INSTITUTO DE
OCEANOGRAFIA
L » Bk el

v e Fradirral &

Universidade Federal do Rio Grande-FURG
Instituto de Oceanografia

Programa de Pés-Graduagcdo em Oceanografia Bioldgica

PADROES TEMPORAIS NO ENCALHE DE MAMIFEROS MARINHOS E
IDENTIFICACAO DE AREAS DE RISCO DE CAPTURAS INCIDENTAIS DE

TONINHA, Pontoporia blainvillei, NO SUL DO BRASIL

Jonatas Henrique Fernandes do Prado

Orientador: Prof. Dr. Eduardo Resende Secchi

Rio Grande, agosto de 2016



INSTITUTOD DE
OCEANOGRAFIA
L s Wb (oot el

v raiibaede Fraderal o

Universidade Federal do Rio Grande-FURG
Instituto de Oceanografia

Programa de Pés-Graduagcdo em Oceanografia Bioldgica

PADROES TEMPORAIS NO ENCALHE DE MAMIFEROS MARINHOS E
IDENTIFICACAO DE AREAS DE RISCO DE CAPTURAS INCIDENTAIS DE

TONINHA, Pontoporia blainvillei, NO SUL DO BRASIL

Jonatas Henrique Fernandes do Prado

Trabalho apresentado a comissdao de
Curso de Pés-Graduacdo em
Oceanografia Biologica da
Universidade Federal do Rio Grande-
FURG, como pré-requisito para
obtencdo do Titulo de Doutor.

Orientador: Prof. Dr. Eduardo Resende Secchi

Rio Grande, agosto de 2016



Eu dedico essa tese a mulher da minha
vida e razdo do meu viver: MINHA MAE



AGRADECIMENTOS

Se eu soubesse que seria desse jeito, eu nunca teria feito doutorado na minha
vida!! Brincadeirinha...vocés acham que eu iria fazer uma desfeita dessa com vocés.
Pode dar tudo errado, no sentido, reprovado, lascado, ralado, mas o que vocés tém haver
com isso, NADA!! Essa questdo é de inteira responsabilidade minha... a parte de vocés,
cada um fez com muito esmero. E é por isso que tenho 0 DEVER de agradecer a todos

que fizeram parte dessa historia.

A minha familia que tanto amo, mas amo, amo muito, razdo do meu viver, e que

sempre esteve comigo desde pequenininho.

A minha Dedé que me suportou durante todo esse tempo... se esforcando ao
maximo para trocar meia duzia de palavras comigo e eu pesando em qual distribuicdo

utilizar. Além de ser a responsavel pela figura mais bonita da tese.

Ao0s meus irmdos do peito, Gustavo (BAILA) e Vinicius (LULA) que tantos
momentos de reflexdes tivemos! Tudo ficou mais facil com vocés ao meu lado, ainda
mais sabendo que uma tal de capacete de fogo me deixou sozinho morrendo de

saudades.

A minha familia galera CASSINAO, que sempre me fizeram sorrir e me sentir a

melhor pessoa do mundo, ainda mais nas segundas-feiras.

Ao meu amigo LARUS que todas as quintas-feiras estava no mesmo lugar, no

mesmo bate horario, me esperando de bragos abertos e com um copo de cerveja.



Ao professor André e a todos do laboratério de bentos que me receberam de
bracos abertos, abrindo uma nova frente de trabalho no laboratorio: mamiferos

bentdnicos.

Ao meu laboratorio de sangue que tanto orgulho tenho em fazer parte e que me

brindou com a maior série temporal de dados de carni¢a do Oceano Atlantico Sul.

A Jusp, a Elizinha, a Marie e ao Fernando pelos incessantes questionamentos

sobre o meu trabalho e que tanto me ajudaram.

A Ju, mais conhecida como a novinha, pela ajuda em revisar as planilhas; tarefa

essencial para uma boa analise.

Ao Navio Atlantico Sul que me proporcionou momentos unicos de reflexdo.

A Lilia, que desde a minha chegada ao laboratério me enche o saco, mas que me

acolheu de bragos abertos.

Ao Professor e amigo Kinas pelos seus ensinamentos que foram decisivos para

minha formacao e realizacdo dessa tese.

A comunidade de pescadores da Barra de Rio Grande e de Sdo José do Norte
que colaboraram com a coleta de dados de captura incidental, sem a qual ndo seria

possivel realizar a presente tese.

Ao NEMA pelo fornecimento dos dados de encalhe e, ndo menos importante,

pelas saidas de praia e os mergulhos no mar.

Aos oOrgaos financiadores: Yaqu Pacha (Alemanha), Fundacdo O Boticario de
Protecdo a Natureza, Conselho Nacional para Desenvlovimento Cientifico e

Tecnol6gico/CNPq, Petrobras e Cetacean Society International (USA).



A Universidade Federal do Rio Grande que foi o alicerce para todo o

conhecimento adquirido durante a realizacdo desta tese.

E por ultimo, e ndo menos importante as minhas cachorrinhas... kkkkkk, achou
né Edu!! Reconhego que vc teve um pouquinho de importancia. Antes de entrar para
graduacdo meu pai disse: “meu filho, tenta fazer cada etapa da sua formag¢do em um
lugar diferente, assim vocé ampliara seu leque de conhecimento”. Realmente faz muito
sentido! Mas meu pai ndo podia imaginar o que eu teria pela frete: vocé como
orientador. Pai, depois de uma monografia, um mestrado e um doutorado, tenho certeza
que eu poderia ter rodado o mundo, mas ndo conseguiria ter encontrado um orientador

como meu amigo Edu. Foi um privilégio trabalhar com vocé.

Meus queridos amigos, um grande abraco e uma étima leitural!! Por favor, leiam,

voceés fazem parte dessa historial



RESUMO

Dados de encalhe e de capturas incidentais de mamiferos marinhos séo
importantes para compreender o padréo de ocorréncia desses animais e para identificar
regides com alto risco de capturas incidentais. Baseados em 38 anos de dados de
encalhe (1976-2013) e de nove anos de dados de capturas incidentais de toninha
(Pontoria blainvillei) (1999-2003; 2006-2009), coletados no sul do Rio Grande do sul
(RS), os objetivos da presente tese foram: (i) descrever o padrdo temporal dos encalhes
de mamiferos marinhos nessa regido RS; (ii) identificar areas com maior risco de
captura incidental de toninha no sul do RS durante duas estacfes de pesca (corvina e
pescada); (iii) obter estimativas de mortalidade de toninha para essas duas estagdes de
pesca e (iv) verificar se os encalhes podem ser utilizados como indicadores do padrdo
espago-temporal das capturas inincidentais de toninha no sul do RS. Modelos Aditivos
Generalizados (GAM) foram utilizados para avaliar tendéncias temporais no padréo de
encalhe. Modelos Hierarquicos Bayesianos foram propostos para identificar as areas de
maior risco de captura incidental de toninha e obter estimativas de mortalidade para essa
espécie. Correlacdo de Spearman foi utilizada para avaliar a relacdo espaco-temporal
entre encalhe e capturas inincidentais de toninha. Quarenta espécies foram registras em
12.540 eventos de encalhe. A toninha (n = 4574), o lobo-marinho-sul-americano
(Arctocephalus australis, n = 3419), o ledo-marinho-sul-americano (Otaria flavescens,
n = 2049), o golfinho-nariz-de-garrafa (Tursiops truncatus, n = 293) e o lobo-marinho-
subantartico (Arctocephalus tropicalis, n = 219) foram as espécies mais frequentes. A
sazonalidade dos encalhes de toninha e do golfinho-nariz-de-garrafa esta associada a
sobreposicdo com a atividade pesqueira, enquanto que o lobo-marinho-sul-americano e

subantartico com a dispersdo pos-reprodutiva. Para o ledo-marinho-sul-americano a



sazonalidade dos encalhes também esta associada com o esfor¢o pesqueiro. O aumento
na taxa de encalhe para a toninha e para o lobo-marinho-sul-americano esta atrelado ao
incremento do esforgo pesqueiro e ao crescimento populacional, respectivamente. Para
o lobo-marinho-subantértico a taxa de encalhe teve um leve declinio, enquanto que para
o golfinho-nariz-de-garrafa permaneceu estavel. N&o foi observada tendéncia interanual
significativa para o ledo-marinho-sul-americano. O declinio na frequéncia de espécies
de hébito temperado/polar e o registro de espécies subtropicais/tropicais somente no
final da década de 1990, pode estar associado a mudangas climaticas. Areas com alto
risco de captura incidental de toninha foi observado na regido sul, centro e norte da area
de estudo durante a estacdo de pesca da corvina e, na regido norte, na estacdo da
pescada. Estimativa total de mortalidade de toninha durante a estagdo da corvina e da
pescada foi 2923 [2004; 3852] e 1104 [705; 1515], respectivamente. Somente durante a
estagdo da corvina os encalhes foram indicadores confiaveis do padréo espaco-temporal
das capturas incidentais de toninha. Os resultados obtidos nesse trabalho poderéo
contribuir para a elaboracdo de estratégias de conservacdo, principalmente para a
toninha, considerada a espécie de cetdceo mais ameacada do oceano Atlantico Sul

Ocidental.

PALAVRAS-CHAVE: INLA, ZIP, GAM, conservacdo da vida silvestre, areas de

exclusdo de pesca, Oceano Atlantico Sudoeste, estimativa de mortalidade.
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ABSTRACT

Marine mammal stranding and bycatch data are useful to help comprehend their
occurrence pattern and indentify areas of high risk of bycatch. Based on 38 years of
marine mamal stranding data (1976-2013) and nine years (1999-2003; 2006-2009) of
franciscana (Pontoria blainvillei) bycatch on the Rio Grando do Sul coast the aims of
the present thesis were to: (i) describe temporal (seasonal and annual) patterns of marine
mammal stranding in the Rio Grande do Sul (RS) coast; (ii) identify areas of high risk
of franciscana (Pontoporia blainvillei) bycatch in the RS for two fisheries seasons
(white croaker and striped weakfish); (iii) estimate franciscana bycatch in gillnet fishery
for both fisheries seasons; and (iv) analyze the spatial and temporal relationship
between franciscana’s stranding and bycatch on the RS coast. Generalized Additive
Models (GAM) were used to evaluate the temporal stranding patterns and Hierarchical
Bayesian models were proposed to identify areas of high risk of bycatch and estimate
franciscana mortality. Sperman coerelation was used to deacribe the relationship
between franciscana’s stranding and bycatch. Forty species were documented in 12,540
stranding events. Franciscana (n = 4,574), South American fur seal (Arctocephalus
australis, n = 3,419), South American sea lion (Otaria flavescens, n = 2,049), bottlenose
dolphins (Tursiops truncatus, n = 293) and subantarctic fur seal (Arctocephalus
tropicalis, n = 219) were the most frequently stranded marine mammals. The
seasonality of strandings of franciscana and bottlenose dolphin coincided with periods
of higher fishing effort and strandings of South American and subantarctic fur seals
with post-reproductive dispersal. For South American sea lion the seasonality of
strandings is associated with both fishing effort and post-reproductive dispersal. Inter-
annual increases in stranding rate were observed for franciscana and South American

fur seal and these are likely related to increased fishing effort and population growth,

Vi



respectively. For subantarctic fur seal the stranding rate showed a slight decline while
for bottlenose dolphin it remained steady. Non-significant year-to-year variation in
stranding rate was observed for South American sea lion. The slight decrease in
frequency of temperate/polar marine mammals and the increased occurrence of
subtropical/tropical species since the late 1990s might be associated with environmental
changes linked to climate change. Hotspots of bycatch were restricted to small areas in
the southern, central and northern part of the study site during the white croaker fishery,
while in the striped weakfish fishery only the northern region showed high risk of
bycatch. The total estimated franciscana bycatch was higher in the white croaker
(Median = 2923; Crl [2004; 3852]) than in the striped weakfish (Median = 1104; Crl
[705; 1515]) fishery. Stranding data can be used to identify areas of franciscana bycatch
only for white croaker fishing season. It is expected that the results can be used to
design conservation strategies for the marine mammals, especially for franciscana

dolphin considered the most endangered species of Atlantic Ocean.

KEY WORDS: INLA, ZIP, GAM, wildlife conservation, no-fishing zone,

Southwestern Atlantic, bycatch estimation
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PREFACIO

A costa do Rio Grande do Sul (RS) apresenta uma alta diversidade de espécies
de mamiferos marinhos devido a grande variabilidade ambiental dessa regido. A elevada
produtividade bioldgica, principalmente durante o inverno e a primavera, faz do RS uma
das mais importantes zonas pesqueiras do Brasil. Portanto, a sobreposicdo entre 0s
mamiferos marinhos e a atividade pesqueira pode trazer consequéncia a sobrevivéncia
desses predadores. Séries temporais de dados de encalhe tém sido utilizadas como
ferramenta importante para compreender o padrdo de ocorréncia dos mamiferos
marinhos e avaliar o impacto da pesca sobre esses animais. No Oceano Atlantico Sul
Ocidental a toninha (Pontoporia blainvillei) € considera a espécie de cetaceo mais
ameacada pela atividade pesqueira, com os maiores valores de mortalidade observado
na costa do RS. Nessa tese buscou-se utilizar o banco de dados de encalhes de
mamiferos marinhos no RS de aproximadamente 40 anos para compreender o padrdo de
ocorréncia dos mamiferos marinhos e, através de dados provenientes de cadernos de

bordo, identificar &reas com maior risco de captura incidental de toninha nessa regiéo.

A Tese foi estruturada em dois artigos independentes redigidos em lingua
inglesa (Anexos I-11), precedidos por uma primeira parte redigida em lingua portuguesa.
Nesta, consta uma introducdo (antecedentes, justificativas e objetivos), uma breve

descricdo dos materiais e métodos, uma sintese dos resultados e as conclusdes.



1. INTRODUCAO

Os mamiferos marinhos sdo animais que se adaptaram exclusiva ou parcialmente
ao ambiente marinho. Eles estdo presentes desde regides costeiras até regides oceanicas,
bem como dos trépicos até os polos (BASTIDA et al., 2007). Algumas espécies
possuem distribuicdo restrita, como € o caso da toninha (Pontoporia blainvillei),
endémica do oceano Atlantico Sul Ocidental (ASO), enquanto outras apresentam
distribuicdo cosmopolita, como, por exemplo, a orca (Orcinus orca). No entanto, para a
maioria das espécies a distribuicdo esta restrita a faixas latitudinais especificas (tropical-
subtropical, temperada ou polar). Espécies que se distribuem em regides tropicais, por
exemplo, estdo associadas a correntes e massas de &gua de origem tropical, enquanto
que espécies polares estdo associadas a correntes e massas de dgua de origem polar.
Esse padrao atual de distribuicdo dos mamiferos marinhos é resultado de um conjunto
de fatores ambientais e evolutivos, os quais levaram a maioria das espécies a se
adaptarem a um determinado ambiente.

Apesar dos mamiferos marinhos estarem frequentemente associados a limites
latitudinais especificos, sua distribuicdo ndo é uniforme. De modo geral, o padrdo de
distribuicdo em forma de manchas desses animais estd relacionado a presenca e
disponibilidade de alimento (FORCADA, 2009). Regibes com alta produtividade
biolégica, como as zonas de ressurgéncia e frentes oceéanicas, sdo conhecidas por
atrairem esses predadores de topo em virtude da alta disponibilidade de alimento.
Portanto, mudancas temporais na produtividade biolégica de uma regido influenciaréo o
padréo de ocorréncia dos mamiferos marinhos.

No Rio Grande do Sul (RS) a alta diversidade de mamiferos marinhos

(BASTIDA et al., 2007) provavelmente estd associada com a grande variabilidade



ambiental observada na plataforma continental, pois essa regido é considerada uma zona
de transicdo entre aguas tropicais e temperadas. Durante o inverno, a plataforma
continental sofre influéncia de aguas de origem subantartica, ricas em nutrientes,
enquanto que no verdo h4d um predominio de aguas de origem tropical e subtropical,
pobres em nutrientes (CIOTTI et al., 1995; MOLLER et al., 2008). Além disso, a alta
produtividade fitoplanctdnica durante o inverno e a primavera tem sido relacionada ao
aporte continental do Rio da Prata e da Lagoa dos Patos (CIOTTI et al., 1995;
MOLLER et al., 2008). A presenca de A&guas subantarticas e continentais,
principalmente durante o inverno e a primavera, torna essa regido uma das mais
produtivas e importantes zonas pesqueiras do Brasil (CASTELLO et al., 1990; CIOTTI
et al., 1995; HAIMOVICI; CASTELLO; VOOREN, 1998). Di tullioLLIO et al., (2016)
estudando o padrdo de distribuicdo e diversidade dos cetaceos na plataforma externa e
talude no sul e sudeste do Brasil, durante a primavera e o outono, atribuiram a maior
diversidade e densidade de cetaceos durante a primavera, principalmente na regido sul, a
maior produtividade observada nessa estacao.

Em virtude dessas regifes com alta produtividade bioldgica atrairem tanto a
atividade pesqueira como os mamiferos marinhos, essa sobreposicdo, que deve variar
sozonalmente, pode trazer consequéncias negativas a sobrevivéncia desses predadores.
Apesar dos mamiferos marinhos ndo serem alvo da pesca, capturas incidentais sao
consideradas uma das principais ameacas a esses animais (HALL; ALVERSON;
METUZALS, 2000; REEVES; MCCLELLAN; WERNER, 2013). Estima-se que
centenas de milhares de individuos sejam capturados anualmente (READ; DRINKER;
NORTHRIDGE, 2006). No ASO, a toninha € considerada a espécie mais ameacada pela
atividade pesqueira, sendo a costa do RS a regido onde se observa 0s maiores niveis de

mortalidade incidental. Isto se deve a alta sobreposicdo do esfor¢o pesqueiro com o



habitat preferencial da toninha préximo a costa (DANILEWICZ et al., 2009; SECCHI
et al., 2001). A mortalidade anual dessa espécie na pesca de emalhe no sul do Brasil
varia entre centenas e poucos milhares de individuos (PRADO; SECCHI; KINAS,
2013; SECCHI; KINAS; MUELBERT, 2004; SECCHI et al., 1997) e é, provavelmente,
insustentavel (KINAS, 2002; SECCHI; FLETCHER, 2004). Essa espécie encontra-se
atualmente incluida na categoria de “Vulneravel” no livro vermelho de Espécies
Ameacadas da Unido Mundial para a Conservagdo da Natureza (IUCN 2010) e “em
perigo” no livro Vermelho da fauna brasileira ameagada de extingdo (MMA 2008).
Areas e periodos de exclusdo de pesca vém sendo utilizados como estratégia de
manejo para diminuir as capturas incidentais de tartarugas e mamiferos marinhos. Na
Nova Zeléndia, a taxa de sobrevivéncia do golfinho-de-Hector (Cephalorhynchus
hectori) aumentou significativamente quando areas de exclusdo de pesca foram
utilizadas como a principal estratégia para reduzir a mortalidade incidental dessa
espécie (GORMLEY et al., 2012). Um estudo realizado na costa dos Estados Unidos
revelou que a mortalidade incidental de tartarugas marinhas diminui em 94% apds o
estabelecimento de medidas de conservacdo, dentre elas, areas e periodos de excluséo
de pesca (FINKBEINER et al., 2011). No entanto, € importante ressaltar que tais areas
s6 sdo eficientes em diminuir a mortalidade incidental se elas forem grandes o
suficiente, estabelecidas no local certo e removerem o impacto das capturas ao invés de
simplesmente transferi-las para outras regides (GORMLEY et al., 2012; READ, 2013;
ROJAS-BRACHO; REEVES, 2013). Gerrodette et al. (2011) avaliando trés cenarios
de areas de exclusdo de pesca no Golfo da Califérnia, a fim de reduzir a mortalidade
incidental da vaquita (Phocoena sinus), observaram maior probabilidade de recuperacao
da populagéo considerando o cenario com a maior area de excluséo de pesca. A partir

do inicio da década de 1990 foram estabelecidas no Golfo do Maine areas de exclusdo



de pesca com a finalidade de reduzir a mortalidade do golfinho-do-porto (Phocoena
phocoena). Entretanto, somente ap6s a ampliacdo das areas e periodos de excluséo de
pesca em 1999, juntamente com outras medidas, a mortalidade incidental reduziu para
valores abaixo daquele que causaria declinio populacional (READ, 2013).

