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RESUMO

As barragens tém sido vistas como solucéo parsfasdr as exigéncias humanas de energia e
agua e como um investimento que, a longo prazoe mwdporcionar varios beneficios. No
entanto, principalmente nas Ultimas décadas, osdtep sociais e ambientais das grandes

barragens também se tornaram evidentes, espectala@nivel ambiental.

Entre os factores que levam a destruicdo dos etesss ribeirinhos, as barragens sao a
ameaca fisica mais drastica, fragmentando e afteranossistemas aquaticos e terrestres. As
barragens reduzem a conectividade dos rios, imgeds movimentos naturais e as migracées
dos peixes e de outras espécies aquaticas e sedtieag, promovem a perturbacdo do habitat
a larga escala e a diminuicdo do fluxo e da quadidda agua, e criam condicbes para o
estabelecimento de espécies ndo-nativas, com a@Tsggs negativas sobre a diversidade
autoctone. Adicionalmente, e especialmente em esggientes com uma forte componente
agricola, os reservatorios criados por barragempodam-se como grandes lagos cuja matéria
organica e outros nutrientes sedimentam levando aparecimento de algas, como

cianobactérias, que sdo toxicas e podem causaalidade nos peixes e ser um risco para a

saude publica.

Esta tematica é especialmente relevante na regaMetiterraneo, considerada uma das

regides que enfrentam as maiores mudancas no efimtado o mundo e onde a gestdo da agua
é feita principalmente através da constru¢do deappans e da regularizagdo dos rios. Os
habitats mediterranicos registam variagfes sazexaismas no fluxo de dgua. Um periodo de

stress, quando o nivel e fluxo de 4gua sédo redsizzdonulos, ocorre geralmente no veréao

guando se registam frequentes e longos periodeeake As barragens podem agravar esta
situacao influenciando os regimes de escoamenégda. Este aspecto € tanto mais relevante
guanto a regido do Mediterrdneo apresenta elevddes de biodiversidade que levaram a sua
inclusdo na lista mundial dén6tspots de biodiversidade definidos para estabelecimelgto

prioridades de conservacao e identificacdo dasipars regides a proteger.

BN 7

A adaptacdo dos animais a perda, fragmentacdo eanpadde habitat € um aspecto
fundamental da conservacdo das espécies. As actesdhumanas, por outro lado, séo
importantes componentes dos ecossistemas, e carmdpre®mo 0s valores naturais persistem

dado o extenso uso humano é relevante.

A lontra Eurasiatical(utra lutra Linnaeus, 1758) € um animal semi-aquatico cujgsilpgdes
sofreram um declinio acentuado durante o séculsagascomo resultado de perseguicéo,

destruicdo de habitat, sensibilidade a contaminag@&scassez na disponibilidade de presas.
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Todos os aspectos da biologia da lontra sdo camdidos pelo facto de esta espécie passar a
maior parte do seu tempo na 4gua. A lontra, alémivee num ambiente naturalmente instavel,

é também influenciada pela presenca humana nogatebiaquaticos. A destruigdo do leito do
rio, a alteracao da vegetacéo ribeirinha, a potutgiagua, a extraccao de agua e sedimentos, a
perturbacdo e exploracdo das presas, a perturlbagdana e as alteracdes climaticas sdo os
principais factores de perturbagdo para as lonDaslas estas caracteristicas, a lontra € um
modelo adequado para abordar a adaptacédo anireatia ge habitat e a mudanca causada pela

implementacé&o de uma barragem.

A lontra esta presente em rios, ribeiras, lagaasgrvatorios, estuarios e habitats costeiros e
preda principalmente na agua. A densidade de Brdepende, entre outros factores, da
capacidade de carga do habitat. A lontra € um gdoedaaioritariamente piscivoro, mas tem
um comportamento oportunista, tirando proveito elgecies de peixe mais abundantes, mas
também dos picos sazonais de outras classes dis mesio crustaceos e anfibios. A lontra,
devido ao historial recente de declinio na glolaalelda sua distribuicdo beneficia do estatuto
de "Quase Ameacada" atribuido pela UICN - Uniderhdcional para a Conservacdo da
Natureza. Além disso, esté listada em varias cades internacionais sendo uma espécie
estritamente protegida a nivel europeu. A niveliomad, onde a populacdo de lontras €

aparentemente estavel e abundante, a espécidassificada como "Pouco Preocupante”.

As barragens tém sido consideradas como tendo nfieéricia negativa na distribuicdo da

lontra e sdo sugeridas como um factor co-respohgé@le declinio passado desta espécie na
Europa. A montante, as barragens criam reservat@® 4gua de grande dimensdo e
profundidade, muitas vezes com margens ingremessar&lo assim ideais para a lontra cacar,
0 que geralmente ocorre em aguas pouco profund@s éisso, a flutuacao rapida e frequente

do nivel de 4gua faz com que a vegetacdo nas nsasggm escassa e nao ofereca o refagio e
seguranca adequados para a espécie. As barraggnsefrtam o habitat e, dependendo das
condi¢cdes orogréficas e hidrologicas locais, tamtz@mopulacdo de lontras. Outro efeito

causado pela presenca de barragens é a reduchxal@é agua nos rios a jusante, durante o
periodo mais quente do ano. Perturbacdes adici@saisciadas a construgdo de barragens
incluem desmatacfes na area de inundacgéo, plandacdosores de producdo na envolvente,
bem como actividades recreativas, como desporia@tiaqs e pesca, na area dos reservatorios.
Independentemente destes aspectos negativos hdaghds de que os reservatérios séo
utilizados por lontras em habitats mediterranicass nestas evidéncias advém de estudos
limitados no tempo e/ou no espago. A falta de mipdo leva a necessidade de recolha de

dados ecoldgicos adicionais sobre as lontras emadens, especialmente num contexto da
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politica de gestdo da dgua como a implementadéltiass décadas na Peninsula Ibérica, com

varias centenas de barragens ja construidas esnouiticas previstas para 0s proximos anos.

Assim, esta tese teve como principais objectivadiava presenca e o grau de uso pela lontra
em barragens, e linhas de agua adjacentes, noesBlodugal, e determinar as alteracfes
induzidas pela construcdo de uma grande barragetispanibilidade dos principais requisitos

ecologicos da lontra.

A metodologia geral incluiu a pesquisa de indidespresenca da espécie em reservatorios e
linhas de agua, a correspondente avaliacdo daatretees da analise laboratorial de dejectos e
a avaliacdo da disponibilidade de presas atravépedea eléctrica (linhas de agua) e da
colocacao de redes de pesca (reservatoérios). Adicnente caracterizaram-se os locais de
amostragem através de um conjunto de variavei®gicak e de outras relativas aos sistemas
aquaticos, seleccionadas de acordo com a sua melavdara a lontra. Estas variaveis foram
medidas, estimadas e/ou categorizadas, sendo iposgmte usadas em processos de
modelacao (e.g. modelos lineares generalizadoslaeionadas com a presenca/auséncia e/ou

intensidade de marcacao de lontra.

Para averiguar se existe uma utilizacdo generaliziad reservatérios resultantes de grandes
barragens pela lontra, num contexto mediterraficam estudados 12 reservatérios e linhas de
agua adjacentes em diferentes estacfes do ano eotamligdes climaticas diversas (época seca
de 2002, época extraordinariamente seca de 20@®& éhumida de 2006). Quatro destas
barragens (Caia, Vigia, Monte Novo e Lucefecitfiedbcalizadas na bacia do rio Guadiana e
oito (Alvito, Odivelas, Pego do Altar, Vale do Gakonte Cerne, Campilhas, Roxo e Monte da
Rocha) na bacia do Sado. Além disso, em Pego @ dlMonte Novo foram ainda recolhidos
dados sobre a microbiota intestinal de lontra esesténcia antimicrobiana das bactérias e seus

determinantes, através da recolha de dejectos@osterior analise laboratorial.

Para perceber se as lontras usam diferencialmengeaades barragens e os reservatorios de
pequeno-médio porte, 30 destes reservatérios foeatudados na Serra de Monfurado,
(PTCONO0O031 - Sitio de Importancia Comunitaria - &éthtura 2000).

As alteracdes na presenca, e consequente disétyua lontra ao longo do tempo, em resposta
as alteracbes nos requisitos principais da espgpestas pela construgcdo de uma grande
barragem, foram abordadas através do acompanhamentoplementacdo da Barragem do

Algueva (bacia do Guadiana), em todas as suas({23@8 a 2006).

Todas as areas acima descritas estéo incluidagid do Alentejo, no sul de Portugal (regido

do Mediterraneo).
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Com base na experiéncia alcancada neste estudafresianteriores sobre lontras em grandes
barragens, foi proposta uma adaptagdo ao métodondstragem padrdo recomendado pelo
‘IUCN Otter Specialist Grouppara monitorizagdo de lontra em sistemas lotici®ei(as e

rios) de forma a melhorar a monitorizacdo da espém sistemas Iénticos, nomeadamente
grandes barragens. Esta adaptacdo inclui cons@dagcerca da dimensdo espacial da
amostragem, do numero e localizagdo dos pontosndsteagem, entre outras, tornando mais
eficaz a recolha de informacdo quando se amostaaradens, seja 0 objectivo apenas detectar

presenca/auséncia de lontra ou recolher dejeassds para analise molecular.

Esta tese demostrou que os grandes reservatoooe@darmente usados pela lontra no sul de
Portugal e que estes elementos do habitat poderadeguados para a espécie em cenarios
particulares. E o caso, por exemplo, de areas enosjsistemas ribeirinhos sofrem alteracdes
sazonais marcadas na disponibilidade de agua eopslagbes de lontra sdo estaveis e

relativamente abundantes. Contudo, estes reseépnsag&#o menos adequados para a lontra do

gue as ribeiras e rios pré-existentes a implemaatda barragem.

A disponibilidade de presas, independentementeutiartho do reservatério, demostraram ser
o factor chave para a utilizagcédo destes pelasdsngra sua disponibilidade influencia de forma
significativa a presenca da espécie. Independententas diferencas sazonais observadas na
composicao e estrutura das comunidades de pregastou-se uma aparente estabilidade a
nivel da sua disponibilidade nos grandes reseieatomal tem um papel relevante para a
subsisténcia da lontra em determinadas areas patgrante a estacdo quente, mais de metade
das linhas de agua adjacentes as barragens estuskckm ou ficam restritas a pequenos
pégos. Inversamente, os grandes reservatorioscefaralimento a lontra durante todo o ano,
sugerindo que as presas sdo os elementos chave paitzacdo dos reservatorios por esta
espécie em zonas MediterrAnicas ou noutras zondasaou semi-aridas onde haja uma
marcada sazonalidade de recursos (agua e presagegas dominantes da lontra foram peixe

e lagostim-americanBrocambarus clarkjiquer nas ribeiras quer nos reservatorios.

Outro factor determinante para a presen¢a e usgraledes reservatorios pela lontra é a
proximidade as linhas de agua. Tal sugere que rm@o b perimetro do reservatério €

igualmente adequado para a lontra e que as lirhagula que desaguam no reservatorio tém
um papel determinante. O elemento chave relacionadoas linhas de agua € a presenca de
vegetacdo ripicola que proporciona abrigo e pdasika reproducdo, e que é um recurso

limitado ao longo das margens dos reservatorios.

A tipologia das margens dos reservatorios surgmccoutro factor limitante: dguas pouco

profundas e margens complexas oferecem a lontraomslicesso de captura do que aguas
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profundas uma vez que estas Ultimas limitam a ¢aég@ade dos individuos de apanhar presas ao

aumentar as possibilidades de fuga das presas.

Os resultados relativos ao uso pela lontra de vasg®ios de pequena ou média dimenséao
foram, em geral, concordantes com os obtidos paadgs reservatorios: i) as lontras estao
presentes e utilizaram a grande maioria dos reteivs, ii) observou-se uma variagdo sazonal
na intensidade de marcacéo, revelando a maior tarpma dos reservatorios na época seca; iii)
0s reservatoérios sdo habitats sub-Optimos paratealem termos de abrigo e pressdo humana
gquando comparados com as linhas de agua, mas ffianaia como importantes areas de
alimentacgéo, especialmente quando se localizavato ge linhas de agua com boas condi¢des
de abrigo, mas escassez de presas; iv) a dietdontras que utilizaram os reservatorios
reflectiu 0 comportamento oportunista desta espeoimeadamente através da seleccdo de
presas sazonalmente mais disponiveis, particuldemenlagostim-americano. Contudo, ao
contrario das grandes barragens, os reservatéeigeguena-média dimensdo ndo mostraram
diferencas a nivel dos padrbes de ocupacao (pegseiséncia) nas estacdes seca e humida. A
associacdo negativa encontrada entre o uso peia Idos reservatérios de pequena-meédia
dimenséo e a extensdo de linhas de 4gua com gapéciela desenvolvida na proximidade dos
mesmos reflectiu a preferéncia da lontra por rdseé rios melhor preservados, em detrimento
dos reservatorios artificiais sem oportunidadealiteggo; como consequéncia, quando ocorrem
habitats de elevada qualidade na proximidade, @ss&tade utilizagdo de recursos dos
reservatorios é reduzida. Outro factor difereneia@a pressdo de gado que demonstrou afectar

negativamente o uso pela lontra de reservatorigggr®ms, mas ndo os de grandes dimensodes.

O impacte das vérias fases de construcdo, em ylartide grandes barragens, € pouco
conhecido. O caso de estudo usado como exemphrragem do Alqueva (a maior barragem
na Europa), foi acompanhado nas varias fases daimpEmentacdo: pré-construcao,
desmatacdo, enchimento, pds-enchimento. Os dadoslhidos demonstraram que a
desmatacdo e enchimento afectaram significativamaniontra resultando num decréscimo
marcado da sua presenca na area de inundacao. &mlespécie tenha recolonizado a area
apos o enchimento da barragem, e a sua presertealse tornado relativamente constante
guando o nivel de agua estabilizou, esta ndo alcaw; nivel anterior a construgdo da

barragem.

A andlise da dieta mostrou que a resposta da lastedteracdes criadas pela implementagéo da
barragem foi clara, reflectindo as grandes mudangascomposicdo e abundancia da
comunidade de presas, 0 que € provavelmente agltemais visivel na ecologia da lontra.

Verificou-se uma alteracdo significativa no consud®o peixes nativos com o aumento das
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espécies ndo-nativas de peixes e crustaceos (fagmstericano), que passaram a dominar a
dieta. Além disso, a generalidade das presas tmae menos disponiveis para a lontra dada a
maior dificuldade de captura em aguas profundaskeito de dispersdo dos peixes no grande
reservatorio, pelo menos nos anos imediatamente apaplementacdo da barragem quando a
colonizagdo, nomeadamente por espécies ndo-naéivas) processo em curso. Em paralelo

com as alteragbes no uso dos recursos alimentaressultados ilustram uma alteracdo noutros
requisitos ecoldgicos da lontra ao longo do temgmectividade de habitats (corredores

ecolégicos com elevada qualidade de habitat e d@mnaiel de presas), cobertura de vegetacao
nas margens, abrigo e tocas, e zonas de aliment@géo a excepcao da disponibilidade de

agua, todos os outros principais requisitos ecot@yda lontra ficaram menos disponiveis apos

a construcdo e implementagao da barragem do Algueva

A construcdo da barragem cria impactes que sedestemuito para além do espaco inicial
(area de enchimento) e tempo (calendario de cad&tfuconsiderados na proposta de
acompanhamento da infra-estrutura. Os resultadiidogbnesta tese enfatizam a importancia
dos estudos de monitorizagdo a longo prazo queanctitodas as fases da construcao e poés-
construcdo, para verdadeiramente avaliar a resplesteespécies aos impactes. Este facto &
relevante uma vez que nem todos os Estudos de tenpmmbiental incluem fases de
monitorizagdo poés-inundagdo ou consideram a losmo uma das espécies-alvo. O
verdadeiro impacte na lontra apenas pode ser dwatizpois do final da fase de impacte
(desmatacgdo e enchimento), e depois da estabibizigsi condicbes do reservatorio (nivel de

agua, vegetacdo nas margens, comunidades de presas)

Os dados, conhecimento e experiéncia que resul@eata tese foram utilizados na elaboracéo,
em conjunto com outros membros dOCN Otter Specialist Group’de recomendacdes que
pretendem guiar os promotores e consultores qudadpreparacdo de estudos de impacte
ambiental (EIA) de grandes barragens, bem como O&Gansultores de EIA, e avaliadores

gue tém que verificar se a lontra foi devidamentesierada no decurso do EIA (ANEXO).

Um resultado importante dos estudos efectuadosoorsb desta tese diz respeito a primeira
evidéncia de resisténcia antimicrobiana na mictaebite lontras que utilizam barragens e
ribeiras. Assim, foi detectada a presenca de bastégsistentes a compostos antimicrobianos
em amostras de dejectos de lontra recolhidos madean de Pego do Altar, de Monte Novo, e
ribeiras adjacentes. Considerando a localizacAgdo®s de amostragem, estas lontras terao
sido provavelmente expostas a compostos antimamoli presentes na agua ou no solo por
contaminacdo através de dejectos de animais dghori@.g. gado bovino) ou de actividades

agricolas. Esta inferéncia € especialmente releyantcom possiveis consequéncias para a
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saude publica, em locais onde decorrem actividadesnas recreativas, como banhos, pratica
de desportos de agua ou campismo; estas actividameseem com elevada frequéncia em

barragens, como observado nas varias barragensradassneste estudo.

A estratégia de conservacao para a lontra a lormpem zonas mediterranicas, como o sul
de Portugal, deve ser centrada na manutencdo de papalacdo saudavel de lontra,
melhorando as suas condi¢des de habitat e a ddagigapresas naturais, em coexisténcia com
as actividades humanas. Especificamente, o sistemjanto de reservatorios e linhas de agua
adjacentes aparenta ter um papel relevante na péntia da lontra em determinadas zonas
mediterranicas. Esta relevancia pode ser assegatades da aplicacdo de medidas especificas
de conservacgao e acgdes de gestdo como as queesétas de seguida:

i) Promover a existéncia de refligio e cobertura @atontra nos sistemas ribeirinhos e nas
margens dos reservatorios. As grandes barragemsrpsdstentar mais lontras, se as linhas de
agua adjacentes tiverem boas condi¢cdes de hahitdtigio, que € normalmente escasso nas
margens das barragens. Controlar o acesso de@adde de vegetacao ripicola, e a extrac¢do
de agua para fins agricolas, tudo praticas comansuhde Portugal, sdo bons exemplos de
accdes para a manutencdo de habitat ribeirinhediEdpatencdo devera ser dada as areas de

interface entre reservatérios e linhas de agua.

i) Proteger as ilhas que se criam nos reservatdaas barragens apds o enchimento a cota
méaxima. Estas ilhas podem constituir novas opathdes de habitat para as lontras, desde que
ndo sujeitas a perturbacdo humana, podendo seci@spente importantes para permitir a

populacao de lontra recuperar parcialmente dosdtapala desmatacao e enchimento.

iii) Promover a existéncia de pequenas baias engleaidade de habitat nas margens nos
reservatorios, pois tanto a tipologia das margeliferéntes estratos e substratos) como a
alternéancia de baias e peninsulas oferecerem resllugortunidades a lontra para capturar
presas, ao criarem areas de reduzida profundidadadicdes de emboscada. Além disso, a
manutencdo de alguma vegetacdo aquatica pode managomo reflgio para peixes, lagostim

americano e anfibios aumentando a sua disponitddidassas baias.

iv) Controlar a perturbacdo causada pelo gado ieidades agricolas nas imediacbes dos
reservatorios e nos sistemas ribeirinhos adjaceletésrma a evitar a degradacao da vegetacao
ripicola, reduzir a poluicdo orgénica da agua eimim o potencial de transferéncia de
bactérias resistentes e compostos antimicrobianostribuindo assim para melhorar a

adequacéao de habitat para a lontra, bem como ptmafauna aquatica.
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v) Promover o uso eficiente da agua através de gestio responsavel da agua, que requer
sensibilidade dos gestores para uma ampla gamaestogs. Um ponto de partida € entender
os impactes dos actuais e futuros sistemas deogdst@gua (incluindo infra-estruturas). O

cenario actual das alteragfes climaticas na Eyrop& impactes nos sistemas ribeirinhos na
regido do Mediterraneo, principalmente, atravéextansdo do periodo de seca. Este aspecto

deve ser considerado no planeamento da consergtagaatra em ambientes mediterranicos.

vi) Gerir as barragens e as descargas de &agua edss reservatorios de tal forma que
minimizem os efeitos sobre a lontra e suas popatadé presas. A libertacdo de 4gua deve ser
progressiva, para que o caudal dos sistemas ribesia jusante siga um regime de fluxo mais

natural com a manutencéo de caudais ecologicos.

vii) A utilizacdo de peixes ndo-nativos como prpsta lontra ndo deve ser considerada uma
ferramenta para a conservacdo. Além de competirem espécies de peixes nativas

presentemente com problemas de conservacdo, héneidd de que os estes ultimos, quando
em abundéancia, sdo presas preferidas pela longeerd ser assim protegidos os sistemas
ribeirinhos que ainda tém populacdes de presagasatespecialmente durante a estagdo seca.

Deve ser ainda controlada a introducéo ilegal géaes invasoras nos reservatorios.

viii) O actual estatuto da lontra em Portugal podsultar ndo s6 num desinvestimento na
investigacdo sobre a espécie, mas também na desaafm do seu interesse de conservagao,
especialmente no ambito dos estudos de impactesatab{EIA). No entanto, a lontra € uma
espécie bandeira, eficaz na conservacéo dos sseoaticos, e a preservacao da lontra ainda
€ uma questao vital na Europa e em Portugal, sargi@ conservacdo obrigatéria de acordo
com a Directiva Habitats. Devido a este facto,raréodeve ser adequadamente considerada no
decurso de uma EIA. Especialmente importante éagestrutura e monitorizagéo dos EIAs de
grandes barragens incluam ndo sO os periodos derwgdio mas igualmente a fase poés-
implementacdo. As medidas de mitigacdo e compengaga lontra devem ser proporcionais a

escala dos impactes produzidos.

Esta comprovado que barragens tém efeitos negatoloe a ecologia da lontra, embora estes
efeitos sejam menos visiveis em areas de ocorréec@opulacdes amplamente distribuidas e
aparentemente abundantes, tal como a observadaoroyd. Também estd confirmado que
constituem um complemento de habitat aos sisterba&imhos naturais sujeitos a secas,
pressdo climatica e humana, cuja relevancia podepragnovida através da aplicacdo de
medidas de conservacdo e gestdo aqui propostasenhNmto, a destruicdo de sistemas

ribeirinhos adequados a ocorréncia da lontra qu®rde da construcdo de barragens, em
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particular as de grandes dimensfes, deve ser migiyireocupacao, especialmente em areas
de instabilidade e fragilidade de populagédo dedont

Palavras-chave lontra Euroasiatica,Lutra lutra, barragens, reservatérios, requisitos

ecolégicos, impactes ambientais, monitorizacéo
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SUMMARY

Human activities are important drivers of ecosystethange and understanding how natural
values persist given extensive use of the landseap® conservation importance. Dams,
particularly large-sized, have been described amtheely influencing the distribution and
ecology of Eurasian otter&\ftra lutra) in Europe but, although data is still scarcedentces

exist that Mediterranean otters use these newdtadgments.

This thesis focus mainly on assessing otters’ pesand use of dam reservoirs and adjacent
streams in the south of Portugal, and determinhmg ¢changes in the availability of otter
ecological requirements imposed by the a large danstruction. Signs of presence were the
basis of the otter-related fieldwork and an adaptadf the standard otter river survey method
was proposed and implemented to survey dams mficeerfly. Results showed a generalized
use of large reservoirs by otters, although thesdatdts were less suitable than pre-existent
streams and rivers. Reservoirs acquired speciabritapce during the dry season when water
and aquatic prey availability are limiting resowgde streams. Prey abundance was one of the
main factors promoting otter use of reservoirs.olighout the construction of a large dam,
otter presence decreased during the impact phasesdovered although not to levels prior to
dam construction. After the construction of the datter diet became based on non-native prey
species and monitoring revealed a decrease inabaahnectivity, bankside vegetation cover,
breeding and foraging grounds, throughout the wveser These results emphasize the
importance of long-term monitoring studies thatlude post-impact phases. Evidence of
antimicrobial resistance in otter fecal bacterias wlatected in reservoirs and adjacent streams,
most probably promoted by high levels of cattle siign with unknown consequences for

otters’ fitness and human health.

In widely distributed and healthy populations, sashthe one occurring in Portugal, dams are
less concerning. In areas affected by Mediterrgnmeiservoirs may even constitute a habitat
complement to natural riverine systems under ckmahd human pressures, and can be
enhanced by conservation measures and managentiemsadlevertheless, the destruction of
riverine systems is a matter of concern, especiallgreas of otter population fragility and/or
instability.

Keywords: Eurasian otter, Lutra lutra, dams, reservoirs, ecological requirements,

environmental impacts, monitoring
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[.1. Water management and the role of large dams

l.1. Water management and the role of large dams

Freshwater represents less than 3% of the totarwatume on Earth and a large part of it is
located in the Antarctic and the Artic regions,tie form of glaciers and permanent snow.
Another part is located in inaccessible undergroapaifers, so that only a small fraction is left
for the global rivers and lakes water reserves6@)? which constitute the main source of
water for human consumption (Gongalves, 2001).

In developed/first world countries, water has bd¢aken for granted, seen as a natural
renewable resource that is inexhaustible, and willich no concerns have to be taken

regarding its eventual limits. It has also beegdér assumed that economic progress requires
ever-increasing amounts of resources, namely wasources. As a result, the difference

between a constantly growing population water negdisa decrease in the supply of available
water resources increases day by day, with cumeman needs largely exceeding water

availability all around the globe (ESA, 2001; Gones, 2001).

Over time, decisions aiming to ease water shorteye focused in improving the uptake of
available resources, through pollution controlnsfar of water resources and their storage. As
such, the solution was to build large structured #llowed water storage and transfer (Biswas
and Tortajada, 2001). The increasing number of miafeastructures has been determined by
the three most influential factors of quantitatised qualitative use of water resources:
population growth, economic development and theaegn of agricultural irrigation (Gleick,
1998). Thus, the planning and management of watssurces is associated with a policy of

dams construction.

The World Comission on Dams (WCD), in its final oejppon Dams and Development (WCD,
2000), foresees an increasing competition for wagsources so thal competition among/for
the three main water usages will globally increasagriculture (67%), industry (19%) and
municipal/residential use (9%i);) evaporation in water reservoirs can represeritrgoortant
factor of water shortage in dry climates (5% ofatowater);iii) irrigation may demand an
increase of 15% to 20% in water volume by 20RH; 3.5 billions of people will live in
countries having water needs/shortage by 2@25he demand for electricity in developing
economies is on the rise as two million peoplel std not have electricityyi) a large
percentage of the world floodplain areas has ajredidappearedyii) freshwater species,
particularly fish, are increasingly threatened; a#id) the ability of aquatic ecosystems to

produce products and services on which societipsrakis rapidly declining.



[.1. Water management and the role of large dams

Throughout the 20th century, many countries haws slam construction as the way to meet
the ever-increasing demand for water. In fact, betwthe 30s and 70s, the construction of
large dams has become synonymous of economic geweltt and progress. By being icons of
modernization and of the ability of humans to usel aontrol natural resources, dam
construction dramatically increased. This trendched its maximum in the 70s when, on
average, each day two or three new large dams agpeoved for construction worldwide
(WCD, 2000).

Nowadays, almost half of the world's rivers havieast one large dam (dam wall height5m

or height 5-15m and reservoir volume > 3%10°) (WCD, 2000). According to the
International Commission on Large Dams — ICOLD,r¢hare nowadays more than 45 000
large dams all around the world. These type of daraduce 19% of the world’s electricity. In
addition, a third of the world countries dependhydroelectric dams to produce over half of
their electricity. Half of those dams have beenltbexclusively or primarily for irrigation
purposes and about 30 to 40% of the 271 milliortares of irrigated land worldwide rely on
dams (WCD, 2000). The volume of confined wateramd quadrupled since 1960, and is three
to six times greater than in natural rivers. Th&aetion of water from rivers and lakes has
doubled since 1960; much of the water used goeagteculture (Millennium Ecosystem
Assessment, 2005).

Large dams have been seen as good solutions ibdukérgy and water requirements and as a
long-term investment that can provide multiple bgseThese consist in deep transformations
in local societies, increased employment, higherclpasing power, tourism, allocation of
agricultural wealth, improved land use and newvéats, and are often cited as additional
reasons for the construction of such infrastrugBiswas and Tortajada, 2001; Schelle et al.,
2004).

This issue is, currently, of primary concern. Tleanues from investments put into the
construction of dams have been highly questionetithe balance between costs and benefits
has become of serious public concern as more kiowlés gathered about the performance
and impacts of dams. Based on several studies mmafarmation on the impacts of dams on
both people and ecosystems, as well as on themoeuic performance, resistance to the
construction of dams has strongly increased. Aass® in the construction of dams occurred,
especially in North America and in Europe, since best places for dam construction had
already been used and also because, by then, tergceacern with the environment started to
arise (Grant, 2001). In the beginning, controversg focused on some specific dams and their

local impacts but, with time, this evolved to a dmloand general discussion which has



[.1. Water management and the role of large dams

nowadays global proportions. The two main sidethefdebate reflect points of view based on
the experience gained by the construction of |aa®s in the past: one of them points out the
discrepancy between the supposed benefits and #ifsctive outcomes; the other one
examines the challenges of water and energy dewaop considering national construction
and allocation of resources. At this point, theatelstopped being a local scale process of cost-
benefit evaluation to become a process in whichsdalisited global discussions on strategies
and development plans. This is clearly percepiiblne Iberian Peninsula: Portugal and Spain
share four river basins, which downstream partslacated in Portugal, meaning that the

decisions concerning dams taken in the Spain wily affect our ecosystems.

Dams can surely have a decisive role in helpingtrpeeple’s needs and they have several
positive outcomes. For instance, it is clear howlraylic projects have contributed to the
development of civilizations, by allowing large pdgtions to colonize inhospitable regions,
and becoming symbols of modernity’s quest to conguel urbanize nature (Kaika, 2006).
However, in the last 50 years, social and envirarntaleimpacts of large dams have also

become evident. Some of the major impacts arellis¢dow.

Over 400 000 ki of land in the world were submerse representirg9:0of the world’s
terrestrial area (WCD, 2000). At first sight, thialue of habitat loss may appear of little
significance, but its importance rises when readjizihat it is exactly in the river valley areas
that the most fertile land can be found, along wité most important forest ecosystems and
wetlands. Not only the ecological component is @éd, sometimes with drastic fauna and
flora population reductions and even extinctiont the social part is also highly affected
(WCD, 2000). Countries with a strong agriculturahonent turn agricultural land to water
reservoir, which renders them unusable to plandycton. In other cases, pastures are
sacrificed, reducing livestock production. Amondeat factors leading to riparian ecosystem
depletion, dams are the main physical treat, fraging and changing aquatic and terrestrial
ecosystems. In the last years, at least 20% of @080 species of fresh water fish were extinct
or severely endangered due to dams’ constructid@2000).

Another major impact is the change in water quaktypecially in warm regions with a strong

agricultural component, reservoirs created by déeisave like large lakes whose organic
matter and other nutrients (like phosphorus andogén) sedimentation leads to algae
appearance, like cyanobacteria which are toxiccamdead to fish death and be a risk to public
health if the dam is used for public consumptiorCV 2000).

One of the impacts that a dam imposes on the pllysitvironment is the interruption of the

solid particle flow. The sediment deposition occaitsove the dam, in the reservoir. The
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sediment accumulation leads to depletion of therveér, whose volume decreases with time.
There can be a moment when the decrease of thevegse volume stops its useful lifetime
and the dam loses its purpose (WCD, 2000). The aastic effects are felt below the dam,
with the interruption of the natural flow of rivesediments, loss of agricultural and forest
fertility due to loss of natural fertilizers thadrt affect the estuary region causing salt intrusion
and disturbance of the faunal communities whick nd breed there (like fish). Velocity in
rivers is particularly important because it deteresi rates of nutrient and oxygen replenishment
and relates to the lift and drag force on aquaigces (McDonnell, 2000; WCD, 2000). The
elimination of the benefits of seasonal floodingvdstream of dams may be the single most
ecologically damaging impact of dam constructioraiMji and Marsh, 2002). It is important to
mention that the streams below the dam need wateraintain the ecological flow, especially
during the dry season which is exactly when the detains higher volumes of water. This
leads to extensive ecological degradation and ddbdsiologic diversity (e.g. Jansson et al.,
2000).

Dams reduce connectivity of rivers resulting in atdge effects on stream biota above and
below the impoundment (Tiemann et al., 2004). Thastruction of dams is considered a
significant environmental issue, especially becanofsthe impact it has riparian habitats and
fish populations. The construction of a dam alspaots riparian vegetation to a great extent.
For example, downstream, invading species, beingemesistant to floods, can grow
undisturbed and thus accelerate the narrowing psofEealdi et al., 2011). Regarding fauna,
the barriers created prevent natural movementsyagehtion of fish (Holmquist et al., 1996,
Collares-Pereira et al., 2000) and, especiallyh@ tase of large dams, lotic systems are
transformed into extensive lentic systems, prongolarge-scale habitat disturbance (Alam et
al., 1995; Vié, 1999), and the decrease in watafityuand flow create new conditions for the
establishment of non-native species with negatwesequences on autochthonous diversity
(Collares-Pereira et al., 2000; Clavero and Herm28a0).

The World Resources Institute assessed 227 of #jermiver basins in the world and showed
that 37% of the large rivers are strongly affectsddam-related fragmentation and altered
flows, 23% are moderately affected, and 40% ardfectad (Revenga et al., 2000). This, and
the fact that it is estimated that 1 500 or so darescurrently under construction, nearly 400 of
which are over 60 m high (IJHD, 2004) makes thaedssn dam construction and its ecological

impacts a top priority.

This context of concern is especially relevant e Mediterranean region, defined by the
Mediterranean Sea basin. The Mediterranean basiansidered to be one of the regions that
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will face the largest changes in climate worldw{@#orgi, 2006) and where water management
is mainly conducted through river regulation (danGpllares-Pereira et al., 2000). Water
shortage has always been a vital issue in thergistoMediterranean people (Blondel, 2006).
Mediterranean habitats experience extreme seasamaltion in water flow. A stress period
usually occurs in summer when water flow and larellow to null, following frequently long
periods of drought. Reservoirs can affect thisasitsn by further influencing water flow
regimes and acting as species movement barrigrsGellares-Pereira et al., 2000; Ruiz-Olmo
et al., 2001). The Mediterranean region’s currantiversity also comprises species whose
core distribution is located in no other biogeoduaal region, which led to its inclusion in the
list of the world’s biodiversity hotspots for comgation priorities and main regions to protect
(Myers et al., 2000; Brooks et al., 2006). Thishrgpecies diversity with a high number of
endemisms are the result of the conjunction ofetliaetors: biogeography, geology and history
(Blondel and Aronson, 1999). The region hosts al&®00 plant species (50% of which are
endemic), more than 150 000 insect species (orageet5-20% of endemics; up to 90% of
endemics in cave systems) and more than 1,100steatevertebrates (endemism rates range
from 17% for breeding birds up to 64% for amphikigMaiorano et al., 2011).

Like in other Mediterranean countries, the situatod the water resources in Portugal is less
favorable when compared with the European confEié negative circumstances found in

Portugal result from the high irregularity of tHew distribution in time and space (seasonal
and inter-annual), that are not felt in other moogthern European countries. The climatic
conditions in great part of Portugal also leadighlwater consumption in agriculture irrigation

and seasonal consumption in touristic activitieguoring manly in periods of water shortage
(Cunha, 1996).

The water management is a relatively long-stangiogess in Portugal and always linked to a
hydraulic vision. It is important to mention thdtet water politics in Portugal result from a
political, economic, social and scientific realifgveloped in the 50s and 60s, dedicated to
hydroelectric enterprises and irrigation systemNAG/MAOT, 2004). According to the
Portuguese National Commission for Large Dams (CBIRPG®nanaging water in Portugal
means, above all, to invest in hydraulic infra-stawes (CNPGB, 1995). This notion and action
has always been the main driver of the Portugueditice and society regarding water

management.

Being a country whose landscape is scarce in ddémtc aquatic systems (lakes and lagoons),
Portugal has registered, in the last decades,haitgease in lentic water volume. According to
the CNPGB, there are 168 large dams in mainlaneé. fidrth of the country has the higher
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percentage (57.7%) with 10 large dams locatedertburo river. This higher concentration is
due to the fact that these dams are destined tooélattric production and find better
conditions for this (permanent flow and highertalle) in the rivers in the North of the
country. The South of the country has completelfedint characteristics, with vast plains and
irregular water flow, which do not promote hydratec use. The southern dams are therefore
mainly for irrigation (the largest agriculture gation areas are found in the South) and public
supply.

The importance and location of agricultural product the industrial concentration, the few
fossil energetic resources and the populationidigton in Portugal, gave a major importance
to the proper use of the hydraulic resources. is $sbenario, it was decided that, whenever
possible, the higher number of uses to each infrectsire should be considered, resulting in a
multipurpose scheme, decreasing the specific edsile decreasing the operational costs; as a
consequence the majority of our large dams areipogttose (CNPGB, 1995).

Several irrigation schemes were created in thelSolthe country associated to large dams:
Campilhas, Odivelas, Vigia, Vale do Sado, amongisthThe larger irrigation area is now
being implemented to be supported by the Alqueva 0 000 ha). Besides all the irrigation
schemes already made, 2 000 individual irrigatichesnes were created, spread across
Alentejo, based on small and medium sized resexyv(@odinho and Castro, 1996). The
primary use, resulting from the creation of a resgy depend on the initial purpose (irrigation,
supply, energy production, flow regularization,.ptédowever, in practice, there are several
secondary uses that can be explored. Among theakan activities linked to reservoirs, sport
fishing arises as the main activity to develop, smsne species (e.g. largemouth bass
Micropterus salmoidgsare attractive and important enough to the irseaurism in regions
nearby the best fishing locations (Godinho and 16a3996).

For three decades, the central focus of energgyuoli Portugal has been the promotion of new
energy sources, including new electric power plaotsatisfy a growing energy demand. The
National Program for Dams with High Hydroelectriaténtial (PNBEPH - INAG/DGEG/REN,

2007), was approved by the Portuguese Governme20i, with the intent to reduce energy
dependency and greenhouse gas emissions, impnoe@able share of energy production and

complement wind power with hydroelectric pumping.

According to the Portuguese Government, Portuganis of the European Union countries
with the highest unexplored water potential andhwlite higher energetic dependence from the
outside. Due to this situation, the governmentragfigoals to the water energy that translate in

a clear increase in the current hydroelectric potefio achieve that goal, which will mean a
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decrease from 54% to 33% in unexplored water piatlemtil 2020, a series of investments in
hydroelectric uses are programmed and describdteiPNBEPH (INAG/DGEG/REN, 2007).
Up until now, the Government has approved 7 ouhefl0 dams predicted for implementation
in the PNBEPH as there were no private investdesast in the exploration in two of the dams
and one was flunked during the Environmental ImpAssessment due to recognized
ecological impacts especially on the freshwaterlpeasselMargaritifera margaritifera an
endangered species).
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Animal adaptation to habitat loss, fragmentatiord arhange is a key aspect of species
conservation. Human activities are important congmi® of ecosystems, and understanding

how natural values persist given extensive humarisugnportant (Palmer et al., 2004).

Otters (ClassMammalig OrderCarnivora Family Mustelida; Sub-familiaLutrinae) are semi-
aquatic animals whose populations have undergomketh@eclines during the last century as a
result of persecution, destruction of habitatssgefity to contamination and changes on the
availability of their prey (Foster-Turley et al990). All aspects of otter biology including their
shape, metabolism, locomotion, food needs, foradpelgavior, social organization, survival
and mortality are conditioned by the fact that rstigpend most their time in water (e.g. Kruuk,
2006). Otters, besides living in a naturally fliating environment, with floods and droughts,
are also influenced by the human presence in that@genvironments. Water pollution, river
destruction, water and sediment extraction, prestudbance and exploitation, bank side
vegetation alteration, human disturbance and cénc&iange are major disrupting factors for
otters (Mason and MacDonald, 1986; Kruuk, 2006).

Given these characteristics, the otter is a s@taimdel species to address animal adaptation to

habitat loss and change caused by dam implememtatio

The Eurasian otter

The Eurasian ottelL(tra lutra Linnaeus, 1758) is, of the 13 otter species axgstvorldwide,
the only one existing in Europe. The species isagbnassociated with rivers, streams, ponds,
reservoirs, estuaries, or coastal habitats andspreystly in the water (Chanin, 1985; Kruuk,
1995; Mason and Macdonald, 1986). Iberian ottees smaller than North and Central
European ones, with males reaching, on averag8,m.2nd 8 kg and females 1 m and 5 kg
(Kruuk, 1995; Ruiz-Olmo, 1995; Ruiz-Olmo, 2007). &Alh one third of this length is tail.
Otters are solitary, intra-gender territorial anisnas males will tolerate females within their
territory but not other males and vice-versa. N#hetess, males and females usually avoid
each other except for the breading season (Erlib@@8). Cubs stay with the mother until 10-

12 months and are then driven away.

