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RESUMO

As relagdes troficas dos cefalopodes no sul do Brasil, foram investigadas a partir de estudos
de alimentacdo de Loligo sanpaulensis e Illex argentinus e da presenca de cefalopodes na
dieta de 71 espécies de potenciais predadores, incluindo 2 de lulas, 47 de peixes, 7 de aves
marinhas e 15 de mamiferos marinhos das regides de plataforma, talude superior e adguas
ocednicas adjacentes. Foram examinados 668 estomagos de Loligo sanpaulensis que se
alimentaram de peixes, cuja importancia aumentou com o tamanho, crustaceos e, em menor
grau, cefalopodes, observando-se uma baixa propor¢do de canibalismo. Como presa, Loligo
sanpaulensis foi o cefalopode mais freqiiente na dieta dos predadores de plataforma, sendo
particularmente importante na dieta de Pontoporia blainvillei e ocorrendo na dieta de
Spheniscus magellanicus, Arctocephalus australis, A. gazella, A. tropicalis e diversos
peixes bentonicos e demersais, sem ser freqliente na dieta dos peixes mais abundantes.
Foram examinados 729 estomagos de Illex argentinus que se alimentaram de peixes, cuja
freqliéncia de ocorréncia aumentou com o tamanho, cefalopodes e crustaceos, sendo o
canibalismo frequente em todas as faixas de tamanhos. Como presa, lllex argentinus foi
importante na dieta de predadores do talude superior e de aguas oceanicas adjacentes,
principalmente Polyprion americanus, Thunnus obesus, Xiphias gladius e algumas espécies
de mamiferos marinhos. Estes predadores provavelmente recorrem a biomassa
disponibilizada pelas concentracdes de desovantes de Illex argentinus encontrados na
regido, principalmente no inverno e primavera, quando migram de adguas uruguaias e do
norte da Argentina. Nos estomagos das lulas, peixes, aves € mamiferos marinhos foram
identificadas 27 familias e pelo menos 41 espécies de cefalopodes. A diversidade aumentou

de 6 familias na dieta dos predadores de plataforma, para 27 familias na dieta dos



predadores de talude e da regido oceanica adjacente. A familia Loliginidae foi dominante
na dieta dos predadores de plataforma, enquanto que Ommastrephidae, principalmente /llex
argentinus e Ornithoteuthis antillarum, foi a mais importante na dieta dos predadores do
talude superior e de dguas oceanicas adjacentes. Lulas amoniacais, como Ancistrocheirus
lesueurii, Histioteuthis spp, Chiroteuthis veranii € Octopoteuthis sp, ocorreram com maior
freqliéncia na dieta de Prionace glauca, Kogia breviceps, K. sima, Globicephala melas e de
aves oceanicas. De uma forma geral, os cefalopodes, como fonte de alimento, parecem ser
mais importantes no talude superior e aguas ocednicas adjacentes, do que sobre a
plataforma. Os resultados ressaltam a utilidade dos estudos de alimentacdo, nao apenas para
o conhecimento dos hébitos alimentares dos predadores, como também da importancia

relativa e da diversidade de cefaldpodes, em ambientes nos quais sua captura ¢ dificil.



SUMMARY

Trophic relations of cephalopods in southern Brazil were investigated from feeding studies
of Loligo sanpaulensis and Illex argentinus and from predation on cephalopods by 71
species of potential predators, including 2 squids, 47 fishes, 7 seabirds and 15 marine
mammals from shelf, upper slope and oceanic adjacent waters. A total of 668 stomachs of
Loligo sanpaulensis were examined and the prey found were fish, that occurrence increased
with squid size, crustaceans and cephalopods, and a low rate of cannibalism was observed.
As prey, Loligo sanpaulensis was the most frequently cephalopod on the shelf, particularly
important in the diet of Pontoporia blainvillei. 1t also occurred in the diet of Spheniscus
magellanicus, Arctocephalus australis, A. gazella, A. tropicalis, and several benthic and
demersal fish, but it was not frequent in the diet of the most abundant fish species. A total
of 729 stomachs of lllex argentinus were examined and the prey found were fish, that
occurrence also increased with size, cephalopods and crustaceans, being the cannibalism
rate relatively high for all sizes. As prey, Illex argentinus was important in the diet of upper
slope and oceanic predators, mainly Polyprion americanus, Thunnus obesus, Xiphias
gladius and some marine mammals. These predators probably utilize the available biomass
of Illlex argentinus spawners concentrations, that occur especially in winter and spring,
from squids that migrated from Uruguayan and Northern Argentinean waters. In the
stomach contents of squid, fish, seabirds and marine mammals, 27 families and 41 species
of cephalopods were identified. The diversity ranged from 6 families in the diet of shelf
predators to 27 families in those from upper slope and adjacent oceanic waters. The most
frequent cephalopod family in the diet of shelf predators was Loliginidae, whilst

Ommastrephidae, mainly /llex argentinus and Ornithoteuthis antillarum, was the most



frequent family in the diet of predators from upper slope and adjacent oceanic waters.
Ammoniacal squids, such as Ancistrocheirus lesueurii, Histioteuthis spp, Chiroteuthis
veranii and Octopoteuthis sp, were mainly found in stomach contents of Prionace glauca,
Kogia breviceps, K. sima, Globicephala melas and oceanic seabirds. Cephalopods seem to
be more important as food resource in upper slope and adjacent oceanic waters, when
compared to the continental shelf. The results reinforce the value of dietary studies to the
understanding of the predators’ feeding habits, as well as the role and relative diversity of

cephalopods from environments where samples are difficult to obtain.



1. INTRODUCAO

Os cefalopodes sdo invertebrados essencialmente marinhos com cerca de 700
espécies viventes descritas ao redor do mundo (Sweeney & Roper, 1998). Estes moluscos
ocupam varios ambientes, desde pocas-de-marés até espécies associadas a fontes

hidrotermais de grande profundidade (Nesis, 1987; Gonzélez ef al., 1998).

Os cefalopodes desempenham um papel importante nas relagdes troficas dos
ecossistemas marinhos, tanto por tratarem-se de predadores ativos e eficientes de uma grande
diversidade de animais, como por fazerem parte da dieta de varias espécies marinhas,
especialmente no ambiente oceanico, onde a disponibilidade de recursos ¢ menor, quando
comparada a areas produtivas de plataforma (Clarke, 1962, 1987; 1996; Voss, 1973;

Amaratunga, 1983; Mangold, 1983).

De uma forma geral, no decorrer de seu desenvolvimento os cefaldpodes podem
ocupar varios niveis troficos, atuando principalmente como intermedidrios no fluxo
energético entre os consumidores primarios e secundarios, e os predadores de terceira e
quarta ordem do topo das cadeias alimentares (Rodhouse & Nigmatullin, 1996). Suas
interagdes troficas tornam-se muitas vezes bastante complexas, atuando ora como
predadores, ora como presas ou mesmo como competidores de uma mesma espécie em um
mesmo ecossistema (Amaratunga, 1983; Angelescu & Prenski, 1987, Dawe & Brodziak,

1998).

Algumas espécies de cefalopodes representam importantes recursos pesqueiros em
varias regioes do globo, destacando-se a pesca de lulas das familias Loliginidae e

Ommastrephidae, de polvos da familia Octopodidae e de sépias do género Sepia (FAO,



1998). Devido a grande capacidade dos cefalopodes de responderem rapidamente a
mudancas no ambiente, h4 evidéncias de que em algumas regides onde populagdes de peixes
foram sobrexploradas, a abundancia de cefalopodes tenha aumentado, tornando-se inclusive

recursos alvo de pescarias especificas (Caddy, 1983).

Estudos sobre a alimentagdo de sepiolideos, lulas e polvos pelagicos mostram que
de uma forma geral, estes predam sobre crustaceos, cefalopodes e peixes (Summers, 1983;
Nixon, 1987). Durante seus estdgios iniciais de desenvolvimento alimentam-se
principalmente de crustaceos planctonicos, tais como eufausidceos, copépodes e larvas de
decapodes (Nixon, 1987). Com o aumento de tamanho, peixes e cefalépodes passam a
formar parte da dieta (Mangold, 1983; Summers, 1983). O canibalismo ¢ freqiiente,
principalmente em lulas que formam cardumes densos e realizam grandes migragdes, como
os omastrefideos Todarodes pacificus e as espécies do género Illex (Amaratunga, 1983;

Hatanaka et al., 1985, O'Dor, 1992).

Polvos bentonicos predam sobre moluscos, principalmente bivalves e gastropodes, e
crustaceos decapodas, sendo os peixes presas eventuais (Bidder, 1966; Wells, 1978;
Ambrose & Nelson, 1983; Ambrose, 1984). Ocorre também canibalismo, mas ¢ amenizado

pela territorialidade, comum em espécies deste grupo (Amaratunga, 1983).

Nos ecossistemas, os cefalopodes geralmente ocupam o papel de predadores
subdominantes e sdo importantes na dieta de um grande nimero de peixes, aves e
mamiferos marinhos, muitos deles de importancia comercial (Mercer, 1974; Morejohn et
al., 1978; Fiscus, 1982; Wolff, 1982a; Okutani & Tsukada, 1988, Clarke, 1996; Smale,

1996). Para muitos de seus predadores, estes moluscos constituem uma de suas principais



fontes de alimento, como ¢ o caso de grandes odontocetos, como cachalotes e zifideos
(Clarke, 1986a, 1987, Fiscus ef al., 1989; Mead, 1989), de atuns, espécies afins e alguns
tubardes pelagicos (Pinkas et al., 1971; Bello, 1991; Clarke et al., 1996; Hernandez-Garcia,
1995), além de varias aves oceanicas, como albatrozes e petréis (Ogi et al., 1980; Croxall,

1987; Rodhouse et al., 1990).

Muitos cefalopodes que ocorrem além da quebra de plataforma ndo formam
cardumes e sdo dificilmente capturados pelas artes de pesca tradicionalmente utilizadas
nesses ambientes. A andlise de conteudos estomacais dos predadores dominantes, muitos
dos quais sdo alvo da pesca, pode ser a principal fonte de dados sobre a abundancia e
distribui¢do destes cefalopodes. A identificacdo de cefalopodes nos contetidos estomacais ¢é
em geral bastante dificil. Estes invertebrados sdo compostos basicamente por tecidos moles,
com poucas estruturas que persistem apds a digestdo, tais como bicos, cristalinos,
fragmentos de gladius, anéis e ganchos de ventosas (Hess & Toll, 1981; Clarke, 1986a).
Por sua maior resisténcia e por apresentarem pigmentacao e escultura caracteristicas para as
diferentes espécies, os bicos sdo as principais pecas utilizadas na identificagdo dos
cefalopodes predados (Mangold & Fioroni, 1966; Wolff, 1982b; Wolff, 1984; Clarke,

1986b).

No sul do Brasil, a fauna costeira de cefalépodes ¢ relativamente bem conhecida,
seja a partir de dados de capturas comerciais ou de cruzeiros de pesquisa com varias artes
de pesca realizados ao longo do litoral brasileiro (Palacio, 1977; Juanico, 1979; Haimovici
et al., 1989a; Haimovici & Perez, 1991a; Mello et al., 1992; Haimovici et al., 1994a).
Nesta regido a plataforma e talude continental sdo influenciados pela Convergéncia

Subtropical, formada pela Corrente do Brasil fluindo para o sul, transportando Agua



Tropical de caracteristicas quente e oligotrofica e pelo ramo costeiro da Corrente das
Malvinas, fluindo para o norte transportando Agua Subantartica, mais fria e rica em
nutrientes (Garcia, 1997, Castello ef al., 1997). A descarga do Rio da Prata e da Lagoa dos
Patos também influenciam as aguas de plataforma, onde a taxa de produgdo primaria
particulada média chega a atingir valores de 160g C m-* a-' (Castello et al., 1997;
Odebrecht & Garcia, 1997). Na plataforma a pesca predominante ¢ dirigida a peixes
demersais, principalmente da familia Sciaenidae (Haimovici ef al., 1998a). Nesta regido, a
lula Loligo sanpaulensis foi o cefalépode mais freqiiente em cruzeiros de pesquisa com
arrasto de fundo (Haimovici & Andriguetto, 1986) fazendo parte, principalmente no
inverno e primavera, da associacdo de espécies neriticas formada pela anchoita (Engraulis
anchoita), xixarro (Trachurus lathami), peixe-espada (Trichiurus lepturus), pescada—
olhuda (Cynoscion guatucupa) e merluza (Merluccius hubbsi) (Mello et al., 1992). Estudos
relacionados a dindmica populacional e ciclo de vida de Loligo sanpaulensis demonstraram
a importancia desta espécie como componente do ecossistema associado a Convergéncia
Subtropical, caracteristica desta regido (Andriguetto, 1989; Andriguetto & Haimovici,

1991).

O talude continental e aguas oceanicas adjacentes sdo fortemente influenciados
pelas aguas oligotroficas da Corrente do Brasil, cuja produtividade ¢ aumentada,
principalmente no periodo de inverno e primavera, por ressurgéncia de aguas profundas,
especialmente da Agua Subtropical, também denominada Agua Central do Atlantico Sul
(Garcia, 1997). A pesca neste ambiente ¢ realizada principalmente com espinhel, seja de
fundo, dirigida ao cherne-poveiro (Polyprion americanus) ou de superficie, dirigida a atuns

(T. alalunga, T. albacares e T. obesus) e ao espadarte (Xiphias gladius) (Haimovici ef al.,



1998a). A informagdo sobre a composicdo de espécies de cefalopodes nesta regido €
escassa e proveniente principalmente de cruzeiros de prospecao de arrasto de fundo
realizados com o N/Pq Mestre Jeronimo em 1974 e com o N/Pq Atlantico Sul entre 1986 e
1987 (Rahn & Santos, 1978; Haimovici & Perez, 1991b; Perez & Haimovici, 1993). Nestes
cruzeiros, o calamar-argentino (/llex argentinus) foi o principal cefalopode capturado.
Evidéncias obtidas a partir de estudos de seu ciclo de vida no sul do Brasil levantaram a
hipotese de que parte dos desovantes desta espécie na regido, pelo menos aqueles
encontrados no inverno e primavera, seriam provenientes de aguas uruguaias e do norte da
Argentina, para onde seus descendentes retornariam, com o recuo da corrente das Malvinas,
encontrando assim areas mais produtivas para seu desenvolvimento (Haimovici & Perez,
1990; Haimovici et al., 1995; Anexo IV). Nesta regido, especialmente na plataforma
Argentina, Illex argentinus forma parte de uma das principais pescarias de cefalopodes do

mundo (Haimovici ef al., 1998b).

No Brasil, foram realizados alguns trabalhos referentes a alimentacdo de
cefalopodes da regido sul e sudeste, incluindo a dieta de Loligo plei (Juanico, 1979), Loligo
sanpaulensis (Andriguetto, 1989; Costa, 1994), Eledone massyae e Eledone gaucha (Perez

& Haimovici, 1995) e de paralarvas de lllex argentinus (Vidal & Haimovici, 1998).

Trabalhos sobre a alimentagdo de peixes, aves e mamiferos marinhos no sul do
Brasil, em cuja dieta ocorreram cefalépodes, foram freqiientes nas duas ultimas décadas,
tanto de espécies de plataforma (Pinedo, 1982; Juras & Yamaguti, 1985; Haimovici et al.,
1989b; Vieira, 1990; Azevedo & Schieller, 1991; Schwingel, 1991; Haimovici & Krug,
1992, Capitoli & Haimovici, 1993; Ott, 1994; Bassoi, 1997), como de talude e areas

oceanicas adjacentes (Clarke et al., 1980; Zavala-Camin, 1981, 1987; Pinedo, 1987; Vilela,



1990; Mello, 1992; Dalla Rosa, 1995; Zarzur, 1995; Vaske, 1994; Vaske & Castello, 1998;

Vaske & Rincon, 1998).

Nesta tese foram desenvolvidos varios trabalhos independentes, que tiveram como
objetivo comum o maior conhecimento da ecologia dos cefalopodes, especialmente
relacionado a importancia deste grupo nas relagdes troficas de plataforma, talude superior e

aguas oceanicas adjacentes na regido sul do Brasil.

Com o objetivo especifico de avaliar o papel nas relacdes troficas de duas das
principais espécies de cefalopodes encontradas na regido, seja atuando como predadores ou
como presas, foram desenvolvidos trés trabalhos que envolveram estudos de alimentagdo e

predacdo sobre Loligo sanpaulensis(Anexo I) e Illex argentinus (Anexos II e III).

Tendo ainda como referéncia a presenca de Illex argentinus no sul do Brasil,
principalmente no inverno e primavera quando as maiores concentragdes deste calamar
foram encontradas, foram também estudados aspectos de sua biologia reprodutiva, com o
objetivo de se obter informagdes adicionais que auxiliaram na avaliagdo da importancia

desta espécie na regido (Anexo IV).

Outro objetivo especifico foi a avaliagdo da importancia de outros cefaldpodes nas
relagdes troficas da regido, a partir do estudo da dieta de seus potenciais predadores,
adicionando novas informacdes sobre a distribuicdo e abundancia de varias espécies,
principalmente de regides onde, até o presente, a coleta destes invertebrados era escassa

(Anexos V e VI).
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2. MATERIAL E METODOS

2.1. Alimentacio e predacio de Loligo sanpaulensis

Alimentacio

No estudo de alimentacao de Loligo sanpaulensis foram examinados 668 estobmagos
obtidos de amostras coletadas em desembarques comerciais no porto de Rio Grande, assim
como de cruzeiros de pesquisa com arrasto de fundo com o N/Pq Atlantico Sul, ao longo da
plataforma do sul do Brasil entre as latitudes de 26°S e 34 ° S (Fig. 1), de 1987 e 1996
(Anexo I).

Dos Loligo sanpaulensis coletados foram medidos o comprimento dorsal do manto
(ML) em milimetros e obtidos o peso total (TW) em gramas, seguindo as medidas descritas
em Roper & Voss (1983). Foram determinados os sexos das lulas e atribuido um estagio de
maturacao sexual aos exemplares amostrados, segundo Andriguetto (1989).

Os estdmagos foram examinados e separados em estdmagos vazios € com conteudo.
Peixes 6sseos foram reconhecidos pela presenca de escamas, vértebras, espinhas e outros
fragmentos oOsseos e, quando possivel, identificados através de seus otolitos. O
comprimento total dos peixes identificados foi estimado a partir de relagdes entre o
comprimento do otélito e o comprimento do peixe, através de uma colegdo de referéncia do
Laboratorio de Recursos Pesqueiros Demersais e Cefalopodes da FURG. Os cefalopodes
foram reconhecidos por seus cristalinos, pedagos de gladius, ventosas, ganchos, restos do
manto, bracos, tentaculos e identificados, principalmente, por seus bicos. Quando possivel,
os bicos foram medidos e os comprimentos dos cefalopodes foram estimados a partir de

uma relacdo entre o comprimento do bico e o comprimento do manto do cefalopode,
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utilizando-se regressdes elaboradas a partir da colecdo de referéncia de cefalopodes do
Laboratorio acima citado (Anexo VII). Crusticeos foram reconhecidos pelos restos do
exoesqueleto, apéndices e olhos.

A importancia das presas foi baseada na freqiiéncia de ocorréncia (FO=Ni/Nt), onde
Ni € o nimero de estdbmagos com um determinado tipo de alimento e Nt o numero total de
estdbmagos com alimento e comparada entre os grupos de tamanho e estacdes do ano.

A comparagdo entre a propor¢ao de ocorréncia de presas nos estbmagos ou mesmo
entre a propor¢ao de estdmagos com ou sem alimento tem suas limitagdes (Hyslop, 1980),
principalmente para cefaldopodes que despedacam suas presas, freqlientemente descartando
as partes duras, mais uteis na identificacdo. Entretanto como niao hd uma solucdo simples
para este problema, o uso da freqiiéncia de ocorréncia continua sendo a escolha mais
comum nos estudos de alimentagdo de lulas (Brieby & Jobling, 1985; Ivanovic & Brunetti,

1994; Collins et al., 1994; Rocha et al., 1994).

Predacao

A predagdo sobre Loligo sanpaulensis foi estudada a partir da presenca de
exemplares semi-digeridos e bicos desta lula na dieta de 47 espécies de potenciais
predadores coletados na plataforma continental (Anexo I), sendo incluida posteriormente
dados de outras 24 espécies de predadores do talude superior e de aguas oceanicas
adjacentes (Tabela 1; item 2.3) entre as latitudes de 26°S e 34°S) entre 1980 e 1996 (Fig. 2).
Os predadores incluiram peixes e cefalopodes capturados com diversas artes de pesca,
pingliins (Spheniscus magellanicus) encontrados mortos ao longo da costa e mamiferos
marinhos encontrados mortos nas praias ou em capturas acidentais da pesca costeira de

emalhe.
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A porcentagem de freqiiéncia de ocorréncia (FO) de Loligo sanpaulensis foi
calculada para cada predador como sendo FO= (NIl Nc) x 100, onde N/ é o nimero de
estdmagos contendo L. sanpaulensis ¢ Nc é o nimero total de estbmagos com alimento. O
numero de lulas em um Unico estdmago foi estimado a partir de exemplares semi-digeridos
ou do numero de bicos superiores ou inferiores, de acordo com aquele que apresentasse o
maior numero. Foram medidos o comprimento do rostro superior (URL) e do inferior
(LRL) dos bicos seguindo as defini¢cdes apresentadas por Clarke (1986b). Estas medidas
foram utilizadas em regressoes elaboradas para estimar comprimentos do manto e peso total
dos Loligo sanpaulensis predados (Anexos I e VII).

Como estimativas da abundancia de alguns dos predadores de Loligo sanpaulensis
foram utilizadas duas fontes: as capturas por unidade de esfor¢o (CPUE) e estimativas de
biomassa de seis cruzeiros de pesquisa realizados entre 1981 e¢ 1983 (Haimovici et al.,
1996) e estatisticas dos desembarques comerciais no periodo de 1990 a 1994 (Haimovici et

al., 1998a).

2.2. Alimentacio, predacio e biologia reprodutiva de Illex argentinus

Alimentacio

Foram examinados os conteudos estomacais de 729 Illex argentinus capturados a
partir de cruzeiros de arrasto de fundo e de meia-dgua com o N/Pq Atlantico Sul e de
amostras ocasionais dos desembarques comerciais no porto de Rio Grande (Anexo II). As
amostras foram oriundas da plataforma e do talude superior do sul do Brasil entre as

latitudes de 26°35°S e 34°31°S, entre 1981 e 1992 (Fig. 3).

13



Assim como para Loligo sanpaulensis, foram medidos o comprimento dorsal do
manto (ML, mm) e o peso total (TW, g). O sexo das lulas foi determinado e o estagio de
maturagao foi atribuido a partir de Brunetti (1990).

A andlise dos contetidos estomacais seguiu a mesma metodologia empregada no

estudo de alimentagdo de Loligo sanpaulensis.

Predacao

A predagdo sobre Illex argentinus foi estudada a partir da presenga de exemplares
semi-digeridos e bicos desta lula na dieta de 63 espécies de potenciais predadores coletados
na plataforma continental, talude superior e aguas oceanicas adjacentes (Anexo III), sendo
incluidos posteriormente dados sobre sua presenca na dieta de outras 8 espécies de
potenciais (Tabela 1; item 2.3). A area de estudo abrangeu a regido entre as latitudes de
26°S e 34°S entre 1980 e 1997 (Fig. 2). Os predadores estudados foram: peixes e
cefalopodes capturados com diversas artes de pesca, pingiiins (Spheniscus magellanicus)
encontrados mortos ao longo da costa e mamiferos marinhos encontrados mortos nas praias
ou coletados a partir de capturas acidentais da pesca costeira de emalhe.

Assim como para Loligo sanpaulensis foi calculada a porcentagem de freqiiéncia de
ocorréncia (FO) de Illex argentinus na dieta de cada predador e estimado o nimero de lulas
em cada estdbmago a partir de exemplares semi-digeridos e dos bicos. Foram também
medidos o URL e LRL dos bicos, como apresentado para Loligo sanpaulensis. Estas
medidas foram entdo utilizadas em regressdes previamente elaboradas para serem
estimados o comprimento do manto e peso total dos /llex argentinus predados (Anexos III e

VII).
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Como estimativas da abundancia de alguns dos principais predadores de Illex
argentinus foram utilizadas as estatisticas dos desembarques comerciais no periodo de 1990
a 1994 no sul do Brasil (Haimovici et al., 1998a; Peres & Haimovici, 1998), assim como
estimativas da abundancia relativa de peixes demersais capturados no talude superior, a

partir de cruzeiros de pesquisa do inverno de 1986 (Vooren et al., 1988)

Biologia reprodutiva

Com o objetivo de se obter maiores informagdes sobre as caracteristicas
populacionais do Illex argentinus encontrado na regido sul do Brasil, foram estudados
aspectos da sua biologia reprodutiva na regido (Anexo IV). As amostras foram coletadas
em cruzeiros de pesquisa com redes de arrasto de fundo, no inverno e primavera, quando as
maiores concentragdes desta espécie sdo encontradas, sobre a plataforma externa e talude
superior entre as latitudes de 27°S e 34°S, entre 1986 e 1992 (Fig.4).

Foram obtidos o comprimento dorsal do manto (ML, mm) e o peso total (TW, g),
sexo e atribuido um estagio de maturacdo sexual aos exemplares amostrados, seguindo a
escala de Brunetti (1990). Varios indices foram obtidos a partir de comprimentos € pesos
do corpo, assim como das partes do aparelho reprodutivo destes exemplares para
comparacdes entre os estdgios de maturacao sexual de machos e fémeas. Foram calculadas

ainda, as fecundidades delllex argentinus na regio.

2.3. Predaciao sobre cefalopodes

Além da presenga de Loligo sanpaulensis e Illex argentinus na dieta dos predadores
estudados, foi também registrada a presenga de outras espécies de cefalopodes na dieta das
71 espécies de predadores potenciais do sul do Brasil, coletados entre as latitudes de 26°S e

34°S entre 1980 e 1997 (Fig. 2). Além dos conteudos estomacais examinados no
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Laboratorio de Recursos Pesqueiros Demersais ¢ Cefalopodes, parte do material de
cefalopodes, coletados em estudos de alimentagdo de diversos predadores, foi
disponibilizado por outros pesquisadores e colegas da FURG e de outras institui¢des.

A Tabela 1 apresenta as espécies de predadores de cefalopodes estudadas, que
incluiram 2 espécies de lulas e 36 espécies de peixes pelagicos e demersais capturados ao
longo da plataforma e talude superior com varias artes de pesca; 11 espécies de peixes
peldgicos oceanicos capturados com espinhel de superficie; 7 espécies de aves marinhas e
15 de mamiferos marinhos encontrados ao longo das praias, ou capturados acidentalmente
na pesca costeira de emalhe.

Além dos cefalopodes identificados e medidos durante a realizagdo desta tese, foram
também incluidas informacdes publicadas sobre a alimentagdo de alguns de seus potenciais
predadores na regido (Clarke et al., 1980; Lessa, 1982; Pinedo, 1982; Pinedo & Barros,
1983; Juras & Yamaguti, 1985; Queiroz, 1986; Pinedo, 1987; Rosas, 1989; Schwingel,

1991; Vaske, 1994; Vaske & Rincon, 1998).

Os nomes cientificos e vulgares empregados para as espécies de predadores, bem
como dados sobre sua distribuicdo (plataforma, talude e aguas oceanicas) e habitat
(demersal ou pelagico) seguiram: Figueiredo, 1977; Menezes & Figueiredo, 1980; Menezes
& Figueiredo; 1985; Vooren & Fernandes, 1989; Pinedo et al., 1992; FAO, 1993; Pinedo,
1994; Haimovici et al., 1994b; Haimovici et al., 1996; Haimovici et al., 1998a; Rice, 1998.
Neste trabalho foram considerados como plataforma a regido onde a profundidade ¢ inferior
a 180 m, talude superior (abrangendo inclusive a quebra de plataforma), entre 180 ¢ 500 m
e aguas oceanicas adjacentes, regides onde a profundidade ¢ superior a 500 m, estabelecido

a partir de Haimovici (1998). Embora sabendo-se das limitagdes de estabelecer regides de
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ocorréncia de presas delimitadas por isobatas, especialmente quando se trata de espécies
extremamente méveis e, em alguns casos, com pouca relacdo com o fundo, a criagdo destas
categorias foi necessaria para relacionar as distribuicdes dos cefalopodes e seus predadores

na regido.

Para muitos dos peixes de plataforma, grandes peixes peldgicos e mamiferos
marinhos o numero total de estbmagos com alimento examinados (Nf) e com cada espécie
de cefalopode (Ne) era conhecido e a principal medida para avaliar a importancia dos
cefalépodes como presas foi a freqiiéncia de ocorréncia (FO=Ne/Nt x 100). Em alguns
casos, o numero de estdmagos analisados ndo era conhecido, como em Polyprion
americanus, cuja dieta foi estudada a partir de alimento regurgitado, e de outros dados
derivados de publicagdes, nos quais a informagao era incompleta. O nimero de cefalépodes
obtidos pela contagem de exemplares semi-digeridos ou de bicos de cada espécie no
conjunto dos estdmagos de cada predador também foi utilizado como medida de

importancia relativa entre os cefalépodes.

