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Resumo

No Oceano Atlantico Sul-Ocidental, o boto-de-Lahille (Tursiops truncatus gephyreus)
distribui-se de forma restrita nas aguas costeiras do sul do Brasil, Uruguai e norte da
Argentina. Seus habitos costeiros o tornam uma espécie suscetivel a impactos antrépicos,
principalmente aos efeitos negativos das interagdes com atividades pesqueiras, como a
redugdo da disponibilidade de suas presas. Com o objetivo de avaliar mudangas histéricas na
dieta e estimar a ecologia trofica e uso do habitat atual do boto foram realizadas analises de
isotopos estaveis de carbono (8'°C) e nitrogénio (8!°N) em amostras de osso de espécimes
depositados em museus e cole¢des cientificas do Brasil (BR), Uruguai (URU) e Argentina
(ARG), coletadas nos periodos I (1900-1950), IT (1951-1980), III (1981-2000), e IV (2000-
2017). Os valores isotdpicos dos botos da ARG foram diferentes do URU e BR desde
mediados do SXX até o presente (periodos II, III e IV), refletindo uma provavel varia¢do na
composicdo da dieta ou diferencas nos valores isotdpicos basais entre as areas. Estas
diferengas coincidem com a separagdo em Unidades Evolutivamente Significantes
previamente postuladas com base em dados genéticos. Na ARG o nicho isotdpico
consideravelmente amplo da espécie evidenciado nas amostras coletadas no periodo I foi
substituido por um nicho mais estreito nos periodos III e IV, ocupando apenas uma porgao
deste nicho mais amplo do periodo 1. Nesta area, o boto tinha uma presenca comum ao longo
de toda a regido norte da costa argentina. Hoje, apenas populagdes com um numero reduzido
de individuos podem ser encontradas ao sul da provincia de Buenos Aires e na costa norte da
Patagdnia. A dieta do boto teve uma pequena alteracdo nas proporcdes das presas entre os
periodos III e IV nesta area. No URU, peixes como Trichiurus lepturus e Mugil sp. sdo as
que mais contribuem com a dieta atualmente (Periodo IV). Porém, outras espécies demersais
também faziam parte da dieta durante o periodo III, porém em menor propor¢do que as duas
principais. Estas mudangas podem ser devidas a sobre-exploracao de presas demersais como
demonstrado para a populagdo do estuario da Lagoa dos Patos (BR). A analise retrospectiva
de amostras arquivadas em coleg¢des cientificas do boto-de-Lahille contribuiu para ampliar o
conhecimento da estrutura ecoldgica e do comportamento alimentar dessa subespécie pouco
conhecida.

Palavras chave: Dieta, Modelos de mistura, Nicho isotopico, Oceano Atlantico Sul-

Ocidental, boto-de-Lahille.



Abstract

In the Southwest Atlantic Ocean, the Lahille’s bottlenose dolphin (LBD - Tursiops truncatus
gephyreus) is restricted to the coastal waters of southern Brazil, Uruguay and northern
Argentina. Its coastal habits make it a species susceptible to anthropogenic impacts, mainly
to the negative effects of interactions with fishing activities, such as the reduction of the
availability of its prey. In order to evaluate historical changes in the diet and estimate the
trophic ecology and use of the current habitat of the LBD, analyzes of stable isotopes of
carbon (8'°C) and nitrogen (8'°N) were carried out on bone samples from specimens
deposited in museums and collections scientific data from Brazil (BR), Uruguay (UY) and
Argentina (ARGQG), collected in periods I (1900-1950), IT (1951-1980), III (1981-2000), and
IV (2000-2017). The isotopic values of ARG dolphins were different from UY and BR from
mid-20™ century to the present, reflecting a probable variation in the composition of the diet
or differences in the basal isotopic values between the areas. These differences coincide with
the separation into Evolutionary Significant Units previously postulated based on genetic
data. In the ARG the considerably broad isotopic niche of the species shown in the samples
collected in period I was replaced by a narrower niche, occupying only a portion of this
primordial niche. In this area, the dolphin had a common presence throughout the northern
region of the Argentine coast. Today, only a few populations with a small number of
individuals can be found south of the province of Buenos Aires and on the northern coast of
Patagonia. The current LBD diet had a small change in the proportions of prey between
periods III and IV in this area. In UY, fish such as Trichiurus lepturus and Mugil sp. are the
ones that most contribute to the diet in the present (Period IV). However, other demersal
species were also part of the diet during period III, but to a lesser extent than the main two.
These changes may be due to the overexploitation of demersal prey as shown for the
population of BR. The retrospective analysis of samples stored in scientific collections of the
Lahille’s bottlenose dolphin contributed to the knowledge of the ecological structure and

feeding behavior of this little-known subspecies

Keywords: Diet, Mixing models, Isotopic niche, South-Western Atlantic Ocean, Lahille’s

bottlenose dolphin



1.INTRODUCAO

Os grandes predadores marinhos sdo de particular interesse como indicadores de
mudangas no ecossistema devido a sua elevada posi¢ao trofica na cadeia alimentar e ciclo de
vida normalmente longo (Sergio et al. 2008). Mudancas na ecologia tréfica (nivel trofico,
localizagdao de forrageamento) t€m sido consideradas como importantes reguladores do

tamanho das populagdes e da distribuicio de organismos marinhos (Osterblom et al. 2008).

Os cetaceos sao animais de grande porte e altamente moveis que vivem em ambientes
dinamicos, sendo considerados predadores importantes nos ecossistemas marinhos
(Savenkoff et al. 2008). Entender as interagdes troficas e as posigdes que estes organismos
ocupam nas teias alimentares, contribui para a compreensido do funcionamento, estrutura e
fluxo energético dos ecossistemas marinhos (Pauly et al. 1998). Como os principais
predadores dependem de transferéncias de energia que ocorre a cada nivel trofico, eles sdo
sensiveis a perturbagdes em qualquer ponto da cadeia alimentar. Assim, alteragdes no
tamanho da populag¢ao, distribui¢ao ou ecologia de forrageamento dos principais predadores

podem indicar mudangas estruturais dos ecossistemas (Rossman et al. 2012).

Existe também uma variedade de disturbios antropogénicos, incluindo poluicao,
alteracdo de habitat e perturbagdes climaticas que podem afetar os ecossistemas marinhos.
Nao obstante, a alteracdo no ecossistema ¢ frequentemente dificil de documentar porque os
disturbios ocorrem em varias escalas temporais e a grande maioria dos estudos ecoldgicos se
estende por apenas alguns anos (Knowlton & Jackson 2008). Apesar das diversas pressoes
sobre seus habitats, os mamiferos marinhos que habitam ambientes costeiros altamente
modificados parecem ter alta capacidade de adaptacdo as mudancas. Porém, como as
alteracdes demograficas podem ser lentas e dificeis de detectar, raramente ¢ comprovado se
tais alteragdes tém efeitos negativos. No caso de pequenas populacdes locais de espécies
ameacadas de extingcdo, como a baleia-franca-do-norte (Eubalaena glacialis), a vaquita
(Phocoena sinus), os perigos das pressdes de habitat sdo evidentes. Porém o conhecimento ¢

ainda limitado para varias espécies (Evans 2018).

O golfinho-nariz-de-garrafa (Tursiops truncatus) ¢ uma espécie amplamente
distribuida em 4guas tropicais e temperadas de todos os oceanos, ocorrendo ao longo da costa

e em aguas mais profundas, tanto na plataforma continental quanto em oceano aberto
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(Leatherwood & Reeves 1983). Esta adaptacdo a uma ampla variedade de ambientes resulta
numa variagdo geografica significativa da espécie, sendo reconhecidos ecotipos costeiros e

oceanicos em varias regides ao longo da sua distribuicao (Perrin et al. 2011).

No Oceano Atlantico Sul Ocidental (ASO) o golfinho-nariz-de-garrafa ocorre desde
a foz do Rio Amazonas, no norte do Brasil (Siciliano et al. 2008) até a provincia argentina
de Tierra del Fuego (Godall et al. 2011). Nesta regido, a taxonomia da espécie tem sido
controversa, devido a pontos de vista divergentes sobre o grau de diferenciagdo entre os
ecotipos ocednico e costeiro. Os ecdtipos parecem ocorrer em parapatria, sendo o ecotipo
oceadnico distribuido amplamente em aguas mais profundas, enquanto o ecdtipo costeiro
parece estar restrito a areas de baixas profundidades entre o litoral de Santa Catarina e o norte
da patagénia Argentina. Caracteristicas externas distintas foram descritas entre os dois
ecotipos, sendo que o costeiro apresenta uma nadadeira dorsal triangular, focinho mais longo
e coloracdo cinza clara; O ecotipo costeiro foi descrito pela primeira vez por Lahille (1908)
como Tursiops gephyreus. Ja o ecotipo oceanico apresenta coloracdo mais escura e nadadeira
dorsal falcada (Vermeulen & Cammareri 2009, Simdes-Lopes et al. 2019). Recentemente foi
encontrada uma marcada diferenciagdo genética entre os ecOtipos costeiro € oceanico
sugerindo isolamento genético de longo prazo no ASO (Fruet et al. 2017). Por esta razao,
especialmente devido a diferencas na morfologia craniana, alguns autores defendem que
essas caracteristicas sdo suficientes para classificar o ecotipo costeiro como uma espécie, o
boto-de-Lahille Tursiops gephyreus (Wickert et al. 2016). Por outro lado, alguns autores
defendem a teoria de que os ecotipos ainda encontram-se em processo de especiacao recente
e, portanto, deveriam ser classificados como uma subespécie, 7. t. gephyreus (Costa et al.
2016; 2019). Neste trabalho, ¢ assumida a condicdo de subespécie. Porém,
independentemente da sua classificagdo taxondmica atual e sob ponto de vista bioldgico, €
importante considerar que o boto-de-Lahille ¢ uma entidade evolutiva distinta do ecétipo
oceanico e, portanto, devera ser tratada como tal para fins de pesquisa, conservagao e agoes

de mitigacao de impactos.