Otter density is dependent, among other thingshercarrying capacity of the habitat. In Spain
otter density in fresh water streams habitats sabetween one and seven otters per 10 km
stretch of river (Bravo et al.,, 1998; Ruiz-Olmo,0ZQ Lopez-Martin and Jiménez, 2008).
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Nevertheless, males may have territories of sevdoakn kilometers (Erlinge, 1967, 1968;
Ruiz-Olmo, 1995; Beja, 1996a; Saavedra, 2002)ake land extensive fish farm areas densities
may reach 16 individuals in 100 km?2 (Gossow anchKrd 998; Sales-Luis et al., 2009).

Otters are generally active during dusk and dawhpagh in marine habitats, like Shetland,
otters are active during day time (Kruuk and Hewsi®v8; Kruuk, 2006). Dens (holts) are
often holes under bank side tree root systems,srockpiles of flood debris (e.g. branches)
(Harper, 1981). There may be several entrancelsidimg an underwater one. Otters often use
above ground resting places that can be identibgdflattened vegetation such as reed
(Hewson, 1969).

The otter is mostly a piscivorous predator but &aopportunistic behavior, taking advantage
of the most abundant fish prey but also of seaspeaks of other classes of prey like
amphibians and crustaceans. Reptiles, birds andnmadésnare also occasionally consumed
(Kruuk, 1995; Clavero et al., 2008). The introdantof the American crayfisftPfocambarus
clarkii) in the Iberian Peninsula, altered the diet of akter as this prey became important to
the otters, especially in the south of the penasNlevertheless, crayfish generally does not
replace fishes as main prey. In fact otter popartatiin the Iberian Peninsula are considered to
be restricted by fish abundance (Beja, 1996b; Rmo et al., 2001; Clavero et al, 2008;
Lopez-Martin and Jiménez, 2008).

In 1999, due to approximately a 20% population idecacross Europe over three generations,
the Eurasian otter was listed as Vulnerable (VU)tbg IUCN (International Union for
Conservation of Nature) Red List of Threatened se(Hilton-Taylor, 2000). Since then, an
overall European population recovery has been decbmamely in Spain (Ruiz-Olmo and
Delibes, 1998; Lépez-Martin and Jiménez, 2008) naery (Reuther, 1995), United Kingdom
(White et al., 2003) and Denmark (Madsen and Gaadm2000), although in some countries
like Italy the population is recovering rather slpwnd is still considered at risk (Prigioni et, al.
2006; Marcelli and Fusillo, 2009; Loy et al., 200¥ithough recovering, otters are still
considered “Near Threatened” throughout their rafige&CN, 2011). Also, the otter is still
listed in several International Conventions beingtréctly protected species European wide:
Annex Il of the Bern Convention, Annexes B-Il e B-0f the Habitats Directive and Annex I-
A of the Washington Convention (CITES).

Otters are known in Portugal from historical tinf8antos-Reis et al., 1995). However in 1990,
given the scarcity of scientifically data of theesjes in Portugal, the conservation status of
otters was listed as Insufficiently Known in thertaguese Red Data Book of Terrestrial

Vertebrates (SNPRCN, 1990). After this, severatlistsi where performed, resulting in a more
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comprehensive analysis of the species status. Otiee anost important studies, organized by
the Portuguese Institute for Nature Conservati@N]l included a nation-wide survey that
demonstrated the broad distribution of otters acfsrtugal, and allowed the mapping of the
species distribution (Trindade et al., 1998). ©steort-term research projects, which resulted
in a some papers and several unpublished repbesig), were since carried out in different
aquatic environments: rivers (Trindade, 1990; For@ 1994; Afonso, 1997; Chambel,
1997a,b; Freitas, 1999; Lopes, 1999; Bernardo, 2@28es-Luis et al., 2012), intermittent
streams (Matos, 1999; Salgueiro, 2009; MarquesP28ales-Luis et al., 2012), rice fields
(Trindade, 2002) high altitude lagoons (Sousa5)9@rge dams (Pedroso, 1997; Sales-Luis,
1998), estuaries (Campos, 1993; Trigo, 1994; Tdedd996; Freitas et al., 2007; Sales-Luis et
al., 2009) and sea coast environments (Beja, 1G@Pes, 1998; Pedrosa, 2000; Cerqueira,
2005). The overall result of these studies demateddrthe existence of a healthy population of
otters in Portugal. Consequently, given its broastridution and inferred high abundance,

otters were downgraded in Portugal to the “Leastd@mn” category (Cabral et al., 2005).

The main threats for otter in Portugal are mos#iiated with habitat change or destruction
mainly thought human intervention, or a direct @mnsence of human actions. Téhestruction

of the riparian vegetation commonly associated with agricultural fields’ nteimance and
expansion, gravel and sand extraction and operiirgattle accesses, reduces drastically the
shelter and prey availability (ICN, 2006) and thaxerall habitat carrying capacitifuman
development and theattraction for riverine, costal and wetland areasalso poses a threat to
otter populations (Beja, 1995; ICN, 2006). Trhertality by road kill , although not expected
to seriously affect otters as these are semi-agjumimmals, as more roads are built and
upgraded to sustain more traffic the number of kil increases, and otters are no exception,
although having danger hotspots and being partigulmpacted when roads are near lakes or
reservoirs or cross over water lines (Grilo et 2009). Direct persecution and hunting of
otters still happens (Trindade, 1991). For exangalatos-Reis et al. (2007) showed that otters
frequently used fish farming areas and fish farnmeceived them as a problem, and use
different methods of deterrence (e.g. fencing, aods) or direct persecution (trapping,
shooting or even poisoning) to reduce the predaiorpact Accidental death by drowning in

fike nets is overall not a very significant threat but ithche important locally (e.g. Castro
Marim area - ICN, 2006). Thimtroduction and invasion of non-native speciecommonly
has impacts on local prey and competitors andhremetore considered a threat to biodiversity
and a conservation issue. The American crayfishramd (Neovison visonintroductions and
invasion in Portugal have effects on otters, aditiehas become a common prey and possibly

is acting as a contributing factor for the spregduh the second which might be viewed as a
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competitor (Rodrigues et al., 2011). Thater pollution by toxic compounds, aggravated by
the bioaccumulation through the aquatic food chaffects the otter reproduction ability and
cub survival (Olsson and Sandegren, 1991; Rools, @0891). Although many toxic compounds
have been banned (European Council Directive 79HC; EC Regulation No 850/2004)
contamination from heavy metals and other sourd¢gsolution (industrial and agricultural)
still occur namely in Portuguese basins (e.g. Szakin; MAOT/ARH_Alentejo, 2011). The
lack of knowledge about the effects of drasticrotliet changes and bioaccumulation through
the aquatic food chain (e.g., metal accumulationAmerican crayfish in river Sado —
Henriques, 2010) needs to be further investigeeamehow related to pollution issues is the
growing public concern for wildlife welfare, the tnan medical interest in zoonoses, the
biologists interests in wild animals potential rale environmental pollution monitors, and the
veterinary interest in wildlife potential role asservoir of infection and antimicrobial resistant
bacteria (Simpson, 2000; Oliveira et al., 2011)vétheless, little is known about the role of
free-ranging wildlife animals gsotential vectors of pathogenic bacteria and antinarobial
resistance determinantdo the environment and vice-versa, as well agdleeof antimicrobial

resistant pathogens in wildlife health.

Otters in dams

There are several indications that otter speciesdasns. Sheldon and Toll (1964) found river
otter Lutra canadensisn a reservoir in Massachusetts (USA) and Passaarah Camargo
(1995) confirmed Neotropical ottdrutra longicaudisfeeding in Furnas reservoir (Brazil).
Cape clawless otte®sonyx capensjsa species widely distributed in sub-Saharan Afraxccur
mainly in freshwater habitats such as rivers, messlakes but also in dams (Somers and Nel,
2004). Anoop and Hussain (2004, 2005) in a studgranoth-coated ottdrutra perspicillata

along the Periyar Dam (India) noticed habitat use @tter feeding in that reservoir.

Nevertheless, dams have been inferred to adverdilgnce the distribution of Eurasian otters
and are suggested as a contributing factor forpdgt decline of this species in Europe.
According to Macdonald and Mason (1994), habitastdetion and loss through river
alteration, such as the creation of dams and ressrvtogether with large-scale wetland
drainage, have been severe throughout the rangeraian otters. However, this impression
has been fostered largely by inference from casualeys of reservoirs and nearby river
stretches and not from dedicated studiéscdonald and Mason (1982) surveyed several types
of habitat in Portugal, including six sites in dara negative for otter presence. Elliot (1983)

also surveyed 20 dams in Spain and only four hted ptesence. Delibes (1990) in a census of
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otter in Spain mentioned only a small number ofitp@s surveys in dams. Michelot and
Bendelé (1995) surveyed isolated river stretchaberriver Rhéne, France, and found no signs

of otter presence.

Optimal habitats for otters are usually definedaemas with good bankside vegetative cover,
presence of potential dens providing shelter (dardonald and Mason, 1982; Bas et al., 1984,
Macdonald and Mason, 1984; Lunnon and Reynolds];1R8iz-Olmo et al., 2005), high prey
availability (e.g. Kruuk et al., 1993; Prenda andu@do-Lorencio, 1995; Beja, 1996b) and low
water pollution and human disturbance (e.g. Lunawth Reynolds, 1991, Prenda and Granado-
Lorencio, 1995; Robitaille and Laurence, 2002; Roimo et al., 2005). Upstream, dams create
large and deep reservoirs, often with steep simaglithat are not ideal for otter foraging,
which usually occurs in more shallow waters ofdaystems (Houston and McNamara, 1994;
Kruuk, 1995; Macdonald and Mason, 1994). Cape @asvbtters do not use large surface areas
for foraging, but mostly the margins of dams anéns, being the central part of dams avoided
due to depth (Somers and Nel, 2004). The smoottedaziter in the Periyar Dam selected less
rocky, less slanting, shallower and narrower afathe reservoir for foraging (Anoop and
Hussain, 2004, 2005). In addition, the rapid amdjdient fluctuation of water level results in

scarce riparian vegetation that does not offer ghaafuge and security for otters.

As a result, reservoirs presumably are less seiti@olotters (e.g. Macdonald and Mason, 1982;
Lunnon and Reynolds, 1991; Prenda and Granado-tmret995), and dams fragment the
habitat and possibly the otter population (Michelotl Bendelé, 1995). This can lead to local
extinction of otters and reduce populations belostanable levels (Macdonald and Mason,
1982). Bouchardy (1986) noted that in drainageesystwith multiple dams, otter populations
become fragmented and that individuals were constlato unaffected river stretches up and
downstream or other streams in the vicinity. Gui{#B92) quoting unpublished work by A.

Kranz, stated that on the River Kamp, a tributaryhe Danube in Austria, many otter signs
were found on the upper river which still flows tatural course. However, on the following 35
km, comprising deep reservoirs, very few signs wetend. If the lengths of suitable habitat

that remain are too short to support viable popariat then the species can be locally lost.

Another effect caused by the presence of dams,cidiyein North Africa and Southern
Europe, is the reduction, or even elimination, aftev flow during the warmest period of the
year in the rivers downstream. Jiménez and Lacofh®fl) described the extirpation of the
otter population on the Palancia River, Spain, Whided following the construction of dams.
The problem of reduced flow is exacerbated by ukewvater for irrigation. Additional

disturbances commonly associated with construatfodlams include tree-cutting followed by
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the massive plantation of exotic trees and reamrali activities such as water sports and

fishing.

Regardless of these aspects, and specifically doadtan otters, there are also some indications
that reservoirs are used by this species. Gournvell@l. (2000) confirmed feeding of Eurasian
otters in a reservoir in northern Greece. But thservoir (Lake Kerkini) has high diversity
and adundance of fish, meadows and lower deepmestharefore cannot be compared with
common reservoirs. Georgiev and Stoycheva (2006 study of otter habitats, distribution
and population density in the Western Rhodopes Néons (Southern Bulgaria) surveyed large
dams using track measuring in the sndWwe population density on reservoir bank sides was
very low and the otter presence was always assaciaith headstream inflows. When all the
bankside of Golyam Beglik Dam (21.8 km) was sead¢clomly one possible resident female
was found. On Batak Dam (30.0 km), there were tipessible resident females and one adult
male. The otter was additionally found at DospatmDbut with no information on the

population density.

For otters living in semiarid or Mediterranean eamments of Spain and northern Africa,
permanently staying in places where vegetationatemis very scarce or non-existent (Kruuk,
1995; Ruiz-Olmo and Delibes, 1998). Ruiz-Olmo et(aD05) noted that oters were able to
survive in such areas by using reservoirs and madenirrigation channels. In Mediterranean
areas, and in population favorable conditions saglhe one existing in Portugal, it is proven
that otters use these altered habitats (Trindade,et998; Pedroso et al., 2004, 2007). Portugal
is one of the countries where more scientific woekating to otters and dams has been
conducted but again these are studies restrictednmber of dam or seasons. The nation-wide
survey that demonstrated the broad distributioottsfrs across Portugal, included the survey of
28 dams (one survey site per dam) and all weretipedor otter presence (Trindade et al.,
1998). A four year study on use, prey availabiitd diet of the Eurasian otter in the Aguieira
Dam and associated tributaries (central Portugaihahstrated that otters regularly use the
reservoir, which provide a good prey base, andais®ciated tributaries, which provide shelter
(Pedroso et al., 2007; Sales-Luis et al., 200Trlli Pedroso (2003) and Pedroso and Santos-
Reis (2006) studied the summer diet of otters ifat@e lams of South Portugal and found that
all dams had evidence of otter presence.

Reservoir use by otters may depend however on siegr; the regularity of their water level
and whether they act as a barrier for the ottenair(Ruiz-Olmo, 1995; Ruiz-Olmo, 2001).
Prenda et al. (2001) sampled one time 24 small rmedium-sized reservoirs in Cérdoba

province (Southern Spain). These authors statddatieas of large streams and reservoirs that
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contain water even in the driest months may aattées refuges during stressful periods and
none of the reservoirs (small and medium-sized Josesmed to act as barriers impeding otter

dispersal, both upstream and downstream.
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The above review of the literature highlights treed for more specific studies on otters in
dams. The influence of these structures on otldescycle and how they can constitute a
disturbance factor is not yet clear. In Europe,shewn in the previous section, the few
published data are commonly inconclusive and ewsriradictory. There are indications that
reservoirs are used by Eurasian otters in Mediteana habitats, but all are limited in time or
space (one dam or one season). The lack of infaymauggests an urgent need for collecting
further ecological data on otters and dams, esiheomrhen the sound otter population

conditions, still existing in Portugal, may be aftied by water management policy as
implemented over recent decades, with the construcf 168 large dams since 1920, two in

currently in construction process and at leastl@rateven planned for the forthcoming years.

The rationale of the thesis affected the choicstudly area, the South of Portugal (see Part Il -
Study Area), included in the Mediterranean areahéMediterranean basin, water ecosystems
inherently suffer seasonal events of summer dryang wet season floods, which vary
markedly on a multi-annual scale contributing thigh natural variability of flow conditions
(Magalhaes, 2007). Native species are historigaiyystant to these harsh and highly variable
systems, but general trends towards reduced overadipitation and increased inter-annual
variability, which are consistent with scenarios fofure climate changes, exacerbated by
growing demands for water by agricultural, indw@dtend tourist activities (Rodriguez-Diaz et
al, 2010), will probably have extensive impacts Mediterranean freshwater ecosystems
(Magalhaes, 2007). In the southern Portuguese hbasms, where rivers commonly have an
intermittent water regime and form water pools imsner, aquatic species seem to be living
already at the edge of their tolerance limits aratew and river management and man uses

surely influence the viable maintenance of manyewspecies, including the otter.

Scat or spraint (term used specifically for otteats) deposition is associated with territoriality
and resource defense, and it is a powerful int@Bpeneans of communication (Kruuk, 1992).
Otters are generally active during dusk and dawhpagh in marine habitats, like Shetland,
otters are active during day time (Kruuk and Hewsb®i78). Therefore, direct observation
studies are quite difficult and so otter field sgspraints, tracks and jellies — musky anal
secretions) have been traditionally used in ecolgstudies (Kruuk et al., 1986; Mason and
Macdonald, 1987). Spraint surveys have been widskd over the years as a surrogate
variable to assess the otter distribution, identifpitat features considered of importance to

otters, and to indicate population status. Nevétisethe relationship between the number of
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spraints found and the number of otters in thatiqdar site has always been a controversial
issue (Jefferies, 1986; Kruuk et.gl986; Mason and Macdonald, 1987; Kruuk, 1995; Kran
1996). Moreover, most authors agree that sprairdoiyyity varies with sex, season, and with
social and reproductive status (Macdonald, 1983uuKy 1992; Kranz, 1996). These
observations lead to the conclusion that the nurobepraints cannot be used to assess otter
densities, although it is a useful tool for compgrdefence of resources (Kruuk, 1992) and

intensity of use between sites.

A survey method based on otter signs detection degeloped for the Eurasian otter
(Macdonald, 1983), and first adopted on a largéestaring the national surveys of Britain and
Ireland. This method uses surveys of stretche0fré of river banks for searching evidence
of otter presence. Results are usually expressenms of percentage of positive sites, whether
describing the data for a country, a region, alsant, or some artificial unit such as a 10x10
km square (Chanin, 2003). This standard methoatter surveys was recognised as such by
the IUCN Otter Specialist Group (OSG) after a maguiew of surveying methods carried out
by Reuther et al. (2002). Nevertheless, this isdd#ed methodology is more directed for
monitoring otter in lotic systems (streams, riveasyl may gain to be adjusted when applied to
different types of systems, like lentic systemsg@gadams). This is especially relevant when
addressing otter presence and distribution in degs such as the Mediterranean region, where
different habitats or systems, such as dams, apgpdave a role to play. This will be the first
issue to be addressed in the framework of thisgha3ART III .

PART IV will focus mainly on assessing the degree of uskmesence of otter in reservoirs
and adjacent streams, and measuring the changsteinhabitat and ecological requirements

(e.g. refuge, foraging) with two main aims:

1) To understand if there is a generalized usénefreservoirs resulting from large dams by
otter in a Mediterranean region, by addressing as muestions: Can large dams be suitable
habitat elements for otters? Is that use variableorming to season, characteristics of the
reservoir, prey abundance, shelter quality? Da®tise reservoirs of small-medium sized and
large dams differentially? This will be addressgdstudying, several reservoirs in the Alentejo

provinces, South of Portugal throughout differesdsons on a wider scale;

2) To understand how otter distribution changes dwee in response to the changes in the
species main requirements imposed by the constructi a large dam, by addressing as main
guestions: How does the habitat (e.g. availablecoxegetation) change during and after the
construction of a dam and how does that affeciottesr? How does the otter prey community

and suitable feeding habitats change after damtremti®n and does the otter adjusts to this
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change? This will be addressed by studying onecpdat dam throughout all phases of its

implementation.

Additionally, due to the importance of water padliut and contamination issues, and the fact
that reservoir waters are frequently affected bstrgam agriculture activities and nearby cattle
raising, this thesis aims to collect data aboutahegmicrobial resistance of bacteria of otter
enteric microbiota and the role of otter as a pidérvectors of pathogenic bacteria and
antimicrobial resistance determinants to the emwitent and vice-versa. This is especially
relevant in sympatric areas of human activitiesr@gational activities in water and economic —
agriculture, cattle raising) and otter occurrerstgh as in dams in the Mediterranean areas -
PART V.

Data integration of the different components ofstlihesis will contribute to a better
understanding of use of dam reservoirs by the ,ottgpecially of the overall impact of large
dams in otter populations, and of the implicatiforsthe species conservation strategy and for

conservation management in dams in MediterranesasaPART VI .

Furthermore, the data, knowledge and experience rédsulted from the several studies

implemented in the context of this thesis helpedvtde, along with other members of the

IUCN Otter Specialist Group, recommendations ingzhtb guide developers and consultants
preparing environmental impact assessments (Elas)well as NGOs and EIA advisors

(biologists and lawyers) in administrations, whod#o check that the otter has been properly
considered in the course of an EIA according toatmended Council Directive 85/337/EEC —

APPENDIX.

This Ph.D. dissertation translates into two pagmrslished in scientific journals, one book
chapter, and two submitted manuscripts, all peéeveed publications. The publications, by
Parts, composing this dissertation are:

Part Il —Monitoring otters in dam reservoirs

1) Pedroso, N.M., Santos-Rei, M., 2009. Assessing pttesence in dams: a methodological
proposal. IUCN/SCC Otter Specialist Group Bull&té) 97-109. (Paper 1)

Part IV — Ecology of Iberian Otters in Dams

2) Pedroso, N.M., Santos-Rei, M., (submitted). Camdareservoirs be suitable habitats

elements for otters? A multi-dam approach in a Nthnean region. Biodiversity and

Conservation. (Paper 2)
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3) Basto, M.P., Pedroso, N.M., Mira, A., Santos-R#is, 2011. Use of small and medium-

sized water reservoirs by otters in a Mediterrarsarsystem. Animal Biology 60, 75-94.

(Paper 3)

4) Pedroso, N.M., Marques, T.A., Santos-Reis, M., Ifstted). Otter response to

environmental changes imposed by large dam congtnuAquatic Conservation: Marine

and Freshwater Ecosystems (Paper 4)

Part V — Otter as potential vectors of pathogenic &cteria

5) Oliveira, M., Pedroso, N.M., Sales-Luis. T, SarRess, M., Tavares, L., Vilela, CL., 2009.

Evidence of antimicrobial resistance in Eurasiaerofutra lutra Linnaeus, 1758) fecal
bacteria in Portugal. In: Wildlife: Destruction, @3®rvation and Biodiversity. J.D. Harris
and P. L. Brown (Ed.). Nova Science Publishers, ppc 201-221. (Paper 5)
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[1.1. Studied dams

The geography of continental Portugal is a mixwirétlantic and Mediterranean influences,
with the former dominating the north of the countapd the second the south. The
Mediterranean influence is felt primarily in theutto and east regions: Alentejo and Algarve.
The Alentejo is subdivided into four major riversbes: Tejo, Sado, Guadiana and Mira, and
several small basins draining the western slopa¢iseoGrandola and Cercal mountain range. In
Alentejo, with plain areas and irregular water fldarge dams were built mainly for irrigation
(the largest agriculture irrigation areas are foumdhe South) and public supply (CNPBG,
2012).

The use of large dam reservoirs by otters in a Medinean region was addressed in this
dissertation by studying 12 dams (reservoirs asd@ated river stretches) from the Guadiana
and Sado river basins throughout different seaséosr of these dams (Caia, Vigia, Monte

Novo and Lucefécit) are located in the Guadianarrbasin and eight (Alvito, Odivelas, Pego

do Altar, Vale do Gaio, Fonte Cerne, Campilhas,d&rard Monte da Rocha) in the Sado river
basin (Figure 11.1.1.). Additionally, Pego do Altand Monte Novo dams and associated river
stretches were targeted to further collect dataiatiee antimicrobial resistance of bacteria of

otter enteric microbiota and antimicrobial resisedeterminants (Figure 11.1.1.).

To understand if otters differentially use smallehoen size reservoirs and large dams, 30 small
and medium sized reservoirs were studied in “SeeaMonfurado”, a Natura 2000 Site
(PTCONOO031), located in the Sado river Basin (Feglud.1.).

To comprehend how otter distribution changes oiwrae tin response to the changes in the
species main requirements imposed by the consiruofia large dam, one particular dam was
studied throughout all phases of its implementattbe Alqgueva Dam, in the Guadiana river
basin (Figure 11.1.1.).

Detailed description of each study area is avalabPART IV and V.

31



I.1. Studied dams

S i
5 o T Monfurado
E P

. mAB

K £ a0 e
e LN - AD WA

c) Algueva dam P

river basin
Guadiana

o W

i
B
g
g
]

Quantum GIS

Figure 11.1.1 — Location of study areas in Portugiatl in Sado and Guadiana river basins: a)
Caia, Vigia, Monte Novo, Lucefécit, Alvito, OdivelaPego do Altar, Vale do Gaio, Fonte
Cerne, Campilhas, Roxo and Monte da Rocha dam$Sdrya de Monfurado”, Natura 2000
Site PTCONO0O031; c) Alqueva dam.
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[1.2. Guadiana and Sado river basins

River flow variability along the year, as well as & year to year basis, is influenced by
precipitation and greater variation occurs in dmggions. Portuguese northern rivers, located
in higher precipitation areas, have a more perntaseth stronger flow rate while rivers in the
south tend to dry partially or completely in summén Alentejo, the yearly average
precipitation varies from 500 to 800 mm. Precipatatin Portugal, besides being irregularly
distributed in space, shows also a great varigbilwithin and among years
(http://www.inag.pt). Nevertheless, precipitatienconcentrated mostly during the October to
March period. Generally, the months of December Jarduary have the highest rainfall values

with the lowest occurring in July and August.

Guadiana river is amongst the four most importargrs flowing in Portugal — the Minho,
Douro, Tejo and Guadiana — that are all internatidiasins originating in Spain. Sado river
basin is the largest watershed entirely locate®ortuguese territory (INAG/MAOT, 2004).
Both basins are located in a typically Mediterransetting. Here, water ecosystems inherently
suffer seasonal events of summer drying and wedoseflooding, which vary markedly on a
multi-annual scale and contribute to a high natuaaiability of flow conditions (Magalhaes et
al., 2007). Many of the small streams in thesensaare ephemeral drying partially or even
completely during summer. The surrounding landsdapmostly covered by Mediterranean
cork (Quercus subetinnaeus, 1753) and holn@Q(ercus ilexLinnaeus, 1753) oak woodlands
but there are also considerable areas of agrieuftalds, and plantations of olive tree3l€a
europaealinnaeus, 1753), of maritime pind’ifius pinasterAiton, 1789) and eucalyptus
(Eucaliptus globulu.abill, 1800). In this dry climate the effectswéter shortage has led to an
increasing intervention on watercourses and mosemmmanagement is based in hydraulic
infrastructures, particularly the construction after reserves for public supply and agricultural
purposes. As a result, aguatic ecosystems havegormechanges that undermine their aquatic
fauna, including the otter, but particularly natiigh fauna, with the loss of longitudinal river
continuity and the destruction of natural habitdts.fact, a large number of fish species
currently present conservation status including ttegegories of Vulnerable, Rare or
Endangered (Cabral et al., 2005). The fresh wagbarfauna of southern Portugal has a high
interest in evolutionary and ecological terms. Mapgcies are Iberian endemism, increasing
their number from north to south, and presentiaghighest expression in the Guadiana River
(Almaga 1978, Collares-Pereira, 1985).
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Guadiana river basin

The Guadiana river basin covers an area of 66 #0ok which only 17% (11 700 kfpare
located in national territory. The Guadiana rivavels 150 km in Portugal and about 110 km
in the border with Spain being bound to the nostithe Tagus river basin, to the east by the
river Odiel Jucar (Spain) and on the west by Sdig and Arade river basins. In Portugal, the
main tributaries on the right bank are the riveesaCand Degebe and the streams Cobres,
Vasco, Foupana, Oeiras and Odeleite, and on théddeik the river Ardila, and the streams
Alcarrache and Chanca. The natural regime annualffrof the Guadiana river averaged 6 700
hm® of which 1 820 hrhwere from its national part and 4 900 hfrom the Spanish side
(INAG, 2004). Flows from Spain, due to increasedenaetention and use, have however been
reduced severely, with expected values in 2012 dbanot exceed 2 135 hm 3 / year; that is
44% of the mean annual runoff under natural regitNAG/MAOT, 2001). The existence of
such a high consumption and retention in Spain teaal significant reduction in the influx to
Portugal, besides an increased irregularity of ftbev. Water retention through hydraulic
infrastructures is also the chosen management agiprio Portugal. The Guadiana river basin
has 25 large reservoirs (Figure 1l.1.and several smaller reservoir§he Alqueva dam alone
allowed an additional water retrieval source of @5 2 / yearINAG/MAQOT, 2001).From the
global water uses in the basin, agriculture (itigaand livestock) is by far the largest user @ect
representing about 84.5% of the total consumptialue: Public supply corresponds to 10,8%,
industrial consumption to 1,9%, services to 1.4% #e remainder, just over 1.4% of the needs of
the basin, refers ttourism, including water used in golf fields mamaace ARH_Alentejo
2011) The expected water balance for the Guadiana ba#ftir, the full implementation of the
Algueva dam and surrounding agriculture fields,spres a scenario of water scarcity in dry or

average rain years, water needs being far sugbgaravailability(ARH_Alentejo 2011)

According to the application of Water Framework dgtive (WFD — Directive 2000/60/EC)
classification, approximately 41% of the 260 suefaaters of Guadiana river basin are ranked as
“Good”, 36% as “Reasonable”, 20% as “Mediocre” &uPo as “Bad”, being Alqueva included in
this last category (inferred from RH7 data - ARHe®tlejo 2011). The aim is to achieve the status

“Good” for most water lines.

The Guadiana river high temperature is a parantkeédrconditions water quality classification. In
fact, the reduced flow rates available in the hgdaphic network of the Guadiana basin during
summer, associated with the high temperatureséeld, to an increased vulnerability to pollution of
the river system. It is also observed that the eslof physico-chemical parameters characterizing

water quality in the river Guadiana have large igpaariability (values quite different along the
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water line) and a very irregular temporal distribnt The high variability of the state of the water
quality is due to a combination of various factoaspongst which, high temporal distribution
irregularity of the circulating water volumes andllption loads. Regarding eutrophication, the
stretches of the river Guadiana are usually mesmjghic. The reservoirs in general are in a

mesotrophic or meso / eutrophic state, some beieg eligotrophiINAG/MAOT, 2001).

Due to geographical barriers and the particulairenmental constraints, the Guadiana river
basin has the highest number of endemic fish speaiethe Portuguese mainland basins
therefore, requiring more attention in conservatenms (Collares-Pereira, 1985). Apparently,
the fish communities are well adapted to the teryoflow regime, highlighting ecological
strategies in face of such systems. However, irenedecades, there has been growing
interventions in the Guadiana basin, in particufapoundments and the use of water for
multiple purposes. As a result, many fish stoclksarrently in an apparent state of depletion,
and some have been classified by the Portugues®&ad(Cabral et al., 2005) as Threatened
or Endangered species such as the saramuggefypris hispanida Also to be noted is the
presence of some species, such as the Iberiaghgtrabuth nase Rseudochondrostoma
willkommii), classified as Vulnerable (Cabral et al., 20858 the Iberian small-head barbel
(Barbus microcephalys Southern Iberian barbeB#érbus sclate)i and Iberian long-snout
barbel Barbus comizpclassified as Endangered (Cabral et al., 2@@®cies that can only be
found in this basin, and also anadromous migratgpgcies such as the sea lamprey
(Petromyzon maringsthe allis shadAlosa alosa and the twaite shadhpsa fallay, all also
Endangered. The elAfguilla anguillg, a catadromous migratory species that compléses i
life cycle in fresh waters, was considered comnadlscthreatened due to fishing pressure over
larval states. Overall, there are 16 native fresbwspecies and 11 non-native species in the
Guadiana river basirfRibeiro et al., 2007). The common car@yprinus carpi¢ and the
goldfish (Carassius auratysare old introductions in Iberian rivers (probalfitgm the early
XVIlith century), while other, like pumpkinseed dish (Lepomis gibossis mosquito fish
(Gambusia holbrookior largemouth bas@vlicropterus salmoidgsamong others, result from
more recent introduction events (last decades) &bmn 1995; Ribeiro et al., 2008). Most of
these non-native species have a preference fac leabitats for they are largely lentic in their
native range (Filipe et al., 2004; Ribeiro et 2008).

Sado river basin

The river Sado rises in the Serra da Vigia, ab80taeters above sea level, and after a path of 175
kilometers flows into the Atlantic ocean near tlitg of Setubal through a broad estuary with about

100 km2 (INAG/MAQOT, 2004). This river features anusual orientation in Portugal, running
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nearly south to north. It is considered a lowlainer; since more than half of its course falls belo
50 meters in altitude. The entire basin coversraa af about 7 692 Kimmaking it the largest of
the exclusively Portuguese rivers (INAG/MAOT, 2004)he annual runoff of the river Sado
averages 1 000 HinThe Sado river basin is the Portuguese watersligrdfewer mean annual
water surface resources per unit area (INAG/MAOUP4). Even so, due to the extensive
catchments of the river Sado, the main river uguakintains flow. The main tributaries and sub-
tributaries of the river Sado are: in the right giarthe Marateca, Sdo Martinho, Alcacovas,
Xarrama, Odivelas and Roxo streams; and in thenteftgin Grandola, Corona and Campilhas
streams. The basin has 14 large dams and sevealiésneservoirs (Figure. I1.2.13uch as in the
Guadiana basin, in all reservoirs of the Sado hagith the exception of the Alqueva dam, the
existence of one or two years of drought, causesntimediate drop in water levels in the reservoir

implying consequent restrictions on the supply afew.

Global water needs in the Sado River Basin isidigied as follows: 80.4% for agriculture and
livestock; 9.5% for urban supply; 7.6% to industepd 2.5% for other uses. Most of the demand is
covered with surface water as only 23% represdmtractions from ground water. The available
surface water, based also on the adjustment cgpafcieservoirs, varies immensely from dry, to
average to wet years, and the satisfaction of@lsomptive uses exceeds the amount of surface

water available every dry year (CCDR_Alentejo 2001)

According to the application of Water Framework dative (WFD — Directive 2000/60/EC)
classification, approximately 42% of the surfaceessof Sado basin are ranked as “Good”, 41% as
“‘Reasonable”, 13% as “Mediocre” and 3% as “Bad” fdired from RH6 data -

MAOT/ARH_Alentejo 2011).

Water quality in Sado watershed is strongly condiid by the seasonal character of its flow and
the regional variation of its climatic condition$he river Sado, mainly due to receiving
"artificially" generated flows from waste water andigation runoff, combined with high
temperatures and degree of insulation in summaeayige a high primary production and the
frequent occurrence of blooms of microalgae (cyactdria). These blooms may negatively impact
water quality, especially with regard to the aquétiuna. This situation is also observed in other
water bodies, like coastal lagoons (e.g., Sanchaljdies, and St. André) and reservoirs. This
intrinsic condition, favouring water quality degedidn and inducing a high vulnerability to other
pollution sources, may aggravate this situatiomti®darly critical in this context are the sigriint
additional loads of organic matter and nutriengpegially nitrogen and phosphorus, the main
drivers of algal growth (a situation that may ocwith increased pollutant loads from irrigation),
enhancing eutrophication. Identified sources ofoggn and phosphorus belong mainly to the
agricultural and livestock sector (> 95%) (CCDR_tigo 2001)
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Overall the river Sado has significant problemswadter quality degradation, associated
essentially with eutrophication, but triggered layural and anthropogenic factors. It is possible
to recognize a large temporal and spatial variglalssociated mainly with the seasonal pattern
of river flow, the strong irregularity of the bagimysiography and an irregular distribution of
pollution sources (Sales-Luis, 2011). As in othgstems, Sado river basin has undergone
multiple and successive interventions, mainly naitd by the need for the use of water

resources.

The Sado river basin has a less rich fish commutatywer species richness and endemism)
than the Guadiana basin. There are 10 native fretgnvgpecies (Ribeiro et al., 2007). Of the
six Iberian endemic species present, five are nigsiand only the Portuguese arched-mouth
nase Iberochondrostoma lusitanicyms considered Critically Endangered (Cabral et al
2005). Some of the endemisms, Iberian barBallfo bocaggi southern straight-mouth nase
(Pseudochondrostoma polylepiare included in annexes Il and V of the Habitaisective
(92/43/CEE). In what concerns non-native speciesloSasin presents 8 non-native species
(Ribeiro et al., 2007).
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1749-016 Lisboa, Portugal.

Abstract

Standard otter survey methodology proposed by WEN Otter Specialist Group enables
comparisons in present/absence data in differenhtdes or in different regions. However,
otter presence and distribution assessment in tgsa such as the Mediterranean region,
which are characterized by highly marked seasofimlate with intermittent water flow
coupled with different types of habitats or systesush as dams, may gain from adjustment to
the methodology. Pressure for dam building stiltws in these regions and the need for
studies on ecological communities and species giioteis increasing. Dams are very different
from usual otter riverine habitat and we need tdemstand their influence on otter populations.
Variation of dam location, reservoir characteristiand season will all influence spraint
detectability. Environmental Impact Assessment ®tiénd ecological studies are frequently
limited by both budget and time requiring field easchers to apply more efficient
methodologies. Based on experience from studiesdwted in Portugal we propose
adjustments to the standard survey methodologyguspraints) surveying otter presence in
dams to be applied specifically to Mediterranegretycosystems. We define aspects to be
considered regarding survey season, survey lengthwadth, number and location of survey
sites, among others. This paper will allow researsko plan more effective field surveys based
on standard otter survey methodology for the pwrpafsdam surveys, be that to detect otter
presence/absence, a more in-depth comparativeestodliotter presence, or simply improving

the collecting of fresh spraints for molecular spranalysis.

Keywords: Eurasian otters, Mediterranean, reservoirs, sunvethodology

Introduction

One of the five species evaluation criteria in tHEN Red List Categories and Criteria is the
population trend (IUCN, 2001), and this requiresaslsing changes in species distribution over
time and space. For Eurasian otténst a lutra) this translates mostly in presence/absence data

resulting from spraint surveys. This occurs becaisas are difficult to capture (particularly
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since the prohibition of use of leg-hold-traps -(EE991 - Council Regulation No 3254/91)
and consequently to radio-track, and non-invasiwenular methods are still expensive and

with a low rate of success due to the degradeditonaf DNA from faecal samples.

In the 80’s a survey method was developed for tinagan otter (Macdonald, 1983), and first
adopted on a large scale during the national sare¢\Britain and Ireland. This method uses
surveys of stretches of 600 m of river banks farsking evidence of otter presence. Results
are usually expressed in terms of percentage adfiysites, whether describing the data for a
country, a region, a catchment, or some artificiait such as a 10x10 km square (Chanin,
2003). This standard method for otter surveys vem®gnised as such by the IUCN Otter
Specialist Group (OSG) after a major review of syimg methods carried out by Reuther et
al., (2002). Most importantly the OSG standardised hodblogy enabled comparisons in
presence/absence data in different countries whdrefore it was difficult to assure that data
were comparable (due to different surveys effods). This standard methodology for
monitoring purposes in lotic systems (streams,rsivenay however, be complemented when
applied to different types of systems, like lensigstems (large dams). This is especially
relevant when we address otter presence and digtmb in dry areas, such as the
Mediterranean region, considered one of the bigditye hotspots for conservation priorities

(Myers et al., 2000), where different habitats ystems, such as dams, appear to have a role to
play.

Dams, and specifically large ones (defined as lpaidam wall with> 15 m of height, or a
wall height between 5-15 m and a reservoir volumeagr than three million I WCD,
2000), are very different from the usual otter nine habitats and we need to understand the
influence of these “man-made” habitats on otterytaions to be able to act on its protection.
This context is especially relevant in Mediterranaaeas or other similar regions, where water
policy is largely based on such infrastructures] atreams suffer several other pressures
(climatic and human). A reduction in dam buildirastoccurred in North America and Europe
in the last years, due to the facts that most ef tdchnically appealing places for dam
implementation having already been occupied, amdeths now a greater concern for the
environment. Nevertheless, dam building, especlalige dams still continued in the last years
in several countries (e.g. in Mediterranean coasttike Portugal or Spain, or in developing
Asian countries like India or China). As a consauee, case studies of otters and large dams
appeared and, in the near future and with the ingrisf environmental concerns, more studies
are expected to occur, most of them linked withimipation and compensation environmental
measures regarding dam implementation. The cuseemario of climate change in Europe

affects the riverine systems in the Mediterraneagions, mostly by extending the drought
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period. This is relevant, since increasing demamtirmanagement of water can influence otter
distribution and affect long-term viability (Barkeost al, 2003).

Portugal, located in Western Mediterranean Eurbps,always been one of the strongholds of
otter in Europe, considered to be one of the miadle and widespread populations in Europe.
Nation-wide surveys conducted in 1995 and 1998eatbarse grid resolution of 10x10 km, as
advised by the OSG, resulted in a broad otter paesecross all of the country with the
exception of the two main cities (Lisbon and Oppries a result, otters were downgraded in
Portugal from “Insufficiently Known” to “Least Coeen” (Cabral et al., 2005), a result that

contrasts with its European status - “Near Thresd&pategory (IUCN, 2006).

The objective of this paper is to propose adjustsdn the OSG standard otter survey
methodology, to focus on otter presence in damsclwhan be applied specifically in the
Mediterranean region or Mediterranean-type ecosystecharacterized by a highly marked
seasonal climate with intermittent river flow. Wallwdentify concerns of applying the OSG
standard methodology to dam surveys and use therierpe gained in studies conducted in

Portugal to address these adjustments.

Otters in dams

Few studies have addressed the use of dams byg.dtlest of these complement the use of
spraints with other methods, either because theoasitwere able to capture and radio-track
otters (Somers and Nel, 2004), or because theydcaaltch the individuals (Annop and
Hussain, 2004; 2005; Rosas et al., 2007). SometsNah (2004) caught seven Cape clawless
otters Aonyx capensisn wire-cage traps in two rivers of South Africadaall included the
Clanwilliam and Bulshoek dams in their home range®op and Hussain (2004, 2005) in a
study on smooth-coated otteksitra perspicillata along the Periyar Dam (India) detected
resting and foraging activities in that reservdiney used both otter signs and direct
observations of the species because smooth-co#ttad are social carnivores that forage in
groups and use communal sites for defecation (Huys$896; Hussain and Choudhury, 1997).
Rosas et al(2007) collected data on the occurrence and halsia of giant otterBteronura
brasiliensisin the Balbina hydroelectric lake in central Amaizo(Brazil), using motor boats to
observe the otters.