E nesse contexto que uma vez estabelecidas areas de restricdo ou exclusdo de
pesca, € imprescindivel verificar sua efetividade na reducgdo das capturas inincidentais.
Apesar da esperada redugé@o nas taxas de mortalidade com o estabelecimento de tais
areas, a reducdo pode ndo ser suficiente para garantir a viabilidade populacional da
espécie em longo prazo. Slooten (2007), analisando diferentes mosaicos de exclusdo de
pesca na Nova Zelandia, a fim de verificar a melhor estratégia de conservacéo para o
golfinho-de-hector (Cephalorhynchus hectori), concluiu que as duas areas
preestabelecidas de exclusdo de pesca ndo seriam suficientes para garantir a viabilidade
dessa espécie em longo prazo. Outro fator importante que deve ser levado em
consideracao é que areas com maior risco de captura incidental podem variar ao longo
do tempo devido a mudancas no padrdo de distribuicdo da espécie ou da atividade
pesqueira. Murray et al. (1994) avaliaram uma area de exclusdo de pesca antes, durante
e depois da sua implementacdo em novembro de 1994 na regido do Golfo do Maine, e
observaram que ela ndo foi efetiva na reducdo das capturas inincidentais do golfinho-
do-porto. Esses autores concluiram que essa ineficiéncia estaria atrelada a variabilidade
interanual nas taxas de capturas incidentais nessa regido. Apesar da escolha dessa area
ter sido baseada a partir da analise espacial dos dados de captura incidental, os dados
foram coletados entre 1991 e 1992, o que néo refletiria 0 mesmo padréo espacial das
capturas inincidentais para a data da sua implementacdo. Portanto, 0 monitoramento
dessas areas é fundamental para avaliar a eficiéncia das estratégias de conservacéo.

Embora se saiba que programas de observadores de bordo sejam 0s meios mais



adequados para testar a eficiéncia dessas medidas, seu alto custo financeiro e logistico
torna sua implementagdo invidvel em varios paises. Uma alternativa satisfatoria e com
baixo custo financeiro e operacional é a utilizacdo de séries temporais de dados de
encalhe. Lewison et al. (2003) analisaram 20 anos de dados de encalhe de tartarugas no
Golfo do México e concluiram que &reas de exclusdo de pesca preestabelecidas, entre
outras medidas de conservacgdo, promoveram a recuperacdo da populacdo de cabecuda
(Caretta caretta) e de tartaruga-de-pente (Lepidochelys kempii) nessa regido. Além dos
dados de encalhe serem utilizados para avaliar a mortalidade causada pela atividade
pesqueira (e.g. LEENEY et al., 2008; MCFEE; HOPKINS-MURPHY; SCHWACKE,
2006; PRADO; SECCHI; KINAS, 2013), eles podem determinar o padréo de ocorréncia
das espécies em uma determinada regido. Estudos baseados em dados de encalhe e de
avistagem (e.g. cruzeiros dedicados ou de oportunidade), vem demonstrando que 0s
encalhes podem ser utilizados para avaliar o padrdo de ocorréncia espago-temporal
dessas espécies (CASTEGE et al., 2013; PIKESLEY et al., 2011; SIEBERT et al.,
2006).

O encalhe pode ser definido como a presenga de animais moribundos na praia ou
que morreram no mar e eventualmente séo transportados para a costa. Sua relevancia se
deve ao fato de um individuo quando morto, tanto por causas naturais ou antropicas,
tender a encalhar na costa adjacente. Entretanto, € importante ressaltar que os encalhes
apresentam algumas limitacdes. Somente uma pequena parcela dos animais mortos no
mar chega até a praia (EPPERLY et al., 1996; HART; MOORESIDE; CROWDER,
2006; PRADO; SECCHI; KINAS, 2013). Apbés sua morte, a carcaga pode ser
transportada para mar aberto ou se decompor antes de encalhar. Ademais, quando na
praia, ela pode ser remobilizada pela acdo das ondas, pode ser enterrada, ou retirada por

animais terrestres antes de serem detectadas (BIBBY; LLOYD, 1977; DEGANGE;



DOROFF; MONSON, 1994; PIATT, 1996). Entretanto, o uso de longas séries
temporais de dados de encalhe associada a coletas sistematicas, reduz o efeito dos
encalhes atipicos e permite a distincdo entre padrdes regulares e aleatdrios
(MACLEOD:; PIERCE; SANTOS, 2004; PYENSON, 2010; TOMAS et al., 2008). No
Havai, uma analise baseada em dados de encalhe, cruzeiros oceanogréaficos e sobrevoos,
coletados durante 65 anos, revelou que os encalhes representam satisfatoriamente o
padrdo de ocorréncia dessas espécies na regido (MALDINI; MAZZUCA; ATKINSON,
2005). Danil et al. (2010) utilizando dados de encalhe de cetaceos de 1851 a 2008 na
costa da California, concluiram que além de refletirem a composicéo das espécies, eles
foram importantes na deteccdo de espécies raras, ndo registradas previamente por
cruzeiros oceanograficos e sobrevoos. No sudeste da Australia, dados de encalhe de
cetaceos coletados entre 1920 e 2002, revelaram que durante anos com alta
produtividade biolégica hd um aumento no nimero de animais encalhados (EVANS et
al., 2005). Segundo esses autores, a maior abundancia de cetaceos durante periodos de
alta produtividade, explica em parte, 0 aumento no nimero de encalhes nessa regido.
Dados historicos de encalhe de cachalote (Physeter macrocephalus) no Mar do Norte
mostraram que a maior incidéncia em determinados anos estava associada a anomalias
positivas na temperatura do mar (PIERCE et al., 2007). Na Holanda, verificou-se que o
aumento nos encalhes da foca-cinzenta (Halichoerus grypus) ao longo de 30 anos deve-
se ao processo de recolonizacao apds o periodo de caca (OSINGA et al., 2012). Truchon
et al. (2013) observaram que a maior frequéncia de encalhes da foca-de-capuz
(Cystophora cristata) na regido de St. Lawrence, Canada, esta relacionada com periodos
com baixo volume de gelo. Através de dados de encalhe de cetaceos coletados entre
1911 e 2006, Leeney et al. (2008) atribuiram o maior numero de encalhes na costa sul

de Cornwall, Reino Unido, ao elevado esforgo pesqueiro nessa regiao.



Monitoramentos de praia vém sendo realizados no sul do RS, desde 1976, com o
objetivo de registrar os encalhes de mamiferos marinhos. Durante 38 anos de coleta de
dados (1976 a 2013), 40 espécies foram registradas (BASTIDA et al., 2007;
CASTELLO; PINEDO, 1980; GIANUCA; CASTELLO, 1976; PINEDO; ROSA, 1989;
PINEDO, 1985, 1987, 1989; ROSA; PINEDO, 1989). No entanto, estudos relacionados
a variabilidade temporal dos encalhes foram realizados somente para poucas espécies,
como por exemplo, para a toninha (PINEDO; POLACHECK, 1999; PRADO; SECCHlI;
KINAS, 2013), o golfinho-nariz-de-garrafa ou boto (Tursiops truncatus) (FRUET et al.,
2012), o le&o-marinho-sul-americano (Otaria flavescens) e o lobo-marinho-sul-
americano (Arctocephalus australis) (KINAS et al., 2005). Além disso, tais estudos
basearam-se em um banco de dados de encalhe coletados em um pequeno intervalo de
tempo.

Estudos de longo prazo sdo extremamente importantes em ecologia, pois
permitem uma melhor compreensdo de efeitos de varidveis ambientais na estruturacdo
das comunidades bioldgicas, além de serem imprescindiveis na detec¢do de tendéncias
temporais (FRANKLIN, 1987). O banco de dados de encalne do RS de
aproximadamente 40 anos representa uma das maiores séries temporais de dados
relacionados ao estudo de mamiferos marinhos no ASO. Essa longa série temporal
oferece uma grande oportunidade para a deteccdo de mudangas na comunidade de
mamiferos marinhos atribuidas as variacbes nas propriedades fisico-quimicas e
bioldgicas do ambiente, bem como tendéncias na mortalidade por pesca.

Devido a elevada mortalidade da toninha e de outras espécies (e.g.
elasmobranquios, tartarugas e aves marinhas), ao declinio dos estoques pesqueiros e a
falta de ordenamento da pesca de emalhe, o governo brasileiro publicou, em 2012, a

Instrucdo Normativa Interministerial N° 12 (INI112) (BRAZIL, 2012) na tentativa de



regular esta pescaria desde o RS até o Espirito Santo. Entre outras medidas, a INI12
limita as dimensdes das redes e as licengas de pesca, bem como estabelece um mosaico
de excluséo e limitacdo do esforco de pesca. Na costa do RS embarcagfes motorizadas
estdo proibidas de pescar até a distancia de cinco milhas nduticas, a partir da linha de
costa, do limite sul do estado do RS até o farol do Albarddo. Além disso, embarcagdes
com arqueacgdo bruta maior que 20, estdo proibidas de pescar até a distancia de quatro
milhas nduticas do farol do Albarddo até o limite norte do estado do RS. Porém, ha
fortes evidéncias de que essa normativa ndo é suficiente para reduzir a mortalidade
incidental de toninha a niveis sustentaveis, visto que o nimero de animais encontrados
mortos no litoral sul do RS continua na mesma ordem dos anos que antecederam essa
norma (e.g. PRADO et al. 2013, ECOMEGA/FURG, dados ndo publicados). Uma das
hipGteses é que as areas de exclusdo estabelecidas pela INI12 ndo sdo suficientes para
assegurar a diminuicdo da mortalidade incidental de toninha. Portanto, a ampliacéo de
areas de exclusdo de pesca nessa regido é essencial para reduzir a mortalidade da
toninha. A utilizagdo de aproximadamente 10 anos de dados de captura incidental,
obtida através do monitoramento da frota de emalhe, fornece informacéo detalhada da
distribuicéo espago-temporal das capturas para auxiliar no estabelecimento dessas areas
de exclusdo. Esse tipo de dado também pode ser utilizado para obter estimativas de
mortalidade incidental de toninha que, além de fornecer novas evidéncias sobre os
niveis de mortalidade no RS, ela também € importante para auxiliar na defini¢cdo de
areas de exclusdo de pesca. E esperado que a compreenséo da relagio espago-temporal
dos encalhes e das capturas inincidentais de toninha possa prover informagfes para
acessar a efetividade de possiveis areas de exclusdo de pesca no sul do Brasil. A
compreensdo dessa relagdo possibilitara verificar o grau de detalhamento que os

encalhes fornecem sobre o padrdo das capturas inincidentais na regido costeira do RS.



Essa informagdo podera ser utilizada para outras espécies costeiras, como por exemplo,
o golfinho-nariz-de-garrafa que utiliza o estuario da Lagoa dos Patos e regido marinha
adjacente, e o ledo-marinho-sul-americano, as quais também sdo afetados pelas capturas
incidentais no sul do Brasil (FRUET et al., 2012; MACHADO; OLIVEIRA,

MONTEALEGRE-QUIJANO, 2014).

2. OBJETIVOS E HIPOTESES

Frente ao exposto acima, propdem-se as seguintes hipdteses: 1) a diversidade de
mamiferos marinhos encalhados varia sazonalmente, sendo maior durante o periodo de
maior produtividade no oceano adjacente (i.e. primavera); 2) a intensidade de encalhes
estd associada a variagdes no esforgo pesqueiro (e.g. arrasto, espinhel e emalhe) em
areas de sobreposicdo com a ocorréncia dos mamiferos marinhos; 3) regides proximas a
costa apresentam maiores riscos de captura incidental de toninha; 4) areas com maiores
estimativas de mortalidade incidental coincidem com &reas de maior risco de captura
incidental da toninha; e 5) os encalhes refletem o padréo espago-temporal das capturas
inincidentais de toninha.

Portanto, a presente tese tem como objetivo avaliar os padrées temporais de
encalhes de mamiferos marinhos e de mortalidade de toninhas na costa do RS. Para
testar as hipoOteses acima, tem-se como objetivos especificos: 1) Descrever o padrao
temporal dos encalhes de mamiferos marinhos (Anexos I); 2) Determinar areas com
maior risco de captura incidental de toninha (Anexo Il); 3) Estimar a mortalidade
incidental de toninha (Anexo I1); e 4) Verificar se os encalhes podem ser utilizados para

monitorar as capturas incidentais de toninha (Anexo I1).
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3. MATERIAL E METODOS

3.1. Area de estudo

O litoral do RS se estende de Torres (29° 20°S) ao Chui (33° 45°S), apresentando
praias arenosas oceanicas retilineas e continuas por aproximadamente 620 km
(BARLETTA,; CALLIARI, 1997), com uma grande quebra no canal de acesso a Lagoa
dos Patos e uma menor e sazonal na Lagoa do Peixe. A plataforma continental nessa
regi&o é caracterizada por apresentar pequena declividade (2 m km™) e largura que varia
entre 100 e 180 km. Durante o verdo essa plataforma sofre maior influéncia de &4guas de
origem tropical, pobres em nutrientes, e durante o inverno, de origem subantarticas,
ricas em nutrientes. Além disso, essa regido sofre uma forte influéncia de éaguas
continentais oriundas da Lagoa dos Patos e do Rio da Prata. A presenca de aguas
subantarticas e continentais, principalmente no inverno e na primavera, faz dessa regiéo
uma das mais importantes regides pesqueiras do Brasil (CASTELLO et al., 1990;

CIOTTl etal., 1995; HAIMOVICI; CASTELLO; VOOREN, 1998).

3.2 Dados de encalhe

De 1976 a 2013 monitoramentos da costa foram realizados desde o Chui até a
Lagoa do Peixe (355 km de extensdo), com objetivo de registrar os encalhes de
mamiferos marinhos (Figura 1). A partir de 1979 (auséncia de monitoramento entre
1988 e 1991) tais monitoramentos passaram a ser realizados de forma sistematica,
alternando-se as areas ao sul e ao norte da desembocadura da Lagoa dos Patos
semanalmente ou quando a logistica e as condi¢des atmosféricas permitissem. A coleta
de dados de encalhe foi realizada por trés grupos de pesquisa: (i) Laboratério de
Ecologia e Conservagdo da Megafauna Marinha, Universidade Federal do Rio Grande

— ECOMEGA/FURG (1976 a 1988 e 1992 a 2013); (ii) Museu Oceanografico Prof.
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Eliezer de C. Rios — MO/FURG (durante a década de 1990); (iii) Nucleo de Educacéo e

Monitoramento Ambiental - NEMA (1993 a 2013).
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Figura 1. Extenséo de praia monitorada entre o Chui e a Lago do Peixe, totalizando 355 km. A linha em
vermelho se estende desde o Farol do Sarita até a Barra do Estreito (111 km) e corresponde ao trecho de
praia melhor monitorado ao longo dos anos.

Os monitoramentos foram realizados em um veiculo com tracdo nas quatro rodas
com um a quatro observadores. A cada registro de encalhe os individuos foram
identificados através das caracteristicas morfoldgicas (e.g. coloracdo e formato do
corpo) e cranianas, ao menor nivel taxindmico possivel. Além disso, para cada um
deles, foi obtido as seguintes informacdes: data, posicdo geografica, comprimento total,
presenca de sinais de interacdo com a pesca (e.g. pedaco de rede, corte com faca,
projéteis) e estado de decomposicdo de acordo com Geraci & Lounsbury (2005). Os
animais foram marcados com tinta spray para ndo serem contabilizados em
monitoramentos subsequentes.
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Somente os animais encontrados mortos na praia foram utilizados nas analises.
Para facilitar a visualizacdo dos resultados, as espécies foram classificadas
arbitrariamente em trés categorias, de acordo com a frequéncia de ocorréncia:
frequentes (FE > 0,02); 2), ocasionais (FE entre 0,02 e 0,0005); 3) e raras (FE <
0,0005). A FE representa a razdo entre o numero total de individuos de uma terminada
espécie pelo nimero total de animais encalhados. Para o lobo-marinho-sul-americano as
andlises foram realizadas separadamente para 0s neonatos (individuos < 110 c¢cm) e

adultos/juvenis (> 110 cm).

3.3. Dados de captura incidental

Entre 1999 e 2003 e entre 2003 e 2009, de 6 a 13% da frota de emalhe sediada
na 4% e na 5% SeccBes da Barra de Rio Grande (RS) foram monitoradas. A escolha dos
barcos dependeu da colaboracéo voluntéria dos mestres de cada embarcacdo em coletar
os dados. Apesar da pequena porcentagem de barcos monitorados, assume-se que eles
foram representativos da dindmica da pesca de emalhe. A area de atuacdo dessa frota
estd localizada na por¢do centro-sul da plataforma interna do RS, sendo delimitada ao
norte pelo farol de Mostarda (31°06'S - 50° 50° W), ao sul pelo farol do Chui (33° 45°S
- 53°22> W) e a leste pela isobata de 150 m (Figura 2). As duas principais espécies-alvo
dessa frota sdo a corvina (Micropogonias furnieri), capturada entre outubro e marco, e a
pescada (Cynoscion guatucupa) entre abril e setembro (FERREIRA; MUELBERT;

SECCHlI, 2010; SECCHI et al., 1997).

Para cada um dos mestres das embarcac@es, forneceu-se um caderno de bordo
com as seguintes questdes para cada dia de pesca que capturassem ou ndo toninha: data,
posicdo do lance, tipo de rede (corvina ou pescada) e numero de toninhas capturadas.
Devido a distribuicdo costeira da toninha, somente os lances de pesca até 50 m de

profundidade foram utilizados nas analises.
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A érea de estudo foi dividida em seis subareas. As subareas (1-5) correspondem
ao trecho de praia monitorado, com 71 km de extensdo cada (Figura 2). Esse trecho de
praia equivale a aproximadamente 80% da extenséo latitudinal da area de pesca da frota
de emalhe. Essa divisdo foi proposta para avaliar a relacdo espago-temporal entre os
encalhes e as capturas incidentais de toninha (ver subitem 3.4.4). Os lances de pesca
efetuados na subarea 6 (80 km de extensdo) ndo foram utilizados para avaliar a relacéo
espacgo-temporal entre os encalhes e as capturas incidentais de toninha, visto que a praia

adjacente ndo foi monitorada no presente estudo.
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Figura 2. Area de atuacio da pesca de emalhe no sul do Brasil divididas em seis subéreas. Os pontos em
vermelho e em preto representam os lances de pesca direcionados a corvina e a pescada, respectivamente.
A linha de costa destacada em preto representa a extensdo de praia monitorada (355 km de extensao).
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3.4. Analise dos dados

3.4.1. Andlise temporal dos dados de encalhe

O numero de animais encalhados a cada 100 km de praia monitorada (Taxa de
encalhe) foi utilizado para descrever a frequéncia sazonal e interanual da distribuicdo
dos encalhes de mamiferos marinhos. As estaces do ano foram classificadas como:
primavera (outubro-dezembro), verdo (janeiro-marco), outono (abril-junho) e inverno

(julho-setembro).

