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RESUMO

O objetivo desse trabalho foi investigar diferent@spectos biologicos e
pesqueiros do camarao-barba-rubgemesia longinaris ao longo de sua éarea de
distribuicdo. A estrutura populacional da espéde é@ntdo investigada através do
sequenciamento de aproximadamente 700pb da zoma emc A+T do DNA
mitocondrial. A diversidade nucleotidica) (variou entre 0,025 e 0,039 e os valores
mais baixos foram observados nas populacdes quemabonas proximas aos limites
de distribuicdo da espécie. A diversidade hapldigoi variou entre 0,90 e 0,95 e
seguiu 0 mesmo padréo de menores  valores proximoss a
limites de distribuicdo. As distancias genéticasmeglas Fst) sugerem maior fluxo
genético entre as populacdes da Argentina e da der@onvergéncia (Rio Grande do
Sul e Santa Catarinay¢t= 0,04, p=0,18), enquanto que a populacdo do Ritadeiro,
localizada no limite norte de distribuicdo, foi rsfgcativamente diferente das demais
(Fst= 0,07, p= 0,03 quando comparado a Zona de ComveiggéFst= 0,11, p= 0,01
quando comparado com a Argentina). Os resultadasdosb sdo inteiramente
corroborados pelas distancias geograficas e pslensa de correntes costeiras no
Atlantico Sudoeste, que apresenta expansfes ecdesrasazonais criando um
mecanismo eficiente de disperséo entre as popwaigeul. Essas similaridades foram
confirmadas por caracteres morfométricos e meosticie também foram analisados. O
padrdo reprodutivo deA. longinaris também foi analisado, jA& que essa € uma
informacéo vital para o0 manejo de espécies expisa® esforco reprodutivo se
concentra na primavera, entretanto, picos de r@uienito podem ser observados ao
longo do ano. Uma migracdo reprodutiva para pratiates além dos 15 metros foi
observada, e o processo de recrutamento ocorreiagagamente 1 més apos a desova.
O tamanho médio de primeira maturacéo foi estineadd 6,76 mm (CC) e foi atingido

a idade de aproximadamente 4 meses. Ajustes sigiivds aos modelos de estoque-



RESUMO

recrutamento foram obtidos apenas durante anosuenagjcondicoes ambientais eram
desfavoraveis, sugerindo que a reducdo na biomdssavante juntamente com
condi¢cdes ambientais adversas pode levar a soboa-ple recrutamento. A composicao
e a abundancia da fauna acompanhante foram désrpata os dois anos avaliados, de
modo que as maiores taxas de descartes estiversociaatas a altos indices de
pluviosidade e baixa salinidade. A taxa de desogetal foi de 1:5,6, com valores
variando entre 1:11,3 em 2002 e 1:2,5 em 2004. id&ird004 a salinidade foi alta,
associada ao reduzido volume de chuvas, favorece@atboindancia d&. longinaris na
area de estudo. Durante esse ano de gedanginaris foi dominante nas amostras,
resultando em niveis de descarte bastante baigpscialmente no inverno (1:0,97).
Através do método de éarea varrida, um total de 3®6@ladas dessa espécie foi
estimada entre os 10 e 20 metros de profundidaddistAibuicdo de frequéncia dos
tamanhos permitiu concluir que os maiores comprio®ese encontram especialmente
entre 15 e 20 metros de profundidade, mas tambénogimaiores individuos evitam as
areas de menor salinidade, sugerindo que a desowtega fora da zona de influéncia
da Lagoa dos Patos. Com relacdo a pesca de adgstn-sugere-se a implementacdo
de um periodo de defeso durante a primavera, peesds a reproducdo do estoque.
Adicionalmente, uma diminui¢do no esforco tambérasmportante, ja que o estoque
apresenta uma distribuicdo bastante concentradareas mais favoraveis, tornando-o

susceptivel & intensa presséo pesqueira.



ABSTRACT

The aim of this work was to investigate different biological and fishery aspects of the
Argentinean prawn Artemesia longinaris aong its distribution area. Stock structure was
therefore investigated by sequencing approximately 700bp of the A+T-rich region of mtDNA.
Nucleotide diversity (n) ranged from 0.025 to 0.039 and lower values were observed in sites
close to the extreme limits of distribution. Haplotype diversity ranged from 0.90 to 0.95 and
followed the same pattern of lower values in sites close to distribution limits. The Fst
distances showed higher genetic flow between Argentina (Mar del Plata) and Convergence
Zone (Rio Grande do Sul and Santa Catarind) (Fst= 0.04, p=0.18), while Rio de Janeiro
population, located at northernmost distribution limit, was significantly different from the
others (Fst= 0.07, p= 0.03 when compared to Convergence Zone and Fst= 0.11, p= 0.01 when
compared to Argentind). Results obtained are entirely supported by geographic distances
separating populations, as well as oceanographic currents of near shore Southwestern
Atlantic, that present seasonal expansions and retractions providing an effective mechanism
for dispersal between southern populations. These similarities were also confirmed by
morphometric and meristic traits analyzed. Reproductive pattern of A. longinaris was aso
investigated in Southern Brazil, since it is vital information for management. Reproductive
effort is concentrated in spring; however, recruitment was observed all year round. A
reproductive migration to depths further than 15 meters was observed, and recruitment
process starts approximately one month after hatching. Mean length at first maturity (LM)
was estimated in 16.76 mm (CL) and is achieved at the age of approximately 4 months.
Significant fit of SSR was observed for three models tested under adverse environment
conditions, suggesting that reduction of spawning biomass combined with unfavorable
environment conditions may lead to recruitment overfishing. The overall discard ratio was
1:5.6, with values ranging from 1:11.3 in 2002 to 1:2.5 in 2004. Conversely, A. longinaris

production was consistently lower, since this marine species do not tolerate marked reductions



ABSTRACT

in salinity. In 2004, salinity was higher, associated to low rainfall and favoring A. longinaris
abundance in the area. During this dry year, the species was dominant in samples resulting in
very low bycatch ratios, especialy in winter (1:0.97). By using a swept area method, a total of
3369 tons of A. longinaris was estimated between isobaths of 10 and 20 meters. Size
distribution alowed concluding that larger individuals are located especialy between 15 and
20 meters, but large individuals of A. longinaris clearly avoided the areas of lower salinity,
suggesting that spawning takes place outside the direct influence of Patos Lagoon estuary. In
terms of double-rig fishery, we suggest a closed season during the spring months, in attempt
to preserve the reproduction of the stock. Additionally, a reduction in fishing effort is
advisable, since it presents a patchy distribution making it susceptible to intense fishing

pressure.
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Classificacdo taxon6mica e distribuicdo do camarébarba-ruca (argentinean prawn)
Artemesia longinaris.
Subfilo Crustacea (Pennant, 1777)
Classe Malacostraca (Latreille, 1806)
Subclasse Eumalacostraca (Grobben, 1892)
Superordem Eucarida (Calman, 1904)
Ordem Decapoda (Latreille, 1903)
Subordem Dendrobranchiata (Bate, 1888)
Superfamilia Penaeoidea (Rafinesque, 1815)
Familia Penaeidae (Rafinesque, 1815)
GéneroArtemesia

EspécieArtemesia longinaris Bate, 1888

O génerdArtemesia € monotipico e endémico das aguas costeiras dmodetlantico
Sul Ocidental, sendo observados de Atafona (Ridafeeiro, Brasil, 21°37°S) até Puerto
Rawson (Argentina,43°S), totalizando uma extengiaptoximadamente 1300 milhas nauti-
cas (D’Incao, 1999) (Figura 1). A espécie ocoriacgralmente entre o limite superior do
infralitoral até a is6bata de 30 metros (Bosch§9tendo sido observada em profundidades

maximas de até 68 metros (Olivier et al., 1968).
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Figura 1. Area de distribuicdo do camar&o-barba-faclonginaris) no Atlantico Sul

Ocidental, desde Rawson (Argentina) até Macaé @Ridaneiro) (linha preta).

Dois grupos principais de camardes sdo exploradgsdimmente. Os carideos for-
mam um grupo bastante diverso, somando um tot2b@e espécies que habitam areas tropi-

cais e temperadas, desde zonas costeiras atépgtasdas. Esse grupo representa 18% das
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capturas mundiais de camarao e a pescaria maiga@daldesse grupo incide sobre a espécie
Pandalus borealis, realizada na costa da Groelandia (FAO, 2007).

O segundo grupo € formado pelos camarfes penefflempossuem menor diversida-
de, somando um total de 400 espécies (FAO, 20089.Habitam principalmente areas costei-
ras em regides tropicais e sub-tropicais, crescgo e tipicamente apresentam grandes
tamanhos populacionais (Gulland e Rotschild, 19&rcia e Le Reste, 1981). No presente
trabalho os dois grupos nédo seréo tratados unidencemo camardes, mas a nomenclatura
sugerida por King (1997) sera adotada. Para exitaiusdes com relacdo aos nomes comuns
atribuidos a esse grupo os Caridea (carregam os rmo® pledpodos) serdo tratados como
shrimps, enquanto que os Dendrobranchiata (liberam os divetamente na agua) serdo ge-
nericamente tratados comoawns.

Importancia mundial e local da pesca de camardes

Os camardes sdo recursos marinhos extremamemeoslrepresentando 20% de to-
do o volume de dinheiro negociado no mercado muddigrodutos pesqueiros. No ano 2000
a producdo mundial de camardes peneideos era deilis de toneladas e as capturas ori-
undas do ambiente representavam 3 milhdes de tase(&JF, 2003). Dados recentes indi-
cam que a producdo vinda da aquicultura atingialorwde 2,4 milhdes de toneladas aumen-
tando 28% somente entre 2002 e 2004. Ao contr@sicapturas no ambiente tém se mostrado
estaveis ou com pequenos incrementos em torno%gAAO, 2007).

A producdo global de camardes é dominada pelaspaschinesas, que capturam a-
proximadamente 1 milhZo de toneladas por ano. Miéd segundo maior produtor mundial
desse grupo, desembarcando um total de 350 milattae seguida pela Indonésia que de-
sembarca 260 mil toneladas por ano. O Brasil éaperdécimo quinto pais na lista de de-

sembarques mundiais de camardo, com uma produgabde31 mil toneladas (FAO, 2007).
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Devido a crescente demanda por esse produto, spregsqueira exercida sobre es-
ses estoques também vem crescendo nas ultimasadééad geral as espécies de camarao
sao resilientes a presséo pesqueira (Gulland elioks1981). Entretanto, em muitos paises
onde a exploracédo é intensa, os limites ecologens a exploracdo sustentavel desses recur-
sos ja parece ter sido atingido (EJF, 2003). Essénfieno € especialmente evidenciado em
pescarias tropicais e sub-tropicais onde declinéoabundancia relativa das principais espé-
cies pescadas por longos periodos tém se mostesdanke significativos (Zeller e Pauly,
2005).

Os custos crescentes de operacdo e manutencdomatius com a pescaria de cama-
roes, aliados a competicdo com a producéo oriuadaqdicultura tém colocado os pescado-
res de camarao sob pressao, especialmente em paiskssenvolvimento. Através da produ-
cao de tamanhos mais consistentes, maior qualidaeteyr preco e menor sazonalidade, rela-
cionados a producdo em cativeiro, esse tipo dédate tem crescido consideravelmente.
Para manutencao das atividades pesqueiras os pestéehdem entdo a intensificar o esfor-
co de pesca, resultando em excessiva mortalidadpgsta e degradacdo ambiental gerada
pelas redes de arrasto (EJF, 2003).

Entretanto, os rendimentos econdémicos aliados Gaps camardes sdo extremamente
tentadores para muitos paises. Por exemplo, adeold 6 arrasteiros participando da pescaria
no norte da Austrdlia, captura um montante de 800€ladas de camaréo, resultando em um
rendimento econdmico de 150 milhdes de ddlar por Arpescaria de camardes também con-
tribui significativamente para o comércio exted@ muitos paises, além de gerar oportunida-
de de empregos e desenvolvimento industrial, tedtss muito importantes para paises em
desenvolvimento como o Brasil. Entretanto, a geraigsses beneficios nem sempre é feita
de maneira sustentavel e pode resultar em prejetzmsdmicos posteriores se nao for mane-

jada de maneira responséavel (EJF, 2003).



INTRODUCAO GERAL

No Brasil a pesca de camardes iniciou na décadd® depos a Segunda Guerra Mun-
dial, principalmente na regido SUDESTE/SUL, poré&pomeiros dados de captura industri-
al na regido datam de 1965 (Valentini et al, 1981fyota que tradicionalmente explora esses
recursos € formada por arrasteiros duplos e fasiderada como a maior frota comercial do

pais, com 511 embarca¢des atuando no Sudestede Buasil (Perez et al., 2001).

As principais espécies de camarao exploradas n@r&yJDESTE/SUL saéarfan-
tepenaeus paulensis (camarao-rosa)-arfantepenaeus brasiliensis (camardo-rosa)Xiphope-
naeus kroyeri (camardo-sete-barbagk)topenaeus schimitii (camarao-brancolpleoticus muel-
leri (camardo-santana)Agtemesia longinaris (camaréo-barba-ruca). Esse grupo de camardes
possui significativo valor econémico, representaapimximadamente 24% da produgéo pes-
gueira em termos de valor econémico e 6% em pesaptera no SUDESTE/SUL do Brasil
(Perez et al., 2001). Inicialmente essa pesca tioh# espécie alvo o camardo-rosa, que es-
tava entre os principais recursos pesqueiros daaebo ano de 1965 a pesca do camarao-
rosa contribuiu com 86% das capturas de camardesferéda area, em 1985 essa fracdo era

de 47,5% e no ano de 1999 caiu para apenas 21%céd et al, 2002).

Com o declinio das capturas e dos rendimentos tingissdo camarao-rosa a partir da
década de 80 essa atividade pesqueira transforenda-sono em multi-especifica, buscando
espécies alternativas para a manutencao da redaéalelecondmica (Valentini et al, 1991;
D’Incao et al, 2002). Com essa situacao as ousgaécees de camardes ganharam maior im-
portancia comercial (Valentini, et al., 1991), desindo-se 0 camarao sete-barbaphppe-
naeus kroyeri) com desembarque de 15.580 toneladas em 198 mar&a-brancol{topena-
eus schimitii) com desembarque de 1.291 toneladas em 1984, @assantanaR]eoticus
muelleri) com desembarque de 4.112 toneladas em 1988 aambvarba-rucaArtemesia
longinaris) com desembarque de 7424 toneladas em 2003. &s#as espéeciel, muelerii e

A. longinaris foram aquelas que apresentaram maior aumentonpeatenas capturas em

9
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comparacao com o camardo-rosagaulensis e F. brasiliensis) (D’Incao et al., 2002) (Figura
2).

A exploracdo comercial da&. longinaris no Brasil teve inicio em 1978, mas no Rio
Grande do Sul as estatisticas disponiveis anotarpresenca de desembarques somente em
1982 (D'Incao, et al, 2002). Atualmente essa espagiesenta 0s maiores rendimentos por
viagem (2192kg/viagem) entre os camardes exploraddSul do Brasil. Essa espécie ultra-
passa até mesmo os rendimentos econdmicos pomviageervados para 0 camarao-rosa,
que possui um valor por kilo significativamente anaEnquanto os desembarques por via-
gem rendem em meédia 4380 reais para o desembanquearthrao-rosa, 4428 reais sao obti-

dos a partir dos desembarquesfdbonginaris (Perez et al., 2001).
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Figura 2. VariacGes anuais dos desembarqués paulensis e F. brasiliensis (cama-
rédo-rosa) em relacédo aos desembarqués benginaris até 2004. (Fonte: D Incao et al 2002,
Perez et al, 2001, Baptista-Metri, 2007).

A espécie também esta sujeita a uma pesca artegan#di descrita pela primeira vez
por Dumont (2003). A pesca artesanal acontece a@n diferentes artes de pesca, a rede de
“saquinho” e o arrasto de fundo com portas. A elsaquinho é utilizada por pescadores ao

longo da linha de praia, desde o municipio de $8é do Norte até a Barra da Lagoa do Pei-

10
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xe (Dumont 2003). A pesca artesanalAdéonginaris realizada na regido adjacente a barra de
Rio Grande é executada por pequenos barcos demmactan baixa capacidade de estocagem
e extremamente sujeitos as condi¢cdes atmosfégoasiytilizam o arrasto de fundo com por-

tas para a captura do camarao-barba-ruca e carsanéana. Essa pescaria nao é regulamen-
tada, o que ndo impede os pescadores de realie@démente, especialmente durante os me-

ses de defeso dentro da Lagoa dos Patos que sdesdeemaio a setembro.

Identificacdo de estoques e a relevancia para o mgjo pesqueiro

A identificacdo das populacbes ou estoques pesguéium componente integral na
avaliacao pesqueira recente. Entretanto, a impodaaesses estudos nao tem sido relevada, o
que se reflete no escasso numero de investigacidisgrlas sobre esse assunto. A maioria
dos modelos de avaliac&o inclui a premissa de querametros estimados foram baseados
em um estoque unitario, com caracteristicas honeageao longo da sua distribuicéo (Begg e

Waldmann, 1999).

Consequentemente, o conceito atual de estoquesdgfipos semi-discretos com al-
guns atributos de interesse para os administragesieiros. Booke (1999) discute a evolu-
céo do conceito de estoque, argumentando que euraiquceito utilizado deveria incorporar
marcadores que sdo herdados e podem definir o gstpdado, assim como o0 ambiente em
gue ele vive. No presente trabalho os termos estequopulacéo foram usados indiscrimina-
damente e ndo se referem diretamente ao isolamgentdico, ambiental ou comportamental

dos grupos analisados.

Variagfes genéticas entre os estoques podem forpeceexemplo, informacdes dire-
tas sobre a estrutura dos grupos de uma mesmdesapdongo de uma area de distribuicao.

Nesse sentido, Benzie (2000) demonstrou algum&sagfes importantes das técnicas mole-

11
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culares para o estudo pesqueiro. Entre elas podessacar a identificacdo da variabilidade

genética, estrutura populacional e isolamento tefirn@o entre 0S grupos.

VariagOes fenotipicas entre estoques também podenmsadas para identificar estru-
turas populacionais, embora ndo fornegcam evidémfiiatas de isolamento genético. Entre-
tanto, esse método pode indicar uma longa de jayvkmvas ou até mesmo adultos em ambi-
entes discretos. Em muitos casos onde se assumia causa de variagao em caracteres mor-
fométricos era genética, o cultivo de individuosEsmo grupo, criados em condi¢gdes expe-
rimentais diferentes, resultou em alometrias neaineento. Dessa forma, a temperatura a que
as larvas, ou até mesmo os embrifes estdo sujitts,influenciar diretamente nos fenétipos
observados na natureza, de maneira que estoquempodstrar variagbes morfologicas e
meristicas relacionadas a variaveis ambientaisiotaido comparados a camaledes que mu-

dam sua aparéncia de acordo com o ambiente (Svriote, 1999).

Variagc6es na bionomia e tamanho de primeira madordeA. longinaris foram pre-
viamente atribuidos a diferencas populacionais ¢iNento, 1981; 1983). De acordo com
essas investigacoes duas populacdes estariam rftbita regido da Convergéncia Sub-
tropical, uma com preferéncia por aguas quentedimas e outra com maior afinidade por
aguas frias e menos salgadas. Dessa forma, a @staga presente no litoral do Rio Grande
do Sul durante os meses mais frios de invernopseveitando do regime de correntes (do sul
para o norte) observado nesse periodo. A hipoeséadcimento (1981, 1983) sugere que a
outra populacéo habitaria o litoral do Rio GrandeSdll durante o verdo, se aproveitando da

inversao do sistema de correntes, que nessa épareodlui para o sul.

Entretanto, uma investigacédo anterior sobre ag@oiae aloenzimas para essa espécie
(Weber et al., 1993) sugere resultados conflitaod@s os de Nascimento (1981, 1983). Com

base na variacdo de aloenzimas, Weber et al. (:2@@ye uma populacdo panmitica entre o

12



INTRODUCAO GERAL

litoral do Rio Grande do Sul e a Argentina. Poxasiurge a necessidade de se investigar
mais profundamente a estrutura dos estoqudstdmesia longinaris ao longo de sua area de
distribuicao, incluindo o limite norte e fornecenamvas informacgdes sobre a estrutura popu-

lacional dessa espécie.