Regarding Eurasian otters, studies involving lesyistems are mostly on diet analysis on the
basis of spraints (Gourvelou et al., 2000; Rho@664, Sales-Luis et al., 2007), and those that
address habitat use mainly use snow-tracking (feanty studies - e.g. Erlinge 1967, 1968; to
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other more recent: e.g Rimov reservoir, Czech RigpatRhodes, 2004; central Finland lakes -
Sulkava, 2006). Georgiev and Stoycheva (2006) stuey of otter in the Rhodopes Mountain
(Bulgaria) that included two large dams, used habking in mud and wet soil and spraints.
However, neither snow-tracking nor telemetry camrasily applied in Mediterranean countries,
such as Portugal, since captures are difficultti@aarly since the prohibition of use of leg-

hold-traps — EEC 1991 - Council Regulation No 32%#/and there are very few areas with
snow due to the average high temperatures. Furtrermtudies relying on direct observations

are difficult to implement.

Research on the importance of lentic systems inett@dogy of Eurasian otters in Portugal
started in 1996 and is still ongoing. In this coynthe authors showed that Eurasian otters use
the reservoirs of large dams (Santos et 2007; Pedroso et .al2007) and feed in them
(Pedroso and Santos-Reis, 2006; Sales-Luis eR@D7). Reservoirs seem to constitute an
“attraction point” for otters particularly in drobg periods when rivers and streams dry up
(Prenda et al., 2001; Pedroso and Santos-Reis).2006

During these studies, that were sign survey-basedthe methodological difficulties were
encountered and adaptations were implemented. ©fl8h studied large dams, one is the
Aguieira Dam, located in central Portugal, on thddie section of the River Mondego, which
has a permanent water flow. The other 12 damslalecated in the South of Portugal, along
the Guadiana and Sado river basins, that suffér Wweger level variation as in dry seasons most
of the tributaries dry up (Table Ill.1.1) (for fdr dam characterization and information see
Pedroso and Santos-Reis, 2006; Pedroso et al.; 3a0&5-Luis et al., 2007).
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Table 111.1.1- Characteristics of surveyed damBantugal.

Dam Alvito Odivelas P. Altar M. Rocha F.Cerne  Camjlhas Aguieira
area (ha) 1480 973 876 1100 105 333 2000
wall (m) 49 55 63 55 18 35 89

perimeter (km) 90 296 58 639 85 397 82594 19 960 32979 39 310

Dam Roxo V. Gaio Caia Lucefecit Vigia M. Novo
area (ha) 1378 550 1970 169 262 277
wall (m) 49 51 52 23 30 30

perimeter (km) 95 829 41 215 107 457 19 001 20 000 24 000

Parameters of concern

Usually standard OSG method is applied to lotictesys, however there are obvious
differences when we are dealing with large lengistems (large reservoirs). From our studies
we can point out several specific parameters ofléhéc systems that can influence spraint
detectability and otter marking behaviour, and #thdlerefore be taken in consideration when

surveying this type of habitats.

1 — Water level variation

All of the reservoirs have fluctuation of the wakevel that result in a bank flooding area with
scarce riparian vegetation. This fluctuation mayréeid and frequent, when we are dealing
with dams used for electricity production, and waé®el may change very quickly over some
meters in few days (e.g. dams of North and Cerft€ootugal, like the Aguieira Dam), or be
slower, occurring over several weeks or monthsjnasams used for irrigation or water
consumption (e.g. dams of South of Portugal, like 12 studied dams in the Sado and
Guadiana basinsyVhen reservoirs fill up to maximum or near maximeapability, the bank is
flooded up to the vegetation line. This happenseesgfly during wet seasons when the
reservoirs fill up due to rainfall, and maintaire thvater level high, if possible up to the end of
spring acting as a water reserve for irrigation @utblic consumption during summer and
autumn. In the Aguieira Dam study (Pedroso et28lQ7), the water level was very high from
March to July, sometimes submerging all the baokding area and thereby reducing spraint
detectability. In this study, the decrease in numbef signs in some of the months was

associated with high water level in the reservoir.

To avoid loss of information, particularly in theet months when water was at its lower level,

surveys in all of the 13 dams were extended to ¢h@re bank flooding area, easily
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recognisable by the absence of vegetation due terwavel variation. Signs found were
distributed throughout the entire width of the bdldoding area, although around 80% were
concentrated in the first five meters from the watdge. (Pedroso et.aR007; Pedroso,
unpublished data). Similar results were found bydm and Hussain (2004), in a study with
smooth-coated otterg (ftra perspicillatg in the Periyar Lake Dam (Kerala, India), who fdun
that if otters are present in an area their sigagewnost likely to be encountered within the 10
m perpendicular to the shoreline, and these autis®d surveys of 250x10 m along the water’s
edge.

2 — Rainfall

Rainfall influences spraints durability in the &elOtter surveys should not be carried out
during periods when there is heavy rain since ity lead to a decline in the proportion of
positive sites (Chanin, 2003). In reservoirs, béo&ding areas usually lack riparian vegetation
and frequently have steep margins. These prometevétshing out of spraints when subjected
to rain. In the Aguieira Dam study, the decrease@umber of signs between months (up to
260%) was associated with heavy rain, mainly froovéinber to January (Pedroso et al.,
2007).

3 — Presence of marking sites

Most signs found in the studied reservoirs comprispraints — 90.2%; 3.3% were prey
remains, 3.0% were scent marks and 1.7% were fotdfiracks. The marking sites were
consistent with those described for the specietatisd or small groups of rocks (55.0%), large
rocky boulders (17.0%), soil surface (14.3%) angsibranches/tree roots (8.0%); vegetation
and small sand hills (<5.0% each) were also use(& I11.1.1).

Figure Il.1.1 - Otter marking sites at Monte Ndvam, South Portugal.
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Several papers state the use of these substratesmason marking places for otter (e.g.
Georgiev 2007, in a study in South-East Bulgar& thcluded two small artificial lakes — 2.7
ha and 4.7 ha - refer that stones were the modtadaubstrate).

Spraints at a specific marking site (e.g conspisumck) were a common feature of most
surveyed sites. This site fidelity hytra lutra was already reported by several authors (e.g.
Kruuk et al., 1986; Mason and Macdonald, 1986).ukr(2006) also states that spraints are left
on prominent aspects of landscape (e.g. rocks) kbgs may be permanent spraint sites. This
author reports that, in the Shetlands, the sanandgprg sites are often used for many years. A
similar observation was made by Anoop and Huss2004) in the Periyar Lake Dam where

grooming and sprainting sites were regularly visiby smooth-coated otters. In our studied
dams the number of spraints found was correlatéd tve number of marking sites (Pedroso et
al., 2007; Basto et al., in prep.), which is a relattmmon in streams also (Sales-Luis et al.,
2007). Relations between marking intensity andratge in certain survey sites must take this

in consideration.

4 - Bank side characteristics

One aspect that may influence spraint detectahdgitpank steepness. Although no statistical
significance was detected in the studied dams,rgndanks with greater steepness had fewer
signs than those less steep. Less steep stretawes éh wider surface of bank flooding,
corresponding to a larger potential marking areanonths of low water level and, when
flooded, a better chance of prey capture (e.g. Kr@006). To what extent otters use the
deeper water in the studied reservoirs it is sti€lear but it is likely that the otter is mainly
using the shoreline of the reservoir, restrictitgydctivity, especially foraging, to the littoral
zones. This is supported by the fact that the rpasy consumed in the reservoirs studied are
present mainly around the shoreline (Sales-Lué.e2007) (Figure I11.1.2).
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Figure 1l1.1.2 - Reservoir of Aguieira Dam, centRadrtugal.

Other literature also addresses this aspect. AnadHussain (2004) found that smooth-coated
otters in the Periyar Lake Dam were confined tostalower and narrower regions of the lake,
where the bank was gradually sloping mud, avoidiegper parts of the lake, with steeper
rocky banks. The preferred areas for otters irPthieyar Lake were characterized by a slope of
<5 and low water depth that extended over a few mmetaad offered excellent foraging
ground. Duplaix (1980) in Surinam made a similaseation, with giant otterBteronura
brasiliensispreferring low sloping banks with good cover andyeaccess to abundant prey. In
the Shetlands, Kruuk (1995) also made similar olsgems for the eurasian otter. For
example, otters foraged mainly in water usuallys léd®en 8 meters deep, with short dives.
Georgiev and Stoycheva (2006) also did not foundesce of otter in the deep margins of two

large reservoirs, and only in the areas closedaitier inflow.

Riparian vegetation, which plays an important foleotters in river tributaries (Macdonald and
Mason, 1982; Bas et al., 1984; Lunnon and Reyndl@81]), is expected to be also important in
lentic systems. Kruuk and Goudswaard (1990), whitestigating the reasons for the declining
number of otters in Lake Victoria (Tanzania), désel the virtual absence of otters from a
section of the lake where the bank-side vegetatias poor. Anoop and Hussain (2004) made
similar observations in Periyar Lake and suggeat tlegetation cover on the bank may be
important to otters throughout their distributiange. Results of the 12 dams in the South of
Portugal confirm the importance of this resource,vagetation availability was positively
correlated with the number of spraints found. Swas expected that positive sites for otter
presence would mostly be found in areas with gamaic However, in the Aguieira Dam, the
number of otter signs was negatively correlatedoteer (Pedroso et al., 2007). This, however,

may have been a consequence of the fact that seeveer of the dam was full for several
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months of the year, diminishing the bank floodimgaa the flooding area available for survey
was most of the times small or absent and thersegato it was difficult to survey since it was
occupied by dense vegetation. Also, Kruuk (2008)est that radio-tracked otters in Shetland
did not show preference for particular vegetatiod pust happen to spraint near trees or shrubs.

5 — Survey length and width

In the Aguieira Dam, 16 sites (six 600 m and tefl @0transects) were surveyed monthly for
one year (Pedroso et al., 2007). All 600 m trarssexgre visited by otters in the 12 months of
the survey, with the exception of one where noraiigns were found on one survey. Similarly,
all the shorter transects (200 m) were visited Iiere and the visiting rate (number of
occasions a given transect was found positive fter goresence over the total number of
surveys of that transect) varied from 0.42 to 0WBh 4 showing values above 0.75. In the
other 12 dams, which were surveyed only once (dustntmmer), a series of 200m transects
were regularly spaced along the water edge (PedandoSantos-Reis, 2006). Whenever no
otter signs were found, the transect was extermlé@m but this was necessary just in 16% of
the occasions. This result suggests that 200mecémsnay be suitable for heavily marked
dams (like the ones in dry regions during dry segsoAlthough, Anoop and Hussain (2004)
used 94 survey sites of 250m and only 69% weretipesior otters, indicating that in less

marked dams 200m might not be enough.

6 - Location of surveys

As in streams, location of surveys in reservoirsmportant for spraint detectability. When
present in a reservoir, otters may not use theesngiservoir so we have to bear this in mind
when choosing survey sites. In each of the 12 ged/ieeservoirs in southern Portugal, a set of
survey sites was implemented around the entirenateir and 14.5% of these proved negative
for otter presence (Pedroso and Santos-Reis, 2006)criterion for selection of survey sites
was that these should be approximately 5 km apadording to Erlinge (1967) most home
ranges of Eurasian otter family groups that inctllddes within their boundaries were found to
extend over distances greater than 5 km, and tbosévers were larger. However, this data
concerns the snow tracking method and a northerropgan country (Sweden). For
Mediterranean streams, Saavedra (2002) found a wfeamound 30 km of average total range
and around 6 km of core area, (Catalonian RegiBpain) and Jiménez et al. (1998) found

home ranges of around 30 km for males and 20 knfefoales (Castellon and Teruel - Spain).
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Therefore, the chance of a home range lying eptibetween two survey points is low thus

minimizing false negatives.

Also, proximity to tributaries seems to be impottaspecially in reservoirs in the drier regions
of southern Portugal. Here confluences of tribe&in reservoirs were heavily marked (Sales-
Luis et al., 2007). The otters seemed to dividér ttime and movements between the dam,
which provided nourishment, and the associatedttiies, which provided shelter (Sales-Luis
et al., 2007; Pedroso et al., 2007; Pedroso, uighda data). Georgiev (2009), in a study with
eurasian otters in Southern Bulgaria, also adddeske question of where to place the
monitoring zones, although this was in relatiorshoall dams. In that study, the author stated
that most of otter spraints were found in the aadase to the river inflow, followed by those
near the wall of the dam. Anoop and Hussain (2@08H found that smooth-coated otters in the
Periyar Lake Dam were usually found at the mouthsneall streams that join the lake. The
number of streams joining the lake, which influendbe congregation of fish and the
vegetation density, was interpreted to be the nmogortant factor in determining habitat

selection by otters around the Periyar Lake.

One last aspect of survey location is the wallha dam. All of the studied dam walls that
allowed otter passage from and to the downstredbputary (small wall steepness, short
distance from the wall to the downstream river)everarked in the surroundings, most of them
on and around the wall itself and on small dirtgstdan tracks leading from the wall to the
reservoir and the tributary (Figure 111.1.3). Geierg(2009) found that after the areas close to
the river inflow, it was in the areas near the wadlthe dam where most of otter spraints were

found (although it must be repeated that this stodi place in small dams).

Figure 111.1.3 - Location of otter spraints founcband Alvito Dam wall: 4 — otter spraint; 1 -
downstream; 2 — wall road; 3 — upstream.
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7 — Human disturbance

Human disturbance influences otter presence inrgewgays and may even limit otter
populations (e.g. Beja, 1992; Robitaille and Laoegr2002; Kruuk, 2006). That being so, one
would expect marking behaviour and the correspandimount of otter signs detected would
also be influenced by human disturbance (i.e. fighand aquatic sports). However, in the
studied dams, no such relation was found. This ip@ybecause during most of the year
disturbance in reservoirs is quite low, except miyisummer time when sporting and camping
activities take place, or because there is a cedegree of adaptation to human presence and
encounters are avoided with the usual secretivex bthaviour (nocturnal and discrete). This
tolerance to human presence was also observee iRdtiyar Lake, India (Anoop and Hussain,
2004, 2005).

Proposal for a methodological approach

Portugal and other Mediterranean countries haveery \istinct seasonality in water
availability, with an almost complete absence ofewdrom many streams in the dry season.
The favourable status of otter populations in Ryatumay lead otters to occupy, especially
during dry seasons, habitats which are suboptim#&tims of refuge but offer profitable prey
(Pedroso et al., 2004; Pedroso et al., 2007; Saleset al., 2007). Pressure for dam building
and water management issues relating to it are nmemse in drier regions, hence the
necessity for studies on ecological communities apecies protection, especially in
Environmental Impact Assessments. The followinghmodoblogical proposal, although clearly

directed at dry regions, can also apply to regieitis different characteristics and otter status.

The suggested methodological approach to survesr gitesence in dams is based on the
standard survey methodology (OSG), which surveys rG0of riverbank for evidence of otter
presence. Transects should be located along tHedsahe reservoir (one bank instead of two

as in streams). Further adjustments relate to:

Surveying season

Consideration of season is important in rivers witiermittent water regimes. As the effect of
water level and rain can mask the influence of otlaiables in otter sprainting activity, it is

important to survey in months that minimize theSeats. In Mediterranean countries that may
principally be in the summer and autumn. When pariiog single surveys these should not be

implemented during the days after heavy rain ohmigter level (according to Chanin, 2003,
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there should be a period of at least five daysauthrain before surveying). Also, when dealing
with sprainting, one should take into account seakwariations in otter sprainting behaviour,
which maybe up to tenfold between seasons (e.qukr2006). So, annual monitoring schemes
should be conducted each year in the same seasdiminish otter sprainting behavioural

differences.

Survey length and width

Similarly to river surveys, 600 m transects areeasonable compromise for otter regular
monitoring, either only to detect otter presencedaise or for more in depth comparative
studies. The survey should be concentrated in ithe five metres from shore of the entire

width of the bank flooding area. Neverthelessnianitoring otter presence/absence in dams in
dry regions, 200 m transects are adequate as thisiises survey time and thus the number of
sites to be surveyed per day. However, this suleegth should only be used when more than
one site is to be surveyed in the same reservtigratively, surveys may be planned to begin
with 200m transects, moving up to a maximum of @@ansects in case no otter signs are

found. Similarly to river surveys, this has theesetfof avoiding false negatives.

Number of survey sites

To make it possible to say that otters are presemtl of a reservoir, a series of regularly

spaced survey sites, approximately 5 km apart,|dizei established. This degree of surveying
in depth would give an insight into the otter’s cfie habitat use, such as whether they are
present at the point where tributaries run intorservoir, or if they use the overall perimeter

of the reservoir.

Location of the survey sites

When performing presence/absence surveys, andoWiry otter presence in the entire
reservoir is unimportant, the most crucial aspecthoosing the right sites for surveying.
Suitable sites are usually selected by ease okacc®ur data suggest that surveys located in
the main inflow of the tributaries into the resarv@®edroso, unpublished data; Sales-Luis et
al., 2007) are ideal places to survey. Howevanust be considered that this is not necessarily
representative of otter use in the totality of theervoir perimeter, particularly when dealing

with large reservoirs. To improve the probabiliti foxding otter signs, surveys should be
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located on gently sloping banks, with many suitgbi¢ential marking places, near shallow
water and beside or under any existing bridge. ddra wall itself can also be a good place to
consider surveying, providing the wall is not stesl is a short distance from the downstream
river, allowing otters to cross (Figure lIl.1.4urhermore, if surveys are replicated seasonally,
special attention must be given to traditionalratt@rking places in order to promote efficiency

in detecting spraints.
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Figure 111.1.4 - Location of otter survey sitesRoxo Dam, South Portugal.

Vegetation

Survey sites with good vegetation cover above taekbflooding areas may reveal a high
degree of marking behaviour and otter presence.edewy the same sites during high water
level may yield a very small surveying area duehi® fact that the water reaches the dense
vegetation (Pedroso et al., 2007). If surveys ardd repeated in time, looking for good
marking substrates above the flooding area (if wbgetation allows it) is advisable before

choosing survey sites.
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Type of dam

The function of the dam is an important aspect;esih implies different water management
policies. Hydroelectric dams have larger and fasiéfts in water level, while agriculture/water
reserve dams do not suffer sudden fluctuations.ewdischarge downstream is also very
different, and surveys in tributaries below hydem#lic dam may be compromised by the
sudden water discharge that occurs for electrigiyduction. Field surveys should therefore
take place in the shortest time frame, in ordeguarantee comparable conditions. The same
applies to comparisons of presence/absence sumedifferent years, such as in nation-wide

surveys.

Concluding remarks

The above suggestions may assist in a more effidiesign of methodology for assessing otter
presence/absence, and they contain some adjustnfentsapplying standard survey
methodology to large dams for Mediterranean or Merhnean-type ecosystems which are
characterized by highly marked seasonal climateh vitermittent water flow. Generally
Environmental Impact Assessment Studies are limigdooth budget and time, and field
researchers and biologists are forced to applyciefft and cheap methodologies. Good
distribution data on otters is a first step to asdbe effects of dam construction. The Eurasian
otter is a target species under the Habitat Dwectiequiring regular monitoring. Surveys in
reservoirs, particularly when combined with survegsassociated tributaries, will help to
understand the impact of dam building on otter patmns. Further understanding of marking
behaviour for making inferences on habitat use @mé spent by otters in these man-made
habitats must take into consideration not only titdrs often use certain areas without leaving
any detectable signs, but that there is also wamiah the marking behaviour of otters of
different age, gender and reproductive status.d®edisy and prey availability may also bring
variation to marking behaviour and should be tak®o account. Radio-tracking data or
molecular spraint analysis of otters in dams wdbketrefore complement these data, giving a
better understanding of how the otters use dams paper gives researchers some basic
guidelines in preparing dam surveys, to allow neffective surveys to be conducted, whether
surveying simply for otter presence, for regulamitmring or for improving the collecting of

fresh spraints for molecular spraint analysis.
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ABSTRACT

Large dams have been described as negatively ntflog the distribution of Eurasian otters

(Lutra lutra) and suggested as a contributing factor for thst piecline of the species in

Europe. However, growing evidence suggest thatsotise large water reservoirs but available
data are still limited. Otter presence was docustrand studied use of food resources in
twelve reservoirs and adjoining streams in Portu@#kr use was inferred from signs, and diet
studied through spraint analyses and prey avaifabResults indicated that otters used both
reservoirs and streams, but intensity of use diffeseasonally. Conspicuous marking site
availability, number of nearby streams/rivers flog/ito and from the reservoir, bank shape, and
vegetation cover influenced otter presence andiskeeof reservoirs. The fish community in the

reservoirs was strongly dominated by non-nativeiggeand represented the bulk of otter diet.
Established reservoirs with abundant fish poputetiare a complementary habitat for otters,
whose primary habitats are natural streams. Reshlisved that reservoirs are a suboptimal
habitat when compared to streams but do not catesit setback to otter conservation in areas
of the Mediterranean where otter populations thrike in Southern Portugal. However, the

destruction of streams and rivers by the constractf large dams should be a matter of

concern especially in areas of otter populatiogilitg and/or instability.

Keywords: dams, Lutra lutra, diet, Mediterranean, seastnaiireams

Introduction

Foster-Turley et al1990) and Ruiz-Olmo (2001) have argued that thesiphl characteristics
of dams including the barrier represented by then deall and the ecological constrains
imposed by the length and depth of the water resgriaave influenced the distribution of
Eurasian ottersL{tra lutra Linnaeus, 1758) negatively. Further, it is suggestet through
habitat loss and destruction, river alteration, drajmentation of otter populations (e.g.
Macdonald and Mason, 1994; Santos et al., 2008k dave been a contributing factor in past
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declines of otters in Europe. Optimal habitats dtters include dense bankside vegetation
cover, with potential shelters providing refuge &meeding dens, prey abundance and easy-to-
find and use foraging grounds (e.g., Macdonald lagon, 1982; Ruiz-Olmo et al., 2005).
These features are usually absent in reservoirsenthectuating water level impede vegetation
growth in the margins. In large and deep reseryoiten with steep shorelines, otter foraging
is difficult (e.g., Kruuk, 2006). In large dams sleenegative aspects are even more pronounced.
As a result, dams presumably provide sub-optimabitmns for otters (e.g., Macdonald and
Mason, 1982; Prenda and Granado-Loréncio, 199%)logical and conservation concerns are
especially relevant in Mediterranean areas, orraoding regions, where water management is
largely based on reservoirs. This is the case eflilerian Peninsula where dam building,
especially large dams, is still ongoing. Portuged 68 large dams (wall heightl5 m or wall
height between 5-15 m and a reservoir volum® 000 000 iy WCD 2000) with at least 8
more scheduled for construction in the forthcomyegrs. However, growing evidence exists
that reservoirs are used by Eurasian otters in fdednean regions, but these studies are
limited (Prenda et al2001; Pedroso and Santos-Reis, 2006; Santos, &08i8). Given this
context, important questions addressed in thisystud: i) Is the use of reservoirs by otters
related to particular ecological variables or resgrfeatures that facilitate its use?; ii) Are pre
resources the key driver for otter use of the xe8es? iii) Can large reservoirs be suitable

habitat elements for otters?

Material and methods

Study area

The study was conducted in 12 large dams and adgpstreams included in two of the most
important river basins in Portugal - Sado and Garali located in the Alentejo region (South
Portugal - Figure IV.1.1). All dams were built forigation and water reserve purposes and

their main features are indicated in Table IV.1.1.

The Alentejo region is characterized by vast plaamsl a relatively uniform dry climate
although, due to the sea influence, aridity inoesasowards the southeast, with higher
temperatures and lower air humidity. Annual preeippn ranges from 800mm to less than
500mm. The landscape, typically Mediterraneanheracterized mainly by large cereal fields
and oak woods, with cork oakgercus subgrdominating in the west and holm oaBuercus

rotundifolia) in the east. The dry season is pronounced arnddes four to five months with
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low to no precipitation, and high temperatures ltesy in droughts. Droughts are seasonally
predictable events in Mediterranean streams, oogueach year in summer-early fall (June to
September/October), but varying markedly in intgnamong years (Gasith and Resh, 1999).
Occasionally dry seasons are extremely dry asudt reésthe duration and extension of drought

in streams. The wet season is from late Octobehier to May.

/ river basin

\:| Guadiana

Figure IV.1.1 — Surveyed Large Dams in the Alentegion (Southern Portugal).

Table 1V.1.1 — Features of surveyed Large Damsuntigrn Portugal.

Dam Basin River/ End of Vqur3ne Wall  Perimeter
Stream construction (hm?>) (m) (km)
Alvito Sado Odivelas 1977 132 49 90
Monte da Rocha Sado Sado 1972 105 55 83
Odivelas Sado Odivelas 1972 96 55 59
Roxo Sado Roxo 1967 96 49 96
Pego do Altar Sado Santa Catarina 1949 94 63 85
Vale do Gaio Sado Xarrama 1949 63 51 41
Campilhas Sado Campilhas 1954 27 35 33
Fonte Cerne Sado Vale Diogo 1976 5 18 20
Caia Guadiana Caia 1967 203 52 107
Vigia Guadiana  Vale do Vasco 1981 17 30 20
Monte Novo Guadiana Degebe 1982 15 30 24
Lucefécit Guadiana Lucefécit 1982 10 23 19
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Otter use of reservoir and adjoining streams

Three surveys were conducted in each dam, covdiffegent climatic conditions: dry season

(September 2002), extreme dry season (Septemb&j) 28d wet season (May 2006). In 2002,
dry season mean precipitation (21.48mm) and tenyrerg21.3°C) was as expected for this
season and region, but in 2005 the dry season edaektreme values (2.4mm of mean
precipitation and 22.5°C mean temperature) whiclted in an unusual low or completely

absent water flow in some of the streams. In th@62@et season mean precipitation was
45.93mm and mean temperature 14.2°C. Climatic tondiduring the three sampling periods

thus represented contrasting climatic and ecolbgmaditions.

Otter presence/absenees assessed by otter sign surveys (spraints, s@eks, prey remains,
and footprints) using 200 m transects spaced appedgly 5 km apart around all the reservoir
perimeter of each dam and one per stream in dhefstreams/rivers flowing to and from the
reservoir of each dam. If otter signs were not tbimthe first 200 m, the survey was extended
to a maximum of 600 m (Reuther et al., 2000). O\et82 sites (76 along the reservoirs and
26 along the streams) were surveyed per field campaarking intensity (number of
signs/km) was used as a surrogate of intensitysefand an indication of resources defence
(sites with more spraints may indicate the sitemiportant to the otter in terms of the habitat
and/or resources) (e.g., Kruuk, 2006, Sulkava, 2086ter et al., 2008). Since strong
seasonality in sprainting behaviour has been pusiyodescribed (e.g., Kruuk and Conroy,
1987; Mason and Macdonald, 1987; Kruuk, 2006) eriees from marking intensity were
therefore used only as a complement to otter poegabsence and no deduction on otter
density or time spent in a section of reservoirriger were made. Marking intensity was
applied only to reservoirs since direct comparigorstreams is not advised due to different
detectability factors in each environment. As doréto a better understanding of true intensity
of use of reservoirs, ottedaily visiting rateswere studied in two dams and adjoining
tributaries: Pego do Altar Dam (September 2007) Mwhte Novo Dam (March 2008).
Visiting rate (VR) is a measure of the frequencyhwivhich animals visit specific locations
(Gruber et al., 2008). VRas defined as:

number of positive surveys for otter presence

total number of surveys*

*600m surveys for 7 consecutive days to identifsfr spraints from the previous night
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Diet and prey availability

To assess otter diet, spraints were collected iy (dad of wet season) and September (end of
dry season) 2006 in five dams (Alvito, Pego do Alt4gia, Vale do Gaio, and Monte Novo)
and adjoining streams; in each system we selebte@ survey sites in the dam reservoir and
two in the adjoining streams. Otter diet resultespnted for total reservoirs and streams, based
on prey remains found in all spraints collectedrenexpressed as percentage of occurrence:

total number of individuals of prey item A consumed

PO X 100

(item A):

total number of individuals consumed

For further details in spraint and diet analysighnds see Pedroso and Santos-Reis (2006).
Concurrently, abundance of the most common ottay pffish and American crayfish
Procambarus clark)i was assessed both in the reservoirs and streamghe 5
reservoirs/streams systems, also in May and Sepgte2®06. At each dam survey site, and
because otters prefer shallow waters for foragkmigk, 2006), a sequence of two fyke-nets
were placed near and parallel to shore for fisituwap combined with three carboys, adapted
and baited for capturing. clarkii; both sets were left overnight. In the stream spsites,
prey species availability (fish arRel clarkii) was assessed by electro-fishing in 50 m stretches
for 30 minutes (see Sales-Luis et al., 2007 foth&mr details on methods). The chosen
watercourses were streams (or rivers) of the higpessible river order to assure water and
prey communities in all seasons (Filipe et al.,208ll prey captured were identified, counted,
weighed, measured, and then released into the wata was converted into number of
individuals of each species per capture effort.

Statistical analysis

Chi-square tests were used to evaluate significaricebserved differences between otter
presence/absence and marking intensity in sampdegsons. Variables influencing the
presence of otters in reservoirs were describatjugeneralised linear models with a binomial
error distribution and a logit link function, aftegsting spatial autocorrelation using Moran'’s
Index. Ecological and reservoir related variablesenselected for analysis according to their
expected relevance for otter ecology (Pedroso.eP@07; Basto et al., 2011) and measured or
estimated and categorised at each survey site gsiagtitative scores (Table IV.1.2). Because
otters are more attracted to reservoirs duringdiyeseason, (e.g., Pedroso and Santos-Reis,
2006), only data from wet season was used in theéefedn order to better understand what

features may influence otter presence in reservexduding the influence of season.
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Table IV.1.2 — Variables used to describe otteis@nee in reservoirs of Southern Portugal

Large Dams.
Acronyms Variable description Data categories or uits Source
Prey
- . 0 —absentor 1-5ind.,, 1 -6-20 _.
AMPHIBIAN Amphibian observations ind., 2 — 21-40 ind., 3 — > 40 ind. Field work
American crayfish 0 —absentor 1-5ind.,, 1 -6-20 _.
CRAYFISH observations ind., 2 —21-40ind., 3—> 40 ind. Field work
. . 0-absentor1-5ind., 1 -6-20 _.
FISH Fish observations ind., 2 — 21-40 ind., 3 — > 40 ind. Field work
PREY (TOTAL) Amphlblar!s + crayfish + 0 —absent/1 - scarce/2— Field work
fish moderate / 3 — dense
Refuge
Refuges availability
(above bank flooding _ _ _
REFUGES_ABFA area): presence of large 0 — absent/ 1 scarce / 2 . Field work
moderate / 3 — high / 4 — very high
rocks, logs and other type
of refuge structures
Refuges availability
(bank flooding area) — _ _ _
REFUGES_BFA presence of large rocks, 0 —absent/ 1 - scarce / 2 Field work

VEGETATION_ABFA

VEGETATION_BFA

logs and other type of
refuge structures

Vegetation availability
(above bank flooding
area)

Vegetation availability
(bank flooding area)
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moderate / 3 — high / 4 — very high

1 — absent or offering no suitable
cover for otters, 2 — present in
patches, offering scarce cover for
otters, 3 — present in large patchesrField work
offering suitable cover for otters, 4
- continuous dense vegetation,
providing excellent cover for otters

1 — absent or offering no suitable
cover for otters, 2 — present in
small patches, offering scarce
cover for otters, 3 — present in
large patches offering suitable
cover for otters, 4 - continuous

dense vegetation, providing
excellent cover for otters

Field work
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Acronyms Variable description Data categories or uits Source
1-absent or present but offering no
suitable cover for otters, 2—present
in small patches, offering some
REFUGES TOTAL Rgfuggs/vegetatlon cover for otters, 3—present in large Field work
- availability (total area) patches offering suitable cover for
otters, 4-continuous dense
vegetation, providing excellent
cover for otters
Reservoir
BF_AREA Bank flooding area Meters Field work

B_STEEPNESS Bank steepness

DEEPNESS Water deepness
MARK SITES Potential marking sites
— (e.g. stones, tree roots)
PERIMETER Perimeter of each
reservoir
Nearby streams/rivers
PN_STREAMS flowing to and from the
reservoir
SUBSTRACTE Type of substract (from
mud to rock)
TYPOLOGY Bank typology

Water quality (High
quality corresponding to
low eutrophication)

WATER_QUALITY

Distance to nearest

WIDTH opposite bank

1 - flat/ 2 —slightly steep /3 —
moderately steep / 4 — steep / 5 — Field work

very steep
Meters Field work
and maps
0 —absent/1—scarce/2— Field work
moderate / 3 — abundant
square meters Maps
presence/absence Field work

1- mud/2-sand-dirt/ 3 — mix/

4 — mostly boulders and rocks / 5 —Field work

very rocky

1 - deepvalley/ 2 —bay/3 -

exposed bank / 4 — peninsula Field work
0 —very poor/1—poor/2—  _
moderate / 3 — high Field work
1-0-150m/2-150-300m /3 —
300-450m / 4 — 450-600m /5 - > Maps

600m

Disturbance

Presence of cattle

CATTLE settlements

HUMAN_IMPACT Human activities

0 — absent/ 1 — few/ 2 — moderate_.
Field work
/ 3 —many

1 - none/ 2 - few/ 3 — moderate Field work

4 — many and maps
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In the modelling procedure each pair of variablesenfirst tested for independence and were
considered strongly correlated when rs > 0.7; bi@sg the case only the one with a higher
correlation with the dependent variable was usedéi@rward. In total, 128 a priori models of
otter presence in reservoirs were generated adoguiotr one of the following combination of
variables: 1) otter ecological requirements (prag aefuge related); 2) reservoir (including
disturbance) related variables; and 3) a combinaiidooth. The Akaike Information Criterion
(AIC) was used to rank the models according tortbapacity to parsimoniously describe the
data and top models were selected using the eritdrdelta AIC < 2. Model inference was
obtained using the Multi-Model Inference packagenrR software as well as the Relative
Variable Importance procedure for predictor vaeahlBurnham and Anderson, 2002). Jacobs’
index of preferencel)) (Jacobs, 1974) was used to illustrate the degfrpeeference shown by
otters for prey categories and Studentessts were used to assess differences betweanete
value ofD obtained for each prey category @0 (no preference). Chi-square tests were used

to compare consumption of prey categories.

Statistical calculations were performed using Rveafe (version 2.10.1), SP8Sersion 19.0

for Windows®, and Microsoft Office Excef 2003 with a probability level af = 0.05.

Results

Otter Presence/Absence

The number of positive survey sites was always drighan the number of negative sites,
regardless of season, both in reservoirs and ssiedifference were always significant except
for the 2005 dry season survey in streamg = 0.1024, P = 0.749 where otter were absent in

almost half of the streams (Figure IV.1.2).
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| MW positive sites Onegative sites ‘

2006
wet season

2005
dry season

streams
2002
dry season

reservoirs

Figure IV.1.2 — Percentage of positive and negadiies for otter in reservoirs (reservoirs site =
76) and streams (stream sites = 26) in 2002, 20052806 survey seasons in 12 Southern
Portuguese large dams.

Marking intensity

Marking intensity in reservoirs was significantlygher during the 2005 dry season (51.8
signs/km in average) than in the other two sampdiccasions (22.5 signs/km during the 2002
dry season vs. 14.8 signs/km in 2006 wet seasgny @5.68; p < 0.005). No significant
difference was found between the 2002 dry seasdnlen2006 wet season.

Visiting rates

Otter daily visiting rates at the two reservoirgd astreams chosen are illustrated in Figure
IV.1.3.
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a’Susana Stregm

044)  (0.00) & km

Figure 1V.1.3 - Visiting Rates () and locationtbe survey sites in Pego do Altar (1-7) and b)
Monte Novo (8-15) systems.

In Pego do Altar Dam, from the seven survey statidine were visited by otters at least once
during the survey period. Visiting rate varied fr@®0 to 0.71 (five visits out of seven days).
The most regularly visited site (#2) was locatedhi@ reservoir but so were the two sites not
used by otters (#4 and #6). All three stream sitese visited by otters with 0.43, the highest
rate, found at site 1. The streams were not totaipybut had very low water levels, particularly
at site #7 that also showed a lower visiting raté4). In Monte Novo Dam, all survey stations
were visited by otters at least once and visitiag wvaried from 0.14 (one visit) to 0.86 (Six
visits out of the seven days). The Degebe Riveb)#a large and wide river holding an
abundant prey community and margins with good igmavegetation providing suitable refuge
for the otter, was the most regularly visited siitecontrast the Machede Stream, characterized
by a reduced water flow, even in wet season, amdpleey abundance and refuge availability
was the less visited site. Most of the Monte Naaservoir sites presented a low (0.29) visiting
rate (#10 to #13) and the two reservoir sites wWithhighest (0.43) visiting rate were located in
the vicinity of streams (#9 and #14).

Ecological and reservoir-related variables influenmg otter presence

No spatial autocorrelation was found for otter ddMaran’s | = -0.099, p = 0.40). From the top
12 models, seven include both ecological (preyrafage) and reservoir-related variables and

five only contained reservoir related variableshf€dV.1.3).
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Table IV.1.3 - Summary of the best models descghtter presence in reservoirs. AIC -
Akaike Information Criterion; wAIC - Akaike weightSee Table 1V.1.2 for a description of
the variables.

Models Model code Deviance AIC  wAIC

Reservoir variables

MARK_SITES + PN_STREAMS + TYPOLOGY 50 41.68 49.68 3RO
MARK_SITES 3 46.25 50.25 0.038
MARK_SITES + PERIMETER 15 44.48 50.48 0.031
MARK_SITES + PERIMETER + PN_STREAMS 45 42.19 50.19 0.03
MARK_SITES + PN_STREAMS 16 44.55 50.55 0.030

Combination of ecological and reservoir variables

MARK_SITES + PN_STREAMS + TYPOLOGY +

119 35.57 47.57 0.072
VEGETATION_BFA
MARK_SITES + PERIMETER + PN_STREAMS + TYPOLOGY

93 38.26 48.26 0.065
+ PREY + VEGETATION_BFA + WATER_QUALITY
MARK_SITES + PN_STREAMS + TYPOLOGY + PREY +

108 36.61 48.61 0.043
VEGETATION _BFA
MARK_SITES + PERIMETER + PN_STREAMS + TYPOLOGY

86 39.46 49.46 0.036
+ PREY
MARK_SITES + PERIMETER + TYPOLOGY + PREY +

B 125 34.38 48.38 0.036

VEGETATION_BFA + WATER_QUALITY
MARK_SITES + PERIMETER + PN_STREAMS + TYPOLOGY

117 37.31 49.31 0.030
+ VEGETATION_BFA
MARK_SITES + PN_STREAMS + VEGETATION_BFA +

92 40.00 50.00 0.027

WATER_QUALITY

The best model describing the presence of otteeservoirs explained 48% of deviance and
included marking sites availability, presence onby streams, bank typology and vegetation

cover in the bank flooding area (Table IV.1.4).

Table IV.1.4 — Variables included in the best mofdel otter presence in reservoirs with the
highest support (higher wAIC) for standardized paeter estimates. Variable codes as in Table
IvV.1.2.

Variables Estimate S.E. z P
Intercept -14.3175 5.2833 -2.710 0.00673**
MARK_SITES 2.9018 0.8980 3.232 0.00123**
PN_ STREAMS 3.2157 1.4231 2.260 0.02385*
WATER_QUALITY 1.6846 1.0916 1.543 0.12276
TYPOLOGY 1.2925 0.6827 1.893 0.05832
VEGETATION _BFA 0.6105 0.7152 0.854 0.39332
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The most important predictor is the availabilityrofrking sites, followed by the presence of
nearby streams. Table IV.1.5 describes the rartkeoRelative Importance of the Variables of

the top models.

Table IV.1.5 — Relative importance of variablesttoe top 12 models explaining otter presence
in reservoirs.

Variables Rank
MARK_SITES 1.00
PN_STREAMS 0.86
TYPOLOGY 0.67
VEGETATION _BFA 0.57
WATER_QUALITY 0.28

PERIMETER 0.27
PREY 0.16

Otter Diet

A total of 429 spraints (reservoirs: wet seasor®a=dry season n = 195; stream: wet season n

=69, dry season n = 71) were analysed.