Especificamente sobre o boto-de-Lahille (daqui para diante referido como boto),
destaca-se que a espécie ocorre somente em uma pequena por¢ao do Oceano Atlantico Sul-
Ocidental, em 4guas do sul do Brasil, Uruguai e norte da Argentina (Costa et al. 2016,

Vermeulen et al. 2017). Suas populagdes sdo pequenas e preferencialmente ocorrem em



zonas costeiras e estuarinas, em aguas rasas, com profundidades inferiores a 20 m (Di Tullio

etal. 2016).

Estudos genéticos evidenciam duas linhagens distintas do boto, uma que ocorre na
Argentina e outra no sul do Brasil e Uruguai, representando duas unidades evolutivas
diferentes. Além disso, apresentam niveis de diversidade genética nuclear notavelmente
baixos, refletindo o pequeno tamanho das comunidades locais de botos ao sul do Brasil,
Uruguai e Argentina central (Fruet et al. 2014), as quais ndo ultrapassam os 100 individuos

(Fruet et al. 2016).

Os machos podem atingir aproximadamente 400 cm de comprimento, sendo que se
estima que atinjam a maturidade sexual com tamanhos corporais superiores a 350 cm e ao
redor dos 18 anos. Por outro lado, as fémeas parecem estar maduras sexualmente quando
atingem tamanhos superiores a 316 cm e 13 anos de idade (Venuto et al. 2020). A primavera
e verao demarcam sua época reprodutiva, quando os individuos tém maior atividade na
superficie e maior contato entre os individuos. E uma espécie poligdmica e procriam uma

unica cria a cada dois ou trés anos, em média (Fruet et al. 2015, Laporta et al. 2016).

O boto ¢ considerado um consumidor generalista. No Estuério da Lagoa dos Patos e
regido costeira adjacente a espécie € preferencialmente ictiofaga consumindo principalmente
peixes scianideos peldgico-demersais e demersais. Porém, apresenta algum grau de
plasticidade nos habitos de forrageio e na alimenta¢do de acordo com padrdes espaciais e
temporais de disponibilidade de presas. Nesta populagdo, foi evidenciada uma mudanca na
contribuicao das principais presas possivelmente devido a menor disponibilidade das mesmas
causadas pela sobre-exploragdo pela pesca comercial (Secchi et al. 2016). Por outro lado,
tanto no Uruguai como na Argentina os dados sobre a dieta do boto sdo virtualmente
inexistentes, limitando-se a descricdo de presas encontradas no contetido estomacal de uns
poucos individuos (Mermoz 1977, Moreno et al. 1984, Laporta et al. 2016). Estes poucos

registros indicam uma dieta baseada principalmente em peixes demersais.

A situagdo de conservagao do boto foi recentemente avaliada, sendo considerado pela
IUCN como “Vulneravel” (Vermeulen et al. 2019a), enquanto no Brasil a subespécie ¢
considerada como “Em Perigo” e consta nas listas das espécies ameacadas de Uruguai

(Soutullo et al. 2013) e Argentina (Vermeulen et al. 2019b). Sua distribuicao costeira torna
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a espécie mais suscetivel a impactos antropicos, principalmente aos efeitos negativos das
interacdes com atividades pesqueiras, como a captura incidental em redes de pesca ¢ a
competi¢ao entre os botos e a pesca por meio da reducao da disponibilidade de suas presas

(Fruet et al. 2012, Secchi et al. 2016).

Figura 1. Exemplar de Tursiops truncatus gephyreus. Foto Projeto Botos da Lagoa.

Aparentemente, as ameagas mais sérias e continuas para os botos ao longo da costa
do ASO sdo encontradas no sul do Brasil e Uruguai devido as taxas crescentes de mortalidade
relacionada a atividades antropicas durante a ultima década (Fruet et al. 2012). Esta
populacdo também enfrenta degradacdo do habitat costeiro consideravel causado pelas
atividades industriais e portudrias (Tagliani et al. 2007). No entanto, uma atividade que
potencialmente pode ser a principal causa de uma mudanca na ecologia do boto ¢ a
exploragdo pesqueira desenvolvida na regido responsavel, em parte, pelo crescimento urbano

na periferia e o seu desenvolvimento econdmico.

O estudrio da Lagoa dos Patos foi objeto de multiplas atividades humanas, sendo

descritas interferéncias ecoldgicas desde o século XIX (Von Thering 1885). Até a década de



1940, a pesca na Lagoa dos Patos e sua regido estuarina dependia de pequenas embarcagdes
e botes de remo; depois, se introduziram meios modernos de estocagem e transporte que
permitiu aos pescadores artesanais realizarem a pesca de arrasto. Em 1980, a sobrepesca
associada a captura indiscriminada no periodo de reproducao provocou uma diminui¢ao nos
estoques estuarinos de varias espécies, principalmente Pogonia cromis (corvina preta),
Micropogonias furnieri (corvina) e Genidens barbus (bagre) (Reis et al. 1994). Atualmente,
as redes de cerco e redes costeiras de emalhe que operam muito perto da costa, e que tem
como alvo espécies de peixes demersais constituem a principal ameaga a conservacao do

boto (Fruet et al. 2014; 2016).

Tanto no Uruguai quanto para Argentina, a mortalidade por pesca ndo parece ser a
base do declinio historico da populacao de boto (P .Laporta e R. Bastida, com. pessoal);
todavia, existe pouca informagao sobre possiveis ameagas diretas e indiretas aos botos nas
dguas uruguaias e argentinas. Especula-se que a contaminagdo por efluentes agricolas possa
ter um impacto significativo devido a carga poluente detectada em outros organismos
marinhos na descarga do Canal Andreoni, uma area de alta ocorréncia do boto (Franco-Trecu
et al. 2009, Passadore et al. 2015). Por outro lado, a reduc¢do da disponibilidade de presas,
causada pela sobre-exploragdo e destrui¢do de ecossistemas bentonicos pelas pescarias
(Lercari & Defeo 1999, Sauco et al. 2010), sdo outras possiveis ameacas para a subespécie
no Uruguai. O estuario do Rio de la Plata tem sido explorado pelas pescarias artesanais desde
1880 e, de forma industrial aproximadamente a partir de 1980. No inicio dos anos 2000, a
pesca da corvina Micropogonias furnieri, em aguas mixohalinas envolve cerca de 200
embarcacdes e 1.000 pescadores, enquanto na Zona de Pesca Comum Argentina-Uruguai, a

espécie ¢ claramente sobreexplorada (Garcia, 2013; Mianzan et al. 2001).

Na Argentina, alguns autores registrarem um declinio nos avistamentos do boto na
costa norte de Buenos Aires e Chubut nas ultimas décadas, principalmente na provincia norte
de Buenos Aires, onde a espécie parece ter desaparecido completamente (Bastida &
Rodriguez 2003, Coscarella et al. 2012, Vermeulen et al. 2018; 2019b) (Figura 2).
Atualmente, uma pequena populagdo residente de botos, ocupa a regido da Bahia de San
Antonio em Chubut (Vermeulen & Briger 2015, Vermeulen et al. 2016). Nesta populagao,
aparentemente, a mortalidade de adultos ndo ¢ a maior ameaga, ja que apresentam altas taxas

de sobrevivéncia (Vermeulen & Bréager 2015). No entanto, foi registrado um pequeno
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numero de fémeas reprodutoras e, portanto, uma baixa taxa de recrutamento nessa populagao,
causando um declinio consideravel na populag¢do (Vermeulen & Briger 2015). Foi observada
uma auséncia de crias em Chubut (Coscarella 2012) como o relatado por Bastida
(comunicagdo pessoal) para Buenos Aires entre 1970 e 1980. A captura acidental nas artes
de pesca nesta area parece ndo ser comum, com apenas alguns estudos relatando captura de
nove individuos ao total, provavelmente como resultado do uso diferencial do espago entre

as pescarias e os botos (Fruet et al. 2016). Devido as grandes pressoes que as populacdes

sofrem, o boto encontra-se protegido por lei nos trés paises que ele ocorre (Vermeulen et al.

2019a).

Figura 2. Boto-de-Lahille (Tursiops truncatus gephyreus) nas costas de Buenos Aires,

Argentina, na década de 1970. Foto: Ricardo Bastida
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A recuperacdo de informagdes historicas sobre a ecologia destas espécies ¢ de
extrema importancia para poder compreender os fatores historicos e atuais que poderiam

estar associados ao declinio das suas populagdes ao longo da sua distribuigao.

1.2Analise de isotopos estaveis

Estudos de dieta sio comumente realizados mediante a analise de contedo estomacal
cujo estudo fornece informagdes sobre as presas ingeridas nas ultimas horas ou dias, o que
pode levar a uma sub ou superestimag¢do de determinadas presas devido a tempos de digestao
distintos entre elas (Hyslop 1980). Desta forma, metodologias complementares, como a
analise de isotopos estaveis (AIE) vém sendo comumente aplicadas para estudos sobre a
ecologia trofica e o uso do habitat dos mamiferos aquaticos (Botta et al. 2012, Riccialdelli et

al. 2012) assim como para avaliar mudancas histéricas na dieta (Szteren et al. 2018).