Os cefalépodes foram encontrados nos conteudos estomacais de seus predadores,
em diferentes graus de digestdao, desde exemplares inteiros, pouco digeridos, até a presenca
apenas das mandibulas quitinosas ou bicos. Para identificagdao dos exemplares inteiros foi
utilizada a coleg¢do de cefalopodes do Laboratorio e chaves de identificagdo disponiveis na
literatura (Roper et al., 1984; Nesis, 1987). Foram registrados o nimero de individuos e
retiradas, quando possivel, as medidas de comprimento do manto (ML, mm) e peso total
(TW, g). Para a identificacdo de exemplares muito digeridos ou de bicos, foi utilizada uma
colecdo de referéncia de bicos do Laboratdrio, inicialmente composta por espécies neriticas

e do talude superior, que ao longo do trabalho foi ampliada principalmente a partir dos
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exemplares encontrados inteiros nos contetidos estomacais dos predadores de aguas
oceanicas. No auxilio da identifica¢do, também foram utilizadas as descri¢des de bicos de

Clarke (1986Db).

O comprimento do manto (ML) e o peso total (TW) foram estimados a partir das
medidas dos bico superior e inferior, as quais foram ajustadas regressdes lineares,
potenciais ou exponenciais. Em cada caso foi escolhido o modelo de regressio que
apresentou o melhor ajuste dos residuos percentuais, para toda a amplitude de dados

disponiveis.

As medidas dos bicos consideradas nas regressdes para lulas e sepiolideos foram o
comprimento do rostro do bico superior (URL) e inferior (LRL) e para polvos o
comprimento do escudo do bico superior (UHL) e inferior (LHL) seguindo as defini¢des
das medidas descritas em Clarke (1986b) (Fig. 5). Estas medidas foram tomadas sob
microscopio estereoscoOpico ou com o auxilio de um paquimetro, de acordo com os
tamanhos dos bicos encontrados, com precisdo de 0,1 mm. Para as espécies cujas
regressoes ndo estiveram disponiveis a partir dos dados locais, foram utilizadas regressoes
de Clarke (1986b). No Anexo VII sdo apresentadas as ilustragcdes dos bicos superiores e
inferiores de 29 espécies de cefalopodes e as regressdes relacionando o comprimento dos

bicos e o comprimento do manto e peso total para 22 espécies da regido.
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3. RESULTADOS

3.1. Alimentacao e predacio de Loligo sanpaulensis

Alimentacio

Dos 668 estomagos de Loligo sanpaulensis, 313 continham restos de alimento. A
propor¢ao de estomagos vazios e a ocorréncia das diferentes presas nao foi
significativamente diferente entre machos e fémeas (P>0,05). Suas presas principais foram
peixes (36,4%), crustaceos (23,3%) e, em menor grau cefalépodes (6,4%). As presas
identificadas foram peixes bentonicos e demersais como Symphurus sp, Raneya fluminensis,
Urophycis brasiliensis, os camardes Artemesia longinaris e Pleoticus muelleri, o calamar-

argentino //lex argentinus e apresentou um baixo canibalismo (Anexo I).

No verdo e outono a ocorréncia de peixes, cefaldpodes e crustaceos ndo apresentou
diferencas entre as classes de comprimento do manto dos Loligo sanpaulensis examinados
(P>0,05). Crustaceos foram particularmente importantes na dieta de lulas com ML entre 20 e
80 mm, enquanto peixes e crustaceos foram igualmente importantes da dieta de lulas maiores.
No inverno e primavera, peixes foram as presas mais freqiientes em todas as classes de
comprimento do manto considerada, aumentando significativamente sua ocorréncia com o
tamanho (P<0,05). A proporcao de estdmagos vazios foi significativamente maior somente
nas lulas de classes de comprimento do manto entre 20 e 40 mm, amostradas no periodo de

verdo e outono (P<0,05).

Predacao
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Loligo sanpaulensis foi o principal cefalopode predado sobre a plataforma, embora
tenha feito parte da dieta de praticamente todos os grupos de predadores considerados neste
trabalho (Anexos I, V e VI; Figs. 6 a 8). Foram seus principais predadores Pontoporia
blainvillei e ocasionalmente Spheniscus magellanicus, Arctocephalus australis, A. gazella e
A. tropicalis, além de ter ocorrido com FO acima de 5% nos contetdos estomacais de peixes
bentonicos e demersais como Mustelus canis, Astroscopus sexpinosus, Percophis
brasiliensis, Helicolenus lahillei, Paralichthys isosceles, P. patagonicus e Merluccius
hubbsi. Com menor freqiiéncia, Loligo sanpaulensis foi encontrado na dieta de peixes
peladgicos e demersais como Pomatomus saltatrix, Trichiurus lepturus, Cynoscion

guatucupa, Macrodon ancylodon e Pagrus pagrus..

3.2. Alimentacio, predacio e biologia reprodutiva de Illex argentinus

Alimentacio

Dos 729 estomagos examinados de Illlex argentinus, 363 apresentaram alimento.
Fémeas apresentaram uma propor¢ao significativamente maior de estbmagos com alimento
em relagdo aos machos (P<0,05), sem entretanto diferirem na freqiiéncia de ocorréncia dos
tipos de presas encontradas. Peixes ocorreram em 43, 8% dos estomagos, seguido por
cefaldopodes (27,5%) e crustaceos (18,7%). As presas identificadas foram Diaphus dumerilii,
Maurolicus  muelleri, Merluccius hubbsi, Loligo sanpaulensis, Illex argentinus,
Enoploteuthidae, Semirossia tenera, Spirula spirula, Eledone gaucha, Oncaea media e

Euphausia sp.
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No sul do Brasil, lllex argentinus parece alimentar-se preferencialmente entre o
entardecer e a noite (18:00 — 02:00 h), uma vez que durante este periodo a proporgdo de

estdmagos vazios foi menor.

Calamares pequenos (< 150 mm ML) prevaleceram nas amostras de verdo e outono,
enquanto exemplares maiores lulas (> 250 mm ML) foram predominantes nas amostras de
inverno e primavera, quando grupos desta espécie sdo encontrados na regido para
reproducdo (Anexo 1V). Exemplares menores de 170 mm ML apresentaram alimento em
30,4% dos estdomagos examinados, sem diferengas significativas entre as estagdes do ano
(P>0,05). Exemplares maiores que 170 mm ML apresentaram alimento em 69,6% dos
conteudos estomacais examinados, sem também apresentarem diferenca significativas entre
as estacoes do ano (P>0,05). A porcentagem de estdmagos com alimento foi
significativamente maior para o grupo de calamares maiores que 170 mm ML (P<0,05),
tanto para o periodo de verdo e outono, como para o de inverno e primavera.

Crustaceos foram as presas mais freqiientes nos calamares menores que 170 mm
ML no periodo de inverno e primavera (P<0,05), enquanto a freqiiéncia de cefalopodes e
peixes nao diferiu significativamente, tanto no verao e outono, como no periodo de inverno
e primavera (P>0,05). Entre os calamares maiores que 170 mm ML, crustaceos e peixes
foram mais freqiientes no inverno e primavera (P<0,05), enquanto a presenga de
cefalopodes nao diferiu entre o periodo do verdo e outono e o periodo de inverno e
primavera (P>0,05).

A ocorréncia de peixes aumentou significativamente com o tamanho (P<0,05),
enquanto ndo foram evidenciadas diferencas na propor¢ao de cefalopodes e crustaceos nas

diferentes classes de tamanho consideradas (P>0,05).
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A alta taxa de canibalismo (67% dos cefalopodes identificados foram [Zllex
argentinus), a baixa propor¢do de estomagos com alimento e a baixa ocorréncia de
crustaceos, principalmente para juvenis e subadultos sobre a plataforma, poderia refletir a

limitac¢do de recursos na regido (Anexo II).

Predacao

Como presa, lllex argentinus foi encontrado especialmente nos conteudos estomacais
de mamiferos marinhos e peixes peldgicos e demersais encontrados no talude superior e
aguas oceanicas adjacentes, sendo representados principalmente por Thunnus obesus,
Xiphias gladius, Polyprion americanus, Globicephala melas e K. breviceps, sendo pouco
freqliente em aguas de plataforma. Embora a presenca de exemplares pequenos (< 100 mm
ML) tenha ocorrido, grande parte de seus principais predadores alimentaram-se de

exemplares considerados em maturagao ou maturos (> 200 mm ML) (Anexos III e IV)

Biologia reprodutiva

Calamares maturos foram observados de junho a fins de outubro. Os comprimentos
dos machos maturos variaram de 188 a 296 mm ML e das fémeas de 225 a 356 mm ML.
Evidéncias da desova de Illex argentinus no sul do Brasil foram obtidas pela presenca de
uma alta propor¢@o de individuos maturos, parcialmente desovados e desovados no inverno
e primavera, em amostras coletadas na regido do talude superior. A predacao principalmente
de Thunnus obesus, Xiphias gladius e Polyprion americanus incidiria, especialmente neste
periodo do ano, sobre estes subadultos e adultos, que seriam provenientes de dguas mais
frias do Uruguai e Argentina, onde provavelmente se localizariam as maiores areas de

criacdo deste estoque.
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Uma descrigdo mais detalhada dos aspectos do ciclo reprodutivo ¢ apresentado no

Anexo IV.

3.3. Predacio sobre cefalopodes

Nos conteudos estomacais das 71 espécies de predadores estudadas, foram
identificadas 27 familias e ao menos 41 espécies de cefalopodes. A lista taxondmica destas
espécies ¢ apresentada na Tabela 2. Nas figuras 6 a 8 sdo apresentadas as listas de

cefalopodes e seus predadores na regido sul do Brasil.

Além de Loligo sanpaulensis, outro representante da familia Loliginidae foi Loligo
plei encontrado principalmente na dieta de pred adores de plataforma e talude superior,
sendo entretanto pouco freqiiente, tanto em numero de espécies de predadores, como em

numero de contetidos onde foi encontrado (Figs. 6 a 8).

Lulas da familia Ommastrephidae, além de /llex argentinus, importantes na dieta de
predadores do talude superior e de aguas oceanicas adjacentes foram, Ornithoteuthis
antillarum e Ommastrephes bartramii (Figs. 6 a 8; Anexos V e VI). A primeira, muito mais
freqiiente, ocorreu principalmente na dieta de Katsuwonus pelamis, Thunnus alalunga, T.
albacares, Istiophorus albicans e Tetrapturus albidus e a segunda na dieta de Thunnus
obesus, Xiphias gladius e mamiferos marinhos como Orcinus orca e Kogia breviceps.
Outros omastrefideos, como Todarodes filippovae e Hyaloteuthis pelagica, foram muito
pouco freqiientes, encontrados na dieta de mamiferos marinhos e peixes pelagicos e

demersais do talude superior e de 4guas oceanicas adjacentes.

Outras lulas oceadnicas que também foram relativamente freqlientes foram

Lycoteuthis lorigera e espécies de enoploteutideos do género Abralia, espécies de
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cefalopodes tipicos de regido de talude. Foram encontradas principalmente na dieta de
Thunnus alalunga, Thunnus obesus, Isurus oxyrinchus, Sphyrna lewini, Globicephala melas

e Kogia breviceps (Figs. 6 a 8; Anexos V e VI).

Lulas amoniacais, assim chamadas por substituirem ions mais pesados como o sodio,
por ions mais leves como o amonio, acumulando-os nos tecidos corpéreos ou no celoma
(Clarke et al., 1979), ocorreram com certa freqiiéncia nos conteudos de predadores do talude
superior e de aguas oceanicas adjacentes. As espécies mais freqiientes foram Ancistrocheirus
lesueurii, Octopoteuthis sp, Histioteuthis spp e Chiroteuthis veranii, principalmente na dieta
de Prionace glauca, Kogia sima e K. breviceps, Glbicephala melas e aves oceanicas (Figs.
7 ¢ 8; Anexos V e VI). A predagao sobre cefaldpodes pelas aves oceanicas, entretanto, deve
ser interpretada com reserva, pois tanto podem ter se alimentado de lulas mortas,
principalmente quando se trata de lulas amoniacais, que flutuam quando morrem, assim
como podem ter sido ingeridas a partir de restos de cefalopodes em regurgitos de cetaceos

(Clarke et al., 1981; Lipinski & Jackson, 1989; Croxall & Prince, 1994).

Outras lulas oceadnicas como Enoploteuthis sp, Abraliopsis sp, Moroteuthis robsoni,
Pholidoteuthis boschmai, além de cranchideos e onicoteutideos ndo identificados a nivel
especifico, foram encontradas na dieta de peixes pelagicos, aves e mamiferos marinhos do
talude superior e de aguas oceanicas adjacentes, sendo entretanto pouco freqiientes (Figs. 7 e

8; Anexos V e VI).

O polvo pelagico Argonauta nodosa foi encontrado principalmente na dieta de
espécies de plataforma e talude superior, sendo freqliente em contetdos estomacais de

Spheniscus magellanicus e, em menor grau, de Katsuwonus pelamis, espécie na qual grande
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numero de exemplares muito pequenos foi observado em alguns estdmagos (Figs. 6 a §;

Anexo V).

Outros polvos peldgicos, encontrados com certa freqii€éncia nos contetidos
estomacais dos grandes peixes pelagicos e mamiferos marinhos da regido do talude superior
e aguas oceanicas adjacentes, foram Tremoctopus violaceus e Ocythoe tuberculata. Com
menor freqiiéncia ocorreram Japetella diaphana, Haliphron atlanticus € o vampiromorfo

batt pelagico Vampyroteuthis infernalis (Figs. 7 e 8; Anexos V e VI).

Os polvos bentonicos Eledone gaucha, E. massyae, Octopus tehuelchus e Octopus
vulgaris foram pouco freqiientes, fazendo parte da dieta de peixes demersais ¢ mamiferos
marinhos de plataforma e talude superior, embora tenha sido registrada a presenca de um
pequeno Octopus vulgaris (ML < 20 mm) na dieta do atum Thunnus alalunga (Figs. 6 a §;

Anexos V e VI).

Os sepiolideos que ocorreram na dieta dos predadores estudados foram Semirossia
tenera e Heteroteuthis dispar. Ambos foram pouco freqlientes, sendo que S. tenera foi
encontrada principalmente em espécies predadoras de plataforma e talude superior, enquanto
H. dispar foi encontrada nos predadores de talude superior e dguas ocednicas adjacentes

(Figs. 6 a 8; Anexos V e VI).

Os cefalopodes predados, tanto de aguas de plataforma como de talude superior e de
aguas oceanicas adjacentes, foram relativamente pequenos, apresentando em geral ML
inferiores a 100 mm. Os maiores foram Ommastrephes bartramii, Illex argentinus,
Thysanoteuthis  rhombus, Ancistrocheirus lesueurii, Pholidoteuthis boschmai €

Octopoteuthis sp, atingindo ML superiores a 250 mm, predados principalmente por
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Polyprion americanus, Thunnus alalunga, T. albacares, T. obesus, Xiphias gladius e por
mamiferos marinhos da regido do talude superior e de dguas oceadnicas adjacentes (Anexos I,
III, V e VI). Ressalta-se aqui também, a presenga de restos da coroa de bragos e massa bucal
de um Architeuthis sp, cujo comprimento do manto foi estimado em 1012 mm e o peso total

em 92 Kg.

4. DISCUSSAO

Loligo sanpaulensis aparece como a principal espécie de cefalopode encontrada nas
relacdes troficas de plataforma, provavelmente associada as cadeias troficas de fundo, o que
seria de se esperar em uma regido onde as espécies bentdnicas e demersais predominam
sobre a plataforma (Haimovici, 1998; Haimovici et al, 1998a). Embora os resultados
obtidos tenham sido extraidos apenas de coletas demersais, a alimentagdo associada ao
fundo também foi observada em outras regides para esta mesma espécie € para congeneres
(Castellanos, 1967; Karpov & Caillet, 1979; Lipinski, 1987). Loligo sanpaulensis parece
ocupar um nivel intermedidrio na transferéncia de energia entre as cadeias troficas de fundo
e pelagicas da regido, uma vez que foi constatado sua predagdo sobre peixes demersais e faz
parte, principalmente no inverno e primavera, da comunidade de espécies pelagicas neriticas

da plataforma (Mello et al., 1992).

Loligo sanpaulensis ocupa ao longo de seu desenvolvimento distintos niveis troficos,
onde juvenis alimentam-se principalmente de crusticeos, aumentando a proporcao de peixes
na dieta dos maiores exemplares (Anexo I; Andriguetto, 1989). O baixo canibalismo
registrado, poderia estar relacionado ao fato de ndo formar concentragcdes muito densas na

regido (Andriguetto & Haimovici, 1991) e ainda, se for considerada a possibilidade de ndo
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haver grandes limitacdes de alimento para esta espécie. Loligo sanpaulensis parece
aproveitar-se, portanto, de um ambiente mais estavel na plataforma, estando isto relacionado

a propria estratégia de vida de espécies deste género de uma forma geral (O’Dor, 1998).

Como presa no sul do Brasil, Loligo sanpaulensis foi particularmente importante na
dieta da franciscana. Esta lula também foi um dos principais itens da dieta da franciscana ao
longo de toda sua area de distribuigdo, desde aguas costeiras da Argentina até o Rio de Janeiro
(Brownell, 1975; Pinedo, 1982; Perez et al., 1996; Anexo VI). Outro predador ocasionalmente
importante parece ser o pingiiim-de-magalhdes (Azevedo & Schieller, 1991), na maioria
juvenis de ninhais da Patagonia, que chegam ao sul do Brasil no inverno e primavera (Vooren,
1998). Os lobos-marinhos das trés espécies que chegam ao sul do Brasil de regides mais
austrais no inverno e primavera (Pinedo et al., 1992), predaram sobre grandes exemplares de
L. sanpaulensis (Anexo VI), provavelmente quando aproximaram-se da plataforma interna,
uma vez que os maiores individuos destas lulas ocorrem apenas nesta regido costeira
(Andriguetto & Haimovici, 1991). Outras espécies que tiveram Loligo sanpaulensis como
presa relativamente freqiiente foram peixes bentonicos e demersais que, excluindo o linguado
Paralichthys patagonicus, sdo pouco abundantes no sul do Brasil. Loligo sanpaulensis foi
pouco freqiiente na dieta de alguns dos peixes demersais e pelagicos mais abundantes na
regido, como a corvina, o peixe-espada, a pescada-olhuda e a pescadinha-real, sendo
entretanto provavel que, pela abundancia destas espécies de peixes, a pressao de predacio que
este grupo de peixes exerca seja maior que a do resto dos predadores em conjunto.

Ao longo de seu desenvolvimento Illex argentinus passa para niveis troficos
superiores, alimentando-se além de crustaceos planctonicos e cefaldopodes, de uma maior

propor¢ao de peixes, especialmente de espécies mesopelagicas de talude, como Maurolicus
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muelleri, Diaphus dumerilii e a merluza. Entretanto, ao contrario de Loligo sanpaulensis e
até mesmo do proprio calamar-argentino na plataforma argentina (Anexo I; Ivanovic &
Brunetti, 1994), o canibalismo parece ser importante no sul do Brasil. Isto pode estar
associado a escassez de alimento nas redes troficas pelagicas de plataforma, principalmente
quando relacionado aos juvenis, ou ainda as migracdes reprodutivas e as densas
concentragdes de adultos que ocorrem nas areas de desova ao longo do talude do sul do
Brasil, principalmente no inverno e primavera (Haimovici & Perez, 1990; Anexo IV). O
canibalismo ¢ um fendmeno comum em espécies que migram, como os omastrefideos,
principalmente nos maiores exemplares quando a disponibilidade de alimento decresce
(Amaratunga, 1983), fazendo possivelmente dos menores machos as vitimas mais
provaveis (O’Dor, 1998; O’Dor & Dawe, 1998).

Como presa lllex argentinus aparece como um elo importante nas cadeias troficas
do talude e aguas oceanicas, sendo predada por grandes peixes peldgicos, como o espadarte
e a albacora-bandolim e grandes peixes demersais como o cherne-poveiro e o cagdo-bico-
doce (Anexos III e V), evidenciando também seu papel na transferéncia de energia entre o
ambiente demersal e pelagico. Adicionalmente, fez parte da dieta de algumas espécies de
mamiferos marinhos encontrados na regido como, o golfinho-comum, cachalotes e a baleia-
piloto.

A importancia de Illlex argentinus na dieta do espadarte e da albacora-bandolim,
poderia estar associada a capacidade que estes peixes teriam de predarem em aguas mais
profundas (Carey & Robison 1981; Colette & Nauen 1983; Holland et al., 1990), onde o
calamar-argentino se encontraria durante o dia (Moiseev, 1991). Outros atuns e agulhdes,
por ndo possuiriam tal capacidade, se alimentariam preferencialmente nas camadas de agua
mais superficiais (Colette & Nauen 1983; Holland ef al., 1990).
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Atuns, agulhdes e o espadarte, que foram alguns de seus principais predadores,
migram do norte para o sul do Brasil, principalmente nos meses frios de maio a outubro,
quando a influéncia das aguas frias da corrente das Malvinas, fluindo para norte, ¢ mais
forte na regido, associado ao deslocamento da Convergéncia Subtropical e ao aumento da
produtividade na regido (Antero da Silva, 1994; Castello et al., 1997, Weidner & Arocha,
1999). Esta migragdo dos atuns e afins para o sul do Brasil, coincide também com a
migragdo reprodutiva de adultos e subadultos de l/lex argentinus para esta mesma regiao,
provenientes de dguas uruguaias ¢ do norte da Argentina, encontrando aqui condigdes
oceanograficas favoraveis ao desenvolvimento embriondrio de sua prole, bem como ao
retorno de seus descendentes para regidoes mais produtivas ao sul (Haimovici & Perez 1990;
Haimovici et al., 1995; Anexo IV). Esta presenca sazonal das concentragdes do calamar-
argentino para desova, estaria disponibilizando por sua vez, alimento para populagdes
destes grandes predadores pelagicos, assim como de peixes demersais do talude e 4guas
oceanicas adjacentes.

O calamar-argentino foi muito pouco importante como presa para as espécies de
plataforma (Anexo III). Isto, confirma as informagdes obtidas em cruzeiros de pesquisa
nesta regido (Haimovici & Andriguetto, 1986) e sustenta a idéia de que as areas de criagdo
dos Illex argentinus que reproduzem-se no Brasil, possam localizarem-se em aguas mais
produtivas da plataforma uruguaia e argentina (Anexo IV).

Dentre os outros cefalépodes presentes na dieta dos predadores estudados,
Ornithoteuthis antillarum apareceu como uma das espécies mais freqiientes. Sua presenga
como espécie abundante nas aguas superficiais do talude superior e de 4guas oceanicas
adjacentes também comeca a ser observada a partir de coletas com redes de meia-agua nas
regides sul e sudeste do Brasil (Programa REVIZEE — Avaliacao do Potencial Sustentavel
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de Recursos Vivos na Zona Econdmica Exclusiva, dados ndo publicados). Sua maior
ocorréncia na dieta dos atuns Thunnus alalunga e T. albacares e dos agulhdes, poderia
estar relacionada tanto por ser uma espécie epipeldgica, como por atingir tamanhos
menores que [llex argentinus € Ommastrephes bartramii, tornado-se assim uma presa mais
facil para estas espécies de predadores.

Algumas das espécies ocednicas encontradas como Ancistrocheirus lesueurii,
Octopoteuthis sp, Histioteuthis spp, Chiroteuthis veranii e lulas da familia Cranchiidae, sdo
lulas amoniacais de flutuabilidade neutra e natagdo lenta (Clarke et al., 1979). Embora
tenham sido encontradas em todos os grupos de predadores do talude superior e de aguas
oceanicas adjacentes, foram mais freqiientes nos contetidos estomacais do tubardo-azul,
Prionace glauca, um nadador lento de amplo espectro trofico, e de algumas espécies e
mamiferos marinhos, como Kogia sima (Pinedo, 1987), K. breviceps e Globicephala melas,
que sdo espécies teutofagas adaptadas a alimentarem-se em profundidade (Clarke, 1986a).

A analise da dieta dos predadores de cefalopodes mostra que a sua diversidade
aumenta da costa para dguas mais oceanicas (Fig. 9), onde 27 familias de cefalopodes
foram registradas na dieta dos predadores considerados da regido do talude superior e de
aguas oceanicas adjacentes contra apenas 6 familias encontradas na dieta dos predadores

considerados de plataforma.

Na plataforma, muitos dos peixes abundantes nao se alimentaram de cefalopodes, ao
contrario do que ocorreu no talude superior e dguas oceanicas adjacentes, sugerindo que os

cefaldpodes sejam mais importantes nas relagdes troficas destes ambientes.

E dificil comparar quantitativamente a abundancia dos predadores de cefalopodes de

plataforma com a dos de talude superior e dguas oceanicas adjacentes, porque os dados
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disponiveis sdo esparsos e de fontes, periodos e graus de precisdo diferentes. Entre 1981 e
1983 a partir de cruzeiros de pesquisa realizados na plataforma do sul do Brasil, estimativas
da abundancia conjunta do peixe-espada, pescadinha-real e pescada-olhuda subadultas e
adultas, que foram os predadores de cefalopodes mais abundantes, situaram-se na faixa das
50.000 t, podendo variar em 20% deste nimero, para um nivel de confianca de 90%
(Haimovici et al., 1996). Para o talude superior e aguas ocednicas adjacentes, apenas
dispde-se de dados de capturas comerciais. Os desembarques anuais da pesca de atuns,
afins e tubardes peldgicos, excluindo o bonito-listrado, foram em média de 3.400 t entre
1990 e 1994 e os desembarques de bonito-listrado e albacora-laje com isca viva de 3.200 t
(Haimovici et al., 1998a). Este valor nao inclui a pesca pela frota atuneira internacional que
opera na regido. No ambiente demersal do talude, as capturas estimadas de cherne
atingiram cerca de 2.000 a 3.000 t anuais no inicio dos anos 90 (Peres & Haimovici, 1998).
Destes dados pode-se supor que a biomassa de predadores de cefalopodes de plataforma
seja maior que a biomassa dos predadores do talude superior e de aguas oceanicas
adjacentes, porém esta diferenca ndo pareceria ser muito grande. Embora estando longe de
poder quantificar esta diferenca, como a importancia dos cefalopodes na dieta dos
predadores de plataforma foi muito menor, pode-se concluir também que os cefalopodes do
talude superior e de aguas oceanicas adjacentes tenham sido mais abundantes que os de

plataforma.

Neste trabalho um panorama geral do papel dos cefalépodes nas relagdes troficas do
sul do Brasil ¢ apresentado, ressaltando a utilidade de estudos de alimentagdo de
predadores, que ndo s6 contribuiram com o conhecimento de seus hadbitos alimentares e

relacdes troficas, mas também com informacdes adicionais sobre a ecologia dos
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cefalopodes da regido. Estudos futuros sobre o papel dos cefalépodes no ecossistema
devem incluir estimativas da abundancia dos seus predadores e de suas taxas de ingestdo,
digestdo e taxas de conversdo de alimento. Neste sentido serdo necessarios também estudos
de digestdao e de evacuagao dos bicos, para ser estabelecido o tempo médio de permanéncia
destas estruturas nos tratos digestivos dos predadores, uma vez que este ¢ um problema que
dificulta qualquer analise quantitativa da importancia dos cefalépodes na dieta de seus
predadores. Estes estudos poderao ser realizados em colaboragdo com instituigdes, como o
Museu Oceanografico Prof. Eliézer de Carvalho Rios, com animais em cativeiro (e.g.

pingiiins e ledes marinhos).

Como parte desta tese foi gerada a base de uma colecdo de referéncia de
cefalopodes, assim como estdo sendo feitas descricdes detalhadas de seus bicos. Este
material devera ser organizado na forma de um guia, a fim de ser utilizado como uma
ferramenta auxiliar nos estudos de relagdes troficas de cefaléopodes e de outros animais

marinhos da regido.

5. CONCLUSOES

o Loligo sanpaulensis foi o principal cefalopode encontrado nas cadeias troficas de
plataforma no sul do Brasil. Ocupa um nivel trofico intermediario, alimentando-se
principalmente de crustaceos e peixes, pelo menos alguns associados ao fundo, e em
menor grau de cefalopodes. Foi presa de uma grande diversidade de espécies neriticas,
incluindo os peixes demersais mais abundantes na plataforma.

o Jllex argentinus foi a principal espécie de cefalopode presente nas cadeias troficas da

regido do talude. Ocupa também um nivel tréfico intermediario, alimentando-se de
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crustaceos, peixes e cefalopodes. O canibalismo mostrou-se importante em todas as faixas
de tamanhos, sugerindo uma disponibilidade de alimento limitada. Foi predado
principalmente por espécies de grandes peixes demersais e predadores pelagicos que
atingem maiores profundidades, que parecem recorrer ao calamar como uma de suas
principais fontes de alimento, principalmente quando concentragdes reprodutivas desta
lula s@o encontradas na regiao.