Entre os métodos mais recentemente utilizadosipagatigar a estrutura populacional
de peneideos estd o sequenciamento do DNA mitaebfidtDNA) (Benzie, 2000). O mtD-
NA é uma molécula citoplasmatica circular herdagtan aproximadamente 16000-20000
pares de bases. A heranca dessa molécula é hapl@tsdominantemente maternal. Duas
regides do mtDNA podem ser especialmente Uteisipaestigar a estrutura populacional de
crustaceos, a citocromo oxidase (COIl) e a regianwrale (D-loop) (Caccone et al., 1996).
Pouco se sabe sobre a estrutura e evolugao da eaEgifiole, mas acredita-se que seja dividi-
da em trés regibes hipervariaveis, separados pas hgides de menor variabilidade (Gra-
bowski and Stuck, 1999). Devido a essas caradtadsessa regido é de extrema utilidade
para estudar estrutura populacional de peneidemsiaodo mundo (Benzie, 2000; Chu et al.,

2003, McMillen-Jackson and Bert, 2003, Grabowskilgt2004).

Reproducao, ciclo de vida e as relagbes estoquegamento

Diferentemente de outros peneideos que utilizaask@aestuarios como bercaral(-
fantepenaeus paulensis, Farfantepenaeus brasiliensis e Litopenaeus schmitii), A. longinaris
realiza todo o ciclo de vida em ambiente ocearBms¢hi, 1969; D’Incao, 1999). Na Argen-
tina foram reportadas migracdes dos adultos parasage maior profundidade para a desova,
enguanto que o recrutamento acontece na regidopmaisna a costa (Boschi, 1969). A es-
pécie apresenta (4) fases larvais, divididas erplies,) protozoea, mysis e pos-larva. As pos-
larvas fazem migracdes verticais, sendo capturadas maior facilidade durante a noite

(Marlo & Cervellini, 1988).
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INTRODUCAO GERAL

S&o camardes de télico fechado, com as fémeagaad® o espermatoforo introduzi-
do pelo macho com o auxilio do petasma (Bauer &iWat991). Sdo organismos meroplac-
tbnicos, que durante as fases larvais habitam @naall’agua, mas ao tornarem-se juvenis
adquirem habitos bentdnicos (Boschi, 1969). Estudodistribuicdo e abundancia das larvas
foram realizados na Argentina por Boschi (1969)a & Cervellini (1988), ja no litoral do

Rio Grande do Sul um unico estudo foi realizadoQalazans (1992).

Alguns aspectos da reproducdo dessa espécie ral Bi@asileiro foram investigados
por Nascimento (1981), Dumont e D’Incao, (2004) asmmecentemente por Castillo et al.
(2007). Na Argentina a reproducdo e o desenvolMimérval da espécie foram estudados
por Boschi (1969), Marlo & Cervellini (1988), Pelta & Bridi (1992) e mais recentemente

por Castillo et al. (2007).

Entretanto flutuacOes interanuais de densidadesslogjues sdo bastante comuns para
esse grupo e normalmente estao relacionadas agtan@rambientais e mudancas na biomas-
sa desovante (Gulland e Rotschild, 1981, Crocos&de Velde, 1995, Vance et al., 1998;).
Adicionalmente a identificacdo e quantificacdo dtogue desovante, a previsibilidade do
recrutamento possui uma importancia extrema no jmahe estoques de camarao (Pauly,
1992). Isso € verdade, ja que esse grupo possadaldecundidade e o recrutamento é alta-
mente dependente das variagcbes ambientais, tas gluviosidade, salinidade e temperatura
(Garcia, 1981; Gulland & Rotschild, 1981). Apesasd, as relacdes entre o estoque deso-
vante e o resultante recrutamento tém sido aplecaden um nivel de sucesso consideravel
para o entendimento do sucesso no recrutamentcenkeideos (Garcia, 1981; Kirkwood,

1981; Pauly, 1992).

Como discutido anteriormente, também existem foetedéncias de que o recruta-

mento € regulado por fatores ambientais, de mangeraas interagdes entre o estoque deso-
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INTRODUCAO GERAL

vante, recrutamento e fatores ambientais devenngestigadogGarcia, 1981; Kirkwood,

1981; Gulland & Rotschild, 1981; Dall et al., 199@uly. 1992

Captura acidental associada ao arrasto de camardes

Além do entendimento sobre a dinamica da biomasssstbque explorado, informa-
cOes sobre o impacto do arrasto sobre as comusidesdeciadas a espécie-alvo tém sido ca-
da vez mais requeridas para um manejo eficaz dems@sos (Zeller e Pauly, 2005). A abor-
dagem ecologica para o manejo pesqueiro tem deradosgue o nivel de esforco requerido
para manter a biomassa da espécie-alvo acima @b sustentavel é freqientemente maior
que o valor necessario para manter as capturateimteis a esses mesmos niveis (Hall, 1999;

EJF, 2003).

Tal fato se torna mais evidente quando as pescdei@amardo sao consideradas, ja
que essas espécies sdo normalmente mais resilipossiindo altas taxas de crescimento,
alta fecundidade e ciclo de vida curto (Gulland &t$ehild, 1981; King, 1997). Portanto, um
ponto importante para 0 manejo ecologico de umaapes € o conhecimento quali-

quantitativo da captura incidental associada a&sadade (Hall, 1999).

A captura incidental dé. longinaris no Sul do Brasil foi previamente analisada por
Ruffino e Castello (1993), assim como por HaimoeidVlendonga (1996). O primeiro artigo
referido trata da variacdo na composicéo do bycafatido a partir de arrastos cientificos na
regido adjacente a Barra de Rio Grande, ja o segrefdta a captura de peixes desembarca-
dos pela frota arrasteira comercial que objetivaamardes barba-ruca e santana no Sul do
Brasil. Do ponto de vista ecoldgico, faz-se nea&ssédna nova avaliagdo especifica do im-
pacto da pesca artesanal de arrasto de camar@egiaa adjacente a Barra de Rio Grande,
considerando diferentes condigcfes ambientais e efeites na producdo de camardes e do

bycatch associado a essa pescaria. Dessa forragerdéds aspectos da biologia e da pesca de
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A. longinaris necessitam ser investigados, no sentido de gexarsrconhecimentos necessa-

rios para o manejo sustentavel dessa espécie.
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OBJETIVOS E ESTRUTURA DA TESE

O presente trabalho retne estudos relativos aediies aspectos da biologia e pesca do
camardo-barba-rucArtemesia longinarisno Oceano Atlantico Sudoeste, com a intencdo de
aprimorar o conhecimento sobre sua estrutura popula, aspectos morfométricos e
meristicos, reproducdo, captura incidental da pestesanal de arrasto e distribuicdo e
abundancia durante a temporada de pesca comercial.

Este trabalho estad dividido em seis capitulos, aatladeles no formato de artigo
cientifico submetidos para publicacédo. Os resufiatisses artigos encontram-se resumidos nos
capitulos de 1 a 6 (escritos em portugués) e envexs@io completa (escritos em inglés) nos
anexos correspondentes (Anexo | a VI). No item oh@tmia geral encontra-se a descricdo da
obtencdo de amostras utilizadas no presente estudoanto que a metodologia utilizada nas
analises foi detalhada em cada um anexos (artigosifccos submetidos para publicacdo). Os
objetivos de cada capitulo séo:

CAPITULO 1:

Titulo em portuguésA regiao controle do DNA mitocondrial e seu usdencial como

marcador para o estudo da estrutura populacionahd@réo-barba-ruc&rtemesia longinaris
(DECAPODA:PENAEIDAE).

Titulo em inglés The mtDNA control region of the argentinean prawrtemesia

longinaris (DECAPODA:PENAEIDAE) and its potential use as arkea for population
structure analysis.

Objetivo geral

Desenvolver um marcador genético capaz de ideamtifec estrutura populacional de

Artemesia longinarigo longo de sua area de distribuicao.
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2. OBJETIVOS E ESTRUTURA DA TESE

Objetivos especificos

a) Obter a sequéncia completa da regido controle dé Ditocondrial e compara-la
com a de outros peneideos.

b) Desenvolverprimers internos a regido controle para uso rotineiro studo de
estrutura populacional da espécie.

c) Comparar o polimorfismo obtido a partir dessas &egiés com outros genes
teoricamente mais conservados como citocromo oxiddS.

CAPITULO I:

Titulo em portuguésEstrutura genética das populacdes do camarae-bagbArtemesia

longinaris (DECAPODA:PENAEIDAE) no Atlantico Sudoeste resdipor analise da regido
controle do DNA mitocondrial.

Titulo em inglés Population genetic structure of the argentineaawp Artemesia

longinaris (DECAPODA:PENAEIDAE) in Southwestern Atlantic réged by mtDNA control
region analysis.

Objetivo geral

Estudar a estrutura populacional Aetemesia longinarisao longo de sua area de
distribuicao, utilizando como marcador a regidotiaa, incluida no DNA mitocondrial.

Objetivos especificos

a) ldentificar a estruturacdo das populagfes ao loiagarea de distribui¢ao.

b) Investigar o fluxo genético entre elas através @eutbs de medidas de distancias

genéticasKst).
c) Avaliar a variabilidade nucleotidica e haplotipéra cada uma dessas populacdes.
d) Estimar o grau de estabilidade histérica das pgpeks com base em andlise

demografica.

18



2. OBJETIVOS E ESTRUTURA DA TESE

CAPITULO Il

Titulo em portuguésRelacbes biométricas do camaréo-barba-Artamesia longinaris

(DECAPODAPENAEIDAE) no Atlantico Sudoeste.

Titulo em inglés Biometric relationships of the argentinean praftemesia longinaris
(DECAPODA:PENAEIDAE) in Southwestern Atlantic.
Objetivo geral
Estudar as relacbes biométricas em comprimento s @ camardo-barba-ruca
Artemesia longinaris no sentido de fornecer informacdes bioldgicas rétigas sobre o
crescimento relativo da espécie no Sul do Brasil.
Objetivos especificos
a) Estimar as relacbes entre comprimento total e congmto da carapaca para ambos
0S sexos e a sua variacdo sazonal e interanualindoSBrasil, comparando com
relacbes obtidas a partir de individuos coletados extremos de distribuicdo da
espécie.
b) Estimar algumas relacbes morfométricas e merispiass cada populacdo ao longo
da area de distribuicdo da espécie.
c) Estimar relacdes entre peso total e comprimentoadapaca, assim como a variagao
sazonal do fator de condicéo das fémeas.
CAPITULO IV:

Titulo em portuguésPadrao reprodutivo, tamanho de primeira maturagdelacdes

estoque-recrutamento do camardo-barba-ruca Arterfiesia longinaris

DECAPODA:PENAEIDAE) no Sul do Brasil.

Titulo em inglés Reproductive pattern, size at first maturity astdck-recruitment
relationships of the argentinean prawArtémesia longinarisDECAPODA: PENAEIDAE) in

southern Brazil.
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2. OBJETIVOS E ESTRUTURA DA TESE

Objetivo geral
Investigar a dinamica reprodutiva Aetemesia longinarisio Sul do Brasil, assim como
0s principais fatores ambientais e populacionags igfluenciam no sucesso reprodutivo dessa
espécie no sul do Brasil.
Objetivos especificos
a) Investigar a variacdo sazonal na abundancia deameaduras e de recrutas na
regido marinha sob influéncia do desagie da Lagsddtos.
b) Estimar o tamanho de primeira maturacdo da populpgéa a regiao sul do Brasil.
c) Estimar a relacdo entre estoque desovante e rewnta, assim como identificar
guais os principais fatores atuantes no sucessod@jivo dessa espécie no sul do
Brasil.
CAPITULO V:

Titulo em portuguésAnalise da captura incidental do camarao-bariga-Artemesia

longinaris (DECAPODAPENAEIDAE), explorado pelo arrasto arteslana regido adjacente a
boca do estuario da Lagoa dos Patos, Rio GrandsutoBrasil — efeito da pluviosidade na
captura incidental.

Titulo em inglés Bycatch analysis of the argentinean prafriemesia longinaris

(DECAPODA:PENAEIDAE) exploited by artisanal trawdinin surrounding area of Patos
Lagoon Estuary mouth, Rio Grande do Sul, Brasiffeces of different rainfall on incidental
catch.

Objetivo geral

Investigar a variagdo sazonal e interanual na captocidental oriunda da pesca
artesanal, assim como a influéncia de fatores am#itena quantidade de peixes e crustaceos

descartados.
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2. OBJETIVOS E ESTRUTURA DA TESE

Objetivos especificos

a) Estimar a taxa de descarte oriunda da pesca ddaadesanal e suas variacdes
sazonais e interanuais.

b) Examinar a variacdo de espécies de peixes e ceosta@s capturas artesanais
sazonalmente e anualmente.

c) Estimar parametros ecoldgicos de riqueza de espécidvel trofico médio das
capturas para os anos analisados.

d) Estimar a probabilidade de captura por classe dertho para as principais
espécies comerciais de peixes e crustaceos capsuirdcidentalmente na pesca
de arrasto e confrontar com os tamanhos de primestairacao disponiveis na
literatura.

CAPITULO VI

Titulo em portuguésDistribuicdo e abundéancia do camarao-barba-rugderhesia

longinaris Bate, 1888) e do camardo-santan®legticus muelleri Bate, 1888)
(DECAPODA:PENAEOIDEA) no sul do Brasil durante anfgorada de arrasto duplo comercial.

Titulo em inglés Distribution and abundance of the argentineariefmesia longinaris

Bate, 1888) and red prawnBl¢oticus muelleriBate, 1888) (DECAPODA:PENAEOIDEA) in
southern Brazil during commercial double-rig tra@mmercial fishery season.

Objetivo geral

Investigar a distribuicdo e a abundéancia dos asicamardes comerciais capturados ao longo
do litoral do Rio Grande do Sul durante a princiggabca de captura dessas espécies pela pesca

comercial.

Objetivos especificos
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b)

d)

2. OBJETIVOS E ESTRUTURA DA TESE

Estimar a captura por unidade de esfor¢co para espécie de camardo e compara-las
entre as diferentes sub-areas do litoral gaucho.

Estimar a biomassa total dos estoques de caman@mtduo més de fevereiro/2005
através do método de area varrida.

Gerar mapas de contorno dos valores de densidasleestoques de camardo para
identificacdo das areas mais produtivas.

Relacionar a abundancia com parametros ambientaipossam explicar esses padroes
distribucionais.

Comparar os comprimentos medios ao longo das ®dsapara identificacdo de

possiveis zonas de desova e recrutamento.
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METODOLOGIA GERAL

Area de estudo

As condicbes ambientais na area de estudo saoigafimente determinadas pelos
movimentos de expans&o e retracdo da Agua Cog&a Essa massa de agua é diretamente
influenciada pelos desagiies da Lagoa dos Patogdatié 60.000 ta?) e do Rio da Prata
(atinge até 30.0007s%), que se intensificam principalmente durante assafe El Nifio. A
AC se estende por aproximadamente 1.300km de diatémpartir do Rio da Prata até o Sul
do Brasil, sempre em baixas profundidades, proxitaacosta. Entretanto, durante anos
especificos essa massa de agua pode atingiral lik®1S&o Paulo no Sudeste brasileiro (Piola

et al., 2004, Piola et al., 2005).

Figura 3. Variagdo sazonal da salinidade supelfitmamar causada pela presenca da
Agua Costeira (AC) no Oceano Atlantico Sudoestdigira 3A representa uma situacéo de
verao, quando essa massa de agua atinge o limfRlodGrande do Sul. A figura 3B ilustra
uma situacdo de inverno, onde a combinacéo dedzevaviosidade e ventos do quadrante
sul permitem que a AC se expanda ateé o litoraladeeSCatarina. Fonte: Piola et al. (2004).
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O estuério da Lagoa dos Patos esta localizadoardc@ costeira do Rio Grande do
Sul, Brasil (33S, 49W), sendo o maior estuério estrangulado do mundlarirdo uma area
de 10360k (Asmus, 1996) e a quantidade de chuvas associadersidade e direcéo dos
ventos regulam os deslocamentos de agua na arestudo (Piola et al., 2005). O deséagie
sazonal oriundo da Lagoa dos Patos apresenta graibilidade (30.300 a 47 3fs)
(Garcia, 1996).

Fontes dos dados

Para a realizacao dessa tese, foram obtidas asdsttaés fontes diferentes no litoral
do Rio Grande do Sul, incluindo cruzeiros a bordoLdncha Oceanogréfica Larus (LOc.
Larus, Universidade Federal do Rio Grande), Naviedbografico Atlantico Sul (NOc.
Atlantico Sul, Universidade Federal do Rio Grande) frota arrasteira artesanal.
Adicionalmente, forma obtidas amostras das frotasercial de camardo atuante no Rio de
Janeiro e semi-artesanal de Mar del Plata. Essastas foram obtidas pontualmente durante
a primavera de 2004 e utilizados para comparacgdoacpopulacédo habitando o litoral sul do
Brasil, tanto no que diz respeito a aspectos gaetjuanto morfomeétricos e meristicos.

Os arrastos com a LOc. Larus foram realizados eadr@rofundidades de 5 e 20
metros na regido adjacente a Barra de Rio Grandmi@uo ano de 2002. Adicionalmente
foram selecionados dados historicos inseridos noc®ade Dados do Laboratorio de
Crustaceos Decdpodes (FURG) para a andlise deuestegyutamento. Esta embarcacao
possui um comprimento total de 15,3 metros, caladgimo de 1,4 metros e dois motores
centrais de 240 hp’s cada. A rede camaroneirazadii para a coleta possui tamanho de
malha 13 milimetros entre nds opostos. O tempordesta em cada uma das estacdes foi
padronizado em 5 minutos. Foram escolhidos tréseéEs na regido adjacente a Barra de Rio

Grande, com estacbes nas isébatas de 5, 15 e 20snod profundidade. Além das
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amostragens biolégicas também foram coletados daddsientais como temperatura e
salinidade.

As coletas realizadas com embarcacdo da frotaaadkbgoram obtidas entre as
profundidades de 2 e 12 metros, também na regifxeade a Barra de Rio Grande. A
embarcacao utilizada para as coletas foi um botardeto de fundo com portas, tipico da
frota artesanal. Essa embarcacdo possui o componetal de 7,60 metros, boca de 2,20
metros e motor de 10 hp’s. A rede camaroneirazadifi para as coletas possui tamanho de
malha 16 milimetros entre nds opostos. E impoeta@ssaltar que as embarcacdes da frota
artesanal sdo extremamente suscetiveis a condgibesdticas adversas e, portanto sua
atuacao esta intimamente relacionada com essesdaliferentemente dos pontos amostrais
realizados a bordo da LOc. Larus, estes ndo forerdefinidos, deixando o mestre da
embarcacdo pescar normalmente. A intencéo foi al@tdos que refletissem da forma mais
fiel possivel essa atividade, no que diz respeéiea de atuacéo, profundidades amostradas e
poder de pesca. Também foram coletadas amostiagibas e dados ambientais, utilizando
0S mesmos equipamentos usados nas coletas com ad10s.

As amostras oriundas do NOc. Atlantico Sul foraridats durante fevereiro de 2005
em pontos amostrais realizados entre Torres e @ €muprofundidades que variaram entre 5
e 29 metros. A rede utilizada possui um arracét@ma guarnecido com uma corrente de aco
com peso de 1,3kg/m. O tamanho das malhas deeptie,nés opostos, variou entre 50mm
na porcao anterior até 22mm no ensacador. Os laluicasam cerca de 30min e a velocidade
de arrasto em torno de 5,5km/h. No final de cadedeldoram registrados os perfis verticais de
temperatura e salinidade através de um CTD. Tanfbéam obtidas amostras do tipo de

fundo através de draga van Veen e ecossonda wantif
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Processamento das amostragens biol6gicas

Com excecdo das amostras obtidas através do anedtpados a bordo do NOc.
Atlantico Sul, todas as outras foram levadas iategente ao laboratério para analise, ndo
necessitando de quarteamento. As medidas tomatilasinaamente foram comprimento total
(CT) em milimetros, comprimento da carapaca (CC)neiffmetros, peso total em gramas
(PT) e o sexo dos individuos. Adicionalmente foralntidas informacdes sobre o grau de
maturacdo dos ovarios de acordo com Dumont e Dolif2@04). Para a realizacdo do estudo
biométrico também foram tomadas medidas do compitiongo rostro (CR), comprimento do

télson (Ctel) e do niumero de dentes rostrais (NRjufa 4).