Diet in reservoirs

Otter diet in the reservoirs consisted mostly shfandP. clarkii, but relative importance
varied with season (Figure 1V.1.4). Fish dominabér diet during dry season (58.1%6,=
3.84; P < 0.05). Eight fish species were eatemretisiominated the diet and were all non-native:
Lepomis gibbosugpumpkinseed sunfishGambusia holbrookieastern mosquitofish, and
Cyprinus carpiocommon carp (percentage of occurrence: PO > 10Hgtire 1V.1.5). The
number of prey fish species per reservoir rangeth ffour to six (0-2 native species and 3-4
non-native species). With the exception of crusiaseall other prey classes were of marginal
importance (< 2.0%). In the wet season, crustacaaddish had more similar PO (46.1% and
44.0% respectively) and although fish dominatethiee of the five studied reservoirs (Figure
IV.1.5), just four fish species (all non-native) reg@reyed in wet seasoh: gibbosug27.2%,

C. carpio,M. salmoidedargemouth bass ar@. holbrooki,all with PO<10.0% . Amphibians
and reptiles were consumed much less (6.3% and,3é8pectively) but still comparably

important. Insects and birds were occasionallyreate
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Figure IV.1.4 — Percentages of occurrence of pr&ggories in otter diet in Vigia, Monte
Novo, Vale do Gaio, Alvito, and Pego do Altar resérs in dry and wet season (Lgepomis
gibbosus Ms: Micropterus salmoidesCc: Cyprinus carpi¢p Gh: Gambusia holbrookiBb:
Barbus bocageiSa: Squalius alburnoidesPp: Pseudochondrostoma wilkomn@p: Cobitis
paludicg Cpuni — Unidentified Cyprinids; Ctuni — Unidemifl Centrarchids; Uni —
Unidentified fish).
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Diet in streams

During the dry season, fish prevailed in the ottiet (51.3%) although consumption was not
significantly different from that of crustacean$.@%, x> = 0.049; P = 0.82). All other prey
classes were of marginal importance (< 2.0%, Figurg.6). G. holbrookidominated the diet
(27.6%), followed by important contributions frolm gibbosusand C. carpio (PO > 8.0%).
These three non-native species were preyed irtrahre systems. The natiBarbus bocagei
Iberian barbel andnguilla anguillaell were consumed much less frequently (PO < 0.%%td
each in just one stream system (Figure I1V.1.6)elsely, during the wet season, crustaceans
were the most consumed prey (53.8%) although goifsiantly different from fish (40.4%>

= 1.90; P = 0.1674) in two of the five studied atres. Also, more fish species were preyed
during wet season (nine) then dry season (sixjdhseason amphibians had some importance

(3.8%) while reptiles and insects were occasioredlien (Figure 1V.1.5).
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Figure 1V.1.5 — Percentage of occurrence of praggmies in otter diet in adjacent streams of
Vigia, Monte Novo, Vale do Gaio, Alvito, and Pego Altar dams in dry and wet season (Lg:
Lepomis gibbosydvs: Micropterus salmoide<Cc: Cyprinus carpi¢ Gh: Gambusia holbrooki
Bb: Barbus bocageiBst/scl - Barbus steindachneri/sclaterBsp: Barbussp.; Aa: Anguilla
anguilla; Pp: Pseudochondrostoma wilkomnCp: Cobitis paludica Cpuni — Unidentified
Cyprinids; Ctuni — Unidentified Centrarchids; UnUnidentified fish).

76



IV.1. Can large reservoirs be suitable habitat elets:ifor otters? A multi-dam approach in a Medérean
region

Prey availability
Prey availability in reservoirs

BesidesP. clarkii, eight fish species were sampled in the reservditauremys leprosa
(Mediterranean turtle) andNatrix sp. (water snakes) were occasionally captured but not
considered in the analyses as the sampling mettiddot target these species. No significant
differences were found between the total prey gaptyboth individuals and biomass) in the
wet and dry seasons, nor between seasons for aesjespCaptures were more diverse in the
dry season (Table 1V.1.6).

Table IV.1.6 — Main otter prey captured by fykeshetnd carboy traps in the reservoirs
expressed as catch (number of individuals (Indd liomass (Biom.) (kg)) per unit effort (h)
per trap.

Prey categories Wet season Dry season
Ind. Biom. Ind. Biom.

Crustacean
Procambarus clarkii American crayfish 0.165 2.007 0.022 0.268
Fish
Cyprinus carpio common carp - - 0.060 11.453
Lepomis gibossus pumpkinseed sunfish 0.595 10.957 0.407 3.980
Squaliussp. chub 0.017 0.659 0.025 0.465
Micropterus salmoides largemouth bass 0.013 0.547 0.027 0.253
Pseudochondrostoma polylepis southern straight-mouth nase - - 0.003 0.245
Barbus bocagei north Barbel - - 0.005 0.153
Pseudochondrostoma willkomii  Iberian straight-mouth nase - - 0.014 0.030
Sander lucioperca pike-perch 0.002 0.265 - -
Total 0.792 14.434 0.563 16.847

The distribution of catch per reservoir was différdepending upon if individuals (with higher
values for wet season) or biomass (with higherealior dry season) were considered (Figure
IV.1.6).
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Figure 1V.1.6 - Distribution (minimum, first quaei median, third quartile, and maximum) of
main otter prey captured by fyke-nets and carbaggiin the five reservoirs expressed as catch
(left - number of individuals; right - biomass) penit effort (h) per trap in dry and wet season.

Prey availability in streams

BesidesP. clarkii, 14 fish species were sampled in the streams. Afgthaotal number of
individuals captured was higher during the dry eaasotal biomass capture was higher during
the wet season. Captures were similar in numbspeties per season (n = 12), but the ratio of
non-native/native species was different (wet seasO5; dry season = 0.53) favouring non-

native species in the dry season (Table IV.1.7).
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Table IV.1.7 — Otter prey captured in streams uglegtrofishing. Expressed as catch (number
of individuals and biomass (kg)) per unit effor}.(h

Prey categories Wet season Dry season
Ind. Biom. Ind. Biom.
Crustacean
Procambarus clarkii American crayfish 43.80* 359.16% 7.11 86.76
Fish
Cyprinus carpio common carp - - 23.78 1244.87
Barbus bocagei north Barbel 6.20 1163.24* 4.00 155.87
Cobitis paludica southern Iberian-mouth nase 6.00 461.49* 22.67* 35.97
Lepomis gibossus pumpkinseed sunfish 8.40 55.40 34.00*  418.48*
Anguilla anguilla eel 3.00 288.90* 2.67 52.18
Barbus steindachneri Steindachner barbel 0.40 199.70 - -
Gambusia holbrooki eastern mosquitofish 68.00 23.54 165.56* 62.67*
Micropterus salmoides largemouth bass - - 0.89 41.69
Australoheros facetus chameleon cichlid - - 1.33 41.16
Barbus comizo Iberian long-snout barbel 1.60 39.40 - -
Squalius pyrenaicus southern Iberian chub 0.80 16.92 0.67 22.71
Pseudochondrostoma polylepis Iberian straight-mouth nase 0.80 10.32 0.44 4.84
Barbus sclateri southern Iberian barbel 0.40 5.68 - -
Squalius alburnoides bordalo 0.60 1.40 0.67 3.13
Total 140.00  2625.16* 263.78* 2170.31

*significant difference (position of symbol indiest higher value season)

Prey selection

In reservoirs, otters seemed to seléctarpioand G. holbrookiindependently of season, and
P. clarkii and C. paludicaduring the dry seaso(D # O; Figure IV.1.7) S. pyrenaicus.
alburnoidesand L. gibbosusduring both seasons were consumed less than exp@eigure
IV.1.7). In streamsC. carpio, P. willkommandP. polylepiswere selected in the wet season
andP. clarkii in dry seasoiiD # O; Figure IV.1.7) There seems to be a significant avoidance of
S.pyrenaicugalburnoidesin both seasons, @&. paludicain dry season and @. holbrookiin

wet season (Figure 1V.1.7).
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Figure 1IV.1.7 — Jacobs’ index of preference relativ the number of individuals consumed and
captured by otter vs. numbers sampled in strearts eliiectrofishing and in reservoirs with
traps. (PcP. clarkii; Lg: L. gibbosus Ms: M. salmoidesCc: C. carpig Ssp:S. pyrenaicus.
alburnoides Bsp: Barbus sp; Aa: A. anguillg Pw: P. wilkommj Pp: P. polylepis Cp: C.
paludicg Gh: G. holbrooki). Prey that had very low values of consumption abdndance
were not considered.

Discussion

Is the use of reservoirs by otters related to paifar ecological variables or reservoir features

that facilitate its use?

Results showed that otters made use of reservoig®uthern Portugal, particularly during the
dry season when individuals were frequently abfem the streams that were dry or reduced
to a few pools. Although if otters are not detedte@ given area this does not always imply
that they are truly absent from that area, at Jeast can state that absence of signs mean these

are more unsuitable areas (Jiménez et al., 1998:®mo et al., 2001).
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Otter presence and marking behaviour showed clézatythey made more use of the reservoirs
in the dry seasons, especially in extreme weath@rdiions. Marking intensity was
significantly higher in the extreme dry season, had already been observed in streams in the
Iberian Peninsula, both in Portugal (e.g., Magadhgteal., 2002) and in Spain (e.g. Ruiz-Olmo
et al., 2007). In both these studies, the numbeprdints and latrines was higher during the dry
periods and in pools with more prey. Basto et201(@) showed similar patterns of occupancy
by otters in small and medium-sized reservoirsdrtigjal. These results support the hypothesis
of increased marking behaviour as a sign of resoumportance and defence, especially when

resources are scarce (Kruuk, 2006).

This study showed that certain ecological varialaled reservoir features may facilitate the
reservoir use by otters. The availability of magksites was present in all of the best models
describing otter presence in reservoirs. Markingabveour is an important aspect of otter
ecology and the availability of marking sites inditer territory is consequently important. The
presence of large rocks, a frequent otter markiteg siay additionally provide potential otter
shelters. Nearby streams was one of the key drif@rstter presence and use of large
reservoirs. According to otter visiting rates, giges most regularly visited in the reservoirs
were located near the confluence with streamss $tiefrom streams had lower visiting rates
or no visits at all. This suggests that the useeskrvoirs by otters is conditioned by the
presence of streams and therefore, not all theva@is@erimeter is equally suitable for otters. A
similar situation was described by Beja (1992) ttoe coastal area of Alentejo where otter
distribution was conditioned by the presence ofhveater streams flowing into the sea.
Freshwater represents a scarce resource needddato the fur from salt acquired while
foraging in the sea. In the present study, theastreelated key driver is the riparian vegetation
that provides shelter and enhances breeding, anasthat is scarce along reservoirs margins.
The maintenance of suitable conditions for ottersireams surrounding a reservoir (e.g.,
preventing water extraction for agriculture purggser cutting riparian vegetation, common

actions in South Portugal) may help to promoteratse of reservoirs.

Bank typology emerged as important to otters. Tiesgnce of small bays with shallow waters
offer better otter foraging opportunities vs. opseas and steep margins where it is more
difficult for otter to pursue and trap prey. Larged deep water bodies are not ideal for otter
foraging. Fishing at greater depths is energeticalbre demanding with longer subsequent
recovery on land from the dives (Nolet and KruuR89; Nolet et al., 1993; Houston and

McNamara, 1994; Kruuk, 2006). Also, vegetation cawsually occurring in small bays bank

flooding area, although scarce and not enoughadwige refuge to otter, is important because it
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can attract more prey (submerged vegetation actsefage for fish, crayfish and even
amphibians). The maintenance of small bays of ehallvaters with some vegetation both

below and above water level may be another actiopromoting otter use of reservoirs.

Apart of the ecological relevance of the varialdetected in the modelling procedure, there
was variance not explained by the resulting modéiss either means that there are additional
factors explaining the presence of otter in resesvibat were not considered in the analysis, or
may be a result of the low variation of some vddalthat although selected are less relevant in
terms of contribution. This may be the case withewguality, which was rather uniform in the

studied reservoirs. Some sites (especially in sioayls) had poor water quality because of
increased eutrophication. The presence of catle appeared to contribute to organic water
pollution thus reducing habitat suitability for et (Macdonald and Mason, 1983; Trindade et
al., 1998; Kruuk, 2006). Perimeter size is coreglatith otter use probably because the larger
the dam, the higher number of streams. Prey abwedanra key driver for otter occupation of

reservoirs but not significant in the models beeapsey abundance was similar in all

reservoirs.

One can conclude that, although reservoirs areidesl habitats for otters there are some
ecological variables and reservoir features thaltifate the use of reservoirs by the species and

if present, support otter occupancy.

Are prey resources the key driver for otter usthefreservoirs?

Despite the different compositions in prey commasitin dry and wet season there was an
apparent stability in terms of number and biomassy @vailability in reservoirs. This is
important for otters because during the dry seasore than half of adjacent streams to the
studied dams were dry or had very small pools, altilough data prey availability from
sampled streams showed higher number of capturdigdidoals in dry season, the overall
captured biomass was nevertheless lower. This mtilrecause non-native species (dominant
in dry season) like. gibosusandG. holbrokinative species have lower biomass then native
species (dominant in wet season). Also, fish récremt occurs from April onwards leading to
the capture of lower biomass individuals earlyha try season (e.d3, bocageiC. paludicg.
Nevertheless during droughts, fish were confinedrtwll areas and usually at considerable
higher densities (Pires et al., 1999) making lgrgels important areas for otter feeding during
dry season (Magalhéaes et al., 2002). So, duripgelasons, prey availability in the reservoirs

constitutes a feeding alternative to the adjaceydrdstreams.
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Otter presence is highly influenced by prey avdlilgh as confirmed in this study. As
expected, fish anB. clarkii were the dominant prey resources for otters bostreams and in
reservoirs. Other groups, especially amphibians)trimuted to a more diverse diet and
although a less consistent food source becauseea$osal changes in abundance, may
constitute an important alternative prey for otiarsome streams (e.g., the Monte Novo stream
system). This is consistent with the review of otets in the Iberian Peninsula compiled by
Clavero et al(2008 - more than 200 locations, including datanfrpresent work). Both prey
consumption and prey availability revealedclarkii as a key species in the diet.

Captures ofP. clarkii were higher in wet season in both systems (regsnamd streams).
These results are related to the date of preyahilily survey. The May survey (end of wet
season) reflects a higher availability since in iAplay this crustacean is more active
(reproduction period). The September survey (enddof season) reflects the higher
temperatures felt in the Alentejo region which makes crustacean more inactive due to
burrowing habits when exposed to high temperatuf@iveira and Fabido, 1998).
NeverthelessP. clarkii availability is expected to be higher in the deason months prior to
September and therefore in most of the dry seaStrrs take seasonal advantage of higher
crayfish activity and therefore detectability instseason (Almeida et al., 2012).

BesidesP. clarkii, otter diets in reservoirs were dominated by native fish species, which is
consistent with the fish community patterns obsernvethis study and others (Godinho et al.,
1998). Clavero and Hermoso (2010), analysing padtef distribution and abundance of
freshwater fish in the Guadiana river basin, alsonfl that the dominance of non-native
species, especially. gibbosusM. salmoidesandC. carpig tended to be associated with the
presence of reservoirs. Otter diets were less skivar reservoirs during the wet season. This
pattern of consumption again is driven by prey labdity. During spring,C. carp Barbusspp.
Pseudochondrostomspp. migrate upstream from the reservoirs intostineams to reproduce
and so are less abundant in the reservoirs (RaiQuiz and Granado-Loréncio, 1992).
Species behaviour also explains why, during preyeys, captures df. gibbosusvere higher

in May (end of wet season) in the reservoirs: duthre reproduction period (peak April-July,
Ribeiro and Collares-Pereira, 2010), this spec&feritls nests in shallow waters and thus is
more available and vulnerable to predation. Dutimg dry season, fish species with higher
biomass become more available since the level pfi@x in the reservoir water is lower and
fish concentrate in the thermocline, making it ea$or otter to capture them, as opposed to

periods of colder water when fish are inactive loated in deeper waters.
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Low gear selectivity for small sized species, galtirly evident in reservoirs, probably
contributed to the positive selection®f paludicaandG. holbrookiwhich were too small to be
captured in the fyke-nets. Similar, fyke-nets itolial areas are less effective to larger species
once these species occupy mostly the middle ofabervoirs (and are less available for otters
foraging near the margins, see Sales-Luis et BD72 This means that fyke-nets most be
complemented by other fishing methods (trammel, redesctrofishing) to properly access all
fish community in reservoirs (see Godinho et 8@94). Clavero and Hermoso (2010), using a
more complete combination of passive capture tegles and fishing methods, found that,
although total species richness was not differetiveen rivers and reservoirs in the Guadiana
river, the latter had more invasive species thdiveanes. The present study confirmed that
the otter is an opportunist predator not only chapsore abundant prey but also avoiding the
ones with small biomass. Studied reservoirs hameranative prey community that has, with
the exception ofC. carp species of lower biomass (mean weight of four tremmsumed
species:G. holbrooki= 0.3g,L. gibbosus= 10.7g,C. carpio= 179.7g;P. clarkii = 12.29g -
Pedroso and Santos-Reis, 2006). This suggestshigirey community in streams are more
appealing to otter in normal situations. Nevertbgldt was confirmed that otters using the
streams around dams in Alentejo region relied verg low abundance prey community during
the dry season, sometimes only eatihgclarkii. Also habitat features (cover, breeding) in
reservoirs did not appear to promote otter usé@$e¢ man-made habitats. Finally, where prey
was plentiful (e.g., the coasts of the Shetlananids), otters occurred in large numbers despite
the scarcity of cover (Kruuk 2006). All of the alepassociated with the fact that the reservoirs
offer food abundance both in dry and wet seasarggests that prey resources are key drivers
for otter use of the reservoirs in areas such ette described here, Mediterranean areas or

other dry regions where there is a marked seaspmaliesources (water and prey).

Can large reservoirs be suitable habitat elemeotfters?

The information collected in this study is relevamtunderstand otter use of highly modified
environments (dams) especially in Mediterraneamaté regions where most rivers are
impounded and/or diverted. It is clear that undstain circumstances large reservoirs may be
suitable habitat elements for otter. First, therofiopulation in Portugal is considered stable
and relatively dense, with optimal habitats likegthiquality streams already completely
occupied by territorial individuals. In this casgter population pressure may drive the use of
suboptimal habitats like large reservoirs. Conjgithe features of the studied area, where

streams are characterized by strong yearly chamgesater flow, reservoirs constitute a
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complementary habitat to streams. In other, legs aheas of Europe, otters may not use as
regularly the reservoirs. Even in Portugal, resesvmay be used differently in the north (non-
Mediterranean) where rivers and streams have ntabéesvater and prey conditions (Godinho,
et al. 1998).

One might think that the presence of reservoirs rhaybeneficial for sustaining otter
populations in Mediterranean areas. However, eccdb@nd conservation consequences are
not as simple. Large dams are always located ersior large streams. These large streams or
rivers, before impounded, are able to sustain gib@ulations (Trindade et al., 1998). In large
reservoirs, the entire perimeter is seldom usedlagly and the areas of highest use are those
near streams suggesting a complementary use. Enefusoth systems may not increase the
carrying capacity for otters linearly as one mighihk. Larger dams may sustain more otter
individuals if the number of surrounding streambigher and have suitable conditions for otter
(water, prey and cover availability). However, taeger the dam the, larger the flooding area
and usually the disappearance of otter streamdtabiConservation of otter relies also on the
recognition of the potential impact of increasingntan development within river corridors
(Lundy and Montgomery, 2010) and these large darth theirs reservoir and usually
unsurpassable walls contribute to the fragmentatbrihese corridors. Estimates of otter
abundance and space use are essential to fulifyadétier use of non-optimal habitats such as
dam reservoirs. Also, the substitution of largeaaref river by reservoirs means a trade-off
between the gain of more permanent water source boss of refuge, less suitable foraging
areas, and less areas for reproduction. Breedasglirig, and resting areas are critical for a
species (e.g., Fernandez and Palomares, 2000; Kr20B6). Because the otter has a
considerably higher metabolism than would be exgkedédr its body mass (McNaab, 1989),
breeding is a time of high energy requirements. (Bigz-Olmo et al., 2005). Natal dens are
still a limiting resource in some areas (e.g.,ontewestern Portugal — Beja, 1996a; in marine
environments in Northern Europe - Kruuk et al., 9;98oxon, 2000). Also, the substitution of
rivers and streams by reservoirs means a shift aamore balanced native/non-native species
diet in streams and rivers to an almost totally-native species based-diet in reservoirs. In
otter foraging habitats in the Mediterranean regioon-native species occur in higher
abundance and are easier to capture (Almeida ,eP@12) but represent in most cases low
biomass and energetic contribution, long handlinge$ (e.gP. clarkii has an high percentage
of hard parts) and otters may be still limited layive prey populations, and strategies aimed at
the conservation of otters in Iberian streams shautlude the conservation of prey species
native (Beja, 1996b).
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These aspects contribute to the reservoirs besupaptimal habitat when compared to streams
but do not constitute a setback to otter conseynah areas of the Mediterranean where otter
populations thrive, like in Southern Portugal. Hwer Marcelli and Fusillo (2009) on a study
in Italy assessing range re-expansion and recabarz of human-impacted landscapes found
evidence, although weak, of a negative effect ieroexpansion of the proximity of dam
reservoirs. So the destruction of streams andgilgrthe construction of large dams should be
a matter of concern especially in areas of ottguufadion fragility and/or instability (low
numbers, recovering or expanding populations iméodistribution areas).

Acknowledgments

Authors are grateful to A. Carreiras, C. CorreiaMatilde, M. Carmo and P. Pereira for their
contributions in the field work. Thanks are dueHtoKruuk, J.A. Bissonette and F. Ribeiro for
suggestions on previous drafts. Fishing permitghferuse of all methods described were issued
by the Direccdo Geral das Florestas (Ministry ofriégiture, Rural Development and
Fisheries) and all animals were handled minimallgnsure their welfare. N. M. Pedroso was
supported by a Ph.D. Grant (SFRH/BD/17495/2004)nfithe Fundac&o para a Ciéncia e a

Tecnologia.

References

Almeida, D., Copp, G.H., Masson, L., Miranda, Rursi, M., Sayer, C.D., 2012. Changes in
the diet of a recovering Eurasian otter populati@ween the 1970s and 2010. Aquatic
Conservation: Marine and Freshwater Ecosystems)efitst.

Basto, M., Pedroso, N.M., Mira, A., Santos-Reis, BD11. Use of small and medium-sized
water reservoirs by otters in a Mediterranean estesy. Animal Biology 61, 75-94.

Beja, P.R., 1992. Effects of freshwater availapibnh the summer distribution of ottersitra
lutra in the southwest coast of Portugal. Ecography)12(33-278.

Beja, P.R., 1996a. Temporal and spatial patternesttsite use by four female ottdrstra
lutra along the Southwest coast of Portudalrnal of Zoology 239, 741-753.

Beja, P.R., 1996b. An analysis of ottartra lutra predation on introduced American crayfish
Procambarus clarkiin Iberian streams. Journal of Applied Ecology BB56-1170.

Burnham, K.P., Anderson D.R., 2002. Model selecaod multimodel inference: A practical
information-theoretic approach. Springer-Verlag Néwovk, Inc., Second Edition.

Clavero, M., Hermoso, V., 2010. Reservoirs prontbee taxonomic homogenization of fish
communities within river basins. Biodiversity andrGervation 20, 41-57.

Clavero, M., Ruiz-Olmo, J., Sales-Luis, T., Blar@arrido, F., Romero, R., Pedroso, N.M.,
Prenda, J., Santos-Reis, M., Narvaez, M., Delildks,2008. Lo que comen las nutrias

86



IV.1. Can large reservoirs be suitable habitat elets:ifor otters? A multi-dam approach in a Medérean
region

ibéricas. In: Lopez-Martin, J.M., Jiménez, J., (Edsa nutria en Espafa. Veinte afios de
seguimiento de un mamifero amenazado. SECEM, Magya45-367.

Fernandez, N., Palomares, N., 2000. The selecfitieeding dens by the endangered Iberian
lynx (Lynx pardinu¥ implications for its conservation. Biological @servation 94, 51-61.

Filipe, A.F., Cowx, I.G., Collares-Pereira, M.JQ02. Spatial modelling of freshwater fish in
semi-arid river systems: a tool for conservatioiveRResearch and Applications 18, 123-
136.

Foster-Turley, P., Macdonald, S., Mason, C., 1@€ers: an action plan for their conservation.
Proceedings of the International Union for the @owmation of Nature, Otter Specialist
Group Meeting, Gland.

Gasith, A., Resh, V.H., 1999. Streams in Meditezeanclimate regions: abiotic influences and
biotic responses to predictable seasonal eventsu#irReview of Ecology and Systematics
30, 51-81.

Godinho, F.N., Ferreira, M.T., Portugal e Castra, 98. Fish assemblage composition in
relation to environmental gradients in Portuguessenvoirs. Aquatic Living Resources 11,
325-334.

Gruber, B., Reineking, B., Calabrese, J.M., Kralhz,Polednikova, K., Polednik, L., Klenke,
R., Valentin, A., Henle, K., 2008. A new method fstimating visitation rates of cryptic
animals via repeated surveys of indirect signstridwf Applied Ecology 45, 728-735.

Guter, A., Dolev, A., Saltz, D., Kronfeld-Schor,,I2008. Using videotaping to validate the use
of spraints as an index of Eurasian ottart(a lutra) activity. Ecological Indicators 8, 462-
465.

Houston, A.l.,, McNamara, J.M., 1994. Models of diyiand data from otters: comments on
Nolet et al., (1993). Journal of Animal Ecology 8804-1006.

Jacobs, J., 1974. Quantitative measurement of $etettion: a modification of the forage ratio
and ivlev's electivity index. Oecologia 14, 413-417

Jiménez, J., Ruiz-Olmo, J., Pascual, A., 1998. dsb espacio por la nutria en un rio
mediterraneo (Bergantes, cuenca del Ebro). Galdfy201-209.

Kruuk, H., 2006. Otters: ecology, behaviour and sewwation. Oxford University Press,
Oxford.

Kruuk, H., Conroy, J.W., 1987. The use of spraiotsurvey populations of ottetsitra lutra.
Biological Conservatio35, 187-194.

Kruuk, H., Moorhouse, A., Conroy, J.W.H., Durbin,, I[Frears, S., 1989. An estimate of
numbers and habitat preferences of ottergra lutra in Shetland, UK. Biological
Conservation 49, 241-254.

Lundy, M.G., Montgomery, W.I., 2010. A multi-scadmalysis of the habitat associations of
European otter and American mink and the implicetidor farm scale conservation
schemes. Biodiversity and Conservation 19, 38498385

Macdonald, S.M., Mason, C.F., 1982. The ottetra lutra in central Portugal. Biological
Conservation 22, 207-215.

Macdonald, S.M., Mason, C.F., 1983. Some factdigancing the distribution of ottertra
lutra). Mammal Review 13, 1-10.

Macdonald, S.M., Mason, C.F., 1994. Status andezgation needs of the ottdrutra lutra) in
the western Palaearctic. Council of Europe Preatyid and Environment 67, 1-54.

87



IV.1. Can large reservoirs be suitable habitat elets:ifor otters? A multi-dam approach in a Medérean
region

Magalhdes, M.F., Beja, P., Canas, C., Collaresi@emd.J., 2002. Functional heterogeneity of
dry-season refugia across a Mediterranean catchrttentrole of habitat and predation.
Freshwater Biology 47, 1919-1934.

Marcelli, M., Fusillo, R., 2009. Assessing rangeerpansion and recolonization of human-
impacted landscapes by threatened species: a akeds the otter l(utra lutra) in Italy.
Biodiversity and Conservation 18, 2941-2959.

Mason, C.F., Macdonald, S.M., 1987: The use ofisfwafor surveying otteil_utra lutra
populations: an evaluation. Biological Conservatdn 167-177.

McNaab, B.K., 1989. Basal rate metabolism, bodg,sind food habits in the order Carnivora.
In: Gittleman, J.L., (Ed.), Carnivore behaviourplegy, and evolution. Chapman and Hall,
London, UK, pp 335-354.

Nolet, B.A., Kruuk, H., 1989. Grooming and restiofgottersLutra lutra in a marine habitat.
Journal of Zoology 218, 433-440.

Nolet, B.A., Wansink, D.E.H., Kruuk, H., 1993. Dig of otters l(utra lutra) in a marine
habitat: use of depths by a single-prey loadennkwf Animal Ecology 62, 22-32.

Oliveira, J., Fabido, A., 1998. Growth responsegieénile red swamp crayfisProcambarus
clarkii, Girard, to several diets under controlled coondisi Aquaculture Research 23, 123-
129.

Pedroso, N.M., Sales-Luis, T., Santos-Reis, M.,72@Be of Aguieira Dam by Eurasian otters
in Central Portugal. Folia Zoologica 56(4), 365-377

Pedroso, N. M., Santos-Reis, M., 2006. Summerdfi&urasian otters in large dams of South
Portugal. Hystrix 17(2), 117-128.

Pires, A.M., Cowx, I.G., Coelho, M.M., 1999. Seaalochanges in fish community structure of
intermittent streams in the middle reaches of thkadtana basin, Portugal. Journal of Fish
Biology 54(2), 235-249.

Prenda, J., Granado-Loréncio, C., 1995. The r@atifluence of riparian habitat structure and
fish availability on otterLutra lutra L. sprainting activity in a small Mediterranean
catchment. Biological Conservation 76, 9-15.

Prenda, J., Lopez-Nieves, P., Bravo, R., 2001. @wasion of otter l(utra lutra) in a
Mediterranean area: the importance of habitat tyualhd temporal variation in water
availability. Aquatic Conservation: Marine and Frester Ecosystems 11, 343-255.

Reuther, C., Dolch, D., Green, R., Jahrl, J., Jef$e D., Krekemeyer, A., Kucerova, M.,
Madsen, A.B., Romanowski, J., Roche, K., Ruiz-Oldho,Teubner, J., Trindade, A., 2000.
Surveying and monitoring distribution and populativends of the Eurasian ottdrura
lutra). Guidelines and evaluation of the standard methageys as recommended by the
European Section of the IUCN/SSC Otter Specialisu@. Habitat 12, 1-148.

Ribeiro, F., Collares-Pereira, M.J., 2010. Lifetbig variability of non-native centrarchids in
regulated river systems of the lower River Guadiairainage (south-west Iberian
Peninsula). Journal of Fish Biology 76, 522-537.

Rodriguez-Ruiz, A., Granado-Loréncio, C., 1992. @mpiag period and migration of three
species of cyprinids in a stream with Mediterraneagimen (SW Spain). Journal of Fish
Biology 41, 545-556.

Ruiz-Olmo, J., 2001. Pla de conservacio de la ijada Catalunya: Biologia i conservacio.
Generalitat de Catalunya, Departament de Medi Anipi€atalunya.Documents dels
Quaderns del Medi Ambient 6, 1-87.

88



IV.1. Can large reservoirs be suitable habitat elets:ifor otters? A multi-dam approach in a Medérean
region

Ruiz-Olmo, J., Batet, A., Jiménez, J., Martinez, ZD05. Habitat selection by female otters
with small cubs in freshwater habitats in northé&gsin. Lutra 48(1), 45-56.

Ruiz-Olmo, J, Jiménez, J., Chaco, W., 2007. Theomamce of ponds for the ottdrutra lutra)
during drought periods in Mediterranean ecosystengase study in Bergantes River.
Mammalia 71(1/2), 16-24.

Ruiz-Olmo, J., Saavedra, D., Jiménez, J., 2001tingeshe surveys and visual and track
censuses of Eurasian ottersiffa lutra). Journal of Zoology 253, 359-369.

Sales-Luis, T., Pedroso, N.M., Santos-Reis, M.7280ey availability and diet of the Eurasian
otter (utra lutra) on a large reservoir and associated tributai@mnadian Journal of
Zoology 85, 1125-1135.

Santos, M.J., Pedroso, N.M., Ferreira, J.P., Matol|., Sales-Luis, T., Pereira, |., Baltazar,
C., Grilo, C., Céandido, A.T., Sousa, l.,, SantossikReM., 2008. Assessing dam
implementation impact on threatened carnivores: ¢hse of Alqueva in SE Portugal.
Environmental Monitoring and Assessment 142, 47-64.

Sulkava, J., 2006. Ecology of otterufra lutra) in central Finland and methods for estimating
the densities of populations. PhD Thesis. Univemsitloensuu, Joensuu, Finland.

Trindade, A., Farinha, N., Floréncio, E., 1998.i8tdbuicdo da lontrédutra lutra em Portugal.
Situacdo em 1995. Instituto da Conservacgao da dleduPrograma Life, Lisboa.

WCD, 2000. Dams and development. A new frameworldéxision-making. The report of the
World Commission on Dams, United Nations.

Yoxon, P., 2000. Geology and otters. IUCN Ottercgdest Group Bulletin 17, 85-88.

89



IV.2. Use of small and medium-sized water reses/byr otters in a Mediterranean ecosystem

IVV.2. Use of small and medium-sized water reses/by otters in a

Mediterranean ecosystem

PAPER 3

Basto, M.P., Pedroso, N.M., Mira, A., Santos-Rbls, 2011. Use of small and medium-sized

water reservoirs by otters in a Mediterranean estesy. Animal Biology 60, 75—-94.

90



IV.2. Use of small and medium-sized water reses/byr otters in a Mediterranean ecosystem

Use of small and medium-sized water reservoirstter®in a Mediterranean

ecosystem

MAFALDA P.BAsTO"?, NUNO M. PEDROST, ANTONIO MIRAY AND MARGARIDA SANTOS-REIS

! Universidade de Evora, Departamento de Biologiagatte de Biologia da Conservacdo, Herdade da Miaberde,
7002-554 Evora, Portugal

2Universidade de Lisboa, Centro de Biologia Ambieh@épartamento de Biologia Animal, Faculdade de G#nda
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Abstract

Water is a limiting factor in Mediterranean regipteing especially important to aquatic
species such as the Eurasian otter. The seasanaldtion of this resource is often addressed
by constructing small and medium-sized water resesvHowever, their role in the ecology
and conservation of Eurasian otters is largely omkn Our main goals were to assess the level
of use of these reservoirs by otters and deterrthieemain factors that may explain the
observed levels of use. Intensity of use was deteanby signs of otter presence and related to
environmental variables using generalized lineadel®and variation partitioning techniques.
Otters were present in the majority of reservdicgh in the wet and dry seasons. Otter marking
intensity was higher during the dry season, andtipely associated with abundance of fish
and American crayfish, existence of refuges andkimgrsites, number of watercourses and
area of reservoir. In contrast, cattle settlemeamgsual crops and length of watercourses in the
surrounding area negatively affected the use of riservoirs. Otter diet reflected their
opportunistic behaviour through the selection @isemally available prey and corroborated the

importance of American crayfish as a food item.

Our results confirm that otters use the majoritysofall and medium-sized reservoirs in the
study area. Despite this, reservoirs may be coreidsuboptimal habitats and seem to be
specially relevant in the dry season, increasingewavailability and acting as important

feeding areas mainly when close to watercoursels good refuge conditions. Management
implications are discussed.

Keywords: Lutra lutra; habitat selection; diet; water reservoirs; Meué&geean region.

91



IV.2. Use of small and medium-sized water reses/byr otters in a Mediterranean ecosystem

Introduction

The Eurasian otterl_(itra lutra L., 1758) is an aquatic carnivore associated witerine-type
habitat. The preservation of such habitat has keseenajor priority for otter conservation
because it is rich in prey, optimal for shelter &acilitates animal movement (Foster-Turkety
al., 1990). Anthropogenic changes in aquatic habitath ®1s construction of water reservoirs
have been identified as one of the causes conftigpud riparian habitat destruction and
consequent decline of European otter populatiotisdarpast (e.g. Macdonald and Mason, 1983;
Foster-Turley et al 1990).

Recent conservation efforts resulted in a recowdrthe otter in several European countries
(e.g. Robitaille and Laurence, 2002) and todaygbecies has been documented to occur in
natural, altered and man-made aquatic systems Kanz and Toman, 2000). This is
particularly evident in Mediterranean regions, veherse of reservoirs by otters has been
documented (Prenda et,a001; Pedroso and Santos-Reis, 2006) as a responsultiple
threats such as destruction of riparian vegetatieduction of stream flows and increased
drought frequency (Jiménez and Lacomba, 1991; Rrendl., 2001) due to climate change

scenario.

Large reservoirs affect water flow by acting asaarier (Ruiz-Olmo et al 2001), induce
changes in prey communities such as fish (becomorginated by exotic species), constrain
the fishing ability of otters due to their steeprgias and deep waters (Kruuk, 2006), and do
not offer good refuge conditions due to frequertt anpredictable water level fluctuations that
result in lack of bank vegetation (e.g. Prenda @rahado-Lorencio, 1995). However, a study
in large reservoirs in southern Portugal (Pedrosb $antos-Reis, 2006) showed a somewhat
otter occupancy of reservoirs, and similar resultse obtained in southern Spain, where
Prenda et al(2001) showed that otters, although favouringastre, used reservoirs according

to their availability.

The effect of reservoirs on otters may differ adaay to their size with small and medium-
sized reservoirs (perimeter of less than 3500 mh)iémg different responses than larger ones.
Further studies are needed to clarify the imposaoicthe reservoir-like aquatic systems as
water and food sources, especially when these res®@are limited in summer, as in southern
Portugal (Beja, 1992; Kruuk, 2006).

The main goal of our study is to assess resengarly otters in southern Portugal and discuss
their role in promoting persistence of otter popiales in Mediterranean-type ecosystems.
Specifically, we aim to identify factors like shait food availability and disturbance, which are

most likely influencing the use of such reservoirs.
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Materials and methods

Study area

The study area (Figure 1V.2.1) is located in “Sed@a Monfurado”, a Natura 2000 Site
(MN2000), in southern Portugal (Alentejo regioniin&y area covered 25 163 ha (23 946 ha
are inside the Site) with altitudes ranging betweEs0 and 420 m. The climate is
predominantly Mediterranean, with long summer dtdsgand irregular river flows. The
average annual rainfall, in the study year (2004 c. 700-800 mm with 91% falling between

October and April (www.cge.uevora.pt).
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Figure IV.2.1 - Study Area — Monfurado Natura 2@t (“Sitio de Monfurado”). The black-
filled reservoirs are the ones surveyed in theystldthe map of Portugal, basins’ limits and
main River Sado are indicated

The MN2000 Site is included in the MediterraneansiBaa world biodiversity hotspot
(Mittermeier et al 2004). It is dominated by old-growth woodlandsofk Quercus subeand
holm Quercus rotundifolianaks (“Montado”), covering approximately 70% o€ tetudy area.
The remaining area is covered either by pastu@)ar by small patches of annual crops and
olive groves (10%). About 250 ha (1%) are occupgdsmall and medium-sized water
reservoirs (n~= 100), dispersed all over the area though clusté@mesmall groups (Figure

IV.2.1).

Located within the Sado River hydrological basig@fe 1V.2.1), most of the watercourses in
the study area are seasonal, drying up or haviagrely reduced water flow during the dry

season. Water quality is considered moderate lauintreased use of pesticides, manure, or
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fertilizers in the surrounding agricultural landashlead to contamination in some areas
(Trindade et a) 1998).

Fish inventories recorded nine species in 31 wateses and seven species in 13 reservoirs
within the MN2000 Site, several of which registeiadboth systems. These included native
Iberian barbel Barbus bocag@i and loach Cobitis paludicd, and exotic mosquito fish
(Gambusia holbroolj pumpkinseedLepomis gibbosys and largemouth bas#licropterus
salmoidey Eels Anguilla anguilld, arched-mouth Portuguese nasgShdndrostoma
lusitanicun), Iberian nasesGhondrostoma polylepisand Iberian chubsSqualius pyrenaicys
are autochthonous species detected only in wateseswhile other species suchBasocagei
andC. paludicaare scarce in the reservoirs. Redfi§lar@assius auratysand carp Cyprinus
carpio) were found only in reservoirs where the fish camity is dominated by exotic species
and where higher abundanceslLofgibbosusoccur (Almeida et al., 2005; P. Raposo, personal
communication). The American crayfisRyocambarus clarkji another exotic species, was
recorded in all the surveyed reservoirs. Small matemwater fowl, aquatic reptiles,

amphibians, large diving beetles were also commfmlgpd, particularly in riverine systems.

Otter surveys

Otter surveys were based on detection of otteisssgich as faeces (here termed spraints), scent
marks, prey remains, and footprints in 30 small aralium sized-reservoirs scattered across
the study area. These reservoirs (n=30) were ralydsgtected within three reservoir perimeter
(boundary of water area of each reservoir) claskes: 500 m (n = 13); 2 - between 500 m -
1500m (n = 11); 3-> 1500 m (n = 6).

Although some authors reject the idea of a cleso@ation between the number of spraints and
the number of otters or the amount of time spenthieyn in a certain place, (e.g. Kruuk and
Conroy, 1987; Mason and Macdonald, 1987) otherseate that the number of signs left by

otters can be used to assess habitat preferengesPfenda and Granado-Lorencio, 1995;
Hutchings and White, 2000; Clavero et al., 2006) higher sprainting/marking activity may

indicate defence of a scarce resource, especialy (@.g. Clavero et al., 2006; Sulkava, 2006;
Ruiz-Olmo et al., 2007). Following the last, we dis¢ter signs (marking intensity) as a relative

measure to infer intensity of use of reservoirs.

Sign surveys were carried out between January argligt 2004 along the perimeter of each

reservoir, ranging from 100 m to about 3 000 m.rEe&servoir was visited thrice: first, to
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remove existing otter signs (January-February 2082Hond, to sample the wet season (March-
April 2004) and third, to sample the dry seasomy(August 2004).