A andlise temporal dos dados de encalhe foi avaliada através de Modelos
Aditivos Generalizados (GAM) utilizando a funcdo de ligacdo log e a distribuicdo

binomial negativa:

Y; ~ BN (u;, k)

log(u;) = a+ f(ano;) + f(més;) + Bano; * més; + log(km_percorrido;)

onde, Y; € o nimero de mamiferos marinhos encalhados em cada monitoramento de
praia i {i = 1,2,...,n}, k o parametro de sobredispersdo que precisa ser estimado através
dos dados, a o intercepto, f as funcdes splines e 0 parametro de regressao. O termo
log (km_percorrido;) foi inserido no modelo como offset para levar em consideragéo
a variabilidade do quilébmetro de praia percorrido em cada monitoramento de praia i.

Trés modelos foram propostos:

Modelo 1: Y = f(ano) + f(més) + ano*més + offset

Modelo 2: Y = f(ano) + f(més) + offset

Modelo 3: Y = f(més) + offset
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A escolha do melhor modelo foi efetuada com base no critério de informacéo de
Akaike (AIC). O GAM foi aplicado somente as espécies frequentes utilizando somente
dados de encalhe registrados entre 1992 e 2013 e entre o Farol do Sarita e a Barra do
Estreito. As anélises foram realizadas através do pacote mgcv utilizando splines de

regressao cubica.

3.4.2 Identificacdo de areas com maior risco de mortalidade incidental de toninha

Para identificagdo de &reas de maior risco de mortalidade foi estruturado o

seguinte modelo hierarquico Bayesiano espago-temporal:
Yii~F (@)

g(®ij) = n; = ag + S; + Tj;; + log(km_rede;)
onde, Yj; € o nimero de toninhas capturadas incidentalmente em cada lance de pesca i {i
=1, 2...n} em cada ano j (9); F uma distribuicdo pertencente a familia exponencial com
media definida por E (Y;;) = @;;, a qual se conecta ao preditor linear n;; através da
funcdo de ligacdo g(+); Sio efeito aleatdrio estruturado espacialmente em cada lance de
pesca i e T; o efeito aleatorio temporal ndo estruturado em cada ano j. O termo
log (km_rede;) foi incluido no modelo como offset para levar em consideracdo a
variabilidade do comprimento de rede utilizado em cada lance de pesca i. Trés
distribuicbes de probabilidade foram testadas: Poisson, binomial negativa e Poisson
inflado de zeros (ZIP, do inglés Zero-inflated Poisson). Em virtude da pesca da corvina
e da pescada apresentarem padrdes espacgo-temporais distintos, 0 modelo acima foi

aplicado separadamente para cada uma das estagdes de pesca.

Distribuicbes a priori ndo informativa foram especificadas para todos os

parametros do modelo, os quais ja se encontram implementadas no R-INLA. Tais
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prioris exercem pouca influéncia sobre a distribuicdo posterior, portanto, toda

informacao contida nessa distribuicdo sera proveniente dos dados.

A distribuicdo a posteriori dos pardmetros do modelo foi obtida através da
metodologia INLA (Integrated Nested Laplace Approximation). Diferentemente dos
métodos por simulacdo (e.g. Monte Carlo Via Cadeia de Markov - MCMC), a
distribuicdo a posteriori via INLA € obtida por aproximacfes deterministicas. Apesar
de esse método ser menos flexivel comparado com os métodos de simulagédo, eles séo
computacionalmente mais rapidos, permitindo que modelos complexos sejam
ajustandos em minutos. Esse menor tempo computacional também esté atrelado ao fato
dessa metodologia fazer uso da Equacdo Diferencial Estocéastica Parcial (SPDE do
inglés, Stochastic Partial Differential Equations). Essa equacdo permite que um campo
aleatorio gaussiano (GRF do inglés, Gaussian Randon Field) com funcdo de
covariancia Matérn, que representa explicitamente todos 0s processos espaciais que
influenciam a variavel Y, seja aproximado a um Campo Aleatério Markoviano
Gaussiano (GMRF, do inglés Gaussian Markov Random Field). Essa abordagem
permite que o campo aleatorio gaussiano seja dividido em malhas triangulares onde a
predicdo do fenbmeno estudado serd projetada (area de estudo). A triangulacdo possui
duas vantagens em relacdo a um grid regular: 1) economiza o tempo computacional,
visto que os locais de previsdo sao menos numerosos que aqueles adotados em malha
regular, e 2) a triangulacdo costuma ser mais densa em locais amostrados, fornecendo

informac®es mais precisas nesses locais (MUNOZ et al., 2013).

Diferentes formatos de triangulacdo foram testados para avaliar seu efeito
durante a selecdo do modelo. Lindgren et al. (2011) ressaltam que é fundamental a

malha apresentar triangulos que tenham tamanhos e formas regulares. A Figura 3 ilustra
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o formato da triangulacdo utilizada para predi¢do para ambas as estacOes de pesca:

corvina e pescada.

Baseadas nas especificacGes acima, seis modelos foram propostos para cada
estacdo de pesca. Eles diferiram quanto a distribuicdo de probabilidade utilizada e
considerando ou ndo a inclusdo do efeito aleatério da variavel ano no modelo. A
qualidade de ajuste dos modelos foi realizada através do critério de informacdo de
deviancia (DIC, do inglés Deviance Information Criterion) (SPIEGELHALTER et al.,
2002). De acordo com esse critério, modelos com menores valores de DIC apresentam

melhor ajuste.
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Figura 3. Malhas triangulares para a estagdo de pesca da corvina (A) e pescada (B).
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3.4.3. Estimava de mortalidade incidental de toninha

Uma caracteristica comum dos dados de captura incidental é o grande nimero de
observagbes com zero captura (Figura 4). Nesses casos, distribuicbes comumente
utilizadas para modelar dados de contagem, como por exemplo, Poisson e binomial
negativa, ndo conseguem lidar com o excesso de zeros causando sobredispersdao nos
dados. Uma das formas de lidar com esse problema é a utilizacdo do modelo ZIP. Esse
modelo estd estruturado em duas partes: a distribuicdo de Bernoulli determina a
probabilidade () de conter excesso de zeros (ou falso zeros) e a distribuicdo de Poisson
determina a probabilidade (1) de conter valores positivos, incluindo o zero como valor
provavel de ocorréncia (zeros verdadeiros). No presente estudo o nimero de toninhas
capturadas incidentalmente Y; em cada lance de pesca i {i = 1,2...n} foi modelado da

seguinte forma:

Y, ~ ZIP(m;, A)

logit(m;) = ay + of fset;(esforgo)

log(4;) = a;y + Byarea;, + Brestagdo_pesca;r + ano; + log(km_rede;)
onde, ap € ap SA0 0S interceptos e 0s s 0S parametros de regressao; a representa as seis
subéareas e f refere-se as duas estacBes de pesca:corvina e pescada. O ano foi incluido
como efeito aleatorio para captar a variabilidade anual. O termo log (km_rede) foi

incluso no modelo como offset.
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Figura 4. Frequéncia dos valores de captura de toninhas em cada lance de pesca.

Prioris ndo informativas com distribuicio normal com média O e variancia 10*
foram utilizadas para todos os parametros e para a média do efeito do ano sobre a
captura incidental. A priori half-Cauchy, com parametro de escala 25, foi aplicado para

a variancia do efeito do ano.

Apds ajuste do modelo, estimativas de mortalidade incidental de toninha foram
obtidas para cada ano (t = 9), subéarea (a = 6) e estacdo de pesca (f = 2), totalizando 108
cenarios. O numero total de lances de pesca para cada cenario foi obtido através da

seguinte equacéo:

Total_barcos; * Observado_lances;qs

Total_lances;,r =
- taf Observado_barcos 4y

onde, Total_barcos; € 0 numero total de barcos operantes no ano t e
Observado_lances,,y 0 nimero de borcos monitorados no ano t, na subarea a e na

estacdo de pesca f. O numero total de barcos de emalhe (Total_barcos;) foi obtido

20



através de uma distribuicdo de probabilidade uniforme com limites méximo e minimo
baseados na literatura. Esse procedimento foi realizado, uma vez que ndo se tem o
namero exato de barcos de emalhe atuantes por ano na regido. Entre 1999 e 2002 o
limite maximo e minimo foi estipulado entre 90 e 120 barcos. Apds esse periodo, 0
valor foi ampliado para 150 e 200 barcos, pois ha evidéncias que barcos de emalhe
provenientes de Santa Carina comegaram a pescar mais frequentemente na costa do RS

(FERREIRA; MUELBERT; SECCHlI, 2010).

A incluséo do quildmetro de rede como offset no modelo ajusta as estimativas de
mortalidade de toninha para cada quilébmetro de rede. Portanto, para obter o nimero
total de toninhas mortas incidentalmente se fez necessario multiplicar Aem pelo
comprimento de rede utilizado pela frota. Para levar em consideracéo a variabilidade do
comprimento de rede utilizado, este foi retirado randomicamente do banco de dados

através do procedimento de bootstrap.

As distribui¢bes posteriores foram obtidas por meio do método de MCMC
através do sowfter R (R Development CORE TEAM 2015) e JAGS (PLUMMER, 2013)
via biblioteca rjags (PLUMMER, 2013) e R2jags (SU; YAJIMA, 2015). Um total de
200.000 amostras foram simuladascom burn-in de 10.000 e um thinning de 200,
visando eliminar a dependéncia entre os elementos da cadeia. Graficos de diagnosticos
foram utilizados para verificar a convergéncia da distribuicdo porterior através a

biblioteca coda (PLUMMER et al., 2010).

3.4.4. Correlacio espaco-temporal entre capturas incidentais e encalhe

A correlacdo de Spearman foi utilizada para verificar o grau de relacdo espago-
temporal entre as capturas incidentais e as taxas de encalhe (nimero de toninhas
encalhadas a cada 100 km de praia percorrido). Para tanto, foi utilizado somente os
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dados de captura incidental proveniente da frota monitorada, uma vez que as estimativas
apresentam algumas incertezas devido a imprecisdo na quantificacdo do esforgo

(numero total de barcos).
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4. RESULTADOS

4.1 Padréo temporal dos encalhes de mamiferos

Durante o periodo de estudo (1976-2013) 12.540 eventos de encalhe de
mamiferos marinhos foram registrados, envolvendo 10 familias e 40 espécies (Tabela
1). A toninha (n = 4.574), o lobo-marinho-sul-americano (n = 3.419), o ledo-marinho-
sul-americano (n = 2.049), o golfinho-nariz-de-garrafa (n = 219) e o lobo-marinho-
subantartico (Arctocephalus tropicalis) (n = 219) foram as espécies mais frequentes
(Tabela 1). As demais espécies (ocasionais e raras) representaram somente 3% dos

eventos de encalhe (Tabela 1).

A taxa de encalhe dos mamiferos marinhos teve um aumento suave ao longo dos
anos (Figura 5). O inverno e a primavera foram as estacdes com as maiores taxas de
encalhe (Figura 5). Excluindo as espécies que apresentam alta mortalidade relacionada
com a pesca (toninha, golfinho-nariz-de-garrafa e ledo-marinho-sul-americano),
espécies migratdrias (franca, Eubalaena australis, jubarte, Megaptera novaeangliae,
fin, Balaenoptera physalus, sei, Balaenoptera borealis, minke-and, Balaenoptera
acutorostrata, minke-antartica, Balaenoptera bonaerensis) e neonatos do lobo-marinho-
sul-americano, agosto (1.3), setembro (1.2) e outubro (0.9) foram 0s meses com as
maiores taxas de encalhe. A maior riqueza de espécie foi observada durante a primavera

(n=29), seguida pelo outono (n=28) e pelo verao e inverno, ambos com 22 espécies.
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Tabela 1. Nimero de individuos (inds) de mamiferos marinhos encalhado durante os 12.540 eventos de encalhe registrados no sul do Brasil entre 1976 e 2013. O total de
eventos de encalhe é fornecido em nimero e porcentagem. A taxa de encalhe (nimero de animais encalhados a cada 100 km de praia monitorada) anual média é fornecida na
Gltima coluna.

Espécies Classificagéo Ano Morto % Taxa de encalhe
(inds) Morto anual
1976-1979 1980s 19905 20005 2010-2013 (evts)
Morto Vivo Morto Vivo Morto Vivo Morto Vivo Morto Vivo média (dp)
Pontoporia blainvillei Frequente 171 1 602 518 2442 841 4574 4574 38,90 3,5826(3,6711)
Arctocephalus australis Frequente 6 3 179 12 514 38 1429 265 1291 69 3419 3419 29,08 2,1831(1,9449)
Otaria flavescens Frequente 27 310 4 509 2 808 16 395 3 2049 2049 17,43 1,7960(0,7853)
Tursiops truncatus Frequente 20 57 44 113 59 293 293 2,49 0,2687(0,2246)
Arctocephalus tropicalis Frequente 19 3 45 10 138 25 17 5 219 219 1,86 0,1885(0,3326)
Eubalaena australis Ocasional 1 6 18 10 7 42 42 0,36 0,0215(0,0442)
Pseudorca crassidens Ocasional 5 27 12 9 53 38 0,32 0,0249(0,0374)
Globicephala melas Ocasional 3 11 10 3 27 27 0,23 0,0173(0,0345)
Steno bredanensis Ocasional 1 7 5 11 24 21 0,18 0,0098(0,0196)
Physeter macrocephalus Ocasional 2 4 5 8 4 23 20 0,17 0,0236(0,0608)
Balaenoptera acutorostrata Ocasional 1 7 9 1 18 18 0,15 0,0128(0,0250)
Delphinus delphis Ocasional 4 7 3 14 14 0,12 0,0055(0,0122)
Orcinus orca Ocasional 1 1 7 4 1 14 14 0,12 0,0187(0,0850)
Lagenodelphis hosei Ocasional 9 2 3 1 14 13 0,11 0,0073(0,0196)
Stenella frontalis Ocasional 2 6 1 9 9 0,08 0,0048(0,0127)
Megaptera novaeangliae Ocasional 1 1 2 4 8 8 0,07 0,0034(0,0079)
Kogia breviceps Ocasional 3 1 2 1 7 7 0,06 0,0018(0,0064)
Mironga leonina Rara 1 3 2 1 1 1 2 3 6 6 0,05 0,0062(0,0196)
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Phocoena spinipinnis
Balaenoptera bonaerensis
Stenella coeruleoalba
Arctocephalus gazella
Unidentified minke
Ziphius cavirostris
Lobodon carcinophaga
Balaenoptera borealis
Kogia sima
Berardius arnuxii
Balaenoptera edeni
Mesoplodon grayi
Mesoplodon densirostris
Grampus griséus
Balaenoptera physalus
Phocoena didptrica
Mesoplodon hectori
Mesoplodon layardii
Stenella attenuata

Lagenorhynchus australis

Cephalorhynchus commersonii

Hydrurga leptonyx
Balaenoptera musculus

Indeterminado

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

Rara

0,0055(0,0172)
0,0026(0,0093)
0,0026(0,0080)
0,0061(0,0281)
0,0021(0,0074)
0,0019(0,0071)
0,0017(0,00060)
0,0013(0,0045)
0,0040(0,0152)
0,0019(0,0072)
0,0008(0,0036)
0,0014(0,0062)
0,0000(0,0000)
0,0004(0,0027)
0,0005(0,0030)
0,0008(0,0047)
0,0000(0,0000)
0,0006(0,0036)
0,0008(0,0050)
0,0008(0,0052)

0,0008(0,0050)

0,6879(0,6723)
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Total

237

4

1238

24

2021

88

5354

369

2943

294

11786

11761

100

8,0171(4,4812)
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Figura 5. Taxa de encalhe (nimero de animais encalhados a cada 100 km de praia monitorada) dos
mamiferos marinhos por ano (A) e por més (B) de 1976 a 2013 (todos os registros de encalhe incluidos).
Em (B) a linha preta representa a taxa de encalhe por més excluindo as espécies com alta mortalidade
(interagfo com pesca), migratdria, neonatos do lobo-marinho-sul-americano e registros ndo identificados.
Para facilitar a visualizagdo foi obtida a raiz quadrada da taxa de encalhe. Os registros de encalhe
observados ao longo de todo o trecho de praia monitorado (Chui a Lagoa do Peixe) foram incluidos.

Com base no AIC, o melhor modelo ajustado para a toninha e para o ledo-
marinho-sul-americano foi o Modelo 1, enquanto que para as demais espécies foi o

Modelo 2 (Tabela 2).

Tabela 2. Resultado do GAM para as espécies frequentes. O pardmetro de sobredispersao € representado
por ¢.

Espécie Modelo 1 Modelo 2 Modelo 3
Deviancia ¢ AIC  Deviancia ¢ AIC  Deviancia ¢ AlC
P. blainvillei 46,3% 0,50 20791 43,6% 0,46  2100,0 39,6% 0,41 21228
T. truncatus 16,4% 2,55 720,93 15,8% 2,48 720,00 11% 157 732,36
O. flavescens 9,52% 1,63 1861,26 8,6% 159 1866,56 7,57% 1,53 1866,74
A. australis 62% 1,118 1351,8 62% 1,119 1350,09 57% 0,85 1392,08
(neonatos)
A. australis 30% 0,86 581,66 30,4% 0,88 577,86 22,7% 0,57 593,11
juvenis/adultos
A. tropicalis 51,8% 0,38 404,98 51,5% 0,39 402,54 41,2% 0,21 426,37
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A toninha apresentou a maior taxa de encalhe anual média (Tabela 1). O GAM
indicou uma tendéncia positiva no nimero de encalhes entre 1992 e 2003, mantendo-se
estavel até 2010 e declinando ap6s esse periodo (Figura 6). O pico de encalhe ocorreu
durante o final da primavera e inicio do verdo (Figura 6 e 7). Os preditores lineares
explicaram 46,3% da variabilidade dos eventos de encalhe. Para o golfinho-nariz-de-
garrafa, o modelo ajustado indicou um aumento nos encalhes entre 1996 e 2003, com
declinio até 2008 (Figura 8). A primavera e 0 verdo apresentaram 0s maiores picos de
encalhe (Figura 8). Os preditores lineares explicaram 15,8% da variabilidade dos
encalhes.