$
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Figura 4.Artemesia longinarise as medidas utilizadas para a analise da estrutur
populacional e analises biométricas, incluindo mpomento total (CT), comprimento da

carapaca (CC), comprimento do rostro (CR), comprtmelo télson (Ctel) e o nimero de

dentes rostrais (ND).
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CAPITULO 1

A REGIAO CONTROLE DO DNA MITOCONDRIAL E SEU USO
POTENCIAL COMO MARCADOR PARA O ESTUDO DA ESTRUTURA
POPULACIONAL DO CAMARAO-BARBA-RUCA ARTEMESIA LONGINARIS

(DECAPODA:PENAEIDAE).

Artigo submetido para revista internacional: DumanE.C., Hwang, G. and Maclean,
N. The mtDNA control region of the argentinean prawn Artemesia longinaris
(DECAPODA:PENAEIDAE) and its potential use as a maker for population structure
analysis Journal of Crustacean Biology.

A forma integral desse artigo encontra-se no ahexo
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CAPITULO 1

RESUMO

O camarao-barba-rucaArtemesia longinaris) € endémico do Oceano Atlantico
Sudoeste, sendo explorado comercialmente ao loegodad a sua area de distribuicdo, desde
a Puerto Rawson (430’'S, Argentina) até o Sudeste do Brasil’871S, Rio de Janeiro).
Marcadores moleculares tém sido amplamente utdgzadra estudar a estrutura populacional
de camardes peneideos ao redor do mundo. A efigié regido controle do DNA
mitocondrial (CR) para estudos a nivel populacidoatestada para o camarao-barba-ruca,
gerando novos conjuntos de primers capazes de faraplinteiramente essa regido, assim
como uma porcao hipervariavel de aproximadamer8&b0,0s primers para amplificar
inteiramente a regido controle foram posicionadas regides mais conservadas que a
flanqueiam, sendo elas o gene 12S e 0 RNA trarspmrtRNA®3, A regido controle d@.
longinaris possui uma extensdo de 990pb, apresentando dg#@esehipervariaveis nas
extremidades 5’e 3’, assim como uma regido central menos variabilidade, separada das
outras duas por por¢cdes mais conservadas. A cogduada regido controle com a citocromo
oxidase (COIl) e o 12S demonstrou que O primeiroegapresenta maior nivel de
variabilidade, sendo, portanto, Gtil nas analiseestrutura populacional de longinaris no
Atlantico Sudoeste. A diversidade nucleotidicaneatia para. longinaris foi relativamente
baixa =0,017), enquanto que a diversidade haplotipicaltai Hd=0,92), apesar de estar
dentro dos limites sugeridos para a familia pemaeid analise preliminar das distancias
genéticas entre as populagdest) indicam que os estoques habitando os extremésedade
distribuicdo da espécie apresentam menor intercAgiético e que a populagdo do Sul do

Brasil e da Argentina sdo geneticamente mais prasim
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CAPITULO 2

ESTRUTURA GENETICA DAS POPULACOES DO CAMARAO-BARBA-
RUCA ARTEMESIA LONGINARIS (DECAPODA:PENAEIDAE) NO ATLANTICO
SUDOESTE RESOLVIDA POR ANALISE DA REGIAO CONTROLE D O DNA

MITOCONDRIAL.

Artigo submetido para revista internacional: DumanE.C., Hwang, G. and Maclean,
N. Population genetic structure of the argentinean pran Artemesia longinaris
(DECAPODA:PENAEIDAE) in Southwestern Atlantic resolved by mtDNA control
region analysis Marine Biotechnology.

A forma integral desse artigo encontra-se no amhiexo
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CAPITULO 2

RESUMO

O crescente interesse comercial da frota camaeerarrasto-duplo pelo camaréo-
barba-rucaArtemesia longinaris) gera a necessidade de se investigar a estruiprdaeional
e identificar os estoques dessa espécie no lidordltlantico Sudoestédrtemesia longinaris
€ uma espécie de peneideo monotipica e endémeaeqiistribui desde a Argentina (Puerto
Rawson - 4%0'S) até o Sudeste do Brasil (Rio de Janeiro %328). A estrutura
populacional dessa espécie foi investigada atrdeeseqienciamento de aproximadamente
0,7kb da regido controle do DNA mitocondrial. Sessee nove amostras foram obtidas de
quatro locais diferentes, incluindo Rio de Jané#’37'S), Rio Grande do Sul (30'S),
Santa Catarina (264'S) e Mar del Plata (336'S). A diversidade nucleotidioa) variou
entre 0,025 e 0,039 com menores valores sendovaloles nas regides proximas ao limite de
distribuicdo da espécie. A diversidade haplotiglded) variou entre 0,90 a 0,95 e seguiu o
mesmo padréo observado para a diversidade nudtegtédm valores mais altos no centro da
area de distribuicdo. Entre as 69 sequéncias adaBs apenas dois haplétipos foram
compartilhados por populagcdes diferentes, sendoasajue habitam o Rio Grande do Sul e
Santa Catarina. A andlise das sequéncias da regpatrole sugere que existe uma
estruturacdo significativa das populacdes Alelonginaris ao longo de sua éarea de
distribuicdo. As distancias genéticas estima#fay emonstram que existe um maior fluxo
genético entre as popula¢des que habitam o Surakil® a ArgentinaHst= 0,04, p=0,18),
enquanto que a populacéo localizada no extreme rtatdistribuicdo da espécie (Rio de
Janeiro) foi significativamente diferente das desr@st= 0,07, p= 0,03 qguando comparada
com o Sul do Brasil &st= 0,11, p= 0,01 quando comparada com a Argentids)esultados
obtidos séo inteiramente corroborados pelas distdigeogréficas separando as populacdes e
pelo sistema de correntes que atua na regiao @stei Atlantico Sudoeste, apresentando

expansodes e retracdes sazonais que permitem asdispe larvas e/ou adultos dessa espécie
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CAPITULO 2

na regiao. A analise demografica indicou signifteaimstabilidade para as populacdes que
habitam zonas proximas aos limites de distribuigaoespécie, enquanto que a populacéo
central apresentou maior grau de estabilidaderidatGMesmo assim, esse grupo mostrou um

padrdo oscilatorio das diferencas genéticas, indwaque também apresenta variacdes

importantes com relacdo ao tamanho populacional.
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CAPITULO 3

RELACOES BIOMETRICAS DO CAMARAO-BARBA-RUCA ARTEMESIA

LONGINARIS (DECAPODA:PENAEIDAE) NO ATLANTICO SUDOESTE.

Artigo submetido para revista internacional: DumanE.C. and D’Incao, FBiometric
relationships of the argentinean prawnArtemesia longinaris
(DECAPODA:PENAEIDAE) in Southwestern Atlantic. Journal of Marine Biology
Association of United Kingdom.

A forma integral desse artigo encontra-se no amiéxo
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CAPITULO 3

RESUMO

Relacbes biométricas de tamanho e peso foram elsnaara o camarao-barba-ruca
(Artemesia longinaris Bate, 1888), uma espécie comercial recentemenpdoraxla de
camardo peneideo. Caracteres meristicos e morioo®tioram utilizados para discutir a
estrutura populacional dessa espécie ao longo aema de distribuicdo. As relacdes de
comprimento foram estimadas com base em regreds@eses simples, considerando o
comprimento total (CT) como variavel dependentecdmprimento da carapaca (CC). As
relacées entre comprimento (CC) e peso total (R$)f@meas foram estabelecidas de acordo
com um modelo potencial. Os machos que habitargidaaela Convergéncia Sub-tropical no
Sul do Brasil apresentaram um incremento em CTréigeente menor do que as fémeas. Uma
marcada reducdo na declividade das retas de réagrésisobservada durante o outono e o
inverno, se assemelhando com os valores obtid@s gmmachos na Argentina. Os outros
caracteres morfométricos e meristicos utilizadosbtam confirmam essa similaridade, que
pode ser atribuida tanto a temperatura da aguaayaamigracdes de individuos do sul se
aproveitando do sistema de correntes da regidon Aliéso, a populacédo que habita o limite
norte de distribuicdo (Rio de Janeiro) parece ses tliferenciada do resto no que diz respeito
a aspectos morfométricos e meristicos, concordaondo a analise genética anteriormente
realizada. Crescimento alométrico negativo em paisestimado para a espécie, refletindo a
forma delgada apresentada por essa espécie. Aas@peesentam maior incremento em peso
durante o periodo reprodutivo que acontece na pema 0 que esta relacionado com a
maturacdo dos ovérios e a maior disponibilidadelsieento durante essa época. O fator de
condicao relativo demonstrou variagdes sazonameganuais, sendo negativamente afetado

pelas temperaturas mais elevadas do verao e pédilsisades menores no inverno.
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CAPITULO 4

PADRAO REPRODUTIVO, TAMANHO DE PRIMEIRA MATURACAO E
RELACOES ESTOQUE-RECRUTAMENTO DO CAMARAO-BARBA-RUCA

(ARTEMESIA LONGINARIS, DECAPODA:PENAEIDAE) NO SUL DO BRASIL.

Artigo submetido para revista internacional: DumohtF.C. and D’Incao, F.
Reproductive pattern, size at first maturity and sbck-recruitment relationships of the
argentinean prawn (Artemesia longinaris, DECAPODA: PENAEIDAE) in Southern
Brazil. Scientia Marina.

A forma integral desse artigo encontra-se no aiiéxo
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CAPITULO 4

RESUMO
Artemesia longinaris vem sendo explorada pelas frotas comercial eaaréésio Sul do
Brasil. Para investigar a biologia reprodutiva mdaaho de primeira maturacdo dessa espécie
na regido, amostras mensais foram analisadas leenereiro de 2002 e Janeiro de 2003 em
profundidades entre 5 e 20 metros. Adicionalmet@ni analisadas nove temporadas
reprodutivas e seus consequientes resultados erostatenrecrutamento. Com base nesses
dados, foram desenvolvidas relagcbes de estoquataietento e um modelo preliminar
preditivo no sentido de detectar alguns fatoresigiligenciam o sucesso no recrutamento de
A. longinaris na regido. Concluiu-se que essa espécie conaesta esforco reprodutivo na
primavera, embora o recrutamento tenha sido obdenad longo de todo o ano. A
reproducdo durante o outono parece ser mais sisgeptelevadas quantidades de chuva na
regido que causam uma diminuicdo da salinidaderea de estudo. Durante o verdo a
atividade reprodutiva também parece ser reduzidgu® provavelmente reflete a baixa
tolerancia dessa espécie a temperaturas mais dll@& migracdo reprodutiva para
profundidades maiores de 15 metros foi observada ieicio do recrutamento acontece
aproximadamente um més apdés o pico reprodutivoe Heslocamento reprodutivo para
maiores profundidades é evidenciado por uma maiacentracédo de fémeas adultas em areas
mais afastadas da beira, enquanto que os individeasres se concentram mais proximos da
costa. O tamanho médio de primeira maturacao fonado em 16,76 mm (CC) e foi atingido
na idade de aproximadamente 4 meses. Ajustes isghibs dos dados de estoque-
recrutamento foram observados para os trés modeikisados apenas em anos onde as
condicbes ambientais eram desfavoraveis, sugeroug® a combinacdo de biomassa
desovante reduzida com condi¢cdes ambientais desafaie pode levar & sobrepesca de
recrutamento. O modelo preliminar de previsédo piredisugere que os principais fatores

influenciando o recrutamento sé&o a salinidade mgpdeada reprodutiva (B=0,96) e a chuva
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CAPITULO 4

durante o recrutamento (B=-3,29). O principal fajoe influencia o recrutamento durante os
anos em que as condicbes ambientais sdo adversadiémassa desovante (B=1,01),

enguanto que em anos onde o recrutamento € elevariacipal fator é a salinidade durante a

temporada reprodutiva (B=0,99).
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CAPITULO 5

ANALISE DA CAPTURA INCIDENTAL DO CAMARAO-BARBA-RUCA
ARTEMESIA LONGINARIS (DECAPODA-PENAEIDAE), EXPLORADO PELO
ARRASTO ARTESANAL NA REGIAO ADJACENTE A BOCA DO EST UARIO DA
LAGOA DOS PATOS, RIO GRANDE DO SUL, BRASIL — EFEITO DA

PLUVIOSIDADE NA CAPTURA INCIDENTAL.

Artigo submetido para revista internacional: DumanE.C. and D’Incao, FBycatch
analysis of the argentinean prawnArtemesia longinaris (DECAPODA:PENAEIDAE)
exploited by artisanal trawling in surrounding area of Patos Lagoon Estuary mouth, Rio
Grande do Sul, Brasil — effects of different rainf#i on incidental catch. Journal of Marine
Biology Association of United Kingdom.

A forma integral desse artigo encontra-se no anexy/.
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CAPITULO 5

RESUMO

Um dos meétodos de pesca mais problematicos em $edeodescartes da fauna
acompanhante é o arrasto destinado a captura dard@esn com varios estudos tendo
identificado e quantificado os tipos e 0s niveisddscarte em muitas pescarias. O presente
trabalho analisou a captura incidental da frotasamal de arrasto que objetiva a captura de
Artemesia longinaris na regido adjacente a Barra de Rio Grande duduae temporadas de
pesca distintas (2002 e 2004). O assunto dessalltcalfoi sugerido pelos pescadores
artesanais durante reunido do Férum da Lagoa dos Ragdo consultivo de co-gestdo de
pesca), na tentativa de se avaliar os impactoslugpnoconhecimento e prover informacgdes
para uma futura exploracéo legal desse recursegiao. As amostragens se deram a bordo
de uma embarcacédo pesqueira artesanal durantecpplitemporada de pesca, que vai de
abril a dezembro. Um pesquisador foi sempre inoluddbordo para evitar a perda de
informacé&o devido ao descarte realizado pelos deses a bordo. Cinguenta espécies foram
capturadas, sendo 38 de peixes e 12 de crustéemscarte total estimado para os dois anos
analisados foi de 1kg de camardo para 5,6kg despeias os valores variaram entre 1:11,3
em 2002 e 1:2,5 em 2004. As diferencas interanuais marcantes foram observadas no
outono (1:75 em 2002 e 1:11,30 em 2004) e invefind6(em 2002 e 1:0,97 em 2004),
engquanto que durante a primavera os valores segarastmais similares (1:8 em 2002 e 1:4
em 2004). Os descartes em termos numéricos maostiarapadrao diferente, variando entre
1:2,24 em 2002 e 1:0,5 em 2004. A maior quantidielégua doce oriunda da Lagoa dos
Patos e despejada no mar durante o ano de 2002t@odentribuido para o aumento da
produtividade na zona costeira, resultando em ur@rnbiomassa de espécies estuarino-
dependentes e estuarino-residentes, sustentandomaita abundancia de espécies que
pertencem a niveis tréficos superiores, tais coaraicoros de alto nivel e predadores de

topo. No entanto, a producdo da espécie-alrteresia longinaris) foi consideravelmente
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CAPITULO 5

menor ja que essa espécie nao tolera reducbesnoradas na salinidade, o que foi causado
pela grande quantidade de chuva observada nestmigpeEm 2004 a pluviosidade foi
marcadamente menor, favorecendo a producad. tlanginaris na regido. Durante esse ano
de seca, a espécie foi dominante nas amostrase aegultou em uma taxa de descarte
bastante menor, especialmente no inverno (1:08i)geral as capturas foram compostas por
individuos juvenis, jA que a pesca é realizada era de bercario para varias espécies. O
esforco pesqueiro aplicado € baixo e altamentendigpee da abundéncia da espécie-alvo,
assim como das condi¢cdes meteorologicas. Assungundoa pesca de arrasto objetivando o
camarao-barba-ruc#\.(longinaris) na regido adjacente a Barra de Rio Grande seja@ada
somente em anos de elevada abundancia da espégiegberiodo mais indicado seria o
inverno, resultando em baixos niveis de esforcaddeas condi¢cdes climaticas e aos baixos
niveis de captura incidental. Ao contrario, se scpefor liberada durante anos de elevada
pluviosidade, a mortalidade de peixes e crustage@sis seria elevada, ja que o descarte de

peixes sem valor comercial € elevado.
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CAPITULO 6

DISTRIBUICAO E ABUNDANCIA DO CAMARAO-BARBA-RUCA ( ARTEMESIA
LONGINARIS BATE, 1888) E DO CAMARAO-SANTANA (PLEOTICUS MUELLERI
BATE, 1888) (DECAPODA:PENAEOIDEA) NO SUL DO BRASIL DURANTE A

TEMPORADA DE ARRASTO DUPLO COMERCIAL.

Artigo submetido para revista nacional: Dumont,.C.Fand D’Incao, FDistribution
and abundance of the argentineanArtemesia longinaris Bate, 1888) and red prawns
(Pleoticus muelleri Bate, 1888) (DECAPODA:PENAEOIDEA) in southern Brazl during
commercial double-rig trawl commercial fishery seasn. Nauplius.

A forma integral desse artigo encontra-se no aivéxo
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CAPITULO 6

RESUMO

Os declinios das capturas das espécies mais \alieseamardo, tais como o camarao-
rosa Farfantepenaeus paulensis e F. brasiliensis), expandiram os alvos da frota comercial de
arrasto duplo que passou a objetivar espécies éotamesia longinaris e Pleoticus muelleri.
Na intencédo de aumentar o conhecimento sobrerébdigfio e abundancia dessas espécies no
Sul do Brasil, 64 estacdes de pesca foram reakzaddongo do litoral gaicho durante a
principal temporada de pesca comercial. As amoshtoeasm coletadas com o Navio
Oceanografico Atlantico Sul em profundidades eqagavam entre 5 e 29 metros como
contribuicdo ao Projeto SALVAR.. Temperatura, sdhde e o tipo de fundo foram
importantes fatores regendo a distribuicdo Ale longinaris, que concentrou maiores
abundancias nas zonas de menor temperatura e saliiltdade associadas a ressurgéncia de
verao e sedimentos mais finé%eoticus muelleri mostrou uma distribuicdo mais homogénea,
nao evitando as areas de menor salinidade sobu&nofa do desagie da Lagoa dos Patos.
Através do método de area varrida, estimou-se gb®raassa dé\. longinaris entre as
profundidades de 10 e 20 metros foi de 3369 tomslatlirante a principal temporada de
pesca. Pleoticus muelleri apresentou menores densidades, somando um tot@52e
toneladas para a mesma faixa de profundidade. Asandas distribuicbes de frequéncia
permite concluir que os maiores individuos se cotmae em profundidades entre 15 e 20
metros para ambas as espécies. Entretanto, osdndsvmaiores dA. longinaris claramente
evitaram as areas sob influéncia do desagle daaldm® Patos. Ao contrario, se aproveitou
das areas de menor salinidade, evitadasApdonginaris, para a desova sugerindo que a

competicado por espacgo e recursos é importante esges espécies.
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CONCLUSOES GERAIS

CAPITULO 1

v' A regido controle dé\rtemesia longinaris é similar em tamanho (990pb) e é
flanqueada pelos mesmos genes (12S e tRi)NAbservados para os outros
peneideos.

v' A comparacao interespecifica da regido controleAdnginaris com outros
peneideos demonstrou a existéncia de trés regipesvariaveis, duas nos
extremos e uma central menos polimorfica.

v A comparacdo intra-especifica da regido controls as genes citocromo
oxidase e 12S permitiu concluir que a primeira ésmariavel e, portanto, mais
eficiente na identificacdo da estrutura genéticpajrilacdes para essa espécie.

v A diversidade nucleotidica estimada com base emm@stias foi baixa

(z=0,017), enquanto que a diversidade haplotipicaltaiHd=0,92).

CAPITULO 2

v" A populacdo dértemesia longinaris que habita a zona da Convergéncia Sub-
tropical (Santa Catarina e Rio Grande do Sul) ei@ ltpbita a Argentina nao
demonstraram diferencas significativas em termadist@ncia genética.

v A populacdo que habita o limite norte de distriBoic mostrou ser
significativamente diferente das demais, o que madexplicado pela distancia
geogréafica e pelo sistema oceanografico que regércalacdo na area de
distribuicdo da espécie.

v' O grau de variabilidade (diversidade nucleotididaaplotipica), assim como a
estabilidade dessas populacdes foi menor nos grgpeshabitam as areas

proximas aos limites de distribuicdo para a espécie
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A diversidade nucleotidica com base nas 69 amo&iraglativamente baixa,
enquanto que a diversidade haplotipica foi altgesndo variacées importantes

do tamanho populacional para essa espécie.