The intensity of otter use of each reservoir watimeded using the number of signs per
kilometre (e.g. Maillard et g12001; Pedroso et.aR004) and values obtained for the dry and
wet seasons were compared using the Wilcoxon sigadd test. Spatial autocorrelation was
tested using Moran’s Index (e.g. Premo, 2004) wlith software Statistical Analysis with

ArcView (Arcview® 3.2 ESRI, 1992-1999). Prior toawysis, data were transformed (log [x+1]

or arcsine {x] for proportions) to stabilize error variance fBahnick and Fidell, 2001).

Eco-geographical descriptors

Eco-geographical descriptors were selected ondkes lof their relevance for otter ecology and
behaviour and were classified in three variable siefined as landscape attributes, reservoir
attributes and availability of marking sites (Talé2.1). Some descriptors were categorised

using quantitative scores in order to soften measant or estimation errors.
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Table IV.2.1- Eco-geographical descriptors usedksrribe otter's marking intensity of the resersoir

Acronyms Variable description Type Data categories and units Source
LENGHT_WATER_COURSE Length of watercourses L Meters Maps
LENGTH_RIPARIA Length of watercourses with develop riparian veti@ta L Meters Maps
NEAR_WATER_COURSE Distance from the reservoir to the nearest watarss L Meters Maps
NEAR_RESERVOIR Distance from one reservoir to the nearest reservoi L Meters Maps
SCRUBLAND Proportion of Scrubland patches L Meters (propaitio Maps
"MONTADO" Proportion of MontadoQuercussp.) patches L Meters (proportion) Maps
ANNUAL_CROPS Proportion of annual crops patches L Meters (pridqpoy Maps
CATTLE Area occupied by cattle settlements L Meters (pridqa) Maps
NEAR_ROADS Distance from the reservoir to the nearest pavadso L Meters Maps
AMPHIBIA Amphibian observations R 0- Absence or 1-5 ind <20 ind., 2— 20-40 ind., 3— > 40 ind. Field work
CRAYFISH American Crayfish observations R 0— Absence oririd5 1- < 20 ind., 2— 20-40 ind., 3— > 40 ind. |&Fiwork
FISH Fish observations R 0— Absence or 1-5 ind., 1- < 20 ind., 2— 20-4D,iB- > 40 ind. Field work
1-cover absent or present, but offering no suit@bleer for otters, 2—present in
REFUGES Refuges in the flooding area R patches, offering some cover for otters, 3—larga af suitable cover for otters, 4-Field work
continuous dense vegetation, providing excellemecfor otters
N_WATER_COURSE Number of watercourses flowing to the reservoir R uniber Field work
AREA Area of each reservoir R Square Meters Maps
PHOSPHATE Levels of phosphate-total in a sample of water R I'nflgit Lovibond — range 0,07-3 mgl-1) Laboratory
NITROGEN Levels of nitrogen-total in a sample of water R ikt Lovibond — range 0,5-14 mgl-1) Laboratory
MARK_SITES Potential marking sites (e.g. stones, tree roots) MS  0-—absence/1-scarce/2—medium/ 3 - high Field work

Notes: Source: Field Work — all the variables wéssially estimated; Maps — Information obtainedthy Military cartography (1: 25000) and by digitkta inserted in all
the studies carried out in the study area (repufrfSCDR); Laboratory: data collected from field gadimg and analysed in laboratory. Type: L — Langscattributes; R —
Reservoir attributes; MS — Availability of Markirigjtes. Ind. - Individuals.
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Landscape  attributes included: a) length of the a@)t watercourses
(LENGTH_WATER_COURSE); b) length of riparian vegeta (LENGTH_RIPARIA); c)
minimum distance to water sources (NEAR_WATER_COHBRSEAR_RESERVOIR); d)
area occupied by different land uses (SCRUBLAND;ONITADO” (cork/holm-oak forests);
ANNUAL_CROPS); e) area occupied by cattle grazi@g{TLE) and f) minimum distance to
paved roads (NEAR_ROADS) (Table 1V.2.1). Proporsioof land uses and length of
watercourses were assessed in a 1 km buffer areack reservoir and were obtained from
maps assimilating military charts data (1: 25 0@DQ1 aerial photography and field surveys
(Table IV.2.1).

Reservoirs were characterised using eight descsipd) food availability considering the main
prey categories (AMPHIBIA; CRAYFISH; FISH) estimdteaccording to the number of
observations of each prey type during otter sutvagsects and categorised following Ruiz-
Olmo et al (2005) criteria; b) the abundance of refuges rtear reservoirs (REFUGES),

following Beja (1992) attributes; c) the number wétercourses flowing to the reservoir
(N_WATER_COURSE); d) the area of each reservoir EARR and e) water quality, only

evaluated in the dry season, by -calculating thecewoination of total phosphates
(PHOSPHATE) and nitrogen (NITROGEN) (Table IV.2.1).

The availability of otter scent marking sites (MARBITES), categorised in classes (Table
IV.2.1), was determined during otter surveys arférired from the presence of stones, logs,

tree roots, bridges, sand bars or stream conflgefraester-Turley et gl1990).

The relationship between the number of signs pdéometre and the eco-geographical
descriptors was assessed through a GeneralizedrLMedel (GLM) with the unity link
(Gaussian regression). A preliminary univariateresgion analysis (Hosmer and Lemeshow,
2000) was performed to evaluate the significancéendividual descriptors on otters’ use of
reservoirs. Unimodal responses for each variableewehecked by introducing the
corresponding quadratic term into the univariatelehoVariables ascertained as significant (P
< 0.25) at this stage (Hosmer and Lemeshow, 20@0¢ wvaluated for collinearity through the
Spearman correlation coefficient. Redundant infailomawas eliminated, when coefficients
were higher than 0.7 (Tabachnick and Fidell, 2001)each correlated pair, the variable that
had the lower correlation with the number of siges kilometre was excluded. The Spearman

correlation was also used to compare the numbavaifable marking sites in both seasons.

Then multiple linear models were built separatelydach set of variables. Selection of the best
models was based on combinations of variables hiatmized the Aikaike Information

Criterion value (Zuur et gl2007).
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All variables selected in the three best multiierimodels were used in a variation partitioning
procedure, following the methodology proposed bydBad et al. (1992) with an extension to
three sets of variables (e.g. Reino et 2006; Galantinho and Mira, 2009). We built several
GLMs to obtain the following components of variatid) pure effect of landscape, ii) pure
effect of reservoirs, iii) pure effect of markiniges, iv) mixed effect of landscape-reservoirs, v)
mixed effect of reservoirs-marking sites, vi) mixeffect of landscape-marking sites, vii)
mixed effect of landscape-reservoirs-marking sies, viii) unexplained variation. The?R
(coefficient of determination), was used as a meastithe explained variation by each model
and the area under the curve (AUC) to assess tlielsigerformance. Statistical tests were
considered significant at a 0.05 significance lesealept where stated otherwise. Analyses were

performed using the Statistical Software Brodgargion 2.5.2).

This analysis allows isolating the pure effect atle set, evaluating its relative importance on
marking intensity of otters and understanding thecgic contribution of the availability of

marking sites.

Otter Diet

Otter diet was analysed in a subsample of 12 ressrusing a total of 318 spraints (168 dry
season, 150 wet season). Methods for spraint asalgowed Sales-Luis et al. (2007).
Whenever possible, prey remains were identifietthéospecies level. Results were expressed in
percentage of occurrence [PO(item A) = total nundfendividuals of prey item A consumed /

total number of individuals consumed in all sprainf.00].

Chi-square statistics with Yate’'s correction fomtouity were used (e.g. Sokal and Rohlf,
1995) to detect seasonal differences in percerddgecurrence of prey items in otters’ diet.
Statistical calculations were performed using SR8SVindows ® version 11.0 (SPSS Inc.,
Chicago, Illinois, USA) and Microsoft® Office Ex&@|2003.

Results
Otter use of reservoirs

Otters used a majority of the reservoirs in botliseas: 23 reservoirs (77%) in the wet and 21
(70%) in the dry season. Six reservoirs did nowskmns of otter presence in both seasons;

one was used only in the dry season and threeiotie wet season.
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A total of 2 331 otter signs were identified durithge study period, 71% (n = 1664) of which
were counted in the dry season (Figure 1V.2.2) simlved a significant seasonal variation in
the number of signs per kilometre (Z = -2.000; @.646). No spatial autocorrelation was found
for otter data in both seasons (Moran’s | = -0.(8%,-0,101, p < 0.05 — dry season; Moran’s |
=-0.025, Z=0.074, p < 0.05 — wet season).

‘I:I Dry Season B Wet Season

N°signs/km

S s EEBBE Y

FI o ol I 1[
D‘H‘L‘M‘P‘Q‘R‘V‘XAAABACAEABIJKNSTUADAFCEFGOZ

1 2 3

Resenoirs

Figure IV.2.2 - Otter signs per kilometre in eaelarvoir in both seasons. The reservoirs are
categorised by perimeter classes (1- < 500m; 2xden 500m - 1500m and 3- > 1500m).

When considering landscape effects, all significant nearly significant variables were
negatively associated with otter marking intenskiMNUAL_CROPS in dry season; CATTLE
in wet season; and LENGTH_RIPARIA in both seasoASINUAL_CROPS and the
LENGTH_RIPARIA variables were the most significaimt the dry and wet season,
respectively. Reservoirs descriptors such as CRA¥EI FISH, REFUGES,
N_WATER_COURSE, and AREA, were significantly andsiioely related with the number
of signs per kilometre in the dry season, whileéhe wet season, only CRAYFISH showed a
positive association. The number of available nmylsites (MARK_SITES) was positively
related with the number of signs per kilometre mthbseasons (Table 1V.2.2 and 3). A
significant correlation (Spearman’s rho = 0.876<p0.001) in marking sites availability
between seasons indicates that water level fluctuatd little effect on the number/quantity of

marking sites, allowing an unbiased comparison.
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Table IV.2.2 — Univariate linear regressions ofdseape, reservoir and marking sites variables.ad&s in bold had significant results. Significafeesls
are given in brackets. The amount of explainedatian (F) is given for each model / n.s. — non significafit** - not applicable; (Ln) — applied
transformation (Log (x+1)). The number of resersauas 30 in both seasons.

Dry Season — Univariate Wet Season - Univariate

Variables

Mean SE Linear regression 2R Mean SE Linear regression R
LANDSCAPE
LENGHT_WATER_COURSE 54,200 3,117 +(n.s.) 0,011 260, 3,117 -(n.s.) 0,000
LENGTH_RIPARIA 5,767 0,583 - (0.092) 0,098 5,767 583 - (0.009) 0,219
NEAR_WATER_COURSE 20828,200 5012,735 +(n.s.) 0,001 20828,200 5012,735 -(n.s.) 0,024
NEAR_RESERVOIR 90587,567 11006,654 +(n.s.) 0,082 5890667 11006,654 +(n.s.) 0,006
SCRUBLAND 17,233 3,707 +(n.s.) 0,066 17,233 3,707 +(n.s.) 0,001
"MONTADO" 28,300 3,212 - (n.s.) 0,019 28,300 3,212 +(n.s.) 0,001
ANNUAL_CROPS 37,500 3,463 - (0.051) 0,129 37,500 3,463 -(n.s.) 0,088
CATTLE 1663,700 407,117 - (n.s) 0,048  1663,700 407,117 - (0.089) 0,100
NEAR_ROADS 102518,600 16974,062 +(n.s.) 0,000 1845900 16974,062 0.001(n.s.) 0,083
RESERVOIR
AMPHIBIA 2,067 0,143 +(n.s.) 0,003 1,967 0,176 n:s() 0,020
CRAYFISH 0,900 0,169 + (<0.001) 0,373 0,567 0,157 (01011) 0,208
FISH 1,433 0,202 +(0.002) 0,294 1,133 0,202 +(n.s.) 0,009
REFUGES 2,400 0,149 +(0.001) 0,331 2,333 0,088 +(n.s.) 0,004
N_WATER_COURSE 1,333 0,138 +(0.023) 0,172 1,333 0,138 +(n.s.) 0,011
AREA (Ln) 4,213 0,120 + (0.039) 0,143 4,213 0,120 +(n.s.) 0,040
NITROGEN (Ln) 1,357 0,078 +(n.s.) 0,032 ek ok ek kA
PHOSPHATE (Ln) 0,985 0,146 -(n.s.) 0,001 Fohkdk ckk kkkk Fkkkk
MARKING SITES
MARK_SITES 2,133 0,142 +(<0.001) 0,497 1,967 0,112 + (0.085) 0,102
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Table 1IV.2.3 — Summary of the relationship betwester's use of reservoirs and eco-
geographical variables as assessed from multiealiiar regression for landscape, reservoir
and marking sites models on dry and wet seasomectiins of association, positive (+) or
negative (-), are given for each model showingifiant (P < 0.05) or nearly significant (P <
0.10) relationships. Variables in bold are thodecied for the multivariate models while the
other variables show only significant univariatdatenships. The amount of explained
variation () and overall significance (P) is given for eacktbmodel.

DRY SEASON WET SEASON

VARIABLES Direction of Direction of
Association P Association P

LANDSCAPE
LENGTH_RIPARIA - 0.092 - 0.009
ANNUAL_CROPS - 0.051
CATTLE - 0.089
R 2 (%) 9.5 0.097 21.9 0.009
RESERVOIR
AREA + 0.039
N_WATER_COURSE + 0.023
REFUGES + 0.001
FISH + 0.002
CRAYFISH + <0.001 + 0.011
R 2 (%) 56.7 <0.001 20.8 0.011
MARKING SITES
MARK_SITES + <0.001 + 0.085
R 2 (%) 49.7 <0.001 10.2 0.085

GLM’'s showed that 62% of the variation in otter kiag intensity in the dry season is
explained by the selected variables (see Table.4y,.but only about 33% of the variation is
accounted for in the wet season.

Table 4 - Partitioning of variation of the numbérsmns per kilometre on dry and wet seasons

explained by best models incorporating landscagserwoir and availability of marking sites
effects. For pure effects, significance levelsgiven in brackets.

Components DRY SEASON WET SEASON
Variance explained (%) Variance explained (%)

Pure Landscape 0.06 (0.917) 10.04 (0.060)

Pure Reservoir 17.84 (0.002) 8.15 (0.088)

Pure Marking Sites (MS) 5.26 (0.034) 0.26 (0.754)

Landscape * Reservoir 0.62 4.32

Landscape * MS -0.06 1.62

Reservoir * MS 29.30 2.42

Landscape * Reservoir * MS 8.93 5.90

Unexplained 38.05 67.29
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Regarding the pure effect of each set of varialitethe dry season, reservoir descriptors were
the most important, explaining a significant (P€20amount of variation (18%) followed by
marking sites thaper seexplain about five percent of variance; in this ssga landscape
descriptors were not significant. In the wet seashe pure effect of the landscape was the
most important, explaining about 10% of the respowagriable variance. In this season, the
pure effect of reservoir characteristics explaiaddut eight percent of the variation (Table
IV.2.4).

The largest fraction of the explained variatiorthia dry season (29%) was due to the combined

effect of reservoir characteristics and availapitit marking sites (Table 1V.2.4).

Otter Diet

A total of 798 occurrences of 27 different preyritewere identified. Crustaceans (represented
only by Procambarus clark)i constituted 48.6% of all occurrences. Fish waes riaxt most
frequent class (35.0%), while insects (6.6%), aibighis (6.1%), fruits (represented by only
one species — blackberRubussp., 2.9%), reptiles (0.5%), birds (0.1%) and masni0.1%)

were of minor importance in otter’s diet.

Otter diet varied seasonally (Figure 1V.2.3), watlmphibians being consumed more in the wet
season, and fruits being consumed only in the elagan. Crustaceans were the most consumed
class in both seasons, although slightly more endity (55.1%) than in the wet (42.6%) season;

fish were more important during the wet seasorb®3.

‘D Dry Season m Vet Season ‘

Rl —

Oass Mammealia

Class Aves

Class Reptilia
Class Anphibia
Class Osteichthyes

Class Insecta
Class Crustacea —

o, 0 10 20 30 40 50 60

Figure 1V.2.3 - Percentage of occurrence of pragsts categories in otter diet per season in
the 12 reservoirs.
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Lepomis gibbosusvas the most frequently consumed fish speciesoth lseasons (wet —
30.3%; dry — 15.6 %), followed b$ambusia halbrookispecially in the dry season (9.4%
0.5% in the wet) andlicropterus salmoidesalmost equally consumed in both seasons (dry -
3.6% and wet - 3.1%) (Figure IV.2.4)

||:| Dry Season BWet Season

Rubus sp. -! | | |

Mus sp

Natrix sp

Amphibia unident.
Anura unident.

Rana perezi

Hyla meridionalis

Bufo bufo

Bufo calamita
Discoglossus galganal
Salamandra salamandra

Osteichthyes unident

Gambusia holbrooki 1

Ciprynidae urident
Cobitis paludica
Carrasius auratos
Cyprinus carpio

Barbus bocagel

Centrarchidae unident
Micropterus salmoides
Insecta unident %
Ordem Hymenoptera
Ordem Coleoptera
Ordem Odonata

% 0 1 2 3 4 5 6 7 8 9 10

Lepomis gibbosus
Procambarus clarkii
o 0 10 20 30 40 50 60

Figure IV.2.4 - Percentage of occurrence of preggaries in otter diet per season in the 12
reservoirs

Chi-square tests showed differences in occurrehpeey items in otter diet between seasons.
These differences were highly significant for anyms §>= 24.11, p < 0.001), fishegq(=
4.71, p = 0.03), crustaceang € 12.36, p < 0.001) and fruitg(= 25.40, p < 0.001).
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Discussion

Patterns of occupancy by otters of small and mediitned reservoirs in the study area were in
accordance with the findings of other studies, hatlwatercourses (e.g. Ottino and Giller,
2004) and in reservoirs (e.g. Prenda et al., 2P@tlroso et al., 2004), with a higher number of
signs being found in the dry season. Elliot (19838p described higher sprainting activity on
rivers which almost dry up compared to those maiirtg a reasonable flow during summer.
As prior referred seasonality of sprainting behawimay occur (e.g. during breeding time,
females hide more often the spraints - Kruuk, 20@8hough this breeding time can occur all
year long in continental Europe - Kranz, 1996). &llsuin Mediterranean areas, more spraints
are found in summer than winter (Palomares et18i89; Ruiz-Olmo and Goséalbez, 1997).
However, it is also acknowledged that high markaegvity may indicate defence of a scarce
resource (e.g. Macdonald and Mason, 1982; Sulka086). In our case, similar to other
Mediterranean areas (Prenda et 2001), we suspect that aquatic prey availabilitg avater
(as a consequence) are the limiting resources. Kr@006) states that not all habitat
preferences are habitat requirements e.g. wheseiprplentiful (such as along the coasts of

Shetland), otters occur in large numbers despéesdtiarcity of cover.

Seasonal differences found in the marking intenaityhe same reservoir suggest the higher
importance of reservoirs, as a resource in therahlyer than the wet season. Drought may be
the leading cause since in the study area mostewateses have no water in the dry season due
to the great number of reservoirs and few largeastis and rivers. This concentration of
reservoirs may promote a change in otter's behawgumaking them allocate more time to
systems with higher water availability, that arelqably also richer in aquatic prey (Prenda et
al., 2001). Effectively, in these circumstances, thetories of many otters have been shown to
alter dramatically with season (Macdonald and Masi®#82; Kruuk, 2006). This was also
reported in a study in the Mediterranean wherer attéivities during the dry season tended to
concentrate around remaining running waters, p@wild,small reservoirs, effectively reducing

territory size and scent marking boundaries (Rumm®et al., 2007).

The negative association found between the usesa#rvoirs and the length of watercourses
with developed riparian vegetation in the surrongdareas may reflect the otter preference for
better-preserved streams and rivers, instead ofnraate artificial reservoirs lacking in refuge
opportunities. Riparian woodlands and shrubs reprtesuitable habitats for otters (e.g. Ruiz-
Olmo et al, 2005) by favouring water retention in dry periodsd consequently, prey
occurrence. Thus, when this vegetation type isgmeshe need for reservoir resources is

lower.
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The negative influence of cattle observed in thé season may be an important result of our
study in view of the cattle grazing intensificatiobserved throughout the study area in the last
few years. Higher densities of cattle promote gjrdisturbance around the reservoir. Although
the direct relationship between otters and cadtieoi well documented, grazing inhibits woody
vegetation recovery (Carmel and Kadmon, 1999) als¢ aontributes to organic water
pollution reducing habitat suitability for ottersidcdonald and Mason 1983; Trindade ef al
1998; Kruuk, 2006). Although the evaluation of #féect of seasonality is based on only one
sampling year, it seems that the absence of anlg edtect in the dry season may reflect the

higher importance of water as a limiting resourcéhe dry season.

In contrast, the negative effect of the area o@uily annual crops on the otters’ use of
reservoirs is higher in the dry season. In thiecasis possible that the human disturbance
associated with crop harvesting specifically durihgs season and the consequent lower
vegetation cover negatively impact otters (Masod &acdonald, 1986; Ottino and Giller,
2004).

Our study showed that the abundance of Americayfislawas one of the most important
variables positively associated with otter markinigs the reservoirs. Other studies in
Mediterranean areas revealed the importance ofishags prey for otters (Magalhaes et al
2002; Clavero et al 2004; Pedroso and Santos-Reis, 2006). In fact, risare crayfish
represents a new food resource, particularly sstul periods of severe drought, and is likely
to have increased the carrying capacity of therenment for aquatic predators such as the
otter. The importance of American crayfish in odest, corroborated by the diet results of this
study, can be interpreted as a response to thedfiighdance of this species in the reservoirs.
This is relevant in view of the low diversity andraity of fish found in the rivers and streams
of the study area (Almeida et al., 2005) especiallgry periods.

The positive association between otter use anévhdability of refuges (represented here by
the number of watercourses flowing into the resesydas also been observed elsewhere (e.g.
Elliot, 1983; Prenda et .al2001) and must reflect the fact that they prowstelter and safe
resting and breeding places (e.g. Foster-Turlegl.et1990; Jimenez and Lacomba, 1991).
Furthermore, a high cover allows otters to movenvbeh food and refuge areas with less
susceptibility to disturbance factors such as huhsassment.

The significant relevance of the reservoir arethendrought period may reflect the shortage of
water in smaller reservoirs and surrounding wataises. In fact, very small reservoirs are

unlikely to be able to sustain prey communitiesiryrall of the dry season (Almeida et al.,
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2005; Magalhaes et al., 2007; Sales-Luis et aD7pénd thus may be less important for the

otter or sustain lower number of otters.

The influence of reservoirs’ characteristics, inglggently or together with other descriptors, on
use of these man-made water bodies by otters, ynaintlry season, is emphasized by our
variance partioning results. The summer drought tigually characterizes Mediterranean
regions, resulting in water shortage in watercarsmay turn reservoirs into valuable
alternatives as foraging grounds for otters dudngperiods. During this season a larger area
in the reservoir vicinity is not covered by watedaotter marking activity may be focused in
specific marking sites along the reservoirs cldsethe water and therefore food. In the wet
season, however, food resources and water ardyreadiilable, and otter choices seem to be

mostly influenced by surrounding landscape features

Otters using small and medium-sized reservoirs feahly on abundant prey in the study area
(P. clarkii andL. gibbosus Almeida et al 2005)in each season, confirming the largely known
opportunistic character of the otter (for a reviese e.g. Kruuk, 2006). More interesting is the
fact that no fish species existing only in waterses were found in the analysed spraints.
Although the very fast digestive system of ottesesinot allow confirmation that otters do not
feed along the nearby rivers, we expected soméeokpecies to be present in at least some
spraints due to close proximity to the rivers. Tigisult suggests that the use of the reservoir by
the otter may be linked to higher food availabjlity scenario also found in other studies
(Pedroso and Santos-Reis, 2006; Sales-Luis e2@)7). In fact, the smaller Mediterranean
watercourses, such as the ones occurring in tlty sttea, may have lower prey availability
(especially fish) during summer months (Almeidaakt2005; Magalhdes et al., 2007; Sales-
Luis et al., 2007). In hot and dry summers, chargtic of Mediterranean climates, there is a
shortage of surface waters with fish becoming e@dito pool refugia and to small reaches
maintaining flowing waters, where they are at higk of mortality from desiccation, predation
or anoxia (Magalh&es et al., 2002). This may exptae higher dependence &h clarkii
consumption in dry periods, a species that bettefives large periods of water shortage.

To summarize, otters use the small and medium-siz@r reservoirs both in dry and wet

seasons. Although this work addresses only one ay one wet sampling season and
conclusions on seasonality are limited by this, thsults suggest a more intense use of
reservoirs during the dry season, corroboratingifigs of other studies (e.g. Pedroso et al.,
2007; Sales-Luis et al., 2007).

These reservoirs may be suboptimal habitats ferin terms of refuge and human pressure

when compared with rivers and streams, but seeactt@s important feeding areas especially
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when close to watercourses with good refuge camditand scarcity of prey. A co-use of close-
by watercourses and large reservoirs was identifieéPedroso et al. (2004, 2007) and Sales-
Luis et al. (2007), suggesting that otters inhagitivatercourses may spend a large amount of
their time feeding in the reservoir, and this magilvapply to the study area in spite of not
being addressed in this study. Additionally, smatkservoirs, as the ones studied here, may
have a lower negative impact on otters than laoges as they do not represent such a loss of
natural habitat, have less effect on water flowimas, induce fewer changes in prey
communities, and do not constrain otter fishingligbdue to their smoother margins and

shallow waters.

Effective protection of otters depends mainly ofegaarding of large areas of suitable habitat,
due to their large spatial requirements (Fostetejuet al., 1990). Hence otter conservation and
the management of freshwater systems at the Maduriatura 2000 site should be viewed in
its regional context. In this area, many watercesii@e already altered from their pristine state
and water is a scarce resource mainly in summaey;tlye number of reservoirs is high and
seems to be contributing to the still widespreastritiution of otters in the area without
significant threats to their persistence. Howewaestribution range does not necessarily mean

higher population numbers (Prenda et al., 2001).

Thus, the best long-term conservation strategy isnaintain this presumably healthy otter
population by improving its natural prey and habitanditions while sustaining human
activities. To do so, reservoirs must be kept iacel but degradation of surrounding areas
through grazing and agricultural intensification shioe controlled (Collares-Pereira et al.,
2000). Due to general conservation concerns ands,gdishery activities also require
management for exotic and autochthonous fish ptipa This includes the exotic American
crayfish, which, although playing a relevant raieotter conservation in Iberian streams as prey
(e.g. Beja, 1996; Clavero et al., 2004), negativeipacts freshwater autochthonous fish and
amphibian species through competition and predatog. Gil-Sanchez and Alba-Tercedor,
2002; Cruz and Rebelo, 2005). Consequently, théraoof the American crayfish and exotic
fishes should take place simultaneously with a gogaiming to recover native prey species to
population levels which could represent a trueradteve for the otters, when exotics become

less available.
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Abstract

There are few examples of long term monitoring igsidnvolving otters and dams, although
the number of these infrastructures is progresgireireasing. Our objectives were to assess
how Eurasian otterutra lutra distribution changed over time in response to tienges in the
species main ecological requirements with the cooson of a large dam. We monitored otter
responses to the construction of the Alqueva deBd @, SE Portugal) from 2000 to 2006.
We surveyed the area to be flooded and its suringaed throughout the pre-
deforestation/flooding, deforestation, flooding apdst flooding phases at two different
resolutions: 25kmand 1km. In each phase and in all selected cells, we sed#lgcsurveyed
600m transects for otter presence and recordedmafion on its ecological requirements. In
eight survey sites, distributed throughout the ptacka, we collected otter spraints to assess
diet and to compare it to prey availability. Withthe flooding area, otter presence was
widespread prior to dam construction (always ab@®e%), decreasing during deforestation
(68.5%), and particularly during the flooding ph#38.3%). A recovery was observed in the
post flooding phase, although not to the level priodam construction (61.5% up to 83.3%).
Otter diet was dominated by fish and American g¢sltyProcambarus clarkiiboth in pre-
deforestation/flooding phase (56.7% and 35.3% acugences, respectively; n = 1921). This
dominance was maintained at the end of the postlihg phase (60.7% and 33.2%; n = 658),
but species richness of preyed fish decreased floitilling (16 to 8), and so did the ratio of
native/non-native preyed fish species (1.7 to 0G)anges in the suitability of otter main
ecological requirements were similar to the pattefrotter distribution in the flooding area
throughout the impact phases and decreased dusf@edtation and flooding with some

recovery being observed in the post flooding ph&se. results emphasize the importance of
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long-term monitoring studies that include sevedtpmpact phases, to truly evaluate species
response to impacts, beyond the mandatory framewbBnvironmental Impact Assessment.

This will allow better planning of mitigation andmpensation measures.

Keywords: Lutra lutra, reservoir, ecological requirementsnitaring, impacts, conservation.

Introduction

Adaptation to habitat change, loss and fragmemtasoa key aspect of species conservation,
especially when resulting from the establishmennfrastructures that pose new challenges for
their survival. Monitoring species responses toitaalthange is crucial therefore to predict
species trends in human-altered environments. @imlaanges and increase in water demands
by humans contribute to conservation pressuredaatic species. This is especially so in the
Mediterranean basin, which is considered to be afnthe regions that will face the largest
changes in climate worldwide (Giorgi, 2006), andeweh water management is conducted
through river regulation (dams) (Collares-Pereirale 2000). Dams cause large-scale habitat
disturbance with major impacts on fish and othpanian populations and habitats (Collares-
Pereira et al., 2000; WCD, 2000). Mediterraneanthtshexperience extreme seasonal variation
in water flow. A stress period usually occurs imsoer, when water flow and level are low to
zero, following frequently long periods of drouglReservoirs can affect this situation by
further influencing water flow regimes and actirgyspecies movement barrier (Ruiz-Olmo et
al., 2001).

The Eurasian ottei_(itra lutra) is a semi-aquatic mammalian carnivore that oesipin apex
position in the food web of European fresh watpreying on a wide range of prey living in
water with emphasis on fishes (Almeida et al., 200he of the main threats for otters living
in inland waters of the Mediterranean is the reidacbf a naturally unstable water flow in
rivers and streams (Jimenez and Lacomba, 1991yv Féduction is often a consequence of
river damming and of increased water demands,quéatly for irrigation (Ruiz-Olmo et al.,
2001). It is also very likely that climate chang#l wontribute to the decrease of highly suitable
otter habitats, in particular in the Iberian Penlas This is linked to a potential increase in
drought frequency, extent and intensity as the atiemwarms, which can lead in some cases to
the disappearance of shallow water bodies, inctudimall rivers (Cianfrani et al., 2011),
causing major declines in prey abundance. So, theepvation of riverine habitats is, and
always has been a major priority for otter cons@mebecause it is prey-rich, it offers adequate

conditions for sheltering, and facilitates animabwament (e.g. Foster-Turley et al., 1990).
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Given these characteristics, the otter is an ideadel species to address animal adaptation to

habitat loss and change as caused by dam impletioenta Mediterranean regions.

Dams, especially large ones, have been describeavasy a negative effect on the distribution
of Eurasian otters, and are suggested as beingtakedging factor in the past decline of the
species in Europe (Foster-Turley et al., 1990; Maatd and Mason, 1994). Some of the major
impacts caused by dam construction on otters iectlicect habitat loss and destruction, and
fragmentation of otter populations, as well as latkadequate foraging grounds due to the
creation of large and deep reservoirs (e.g. FOateey et al., 1990; Macdonald and Mason,
1994; Kruuk, 2006; Santos et al., 2008). In Medi#teean regions, despite available evidence
of otter presence and use of established large d@resda et al., 2001; Pedroso and Santos-
Reis, 2006), with a few exceptions (e.g. Santosl.e2008) there is a lack of information on
otter response in all dam implementation phases-dpm, flooding, post-dam). Consequently
evaluation of impacts is currently incomplete. Tissespecially relevant since for many
Environmental Impact Assessments of large damsleece of otter presence in the reservoirs
is used to state that either (1) no impacts ocdupe (2) that there were no significant
consequences for otter populations after the ch&nge a previous existent riverine system to
a reservoir system. Long term monitoring studiestherefore required, covering all phases of
dam implementation. This is important because o# ftihcreasing number of these
infrastructures, especially so in Mediterraneanntoes where water management is largely
based on dam building, and under the current seepérclimate change that affects riverine

systems mostly by extending the drought period.

The aims of the present study were to assesds: §hylihow otter distribution changed along the
different phases of a large dam construction, {2and how otter diet changes after dam
implementation, and (3) whether there were chaimgge otter’'s main ecological requirements

during and after construction of the dam.

Methods
Study Area

The Algueva dam was built in the valley of Guadid®iaer, in south-eastern Portugal. Its
construction started in 1998 and in late 2003 eck&urope’s largest artificial lake, flooding an
area of 25 000 ha (Figure 1V.3.1). In addition, thlgueva dam project includes a massive
irrigation system affecting 120 600 ha, with prafduchanges in the surrounding landscape

structure, land cover and use. Furthermore, theuéMlg dam was implemented in the
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Mediterranean region, which is considered to be ofethe biodiversity hotspots for
conservation priorities (Brooks et al.,, 2006). Tiegion is characterized by a multi-patch
landscape, dominated by holm odBuercus ilex and cork oak Quercus subgrwoodlands,
interspersed with agricultural fields (cereals, etapples and olive-yards) and forest plantations
(eucalyptus and pine). The climate is characterizgdnild winters and hot summers, with
average temperatures of <18°C in the coldest moatits >22°C in the warmest months.
Precipitation varies between 400-600mm per yearq@mo et al., 2001). Most rivers and

streams in this region have a temporary character.

Field methods

The otter response to the construction of the Algudgam was monitored during four periods
(monitoring phases): pre-deforestation/flooding0@0Q deforestation (2001), flooding (2002
and 2003) and post-flooding (2004 to 2006).Thet fiosir years of monitoring (2000-2003)
were performed in the frame of the project Monitgrof Threatened Carnivores, mandatorily
included in the Monitoring Program of the Alquevar® Project.This Program defined the
study area: 11 (1:25 000) military maps (441, 462,4474, 481, 482, 483, 490, 491, 492 and
501). These included the flooding area of theiaiif reservoir created by the construction of
the Alqueva dam (impacted area) and the surrouratieg (non-impacted area). We monitored
an additional three years period to include thet-floeding phase. During the dam
implementation, vast areas of vegetation were remqdeforestation) in order to reduce the
biomass and potential eutrophication of the reseruesulting in a large area of removed trees
and shrubs covering the predicted maximum watesl €862 m asl). The dam-wall was closed
in February 2002, leading to the start of the flagd From 2002 until the end of 2003, water
level and flooding area increased considerably. post-flooding phase corresponds to the
slow final flooding of the area (from 140 m to th82 m asl), and represents therefore a more
stable water level. The parameters monitored welter adistribution, otter ecological

requirements and otter diet.

Otter distribution was studied at two resolutions, 25 and 12kFirst the study area was

divided into a grid of 25 kicells, resulting in a total of 76 survey cellsgfie 1V.3.1). Otter

presence/absence in all these cells was assesiedirig the World Conservation Union

(IUCN) Otter Specialist Group (OSG) survey guidedirfEoster-Turley et al., 1990; Reuther et

al., 2000) by using a maximum transect length & 80per site (Macdonald, 1983). Otter signs

(spraints, scent marks, prey remains, and foofjrimtere searched for along the transects.
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Surveys were performed twice each year (wet andgeéagons). A cell was considered positive
for the year if at least one seasonal survey wagip®e. To evaluate in detail the evolution of
otter response in the directly impacted area, 38°Idells were randomly selected within the
flooding area and, following the same procedurehezll was surveyed every three months for
otter signs. The transect location was adjustddvimhg the rise of the water level, as “stream

transects” became “reservoir transects” in thenpeter of the dam.

A

PG

Guadiana river basin

J Flooding area
A

Rivers and streams

. 1km? cells surveyed for otter

|:| Military maps (1:25000)

0 300 @  Otter dietand prey survey sites
L e—

D1

— e [ R

Quantum GIS [ ] N

Figure IV.3.1 - Study area and Alqueva reservooatmn in southern Portugal, showing the
25knt and the 1krh(black squares) otter survey grid cells and thessfblack circles) where
otter diet and prey were assessed. Two sites (@1G#) were located in the main River
Guadiana. Other sites were located in tributariethe Guadiana River: the Azevel stream
(AZ), Alamo Stream (AL), Degebe Stream (D1 and D¥jarrache Stream (ALC) and Zebro
Stream (2).
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Otter diet and prey availability were assessed at sites defined by the Monitorisiy fér the
Environmental Impact Assessment of the Alqueva Dapject team (M.J. Collares-Pereira et
al., unp. data). Otter spraints were collectedgiitdish survey sites to assess otter diet (Figure
IV.3.1).

Both otter diet and prey availability were assessedhe pre-deforestation/flooding phase
(2000, five sampling periods: February, April, JuAagust and October) and at the end of post
flooding phase (2006, three sampling periods: Agkilgust and December). Otter diet was
based on prey remains found in spraints express@a@entage of occurrence (PO(item A) =
total number of individuals of prey item A consum@dtal number of individuals consumed x
100). Food items were identified to the lowest pmestaxonomic level following a standard
approach (Sales-Luis et al., 2007) and using areefe collection of fishes and other
vertebrates, as well as published literature (Raeaml Granado-Lorencio, 1992; Conroy et al.,
1993; Prenda et al., 1997, 2002).

Data on fish availability for the stream surveyesitwas gathered in 2000 in the frame of
another study (M.J. Collares-Pereira et al., ugpa)] and collected thought electro-fishing in
50m stretches for 30 minutes. In 2006, as thesss diecame ‘lentic’, we used several
complementary methods, to avoid fishing gear seigctwhen assessing fish assemblages in
reservoirs (Godinho et al., 1998; Clavero and Hson@010). Because otters prefer shallow
waters for foraging (Kruuk, 2006), a sequence af tyke-nets were placed near and parallel to
shore for fish capture, combined with three carlamgpted and baited for capturing American
crayfishP. clarkii. Also, one trammel net (15 m x 2 m; inner meshnif; outer mesh: 100
mm) was set at a depth of 1.5 m at a minimum digtaof 150 m from the margin. All sets
were left overnight. All captured individuals weadentified, counted, weighed, measured, and
then released into the water. Data was convertedpercentage of occurrence (as defined in
Ribeiro et al., 2006).

Otter ecological requirements as determined by IUCN OSG (IUCN Otter SpecialStsup,
2009) were characterised in each surveyed?Hath in the flooding area of the artificial lake.
These were: (1) availability of prey and feedingaa; (2) availability of resting sites; (3)
suitability for breeding areas; (4) availability odrridors for movement and dispersal and (5)
accessibility to fresh water. Each variable wasegatised using a 1 (minimum) to 5
(maximum) scale and ranked from the worst to the& begailable environment for the otter —
suitability index (Table IV.3.1). The value assoedhwith each requirement was the mean of

the corresponding variables for that requiremerterGecological requirements and variables
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were selected and classified according to obséregperience and available literature (Beja,
1992; Ruiz-Olmo et al., 2005; Kruuk, 2006; Pedresml Santos-Reis, 2006; Ribeiro et al.,
2006; Pedroso and Sales-Luis, 2007; Sales-Luis,e2Q07; IUCN Otter Specialists Group,
2009; Basto et al., 2011). Results were then ml&teotter presence and marking intensity

(number of detected otter signs per km).

Table 1V.3.1 — Otter requirements, and variablésted to each requirement, used in flooding
area of the Alqueva reservoir.