A inferéncia de dieta por meio da AIE baseia-se na analise da composicao isotopica
(expressas na notagao 0, em partes per mil) dos tecidos dos consumidores, a qual ¢ produto
dos processos metabodlicos envolvidos na assimilacdo do alimento ingerido (BenDavid &
Flaherty 2012). Os isétopos estaveis mais comumente usados sdo os de '*C/!*Ce nitrogénio
ISN/MN. A razdo (R) de dois isotopos estaveis, um pesado e um leve (13C/12C e N/1N) é
quantificada nas amostras e expressa em relagdo a aquela encontrada num padrdo
internacionalmente aceito com notagdo delta X%o= [Ramostra/Rpadrio]-1 *¥1000 onde X= 13C
ou '°N. Uma amostra que possui maior quantidade do isétopo pesado com relagio ao padrio
¢ comumente chamada de enriquecida, e aquelas com quantidades proporcionalmente
menores do isdtopo pesado e chamada empobrecida. Por outro lado, o fracionamento
isotdpico € o processo pelo qual um isétopo € discriminado em relag@o a outro, ou € absorvido
preferencialmente, de forma que o produto possui um valor 6 diferente a fonte. Dessa forma
o fracionamento resulta num enriquecimento ou empobrecimento do is6topo pesado numa
amostra (predador) em relagcdo a sua fonte (presa). Assim, as composicdes isotdpicas dos
predadores estdo diretamente relacionadas aquelas presentes nas suas dietas, porém estdo
tipicamente enriquecidos nos isétopos mais pesados como produto da discriminagao

1sotopica dos is6topos mais leves durante o metabolismo.
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A menor discriminagdo isotopica do '3C em relagdio ao '2C comparada a maior
discriminacdo sofrida pelo '’N em relag¢do ao N faz com que os valores de §!°C e §'°N
sejam utilizados em conjunto para indicar a base das redes troficas nas quais o predador esta
se alimentando (8'3C), assim como para evidenciar a posigdo trofica ocupada pelo predador
(8'°N). (Peterson & Fry 1987). Estes tracadores também permitem avaliar a contribuicdo
proporcional de potenciais recursos alimentares para a dieta por meio de modelos de mistura

isotopica (Parnell et al. 2013).

A logica por tras do uso destes tracadores para estudar o uso do habitat de diferentes
predadores marinhos baseia-se na existéncia de um gradiente isotopico entre o ambiente
costeiro, onde a producdo primaria se baseia em macréfitas e macroalgas (i.e. mais
enriquecido em '°C), e o peldgico, com valores menores de §'°C devido a produgdo
exclusivamente fitoplanctonica (Cherel & Hobson 2007, Graham et al. 2010). Os valores de
813C também podem variar de acordo com a profundidade da coluna d’agua, onde ambientes
bentdnicos tendem a ser mais enriquecidos em ’C (France 1994). Portanto, o &'°C ¢é
comumente utilizado na investigacdo do uso de diferentes habitats pelos consumidores
(Cherel & Hobson 2007, Graham et al. 2010). Os valores de §'°N sdo comumente utilizados
para estimar a posi¢ao trofica dos consumidores, assim permitindo avaliar o fluxo de energia
e os niveis troficos dos individuos (Post 2002). Porém, estes valores também podem ser
utilizados como tragadores espaciais ja que as diversas fontes de nitrogénio utilizadas pelos

produtores fazem com que estes possuam valores isotopicos distintos (Sigman et al. 2009).

Ainda, estes tragadores vém sendo utilizados para estimar o nicho ecologico de
diversas espécies, por meio da interpretacdo dos valores de 8°C e 8'°N como uma
aproximacao dos eixos espacial e trofico, respectivamente, do hipervolume n-dimensional ou

nicho ecologico (i.e., nicho isotdpico, Bearhop et al. 2004, Newsome et al. 2007).

Por outro lado, a analise de is6topos estaveis possui a vantagem de proporcionar
informacao referente a diversas escalas temporais por meio da analise de tecidos com
diferentes taxas de renovagdo. Aqueles tecidos que sdo rapidamente renovados como a pele
ou o sangue, revelam a dieta de um animal em um passado relativamente recente (Ben-David
& Flaherty 2012). Por outro lado, tecidos metabolicamente inertes apos a deposicao (p.ex.

pelos, bigodes, dentes ou barbatanas) ou de lenta renovagao (p.ex. 0sso), permitem acessar a
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informagdo da dieta do organismo a longo prazo (Knoff et al. 2002, Szteren et al. 2018).
Assim, amostras para analise isotopica adquiridas dos dentes e 0ssos de espécimes de museus
e colegdes cientificas podem ser usadas para possibilidade de analisar mudangas temporais

na dieta dos organismos (Walker et al. 1999).

Neste contexto, no presente trabalho utilizaram-se amostras de ossos de exemplares de boto,
depositadas em colegdes cientificas do Brasil, Uruguai e Argentina para investigar a variagao
temporal dos componentes trofico e espacial do nicho ecologico desta espécie. As hipdteses

postuladas, foram as seguintes:

1. Os botos do Brasil e Uruguai serdo isotopicamente distintos daqueles encontrados na
Argentina, principalmente no periodo recente, devido ao isolamento das populagdes

remanentes da subespécie neste ultimo pais;

2. Os botos de Uruguai e Argentina haverao sofrido uma modificagao na propor¢ao das suas
presas principais devido a pressdo de sobrepesca sobre as mesmas, similar ao reportado para

os botos do sul do Brasil.

2. OBJETIVOS

2.1 Objetivo geral

Avaliar a variagdo geografica e temporal na dieta e o nicho isotopico do boto-de-
Lahille, Tursiops truncatus gephyreus, nas costas do sul do Brasil, Uruguai e norte da

Argentina.

2.2 Objetivos especificos

(D) Avaliar a existéncia de tendéncias temporais nos valores isotopicos dos botos das

costas do sul do Brasil, Uruguai e norte da Argentina;

(IT) Estimar o nicho isotdpico do boto nas trés areas e suas diferencas temporais;
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(IIT) Estimar a composicao da dieta dos botos do Uruguai e Argentina e sua variacao

temporal.

3.MATERIAL E METODOS
3.1 Area de estudo e amostragem

Os ecossistemas costeiros do Atlantico Sul Ocidental sdo altamente influenciados por
interagdes entre condigdes climdaticas, descargas continentais e condigdes oceanograficas
(Kjerfve et al. 2001). Nesta regido ¢ originada a Convergéncia subtropical a partir do
encontro das aguas frias da corrente das Malvinas e as 4guas quentes da corrente do Brasil.
A regido costeira caracterizada pelas condi¢cdes oceanograficas e climdticas principalmente
os ventos NE que dominam durante a maioria do ano e os ventos Sul durante o inverno. O

ambiente estuarino-costeiro ¢ controlado diretamente pelas descargas de 4gua doce das bacias

hidrograficas do Rio la Plata e do sistema lagunar Patos-Mirim (Seeglier & Obredecht 2010).

A Lagoa dos Patos situada no extremo sul do Brasil forma uma regido estuarina de
aproximadamente 1000 km? cuja conexdo com o Oceano Atlantico ocorre através de um
estreito canal (Seeliger 2004). O estuério ¢ influenciado principalmente por ventos NE-SW,
com padrdes sazonais que fazem do vento o maior fator forgcante do sistema da Lagoa dos

Patos controlando a circulagdo, salinidade e os niveis de agua. (Seeliger et al. 1998).

Por outro lado, a dinamica do estuario do Rio de la Plata ¢ controlada pelas ondas
provocadas pela maré e pelo vento e pelo escoamento continental, mas modificada pela
topografia e pela for¢a de Coriolis. O equilibrio entre essas forgcas ¢ altamente variavel,
dependendo em grande parte da intensidade do estresse do vento e da descarga de agua doce
(Guerrero et al. 1997). Durante o outono e inverno, o estuario ¢ caracterizado pela menor
influéncia do vento e um méximo no escoamento do rio, resultando em um regime de menor
salinidade; ja durante o periodo de primavera e verao, hd ventos em terra predominantes e
um minimo de escoamento continental induzindo uma condi¢ao de salinidade mais alta. O
movimento da dgua salina ¢ maior na costa norte, através do canal norte profundo. A

temperatura média permanece quase homogéneo nos periodos quente (dezembro-margo) e



13

frio (junho-setembro), tanto na escala vertical quanto na horizontal com uma variagdo entre
8 ¢ 27,5 ° C (Guerrero et al. 1997) .O estuario do Rio de la Plata ¢ o acesso maritimo a um
sistema fluvial altamente complexo pelo que atividades industriais e conglomerados urbanos
podem afetar o habitat aquatico e entrar em conflito com questdes ambientais (Mianzan

2001).

Fragmentos o6sseos de 103 espécimes maduros de botos-de-Lahille (Tursiops
truncatus gephyreus) (com ossos do cranio fusionados) foram extraidos das cole¢des
cientificas de diferentes institui¢des da Argentina, Uruguai e Brasil. Os espécimes foram
coletados entre 1903 e 2018 ao longo das costas do Rio Grande do Sul, Brasil, de algumas
localidades do Uruguai e do norte da Argentina. Os pequenos fragmentos 0sseos foram
removidos da parte interna do cranio para ndo interferir nas medidas morfométricas do

mesSmo.

No caso da Argentina, foram coletados tecidos musculares da regido dorso lateral de
de peixes e mantos de lulas, considerados presas potenciais para os golfinhos, de acordo com
os escassos relatorios cientificos e observacdes pessoais (Bastida e Lichtschein, 1984;
Laporta et al., 2016; Moreno et al., 1984; Vermeulen et al., 2019). Estes foram coletados com
varias artes de captura: pesca esportiva e artesanal para amostras costeiras e redes de arrasto
para amostras estuarinas, entre abril e dezembro do 2018 em Mar del Plata e Baia
Samborombon. Diversos trabalhos foram publicados sobre a dieta de preadores marinhos na
regido do Uruguai (e.g. Franco-Trecu et al. 2012, 2013), de forma que estes valores foram
utilizados nos modelos de mistura sem a necessidade de serem realizadas amostragens de

presas nesse pais.