Entre os pinipedes, o lobo-marinho-sul-americano apresentou a maior taxa de
encalhe anual média (Tabela 1). O modelo ajustado indicou um aumento no nimero de
encalhes ao longo dos anos tanto para 0s neonatos como para 0s individuos
juvenis/adultos (Figura 9). Os picos observados foram idénticos para ambas as
categorias (Figura 9). Em relagdo a sazonalidade, o pico dos encalhes ocorreu em
setembro, tanto para 0s neonatos com para os juvenis/adultos (Figura 9). Os preditores
temporais explicaram 30,4% (juvenis/adultos) e 62% (neonatos) da variabilidade dos
encalhes. Para o ledo-marinho-sul-americano, apesar da melhora no ajuste do modelo, a
variavel ano ndo foi significativa. Os maiores valores de encalhe ocorreram durante o
inverno e a primavera (Figura 10). Os preditores temporais explicaram 9,52% da
variabilidade dos encalhes. O modelo ajustado para o lobo-marinho-subantértico
indicou declinio suave ao longo dos anos com excecao do pico em 2001 (Figura 11). Os
registros de encalhes foram maiores durante o inverno, principalmente no més de agosto
(Figura 11). Nenhum registro ocorreu durante o verdo e o outono. Os preditores

temporais explicaram 51,5% da variabilidade dos encalhes.
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Figura 6. Média da taxa de encalhe (nimero de animais encalhados a cada 100 km de praia monitorada)
das espécies frequentes por més de 1976 a 2013. Linha preta representa a taxa de encalhe das carcacas
com sinais de interagdo com atividade pesqueira. Para facilitar a visualizagdo foi obtido a raiz quadrada
da média da taxa de encalhe. Somente os registros de encalhe entre o Farol do Sarita e a Barra do Estreito
foram incluidos.
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Figura 8. Padrdo temporal de encalhe do golfinho-nariz-de-garrafa. Estimativa (linha sélida) e intervalo
de confianca de 95% (linha tracejada) das splines referentes as variaveis ano (A) e més (B).
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Figura 9. Padrdo temporal de encalhe do lobo-marinho-sul-americano. Estimativa (linha sélida) e
intervalo de confianca de 95% (linha tracejada) das splines referentes as varidveis ano e més. Neonato (A-
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Figura 10. Padrdo temporal de encalhe do ledo-marinho-sul-americano. Estimativa (linha solida) e

intervalo de confianca de 95% (linha tracejada) das splines referentes as variaveis ano (A) e més (B).
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Somente a toninha (3,1%, n = 133), o golfinho-nariz-de-garrafa (8,7%, n = 22) e
0 ledo-marinho-sul-americano (3,4%, n = 67) apresentaram sinais de interagdo com a
pesca. Apesar da pequena proporcdo, individuos com sinais de interacdo apresentaram

padrdo sazonal similar quando considerado todas as carcacas (Figura 6).

s(Year,5.91)
s(Month,3.87)
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Figura 11. Padrdo temporal de encalhe do lobo-marinho-subantértico. Estimativa (linha sélida) e
intervalo de confianca de 95% (linha tracejada) das splines referentes as variaveis ano (A) e més (B).

Entre as espécies ocasionais, a falsa-orca (Pseudorca crassidens) apresentou
maiores taxas de encalhe durante o inverno e a primavera, o cachalote entre o final da
primavera e meados do verdo e o golfinho-de-dentes-rugosos (Steno bredanensis) no
verdo (Figura 12). Dentre os misticetos, a baleia-franca teve a maior taxa de encalhe
anual média, seguida pelas baleias minke-and, minke-antartica, bryde, e azul e a fin,
ambas com os mesmos valores. A maioria dos encalhes foi registrada apds a década de

1990 e com maior frequéncia nos meses de setembro, outubro e novembro (Figura 12).
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Figura 12. Taxa de encalhe (nimero de animais encalhados a cada 100 km de praia monitorada) da falsa
orca, do cachalote e do golfinho-de-dentes-rugosos (A) e dos misticetos (B) de 1976 a 2013. Os registros
de encalhe observados ao longo de todo o trecho de praia monitorado (Chui a Lagoa do Peixe) foram
incluidos.

Espécies de habito temperado/polar foram registradas desde o inicio da década
de 1980, enquanto que espécies de habito subtropical/tropical somente depois de 1993
(Figura 13). A taxa de encalhe para as espécies de regido temperada/polar foi maior no
outono e inverno e para as espécies subtropicais/tropicais no verdo e na primavera

(Figura 13).

33



02—
@
=
3
c
5}
[}
o
%01+
[

0.0 -

1 T 1 I T T T 1 T 1
1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Ano
Subtropical/Tropical Temperado/Polar

0.08 B

0.06 -
@
=
3
5
o 0.04 -
o
@
X
@
[

0.02

0.00

1 1 T T T T T T 1 1 T T
Jan Fev Mar Abr Mai Jun Jul Ago Set Out Nov Dez
Més
Subtropical/Tropical Temperado/Polar

Figura 13. Taxa de encalhe (niumero de animais encalhados a cada 100 km de praia monitorada) das
espécies subtropicais/tropicais e de regido temperada/polar por ano (A) e més (B). Espécies
subtropicais/tropicais: golfinho pantropical, Stenella attenuata, golfinho-pintado-do-atlantico, Stenella
frontalis, golfinho-de-dente-rugosos, golfinho-de-fraser, Lagenodelphis hosei e baleia-de-bryde. Espécies
de regido temperada/polar: golfinho-de-burmeister, Phocoena spinipinnis, golfinho-de-6culos, Phocoena
dioptrica, golfinho-austral, Lagenorhynchus australis, golfinho-de-commerson, Cephalorhynchus
commersonii, elefante-marinho, Mironga leonina, foca-caranguejeira, Lobodon carcinophaga, lobo-
marinho-antartico, Arctocephalus gazela, baleia-bicuda-de-gray, Mesoplodon grayi, baleia-bicuda-de-
layard, Mesoplodon layardii, e baleia-bicuda-de-Arnoux, Berardius arnuxii. Os registros de encalhe
observados ao longo de todo o trecho de praia monitorado (Chui a Lagoa do Peixe) foram incluidos.

4.2. ldentificacdo de areas de risco de captura incidental de toninha

Os modelos com menores valores de DIC foram aqueles que incluiram o ano
como efeito aleatério. Dentre eles, 0 modelo de Poisson foi o que obteve o melhor

ajuste para ambas as pescarias (corvina e pescada) (Tabela 3).
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Tabela 3. Os DICs dos seis modelos hierarquicos Bayesianos propostos para cada estacdo de pesca:
corvina e pescada.

Modelos Estrutura temporal DIC

Corvina Pescada
Model 1 (Poisson) n/incluso 957,04 497,09
Model 2 (BN) n/incluso 1006,08 513,16
Model 3 (ZIP) n/incluso 1006,42 510,73
Model 4 (Poisson) Incluso 952,65 483,6
Model 5 (BN) Incluso 959,07 503,44
Model 6 (ZIP) Incluso 960,28 489,52

Para a maior parte da area de estudo foi observado risco moderado de captura
incidental, principalmente durante a pescada (Figura 14 e 15). Alto risco de captura
incidental foi observado na regido sul, centro e norte da area de estudo durante a pesca
direcionada a corvina, enquanto que na pescada somente na regido norte (Figura 14 e
15). Independente das diferencas latitudinais um claro gradiente longitudinal foi
observado, principalmente durante a pesca da corvina, com &guas mais rasas

apresentando maiores riscos de captura (Figura 14 e 15).

4.3. Estimativa das capturas incidentais de toninha

Os parametros do modelo ZIP estdo descritos na Tabela 4. A estimativa total de
mortalidade de toninha para o periodo 1999-2003 e 2006-2009 foi maior durante a
corvina (Média = 2923; CI [2004; 3852]) comparado com a pescada (Média = 1104; CI
[705; 1515]), com uma média de 332 (DP = 175) e 126 (DP = 106) toninhas capturadas,
respectivamente (Tabela 5). Para estacdo de pesca da corvina as subareas 3, 4 e 5
tiveram as maiores estimativas de captura incidental, enquanto na pescada, as subareas 1
e 2 (Tabela 5). No entanto, somente as subareas 4 e 5 (durante a pesca da corvina)

coincidiram com areas com alto risco de captura incidental (Tabela 5, Figura 14 e 15).

4.4. Correlagdo espago-temporal entre encalhe e capturas incidentais
O namero de toninhas capturadas incidentalmente nos lances observados durante

a pesca da corvina e da pescada foi 214 e 89, respectivamente (Tabela 6). A subarea 4
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teve 0 maior numero de toninhas capturadas incidentalmente durante a corvina (62) e a
subéarea 1 durante a pescada (21) (Tabela 6). A taxa de encalhe anual de toninha para o0s
anos (1999-2003; 2006-2009) foi 2,52 e 9,38 durante a estacdo de pesca da pescada e da
corvina, respectivamente (Tabela 7). A subérea 1 teve a maior taxa de encalhe durante a

pesca da corvina (12,8) e a subarea 3 durante a pesca da pescada (5,58) (Tabela 7).

Embora a correlacdo de Spearman entre encalhes e capturas incidentais de
toninha por ano e por subareas (1-5) ndo foram significativas, graficamente, um padrdo

similar pode ser observado para o periodo da corvina (Figura 16).

Tabela 4. Média e intervalo de credibilidade da distribui¢do a posteriori para os parametros do modelo
ZIP.

Processo Parametros Média 2.5% 97.5%
Bernoulli o -2,66 -3,21 -2,21
Poisson  a; = pescada + subareal -3,17 -3,82 -2,51
[ = corvina 0,54 0,24 0,84

f3 = subérea? -0,54 -0,97 -0,11

p4 = subérea3 -1,33 -1,78 -0,89

Ps = subarea4 -0,79 -1,19 -0,39

Ps = subareab -0,64 -1,05 -0,20

7 = subarea6 -0,12 -0,71 0,46

Gano 0,81 0,45 1,46
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Figura 14. Média (A) e desvio padrdo (B) da predicdo do efeito espacial na captura incidental de toninha (risco de captura incidental) durante a estagdo de pesca da corvina.
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Tabela 5. Estimativa da captura incidental de toninha durante os anos (1999-2003; 2006-2009) nas seis subareas (SA).

Ano Corvina - média e [intervalo de credibilidade de 95% ] Pescada - média e [intervalo de credibilidade de 95% ]

SAl SA2 SA3 SA4 SA5 SA6 Subtotal SAl SA2 SA3 SA4 SA5 SA6 Subtotal
1999 21[5;39] 54[17;95] 81[31-144] 255[10;429] 265[100;442] 0 658[382;954] 0 0 2[0;4] 0 0 0 2[0;4]
2000 63[17;112] 12[1;24] 70[20;122] 119[38;204] 167[61-292] 0 431[175;731] 0 11[2;22] 8[0;16] 20[3;37] 3[0;8] 0 42[11;75]
2001 12[2;25] 37[9;72] 31[6;59] 34[9;66] 28[5;54] 4[0;11] 146[45;276] 7[0;14] 24[4;46) 14[2;27] 14[1;27] 4[0;9] 0 62[17;115]
2002 9[0;18] 0 49[15;84] 139[53;234] 49[17;87] 35[7;65] 281[121;463] 54[17;95] 60[21;107] 39[10;66] 39[13;69] 35[11;62] 4[0;9] 231[98;383]
2003 39[12;70] 45[14;80] 60[19;106] 100[37;172] 82[27;141] 15[1;29] 340[148;571] 62[20;109] 45[12;79] 13[2;25] 14[2;26] 10[1;20] 4[0;10] 149[55,255]
2006 18[3;34] 20[5;38] 133[46;225] 187[74;320] 82[28;141] 53[12;96] 492[207;813] 60[20;107] 101[29;171] 54[17;93] 18[5;34] 64[23;112] 38[8;72] 336[130;551]
2007 66[19;115] 65[21;116] 32[7;58] 30[7;54] 6[0;12] 0 198[70;336] 105[35;182] 34[9;61] 7[0;14] 10[1;20] 2[0;5] 12[1;26] 171[66;297]
2008 3[0;7] 18[2;34] 21[3;39] 64[16;112] 5[0;10] 0 111[32;192] 25[7;46) 19[3;35] 2[0;6] 7[0;14] 21[4;39] 4[0;10] 79[24;136]
2009 136[43;238] 71[20;128] 32[7;59] 36[9;66] 28[7:53] 29[7;58] 332[123;578] 31[7;57] 21[4;40] 5[0;12] 3[0;7] 2[0;6] 2[0;5] 65[18;116]
Total 354[205;528] 314[175;458] 494[293;720] 937[609;1315] 692[420;996] 132[53;214] 2923[2004;3852] 336[193;490] 306[174;459] 140[70;211] 122[65;186] 137[72;210] 63[23;112] 1104[705;1515]

Total

678[299;1112]
473[191;800]
208[66;386]
512[240;846)
489[201;811]
828[377;1364]
360[145;624]
189[64;324]

397[150;693]

4027[2886;5331]

Tabela 6. Namero de toninhas capturadas incidentalmente nos lances de pesca observados durante os anos (1999-2003; 2006-2009) nas seis subareas (SA) para as duas

estacOes de pesca: corvina e pescada.

Ano Corvina Pescada Total
SAl SA2 SA3 SA4 SAS SA6 Subtotal SA SA2 SA3 SA4 SAS SA 6 Subtotal
1999 15 9 2 9 14 - 49 - - 1 - - - 1 50
2000 7 0 2 6 9 - 24 - 3 0 2 0 - 5 29
2001 2 5 0 1 1 0 9 0 0 0 1 1 - 2 11
2002 1 - 6 16 8 8 39 4 4 2 5 8 0 23 62
2003 6 1 3 11 1 0 22 5 2 5 1 0 0 13 35
2006 1 1 10 7 7 6 32 2 2 2 2 10 2 20 52
2007 6 2 1 4 0 - 13 5 2 3 2 0 0 12 25
2008 0 3 1 6 1 - 11 5 4 0 0 0 20
2009 3 5 5 2 0 0 15 0 1 3 0 0 4 19
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Total

41

26

30

62

41

14

214

21

18

16

13

19

89

303

Tabela 7. Taxa de encalhe (nimero de animais encalhado a cada 100 km de praia monitorada) de toninhas durante os anos (1999-2003; 2006-2009) para as subareas (SA) 1-5

(trecho de praia monitorado).

Ano

1999
2000
2001
2002
2003
2006
2007
2008
2009
Total

Corvina Pescada
SAl SA2 SA3 SA4 SA5 Total SAl SA2 SA3 SA4 SA5 Total
1,98 5,16 8,06 6,25 1,41 5,33 0,00 0,00 0,00 0,00 0,00 0,00
48,09 7,04 4,56 11,65 9,86 12,84 1,41 0,00 2,42 2,33 0,00 1,50
0,70 1,82 4,39 3,95 3,76 3,34 0,00 0,97 1,88 0,67 0,70 0,94
24,23 9,58 18,31 11,11 10,45 15,01 0,00 0,62 3,38 1,32 2,05 1,50
3,63 1,72 6,13 1,69 4,31 3,54 1,04 17,78 20,24 0,00 141 12,96
26,27 12,72 14,56 20,00 7,27 16,73 141 0,00 1,03 1,44 1,76 1,22
4,23 511 6,24 8,68 7,67 6,41 0,87 1,13 1,41 0,85 3,61 1,37
2,51 2,05 3,18 4,86 0,47 2,76 0,35 0,35 0,70 1,28 0,70 0,61
14,89 18,11 16,10 24,06 18,53 18,48 0,50 2,82 4,23 2,13 3,19 2,62
12,89 7,70 8,90 11,19 8,03 9,77 0,60 3,68 5,58 1,39 2,19 2,85
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Figura 16. Taxa de encalhe (nimero de animais encalhados a cada 100 km de praia monitorada) e
namero de toninhas capturadas incidentalmente nos lances observados nos anos (1999-2003; 2006-2009)
e subareas (1-5) para a corvina (A,C) e pescada (B,D). Nenhum lance foi observado para pescada em

1999.

41




5. CONSIDERACOES FINAIS

Os resultados obtidos nessa tese demonstraram a relevancia do uso de longas
séries temporais de dados de encalhe na descricdo do padrdo de ocorréncia e de
mortalidade dos mamiferos marinhos no sul do Brasil. O banco de dados de encalhe
colotedo sistematicamente durante 38 anos, reduziu o efeito dos encalhes atipicos e
permitiu a distin¢do entre os padrdes regulares e aleatorios. Além disso, a incorporagdo
do esfor¢co de monitoramento de praia (km de praia percorrido) aos dados de encalhe
possibilitou que o padrdo temporal dos encalhes fosse interpretado em relacdo as
mudancas nas taxas de mortalidade ou no padrdo de distribuicdo dos mamiferos

marinhos, eliminando o efeito da variabilidade do esfor¢o sobre os resultados.

Através dos dados de encalhe pode-se concluir que a sazonalidade do ledo-
marinho-sul-americano, do lobo-marinho-subantartico e do lobo-marinho-sul-americano
estd associada a dispersdo pos-reprodutiva, € que o aumento no nimero de encalhes
dessa Ultima espécie esta provavelmente atrelado ao crescimento populacional. Embora
a relacdo entre o encalhe e a temperatura superficial do mar (TSM) e o esforco
pesqueiro ndo tenha sido quantificada, os resultados aqui apresentados demonstraram
gue mudancas climaticas de curto prazo podem estar afetando os padrdes de ocorréncia
dos mamiferos marinhos no Oceano Atlantico Sul Ocidental e que, a mortalidade
incidental em artes de pesca, seja a principal ameaca a conservacdo do ledo-marinho-

sul-americano, do golfinho-nariz-de-garrafa e da toninha, no sul do Brasil.

O aumento do nimero de toninhas encalhadas em meados da década de 1990 e
inicio de 2000, provavelmente estd associado ao crescimento do esfor¢co pesqueiro de
emalhe durante esse periodo. Apesar de ndo estar clara a explicacdo para o declinio no

numero de encalhes dessa espécie ap6s 2010, esse padrdo pode estar associado ao
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declinio populacional. Os altos niveis de mortalidade incidental de toninha observado
desde o inicio da década de 1980, quando a frota de emalhe passou a atuar na regido
costeira do sul do Brasil, sdo insustentveis e, provavelmente, estejam levando a

populagéo ao declinio.

Em 2012, o governo brasileiro publicou uma norma (INI12) para regular a pesca
de emalhe, estabelecendo, entre outras medidas, o comprimento maximo de rede
permitido, o término de novas licencas para a pesca de emalhe e um mosaico de areas
de exclusdo de pesca. Embora uma diminuicdo na mortalidade incidetnal de toninha
fosse esperado apo6s a implementacdo da INI12, os dados de encalhe mostram que ndo
ha evidencias de declinio nas capturas incidentais dessa espécie no sul do Brasil. Apesar
desse fato estar vinculado a auséncia de fiscalizacdo e, portanto, a falta de cumprimento
da INI12, os resultados aqui apresentados suportam a hipoOtese de que as areas de
exclusdo de pesca estabelecidas por essa normativa abarca uma pequena parcela das
areas de maior risco de captura incidental de toninha nessa regido. Além disso, alguns
estudos apontam que o esforco de emalhe atual ndo é suficiente para reduzir as capturas

a niveis sustentaveis no sul do Brasil.

Embora a INI12 represente um importante marco na tentativa de recuperar
alguns estoques pesqueiros e de reduzir a mortalidade incidental de espécies ameacadas,
essa normativa nao esta sendo eficiente na reducdo da mortalidade incidental de toninha
no sul do Brasil. Esse fato esta atrelado a grande quantidade de barcos operando com
redes de emalhe de grandes dimensdes proxima a costa. Portanto, é impressindivel que a
INI12 seja revista, de modo que assegure a reducdo das capturas de toninha a niveis
sustentaveis. Uma das possibilidades seria definir novas areas de exclusdo de pesca que
incluisse as areas com baixo, médio e alto risco de captura incidental de toninha. No

entanto, essa medida reduziria consideravelmente as areas de pesca. Uma alterntiva,
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para conciliar tanto os interesses ecOnomicos como conservacionistas, seria propor
diferentes niveis de protecdo para as areas com baixo, médio e alto risco de captura
incidental, de modo que permitisse a viabilidade populacional da toninha em longo

prazo.