Requirement / Data categories or units

Variable description Source

variable (suitability index)
FOOD Aval!ablllty of prey and 1 - minimum to 5 - maximum
feeding areas
Pre Abundance of amphibians, 1-absent / 2—scarce / 3—moderate / 4-higtield work
y crayfish and fish / 5—very high and maps
Steepness Bank steepness 1- very steep / 2-steep/ 3— moderately Field work

steep / 4-slightly steep / 5-flat and maps

1-peninsula / 2—exposed bank / 3-expos%ti‘leI d work
Typology Bank typology bank with irregular perimeter/4—bay / 5—

narrow bay or deep valley and maps

REST Availability of resting sites 1 - minimum to 5- maximum

Refuge availability: presence of
eIarge rocks, logs and other type
of refuge structures

Bank refuges (abov

1-absent / 2—scarce / 3—-moderate / 4—hi%ﬁel d work
flooding area)

/ 5—-very high

Refuge availability : presence of
large rocks, logs and other type
of refuge structures

Bank refuges (in

1-absent / 2—scarce / 3—-moderate / 4—hi%ﬁel d work
flooding area)

/ 5—-very high

1-absent / 2—present but offering no
suitable cover / 3 — present in patches,
Vegetation availability for otters offering scarce cover / 4—present in large,
refuge patches offering suitable cover /5-
continuous dense vegetation, providing
excellent cover

Bank vegetation
(above flooding
area)

Field work

1-absent / 2—present but offering no
suitable cover / 3—present in small patches,
Bank vegetation (in Vegetation availability for otter offering scarce cover / 4—present in large

flooding area) refuge patches offering suitable cover / 5- Field work
continuous dense vegetation, providing
excellent cover
BREED Suitability for breeding 1 - minimum to 5 - maximum
Breeding Number of watercourses with  1-absent / 2—one / 3—two / 4—three /5— Field work
watercourses breeding conditions more than three and maps

Potential for natal holts

(rock formations, deep tree rootsl-absent/ 2—scarce / 3—-moderate / 4—higield work
with holes, thick vegetation / 5—very high and maps
systems)

Natal holts
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Requirement / Data categories or units

Variable description Source

variable (suitability index)
Potential for rearing areas
. (protected areas with Iower. 1-absent/ 2-scarce / 3-moderate / 4—h@l$ld
Rearing areas current, very dense vegetation . orkand
. / 5—very high
and rich food supply, stable maps
availability of water)
CORRIDORS Availability of corridors for 1 - minimum to 5 - maximum

movement and dispersal

. Number of potential corridors  1-absent/ 2—one / 3—two / 4—three /5— Field work

Corridor number s

(watercourses) more than three and maps
1-small stream without water / 2-small  Field work

Corridor type Type of corridors stream / 3-stream / 4—river / 5-large rivaand maps

1-absent / 2- present but offering no
suitable cover / 3—present in small patches,
Refuges/vegetation availability offering some cover / 4—present in large

Refuge for otters in potential corridors patches offering suitable cover / 5- Field work
continuous dense vegetation, providing
excellent cover
WATER Accessibility to fresh water 1 - minimum to 5 -maximum
Watercourse 1-absent/ 2—one / 3— two / 4-three /5— Field work
Number of watercourses
number more than three and maps

Type of watercourses (given
Watercourse type resistance to drought and
carrying capacity)

1-none / 2-small stream / 3—stream / 4— Field work
river / 5-large river or reservoir and maps

Statistical analyses

Differences in otter distribution in the 25 kigrid over the years and between seasons were
analysed using chi-square tests. To analyse theeirde/impact of the different phases on the
presence-absence of otter over time, and to acdountultiple surveys of the same location, a
generalized additive mixed model (GAMM) regressioeamework was used (Wood, 2006).
Presence/absence of otter signs was modelled awoatls of trimester values, with the
smoothness chosen using the default generalized gadidation procedure available in R's (R
Development Core Team, 2011) library mgcv (Wood)8)0 Grid was included as a random
effect and the residuals within sites were assutoddllow a 1st order autoregressive model.
Spearman correlations were calculated betweenitbeofter requirements rankings and otter
presence as well as with marking intensity in eadn? cells in the flooding area in each
sampled trimester. Marking intensity was used asuaogate of intensity of use and an
indication of resources’ defence where sites witbhranspraints may indicate the site is
important to the otter in terms of the habitat andésources (e.g. Kruuk, 2006; Sulkava, 2006;
Guter et al., 2008). Chi-square tests were furtheed to compare consumption of prey
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categories between 2000 and 2006. Since fishindnadstused in each year are not directly
comparable, results on prey availability will beniied to comparing species presence and
relative abundance within each year. Statisticalutations were performed using R software

(version 2.14).

Results
Otter distribution

Temporal dynamics of otter presence/absence oedtifferent phases and years of monitoring
at the 25 krhigrid resolution is shown in Figure IV.3.2.
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Pre-deforestation/flooding (2000)

. Otter presense

Otter absence

J Alqueva reservoir

=A. Rivers and streams

©QGIS 2012

Post Flooding (2004) Post Floeding (2003) Post Flooding (2006)

Figure IV.3.2 — Dynamics of otter distribution metstudy area in a 25Kmrid along the different monitoring phases and year
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The percentage of area occupied by the speciedaivhsstable across seasons within years,
with only subtle changes for the last 2 years (@spective seasons) surveyed (Table 1V.3.2),

all non-significantly different.

Table 1V.3.2— Percentage of positive25%anid cells per season (dry and wet) per year

Year Dry season (%) Wet season (%)
2000 84.2 84.2
2001 85.5 85.5
2002 85.5 85.5
2003 84.2 84.2
2004 80.3 80.3
2005 68.4 72.4
2006 76.3 78.9

During all monitoring phases, otter presented aespdead distribution in rivers, streams, small
reservoirs and the Alqueva reservoir, always witbrenthan 70% of positive cells. Most
negative cells correspond to areas with few or kstadams that dry out for long seasonal
periods. From 2000 to 2003 otter presence patterae stable. Otter distribution was
continuous throughout the study area but there W@ changes from presence to absence
and vice-versa. Additionally, in the deforestatiphase (2001), three cells were negative
despite having apparently adequate streams andail eservoirs that could be used by otters.
During early flooding (2002) there was a considerathange in the location of negative cells.
With the exception of smaller cells and one newatigg cell in the north of the study area
(also less suitable for otter), all 2001 negatigscwere positive in 200Also in 2003, there
were shifts in negative cells, most of them beiagain, less suitable areas for otter.
Additionally, two flooding core cells were also raige, a situation maintained throughout the
rest of the monitoring. In the post flooding ph&28804 to 2006), although not significantly
different, the otter distribution was more resgdthan in other phases. Contributing to this are
cells with considerable flooded area. Within thieage, 2005 was the year with lower records

of otter presence.

Figure 1V.3.3 represents the pattern of otter iigtion (% of presences) in the 39 Tkoells.
Otter presence was widespread prior to dam construgwith levels always higher than
82.0%), decreasing during deforestation and flopgphase. Recovery occurred in the post
flooding period. The evolution of trimester surveyy®w major impacts in early deforestation
(first trimester of deforestation — 68.5%), withve® signs of recovery afterwards, and another

major decrease in otter presence in early floodimgt two trimesters after the beginning of
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flooding — 33.3%). Otter presence showed a recoiwetiie post flooding phase, although not
to the level prior to dam construction (61.5% up8&3%). Modelling of presence/absence
showed that the smooth term is highly significam@oth term p-value<1®) emphasizing that

there is a non-linear relation between otter presemd time.

Start of deforestation Start of flooding End of flooding

1.0

0.9

0.8

Probability of presence
0.6 0.7

0.5

0.4

Trimester since start

Figure IV.3.3- Probability of otter presence asiaction of trimester in the flooding area of the
Algueva reservoir. Data are represented by pomtsfitted model by a black line.

Otter diet and prey availability

Out of a total of 2579 otter spraints collectedefdeforestation/flooding phase, year 2000,
n=1921; end of post-flooding phase, year 2006, 856858 (2000: n = 675; 2006: n = 183)

were analysed resulting in 2579 prey items. Ottetr was dominated by fish and crustaceans
(P. clarkii) both in pre-deforestation/flooding phase (56.718d 85.3% of occurrences) and at

the end of post-flooding phase (60.7% and 33.2%cotirrences) (Figure 1V.3.4). Insects and
mammals were only consumed in the streams/rivasssighificant difference was found in the

consumption of fishy?= 0.1363, P = 0.712), crustaceag$< 0.0644, P = 0.799), amphibians

(x> = 0.142, P = 0.706), reptilex?(= 0.288, P = 0.591) nor birdg*= 2.017, P = 0.156)

between both phases.
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Figure 1V.3.4 — Percentage of occurrence (PO) ey mtasses in otter diet in the flooding area
of the Alqueva reservoir (year 2000 = pre-defotesté&looding phase; year 2006 = end of
post-flooding phase).

Concerning prey availability, in 2000, 17 fish cgiges were captured in the sampled sites,
five of them non-native_epomis gibbosy$. holbrookiandS. alburnoideslominated (total of
77.0% of relative abundance) (Fig. 1V.3.5). In 2006in otter prey captured by fyke-nets and
carboy traps in the Alqueva reservoir were fish.488), reptiles (Mediterranean turtle
Mauremys leprosa- 7.5%) and crustaceanB. (clarkii — 3.1%). Regarding fish specids,
gibbosusdominated captures in the reservoirs margins arle reservoir itself. Only four fish
species were captured in the margins (three of themnative), when comparing with the
species captured in the reservoir (where at leasbarbels species and one nase were captured
— all native) (Figure 1V.3.5A). Richness of preyfesh decreased with flooding (16 to 8) as well
as the ratio of native/non-native fish species {©.9.3). In 2000, otter diet was dominated by
pumpkinseed.epomis gibbosydarbellsBarbussp. and chubSqualiussp. By 2006 otter fish
diet was dominated bl. gibbosus mosquito fishGambusia holbrookand largemouth bass
Micropterus salmoidesall non-native species. Calandirqualius alburnoidessouthern
Iberian chubSqualius pyrenaicysberian long-snout barb8arbus comizplberian small-head
barbelBarbus microcephalysberian arched-mouth naiserochondrostoma lemmingperian
straight-mouth nas@seudochondrostoma willkomgmbouthern Iberian spined-loa€obitis
paludicg chameleon cichlidAustraloheros facetuand freshwater blenn$alaria fluviatilis

were not consumed in the reservoir. With the plogiding appearance of the black bullhead
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Ameiurus melag also became important in otter diet (Figure3¥8.B). Significant differences
were found in consumption darbus sclateri/steindachne(i? = 5.9, P = 0.015) an¢.
holbrooki (x*= 9.3, P = 0.002).

2000 streams/rivers
2006 reservoir

2000 streams/rivers
2006 reservoir margins
2006 reservoir
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Figure IV.3.5.A) Percentage of occurrence (PO)sif Epecies in otter diet in the flooding area
of the Algueva reservoir (year 2000 = pre-defotestélooding phase; year 2006 = end of
post-flooding phase). Non-native (nn) species iaidid. B) Fish species captured in 2000 by
electro-fishing in streams and rivers of the futtlomding area of the Alqueva reservoir; in
2006 by fyke-nets and carboy traps in the Alqueaservoir margins, by trammel nets in the
Algueva reservoir (relative abundance); AmeAmeiuras melas Sflu — Salaria fluviatilis
Afac — Australoheros facetusCpal —Cobitis paludica Ghol - Gambusia holbrookiCaur —
Carassius auratys Ccar - Cyprinus carpip Psp - Pseudochondrostomap.; Pwil —
Pseudochondrostoma willkomgnliem —Iberochondrostoma lemmindg8sp -Barbussp.; Bscl

— Barbus sclateri/steindachneBmic —Barbus microcephalyBcom —Barbus comizpSpyr -
Squalius pyrenaicysSalb —Squalius alburnoidesMsal — Micropterus salmoidesLgig —
Lepomis gibbosydJnid - Unidentified;

Otter ecological requirements

The evolution of suitability indexes of otter eaglmal requirements in the flooding area
showed a clear decrease after deforestation andifig and a slight recovery in the post-dam
situation (Figure 1V.3.6).
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Figure 1V.3.6 — Yearly average of suitability indekotter ecological requirements from 2000
(pre-deforestation/flooding) to 2006 (post-floodinop the flooding area of the Alqueva

reservoir.

The only otter requirement that increased was Wadability to fresh water, hardly a surprise

given the presence of the new reservoir itself. &lierage value of the other requirements

decreased from 2000 to 2006.

Table 1V.3.3 shows the correlations between botbrgiresence and marking intensity, with
otter requirements. Marking behaviour was consikterworrelated with several otter
requirements through time, although there were ghsinn the degree of correlation and the

type of requirement. Significant negative correla were only found between water

availability and both otter presence and markingnnity.
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Table 1V.3.3 - Correlations between otter presearad marking intensity in the flooding area of
the Alqueva reservoir and otter requirements thihoug the dam implementation phases (cc —
Spearman correlation coefficient; P — significance)

Monitoring phase Otter requirements
Pre-deforestation/flooding — 2000 food rest breed ocridors water
Otter presence Cc 0.109 0.106 0.033 0.014 0.072
P 0.205 0.220 0.701 0.868 0.403
Marking behaviour Cc 0.708** 0.753* 0.736** 0.874* 083+
P 0.000 0.000 0.000 0.000 0.009
Deforestation - 2001 food rest breed corridors water
Otter presence Cc 0.056 0.288 0.225 0.277 0.096
P 0.017 0.715 0.055 0.136 0.065
Marking behaviour Cc 0.373* 0.488* 0.351* 0.562** 0.190
P 0.013 0.001 0.019 0.000 0.216
Early flooding - 2002 food rest breed corridors war
Otter presence Cc -0.166 0.034 -0.009 -0.051 -0.278*
P 0.069 0.715 0.920 0.582 0.002
Marking behaviour Cc 0.673* 0.451* 0.535* 0.570* -0.153
P 0.000 0.000 0.000 0.000 0.094
Late flooding - 2003 food rest breed corridors water
Otter presence Cc 0.283* 0.165 0.016 0.048 0.009
P 0.010 0.139 0.889 0.667 0.937
Marking behaviour Cc 0.387** 0.201 0.262* 0.297* -0.220*
P 0.000 0.070 0.017 0.007 0.047
Post flooding — 2004 food Rest breed corridors water
Otter presence Cc 0.032 -0.019 0.016 -0.136 -0.037
P 0.772 0.864 0.886 0.218 0.735
Marking behaviour Cc 0.206 0.407* 0.364** 0.458** -0.348*
P 0.061 0.000 0.001 0.000 0.001
Post flooding — 2005 food rest breed corridors water
Otter presence Cc 0.036 0.242* 0.115 0.243* -0.227*
P 0.759 0.034 0.321 0.032 0.047
Marking behaviour Cc 0.243* 0.234* 0.345* 0.372* -0.373
P 0.034 0.041 0.002 0.001 0.001
Post flooding — 2006 food rest breed corridors water
Otter presence Cc -0.029 0.221 0.067 0.072 0.027
P 0.820 0.080 0.599 0.574 0.830
Marking behaviour Cc -0.085 0.365** 0.354* 0.376**  -0.141
P 0.505 0.003 0.004 0.002 0.265

Requirements: food - availability of prey and fegdereas ; rest - availability of resting sites;dare suitability for
breeding areas; corridors - availability of cornisifor movement and dispersal; water - accessitidifresh water

**highly significant (P < 0.001); *significant (P €.05)
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Discussion

Our study showed that during dam construction amgleémentation, the otter had a widespread
distribution during all the monitoring phases. Tas consistent at both scales of analysis. At
the 25kni cell grid scale the percentage of positive callsdtter presence in the surrounding
area of the flooding area was always similar bet ltttation of negative cells shifted in the
different years/phases. Most absences reflected afdess suitable conditions for otters. Otter
distribution also reflected the disturbance causehe deforestation phase, since cells that
included large areas of deforestation activitiesewalso negative. The results showed that
deforestation, and specially flooding, forced atter look for territories outside the main river
and streams. However otters did not settle themmgeently. In the post-flooding phase, 2005
was the year with the highest absence of otteflectang the extreme drought of that year.
Results at the 1kfmcell scale showed that the first months of defatésn caused a major
decrease in otter presence in the flooding areis. ddiresponds to the period of high degree of
disturbance, caused by the machinery and manpoged to cut the vegetation from the
watercourses. Although otter presence has recowaraeéwhat immediately after, the complete
lack of vegetation in the watercourses probablydéiad otter resettlement. The effect of
flooding, the abrupt loss of rivers and streamss et very strongly in the first six months.
Otter presence was fairly stable after the wategllstabilised, with some signs of recovery in

the surveyed sites, although not reaching the lgwet to dam construction.

Our analysis showed that the otter's response amgds created by the dam implementation
was even clearer in their diet, reflecting majaftstboth in abundance and composition of prey
communities. There was a significant prey switobnfra native to a non-native fish and
crustaceanR. clarkii) dominated diet. Most native fish species wereanor in most cases
only, caught and preyed in the streams/rivers sy$8900). These are species more adapted to
a lotic environment and, when occurring in lentistems, occur in very low abundances and/or
mostly the middle of the reservoirs. This makesriHess available for otters, which usually
forage in more shallow waters near the reservoimgma (Sales-Luis et al., 2007). Reservoirs
provide stable lentic habitats in which non-natsmecies can develop thriving populations
(Clavero et al., 2004), for they are largely lentictheir native range (Filipe et al., 2004,
Ribeiro et al., 2008). A previous study by Ribegtaal. (2006), also in the Alqueva dam, found
that 95.0% of the captured fish were non-nativeesehauthors also found an impressive
increase in abundance and distributiorAoimelasafter the flooding. Our data similarly show
an increased importance Af melasafter the flooding, both in the fish community aalotter
prey. The otter is an opportunistic forager andliet normally reflects the most abundant prey
available (Kruuk et al., 1993; Copp and Roche, 2003
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The change in the composition of the fish commuisitgerhaps the most substantial impact of
dam construction on otter ecology. Non-native sggegenerally have a lower biomass then
native species, as is the casé ofibbosusandG. holbrooki(the most consumed fish in 2006).

This means that the otter must capture a largeteumf individuals to meet the same biomass
requirements. Sales-Luis et al. (2007), in a stadylarge reservoir in central Portugal, found a
preference for larger length classed ofjibbosusyeflecting greater energetic profits. Also in

the reservoir the otter diet becomes less divemséeims of fish species, therefore more

dependent on fewer species.

P. clarkii was the single most consumed species by the &#sto et al. (2011) showed that
the abundance of this crayfish was one of the nmopbrtant variables positively associated
with otter use of small and medium-sized reservé@her studies in Mediterranean areas also
showed the importance &%. clarkii as prey for otters (Magalh&es et al., 2002; Claetral.,
2004; Pedroso and Santos-Reis, 2008).clarkii represents an important food resource
especially in stressful periods of severe drought is likely to have increased the carrying

capacity of the environment for aquatic predatachsas the otter.

In parallel to changes in diet, our results alBesitate a change in otter requirements over time,
consistently correlated with otter marking behawiddtter usually forage in shallow waters
(e.g. Kruuk, 2006), and in the reservoir, therefgney capture efficiency can be expected to
decrease. This can affect not only the size of hanges but also lead to the absence of otter
in less adequate foraging areas. This is confirbnethe highly significant correlation between
availability of prey and feeding areas, and ottarking behaviour in the years of the flooding,
and a significant correlation with otter presencéhie late flooding. In the post-flooding phase,
this relation does not exist or is less importagflecting the increase in prey availability.

Otters are less selective regarding resting shas for breeding areas, and they may use
several in their home range (Jiménez et al., 1998yvever, the availability of both became
restricted in the Alqueva reservoir. Refuges likegé rocks, logs and other type of refuge
structures are few. Substantial vegetation coveprésent almost only in small bays of the
reservoir, whilst most of the banks are dominatedtiy by new aquatic vegetation (helophyte
species, e.gluncusspp) which do not offer refuge for otters. Bothrkiag behaviour and otter
presence in the post flooding phase reflecteddtiat post-impact colonization of the reservoir
is significantly based on areas with more refugd eover. Melquist and Hornocker (1983)
suggested that the availability of adequate escaper and shelter were reasons for Canadian

otters preferring streams over lakes, reservoidspamds.
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Prior to dam implementation, evidence of otter bireg was found in the Guadiana river and
adjacent streams (Saavedra, 2002). After dam inmgatégion no indication of cub or juvenile
presence was found in the reservoir margins. @ges, particularly natal ones, are difficult to
find without radio-tracking and often there is nadence of their presence, such as spraints
(Moorhouse, 1988). Some studies in the Iberian ri3aihe showed that den locations were
restricted to rock formations, deep tree roots withles, bankside vegetation, tangled
vegetation carried downstream by floods, and heftipkegetation systems (Ruiz-Olmo, 1995;
Jiménez and Palomo, 1998; Ruiz-Olmo et al., 200B&. flooding caused the disappearance of
previously existent valleys of rivers and streamlgng with potential natal holts. In the
reservoir margins, refuges or potential dens are mestricted to small rocky agglomerates, all
quite exposed. Rearing areas where cubs staytafténg moved from the breeding areas are
also important. Permanent access to stable watelsland undisturbed areas play an important
role in determining good rearing areas were smddsaan safely learn to swim (Kruuk, 2006).
Ruiz-Olmo et al. (2005) also found female ottewrireg small cubs in selected stretches with
high food availability, with suitable dens and deleand calm water. Although there are several
undisturbed areas in the Alqueva reservoir, thesaat sustain high concentration of prey
populations, or suitable refuges. Conditions foeedling were correlated with marking
behaviour in all of the years, reflecting a lackapipropriate areas. Breeding may be the otter

requirement most affected after dam implementation.

Foster-Turley et al. (1990) and Ruiz-Olmo (2001yéhargued that the physical characteristics
of dams have negatively influenced the distributdmtters in Europe. Alqueva’s dam wall is
96m high and its insertion in the Guadiana rivelteyaeffectively cuts movements of otter
individuals, isolating upstream and downstream roftepulations. After flooding, otter
movements were limited within the reservoir and diggacent watercourses. Smaller streams
constitute movement corridors between suitable thtsbisuch as larger rivers, or they are
themselves suitable habitats. Pedroso et al (stdahilemonstrated that streams flowing in
and out of reservoirs were one of the key driversotter presence and use of large reservoirs.
A similar conjoint system of reservoir-streams vi@asnd in the centre of Portugal (Aguieira
dam), with streams already identified as imporwttér refuge areas and even possible (and
main) breeding areas (Pedroso et al., 2007; Sales-&t al., 2007). We found significant
correlations between the presence of corridor &iras and otter marking behaviour, and also
otter presence in a late phase of the monitorings Bhows that these corridors are a

determinant aspect for otter presence and colooizaft the reservoir.

Finally, permanent accessibility to fresh water iz only otter requirement that increased
after dam implementation. This is one of the mogtartant factors influencing the occurrence
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of otters in dry areas in summer (e.g. Beja, 1$92nda et al., 2001). With the construction of
the dam, a permanent water source is availabléhtootter all year long. However it is clear
that the flooding also had a negative impact (negatorrelation both marking behaviour, in
the late flooding and post-flooding phases, aner gitesence in post-flooding, when the impact

of the flooding was more evident).

Implications for otter conservation

Suitable habitats for otters are connected aquatiironments with high prey abundance,
dense bankside vegetation cover, shelters and ibhgeel@éns, and foraging grounds that are
easy-to-find and use (e.g. Macdonald and Mason2;1B8iz-Olmo et al., 2005). With the
exception of the availability of fresh water, &bse other otter ecological requirements are less
suitable after the construction and implementatibthe Alqueva dam. Breeding, feeding, and
resting areas are critical for a species (e.g.nd&edez and Palomares, 2000; Kruuk, 2006).
Specifically in recently constructed reservoirs,ewhthe vegetation is non-existent and fish
populations still have not had the time to colonieproduction and breeding may be limited or

not existent, as breeding is a time of high eneegyirements for otters.

Nevertheless, this reflects an impact on otterifigtion that may not be a serious setback for
otter conservation in areas where otter populatibmse. The favourable otter population

situation found in the Guadiana river basin in 8eut Portugal (Saavedra, 2002) may have
been the key to the otter colonization of less ad## habitat areas like the Alqueva large
reservoir, since the streams surrounding it aré-@aelupied. This also means that in areas were

the otter is present at low density this scenamy ive quite different.

We should keep in mind that otter presence in veser of already existing dams is not

sufficient to conclude that such infrastructureteioequal opportunities to otter populations
compared with the previous network of rivers amdans. The Alqueva Dam was implemented
along a stretch of a large river (Guadiana Rivarpiconfluence area with two other large
streams (Degebe and Alcarrache). These, beforeungeul, were able to sustain high-density
otter populations. In large reservoirs, the engiegimeter is seldom used regularly, and the
areas of highest use are those near streams, saggesomplementary use (Sales-Luis et al.,
2007; Pedroso et al., submitted). We suggest ieatdrrying capacity for otters in the Alqueva

reservoir is now lower than that in the area presito its construction.

Dam construction and water development projectsaterewide-ranging social and

environmental consequences, with impacts extendielj beyond the initial planning area.
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Ecologists and environmentalists are often chaéldnigy the complex interaction of forces at
work in these environments, making prediction oéra¥ effects difficult (Maingi and Marsh,
2002). Our results emphasize how important are l@mmn monitoring studies that include
several phases of construction, post constructioth #ooding, to truly evaluate species
response to impacts, sometimes beyond the mandatmework of Environmental Impact
Assessment. Such studies will enable better plgnolimitigation and compensation measures,
such as protection of riparian vegetation in streamear to the reservoir, promotion of
vegetation in the margins of the reservoir, pradacof islands in the reservoir as refuges of the
otter, promotion of inlets/bays to improve foragiafjiciency, and the protection of rocky

formations and possible rearing areas for otter.
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Abstract

Bacterial antimicrobial resistance is a well redagd problem for human and animal health.
Evaluation of antimicrobial resistance in enteriecnobiota is a powerful tool to monitor
selective pressure from drugs used for treatinghahand human infectious diseases, or from
compounds used in farming practices for prophyla8sreening antibiotic susceptibility
patterns of wildlife animal isolates provides uséfformation on environmental contamination
by resistant strains, deriving from contaminatdtuehts or from free-ranging animals that are

potential vectors of resistance determinants.

Recently, we examined the antimicrobial resistasfdescherichia col{n=7) andenterococcus
spp. (n=26) isolates obtained from 35 fecal samipten Eurasian otterL{itra lutra Linnaeus,
1758) free-living in Pego do Altar and Monte Nowservoirs and associated river stretches in
Alentejo region, South Portugal. The 12 antimicatdi tested as recommended in the Clinical
and Laboratory Standards Institute guidelines,ri@d to different antimicrobial drug classes,
acting through inhibition of transduction (n = 6&ll wall synthesis (n = 4), DNA gyrase (n =
1) and folate synthesis (n = 1).

Levels of resistance were different for the twotbeal genera considered. Afl. coliisolates
were susceptible to 5 of the antimicrobials testedle none ofEnterococcuspp. isolates was
susceptible to all compounds. All enterococci weesistant to cephalexin, cefotaxime,
enrofloxacin and streptomicin. With exception ofedf. coli isolate, all bacteria presented a

multiresistant profile, being resistant to morertlome antimicrobial drug class.

The animals sampled were not likely to have bedynesti to antibiotherapy. Therefore, low
resistance levels were expected, since antimidrot@atment exposure is still considered the
major reason for emergence, selection, and dissgimm of resistant bacteria. The
multiresistant profile found in most isolates sugppothe hypothesis that environmental

exposure of intestinal microbiota to antimicrob&ajents may select for resistant bacterial
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strains, but the occurrence of point mutations ayugition of transmissible mobile DNA

elements responsible for antimicrobial resistanastralso be taken into consideration.

The antimicrobial resistance profile Bf coliandEnterococcuspp.isolates from otters’ fecal
samples may provide useful information to assesspibtential of antimicrobial resistance
transmission from the environment contaminated bydns and domestic and wild animals,
being particularly relevant in dams and rivers vehuman activities, such as farming or
outdoor recreational activities, occur near orha water. Resistance profiles should be taken
upon consideration in future plans regarding mamege and conservation of otters,

particularly in environments where cattle dens#gmnaquatic systems is high.

Introduction

Eurasian otters_{utra lutra Linnaeus, 1758) are medium size mustelids, wighr@pmately 60

to 90 cm long, 6 t010 kg weight, short legs andssférm body ending in a long tail, usually 35
to 47 cm long. These free-range otters have irggadlimembranes that allow them to actively
swim and forage in water. They are territorialjitagy and nocturnal animals. They breed all
year, although births of one to five cubs are nmmhmon in spring, after a two months
gestation. They may live up to 9 years in the vafdl up to 12 years in captivity. They eat
mainly fish, but their diet may also include crustans, amphibians, birds and small rodents
(Carnivora, 2008).

Eurasian otters are classified as “Near Threatenefhmals. In Europe, they are one of the
main animal species under protection, and theitucapand habitat destruction are interdicted
by the Berna and Washington Conventions (IUCN, 2006eir distribution extended across
Europe and Asia, but after the 1950s it declineWestern Europe, and otters became absent
from large areas of their former range (Mason aracbnald, 1986; Foster-Turley et al.,
1990). There has been a species recovery in mostuobpe due to natural conditions,
conservation projects and reintroduction progra@ertgs et al., 1998; Kranz and Toman,
2000; IUCN, 2006).

Otters can be found in a wide variety of aquaticitads, including highland and lowland lakes,
rivers, streams, marshes, swamp forests and c@asts. They are easily adaptable, being able
to live in salt and freshwater habitats and in sage systems from urban areas. Generally,
otter distribution is correlated with the preserafefreshwater and bank side vegetation
(Reuther and Hilton-Taylor, 2004), and their haisitare extremely vulnerable to man-made

changes. Populations’ densities are affected bgrsivcanalisation, removal of bank side
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vegetation, dam construction, wetlands drainingjaaglture activities and associated man-
made impacts on aquatic systems. Pollution is amthjeat to otters in western and central
Europe, where the main pollutants are the orgaocodeas dieldrin and DDT/DDE,
polychlorinated biphenyls and mercury, since rivarsd lakes acidification results in the
decline of fish biomass, reducing the otter’s feedources. This reduction can also be due to
organic pollution from nitrate fertilisers, untredtsewage, or farm slurry (Reuther and Hilton-
Taylor, 2004). Other major causes of otters’ maxtare drowning, due to the presence of fyke
nets set for eels or fish as well as creels sanfimine crustaceans, road kills, and poaching.

Contrasting the apparent pattern of decline in &araotter populations until the 1990s (Mason
and MacDonald, 1986; Foster-Turley et 4aB90; MacDonald and Mason, 1994; Romanowski
et al., 1997; Cortés et.all998; Ruiz-Olmo and Delibes, 1998; Kranz and Tiom2000;

Conroy and Chanin, 2002), otters in Portugal hdweays been considered one of the most
viable populations from Europe (Macdonald and Mad@82; Santos-Reis, 1983; Mason and
MacDonald, 1986; Santos-Reis ef, 4995; Trindade et al., 1998). Although not weilblwn,

otter densities are suspected to be high in Pdrt(fg@ntos-Reis et al., 2003). They are
distributed throughout the country, inhabitingtgbes of river and wetland systems, including
coastal areas (Beja, 1995; Santos-Reis et al.,; IB93dade et al., 1998), which may result
from the large diversity of preys’ and favourabbbhiat found (MacDonald and Mason, 1982;
Farinha and Trindade, 1994; Santos-Reis et al.5)13ome populations cross the boundary

between Portugal and Spain.

In Portugal, otters’ status was recently changemmfriinsufficiently Known” to “Least
Concerned” (Cabral et al., 2005). Otters’ conséowain this country is a vital issue and their
conservation is mandatory by the “Habitats” Direetiand Natura 2000 Network, since

populations are stable, representing a biodivetbiyspot”.

Dams can adversely influence Eurasian otters’iligion and are frequently suggested as a
contributing factor to the decline of this spedre&urope (MacDonald and Mason, 1984; Ruiz-
Olmo, 2001). However, otters can use these man-rhatiéats under some circumstances,
such as the ones occurring in Portugal. The faveratatus of otter populations in Portugal
may lead them to occupy, especially during the skgson, habitats like dams, which are
suboptimal in terms of refuge but offer profitapley (Pedroso and Santos Reis, 2006). Sales-
Luis et al (2007) suggested that otters using tributaries dams feed predominantly in the
dam, and results by these authors indicate that ptipulations make use of these conjoint
systems to ensure their survival. These infra-sires offer plenty of water and suitable preys,
attracting otters during the recurrent periods ofndss suffered by Mediterranean water
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systems (Prenda et al., 2001; Pedroso and Santes €6). In addition, dams are used by
humans for recreational activities, like bathingmping and water sports.

The accurate determination of otter populationsxisemely difficult, and capture, telemetry
and other invasive methods are being questionedli€3t can rely on direct observation, but
this method only allows to determine otters numlieispecific habitats and regions where the
animals are diurnal (Kruuk, 1995). Direct obsemmatirequires experienced observers and
special habitat features (Ruiz-Olmo et 2D01), which is also true for quantification metho
based on footprints identification. The urge fdoimation regarding genetic, demographic and
life-history data from this species made the dgwelent of molecular identification methods
essential (Kohn and Wayne, 1997; Kruuk, 2006). Viddial identification can now be
performed by fecal DNA analysis obtained from freshts collected from surveys conducted
at sunrise in consecutive days, which allows theerda@nation of otter's abundance and
territory range (Dallas et al., 2003; Arrendalbéf 2004; Selkoe and Toonen, 2006).

Regarding river-otters health status, these anin@ise suffer from viral, bacterial, fungal and
parasitic diseases (Kimber and Kollias Il, 2000almt valid microflora characterization
studies are scarce and little is known about thaeical significance of isolates and
environmental contaminant-related diseases, or tabiweir potential role as reservoirs of

antimicrobial resistant bacteria.

There are several studies that describe the diiféssuexperienced in the treatment of human-
related infections promoted by antimicrobial resmistbacteria (Monroe and Polk, 2000). It has
also been observed that human and animal infecaomsncreasingly related, making studies
on identification of animal and environmental res@s of antimicrobial resistant bacteria a

matter of public health importance (Cole et 2005; Sayah et al., 2005).

Until recently, it was assumed that the emergeselection, and dissemination of antimicrobial
resistant bacteria were mainly caused by selegressure related to antibiotic misuse and
abuse (Monroe and Polk, 2000; Sayah etZ2805). Antimicrobial resistance characteristics
may be due to intrinsic mechanisms that promote itfeetivation or modification of
antimicrobial compounds, the decrease of bacteedlwall or membrane permeability, the
activation of efflux pump mechanisms that activexpel antimicrobials, or the modification of
target receptors (Sayah et al., 2005). Resistahaeacteristics may also be explained by the
ability of expression of acquired resistance meidmas that some bacterial strains demonstrate.
Examples of these mechanisms comprise the occer@mhromosomal gene mutations or the
expression of resistance genes present in plastraaisposons, bacteriophages or other mobile
elements aquired from other bacteria. These elesmarg known to be responsible for the
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transfer of multiresistant profiles, characterisdthe phenotypic resistance to more than one

antimicrobial drug class (Sayah et al., 2005).

Antimicrobial resistance characteristics presetgthe normal enteric microbiota can be used
to infer on the extent of selective pressure caumedntimicrobial use in human and animal
populations (SVRAM, 2007). Commensal intestinal teaa, such ad€Escherichia coliand
Enterococcusspp., may act as reservoirs for resistance gendsaee able to disseminate
bacterial resistant determinants to animal or hupathogens (Skurnik et al., 2006; SVRAM,
2007). Therefore, the evaluation of antimicrobedistance profiles of bacteria belonging to the
normal enteric microbiota of healthy animals canused as an indicator of antimicrobial

resistance dispersion in the environment (SVRAM)7)0

E. coliis a facultative anaerobic non-spore forming Graegative bacteria. Their pleomorphic
rods are often mobile by peritrichous flagella Beteim, 1992; ICMSF, 1996). This
commensal bacterium is commonly found in the digestract of humans and warm blood
animals, being isolated from feces from humans @mdestic and wild animals (Bettelheim,
1992; ICMSF, 1996)E. coli is mainly transmitted by fecal-oral route, butsgisiination

through contaminated water has also been descr{Bettelheim, 1992; Blackburn and
McCarthy, 2000; Bertin et al2001). In fact, sincé. coli represents 1% of the total fecal
microbiota of humans and warm blood animals, itkely for sewers to always contain high

levels of this microorganism.

E. coli may present stable plasmids that can harbor arbinial resistance genes or other
virulence factors (Bettelheim, 1992; Kimura et @D00). The ability of this microorganism to
survive in adverse conditions facilitates the pté&riransmission of antimicrobial resistance
genes or other virulence factors (Paton and Pdlt888; Blackburn and McCarthy, 2000;
Natvig et al., 2002).

Enterococci are facultative anaerobes and catalegative Gram-positive bacteria, with a
coccoid shape, and presenting the Lancefield D mamtigen (Sneath et al., 1986; Giraffa,
2002, 2003; Klein, 2003). They are also commensi@rarganisms, representing a major
percentage of these bacteria associated with tsteogatestinal tract of mammals (Aarestrup et
al.,, 2000; Giraffa, 2002, 2003; Klein, 2003). Aftec& elimination to the environment, they
may colonize several ecosystems due to their execggtcapacity to resist and multiply in

hostile environments. Consequently, enterococci rawe only associated to warm blood
animals, but also to soils, water and vegetablegaffa, 2002, 2003; Klein, 2003).

Nevertheless, it should be noticed that enterocdistiibution varies according to the species,
due to host specificity (Vancanneyt et al., 20@)fecalis usually occurs in human intestines,
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although it can also be found in other mammalsdeC@mn the other hand&. faeciumandE.
duransare more common in swine feces, and the last analso be found in birds (Sneath et
al., 1986; Giraffa, 2002; Klein, 2003).

Generally these microorganisms present low virwdebat the emergence Bf faeciumandE.
fecalis strains resistant to antimicrobial compounds isob@ng a serious problem. This
resistance can be intrinsic or acquired, by mutatip by transfer of mobile elements such as
plasmids or transposons (Sneath et al., 1986; \éan Bbggard et al., 1997; Jensen, 1998;
Jensen et al., 1998; Aarestrup et al., 2000; Borgeml, 2000; Aarestrup et al., 2002;
Vancanneyt et al2002; Van den Bogaard et al., 2002; Domig et &03}. Epidemiologic
studies indicate thd. faeciumconstitutes a major threat in terms of antimicabbesistance
(Knudtson and Hartman, 1992; Giraffa, 2002).

These are several studies that describe the oocerand distribution of antimicrobial resistant
bacteria isolated from domestic and farm animald, little is known about the presence of
antimicrobial resistant determinants in the micotdiof wild animals (Caprioli et al., 1991;

Sayah et a) 2005). This information is extremely relevant giablish the accurate prevalence
and distribution of antimicrobial resistant detemamts, and to evaluate the potential role of

wild animals in environmental contamination witlsistant bacterial strains (Cole et al., 2005).

In this work we have shown the presence of redigaterococcuspp. anck. coli in fecal
samples of free-ranging Portuguese otters. Baoiesia isolated from stool swabs collected in
September 2007 and March 2008, from the river asdrrvoir stretches from Pego do Altar and
Monte Novo, two dams located in Alentejo regionut®oPortugal. Bacterial isolates were
identified on the basis of their morphology and abelic pathways, and their antimicrobial
resistance profile regarding 12 antimicrobial drugs evaluated by the standard disk diffusion

method, according to the CLSI guidelines.

Material and Methods
Study Area

The study was conducted in two large dams and ededaiver stretches, located in Alentejo
region, in the South of Portugal. Pego do Altar Dianfocated in the Sado River Basin and
Monte Novo Dam is located in the Guadiana RivenBésigure V.1.1).

Guadiana and Sado rivers are two of the most iraporivers in Portugal. Alentejo region is
characterized by its vast plains and a relativeljoum climate. However, because of the sea

influence, aridity increases towards the southeagt higher temperatures and lower air
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humidity. Annual precipitation ranges from 800mnthe north and west to less than 500mm in
the southeast. The landscape, typically Mediteaané characterized by large cereal fields
and holm/cork oak woods, with cork oalk@uercus subgrdominating in the west and holm
oaks Quercus faginerin the east. Considerable areas of piRas spp.) and eucalyptus
(Eucalyptus globulgstrees can also be found. Many of the small steeamAlentejo do not

have a permanent water regime, drying up partaligompletely in summer.

arSusana Stream

Figure V.1.1- Location of the sampled stretcheSado (A) and Guadiana (B) Basins in South
Portugal: 1 - Pego do Altar Dam (north) 2 - Sanigg®a Stream (north); 3 - Pego do Altar
Dam (center); 4 - Santa Susana Stream (south)yiachede Stream (upstream); 6 - Machede
Stream (near dam); 7 - Monte Novo Dam (west); 8ond Novo Dam (center); 9 - Monte
Novo Dam (North); 10 - Monte Novo Dam (dam wall);- Degebe River (Downstream).

In general, Alentejo basins are located in semirdgions were the lack of water availability
promoted an increased human intervention in themeturses, namely with construction of

water reserves for human and agriculture consump#s a result, aquatic ecosystems have
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been suffering changes that endanger fauna and, féprecially the aquatic species, such as
autochthonous fish species. Pego do Altar Dam asaldest dam (1949), with a volume of
37100 ni and Monte Novo Dam the more recent one (1982} ai¢olume of 31 000 fnBoth
dams were essentially created for irrigation anteweeserve. In general, water quality in both
basins in degraded, but it hasn’t been establigle¢df this characteristic is associated with
intense local pollution of urban and agro-industdegin or with diffuse pollution sources,

mainly caused by agricultural practices (Ferrefral.e2004; INAG, 2007).

Scat Sampling

Otters are free-living and mostly nocturnal. Tousssthe collection of fresh scats that were
deposited by the otter within less than 15h, swsvesxre conducted at sunrise, for seven
consecutive days. Scat collection in Pego do Alam and adjacent river-stretches was
conducted in September 2007, and in Monte Novo andd adjacent river-stretches was
performed in March 2008. Otter scats are easilggeizable to the trained eye and are usually
deposited by the otter in prominent places as magrldactivity for territory defense. The
surveyed streams included common otter deposities, $n order to increase the probability of
collecting fresh scats. Survey length in each sagmite was 600 m (Pedroso et, &007).
Scats collected at one sampling site may be deggbby the same individual, but scats from

different sampling sites probably are not, sincae@ang sites are distant.

In Pego do Altar Dam were selected for survey sdxamsects in streams adjacent to the dam
(Sao Cristovao, Santa Catarina and Santa Susa@ansty and four dam transects. In Monte
Novo Dam were surveyed six transects in streamacadj to the dam (three in Machede

Stream and three in Degebe River) and four danséxs.

Thirty-five scats were collected and processed rfocroflora analysis and antimicrobial
resistance determination (Table V.1.1). For ea@t sample analysed, an AMIES swab (FL
medical) was immediately performed for bacteriantdeation, and kept refrigerated until

further processing.
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Table V.1.1- Fecal otterl(utra lutra) samples collected at surveyed sampling sitesegbRIo
Altar and Monte Novo Dams and adjacent streams.