CAPITULO 3

v

Os machos deértemesia longinaris, que habitam a Zona da Convergéncia,
apresentaram um crescimento relativo em comprimenéb levemente menor
do que as fémeas dessa espécie.

Uma reducdo bem marcada na declividade das regeeskis machos entre
comprimento total e comprimento da carapaca faadatla durante o outono e o
inverno. Tal padréo poderia ser explicado tantoymoa migracéo de individuos
ou larvas vindos do sul quanto por um crescimenterahciado devido a
temperatura da agua.

Os caracteres morfométricos e meristicos utilizasthmBcaram uma maior
similaridade entre as populacbes que habitam a den&onvergéncia e a
Argentina, enquanto que a populacdo que habitacodRiJaneiro parece ser
mais diferenciada do restante.

O crescimento alométrico em peso foi observado pardos 0s sexos,
refletindo o formato alongado que a espécie aptasen

O fator de condigéo relativo mostrou variagées sne&azonais, negativamente
influenciado pelas altas temperaturas do verdo éameas salinidades no
inverno. Os maiores valores estimados para esaenpao foram observados na

primavera, concomitantemente com o principal periegprodutivo da espécie.
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CAPITULO 4

v" O esforco reprodutivo dArtemesia longinaris esta concentrado na primavera,
entretanto, outros picos menores de recrutamentiemposer observados ao
longo do ano.

v' Foi observada uma migracdo reprodutiva para prafiadés além dos 15
metros, ja que as maiores fémeas se concentramsrieébatas. O recrutamento
acontece nas regibes mais proximas da praia e eomec idade de
aproximadamente 1 més.

v O tamanho médio de primeira maturacao sexual fidinado em 16,76 mm
(CC) e é atingido a idade de aproximadamente 4snese

v' Ajustes significantes aos modelos de estoque-mnmito somente foram
observados em anos em que as condicbes ambienmtans flesfavoraveis. Esse
resultado sugere que a reducdo da biomassa despegantbinada a condicbes
ambientais desfavoraveis pode levar a sobrepeseadgamento.

v' Os principais fatores que influenciaram o recrutatmalessa espécie foram a
salinidade na época reprodutiva (B= 0,96) e a phigade no periodo de
recrutamento (B= -3,29).

v' O principal fator que influenciou o sucesso no utnento durante anos de
condicdes ambientais desfavoraveis foi o tamanhoesdmque desovante
(B=1,01), enquanto que a salinidade na época dedegdo foi o fator

preponderante nos anos favoraveis.
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CAPITULO 5

v' Cinglienta espécies foram capturadas durante a tadgde pesca artesanal de
Artemesia longinaris, sendo 38 de peixes e 12 de crustaceos.

v" A composicdo e a abundancia da fauna acompanharteuvsazonal e
anualmente, com as taxas mais altas de descaréevalas em periodos de
maior pluviosidade.

v' A taxa de descarte total, para os dois anos adaksti de 1 kg de camaréo-
barba-ruca para 5,6 kg de bycatch, variando de,3:&th 2002 a 1:1,25 em
2004. As diferencas sazonais mais marcadas foraenaxas no outono (1:75
em 2002 e 1:11,30 em 2004), inverno (1:16 em 2002097 em 2004),
enquanto que a primavera mostrou valores mais mpaxipara os dois anos
estudados (1:8 em 2002 e 1:4 em 2004).

v" A maior intensidade de chuva observada durante 208&etou em um maior
volume de agua doce oriundo da Lagoa dos Patosnulimdo a salinidade na
area de estudo e consequentemente a abundancia. denginaris.
Adicionalmente, o maior volume de aguas continerdaspejado sobre a regiao
costeira aumentou a biomassa de espécies estualdcmnadas, 0 que
aumentou a taxa de descartes.

v' Assumindo que a pescaria de arrasto artesanalwvalnjgéb o camardo-barba-ruca
seria realizada apenas em anos onde a abundaneispdaie-alvo for alta, a

temporada de pesca mais indicada seria durantesssnde inverno.
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CAPITULO 6

v' Temperatura, salinidade e o tipo de substrato enfliaram a distribuicdo de
Artemesia longinaris, que concentra as maiores densidades em areaasixde b
temperatura e elevada salinidade, associadasuagéssia de verao.

v' Pleoticus muelleri apresentou uma distribuicdo mais homogénea, nifando
as areas de menor salinidade sob a influéncia gea.dos Patos.

v' Através do uso do método de &rea varrida, um t#aB369 toneladas d&
longinaris foi estimado entre as profundidades de 10 e 20osd®leoticus
muelleri apresentou menores abundancias para a mesmaaremdo um total
de 2527 toneladas.

v A distribuicdo dos comprimentos de carapaca permddncluir que o0s
individuos maiores se concentram especialmente esrl5 e 20 metros de

profundidade.
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A identificacdo dos estoques d&temesia longinaris ao longo da sua éarea de
distribuicdo sugere que exista uma estrutura pojmurial significativa, de maneira que o0s
grupos que habitam as regides mais ao sul apresem@ores similaridades em termos
genéticos e morfométricos. Dessa forma, futuradiespdes de estoque devem levar em
consideracao esse fato e, portanto, cada um doguest deveria receber uma avaliacédo
individual, especialmente no que diz respeito gsulagdes habitando o litoral brasileiro.
Embora o estoque de longinaris que habita o sul do Brasil apresente maiores aiitiddes
com o0 que se encontra no litoral argentino, issosignifica que aquela populagcéo apresente
0S mesmos parametros populacionais, tais comoimresio, mortalidade e reproducdo, mas
que provavelmente larvas e/ou adultos migrem damtnga até a costa do Rio Grande do Sul
durante os meses de outono e inverno.

Como discutido anteriormente nesse trabalho, oritbmanédio de primeira maturacéo
apresenta variacdes latitudinais importantes deciteque esse parametro tende a diminuir
com a diminuicdo da latitude. As variacdes no tdroamédio de primeira maturacao sao,
muito provavelmente, reflexo das diferencas na &atpra da agua em que esses grupos
populacionais vivem. A temperatura da agua € dedgramportancia para a distribuicdo e
reproducdo da espécie, atuando também no desemeoid ontogenético, especialmente dos
machos. Além das variaveis morfométricas usadasyractere meristico usado (numero de
dentes no rostro) seguiu o padréo esperado paeewiiés faixas de temperatura. O maior
namero de dentes no rostro foi observado na Anggntinde a temperatura da agua € mais
baixa, enquanto que a menor média para essa doaestimada na populacdo que habita o
limite norte de distribuicdo (Rio de Janeiro). Mfeeratura também influenciou diretamente
na distribuicdo da espécie, que procura areas guaisamais frias, especialmente durante a

temporada de pesca comercial. Durante o verdo,péciesapresentou uma distribuicao
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relacionada a ressurgéncia de plataforma que amomis freqlientemente durante esse
periodo.

A salinidade também foi um fator preponderanteinbbbia da espécie, influenciando o
sucesso reprodutivo, a abundancia e a distribud@® individuos no sul do Brasil. A
salinidade € um dos fatores mais importantes paegraducédo dessa espécie, aumentando o
sucesso da reproducdo. Em geral, as fémeas realimanmigracao reprodutiva para as areas
relativamente mais profundas entre 15 e 20 matiss;ando areas mais afastadas do desague
da Lagoa dos Patos. No entanto, em anos de bdiradade durante a primavera, quando
acontece a principal temporada reprodutiva, a bésmalesovante se torna um dos fatores
principais no sucesso reprodutivo. A baixa salideddaambém diminui a abundancia da
espécie como um todo, na area sob a influénciaadad_dos Patos, o que se reflete também
nas taxas de captura acidental. O maior desaguervalo® durante o ano de maior
pluviosidade diminuiu a salinidade na regido coat@djacente, estendendo o habitat de
diversas espécies que tém seus ciclos de vidaaetatos ao estuario e consequientemente
aumentando a captura incidental do camaréo-bagza-@om base nessa conclusédo sugere-se
que periodos de defeso deveriam ser implementaglasppeservar o estoque desovante no
sul do Brasil.

Como sugestdo de manejo para a pesca comerciafragoaduplo propde-se um
periodo de defeso de no minimo dois meses entubrue novembro, preservando assim o
estoque desovante durante a principal temporadeodefiva. O rendimento maximo
sustentavel sugerido na literatura parece ser dadsasente alto, jA que o0s niveis de
biomassa estimados durante o verao sugerem quedakeporcentagens da biomassa total séo
removidas pela pesca. Dessa forma sugere-se uniaudi&o no esforco de pesca aplicado
sobre o estoque habitando o litoral do Rio Gramulé&dl. O dano causado pelo esforgco de

pesca elevado se torna ainda mais grave devidpade distribuicdo do mesmo, que tende a
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ser concentrado nos pontos de maxima densidadgpdaie-alvo. A espécie apresentou uma
distribuicdo bastante agrupada, concentrando grpade da biomassa em uma pequena
fracdo da area estudada. Isso a torna mais sussegiesforco de pesca dos arrasteiros, que
possuentry nets e reduzem significativamente o tempo de procutaspmaiores manchas.
Adicionalmente, algumas areas de pesca poderianex&tuidas, ja que concentram altas
densidades de fémeas reprodutivas e, portantofrdeseareas de desova.

Com relacdo ao manejo da pesca artesanal, o esfengesca néo parece ser excessivo,
ja que as embarcacfes sdo de pequeno porte e cturesnde baixa poténcia. Além disso, a
operacao desses barcos na zona costeira € altatiepetedente das condicdes climaticas, e a
possibilidade de capturar o camardo-barba-ruca sgenas em poucos dias apds a passagem
de frentes frias, as quais eles associam as maimw@sdancias. Dessa forma, sugere-se a
permissao do arrasto artesanal para o camardo-hagdalurante o inverno, ja que durante
esse periodo a abundéancia da espécie-alvo é altzaptura incidental baixa, assim como o

esforco, que é limitado pelas condi¢cbes atmostrica
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Abstract

The argentinean praw(Artemesia longinaris) is an endemic penaeid prawn from
Southwestern Atlantic, commercially exploited fréagentina (Puerto Rawsor21°37°S) to
Southeastern Brazil (Rio de Janeird300’S). Molecular markers, such as mtDNA control
region have been recently used to elucidate pdpuolastructure of penaeid prawns
worldwide. Suitability of mtDNA control region (CRdf the argentinean prawn as a
molecular marker at population level was tested ambvel set of primers to amplify this
region is provided. Primers were rooted in flankgenes of the control region that showed
same order (12S at 5’and tRIfAat 3') as reported for other penaeid prawns. TheoER
longinaris is 990bp long, presenting two hypervariable regiamh the 5’and 3’extremeties
(more variable), and a central one that showed pesgmorphism. In addition, an internal
primer set to amplify approximately 800bp of 5'&xtre of CR, including the hypervariable
region |, is provided to resolve population struetuComparison of CR with cytochrome
oxydase (COIl) and 12S showed that the former gemsepts lower polymorphism.
Nucleotide diversity estimated for CR was low=0.017), and haplotype diversity high
(Hd=0.92), but within the values suggested for theilfanPreliminaryFst values suggested
that populations inhabiting extremes of distribnt&how less genetic interchange. Briefly, we
managed to confirm the suitability of CR hypervhaka regions ofA. longinaris as a
molecular marker to resolve population structurd.dbnginaris.

KEYWORDS: Artemesia longinaris, stock identification, mtDNA, control region, ATeh
region.
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Introduction

Artemesia longinaris is an endemic penaeid prawn, distributed from Atiga (Puerto
Rawson -43°00’S) to Southeastern Brazil (Rio de Janeird1¥37’S) (D'Incao, 1999). Its
life cycle does not demand an estuarine phasethieutecruits migrate to shallower marine
waters during grow out phase and females move &patewaters for spawning (Boschi,
1969; Castillo et al., 2007; Dumont & D Incaopmitted).

Unlike many other penaeid fisheriasg; Farfantepenaeus duorarum, F. paulensis, F.
brasiliensis), landings ofA. longinaris have been recently increased (D’Incao et al., 2002
Navarrete et al., 1995), despite of great interahwmariability, mainly caused by environment
effects. Landings oA. longinaris in Brazil have grown since 90’s achieving a maximu
value of 7,424 tons in 2003 (Univali, 2004), remgtin the second more profitable prawn
fishery in Southern and Southeastern Brazil (Pez2@01). Thus, molecular investigations
would provide relevant information ¢k longinaris stock structure in Southwestern Atlantic.

The use of mtDNA to identify stock or populatiomusture has proved to be a useful
tool for population genetic studies of many temiaktand aquatic organisms (Avise, 1994).
Two portions of mMDNA can be especially useful applation level investigations, the
cytochrome oxydase (COI) and control region (CRag¢dne et al.,, 1996). The control
region, which is also known as the AT-rich regialmes not code for a functional gene.
Therefore, it is under fewer functional and struakiconstraints, leading to a high average
substitution rate (Saccone et al.,, 1987). It isallguthe fastest evolving region in the
mitochondrial genome of either vertebrates or itelmates, and consequently more sensitive
than protein loci as a marker of phylogeographiacstiring of many organisms (Caccone et
al., 1996; Avise, 2000).

Due to these traits, the CR is of special utilioy phylogeographic analysis over

extreme microevolutionary time scales, which ofsdrows an exceptionally fast pace of
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nucleotide substitution and high level of intraspeg@olymorphism (McMillan and Palumbi,
1995). The aim of this paper is to explore the pid use of control region d&. longinaris
as a molecular marker in order to characterizeqgedgraphic patterns of this species.
Material and Methods
Sampling strategy, preservation and DNA extraction
Samples were collected across the distribution afé@alonginaris, from Argentina to
Rio de Janeiro in sprin and were arbitrarily diwlda three different stocks: Rio de Janeiro
(RJ- 2£37'S), Convergence Zone (CZ-%®®’'S and 284'S) and Argentina (AR) (Figurel).

Three sequences from each region were used tosamesuitability of CR as a molecular

marker.
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Figure 1. Southwestern Atlantic Ocean and distiloutange ofA. longinaris (black solid
line). Black dots indicate sites where samples vodtained, from Mar del Plata (Argentina,
AR) Rio Grande do Sul (Brazil, CZ) and Macaé (BlraD).
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Muscle samples from pereiopods and tail were c@tkcfixed in ethanol 95% and
stored at 4°C. DNA was extracted using a phenakofibrm-isoamyl alcohol (25:24:1)
extraction of sodium dodecysulfate (SDS) - protetn& digested tissue of each individual
(Sambrook and Maniatis, 1989). DNA was isolated 190% ethanol precipitation and

visualized by gel electrophoresis to check theiguahd amount obtained.

Design of mitochondrial control region primers

Universal control region primers and other primgesigned to amplify partial or the
entire control region of penaeid prawns were testéth no success (Chu et al., 2003;
MacMillen-Jackson and Bert, 2003; Grabowski et 2004). Non-amplification or yield of a
large number of nonspecific fragments and unsubwbssoptimization of amplification
conditions led to the necessity of designing spepifimer sets foA. longinaris.

First set of oligonucleotide primers were designadnore conserved genes that flank
the penaeid prawns control region (Figure 2) andevisased on a consensus alignment of
Penaeus monodon (GenBank accession number NC002184; Wilson et 2a000),
Mar supenaeus japonicus (GenBank accession number AP00634&mauchi et al., 2005) and
Penaeus notialis (GenBank accession number X84350; Garcia-Machada.el999). The
next primer sets used were designed basell tomginaris sequences.

The forward primer (12Sa-F) was rooted in the beigio (5 end of 12S) of the small
subunit ribosomal RNA gene (SSU rRNA — 12S, positid209 ofP. monodon mtDNA) and
the reverse (ILE3a-R) in the isoleucine transferARERNA"®, position 7 ofP. monodon
MtDNA ) gene (Figure 2). The second set of prinf2&Sb-F and ILE3b-R) was positioned in
the middle of 12S gene (position 14596Rofmonodon mtDNA) and inside the CR (position
15945 ofP. monodon mtDNA). Third set of primers (12Sc-F and ILE3ciRas positioned in

the 5" flank of CR (position 14988 Bf monodon mtDNA) and inside the CR (position 15310
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of P. monodon mtDNA. Primer-dimmer, secondary structure and Gp&lcentage were
checked by using PRIMERS software online (RozenSkaletsky, 2000) (Figure 2).

The first set of primers managed to amplify a fragmof 1.8 kb, including
approximately 90% of the 12S gene and the entire T more primer walking steps have
been performed to obtain more reliable sequenca® fthe entire fragment. In order to
establish a variation reference point, we amplifeed).7kb fragment from COI region
(HCO/LCO) (Folmer et al., 1994). Additionally, amerspecific comparison of 12S was also
performed to test suitability of this gene for pgénetic analysis in penaeid prawns. Primer
oligonucleotides and their position iR. monodon MtDNA entire genome (GenBank

accession number NC002184; Wilson et al., 2000pereided in table |.

mp 125a-F  wp 125b-F  wp 125¢c-F tRNA-lle3
72 bp SSU rRNA Penaeidae mtDNA control region 68 bp
852 bp 990 bp
tRNA-Val ILE3c-R 4@  ILE3b-R @ ILE3a-R 4

Figure 2. Primer positions used for partial amgéifion of 12S mtDNA and the entire control
region of A. longinaris. Diagram also shows the position of flanking gesasrounding

control region.

Table I. Primer sets used fét longinaris mtDNA amplification, including oligonucleotide
sequences, gene location and primer position bas&d monodon sequences. *nr= position
not reported

Primer name Oligonucleotide sequences Gene location Primer position (bp)
12Sa-F 5'-AGCGACGGGCGATGTGTTACAT- 3° SSU rRNA 14209

ILE3a-R 5-GATAATCCTTTTTCAGGCAGN- 3° tRNA-lle 7

12Sb-F 5" -GTGTAACAGGGTATCTAATC- 3° SSU rRNA 14596

ILE3b-R 5-GAGGGGTCGCCAGAAACAAA- 3° CR 15945

12Sc-F 5° -GAATCAAGCCAGAATAAAAC- 3° SSU rRNA 14988

ILE3c-R 5 -GTTGTATGCATTTAGTTAATT- 3" CR 15310

HCO 5-TAAACTTCAGGGTGACCAAAA-3’ COl nr

LCO 5'-GTCAACAAATCAGGGTGACCAAAA- 3° COl nr
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Amplification, purification of PCR products and sequencing

Amplification reactions were conducted using an lggp Biosystems PCR machine
and each 20 pl of PCR contained 1ul of DNA templat® pl of 10x buffer (with 15 mM of
MgCl,), 0.2 pl of NTP (20 mM), 0.5 pl of Mge(15 mM), 3.0 ul of Q-solution (Qiagen),
0.2 ul of each primer (100 pM), 0.5 ul of Tag DNAlymerase (5U/ul) and sterile HPLC-
grade water. The cycle conditions were 13®4or 1 minute, 9%C for 10 seconds, 86 for 1
minute (12Sa-F/ILE3a-R), 88 for 1:50 minutes and finally 5 minutes af §80x). Twenty
five cycles more were carried out under the sanmelitions, except by the 10 seconds added
after extension time at each cycle. This strate@gg \@adopted to compensate the loss of
synthesizing ability of polymerase through the egcWwhen amplifying long products.

Annealing temperature used to amplify 1.3 kb witle second primer set (12Sb-
F/ILE3b-R), was 48% for 1 minute and an elongation time of 1:30 misuat 68C, also
adding 10 seconds of extension time at each cyaet primer walking step amplified
approximately 0.3kb at the 5° extremity of CR (aalimg) temperature 8€), in such a way
that the entire CR was entirely covered.