No talude superior e dguas oceanicas adjacentes, Ornithoteuthis antillarum foi o principal
cefalopode nas cadeias troficas pelagicas, tendo sido ausente em cruzeiros de pesquisa
anteriores realizados com redes de arrasto de fundo.

Sobre o talude superior e em aguas oceanicas adjacentes, a diversidade dos cefalopodes
predados foi maior que sobre a plataforma.

A biomassa de cefalopodes e seu papel nas relagdes troficas parece também ser maior na

regido do talude superior e em aguas oceanicas adjacentes
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Tabela 1. Lista dos potenciais predadores considerados no estudo de relagdes troficas de
cefalopodes no sul do Brasil. Sdo indicadas também as principais regides onde as espécies
sdo encontradas (plat: plataforma; tal: talude; oc: dguas oceanicas adjacentes) e seus
habitats (dem: demersal; pel: pelagico), as médias anuais dos desembarques comerciais
(toneladas) de algumas espécies entre 1990 e 1994 (a partir de Haimovici ef al., 1998a e
Peres & Haimovici, 1998), o nimero de estdmagos com alimento examinado e a fonte de
dados de cefalopodes nos conteudos.

Desembarques No. de

Espécie de predador Nome vulgar Regido Habitat _médios anuais _estdmagos Fonte
Cefalopodes
1llex argentinus calamar-argentino plat, tal dem - 363 1
Loligo sanpaulensis lula Plat dem 100 313 1
Peixes
Astroscopus sexpinosus ~ miracéu Plat dem - 6 1
Conger orbignyanus congro-negro Plat dem - 146 1
Coryphaena hippurus dourado oc pel - 811 1
Cynoscion guatucupa pescada-olhuda plat dem 8785 220 1
Cynoscion jamaicensis goéte plat dem - 73 1
Engraulis anchoita anchoita plat pel - 512 2
Evoxymetopon taeniatus tal dem - 14 1
Galeorhinus galeus cagdo-bico-doce tal dem - 101 1
Helicolenus lahillei sarrdo tal dem - 33 1
Istiophorus albicans agulhdo-vela oc pel - 35 1
Isurus oxyrinchus tubardo-anequim oc pel <500 19 1
Katsuwonus pelamis bonito-listrado plat, tal pel 2402 295 1
Macrodon ancylodon pescadinha-real plat dem 3966 1402 3
Merluccius hubbsi merluza plat dem 129 231 1
Micropogonias furnieri ~ corvina plat dem 14709 194 1
Moustelus canis caconete plat dem - 54 1
Naucrates ductor peixe-piloto oc pel - 39 4
Pagrus pagrus pargo-rosa plat dem 238 362 1
Paralichthys isosceles linguado plat dem - 304 1
Paralichthys orbignyanus linguado-vermelho plat dem <1000 308 1
Paralichthys patagonicus linguado-branco plat dem <1000 290 1
Percophis brasiliensis tira-vira plat dem - 66 1
Polyprion americanus cherne-poveiro tal dem 2036 >100 1
Pomatomus saltatrix anchova plat pel 3521 164 1
Porichthys porosissimus ~ mamanga plat dem - 114 1
Prionace glauca tubardo-azul oc pel <500 19; 40 1;5
Prionotus nudigula cabrinha-vermelha plat dem - 244 1
Prionotus punctatus cabrinha plat dem 988 743 1
Rhinobatus horkeli viola plat dem 460 82;918 1;6
Scomber japonicus cavalinha plat pel 969 30 2
Scyliorhinus besnardi tal dem - 8 1
Sphyrna lewini tubardo-martelo oc pel <500 13 1
Squatina argentina cacdo-anjo plat dem - 56 1
Squatina guggenhein cacdo-anjo plat dem <1000 109 1
Squatina occulta cacdo-anjo plat dem <1000 58 1
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Tabela 1. Continuagao ....

Desembarques ~ No. de

Espécie de predador Nome vulgar Regido Habitat _médios anuais _estdmagos Fonte
Peixes
Sympterigia acuta raia-emplastro plat dem - 1510 7
Sympterigia bonapartei  raia plat dem - 809 7
Tetrapturus albidus agulhdo-branco oc pel - 52 1
Thunnus alalunga albacora-branca oc pel 1075 110 1
Thunnus albacares albacora-laje oc pel 684 418 1
Thunnus obesus albacora-bandolim oc pel 500 104 1
Trachurus lathami xixarro plat pel 1555 124 2
Trichiurus lepturus peixe-espada plat, tal dem 441 490 1
Umbrina canosai castanha plat dem 9629 726 1
Urophycis brasiliensis abrotea plat dem 1186 663 1
Urophycis cirrata abrétea tal dem 58 1
Xiphias gladius espadarte oc pel 601 218 1
Aves marinhas
Spheniscus magellanicus  pingliim-de-magalhdes plat 120 1
Diomedea exulans albatroz-viajeiro oc 3 1
Diomedea melanophris albatroz-de-sobrancelha oc 8 1
Phoebetria palpebrata albatroz-pardo-de-capa-clara oc 1
Fulmarus glacialoides petrel-prateado oc 13 1
Puffinus gravis pardela-de-sobre-branco oc 47 1
Puffinus puffinus pardela-pequena oc 34 1
Mamiferos marinhos
Arctocephalus australis lobo-marinho-de sul plat, tal 15; 26 1;8
Arctocephalus gazella lobo-marinho-antartico oc 3 1
Arctocephalus tropicalis  lobo-marinho-subantértico oc 12 1
Mirounga leonina elefante-marinho-do-sul oc 1 1
Otaria flavescens ledo-marinho-de sul plat, tal 56;(a) 89
Delphinus sp golfinho-comum plat, tal, oc 3 1
Globicephala melas baleia-piloto plat, tal, oc 4 1
Lagenodelphis hosei golfinho-de-Fraser tal, oc 4 1
Kogia breviceps cachalote-pigmeu tal, oc 2 1
Kogia sima cachalote-ando plat, tal 1 10
Orcinus orca orca plat, tal, oc 2 1
Pontoporia blainvillei franciscana plat 111;257 1511
Physeter macrocephalus ~ cachalote tal, oc 1 12
Pseudorca crassidens falsa-orca oc 3 1
Tursiops truncatus boto plat, oc 1;12 1511

1 examinado por RAS ou MH
2 Schwingel, 1991

3 Juras & Yamaguti, 1985

4 Vaske, 1994

5 Vaske & Rincon, 1998

6 Lessa, 1982
7 Queiroz, 1986

8 Pinedo & Barros, 1983

9 Rosas, 1989
10 Pinedo, 1987
11 Pinedo, 1982
12 Clarke et al., 1980

(a) nimeros ndo indicados
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Tabela 2. Lista taxondmica das espécies
diversos predadores no sul do Brasil

de cefalépodes encontrados na dieta de

Classe Cephalopoda
Subclasse Coleoidea
Superordem Decabrachia
Ordem Spirulida
Familia Spirulidae
Spirula spirula
Ordem Sepiolida
Familia Sepiolidae
Heteroteuthis dispar
Semirossia tenera
Ordem Teuthida
Subordem Myopsina
Familia Loliginidae
Loligo plei
Loligo sanpaulensis
Subordem Oegopsina
Familia Lycoteuthidae
Lycoteuthis lorigera
Familia Enoploteuthidae
Enoploteuthis sp
Abralia veranyi
Abralia redfieldi
Abraliopsis sp
Familia Ancistrocheiridae
Ancistrocheirus lesueurii
Familia Pyroteuthidae
Pteryogioteuthis giardi
Familia Octopoteuthidae
Octopoteuthis sp
Taningia danae
Familia Onychoteuthidae
Moroteuthis ingens
Moroteuthis robsoni
Kondakovia longimana
Familia Gonatidae
Gonatus antarcticus
Familia Lepidoteuthidae
Pholidoteuthis boschmai
Familia Architeuthidae
Architeuthis sp

Familia Histioteuthidae
Histioteuthis sp
Familia Neoteuthidae
Alluroteuthis antarctica
Familia Brachioteuthidae
Brachioteuthis sp
Familia Ommastrephidae
lllex argentinus
Todarodes filippovae
Ommastrephes bartramii
Ornithoteuthis antillarum
Hyaloteuthis pelagica
Familia Thysanoteuthidae
Thysanoteuthis rhombus
Familia Chiroteuthidae
Chiroteuthis veranii
Familia Mastigoteuthidae
Mastigoteuthis sp
Familia Cranchiidae
Superordem Octobrachia
Ordem Octopodida
Subordem Incirrina
Familia Bolitaenidae
Japetella diaphana
Familia Octopodidae
Octopus vulgaris
Octopus tehuelchus
Eledone gaucha
Eledone massyae
Familia Tremoctopodidae
Tremoctopus violaceus
Familia Ocythoidae
Ocythoe tuberculata
Familia Argonautidae
Argonauta nodosa
Familia Alloposidae
Haliphron atlanticus
Ordem Vampyromorphida
Familia Vampyroteuthidae
Vampyroteuthis infernalis
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Figura 1. Mapa indicando o local de coleta das amostras de Loligo sanpaulensis

utilizadas no estudo de sua alimentagdo no sul do Brasil.
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Figura 5. Desenhos dos bicos de cefalopodes mostrando as medidas obtidas
em lulas e sepiolideos (a) e em polvos (b). URL= comprimento do rostro
superior; LRL= comprimento do rostro inferior; UHL= comprimento do

escudo superior; LHL= comprimento do escudo inferior.
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Figura 6. Lista dos cefalopodes predados por Loligo sanpaulensis e os peixes

peldgicos e demersais capturados na plataforma no sul do Brasil (circulos indicam a
presenca na dieta; circulos pretos indicam freqliéncia de ocorréncia (FO) acima de
10%).
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Figura 7. Lista dos cefalopodes predados por lllex argentinus e os peixes
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adjacentes no sul do Brasil (circulos indicam a presenga na dieta; circulos

pretos indicam freqiiéncia de ocorréncia (FO) acima de 10%).
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Figura 8. Lista dos cefalopodes predados por aves e mamiferos marinhos
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no sul do Brasil (circulos indicam a presenca na dieta; circulos pretos indicam as
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ANEXO I

Santos, R.A. & Haimovici, M. (no prelo). Trophic relations of
the long-finned squid Loligo sanpaulensis on the southern
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TROPHIC RELATIONSHIPS OF THE LONG-FINNED SQUID LOLIGO
SANPAULENSIS ON THE SOUTHERN BRAZILIAN SHELF

R. A. SANTOS* and M. HAIMOVICI*

The diet and predators of Loligo sanpaulensis (Cephalopoda: Loliginidae) on the southern Brazilian shelf were
studied by examining the stomach contents of 668 long-finned squid (12-184 mm mantle length) caught by bottom
trawl and the stomach contents of 47 potential predators, including stranded penguins and marine mammals as
well as fish and cephalopods caught with diverse fishing gears in the region. Of 313 long-finned squid stomachs
containing food, fish occurred in 36.4% of stomachs, crustaceans in 23.3% and cephalopods in 6.4%. Identified
prey included demersal fish, shrimps and conspecifics. Loligo sanpaulensis was preyed on by 31 of the 47 potential
predatory species examined. The frequency of occurrence (FO) was high (>20%) in the stomach contents of La
Plata dolphins Pontoporia blainvillei, penguins Spheniscus magellanicus, fur seals Arctocephalus spp., the benthic
shark Mustelus canis and the benthic finfish Astroscopus sexpinosus and Percophis brasiliensis. It was less important
(5-20% FO) for the benthic and demersal fish Helicolenus lahillei, Paralichthys isosceles, P. patagonicus,
Merluccius hubbsi and Urophycis mystacea, and of minor importance (2—5% FO) in the diet of the finfish Trichiurus
lepturus, Cynoscion guatucupa, Macrodon ancylodon, Pagrus pagrus and Pomatomus saltatrix. Loligo
sanpaulensis seems to be a link in the pelagic and benthic foodwebs of the southern Brazilian shelf, because it is
preyed on by such high-level predators as marine mammals and penguins, and by several of the most abundant fish

81

found in the region.

Squid are important components of foodwebs in
most marine ecosystems (Amaratunga 1983, Clarke
1996). They are organisms with a fast metabolic rate
and growth and they play an important role in the
transfer of energy to higher trophic levels (Nixon
1987, O’Dor and Wells 1987). Their role in the
ecosystem is reflected, in part, by their relative impor-
tance in the diet of their predators (Clarke 1987).

The common long-finned squid Loligo sanpaulensis
Brakoniecki 1984 (Cephalopoda: Loliginidae) occurs
along the east coast of South America between 21 and
40°S and is endemic to the region under the influence
of the Subtropical Convergence. It seems to be adapted
to a wider temperature range than the congenerics
L. gahi, which never reach warm waters north of the
subtropical front, and L. plei, which is always found
north of the front (Roper et al. 1984, Haimovici and
Perez 1991a).

Along the coast of southern Brazil between late
autumn and early spring, the shelf is dominated by
cold waters of the coastal branch of the Malvinas Cur-
rent flowing northwards and, from late spring to early
autumn, by warm coastal waters under the influence
of the south-flowing Brazil Current (Garcia 1997). In
this environment, the most abundant squid is Loligo
sanpaulensis, whereas over the upper slope the domi-
nant squid species is Hllex argentinus, with little over-
lapping between the two (Haimovici and Perez

1991b). In the cooler season, the density of L. san-
paulensis is comparable with congeneric species from
other shelves of the world (Andriguetto and Haimovici
1991) but, because of its relatively small size and
widespread distribution on the shelf, it is not subject to
a directed fishery and is only caught as by-catch by
shrimp trawlers in coastal waters (Haimovici and
Mendonga 1996).

In this paper, the importance of long-finned squid in
the foodweb of the southern Brazilian shelf is assessed
on the basis of an analysis of stomach contents of
L. sanpaulensis collected in a series of demersal trawl
surveys and commercial landings and the stomach
contents of potential predators collected from diverse
sources.

MATERIAL AND METHODS

Diet

Squid samples were obtained from bottom trawl
surveys by the R.V. Adldntico Sul and from catches by
commercial trawlers targeting flatfish and shrimp
from the continental shelf of southern Brazil from
1987 to 1996, between 26°50” and 34°31°S and 20
and 84 m (Fig. 1). Stomachs, either frozen or fixed in

* Departamento de Oceanografia, Fundagdo Universidade do Rio Grande, P. O. Box 474, Rio Grande, 96201-900 RS, Brazil.

Email: posras@super.furg.br

Manuscript received: September 1997
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10% saline solution of formalin, were examined for
food content. Fish were recognized from skin, scales,
vertebrae, eye lenses, otoliths, spines, rays and bony
fragments. Identification to genus or species and esti-
mation of total length (7L) was mainly from otoliths
by comparison with a reference collection available at
the laboratory ashore. Cephalopods were recognized
from beaks, gladii, suckers, arms, tentacles and the
remains of the mantle. Identification to species was
usually based on beaks and, when possible, dorsal
mantle lengths (ML) of prey were estimated from rela-
tionships between beak rostral length and mantle
length, also based on a reference collection. Crus-
tacean remains were mainly parts of the exoskeletons,

Santos & Haimovici: Trophic Relations of Loligo sanpaulensis off Brazil 83

appendages and eyes.

Stomach content analysis included the determina-
tion of relative frequency of occurrence of prey types
(FO = N,/N)), where N, is the number of stomachs
containing a prey type and N, is the total number of
stomachs with food. These frequencies of grouped
prey types were compared by Chi-squared test. Al-
though comparisons of frequencies of occurrence of
prey items or stomachs with and without food have
inherent limitations (Hyslop 1980), this method is the
usual choice in feeding studies in nature, especially
for cephalopods, which mince their prey (Breiby and
Jobling 1985, Collins et al. 1994, Ivanovic and
Brunetti 1994, Rocha er al. 1994).

Potential predators

Predation on Loligo sanpaulensis was studied from
the presence of beaks or partly digested specimens in
the stomach contents of potential predators from the
study area (Fig. 1). Besides observations by the current
authors, data were obtained from the literature. Predators
included fish and cephalopods caught over the shelf in
fishing surveys with diverse gears, more than 100
penguins (Spheniscus magellanicus) found dead along
the coast, and marine mammals stranded on beaches
along the southern Brazilian coast or from incidental
catches by gillnets in the coastal fishery.

The percentage frequency of occurrence of L. san-
paulensis was calculated for each predator as %FO =
(N/N.) x 100, where N, is the number of stomachs
containing long-finned squid and N, is the total number
of stomachs with food. The numbers of squid in indi-
vidual stomachs were estimated from undigested speci-
mens and from counts of the upper or lower beaks,
whichever were the most numerous. The rostral lengths
of upper (URL) and lower (LRL) beaks were measured
in mm, following Clarke (1986).

To estimate the size of long-finned squid in the
stomach contents, exponential relationships of the
URL and LRL to dorsal mantle length ML and total
mass (TM) were calculated from 75 reference specimens
measuring from 13 to 192 mm and 0.3 t0 151.0 g
(Fig. 2). The relevant equations were

ML = 13.546¢'2""VRL (r = 0.959),
ML = 13.173e"9HEL (= 0.958);
TM = 0.3408e>™5VRL (r = 0.952);
TM = 0.2768e*55L (r = 0.953).

Estimates of the abundance of the main predators of
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L. sanpaulensis in southern Brazil were obtained from
two sources: catch per unit effort (cpue) and biomass
estimates from six bottom trawl surveys performed be-
tween 1981 and 1983 (Haimovici ef al. 1996) and
commercial landing statistics in the period 1990-1994
(Haimovici et al. 1997).

RESULTS

Diet

From a total of 668 squid of 12—184 mm ML exam-
ined, 313 (46.8%) had food in their stomachs. In the
warmer season (January-early June), most of the
specimens were <60 mm ML ML = 54.1 mm, Fig. 3).
In the cooler season (July—October), specimens up to
120 mm were common (ML = 83.1, Fig. 3). Females
had food in their stomachs more frequently (51.2%)
than males (40.8%, x%., = 6.93, p = 0.0085). Fish
occurred in 36.4% of stomachs with food, crustaceans
in 23.3%, cephalopods in 6.4% and unidentified
digested food in 38.3% (Table I). A single type of prey
(fish, cephalopod or crustacean) was found in 92.2%
of the stomachs with identifiable remains and a mixed
@iet of only two prey types in the remaining 7.8%. No
significant differences were found in the Eercentages
of prey categories between the sexes ( ¥°,., = 5.84,
p = 0.0587), so data were pooled over sexes for further
analysis.

The observed high occurrence of empty stomachs
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Fig. 4. Relationships between the size of Loligo
sanpaulensis and the size of prey found in their
stomachs

and unidentified digested food was probably at-
tributable to the very high digestion rate (Bidder
1966, Lipinski 1987). Prey identification was very
difficult because squid macerate prey during inges-
tion. Identified bony fish included only Urophycis
brasiliensis, Raneya fluminensis and Symphurus sp.
The cephalopod prey items were all squid, and
included Loligo sanpaulensis with ML of 21.8~48.6 mm
and a single specimen of Jllex argentinus of 10 mm
ML. Recognizable crusta-ceans were the shrimps
Artemesia longinaris and Pleoticus muelleri (Table I).
The ML and TL respectively of squid and fish eaten
ranged from 12.5 to 101.1% of the predator’s mantle
length (Fig. 4).

The proportions of fish, cephalopods and crustaceans
in the stomach contents and empty stomachs of differ-
ent size groups of long-finned squid in the warm and
cool seasons are shown in Figure 5. In the warm season
the sizes of fish, cephalopods and crustaceans did not
differ significantly with predator size (respectively
Xomz = 0.389, p = 0.4367 ; x%-; = 0.389, p = 0.9943;
%’v=3 = 6.673, p = 0.97475). Crustaceans were the
main prey of the squid ML range 20-80 mm, with
% FO of 54.5-70, whereas fish and crustaceans were
equally important for large squid (%FO = 44.4). In
the cooler season, fish were the most frequent prey
for all sizes of squid, increasing significantly with
size from 16.7 to 46.1% ()%*,-; = 23.6, p = 0.0001).
The proportion of empty stomachs was not signifi-
cantly different among sizes in the cooler season, but
there was a significant difference in the warm season
(%%s=s = 24.2, p = 0.0001).
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Table I: Number of stomachs containing a given prey (n),
f)ercentage frequency of occurrence (%FO) and the
ength range of prey items in 313 Loligo sanpaulensis
stomachs with food from the southern Brazilian shelf
Prey item n %FO Len(ggn:z)inge
Osteichthyes 114 | 364
Symphurus sp. 1 0.3 50-75
Urophycis brasiliensis 3 1.0 72
Raneya fluminensis 1 0.3 11-90
Unidentified Osteichthyes 109 | 34.8
Crustacea 73| 233
Artemesia longinaris 11 35
Pleoticus muelleri 10 3.2
Unidentified Dendrobranchiata 24 77
Unidentified Brachyura 1 0.3
Unidentified Crustacea 27 8.6
Cephalopoda 20 6.4
Hlex argentinus 1 0.3 10
Loligo sanpaulensis 10 3.2 22-49
Loligo sp. 2 0.6
Unidentified Teuthoidea 7 2.2
Digested, unidentified 120 | 383
Predators

The presence of Loligo sanpaulensis in the diet of
47 potential predators was investigated, 35 of them
from stomach contents examined by the authors. The
diet of 31 of the potential predator species included
Loligo sanpaulensis to some extent (Table II).

The %FO of Loligo sanpaulensis was highest
(>20%) in the stomach contents of the La Plata dolphin
Pontoporia blainvillei, the common dolphin Delphinus
delphis, the fur seals Arctocephalus australis, A. gazzel-
la and A. tropicalis, the penguin Spheniscus magellan-
icus, the benthic shark Mustelus canis and the benthic
fish Astroscopus sexpinosus and Percophis
brasiliensis. Frequencies between 5 and 20% were
found in stomach contents of the benthic finfish Heli-
colenus lahillei, Paralichthys isosceles, P. patagonicus
and Urophycis mystacea, and the demersal-pelagic fish
Merluccius hubbsi. %FO was between 2 and 5% in
the diet of the finfish Cynoscion guatucupa, Macro-
don ancylodon, Pagrus pagrus, Pomatomus saltatrix
and Trichiurus lepturus, species that feed at different
levels of the water column. Cannibalism was rare,
cephalopods identified as Loligo sanpaulensis being
found in just 3.2% of the stomachs examined.

The size distribution of the long-finned squid in the
diet of six predators for which data were available are
shown in Figure 6: La Plata dolphin, found year-
round, preyed on small to large long-finned squid with
ML of 92.7, 98.2, 104.0 and 115.9 mm respectively in
winter, spring, autumn and summer. Arctocephalus
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Fig. 5: Relative frequency of occcurrence of fish,
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of Loligo sanpaulensis from (a) the warm (n = 80)
and (b) the cool (n = 233) seasons on the southern
Brazilian shelf. The percentage frequency of occur-

rence of empty stomachs is also indicated

australis, sampled only in winter and spring, also
preyed on small and large squid, but with a dominance
of large ones (ML = 96.4 mm). The penguin, which
appears over the southern Brazilian shelf only in the
cooler season, also preyed on small and large squid,
with ML in winter of 71.5 mm and in spring of 86.1 mm.
The common dolphin Delphinus delphis, collected only
in winter, preyed on small specimens (ML = 57.5 mm)
as did the demersal fish Trichiurus lepturus ML = 54.7
mm) and Paralichthys patagonicus ML = 55.1 mmy).
Mean commercial landings, cpues and estimated
abundance of the main fish on the southem Brazilian
shelf that preyed upon L. sanpaulensis are shown in
Table III. Species representing 83.7% of commercial
landings and 70.6% of total catches in bottom trawl
surveys fed to some degree on L. sanpaulensis, but
only 9.4% of commercial landings and 10.7% of total
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Table II: List of fish, cephalopods, penguins and marine mammals found on the southern Brazilian shelf that preyed on Lofigo
sanpaulensis. Number of stomachs with food examined and the source of data, the percentage of stomachs with
Loligo sanpaulensis (% FO), numbers of squid per stomach, and their mantle length (ML) and total mass (TM) mean and

range are indicated

Number of Loligo sanpaulensis as prey
Predator species stomachs examined Mean and range
and source of BFO Number
feeding data ML (mm) ™ (g)

FISH

ASstroscopus sexpinosus 6! 33.3 4-5 67.5 (37-93) 15.4 (3.6-30.3)
Conger orbignyanus 156! 0.6 1 30 2.2

Cynoscion guatucupa 220! 2.7 1 61.5 (40-72) 12.2 (4.3-16.7)
Cynoscion jamaicensis 78! 1.3 1 33 2.7
Galeorhinus galeus 166! * - - -

Helicolenus lahillei 33! 6.1 1 44.0 (43-45) 5.3 (5.0-5.6)
Macrodon ancylodon 1 4022 38 - - -

Merluccius hubbsi 231} 6.1 - - -
Micropogonias furnieri 194! 1.0 1 26.4 (25-27) 1.6 (1.2-1.8)
Mustelus canis 51} 275 1-2 61.9 (30-100) 14.0 (2.2-35.9)
Pagrus pagrus 362! * 1-4 47.2 (13-134) 6.2 (0.3-70.9)
Paralichthys isosceles 90! 8.9 1-2 49.9 (32-73) 7.1 (2.5-17.3)
Paralichthys orbignyanus 308! 0.6 3-4 16.2 (9~25) 0.5 (0.1-1.4)
Paralichthys patagonicus 290} 8.6 1-2 55.1 (38-193) 8.9 (3.8-165.6)
Percophis brasiliensis 631 36.5 1-2 62.9 (20-140) 9.9 (0.8-78.5)
Pomatomus saltatrix 1641 3.7 - - -

Porichthys porosissimus 133! 0.8 1 70.7 16.0
Sympterigia acuta 15107 * - - -

Sympterigia bonapartei 8093 * - - -

Trichiurus lepturus 490! 49 1-4 54.7 (20-182) 8.8 (0.8-144.5)
Umbrina canosai 726! 0.1 - - -

Urophycis brasiliensis 663! 1.4 1 49.0 (23-85) 8.6 (1.3-22.4)
Urophycis mystacea 58! 5.2 1-2 69.4 (51-83) 15.0(7.1-21.6)
CEPHALOPODS

Loligo sanpaulensis 313! 32 1 35.0 (22-49) 3.1 (1.1-6.8)
Nllex argentinus 363! 1.7 1-2 40.5 (36-46) 38(3.3-59)
PENGUINS

Spheniscus magellanicus 120! 66.7 1-220 74.4 (25-190) 18.0 (1.4-159.7)
MARINE MAMMALS

Pontoporia blainvillei 36141 51.0 1-180 98.7 (33-188.5) 34.8 (2.5-163.6)
Arctocephalus australis 15! 93.3 1-6 96.4 (45-171) 329 (5.6-125.0)
Arctocephalus gazzella 3! 333 1 105 40.2
Arctocephalus tropicalis 12! 333 1-4 83.9 (58-134) 23.8 (10.1-70.9)
Delphinus delphis 3! 100.0 13-30 57.5(36-113) 9.9 (3.3-47.7)

* Numbers not reported

I Present study

2Juras and Yamaguti (1985)
3 Queiroz (1986)

4 Pinedo (1982)

survey catches had long-finned squid at a value >5%
FO in their stomach contents (Fig. 7).

DISCUSSION

The diet of Loligo sanpaulensis, consisting mainly
of fish and crustaceans, and to a lesser extent squid,
was basically similar to the diet of other loliginids
(Karpov and Cailliet 1979, Lipifiski 1987, Collins et

al. 1994, Rocha et al. 1994, Coelho et al. 1997). The
present results are consistent with those obtained by
Andriguetto (1989) for the same species in the region,
although there were some differences, e.g. the relatively
greater importance of crustaceans in the warmer season
than found by Andriguetto. This difference should be
interpreted with caution, because most of the current
summer samples were obtained from a shrimp-directed
fishery.

Only three fish species preyed on by long-finned
squid could be identified from their otoliths: Symphu-
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Spheniscus magellanicus, Delphinus delphis, Arctocephalus australis, Trichiurus lepturus and Paralichthys
patagonicus from the southern Brazilian shelf (n = number of specimens of Loligo sanpaulensis)

rus sp., Urophycis brasiliensis and Raneya fluminen-
sis, all of which are uncommon benthic fish (Haimovi-
ci et al. 1996). They cannot be assumed to be repre-
sentative of the diet of long-finned squid,
because only seven otolith pairs recovered from 5 of
the 114 stomachs containing fish remains could be
identified to that level. However, their occurrence is
an indication that Loligo sanpaulensis feeds near the
bottom. The two shrimps identified in the stomach
contents, Artemesia longinaris and Pleoticus muelleri,
are also benthic organisms and are abundant from
spring to summer in coastal waters (Ruffino 1991).
Squid were not frequently found in the diet of Loligo
sanpaulensis and cannibalism did not appear to be
important off southern Brazil. Cannibalism in loliginids
is usually associated with limited food resources or
crowded conditions, such as on spawning grounds,
and its frequency of occurrence increases with size
and maturation (Fields 1965, Karpov and Cailliet
1979, Amaratunga 1983, Lipifiski 1987). Loligo san-
paulensis does not form dense aggregations (An-

driguetto and Haimovici 1991), probably explaining the
low incidence of cannibalism observed.