Sample N° Sample Code Sample identification Location

Dam — Pego do Altar

1 L3/07 DF3T2APA Santa Susana Stream (North)
2 L4/07 DF4T3PA Pego do Altar Dam (North)
3 L5/07 DF5T3PA Pego do Altar Dam (North)
4 L6/07 DF6T3PA Pego do Altar Dam (North)
5 L7/07 DF7T3PA Pego do Altar Dam (North)
6 L8/07 DF85aPA Santa Susana Stream (South)
7 L9/07 DF9T3PA Santa Susana Stream (South)
8 L10/07 DF10T3PA Santa Susana Stream (South)
9 L11/07 DF11T3PA Santa Susana Stream (South)
10 L12/07 DF12T3PA Santa Susana Stream (South)
11 L13/07 DF13T4PA Pego do Altar Dam (center)
12 L14/07 DF15T3PA Pego do Altar Dam (North)
14 L16/07 DF14T3PA Pego do Altar Dam (North)
15 L17/07 DF16T3PA Pego do Altar Dam (North)
Dam — Monte Novo
16 L1/08 DF16RMM3 Machede Stream (near dam)
17 L2/08 DF24MN5 Monte Novo Dam (North)
18 L3/08 DF23RD2 Degebe River (Downstream)
19 L4/08 DF13RD2 Degebe River (Downstream)
20 L5/08 DF20MN2 Monte Novo Dam (dam wall)
21 L6/08 DF21RMM2 Machede Stream (upstream)
22 L7/08 DF8MN4 Monte Novo Dam (center)
23 L8/08 VF18RMM3 Machede Stream (near dam)
24 L9/08 DF11MN2 Monte Novo Dam (dam wall)
25 L10/08 DEIOMNRD3 Degebe River (Downstream)
26 L11/08 DF22MN7 Monte Novo Dam (West)
27 L12/08 DF15MN2 Monte Novo Dam (dam wall)
28 L13/08 DFMN3T4 Monte Novo Dam (center)
29 L14/08 DF4RD2 Degebe River (Downstream)
30 L15/08 DFMN2T4 Monte Novo Dam (center)
31 L16/08 DF12RDA4 Degebe River (Downstream)
32 L17/08 DFMN1T4 Monte Novo Dam (center)
33 L18/08 DF13MN7 Monte Novo Dam (West)
34 L19/08 DF6MNT2 Monte Novo Dam (dam wall)
35 L20/08 DF5RD2 Degebe River (Downstream)

Bacteria Identification and Antimicrobial Resistanbetermination

The isolation of. coli andEnterococcuspp. from the otters fecal AMIES swab samples was

performed using specific bacteriological protocols.

148



V.1. Evidence of antimicrobial resistance in Eusasbtter Lutra lutra Linnaeus, 1758) fecal bacteria in
Portugal

E. coliisolation was carried out in MacConkey agar plésoid), incubated at 37°C for 24h.
This selective medium includes bile salts and alysiolet to inhibit the growth of Gram-
positive bacteria. It also includes lactose andnatued, and lactose positife coli colonies
are easily recognized due to their bright pink cation (Biokar Diagnostics, 2008; Quinn et
al., 1994).

Enterococcuspp. isolation was performed using Slanetz andeBagar (Oxoid), incubated at

37°C for 24 h. This selective medium includes swdaride that inhibits the growth of Gram-
negative bacteriam, and triphenyltetrazolium cldeyian indicator that it is reduced to an
insoluble formazan inside the cells, turning enteozi colonies red to maroon (Biokar
Diagnostics, 2008).

Identification of isolates was performed througkeithmacro and microscopic morphology,
staining characteristics and biochemical profilsimg the identification systems API 20E tér
coli identification and API Strep forEnterococcusspp., according to manufacturer’s

instructions (bioMérieux).

Antimicrobial susceptibility testing was performby the disk diffusion method recommended
in the Clinical and Laboratory Standards Institi@&SI) guidelines, using Mueller-Hinton agar
plates (Biokar Diagnostics). Antimicrobial drugs sted were as follows:
amoxycillin/clavulanate (AMC, 3@g), ampicillin (AMP, 10ug), chloramphenicol (C, 3(g),
cephalexin (CL, 30ug), gentamicin (CN, 1Qug), cephotaxim (CTX, 3Qug), enrofloxacin
(ENR, 5pug), nalidixic acid (NA, 30ug), penicillin G (P, 10 units), streptomycin (S, 1§),
sulphamethoxazole/trimethoprim (SXT, 19:1, 2%) and tetracycline (TE, 30ug).
Antimicrobial disks were purchased from Oxoid.

Results

Thirty-five fresh scats (Table V.1.1) were colletia 13 of the 21 surveyed sites (Figure V.1.1
and Table V.1.1) and a total of Ehterococcuspp. isolates (Table V.1.2), and sewercoli

isolates were obtained (Table V.1.3).

The antimicrobial resistance profile of the isofatender study is shown in Table V.1.2 and
Table V.1.3. For analysis purpose, isolates withrmediate susceptibility were considered as

resistant. None of the 33 isolates tested was ptibteeto all antimicrobial agents tested.

All the 26 enterococci isolates were resistant kg CTX, ENR and S. Five isolates of these

were resistant to all antimicrobials tested. Highels of resistance were observed for CN (n =
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21, 80.77%) and NA (n = 25, 96.15%). Intermediaeels of resistance were observed for
AMP (n = 12, 46.15%), SXT (n = 13, 50.0%) and TEXrl8, 69.23%). Lower levels of
resistance were observed for AMC (n = 9, 34.62%) & and P (n = 10, 38.46%). All
enterococci isolates presented a multiresistarfti@r&imilar antimicrobial resistance patterns
were observed in enterococci isolates from fecalptas L3 and L4/2007, from samples L11
and L16/2007, from samples L4, L6 and L9/2008, &ath samples L3 and L19/2008 (Table
V.1.2 and Table V.1.3).

E. coliisolates presented lower levels of resistance s@llen isolates were susceptible to C,
CN, CTX, ENR and SXT. None of the isolates wasstesit to all antimicrobials testes. High
levels of resistance were observed for TE (n =1843%) and P (n = 6, 85.71%). Intermediate
levels of resistance were observed for AMP (n §4143%) and NA and S (n = 3, 42.86%).
Lower levels of resistance were observed for AM@ @b (n = 2, 28.57%). Only oné. coli
isolate did not present a multiresistant profiled @imilar patterns of resistance were observed
in E. coliisolates from fecal samples 14/2007 and 16/20@BI€TV.1.2 and Table V.1.4).

Table V.1.2 - Levels of resistance observedEaterococcusspp. andE. coli isolates from
otter (utra lutra) scat samples.

Antimicrobial compounds

Enterococcuspp. (N=26)

E. coli (N=7)

Resistant bacterial isolates

AMC 9 (34.62%) 2 (28.57%)
AMP 12 (46.15%) 4 (57.14%)
C 10 (38.46%) 0
cL 26 (100%) 2 (28.57%)
CN 21 (80.77%) 0
CTX 26 (100%) 0
ENR 26 (100%) 0
NA 25 (96.15%) 3 (42.86%)
P 10 (38.46%) 6 (85.71%)
s 26 (100%) 3 (42.86%)
SXT 13 (50.0%) 0
TE 18 (69.23%) 5 (71.43%)

Table V.1.3 - Antimicrobial resistance profile afterococci isolated from otteLftra lutra)

scat samples.

Isolate N° Sample code

Isolate identification

Antiricrobial resistance profile

1 L3 /2007 AMC-AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
2 L3 /2007 CL-CTX-ENR-NA-S
3 L4 / 2007 CL-CTX-ENR-NA-S
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Isolate N° Sample code Isolate identification Antiricrobial resistance profile
4 L5 /2007 E. durans CL-CTX-ENR-NA-S-SXT-TE
5 L7 /2007 E. fecalis CL-CTX-ENR-NA-S-TE
6 L8 /2007 E. faecium AMP-CL-CTX-ENR-NA-S-SXT
7 L9 / 2007 E. faecium AMC-AMP-CL-CN-CTX-ENR-NA-S
8 L10 /2007 E. faecium AMC-AMP-CL-CN-CTX-ENR-NA-S-SXT-TE
9 L11 /2007 E. fecalis C-CL-CN-CTX-ENR-NA-S-SXT-TE
12 L16 / 2007 E. fecalis C-CL-CN-CTX-ENR-NA-S-SXT-TE
14 L1 /2008 E. faecium CL-CN-CTX-ENR-NA-P-S-TE
15 L3 /2008 E. faecium CL-CN-CTX-ENR-NA-S-TE
18 L4 /2008 E. faecium CL-CN-CTX-ENR-NA-S
19 L6 /2008 E. faecium CL-CN-CTX-ENR-NA-S
20 L8 /2008 E. faecium AMP-C-CL-CN-CTX-ENR-NA-S-TE
21 L9 /2008 E. faecium CL-CN-CTX-ENR-NA-S
22 L10 /2008 E. faecium AMC-AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
24 L11 /2008 Ent.sp. AMC-AMP-CL-CN-CTX-ENR-P-S-SXT
25 L12 / 2008 E. faecium AMC-AMP-CL-CN-CTX-ENR-NA-P-S-TE
26 L13 /2008 E. faecium AMC-AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
27 L15 /2008 E. faecium AMC-AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
28 L16 / 2008 E. faecium AMC-AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
30 L18 /2008 E. faecium AMP-C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
31 L18 /2008 E. fecalis C-CL-CN-CTX-ENR-NA-P-S-SXT-TE
32 L19 /2008 E. durans CL-CN-CTX-ENR-NA-S-TE
33 L19 /2008 E. durans CL-CN-CTX-ENR-NA-S-TE

Table V.1.4 - Antimicrobial resistance profile Bf coli isolated from otterL{utra lutra) scat
samples.

Isolate N° Sample code Antimicrobial resistance pffde

10 L14 / 2007 AMC-AMP-CL-NA-P-TE
11 L16 / 2007 AMC-AMP-CL-NA-P-TE
13 L17 / 2007 NA-P-TE

16 L4/2008 S-TE

17 L4/2008 AMP-P-TE

23 L11 /2008 P-S

29 L17 /2008 AMP-P-S

Discussion

Public interest in wildlife animals’ welfare and ngervation has grown in the last years.
Studies have focused on aspects related wildlifdtihetatus, diseases and causes of mortality,
since investigators have realized that these amimah be used as potential environmental

pollution monitors, while being, simultaneously, tgatial vehicles of zoonoses, diseases
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transmission to farm and companion animals, antn&rbbial resistant bacteria (Simpson,
2000; Salyers and Shoemaker, 2006). In fact, Cioéd €2005) already established the role of
wild birds in pathogenic bacteria and antimicrobiasistance gene transmission to humans,

through the contamination of agricultural fieldslamater used for human consumption.

Free-range river otters are well spread in Porfugah wide variety of aquatic environments,
therefore being ideal vectors from the transmissainfecal bacteria and antimicrobial

resistance factors.

The evaluation of antimicrobial resistdit coliandEnterococcuspp. present in fecal samples
from free-ranging river otters is an important tém monitoring the spread of antimicrobial

resistance. These bacteria belong to the normatiemnicrobiota of healthy animals, and may
be responsible for spreading transferable resistaggnes located in mobile elements to

pathogenic or commensal human and animal bac@®YARM, 2007).

Cultured-based methods fr coliandEnterococcuspp. isolation from the fecal samples may
present several limitations for fecal microfloraachcterization (Leser et al., 2002). In fact,
although some authors suggested the use of motdzmolagy methods for the characterization
of fecal bacteria (Kohn and Wayne, 1997), thesenotst can also be insufficient (Harmsen et
al, 1999), as they provide no information on vidypibf microorganisms, while culture-based
methods have proven adequate to verify if vidblecoli and Enterococcuspp. isolated from
the fecal samples carried antimicrobial resistade¢erminants, since these bacteria are
extremely resistant and can survive in adverse itiond for long periods of time (Waterman
and Small, 1998). The use of appropriated mediurtnatosport the samples to the laboratory
and the bacterial survival ability are a guararmée successful recovery by culture-based
methods. The use of selective procedures for fafget bacteria isolation, as recommended by
Nikolova et al., 2001, helps eliminating the baakgrd microflora that sometimes is observed

during bacteriological examinations.

From the 35 fecal samples tested in this studyag possible to identify sevén coliisolates
and 26Enterococcuspp isolates. The low frequencyf coliisolates was not expected, since
E. colistrains usually correspond to 1% of the total nunadbéntestinal bacteria of warm blood
animals (Bettelheim, 1992. colilow frequency suggests the occurrence of variatiorscal
mammals’ microbiota, and that otters’ intestinelddwuave been colonized during evolution by
other Enterobacteriaceaeand related bacteria, such @grobacter spp., Enterobacterspp.,
Klebsiella spp.,Morganella morganii, Pantoeaspp., Salmonellaspp., Serratia spp., Shigella

sp., ancenterobacterspp.Another hypothesis is that these others diet mag lchanged, since
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it is known that sudden diet changes may affectltheteria ration in intestinal microbiota
(Bettelheim, 1992).

RegardingE. coli antimicrobial resistance, none of the isolates wasceptible to all the
antimicrobial agents tested, and all except on&atsgresented a multiresistant profile. No
obvious differences on resistance to antimicrobiith different action mechanisms were
observed. AlE. coliisolates were susceptible to antimicrobials thhiam translation (C, CN),
cell wall synthesis (CTX), folate synthesis (SXTdareplication, by impairing DNA gyrase
action (ENR). Lower levels of resistance were obserfor antimicrobials that inhibit
translation (AMC), and also cell wall synthesis JCintermediate levels of resistance were
observed for drugs that impair cell wall synthgsaiB1P) and translation by ribosomes (NA, S).
Higher levels of resistance were observed for dotwbials that affect cell wall synthesis (P)
and translation (TE) (Koolman and Roehm, 2005).

In spite of the recognized geno and phenotypiediffices betweel. coli and Enterococcus
spp., analogous results were obtained for entecbcisolates. None of the isolates was
susceptible to all antimicrobial agents tested,paflsenting a multiresistant profile, with no
evident differences in resistance to antimicrobiaith different action mechanisms. Lower
levels of resistance were observed for antimicieltzat inhibit translation (AMC, C), and cell
wall synthesis (P). Intermediate levels of resistawere observed for drugs that impair cell
wall synthesis (AMP), translation by ribosomes (HaY folate synthesis (SXT). Higher levels
of resistance were observed for antimicrobials #ftgct cell translation (CN, NA) (Koolman
and Roehm, 2005).

The major difference between the antimicrobialstesice characteristics of the two bacterial
species was related to the number of antimicrobtahpounds to which each specie was
resistant to. Whilée. coliisolates were resistant to a maximum of five ardioibial drugs, a
profile presented by only two isolates, all entexm tested were resistant to a minimum of
five compounds, with 5 isolates (19.23%) resistarall antimicrobials tested. These data are
supported by the fact that enterococci are ableprssent not only acquired resistance
mechanisms but also intrinsic resistance to antobial drugs, and suggest tHatterococcus
spp. might be a more serious problem regardingréeribbial resistance transmission than

coli.

Antimicrobial resistant bacteria have already bsstated from wild animals (Caprioli et.al
1991; Cole et al., 2005; Skurnik et al., 2006)sIgenerally believed that the main reason for
the emergence, selection, and dissemination aih@rbbial resistant determinants is excessive

exposure to antimicrobial drugs. In fact, Sayalale{2005) stated that wildlife that has not
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been deliberately exposed to high concentrationsardfimicrobial compounds shows low
antimicrobial resistance. However, our results @ict this hypothesis. The fecal samples
analyzed in this study were obtained free-rangitigre that are extremely unlikely to have
been submitted to antibiotherapy. The isolatiohigh antimicrobial resistant bacteria isolated
from animals that had never been exposed to dragslso been described in a previous study
on Timorese river buffalos (Oliveira et.,@2007), suggesting that environmental exposure of
commensal microorganisms to antimicrobial agenty rmoantribute for the selection for
resistant bacterial strains. Considering the locatf the sampling sites, these otters were
probably exposed to antimicrobial compounds presegtound water contaminated by animal
and human wastes (Cole et al., 2005; Sayah €(4l5; Salyers and Shoemaker, 2006; Skurnik
et al, 2006). The indirect contact with livestock fecahterial that may bear antimicrobial
resistant bacteria could be involved in the trassiom of resistant determinants from
commensal microorganisms to free-ranging wildlifesning them into new environmental
reservoirs of resistant microorganisms (Cole ¢t28l05). River Sado Basin pollution is mainly
due to agriculture practices (Ferreira et al., 200 water pollution sampling stations are
present near the surveyed sites and so it is resilge to correlate the presence of pathogenic
and antimicrobial resistant bacteria with specpiallution sources (Ferreira et al., 2004).
However, no intensive agriculture is present neithePego do Altar Dam nor in its adjacent
streams and contaminations are only likely to ocpstream. Regarding Monte Novo Dam and
its surroundings, the water quality is considered, probably due to direct discharges from
small villages (INAG, 2007). It is also importaotpoint out that some sampling sites, such as
Santa Susana and Machede Streams, are locatedmaHrvillages and present bad quality
eutrophic water probably due to lack of streamemnirand the presence of cattle. In other parts
of the reservoir, the water is also eutrophic duéhe presence of cattle and human activities.
The presence of cattle is continuous in all sangpsiites, sometimes very high, not only in
number of individuals but also in the occurrencecaftle droppings in the dam and stream

margins.

Non-antibiotic selection pressure due to the presai heavy metals or disinfectants used in
agricultural practices may also select for antibioesistance genes (Harbottle et 2006).
This hypothesis must also be taken into considerathlthough the sampling sites near the
Sado Basin are far from agricultural fields, theiadture practices along this river basin may
originate chemical compounds that reach the sangeal and therefore may contribute for the
occurrence of non-antibiotic selection pressure. ta contrary, agricultural levels in the

Guadiana Basin are low. However, some level ofcafjtiral practices is observed near the
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Guadiana sampling sites, which may explain thelanty in the antimicrobial resistance levels

of the bacteria isolated from scats obtained inwweriver Basins.

Chloramphenicol resistance was observed in entecodsolates, suggesting that another
mechanism of resistance transmission has occusiede the administration of this drug in
cattle therapeutic is legally forbidden, and ite @igr the treatment of human infection is not
frequent. Resistance to quinolones and cephalospbeas been attributed to the occurrence of
point mutations irEnterococcuspp. ance. coli(Sayah et al., 2005; Harbottle et, 2006), and
these stable mutations can persist in bacteria) gvéhe absence of selective pressure (Sayah
et al., 2005). These two bacterial species canaqaire antimicrobial resistance determinants
from environmental bacteria via genome integrabbmobile DNA elements, as described by
Harbottle et al. (2006), Rice (2006) and Sayahl.ef2805). These authors have described the
association of the acquisition of cassette-assatiagenes present in integrons to
aminoglycosides, phenicols and sulfonamides resstamd the relation of plasmids integration
with B-lactams, tetracycline, cephalosporines and sulpimices resistance. The
multiresistance profiles could be due to co-sebector co-transfer phenomena that may
originate the simultaneous development of resigtdraits to antimicrobial drugs with different
modes of action (Sayah et,&005).

Antimicrobial resistance is not always related tatiraicrobial administration, since the
isolation of antimicrobial resistant bacteria arfie tdetection of resistance genes and
transference mechanisms are previous to the apphcaf modern antimicrobial drugs in
human and animal therapeutics (Harbottle et aD620This hypothesis is supported by the fact
that resistant bacteria were found in historic welt collections. Therefore, these intrinsic
resistance mechanisms may have evolved in anthmtducing microorganisms presenting
characteristic physiological or biochemical feasursuch as soil bacteria, to protect them
against their own antimicrobial compounds. Antilsigaroducing microorganisms have been
extensively used in antibiotic preparations, whicight have influenced the transmission and
dissemination of resistant determinants and thabkshment of multiple resistant profiles
(Harbottle et al., 2006).

Antimicrobial resistance profiles of multirresistdoacteria can be used to differentiate between
distinct resistant strain populations, and to idgrithe resistance source (Kaszanyitzky et al.,
2003; Sayah et al2005). In this study, similar patterns of resist@anvere found in twde.
duransisolates from the one sample (L19/2008) obtainedamte Novo Dam, suggesting that
they are probably the same strain. Similar pattefrresistance were also found in t&ocoli
isolates from fecal samples L14/2007 and L16/208fained in the same sampling site (Pego
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do Altar dam), suggesting that these fecal sampkgsbe originated from the same individual.
However, similar patterns were observecEinfecalisfrom samples L11/2007 and L16/2007,
and in E. faeciumfrom samples L4/2008, L6/2008 and L9/2008, colldcteom different
sampling sites. As the probability of scats cobecin distant sampling sites belonging to the
same individual is low, these results point outhte probability of dissemination of specific
antimicrobial resistance patterns between diffeesmimals and/or to the probability that these
patterns are originated from a common source. pitabability is further enhanced by the fact
that the same antimicrobial profile is observeddats from the two sampling sites, and also in
different bacterial species. In this study, EBnduransisolatefrom sample L3/2007 and d&n
fecalisisolate from sample L4/2007 showed the same antiial resistance profile, as well
as ark. faeciumsolate from L3/2008 and &f. duranssolate from L19/2008. For the accurate
identification of the contamination source, fingempng of these isolates is suggested. These
new data would also contribute for the developno¢etffective management plans to minimize

environmental contaminations (Smith et al., 2002).

The present study presents strong evidence of entimal resistance occurrencelintra lutra
fecal bacteria in Portugal. Characterization of #mtimicrobial resistance profile of otters’
fecal bacteria can be useful to evaluate the paleoft these animals to act as reservoirs for
resistance genetic determinants and to contrilmuterfvironmental contamination, which could
be responsible for the transmission of resistaotdoea from humans and animals to autochthon
wildlife and vice-versa. It could also contributer fthe geographic localization of the
contamination source, and for the strategic managéerand conservation of otters’. This is
especially relevant in sites near water whereeaginsity is high or where human recreational
activities such as bathing, water sport practicecamping occur with high frequency, as

observed for the dams sampled in this study.

The collection a wider set of otter fecal samplésallow to perform genetic characterization
and clonality studies on the bacterial isolatesicivimay elucidate on the origin of the high
antimicrobial resistance frequency observed, on émeironmental routes of antibiotic
resistance dissemination and also on the potemttialof wildlife as vectors of antimicrobial

resistance.
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VI1.1. Main findings

The ecological information collected in the couodehis thesis contributed for understanding
otters’ use of highly changed environments (dansem®irs), especially in Mediterranean
climate regions where many rivers are impounded/aandiverted in the frame of water

management policies. The main findings may be sumzethas follows:

How to efficiently survey otters in dams

Based on the experience gathered in this and mique studies of otters in large dams
(Pedroso and Santos-Reis, 2006; Pedroso et alr),280 adaptation of the standard survey
method adopted by the IUCN Otter Specialist GrdDf &) for monitoring otters in lotic
systems (streams, rivers) (Reuther et al., 20023, prvoposed to improve monitoring of the
species in lentic systems, especially in large déPaper 1). This includes considerations
regarding survey season, survey length and widimber and location of survey sites,
among other criteria. This adaptation of the surmesthod will allow researchers to be
more effective when surveying dams either when aa is simply to detect otter
presence/absence, or to collect fresh spraintsédecular analysis. These oriented surveys
are especially relevant when addressing otter’sgmee, distribution or intensity of use in
dry areas, such as the Mediterranean region, wdeere have a role to play, and were the
basis of the field work conducted along the thesis.

Large dams as suitable habitat elements for otters

Although it has been suggested that dams advargilgnce the distribution of Eurasian otters
and are a contributing factor for the past dectihthe species in Europe, this study show that
large reservoirs are regularly used by the ottesomthern Portugal and these habitat elements
can be seen as suitable for the species in somarsa®, i.e. when otter populations are stable
and relatively dense, and in areas where streaffes suarked seasonal changes in water flow.
However, reservoirs are still less suitable foexttthen the undisturbed pre-existent streams

and rivers (Paper 2).
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Season, prey abundance and reservoir characterisidnfluence otter presence and use of

dams

Prey resources, irrespectively of reservoir sizey@d to be key drivers of otters’ use of the
reservoirs and their availability highly influencélde species presence. Moreover, being an
opportunist predator, the otter not only preys ba more abundant prey species, but also

avoids those representing smaller biomass (Pap8rard 4).

Despite the observed seasonal differences in thmpasition and structure of prey
communities, there was an apparent stability ity praailability (both in numbers and biomass)
in large reservoirs (Papers 2, 3 and 4). Thistal ¥or otters’ survival because during the dry
season more than half of the dam’s adjoining steedmned or were reduced to very small pools
with fewer prey species and individuals. Reserydhisugh, offer abundant food, both in dry
and wet seasons, suggesting that prey resourcé®wmdrivers for otter’'s use of reservoirs in
Mediterranean areas or in other dry regions, whiaeee is a marked seasonality in resources
(water and prey). Fish and American crayfish waeedominant prey resources used by otters,

both in streams and in reservoirs.

Another determinant for otter presence and useel reservoirs is the presence of nearby
streams. The sites most regularly visited in ttlsemeoirs were located near the confluence with
streams, in contrast to sites far from streamschlvhad lower visiting rates or no visits at all.
This suggests that not all the reservoir perimetesqually suitable for otters. The stream-
related key driver is the riparian vegetation hiatvides shelter and enhances breeding, which
in turn is a scarce resource along the reservomgims (Papers 2 and 4).is also know that
the reservoirs’ tails are actively chosen by fenwters with developed cubs/juveniles (Ruiz-
Olmo et al., 2005a), probably because those sitesvhere fish species (e.g. cyprinids) gather

during annual dispersal movements.

Bank typology emerged as another major constraiféagor; shallow waters and complex
margins offer to otters better foraging opport@wstithan deep waters that limit the species
ability to catch fast swimming prey (Nolet and Kkud989; Nolet et al., 1993; Houston and
McNamara, 1994; Kruuk, 2006) (Paper 2).

Commonalities and dissimilarities in otter use of dferently-sized dams

Otter use of small and medium-sized reservoirs waggeneral terms, in accordance with the
findings obtained on large reservoirs: i) ottersravpresent and used the majority of the

reservoirs; ii) there were seasonal differencesmiarking intensity, suggesting a higher

166



VI.1.Main findings

importance of reservoirs in the dry season; i@servoirs were suboptimal habitats for otters in
terms of refuge and human pressure when compartdd rivers and streams, but acted as
important feeding areas, especially when closeatergourses with good refuge conditions and
scarcity of prey; iv) diet of otters using the eesirs reflected the species opportunistic
behavior, through the selection of the most sealoravailable prey, in particular the

American crayfish (Paper 3).

However, in contrast to large dams, small-mediuredireservoirs showed no differences in
the patterns of occupancy (presence/absence) iwéheand in dry seasons. They either had
otters that were present throughout the year, tarotwere never present; the latter was
especially true for very small reservoirs that doabt sustain prey communities. The negative
association found between the use of small-medeservoirs and the length of watercourses
with developed riparian vegetation in the surrongdareas, reflected the otter preference for
better-preserved streams and rivers over artifigiaérvoirs with no refuge opportunities; as a
consequence, when good habitat is present clostvyieed for reservoir resources is lower
(Paper 3). Another influencing factor was the dffetccattle pressure, which had a negative

influence over otter use of the smaller reservdius,not in larger reservoirs (Paper 2 and 4).

Dam construction affects otter main ecological regirements

As previously shown in the first chapters of tliiedis, otters in the South of Portugal make use
of the resources provided by dam reservoirs, igetyely of size (Papers 2 and 3), but true
impacts of the construction, in particular of lagms, were poorly knowiJsing Alqueva
dam (the largest dam in Europe) as an example, daliacted demonstrated that
deforestation and flooding significantly impactdge totter population resulting in a marked
decrease of otter presence in the flooding aretnoAgh otters returned after flooding, the
complete lack of vegetation in the watercoursedainty hindered the population resettlement,
and the species presence became fairly constam tieewater level stabilized but did not

reach the use level prior to dam construction.

The analyses showed that the otter’'s responseatiogels created by the dam implementation
was even clearer in their diet, reflecting majaftstboth in composition and abundance of prey
communities, which is perhaps the most substaetiatt of dam construction on otters. There
was a significant prey switch from a native to animative fish and crustacean (American
crayfish) dominated diet; moreover, prey are lesslable for otters due to increased difficulty
in foraging in deep waters, as well as a dispersftect of fish in the large reservoir, at least in

the immediate years after the dam implementatioenwbolonisation by mainly non-native
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species is still an ongoing process. In parallettianges in use of food resources, the results
also illustrate a change in other otter ecologregluirements over time: habitat connectivity
(ecological corridors with high habitat quality amigh prey abundance), dense bankside
vegetation cover, shelters and breeding dens,@adihg grounds that are easy-to-find and use
(e.g. Macdonald and Mason, 1982; Ruiz-Olmo et 2005a). With the exception of the
availability of fresh water, all those other ot&sological requirements are less available after
the construction and implementation of the Alqueean. The lack of breeding, feeding, and
resting areas are particular important, since tla@secritical the species (e.g., Fernandez and
Palomares, 2000; Kruuk, 2006).

Long term monitoring studies as a requirement to adress species response to impacts

Dam construction and water development projectaterenpacts extending well beyond the
initial space (flooded area) and time (constructimneline) considered in the infrastructure
proposal. Results obtained in this thesis emphasme important are long-term monitoring
studies, that include all phases of constructiarst(gonstruction to flooding and beyond), to
truly evaluate species response to impacts. Tho$ islevance, because not all Environmental
Impact Assessments include post-flooding monitophgses, or they may not even consider
the otter as a target species (Paper 4). Thermgsldt on otters can only be evaluated after the
end of the impacting phases (deforestation andditm), and after the stabilization of the

reservoir conditions (flooding, vegetation, preyncounities).

Otters and environmental impact assessments

The data, knowledge and experience that resulted the context of this thesis helped us
to elaborate, along with other members of the IUG@Mter Specialist Group,
recommendations intended to guide developers andsuttants when preparing
environmental impact assessments (ElIAs), as weN@®s and EIA advisors (biologists
and lawyers) in administrations, who have to chédkt the otter has been properly
considered in the course of an EIA (APPENDIX). Thagcommendations call the
attention to the main species requirements polgntdfected by development of such
infrastructures (food species and feeding areafjdimg the movements and migrations of
prey; resting sites; breeding areas including natlts; corridors for movement and
dispersal; permanent accessibility to fresh watar).approach that was followed in Paper
4. They also include suggestions regarding mitiggtiompensation measures (considering
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scaling issues and approaches to meet the impadtirenitoring actions (e.g. need to
evaluate the effectiveness of proposed mitigatieasures).

Evidence for antimicrobial resistance in otter fechbacteria

An important asset to the main findings regardittgraecological response to dam’s presence,
was the first evidence of antimicrobial resistamgeotters using dams and streams. It is
generally believed that the main reason for thergemee, selection, and dissemination of
antimicrobial resistant determinants is the misumed abuse of antimicrobial drugs

administration. In fact, Sayah et al. (2005) stateat wildlife that has not been deliberately
exposed to high concentrations of antimicrobial poonds shows low antimicrobial

resistance. However, the results of Paper 5 caotréitis hypothesis, since the presence of
antimicrobial resistant bacteria in otter faecahpkes collected in Pego do Altar and Monte
Novo, and adjacent streams, was detected and faolipstudies also confirmed these results
(Oliveira et al., 2010, 2011). The individuals puothg such spraints were not likely to have
been subject to antibiotherapy. Considering thatlon of the sampling sites, these otters were
probably exposed to antimicrobial compounds presentground water and this was

contaminated by animal and human wastes, as e@iepresent in all sampling sites. This is
especially relevant in sites where human recrealiasctivities such as bathing, water sport
practice or camping occur with high frequency, bseoved for the dams sampled in this study.
Characterization of the antimicrobial resistancafife of otters’ fecal bacteria can be useful to
evaluate the potential of these animals as regssrfor resistance determinants, and their
contribution to environmental contamination, whimtuld be responsible for the transmission
of resistant bacteria from humans and animals ¢allwildlife and vice-versa. It could also

contribute to the geographic localization of thentemnination source, and for the strategic

management and conservation of otters.
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VI1.2. Implications for Iberian otter conservationa changing

scenario

The integration of the output of the different campnts of this thesis aims to contribute to a
better understanding of dam and reservoir use byotter. Of particular importance are the
implications for a species conservation strategy Bom dam-management in Mediterranean

areas

Specific challenges in the Mediterranean and Iberia Peninsula

The Mediterranean characteristics carry extra ehgks for otter conservation. This is
particularly true for Iberian riverine systems, dag¢he combination of intermittent presence of
water and the long lasting human colonization ef éinea. Native wildlife has evolved and/or
adapted to limited availability of water. One exdenis the Mediterranean native fish species,
adapted and thus resistant to the highly varialaieemflow. For example, present-day droughts
have been causing relatively small and transiemingbs to these stream fish assemblages
(Magalhaes et al., 2007). But human induced changest not go beyond the thresholds of
recovery and resilience that characterize arid Medinean ecosystems (Blondel, 2006). In the
particular case of the Iberian Peninsula, whictpé®r in natural lakes, over 1 200 large
reservoirs have created a huge amount of new l&esbwater habitat (Clavero and Hermoso,
2010). There is a cumulative effect of such a lamgeber of infra-structures on decreasing
river flow downstream, population fragmentation sd by consecutive dam walls, or water
guality degradation. This can cause significantaotp on otter populations in those areas of

Mediterranean were this cumulative effect occurs.

In addition, present tendencies show that the sadimate is warming and this has further
implications for water availability (Hall et al.,088). Climate change scenarios predict an
increased inter-annual variability and a chang®tal precipitation (Santos et al., 2002; Santos
and Miranda, 2006; Hall et al., 2008; Kundzewicalkt 2008; Bloschl and Montanari, 2010).
Depending on location, precipitation is predictedetther increase (e.g., in tropical and high
latitude areas) or decrease (e.g., in the Meditema basin and western and southwestern
USA), and may also fluctuate more in time or ooegith more frequent extreme events (Santos
et al. 2002, Hall et al. 2008, Kundzewicz et al @00Potential implications for water
availability will be very important, with huge imgis on freshwater ecosystems (Santos et al.,
2002; Hall et al., 2008; Kundzewicz et al., 200B)ese changes will affect river flow (Hall et
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al., 2008; Kundzewicz et al., 2008; Bloschl and k&mari, 2010) even further in already highly

variable water flow areas like the Mediterraneasirha

Cianfrani et al. (2011) assessed climate changathito the European otter using two climate
change scenarios and several forecasting approauiesclimate models. Results for the
Mediterranean bioregion suggest that there wilal#ecrease in otter habitat suitability in the
Iberian Peninsula, probably linked to a potentraréase in droughts as the climate warms
(Cianfrani et al., 2011). Effectively, in thesectimstances, the territories of many otters have
shown to alter dramatically with season (Macdorald Mason, 1982; Kruuk, 2006). This was
also reported in a study in the Mediterranean wb#er activities during the dry season tended
to concentrate around remaining running waters,Ispoand small reservoirs, effectively

reducing territory size and scent marking boundaffruiz-Olmo et al., 2007).

Human development and attraction for riverine, @loahd wetland areas also poses threats to
otter populations. The growing demand for inlandters (reservoirs or lakes) to establish
tourist settlements and infrastructures, increasesan disturbance in these habitats (e.g. boats,
camping and water sports). The same applies tdalaagas. For example, the escalation of the
tourism pressure in the Southwest coast of Port@Gakta Vicentinp can be especially
deleterious to the otter population living in threaand using the sea and several sea flowing
small streams (Beja, 1996). Predicted decreasetven flow due to climate constraints will
further be aggravated by growing demands of watesstly for agriculture (Bloschl and
Montanari, 2010; Rodriguez-Didz and Topcu, 201®)Alentejo, the total area under irrigation
has been increasing and replacing traditional eitencereal steppes (Caetano et al., 2009;
INE, 2011). This is projected to continue as iriga plans for this region predicts the
development of a set of hydraulic works for intasim water transfer between Sado and
Guadiana rivers, with the Alqueva dam (Guadiananhas the main water provider. The final
inter-basin diversion will be made to the AlvitonddSado basin) and from there the water will
be distributed by a channels’ system that extenest\and south to other Sado basin dams
(CCDR_Alentejo, 2001). These developments are predlito increase the irrigation area from
40 000 ha to 60 000 ha.

Increased irrigation imposes significant water dedth@roblems because, unlike other water
withdrawals that return most of the water to theesshed, water withdrawn for irrigation
returns less to the aquifer (Hall et al., 2008)verk so, agricultural intensification will also
result in non-negligible risk of simultaneous detg#on of surface and ground water reserves
due to additional loads of organic matter and euats, pollution and eutrophication. Water

quality is strongly conditioned by the seasonaluratof its flow (CCDR Alentejo, 2001;
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Moreira et al., 2004). Aspects like waste water anidation runoff (INAG/MAOT, 2004)
induce blooms of cyanobacteria that may have aremdly negative impact on water quality
and the aquatic fauna (CCDR Alentejo, 2001). Majathropogenic sources causing freshwater
eutrophication are animal farming, urban and ad¢iucal runoff, industrial wastes, and sewage
effluents. As a result, significant increases ie toncentration of nutrients (e.g., nitrogen,
phosphorus) and the abundance of primary produ@egs, phytoplankton, benthic algae,
macrophytes) have occurred in many freshwater stesys around the world (Wetzel, 2000).
Water quality degradation increases vulnerabildyother pollution sources, resulting in a
higher probability of eutrophication (MAOT/ARH Alé&jo, 2011) and reduction of overall
prey availability. This is aggravated in reservaifslarge dams, especially in warm regions
with a strong agricultural component. Reservoieslike large lakes whose organic matter and
other nutrients (like phosphorus and nitrogen) reeditation leads to algae appearance, like
cyanobacteria. The establishment of more stablerammental conditions (e.g. low water
turbulence, longer water retention time) and therdase of irradiance during the dry period
favor this growth of cyanobacteria (Geraldes andvta, 2004). These are toxic and can lead
to fish death and be a risk to public health if teen water is used for public consumption
(WCD, 2000). It is not only in reservoirs that tl@atrophication can occur as a result of a
presence of a dam. Upper reaches of rivers ananstrean also experience this phenomenon as

consequence of bottom releases from dams (Camagego 2005).

Besides contributing to this eutrophication, thespnce of cattle in almost all the studied
reservoirs (large, medium and small sized), somesim large numbers (mostly near medium-
small sized reservoirs that are often used forsingply of water to livestock), along with

agriculture run-off, may also contribute to exp@sto antimicrobial compounds present in
contaminated ground water (Paper 5). Little attenthas been devoted to microbial

communities in dam reservoirs but Simek et al. 0@ a study in highly eutrophic Sau

Reservoir (NE Spain) found that organically poltuteévers have considerable bacterial
abundance and biomass, even with higher concemtgathan in reservoirs, and both higher in
dry seasons. They suggest that possibly the diffem@mposition of the microbiota community

at the inflow of the stream was associated witlanig substrates of allochthonous origin (e.g.
agriculture), whereas the community in the resenareas was largely associated with
autochthonous organic substrates produced in tleepses of primary production (e.g.
eutrophication). The composition of bacterial comitias in the dams surveyed in these
studies, are probably influenced by the presencevasdtewater from agriculture and cattle
farming. Not only this is a matter for otter consgion, since it can affect species fitness, but it

is also a public health problem, since some of dhalied dams have human recreational
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activities, such as bathing, water sport practiceammping, not only in southern Portugal, but

all over the Iberian Peninsula.

On the one hand, there is evidence of the adajyabii Eurasian otters to more extreme

environments: marine environments in northern Eerap in semiarid or Mediterranean

environments of Spain or northern Africa, in plaedgere vegetation or water is very scarce or
non-existent, in reservoirs or man-made irrigatthiannels, in urban areas, and even close to
industrial complexes (Mason and Macdonald, 1986uKr 1995; Strachan and Jefferies, 1996;
Kruuk et al., 1998; Ruiz-Olmo and Delibes, 1998akz and Toman, 2000). So, otters can be
found living in most type of aquatic environmenheather marine or fresh- water, natural, man-

made or altered, especially when population saturaiccurs.

On the other hand: climate and agricultural charggesexpected to enhance the demand of
already limited water resources, resulting in desdior species local extinctions , including the
most sensitive fish species (Magalhdes et al., RO8F a result, in the southern Portuguese
river basins, such as Sado and Guadiana river 8atie viable maintenance of many water
related species, including the otter, may becamgcpkarly challenging in the future (Barbosa
et al 2003; Cianfrani et al., 2011).