A relacdo espaco-temporal entre capturas incidentais e encalhes de toninha néo
foi significativa. No entanto, durante o periodo da corvina, os encalhes refletiram
melhor a variabilidade espaco-temporal das capturas incidentais dessa espécie. Portanto,
com o desenvolvimento de modelos de deriva, os encalhes poderiam ser utilizados para
acessar a efetividade de possiveis areas de exclusdo de pesca durante o periodo da
corvina. No entanto, é importante ressaltar que, o grau de refinamento necessario para
acessar a efetividade de tais areas, ou de qualquer outra medida de manejo, na redugédo
da mortalidade incidental de toninha a niveis sustentaveis, é obitdo somente com o
monitoramento da frota pesqueira. Apesar dos encalhes refletirem satisfatoriamente o
padrdo de mortalidade das espécies costeriras (e.g. o ledo-marinho-sul-americano, o
golfinho-nariz-de-garrafa e a toninha) no RS, é fundamental que o monitoramento da
frota seja empregado para avaliar, de forma mais precisa, possivies medidas de manejo

na reducdo da mortalidade incidental de toninha no sul do Brasil.

Acbes de conservacdo geralmente trazem impacto econémico a industria
pesqueira e, portanto, é recebida com resisténcia pela comunidade e autoridades da
pesca. No entanto, a fortes evidéncias que a mortalidade incidental de toninha no sul do
Brasil é insustentavel. Baseados nos resultados aqui apresentados, a combinacgéo entre
0s niveis de estimativas de mortalidade e a identificagdo de areas com maior risco de
captura incidental de toninha, fornece informacdo detalhada para estabelecer estratégias
de manejo mais eficientes para reduzir as capturas incidetnais de toninha no sul do

Brasil. E fundamental que as autoridades brasileiras tomen uma atidude, o mais breve
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possivel, para evitar o risco de colapso da espécie de cetdceo mais ameagada do Oceano

Atlantico Sul Ocidental.
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Abstract

Understanding temporal patterns of marine mammal occurrence is useful for establishing
conservation strategies. We used a 38 yr-long dataset spanning 1976 to 2013 to describe
temporal patterns and trends in marine mammal strandings along a subtropical stretch of
the east coast of South America. This region is influenced by a transitional zone between
tropical and temperate waters and is considered an important fishing ground off Brazil.
Generalized Additive Models were used to evaluate the temporal stranding patterns of the
most frequently stranded species. Forty species were documented in 12,540 stranding
events. Franciscana (n = 4,574), South American fur seal, (n = 3,419), South American sea
lion (n = 2,049), bottlenose dolphins (n = 293) and subantarctic fur seal (n = 219) were the
most frequently stranded marine mammals. The seasonality of strandings of franciscana
and bottlenose dolphin coincided with periods of higher fishing effort and strandings of
South American and subantarctic fur seals with post-reproductive dispersal. For South
American sea lion the seasonality of strandings is associated with both fishing effort and
post-reproductive dispersal. Some clear seasonal patterns were associated with occurrence
of cold(e.g. subantarctic fur seal) and warm-water (e.g. rough-toothed dolphin) species in
winter and summer, respectively. Inter-annual increases in stranding rate were observed
for franciscana and South American fur seal and these are likely related to increased fishing
effort and population growth, respectively. For subantarctic fur seal the stranding rate
showed a slight decline while for bottlenose dolphin it remained steady. No significant year
to year variation in stranding rate was observed for South American sea lion. The slight
decrease in frequency of temperate/polar marine mammals and the increased occurrence
of subtropical/tropical species since the late 1990s might be associated with environmental
changes linked to climate change. This long-term study indicates that temporal stranding
patterns of marine mammals might be explained by either fishing-related or environmental
factors.
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Introduction

Aerial and shipboard surveys improve knowledge of marine mammal distribution [1].
However, they are very expensive and data collection can be challenging as most marine
mammals (especially cetaceans) are highly mobile and spend substantial time below the
surface. Another means of determining marine mammal presence, and potentially relative
abundance, is by monitoring strandings. Compared with aerial and shipboard surveys,
monitoring strandings is inexpensive and logistically simple. Some of the biases associated with
stranding data can be counteracted by using long time series of data collected systematically.
This can reduce the effects caused by a small number of atypical strandings and it can allow
the investigator to distinguish regular patterns from random variation [2,3]. In Hawaii, analyses
based on both odontocete stranding events and at-sea surveys collected over 65 years
revealed that stranding records provide reliable data on the occurrence of species and are
good indicators of species composition [4]. In addition, systematic beach surveys have been
critical for documenting and monitoring marine mammal mortality due to human activities
such as fisheries (e.g. [5,6]) and to ‘natural’ die-offs (e.g. [7,8]).

The coast of Rio Grande do Sul (RS), southern Brazil, has been surveyed to record and
collect marine mammal carcasses for almost four decades. During this long-term beach
monitoring program, 40 species have been recorded (e.g. [9-18]). However, studies focusing
on temporal variability in the stranding data have been limited to only a few species such as
franciscana, Pontoporia blainvillei, [6,19], bottlenose dolphin, Tursiops truncatus [20], South
American sea lion, Otaria flavescens and the South American fur seal, Arctocephalus australis
[21], and have taken place over a much smaller timeframe.

The high diversity of marine mammal species in this region is probably associated with
great variability in the environmental characteristics that exist on the continental shelf and
beyond. Interaction between the wind-driven current and the western boundary currents
(Brazil and Malvinas/Falkland) over the shelf produce a southward and offshore flow during
summer and a northward and onshore flow during winter [22]. This seasonal reversal in the
direction of flow over the shelf and the change from warm, nutrient-poor coastal water in
summer to subantarctic, nutrient-rich water in winter have profound effects on biological
productivity and ecosystem dynamics [23—-25]. Furthermore, the high phytoplankton biomass
during winter and spring has been related to nutrient supply from freshwater discharge of the
La Plata River and Patos Lagoon Estuary [23,25]. The presence of both subantarctic waters and
freshwater input, mainly in winter and spring, makes the continental shelf one of the most
productive and important fishing area off Brazil [23,26,27]. In this context, the diversity and
abundance of top predators, such as sharks, sea birds and marine mammals [28-32]
(ECOMEGA unpubl. data), as well as the intensity of fishing effort, vary seasonally [26,31].

Bycatch in fisheries is one of the most significant threats to marine mammals [33,34].
In southern Brazil, mortality due to incidental entanglement in coastal gillnets is by far the
greatest threat to the
franciscana and to a small population of bottlenose dolphins [20,35,36]. For example, the

annual mortality of franciscanas in gillnet fisheries in southern Brazil ranges from several
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hundreds to a few thousand individuals (e.g. [6,35-38]). Since the early 1980s coastal gillnet
effort has increased in this region [27]. The mean net length of most of this fleet has increased
fourfold since the mid 1990s [35,37,39]. Therefore, an increase in mortality of this coastal
species would be expected. Although there is no estimate of trawl-related mortality of South
American sea lions in southern Brazil, nearly 50 animals are killed annually in this fishery in the
neighboring area of Uruguay where fishing effort is lower than in southern Brazil (e. g. [40]).
According the regional agency for fishing policy [41] about 80 trawlers are operating along the
RS coast, conducting around 500 annual fishing trips.

Inferring the causes of a marine mammal’s stranding is difficult as the number of
beached carcasses depends on many underlying processes (e.g. at-sea mortality, buoyancy,
drift, and detection probability) [6,42,43]. The absence of stranding does not imply that at-sea
mortality has not occurred. During periods of strandings-unfavorable conditions the carcasses
can be transported offshore or to areas where the detection probability is low (e.g. [44,45]).
Yet another constraint is to attribute the cause of mortality. In the case of fishing-related
mortality of marine mammal, only a few carcasses may present clear evidence of such
interaction. Despite of those limitations, in southern Brazil, some studies were able to link
strandings of coastal species to mortality in fishing gear (e.g. franciscana and bottlenose
dolphin—[6,20,39]).

It is important to emphasize that stranding data collected during a long time period
offer an unprecedented opportunity in detecting trends in fishing related mortality as well as
changes in marine mammal communities attributed to variation in the physical-chemical and
biological properties of the environment. For example, it is expected a higher frequency of
tropical and temperate or polar species during warmer and colder periods, respectively.
Therefore, the main objective of the present study was to describe temporal (seasonal and
annual) patterns of marine mammal stranding based on the longest continuous time series of
stranding data for the southwestern Atlantic Ocean. It is expected that the results can be used
to design conservation strategies for the marine mammals, especially for those species that
are most vulnerable to bycatch.

Materials and Methods Study area

The coast of RS state is oriented northeasterly to southwesterly and comprises a
618km stretch of sandy beach. It is interrupted to the north by the Tramandai Lagoon inlet and
to the south by the Patos Lagoon Estuary inlet. The continental shelf is relatively flat and wide
(100km in the north to 180km in the south) with a smooth slope (2m km™) to the shelf break,
which begins near the 150-200m isobath [46]. This region has a seasonally variable wind
regime, with northeasterly winds dominating in summer and generating a southward flow of
coastal waters, and southwesterly winds in winter, with coastal waters flowing northward [24].
The coastal area is influenced by Subantarctic Shelf Water transported northward by the
Malvinas/Falkland
Current (MFC) and Tropical Water and South Atlantic Central Water transported southward by
the Brazil Current (BC) [24]. The western boundary of the Subtropical Convergence (confluence

between the MFC and BC) is located mainly along the shelf break, and shows remarkable
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seasonal migration. The northern limit of the Subtropical Convergence fluctuates between
33°S in winter and 38°S in summer [47]. Besides the oceanic water influence, the discharge of
large amounts of fresh water in the coastal zone from the La Plata River and the Patos Lagoon
Estuary has a strong impact on shelf dynamics [24]. During austral winter (July-September) the
river plume extends further than Santa Marta Cape (28°S) while in summer (January-March) it
retracts to approximately 32°S. The seasonal wind field seems to be the main factor driving
such a pattern [48]. In summer, northeasterly winds (upwelling-favorable) force the plume to
its southernmost position and it occupies a large portion of the shelf due to offshore Ekman
transport, while in winter the southwesterly winds (downwelling-favorable) displace the plume
to the north, restricting it to a narrow strip along the coast [24]. This northward flow off
southern Brazil has been referred as the Brazilian Coastal Currents [49].

In the present study beach surveys were carried out along a 355 km stretch of
coastline in central and southern RS, from Peixe Lagoon (31°26’S—51°09’W) to Chui (33°45’S—
53°22'W) at the border between Brazil and Uruguay. The study area was divided into five
subareas: Area | (87 km long) located between the Peixe Lagoon and the Barra do Estreito
(31°51’S—51°42’W); Area Il (48 km long) located between the Barra do Estreito and the Patos
Lagoon Estuary mouth (32°08’S—52°04’W); Area lll (63 km long) located between the Patos
Lagoon Estuary mouth (32°09’S—52°05’W) and the Sarita Lighthouse (32° 39’ S—52° 25’ W);
Area IV (70 km long) located between the Sarita Lighthouse and the Albarddo Lighthouse
(33°12’S—52° 42’W); and Area V (87 km long) located between the Albardao Lighthouse and

Chui (Fig 1).
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Fig 1. Study area.Area 1 =87 km; Area 2 =48 km; Area 3 = 63 km; Area 4 = 70; Area 5 = 87 km.

doi:10.1371/journal.pone.0146339.g001
Data collection

In years before 1979 some opportunistic sampling was derived from 8 beach surveys
(totaling 531km) and occasional notifications of strandings by locals. After that, records were
obtained from systematic beach surveys from 1979 to 2013. During that period, occasional
notifications were used
only for the purpose of
improving accuracy on the month of stranding.
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A gap of systematic sampling occurred between 1988 and 1991, except for two surveys
conducted during the summer of 1988. After the early 1990s, when weather conditions
allowed, beach surveys were carried out fortnightly from Lagoa do Peixe to Chui (see Results).
The surveys were conducted by three research groups: 1) Laboratdério de Ecologia e
Conservagdo da Megafauna Marinha, Universidade Federal do Rio Grande—ECOMEGA/FURG
(from 1976 to 1988 and 1992 to 2013); 2) Museu Oceanografico Prof. Eliezer de C. Rios—
MO/FURG (during the 1990s); 3) Nucleo de Educa¢do e Monitoramento Ambiental —NEMA
(from 1993 to 2013).

A four-wheel-drive vehicle was used with two to four observers scanning from the
wash zone up to the base of the sand dunes (ranging from 30 to 60 m in width) at speeds of
60-70 km/h. The data collection protocol for stranded marine mammals was standardized
including: date, geographical location, standard body length and decomposition state [50], as
follows: 1 = alive; 2 = freshly dead; 3 = moderate decomposition; 4 = advanced decomposition;
5 = mummified or skeletal remains. In cases of records for which the decomposition state was
not reported, the month of stranding was assumed to be the month of the survey. For those
animals at decomposition state 5, we arbitrarily considered that the stranding had occurred 30
days earlier. Carcasses with pieces of nets attached to the body, lacerated and/or amputated
fin or flipper (it is a common practice of fishermen to cut some appendage to remove dolphins
from their nets), net marks and the presence of firearm bullets (as in the case of a few sea
lions) were considered to have been killed due to fishery interactions. Survey data provided by
MO/FURG and NEMA were only included in the database when the time between consecutive
surveys carried out by ECOMEGA exceeded one month. Based on field observations and
researchers’ experience, small carcasses (up to 2m long) can be missed if surveys are carried
out in time intervals longer than one month. Since most carcasses were not removed from the
beach, they were sprayed with color paint or labeled by all institutions to minimize chances of
double counting. Sampling from stranded carcasses was made with permission issued by the
Ministry of Environment, Brazil Government (License Sisbio # 16586—2), in compliance federal
legislation.

Data selection

Only dead animals were considered for the purpose of the analyses on temporal
patterns of stranding. The stranded species were classified in three categories according to
their frequency of occurrence: 1) frequent species (stranding frequency (SF) 0.02), 2)
occasional species (SF between 0.02 and 0.0005), 3) rare species (SF 0.0005).

Each stranding was considered as a separate event, except for mass strandings, here
defined as events where two or more individuals of the same species (excluding mother-calf
pairs) were found within 10 km from one another and presented the same decomposition
state within the range of 2 to 4 (i.e. it is generally not possible to determine with confidence
the date of strandings of animals in decomposition state 5). These criteria were not applicable
to pinnipeds and to
franciscana, due to its very high fishing-related mortality.
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As the high mortality of neonates of South American fur seal from reproductive
colonies in Uruguay can mask stranding patterns of older animals when all strandings are
combined, individuals with a total length of < 110cm were analyzed separately. Hereafter,
individual fur seals <110cm and >110cm will be referred to as neonates and juveniles/adults,
respectively.

Data analyses

The number of stranded marine mammals per 100km of beach surveyed (hereafter
referred to as stranding rate) was used to describe seasonal and inter-annual frequency
distribution of strandings. Seasons were classified as: spring (October—December), summer
(January—March), autumn (April-June) and winter (July—September).

Temporal stranding patterns of the frequent species were evaluated through
Generalized Additive Model (GAM) [51]. This method is a natural choice when the relationship
between the response and predictor variables is complex and not easily modeled by specific
linear or non-linear functions. We used a log link function and a Negative Binomial error
distribution to account for over-dispersion [42]. Year and month were used as the predictor
variable and number of stranding as the response variable. To investigate the time series for
seasonal variability of strandings, an interaction term of the two explanatory variables was
included. As the beach survey effort (km of beach survey) was not evenly distributed across de
years it was included in GAM as an offset. This term adjusted otherwise independent counts
(number of stranded marine mammals) per kilometer of beach surveyed in which it was made
(see [52]). The performance of three alternative models was assessed:

Model 1 : number of stranding % foyearbp fdmonthbPp yearmonth p offset

Model 2 : number of stranding % fdyearbp fdmonthbp offset

Model 3 : number of stranding % fdmonthbp offset

where f are smooth functions.

The best model was selected with the Akaike Information Criterion (AIC). Results from
statistical models were validated using diagnostic plots. The GAM analysis was restricted to the
period 1992-2013, as it represented the largest continuous data series from systematic
surveys without interruption.

The inclusion of stranding records from areas in which survey effort was not evenly
distributed across years can lead to incorrect interpretation of temporal patterns. Therefore,
we used only the data from areas Il and Il (evenly distributed across years, see Results) for
temporal analyses.

GAMs were run with
the package mgcv 1.4-1.
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Tabk 1. Total kllotreeter of beach surveyed and the number of times that beach sursey was coneluded In each area from 1976 1o 2013, | =B4km;
I=51km; ll=63km; IV =70km; WV = 87km.

Year 1 1] 1] v v
Total H* of time Total H* of time Total H* of time Total H* of time Total H* of time
L] concluded L] concluded L] concluded L] concluded L] concluded
15761878 87 1 257 4 3352 2 70 1 87 1
198018838 186 1 36805 &7 £,536.8 arg 1,308 14 1,162 2
188922001 38507 38 5.B858.3 118 10,7825 165 5, 562.5 50 5658.3 57
20022013 14,4418 131 10,7820 224 15,8836 251 15,431.8 184 16,308.6 176
Tatal 18,535.3 171 20,5778 413 33,4481 il 22873.4 283 23,243.9 236

dais 10,157 Wiournal, pone 0146330 001
Results

From 1976 to 2013 the total cumulative distance covered as part of the beach surveys
was ca. 118,178 km. Survey effort was more intensive in Areas Il and Ill between 1979 and
1988. After 2002, effort increased and became more evenly distributed across areas (Table 1,

S1 Fig).

A total of 12,540 marine mammals stranding events (779 live and 11,761 dead
strandings), involving animals from 10 families and 40 species (species could not be
determined for 1,232 events), were reported in the study area. Franciscana (n = 4,574), South
American fur seal (n = 3,419), South American sea lion (n = 2,049), bottlenose dolphin (n = 293)
and subantarctic fur seal, Arctocephalus tropicalis, (n = 219) were the most frequently
reported species. The other 35 species accounted for 3% of the remaining marine mammal
stranding events (Table 2). The majority of strandings involved a single individual. Only seven
events were mass strandings.

Table%. The number of individual {inds) near ine mammal strandings obsened fiom 14,5490 reported eve ms (ents) in so uthern Brazil from 1976 to
3. The iolal siranding eveints for each goecies is given as nstiber aind as peresivage. Meain annual stirandieg rates are shovin inthe las1 oolsn.