Illex argentinus only preyed occasionally on Loligo
sanpaulensis (%FO = 1.7), because the overlapping
distribution of the two species is restricted to larger
juveniles over the outer shelf in winter and spring
(Haimovici and Perez 1991b). Predation by Loligo
sanpaulensis on Illex argentinus was even less important
(%FO = 0.3). Therefore, it is concluded that trophic
interactions between the two dominant squid of southern
Brazil waters are not important. A different picture
can be drawn for the northern and southern shelf of
Argentina, where the distribution of {llex argentinus
overlaps respectively with Loligo sanpaulensis and
Loligo gahi and predation on these species reaches 5.2
and 13.1% FO respectively (Table I in Ivanovic and
Brunetti 1994).

Although few data on prey size were obtained, the
finding of predation on fish species with a 7L as large
as the predator’s ML is in agreement with that
described for other Loligo species (Rocha et al. 1994).
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Table IlI:

Mean landings from the shelf fisheries, 1990-1994,

and the mean cpue and biomass range estimates from bottom

trawl surveys, 19811983, for some of the most important fish of the southern Brazilian shelf that preyed on Loligo
sanpaulensis and their main prey

: Estimated
Predator species M:aan ]andm*gs Mear‘l g i’e biomass Main prey Source of feeding data
(‘000 tons) (kgtr') (“000 tons)+|

Loligo sanpaulensis 0.1 4.4)} | (1.2-3.5)% | Benthic fish and crustaceans This study

Cynoscion guatucupa 8.8 183.6 | 36.7-325.2| Benthic and pelagic fish, crustaceans | Vieira (1990)

Macrodon ancylodon 4.0 25.17 1.8-20.7 | Shrimps, benthic fish and Juras and Yamaguti (1985)
L. sanpaulensis

Pagrus pagrus 0.3 0.83 - Demersal fish, benthic invertebrates, | Capitoli and Haimovici (1993)
cephalopods

Mustelus canis Not recorded 9.0 — Benthic crustaceans, L. sanpaulensis | Unpublished data
and fish

Paralichthys isosceles | Not recorded 0.5 - Benthic crustaceans, fish and Unpubtished data
cephalopods

Paralichthys spp. 14 33 - Benthic crustaceans, fish and Carneiro (1995)
cephalopods

Percophis brasiliensis 0.2 0.7 - Benthic fish, L. sanpaulensis and Unpublished data
crustaceans

Pomatomus saltatrix 35 0.2 - Pelagic fish and crustaceans Haimovici and Krug (1992)

Trichiurus lepturus 0.4 439 3.1-37.8 | Benthic and pelagic crustaceans, Martins (1992)
fish and cephalopods

Total demersal shelf 49.2

fisheries
Total pelagic shelf 8.9
fisheries

* From Haimovici et al. (1997)
1 From Haimovici et al. (1996)
} From Andriguetto and Haimovici (1991)

Among the predators of Loligo sanpaulensis, the La
Plata dolphin Pontoporia blainvillei is probably the
one that relies on it extensively. This small dolphin
lives in coastal waters of Argentina, Uruguay and
Brazil and, in all three regions, L. sanpaulensis is part
of its diet (Brownell 1975, Pinedo 1982, Perez et al.
1996). It also appears to select the larger squid,
because the average size of squid preyed on by this
dolphin was bigger than those found during surveys,
especially in summer, where the ML found by An-
driguetto and Haimovici (1991) was 58.4 mm. The
impact of the La Plata dolphin on the long-finned
squid along southern Brazil must be considerable,
because recent aerial surveys have estimated the dolphin
population at about 4 400 animals between 29 and
34°S (E. Secchi, Museu Oceanogrifico de Rio Grande,
Brazil, pers. comm.).

The penguin Spheniscus magellanicus includes this
squid among its main prey in the study area (Azevedo
and Schieller 1991). Considerable numbers of one-
year-old juvenile penguins from breeding grounds
along the Patagonian coast reach the continental shelf
of southern Brazil during winter and spring and
frequently are found dead along the coast after storms
(Vooren 1997). Penguins do not appear to be size-
selective for the long-finned squid, because the size

distribution in the stomach contents did not differ from
that found by Andriguetto and Haimovici (1991) for
winter and spring.

Young fur seals Arctocephalus australis, from
breeding grounds off Uruguay, as well as vagrant adult
males of A. gazzella and A. tropicalis from the Antarc-
tic Convergence, reach southern Brazil in winter (Pine-
do er al. 1992). All three species prey on Loligo san-
paulensis, with preference for larger specimens. These
fur seals do not occur in large numbers in the region
and their impact on the long-finned squid is therefore
probably small.

Among fish that prey on long-finned squid, the ben-
thic shark Mustelus canis and the ambushing finfish
Paralichthys spp., Percophis brasiliensis and Astro-
scopus sexpinosus always feed near the bottom,
whereas other bony fish that prey on Loligo san-
paulensis feed both near the bottom and in the water
column (Juras and Yamaguti 1985, Vieira 1990,
Haimovici and Krug 1992, Martins 1992, Carneiro
1995).

The long-finned squid appears to be more important
in the diet of the bottom-feeding fish but, except for
the flatfish, these are not abundant: <9.4% of commer-
cial landings and 10.7% of the total catches in bottom
trawl surveys. In contrast, it was only of secondary
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survey catches (after Haimovici et al. 1996)

importance to demersal-pelagic species, including the
cutlassfish Trichiurus lepturus and the weakfish
Cynoscion guatucupa and Macrodon ancylodon, that
represent 74.3% of commercial landings and 59.5% of
the total catch in bottom trawl surveys. Therefore,
despite the fact that Loligo sanpaulensis was a prey of
secondary importance for demersal and pelagic finfish
that feed in the water column, the total predation on
long-finned squid by these species may be more
important than the total predation by bottom-feeding
fish, marine mammals and penguins combined,
because the former group is far more abundant.

An analysis of midwater trawl surveys by Mello et
al. (1992) found that Loligo sanpaulensis, Trichiurus
lepturus and Cynoscion guatucupa form part of the
main nektonic assemblages of the region. This associ-
ation suggests that Loligo sanpaulensis ascends in the
water column, probably at night, where it probably
feeds and is preyed upon (Mello et al. 1992). On the
other hand, the occurrence of demersal-benthic
species in the stomach contents of long-finned squid
and its presence in the stomach contents of several
benthic predators indicates a strong connection of this
squid with the sea bed, as also observed by other
authors for this species off Argentina (Castellanos
1967) and also other species of the genus (Karpov and
Cailliet 1979, Lipifiski 1987).

It can be concluded that L. sanpaulensis over the
southern Brazilian shelf occupies an intermediary
level in the pelagic and benthic foodwebs, because it
feeds and is eaten in the water column and on the sea
bed. It also seems to play an important role in those
foodwebs because it is preyed upon by high-level
predators such as marine mammals and penguins and
by several of the most abundant fish species found there.
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Abhstract

Dot and feeding habits of ihe short-linned squid Mex argentinus were swidied from the analysis of 729 stomachs of
Juventles, subadults and adults caught wailh rawls on the continental shell and slope ofl southern Bravil (26735 8-34°31'S)
from 15951 1o 1992, Food. in different degrees of digestion, was found in 363 stomachys (49.8%:), Feeding activity nccurred at
day and mght and scemed (o be mostntense al dusk and carly night, The proportion of stomachs with food jnercased with
stze und sexual matority. Fish occurred in 42.8%. cephalopods in 27 3% and crustaceans in 18.7% of ihe stontachs wilh
tood. ldentificd prey included the fish Diaphus dumerilii, Mawrolicus muefleri and Merfuccius frubbsi. the cephalopods
argentinus, Lolige sunpasdensis. Spirada spirnda. Senirossia teneru and Fledone gaurha and the crustaccans Oneaeq medic
and Enpheusic sp. The occurrence of fish increased with squid size, but both cephalopods and crustaceans were caualty
important for all sizes. Cunnibalism was ebserved at afl sizes. The overull low proportion of stomachs with lood, the high
rate of canmbalisim und the low frequency of occurtence of crustaceans for the juveniles and subadults in wll scusons, bui
purticularly 1n the summer and avumn, may refiecl a imited availability of food in the region. If this is truc, the main
nutsery erounds for the spawners off southern Brast arc Ikely to he off the Rio de La Plaw Fromt or 0 the offshore
confluence beiween the Brazil and Malvinas Currents, where primary und sccondary neoduction i higher than oit” southern
Brasi. € 1997 Elsevier Scicnes BV,

Keyweords, Cephalopoda, Sguids: Mlex orgensngs: Lacding: Brual: Southwestern Allantic

1. Introduction

The short-linmed squmd  lex argentinny s dis-
trtbuted in the southwestern Atlantic Ocean (Roper
ctoal, 1984) (FFig. 1) and bhas supported the most
important squid fishery 1 the world in recent vears
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(FAG, 1995). Most of the information available on
this spectes refers to the southern range of its distri-
bution, where this squid is exploited (reviewed hy
Haimovici et al. in press). In southern Brazil, no
commercial Nishery for the short-finned squid has
developed, but this species is frequently found in the
stomach contents of both demersal and pelagic fishes
of the upper slope and adjacent occunic walers
(Zavala-Camin, 1981: Sanios, 1992} and lurge
catches have been taken occasionally in bottom trawl
surveys {Yesaki et al., 1976; Haimovici and Pcrez,

1950).
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B S0165-78300097)00071-4



e R.A. Santos, M. Haimolici / Fisheries Research 33 {1997} 139-147

7 20°
Riode / 7+
BRAZIL Janeira ;:"
—30°
ARGENTINA
"
""" Southwestern - 407
Atlantic Qcean
S PN e
T - Distribution range of filax argentinus | 20 ©
LI iy -1 N Sampled area off southern Brazil
b N b = Brazdl Current
it mb Malvinas {Falklands) Current
~"200 m
70° 50° 50° 40° 30° W

Fig. 1. Mup showmg the distribution range of 7. argentingg and the area where the short-finned squids were sampled off southern Brazil.

Despite the lack of 4 commercial fishery turdeting
L. argentinus in southern Brazil, samples of juvgniles
and adults [rom incidental catches were obthined
from bottom and midwater trawl surveys and
ton surveys, between 1980 and 1992, These s
allowed the siudy of the distribution and feedi
paralarvae {(Hammovici et al., 1995; Vidal| and
Haimovici, in press), distribution of juvenil
adults (Haimovici and Perez, 1990), reprodution
(Santos and Haimovici, 1997), predation | and
helminth parasites of the digestive tract {Santod and
Haimovici, unpublished data). The comparisdn of
several aspects of the life cycle and populatiof dy-
namics of I argentinus from different regions|sug-
gesled that offspring produced off southern Hrazil

coutribute to recruitment to the south off Uruguay
and Argentina. 1. argentinus is known to spawn in
winter and spring along the western boundary of the
Brazil-Malvinas (Falklands) Currents confluence
(Haimovici et al., in press). Despite the presence of
spawners and the large number of rhyvnchoteuthion
paralarvae caught in plankton surveys in winter and
spring off southern Brazil, juveniles were not corre-
spondingly abundant in the (oliowing months. We
hypothesise that the availability of food in the warm
waters of the Brazil Current in southern Brazil is
insufficient to sustain large numbers of fast growing
organisms, such as ommastrephid squids, and may
force young squids to migrate to colder waters of
higher productivity. A similar pattern is found in the
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northwestern Atlantic with 1 iflecebrosusd for which
highest abundance occurs at highest latitdes associ-
ated with highly productive cold watek Currents
{Hatanaka et al., 1985: O'Dor and B: ch, 1985;
Dawe and Brodziak, in press). To test this hypothe-
sis, the diet and [eeding of juveniles (o adults short-
tinned squids in different seasons from scuihern
Brazil were studicd and compared with those from
Argentina investigated by Koronkiewicz {1986) and
Ivanovic and Brunetti (1994). Thus. thif paper is
aimed at improving our understanding of the trophic
relations of £ argentinus in southern PBrazil and
explains somc aspects of its distribution phttern.

2. Materials and methods

Squids were caught on the shelf and upper slope
off southern Brazil between the latitudes ¢f 26°35'S
and 34°31'S (Fig. 1) in bottom and peljgic trawl
surveys by the R /V “Atlantico Sul” and ffom occa-
sional catches by commercial trawlers off Rio Grande
da Sul, from 1981 to 1992. The samples were either
trozen or fixed in saline solution of formdlin (10%)
neutralised with borax and then prescrved |n ethanol
(70%).

Analysis of squid specimens included determing-
tion ot dorsal mantle length (ML, mm) |and total
weight (TW, g). Sex and maturity stage |were as-
signed following the 8 stage scale of Brunelti (1990).
Stages were subsequently grouped into Fnmature,
maturing, fully mature and spent.

Stomachs were examined for food contept and the
degree of digestion was recorded based dn a four
stagc scale varying from undigested (1) o milky,
telly digested food (4). Bony fishes were ¢ cognised
from scales, vertebrac, spines, other bony fragments
and otoliths and identificd to the lower| possible
taxon. Total lengths (TL) of fishes idedtificd to
species were estimated from otolith lenkth—total
length relationships from a regional refereude coliec-
tion ol otoliths available at our iaboratory. Hecognis-
able remains of cephalopods in stomachs hncluded
beaks, gladii, lenses, suckers, hooks, rerhains of
mantle, arms and tentacles. Identification (d species
was usually based on beaks, and when possible,
mantle iengths (ML) of cephalopod prey wlere esti-
mated from beak rostral length—manile ien sth rela-

tionships from a regional reference collection of
beaks available also at our laboratory. Crustaceans
were recognised from remains of cxoskeletons, ap-
pendages and cyes.

Diel changes in feeding intensily were analysed
by comparing the rates between the numbers of
stomachs with relatively undigested versus digested
tood and the occurrence of empty stomachs versus
stomachs containing food. The samples were grouped
into 4 b intervals between 0600 h and 0200 h.

Stomach content analysis was based in the rela-
tive frequency of occurrence {FO = Ni/No), where
N1 is the number of stomachs with one type of prey
and Nt is the total number of stomachs with an y kind
of content and compared betwcen size groups or
seasons using y* test. Comparisons of occurrence
of prey items in stomachs or of stomachs with and
without food have inherent limitations (Hyshop,
1980}, particularly for cephalopods which mince their
prey and frequently discard hard parts useful Tor
identification. This approach may lead to an undercs-
timate of fish because the volume of in gested food is
not considered and because small pieces of hard
parts of squid and crustaceans are more likely to be
recognised for longer time after ingestion than mus-
cular tissue of fish. Unfortunatcly there are no simple
alternative approaches and this method is the usual
choice for squid feeding studies in nature {Breiby
and Jabling, 1985: Ivanavic and Brunetti, 1994;
Collins et 4l., 1994; Rocha et al., 1994).

3. Results
3.1. Feeding intensity and diet

From a twtal of 729 squids of 37 10 356 mm ML
examined, 363 (49.8%) had food in their stomachs.
The percentage of stomachs with food was s1gnifi-
cantly higher for females (58.2%) than for males
(49.4%) (x2,=5.41; P=0.020).The prey cate-
gories found were fishes, which occurred in 43 8%
of stormachs, cephalopods in 27.5%. crustaceans in
18.7% and unidentified digested food in 27.8% of
the stomachs with food (Table 1). A single type of
prey (fish, cephalopod or crustacean) was present in
78.6% of the stomachs with identifiable contents,
17.9% contained two and in 3.4% (here werc the
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Fhru recogn .-.lhl.L Vpes s rso - Colg season -
in mixture ol diet was found belween the seges ns 318
( x_.= 183 P=10401) thus, data of buth sekes 200 -
were pooled for further analvsis. —
(Moliths were rure. probably hecause when squd
: ) . 100
(ed on lishes, except small ones. they discarded ghe
head {Breiby und Jobling. 1985), Otwlith from ohly 50
three fish prev spectes were found and wdenuficd|as: N I .
Merluecius hubbsi. Maurilicis muelleri and  La- E E’
T > 250 - ;
phus dumerilii (Table 1), Z Warm season oy
: . i . _ ; &
Umdentified Teuvthoidea was the most trequestls 200 - ‘ ne AT gy &
occurring category of cephalopod. Cannibalism fas 50 0
ditficull to quanlity because muany cephalopods cquld ~ :
not be identificd to species, bul among those idepn- 100 - s - 40

sla sp. were recognised. Uropods of mysids
remains of decapods were found in several stom
{Table 1).

—_—
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Fig. 3. Mantle tength disinbuton ot all £ areewnnuay sampled in
the cold season (ghove) and i the wartn season thelow), White:
total number. Black: number with stomachs containing  food.
Lines indaicate the percentage of stomachs with tond.
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Fig. 4. Percentage occurrence of stomachs withl food for L
argentings assigned to sive groups smaller vs. larger]than 170 mm
ML, in the cold and in the warm seasons.

the lowest at dusk and night (1300-02D0 h)} with
significant differences among time intervgl { 2, =
28.23; P <0.001). It was concluded that feeding
occurs at all times but most frequently & dusk and
early night,

3.2. Effect of predator size, maturity and [feason

The mantle length composition and tle numbers
of squids with food 1n their stomachs in the cold
season (late autumn to early spring) and [warm sea-
son (late spring to early autumn) are shown in Fig. 3.
Note that smallest squid ( < 150 mm ML)|were most
prevalent m the sample from the walm season
whereas largest squid (= 250 mm ML) [were most

ML < 170 mm
= Digested mass
[ Fish
60 O Cephalopada

g W Crustaces

=

D

(o) 4{} 1

3
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-

g 20 -
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a0 >
80 1 74
S 51 93
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g 154 o
.%m 4 15
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E 20 -
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Fig. 6. Percentage of males (white) and females (black} 7. argenri-
nis at differcnt maturity stages, with food in their stomachs. Lines
indicate 953% confidecnce intervals, the numbers above the bars
indicate the number of squids analysed.

prevalent i the sample from the cold season when
large spawners are present in the region. Frequency
of occwrrence of stomachs with food was compared
between squids smaller vs, larger than 170 mm ML,
in the cold and warm seasons (Fig. 4). Squids smalier
than 170 mm ML had food in 30.4% of stomachs
with no significant differences between seasons in
their percentages { x, =, = 1.908; P = 0.167). Squid
larger than 170 mm ML had food in 69.6% of
stomachs and also did not show differences between
seasons { y,2; = 1.936; P =0.164). The percentage
of stomachs with food in the larger size group was
significantly higher in both the cold and warmn sea-
sons ( y_, =28.58; P<0.001 and XL, =2257;
P < 0.001, respectively),

ML =170 mm

B0

Cold segson

Warm season

Fig. 5. Percentage occurrence of prey items in the sufmach contents of £ argentinus smaller and larger than 170 mm ML in the cold and in
the warm scasons ol southern Brazil {26°8—34°S). (f = number of stomachs with food exumined).
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Fig. 7. The relative frequency of occwrrence of fish, cephal
and crustaccans in different mantle tength classes of i argerfinus
(n = 363) off southern Brazil {26°5—34°S).

Frequencies ol occurrence of fish, cephatogods
and crustaceans in the stomach contents for I |ar-
gentinus smaller and larger than 170 mm ML «ere
calculaied for different seasons (Fig. 5). Angpong
squids smaller than 170 mm ML, crustaceans were
more frequent in the cold season { y, o, = 9.42;
0.05) while the percentages of cephalopods and [fish
did not differ significantly between seasons { 2|, =
263, P=0.104 and x> K =2.03; P=0.154,|re-
spectively). Among squids larger than 170 mm ML,
crustaceans and Nsh were more frequent in the ¢old

Santos, M. Haimovidi / Fisheries Research 33 (1997) {39- 147

season ( 2, =99 and y_, = 10.6; P <001, re-
spectively) while cephalopods did not differ between
seasons { x.o, = 2.33; P =0.126). However, the re-
sulis are not conclusive due to the great differences
observed 1in occurrence of the unidentified digested
food between seasons In the two squid size groups.

Both sexes appeared to feed during and after
spawning, as the proportion of stomachs with con-
tents increased consistently with maturity stage (Fig.
6).

The proportions of fish. cephalopods and crus-
laceans n the diet by predator size are shown in Fig.
7. The occurrence of fish increased regularly wilh
size { x2 o = 52.8; P < 0.001). No significant differ-
ences among size classcs were found for either
cephalopods (x2.=1299;, P=0810) or crus-
taceans ( xf . =11.2; P =0.082),

The relationships between the ML of cephalopods
and TL of fish prcy and the ML of I argentinus arc
shown in Fig. 8. As the points represent only the
prey that could be sized measuring beaks or otoliths,
this figure does not represent an unbiased picture of
the relaucnship between prey and predator sizes.
Fuvenile and subadult I argentinus ( < 206 mm ML)
appear to be cannibalistic on specimens from 19% to
0% of 1ts ML and despite lurger {. argentinus also
are canntbalistic, no information on the sizes was
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Fig. &. Relationships between the size of I argenfinus (ML,

and the size of fish (TL) and cephaloped (ML) prey found in the stomachs.
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Fig. 9. Mantlc length distribution of i argentings fampled on
shelf (30-200 m) and upper slope {200-800 m} off southern
Brazil. (s = total number of stomachs cxamined).

obtained as beaks of I argentinus larger fhan 131
mm ML were not found in the stomachs. Fstimated
total length of ingested fishes ranged from 33 to 108
mm and from 12% to 369% of the ML of /| argenti-
mes larger than 250 mm ML and, aithough smaller
short-finned squid also prey on fish, no miormation
on the sizes was obtained as no otoliths were found
in their stomachs. Squids are known to digcard the
heads and hard parts of larger fish prey,|thus the
ingestion of fishes larger than those shown in the
ficure cannot be ruled out.

3.3. Effect of depth

Smaller squids were cellected mainly from the
shelf (50-200 m) while the larger ones Were col-

B Digested mass

o B0 [ Fish
3 O Cephalopods n=196
® W Crustaceans i “||
= I |”!
= LT [

= 1T
E 40 - n=151 "iﬂdﬂllﬂ
: Ml
o !
= il i
@ 20 -
T
0

Q !

Sheif Slope

Fig. 10. Percentage occurrence of prey items of . arfentinug in
relation o the wial number of stomachs with food exhmined (#)
for shelf (50-206) m) and upper slope (200-800 m) §f southcrn
Brazil (2678 -348).

lected along the upper slope (200-800 m, Fig. 9).
Feeding was sigmficantly more intense n the upper
slope, where 61.2% of the stomachs exammned had
food against 42,9% of those from the shelf ( y°, =
24.79; P < 0.001). With respect to the type of prey
found, fish was more frequent on the upper slope
(x,=157, P<001) while crustaceans and
cephalopods were more frequent on the shelf ( x2,
=7.2; P<0.0l and y,_, = 11.3; P <Q.01, respec-
tively) (Fig. 10).

4. Discussion

Ommastrephids feed almost exclusively on crus-
taccans, fish and cephalopods (Amaratunga, 1983),
and [, argentinus 15 not an exception. The propor-
tions of each of these categories of prey and the
overall perceniage of stomachs with food differ
throughout the distribution range of the species. A
comparison of the relative importance of the major
foed items in different regions of the distribution
range of I argenfinus was possible, despite some
differences 1m the presentation of the results. In
southern Brazil (this study) the occurrence of fishes
increased with predator size from under 20% to over
60%, while the occurrence of crustaceans (10% and
30%) and cephalopods (15%—35%), with a high rate
of cannibalism, remained equally important for all
sizes. In the Rio de La Plata Front and on the
Patagonian shelf, Ivanovic and Brunetti {1894) found
that I argemtinus of all sizes fed primarily on crus-
taceans such as mysids, ecuphausiids, hyperiids
(pooled FO frequently over 80%, for specimens
smalier than 200 mm ML and frequently over 60%
for the larger ones as shown by the authors in Fig.
5), while only the larger specimens fed also on fish
and squid. Koronkiewicz (1986) found that along the
outer Patagonian shelf and slope, decapods, mainly
Munida gregaria, were the main prey for small 1
argentinus and that larper squid fed more intensely
on micronektonic fishes and cephalopods, the latter
including members of the same species.

Off Uroguay and Argentina, pelagic crustuceans
occur In dense swarms and are easier (o catch than
fast swimming prey such as fish, thus it seems that in
the southern range of distribution of the species,
crustaceans were maore available. In fact, the zoo-
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plankton availability along the Argentimean phell,
where juveniles and subadult I argentinus tepd, 18
comparable to other regions of the world of] mgh
plankton production (Carreto et al., 1981) and Higher
than in southern Brazil (Hubold, 1980a,b).
The percentages of cephalopods, found i
work, were comparable to those found by Ivapovic
and DBrunettd (1994) off northern Argenting and
Uruguay, in the winter and spring samples, but figher
than those observed 1n summer and autumn. Tr] con-
trast, on the Patagonian shelf and slope, cephalppods
were absent from the diet of 1. argentings undgr 180
mm ML and did not exceed 20% for the |arger
specimens, which suggested that there were low| rates
of cannibalism among subadults on the fepding
grounds, before the reproductive migration (
kiewicz, 1986; Tvanovic and Brunetti, 1994),

energy transier Irom smaller to larger spec
(Amaratunga, 1983; O'Dor and Wells, 1987).
balism by large specimens was also observ
southern Brazil. In this region, juveniles| and

larger juveniles and subadulis as their spatial
buticns overlap along the narrow shelf bre:

ing short-finned squid observed in southemn
was also observed by Ivanovic and Brunetti (

the western boundary of the Brazil Current, alonk the
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slope of sowthern Brazil from July to November
{Haimovici and Perez, 1990; Santos and Haimovici,
1997).

A gradient of increasing body size of [ argenti-
nus with depth was observed. in all seasons, by
Haimovici and Perez (1990). Juveniles, which occur
mostly on the outer shell, feed less intensely than
subadults and adults that occuwr mostly along the
upper slope. The distribution of juvenile or adult
sguids n southern Brazil does not overlap wiih the
most gbundant neritic forage fish in the region, the
anchovy Engraulis ancheita, which is abundant in
winter on the inner shelf (Lima and Castello, 1995).
Main fish prey species of 1. argentinus in this study
were juvenile  Merluccius  hubbsi and  small
mesopelagic fishes that occur on the upper slope of
the region (Haimovici et al., 1994).

The direct observation of diel vertical migrations
ol I. argentinus (Moiseev, 1991), the observation of
relatively undigested food in stomachs throughout
the day and the presence of both demersal and
pelagic prey in the diet, suggest that this squid
forages ihroughout the water column following its
prey to the upper lavers at dusk and early night.

The averall low proportion of stomachs with food,
the high rate of cannibalism and the low frequency
ol occurrence of crustaceans for the juveniles and
subadults in all seasons, but particularly in the sum-
mer and autumn, reflect u limited availability of food
in the region. This unfavourable fceding environment
and the demonstraicd low abundance of juvenile I
argentinus In the warm months in southern Brazil
supports the hypothesis that egg masses and paralar-
vac spawned oll southern Brazil in winter—spring are
probably carried southward by the Brazil Current
(Haimovici et al., 1995) and main nursery grounds
for these squids are likely to be off the Rio de La
Plata Front or in the offshore confluence belween the
Brazil and Malvinas Currents, where primary and
secondary production is higher than off southern
Brazil (Hubold, 1980a.b) and thereby [ood for post-
hatchlings #s more available.

A simiiar scenario probably exists in the north-
western Atlantic Ocean, where I illecebrosus, as 1
argentinus, 18 associated with a western boundary
current system. Peak spawning occurs south of Cape
Hatlteras in winter—spring and the egg masscs are
transported north to more productive waters by the
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Gulf Stream (O'Dor and Balch, 1985; Blac
1987).
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Predation on Illex argentinus (Cephalopoda, Ommastrephidae) in southern Brazil (26°S to 34°S)
was studied from its presence in over 14,000 stomach contents of 63 potential predators including
fishes, cephalopods, penguins and marine mammals. The size composition of 1. argentinus in the
diet of their main predators was estimated using regression equations which relate mantle
length/body weight and beak size. The short-finned squid was found in the diet of 32 species and
appears to play an important role in the trophic relations along the upper slope and adjacent
oceanic waters, where it was found in the diet of the swordfish Xiphias gladius, the tunas Thunnus
obesus, T. alalunga and T. albacares and the wreckfish Polyprion americanus. These five species
stand for more than half of the landings from the upper slope demersal and oceanic pelagic
fisheries in the region. On the shelf, where the dominant squid was Loligo sanpaulensis, Illex
argentinus was only occasionally found in the diet of a few neritic predators. In southern Brazil,
overall predation was more intense on subadults and adults of the winter-spring spawning group on
the upper slope and oceanic adjacent waters, differently from its southern range along Uruguay and
Argentina waters where the short-finned squid is abundant on the shelf and is preyed mainly by the

demersal fish assemblage.
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INTRODUCTION

Illex argentinus inhabits the Southwestern Atlantic Ocean from Rio de Janeiro (22°S) to
the southern tip of South America (54°S) (ROPER & al. 1984). Its biology, population dynamics
and fishery have received special attention by the international scientific community in recent
years, particularly in the southern part of its distribution, on Argentinean and Malvinas/Falkland
Islands waters, where it supports one of the most important squid fisheries of the world (FAO
1995). In southern Brazil, no commercial fisheries for the short-finned squid //lex argentinus have
been developed, but occasional large catches have been taken in bottom trawl surveys (RAHN &
SANTOS 1978). Juveniles were found predominantly on the shelf and subadults and adults on the
upper slope, where the existence of a major spawning group was observed in winter and spring and

a minor spawning group in summer (HAIMOVICI & PEREZ 1990; SANTOS & HAIMOVICI 1997a).