3.2 Preparacio e analise quimica das amostras

As amostras de osso foram limpas com agua destilada e lixadas com uma ferramenta
Dremel para eliminar impurezas externas. Em seguida, a extracdo lipidica foi realizada pela
técnica de cloroformio-metanol (2: 1) durante 8 horas, utilizando um soxhlet. Os fragmentos
Osseos foram pulverizados e acidificados para remover o carbono inorganico usando HCI a

uma concentragao de 2% com substitui¢ao da solugdo acida a cada 24 horas (dois ciclos) e
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lavados com lavagens sucessivas de 4gua deionizada e secos a 60 °C. As amostras de musculo
das presas foram lavadas com 4gua destilada e secas em estufa elétrica por 48 horas a 60-70°

C. Posteriormente foram processadas com morteiro e colocadas em Eppendorf (Fig. 3)

Aproximadamente 0,7-1 mg de p6 (osso e musculo) foram pesados e armazenados
em capsulas de estanho para andlise isotdpica. A andlise de isdtopos estaveis foi realizada
usando um espectrometro de massa com razao de is6topos na Universidade do Novo México
(EUA). As razdes isotopicas foram representadas na notag¢ao delta (d) tendo como baseos
padrdes internacionais como Pee Dee Belemnite (VPDB) para carbono, N2 atmosférico para

nitrogénio pela seguinte equagao :

5 (%) = Ramostra 1
%)~ "Rpadrio

Figura 3. Processamento de amostras: a) Selecdo de cranios com osso fusionados, b)
Limpeza de amostras, c) Extragdo de lipidios, d) Maceracdo da amostra, e) Acidificagdo

f) Pesagem em cépsulas de estanho.
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3.3 Analises estatisticas

Os valores isotopicos de carbono foram corrigidos segundo Colluen (2001) usando
uma corre¢ao de 0,005 %o para amostras antes de 1960 (Eq.1) e 0,022 %o para dados apods
1960 (Eq. 2), da seguinte maneira:

Equacdo 1: §'°C corrigido = §'3C-Numero de anos até 1960 * 0,005-Ntimero de anos

desde 1960 * 0,022
Equagio 2: §"*C corrigido = §'°C- Numero de anos desde 1960 * 0,022

Para testar as diferengas regionais e temporais nos valores isotopicos, as amostras
foram divididas em quatro periodos: 1)1900-1950, 11)1951-1980, 111)1981-2000 ¢ IV) 2000-
2017. Essa divisao foi realizada considerando principalmente a exploracdo pesqueira. O
primeiro periodo (1900-1950) representa um ambiente do comego do século passado; o
segundo periodo (1951-1980) representa a etapa anterior ao inicio da pesca em grande escala
no SWA; o terceiro periodo (1981-2000) inclui o inicio da atividade pesqueira que levou a
sobrepesca atual e ¢ contemporaneo com o desaparecimento de 7. truncatus gephyreus no
norte da provincia de Buenos Aires (Vermeulen et al. 2017; 2018); o quarto periodo (2000-
2017) inclui as amostras mais recentes coletadas nas areas onde a subespécie ainda ocorre.
ANOVAs de duas vias, seguidas de testes post hoc de Tukey, foram utilizados para analisar
os efeitos da area de amostragem (sul do Brasil, Uruguai e Argentina) e do periodo (I a IV)
e sua intera¢do nos valores isotdpicos dos golfinhos. Nenhum boto do periodo I estava

disponivel para o Brasil.

O pacote SIBER (Stable Isotope Bayesian Elipses in R, Jackson et al. 2019) foi usado
para estimar o nicho isotdpico dos golfinhos (Jackson et al. 2012). As areas de elipse padrao
corrigidas para pequenas amostras (SEAc) foram geradas para cada periodo e area, sempre
que o tamanho da amostra fosse > 4. As areas de sobreposi¢do entre pares de elipses foram
calculadas. As elipses bayesianas (Bayesian standard elipse areas SEAB) foram calculadas

assim como seus respectivos intervalos de credibilidade.

Os modelos de mistura isotopica utilizam dados do tragadores, como os is6topos

estavéis para estimar as propor¢des de contribuigdes das fontes (presas) a uma mistura
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(consumidor). Os modelos de mistura bayesiana consideram explicitamente a incerteza nos
valores das fontes, covariaveis categdricas e continuas e informagdes a priori. Por tanto foram
usados para avaliar a contribuigdo relativa das diferentes presas na dieta do boto da Argentina
e do Uruguai. O pacote MixSiar (versdo R 3.5.0, Stock & Semmens 2016) foi executado para
botos coletados nos Periodos III e IV, a fim de minimizar possiveis diferengas temporais nos
valores isotopicos das presas. Resultados isotopicos das presas da ARG (presente estudo)
foram utilizados nos modelos. Essas fontes foram agrupadas em grupos de acordo com o
resultado das andlises de agrupamento, usando os valores médios de 013C e 015N para cada
espécie de presa como variaveis independentes. Além disso, esses resultados foram apoiados
pela inspecdo visual do SEAc das presas gerado para cada espécie de peixe. Quase nenhuma
informacao est4 disponivel para a composicao da dieta dos botos do Uruguai. No entanto,
com base em padroes de deslocamento dos botos’conhecidos entre o Uruguai e o sul do Brasil
(Laporta et al. 2016) e a similaridade da fauna de peixes entre essas areas, a composicao de
presas conhecida dos botos do Brasil (Secchi et al. 2016) foi usada para selecionar fontes
para os modelos de mistura. Portanto, foram utilizados dados isotopicos publicados de presas
de amostras coletadas em URU (Franco-Trecu et al. 2012, Franco-Trecu et al. 2013,

Bergamino et al. 2011).

Nenhum fator de discriminacdo trofica (TDFs) para colageno dsseo de cetaceo esta
disponivel; portanto, TDFs genéricos de 5,0% (£ 0,5% DP) e 3,4% (£ 0,5% DP) para §'*C e
8'°N, respectivamente, foram usados no modelo (Secchi et al. 2016). A adequagio dos grupos
de presas e TDFs a cada modelo de mistura foi testada usando poligonos de mistura (Smith
et al. 2013). Esses modelos forneceram uma base quantitativa para aceitagdo ou rejei¢ao do
modelo, com base na probabilidade (95%) do modelo de mistura proposto possa calcular
corretamente as contribui¢gdes das fontes alimentares de acordo com a composigdo isotopica
dos botos e as suas presas. Todas as analises foram realizadas no ambiente estatistico R (R

Core Team 2016).

4. RESULTADOS E DISCUSSAO (SINTESE)

e Os valores isotopicos dos botos-de-Lahille presentes nas costas da Argentina foram

superiores aos do Uruguai e do sul do Brasil, refletindo uma provavel variagdo na
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composi¢ao da dieta ou diferengas nos valores isotopicos basais entre as areas. Estas
diferencas coincidem com a separagdo em Unidades Evolutivamente Significativas
previamente postuladas com base em dados genéticos.

A diferenca entre os valores isotopicos das amostras historicas de Brasil e Uruguai com
aqueles da Argentina ¢ consistente ao longo das tltimas décadas, provavelmente devido
a uma estruturacdo ecologica diferente, impulsada por uma barreira entre estas
populagdes (i.e. estuario do Rio de la Plata). Este estuario parece ter um papel estruturante
para diversas populagdes que habitam as regides costeiras desta parte do Atlantico Sul
Ocidental.

Uma redugao no nicho isotdpico do boto na regido da Argentina pode ser evidenciada no
periodo mais recente. De fato, o nicho isotdpico consideravelmente amplo da espécie
evidenciado nas amostras coletadas no periodo I (inicio do séc. XX) foi substituido por
um nicho mais estreito, ocupando apenas uma porc¢ao deste nicho inicial. Nesta area, o
boto tinha uma presenga comum ao longo de toda a regido norte da costa argentina, desde
o estuario do Rio de la Plata até o golfo San Matias, no norte da Patagonia. Atualmente
populagdes com um numero reduzido de individuos podem ser encontradas ao sul da
provincia de Buenos Aires e na costa norte da Patagonia. Assim, o reduzido nicho obtido
para as amostras do Periodo IV, pode estar evidenciando esta drastica redu¢do na
diversidade de hébitats de forrageio antigamente utilizados pela espécie.

A dieta atual do boto (periodo IV) na costa argentina baseia-se principalmente em peixes
demersais, de alto nivel tréfico como Cynoscion guatucupa, Pagrus pagrus e Percophis
brasilensis e, em menor propor¢do, por espécies detritivoras (e.g. Mugil). No periodo
IIl,além das especies acima, outros peixes demersais como Micropogonias furnieri €
Macrodon atricauda também faziam parte da dieta deste predador, porém em menor
propor¢ao.

No Uruguai, peixes como Trichiurus lepturus e Mugil sp. Foram as espécies que mais
contribuiram com a dieta no periodo mais recente(IV). Porém, espécies demersais como
Macrodon atricauda e Micropogonias furnieri também faziam parte da dieta durante o

periodo III, porém em menor propor¢ao que as duas principais.
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5. CONCLUSOES

Os resultados deste trabalho mostraram uma clara distingdo isotopica entre botos de
BR / URU e aqueles amostrados na ARG, o que reforca a distingdo genética previamente
identificada entre essas duas unidades evolutivas. A analise temporal de mais de um século
revelou que essa diferenga era evidente na maioria dos periodos abrangidos por este estudo.
Os modelos de mistura isotopica também mostraram algumas mudangas na composi¢ao da
dieta dos golfinhos do URU que refletiram um pouco o relatado anteriormente para as
populacdes melhores estudadas do sul do Brasil. Na ARG, um encolhimento da area de nicho
isotopico pretérito (periodo I) pode ser evidenciada, onde os botos do periodo IV exibiram
uma area de nicho mais estreita que representa uma porcao do original. Em conclusdo, a
analise retrospectiva por meio da composi¢ao de isétopos estaveis no colageno de amostras
de osso arquivadas em colec¢des cientificas do boto-de-Lahille contribuiu para avangar o
conhecimento da estrutura ecologica e do comportamento alimentar dessa subespécie numa
perspectiva historica. Esses resultados fornecem uma importante contribui¢ao para futuras
estratégias de conservacdo e planos de manejo para essa espécie de cetdceo ameagada,

endémica do sudoeste do Oceano Atlantico.
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Abstract

In the Southwest Atlantic Ocean, the Lahille’s bottlenose dolphin (LBD - Tursiops truncatus
gephyreus) is restricted to the coastal waters of southern Brazil (BR), Uruguay (UY) and
northern Argentina (ARG). Its coastal habits make it a species susceptible to anthropogenic
impacts, mainly to the negative effects of interactions with fishing activities. In order to
evaluate historical changes in the diet and estimate the trophic ecology and use of the current
habitat of the LBD, stable isotopes of carbon (8'°C) and nitrogen (5'°N) were analyzed in
bone samples from specimens deposited in scientific institutions from BR, UY and ARG,
collected in periods PI (1900-1950), PII (1951-1980), PIII (1981-2000), and PIV (2000-
2017). The isotopic values of ARG dolphins were different from UY and BR in PII, III and
IV, reflecting variations in the composition of the diet and/or basal isotopic values. The
considerably broad isotopic niche of the ARG dolphins from PI was replaced by a narrower
niche in PIV. In this area, the species had a common presence throughout the northern region
of the Argentine coast. Today, only a few small populations can be found in the southern
limit of its distribution. The LBD diet had a small change in the proportions of prey between
PIIT and PIV in ARG and UY, which may be due to the overexploitation of demersal prey as
previously shown for the BR population. The retrospective analysis of the LBD diet
contributed to the knowledge of the ecological structure and feeding behavior of this poorly-

known subspecies.