Internal primers (12Sc-F/ILE3b-R) were used to afp@pproximately 0.8kb (709bp
were effectively analyzed) of CR, including the bBgyariable region at 5 extreme, in attempt
to test the suitability of CR as a genetic markerX. longinaris. Annealing temperature used
with this set of primers was 82. A total of nine individuals were sequenced fardspecific
comparison of CR polymorphism and confronted touseges obtained from cytochrome
oxydase gene (700bp fragment length, 544bp weeetafely analyzed) (Table I). Annealing
temperature used to amplify COI region wa$@&0

The PCR products were checked for correct sizeaamalint of DNA on 1.0% agarose
gel. Products were then purified by using PCR maifon kit (Qiaquick™ PCR Purification

Kit, Qiagen, Inc.) to remove excess nucleotides pnithers as well as concentrate PCR
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products. The purified double-stranded amplificagoroducts were used as template DNA in
sequencing reactions. Cycle-sequencing was pertbusig the ABI Prism BigDye Ready
Mix (Applied Biosystems) and all PCR products wseguenced in both forward and reverse
directions.

Sequence alignment, phylogenetic and phylogeographic analysis

Homologous nucleotide sequences from all samplee agned using the program
CLUSTAL W included in BIOEDIT (Hall, 1999) and refed when necessary. All the
sequences are reported for the first timeAofonginaris and were submitted to GenBank
database (National Center of Biotechnology Inforomgt Estimates of nucleotide diversity
(z), haplotype diversity Hd) and preliminaryFst distances between CR sequences were
estimated by using Arlequim 3.1 (Schneider et 2006). Kimura 2-parameter, used in
interspecific comparison of 12S, substitution radésswell as nucleotide composition was
estimated through the software MEGA (Tamura e2807).

Results

Inter especific comparison of 12S

We were able to sequence approximately 90% of tlextBemity of 12S gene (764 of
852bp, 400bp were effectively analyzed) as welhasentire CR (990bp). ComparisonAof
longinaris 12S withP. mondon andM. japonicus resulted in 2.5% (10/400bp) of polymorphic
sites §%), an average number of differencé&p ¢f 7.66 (x2.55) and nucleotide diversity) (
of 0.0196 (+0.00004).

Nucleotide composition in 12S gene was 36.43% 38%5)44% (T), 17.84% (C) and
10.30% (G). Kimura 2-parameter, based on 12S aknrbetween three differeRenaeidae
genera Penaeus, Marsupenaeus and Artemesia), varied from 0.197 Nlarsupenaeus and

Penaeus) to 0.256 Artemesia andPenaeus).
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Interspecificalignmen of the entire CR sequence with monodon andM. japonicus
showed threehypervariable regiol, two at extremes and one centrdhe hypervariabl
region (l)extends from the 5° extremity for approximat30Qop. The hypervariable regior
is followed by a more conserved regiohat stretches fomapproximately100bp. This
conserved area is followed ta central hypervariable domain )(liwhich presents lower
variation ratesThe central domain is followed by another shortsewsmwed stretctAt the end
of this conserved regiompne more hypervariable region is presdiit), similar to the
hypervariable region | in terms of variation ri, that endsconcurrently with the contre

region (Figure 3).
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Figure 3 Variation in nucleotide diversi (Pi) along the 990bp gbenaeir control region.
Three hypervariable regions were obse (HI, HIl and HIll), agreeing with previou
penaeid prawns CR sequenc«Comparison was made betwe#mee different Penaeid

generaPenaeus, Artemesia andMar supenaeus).

Intraspecific comparison of control region (CR) and cytochrome oxydase (COI)

Intrapopulation analysis showed that percentage of potghic sites S%) estimated

for CR was 6.9% (49/709bphaplotype diversityHd) found was 0.83<02>0.98, nucleotide
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diversity ) 0.017 (£0.0009) and average number of differen&gsl2.09 (x0.367). The
nucleotide composition was 42.49% (A), 45.61% {179% (C) and 4.11% (G).

The COI gene showed lower percentage of polymorghes (1.28% or 7/544bp),
haplotype diversity Hd=0.38<0.77>0.94), nucleotide diversity=0.006+0.000001) as well
as lower average number of differences (k= 3.5530tBan CR (Table I1).The nucleotide

composition was 28.31% (A), 30.51% (T), 22.06% &69 19.12% (G).

Table Il. Summary of intra-population comparisoriween control region (CR) and
cytochrome oxydase (COI) and gene, containing feagmlength (bp), percentage of
polymorphic sites $46), haplotype diversity Hd), nucleotide diversity ) and A+T
composition obtained fromrtemesia longinaris. Estimates were based on nine individuals

sampled along distribution area.

Amplified fragment CR CoOl

Fragment length (bp) 709 544
Percentage of polymorphic site®/4) 6.91 1.28
Haplotype diversityid) 0.92 0.77
Nucleotide diversity) 0.017 0.006
Nucleotide composition (A+T%) 88.1 58.82

Since CR showed more suitability to resolve poparastructure than 12S and COI,
preliminary Fst distances were estimated based on these geneltsResuealed that
populations inhabiting the Convergence ZoB&)(and Argentinean waters are more closely
related Fst=-0.02). Highesfst value was observed between the populations inhghtibe
extremes of distribution are&g= 0.043). Additionally, thd-st distance between CZ and RJ

population was 0.023.
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Discussion

I nter especific comparison of 12S

The metazoan mitochondrial genome is a circulagbtstranded DNA molecule
that is highly variable in DNA sequence but conaswe in gene content and order
(Wolstenholme 1992). Sequencing of CR and partdgcent flanking genes confirmed this
hypothesis, since gene size and order are identia&ported folP. monodon (Wilson et al.,
2000), P. natialis (Garcia-Machado et al., 1999) aht japonicus (Yamauchi et al., 2005).
Same gene order was also observed for the loBaterirus argus (Diniz et al., 2005).

The nucleotide composition, observed in partialusege from 12S gene dA
longinaris, was in agreement with values observed for otlesapid mtDNA, such as giant
tiger prawnP. monodon (A+T= 70.6%; G+C= 29%) (Wilson et al., 2000). Tiias in favor
of A+T has also been observed for other arthropedddNA sequences (Simon et al., 1994),
which is in accordance with data obtained.

Comparison between 12S and CR sequences polymormhesarly demonstrates that
the second gene greatly increases the number afmative characters and the resolution
power in population analysis (Chu et al., 2003). t&m other hand, 12S gene shows a good
potential to be used in phylogenetic analysis,aatilfy and species level, as suggested by
previous investigations (Taylor et al., 1996). $amKimura 2-distances were observed when
using 16S and COI genes to elucidate penaeids géylo(Lavery et al., 2004). For instance,
distance estimated betweknopenaeus andMelicertus was 0.135, while the average distance
estimated within the subgenus was 0.111 (Lavest.e2004). Similar distances observed in
comparison with previous resulte.d. Lavery et al., 2004) and reduced polymorphism
suggest the potential use of 12S sequences todateciphylogenetic relationships in
crustaceans. It is important to point out tiatlonginaris is an endemic species from

Southwestern Atlantic and has never been includgaenaeid prawn phylogenetic analysis.
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Therefore, the information regarded on suitableegefor this kind of investigation is
important to help resolving phylogeny of penaeidugr, which is still controversial to date
(Lavery et al., 2004).

Intraspecific comparison of control region and cytochrome oxydase

The mtDNA is widely known as a polymorphic markévice, 1994); however,
control region can be even more variable and tbesehas been successfully used to detect
population structure in most different phyla, frommmmals (Lau et al., 1998; Nagata et al.,
1998) to invertebrates (Duran et al.,, 2004). Sequegnof AT-rich region has also been
widely used as an effective marker for populatitrd®s in crustaceans as whole (Diniz et
al., 2005), but especially in prawn studies (seazie 2000 for a review; Chu et al., 2003,
McMillen-Jackson and Bert, 2003, Grabowski et2004).

The amount of polymorphic sites observed among specimens (three different
populations) ofA. longinaris alignment was 6.91%, which is close to lower lim#lues
suggested by Benzie (2000) for penaeid prawns mgnigom 2.2% to 33%. It is important to
point out that low sampling numbers may have a#fédhis estimate, but nevertheless very
low percentage of polymorphic sites is occurringAinonginaris. Nucleotide diversity was
also low =0.017) and subject to sampling numbers, but withalues suggested for the
group, that range from 0.058 i monodon from Indonesia to 0.002 in Western Australia
(Benzie, 2000). Conversely, haplotype diversity viggh (0.83<0.92>0.98) but within the
estimated in recent investigations on mtDNA contegion for penaeid prawns (McMillen-
Jackson and Bert, 2003). Low nucleotide diversdgnbined to high haplotype diversity has
frequently been attributed to expansion after aodeof small effective population size,
retaining new mutations (Avise et al., 1984).

The A+T composition is known to be high in CR, dsserved forA. longinaris

(87.1% A+T) and other penaeid prawns suchPasmonodon (81.5% A+T). The A+T
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percentage values observed forlonginaris control region were within values observed in
insect genomes (86% - 96% A+T), but higher thasehia some crustaceans suclhaemia
fransiscana (68% A+T) andDaphnia pullex (67.1%) (Wilson et al., 2000).

The COI region showed lower polymorphism than CRervimtraspecific comparison
was performed. This observation is in agreemenh \pievious investigations concerning
variation levels comparison between these two ganeenaeids (Chu et al., 2003). Despite
of lower polymorphic levels observed in COI gerteisistill may be used to elucidafe
longinaris phylogeography, since variation observed was emarkably lower than CR.

In conclusion, present investigation provides maads of primers to amplify the
entire CR ofA. longinaris, as well as internal primers capable of resolvpapulation
structure of this species. Additionally, prelimipafst distances showed that AR and CZ
populations are more closely related, which is sui@dl by shorter geographical distance
separating them, as well as circulation patternaar shore Southwestern Atlantic (Piola et
al., 2004).
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Abstract

Growing interest of commercial double-rig trawlens the argentinean prawn
(Artemesia longinaris due to recent remarkable landings, create a neednew
investigations on stock structure of this specfatemesia longinariss an endemic penaeid
prawn, distributed from Argentina (Puerto RawsdhLQSTS) to Southeastern Brazil (Rio de
Janeiro 43°00’S) and its population structure was investigatedéyuencing approximately
700bp of the A+T-rich region of mtDNA. Sixty ninecuences from four different sites were
analyzed, including Rio de Janeiro {21'S), Rio Grande do Sul (320'S), Santa Catarina
(26°54'S) and Mar del Plata (396’S). Nucleotide diversitys) ranged from 0.025 to 0.039
and lower values were observed in sites closeda@xtreme limits of distribution. Haplotype
diversity ranged from 0.90 to 0.95 and followed shene pattern of lower values in sites close
to distribution limits. Only two haplotypes wereasbd between different sites and were
found in nearest populations (Rio Grande do Sul$awta Catarina). Investigation based on
control region sequencing suggests significant [ajon structuring forA. longinaris The
Fst distances showed higher genetic flow between Angan(Mar del Plata) and
Convergence Zone (Rio Grande do Sul and Santai@atgfst= 0.04, p=0.18), while Rio de
Janeiro population, located at northernmost distiaim limit, was significantly different from
the othersKst= 0.07, p= 0.03 when compared with Convergence Amaé-st= 0.11, p= 0.01
when compared with Argentina). Results obtained emérely supported by geographic
distances separating populations, as well as ogeaploic currents of near shore
Southwestern Atlantic, that present seasonal expasmand retractions providing an effective
mechanism for dispersal between southern populatidvismatch analysis indicated
significant lack of stability for populations close distribution limits. Population inhabiting

the Convergence Zone did not differ significantignh normal the distribution, but presented
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a wavy pattern in the distribution of pairwise gemelifferences, also indicating frequent

oscillation in size.

Introduction

Artemesia longinariss an endemic penaeid prawn, distributed from Atiga (Puerto
Rawson 43009 to Southeastern Brazil (Rio de Janei®1°379. With decreasing yields
of traditional pink prawn Karfantepenaeus paulens@&nd Farfantepenaeus brasiliengis
fishery, alternative species became attractivdistiermen, who diverted the fishing effort to
species such a#é. longinaris Litopeaeus schmittiXiphopenaeus kroyerand Pleoticus
muelleri (D'Incao et al., 2002). Its life cycle do not demaan estuarine phase, but the
recruits migrate to shallow marine waters duringwgout phase and females move to deeper
waters for spawning (Boschi, 1969; Castillo et2007).

Stock identification has been previously perform®sd using morphological traits
(Nascimento, 1981, 1983; Dumont and D’Incgaanuscripf and allozyme variation (Weber
et al., 1993). However, conflicting results werdamed from previous population structure
analysis, which may be related to the low resofutid both methods applied (Begg and
Waldman, 1999; Benzie, 2000). Besides, both ingastins were restricted to Southern
Brazil (Nascimento, 1981; 1983) or to Southern Brand Argentina, not including
population inhabiting northern limit of distributio

The existence of genetically differentiated subpaipons presents problems from the
scientific and fishery management points of viewgs different gene pools should be treated
separately in research as well as management pflester, 1979; Begg and Waldman,
1999). Additionally, population depletion, causeddverfishing, may result in loss of total
genetic pool of a species (Smith et al., 1991).rdloee, the importance of understanding

population structure of exploited stocks, includpenaeid prawns (Benzie, 2000; Chu et al.,

76



2003, McMillen-Jackson and Bert, 2003, Grabowskilet2004; Ward et al., 2006), has been
extensively discussed in literature (Begg et &#9% Waldman, 1999; Stephenson, 1999).

Penaeid prawns are outbreeders with very high gur{Gulland and Rotschild,
1981) and larvae take advantage of the currentmigpate to nursery grounds, which are
usually represented by estuaries, bays and mahakow waters (Dall et al., 1990). The
expected pattern is therefore, that species wigh liispersal potentiak(g. planktotrophic
larvae) have little genetic structuring and higmeedlow in the absence of significant
geographical barriers (Palumbi and Wilson, 1990¢sba, 1992; Benzie, 2000, Palumbi,
2003).

The use of mtDNA to identify stock or populatiomusture has proved to be a useful
tool for population genetic studies of many temiaktand aquatic organisms (Avise, 1994).
Two portions of mMtDNA can be especially useful applation level investigations, the
cytochrome oxydase | (COI) and control region (@©aecet al., 1996). Little is known about
the structure and evolution of marine invertebrat@sochondrial control region, but in
prawns it is believed to be divided into 3 polymugodomains, set apart by two stretches
with lower intraspecific variability (Grabowski argtuck, 1999).

The peripheral segments, adjacent to flanking @pdegions, are highly polymorphic,
presenting a higher base substitution rate thanctdrdral domain and therefore named
hypervariable region, used as genetic marker fgujadion studies (Grabowski & Stuck,
1999; Grabowski et al., 2004). Due to these tr#its,control region sequencing is of special
utility for phylogeographic analysis, and has bestensively used to resolve population
structuring of penaeid prawns worldwide (BenzieQ@0Chu et al., 2003, McMillen-Jackson
and Bert, 2003, Grabowski et al., 2004).

Present investigation aims to elucidate populatsbructure of A. longinaris in

Southwestern Atlantic Ocean by using mtDNA contsglion sequencing, in order to provide
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novel information on genetic interchange betwe@cks, as well as to generate knowledge

capable of helping in management of this species.

Material and Methods

Sampling strategy, preservation and DNA extraction

Sixty nine samples were collected from four sitésn@ distribution area ofA.
longinaris from Argentina to Southeastern Brazil and wertgailty divided in four different
stocks: Rio de Janeiro (RJ, n= 21), Rio Grande do(BS, n= 15), Santa Catarina (SC, n=
15) and Argentina (AR, n= 18) (Figurel). Prawn sk®prom Rio de Janeiro were obtained
from otter-trawl fishery off the coast of Macaé {81'S) at northern limit of distribution.
(D’Incao, 1999). Sampling of population inhabitiaguthern limit was also based on prawn
fishery, performed off Mar del Plata (56’'S) and Bahia Blanca (384'S). Samples from
Rio Grande do Sul (320'S) were obtained during scientific cruises ondoaf LOc. Larus
(University of Rio Grande) and from Santa Cataromdoard of the vessel N.P. Soloncy
Moura (IBAMA-CEPSUL) off the coast of Itajai (254'S).

Sampling regime was designed to test broad andgametic interchange across the
distribution range oA. longinaris Significant differences between populations wested by
using two grouping patterns. Initially, comparisasas performed between the four sites
sampled. Additionally, sites located in southera@lr(RS and SC) were pooled together and

treated as a single group named Convergence Zdf)e (C
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Figure 1. Southwestern Atlantic Ocean, highlightitigtribution range oA. longinaris(black
line) from Rio de Janeiro to Argentina. Samplesemaken from Mar de Plata (Argentina-
AR), Rio Grande (Brazil-RS), Itajai (Brazil-SC) akthcaé (Brazil-RJ).

Muscle samples from pereiopods and tail were ctecfixed in ethanol 95% and
stored at 4°C. DNA was extracted using a phenaofibrm-isoamyl alcohol (25:24:1)
extraction of sodium dodecysulfate (SDS) - protetn& digested tissue of each individual
(Sambrook and Maniatis, 1989). DNA was isolated 180% ethanol precipitation and
visualized by gel electrophoresis to check theiguahd amount obtained.

Control region amplification, purification of PCRquucts and sequencing

Amplification reactions were conducted using an Wgzp Biosystems PCR machine
and each 20 pl of PCR contained 1ul of DNA templai®g pl of 10x buffer (with 15 mM of

MgCl,), 0.2 pl of dNTP (20 mM), 0.5 pl of Mgg(15 mM), 3.0 ul of Q-solution (Qiag&
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0.2 pl of each primer (100 pM), 0.5 ul of Tag DNAlymerase (5U/ul) and sterile HPLC-
grade water. Internal primers (12Sc-F/ILE3b-R) wesed to amplify approximately 0.8kb of
CR (709bp were effectively analyzed), including thgervariable region at 5° extremity of
control region. Forward oligonucleotide primer segce used was (12Sc-F): 5'-
GAATCAAGCCAGAATAAAAC-3° and reverse (ILE3b-R) 5-
GAGGGGTCGCCAGAAACAAA- 3" (Dumont et almanuscrip}.

The cycle conditions were 1 minute af@494C for 10 seconds, 6C for 1 minute,
68°C for 1:50 minutes (35x) and finally 5 minutes &8?.6rhe PCR products were checked for
correct size and amount of DNA on 1.0% agaroseRyelducts were then purified by using
PCR purification kit (Qiaquick™ PCR Purification tKiQiagen, Inc.) to remove excess
nucleotides and primers as well as concentrate pilORucts. The purified double-stranded
amplification products were used as template DNAaguencing reactions. Cycle-sequencing
was performed using the ABI Prism BigDye Ready Nyplied Biosystems) and all PCR
products were sequenced in both forward and revirsetions.

Sequence alignment and phylogeographic analysis

Homologous nucleotide sequences from all samples akgned using the program
CLUSTAL W included in BIOEDIT (Hall, 1999) and refed when necessary. Most frequent
haplotype sequences were submitted to GenBank aksaliNational Center of for
Biotechnology Information).

Analyses were performed in Arlequin 3.1 softwarrddfier et al., 2006). Nucleotide
composition and estimates of sequence diversith s nucleotide diversity(), haplotype
diversity Hd), number of transversions and transitions and rmumbpolymorphic sites were
obtained. Tajima’s D (Tajima, 1989) was calculaiedest for selective neutrality of samples.
Measures of genetic distance (standked and Slatkin linearizedrst) were used to test

significant differences between populations andp#oform Mantel's test of isolation by
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distance (Mantel, 1967). This analysis was usedstomate the significance of correlation
between pairwise genetic distance among sample s#ieg Slatkin’s linearizeBst and the
logio straight line of geographic distance among slteas squared procedure was used to fit
genetic differences to geographical distances.eRatf isolation by distance is accepted
when significant correlation between genetic ddfdration and geographical distance is
obtained (Hurwood et al., 2005). Mismatch, or derapbic analysis, was used to assess
stability of populations over time. This method ddifferentiate from populations that have
remained stable and those that have experiencemtrexpansions or retractions (Rogers,
1995).