In the southern Brazil the shelf width ranges from 90 to 180 km and is characterised by the
runoff of the La Plata River and the Patos Lagoon; the upper slope, by the alternate influence of the
cold northward Malvinas/Falkland Current and the warm southward Brazil Current in the western
boundary of the Subtropical Convergence Zone (GARCIA 1997). On the shelf the mean annual
primary production rates are presumed to be moderate to high, around 160 g C m™ y™' (CASTELLO
& al. 1997) and over 68% of the commercial landings for the period 1990-1994 were of demersal
bony fishes, mostly of the family Sciaenidae (HAIMOVICI & al. 1997). Loligo sanpaulensis was the
most frequently caught squid in shelf bottom trawl surveys (HAIMOVICI & ANDRIGUETTO1986),
forming part of the diet of diverse neritic predators (SANTOS & HAIMOVICI in press). The upper
slope and adjacent oceanic waters are under the influence of the oligotrophic Brazil Current, but

shelf break upwelling of Subantarctic Water in winter-spring and summer are cited as sources of
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increased productivity (CASTELLO & al. 1997) and [lllex argentinus was the most frequent

cephalopod in upper slope bottom trawl surveys (HAIMOVICI & PEREZ 1991).

The importance of a species in the food webs can be assessed from its relative importance
in the diet of its potential predators (CLARKE 1987). Cephalopods have few structures resistant to
the digestive processes and beaks are the most frequently used for their identification as prey
(CLARKE 1986). In some cases, the beaks can be identified to the species level if a regional
reference collection of beaks is available. Furthermore, if the relations between the sizes of the
beaks and specimen size are calculated, the size composition of the cephalopod prey species can be

reconstructed.

In the last two decades a large number of stomach contents of fishes and cephalopods were
obtained from commercial landings, surveys and from stranded or incidentally caught marine birds
and mammals from southern Brazil. In this paper, the presence of ///lex argentinus in those stomach
contents and published studies was analysed to investigate its relative importance in the food webs

of southern Brazil.

MATERIALS AND METHODS

Predation on Illex argentinus was analysed from its presence in the stomach contents of 63
potential pelagic (living in the sea at middle or surface levels) and demersal (living on or near the
bottom of sea) predators from the shelf (10-200 m), upper slope (200 — 500 m) and adjacent

oceanic waters (>500 m) between the latitudes of 26°S and 34°S (Fig. 1).

Examined material included the beaks or remains of cephalopods in the stomach contents

of four shelf pelagic fishes, 29 species of demersal fishes, and two of squid caught with bottom
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trawls and other gears along the continental shelf and upper slope, 12 species of oceanic pelagic
fishes caught by longliners between the isobaths of 500 and 3000 m, over a hundred stranded
penguins (Spheniscus magellanicus) and 15 species of marine mammals incidentally caught by gill

nets or stranded in beaches (Table 1).

Besides the cephalopods remains and beaks examined and identified by the authors,
relevant published data on the food habits of some potential predators of the region were also
included in the analysis (CLARKE & al. 1980; LESSA 1982; PINEDO 1982; JURAS & YAMAGUTI
1985; QUEIROZ 1986; PINEDO 1987; ROSAS 1989; SCHWINGEL 1991; VASKE 1994; VASKE &

RINCON 1998).

The frequency of occurrence of /llex argentinus in each species of predator was calculated
%FO= % x100 as , where Ni is the number of stomachs containing the short-finned squid and
Nt is the total number of stomachs with food. The numbers of squid per stomach were estimated
from undigested specimens and upper or lower beaks, whichever were the most numerous. The
rostral lengths of upper (URL) and lower (LRL) beaks were measured in mm following CLARKE

(1986). To estimate the size composition of the short-finned squid in the diet of predators,

regression equations which relate mantle length/body weight and beak size were used.

Along the text short-finned squid under 100 mm ML were referred as juveniles, over 100
and under 200 mm as subadults and over 200 mm as adults. The cutting points corresponded
approximately to the upper limit of maturity stage I (immature) and the lower limit of stage V

(mature) following SANTOS & HAIMOVICI (1997a).
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The importance of /llex argentinus in the food webs of the shelf, upper slope and adjacent
oceanic waters was assessed from its frequency in the diet of different potential predators and
estimates of their abundance. No estimates of the absolute abundance of the marine fishes were
available, but commercial landing statistics of the fisheries along southern Brazil in the 1990-1994
period, obtained from HAIMOVICI & al. (1997) and PERES & HAIMOVICI (1998), provided indices of
their abundance in the region. Relative abundance estimates of upper slope demersal fishes was

also available from a winter bottom trawl survey in 1986 (VOOREN & al. 1988).

RESULTS

1llex argentinus beaks characterisation and size relationships

Whole cephalopods were rarely found in the stomach contents, and the identification and
estimation of the mantle lengths of the short-finned squid prey was mostly based on beaks. The
beaks of lllex argentinus were described by SANTOS (1992) and IVANOVIC & BRUNETTI (1997).
Both beaks of larger individuals have yellowish brown lateral walls, crests and hoods and become
darker, nearly black, around the rostrum. The lower beak has broad lateral walls without folds and
has a very conspicuous tooth; the transparent strip below the jaw angle, characteristic of
ommastrephids, is not clearly apparent in the larger beaks. The upper beak has a broad medially
curved hood, with the insertion of the wing in the middle of the anterior edge of the lateral wall and
has a moderately acute rostrum. The beaks of /llex argentinus could be distinguished from those of
other ommastrephids occurring in the region (SANTOS 1992), but identification became
increasingly difficult with decreasing sizes of the beaks. The smaller beaks (rostral length <1.5

mm) are less pigmented, have moderately acute and dark rostrum and the transparent strip below
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the jaw angle is conspicuous; the lower has broad lateral walls and the upper a pigmented

elongated patch on each wing.

To estimate the size of Illex argentinus in the stomach contents, linear relationships of the
upper rostral length (URL) and lower rostral length (LRL) to dorsal mantle length (ML) and
potential relationships of the URL and LRL to body weight (BW) were calculated from 131
reference specimens of 12 to 356 mm ML and 0.15 to 772.0 g BW (Fig.2). The corresponding

equations were:
ML= -3.563 + 50.883URL (r= 0.989);
ML= -12.228 + 55.187LRL (= 0.989);
BW=2.7204URL*""* (= 0.995);

BW=2.2750LRL*"*'° (1= 0.996).

Predation on lllex argentinus

Data from over 14,000 stomach contents of 63 species of potential predators were analysed
(Table 1) and lllex argentinus occurred to some degree in the diet of 32 of those species (Table 2).
The short-finned squid occurred in 23.5% of the investigated species of predators from the shelf
and 80.0% of those from the upper slope and oceanic adjacent waters. The frequency of occurrence

in the stomach contents were respectively 0.2%, 7.7% and 10.1%.

The relative abundance of lllex argentinus predators in the landings or surveys and the

frequency of occurrence of the short-finned squid in their stomach contents follows:
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Oceanic pelagic fisheries yielded annually 6,096 t (1990-1994) from which, species that fed

on [llex argentinus, amounted to 89.4% of the landings (Fig. 3a). The swordfish Xiphias gladius
and the tuna Thunnus obesus, represented 21.1% of the landings and fed very frequently
(%F0O>30%) on the short-finned squid. Thunnus alalunga and T. albacares (25.8% of the
landings) fed frequently (30%>%F0O>10%) on [lllex argentinus. The dolphinfish Coryphaena
hyppurus, skipjack tuna Katsuwonus pelamis, billfishes Tetrapturus albidus and Istiophorus
albicans, and pelagic sharks Isurus oxyrinchus, Prionace glauca and Sphyrna lewini (42.5% of the

landings) fed occasionally (%F'O<10%) on lllex argentinus.

On the upper slope demersal environment, the short-finned squid appeared very frequently
(%F0>30%) in the diet of Scyliorhinus besnardi, although a low number of stomach was
examined. [llex argentinus was frequent in the diet of the school shark Galeorhinus galeus, the
rosefish Helicolenus lahillei and the wreckfish Polyprion americanus (30%>%F0O>10%) and
occurred occasionally in the stomach contents of the seabbarfish Evoxymetopon taeniatus
(%F0O<10%). Two of these predators, Galeorhinus galeus and Polyprion americanus amounted to
more than half of the total fish catch in a bottom trawl survey in the upper slope of southern Brazil
in winter of 1986 (VOOREN & al. 1988). Galeorhinus galeus was intensely fished, mainly with gill
nets and longliners on the shelf and upper slope until 1990 (HAMovVICI & al. 1997). Polyprion
americanus, fished with longliners, represented 83.7% of the 2,431 t demersal fish landings from
upper slope in the early 1990°s (Fig.3b) (PERES & HAMMOVICI 1998).0ther potential predators of
the short-finned squid from the upper slope were the tilefish Lopholatilus villari, the hake
Urophycis cirrata and the small sized sharks of the genus Squalus but for which no data were

available.
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On the shelf the short-finned squid was occasionally preyed (%F0O<10%) by the bony

fishes Merluccius hubbsi, Pagrus pagrus, Pomatomus saltatrix, Trichiurus lepturus, and the angel
sharks Squatina argentina and S. occulta (Table 2). The neritic species that fed on lllex argentinus
represented only 1.6% of the 49,251 t of demersal fish landings and 39.1% of the 8,882 t of pelagic

fish landings from 1990-1994 period in southern Brazil (Fig. 3¢ and 3d).

Beaks of lllex argentinus occurred in the stomachs of diverse incidentally caught or
stranded marine mammals and birds: Arctocephalus tropicalis, Mirounga leonina, Delphinus sp,
Globicephala melas, Kogia breviceps, Physeter macrocephalus and the penguin Spheniscus
magellanicus (Table 2). All these species fed frequently on cephalopods SANTOS & HAIMOVICI
(1998) and despite the small number of stomach contents analysed, most of the specimens fed on

Illex argentinus.

lllex argentinus was insignificant in the diet of Loligo sampaulensis (2%FO= 0.3%).
Cannibalism was recorded in 6.0% of the stomachs from shelf and 9.0% in those from the upper
slope (Table 2). It is believed that these percentages subestimated cannibalism as a large proportion
of stomach contents of /llex argentinus had only flashy remains of squid that could not be further

identified (SANTOS & HAIMOVICI, 1997b).

Size ranges of preyed lllex argentinus

Small and large Illex argentinus were preyed year round (Fig. 4). The mantle length
distributions of /llex argentinus in the stomach contents of those predators with sufficient seasonal
or year round pooled data are shown in Figs. 5 and 6. In summer, smaller /llex argentinus (20 - 180
mm ML) were found in the diet of billfishes, Thunnus albacares and the cutlassfish Trichiurus

lepturus. In the same season, larger squid (220-280 mm ML) were found in stomach contents of 7.

8
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albacares. In winter and spring the oceanic dolphin Delphinus sp and the wreckfish Polyprion
americanus fed on both, small and large short-finned squid (20-300 mm ML), and Xiphias gladius

and all three Thunnus species fed only on large specimens (mostly 200-340 mm ML).

Mantle length composition of the /llex argentinus preyed by shelf, upper slope and oceanic
predators in the warm (summer and early autumn) and in the cold (winter and early spring) seasons
are shown in Fig. 7. In both seasons, short-finned squid eaten by shelf predators were mainly
juveniles and subadults (15-240 mm ML) and those eaten by upper slope predators were juveniles
to adults (15-340 mm ML). Oceanic predators fed on juvenile, subadult and adult squid in the

warm season (20-320 mm ML) and mostly on large individuals in cold season (200-320 mm ML).

DISCUSSION

A general picture extracted from the results in the present paper is that large oceanic
pelagic fishes, and to a lesser degree demersal upper slope fishes are the most important source of

mortality of short-finned squid in southern Brazil.

Tunas and the swordfish are known to migrate from the north to southern Brazil where they
are fished mainly from May to October (ANTERO DA SILVA 1994). This southward migration
coincides with the enhanced winter-spring biological production in this last region (CASTELLO &
al. 1997). It also coincides with the northward winter and spring reproductive migration of subadult
and adult /llex argentinus from Uruguayan and Argentinean waters (HAIMOVICI & PEREZ 1990;
SANTOS & HAIMOVICI 1997a). The strong association of tunas and xiphoid fishes with I

argentinus in this region was also evidenced by the presence of the larvae of didymozoid parasites
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in the digestive tract of the juvenile and subadult short-finned squid (SANTOS 1992) as these

parasites have tunas and xiphoid fishes as final hosts (HOCHBERG 1990).

Not all the large oceanic pelagic predators fed to the same extent on lllex argentinus as it
was more frequent in the diet of Xiphias gladius and Thunnus obesus. Tunas and billfishes are
visual feeders that prey mostly at daytime (LONGHURST & PAULY 1987). Illex genus squid are
known to perform diel migrations moving to deeper water layers during daytime (ROPER & YOUNG
1975; NIGMATULLIN 1989). The higher occurrence of short-finned squid in the stomach contents of
Thunnus obesus and Xiphias gladius may be related to their affinity for greater depths (up to 600
m) compared with other tunas that are known to be near-surface species (CAREY & ROBISON 1981;
COLETTE & NAUEN 1983; HOLLAND & al. 1990). In fact Thunnus albacares and T. alalunga had as
the most frequent cephalopod in their diet Ornithoteuthis antillarum (SANTOS 1992) a smaller and

more epipelagic squid.

The role of lllex argentinus in upper slope demersal food web is difficult to assess
quantitatively because of regurgitation of demersal fishes when hauled to surface, but it appears to
be fairly important as the short-finned squid was eaten by Polyprion americanus and Galeorhinus

galeus, two of the most abundant large predators of this environment.

In the shelf food web the short-finned squid appears to be unimportant, as mostly small
lllex argentinus were found with low frequency in the stomach contents of only a few neritic fishes
that, in turn, represents a small fraction of the commercial landings. These observations are in
agreement with the low relative abundance of /llex argentinus found in bottom trawl surveys on

the shelf (HAIMOVICI & ANDRIGUETTO 1986).
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Contrasting with southern Brazil, where lllex argentinus occurred mostly along the upper
slope, off Uruguay and northern Argentina juveniles and subadults /llex argentinus occur mostly
on the shelf (HATANAKA & al. 1985; NIGMATULLIN 1989; BRUNETTI & al. 1991) and is an
important prey for the common hake Merluccius hubbsi that is the most abundant demersal fish in
the region with biomass estimates of around two million tons (ANGELESCU & PRENSKI 1987).
Juvenile and subadult short-finned squid are also important components of the food webs on the
southern Argentinean shelf, and the species estimated biomass was over two million tons (PRENSKI

& al. 1991; PRENSKI & ANGELESCU 1993).

Two spawning groups are postulated to occur in southern Brazil, a minor summer
spawning small-sized group that mature between 140 to 250 mm ML and a major group that
matures between 188 to 356 mm ML ( HAIMOVICI & PEREZ, 1990; SANTOS & HAIMOVICI, 1997a).
The size distribution of the lllex argentinus found in the stomach contents fits into that pattern
(Fig. 4). The smaller specimens preyed in winter and spring and the larger specimens preyed in
summer correspond to summer spawning group and the small short-finned squid preyed in summer
and autumn and the larger ones preyed from autumn to spring correspond to the winter-spring

spawning group.

Figure 8 summarises the main trophic relations of Illex argentinus in southern Brazil. We
were not able to find any species that preyed heavily on juvenile lllex argentinus, particularly in
shelf waters. This reflects the low abundance of juvenile ///ex argentinus in the region and support
the hypothesis that the major nursery grounds of the southern Brazil spawners occur further south
in Uruguayan and Argentinean waters. Predation was more intense by demersal and pelagic

predators of the upper slope and adjacent oceanic waters, mainly in the cold season.
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Table 1. List of the fishes, cephalopods, penguins and marine mammals of southern Brazil that had their
diet studied for predation on Illex argentinus. Region (shelf, upper slope and oceanic), habitat (demersal:
dem and pelagic: pel), number of stomach with food examined and mean annual commercial landings in
tons (1990-1994 period) in southern Brazil (from HAIMOVICI & al. 1997 and PERES & HAIMOVICI, 1998)
are indicated.

Predator species Common name Mean annual Region Number Source
Commercial and stomachs of
landings Habitat with food data
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FISHES

Engraulis anchoita anchoita - shelf-pel 512 2
Pomatomus saltatrix bluefish 3521 shelf-pel 164 1
Scomber japonicus chub mackerel 969 shelf-pel 30 2
Trachurus lathami rough scad 1555 shelf-pel 124 2
Conger orbignyanus Argentine conger - shelf-dem 146 1
Cynoscion guatucupa striped weakfish 8785 shelf-dem 220 1
Cynoscion jamaicensis Jamaica weakfish - shelf-dem 73 1
Macrodon ancylodon king weakfish 3966 shelf-dem 1402 3
Merluccius hubbsi Argentine hake 129 shelf-dem 231 1
Micropogonias furnieri white croaker 14709 shelf-dem 194 1
Mustelus canis smooth dogfish - shelf-dem 54 1
Pagrus pagrus red porgy 238 shelf-dem 362 1
Paralichthys isosceles flounder - shelf-dem 90 1
Paralichthys orbignyanus flounder <1000 shelf-dem 308 1
Paralichthys patagonicus Patagonian flounder <1000 shelf-dem 290 1
Percophis brasiliensis Brazilian flathead - shelf-dem 66 1
Porichthys porosissimus lantern midshipman - shelf-dem 114 1
Prionotus nudigula red searobin - shelf-dem 244 1
Prionotus punctatus bluewing searobin 988 shelf-dem 743 1
Rhinobatus horkeli Brazilian guitarfish 460 shelf-dem 1000 1;4
Squatina argentina Argentine angel shark - shelf-dem 56 1
Squatina guggenhein angel shark <1000 shelf-dem 109 1
Squatina occulta angel shark <1000 shelf-dem 58 1
Sympterigia acuta skate - shelf-dem 1510 5
Sympterigia bonapartei skate - shelf-dem 809 5
Trichiurus lepturus cutlassfish 441 shelf-dem 490 1
Umbrina canosai Argentine croaker 9629 shelf-dem 726 1
Urophycis brasiliensis squirrel codling 1186 shelf-dem 663 1
Evoxymetopon taeniatus channel seabbarfish - upper slope-dem 14 1
Galeorhinus galeus school shark - upper slope-dem 101 1
Helicolenus lahillei blackbelly rosefish - upper slope-dem 33 1
Polyprion americanus wreckfish 2036 upper slope-dem >100 1
Scyliorhinus besnardi polkadot catshark - upper slope-dem 8 1
Table 1. continuation...
Predator species Common name Mean Region Number Source
annual and stomachs of
Commercial Habitat with food data
FISHES
Katsuwonus pelamis skipjack tuna 2402 shelf, upper slope-pel 295 1
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Billfishes ®
Coryphaena hippurus
Istiophorus albicans
Isurus oxyrinchus
Naucrates ductor
Prionace glauca
Sphyrna lewini
Tetrapturus albidus
Thunnus alalunga
Thunnus albacares
Thunnus obesus
Xiphias gladius
CEPHALOPODS
Loligo sanpaulensis
lllex argentinus

lllex argentinus
PENGUINS
Spheniscus magellanicus
MARINE MAMMALS
Otaria flavescens
Pontoporia blainvillei
Tursiops truncatus
Arctocephalus australis
Kogia sima

Delphinus sp
Globicephala melas
Physeter macrocephalus
Arctocephalus gazzella
Arctocephalus tropicalis
Mirounga leonina
Kogia breviceps
Lagenodelphis hosei
Orcinus orca

Pseudorca crassidens

common dolphinfish
Atlantic sailfish
shortfin mako
pilotfish

blue shark
hammerhead shark
white marlin
albacore

yellowfin tuna
bigeye tuna

swordfish

common long-finned squid
Argentine short-finned squid
Argentine short-finned squid

Magellanic penguin

South american sea lion
franciscana

bottlenose dolphin
South american fur seal
dwarf sperm whale
common dolphin
long-finned pilot whale
sperm whale

Antarctic fur seal
Subantarctic fur seal
Southern elephant seal
pigmy sperm whale
Fraser's dolphin

killer whale

false killer whale

<500

<500
<500

1075
684
500
601

100

oceanic-pel 151 1
oceanic-pel 71 1
oceanic-pel 35 1
oceanic-pel 19 1
oceanic-pel 39 6
oceanic-pel 40 1,7
oceanic-pel 13 1
oceanic-pel 34 1
oceanic-pel 101 1
oceanic-pel 343 1
oceanic-pel 73 1
oceanic-pel 195 1
shelf-dem 313 1
shelf-dem 151 1
upper slope-dem 212 1
shelf 120 1
shelf (a) 8
shelf 361 1;9
shelf 13 1;9
shelf, slope 15 1
shelf, slope 1 10
shelf, oceanic 3 1
shelf, oceanic 4 1
slope, oceanic 1 11
oceanic 3 1
oceanic 12 1
oceanic 1 1
oceanic 2 1
oceanic 4 1
oceanic 2 1
oceanic 3 1

1 examined by the authors

2 SCHWINGEL, 1991

3 JURAS & YAMAGUTI, 1985
4 LESSA. 1982

5 QUEIROZ, 1986
6 VASKE, 1994
7 VASKE & RINCON, 1998

R Rncac 10R0

9 PINEDO, 1982
10 PINEDO, 1987

11 CLARKE & al. 1980

(a) numbers not reported

(b) Included both Istiophorus

albicans and Tetrapturus albidus not

identified to species level
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Table 2. List of the fishes, cephalopods, penguins and marine mammals of southern Brazil that
preyed on [llex argentinus. Percent of stomachs with /llex argentinus (%FO), numbers of squid
per stomach, their mantle length (ML) and body weight (BW) mean and range are indicated.

1llex argentinus

%FO Numbers Mean and range
Predator species per stomach  ML(mm) BW (g)
FISHES
Merluccius hubbsi® - - -
Pagrus pagrus® - - -
Pomatomus saltatrix 1.8 - - -
Squatina argentina® 5.4 - - -
Squatina occulta 1.7 1 265.0 351.0
Trichiurus lepturus 3.1 1-4 65.5 (20 - 200) 20.1 (0.2 - 156)
Evoxymetopon taeniatus 7.1 3 36.7 (30 - 40) 1.4 (0.8 -2)
Galeorhinus galeus ® 188 - - -
Helicolenus lahillei 182 1 127.7 (60 - 280) 88.6 (5 - 415)
Polyprion americanus © 26.7 1-4 230.6 (80 - 332) 274.0 (12 - 693)
Scyliorhinus besnardi 625 1-2 194.9 (108 - 293) 182.7 (277 - 476)
Billfishes ® 4.0 1-12 163.1 (93 -293) 121.3 (18 - 476)
Coryphaena hyppurus 7.0 1-2 222.7 (125 - 281) 241.8 (41 -413)
Istiophorus albicans 8.6 4-80 97.9 (57-192) 25.9 (25 - 140)
Isurus oxyrinchus 53 1 319.2 614.1
Katsuwonus pelamis 1.0 1-6 81.5(54-131) 10.6 (4 - 45)
Naucrates ductor™® ’ - - -
Prionace glauca™ 5.0 - - -
Sphyrna lewini 7.7 2 278.7 (261 -297) 408.8 (335 - 483)
Tetrapturus albidus 59 1-40 113.0 (62 - 166) 119.5(72-163)
Thunnus alalunga 119 1-5 239.4 (130-312) 285.2 (46 - 559)
Thunnus albacares 125 1-47 173.7 (40 - 345) 176.4 (2 - 778)
Thunnus obesus 493 1-55 261.7 (144 - 378) 360.6 (59 - 802)
Xiphias gladius 313 1-61 256.5 (92 - 345) 347.5(17-778)
CEPHALOPODS
Loligo sanpaulensis 0.3 1 13.7 0.3
lllex argentinus (shelf) 6.0 1-2 37.0 (19 -49) 3.0(0.2-9)
1llex argentinus (upper slope) 9.0 1 70.9 (44 — 130) 12.0 (2-47)
PENGUINS
Spheniscus magellanicus 3.0 1-3 160.7 (41 - 248) 133.8 (2 - 288)
MARINE MAMMALS
Arctocephalus tropicalis 9.1 5 325.9 (18 -333) 632.6 (586 - 673)
Mirounga leonina 100.0 3 279.4 (260 - 313) 419.7 (331 -577)
Delphinus sp 100.0 4-9 59.0 (21 - 326) 24.7 (0.4 - 652)
Globicephala melas 750 1-4 220.6 (150 - 332) 246.0 (67 - 693)
Kogia breviceps 100.0 1-31 280.4 (151 - 339) 459.3 (105 - 734)
Physeter macrocephalus 100.0 75 (237-378) (251 -935)

(a) %F O and/or squid

numbers  and size not

alhidue nnt

albicans

(b) Included both Istiophorus

and Tetrapturus

identified tn

(c) from 15 samples of over hundred

stomachs pooled
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Fig. 1. Map of southern Brazil showing the region from where the stomach contents of

63 species of potential predators of /llex argentinus were collected.
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a. Oceanic pelagic fisheries b. Upper slope demersal fisheries
Mean annual landinas: 6.096 t Mean annual landings: 2,431 t
10.6%
83.7%
c. Shelf demersal fisheries d. Shelf pelagic fisheries
Mean annual landings: 49,251 t Mean annual landings: 8,882 t
1.6%
60.9%
98.4%
absent %F0<10% 30%>%F0>10% .%FO >30%

Fig. 3. Percentages of the mean annual landings of the oceanic pelagic (a), upper slope
demersal (b) shelf demersal (c) and shelf pelagic (d) fisheries along southern Brazil
(1990 -1994) of the fish species that fed very frequently (%FO0>30%), frequently
(30%>%F0>10%) and occasionally (%FO0<10%) on the short-finned squid Illex
argentinus. (Mean annual landing data for 1990-1994 period from HAIMOVICI & al.
1997 and PERES & HAIMOVICI 1998).
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Fig. 4. Mantle length distributions of lllex argentinus in the stomach contents of all
predators pooled by seasons off southern Brazil (ni= number of specimens of I

argentinus).
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Fig. 5. Mantle length distributions of /lllex argentinus in the stomach contents of

billfishes, (Istiophorus albicans and Tetrapturus albidus), Polyprion americanus,

Trichiurus lepturus, Kogia breviceps, Delphinus sp and Thunnus alalunga off southern

Brazil (ni= number of specimens of 1. argentinus).
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S4RSiA (REF. 98-51)

Fig. 7. Mantle length distributions of [llex argentinus in the stomach
contents of shelf demersal and pelagic, upper slope demersal and oceanic
pelagic predators in cold (winter and early spring) and warm (summer and
early autumn) seasons off southern Brazil (ni= number of specimens of /.

argentinus).
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Shelf (10-200 m)

Upper slope (200-500 m)

Oceanic waters (> 500 m)

lllex argentinus
Merluccius hubbsi
Pagrus pagrus
Pomatomus saltatrix
Trichiurus lepturus
Squatina argentina
Squatina occulta
Spheniscus magellanicus

Evoxymetopon taeniatus
Arctocephalus tropicalis

A

A

Coryphaena hyppurus
Istiophorus albicans
Isurus oxyrinchus
Katsuwonus pelamis
Prionace glauca
Sphyrna lewini
Tetrapturus albidus
Naucrates ductor

A

juveniles to subadults

N

lllex argentinus
juveniles to adults

juveniles to adults

J

v

v

Galeorhinus galeus
Helicolenus lahillei
Illex argentinus
Polyprion americanus
Scyliorhinus besnardi

..... Occasional predation (%F0<10%)

—— Frequent predation (%FO>10%)

Thunnus alalunga
Thunnus albacares
Thunnus obesus
Xiphias gladius
Delphinus sp
Globicephala melas
Kogia breviceps
Mirounga leonina
Physeter macrocephalus

Fig. 8. Diagrammatic summary of predation on lllex argentinus off southern Brazil. In bold

abundant species that preyed frequently (%6/0O>10%) on the short-finned squid.
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Cefalopodes na dieta de médios e grandes peixes pelagicos
da plataforma externa e aguas oceanicas adjacentes

da regiao sul do Brasil.