Keywords: carbon, nitrogen, diet, Tursiops truncatus gephyreus, Western South Atlantic

Ocean
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1. Introduction

Large marine predators are of particular interest as indicators of changes in the ecosystem
due to their high trophic position in the food chain and normally long life cycles (Sergio et
al., 2008). Changes in trophic ecology (trophic level, foraging location) have been implicated
as important regulators of population size and the distribution of marine organisms
(Osterblom et al., 2008). Cetaceans are large and highly mobile animals that live in dynamic
environments, being considered important predators in marine ecosystems (Savenkoff et al.
2008). Therefore, understanding the trophic interactions and the positions that these
organisms occupy in the food webs, contributes to reveal the functioning, structure and

energy flow of marine ecosystems (Pauly et al., 1998).

The bottlenose dolphin (Tursiops truncatus) is a species widely distributed in tropical and
temperate waters of all oceans, occurring along the coast and in deeper waters, both on the
continental shelf and in the open ocean (Leatherwood & Reeves 1983). This adaptation to a
wide variety of environments results in a significant geographical variation of the species,
with coastal and oceanic ecotypes being recognized in several regions throughout its
distribution (Perrin et al., 2011). In the Southwestern Atlantic Ocean (SAO) a distinct coastal
ecotype had been described based on external (Simdes-Lopes et al. 2019) and skull characters
(Barreto, 2000; Costa et al., 2016; Wickert et al., 2016). Recently, a marked genetic
differentiation from the oceanic ecotype was found, suggesting long-term genetic isolation
in SAO (Fruet et al., 2017). These characteristics lead to the recognition of this coastal
ecotype as a subspecies, the Lahille’s bottlenose dolphin (Tursiops truncatus gephyreus)

(IWC, 2018).

The Lahille’s bottlenose dolphin occurs only in a small portion of the SAO, between the state
of Parana in southern Brazil in the North (approximately 25°S; Wickert et al., 2016) to the
province of Chubut in Argentina in the South (approximately 46°S; Coscarella et al., 2012),
a distributional range of approximately 3,500 km of coastline (Vermeulen et al., 2019).
Populations are small (<100 individuals) (Fruet et al., 2016) and preferably occur in coastal

and estuarine areas, in shallow waters, with depths below 20 m (Di Tullio et al., 2016).

This dolphin is considered a generalist consumer. In the Patos Lagoon Estuary and adjacent

coastal region, the species is preferably ichthyophagous, consuming mainly pelagic-demersal
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and demersal sciaenid fishes. However, it presents some degree of plasticity in foraging
habits and in feeding according to spatial and temporal patterns of prey availability. Temporal
changes in the contribution of the main prey for this dolphin has been observed, possibly due
to the lower availability of the same prey caused by overexploitation by commercial fishing
(Secchi et al., 2016). On the other hand, both in Uruguay and Argentina, data on this specie’s
diet are very scarce, limited to the description of prey found in the stomach contents of a few
individuals (Mermoz, 1977; Moreno et al., 1984; Laporta et al., 2016). These few records

indicate a diet based mainly on demersal fish.

The conservation status of the Lahille’s bottlenose dolphin was recently assessed, being
considered as “Vulnerable” by the [UCN (Vermeulen et al., 2019) and appears in the lists of
endangered species in Brazil, Uruguay and Argentina (Vermeulen et al., 2019). Its coastal
distribution makes the species more susceptible to anthropogenic impacts, mainly due to the
negative effects of interactions with fishing activities, such as incidental captures in fishing
nets and competition between dolphins and fishing by reducing the availability of their prey
(Fruet et al., 2012; Secchi et al., 2016). In Argentina and Uruguay, the species was formerly
common along coastal regions of Rio de la Plata estuary during the 1960s to 1980s (Léazaro
& Praderi, 2000, Vermeulen et al., 2018). However, its presence is currently reduced to some
portions of its original distribution (Lodi et al., 2017; Vermeulen et al., 2017), which seems
to suggest that some kind of pressure must have played a role in the population decline of the

subspecies (Bastida and Rodriguez, 2003).

Stable isotope analyses (SIA) have been commonly applied to reconstruct the historical diet
of marine megafauna (Riofrio-Lazo & Aurioles-Gamboa, 2013; Artecona et al., 2019). This
method is particularly useful for determining trophic level, identifying major food sources,
and assessing foraging habitats of these predators (Das et al., 2003; Krahn et al.,2007; Pinela
et al., 2010; Ricchialdelli et al., 2010). This information can refer to different time scales
through the analysis of tissues with different renewal rates. Those tissues that are rapidly
renewed, such as skin or blood, reveal an animal's diet in a relatively recent past (Ben-David
and Flaherty, 2012). Carbon stable isotopes (5'C) can provide information on the sources of
the primary productivity (e.g. seagrass, salt marsh, phytoplankton, France, 1995; Walker et
al., 1999; Graham et al., 2010), while and nitrogen (8'°N) is useful to infer the trophic level

and nutrient sources of the food web where the predator forages (Post, 2002; Graham et al.,
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2010). Thus, combining the information derived from these tracers it is possible to provide
insights on the foraging ecology of a species. Furthermore, the isotopic niche, as proxy of the
ecological niche, can be defined by using 8'°C and §'°N data as its scenopoetic and bionomic
axes, respectively (Bearhop et al., 2004; Newsome et al., 2007). On the other hand,
metabolically inert tissues after deposition (e.g. whiskers, teeth) or with low turnover rates

(e.g. bone), allow the access to long-term dietary information (Knoff et al., 2002).

In this study we analyze the carbon and nitrogen stable isotopes composition of bone collagen
from Lahille’s bottlenose dolphin skeletal material deposited in collections which encompass
a time period of more than a century and from locations throughout almost the entire range
of the subspecies. These analyses aimed to evaluate the temporal and spatial variation in
isotopic compositions along the south of Brazil, Uruguay and north of Argentina, and
particularly estimate the diet of the subspecies in Uruguay and Argentina. The retrieval of
historical information about the ecology of this species will help to understand the historical
and current factors that could be associated with the decline of their populations along their

distribution.

2. Materials and methods
2.1. Study area

The coastal ecosystems of the SAO are highly influenced by interactions between climatic
conditions, continental discharges and oceanographic conditions (Kjerfve et al., 2001). In
this region, the subtropical convergence originates from the confluence of cold waters from
the Malvinas current and the warm waters of the Brazilian current. The coastal region is
characterized by oceanographic and climatic conditions, mainly NE winds that dominate
during most of the year and southern winds during the winter. The estuarine-coastal
environment is directly controlled by freshwater discharges from the hydrographic basins of

the Rio de la Plata and the Patos-Mirim lagoon system (Seeglier & Obredecht, 2010).

The Patos Lagoon, located in the extreme south of Brazil, forms an estuarine region of

approximately 1,000 km? whose connection with the Atlantic Ocean occurs through a narrow
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channel (Seeliger, 2004). The estuary is mainly influenced by NE-SW winds; with seasonal
patterns that make wind the major force in the Patos Lagoon system. The NE-SW winds are
the main factors driving circulation, salinity and water levels, although rainfall can generate
salinity gradients during the rainy season (Seeliger et al., 1998). The high primary and
secondary production in the region support important populations of fish, local birds and the

resident population of bottlenose dolphins (Bastida et al., 2007)

On the other hand, the dynamics of the Rio de la Plata estuary are controlled by the tide, the
wind and the continental flow, but modified by the topography and Coriolis force. The
balance between these forces is highly variable, depending largely on the intensity of wind
and freshwater discharge (Guerrero et al., 1997). During autumn and winter, the estuary is
characterized by less influence of the wind and a maximum in the flow of the river, resulting
in a lower salinity regime. In contrast during the spring and summer predominant onshore
winds are predominant and a minimum of river runoff induce higher salinity conditions. The
movement of saline water is greater on the north coast, through the deep North Channel. The
average temperature remains almost homogeneous in the warm (December to March) and
cold (June to September) periods, both on the vertical and on the horizontal scale with a
variation between 8 and 27.5 © C (Guerrero et al., 1997). The Rio de la Plata estuary is a
maritime access to a highly complex river system harboring industrial activities and urban
conglomerates, wich can affect the aquatic habitat and conflict with environmental problems
(Mianzan et al., 2001). The high productivity and consequent biomass present, turn the
estuary of the Rio de la Plata an area of reproduction and breeding of several species of fish
such as sciaenids, clupeids and mugilids, thus becoming an important foraging area for top

predators such as pinnipeds and cetaceans (Bastida et al., 2007).
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Figure 1. Map of the study area. The colored line indicates the sampling area of Lahille’s bottlenose

dolphins.
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2.2 Sampling

Bone fragments were extracted from 103 Lahille’s bottlenose dolphin specimens deposited
in the scientific collections of different institutions from Brazil (BR), Uruguay (UY) and
Argentina (ARG). The specimens were collected between 1903 and 2018 along the coasts of
Rio Grande do Sul, in southern Brazil, Uruguay and northern Argentina (Fig. 1). Only
animals considered to be adults were used. We only included animals classified as physically
mature based on the fusion of the cranial bones; as no teeth were available for age estimation
for most of the specimens. We removed small bone fragments from the inner part of the skull

in order to not interfere with its morphometric measurements.