Speces Clssificaton ‘fear Cead Dead T AnnLal
{irds} {erts} Stramding
19761975 1548405 199405 DS 20213 rate
Dead Alnre Dead Alie Dead Alie Dead Alive Dead  Aline mean {54}
Frartaparia F racuasi 1T 1 [ 513 pec. & b 241 4574 4574 329D 3.5856
Bigilie [2ET11)
Arstasenhales F racuasi ] 3 1T 12 Sid a3 423 265 12M =] 3413 343 =304 21834
awshals [1 3443
Ciara F raci a1 2T 3 4 S0 Z a0d 15 335 o) 2045 2045 1743 1. T
fiavesuens [oTa53)
Tirsions Munaates F racunai 20 = 44 113 == bz ¢! bz B =) o2EAT
[ 2245
Arstocenhales F racunai 12 2 45 1% 138 Z5 1T 5 2193 213 1.86 &.1885
frapicals [oa3zs)
Hibalaena Dsaaniial 1 =] 18 16 T 4= 42 .36 TOE15
askans [ood42)
Feeodaraa Dosagaial 5 ZT 1z 3 5 as o2 00249
GrEssdens [CoaT4)
Sihabicephaa Dsaaniial a 11 10 a g T Lo i | ooTa
mekas [2.0345)
Stenma Dsaaniial 1 T 5 11 b 1 o.18 O .00eA
bredamaisis [C013E]
[Cavtinred]|
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Table 2. (Continued)

Specles
ClassHicatlon Year Dead Dead ko Annual
{Inds} {evis) Stranding
1876-1978 1980s 1880s 20(0s 20102013 vate
Dead Allve Dead
Allve Dead Allve Dead  Allve Dead Albre
mean {sd}
Stenaliz attenuata Rare 1 1 1 .01 2.0008
(0. 0050)
Lagenarfynchius Rare 1 1 1 .01 0.0008
gustralis [0.0052)
Caphalorhvnchus Rare 1 1 1 .01 L.0008
commersani! {0.0050)
Hydrurga lspton s Rarg 1 il il 1.00
Balasnoptera Rare 1 0 0 0.00
muscuius
Unkriown 7 41 2 274 35 317 56 278 211 418 811 775 0.6870
fL6723)
Total 237 4 1238 24 zZod B8 5354 360 2043 2o4 1ivVEs 11761 10D 80171
(4.4812)

dai: 10,137 Wpurnal. pone 0146333 1002

(S1 Table). The decomposition state of stranded animals was determined for 57% (n =
7,186) of the records and of those, 31% (n = 2,276) and 22% (n = 1,628) were putrefied (Codes
4 and 5, respectively).

Temporal patterns

Marine mammal stranding rate suggests a perceived increase over 38 year period in
the study area (Fig 2A). The overall stranding rate was higher during winter and spring months
than during late summer and autumn months (Fig 2B). November and April were the months
with the highest (19.8) and lowest (2.6) stranding rate, respectively. After species with known
high fishing related mortality (franciscana, bottlenose dolphin and South American sea lion),
migratory species (southern right whale, Eubalaena australis, humpback whale, Megaptera
novaeangliae, fin whale, Balaenoptera physalus, sei whale, Balaenoptera borealis, dwarf minke
whale, Balaenoptera acutorostrata and Antarctic minke whale, Balaenoptera bonaerensis),
neonates of South American fur seal and records of unidentified species were removed from
the analysis, August (1.3), September (1.2) and October (0.9) had the highest stranding rates
while March and April had the lowest rate (0.8) (Fig 2B). Spring had the highest species
richness (n = 29 species) followed by autumn (n = 28) and summer and winter (n = 22 each).

PLOS ONE | DOI:10.1371/journal.pone.0146339 January 27, 2016
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Stranding rate
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Fig 2. Marine mammal stranding rate by year (A) and month (B) from 1976 to 2013 (records of unidentified species are
included). Gray line in (B) represents stranding rate by month after removing records of species with high mortality, migratory
whales, neonates of South American fur seal and unidentified marine mammals. Y-axes in (B) are on a square-root scale for ease-
of-read purpose. Only stranding records from areas 2 and 3 were included.

doi:10.1371/journal.pone.0146339.g002

Tabk 3. GAM results foreachspecks modeled. Over-dispersion parameter ().

Specles Mokl 1 Maodel 2 Madel 3
Deviance b AlC Deviance b AlC Devlance b
P. blainvillei 46 3% 0.50 2079.1 43.6% 0.46 21000 30.6% 0.41
T. truncaius 16.4% 255 T3 15. 8% 248 72000 11% 1.57
Q. flavescens B.52%h 1.63 1861.26 B.6% 1.50 1866.56 757 1.53
A. australis{reonates) H2% 1118 1351.8 B2% 1.118 135008 57% 0.85
A. australis{juvenllesiadults} 0% 0.86 5865 30, 44 .88 577.86 22.7% 0.57
A. fropicalis 51.8% 0.38 40488 51.5% 0.39 402 54 41.2% 0.21

i 10,137 Wournal. pone 0146339 1003

Even though Model 1 had the best fit (lowest AIC) for franciscana and South American
sea lion, the interaction term was not significant (p = 0.9 and p = 0.1, respectively) (Table 3).
For the remaining species, Model 2 had the best fit (Table 3).

Franciscana.  Franciscana had the highest annual mean stranding rate (Table 2).
GAM analyses indicated a significantly positive trend in the number of franciscana stranded
from 1992 to 2003 and this remained steady until around 2010 when the number began to
decline (Figs 3A and 4). Strandings occurred all year round but displayed a conspicuous
seasonal pattern with a peak during late spring and early summer (Figs 3B and 5). Temporal
predictors accounted for 46.3% of the total variance of franciscana strandings (Table 3).
Despite the small proportion of stranding events in which the cause of death was attributable
to bycatch (3.1%, n = 133), a similar seasonal pattern was observed when all carcasses of

franciscana on the beach were considered (Fig 5).

AlC

2122.8
7236
1866.74
138208
58311
426.37
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Fig 3. Temporal trends in franciscana strandings. Estimated smooth function (solid line) with 95% confidence interval
(dashed lines) for the fitted GAM by year (A) and month (B) from 1992 to 2013. Yaxis = fitted function with estimated degrees of
freedom in parentheses.

doi:10.1371/journal.pone.0146339.g003
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Fig 4. Stranding rate of frequent species by year from 1976 to 2013. Only stranding records from areas 2 and 3 were
included.

doi:10.1371/journal.pone.0146339.g004

Bottlenose dolphin. The stranding rate of bottlenose dolphin during the first 13
years showed three peaks: 1979, 1983 and 1988 (Fig 4). The fitted model adjusted for the
period between 1992 and 2013 indicated an increase in strandings between 1996 and 2003,
then a decrease till 2008 (Fig 6A). The number of stranding records was highest during spring
and summer and lowest during autumn and winter (Figs 5 and 6B). The temporal predictors
accounted for 15.8% of the total variance of bottlenose dolphin strandings (Table 3). Despite
the small proportion of stranding events in which the cause of death was attributable to
bycatch (8.7%; n = 22), a similar seasonal pattern was observed when all carcasses of

bottlenose dolphin on
the beach were considered (Fig 5).
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Fig 6. Temporal trends in common bottlenose dolphin strandings. Estimated smooth function (solid line) with 95%
confidence interval (dashed lines) for the fitted GAM by year (A) and month (B) from 1992 to 2013.
Y-axis = fitted function with estimated degrees of freedom in parentheses.

doi:10.1371/journal.pone.0146339.g006

South American sea lion. The inter-annual stranding rates for South American
sea lion from 1979 to 1988, showed greater variation compared to the period from 1992 to
2013 (Fig 4). Despite the improvement of the model fit (Model 1) year was non-significant (p =
0.17) (Fig 7A). The fitted GAM adjusted for the period between 1992 and 2013 showed the
highest number of strandings in winter and spring (Figs 5 and 7B). The temporal predictors

accounted for 9.52% of
the total variance of South American sea lion strandings. As observed for the two previous
species, a similar seasonal pattern was observed between records with signs of fishery

interaction (3.4%; n = 67) and when all carcasses were considered (Fig 5).

PLOS ONE | DOI:10.1371/journal.pone.0146339 January 27, 2016



®PLOS | one

08

04

s(Year.3.16)
s(Month 2.37)

| AN S S S p— — — L S S S S S S e S .
1992 1995 1998 2001 2004 2007 2010 2013 1 2 3 4 5 6 7 8 9 101 12

Year Month

Fig 7. Temporal trends in South American sea lion strandings. Estimated smooth function (solid line) with 95%
confidence interval (dashed lines) for the fitted GAM by year (A) and month (B) from 1992 to 2013.
Y-axis = fitted function with estimated degrees of freedom in parentheses.
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Fig 8. Temporal trends in South American fur seal strandings. Estimated smooth function (solid line) with 95%
confidence interval (dashed lines) for the fitted GAM by year and month from 1992 to 2013. Neonates (A and B) and
juveniles/adults (C and D). Y-axis = fitted function with estimated degrees of freedom in parentheses.

doi:10.1371/journal.pone.0146339.g008

South American fur seal. Among pinniped species, South American fur seal
displayed the highest mean stranding rate (Table 2). GAM analyses adjusted for the period
between 1992 and 2013 showed a temporal increase in the number of South American fur seal
strandings for both categories (adults/juveniles and neonates) (Fig 8A and 8C). The three peaks
observed in the inter-annual trend were identical for both categories (Fig 8A and 8C).
Considering seasonality, the peak of strandings occurred in September for both categories
(Figs 5 and 8B and 8D). The temporal predictors accounted for 30.4% (juveniles/adults) and
62% (neonates) of the

Marine Mammal Strandings in Subtropical Western South Atlantic

total variance of South American fur seal strandings (Table 3).

PLOS ONE | DOI:10.1371/journal.pone.0146339 January 27, 2016
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Subantarctic fur seal.

From 1976 to 1982 no stranding of subantarctic fur seal was

recorded (Fig 4). According to the fitted GAM adjusted for the period between 1992 and 2013,
the stranding showed a slight decline except for a peak in 2001 (Fig 9A). The GAM model

indicated a strong seasonal stranding pattern with higher values occurring during winter,

especially August (Figs 5 and 9B). No records were observed in summer and early autumn (Fig

5). The temporal predictors accounted for 51.5% of the total variance of subantarctic fur seal

strandings (Table 3).
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Fig 9. Temporal trends in subantarctic fur seal strandings. Estimated smooth function (solid line) with 95% confidence
interval (dashed lines) for the fitted GAM by year (A) and month (B) from 1992 to 2013. Yaxis = fitted function with estimated
degrees of freedom in parentheses.

doi:10.1371/journal.pone.0146339.g009
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Fig 10. Stranding rates of false killer whale, sperm whale and rough-toothed (A) and baleen whales (B) by month from
1976 to 2013. Stranding records from all areas (1-5) were included.

doi:10.1371/journal.pone.0146339.g010

Other species. The occasional odontocete species (Table 2) did not show any clear

annual and or seasonal trend. However, false killer whale, Pseudorca crassidens, had a higher

PLOS ONE | DOI:10.1371/journal.pone.0146339
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stranding rate during winter and spring, sperm whale, Physeter macrocephalus, from late
spring to midsummer and rough-toothed dolphin, Steno bredanensis, in summer (Fig 10).

Among baleen whales (Mysticeti), Southern right whale stranded most often, followed
by dwarf minke, humpback, Antarctic minke, sei, Bryde’s, Balaenoptera edeni, and blue,
Balaenoptera musculus, and fin whales (Table 2). Most stranding events of baleen whales were
recorded after 1990 (Table 2) and were more frequent in September, October and November

(Fig 10B).

The remaining rare species were either typically subtropical/tropical, temperate/polar
or wide-ranging, deep-water cetaceans (Table 2). Temperate/polar species were recorded
since the early 1980s, while for tropical/subtropical species only after 1993 (Fig 11A). For both
Temperate/polar and subtropical/tropical species no clear inter-annual trend were observed
(Fig_11A). As expected, the seasonal stranding rates for both subtropical/tropical and
temperate/ polar species showed an opposite pattern, with the former stranding mostly
during spring and summer and the latter during autumn and winter (Fig 11B).

Discussion

Long-term systematic beach surveys shed light on many aspects of marine mammal
stranding patterns in southern Brazil. Although caution is needed when interpreting stranding
data [6,42,43], the results of this study are likely to reflect the broad pattern of marine
mammal occurrence in this sector of the subtropical western South Atlantic. The diverse array
of stranded species suggests a high richness of marine mammals in this region. Nevertheless,
despite the richness (n = 40), only five species were involved in 97% of the total strandings.
This high proportion is presumably related to the coastal habitat of those species and, for
some of them, the high incidence is due to fishing-related mortality [6]. The southern Brazilian
continental shelf is flat, with width varying from 100 to 180km. Therefore, typically offshore
species inhabiting the outer shelf and beyond are less likely to wash ashore. The occurrence of
deep-water species in the stranding records was very low, probably because they are more
likely to decompose and sink before they reach the shore (e.g. [43]).

PLOS ONE | DOI:10.1371/journal.pone.0146339 January 27, 2016
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Fig 11. Stranding rates of tropical/subtropical and temperate/polar species by year (A) and month (B) from 1976 to
2013. Tropical/subtropical species: pantropical spotted dolphin, Stenella attenuata, Atlantic spotted dolphin, Stenella frontalis,
rough-toothed dolphin, Fraser’s dolphin, Lagenodelphis hosei and Bryde’s whale. Temperate/polar species: Burmeister’s porpoise,
Phocoena spinipinnis, spectacled porpoise, Phocoena dioptrica, Peale’s dolphin, Lagenorhynchus australis, Commerson’s dolphin,
Cephalorhynchus commersonii, southern elephant seal, Mironga leonina, crabeater seal, Lobodon carcinophaga, Antarctic fur seal,
Arctocephalus gazella, Gray’s Beaked whale Mesoplodon grayi, strap-toothed whale, Mesoplodon Layardii, and Arnoux’s beaked
whale, Berardius arnuxii. Stranding records from all areas (1-5) were included.

doi:10.1371/journal.pone.0146339.g011

Marine mammal distribution is to a great extent related to prey distribution [1]. In
general, areas of high productivity appear to attract top predators (e.g. [54,55]). Therefore,
seasonal changes in prey availability can cause changes in marine mammal occurrence. After
removing species with known high fishing-related mortality, migratory species and neonates of
South American fur seal from the analyses, late winter and early spring were the seasons with
the highest stranding rates. This pattern could be associated with an increase in biological
productivity during these seasons. Phytoplankton biomass over the Brazilian continental shelf
is higher in winter and spring and has been shown to be related to nutrient supply from
Subantarctic Water carried by the MFC and from freshwater discharge of the La Plata River
[23,25]. The high primary productivity during winter and spring supports a high biomass of
demersal and pelagic fish (e.g. Cynoscion guatucupa, Trichiurus lepturus, Engraulis anchoita)
and squid (e.g. Loligo sanpaulensis, lllex argentinus) that migrate from the south in association
with the Subtropical Convergence [56,57]. These species are important prey for many marine
mammals (e.g. [58—60]), thus an increase in abundance and diversity of predator species is to
be expected during these seasons. Shipboard surveys for marine mammals were carried out in
autumn and spring (2009-2014) on the southern Brazilian outer continental shelf and slope
and higher abundance and species richness were observed in spring (ECOMEGA unpubl. data),
which is consistent with the stranding pattern observed in this study.

Frequent species

Some of the five species that frequently stranded in this region (franciscana,
bottlenose dolphin, South American and subantarctic fur seals and South American sea lion)

are either primarily coastal or highly vulnerable to fishery-related mortality. Franciscana and
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bottlenose dolphins are frequently killed in commercial and artisanal gillnetting, respectively
[6,20,35]. The peak of franciscana strandings during late spring and early summer coincides
with high gillnet fishing effort targeting the white croaker (Micropogonias furnieri) near shore
[35,37,39], where franciscanas are most abundant [61,62]. The inflated stranding rate
observed in 1979 is probably because beach surveys were only conducted in months of high
bycatch (e.g. [6,19,39]). Following the collapse of some fish stocks by the late 1980s and early
1990s fishermen increased substantially gillnet lengths to compensate for lower catches per
unit of effort (e. g. [27,37,39]). As a consequence franciscana bycatch and strandings have also
increased until 2003 (see Fig 3). Although artisanal gillnetting occurs year-round inside the
Patos Lagoon Estuary and along the adjacent marine coast, the overlap between gillnets and
dolphins is higher in spring and summer [63], suggesting that the highly seasonal stranding
pattern of bottlenose dolphin is related to bycatch in fisheries [20]. This might explain the very
high stranding rate observed in 1988 that, similarly to what happened to franciscana in 1979, is
likely due to low beach survey effort conducted in months of higher bycatch [20]. The inter-
annual variability in strandings may be also related to the pattern of fishing effort [20]. Current
levels of fishing-related mortality of these species may not be sustainable [20,36,38,64]. In
2012, the Brazilian Government published a norm to regulate gillnet fisheries, reduce fishing
effort and establish some no-fishing zones aimed at protecting certain vulnerable species,
including coastal cetaceans. Therefore a decrease in stranding rate of both franciscanas and
bottlenose dolphins after the end of 2013, when this norm was implemented, is expected. It is
important to emphasize, however, that the decrease in franciscana stranding after 2010, may
be associated with population decline and carefully interpretation of stranding trends is
needed.

Three otariid seals are often recorded along the Brazilian coast: South American sea
lion, South American and subantarctic fur seals. The first two are the most widely distributed
otariids in the Southern Hemisphere, with breeding colonies extending from Peru to Uruguay
[18,65], while subantarctic fur seal breeds on islands north of the Antarctic Convergence [66].
Specimens of South American fur seal and the majority of vagrant individuals of subantarctic
fur seal found on the Brazilian coast are from Uruguay and Gough Island populations,
respectively [66, 67]. Based on what is known about the biology of South American sea lion, it
is presumed that individuals in Brazilian waters come from the Uruguayan breeding colonies
[68]. The higher frequency of occurrence of the two fur seals species on the southern Brazilian
coast during winter and early spring is probably related to post-reproductive dispersal, with
the benefit of the northward flow of the MFC and displacement of the Subtropical shelf front
in winter [22,24,69]. All sightings of subantarctic fur seal in the Indian Ocean occurred in
winter and the northward flow of the South Indian Ocean current is considered one of the
main factors to explain the presence of this species in tropical and subtropical regions of that
ocean [70-72]. Since many sub-adult and adult individuals of South American sea lion
concentrate throughout the year in non-breeding rookeries in southern Brazil [73,74], the
seasonality of its
occurrence is  less
pronounced than that of the fur seal species.
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Although South American sea lion also breed on the Uruguayan coast, only neonates of
South American fur seal are found stranded in large numbers on the southern Brazilian coast.
The high stranding rates of neonates occur in August and September and coincide with the
immediately post-weaning period.

An estimated annual population growth rate of 2% since 1991, when harvesting of
South American fur seal stopped on the Uruguayan coast [75], may explain the increased
number of strandings in recent years. Despite the general increase in strandings, however,
fluctuations were observed. High stranding rates of neonates in 1999 and 2003 were preceded
by years with high numbers of births (65,000 and 72,000) and low stranding rates in 1992 and
1993 followed years with lower reported numbers of births (48,000 and 50,000) [76].
However, the low and moderate stranding rates in 1996 and 2005, respectively, were also
preceded by years with high numbers of births (68,000 and 93,000) [76]. Determining which
factors influence post-weaning survival is often difficult, but they are probably related to the
environmental conditions that influence food supply. For example, the highest stranding rates
were observed in 1999 and 2011 when moderate and strong La Nifia events occurred. During
La Nifia, productivity on the southern Brazilian continental shelf decreases [23] and lower food
availability is expected.