Results

A total of 69 argentinean prawns were sequenced7@® nucleotides. The A+T
composition ranged from 87.7% in Rio de Janeirg (R87.56% in Rio Grande do Sul (RS).
The transition/transversion rate was similar in gapons from SC, RS and AR, while RJ
presented a different pattern. Haplotype divergiigl), nucleotide diversity n), average
number of differencexk) and percentage of polymorphic sit& \fere higher in SC and RS,
with both limits of distribution for the speciesJRnd AR) presenting lower values for this
parameter (Table I). Only populations from SC anfl Bhared common haplotypes (2

haplotypes), while all the others were populatipaesfic (Table II).
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Table I. Summary of genetic diversity &f longinaris control region sequences obtained
across its distribution area, including number minsitions and transversions, number of
polymorphic sites ), percentage of A+T nucleotides, haplotype divgréid), nucleotide

diversity r) and average number of pairwise differendgsRJ= Rio de Janeiro, SC= Santa

Catarina, RS= Rio Grande do Sul, AR= Argentina. I[darm within brackets represent sample

sizes at each site.

RJ(21) SC(15) RS(15) AR(18)

Number of transitions 39 37 40 31
Number of transversions 9 14 13 15
Number of polymorphic sitess( 44 48 50 42
A+T % 87.70 87.57 87.56 87.59
Haplotype diversityKld) 0.88 0.93 0.96 0.91
Nucleotide diversity+) 0.019 0.028 0.023 0.020
Average number of differencelg) ( 13.79 20.00 16.47 14.70
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Table II. Frequency distribution of control regibaplotypes among. longinarispopulations
from four different sites sampled for populationusture analysis in Southwestern Atlantic.
RJ= Rio de Janeiro, SC= Santa Catarina, RS= Rioderdo Sul, AR= Argentina. Numbers

within brackets represent sample sizes at each site

Haplotype RJ (21) AR (18) RS (15) SC (15Haplotype RJ(21) AR (18) RS (15) SC (15)

1 4.76 0.00 0.00 0.00 28 9.52 0.00 0.00 0.00
2 4.76 0.00 0.00 0.00 29 9.52 0.00 0.00 0.00
3 4.76 0.00 0.00 0.00 30 4.76 0.00 0.00 0.00
4 4.76 0.00 0.00 0.00 31 4.76 0.00 0.00 0.00
5 9.52 0.00 0.00 0.00 32 4.76 0.00 0.00 0.00
6 9.52 0.00 0.00 0.00 33 0.00 5.56 0.00 0.00
7 4.76 0.00 0.00 0.00 34 0.00 5.56 0.00 0.00
8 4.76 0.00 0.00 0.00 35 0.00 1111 0.00 0.00
9 4.76 0.00 0.00 0.00 36 0.00 1111 0.00 0.00
10 0.00 5.56 0.00 0.00 37 0.00 5.56 0.00 0.00
11 0.00 5.56 0.00 0.00 38 0.00 0.00 0.00 6.67
12 0.00 1111 0.00 0.00 39 0.00 0.00 6.67 0.00
13 0.00 1111 0.00 0.00 40 0.00 0.00 6.67 0.00
14 0.00 5.56 0.00 0.00 41 0.00 0.00 6.67 0.00
15 0.00 5.56 6.67 0.00 42 0.00 0.00 6.67 0.00
16 0.00 0.00 6.67 0.00 43 0.00 0.00 6.67 0.00
17 0.00 0.00 6.67 0.00 44 0.00 5.56 0.00 0.00
18 0.00 0.00 0.00 0.00 45 0.00 0.00 6.67 0.00
19 0.00 0.00 0.00 6.67 46 0.00 0.00 6.67 0.00
20 0.00 0.00 0.00 6.67 a7 0.00 1111 0.00 0.00
21 0.00 0.00 6.67 6.67 48 0.00 0.00 6.67 0.00
22 0.00 0.00 0.00 13.33 49 0.00 0.00 6.67 0.00
23 0.00 0.00 6.67 0.00 50 0.00 0.00 0.00 6.67
24 0.00 0.00 6.67 13.33 51 0.00 0.00 0.00 6.67
25 4.76 0.00 0.00 0.00 52 0.00 0.00 0.00 13.33
26 4.76 0.00 0.00 0.00 53 0.00 0.00 0.00 6.67
27 4.76 0.00 0.00 0.00 54 0.00 0.00 0.00 13.33
55 0.00 0.00 0.00 6.67

Estimated Fst distances, based on fine scale sampling designnhato support
significant (p>0.05) population structure fér longinarisin Southwestern Atlantic coast.
However, p-values observed between AR and RJ (B¥0&3 well as RJ and populations
from Convergence Zone (CZ) (p=0.09) showed margmababilities (p<0.05), suggesting

that RJ stock is more isolated. Populations inlvapithe Convergence Zone (SC and RS)
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showed highest level of similarity=$t=-0.25) and negative values suggest intense genetic

interchange (Table III).

Table Ill. Fine scale pairwis€&st distances and levels of significanosithin bracket¥
estimated fromA. longinariscontrol region sequences between four sites sanpé= Rio
de Janeiro, SC= Santa Catarina, RS= Rio GrandeujoAR= Argentina. Numbers within

brackets represent sample sizes at each site.

site RJ(21) SC (15) RS (15) AR (18)
RJ 0.0650.09 0.0650.09 0.062 0.09
SC  0.0650.09 -0.250.99 0.0310.19
RS  0.0650.09 -0.25 0.99 0.031 0.19

AR  0.062 (.08 0.0310.19 0.0310.19

Conversely, when most similar populations (SC ar®) Bre grouped as a single
Convergence Zone (CZ) stock a clear pattern oftgesgucture can be noticed. The southern
populations, formed by AR and CZ, are significanfh<0.05) different from the group
inhabiting the northernmost limit of distributioTgble V). Relatively small number of
samples obtained, when SC and RS were considerédtasct groups, may have influenced
statistical analysis, resulting in non-significahtferences between populations, in spite of
showing spatial structuring for genetic distanaes jp-values close to critical value.

According to Mantel's test, genetic distances shibwmsitive relationship with
geographic distance (r=0.97, p=0.007) only for Hreaale sampling design, indicating
isolation by distance. Conversely, elevated sintydretween RS and SC populations within
a considerable geographic distance, have influeticedr regression resulting in a non-

significant fit for fine scale design.
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Table IV. Broad scale pairwisEst distances and levels of significanaogithiin bracket¥
estimated fromA. longinariscontrol region sequences between four sites sanpé= Rio
de Janeiro, SC= Santa Catarina, RS= Rio GrandeujoAR= Argentina. Numbers within

brackets represent sample sizes at each site.

site RJ CZ AR
RJ 0.0710.03 0.111 0.03)
Cz 0.0710.03 0.043 0.19

AR 0.111 0.01) 0.0430.19

Mismatch analysis, used to detect sudden popul&imansion, resulted in a normal
distribution of pairwise differences for CZ (p=0)2&nd critical p-value for AR (p= 0.05).
Stock inhabiting RJ did not fit the sudden expamsimodel (p<0.001) (Rogers and
Harpending, 1992) (Table V). Despite of showinghgigant fit to sudden population model,
population of CZ showed a wavy pattern in distridmt of pairwise differences, also
suggesting a certain level of demographic unstgl{fiRogers, 1995) (Figure 2). The Tajima’s

D values were negative but not significant (p=0.83ble V).

Table V. Neutrality tests folA. longinaris pooled grouped in Argentina (AR),
Convergence Zone (CZ) and Rio de Janeiro (RJ) ptipnk. Parameters of sudden expansion
are presented, as well as goodness of fit testeofriodel, sum of squared deviations (SSD),

p-values for rejection of sudden expansion modelEajima’s test its p-values.

Parameters RJ Cz AR mean std. dev.
Tau 15.13 20.3 22.9 19.44 3.96
Teta 0 4.5 0 1.50 2.60
Teta 162 721 87 323.33 346.43
Goodness of fit test

SSD 0.08 0.02 0.21 0.10 0.10
p-value 0.00 0.25 0.05 0.10 0.13
Tajima's D-test -0.06 -0.5 -0.02 -0.19 0.27
p-value 0.48 0.29 0.52 0.43 0.12

85



008 4

004

0oz 4«

TOTAL - "CONVERGENCE ZONE . EXTREMES (AR+RJ)

Figure 2. Distribution of pairwise differences, Wween mtDNA control region haplotypes of
A. longinarisin Convergence Zone (CZ), distribution extremes tRR) and total estimate,

fitted to a normal model. The solid line depicte thismatch distributions expected from a
sudden expansion. Dashed line describes the olisdrsiibution. Parameters estimated for

each population are provided in Table V.

Discussion
Genetic diversity and population structure

The mtDNA is widely known as a polymorphic markéwice, 1994). Nevertheless,
control region can be even more variable and tbezghas been successfully used to detect
population structure in most different phyla, frenmammals (Lau et al., 1998; Nagata et al.,
1998) to invertebrates (Duran et al., 2004, Hurwebdl., 2005). Sequencing of the AT-rich
region has also been widely used as an effectiv&en#or population studies in crustaceans
(e.g.Diniz et al., 2005), but especially in prawn sagl(see Benzie, 2000 for a review; Chu et
al., 2003, McMillen-Jackson and Bert, 2003, McMil&ackson and Bert, 2004; Grabowski et
al., 2004).

Genetic diversity in penaeid prawns, estimated frotbDNA, shows marked variation
within and between species. Values of nucleotiderdity ¢r), suggested in literature, range
from 0.002 to 0.058 and main factors affecting at@on are historical events, life cycle

strategy and geographical isolation (Klinbunga let ¥998; Benzie, 2000). For instance,
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populations of giant tiger prawfPénaeus monoddrirom Indonesia, Thailand and Malasia
present nucleotide diversity values that range f040 to 0.058, while those sampled in
Philippines averages 0.009. Even less variation etaserved in populations living close to
species range of distribution, such as those froestéfn Australias= 0.002) (Klinbunga et
al., 1998). Nucleotide diversitytY ranged from 0.019 to 0.028 and can be considexedor
the group.

Pattern of reduced nucleotide diversity at extrdimés of distribution observed in
present investigation have also been previouslgrteg for penaeid prawns (Klinbunga et al.,
1998; Benzie et al., 2000). However, decreasinghis parameter obtained in present
investigation was not marked as observed by otb#roas, but also indicates reduction of
genetic variability in these areas.

The haplotype diversity was high, ranging from 01880.96 and followed same
variation pattern as nucleotide diversity, withteg values in populations inhabiting central
areas. Combination of high haplotype diversity withw nucleotide diversity in marine
organisms has been frequently attributed to expansifter a period of small effective
population size (Avise et al., 1984), which maylaxpthe pattern observed fAr longinaris

Reduced variation in populations inhabiting limits distribution may reflect
bottleneck effects occurred in the past or reirwasafter extinction of these peripheral
populations (Benzie, 2000). Bottleneck effect i¢ lkely to be occurring inA. longinaris
populations experiencing present levels of fishieifort, since much lower levels of
nucleotide diversity have been reported in literatior other penaeid prawns (Klinbunga et
al., 1998, Benzie, 2000). However, population intadp northern limit of distribution is more
likely to experience bottleneck effects if fishieffort is increased.

The Fst values were low, but significant between southerd northern populations.

The genetic distances estimated showed lineanoesdtip with geographic distances when
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using the broad sampling design. Examination ofatsmn by distance, in which, close
population are more similar than distant ones,thagotential to increase confidence in the
significance of slight genetic differentiation. Aysis of population structure as a function of
the distance between samples has many advantagesstimation of a singlést According

to Palumbi (2003), there is little association bs#nfst and geographic distance if the error
in estimating Fst outstrips the differences among populations. Meeeo only if the
geography of genetic differentiation of marine speds examined, low but significakist
can be distinguished from zero (Waples, 1998).

TheFstvalues, based on control region sequences fromdifferent sites sampled in
Southwestern Atlantic, did not show significantfeliénces between populations, in spite of
showing marginal values between northern populati®opulations from CZ and AR showed
reduced genetic distances, while RJ was more ehl®&opulations from SC and RS showed
extremely high similarities, since 99% of varianaeserved was due to variation within
population. This observation do not support presityypothesis suggested by Nascimento
(1983), who based on size at first maturity, sutggethat the exploited stock Af longinaris
in southern Brazil was composed by two differenpydations, with particular environment
preferences.

When SC and RS samples were grouped as a singl@sitearer population structure
emerged. Pattern of panmitic populations Af longinaris inhabiting CZ and AR was
maintained under the new data arrangement, reinfptbat a unit genetic stock is exploited
from Argentina to southern Brazil. THest distance estimated by using allozyme variation
was considerably lower~6t=0.008) (Weber et al., 1993) than present estimaédiecting
lower resolution of the method applied. When breadhpling design was adopted, the stock
inhabiting RJ was significantly different from tlm¢hers, which is likely owned to greater

mean number of individuals per population obtaibgdising this approach (Hurwood et al.,
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2005; McMillen-Jackson and Bert, 2003). Presentadaipports previous investigations
stating that penaeid populations show consideratgements of individual prawns from
hundreds to thousands of kilometers over few mon#sulting in little genetic structuring
over long distances (Weber et al., 1993; Benzi€020if geographic or oceanographic
barriers are absent (Palumbi, 2003).

Furthermore, genetic flow between AR and CZ pojpatat is supported by
oceanographic systems and reproductive stratedhi®fspeciesArtemesia longinariss a
high fecundity prawn, releasing eggs that hatchtanlarvae and inhabit meroplankton
community during first stages of its life cycle €0 and Christiansen, 1971), increasing its
dispersal potential. Additionally to great potehtiar larval dispersion and stock mixing,
coastal circulation in Southwestern Atlantic suppdhe population structure obtained from
genetic distances.

As a neritic species (more abundant from 0-30 magtats life cycle is highly
dependent on near shore currents (D’Incao, 199%inMceanographic system regulating
water movements in near shore zones is the Coastdr (CW) (Piola et al., 2005). The CW
is mainly influenced by freshwater discharge from Rlata river (discharges up to 60,000
m%/s') and Patos Lagoon estuary (discharges up to 3®e0Y). This water mass flows
northwards from La Plata river to the latitude dérianépolis (27S), but under specific
conditions may reach S&o Paulo coasf$23Piola et al., 2004). The CW is observed in CZ
latitudes all year round; however its presenceushmmore noticeable during winter periods,
associated to southwesterly winds (Piola et al42Q005).

Additionally, preliminary tagging experiment pemfioed in Argentinean waters
reported a recapture of a single prawn, releasddovember and found 40 km northwards
(Boschi and Scelzo, 1971). Thus, genetic flow betw€Z and AR populations is supported

by expansions and retractions of SACW in Southwestglantic coast and by reduced
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geographical distance separating them, which mlaywaddult and/or larval interchange. The
unit stock structure observed between CZ and AR alss suggested by earlier allozyme
investigation performed (Weber et al., 1993), awoniing that, despite of lower resolution of
the method, results are in accordance with thodeirsddl by using more polymorphic
markers, such as mtDNA (Benzie, 2000).Accordingateeview of population structure in
penaeid prawns performed by Benzie (2000), in éwe dases for which joint information of
MtDNA and allozymes is available, the former metkentied to confirm patterns of variation
detected by allozymes. Morphometric and meristadysis also detected similar morphotypes
in AR and CZ populations, especially during winf®umont and D’Incaomanuscrip},
which may be attributed to environment-inducedtredagrowth or genetic interchange (Begg
et al., 1999, Begg and Waldman, 1999).

Population inhabiting northern limit of distribuidRJ) showed higher and significant
genetic distance from southern stocks. Geneti@nitets are also supported by geographical
distance and oceanographic systems in SouthweAtkmtic. As previously discussed, even
under maximum expansion conditions, of wind staass rainfall, the CW does not reach the
RJ region (Piola et al, 2004), preventing these staaks from genetic interchange. Previous
investigations, on distribution and abundance o $ipecies, suggest that greater densities are
connected to the presence of lower temperaturesciassd to CW, even at further north
latitudes (Costa et al., 2005). Thus, higher genstlation of RJ stock, coupled with lower
genetic variation and higher water temperaturess(¢ al., 2001), may represent a reduction
of population fitness, making this stock more spsibée to overfishing.

Demographic structure

Results obtained from mismatch analysis suggestsrigtability of RJ stock, since
adjust was highly different from normal expansioadal (Rogers and Harpending, 1992). A

population that is relatively stable can retain ejen signature of a sudden population
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expansion for a long time, despite of more recentnore gradual expansions and minor
short-term population reductions (Rogers, 1995;erg\et al., 1996). However, a population
that fluctuates greatly in size will tend to era&sedence of prior population expansions or
retractions, resulting in a wavy pattern of paieviifferences (Rogers, 1995). Hence, lack of
fit to normal model observed for RJ population nimey explained by higher demographic
instability of this population. Mismatch analysid§ ¢wo sympatric penaeid species
(Farfantepenaeus aztecasdLitopenaeus setiferfigrom eastern United States, suggest that
the white prawnl(. setiferuy was more susceptible to cold water-induced mioytalvents
(DeLancey et al., 1994) and expansion events weagr@ssively deleted from contro region,
resulting in significant rejection of sudden popiga expansion model (McMillen-Jackson
and Bert, 2003).

It is also important to point out that populationrh AR showed a critical value for
rejecting the sudden expansion model. This pomrats also close to distribution limit,
where it is heavily exploited along with red prayileoticus muelleji (Boschi, 1969).
Fishery statistics point out greater abundancd@.ofonginarisin CZ when compared tB.
muelleri Conversely, statistics from AR show thHat muelleridominates catches by far,
which may suggest tha. longinaris takes more adapted to this environment (Dumont,
2005).

Nevertheless, the more stable populationAoflonginaris seems to inhabit CZ in
Southern Brazil. Densities d&. longinarisin this region are high, reaching values up to
260kg/h (Dumont, 2005), in spite of great interaadneariability also reported for this area
(Univali, 2004). Genetic data obtained in this istvgation reinforces the relatively higher
stability of CZ population, in spite of marked neitment variation, intrinsic to penaeid

prawns (Gulland and Rotschild, 1981).
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Implications for management

An understanding of stock structure and mixing fsiredamental requirement for the
effective assessment and management of fishegesinees. Serious errors can be introduced
into assessments of stock status when populatrendistributed outside of their management
units or landings include unknown contributionsnfirether populations. Fisheries removals
from stock mixtures can result in overexploitatafiess productive stocks and the erosion of
genetic diversity (Begg and Waldman, 1999).

Our results suggest that genetic interchange isuirdog betweenA. longinaris
populations, from Convergence Zone to Argentineaast; which may have been caused by
northwards migration of adults and/or larvae carbg CW. Similarly, other fish stocke.@.
Sardinella brasiliensisand Pomatomus saltatr)x take advantage of CW to migrate
northwards in Southwestern Atlantic. ThereforetHar investigations must be carried out to
effectively understand seasonality trends in cdmntegion haplotypes inhabiting Southern
Brazil, providing a more detailed scenario abowt time and amount of prawn exchanged

between these two countries.

Aknowledgements. Authors aknowledge Secretaria de Ciéncia e Tegmldo
Estado do Rio Grande do Sul for providing finan@abpport to project Camardes
Oceanicos and to CAPES for the studenship providigthg PDEE at University of
Southampton. We would also like to thank Dr. Eraédbschi (INIDEP), Dr. Marcelo
Vianna and Dr. Karina Keunecke (UFRJ) for helpingollections of individuals from

distribution limits (Argentina and Rio de Janeiro).

92



References

Avise, J.C. (1994). Molecular markers, Natural bligtand Evolution. Chapman & Hall, New
York.

Avise, J.C. (2000). Phylogeography: The history &odmation of the Species. Cambridge, Mass:
Harvard University Press.

Avise, J.C., Neigel, J.E. and Arnold, J. (1984).nidgraphic influences on mitochondrial DNA
lineage survivorship in animal populations. Jounfdilolecular Evolution, 20: 99-105.

Begg, G.A., Friedland, K.D., and Pearce, J.B. (19%ock identification and its role in stock
assessment and fisheries management: an overniewREs 43: 1-8.

Beisl, C. H., Miranda, F. P. and Silva Junior, G.2001. Combined use of Radarsat-1 and AVHRR
data for the identification of mesoscale oceanaies in the Campos Basin, BraAhais
da Sociedade Brasileira de Sensoriamento Reni@®-745.

Begg, G.A., and Waldman, J.R. (1999). An holisppr@ach to fish stock identification. Fish Res
43:35-44.

Benzie, J.A.H. (2000). Population genetic struciar@enaeid prawns. Aquaculture Research 31:

95-1109.