The diet of the bottlenose dolphins from BR were previously reported by Secchi et al. (2016)
based on stomach content and stable isotopes analyses. Therefore, in order to investigate the
diet of the species in the remaining locations (UY and ARG) we searched for stable isotope
values of the main prey described for the species in those areas. In the case of UY, previous
studies on the diet of other marine mammal species provided data of prey species common
to the bottlenose dolphin (e.g. Franco-Trecu et al., 2012; Franco-Trecu et al., 2013). In the
case of Argentina, due to the scarce isotopic data on coastal fish species, we collected muscle
tissue of fish species and mantle of squids considered as potential prey for the Lahille’s
bottlenose dolphins (Bastida and Lichtschein, 1984; Laporta et al., 2016; Moreno et al., 1984;
Vermeulen et al., 2019) both in estuarine and marine coastal waters of Buenos Aires (

between 36° and 38° S).

2.3. Stable isotope analyses

Bone samples were cleaned with distilled water and sanded with a Dremel® tool to eliminate
external impurities. Lipids were removed using a Soxhlet and a chloroform methanol solution
(2:1) during 8 hours. The bone fragments were then macerated to a powder and acidified to
remove inorganic carbon by using HCl 2% with replacement of the acid solution every 24
hours (two cycles), washed with successive rinses of deionized water and dried at 60°C. Prey
muscle samples were washed with distilled, dried in an oven at 60°C and powdered with
mortar and pestle. Approximately 0.7-1 mg of each powdered sample was weighed and stored

in tin capsules until isotopic analysis.
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Stable isotope analysis was performed using an elemental analyzer coupled to a Thermo
Scientific Delta V isotope ratio mass spectrometer at the University of New Mexico Center
for Stable Isotopes (UNM-—CSI). The isotopic ratios are expressed as delta (6) values

following the equation:

Rsample

0, -
8 (%o) Rstandard

where Rsample and Rstandard are the 13C/12C or 15N/14N ratios of the sample and standard,
respectively. The internationally accepted standards are Vienna Peedee Belemnite limestone

(V-PDB) for carbon and atmospheric N for nitrogen.
2.4. Statistical analyses

Carbon isotopic values were corrected following Cullen (2001) using a correction of 0.005%o

for samples before 1960 (Eq.1) and 0.022%o for data after 1960 (Eq. 2) as follows:

813C corrected= '*C-Number of years to 1960*0.005-Number of years since 1960*0.022
Eq. 1

813C corrected= 613C- Number of years since 1960*0.022 Eq. 2

In order to test for regional and temporal differences in isotopic values, samples were divided
in four periods: 1)1900-1950, I1)1951-1980, 111)1981-2000, and 1V)2000-2017. This division
was made considering mainly the fishery exploitation. The first period (1900-1950)
represents an environment of the beginning of the last century; the second period (1951-
1980) represents the previous stage to the start of large-scale fishery in SWA; the third period
(1981-2000) includes the beginning the fishing activity that led to the current overfishing and
1s contemporary with the disappearance of the Lahille’s bottlenose dolphin in the north of the
Buenos Aires province and Rio de la Plata estuary coast in Uruguay (Vermeulen et al., 2016);
the fourth period (2000-2017) includes the most recent samples collected along the areas
where the subspecies still occurs. Two-way factorial ANOV As, followed by Tukey post-hoc
tests were used to analyze the effects of the sampling area (southern Brazil, Uruguay and
northern Argentina) and the period (I to IV) and their interaction on the isotope values of the

dolphins. No dolphins from period I were available for Brazil.
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We used the package SIBER (Stable Isotope Bayesian Ellipses, Jackson et al., 2019) to
estimate the isotopic niche for the dolphins (Jackson et al., 2011). Standard Ellipse Areas
corrected for small samples (SEAc) were generated for each period and area, whenever
sample size was >4. The overlap area between paired SEAc were calculated and the
respective percentage of overlap area was estimated for each group. Additionally, we
calculated Bayesian standard ellipse areas (SEAB) and their respective 95% credibility
intervals (Jackson et al., 2011).

In order to calculate the most probable diet proportions for bottlenose dolphins from UY and
ARG we ran Bayesian stable isotope mixing models, implemented in the MixSiar package
(Stock & Semmens, 2016). Models were run for dolphins collected in Periods III and IV in
order to minimize potential temporal differences in prey isotopic values. We estimated
dietary proportions without informative prior distributions as no information on the relative
importance of prey to the diet was available for these areas. Prey isotopic values were
included as mean and standard deviation. In the case of Argentina, isotopic results of prey
samples collected (present study) were used in the models. These sources were lumped into
groups according to the result of cluster analyses, in order to reduce the number of sources
introduced in the model. For running cluster analyses, we used §'°C and 8'°N values for each
prey species as independent variables, calculated a pairwise Euclidean distance matrix
(complete-linkage) and produced a hierarchical tree to identify prey groups. Furthermore,
these results were supported by the visual inspection of prey SEAc generated for each fish
species. Almost no information is available for the diet composition of bottlenose dolphins
from Uruguay. However, based on recognized movements between Uruguay and southern
Brazil (Laporta et al., 2016) and the similarity of the fish fauna between these areas, the
known prey composition of bottlenose dolphins from BR (Secchi et al., 2016) was used to
select sources for the mixing models. Therefore, published prey isotopic data from samples
collected in UY were used (Franco-Trecu et al., 2012; Franco-Trecu et al., 2013; Bergamino
et al., 2011). In this case, we did not clustered the prey into groups as the number of sources

was lower than in the case of ARG (Table S1).

No diet-to-bone collagen trophic discrimination factors (TDFs) are available for any
cetacean, therefore generic TDFs of 5.0% (£0.5% SD) and 3.4% (£0.5% SD) for §!*C and
81N, respectively, were used in the model (Secchi et al., 2016). The adequacy of the prey



38

groups and TDFs to each mixing model was tested using mixing polygons (Smith et al.,
2013). These models provided a quantitative basis for model acceptance or rejection based
on a frequentist probability that the proposed mixing model can correctly calculate source
contributions to explain the isotopic value of dolphins. All analyses were performed in the R

statistical environment (R Core Team 2016).

3. Results

Mean nitrogen isotope values were significantly different among areas (2-way ANOVA, F»,
79, p<0,001, Figure 2, Table 1) and the interaction term was significant (Fs, 29, p<0.05).
Tukey’s post hoc test revealed that mean ARG §'°N values were higher than those of samples
from UY (p<0.001). Significant differences were found among BR and ARG, and UY and
ARG for samples from Period II, and between UY and ARG for samples from Period IV.
Mean §'°N values for UY and ARG were also significantly different for samples from periods
IV and II, respectively. Significant differences were found for §'3C values among periods (2-
way ANOVA, Fj, 52, p<0.05). Tukey’s test showed differences among periods I and II
(p<0.001) and III and I (p<0.05) were significant (Figure 3, Table 1).
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Figure 2. Boxplots of !N values in bone collagen of Tursiops truncatus gephyreus sampled between
1903 and 2017 in Brazil, Uruguay and Argentina. Separate plots for samples collected in Periods I
(1900-1950), Period II (1951-1980), Period III (1981-2000) and Period IV (2001-2017) in each area

are shown.
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Figure 3. Boxplots of 3'*C values in bone collagen of Tursiops truncatus gephyreus sampled between
1903 and 2017 in Brazil, Uruguay and Argentina. Separate plots for samples collected in Periods I
(1900-1950), Period II (1951-1980), Period III (1981-2000) and Period IV (2001-2017) in each area

are shown.

Table 1. Mean, minimum (min) and maximum (max) values of 3'3C and 8'>N (in %o) in bone
collagen of Tursiops truncatus gephyreus sampled between 1903 and 2017 in Brazil, Uruguay
and Argentina. The values for samples collected in Periods I (1900-1950), Period II (1951-
1980), Period III (1981-2000) and Period IV (2001-2017) in each area are also shown.

Mean Min Max &' Mean Min Max n

d13C d13C C SN 8N SN
Brazil
Period I  -11.7 -12.4 -10.9 17.3 16.9 18.2 5
Period III  -12.6 -14.1 -11.7 18.2 16.4 21.9 1
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Period IV~ -12.7 -14 -11.8 18.1 21.9 16.8 2
5
All periods  -12.4 -18.3 -11.7 17.8 16.4 21.9 4
1
Uruguay

Periodl -13.4 -14.7 -12.2 16.8 16 17.6 2
PeriodII  -12.4 -13.7 -11.3 17.6 16.6 20.4 1
6
Period Il -11.8 -12.2 -11.5 18.2 17.6 18.8 3
Period IV~ -12.4 -13.9 -11.3 16.5 11.1 18.7 1
0
All periods  -12.2 -14.7 -11.3 17.4 12.8 20.4 3
1

Argentina
PeriodI  -13.3 -15.5 -11.5 18.2 15.3 20.6 1
6
PeriodII  -11.8 -12.8 -10.7 20.6 18.6 21.8 4
Period Il  -12.4 -13.5 -11.3 18.1 16.2 20.5 8
Period IV -13.1 -13.9 -11.7 20.1 19 20.8 4
All periods  -12.8 -14.8 -10.7 18.7 15.3 21.8 3
2

3.1. Isotopic Niche Areas

The isotopic niche areas of the individuals sampled in the different periods showed different
patterns of overlap among the sampled areas. During the first period, only the isotopic niche
of the ARG samples could be calculated as no samples were available for BR and only two
samples from UY. Although these two Uruguayan samples were not within the area of the
ARG, they were almost similar to other ARG samples. In the second Period, BR and UY
dolphins showed a high overlap of their isotopic niches (85% of the BR area and 17% of the

UY area overlapped), while a complete segregation was observed for ARG samples. In
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contrast, the isotopic ellipses showed a high overlap between BR and ARG in the period I1I
representing 27% and 70% of their respective areas, whereas the three UY samples also
showed similar values with them. During Period IV, a partial overlap was evidenced between
BR and UY (24% of the BR area and 11% of the UY area) whereas the ARG niche was
completely segregated in the 6-space. (Fig 4, Table 2).
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Figure 4. Biplot of 8"°C and 8N values of Lahille’s bottlenose dolphin (Tursiops truncatus
gephyreus) from Brazil, Uruguay and Argentina sampled during Periods I (1900-1950), II (1951-
1980), 111 (1981-2000) and I'V (2001-2017) Each point represents the individual isotopic composition.
Standard ellipse areas corrected for small sample sizes (SEAc) representing the isotopic niche of

dolphins collected in different areas and periods are shown whenever sample size is >3.
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Table 2. Values of Convex hulls (CH), standard ellipse areas for small sample sizes (SEAc)
and Bayesian ellipse areas (SEAg) with their respective credibility intervals (CI 95%) from
813C and 8N values of Lahille’s bottlenose dolphin (Tursiops truncatus gephyreus) from
Brazil, Uruguay and Argentina sampled during Periods I (1900-1950), II (1951-1980), III
(1981-2000) and IV (2001-2017). All metrics are in (%o°).