Although the exploitation of South American sea lion in Uruguay ceased in 1978, the
population seems to be decreasing [77]. Fishing-related mortality has been identified as the
major cause of this decline [77,78]. As observed for franciscana and bottlenose dolphin, the
similar pattern between records with signs of fishing-related mortality and all records (with
and without evidence of fishery interactions) suggest that fishery is the major source of South
American sea lion mortality in southern Brazil. The higher stranding rates observed in late
winter and early spring may be related to the increase in trawl and gillnet fishing effort during
this period which coincides with post-reproductive dispersal of this species. The overlap of
foraging habitat of sea lions with fishing grounds increases the risk of both bycatch and
intentional killing. Fishermen often shoot sea lions that remove fish from their nets in this area
[73]. Similar to franciscana, the very high stranding rate observed in 1979 is probably because
beach surveys were only conducted in months of high bycatch (e.g. [21]).

Anomalies in ocean currents and other phenomena (e.g. ENSO) have been suggested
as possible explanations for the occurrence of subantarctic fur seal on the Brazilian coast
[79,80]. Short- to medium-term fluctuations in climate due to ENSO events can produce
anomalous environmental conditions that drastically change marine productivity and,
consequently, affect the foraging patterns of top predators [81,82]. In the Southern Ocean
some studies have shown that the warm phase of ENSO negatively affects the recruitment and
biomass of krill and fish, in some cases forcing top predators to move far from their breeding
area in search of food (e.g. [83,84]). However, the low stranding rates of subantarctic fur seal
observed during the strongest El Nifio episodes of 1982/1983, 1997/1998 and 2009/2010 and
the high stranding
rates that coincided with a strong La Nifia event in 2000 and a moderate El Nifio event in 2002
suggest that the main factors influencing inter-annual variability of subantarctic fur seal

occurrence in Brazilian coastal waters are still unknown. The increased occurrence of these fur
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seals on and around South American, African and Indian Ocean islands, for example, has been
attributed to population expansion (e.g. [70-72,85]). However, the slight decrease in stranding
along the years may be associated with climate change (see discussion regarding subtropical/
tropical and temperate/polar species).

Other species

Strandings of occasional species consisted, to a great extent, of cetaceans that typically
inhabit offshore waters. Therefore, the relatively low stranding rates do not necessary mean
that the abundance of those species is low. The very wide continental of southern Brazil
reduces the chances of offshore species washing ashore. Information based on opportunistic
and systematic at-sea surveys for marine mammals as well as on records of incidental catches
in fishing gear have shown that sperm whale, short-beaked common dolphin, Delphinus
delphis, long-finned pilot whale, Globicephala melas, false killer whale and killer whale,
Orcinus orca are common over the southern Brazilian outer continental shelf and slope
[31,86—90] (ECOMEGA unpubl. data). The low stranding rates of some species, however, does
reflect their low abundance in the subtropical western South Atlantic (e.g. Fraser’s and Atlantic
spotted dolphins).

For false killer whale the higher stranding rate in winter/spring might be related to the
higher productivity, which could attract the animals to this region. Analysis of killer and false
killer whales depredation on the Uruguayan pelagic longline fishery operating in the
Southwestern Atlantic Ocean near the study area revealed the most interaction occur during
winter and spring [91]. Stomach content and stable isotopes studies suggest that at least some
false killer whale in southern Brazil use coastal waters, mainly in spring, to feed upon abundant
sciaenid fish [17,92]. During this period the fishing effort over the southern Brazilian
continental shelf increases [27] and therefore an increase in marine mammal bycatch is
expected. Yearround occurrence of sperm whale over the continental slope off southern Brazil
suggests that this region is an important feeding ground for sperm whales [31,90] (ECOMEGA
unpubl. data). Nevertheless, the reasons for the higher stranding rate during summer remain
to be elucidated. The higher stranding rate of rough-toothed dolphin during summer might be
related to the major influence of tropical water on the southern Brazilian continental shelf
[93].

The reasons for the increased stranding rates of baleen whales, especially after the
1990s, are unclear but might reflect the recovery of some population after the International
Whaling Commission’s moratorium on commercial whaling came into effect. For example,
both Southern right and humpback whales are showing high estimated annual growth rates in
the western South Atlantic (e.g. [94,95]). The higher stranding rate of southern Right whale
compared with other baleen whales is likely due to its coastal migration route to and from its
wintering grounds in southern Brazil. During winter and early spring southern right whales use
shallow waters and
protected bays along southern Brazil for breeding and nursing the calves [96,97]. Stranding
records of southern Right whale in this area, between 1977 and 1995, were most frequent in

October followed by August and September [98]. Despite its coastal distribution, the stranding
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rate of humpback whale was low in southern Brazil because its migration route between
breeding (northeastern Brazil) and foraging areas (South Georgia/South Sandwich Island) is far
offshore in southern Brazil [99,100].

Although migratory pattern of blue, fin, sei and minke whales in Southern Atlantic
Ocean is not well documented a review of the occurrence and distribution of the genus
Balaenoptera along the Brazilian coast revealed that most whales are observed during the
austral winter and spring, indicating a seasonal pattern of occurrence of this genus for
Southwestern Atlantic Ocean [101]. Stranding records outside the breeding season may reflect
differences in the timing of migration within and between species or the residency of some
individuals in tropical and subtropical areas throughout the year. Records of juvenile dwarf
minke whale throughout much of the year indicate that some individuals do not migrate to
Antarctic or sub-Antarctic waters [101] and may exploit coastal areas off eastern South
America with locally high productivity (e.g. [102]). Balaenopterids are known to feed outside
their regular high-latitude feeding grounds when plenty of prey is available in other areas
[103]. Bryde’s whale does not migrate to polar/subpolar feeding grounds [104] and is relatively
common in the coastal upwelling ecosystem off south-eastern Brazil [101,105], with occasional
occurrence in the study area [18] (ECOMEGA, unpubl. data).

The remaining rare species were either typically subtropical/tropical, temperate/polar
species or wide-ranging deep-water cetaceans. Therefore, for some widely distributed species
such as Kogia spp., Risso’s dolphin, Grampus griseus, and Cuvier’s Beaked whale, Ziphius
cavirostris, the low stranding rate may be explained by either their offshore distribution or
their low regional abundance [18,106,107]. Despite the temperate/polar marine mammals
have not shown a clear temporal pattern, the lack of records of subtropical/tropical species
until approximately the mid 1990s followed by their relatively frequent occurrence after this
period might be at least partly associated with climate change. From 1993 to 2002 the spatial
distribution of SST anomalies reveals that warming occurred across the South Atlantic basin
between 24°S and 40°S [108]. According to the same authors, from October 1992 to December
2007 a southward shift of 0.6 to 0.9° decade " was found in the latitude of the BC/MFC
confluence.

Despite the difficulties of interpreting stranding data given that stranded carcasses can
be found on the beach as a result of many processes (e.g. at-sea mortality, buoyancy, drift, and
detection probability) [6,42—45], long time series derived from consistent beach survey effort
can contribute to monitoring of marine mammals. Stranding data can document species
occurrence and reveal changes in mortality rates or shifts in distribution due to oceanic
conditions. Although in the present study we did not quantify the relationship between fishing
effort and stranding data, the seasonal coincidence between high stranding rates of some
species (e.g. bottlenose dolphin, South American sea lion and franciscana) and high fishing
effort suggests a plausible link. Establishing a definite causal link between climate change and
species/community ecology is difficult. Despite the time series used here is still short in
duration (in relation to
non-stationary long-term duration change signals) to allow for confident predictions about the
possible ecosystem consequences of long term climate change, our interest here was to

provide evidence that short-term sub-decadal signals in climate variability may be affecting the
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patterns of marine mammal occurrence in the Southwester Atlantic Ocean. It is important to
emphasize that biological response to short and medium term signals in climate variability may
be the best opportunity to explore how biological communities respond to changes [80].
Continued beach surveys are essential to evaluate trends in fishing-related mortality and to
further explore the relationships between species distribution patterns and oceanic processes
at different timescales in the western South Atlantic.
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ABSTRACT

The current levels of fishing-related mortality of franciscana Pontoporia blainvillei are
probably unsustainable in southern Brazil. In 2012, Brazilian government published a
norm to regulate gillnet fisheries by establishing, among others, no-fishing zones and
the maximum allowable net length. However, there is evidence that the magnitude of
franciscana mortality remains high. The aims of this study are: 1) identify areas of high
risk (hotspots) of franciscana bycatch, 2) estimate franciscana mortality and 3) analyze
the spatial and temporal relationship between franciscana’s stranding and bycatch data
in different gillnet fishing seasons. From 1999 to 2003 and 2006 to 2009 1427 observed
settings were analyzed. The total estimated franciscana bycatch was higher in the white
croaker (Median = 2923; Crl [2004; 3852]) than in the striped weakfish (Median =
1104; Crl [705; 1515]) fishery. Hotspots of bycatch were restricted to small areas in the

southern, central and northern part of the study site during the white croaker fishery,
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while in the striped weakfish fishery only the northern region showed high risk of
bycatch. Only the north and southern areas (during white croaker season) coincided
with highest bycatch estimation. The spatial and temporal relationship between bycatch
and stranding data was not significant. Our results demonstrated that the no-fishing
areas established by Brazilian government cover only a small fraction of franciscana
bycatch hotspots. We propose that different levels of protection for areas of low,
moderate and high risk of franciscana bycatch are most effective in attending fisheries
and conservation objectives.
KEY-WORDS: INLA, ZIP, wildlife conservation, cetaceans, Southwestern Atlantic
INTRODUCTION

Fisheries bycatch is one of the most significant threats to marine mammals (Hall,
Alverson & Metuzals, 2000), with hundreds of thousands of individuals killed annually
around the globe (Read, Drinker & Northridge, 2006). In the Southwestern Atlantic
Ocean, franciscana dolphin is possibly the cetacean species most seriously affected by
incidental mortality in fisheries (Secchi & Fletcher, 2004; Secchi, 2010), with highest
values of bycatch records in the coastal waters of Rio Grande do Sul (RS) state, Brazil
(Secchi, Danilewicz & Ott, 2003). In this region the annual mortality of franciscanas in
gillnet fisheries ranges from several hundreds to a few thousand individuals and is
probably unsustainable (e.g. Secchi et al., 1997; Secchi, Kinas & Muelbert, 2004;
Secchi, 1999, 2006; Kinas, 2002; Secchi & Fletcher, 2004; Prado, Secchi & Kinas,
2013).

In 2012, Brazilian Government published a norm to regulate gillnet fisheries by
establishing, among other regulations, the maximum allowable net length and several
levels of no-fishing areas. Nevertheless, there is evidence that the magnitude of

franciscana mortality remains high. The number of franciscanas killed in gillnets that
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end washed ashore remains in the order of several hundreds (EcoMega, unpubl. data)
which is not different to numbers observed in years that preceded the norm (see Prado et
al., 2013). Our hypothesis is that the no-fishing areas established by the Brazilian
Government are not sufficient to reduce franciscana bycatch to sustainable levels.
Limiting or halting fishing effort in areas and periods of higher bycatch can
work as intended to reduce bycatch of endangered species if they are large enough, in
the right place, and remove impacts rather than simply displace them to areas where
threats remain (Gormley et al., 2012; Read, 2013; Rojas-Bracho & Reeves, 2013). In
addition, it is essential to monitoring the effectiveness of no-fishing areas as patterns of
bycatch hotspot and fishing activity can change over time. Although onboard
monitoring programs would be most adequate, the logistic demands and costs are
prohibitive in many countries. Numerous studies have demonstrated that strandings can
be used as an indicator of mega-vertebrate fishing-related mortality (e.g. Fruet et al.,
2012; Prado et al., 2013; 2016). However, theses studies did not quantify the spatial-
temporal relationship between stranding and bycatch which is important for monitoring
purposes (Peltier et al., 2012). In this context, the objectives of the present study were
to: (1) identify areas of high risk of franciscana bycatch in the southern Brazilian coast;
(2) estimate franciscana bycatch in gillnet fishery; and (3) analyze the spatial and
temporal relationship between franciscana’s stranding and bycatch. It is expected that,
the quantification and the identification of franciscana bycatch hotspot can provide
valuable information for management procedures aiming at reducing bycatch of the
endangered franciscana dolphin.
MATERIAL AND METHODS

Fishery data
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The commercial gillnet fleet based in Rio Grande operates between Mostardas’
lighthouse (31°13°S) and Chui (33°45°S), in water depths ranging from 5 to 150 m. The
main target species of this fishery are white croaker (Micropogonias furnieri — herein
referred to as croaker) in spring and summer (October to March) and striped weakfish
(Cynoscion guatucupa — herein weakfish) in autumn and winter (April to September)
(Secchi et al., 1997; Ferreira, Muelbert & Secchi, 2010).

The fraction of the Rio Grande commercial gillnet fleet that was monitored from
1999 to 2009 (no sampling in 2004 and 2005) varied from 6 to 13% (see results). We
assumed that this fraction was representative of the entire fleet since boat characteristics
and fishing operations were similar across the fleet. Each boat skipper received a
logbook to register characteristics of each fishing operation, including the date, location
(the starting point of the setting), target species (croaker or weakfish) and number of
franciscanas killed (including zero). The monitored fishers cooperate voluntarily to this

study, hence they were visited once or twice a week in order to assess their compliance.

Stranding data

From 1999 to 2009 systematic beach surveys were carried out fortnightly from
Lagoa do Peixe (31726°S-051°09°W) to Chui (33°45°S-053°22°W), the border of Brazil
and Uruguay, totaling 355 km (approximately 80% of the latitudinal extent of the
fishing ground of the monitored fleet) (Fig. 1). The beach was surveyed using a four-
wheel drive vehicle with two to four observers scanning from the wash zone to the base
of the sand dunes. The date, geographic location and decomposition state (Geraci &
Lounsbury, 2005) were recorded for each stranded animal. Carcasses were spray

painted to minimize the chances of double counting.
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The surveyed stretch of beach was arbitrarily split into five 71 km-long sections

(referred to as subareas - Fig. 1) to analyze the spatial relationship between stranding

and bycatch. For logistical reasons, subarea 6, near the north limit of the gillnet fishery

and was not included in stranding data analysis.

=30
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Figure 1. Study area divided in six subareas. The black and red points represent the

gillnet sets during white croaker and striped weakfish fisheries seasons, respectively.

The black line represents the stretch of beach surveyed for stranded franciscana’s

carcasses.

Statistical analysis

Due to the coastal distribution of franciscana (Secchi et al., 1997; Danilewicz et

al., 2009) the fishing set used in the analyses was limited to the isobath of 50 m (Fig. 1).

Most of the bycatch involved one individual, though 11 franciscanas were caught in one

set. This set was considered an outlier and was removed from the analysis.
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Predicting areas with high risk of franciscana bycatch

In the present study a Bayesian hierarchical spatial model was implemented
using the integrated nested Laplace approximation (INLA) methodology via the R-
INLA package (Lindgren & Rue, 2013).

The number of franciscana caught (Y) at a particular fishing geolocation i (i =1,
2...n) is assumed to have a distribution that belongs to the exponential family, which is
linked to a structured additive predictor n; through a link function g(-) such that
9(@;) = n;, where ¢p; = E(Y;) is the expected number of franciscana caught:

Ny =g+ S; + Tjy) + of fset(ef forty)

where ay is the intercept, S; represents the spatially structured random effect at location
I, T; represents the temporal unstructured random effect at the year j and the offset
accounts for the effort variability due to different kilometers of net used in each set (for
further details, see Zuur, Saveliev & leno, (2014). Three different approaches were
tested, namely the Poisson, negative binomial and zero-inflated Poisson distributions.
The present model was applied for both fishing seasons (i.e. croaker and weakfish).

A zero-mean prior Gaussian distribution with a Matérn covariance structure was
assumed for the spatial effect (see Mufioz et al., 2013 for more information about how
to express the prior knowledge on spatial effects), while a vague Gamma prior

distribution with shape and scale parameters of 1 and 5°%°

, respectively, was assumed
on the precision parameter y of the temporal component.

Models with different probability distributions and the inclusion (or not) of
temporal random effect were proposed. Best candidate models were selected based on

deviance information criterion (DIC; Spiegelhalter et al., 2002). The smaller the DIC

the better compromise between fit and parsimony.
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Finally, the best model was chosen to model inference and prediction of the
spatial effect on franciscana bycatch during the croaker and weakfish fisheries. For the
croaker fishery the intensity of spatial effect (positive correlation) on franciscana
bycatch was categorized as low (0-0.2), moderate (0.2-0.4) and high (>0.4); for the
weakfish, as low (0-0.05), moderate (0.05-0.15) and high (>0.15) (see Fig. 2 and 3).
Hereafter we use risk of bycatch instead spatial effect on franciscana bycatch.
Franciscana bycatch estimation

Three different probability distributions were initially proposed, including
Poisson, negative binomial and zero-inflated Poisson (ZIP). The later was chosen to
account for over-dispersion due the high number of sets with no franciscana bycatch
reported. The ZIP model consists of two-step process: a Bernoulli distribution first
determines whether the count is to be an excess zero (with probability 7) and, if not, a
Poisson distribution (with mean 1) generates the count. The ZIP model was structured
using the following link function:

logit(m;) = ay + of fset(ef fort;)

log(1;) = ay + Biq + Bif + yeary + of fset(ef fort;)
where i represents the number of gillnet sets (i = 1, 2...n); ap and oy, the intercepts; Ss,
the regression parameters; a represents the six fishery subareas (see fig. 1) and f refers
to the two fishing seasons (croaker or weakfish). A temporal effect, year;, was estimated
for each year t, accounting for annual variation in the capture event that was unrelated to
the covariates. The length of net (in km) of each set was included in the model as an
offset.

We adopted a weakly informative normal prior (mean 0 and variance 1 x 10%)
for all parameters and to the mean of year effects. A half-Cauchy prior, with a scale of

25, was given to the variance of the year effects.
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Bycatch estimation was obtained for each year (t = 9), area (a = 5) and fishing
season (f = 2), totalizing 90 scenarios. The total sets conducted in each scenario to
predict franciscana bycatch was obtained as follows:

Total_boats; * Observed_sets;,s

Total sets,,r =
_ taf Observed_boats;,s

To account for some uncertainty in the number of fishing boats operating each
year, Total_boats, was randomly drawn from a uniform distribution. Based on the
literature, we defined the uniform distribution between 90 and 120 boats from 1999 to
2002 and between 150 and 200 boats for the remaining years.

The offset term adjusts the number of franciscana captured per kilometer of net.
Therefore, to obtain the total number of franciscana bycatch for each scenario we
multiplied Aand by the net length drawn through bootstrap sampling from the
dataset.

The model was performed using the free softwares R
(R_DevelopmentCoreTeam, 2015) and JAGS (Plummer, 2013) via library rjags
(Plummer, 2013) and R2jags (Su & Yajima, 2014), using Markov chain Monte Carlo
(MCMC) methods. A total of 200,000 samples were simulated (burn-in = 10,000) and
every 200th iteration was kept. Convergence of chains was confirmed using diagnostic
plots of parameter estimates over MCMC iterations via library coda (Plummer et al.,
2010).

