likely that
small pelagics were underrepresented in pel-
lets (note, however, that group-fishing could
have targeted shoals of small mullets as well).
There are other fishes that are extremely
abundant in the estuary and which were
not recorded, possibly for the same reason,
namely the gobies Pomatoschistus spp. and
Gobius niger (Lopes da Cunha 1994, Neves
et al. 2008). In fact, gobies, including Gobius
niger, are often consumed by cormorants in
other regions (e.g. Liordos & Goutner 2008,
Bostrom et al. 2012, Dias et al. 2012). We
also remark that we observed cormorants
capturing pipefishes Syngnathus/Nerophis,
but this family was not detected in the pellets
that we collected. Finally, we often detected
soles of the genus Solea/Pegusa, but very
small flatfishes of the genus Arnoglossus and
Monochirus (both abundant at Sado; Cabral
2000, Neves et al. 2008) were only recorded
in small numbers.

The estimated consumption of 314 tonnes
of fish in the estuary appears impressive, but
the large majority of prey consumed (such as
mullets, toadfish or Senegal breams) have lit-
tle or no commercial value, and are often dis-
carded by fishermen when caught (Cabral et
al. 2012). On the contrary, the main targeted
human fisheries in the estuary involve cuttle-
fish Sepia officinalis and striped red mullet
or surmullet, Mullus surmuletus, which we
did not record as cormorant prey. From data
in Neves et al. (2008), we estimate that the
Sado standing stock of gilt-head seabreams
is 4.2 tonnes, of soles is 111.6 tonnes and
of seabasses is 5 tonnes, while consumption
by cormorants for each group is 2.8, 14.2
and 1.9 tonnes, respectively. These figures
may suggest a potential high impact on gilt-
head seabreams and seabasses. However, it is
highly likely that most of those fish were cap-
tured on fish-farms (where they are extremely
abundant) and not on the estuary itself. Fur-
thermore, as noted above, those large fishes
likely were overrepresented in our samples.

There have been frequent complaints from
Sado aquaculturists against cormorants (e.g.
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Garcia 2000). Fish-farms of the lower Sado in
2011 produced 164 tonnes of fish (C. Borges,
Divisdo de Aquicultura, DGRM). We do not
have data on production per species, but it
is well-known that these are mostly gilt-head
seabreams, seabass and soles (Freitas et al.
2007). Hence, cormorant consumption of
these species represents a very small percent-
age of those totals, with the possible excep-
tion of soles. However, given the abundance
of wild soles on the estuary itself (see above),
it seems likely that this is where those fishes
were captured by cormorants.

In conclusion, there is little evidence that
cormorants could be having an important
economic impact on fisheries and aquaculture
in the Sado estuary. However, it is important
to keep in mind that this is not to say that cor-
morants are unimportant predators at indi-
vidual fish-farms; in fact, it is plausible that
cormorants may have a significant impact for
some individual producers that are unable to
effectively deter the birds to feed on particu-
lar ponds. It is then at those particular ponds
that action must be taken to protect economic
interests. Culling of individuals (which is
sometimes suggested as a possible solution),
on the contrary, is most unlikely to produce
the desired results (Chamberlain et al. 2013).
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