Period 1 Period 11 Period 11 Period IV
BR UY ARG BR UY ARG BR UY ARG BR UY ARG
CH - - 145 03 62 26 8.4 0.1 21 68 66 15
SEAc - - 52 04 26 48 4.2 02 16 19 40 29
SEAg - - 51 03 24 32 3.5 04 20 1.8 43 19
Closy, - - 3.1- 0.1- 1.4- 0.9- 1.9-6.7 0.1- 1.0- 12- 2.1- 0.5-
85 1.0 4.0 10.1 1.9 45 27 87 65

3.2. Diet composition of dolphins from Argentina and Uruguay

No significant differences were found between the isotopic values of ARG prey individuals
sampled both in the estuary and the marine environment. Therefore, species data were
combined for posterior analyses. The lowest carbon isotopic values were found for Loligo
sanpaulensis (-19.6 = 0.3%o) and the highest values for Pagrus pagrus (-16.6 + 0.4%o). The
highest nitrogen isotopic values were found for Cynoscion guatucupa (18.5 + 0.3%o), whereas
Brevoortia aurea showed the lowest mean value (12.2 + 1.4%0) (Table 3). Preys were
grouped into the following categories: based on cluster analysis (Fig. S1) and isotopic niches
results (Fig. S2) results:(G 1) includes Cynoscion guatucupa, Pagrus pagrus and Percophis
brasilensis, demersal species sampled in the coast, with high §'°N values,(G 2) is formed by
Mugil liza and Brevoortia aurea, filter-feeding fishes of low trophic level,(G 3) individuals
of the cephalopod species Loligo sanpaulensis. Although this prey showed similar isotopic
values with species of group 5, it was included in a separate group due to its taxonomic
disparity,(G 4) including Pomatomus saltatrix, a predator fish with high values of §'°N, but
lower 8'3C than Group 1 species, and (G 5) includes Macrodon atricauda, Stromateus
brasiliensis, Odontesthes argentinensis Odontesthes incisa and Micropogonias furnieri,

mostly demersal species with intermediate isotopic values.
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Table 3. Mean (+ SD) §"3C and 3"°N values (%o) of potential dietary source groups of Tursiops

truncatus gephyreus collected along the coasts of Buenos Aires, Argentina.

Species SBC SISN Habitat Trophic guild  n  Sampling
region
Group 1
Cynoscion - 17.7+0. Coastal-demersal Piscivore, 1 Coastal
guatucupa  17.1%0. 6 carcinophagus 0
4
Pagrus pagrus  -16.6 + 17.9 + Benthopelagic Piscivore 1 Coastal
0.4 0.5 0 marine
Percophis  -16.8 + 17.7+ Coastal-demersal Ichthyophagous 3 Coastal
brasiliensis 0.3 0.3 marine
Mean G1 - 17.7+0. 2
values 16.8+0. 5 3
4
Group 2
Mugil liza -19.3 ¢ 122+ Estuarine demersal Detritivorous 7  Estuarial
0.8 1.4
Brevoortia  -18.6 + 12.8 Pelagic neritic Planktophagus 8  Estuarial
aurea 0.4 1.5
Mean G2 - 12.5+1. 1
values  19.0+0. 5 5
7
Group 3
Loligo  -19.6 142+ Coastal Ichthyophagous 1 Marine
sanpaulensis 0.3 0.6 ,carcinophagus 0
Mean G3  -19.6 14.2 £ 1
values 0.3 0.6 0
Group 4
Pomatomus  -18.8 £ 17.8+  Oceanic/coastal/estuarin  Ichthyophagous 2 Coastal
saltatrix 0.4 0.0 e , invertivore marine
Mean G4 -18.8=+ 17.8 £ 2
values 0.4 0.0
Group 5
Macrodon  -19.0 £ 14.6 = Demersal Piscivore, 8  Estuarial
atricauda 0.4 0.8
Stromateus  -19.0 £ 157+ Benthic pelagic Invertivore 8  Estuarial

brasliensis 1.2 0.5
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Odontesthes -18.3 £ 15.5+ Coastal/estuarine Detritivorous, 1  Estuarial
argentinensis 0.7 0.6 Planktophagus 7 and
marine
Odontesthes  -18.0 14.8 + Neritic demersal Detritivorous, 1 Coastal
incisa 0.3 0.4 Planktophagus 0
Micropogonias  -18.0 £ 15.9 Coastal/estuarine Omnivore 8  Estuarial
furnieri 0.7 +0.3
Mean G1 - 15.3+0. 5
values 18.5+0. 7 1
7

Mixing models used to describe the diet composition of dolphins from UY were run

considering eight prey species (Table S1).

Mixing polygons showed that almost all UY and ARG individuals were within the 95%
mixing region formed by the TDF-corrected isotopic values of their respective prey (Fig. 3).
Only three (ARG) and two (UY) individuals were outside the outermost 95% contour thus

indicating that the models fitted could be considered relatively robust.

25

Figure 3. Simulated mixing polygons for Lahille’s bottlenose dolphins (Tursiops truncatus
gephyreus) sampled in Argentina (ARG) and Uruguay (UY) during Periods III and IV. Generic
trophic discrimination values for correcting prey isotopic values were applied. The position of the
consumers (black dots) and the average source signatures (white crosses) are shown. Probability

contours (black lines) are at the 5% level (outermost line) and at every 10% level.
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MixSiar models showed that for ARG dolphins during Period III (1980-2000), fishes from
Group 1 contributed 32% (9% - 54% credible interval-CI), similar to that of Group 2 (26%;
4% - 48% CI). Group 5 also contributed to the diet, but to a lesser degree (20%; 1% - 53%
CI). The relative contribution of Groups 3 and 4 to the diet was considered low (G3: 11%;
0% - 32% CI and G4: 11%; 0% - 28% CI). Dolphins from ARG in the Period IV had a diet
mainly composed by fish from Group 1 (37%; 5% - 70% CI), with some contribution of G2
(14%; 2% - 34% CI), and showing irrelevant contribution from the other prey groups (Fig.
4).

Dolphins from UY showed a high proportion of Trichiurus lepturus and Mugil sp. in their
diets during Period I (7. lepturus: 27%; 10% - 50% CI and Mugil liza: 20%; 7% - 34% CI).
The other demersal fish species (Cynoscion guatucupa, Macrodon atricauda, Menticirrhus
sp. and Paralonchurus brasiliensis) had a lower contribution to the diet during this period.
However, the contribution of these demersal fishes was even lower during period IV, where
Trichiurus lepturus and Mugil liza largely dominated the UY dolphin diets (7. lepturus: 50%;
15% - 83% CI and Mugil liza.: 27%; 3% - 50% CI) (Fig. 4).



Scaled Posterior Density
2

i

0.00

ARG-PIll =

| s

Scaled Posterior Density
=
g

=
R

0.00

ARG-P IV

G1

-

L1

&

0.00 025 0.50
Period 3

000 025 050 075
Period 4

47

1.00

uy-"~Plil

a

50

Scaled Posterior Density
2
Scaled Posterior Density
©

025

=

0.00

0.00 025 050 075 100

Proportion of Diet Proportion of Diet

Figure 4. MixSIAR plots of the diet composition of Lahille’s bottlenose dolphins (Tursiops truncatus
gephyreus) from Argentina (ARG) and Uruguay (UY) collected in Periods III (P III) and IV (P IV).
Prey composition of groups 1 to 5 (G1 to G5) are described in Table 3.

4. Discussion

In this work, the temporal and spatial variations in the patterns of diet for the Lahille’s
bottlenose dolphin were analyzed by means of stable isotope analysis of historical and
contemporary bone samples. Our findings represent the first information about the foraging
ecology of this endemic dolphin for the coasts of Argentina and Uruguay, showing a diet
based mainly on demersal fish for both areas, as reported for other populations of southern
Brazil (Secchi et al., 2016). Isotope values for samples collected along the coasts of Argentina

were higher than those from Uruguay and southern Brazil, probably reflecting both a
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variation in diet composition and differences in the basal isotopic values among areas (Vales
et al., 2013). Moreover, the isotopic distinction of the Argentina dolphins can be considered
as an additional line of evidence supporting the existence of an Evolutionarily Significant
Unit (ESU) of Lahille’s bottlenose dolphin in this area, currently isolated from Southern
Brazil-Uruguay ESU (Fruet et al., 2014). In a temporal perspective, the analysis of samples
covering more than a century also revealed that this ecological difference was consistent
across decades, indicating that the large estuary of the Rio de la Plata has been probably
acting as an important factor driving the ecological structuring of Lahille’s bottlenose dolphin
populations. In fact, the Rio de la Plata estuary constitutes a biogeographic barrier for many
taxa in both marine and terrestrial organisms and is hypothesized to constitute a significant
biogeographic boundary to coastal ecosystems (Bisbal, 1995; Vales et al., 2013; Pereira et
al., 2009). Abrupt environmental changes are known to have the potential to shape ecological
patterns in the marine environment, even in high mobile species such as cetaceans. For
example, franciscana dolphins (Pontoporia blainvillei) inhabiting coastal waters at both sides
of the Rio de La Plata estuary show a fine-scale differentiation revealed by genetic data
(Mendez et al., 2008). This pattern is also supported by concomitant differences in the diet
composition, parasite loads and morphometric parameters (Secchi et al., 2003). The
application of stable isotope analysis to reveal population structure have been applied to
support the genetic structuring observed in other Tursiops truncatus populations (e.g. Borrell
et al., 2006; Brotons et al., 2008). Although it was not the main purpose of this study, the
ecological discontinuity observed between Southern Brazil/Uruguay and Argentina
bottlenose dolphins, which matches with their genetic structuring patterns, seems to coincide

with significant changes in ecological characteristics between these regions.