Boschi, E.E. (1969). Estudio biol6gico pesqueroatwharorArtemesia longinariBate, 1888 de
Mar del Plata. Boletin del Instituto de Bilogia Nea 18: 1-47.

Boschi, E.E. and Scelzo, M.A. (1971). Ultimos résadbs de las investigaciones sobre los peneidos
comerciales em la Argentina (marcaciones, campaipkratdrias e cultivos). CARPAS,
Doc. Tec., 4: 1-17.

Boore, J.L., Lavrov, D.V., and Brown, W.M. (1998kene translocation links insects and
crustaceans. Nature 392: 667-668.

Caccone, A., Garcia, B.A., and Powell, J.R. (1988)olution of the mitochondrial DNA control

region in theAnopheles gambiasomplex. Insect Molecular Biology 5: 51-59.

93



Castillo, A. L., Gavio, M. A,, Costa, R. C., BoscHh. E., Bauer, R. T. and Fransozo, A. (2007).
Latitudinal variation of poulation structure andpreductive pattern of the endemic south
american Artemesia longinaris (DECAPODA:PENAEOIDEA). Journal of Crustacean
Biology, 27(4): 548-552.

Chu, K.H., Li, C.P., Tam, Y.K., and Lavery, S. (3)0Application of mitochondrial control region
in population genetic studies of the shrifgnaeusMolecular Ecology Notes 3:120-122.
Costa, R.C., Fransozo, A., Castilho, A.L., and rférefr.A.M. (2005). Annual, seasonal and spatial
variation of the shrim@A\rtemesia longinarigDecapoda:Penaeoidea) in south-eastern Brazil.

J Mar Biol Ass UK 85:107-112.

Curole, A.P., and Kocher, T.D. (1999). Mitogenomuigiging deeper with complete mitochondrial
genomes. Trends Ecology and Evolution 14: 394-398.

Dall, W., Hill, B.J., Rothlisberg, P.C., and Stapl®.J. (1990). The biology of the penaeidagv
Mar Biol 27: 1-489.

D’Incao, F. (1999). Subordem Dendrobranchiata (c@ssmmarinhos). In: L. Buckup and G.
Bond-Buckup. Os camardes do Rio Grande do SuloEadda Universidade, UFRGS.
pp-271-299.

D’Incao, F., Valentini, H., and Rodrigues, L.F.@2). Avaliacdo da pesca de camarfes nas regides
Sudeste e Sul do Brasil. 1965-1999. Atlantica, p42-62.

Diniz, F.M., Maclean, N., Masayoshi, O., Cintrd].lA., and Bentzen, P. (2005). The hypervariable
domain of the mitochondrial control region in théaftic spiny lobsters and its potential as a
marker for investigating phylogeography structuriN@rine Biotechnology 7: 462-473.

Dumont, L.F.C. (2005). Distribuicdo de abundan®acdmardo-barba-rucartemesia longinaris
e do camardo-santan@lé¢oticus muellejino litoral do Rio Grande do Sul. In: C. M. Vooren
and S. Kliepel (eds.), A¢Oes para Conservacao thardes e Raias no Sul do Brasil, pp. 129-

134. Instituto Igaré, Porto Alegre.

94



Duran, S., Palacin, C., Becerro, M.A., Turon, XxdaGiribets, G. (2004). Genetic diversity and
population structure of the commercially harvesteel urchin Paracentrotus lividus
(Echinodermata, Echinoidea). Molecular Ecol 13:33B28.

Garcia-Machado, E.M., Pempera, E.M., Dennebouy,iva-Suarez, M., Mounolou, J.C., and
Monnerot, M. (1999). Mitochondrial genes collectivsuggest the paraphily of Crustacea
with respect to Insecta. Journal of Molecular Eviolu49: 142-149.

Grabowski, M., and Stuck, K.C. (1999). Structure amtraspecific variability of the control region
MtDNA in the pink shrimp, Farfantepenaeus duorarunfDecapoda, Penaeidae). In:
Crustaceans and the biodiversity crisis, Vol 1,333-344, F. R. Scharm and J. C. von Vaupel
Klein (eds), Brill Academic Publishing, Leiden.

Grabowski, M., Grater, W.D., and Stuck, K.C. (2004)novel polymorphic mtDNA marker for
population studies of pink shrimpfarfantepenaeus duorarunfCrustacea, Penaeidae.
Oceanologia 46(1): 147-151.

Gulland, J.A., and Rotschild, B.J. (198REnaeid shrimps: their biology and managemeéighing
news books, 299p.

Hall, T.A. (1999). BioEdit: a user-friendly bigjcal sequence alignment editor and analysis
program for Windows 95/98/NT. Nucleic Acids. Symspon Series 41:95-98.

Hickerson, M.V., and Cunningham, C.W. (2000). Dramanitochondrial gene rearrangements in
the hermit crabPagurus longicarpus (Crustacea, Anomura). Molecular Biology and
Evolution 17(4):639-644.

Hurwood, D.A., Heasman, M.P., Mather, P.B. (20@G&ne flow, colonization and demographic
history of flat oysteOstrea angasiMarine and Freshwater Research 56: 1099-1106.

Janson, K., and Ward, R.D. (1984). Microgeograpfaigation in allozyme and shell characters in
Littorina saxatilis Olivi (Prosobranchia: Littorinidae). Biological dimal of the Linnean

Society 22: 289-307.

95



Klinbunga, S., Penman, D.J., McAndrew, B.J., Tagkajon, A., and Jarrayabhand, P. (1998).
Genetic variation, population differentiation arehg flow of the giant tiger shrimpénaeus
monodon inferred from mtDNA-RFLP data. In: Advances inrigtp biotechnology (T.W.
Flegel ed.), National Center for Genetic Engineggand Biotechnology, Bangkok, pp-51-59.

Lacson, J.M. (1992). Minimal genetic variatimmong samples of six species of coral reef fishes
collected at La Parguera, Puerto Rico and DiscoBasy Jamaica. Mar Biol 112:327-331.

Lau, C.H., Drinkwater, R.D., Yusoff, K., Tan, S.Gdetzel, D.J.S., and Barker, J.S.F. (1998).
Genetic diversity of Asian buffaloBubalus bubalis mitochondrial DNA D-loop and
cytochrome b sequence variation. Animal Genetic239-264.

Lavery, S., Chan, T.Y., Tam, Y.K., and Chu, K.H.0Q3). Phylogenetic relationships and
evolutionary history of the shrimPenaeus s. lderived from mitochondrial DNA. Molecular
Phylogenetics and Evolution 31: 39-49.

Lester, L.J. (1979). Population genetics of penabigmp from the Gulf of Mexico. J Hered 70:
175-180.

Maggioni, R., Rogers, A.D., Maclean, N., and D’lac&. (2001). Molecular phylogeny of Western
Atlantic Farfantepenaeusand Litopenaeusshrimp based on mitochondrial 16S partial
sequences. Molecular Phylogenetics and Evoluti¢h)186-73.

McMillan, W.O., and Palumbi, S.R. (1995). Concordamolutionary patterns among Indo-West
Pacific butterflyfishes. Proc R Soc Lond 260: 2362

McMillen-Jackson, A.L., and Bert, T.M. (2003). Dajpate patterns of population genetic structure
and population history in two sympatric penaeidmprspeciesKarfantepenaeus aztecasd
Litopenaeus setiferyisn the eastern United States. Molecular Ecol2BR5-2905.

Nagata, J., Masuda, R., Kaji, K., Kaneko, M., anashida, M.C. (1998). Genetic variation and
population structure of the Japanese sika deervus nippohin Hokkaido Island, based on

mitochondrial D-loop sequences. Molecular Ecol 71-877.

96



Nascimento, P.A.M. (1983). Observacoes prelimina@se a bionomia do camar@stemesia
longinaris Bate, 1888 (Decapoda, Penaeidea) no Atlantico édtadl (lat. 29°S - 35°S).
Naturalia 8: 33-47.

Navarrete, A., Garduno, H., and Gracia, A. (199%) pesqueria de camaron en alta mar: Golfo de
Mexico y Caribe mexicano, In: Pesqueria relevaded/lexico, Tomo I, PP. 37-71, Instituto
Nacional de La Pesca, Mexico.

Palumbi, S.R., and Wilson, A.C. (1990). MitochoatirDNA diversity in the sea urchins
Strongylocentrotus purpuratedS. droebachiensig€volution 44(2): 403-415.

Palumbi, S.R. (2003). Population genetics, demdygcaponnectivity, and the design of marine
reserves. Ecol Appl 13(1): 146-158.

Piola, A.R., Mdller., O.0.Jr., and Palma, E.D. (2DOEl impacto del Plata sobre el oceano
Atlantico. Ciencia Hoy 14(2): 20-37.

Piola, A.R., Matano, R.P., Palma, E.D., Mdller.OQr., and Campos, E.J.D. (2005). The influence
of the Plata River discharge on western South Adamelf. Geophys Res lett 32:1-4.

Rozas, J., Sanchez-DelBarrio, J.C., Messeguer, add Rozas, R. (2003). DnaSP. Dna
polymorphism analyses by the coalescent and otlkeénaods. Bioinformatics 19: 2496-2497.

Rogers, A.R. (1995). Genetic evidence of for Pémiehe population explosion. Evolution 49: 608-
615.

Ruffino, M.L., and Castello, J. P. (1992). Dinamjmzblacional del camaror(temesia longinaris
del sur de Brasil. Frente Maritimo 12(A): 71-81.

Saccone, C., Attimonelli, M., and Shisa, E. (19&tjuctural elements highly preserved during the
evolution of the D-loop-containing region in ventete mitochondrial DNA. Journal of
Molecular Evolution 26: 205-211.

Sambrook, J.E.F., and Maniatis, T. (1989). Molecalaning: A laboratory manual."2ed. Cold

Spring Harbor, N.Y, Cold Spring Harbor Laboratorg$s.

97



Simon, C., Frati, F., Beckembach, A., Crespi, Biy,H., and Flook, P. (1994). Evolution,
weighting and phylogenetic utility of mitochondrigene sequences and a compilation of
conserved polymerase chain reaction primers. Arofdiitomology Society 87: 651-701.

Smith, P.J., Francis, R.I.C.C., and McVeagh, M.9)9 Loss of genetic diversity due to fishing
pressure. Fish Res 10: 309-318.

Stephenson, R.L. (1999). Stock complexity in fi#®management: a perspective of emerging
issues related to population sub-units. Fish Re243-249.

Tajima, F. (1989). Statistical method for testingummal mutation hypothesis by DNA
polymorphism. Genetics 123: 585-595.

Tamura, K., Dudley J., Nei, M., and Kumar, S. (200MEGA4. Molecular Evolutionary Genetics
Analysis (MEGA) software version 4.0. Molecular Rigy and Evolution
10.1093/molbev/msm092.

Univali (2004). Boletim estatistico da pesca industrial de Santa Cataridace-— 2003. ltajai,
Novembro de 2004, 80p.

Vigilant, L., Stoneking, M., Harpending, H., Hawkeds., and Wilson, A.C. (1991). African
populations and the evolution of human mitochondddA. Science 253: 1503-1507.

Waldman, J. R. (1999). The importance of compageagtudies in stock analysis. Fish Res 43: 237-
246.

Waples, R.S. (1998). Separating the wheat fronthiadf: patterns of genetic differentiation in high
gene flow species. Journal of Heredity, 89: 438:450

Ward, R.H., Frazier, B.L., Dew-Jager, K., and P4&hqo1991). Extensive mitochondrial diversity
within a single Amerindian tribe. Proc Natn Acad 8&8: 8720-8724.

Ward, R.H., Ovenden, J.R., Meadows, J.R.S., Gré&uMd,, and Lehnert, S.A. (2006). Population
genetic structure of brown tiger prawidenaeus esculentusr northern tropical Australia.

Mar Biol 148: 599-607.

98



Weber, L.I., and Conceicdo, M.B. (1993). Populaty@metics of the shrimArtemesia longinaris
(Crustacea, Penaeidae) on the south-west AtlanéistcComp. Biochemistry and Physiology,
106B(4): 1015-1020.

Wilson, K., Cahill, V., Ballment, E., and Benzie,(d000). The complete sequence of mitochondrial
genome of the crustace&enaeus monodorare malacostracan crustaceans more closely
related to insects than to branchiopods? Moledilslogy and Evolution 17(6): 863-874.

Wolstenholme, D.R. (1992). Animal mitochondrial DNAtructure and evolution. International
Reviews in Cytology 141:173-216.

Yamauchi, M.M., Miya, M.U., Machida, R.J., and Nik, M. (2005). PCR-based approach for
sequencing mitochondrial genomes of Decapod creates; with a practical example from

kuruma prawnNlarsupenaeus japonicusMarine Biotechnology 6: 419-429.

99



Biometric relationshipg&rtemesia longinaris

Biometric relationships of the Argentinean prasnemesia longinaris

(DECAPODA:PENAEIDAE) in Southwestern Atlantic

DUMONT, L.F.C'& D’'INCAO, F.}
'Biological Oceanography Post-graduate Program (FRYRGAPES scholarship; e-
mail:fdumont@vetorial.net; phone-fax:0(55)533233%74
!Dept. of Oceanography; Fundacdo Universidade do@amde (FURG); Av. Italia, km 7, zip

code: 96201-900, Rio Grande, RS.

100



ABSTRACT

Biometric relationships of size and weight wereineated for the Argentinean prawn
(Artemesia longinariBate, 1888), a new commercial penaeid prawn etqulan Southwestern
Altlantic. Morfometric and meristic traits were alsé elucidate population structuring Af
longinaris along its distribution area. Length relationshipsre estimated by simple linear
regression, considering total length (TL) as depenhdariable. Length-weight relationships of
females were estimated by a power curve. Malesbitihg Convergence Zone (CZ) presented a
slightly lower total length (TL) increment than fales. A marked reduction in slopes of males
from CZ was observed in autumn and winter. Relagneavth in length of males from Argentina
Is similar to observed during autumn and wintelCiA. The other morphometric and meristic
variables used also indicated higher similaritiesMeen CZ and Argentina (AR), which may be
explained by relative growth associated to watemperatures or migration during winter taking
advantage of the oceanographic systems conneatithgsites. Moreover, population from Rio
de Janeiro (RJ) seems more differentiated fronothers, which is in agreement with previous
genetic analysis. Negative allometric growth inghiwas estimated for both genders, reflecting
stretched shape of this species. Females presgherhincrement in weight due to ovary
maturation during reproductive season that takasepin spring. Relative condition index (RCI)
showed seasonal and interannual variations, negpatiaffected by higher temperatures of
summer and lower salinities during winter. High&CI| values were observed in spring,
concurrently with main reproductive season repoitdderature.
Keywords: Artemesia longinaris stock identification, morphometric relationshipseristic

traits, relative growth.
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INTRODUCTION

The Argentinean prawArtemesia longinariss an endemic species from Southwestern
Atlantic, occurring from Rio de Janeiro (Braz21°37’S) to Puerto Rawson (Argentina-
43000’8). This species belongs to penaeid family, whiaiudes other commercially important
species, such aBarfantepenaeus paulens{®érez-Farfante,1967};. brasiliensis (Latreille,
1817); Litopenaeus schimittiBurkenroad, 1936) aniphopenaeus kroyerHeller, 1862
(D’'Incao, 1999; D’Incacet al., 2002).

Artemesia longinaridias a preference for muddy and sandy soft bot{@uoschi, 1969,
Costa et al, 2005) and higher densities are obddreeveen 11 and 20 meters depth (Boschi,
1969; Nascimento,1981; D’'Incao, 1999). Unlike most penaeid prawn&, longinaris has a
strictly marine life cycle, not demanding an esitvanursery phase (D’Incao, 1999).

Due to its high abundance in shallow coastal waferfonginarisis an important link in
food-web of this ecosystem in Southwestern Atlanfinalysis of feeding habits and trophic
interactions showed that this species account8@86 in diet of coastal fishes (Capiteti al.,
1994). Since the argentinean prawn is a valual#eisp for artisanal and commercial fleet, there
is a growing interest on this resource, especilgr the decreasing yields observed for most
traditional prawn species exploited in Brazilianteva (D’Incacet al., 2002).

Biometric relationships can provide important imi@tion on biological events occurring
in a population, such as length-weight relationstgpiation during reproductive season or
unfavorable environmental conditions (King, 199%dditionally, these biometric relationships
can provide an easy way of estimating length andjhtefor missing data, also allowing
comparison with previous investigations (Ragoretsa., 1997). It is especially important when

analyzing total length, since this measure is oftst during biometry due to high frequency of

102



animals with broken rostrum. Although size is usuaieasured as length, weight measures are
often required for fisheries assessment modeldy siscyield per recruit (Spar& Venema,
1991).

Morphometric and meristic traits also provide arpamant tool for delineating stocks
either of fishes (Swain et al., 2001; Pinheiro let2005) or crustaceans (Tzeng & Yeh, 2002),
since very often different meristic and morphontetlationships may reflect reproduction
isolation or environment influence (Gulland, 19BEgg & Waldman, 1999; Begg et al., 1999).
Stock identification is of primary interest in festies management, since population replenishing
and reducing effects of recruitment and mortalpg@te independently on the individual stocks
(Waldman, 1999).

Previous investigation oA. longinaris biometry was performed in Argentina (Boschi,
1969) and the Brazilian coast (Nascimento, 19838wwedver inclusion of individuals from
northern limit of distribution and analysis of seaal and interannual trends in length
relationships have never been developed. The ainthisf study is to estimate biometric
relationships as well as use morphometric and metigits to identify population structure of
A. longinarisalong its entire distribution area, in attempt to provigictical and biological
information about this species.

MATERIAL & METHODS
Sampling took place in shallow marine waters adjat¢e Patos Lagoon estuary mouth

(Figure 1). This area is located under the infleen€ Coastal Water (CW), which is highly
influenced by freshwater discharge from La Platarrican reach up to 60,000°sh during El
Nifio) and Patos Lagoon estuary (can reach up @080y’s* during El Nifio). This water mass

stretches northwards from La Plata for about 1300 lkut during specific years may reach Sao

103



Paulo coast. Coastal Water presents seasonal andlarariations in strength and shape, highly
dependent on a combination of rainfall and windssr(Piola et al., 2004, Piola et al., 2005).

Patos Lagoon estuary is located at costal plaiRiofGrande do Sul State, Brazil {2
49°W) and is the largest choked lagoon in the worttiecing an area of 10,360 knDrainage
basin covers 201,626 KnjAsmus, 1996) and pluvial intensity as well asdvitirection regulate
the water movements in study area (Piola et aD5R0Seasonal freshwater discharge presents
great variability (30,300 - 47 fs%) and during ENSO runoff is significantly highemthmean
values estimated (Garcia, 1996).

Samples were monthly collected from surroundinga arePatos Lagoon estuary, in two
different years (2002 and 2004), on board of shemge artisanal trawlers in depths varying
from 2 to 15 meters (Figure 1). To establish pdssihorphometric and meristic differences
betweenA. longinarispopulations, over its distribution area, samphesnf Argentina (Mar del
Plata, 3756'S) and Southeastern Brazil (Mac&4°37’S, Brazil) were obtained from fishery
activity during spring and compared to individufism Rio Grande do Sul. To perform this
analysis 50 individuals from each population weredomly chosen.

Carapace length (CL-mm) was measured as the desfamm the postorbital margin to
the mid-dorsal posterior edge of carapace. Totajtlke (TL-mm) was considered as the distance
from the tip of the rostrum to the end of the taldRostrum length (RL-mm) was measured from
the tip of rostrum to postorbital margin of carapatelson length (TsL) was taken from the base
to the tip of this structure. The number of rostedth (RT) was also counted and used as a
meristic trait to identify possible population stturing. Wet weight was measured to the nearest

0.001g and size measures were taken to the n€addshm.
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Assumptions of normality and homogeneity of varemevere tested by Lilliefor's and

Levene’s routines, respectively (Zar, 1984). Rawgth and weight data showed normal

distribution (Lilliefor's p<0.3 but did not show homogeneity of variances (Levene*0.05).
However, log transformation andoesssmoothing procedure were applied to reduce noise
without arbitrarily determine which points should bxcluded from analysis due to measuring
errors. Pattern observed using smoothing procedasecompared to log transformed data, in an

attempt to check whether slopes would keep santerpavhen noise was removed.
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Figure 1. Distribution oA\. longinarisin Southwestern Atlantic Ocean (black line).