Otter prey and non-native species

We have shown that prey availability during the deason is one of the key factors affecting
otter presence in reservoirs (Paper 2, 3 and 4inlar pattern was detected in other areas,
such as along the coasts of Shetland, where pregs#y available and otters occur in large
numbers despite the scarcity of cover (Kruuk, 20B@per 2, 3 and 4 also contributed to better
characterize this predator feeding behavior inMegliterranean. Other studies also showed the
importance of the American crayfish as prey foewsttin Mediterranean areas riverine systems
(Magalhdes et al.,, 2002a; Clavero et al., 2004yefiresents an important food resource
especially in stressful periods of severe droughdl its presence is likely to have increased the
carrying capacity of the environment for aquatiedators, such as the otter. The recovery of
the otter in Spain, after a species decline in®&0s, was apparently related to the introduction
of this crayfish (Ruiz-Olmo and Delibes, 1998). Tdmicipated impoverishment of native fish
fauna, associated to the increase of non-nativeiepeabundance, may be seen as a
disadvantage for native ecosystems, but introdspedies can be more abundant and easier to
capture than native species, potentially allowiritprs to re-colonize parts of their former

native range (Almeida et al., 2012).
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The American crayfish was the most preyed upon ispem reservoirs. However, our
knowledge of the effects of drastic diet changetueed by dam implementation (e.g., the
dominance of American crayfish over fish; the shiftm a native to a non-native dominated
prey community) is limited. Non-native species h&eel significant effects on native species
and ecosystems through predation, competition dned alteration of habitat conditions;
however, predicting the impacts of exotic specgedifficult because of the wide variation in
the characteristics of invaders and invaded ecesyst(Levine et al.,, 2003; Lake and
Leishman, 2004; Moyle and Marchetti, 2006; Gerhartt Collinge, 2007). The change in the
composition of the fish community is perhaps thestnasible and detectable impact of dam
construction on otter ecology. With the exceptidrraservoirs dominated by common carp,
non-native species dominating reservoir fish comitrash generally have a lower biomass
(pumpkinseed sunfish, eastern mosquitofish) thaivenapecies. It is clear that otters choose
more abundant prey, but studies also show thatespsmaller in length and biomass are not
“attractive” for the otter (Sales-Luis et al., 20@lanco-Garrido et al., 2008). This known
preference reflects the greater energetic profittamer species compared with the smaller

ones.

This concern on how and if otter responds to msloits in prey communities is justified by
the recent dramatic decrease of the Shetland pdieulation, one of the strongholds of otters
during the population crash of the 1950-80’s. Pmglary estimates of the populations
occurring along the entire coastline suggest #sd than one-third of those populations remain,
and with little reproduction (Kruuk, 2006). CurrBntShetland otters eat mostly crabs, a prey
previously largely avoided. Most likely, there habeen significant changes in the fish
populations around the islands (Kruuk, 2006). la tase of the American crayfish, an extra
concern ariseAlthough many toxic compounds have been bannedanunation from heavy
metals and other sources of pollution still occpds example, in the Sado river basin
(Moreira et al. 2004, MAOT/ARH Alentejo 2011). Heques (2010) studied the presence of
cadmium and mercury in otter spraints in the ri%ado basin and reported that cadmium
contamination levels seem to follow a spatial patighile the mercury results indicate a time
pattern related to shifts in the diet. Metal acclation in American crayfish suggests a
potential relationship between predator and dontipagy and so otters may be highly
vulnerable to the contamination of this crustacg#enriques, 2010). Bioaccumulation through
the aquatic food chain affects otter breeding sse@nd cub survival (Olsson and Sandegren,
1991; Roos et al., 2001) and influences otter i persistence and viability.
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Size and type of dam

It is clear that in some cases, the presence efveiss may be beneficial in sustaining otter
populations in areas subjected to drought periesisecially where riverine systems dry out in
dry seasons. This is particularly true for small amedium sized reservoirs with medium-high
prey availability. Furthermore, in such situatidhs positive effect of reservoirs may be further

enhanced by an adequate riparian vegetation covbeireservoirs.

However, ecological and conservation consequeneena as simple when dealing with large
reservoirs. Large dams are always located in rieerkarge streams. These large streams or
rivers, before impounded, are able to sustain Ingaltter populations in countries like Portugal
(Trindade et al., 1998). There are serious habétiacks when substituting a river with a large
dam (Paper 4). In large reservoirs, the entirenpetier is seldom used regularly by the otters
and the areas of highest use, as shown, are tleasehe confluence with streams. The larger
the dam, the larger the flooding area a fact tmamptes the disappearance of otter stream
habitats. Reservoirs represent less refuge, fewigalde foraging areas, and fewer areas for
reproduction (Paper 4). Breeding is a time of héglergy requirements for otter (e.g. Ruiz-
Olmo et al., 2005a) and natal dens are still atiilgiresource in Mediterranean areas (e.g., in
southwestern Portugal — Beja, 1996). Thus, damtaai®n in previously suitable riverine

systems aggravates this problem.

Large dams with their reservoirs and usually urssspble walls contribute to the
fragmentation of otter populations. The type of ddependent on its use, constrains the size of
the wall, with higher walls associated with hydesgtic use. This type of dam is mostly
located in the north of Portugal, in areas of higilétude and deeper valleys of rivers. These
contrast with dams used mostly for irrigation pugs located in the south of the country, were
the main agriculture areas are found and wherefldieess of the regions do not allow
substantial electricity production. These dams hawvaller walls and softer insertion in the
landscape. Thus, dams in the south of Mediterrarftarope may have less impact on
fragmentation. The Alqueva dam nevertheless, atthdacated in the south, can be compared
to the northern type of dams, since it is of multgpse use (primarily for irrigation, and
secondly for electricity production and tourism)lgl@eva’'s dam wall is 96m high and its
insertion in the Guadiana river valley does nobwalimovements of otters, isolating upstream
and downstream otter populations. In Spain, thigidraeffect has been shown for otter
populations south of the Pyrenees. Upstream papotatook several years to recolonize river
stretches downstream of a dam (at just 10-20 namtist). This recolonization movement was

much more slowly than those in other populationgmmonore distant but with no intermediate
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barriers (Ruiz-Olmo, 2001). Ruiz-Olmo and Jimén2@08) also found that since the otter is
Spain is recovering, the effect of such a barr@¥sgunnoticed since there are otter populations

in both sides of the dams, although with no corioadietween one another.

The function of the dam is also an important aspseice it implies different water
management policies. Hydroelectric dams have laager faster shifts in water level, while
agriculture/water reserve dams do not suffer sudidetuations. Water discharge downstream
is also very different, and tributaries below a togdectric dam suffer sudden water discharge
with consequent impacts on freshwater communitreduding otters (e.g. den flooding and
disturbance of prey communities). On the other hamaist Iberian running water ecosystems
are in Mediterranean climatic conditions, havingummer dry period during which surface
flow is low or non-existent and unpredictable fleookccur between autumn and spring. This
temporal and spatial variability in environmentanditions is the main force structuring
Mediterranean freshwater communities (Gasith andhR&999; Magalhdes et al., 2002a).
Dams soften, eliminate or even reverse the nawarddbility of freshwater systems, both in the
reservoir itself and in downstream water coursesyuigh the contention of floods and the

artificial maintenance of water flows in summer riian(Poff et al., 2007).

Reservoir use by otters, however depends on tlesr ghe regularity of their water level and
whether or not they act as a barrier (Ruiz-OIm®@51Ruiz-Olmo, 2001). It is clear that, in
Mediterranean habitats, areas of large streamsres®fvoirs that contain water even in the
driest months act as otter refuges during stregsdtibds. Medium or smaller reservoirs may
also provide this without the impacts that largamd cause. Smaller reservoirs have a lower
negative impact on otters than larger ones asdbeyot represent such a loss of natural habitat,
have less effect on water flow regimes, induce festeanges in prey communities, and do not
constrain otter fishing ability due to their smaatimargins and shallower waters (Paper 3 and
4). Larger dams may sustain more otter individufatke number of streams going into and
coming from the reservoir is also higher. Howevltese streams must have adequate
conditions for the otter (water, prey and coverilabdity). Trindade et al. (1998) draws
attention to the controversy of the dams’ constomcbut states that it is often the existence of
small and medium-sized reservoirs that allows theigal of the species in certain locations in
Portugal. Small and medium-sized reservoirs, a®sgp to larger ones, do not act as barriers

impeding otter dispersal, both upstream and dowastr
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Otters and dams in the framework of Environmental mpact Studies

The Mediterranean area, as described previoustyR#dRT | — I.1) is considered to be one of
the regions that will face the largest climate demworldwide (Giorgi, 2006) and where water
management is mainly conducted through river rega(dams) (Collares-Pereira et al.,
2000). In the Iberian Peninsula there has beennarease in dam construction in the last
decades and it is still on-going, although the meéé@ancial crisis has put on hold some of the
projected investments in water infra-structureseréhare several Environmental Impact
Assessments (EIA) produced in Portugal that detl wfter presence in future dams areas. In
these studies, generally the otter is not consilareimportant species, since: i) its status was
changed from “Insufficiently Known” to “Least Conté (Cabral et al., 2005) as a reflex of the
increasing knowledge about the species distribudiath ecology; ii) is present in many of the
existent dams in Portugal and so, adapted to this-made habitat. Both points are debatable.
First, otter preservation is still a vital issuedaheir conservation is mandatory in accordance
with the Habitats Directive. This is especiallyernent in the Mediterranean region, considered
one of the biodiversity hotspots for conservatioonties (Brooks et al., 2006). Also, although
we know a great deal about otter occurrence arigdfdig attempts have been made to quantify
population density and valid abundance assessnaeatslso scarce and limited. Studies on
reproduction, fitness, breeding, among other basiclogical parameters are still needed.
Second, one must keep in mind that otter presenoeservoirs of already existing dams is not
sufficient to conclude that such infrastructureteoequal opportunities to otter populations
compared with the previous network of rivers angans (Paper 4). In high-density otter
populations, carrying capacity for otters in theemoir is expected to be lower than that

previously existing in the area prior to its constion.

Does otter status matter?

Data presented illustrates how reservoirs are bgeatters but also that these are suboptimal
habitats for the species. However, it is importanstress that they do not constitute a setback
to otter conservation in areas of the Mediterrarregion where otter populations thrive, like in
Southern Portugal. They can be suitable habitatexis for otters under certain circumstances,
namely in areas where streams are characterizestrdnyg yearly changes in water flow, and
reservoirs provide a co-joint system to alreadyupced streams. In other, less dry, areas of
Europe, otters may not use as regularly the ressrvéven in Mediterranean areas where the
otter is present at low density this scenario maybite different. Marcelli and Fusillo (2009)

on a study in Italy, assessing range expansion @oodlonization of human-impacted
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landscapes, found evidence, although weak, of ativegeffect in otter expansion in the

vicinity of dam reservoirs. So the destruction wéams and rivers by the construction of large
dams should be a matter of concern especially é@asaof otter population fragility and/or

instability (low numbers, recovering or expandirapplations in edge distribution areas). The
effect of otter population weakness and expansiordam occupancy was also detected in
Spain. After the decline suffered by the speciethe11970’s, otters in Spain recovered and
progressively colonized the Ebro river tributar{f€atalufia and Aragén regions, Spain), from
the 1980’s to present day. Reservoirs were coldnmere slowly than “natural” streams and
rivers, and this colonization only happened in magkable way after 2000 (Ruiz-Olmo and

Jiménez, 2008).

The starting point of this thesis was mostly basethe 1970-90's state of the art. European
otter populations had been declining and dams Wweren viewed as having a clear negative
effect on existent fragile populations in spiteabBady existing evidences that otters used dams
in Mediterranean areas. Nowadays, improved knoveed§ the otter's ecology in the
Mediterranean and the population recovery observedeveral European countries, add
complexity to the otter-dam interactions with inggliions for the species conservation. Dams
still have clear negative effects on otter popala mainly masked by widely distributed and
healthy populations, but also constitute a habi@nplement to natural riverine systems
subjected to climate and human pressures, thabrsaids may not be sufficient to supply all

needed otter requirements.
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V1.3. Conservation and management actions

Long-term otter conservation strategies in Mediteetan areas, such as southern Portugal,
should focus on maintaining healthy otter populaty improving its natural prey and habitat
conditions, while sustaining human activities. Speally the joint system of reservoirs and
adjacent streams can be a significant player ier atbnservation in Mediterranean areas, the
importance of which can be enhanced by the appicatf specific conservation measures and

management actions.

Promoting the existence of refuge and cover in staens and in the margins of the

reservoirs

Large dams may sustain more otter individuals & tlumber of surrounding streams is high
and have suitable habitat conditions. The maintemai suitable stream conditions for otters
should be maintained as a priority, for exampleplgventing cattle access or controlling the
cutting of riparian vegetation and water extractionagriculture purposes, common practices
in South Portugal. Actions that sustain ripariagatation in streams will favor water retention
in dry periods and, consequently, otter prey o@nee. Minimizing already occurring drought
effects is important since droughts can also dseredter population density, cause change or
even temporary abandonment of home ranges, andrender breeding (Delibes et al., 2000;
Ruiz-Olmo, 2001). As otters breed more frequentlgamplex and stable habitats (Ruiz-Olmo
and Jiménez, 2009), reservoirs, with lack of refuged smaller streams, characterized by
periods of water scarcity, are usually not adeqimatieitats for breeding. Thus, maintaining
stream habitat structure in reservoir’'s adjaceesshs is vital for otters, allowing them to profit
from this combined system. Additionally, interfaeeeas between reservoirs and adjacent
streams are also determinant for the use of reservy otters, due to higher cover availability
and prey accumulation. These should be managedetem human disturbance associated

with, for example fishing, water sports, or catdésing.

In recently constructed reservoirs, when the vemgetavas cleared due deforestation actions
and water level variation, and before fish popoladihad time to decrease in numbers, otter use
may be limited (e.g. presence but without repradagtor non-existent. Promoting higher
cover, and consequently of refuge, in the marginthe reservoir will diminish these effects.
This can be done by accumulating logs, shrubs aftdver wood from the deforestations
actions, but assuring its location above bank léwehinimize the risks of eutrophication and

navigation hazard. The presence of large rock®ck agglomerations may provide potential
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shelters for otter. In the Rimov reservoir (Cze@p#blic), stone rip-rap, used for strengthening
the banks of the reservoir, provided habitat fothbthe otter and young fish, which were

otherwise absent (K. Roche, pers.com).

Dam-islands preservation

When dams are flooded islands may appear in arghshigher altitude than the dam’s mean
water level. This was the case of Alqueva dam thatited in around 200 islands, most of
which maintain a dense vegetation cover, and haen beft undisturbed as they have been
protected from human presence and interventioeyioff otters a new habitat opportunity (e.qg.
for breeding). This can be especially importanafiow otter populations to partially recover
from the earlier impacts of deforestation and fiagd From a total of 27 islands surveyed (own
unpublished data) 96% were positive for otter pneseBernardo (2008), in a telemetry study,
also found two otters resting on small islandsnral reservoirs in the Alentejo region. It is
clear that otters respond positively to the presesicthese islands, which may act as safe
heaven, offering refuge that is almost absentévréservoir's margins. It is therefore important
to protect reservoir islands, not only in Alqguevan but in other reservoirs with similar

characteristics.

Promoting small bays and margin complexity in reseroirs

Both perimeter complexity (intricacy and alternatiof different margin type — bays and
peninsulas) and the presence of small bays offerbetter foraging opportunities to otters by
promoting a greater area of shallow waters and amtmpportunity sites. Additionally, the
maintenance of some vegetation (e.g. helophytietetipn systems), both below and above
water level, that acts as refuge for fish, crayéstu amphibians in these bays promotes otter

use of the reservoirs.

Controlling livestock and agricultural disturbance in reservoirs and streams

Degradation of surrounding reservoir areas thrayiglzing and agricultural intensification is a
key factor in densely populated areas such as #ditbtranean. Cattle assess to reservoirs and
streams should be controlled to prevent ripariagetegion degradation, allow vegetation
recovery and reduce water organic pollution andimsh potential transfer of antimicrobial
resistant bacteria, thus contributing to improvbitaa suitability for otters as well as for other

aquatic fauna.
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Efficient water management

Responsible water management requires managersitigiy to a wide range of issues. A
starting point is the understanding of the impaxftpresent and future water development
systems (Maingi and Marsh 2002). The current séerwdrclimate change in Europe predicts
high impacts in the riverine systems in the Medi#rean region, mostly by extending the
drought period. This aspect must be consideredtar oonservation planning. Efficient water
management processes are determinant critical mgtfor otters, but to also for other water
dependent fauna and flora. The National Water U&eiéhcy Program (“Programa Nacional
para o Uso Eficiente da Agua”) (PNUEA, 2012) isey knanagement plan that is presently in
public discussion. PNUEA has as main objectiveptteemotion of the efficient use of water in
Portugal, especially in urban, agricultural andustdal sectors. This strategy will help to
minimize the risk of water shortage and to imprceemvironmental conditions in water
resources, without jeopardizing the vital needs twedquality of life of human populations, as
well as the socio-economic development of the agurithe levels of efficiency have been
improving in the urban sector, but in agricultureeyt are still quite modest. The present
PNUEA intends to reduce water use by 35% in thisoseby 2020. Investments in reduction of
water loss in irrigation and water transport indteuctures are urgent but may be postponed
because of the economic crises, resulting alshanpbstponement of the obvious benefits of
such actions: less pressure on the ecosystemspra@oigains and reduction in the price of

water.

Managing reservoirs and rivers ecological flow

Reservoirs regulate and halt river floddfgt are frequent iMediterranean areas. However,
the effect of retention and sudden release (eftrezlectricity production or because reservoirs
reached maximum level), during the major floods banworse for riparian communities (e.qg.
fish, otter) than natural flood events (Ruiz-Olmalk, 2001). If an adequate ecological flow is
maintained, it will promote otter regular presertmvnstream, and even recolonization of
previously dry streams in specific periods. On dtker end, if badly managed, dams can
reduce the annual run-off and modify the tempolafpatterns, as well as the duration,
timing, frequency, magnitude and the rate recessiofioods. Consequently, the dry season
may begin earlier and may last for almost 8 morftegjuently with a critical decrease in water
quality (Bernardo and Alves, 1999). Downstream watischarges of reservoirs should be

managed to minimize the effects on otter prey patpais. The release of water should be
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progressive, avoiding the sudden opening and @osinchannels, so that resulting floods

follow a more natural flow regime (Ruiz-Olmo et &001).

Native vs non-native species as prey

The apparent importance of non-native speciesesfpr otter constitutes a dilemma regarding
biodiversity conservation. Their importance asrgttey, as shown in this thesis, should not be
considered as a tool for otter conservation, sibesjdes putting native species in jeopardy
(especially fish), there are indications that ratireshwater fishes when in abundance are still
the preferred prey of otters (Prenda and Granaderlaio, 1995; Beja, 1996). Magalhées et al.
(2002b) found that the increased frequency and riggvef droughts, predicted for the
Mediterranean region by current climate change sodeay result in significant modifications
of stream fish assemblages. This will induce papiadeclines or even local extinctions of at
least the species most sensitive to summer droughtstheir potential replacement by more
resistant species. One conservation measure thabeadopted is the conservation of large
streams and rivers flows, which still have moreiv@aprey populations, by avoiding water
extraction (for human proposes) from these wateslirespecially during dry season. Creating
artificial pool-refugia, helping populations oflii@nd fish predators to survive the dry season,
is another possible measure. However, the suitalwfi this strategy still needs to be tested
(Beja, 1995) and there is indirect evidence to ssgghat large prey items, when confined in
these pools, are in fact prone for depletion byerstt(Marques et al., 2010). Adequate
management of such pools should avoid total figiledi®n by fish predators like the otter, by
managing the pools’ size (e.g. not too small) andhlbers (more foraging sites imply less
foraging pressure per site), assuring underwateitdtacomplexity (e.g. increased fish refugia)
and riparian cover. Such actions need to be tak®nconsideration in management plans. This
would at least partly prevent otter prey shortagesdry seasons, while ensuring an

improvement in native fish survival opportunities.

The homogenizing effect of reservoirs as regarsls $pecies, and especially the influence on
adjacent riverine systems, could be softened byaied the number of illegal introduction of
invasive species in reservoirs (Clavero and Herm28a0), through increased regulation and

control and public awareness.

Otter monitoring and Environmental Impact Assessmets

The current status of the otter in Portugal (L&2@mcern - Cabral et al., 2005) may have the
immediate effect of reducing the importance of rottesearch, especially in the scope of
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environmental impact assessments — (EIA) studiesveder, otters represent an effective
flagship species in river conservation and otteservation is still a vital issue in Europe and
Portugal, being mandatory in the Habitats Directiliee otter is listed in Annex Il and IV of
the Habitat Directive 92/43/EEC which has implioas and obligations for developers within
the EU. Portugal is considered to have one of tlestmuiable otter populations in Europe
(Foster-Turley et al. 1990, Trindade et al. 1998)ggesting greater responsibilities and
obligations in conservation of the species. Themecrash of the Shetland population (Kruuk,
2006), one of European otter strongholds, shows ingwertant it is to regularly monitor otter
populations and their prey and to try to forecastsible threats. The Habitat Directive implies
that the species and its habitats, including corsgcconnecting them, must be considered in
ElAs throughout the EU territory, and not only irofected areas. Due to this, developers and
consultants promoting EIAs, as well as NGOs, ElAisals and administration commissions
responsible for supervising results of EIAs, shoalteck if the otter has been properly
considered in the course of an EIA (APPENDIX). Teeforcement of legislation and
environmental impact assessment regulations is ssacg for all water infrastructure
constructions (Ruiz-Olmo, 2001), especially largend. Enforcement of environmental impact
assessment procedures should involve the whole afeeted by flooding operations (Ruiz-
Olmo, 2001). Especially important is that the framgk of EIAs and monitoring of large dams
include all pre- and post-impact phases. Mitigatma compensation measures for otter, like
habitat improvement, prey management, minimizatibfragmentation, must be proportionate
in scale and approach to meet the impact. Thesddshmlude, amongst other actions already
mentioned above, appropriate measures to ensursuttgstence and survival of the largest
number of fish (Ruiz-Olmo, 2001), including, if ressary, fish passage systems that also
contribute to otter presence in dams.

Passage systems implemented for aquatic fauna

Reservoirs should be equipped with structuresathatv otters and fish to pass through the dam
allowing up and down-river movements, in order void the isolation effect. This should be

obligatory in new constructions (Ruiz-Olmo, 2001).

Despite the scarce literature available on thigesuipit is likely that otters use certain passage
systems for other aquatic fauna, such as fish (a2@04). Such systems, although not
specifically directed to the otter may occasiondlly used by the species. Therefore, these

structures contribute to the maintenance of thatghabitats continuity between the upstream
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and downstream sections of the reservoir, and faelitate the movements of individuals

between sections.

The technical, environmental feasibility and poitdradaptability of installed fish passes to be
used by otters should always be confirmed. Maih fimsses are fish ladders and bypass
channels. A fish ladder is a structure that feat#is fishes' natural migration by transforming
one high water leap in a series of smaller, surrtadle obstacles. A bypass channel is
designed to circumvent the stream barrier (Wildreairal., 2002). If the slope allows, it can

consist of a small water line, or a series of pgsisp-pools fishways).

Eurasian otters occasionally use fish passes t@rhetween reservoirs sections. In all known
cases these were installed in small hydropoweragass Examples include a step-pool fishway
in river Zézere Portugal called Janeiro de Cim&NA2003) and a fishway, in river Monnow,

Monmouthshire, Country of Wales (EAW, 2010). AlsoSegre river (Catalufia, Spain), a 10m
wall was hindering the otter recolonization doweatn. The construction of a fish ladder
allowed otters to bypass the dam and the populédi@xpand beyond this obstacle (Ruiz-Olmo
and Delibes, 1998). In the Massif Central, an ekx/aegion in south-central France consisting
of mountains and plateaus, an otter populationccoat move through a small 3m dam wall in

a narrow valley (Ch. Bouchardy, pers. com. in RDlmo and Delibes, 1998). The problem

was solved by installing a small passage for tier,oand the population colonized the entire

region downstream. The otter response to this ¢ypeeasures is usually quite immediate.

Bypass channels can also be constructed to rebdaa#atn barrier effects for species other than
fishes, like the Iberian Desm&unlemys pyrenaicug-or the otter to use such a structure, these
channels should maintain the natural features,uticg form and building materials,
connecting an up stream stretch of river to thertkikeam river via a channel internally lined
by rocks. These passages, by allowing the coldoizaif plant species, provide shelter and
tend to form a continuum with the natural habit&#iswever, they are more functional and
efficient in small hydroelectric power plants andadl dams. There are also examples of the
efficiency of such structure for other otter spedigat demonstrated the use of artificial passes;
Lutra canadensisvas reported to use a fish ladder in the UnitemteSt (e.g. fish ladder at
Fairmount Dam; FWWIC Fish Ladder, 2005).

However, high dam heights involve the constructidrvery long fish passes, consisting of a
large number of basins/pools, which derails thenstruction, and limit its feasibility and
efficiency. Moreover, their construction can be remtely costly, often with low cost-
effectiveness rates. For higher walls, the onliceit fish passes are fish-elevators and this is

not a solution for otters.
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The otter is also known to use some paths witlesénial vegetation surrounding the smaller
(and even larger) dams, usually aimed at agriciltuses and not electricity production, and
most common in southern Portugal. In four of thmslatudied in this thesis (Lucefécit, Roxo,
Campilhas and Alvito), whose walls had gradual stopnd parallel paths allowing terrestrial
movements between the wall and the tributary dowast (Pedroso, unpublished data), otter
cross-barrier movements were detected (Fig. V.1.1).

Figure V.1.1 — Wall of a) Lucefecit dam, b) Roxardécrossable by otter), c) Pego do Altar
dam and d) Caia dam (uncrossable by otter)

The otter, though mostly aquatic, has the abibityrtove inland, and may travel considerable
distances during dispersal or to surpass obstalcésdisrupt the river continuum. However,
data show that these paths are used only ovey fainall distances, in areas of minimum
disturbance, to minimize the probability of otteeily detected outside their natural
environment, where they are more vulnerable (unplubdl data).

This scenario was also described in Spain, in tlde€a National Park.here, he mountainous
terrain produces steep waterfalls along narroverofterial long stretches. These obstacles did
not prevent otter movement through terrestrialesutsed by people around the waterfalls, as
confirmed by several otter tracks and the obseymatif one individual (Ruiz-Olmo et al.,
2005b).
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The ecological information collected throughoutstltiiesis is expected to represent a strong
contribution to otter ecology and their use of lygthanged environments (dams). However,
several specific questions, some of which derivingm the data collected, were left

unanswered and should be addressed in future studie

Based on all the information already available Ntediterranean areas (e.g. diet, habitat use,
distribution — see PART | — I.2) and the preserttidm otter presence and use of reservoirs,
future studies and conservation actions should exnate on otter breeding, feeding and
fitness. These should include population densitymedes, in order to assess whether the
number of individuals using a reservoir changedenviscompared to the pre-dam situation.
Furthermore, analysis of spatial and landscapeésusiso a fundamental issue to understand the
otters’ response to disturbance and their use pfamimal habitats, such as dam reservoirs.
Live trapping and radio-tagging of otters is thealsvay to assess population abundance, and
home range size and shape. Nevertheless, the nsettemdled to capture otters (leg-hold or
foot-traps) were not considered legal in Portugaha time of the conduted field work in the
present thesis. The Portuguese Institute for Na@aneservation and Biodiversity (ICNB) was
not issuing capture permits, in spite of the faeit tstudies showed successful results with low
injury rates (Saavedra, 2002). Other approachemeeeled to compensate for this missing
abundance/density data. Examples of such approaehesdirect observations, multi-

dimensional characterization of footprints and roolar scat analyses.

Direct observations have been used to assessnott@oer in a given river/coastal stretch, but
they are limited to a few habitat types and regi(mg., Shetland — where otters are diurnal,
Kruuk, 1995), or the method involves a considerabhlenber of experienced observers and
special habitat features (Ruiz-Olmo et al., 200@nh the other hand, footprints are not
detectable in all substrate types, causing ideatibn problems. More recently one the most
widespread non-invasive technique is to genetigd#wntify individuals through molecular scat

analyses. This has been shown to yield unbiasedast of population composition and sex
ratio (Dallas et al., 2003). However, DNA analys¥sscats or hair samples are still quite
laborious and expensive. This approach was only beeently used in Portugal, but results are

site-specific (Sales-Luis et al., 2009).

Molecular analyses would also allow addressing ipessfragmentation effects caused by dam

walls. For the present thesis field and lab worls waplemented to address this problem, but
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results were not conclusive, as DNA extraction sgsovas low and limited funds constrained

analyses.

Ruiz-Olmo at al. (2005a) showed that stream seetheye otters breed and rear cubs are often
subject to human disturbance (e.g. forest fireaver extraction, roads, reservoirs) and to
drastic changes due to natural agents (e.g. caphstrflooding, heavy snowfall). This means
that special attention needs to be devoted to thiese if otter populations are to be conserved
and correctly managed. Future studies should deterihand where otters breed in reservoirs,
aimed at mapping rearing sectors within the daneciBp attention should be given to islands

and adjacent streams as possible breeding sites.

Further research is also required on the effedhefreservoir environment on otter fitness.
Reservoirs are characterized by different prey camties (with direct effects on otter diet),
more challenging conditions for catching prey (wpibssible longer and deeper dives), human
disturbance (e.g. water sports, fishing) and greatposure to water pollution (e.g. cattle scats,
eutrophication, agriculture run-off, boat fuel amtispills). All these features may alter otter’s
fithess and should be investigated to assess tieatmd for populations to exist and reproduce
in such disturbed areas. Specific studies on tmsexpuences to otters of the major shifts in
prey communities (e.g. increase of non-native ggeabundance, especially in the case of the
American crayfish) are also crucial to assessriacts of dam on otter fitness. Furthermore,
there is contamination from heavy metals and osleeirces of pollution, for example, in the
Sado river basin (Moreira et al., 2004, MAOT/ARHeAtejo, 2011) and Henriques (2010)
reported metal accumulation in American crayfisowHhis affects otter breeding success and

cub survival in Mediterranean areaspsr se a matter of conservation priority.

Water pollution, environmental contamination anahsfer of antimicrobial resistant bacteria
are also a potential problem to wildlife and pubiiealth. Resistant bacteria may reach new
hosts via several pathways: via surface water ressywhich are used as drinking water by
humans and animals, for irrigating agriculture deeland for recreational activities; or via
fertilizers application to farmland soils, which ynae responsible for the migration of resistant
bacteria to ground and surface waters. Availabiermation (including data presented in this
thesis), suggests that current treatment proceappfied to the dam water and to the
wastewater from farming and agricultural activitteay be unable to prevent the dissemination
of antimicrobial resistant bacteria into aquatiwimmments, as they are unable to completely
remove or inactivate all potential pathogenic baateBacteria clonality and resistance traits
should be taken in consideration in risk assessraadt decision support for intervention,

management and conservation of wildlife, partidylar environments with high cattle density
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near aquatic systems. The collection of a largegetter fecal samples will allow genetic
characterization and clonality studies on the badtesolates. This may elucidate the origin of
the high antimicrobial resistance, the environmlentautes of antibiotic resistance
dissemination, and also the potential role of wigdhs vectors of antimicrobial resistance.

Large dams are still being built in several co@sr{e.g. in Mediterranean countries such as
Portugal or Spain, or in Asian countries such aBalror China). In the near future and with
increasing environmental concerns, more studiesttefs and large dams are expected to be
developed, most of them linked to EIAs of dam immdatation, and the resulting knowledge
will allow better adjustment measures for otter smmation. Adaptive management of the
dams should take into account the ecological immdcthese infra-structures, in order to
effectively marry nature conservation with the emoic viability of dams and the energy and

water needs of each country.
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IUCN Otter Specialist Group: Otters in Environmeiapact
Assessments Recommendations

Target audience

These recommendations are intended to guide demslognd consultants preparing
environmental impact assessments (EIAs), as wal@®s and EIA advisors (biologists and
lawyers) in administrations, who have to check that otter has been properly considered in
the course of an EIA for a development accordingthe amended Council Directive
85/337/EEC.

Background

The otter Lutra lutra) is listed in annex Il and IV of the Habitat Ditee 92/43/EEC which
has implications and obligations for developershimitthe EU. The Habitat Directive implies
that the species and its habitats, including corsacconnecting them, must be considered in
ElAs throughout the EU territory, and not only iAGs. The future needs of otters should also
be considered in areas which have yet to be resgldnfor instance to ensure that the routes
they use along water ways are not obstructed amumede movement&lAs for otters should
always be carried out by suitably qualified ecodtgiacquainted with otter ecology and
relevant field work. An integral part of these resuendations is an appendix giving a brief
description of the biology of the species and méshased in surveys, including details of any

assumptions made and limitations of the methodolsgd.
Otter habitat

Otter habitats cover all wetlands and aquatic estesys, both fresh water and coastal. They
comprise the water body plus a strip of bank ostaaleast a 100 m wide. For natal holts, this
distance, especially in coastal areas, can be uactier.

Habitat assessment

Features potentially affected by development ariodd species and feeding areas, including
the movements and migrations of the food speciegeing sites; 3) breeding areas including
natal holts, i.e. dens where cubs are born; 4)idams for movement and dispersal, 5)

permanent accessibility to fresh water.

For food and resting sites, the sensitivity of a@asaffected by a development depends on its

(the development’s) extent in the context of olteme range sizes in that area. Independent of
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home range size, breeding sites, movement corraadsareas of permanent access to water are

always important for otters.

Each of these five habitat features must be astesseny EIA. Where they are not relevant,
this should be explicitly stated. In most casees®went should be based on field surveys,

although it may be possible to obtain informaticont other sources.

To properly assess the importance of habitatstfersy field studies should take place during at
least two different seasons. In case of major adgeents, the monitoring must cover all four
seasons to determine tlstatus quobefore the evaluation takes place and mitigation or
compensation measures are formulated. Whereikely lthat the timing of a development will
have significant effects, for example, where natabreeding areas are known to exist, these

areas should be surveyed again immediately priaottx commencing.
Otter status, distribution and population trend

Consideration of status, distribution and populati@nds are essential, because they influence
the impact of a development. The conservation ststtiould be considered at a regional as well
as a local level. The regional approach sets thal Isituation in the context of the larger
population. For example, does the developmentpédee in the core area of a population or on
the edge in isolated populations, or in an arearavbéers may be expected to occur in near

future?

Information on status and population trends is rofevailable through published and
unpublished reports (e.g. Article 17 reports urttierHabitat Directive). If such information is
not available, appropriate surveys must be caoigdIn addition, the actual status of the otter
in the area directly affected by the developmentstimibe determined. When practical,
discussions should take place with local peoplenilfar with the area and with an

understanding of the distribution of the species.
Impact of the development

The assessment of the impact on ecological furalityrof aquatic habitats, adjacent areas and
otter populations must take into account 1) coreteom status, 2) food supply, 3) resting sites,

4) breeding areas, 5) corridors.

The EIA should use this information as the basisvhith to assess the potential for changes to

the population, its conservation status and vighbili

The methods to be used in an assessment shouktdrenthed by an otter specialist and should

take into account the particular situation of aelepment.
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Mitigation / Compensation measures

Mitigation and compensation measures must be ptiopate in scale and approach to meet the

impact.
Monitoring

During the construction phase an environmentakabmworks should be appointed to oversee

and monitor the quality of work carried out andtgharson must seek advice from otter experts.

Where approval is given for a development to prdceebject to the inclusion of mitigation
work for otters, it should be a requirement thanitaring of the effectiveness of the mitigation
is undertaken after completion. Where appropriéités should include reference studies
undertaken before work begins to provide baselata dvith which to compare the results of

surveys during and post-construction.
Assessment review

Where an EIA is being reviewed and the reviewanas familiar with otters or has concerns
about what has been written, advice should be sdugim appropriate experienced ecologists

acquainted with otter ecology and relevant fieldkvo

Appendix
Biology and ecology of the Eurasian otterl(utra lutra)

Otters are highly specialised carnivores preyingnipaon fish, but also on amphibians,
crustaceans, insects etc. Otter habitat comprisesnty rivers, tributaries, lakes, estuaries and
coastlines, but also small trickles, springs, b@ysamps, ditches, artificial channels and all
kind of man made water bodies such as reservouisfiah ponds. In addition, otter habitat
includes suitable corridors, sometimes over drylJdretween adjacent water bodies, through
which otters move. Bank and river/sea bed strustarsl water depth are important parameters
for the availability of prey. Deep water bodies d@nhdse with no or few structures in the water,
where prey can hide, characterise suboptimal hHabitacontrast visibility of the water is not a
prerequisite; in most areas, the species beingunwt Otters are not limited to pristine
habitats; they may be found anywhere, includinggiand industrial complexes as long as food
and other key habitat factors are available. Dutireg ;™ century, recovering otter populations
have been be observed in many regions of Europeedsed population pressure is usually the
reason for the re-colonization of abandoned arBais. may lead to the occurrence of otters in

sub-optimal habitats.
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There are places in Europe where otter are absgmesent, but are likely to colonise in the

future. The needs of the species should also bentako account here. It is of particular

importance that roads and other developments asigroel to ensure that when otters do re-
colonise these areas, they are able to move faeeelysafely through their habitats.

Since otters spend a considerable time in the veatdrhave rather poor fat reserves, they are
highly vulnerable to starvation. The permanent labdity of food is therefore crucial. The
availability of prey may undergo significant seaslochanges (ice cover, droughts, etc.). The
size of home range depends on the availabilitypofifand other key habitat factors, such as
fresh water in marine habitats (in a marine envirent, the Eurasian otter needs fresh water to
get rid of the salt in the fur in order to mainthiody temperature), holts and breeding areas. In
order to give an idea of the areas involved, hoamges of females can cover 5 -20 km of river
length plus the adjacent tributaries, while malaa be twice as large. In marine habitats,
estuaries and cultural landscape with artifici@dupply (fish farming), home ranges may be

smaller.

Otters can give birth at any time of the year. Hes#éake care of their cubs at least for one
year. Natal dens may be located relatively far fnoater. Disturbance of the rearing female
during the first year, especially when cubs areyettable to search for food, may result in their
abandonment by their mother and subsequent deattstdnyation. Sub-adults, freshly

independent of their mother, often depend on rgaavailable prey such as amphibians,
crustacean, insects and certain slow moving fiskcisg. Thus it is not only the overall

availability of food, but specific prey items (befffood), which may have a significant effect

on the wellbeing of otters.

Due to their adaptations for a semi-aquatic lifdestotters are less mobile on land and this

makes them more prone than many other small tounedized carnivores to be killed by cars.
Methods and approaches
General

Developments may affect otter habitat at scales) feofew tens of metres to several tens of
kilometres. We cannot be prescriptive here but dauiticipate that the level of survey work

involved in an EIA for otters would be proportioedb the scale and potential effects.
Otter presence, status, densities

Otters produce spraints (scats, faeces) whichleecteristic of the species. Their presence is
a simple and reliable indicator for otter presetee,on a small scale the absence of such signs

does not necessarily mean that there are no attédne area. Spraint numbers cannot be used to
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determine otter numbers. However, spraint siteh séveral spraints of different age indicate
the use by otters over a period of time; in comtsasgle or a few very old spraints may
originate from transient animals, possibly in syfthoal areas or those not yet colonised
(special caution is necessary since breeding fentaled to leave no signs of their presence
until the cubs are two months old). The durabitifyspraint is affected by weather conditions
(rain, snow, vegetation growth, falling of leavede). Seasonal changes in marking behaviour
by the otter can also influence what is found dyansurvey. This has to be taken into account
particularly when undertaking consecutive surveyBere results are compared in order to
indicate use of otters / the success of a mitigadtiocompensation measure. Questionnaires and
discussions with local people (fishermen, huntiengsters, land owners) can be unreliable and

should only be used in combination with other mdho

Status, densities and population trend may be abdailthrough published and unpublished
reports (e.g. also article 17 reports according fEktdctive of the EU). The question of status
and trend in most instances, however, refers aiively large areas. If such information is not
available, surveys may need to be carried out doyeat least several hundred square
kilometres. In each 10 x 10 km square at least f@s must be checked for signs of otter
presence. Such a site can be a stretch of up ton6@® bank length or a suitable bridge

depending on the survey method adopted.

In addition, an assessment of the density of sigag be made in a study area by calculating
the number (spraints, spraint sites, dens, trattk} ger kilometre of bank searched. Variations
in this may be detected by carrying out repeataddstrdised searches. Interpretation of these
data should be made with caution since they amyliko be highly influenced by seasonal
aspects such as snow or ice cover as well as teatexf vegetation cover and the sprainting
behaviour of the individual otters when compariniledent seasons and by the nature of the

habitat when comparing sub-areas at a given time.

Females with dependent cubs may be identified bychéng for tracks in appropriate substrate,
by direct observations (visual and audible) and uke of remote cameras. Indications for
absolute otter numbers may be derived from gersetadysis of scats, by snow tracking and

under special habitat conditions (e.g. Iberian Paria) by direct observations.
Habitat

The habitat functions (food, day resting sites,ellieg areas and corridors) must be
investigated in the field by searching the banisloore line for otter signs (tracks, spraints,
rolling places, trails, food remains) and strucsutender water as well as the bank itself

(potential for above and below ground resting }it€epending on the area affected, the
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availability of food may be estimated by otter spranalysis, electric fishing or reference to
existing, recent reports. Consideration should ikergto the potential presence of natal holts
(i.e. dens where cubs are born and where theyearaain for up to ten weeks). Such sites are
often found some distance from water, may have fieany, evidence of otter presence and are
consequently difficult to identify. Similarly imptant are rearing areas, where cubs stay after
having moved from the breeding areas. They aredaloser to the water, frequently amongst
very dense vegetation and are usually near ardhsawich food supply. Both, natal holts and
rearing areas are key determinants of the statudgtefs with long-term implications at local

and regional level if they are adversely affected.
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