Similar §'*C and 8'°N values for dolphins sampled in southern Brazil and Uruguay were
found. This result seems to be in line with the ecological characteristics of the region, where
there are no evident environmental barriers acting in the coastal habitat, suggesting that
dolphins from Southern Brazil and Uruguay share similar resources and isotopic landscapes.
Indeed, Fruet et al. (2014) proposed that dolphins from southern Brazil and Uruguay are split
into at least five management units (MU’s) functioning as a metapopulation, where exchange
and/or movement of individuals between MU’s can occur at different temporal and spatial
scales. Photo-identification data conducted in La Coronilla, Uruguay, and in the Patos

Lagoon Estuary and adjacent coastal areas, southern Brazil, has revealed regular movement
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of dolphins between these two areas (Laporta et al., 2016). Every year, a great proportion of
dolphins from Uruguay MU are observed feeding in the adjacencies of the Patos Lagoon
estuary MU, especially during the cold months, but the inverse movement direction seems to
be rare (Laporta et al., 2016). Therefore, the results presented here reinforce the ecological

link between these two MUs, despite the fine scale genetic population structure.

4.1. Isotopic niches and dietary patterns of Lahille’s bottlenose dolphins from Uruguay and

Argentina

Variation in the isotopic niches was observed among some periods and areas (Fig. 4), but the
low sample size for these specific cases precludes a robust discussion about the causes that
may have driven these variations. Nevertheless, the remarkable reduction in the isotopic
niche area from Period I to Period IV in ARG dolphins, region with the largest number of
samples available for Period I, is probably mirroring the current reduction of the habitat
occupied by the species in Argentina (Vermeulen et al., 2017). Specimens collected from
Period I virtually covered the entire range of the historical distributional area of the Lahille’s
bottlenose dolphin in ARG, ranging from the Rio de la Plata estuary down to the northern
Patagonia coast (Vermeulen et al., 2017). On the other hand, samples from Period IV were
obtained specifically from Bahia San Antonio population (northern Rio Negro province,
Argentina), as there are no more records of the species from the former common sampling
areas (e.g. northern Buenos Aires coast, Vermeulen et al., 2017). Therefore, the larger
isotopic niche for the Period I samples probably represents the original wide ecological niche
of the species in the past, when bottlenose dolphins occupied more diverse habitats and,
probably, preyed on different fish types. Currently, it appears that the spatial retraction in
habitat use of bottlenose dolphins towards the south of Buenos Aires province have reduced
their isotopic niche, apparently occupying a restricted portion of their past niche, with Period
IV dolphins showing high nitrogen isotopic values. This pattern of higher §'°N values
towards southern coastal waters in ARG was already reported for franciscanas (Botta, 2011)
and attributed to the influence of the El Rincon estuarine complex (Acha et al., 2004) and
continental shelf waters (Lucas et al., 2005), modified from nutrient-rich subantarctic waters
(Guerrero & Piola, 1997; Lara et al., 2010; Lucas et al., 2005). Among others, depletion of
fish stocks and high contaminant loads have been argued as the main possible causes of the
disappearance of the bottlenose dolphins from the Province of Buenos Aires and the southern

coast of Uruguay, where the species was frequently seen in the 1970s (Vermeulen et al.,
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2017). Indeed, for decades, the region has been intensively explored by fisheries. The
whitemouth croaker Micropogonias furnieri represents the species of greatest interest among
coastal demersal species from ARG and whose capture had increased since the 1990s by the
artisanal, coastal and high altitude fleet that is concentrated in the province of Buenos Aires
(Carroza, 2010). The high fishing exploitation of species that are part of the bottlenose
dolphin diet along the coast of the Buenos Aires province may have influenced the decline
of the population in the area. Moreover, the exploitation of Cynoscion guatucupa began in
the 1930s and peaked in the 1990s, whereas during the next decade it was considered the

second most important species of demersal resources after M. furnieri (Ruarte et al., 2004).

Isotopic mixing models demonstrated a diet based mainly on demersal pelagic fish in ARG
and UY Lahille’s bottlenose dolphins, as demonstrated in previous studies on the feeding of
demersal and pelagic demersal sciaenid fish from the coastal zone (Secchi et al., 2016). As
reported by those authors for southern Brazil, changes in the proportions of the main prey
were also detected between Periods III (1981-2000) and IV (2001-2017) for dolphins

collected in both countries.

In Uruguay, mixing models showed that the bottlenose dolphins have been relying on the
cutlass fish (7richiurus lepturus) and the mullet (Mugil liza) during the last decades,
represented by Periods III and IV. No previous information exists about the diet composition
of the species for this area, but it is supposed that it would not differ greatly from that reported
for the bottlenose dolphins inhabiting southern Brazilian waters (Laporta et al., 2016; Secchi
et al., 2016), as they share similar habitat characteristics and fish resources. In that region,
the authors noted a decrease in the relative importance of the whitemouth croaker
(Micropogonias furnieri) and a rise in the proportion of the cutlass fish (Trichiurus lepturus)
and the mullet (Mugil liza) after the 1980s, which was probably related to the decline of the
croaker due to overfishing (Milessi et al., 2005). This change in the availability of this species
was also detected in other demersal resources (e.g. the king weakfish, Macrodon ancylodon)
in Uruguay (Gianelli & Defeo, 2017). Therefore, based on our mixing model results and
considering that the species is believed to have a preference for demersal sciaenids, we can
hypothesize that the current diet composition of the species in UY could have not been the
same in the past. However, isotopic values did not statistically differ among periods, thus a
consistency in the diet composition of the species, regardless of the increased depletion of

demersal resources in the area is also possible.
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The analysis of samples of the Lahille’s bottlenose dolphin, including a large part of its
distribution and a time series of more than a century, offered a unique opportunity to
investigate trophic habits of this subspecies. However, caution is needed when interpreting
the results obtained, mainly due to the small sample size in certain areas / periods. In addition,
to apply isotope mixing models to investigate predator diets, some prior information about
the composition of prey of the species is necessary. The scarcity of previous studies on the
species’ diet in a large part of its distribution (i.e. Uruguay and Argentina) may have caused
the inclusion of prey that are not part of the species' diet in those places. However, the
inclusion of prey reported as preferred dietary items and species of common presence in the
studied areas, allows us to believe that the results obtained reflected a diet close to the real
one. Still, one of the problems of using bone collagen, generally the most commonly available
tissue in the case of historical samples of vertebrates, is the lack of specific isotopic
discrimination factors for this type of tissue. However, we have tried to control this caveat

by using generic TDFs and testing the fit of the models by means of mixing polygon.

4.2. Conclusions

Our findings showed a clear distinction in the isotopic values between dolphins from Brazil
(BR)/Uruguay (UY) and those sampled in Argentina (ARG), which reinforces previously
identified genetic distinction between these two evolutionary units (Fruet et al., 2014). The
temporal analysis covering more than a century revealed that this difference was evident at
least since mid-20" century (Periods II, I1I, and IV). Isotope mixing models also showed
some changes in the diet composition of dolphins from UY that somewhat matched what was
previously reported for the better studied populations from southern Brazil (Secchi et al.,
2016). In ARG, a reduction of the previous (i.e. period I) large isotopic niche area could be
evidenced, where period IV dolphins exhibited a narrower niche area that represents a portion
of the original one. In conclusion, the retrospective analysis by means of the stable isotope
composition in archived bone collagen of Lahille’s bottlenose dolphin contributed to the
knowledge of the ecological structure and feeding behavior of this poorly known subspecies.
These results provide an important contribution for future conservation strategies and
management plans for this endangered cetacean subspecies, endemic of the southwestern

Atlantic Ocean.
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Table S1. §"*C and §"°N values (%o) of prey species used in the Mixing models to estimate the
diet composition of dolphins from Uruguay.
Mean

Species 513C SD&*C  Mean 3N  SD 3PN n Source
Menthicirrhus Franco-Trecu
americanus -15.4 0.4 16.7 0.4 4 etal. 2012
Micropoconias Franco-Trecu

POSOT _14.9 0.1 16.2 0.1 7 etal. 2012
furnieri
Bergamino et
Mugil liza -18 0.4 7.9 04 3 al. 2012
Trichi Franco-Trecu
FLCAIUTULS 173 0.4 15.4 1.4 2 etal. 2012
lepturus
Macrodon Franco-Trecu
ancyclodon 153 0.3 16.3 0.2 10 et al. 2012
Paralonch Franco-Trecu
daratonciurus s g 0.5 16.3 0.5 5 etal. 2013
brasiliensis
Cynoscion 15.4 03 17.0 01 6 Franco-Trecu

guatucupa et al. 2012
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Fig S1. Cluster analysis based on §°C and 8'°N values of potential dietary species of Tursiops

truncatus gephyreus.
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Fig S2. Biplot of 8'*C and §'°N values of potential dietary species of Tursiops truncatus gephyreus.
Each point represents the individual isotopic composition. Standard ellipse areas corrected for small

sample sizes (SEAc) are shown.
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APENDICE II

Tabela 1. Lista de institui¢des, pais € nimero de exemplares utilizados para analises

isotopicas

Procedéncia das amostras Origem n

Laboratério de Ecologia e Conservagao da Brasil 29

Megafauna Marinha — IO/FURG

Museu Oceanografico “Professor Eliézer Rios” - Brasil 11
FURG

Museo Nacional de Historia Natural Uruguai 15

Universidad de la Republica Uruguai 7

Museo del Mar de Punta del Este Uruguai 4

Paula Laporta, coleccion personal Uruguai 5

Museo de La Plata - UNLP Argentina 10

Fundacion Mundo Marino Argentina 2

Museo Argentino de Ciencias Naturales Argentina 16

Els Vermeulen - Mar y Bio Argentina 4