Roberta Aguiar dos Santos & Manuel Haimovici

Resumo. Foram identificados e medidos os cefalépodes encontrados em 734 contetidos
estomacais de 11 espécies de médios e grandes peixes pelagicos coletados com vara e isca-
viva e espinhel de superficie nas regides de plataforma externa e 4guas oceanicas
adjacentes entre 27'S e 34'S entre 1979 ¢ 1996. Foram encontradas vinte familias e pelo
menos 29 espécies de cefaldpodes nos contetidos estomacais examinados. Cefalépodes
foram frequentes na dieta da maioria das espécies estudadas, tendo maior importancia para
Thunnus alalunga, T. albacares, T. obesus, Xiphias gladius, Tetrapturus albidus e Prionace
glauca, sendo menos freqiientes na dieta de Katsuwonus pelamis, Istiophorus albicans,
Coryphaena hippurus, Isurus oxyrinchus e Sphyrna lewini. Omastrefideos foram os
cefalopodes encontrados em maior numero e com maior freqiiéncia de ocorréncia.
Ornithoteuthis antillarum foi a espécie mais frequente em 7. alalunga, T. albacares,
Istiophorus albicans e Tetrapturus albidus, que se alimentaram principalmente de pequenos
exemplares. Illex argentinus € Ommastrephes bartramii, foram os principais cefalopodes
predados por Xiphias gladius e Thunnus obesus, alimentando-se de presas maiores. Outra
lula oceanica relativamente frequente na dieta dos atuns e tubardes pelagicos foi
Lycoteuthis lorigera. Lulas amoniacais como Ancistrocheirus lesueurii, Octopoteuthis sp,

Histioteuthis spp e Chiroteuthis veranii, fizeram parte da dieta de todos os predadores,



sendo algumas destas espécies particularmente importantes na dieta de Prionace glauca.
Com menor freqiiéncia foram encontradas as lulas Loligo plei, Loligo sanpaulensis, Abralia
spp, Enoploteuthis sp, Abraliopsis sp enoploteutideos, Moroteuthis robsoni, Pholidoteuhis
boschmai, Architeuthis sp, Todarodes filippovae € Thysanoteuthis rhombus, os polvos
pelagicos Japetella diaphana, Tremoctopus violaceus, Ocythoe tuberculata, Argonauta
nodosa, Haliphron atlanticus e o vampyromorfo Vampyroteuthis infernalis. Este trabalho
ressalta a importancia dos cefalépodes como elo intermediério nas cadeias troficas epi e
mesopelagicas da regido de plataforma externa e 4guas oceanicas adjacentes da regido sul

do Brasil.

Introduction

The neritic cephalopod fauna distribution and composition are relatively known in
southern Brazil, from research cruises or commercial landings (Palacio, 1977; Juanicd,
1979; Haimovici & Perez, 1991a; Haimovici ef al., 1994). Less is known on the cephalopod
fauna from slope and oceanic adjacent waters, were a few numbers of cruises were
performed and fisheries are target to large demersal fishes as the wreckfish (Polypron
americanus) and xxxxxxxx(Lopholatilus villari) with bottom longliners and large pelagic
fishes as tunas (Thunnus spp) and the swordfish (Xiphias gladius) (Haimovici et al., 1997).

The importance of a organism group in an ecosystem can be evaluated from the
dietary study of their potential predators (Clarke, 1987). This method is particularly
important in oceanic ecosystems where cephalopod samples are difficult to obtain. Most of
oceanic large pelagic fishes are teuthophagous and frequently used as cephalopods

collectors (Clarke, 1987; Bello, 1996).



In southern Brazil, the skipjack tuna fishery with live bite mean annual landings
from 1990 to 1994 reach around 2,400 tones, whilst large tunas, billfishes and pelagic
sharks, fished with superficial longliners about 3,400 tones (Haimovici et al., 1997). The
occurrence of cephalopods in stomach contents of oceanic pelagic fishes in southern Brazil
was reported A presencga freqliente de cefalopodes em contetidos estomacais de peixes
pelagicos oceanicos no sul do Brasil j& havia sido registrada por Zavala-Camin (1981,
1987), Mello (1990), Vilela (1990), Vaske & Rincon, (1998) e Vaske & Castello (1998).

Ao longo dos anos, os cefaldpodes encontrados em contetidos estomacais da maior
parte dos médios e grandes peixes pelagicos foram recebidos para a identificagdo. Em
geral, estes cefalopodes encontrados nos contetidos estomacais apresentaram-se bastante
digeridos, muitas vezes restando apenas bicos, que em muitos casos permitem a
identificagdo especifica das presas e também podem ser usados para estimar seus
comprimentos e pesos (Clarke, 1986). Este trabalho teve como objetivos estudar a presenca
de diferentes espécies de cefaldpodes e avaliar sua importancia relativa nas dietas destes

predadores nas dguas da plataforma externa e d4guas oceanicas adjacentes no sul do Brasil.

Material e Métodos

O material utilizado neste estudo foram os restos de cefalopodes encontrados em
conteudos estomacais de diversos predadores pelagicos coletados ao longo da plataforma
externa, talude e a4guas oceanias adjacentes do sul do Brasil. Incluiram 1361 contetudos de
Katswonus pelamis (bonito-listrado), Thunnus albacares (albacora-laje), Thunnus alalunga
(albacora-branca), Thunnus obesus (albacora-bandolim), Xiphias gladius (espadarte),

Istiophorus albicans (agulhdo-vela), Tetrapturus albidus (agulhdo-branco), Coryphaena



hippurus (dourado), Prionace glauca (tubarao-azul), Isurus oxyrinchus (tubardo-anequim) e
Sphyrna lewini (tubardo-martelo). Os bonitos-listrados foram coletados a partir dos
desembarques da frota comercial da pesca com vara e isca-viva em 1996 e as espécies
restantes com espinhel de superficie em cruzeiros de prospec¢ao pesqueira no N/p Orion do
Instituto de Pesca de Santos ou viagens de pesca comercial entre 1979 e 1991. As amostras
provém da pesca entre Santa Marta Grande e Chui entre as isobatas de 250 e 3500 m (Fig.
1).

A identificag@o das presas inteiras e dos bicos teve como base a colecdo de
referéncia de cefalopodes do Laboratoério de Recursos Pesqueiros Demersais e Cefalopodes
do Departamento de Oceanografia da Funda¢ao Universidade Federal do Rio Grande. As
espécies ainda ndo registradas na regido, foram identificadas a partir da bibliografia (Roper
et al., 1984; Nesis, 1987) e do guia de identificacdo de bicos de Clarke (1986).

Os cefalopodes encontrados inteiros tiveram o comprimento do manto (ML) medido
em milimetros e o peso total (TW) registrado em gramas. Na maioria dos casos, apenas
foram encontrados restos semidigeridos e bicos. Neste casos foram medidos o comprimento
do rostro dos bicos inferior (LRL) e superior (URL) de lulas e sepiolideos ou o
comprimento do escudo dos bicos inferior (LHL) e superior (UHL) dos polvos, seguindo as
defini¢des descritas em Clarke (1986). Os ML e TW dos cefalopodes predados foram
estimados a partir de equagdes que relacionam as medidas dos bicos, com os comprimentos
do manto e o peso, calculadas a partir da colecdo de referéncia. Para espécies nao
representadas na cole¢do de referéncia, foram utilizadas as equagdes disponiveis em Clarke

(1986).



A importancia relativa de cada espécie de cefalopode na dieta de cada predador foi
avaliada através da porcentagem de estdmagos com cefalopodes analisados desse predador
(FO). As FO foram calculadas separadamente por épocas do ano: inverno-primavera (julho
a dezembro) e verdo-outono (janeiro a junho). Foram também consideradas as porcentagens
do numero de exemplares de cada espécie de cefalopode em relacao ao total de cefalépodes
encontrados nos conteudos estomacais de cada espécie de predador.

Neste trabalho foi analisada a presenca de cefalopodes nos conteudos estomacais
recebidos no laboratorio. A importancia das outras presas foi apresentada em trabalhos dos
pesquisadores que disponibilizaram o material de cefalépodes (Zavala-Camin, 1987; Vaske

& Castello, 1998; Vaske & Rincon, 1998; Mello, 1992).

Resultados

Um total de 4924 cefalopodes pertencentes a 20 familias e a0 menos 29 espécies,
dentre lulas musculares, amoniacais, polvos pelagicos e um vampyromorfo, foram
encontrados em 734 dos 1361 estomagos com alimento (Fig. 2). A seguir apresenta-se os

resultados obtidos por predador:

Katswonus pelamis (bonito-listrado)

Foram examinados 295 contetidos coletados no verao-outono, dos quais 19,7%
continham cefalopodes pequenos. As principais espécies encontradas foram Ornithoteuthis
antillarum (FO= 9,5%) e Argonauta nodosa (FO= 8,8%) (Tabela 1), sendo este polvo

pelagico, o mais importante em termos de niimeros de exemplares encontrados (Fig.3).



Thunnus alalunga (albacora-branca)

Nos 110 estomagos com alimento examinados foram registradas 15 espécies de
cefalopodes, que estiveram presentes em 80,9 % destes estomagos (Tabela 1). Nos dois
periodos, a composi¢do de cefalopodes foi muito semelhante, sendo a espécies mais
freqiiente Ornithoteuthis antillarum (FO= 47,2%), seguido de pequenos Lycoteuthis
lorigera (FO=12,7%), lllex argentinus (FO= 12,9%) e Heteroteuthis dispar (FO=11,8%).
A ocorréncia em numero de exemplares também foi maior para Ornithoteuthis antillarum
(> 40,0 %), seguido por Lycoteuthis lorigera, enoploteutideos e a lula amoniacal
Histioteuthis sp (Fig. 3, Tabela 1).

Thunnus albacares (albacora-laje)

Pelo menos 20 espécies de cefalopodes foram encontradas no periodo de inverno-
primavera, ocorrendo em 63,6 % dos 283 conteudos com alimento analisados (Tabela 2).
As espécies mais freqilientes foram Ornithoteuthis antillarum (FO= 23,6%), seguido de
lllex argentinus (FO= 18,0%), Ommastrephes bartramii (FO= 10,2%) e Argonauta nodosa
(FO= 8,8%). O nimero de exemplares encontrados deO rnithoteuthis antillarum foi
também maior, correspondendo a 46,9% do total encontrado, seguido por Illex argentinus
(19,3%) (Fig.3).

No periodo de verao-outono 15 espécies foram encontradas, e os cefalopodes
ocorreram em 62,2% dos 135 contetidos estomacais. Predominaram também
Ornithoteuthis antillarum (FO= 43,7%), lllex argentinus (FO= 13,3%) e Ommastrephes
bartramii (FO= 7,4%). Em nimero de exemplares, novamente Ornithoteuthis antillarum

predominou (62,0%), seguido delllex argentinus (19,4%).



Thunnus obesus (albacora-bandolim)

Foram encontradas 14 espécies de cefalopodes no inverno-primavera, ocorrendo em
78,1 % dos 101 contetidos estomacais examinados (Tabela 3). A espécie mais freqiiente foi
lllex argentinus (FO= 57,8%), seguido por Ommastrephes bartramii (FO=16,4%) e
Ornithoteuthis antillarum (FO= 14,1%). Em numero, //lex argentinus também foi a espécie
predominante (84,3%) (Fig.3).

No verdo-outono 13 espécies de cefalopodes foram encontradas, ocorrendo em
67,6% dos contetidos estomacais, sendo a espécie mais freqiiente /llex argentinus (FO=
35,1%), seguido por Chiroteuthis veranii (FO= 24,3%), Ommastrephes bartramii (FO=
21,6%), Lycoteuthis lorigera (FO= 21,6%) e Ornithoteuthis antillarum (FO=13,5%). Illex
argentinus também foi mais freqiiente em niimero (55,8%), seguido por Lycoteuthis
lorigera e lulas amoniacais (10,6%) representadas principalmente por e Chiroteuthis

veranii (Fig.3, Tabela 3).

Xiphias gladius (espadarte)

No periodo de inverno-primavera, foram encontradas 13 espécies de cefalopodes,
que ocorreram em 70,2 % dos conteudos estomacais (Tabela 4). As principais espécies
encontradas foraml/lex argentinus € Ommastrephes bartramii com FO= 31,7%, seguidos
por Chiroteuthis veranii (FO= 9,6%) (Tabela 2). Illex argentinus foi também a principal
espécie em numero de exemplares (60,1%), seguida de Ommastrephes bartramii (19,2%) e
lulas amoniacais (9,4%) como Chiroteuthis veranii, Histioteuthis sp, Ancistrocheirus

lesueurii e Octopoteuthis sp (Fig.4).



No periodo de verao-outono, 13 espécies foram encontradas, ocorrendo em 73,6%
dos conteudos estomacais, sendo as mais freqiientes médios e grandes Ommastrephes
bartramii (FO= 36,0%) e Illex argentinus (FO= 22,8%) e Chiroteuthis veranii (FO=
21,0%). lllex argentinus apresentou o maior nimero de bicos encontrados (56,0%), seguido

de lulas amoniacais (19,4%) e Ommastrephes bartramii (15,6%) (Fig.4).

Coryphaena hippurus (dourado), Istiophorus albicans (agulhido-vela) e Tetrapturus

albidus (agulhdo-branco)

Cefalopodes ocorreram em 35,8% dos 81 contetidos estomacais do dourado
examinados nos dois periodos, sendo encontradas 9 espécies. Ornithoteuthis antillarum foi

o cefalopode mais freqiiente (FO= 9,9%) (Tabela 5).

Dos 35 conteudos estomacais do agulhdo-vela examinados nos dois periodos do ano
considerados, 45,7% continham cefaldpodes representados por 5 espécies, sendo mais
freqiiente Ornithoteuthis antillarum (FO= 40,0%), seguido por Ommastrephes bartramii

(FO=11,4%) (Tabela 5).

Nos contetidos estomacais do agulhdo-branco, também nos dois periodos do ano
considerados, ocorreram 5 espécies de cefalopodes em 65,4% dos 52 conteudos estomacais
examinados (Tabela 5). As espécies mais frequentes foram, Ornithoteuthis antillarum (FO=
50,0%), seguido por Ommastrephes bartramii (FO= 17,3%).

Para estas trés espécies de predadores Ornithoteuthis antillarum também foi a
espécie mais frequente em nimero de cefaldopodes encontrados (> 60% dos exemplares em

ambos periodos), seguidos por lllex argentinus (> 15%) (Fig.3).



Prionace glaucdtubarao -azul), Isurus oxyrinchus (tubarao-anequim), Sphyrna lewini

(tubarao-martelo)

Todos os contetdos estomacais dos tubardes pelagicos estudados foram coletados
no periodo de inverno-primavera (Tabela 6).

Dos 19 conteudos estomacais do tubardo-anequim com alimento, 31,6% continham
cefalopodes. As espécies encontradas foram pequenos Lycoteuthis lorigera (FO= 23,0%) e
Histioteuthis spp (FO=10,5%) e um grande exemplar de /llex argentinus (FO= 5,3%).

A maior propor¢ao de cefalépodes foi encontrada nos 19 conteudos do tubardo-azul
(FO=63,0%), sendo as espécies predominantes Ancistrocheirus lesueurii € Chiroteuthis
veranii, ambos com FO= 31,6%, seguidos por Histioteuthis spp (FO= 15,8) e Argonauta
nodosa (FO=10,5%). Observou-se também a presenca de restos de bragos, tentaculos e
massa bucal de um exemplar dedrchiteuthis sp, com comprimento do manto estimado em
1012 mm e mais de 92 Kg de peso.

Dos 13 conteudos estomacais do tubardo-martelo, apenas 3 apresentaram
cefalopodes, sendo as espécies de cefalopodes encontradas Lycoteuthis lorigera
Heteroteuthis dispar, Illex argentinus e Haliphron atlanticus.

Em relagdo a ocorréncia numérica dos cefalépodes nos tubardes pelagicos, observa-
se uma grande porcentagem de lulas amoniacais, principalmente aquelas encontradas nos
conteudos estomacais do tubardo-azul, como Chiroteuthis veranii, Ancistrocheirus lesueurii
e Histioteuthis spp, enquanto que para as outras duas espécies de tubardes a lula muscular

Lycoteuthis lorigera foi a mais representativa (Fig. 4, Tabela 6)



Tamanho dos cefalépodes predados

De um modo geral o tamanho dos cefaldpodes variaram de pequeno a médio porte,
sendo o menor cefalépode encontrado um Argonauta nodosa de 2,5 mm ML predado por
Katswonus pelamis e o maior um Architeuthis sp, cujo ML foi estimado em 1012,0 mm,
predado por Prionace glauca, embora apenas restos dos bragos, tentaculos e massa bucal
tenham sido encontrados

Como pode ser observado nas tabelas 1 a 6, Thunnus obesus, Xiphias gladius e os
trés tubardes pelagicos predaram sobre cefalopodes de maior tamanho, sendo freqiliente
presas maiores de 200 mm ML, quando comparado as restantes espécies de predadores,
onde a maioria dos cefalopodes encontrados possuiam ML médio inferior a 100 mm.
Quando examinamos a Figura 5, que mostra a variagdo do comprimento de algumas das
principais familias de cefalopodes predadas, em relacdo ao comprimento dos grupos de
peixes, cujos dados estiveram disponiveis, observamos que os ML médios de espécies da
familia Ommastrephidae, Ancistrocheirus lesueurii, Thysanoteuthis rhombus,
Octopoteuthis sp e Argonauta nodosa aumentaram com o tamanho de seus predadores,
enquanto que para Lycoteuthis lorigera, Histioteuthis spp e Chiroteuthis veranii, os
comprimentos médios foram muito semelhantes entre as diferentes classes de

comprimentos dos predadores estudados.

Discussao

No ambiente pelagico, em aguas oceanicas adjacentes a plataforma, onde a
disponibilidade de presas ¢ em geral baixa, os atuns e outros peixes de médio e grande

porte se alimentam de uma grande variedade de presas. Pequenos peixes, crustaceos
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planctonicos e cefalopodes sdo a base da dieta da maioria das espécies, variando apenas sua
importancia relativa em fungdo das estratégias de predacdo e dos ambientes explorados por
cada uma delas (Pinkas & Oliphant, 1971; Bello, 1991, Clarke et al., 1995; Hernandez-
Garcia, 1995). Como ja observado em outras regides do mundo (Smale, 1996) varias das
espécies de predadores estudadas tem cefalopodes oceanicos como componentes
importantes de sua dieta.

Atuns e afins migram do norte para o sul do Brasil, principalmente nos meses ftios,
quando a influéncia das aguas frias da corrente das Malvinas fluindo para norte ¢ mais forte
na regido, associado ao deslocamento da Convergéncia Subtropical e a0 aumento da
produtividade na regido (Antero da Silva, 1994; Castello ef al., 1997; Weidner & Arocha,
1999).

Xiphias gladius e Thunnus obesus capturados no sul do Brasil, predaram com maior
freqliéncia sobre cefalopodes do que sobre peixes (Zavala-Camin, 1987; Mello, 1992).
Foram também os que se alimentaram dos maiores cefalépodes, sendo as espécies mais
freqlientes em sua dieta Illex argentinus e Ommastrephes bartramii. A capacidade destes
peixes de predar sobre cefaldpodes maiores pode ser associada ao seu maior tamanho e, no
caso da predacao sobre lllex argentinus, a capacidade de predar em aguas mais profundas
(Carey & Robison 1981; Colette & Nauen 1983; Holland & al. 1990), onde o calamar

argentino pode ser encontrada durante o dia (Moiseev, 1991).

As albacora-laje e albacora-branca sao atuns menores, que se alimentam em aguas
mais superficiais (Colette & Nauen 1983; Holland & al. 1990), cuja dieta no sul do Brasil esta
composta principalmente de cefalopodes, peixes e crustaceos pelagicos (Zavala-Camin, 1981;

1987; Vaske & Castello, 1998). As espécies de cefalopodes predadas por estes atuns foram
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bastante similares, incluindo principalmente Ornithoteuthis antillarum, espécie epipelagica e
mesopelagica de pequeno porte. Outros cefalopodes freqiientes foram Illex argentinus e
Lycoteuthis lorigera que sao espécies tipicamente encontradas em regides de talude (Nesis,
1987; Haimovici & Perez, 1991b). A presenca de lulas consideradas neriticas, como Loligo
plei e Loligo sanpaulensis, nos conteudos estomacais da albacora-laje, pode ser explicada
porque pequenos individuos destas espécies podem ser encontrados até a quebra da plataforma
(Haimovici e Perez, 1991b).

Na alimentacao dos agulhdes e do dourado, os peixes predominam sobre os
cefalopodes (Zavala-Camin, 1987). Estas espécies sao predadores epipelagicos (Zavala
Camin, 1981) e tiveram Ornithoteuthis antillarum como principal cefalopode na dieta,
reforcando a idéia de que este omastrefideo seja o cefalopode epipelagico mais abundante
sobre o talude e aguas oceanicas.

O tubarao-anequim tem como presas principais peixes (Vaske & Rincon, 1998) e,
como também observado para o tubardo-martelo, os cefalopodes encontrados em sua dieta,
como Heteroteuthis dispar, Illex argentinus e Lycoteuthis lorigera sdo tipicamente
encontrados em regides de talude (Nesis, 1987; Haimovici & Perez, 1991Db).

As espécies de cefalopodes predominantes nos conteudos de Prionace glauca foram
lulas amoniacais, representadas principalmente por Chiroteuthis veranii, Histioteuthis spp e
Ancitrocheirus lesueurii. Sao assim chamadas por acumularem produtos de excre¢ao
amoniacais, mais leves que a agua do mar em tecidos corporeos ou no celoma, possuindo
flutuabilidade neutra e natagdo lenta (Clarke et al/, 1979). Os tubar6es-azuis sao

considerados nadadores lentos (Crummey et al. 1991) de amplo espectro trofico e também
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haviam sido identificados como predadores de lulas amoniacais em outras regides do
mundo (Clarke et al., 1996).

O bonito-listrado ¢ pescado sobre a plataforma externa e talude nos meses de verao,
€ teve como presas principais pequenos peixes peldgicos e zooplancton, tendo cefalépodes
como presas secundarias (Vilela, 1990), sendo juvenis de Ornithoteuthis antillarum o
cefalopode mais freqiiente, seguido de pequenos Argonauta nodosa.

Em linhas gerais observa-se que no sul do Brasil, assim como em outras regides do
mundo de plaforma externa e aguas oceanicas adjacentes, espécies da familia
Ommastrephidae, aparecem como importantes componentes da dieta de médios e grandes
peixes pelagicos (Smale, 1996). Das trés espécies de cefalopodes mais freqiientes
observadas neste estudo, Ornithoteuthis antillarum, Illex argentinus e Ommastrephes
bartramii, apenas a segunda era considerada abundante na regido, uma vez que por ser
encontrada proxima ao fundo durante o dia, ¢ vulneravel as redes de arrasto-de-fundo,
sendo capturada com freqiiéncia em cruzeiros de prospe¢ao pesqueira demersal
anteriormente realizados na regido (Haimovici & Perez, 1991b). Este estudo evidencia a
importancia das outras duas espécies de omastrefideos no ambiente pelagico oceanico
adjacente a plataforma, especialmente de Ornithoteuthis antillarum, que tanto foi freqiliente
em termos de freqiiéncia de ocorréncia nas varias espécies de predadores estudadas, como
também no nimero de exemplares ingeridos.

Virios dos cefaldopodes ocednicos encontrados com freqiiéncia na dieta dos
predadores estudados, foram pouco abundantes ou ndo haviam sido antes coletados na
regido em cruzeiros de pesquisa de prospeccao pesqueira com redes de arrasto-de-fundo

(Haimovici & Andriguetto, 1986; Haimovici & Perez, 1991b). Algumas espécies como
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Pholidoteuthis boschmai, Moroteuthis robsoni, Chiroteuthis veranii , Haliphron atlanticus
e Vampyroteuthis infernalis ndo tinham sido ainda registrados para o sul do Brasil (Palacio,
1977; Haimovici & Perez, 1991a; Haimovici et al., 1994). Os resultados deste trabalho
ressaltam a importancia dos cefalopodes nas relagdes troficas no ambiente oceanico
adjacente a plataforma do sul do Brasil, assim como a utilidade dos estudos de alimentagao,
ndo s6 para a obtencgdo de informagdes sobre habitos alimentares dos predadores, como
também sobre a distribui¢ao das presas e sobre a biodiversidade de ambientes pouco

conhecidos.
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Tabela 1. Cefalépodes encontrados nos conteudos estomacais de Katswonus pelamis e Thunnus
alalunga no sul do Brasil nos periodos de inverno-primavera e verdo-outono (Nc= niimero total de
estomagos com cefalopodes; Nt= numero total de estdbmagos com contetido; Ne= numero de
estomagos com determinada espécie de cefaldpode; ni= numero total de individuos).

Comprimento do manto (mm)

Peso total (g)

Predador/Periodo  Espécie Ne ni Média Amplitude Média  Amplitude
Katswonus pelamis Lycoteuthis lorigera 2 2 82,8 81,2 84,3 30,5 28,7 32,3
Verdo-Outono lllex argentinus 6 17 76,2 52,7 120,0 12,9 4,0 37,2
Nc=58 Ornithoteuthis antillarum 28 60 33,0 16,4 70,1 1,7 0,3 7,9
Nt=295 Thysanoteuthis rhombus 3 5 58,4 47,9 85,7 10,9 5,6 26,7

Oegopsina nao identificado 1 1

Teuthida ndo identificado 2 2

Argonauta nodosa 26 106 10,2 2,5 23,8 0,1 0,02 0,3
Thunnus alalunga Heteroteuthis dispar 7 12 18,6 16,0 21,0 1,4 1,1 1,7
Inverno-Primavera Lycoteuthis lorigera 13 64 754 11,0 93,7 25,3 0,5 51,3
Nc=59 Abralia redfieldi 7 24 24,0 15,0 36,2 1,5 0,4 3,9
Nt=74 Onychoteuthidae nao identificadc 4 6

Histioteuthis sp 2 6 66,5 46,5 84,6 97,1 47,9 150,3

lllex argentinus 14 34 2691 150,2 325,7 393,6 66,7 652,5

Ommastrephes bartramii 2 2 119,0 92,3 145,8 54,9 20,2 89,7

Ornithoteuthis antillarum 31 120 37,7 10,0 146,3 3,4 0,1 39,8

Ommastrephidae nao identificadc 3 3

Oegopsina nao identificado 3 6

Teuthida ndo identificado 1 1

Octopus vulgaris 1 1 193 19,3 19,3 1,3 1,3 1,3

Tremoctopus violaceus 2 2 17,7 10,0 25,4 1,3 0,2 2,4

Ocythoe tuberculata 1 2

Argonauta nodosa 1 1 10,0 10,0 10,0 0,1 0,1 0,1

Haliphron atlanticus 2 4 12,0 11,0 13,0 1,7 1,5 1,9
Verdo-Outono Heteroteuthis dispar 6 11 18,4 15,0 21,0 2,1 0,9 3,1
Nc= 30 Lycoteuthis lorigera 1 1
Nt= 36 Abralia redfieldi 1 7 9,6 9,0 11,0 0,1 0,1 0,2

Abralia sp 1 1

Octopoteuthis sp 1 1 2224 222.4 2224 1150,0 1150,0 1150,0

lllex argentinus 9 15 223,0 80,0 332,11 266,8 11,9 692,6

Ommastrephes bartramii 4 7 123,5 95,0 152,9 56,6 21,0 103,8

Ornithoteuthis antillarum 21 103 40,3 12,4 90,0 3,2 0,2 13,6

Ommastrephidae ndo identificadc 1 2

Chiroteuthis veranii 3 4 101,2 96,2 106,2 26,5 22,6 30,5

Oegopsina nao identificado 2 4

Ocythoe tuberculata 1 1

Argonauta nodosa 1 1 4.9 4,9 4,9 0,04 0,04 0,04




Tabela 2. Cefalopodes encontrados nos contetidos estomacais de Thunnus albacares no sul do Brasil
nos periodos de inverno-primavera e verdo-outono (Nc= numero total de estdmagos com cefaldopodes;
Nt=numero total de estdbmagos com contetido; Ne= niimero de estdmagos com determinada espécie dt

cefalopode; ni= ntimero total de individuos).