Spatial and temporal relationship between stranding and bycatch

We used a Spearman correlation coefficient to measure the strength of the
relationship between stranding rate (number of strandings per 100km of beach
surveyed) and observed bycatch for subareas and years. We used observed bycatch
instead estimated bycatch, because the latter is affected by the uncertainty regarding

number of boats operating each year.
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RESULTS
Fishery and stranding data

From 1999 to 2003 and 2006 to 2009 a total of 550 and 879 observed sets were
analyzed with 89 and 214 franciscana captured during the weakfish and croaker fishing
seasons, respectively (Tables 1, 2 and Fig. 1). When bycatch occurred, the mean number
of franciscana killed per set was 1.3 (SD = 0.7). The highest number of franciscana
caught occurred in subarea 4 (n = 62) and subarea 1 (n = 21) during croaker and
weakfish fisheries, respectively.

During the same period, a total of 258 (annual mean = 2.52) and 1550 (annual
mean = 9.38) franciscana were found washed ashore during the weakfish and croaker
fishing seasons, respectively (Table 3). The highest stranding rates were observed in
subarea 1 (12.8) and 3 (5.58) during the croaker and weakfish seasons, respectively.
Predicting areas of high risk of franciscana bycatch

Models’ fitted with performed better (lowest DIC) than those without a temporal
structure (Table 4). Model 4 with Poisson distribution presented the best fit for both
fishing seasons (Table 4). For almost all the study area a moderate risk of bycatch can
be observed, mainly during the weakfish fishery (Figs. 2 and 3). High bycatch risk was
restricted for small areas in the southern, central and northern part of the study area
during the croaker fishery. For the weakfish fishery, however, only the northern region
shows high bycatch risk. Despite the latitudinal differences between fisheries, a clear
longitudinal gradient was observed, mainly for the croaker fishery, with shallow waters

along the coast presenting the highest risk of franciscana bycatch (Figs. 2 and 3).
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214 Table 1. The number of observed and unobserved hauls recorded and extrapolated during the study period for white croaker and striped weakfish

215

fishery for six subareas (SA) during the period of 1999 to 2003 and 2006 to 2009, respectively.

Year

1999
2000
2001
2002
2003
2006
2007
2008
2009
Subtotal
Year
1999
2000
2001
2002
2003
2006
2007
2008
2009
Subtotal
Total

Observed/White croaker

Unobserved/White croaker

SAl

P 0 P N O N

10
22

33

87

14

174
244

SA2

11

16

20
10
32
102

12
19
27
17
18
18
16
130
232

SA3
29
25
20
20
47
29
22
26
32

250

Observed/Striped weakfish

1
5
15
27
18
20
8
5
9
108
358

SA4
55
25
13
33
46
24
12
46
21

275

0

7

9
16
11

66
341

SA5
49
30

9
10
32

9

2

3
14

158

0
1
2
12
7
12
1
21
2
58
216

SA6

o O w »~ U1 B O O

N =
w o

W w M N P O O O

w
~N

Subtotal
144
88
56
69
153
68
69
86
145
878

16
40
85
87
63
70
143
45
550
1428

SAl
22
83
30

101
17
163
13
660
1096

30
74
277
100
449
1111
257
2298
3394

SA2
99
28

165

201
33
272
128
587
1513

41
180
141
340
284
245
230
293

1754
3267

SA3
329

345

300

148

591

484

300

332

587

3416

Unobserved/Striped weakfish

11
69
225
200
227
334
109
64
165
1404
4820

SA4
603

345

195

245

579

401

163

587

385

3503

0
97
135
119
138
67
95
115
55
821
4324

SA5
537
414
135
74
403
150
27
38
257
2035

0
14
30
89
88

200
14
281
37
753
2788

SA6

15
37
50
67

183
352

~N O o o

83
68
38
18
239
591

Subtotal
1590
1215

840
511
1925
1152
925
1098
2659
11915

11
221
600
630

1095
1068
980
1839
825
7269
19184

Total

1734
1303
896
580
2078
1220
994
1184
2804
12793
Total
12
237
640
715
1182
1131
1050
1982
870
7819
20612

%

8.30
6.75
6.25
11.90
7.36
5.57
6.94
7.26
5.17
6.86
%
8.33
6.75
6.25
11.89
7.36
5.57
6.67
7.21
5.17
7.03
6.93
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217

218

Table 2. Number of franciscana (Pontoporia blainvillei) bycatch recorded from observed sets in the white croaker and striped weakfish fisheries

for six subareas (SA) during the period of 1999 to 2003 and 2006 to 2009, respectively.

Year

1999
2000
2001
2002
2003
2006
2007
2008
2009
Total

White croaker

Striped weakfish

SAl

w o o r o N N

SN
[N

SA2

a0 O ©

a w N P

SA3

w o O NN

30

SA4
9
6
1
16
11

SA5

o r o N r o r ol

IN
=

SA6

14

Subtotal
49
24

9
39
22
32
13
11
15

214

SAl

SA2

AN NN DO W

[uny
[e0)

SA3

W O w N o1 NN O O Bk

=
(e}

SA4

O O NN PP O E DN

[y
w

SA5

o O+~ O

o

19

SA6

N O O O N O O

Subtotal
1
5
2
23
13
20
12

89

303

91



219 Table 3. Franciscana (Pontoporia blainvillei) stranding rate (number of stranding per 100 km of beach surveyed) on the five subareas (SA) from

220 1999 to 2003 and from 2006 to 2009.

Year

1999
2000
2001
2002
2003
2006
2007
2008
2009
Total

White croaker

Striped weakfish

SAreal
1.98
48.09
0.70
24.23
3.63
26.27
4.23
251
14.89
12.89

SA2 SA3
5.16 8.06
7.04 4.56
1.82 4.39
9.58 18.31
1.72 6.13
12.72 14.56
511 6.24
2.05 3.18
18.11 16.10
7.70 8.90

SA4
6.25
11.65
3.95
11.11
1.69
20.00
8.68
4.86
24.06
11.19

SA5 Total SAl SA2 SA3 SA4 SA5 Total
1.41 5.33 0.00 0.00 0.00 0.00 0.00 0.00
9.86 12.84 1.41 0.00 242 2.33 0.00 1.50
3.76 3.34 0.00 0.97 1.88 0.67 0.70 0.94
10.45 15.01 0.00 0.62 3.38 1.32 2.05 1.50
431 3.54 1.04 17.78 20.24 0.00 1.41 12.96
7.27 16.73 1.41 0.00 1.03 1.44 1.76 1.22
7.67 6.41 0.87 1.13 1.41 0.85 3.61 1.37
0.47 2.76 0.35 0.35 0.70 1.28 0.70 0.61
18.53 18.48 0.50 2.82 4.23 2.13 3.19 2.62
8.03 9.77 0.60 3.68 5.58 1.39 2.19 2.85

221 Table 4. Deviance information criterion (DIC) of candidate hierarchical spatial models constructed to evaluate the risk of franciscana

222 (Pontoporia blainvillei) bycatch in the white croaker and striped weakfish fisheries.

Models

Model 1 (Poisson)
Model 2 (neg. binom)
Model 3 (ZIP)

Model 4 (Poisson)
Model 5 (neg. binom)

Temporal DIC
structure White croaker Striped weakfish
None 957.04 497.09
None 1006.08 513.16
None 1006.42 510.73
Included 952.65 483.6
Included 959.07 503.44
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Model 6 (ZIP)

Included

960.28

489.52
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Franciscana bycatch estimation

The zero-inflated Poisson parameter estimates are shown in Table 5. Based on all
observed sets, the estimated number of franciscana killed in the croaker (Median =
2923; Crl [2004; 3852]; mean annual = 332; SD = 175) was higher than in the weakfish
fishery (Median = 1104; Crl [705; 1515]; mean annual = 126; SD = 106). Franciscana
bycatch estimates were higher in subareas 3, 4 and 5 for the croaker fishery, and in
subareas 1 and 2 when weakfish was targeted (Table 6). Subareas with high fishing
effort presented high bycatch values (Table 1 and 6, Fig. 1). However, only the subarea
4 and 5 matches with an area with high bycatch risk during the croaker season (Table 6,
Figs. 2 and 3).

Spatial and temporal relationship between stranding and bycatch

Although correlation between strandings and bycatch by year and subareas (1-5) was a
non-significant for both fisheries, graphically a similar spatial-temporal pattern can be

observed for the croaker fishery (Fig. 4).
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Figure 4. Franciscana (Pontoporia blainvillei) stranding rate and observed bycatch for
fishing years (1999-2003 and 2006-2009) and subareas (1-5) for white croaker (A, C)

and striped weakfish (B, D). No sets for striped weakfish were recorded in 1999.
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Table 5. Posterior mean distribution and credibility intervals for all parameter estimates

of zero-inflated Poisson models fitted to the franciscana (Pontoporia blainviller)

bycatch estimation.

Process Parameters Mean 2.5% 97.5%
Bernoulli  aq -2.66 -3.21 -2.21
oy = striped_weakfish + areal -3.17 -3.82 -2.51
> = whiter_croaker 0.54 0.24 0.84
ps = area2 -0.54 -0.97 -0.11
P, = areal -1.33 -1.78 -0.89
Poisson 4 aread 0.79 119 0.39
Ps = aread -0.64 -1.05 -0.20
f7 = areab -0.12 -0.71 0.46
Oyear 0.81 0.45 1.46
DISCUSSION

The present study provides an robust approach to identify areas of high risk of

bycatch and to estimate annual gillnet fishing-related mortality of the endangered

franciscana dolphin. The Bayesian framework used here offers the advantage of

providing full inference, allowing the quantification of model parameters and

uncertainty, with a great utility to conservation (Wintle et al., 2003). In addition, by

treating spatial effect as a variable of interest, hierarchical Bayesian spatial models are

able to improve model fit and to identify the existence of area effect (e.g. Cosandey-

Godin et al., 2015) that may affect franciscana bycatch.
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261 Table 6. Estimated total franciscana (Pontoporia blainvillei) bycatch in RS gillnet fishery for the fishing years (1999-2003 and 2006-2009) and

262  six subareas (SA).

Year White croaker (mean and [95% Credibility Interval]) Striped weakfish (mean and [95% Credibility Interval]) Total
SA1l SA2 SA3 SA4 SA5 SA6 Subtotal SAl SA2 SA3 SA4 SA5 SA6 Subtotal

1999 21[5;39] 54[17;95]  81[31-144]  255[10;429]  265[100;442] 0 658[382;954] 0 0 2[0:4] 0 0 0 2[0:4] 678[299;1112]
2000  63[17;112] 12[1;24] 70[20;122] 119[38;204] 167[61-292] 0 431[175;731] 0 11[2;22] 8[0;16] 20[3;37] 3[0;8] 0 42[11;75] 473[191;800]
2001 12[2;25] 37[9;72] 31[6;59] 34[9;66] 28[5;54] 4[0;11] 146[45;276] 7[0;14] 24[4,46] 14[2;27] 14[1;27] 4[0;9] 0 62[17;115] 208[66;386]
2002 9[0;18] 0 49[15;84] 139[53;234] 49[17;87] 35[7;65] 281[121;463] 54[17;95] 60[21;107] 39[10;66]  39[13;69] 35[11;62] 4[0;9] 231[98;383] 512[240;846]
2003 39[12;70] 45[14;80] 60[19;106]  100[37;172] 82[27;141] 15[1;29] 340[148;571] 62[20;109] 45[12;79] 13[2;25] 14[2;26] 10[1;20] 4[0;10] 149[55,255] 489[201;811]
2006 18[3;34] 20[5;38] 133[46;225]  187[74;320] 82[28;141] 53[12;96] 492[207;813] 60[20;107]  101[29;171]  54[17;93] 18[5;34] 64[23;112]  38[8;72]  336[130;551] 828[377;1364]
2007  66[19;115] 65[21;116] 32[7,58] 30[7,54] 6[0;12] 0 198[70;336] 105[35;182] 34[9;61] 7[0;14] 10[1;20] 2[0;5] 12[1;26] 171[66;297] 369[145;624]
2008 3[0;7] 18[2;34] 21[3;39] 64[16;112] 5[0;10] 0 111[32;192] 25[7,46] 19[3;35] 2[0;6] 7[0;14] 21[4;39] 4[0;10] 79[24;136] 189[64;324]
2009  136[43;238]  71[20;128] 32[7;59] 36[9;66] 28[7;53] 29[7;58] 332[123;578] 31[7;57] 21[4;40] 5[0;12] 3[0;7] 2[0;6] 2[0;5] 65[18;116] 397[150;693]

Total  354[205;528]  314[175:458]  494[293;720]  937[609;1315]  692[420;996]  132[53;214]  2923[2004;3852]  336[193;490]  306[174;459]  140[70;211]  122[65;186]  137[72;210]  63[23;112]  1104[705;1515]  4027[2886;5331]
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Areas of high risk of franciscana bycatch

There is evidence suggesting that high risk of bycatch in the southern, central
and northern parts of the study area is related with local high abundance of franciscana’s
demersal prey. During the croaker fishery small juvenile sciaenid fish, franciscana’s
main prey, and adult white croaker are abundant near the coast, attracting both the
franciscana itself and the fishery, respectively, increasing the overlap between them
(e.g. Haimovici, Martins & Vieira, 1996; Haimovici et al., 2005). Franciscana bycatch
hotspots during this fishery occurred close to coast with an apparent in-offshore
gradient, suggesting a decrease in the risk of bycatch as distance from shore increases.
This pattern corroborates previous studies that evaluated franciscana bycatch per unit of
effort according to depth (e.g. Secchi et al., 1997; Ferreira et al., 2010). Striped
weakfish is the main prey of franciscana and is mostly ingested during winter (Bassoi,
2005). During this season and early spring, the abundance of juvenile and adult
weakfish decreases near the coast and increases in waters beyond the 25m isobath
(Haimovici et al., 1996), which may induce a more widespread distribution pattern of
franciscana. This may explain the moderate to low bycatch risk observed throughout

most of the study area during the weakfish fishery.

Franciscana bycatch estimation

The model-based approach used here to estimate franciscana bycatch permitted
to account for some sources of variation in bycatch with auxiliary variables and exploit
similarities in bycatch estimation among fishing seasons, years and areas. Differently
from ratio estimators, commonly used to extrapolate bycatch estimates as the product of
an observed bycatch rate and total effort in a fishery, model-based predictions are more
efficiently and precise since a statistical model of bycatch is assumed (Santos et al.,

2006; Barlow & Berkson, 2012). The difference in franciscana bycatch estimation for
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310

311

croaker and weakfish fisheries is likely a result of the distance from shore at which
gillnets are set. During the croaker fishery, gillnets are set close to shore, predominantly
in depths less than 35 m, which coincides with the distribution pattern of franciscana,
while during the weakfish season, the fleet operates mostly farther from the coast, in
depths that overcome the 35 m isobath, where franciscanas are less abundant (Secchi et

al., 1997; Danilewicz et al., 2009, 2010; Ferreira et al., 2010).

Despite the high number of franciscana mortality estimated in both fisheries, our
results are probably underestimated. Among others, the reasons for this underestimation
include: 1) estimates obtained from logbooks depend on the honesty and diligence with
which they are completed. Usually, voluntary reports of bycatch are biased downwards
(e.g. Hamer, Ward & McGarvey, 2008) the fact that estimates do not account for drop-
outs that may have occurred prior to observation (e.g. Bravington & Bisack, 1996).
Further uncertainty in the estimates of annual franciscana mortality is regarded to the
actual number of boats operating each year. Fisheries statistics are generally poor in
most parts of Brazil and the number of vessels operating in this area remains unknown.
Although the inter-annual fluctuation of franciscana bycatch can be related to changes
in fishing effort or variation in the spatial pattern of fishing activity, the lack of precise
records on the number of commercial gillnet fishing boats that operate in the study area

leads to a wide uncertainty in the estimates.

During the croaker season, high fishing-related mortality estimated for subareas
4 and 5 coincided with areas of higher risk of bycatch. On the other hand, when
weakfish is targeted, hotspots of bycatch in subareas 4 and 5 did not match with areas 1
and 2, where mortality is higher. Thus, the marked bycatch mortality of franciscana in

almost all subareas is probably due to an extensive fishing effort. Since areas of high
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336

bycatch estimates are probably related to high fishing effort, restriction of sets in areas
of high risk of bycatch should come with further reduction in amount of nets. This
would minimize the undesirable effect of displacing high fishing effort to areas where

bycatch also occur.

Conservation recommendations based on high annual mortality and
hotspots of franciscana bycatch

In 2012 the Brazilian Ministries of Environment and of Fisheries and
Aquiculture published a norm to regulate gillnet fisheries in southern and southeastern
Brazil (Brazil, 2012). Among others, the items of the norm that are expected to benefit
franciscana and other non-target species include reduction of fishing effort in terms of
net dimensions and a mosaic of no-fishing areas. For example, in the study area no
powered boat can fish within the 5nm between the southern limit of Brazil and
Albardao lighthouse, and no fishing boat with 20 GT or over (c. 10 to 20m-long) can
operate within 4nm from this location to the northern limit of RS state (Fig. 6 and 7).
Based on our spatial analysis, it is clear that the no-fishing zones established by the
norm cover only a small fraction of the areas that are hotspots of franciscana bycatch.
Furthermore, additional evidence showed that the fishing effort should be much lower
to ensure the long-term viability of franciscana populations (e.g. Kinas, 2002; Secchi &
Fletcher, 2004). Given the high mortality of franciscanas presented here and elsewhere
(Secchi et al., 1997, 2004; Kinas & Secchi, 1998; Prado et al., 2013) and the existence
of areas of higher risk of bycatch, we recommend that the current regulation of gillnet
fishery is reviewed to define new no-fishing zones that include most of the hotspot areas
identified in the present study. Considering that economical and conservational
objectives are often divergent, we propose that different level of protection for areas of

low, moderate and high risk of franciscana bycatch is most effective in attending both
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interests. Nevertheless, as franciscana is a highly mobile species, a precautionary
approach is needed to warrant its effective protection. This means ensuring that no-
fishing zones are sufficiently large, flexible, and adaptive to new information in order to
provide us with buffers against uncertainty and ensure that the critical franciscana
habitat has been protected.

The spatial and temporal relationships between bycatch and strandings were
non-significant. This is probably because the spatial patterns of strandings varies
between years due to uneven influence of variables that affect the stranding probability
such as wind direction, currents and distance fishing sets from shore (e.g. Hart,
Mooreside & Crowder, 2006; Peltier et al., 2012; Prado et al., 2013). In addition,
carcasses released in on location may be transported and to strand in another. However,
a similar spatial-temporal pattern between stranding and bycatch was observed for the
croaker fishery. Carcasses released closer to coast have a higher chance of ending
ashore than those released further offshore (e.g. Prado et al., 2013), which probably
explains the better spatial-temporal relationship during the croaker season. Therefore,
during this fishing season, stranding data can be used to identify areas of bycatch by
developing models that take transport patterns into account (e.g. Peltier et al., 2012).

Conservation efforts often have a negative economic impact on the fishing
industry and hence are received with resistance by both fishers and fishery authorities.
However, strong evidence that bycatch of franciscana in southern Brazil is
unsustainable and should be reduced date almost two decades (e.g. Secchi, 1999; Kinas,
2002; Secchi et al., 2003; Secchi & Fletcher, 2004). Based on the results presented here,
we suggest that the combination of levels of fishing-related mortality estimates and the
identification of areas with high risk of bycatch should be the framework for

establishing new, and probably more effective, spatial and temporal fishery
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management strategies to reduce the franciscana’s risk of collapse. For the success of
this management strategy, an assessment of the franciscana population viability that
takes into account different levels of reduction in fishing effort is also recommended.
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