Comprimento do manto (mm)

Peso total (g)

Periodo Espécie Ne ni Meédia Amplitude Média Amplitude
Inverno-Primavera Heteroteuthis dispar 5 6 130 11,0 15,0 1,7 1,7 1,7
Nc= 180 Loligo plei 1 1 204 20,4 20,4 06 0,6 0,6
Nt= 283 Loligo sanpaulensis 1 6 76,2 58,3 99,7 201 9,8 356
Lycoteuthis lorigera 15 78 794 63,0 96,5 279 144 57,9
Enoploteuthis sp 1 1
Abralia veranyi 1 1 21,6 21,6 21,6 06 0,6 0,6
Abraliopsis sp 1 2 17,5 14,0 21,0 0,4 0,2 0,7
Abralia sp 1 1 14,0 14,0 14,0
Ancistrocheirus lesueurii 1 2 106,1 106,1 106,1 80,0 80,0 80,0
Octopoteuthis sp 2 2 2197 199,4 240,1 846,8 334,7 1358,9
Onychoteuthidae nado identificado 5 11 40,8 7,3 84,0 55 1,3 16,5
Histioteuthis sp 9 11 649 7,0 82,2 99,8 14 1420
lllex argentinus 51 208 252,4 18,0 358,5 3684 0,2 8725
Ommastrephes bartramii 29 89 941 20,0 480,0 694 0,1 38189
Ornithoteuthis antillarum 67 507 46,0 7,3 210,0 46 0,1 87,4
Ommastrephidae nao identificado 18 30 27,0 9,0 180,0
Chiroteuthis veranii 2 2
Oegopsina nao identificado 6 8 12,0 12,0 12,0
Teuthida nao identificado 1 1
Japetella diaphana 2 3
Tremoctopus violaceus 9 10 28,6 15,8 51,2 49 0,6 17,0
Ocythoe tuberculata 8 9 36,5 33,0 40,0 10,2 7,0 13,4
Argonauta nodosa 25 127 32,6 9,0 94,2 99 0,2 1097
Haliphron atlanticus 1 1
Ocotpoda néo identificado 2 2
Verao-Outono Heteroteuthis dispar 1 1 18,0 18,0 18,0 1,9 1,9 1,9
Nc= 84 Lycoteuthis lorigera 5 97 857 80,7 115,4 36,3 27,8 121,8
Nt= 135 Enoploteuthis sp 2 2
Abralia redfieldi 1 1 323 32,3 32,3 28 28 2,8
Abralia veranyi 1 2 341 34,1 341 2,1 2,1 2.1
Abralia sp 1 1
Onychoteuthidae nao identificado 1 1
Histioteuthis sp 4 6 592 53,6 64,7 75,6 62,3 88,9
lllex argentinus 14 153 160,5 43,0 293,2 128,7 2,1 4758
Ommastrephes bartramii 10 16 126,9 88,8 203,6 67,7 17,6 242,0
Ornithoteuthis antillarum 59 490 43,6 13,0 139,2 33 02 357
Thysanoteuthis rhombus 5 6 103,3 40,3 138,6 536 3,6 101,0
Chiroteuthis veranii 2 2 995 99,5 99,5 25,0 25,0 25,0
Oegopsina nao identificado 2 2
Tremoctopus violaceus 2 2 527 43,0 62,4 18,5 7,0 30,0
Ocythoe tuberculata 2 3 140 14,0 14,0 04 04 0,4
Argonauta nodosa 7 8 43,2 21,3 72,5 10,9 2,0 54,0
Vampiroteuthis infernalis 1 1 62,8 62,8 62,8 104,0 104,0 104,0




Tabela 3. Cefalopodes encontrados nos contetidos estomacais de Thunnus obesus no sul do Brasil

no periodo de inverno-primavera e verao-outono (Nc= numero total de estdbmagos com cefalopodes;
Nt= ntimero total de estdmagos com contetido; Ne= niimero de estdbmagos com determinada espécie
de cefalopode; ni= nlimero total de individuos).

Comprimento do manto (mm)

Peso total (g)

Periodo Espécie Ne ni Média Amplitude Média Amplitude
Inverno-Primavera Heteroteuthis dispar 1 1
Nc=50 Lycoteuthis lorigera 3 16 80,2 71,6 90,7 27,9 19,3 40,7
Nt=64 Abralia veranii 1 2 339 32,8 35,0 2,0 1,9 2,2
Ancistrocheirus lesueuri 1 1 150,0 150,0 150,0
Octopoteuthis sp 2 5 2448 2254 284,2 1432,1 1183,4 1969,6
Histioteuthis sp 6 7 786 70,3 98,8 132,8 104,3 206,1
lllex argentinus 37 487 261,0 10,0 354,0 370,0 0,0 8020
Ommastrephes bartramii 11 20 237,3 57,9 452,2  656,2 41 2267,7
Ornithoteuthis antillarum 9 27 984 35,0 2491 21,8 2,0 126,9
Ommastrephidae nao identificado 2 3
Thysanoteuthis rhombus 1 1 543,6 543,6 543,6 5543,3 5543,3 5543,3
Chiroteuthis veranii 4 4 108,0 104,3 11,7 32,2 289 355
Oegopsina nao identificado 1 2
Tremoctopus violaceus 1 1 309 30,9 30,9 4,2 4,2 4,2
Ocythoe tuberculata 2 3
Argonauta nodosa 2 3 60,1 6,2 103,0 62,1 0,1 139,6
Verao-Outono Lycoteuthis lorigera 8 37 892 74,4 128,8 42,5 20,0 1237
Nc=25 Abralia sp 2 5
Nt= 37 Ancistrocheirus lesueuri 1 1
Octopoteuthis sp 1 2 1915 143,0 240,17 901,8 444,7 1358,9
Pholidoteuthis boschmai 1 1 2702 270,2 270,2 485,3 4853 485,3
Histioteuthis sp 2 2 394 27,5 51,3 38,5 19,7 57,3
llex argentinus 13 111 2313 120,0 360,4 2532 110,1 817,5
Ommastrephes bartramii 8 12 2179 120,0 398,7 463,0 444 16109
Ornithoteuthis antillarum 5 9 677 30,3 143,9 9,7 1,3 38,4
Thysanoteuthis rhombus 1 1 1736 173,6 173,6 2144 2144 2144
Chiroteuthis veranii 9 15 109,0 104,3 112,3 33,0 289 36,1
Oegopsina nao identificado 2 2
Japetella diaphana 1 2
Tremoctopus violaceus 1 1 22,7 22,7 22,7 1,8 1,8 1,8




Tabela 4. Cefalopodes encontrados nos contetidos estomacais de Xiphias gladius no sul do Brasil no
periodo de inverno-primavera e verao-outono (Nc= numero total de estomagos com cefalopodes; Nt=
numero total de estdmagos com contetdo; Ne= numero de estdmagos com determinada espécie de

cefalopode; ni= numero total de individuos).

Comprimento do manto (mm)

Peso total (g)

Periodo Espécie Ne ni Média Amplitude Média Amplitude
Inverno-Primavera Heteroteuthis dispar 1 1
Nc= 73 Lycoteuthis lorigera 6 8 878 74,8 121,8 47,4 222 1522
Nt= 104 Enoploteuthis sp 1 1
Abralia sp 2 6
Ancistrocheirus lesueuri 6 6 2306 82,3 362,8 10159 42,8 2902,7
Octopoteuthis sp 5 6 2234 190,1 243,0 1170,1 817,4 13957
Histioteuthis sp 7 9 655 48,9 82,2 93,3 52,5 142,0
Illex argentinus 33 229 253,3 93,5 348,8 3349 184 7776
Ommastrephes bartramii 33 73 358,0 110,1 4771  1269,5 36,8 2622,2
Ornithoteuthis antillarum 7 23 70,9 22,9 192,0 11,7 0,7 71,9
Ommastrephidae ndo identificado 8 8 90,0 90,0 90,0
Chiroteuthis veranii 10 15 104,7 91,1 117,6 29,8 19,1 41,4
Teuthida unidentified 1 1
Japetella diaphana 1 1
Argonauta nodosa 2 2 726 67,5 77,8 50,1 41,0 59,2
Verao-Outono Abralia sp 2 3
Nc= 84 Ancistrocheirus lesueuri 2 2 989 58,5 139,4 92,6 20,0 165,2
Nt= 114 Octopoteuthis sp 1 1 238,0 238,0 238,0 1333,1 1333,1 1333,1
Moroteuthis robsoni 2 2
Onychoteuthidae ndo identificado 5 5
Histioteuthis sp 10 13 70,6 53,6 91,7 108,2 62,3 177,0
lllex argentinus 26 219 2377 77,9 322,8 2812 11,2 614,77
Todarodes fillipovae 1 1
Ommastrephes bartramii 41 62 259,9 110,1 4415 6584 36,8 21254
Ornithoteuthis antillarum 11 17 114,3 371 237,3 32,6 2,0 114,3
Ommastrephidae nédo identificado 6 9 220,0 220,0 220,0 75,0 75,0 75,0
Chiroteuthis veranii 24 60 1112 93,7 122,9 35,5 20,8 50,0
Thysanoteuthis rhombus 3 3 3250 282,2 372,9 1162,6 7512 1662,3
Oegopsina nao identificado 7 7
Teuthida n&o identificado 2 3
Tremoctopus violaceus 1 1 2746 274,6 2746 6954 6954 6954
Argonauta nodosa 2 2 87,0 67,5 106,5 87,3 41,0 133,5




Tabela 5. Cefalopodes encontrados nos contetidos estomacais de Coryphaena hippurus , Istiophorus
albicans e Tetrapturus albidus no sul do Brasil no periodo de inverno-primavera e verdo-outono (Nc=
numero total de estobmagos com cefaldpodes; Nt= nimero total de estdbmagos com conteudo; Ne=
numero de estdbmagos com determinada espécie de cefalopode; ni= niimero total de individuos).

Comprimento do manto (mm) Peso total (g)

Regido/Periodo Espécie Ne ni Média Amplitude Média  Amplitude
Coryphaena hippurus Octopoteuthis sp 1 1 2753 275,3 275,3 1837,1 1837,1 18371
Inverno-Primavera Onychoteuthidae n&o identificado 1 1 350 35,0 35,0 23 2,3 23
Nc=20 Histioteuthis sp 3 4 370 29,8 51,3 341 224 57,3
Nt=55 lllex argentinus 5 5 1858 115,0 281,17 1724 33,0 413,2
Ommastrephes bartramii 1 1
Ornithoteuthis antillarum 2 2 405 33,1 48,0 23 1,5 3.1
Chiroteuthis veranii 5 6 1042 89,2 1151 294 179 38,8
Teuthida nao identificado 1 1
Tremocotpus violaceus 1 1 43,2 43,2 43,2 10,8 10,8 10,8
Ocythoe tuberculata 2 3 354 32,0 38,7 8,1 5,3 10,9
Argonauta nodosa 5 2 464 15,3 98,0 358 08 1219
Verao-Outono Ommastrephes bartramii 1 1 67,4 67,4 67,4 6,2 6,2 6,2
Nc=9 Ornithoteuthis antillarum 6 10 43,6 25,0 66,6 3,2 0,9 7,2
Nt= 26 Argonauta nodosa 2 3 435 25,2 53,2 16,3 3,2 234
Istiophorus albicans
Inverno-Primavera Ommastrephes bartramii 2 5 1016 88,8 113,7 28,9 17,6 40,8
Nc=7 Ornithoteuthis antillarum 5 84 478 22,6 74,0 3,8 0,7 8,9
Nt=13 Ommastrephidae néo identificadc 1 1
Argonauta nodosa 1 1 77,8 77,8 77,8 59,2 59,2 59,2
Verao-Outono Ancistrocheirus lesueurii 1 1 2440 2440 244,0 840,0 840,0 840,0
Nc=9 lllex argentinus 1 60 104,8 72,7 192,5 342 9,2 140,11
Nt= 22 Ommastrephes bartramii 2 3 107,0 95,9 124,4 34,2 23,0 54,5
Ornithoteuthis antillarum 9 95 46,3 20,0 70,1 3,5 0,5 7.9
Argonauta nodosa 1 3 284 22,2 32,5 4,5 2,2 6,2
Tetrapturus albidus lllex argentinus 1 32 561 32,0 75,0 51 1,5 8,9
Inverno-Primavera Ommastrephes bartramii 9 19 549 40,2 66,2 4.7 2,3 7,0
Nc=23 Ornithoteuthis antillarum 15 72 51,0 20,0 166,5 8,5 0,5 1275
Nt=37 Chiroteuthis veranii 1 1 888 88,8 88,8 176 176 17,6
Argonauta nodosa 4 4 76,0 21,0 1125 198 2,0 36,3
Verao-Outono Ornithoteuthis antillarum 11 166 55,0 18,0 200,0 6,3 0,4 156,3

Nc=11
Nt= 15




Tabela 6. Cefalopodes encontrados nos contetidos estomacais de Isurus oxyrhinchus, Prionace

glauca e Sphyrna lewini no sudeste e sul do Brasil no periodo de inverno-primavera (Nc= ntimero total
de estdmagos com cefaldpodes; Nt= nimero total de estdbmagos com conteudo; Ne= numero de
estdmagos com determinada espécie de cefalopode; ni= niimero total de individuos).

Comprimento do manto (mm) Peso total (g)
Espécie Ne ni Média Amplitude Média Amplitude
Isurus oxyrhinchus Lycoteuthis lorigera 4 10 845 74,4 90,7 33,3 20,0 43,8
Nc=6 Histioteuthis sp 2 3 663 63,1 70,3 93,4 84,8 104,3
Nt=19 llex argentinus 1 1 3192 319,2 319,2 614,1 614,1 614,1
Prionace glauca Ancistrocheirus lesueuri 6 7 2356 106,1 340,0 970,7 80,0  2200,0
Nc= 12 Octopoteuthis sp 1 1 1783 178,3 178,3 712,2 7122 7122
Nt=19 Architeuthis sp 1 1 1012,0 1012,0 1012,0 92595,8 92595,8 92595,8
Histioteuthis spp 3 5 127 65,5 200,0 2974 91,0 689,7
Chiroteuthis veranii 6 24 106,0 71,0 1151 30,9 8,7 38,8
Oegopsina nao identificado 1 1
Tremoctopus violaceus 1 1 471 47,1 471 13,6 13,6 13,6
Argonauta nodosa 2 2 761 52,1 100,0 19,3 16,5 22,1
Haliphron atlanticus 1 1
Octopodida néo identificado 1 1
Sphyrna lewini Heteroteuthis dispar 1 4
Nc=3 Lycoteuthis lorigera 2 3 90,0 79,0 109,7 43,2 26,4 74,4
Nt=13 llex argentinus 1 1 2967 296,7 296,7 482,6 4826 4826
Haliphron atlanticus 1 1
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Cephalopods in the diet of marine mammals stranded or incidentally caught along
southeastern and southern Brazil (21° to 34 °S).
Roberta Aguiar dos Santos' and Manuel Haimovici®
'Pos-graduacdo Oceanografia Biologica, E-mail: posras@super.furg.br
2 Depto. Oceanografia, E-mail: docmhm@super.furg.br

Departamento de Oceanografia, FURG, Cx.P. 474 Rio Grande, RS — Brazil, 96201-900

Abstract

Cephalopod remains found in 286 stomach contents of 13 species of odontocetes and four
species of pinnipeds were identified and measured. The stomachs were collected from stranded
or incidentally caught marine mammals from Rio de Janeiro to Parana states (21° to 26 °S) and
Rio Grande do Sul (29 ° to 34°S), between 1985 and 1998. Twenty five species of 16 families of
cephalopods were identified. Loliginid squids were the most frequent cephalopod in the diet of
the dolphins Lagenodelphis hosei (Fraser’s dolphin), Pontoporia blainvillei (franciscana), Sotalia
Sfluviatilis (tucuxi), Stenella frontalis (Atlantic spotted dolphin), Steno bredanensis (rough-
toothed dolphin) and Tursiops truncatus (bottlenose dolphin) and the fur seals Arctocephalus
australis (South American fur seal), A. gazella (Antarctic fur seal) and A. tropicalis (Subantarctic
fur seal). Loligo sanpaulensis occurred in the specimens collected from Rio Grande do Sul,
whilst Loligo plei and Lolliguncula brevis, besides Loligo sanpaulensis, were frequent in those
from Rio de Janeiro to Parand. Squids of the families Ancistrocheiridae, Chiroteuthidae,
Cranchiidae, Enoploteuthidae, Histioteuthidae, Lycoteuthidae, Octopoteuthidae,
Onychoteuthidae and especially Ommastrephidae were found in the stomach contents of Feresa
attenuata (pygmy killer whale), Globicephala melas (long-finned pilot whale), Kogia breviceps
(pygmy sperm whale), Kogia sima (dwarf sperm whale), Orcinus orca (killer whale), Pseudorca

crassidens (false killer whale) and in the seals Arctocephalus tropicalis and Mirounga leonina
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(Southern elephant seal). Ommastrephid and loliginid squids, besides the sepiolid Semirossia
tenera, were equally important in the diet of Delphinus sp (common dolphin). Benthic octopuses
were found only in the diet of Tursiops truncatus and Pontoporia blainvillei. Pelagic octopuses,
particularly Argonauta nodosa, were only relatively frequent in the stomach contents of
Pontoporia blainvillei. Cephalopod prey were small to medium sized. The diversity of
cephalopods as prey was lower for coastal marine mammals and increased in offshore species
that fed on diverse oegopsin squids including both the fast moving muscular squids and the less

mobile neutrally buoyant cephalopods.

Key words: Feeding habits, marine mammals, Southwestern Atlantic Ocean, Brazil, food

webs, cephalopods

Introduction

The species composition and distribution of the coastal cephalopod fauna along southern
and southeastern Brazil is relatively well known from commercial landings and bottom trawl
survey data (Palacio, 1977; Haimovici and Perez, 1991a; Haimovici et al., 1994). Far less is
known about the cephalopods from the upper slope and open ocean where only longline fishing
for large pelagic fishes occurs and no surveys targeting cephalopods have been performed. Many
marine mammals are cephalopod predators and can be excellent collectors of cephalopods,
although generally only beaks can be recovered (Clarke, 1980, 1986a, 1996). The study of
marine mammal’s diet can contribute substantial information on cephalopod distribution and
biology, since many species, particularly the oceanic ones, are rarely caught by nets and other
sampling methods. In addition, knowledge of the distribution, life-style and habitat of
cephalopod species found in the diet of marine mammals can aid the understanding of the

predator’s distribution and feeding habits. Nevertheless, it should be considered that with
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stomach content analysis the cephalopods eaten would not necessarily came from the same area
where the predator was caught or stranded.

At least 23 species of odontocetes and seven of pinnipeds have been recorded for
southern (26° to 34°S) and southeastern Brazil (21° to 26°S) (Pinedo et al., 1992). The diet of
several species has been studied and some of them are recorded as feeding to some degree on
cephalopods: Pontoporia blainvillei (Pinedo, 1982; Ott, 1994; Bassoi, 1997), Kogia sima
(Pinedo, 1987), Physeter macrocephalus (Clarke et al., 1980), Kogia breviceps (Secchi et al.,
1994), Globicephala melas (Santos and Pinedo, 1994), Orcinus orca (Dalla Rosa, 1995) and
Feresa attenuata (Zerbini and Santos, 1997).

There are several problems in the interpretation of the diet and the geographic distribution
of the prey from the stomach contents of stranded animals. Beaks of cephalopods are known to
remain undigested for longer periods than fish bones and otoliths (Clarke, 1996) and as most
marine mammals perform migrations, the region from which the cephalopods originate cannot
be precisely determined. Another point to be considered is that stranded animals, especially the
oceanic species, may have been unhealthy and may have fed on prey or prey sizes that may not
represent the normal diet of the healthy specimens. However in a comparative study in South
Africa, no significant difference in the percentage of cephalopod in the diet between stranded and
non-stranded Delphinus delphis, Lagenorhynchus obscurus and Cephalorhynchus heavisidii was
observed (Sekiguchi et al., 1992), although they found differences in the percentages of others
items in the diet. Where incidental catch in fisheries is the main cause of mortality as in the case
of Pontoporia blainvillei and Sotalia fluviatilis in southern Brazil (Pinedo, 1994), stomach
contents are expected to be more representative of the normal diet than those of stranded
animals; although biases due to sex or age related to behaviour in relation to the gear of the target

species of the fishery also exist (Secchi et al., 1997). Despite the known limitations, the use of
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beaks from stranded animals is well established (Clarke, 1986a, b) and is sometimes the only
available source of information and always a valuable alternative source of data.

The material for this study were cephalopod remains found in the stomach contents of
several marine mammal species incidentally caught or stranded from Rio de Janeiro to Parana
(Zone A: 21° to 26 °S) and along Rio Grande do Sul (Zone B: 29° to 34°S) (Fig.1) and sent to us
by colleagues for identification (Appendix I). The scope was to assess the relative importance of
the different cephalopods in their diet and to contribute to the understanding of the distribution
and trophic relations of cephalopods in these regions. Data on non cephalopod prey of the marine
mammals from the study area were mentioned when available from published references but no

attempt to compare the relative importance of cephalopods and other prey was made.

Materials and methods

The cephalopods in 286 stomach contents of 13 species of odontocetes and four of
pinnipeds collected between 1985 and 1998 were examined. Cephalopod remains, consisting
mainly of beaks, were identified with the aid of a reference collection at the Departamento de
Oceanografia of the Fundagao Universidade do Rio Grande. The cephalopod classification
followed Sweeney & Roper (1998).

The size of cephalopods was estimated from measurements (to 0.1 mm) of the beaks:
upper (URL) and lower (LRL) rostral length in squids and sepiolids and upper (UHL) and lower
(LHL) hood length in octopuses. Rostral and hood length definitions follow Clarke (1986b).
Most prey mantle length and total mass were calculated from regressions relating squid or
sepiolid rostral length and octopus hood length with dorsal mantle length (ML, mm) and with
total mass (TM, g) obtained from the specimens in the reference collections. When local data

were not available, size was estimated from regressions presented in Clarke (1986b).
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Results
A total of 3233 upper beaks, 3521 lower beaks and cephalopod remains of 55 whole

animals were recovered and twenty five species of 16 families of cephalopods were identified

(Fig. 2).

Pontoporia blainvillei (franciscana) and Sotalia fluviatilis (tucuxi)

Most of franciscana dolphins examined were incidentally caught and, among the
cephalopods recorded, were found to eat only coastal species. In Zone A Loligo sanpaulensis
was the most frequent prey followed by Loligo plei and Lolliguncula brevis. In Zone B, from the
estimated 2775 preyed cephalopods, 2686 were of Loligo sanpaulensis, 55 of the pelagic octopus
Argonauta nodosa and 27 of Loligo plei. Benthic sepiolid and octopuses were also found, but in
a low number (Table 1).

In both zones, fishes, mainly of the family Sciaenidae, occurred in ca 90% of the stomach
contents of the franciscana dolphin and cephalopods occurred in ca 80 % (Pinedo, 1982; Ott
1994; Bassoi, 1997; Bassoi et al., 1998; Di Beneditto et al., 1998).

Most Sotalia fluviatilis were also incidentally caught and occurred only in Zone A. The
frequency of occurrence of fish, mainly sciaenids, and squids in stomach contents were 90% and
60%, respectively (Bassoi et al., 1998; Di Beneditto et al., 1998). The cephalopods eaten by the
tucuxi were Loligo sanpaulensis, Lolliguncula brevis and Loligo plei (Table 5) with similar sizes
to those eaten by Pontoporia blainvillei in the same zone (Fig. 3).

The sizes of Loligo sanpaulensis preyed on by franciscana and tucuxi dolphins in Zone A
(mean ML 45.0 and 50.7 mm, respectively) were smaller than those eaten by franciscana in Zone
B (mean ML 102.7 mm), while Loligo plei from both zones were small to medium sized, with

mean ML around 150 mm (Fig. 3).
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Delphinus sp (common dolphin) and Lagenodelphis hosei (Fraser's dolphin)

In the two stomach contents of common dolphin from Zone A, only a few beaks of Loligo
plei and unidentified loliginids were found. In three incidentally caught specimens from Zone B,
Loligo sanpaulensis, the sepiolid Semirossia tenera and the ommastrephid /llex argentinus were
frequent. Hyaloteuthis pelagica and unidentified Cranchiidae also occurred (Table 2).

Four stomach contents of Lagenodelphis hosei stranded in Zone B contained mostly
medium sized Loligo sanpaulensis and one of them contained also a small Argonauta nodosa.
Fishes of the families Sciaenidae, Trichiuridae, Batrachoididae and Phycidae and unidentified

crustaceans were also found in some of the stomach contents (Moreno et al., 1998).

Stenella frontalis (Atlantic spotted dolphin), Steno bredanensis (rough-toothed dolphin)
and Tursiops truncatus (bottlenose dolphin)

In Zone A, all three species preyed mostly on small and medium sized Loligo plei
(Table 2). Tursiops truncatus also fed on a wide range of sizes of Octopus vulgaris. The
single stomach of a bottlenose dolphin examined from Zone B had two Loligo plei (Table 2).
These dolphins feed mainly on fishes and the families found were Batrachoididae, Gerreidae

Ophidiidae, Sciaenidae, Sparidae and Trichiuridae (Pinedo, 1982; Siciliano et al., 1998).

Feresa attenuata (pygmy Killer whale), Globicephala melas (long-finned pilot whale),
Orcinus orca (Killer whale) and Pseudorca crassidens (false killer whale)

A single Feresa attenuata, stranded in Zone A was found to have eaten two Loligo plei,
two Illex argentinus and one Ornithoteuthis antillarum (Table 3) and the presence of fishes lens
was also recorded (Zerbini and Santos, 1997).

Stomachs of the long-finned pilot whale, Globicephala melas, stranded in Zone B were
found to contain remains of offshore cephalopods (Table 3). Seventy percent of the identified

specimens are considered neutrally buoyant to their body density in sea water, such as
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Histioteuthis spp, Chiroteuthis veranii, Octopoteuthis sp, Ancistrocheirus lesueurii and squids of
the family Cranchiidae. Other squids found belonged to the family Ommastrephidae, mainly
medium sized to large //lex argentinus and small to medium sized Lycoteuthis lorigera.

The cephalopods in the stomachs of three killer whales Orcinus orca stranded in Zone B
were small to medium sized and included the same families found in the diet of Globicephala
melas, but also, the pelagic octopus Ocythoe tuberculata, the squid Gonatus antarcticus and
coastal loliginids. Neutral buoyant species amounted to 53% of the identified specimens and
other squids 46% (Table 3). In southern Brazil Orcinus orca, was found to feed on a variety of
prey such as dolphins, elasmobranchs and bony fishes, besides cephalopods (Dalla Rosa, 1995).

In the stomach contents of the three Pseudorca crassidens stranded in Zone B, the

identified squids were medium sized Ommastrephes bartramii (Table 3).

Kogia breviceps (pygmy sperm whale) and Kogia sima (dwarf sperm whale)

The pygmy sperm whale stranded in both zones and the dwarf sperm whale in Zone A
feed on offshore cephalopods. No remarkable differences in the families of cephalopods preyed
between Kogia species and between zones were observed and the cephalopods preyed were
small to medium sized, among which neutrally buoyant squids such as Histioteuthis spp,
Chiroteuthis veranii, Octopoteuthis sp and Cranchiidae amounted to 65% of the specimens and
muscular families like Ommastrephidae, Lycoteuthidae and Onychoteuthidae represented 31 %
(Table 4).

Only a few remains of fishes and crustaceans were found in the Kogia species collected in

southern and southeastern Brazil (Secchi et al. 1994; Vicente et al., 1998; Zanelatto et al., 1996).
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Pinnipeds

All stomach contents of the three species of fur seals and the elephant seal were from
Zone B (Table 5). Arctocephalus australis was found to eat Loligo sanpaulensis and very small
Argonauta nodosa. The only Arctocephalus gazella sampled, besides Loligo sanpaulensis, fed
Alluroteuthis antarctica, probably eaten before its arrival to southern Brazil as this squid is an
Antarctic circumpolar species (Nesis, 1987). Arctocephalus tropicalis preyed on Loligo
sanpaulensis, small to large Ommastrephes bartramii, large Illex argentinus, large Argonauta
nodosa and Ocythoe tuberculata.

The stomach contents of a single vagrant specimen of Mirounga leonina stranded far
north from its usual distribution range (Pinedo et al., 1992) contained two large lllex argentinus,

one Lycoteuthis lorigera and one Histioteuthis sp (Table 5).

Size of cephalopod prey

Cephalopod sizes varied from small to medium sized, the smallest was an Argonauta
nodosa (0.02 g) eaten by Pontoporia blainvillei and the largest was an Ancistrocheirus lesueurii
(1476 g) eaten by an Orcinus orca. The mean total mass of the different families of preyed
cephalopods was plotted against the total length of their odontocete predators (Fig. 4).
Odontocetes of less than 3 m long ingested cephalopods varying from 2 to 134 g, while
odontocetes between 3 and 6 m long, fed on cephalopods with mean TM of 309 g. Differences
were more evident for ommastrephids, that had mean TM of 56 to 62 g for odontocetes smaller

than 3 m and 190 to 309 g in the larger specimens.
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Discussion

Squids of the family Loliginidae are the most abundant coastal cephalopods in southern
and southeastern Brazil (Juanicd, 1979) and, as expected, the most frequent family in the
stomach contents of coastal marine mammals examined.

The most common loliginid squid in southern Brazil is Loligo sanpaulensis (Haimovici
and Andriguetto, 1986) that occurs in the shelf from 20° to 42°S, associated with the Subtropical
Convergence Zone (Roper et al., 1984; Haimovici and Perez, 1991a). Larger specimens occur
only on the inner shelf and the small specimens can be found, in the cold season, besides on the
inner shelf also on the upper slope (Andriguetto and Haimovici, 1991; Haimovici and Perez,
1991b). Most of the coastal marine mammals examined fed on this squid. The maximum sizes of
squid in the stomach contents from Zone A were smaller than those from Zone B (Fig. 3). This
difference in the maximum sizes is consistent with observations from bottom trawl surveys in
both zones (Juanico, 1979; Haimovici and Andriguetto, 1986; Costa and Fernandez, 1993). As in
southern and southeastern Brazil, Loligo sanpaulensis was an important prey for Pontoporia
blainvillei in Uruguay (Brownell, 1975, 1989) and northern Argentina (Perez et al., 1996).

Loligo sanpaulensis was also the main prey found in the stomach contents of Fraser’s
dolphin in southern Brazil. In South Africa this cetacean fed mainly on oceanic cephalopods
(Sekiguchi et al., 1992) and according to Klinowska (1991) this is an offshore species, so the
presence of only coastal cephalopods in our samples suggest that it fed on the shelf before
stranding.

Young fur seals Arctocephalus australis, from breeding grounds off Uruguay, and
vagrant adult males of A. gazella and A. tropicalis from the Antarctic Convergence reach
southern Brazil in winter (Pinedo et al., 1992). All these species preyed also to some degree

on Loligo sanpaulensis, particularly large ones that only occur on the inner shelf (Andriguetto
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and Haimovici, 1991). It is probable that these coastal squids were eaten shortly before
stranding.

The other frequently recorded loliginid was Lolliguncula brevis. This is a tropical
estuarine and coastal species that has not been found south of Santa Marta Grande Cape (29°S)
(Haimovici et al., 1989; Haimovici and Andriguetto, 1986; Haimovici and Perez, 1991a). It was
only preyed on by Pontoporia blainvillei and Sotalia fluviatilis in coastal or estuarine waters in
Zone A. Its absence from the stomach contents of franciscana dolphins from Rio Grande do Sul
supports the assumption that the distribution limit of Lolliguncula brevis to the south is around
29°S (Haimovici and Perez, 1991a).

Loligo plei is a warm water species that is more abundant north of Rio Grande do Sul
(Costa and Haimovici, 1990; Perez et al., 1997). Along the coast of Rio Grande do Sul it is only
occasionally caught in the inner shelf but is frequent in the warm season in the outer shelf and
upper slope (Haimovici and Andriguetto, 1986; Haimovici and Perez, 1991b). Its presence in the
stomach contents of offshore species as Feresa attenuata and Orcinus orca can be considered to
be part of their normal diet in the region.

Benthic shelf octopuses and sepiolids were eaten in small numbers and this probably
reflects their relative scarcity in coastal waters of the region (Haimovici and Perez, 1991a). Few
pelagic octopuses were recorded and they seem to be unimportant in the diet of both coastal and
offshore marine mammals. They were found only in the diet of Pontoporia blainvillei, Orcinus
orca and Arctocephalus tropicalis. It is noteworthy that pelagic octopuses are more abundant on
the outer shelf and oceanic waters and the number of stomachs from oceanic marine mammals
was low compared with those from near shore species.

The ommastrephids /llex argentinus, Ornithoteuthis antillarum and Ommastrephes
bartramii were the most frequent slope and oceanic cephalopods eaten by marine mammals

along southern and southeastern Brazil. Illex argentinus was more frequent in the stomach
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contents collected in southern Brazil in the cold season, when reproductive concentrations of this
squid are found along the slope of that region (Santos and Haimovici, 1997).

The long-finned pilot whale, that is considered to feed heavily on squid (Evans, 1990;
Clarke, 1996), in southern Brazil was found to feed on oceanic families such as
Ommastrephidae, Cranchiidae, Chiroteuthidae and Histioteuthidae, also found in its diet in the
northern Atlantic (Sergeant, 1962; Desportes and Mouritsen, 1993). Nevertheless loliginids and
other coastal cephalopods, were also important in southern Argentina (Clarke and Goodall,
1994), Tasmania (Gales et al., 1992), South Africa (Sekiguchi et al., 1992) and the northwest
Atlantic (Gannon et al., 1997).

Kogia species are mainly teuthophagous (Caldwell and Caldwell, 1989). As in our study,
oceanic cephalopod families were found in the diet of Kogia breviceps and K. sima from South
Africa (Ross, 1979; Sekiguchi et al., 1992) and Histioteuthidae and Chiroteuthidae were frequent
in a stomach content of K. sima collected in southern Brazil (Pinedo, 1987).

Orcinus orca has a diet that include mainly marine mammals, fishes and seabirds while
cephalopods are usually far less important (Evans, 1990). Nevertheless we found a fair number
of beaks of oceanic squids in their stomach contents.

Although the precise location where the sampled marine mammals fed and their ability to
feed prior to their death was not known, some patterns on the distribution of cephalopods and the
food habits of marine mammals in the study area were observed that can be summarised as
follows. Most preyed cephalopods were small to medium sized under 200 g and only a few were
over 1000g. As reported by Clarke (1996) for other regions, in southern Brazil loliginids were
the most important cephalopods in the diet of coastal marine mammals and ommastrephids were
the most important in diet of offshore odontocetes. The diversity of cephalopod prey was low for
coastal marine mammals and increased in offshore species that fed on a wide range of oegopsin

squids including both the fast moving muscular squids and the less mobile meso- and epipelagic
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neutrally buoyant families. Most of these offshore cephalopods were absent from former
cephalopod surveys and the marine mammal stomach contents contributed also to the knowledge

of the oceanic cephalopod fauna of the southern and southeastern Brazil.
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Table 1. Numbers, mantle length and individual total mass of cephalopods eaten by
Pontoporia blainvillei and Sotalia fluviatilis sampled from Zone A: 21°to 26°S, and
Zone B: 29° to 34°S (n= number of stomachs examined, S= number of stomachs

with the cephalopod species and N= total number of individuals of each cephalopod

species found).

Mantle length (mm)

Total mass (g)

Cephalopod species S N mean range mean range
Pontoporia blainvillei Loligo plei 26 155 166 66 266 69 8 183
(Zone A) Loligo sanpaulensis 41 593 51 20 219 8 1 154
n=57 Lolliguncula brevis 21 134 49 24 84 11 1 77
Pontoporia blainvillei Semirossia tenera 2 2 38 32 45 4 2 5
(Zone B) Loligo plei 17 27 154 68 211 58 9 109
n=111 Loligo sanpaulensis 105 2686 103 22 220 45 1 197

Loliginidae unidentified 1 1

Octopus tehuelchus 2 3 27 24 29 5 3 6

Eledone gaucha 1 1 21 21 21 1 1 1

Argonauta nodosa 14 55 24 5 44 6 0.02 57
Sotalia fluviatilis Loligo plei 28 137 152 41 266 61 3 183
(Zone A) Loligo sanpaulensis 24 260 45 14 195 6 0.3 150
n=56 Lolliguncula brevis 28 199 41 25 60 5 1 17

Loliginidae unidentified 11 14




Table 2. Numbers, mantle length and individual total mass of cephalopods eaten by

Delphinus sp, Lagenodelphis hosei, Stenella frontalis, Steno bredanensis and

Tursiops truncatus sampled from Zone A: 210 to 260S, and Zone B: 290 to 340S

(n= number of stomachs examined, S= number of stomachs with the cephalopod

species and N= total number of individuals of each cephalopod species found).

Mantle length (mm) Total mass (g)

Cephalopod species S N mean range mean range
Delphinus sp Loligo plei 2 2 180 177 183 77 74 80
(Zone A) Loliginidae unidentified 2 2
n=2 Oegopsina unidentified 1 2
Delphinus sp Semirossia tenera 2 69 17 10 22 2 04 5
(Zone B) Loligo sanpaulensis 3 58 50 28 83 8 2 22
n=3 Hyaloteuthis pelagica 1 1

lllex argentinus 2 20 59 21 276 25 1 392

Cranchiidae unidentified 1 5
Lagenodelphis hosei Loligo sanpaulensis 3 19 129 51 219 75 6 242
(Zone B) n=4 Argonauta nodosa 1 1 6 6 6 01 01 0.1
Stenella frontalis Loligo plei 6 121 89 21 220 19 1 119
(Zone A) n=6
Steno bredanensis Loligo plei 1 38 215 153 278 119 54 202
(Zone A) n=1
Tursiops truncatus Loligo plei 2 10 203 135 234 104 40 138
(Zone A) n=2 Octopus vulgaris 1 5 110 77 147 576 155 1210
Tursiops truncatus Loligo plei 1 2 171 166 175 68 65 72

(Zone B) n=1




Table 3. Numbers, mantle length and individual total mass of cephalopods eaten by
Feresa attenuata, Globicephala melas, Orcinus orca and Pseudorca crassidens
sampled from Zone A: 21° to 26°S, and Zone B: 29° to 34°S (n= number of stomachs
examined, S= number of stomachs with the cephalopod species and N= total number of

individuals of each cephalopod species found).

Mantle length (mm)  Total mass (g)

61
360
32

284
840
241

Cephalopod species S N mean range mean range
Feresa attenuata Loligo plei 1 2 149 136 162 51 41
(Zone A) lllex argentinus 1 2 227 187 267 245 130
n=1 Ornithoteuthis antillarum 11 131 131 131 32 32
Ommastrephidae unidentified 1 1
Globicephala melas  Lycoteuthis lorigera 45 110 93 141 106 50
(Zone B) Ancistrocheirus lesueurii 3 172 61 244 469 21
n=5 Octopoteuthis sp 6 144 130 173 161 124
Histioteuthis spp 98 56 48 115 71 53

lllex argentinus 221 150 332 246 67
Ommastrephidae unidentified
Chiroteuthis veranii
Cranchiidae unidentified

Oegopsina unidentified

W-_a2N-_2W0OW-A2DNDN
»

Orcinus orca Loligo plei 1 2 143 124 162 47 34
(Zone B) Loligo sanpaulensis 110 126 58 185 72 10
n=3 Lycoteuthis lorigera 11 110 110 110 76 76
Ancistrocheirus lesueurii 1 1 293 293 293 1476 1476
Octopoteuthis sp 1 4 165 156 190 218 189
Moroteuthis robsoni 1 3
Histioteuthis spp 2 7 9 69 137 210 101
Gonatus antarcticus 1 6 201 188 214 173 143
Ommastrephes bartramii 1 1 287 287 287 687 687
Ornithoteuthis antillarum 11 44 44 44 3 3
Cranchiidae unidentified 11
Oegopsina unidentified 1 44
Ocythoe tuberculata 2 3
Pseudorca crassidens Ommastrephes bartramii 3 5 282 191 329 709 206

—_

(Zone B) Oegopsina unidentified 1
n=3 Cephalopoda unidentified 11

287
693

61
158
76
1476
300

412

203

687
3

1038




Table 4. Numbers, mantle length and individual total mass of cephalopods eaten

by Kogia sima and Kogia breviceps sampled from Zone A: 21° to 26°S, and

Zone B: 29° to 34°S (n= number of stomachs examined, S= number of stomachs

with the cephalopod species and N= total number of individuals of each

cephalopod species found).

Mantle length (mm)

Total mass (g)

Cephalopod species S N mean range mean range
Kogia sima Semirossia tenera 1 2 20 18 23 4 3 6
(Zone A) Heteroteuthis dispar 1 3
n=2 Lycoteuthis lorigera 1 7 94 81 109 57 28 96
Abralia redfieldi 1 23 29 22 36 2 1 4
Enoploteuthidae unidentified 1 8
Octopoteuthis sp 1 1 147 147 147 166 166 166
Moroteuthis ingens 1 1
Moroteuthis robsoni 1 3
Histioteuthis spp 2 94 60 26 134 94 19 390
lllex argentinus 1 1 224 224 224 215 215 215
Ornithoteuthis antillarum 1 24 57 30 96 6 1 16
Chiroteuthis veranii 1 1 119 119 119 43 43 43
Cranchiidae unidentified 2 24
Oegopsina unidentified 2 1
Japetella diaphana 1 1
Octopoda unidentified 1 1
Kogia breviceps Octopoteuthis sp 1 1
(Zone A) Chiroteuthis veranii 1 1
n=1 Oegopsina unidentified 1 1
Kogia breviceps Heteroteuthis dispar 1 5
(Zone B) Lycoteuthis lorigera 2 17 89 75 122 40 21 109
n=2 Abralia sp 1 5 36 30 43 3 2 4
Octopoteuthis sp 1 4 162 145 197 213 161 326
Moroteuthis robsoni 1 2
Histioteuthis spp 2 16 71 57 93 113 72 184
lllex argentinus 2 25 217 146 281 212 64 413
Ornithoteuthis antillarum 1 2 81 69 93 11 7 14
Chiroteuthis veranii 1 1 104 104 104 29 29 29
Oegopsina unidentified 2 2




Table 5. Numbers, mantle length and individual total mass of cephalopods eaten by
Arctocephalus australis, Arctocephalus gazella, Arctocephalus tropicalis and
Mirounga leonina sampled from Zone A: 21°to 26°S, and Zone B: 29° to 34°S (n=
number of stomachs examined, S= number of stomachs with the cephalopod species

and N= total number of individuals of each cephalopod species found).

Mantle length (mm) Total mass (g)

Cephalopod species S N mean range mean range
Arctocephalus australis Loligo sanpaulensis 1537 98 45 185 39 5 157
(Zone B) n=15 Argonauta nodosa 1 3 15 10 18 1 02 1
Arctocephalus gazella Loligo sanpaulensis 171 111 111 111 46 46 46
(Zone B) n=1 Alluroteuthis antarctica 15
Arctocephalus tropicalis Loligo sanpaulensis 314 93 58 135 31 9 65
(Zone B) Moroteuthis robsoni 11
n=8 lllex argentinus 1 6 332 297 359 677 483 836
Ommastrephes bartramii 223 221 93 343 425 21 1135
Ommastrephidae unidentified 3 10
Oegopsina unidentified 1 2
Argonauta nodosa 2 103 76 131 255 71 439
Ocythoe tuberculata 11

—_—
—_—

Mirounga leonina Lycoteuthis lorigera 78 78 78 25 25 25
(Zone B) Histioteuthis sp 1 53 83 53 63 63 63
n=1 lllex argentinus 1 2 263 260 265 341 331 351

—_—




Appendix 1. Source of stomach contents of marine mammal predators examined by

the authors for predation on cephalopod species. (n= number of stomachs

examined).
Marine mammal n Year Source City
Delphinus sp 3 94-96 E. Secchi, Museu Oceanografico Prof. Eliézer C. Rios Rio Grande-RS

1 96 M. O. S. Santos, Universidade de S&o Paulo Sao Paulo-SP

1 97 F. Rosas, Universidade Federal do Parana Curitiba-PR
Feresa attenuata 1 94  A. Zerbini, Universidade de S&o Paulo Séao Paulo-SP
Globicephala melas 2 90-97 E. Secchi, Museu Oceanografico Prof. Eliézer C. Rios Rio Grande-RS

3 85-93 M. C. Pinedo, Fundag&o Universidade do Rio Grande Rio Grande-RS
Lagenodelphis hosei 2 97 A Barreto, Fundagdo Universidade do Rio Grande Rio Grande-RS

2 97 | Moreno, Grupo de Estudos de Mamiferos Marinhos Porto Alegre-RS
Orcinus orca 3 94-98 L. Dalla Rosa, Museu Oceanografico Prof. Eliézer C. Rios Rio Grande-RS

1 94 M. C. Pinedo, Fundagao Universidade do Rio Grande Rio Grande-RS
Pseudorca crassidens 3 96 M. C. Pinedo, Fundagdo Universidade do Rio Grande Rio Grande-RS
Sotalia fluviatilis 43 87-97 A.P. DiBeneditto, Universidade Federal Norte-Fluminense Campos-RJ

4 96-97 M. Oliveira S. Santos, Universidade de Sao Paulo Sao Paulo-SP

9 97-98 F. Rosas, Universidade Federal do Parana Curitiba-PR
Stenella frontalis 5 92-97 S. Siciliano, Museu Nacional do Rio de Janeiro Rio de Janeiro-RJ

1 97 F. Rosas, Universidade Federal do Parana Curitiba-PR
Steno bredanensis 1 97 F. Rosas, Universidade Federal do Parana Curitiba-PR
Tursiops truncatus 1 92 8. Siciliano, Museu Nacional do Rio de Janeiro Rio de Janeiro-RJ

1 96 M. O. S. Santos, Universidade de S4o Paulo Sao Paulo-SP

1 91 P.Ott, Grupo de Estudos de Mamiferos Marinhos Porto Alegre-RS
Pontoporia blainvillei 86 94 M. Bassoi, Museu Oceanografico Prof. Eliézer C. Rios Rio Grande-RS

25 92-94 P. Ott, Grupo de Estudos de Mamiferos Marinhos Porto Alegre-RS

47 89-97 A.P. DiBeneditto, Universidade Federal Norte-Fluminense Campos-RJ

10 97-98 F. Rosas, Universidade Federal do Parana Curitiba-PR
Kogia breviceps 2 89 E. Secchi, Museu Oceanografico Prof. Eliézer C. Rios Rio Grande-RS

1 95 R.daSilva Santos-SP
Kogia sima 1 94 R. Zanelatto, Universidade Federal do Parana Curitiba-PR

1 98 E. Zampiroli, Centro de Estudos de Mamiferos Marinhos ~ Santos-SP
Arctocephalus australis 12 93-94 L. de Oliveira, Grupo de Estudos de Mamiferos Marinhos ~ Porto Alegre-RS

3 92 M.C. Pinedo, Fundag&o Universidade do Rio Grande Rio Grande-RS
Arctocephalus gazella 1 94 L. de Oliveira, Grupo de Estudos de Mamiferos Marinhos  Porto Alegre-RS
Arctocephalus tropicalis 3 94 L. de Oliveira, Grupo de Estudos de Mamiferos Marinhos ~ Porto Alegre-RS

5 92 M. C. Pinedo, Fundag&o Universidade do Rio Grande Rio Grande-RS
Mirounga leonina 1 94 P.Ott, Grupo de Estudos de Mamiferos Marinhos Porto Alegre-RS
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Figure 2. Cephalopods in the diet of marine mammals from Rio de Janeiro to Parana

(21° to 26°S) and Rio Grande do Sul (29° to 34°S) states. Circles indicate the presence

of cephalopod in the diet, in black main cephalopod prey.
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Figure 3. Mantle length distribution of Loligo sanpaulensis, Loligo plei and Lolliguncula brevis from the diet of

Pontoporia blainvillei and Sotalia fluviatilis from Zone A: 21°to 26°S, and Zone B: 29° to 34°S. (S= number of stomachs

with the cephalopod species; N= total number of individuals measured).
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ANEXO VII

[lustragdes dos bicos e regressoes relacionando suas medidas e o
comprimento do manto € o peso total, de algumas espécies de

cefalopodes do sul do Brasil.



Familia: SEPIOLIDAE

Espécie: Semirossia tenera (Verrill, 1880)

Bicos: Superior Inferior
URL- 1,6 mm T RL=14mm
Regressoes:

35 - - 10 35 - - 10
,I_\ 30 | ° :l\ao 1 e
€ L8 € y:
E | el ,
= _ 2
c e @ < r6
g 20 - = S 20 1
o -5 § -8 Ls
g 15 49 o 15 4 |4
c [} c
g 10 | 3 e 210 4 r3
= 2 & 2
g 5 g 5 -
3} M &) ’1

0 ; 0 0 0

0 05 1 15 2 0 2
Comprimento do rostro superior (mm) Comprimento do rostro inferi(z)r (mm)
ML= 19,318URL + 0,4763 (R> = 0,6689) ML= 17,179LRL + 0,757 (R"=0,8415)
TW=3,489URL>*" (R?=0,677) TW=2,609LRL*** (R*=0,811)

Espécie: Heteroteuthis dispar (Riippell, 1844)

Bicos: Superior Inferior

Peso total (g) e—e



Familia: LOLIGINIDAE
Espécie: Loligo plei Blainville, 1823

Nome vulgar: lula-flecha

Bicos: .
Superior

/

.';t

(.

Regressoes:

350 r 250
1 300 A
e I 200
£
§, 250 A
[e] L
T 200 | 150
@©
£
5 150 1 L 100
>
S 100 -
é I 50
o 4
€ 50
[e]
© 0 0

0 1 2 3 4

Comprimento do rostro superior (mm)

ML= 67,431URL"** (R? = 0,9608)

TW= 8,8096URL*** (R? =0,9799)

Peso total (g) e—e

Comprimento do manto (mm) o—o

350

300
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200
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100

50

Inferior

r 250

r 200

Comprimento do rostro inferior (mm)

ML= 64,303LRL'?'* (R* =0,9532)

TW=7,9418LRL>*® (R?=0,9734)

Peso total (g) e—e



Espécie: Loligo sanpaulensis Brakoniecki, 1984

Nome vulgar: lula

Inferior

Bicos: Superior
mﬁRL: 2,0 mm
Regressoes:
i 250 4 r 160
— - 140
€ 200 -
E L 120
2
& 150 1 - 100
£
o - 80
©
g 100 - | 60
[0]
£
g - 40
g 50 -
S r 20
0 T 0
0 0,5 1 1,5 2 2,5 3

Comprimento do rostro superior (mm)

ML= 14,408 *"*URL (R = 0,9294)

TW= 0,3804¢”°%'VRL (R? = 0,9286)

*—e

Peso total (g)

) o—°
N
o
o

m
N
o
o

o
o

Comprimento do manto (m
@ =
o o

LRL=1,8 mm

r 120

r 80

r 60

- 40

r 20

‘ ‘
0,5 1 1,5 2 2,5
Comprimento do rostro inferior (mm)

ML= 13,497¢"9836LRE (R2 = 0,9441)

WT= 0,2947¢>>71RE (R? = 0,9388)

—e

Peso total (g)



Familia: LYCOTEUTHIDAE

Espécie: Lycoteuthis lorigera (Steenstrup, 1875)

Nome vulgar: lula

Bicos:

Superior

URL=2,7 mm

Regressoes:

Comprimento do manto (mm) o—o
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100 4

80
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r 60
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L 40
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F 20
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Familia: ENOPLOTEUTHIDAE
Espécie: Abralia redfieldi Voss, 1959

Bicos: Superior Inferior
URL~ 1,3 mm LRL=1,2 mm
Regressoes:
45 - r5 45 4 5
I 40 ; 40 4
[ ]
2 E
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E o
S 30 4 ‘g 30 4
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TW=2,3255URL*** (R?=0,9356) TW=1,6046LRL*"*° (R’=0,946)

Peso total (g)



Espécie: Abralia veranyi (Riippell, 1844)

Bicos:

Superior

Inferior

Regressoes:
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Peso total (g) e—e



Espécie: Abraliopsis pffeferi Joubin, 1896

Bicos:

Regressoes:

Comprimento do manto (mm)o—o

Espécie: Enoploteuthis anapsis Roper, 1964

Bicos:

45

40

35

30

25

20

Superior

URL=1,1 mm
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ML=22,301URL + 4,2913 (R>=0,9313)
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Familia: ANCISTROCHEIRIDAE

Espécie: Ancistrocheirus lesueurii (Orbigny, 1842)

. Superior Inferior
Bicos: p

URL~= 5,7 mm LRL="7,2 mm

Regressoes: (Clarke, 1986b) ML= -41,3 + 40,75LRL

Ln(TW)=-0,194 + 3,56Ln(LRL)

Familia;: PYROTEUTHIDAE

Espécie: Pyroteuthis margaritifera (Riippell, 1844)

Superior Inferior

LRL= 1,0 mm



Familia: ARCHITEUTHIDAE

Espécie: Architeuthis sp Steenstrup, 1857

Bicos: Superior Inferior

URL= 17,0 mm

Regressoes (Clarke, 1986b): ML= -55,6 + 59,31 LRL

Ln(TW)=-1,773 + 4,57Ln(LRL)



Familia;: OMMASTREPHIDAE

Espécie: lllex argentinus Castellanos, 1960

Nome vulgar: calamar-argentino

Bicos:

Superior

URL= 5,4 mm

URL= 1,3 mm

Regressoes:
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Espécie: Ommastrephes bartramii (Lesueur, 1821)

Nome vulgar: calamar-vermelho

Superior

Bicos:

U RL~ 1.7 mm

Regressoes:
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Espécie: Ornithoteuthis antillarum Adam, 1957

Nome vulgar: lula-péassaro

Bicos: Superior

Inferior

URL~ 3,3 mm

URL= 1,5 mm LRL-14mm

Regressoes:
i 250 r 120 i 250 r 120
— L 100 —_ ° 100
€ 200
3 | € I
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TW= 1,2012URL*>*** (R =0,9756) TW= 1,2049LRL>*** (R* = 0,9743)
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Espécie: Hyaloteuthis pelagica (Bosc, 1802)

Bicos: Superior Inferior

LRL=3,0 mm -

Regressoes (Clarke, 1986b): ML= 20.65 + 24 31LRL

Ln(TW)= 0,908 + 1,89Ln(LRL)
Espécie: Todarodes filippovae Adam, 1975

Bicos:
Superior Inferior

URL= 6,0 mm LRL=5,8 mm

13



Familia:

THYSANOTEUTHIDAE

Espécie: Thysanoteuthis rhombus Troschel, 1857

Bicos: )
Superior
T v";/URL: 8,3 mm
Regressoes:
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14
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Familia;: CHIROTEUTHIDAE
Espécie: Chiroteuthis veranii (Férussac, 1835)

Bicos: Superior Inferior

URL~ 5,8 mm LRL=3,9 mm

Regressoes (Clarke, 1986b): MI= 114 + 24 46LRL

Ln(TW)=-0,24 + 2,7Ln(LRL)

Familia: CRANCHIIDAE
Espécie: Liocranchia reinhardti (Steenstrup, 1856)

Bicos: Superior Inferior

URL= 1,8 mm LRL=1,9 mm

15



Familia: OCTOPODIDAE

Espécie: Octopus vulgaris Cuvier, 1797

Nome vulgar: polvo

Bicos:

Superior

UHL~= 6,4 mm

Regressoes:

200 - - 2500
I 180 -
E 160 | 2000
£ !
o 140
2 —
T 120 | 1500 2
€ T
S 100 A °
2 80 1000 @
2 i
o &
E e0 |
Q
€ 40 A 500
[e]
O

20 -

0 0

0 1 2 3 4 5 6 7 8 9 10
Comprimento do escudo superior (mm)

ML= 15,986UHL""* (R* = 0,8849)

TW=0,6941 UHL**"** (R*=0,9238)

Comprimento do manto (mm) o—o

200

180

160

140

120

100

80

60

40

20

Inferior

r 2500

r 2000

r 1500

r 1000

r 500

2

3

4 5

6

7

8

Comprimento do escudo inferior (mm)

ML= 21,695LHL"** (R*=0,8394)

9

TW=2,7764LHL**'*" (R*=0,9153)

0
10

16
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Espécie: Octopus tehuelchus Orbigny, 1834

Nome vulgar: polvo

Bicos:

Superior

Inferior

UHL=2,4 mm

Regressoes:
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17
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Espécie: Eledone gaucha Haimovici, 1988

Nome vulgar: polvo

Inferior

Bicos: Superior
UHL=2,2 mm
Regressoes:
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Espécie: Eledone massyae Voss, 1964

Nome vulgar: polvo

Bicos:

Superior

UHL=2,2 mm

Regressoes:
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Familia: TREMOCTOPODIDAE

Espécie: Tremoctopus violaceus Chiaie, 1830

Bicos: Superior

Inferior

UHL=4,5 mm
Regressoes:
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Familia: OCYTHOIDAE
Espécie: Ocythoe tuberculata Rafinesque, 1814

Bicos: Superior

Inferior

\

K{/iAL 5,5 mm
i

LHL= 3,9 mm

20



Familia: ARGONAUTIDAE

Espécie: Argonauta nodosa Lightfoot, 1786

Nome vulgar: Argonauta

Bicos:
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Inferior

UHL= 7,7 mm

Regressoes:

100 4

90

Comprimento do manto o—o

80 -

70 o

60 o

50 -+

40

30 4

1 2 3 4 5 6 7 8 9 10
Comprimento do escudo superior (mm)

ML= 4,9237UHL'** (R?=0,9481)

TW=0,0377UHL*** (R?=0,9457)

T
®
o

r 60

r 40

T
[N
o

r 120

o
S

Peso total (9) e—e
Comprimento do manto o—o

100 4

90

80 -

70 4

60 4

50 o

40

30 4

20 4

LHL=5,2 mm

r 120

r 100

r 80

r 60

L 40

r 20

0 1 2 3 4 5 6 7 8 9 10

Comprimento do escudo inferior (mm)

ML=9,5338LHL"*"* (R?=0,9507)

TW=0,2593LHL*'"**® (R?=0,9353)
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Peso total (g)



Familia: ALLOPOSIDAE
Espécie: Haliphron atlanticus Steenstrup, 1861

Bicos: Superior Inferior

. . g gy gt

“UHL= 2,9 mm LHL- 1,8 mm

Familia: VAMPYROTEUTHIDAE
Espécie: Vampyroteuthis infernalis Chun, 1903

Bicos: Inferior

LHL= 7,6 mm

Regressoes (Clarke, 1986b):
ML= -5,8 + 9,02LHL

Ln(TW)=-2,88 + 3,71 Ln(LHL)
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