Samples were seasonally obtained in Rio Grandeutiarf8i compared to a single sampling in

Mar del Plata and Rio de Janeiro.
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Length-length relationships were seasonally esgchdiy using log transformed data
through simple linear regression, considering Tldependent variable. The equation of linear
regression is given byL= a + bCL, where TL is total lengtha is the intercept with dependent
variable axis,b is the slope and CL is the carapace length. Paaotside 95% confidence
intervals were automatically excluded since werenstered as undetected broken or
regenerating rostrum as well as deformed carapBe¢a were also log transformed and
smootheda posterioriaccording to d.oessalgorithm (Cleveland, 1979). This procedure was
adopted to remove noise from analysis with minimurtervention, providing a way of
comparison with original data to confirm that diffaces in slopes were not associated to
excessive noise, but with biological process, saglmigration or allometric growth (Cleveland,
1979). Since linear regression may be influenceddifferent adjust qualities, a correction
procedure was applied by using coefficients ofaation values. Only smoothed data is showed
but a summary of linear regression based on lagstoamed data is also provided. Differences
in slopes were pairwise tested based on confideressals, in such a way that non-overlapping
intervals were considered as statistically différen

In an attempt to elucidate population structurifigndales were randomly selected from
each population to test significant (p<0.05) déferes in relationships between variables
(TL/CL, CL/RL, CL/TsL and RT) by One-Way ANOVA angdost-hoc Tukey's test. Since
samples obtained from fishery may not represenetitiee size composition of a population, the
influence of size composition on relationships pasly mentioned (TL/CL, CL/RL, CL/TsL
and RT) was tested by using a linear model. Onéy thriable CL/TsL showed significant
relationship with CL (p=0.000, r=0.95), therefoesults obtained must be carefully analyzed
due to effect of different CL composition of samgplelhe other variables did not show

significant correlation with size (CL/RL - p=0.58;0.07, TL/CL — p=0.15, r=0.03, RT — p=0.46,
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r=0.1). Euclidean distances were estimated andteclimnalysis was performed to elucidate
population structure based on morphometric vargapteviously selected.

Length-weight relationships were concentrated anales since this gender tends to
show more striking differences due to ovary matamat(King, 1997). Length-weight
relationships were estimated by a power curve, ieguation is given byf W= aCL®, where
TW is the total weighta is the condition factor, CL is the carapace lerayiblb is the exponent
of power curve. Points outside 95% confidence valsr were automatically excluded from
analysis, since they were considered as measuniaseAll data were fitted to power and linear
models by an automated least square procedure.

When considering an individual prawn, the valuetamlied by power equation can be
transformed to be used as an index of “well-beirigipwn as relative condition index (RCI).
The more a prawn weights for a given CL, the greatk be its relative condition index (King,
1997). To estimate RCI, an overall length-weighatrenship was estimated as a reference point.
To compute the condition index (Cfor each individual in sample, the following etjoa was
used: GETW//CLP. Equation used to estimate normalized R@is given by: RG# (CI, - mean
Cl)/Standard Deviation of Cl). Mean RCI were conggarbetween seasons and years by
Factorial ANOVA.

RESULTS

Abiotic parameters showed seasonal and interarvauitions, with 2002 showing lower
values of salinity and higher values of temperatmd rainfall, when compared to equivalent
season in 2004 (Figure 2). Rainfall statistics ve#ld concluding that exceptionally high
precipitation was recorded in 2002, surpassingeslobserved for intense El Nifio Southern

Oscillation (ENSO) events, such as 1997-1998. Twddime of rainfall registered in 2002 for

107



the city of Rio Grande was 1915 mimvhile volume observed in 2004 (969 mnwas

considerably below mean values for the region (12h%) (Figure 2).
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Figure 2. A- Trends in mean salinity in surroundarga of Patos Lagoon estuarine mouth. B-
Trends of water temperatur®C) in marine waters surrounding Patos Lagoon eisteianouth.
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C- Trends in mean rainfall (mitmonth) registered for the city of Rio Grande dgr2002 and
2004. Circles represent mean values and bars #matd deviation of means. Black dots
represent the estimates obtained during 2002, \20i0& is represented by the grey ones.

A total of 5368 individuals was used in regressaoalysis (Table |, Table Il), being 2971
males and 2116 females. Moreover, 139 individuasmfArgentina and 142 individuals from
Rio de Janeiro were analyzed. Deviation from 1X ra¢io (Ruffino & Castello, 1992) resulted
from higher number of females discarded due todmak regenerating rostrums.

Males inhabiting southern Brazil have a slightlwéy TL slope =5.25) than females
(b=5.35) (Table I). Smoothed and log transformed dat@ved same pattern of higher relative
growth in TL for females, showing values close t@exted for isometry (b=1) in length
relationships (Table I, Figure 3). Linear regressestimated for males inhabiting Rio de Janeiro
was 0.95 for log transformed and 0.97 for smootihetd. Slopes estimated for males inhabiting
Argentina were consistently lower (0.59 and 0.56 lfig transformed and smoothed data,
respectively) than overall pattern observed fordtreer two populations sampled (Table I, Table

1.

TL=0.73+0.99CL (females) TL=0.76+0.97CL (males)
22 22 2.1 A

173 15 07 09 17 13

07 09 11
log CL (mm) log CL (mm)

Figure 3. Linear regression between TL and CLAolonginarisin southern Brazil pooled by

sex. Data was log transformed and smoothed by wsiagsalgorithm.
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Seasonal analysis of linear regression slope shaliféetent patterns for both sexes.
Slopes of linear regression, estimated for femalkabiting Southern Brazil, ranged from 0.92
(autumn/02) to 1.01 (spring/02) without a cleartgrat of seasonal variation (Table I, Table I,

Figure 4).

Table I. Linear regression summary obtained fidntonginaristotal (TL) and carapace length

(CL) data for different sexes, sites and seasargaming estimates of intercept (a + confidence
interval at 95%), slope (b + confidence interva®a%), coefficient of correlation (r) and number
of individuals used (n). CZ = Convergence Zone. Iléar regressions presented significance

level of fit (p<0.05). Due to different R valuedppes were corrected based on different

coefficient of correlation values {f3). * indicates predictive regression parametersaiolet

from raw data.

site (a £ Cl 95%) (b + Cl 95%) Beor
CZ-overall (females)* 0.67<0.18>1.03 5.3<5.35>5.40 - 0.94 2116
CZ-overall (males)* 0.46<1.49>2.53 5.17<5.25>5.33 - 091 2971
CZ-overall (females) 0.71<0.73>0.73 0.99<1.00>1.1 .031 0.95 2116
CZ-overall (males) 0.73<0.74>0.75 0.96<0.97>0.99 021. 0.90 2971
Argentina (males) 1.03<1.16>1.29 0.49<0.59>0.69 90.6 0.73 139
Rio de Janeiro (males) 0.66<0.78>0.89 0.85<0.9%1.0 1.04 0.84 142
CZ-Summer/02 (males) 0.62<0.65>0.67 1.05<1.07>1.10 1.09 0.96 251
CZ-Summer/04 (males) 0.67<0.73>0.80 0.93<0.99>1.05 1.06 0.87 191
CZ-Autumn/02 (males) 0.85<0.90>0.95 0.79<0.84>0.89 0.93 0.82 324
CZ-Autumn/04 (males) 0.87<0.93>0.99 0.73<0.83>0.88 0.92 0.82 248
CZ-Winter/02 (males) 0.92<0.96>1.0 0.75<0.79>0.82  .850 0.86 918
CZ-Winter/04 (males) 1.02<1.08>1.14 0.65<0.70>0.75 0.78 0.80 207
CZ-Spring/02 (males) 0.70<0.72>0.75 0.99<1.01>1.03 1.05 0.93 636
CZ-Spring/04 (males) 0.69<0.73>0.77 0.97<0.99>1.04 1.02 0.94 196
CZ-Summer (females) 0.69<0.72>0.75 0.98<1.00>1.03 .031 0.94 423
CZ-Autumn (females) 0.77<0.80>0.84 0.89<0.93>0.96 .970 0.91 346
CZ-Winter (females) 0.75<0.78>0.82 0.92<0.95>0.98 .041 0.84 824
CZ-Spring (females) 0.75<0.78>0.81 0.93<0.96>0.98 .031 0.87 523
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Table Il. Linear regression summary obtained frog transformed and smoothddés$ data

of A. longinaris total (TL) and carapace length (CL) for differesgxes, sites and seasons,
containing estimates of intercept (a £ confidemterval at 95%), slope (b £ confidence interval
at 95%), coefficient of correlation (r) and numioérindividuals used (n). CZ = Rio Grande do

Sul State. All linear regressions presented sicguifi level of fit (p<0.05).

site (a = Cl 95%) (b + Cl 95%) r n
Argentina (males) 1.15<1.16>1.17 0.55<0.56>0.57 90.9 139
Rio de Janeiro (males) 0.74<0.75>0.76 0.96<0.980.9 0.99 142

CZ-overall (females) 0.72<0.73>0.74 0.99<1.00>1.01 0.99 2116
CZ-overall (males) 0.76<0.77>0.78 0.95<0.96>0.97 990. 2971
CZ-Summer/02 (males) 0.61<0.63>0.65 1.05<1.07>1.10 0.99 251
CZ-Summer/04 (males) 0.75<0.76>0.77 0.96<0.97>0.98 0.99 191
CZ-Autumn/02 (males) 0.84<0.85>0.86 0.87<0.88>0.89 0.99 324
CZ-Autumn/04 (males) 0.94<0.95>0.96 0.80<0.81>0.82 0.99 248
CZ-Winter/02 (males) 0.94<0.95>0.96 0.88<0.79>0.80 0.99 918
CZ-Winter/04 (males) 1.03<1.04>1.05 0.72<0.73>0.74 0.99 207
CZ-Spring/02 (males) 0.70<0.71>0.72 1.00<1.01>1.02 0.99 636
CZ-Spring/04 (males) 0.68<0.69>0.70 1.02<1.03>1.04 0.99 196
CZ-Summer (females) 0.72<0.73>0.74 0.98<0.99>1.00 .990 423
CZ-Autumn (females) 0.80<0.81>0.82 0.94<0.92>0.93 .990 346
CZ-Winter (females) 0.78<0.79>0.80 0.94<0.95>0.96 .990 824
CZ-Spring (females) 0.70<0.71>0.72 1.00<1.01>1.02 .990 523
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TL=0.73+0.99CL (summer) TL=0.81+0.92CL (autumn)
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Figure 4. Seasonal variation in length relationgfiip vs CL) of A. longinarisfemales in
Southern Brazil pooled by season. Data was logtoamed and smoothed hypessalgorithm.
Wider range of slopes was observed in males limegression, ranging from 0.73
(winter/04) to 1.07 (summer/02). Unlike femalesppgas of males showed marked seasonal
trends, with higher values observed in summer grthg and lower values observed from
autumn to winter. Autumn and winter slopes presentever TL increment suggesting that
increment of carapace (CL) is higher than totagfer(TL), or that contribution of cephalotorax
to total length is relatively more important. Sapagtern of negative isometry during autumn and
winter was observed in both years analyzed. Negk$ls, 2004 showed a more marked

reduction in slopes during autumn and winter (Fegbix.
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Figure 5. Interannual (2002/2004) and seasonaatiani in length relationships (Tts CL) for

A. longinarismales in Southern Brazil.
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Since most striking trends in slopes were obseiwedales, morphometric and meristic
analysis included only male data obtained from Beastern Atlantic. Mean CL/RL was
significantly different between populations inhaigt southern areas (Argentina and
Convergence Zone) and RJ (Table Ill). The variableCL also suggested significant
differences between southern stocks (Argentina @uhvergence Zone) and population
inhabiting RJ (Table 1V). Since seasonal trendsTldCL regression analysis pattern was
observed, summer and winter individuals sample&onthern Brazil were compared by One-
Way ANOVA to males from distribution extremes (Rie Janeiro and Argentina). The ANOVA
results suggest that individuals from AR and thod®biting CZ during winter have similar

values for this variable. The other groups werestieally different (Table V).

Table IIl. Descriptive statistics of carapace (@od rostrum length (RL) ratio, obtained frén

longinaris males in different sampling sites, containing nemtf individuals sampled (n), mean
CL/RL values, standard deviation (s.d.), standardr&s.e.) and confidence intervals (C195%).
RJ= Rio de Janeiro, AR= Argentina and CZ= Convetgerione. Superscript letters indicate

groups separated by One-Way ANOVA (p<0.05).

CL/RL n mean s.d. S.e. Cl (95%)

overall 150 0.809 0.084 0.007 0796  0.823
AR®@ 50 0.804 0.064 0.008  0.788 0.819
cz® 50 0.793 0.110 0.016 0.762 0.825
RJ® 50 0.846 0.063 0.011 0.823 0.869
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Table IV. Descriptive statistics obtained from taféL) and carapace length (CL) ratio Af

longinaris males in different sampling sites, containing nemtf individuals sampled (n), mean
TL/CL values, standard deviation (s.d), standardregfs.e.) and confidence intervals (Cl 95%).
RJ= Rio de Janeiro, AR= Argentina and CZ= Convetgeione. Superscript letters indicate

groups separated by One-Way ANOVA (p<0.05).

TL/CL n mean s.d. S.e. Cl1 (95%)
RJ@ 50 5.405 0.048 0.010 5.384 5.427
AR® 50 4.409 0.207 0.045 4.315 4.503
cz® 50 4980 0.447 0.050 4.881 5.079

Table V. Descriptive statistics from total and @aee length ratio (TL/CL) obtained from
longinaris males in different sampling sites, containing nemdsf individuals sampled (n), mean
number of rostral teeth (RT), standard deviationl.)s standard error (s.e.) and confidence
intervals (CI95%). RJ= Rio de Janeiro, AR= Argeati€Z (w)= Convergence Zone in winter

and CZ (s)= Convergence Zone in summer. Superdettpts indicate groups separated by One-

Way ANOVA.
TL/CL n mean s.d. S.e. Cl (95%)

overall 200 4.96 0.47 0.04 4.87 5.04

RS 50 5.41 0.05 0.01 5.38 5.43

AR 50 4.41 0.21 0.05 431 4.50

CZ (w)° 50 453 0.29 0.06  4.41 4.66

CZ (s} 50 5.15 0.38 0.05  5.05 5.24

The analysis of number of rostral teeth (RT) showaghificant differences between
groups located at extremes of distribution areaatMaumber of RT decreases with latitude,
varying from 11.16 in Argentina to 10.56 in Rio #neiro (Table VI). In population inhabiting

AR and CZ, frequency of RT was concentrated betwige(29% and 33.3%, respectively) and
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11 (42% and 46.66%) (Figure 6). A different pattesas observed in males from Rio de Janeiro

population, with 48% presenting 10 teeth and 40%e#th.

Table VI. Descriptive statistics from number of trak teeth (RT) ofA. longinaris males in

different sampling sites, containing number of undiials sampled (n), mean number of rostral

teeth (RT), standard deviation (s.d.), standardrég.e.) and confidence intervals (C195%). RJ=

Rio de Janeiro, AR= Argentina, CZ= Convergence Zdh@perscript letters indicate groups

separated by One-Way ANOVA and Tukey'’s test.

RT n mean s.d. S.e. Cl (95%)
overall 150 10.901 0.973 0.116 10.671 11.132
AR @ 50 11.161 1.068 0.192 10.770 11.553
RJ® 50 10.560 0.821 0.164 10.221 10.899
cz@n 50 10.933 0.884 0.228 10.444 11.423
60
50 AR
RS

40

30

%

20

10

RJ

Number of rostral teeth

9 10 11 12 13 14

Figure 6. Relative frequency of number of rostegth (RT) in males oA. longinarisinhabiting

Argentina (AR), Convergence Zone (CZ) and Rio deita (RJ).

The same clustering pattern was observed for batiables analyzed (TL/CL and

CL/RL), grouping southern stocks (AR and CZ) in #eme cluster. Lower distances were
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recorded between Argentina (AR) and Convergences Zimwinter (C4,)). Males inhabiting CZ
in summer (C4)) also clustered together with southern populatibogs showing slightly higher

distance from winter and Argentina (Figure 8).

CURL TUCL
AR AR
RS RS
RJ RJ
0.54 0.55 0.56 0.57 0.58 0.59 0.60 1.70 175 1.80 1.85 1.90 1.95
Linkage Distance Linkage Distance

2.00

TL/CL (seasonal)

AR
RS (W) J

RS (s)

RJ

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10
Linkage Distance

Figure 8. Cluster analysis estimated for male&.donginarisfrom CL/RL and TL/CL variables.
AR= Argentina, RJ= Rio de Janeiro, CZ (w)= Conveg®e Zone in winter and CZ (s)=

Convergence zone in summer.
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Relative growth in weight was negative allometrar both sexes, since confidence
intervals did not reach the isometric vall=3) (Figure 9). Females have a slightly higber

value (2.87) than males (2.83), but significantedénces (Cl 95%) were not found (Table VIII).

TW=0.0007CL2-87
TW=0.0008CL283 r2=0.94
r2=0.90

TW(g)

Figure 9. Length-weight relationship estimateddach sex oA. longinarisin Southern Brazil.
A-females; B- males. Circled points were automdiioaxcluded from analysis since they were

located outside 95% confidence interval and theeefissumed as measuring errors.

Table VII. Statistic summary of length-weight rédaiships estimated foA. longinaris males
and females in Southern Brazil, containing of ioé@t (a), slope (b), coefficient of

determination (B and significance level (p).

a(+1C95%) b (£IC95%) R p
males  0.0007<0.0009>0.001 2.78<2.83>2.89 0.89  0.000
females  0.0006<0.0007>0.0008.85<2.87>2.89 0.96 0.000

Relative condition index showed seasonal variataith lower values observed in
summer for both years analyzed (Table VIII). Timdex (RCI) was statistically lower in summer

for both years, but especially in 2002 when thedswwalue (-0.030) for this parameter was
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recorded. Conversely, spring the highest RCI wesrded in spring, reaching values up to 0.823
in 2004. In 2004 the estimates were not signifigadifferent from autumn to spring, while in
2002 autumn and winter formed a discrete interntedjeoup differing from spring mean value

(Table VIII).

Table VIII. Statistic summary of relative conditiandex (RCI) estimated foA. longinaris
females in Southern Brazil during the years of 2888 2004, including number sampled, (n),
mean values, standard deviation (s.d.), standaod €x.€) and confidence intervals at 95% level

(CI95%). Letters within brackets indicate similaogps estimated by ANOVA.

RCI n mean s.d s.e Cl 95%
overall 4036 0.506 1.632 0.027 0.453 0.559
summer/02% 516 -0.030 1.814 0.080 -0.187 0.127
summer/04% 115 0.033 2.077 0.194 -0.351 0.417
autumn/02” 466 0.449 1.314 0.061 0.329 0.568
autumn/04® 444 0.768 1.596 0.076 0.619 0.917
winter/02® 590 0.231 2.017 0.083 0.068 0.394
winter/04®© 300 0.733 1.625 0.094 0.548 0.917
spring/02© 1185 0.777 1.318 0.038 0.702 0.852
spring/04®© 420 0.823 0.811 0.125 0.571 1.076
DISCUSSION

Overall pattern of relative growth in size was $anfor both sexes, with values close to
expected isometry for size relationships. Howeskghtly higher TL growth was observed for
females. Similar pattern was previously observedditer penaeid prawns such Renaeus
aztecus(Parrack, 1979)Penaeus indicugDevi, 1986),Penaeus longystilugDredge, 1990),
Litopenaeus vannamé¢Chow & Sandifer, 1991)Vietapenaeus endeavouBuckworth, 1992)
and Penaeus monodorfPrimavera et al.,, 1998). Previous investigatiom length-length
relationships foA. longinarisdescribes a slightly higher relative growth of inLmales (Boschi,

1969; Nascimento, 1983), which may be explainedhigher frequency of regenerating and
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broken rostrum of females, directly influencing Theasurements. In the present study,
percentage of excluded females surpassed males¥%5a2 females and 3.0% of males were
located outside 95% CI), which is likely relatedl#mger rostrum of females and consequent
higher probability of breakdown. We hypothesize giaghtly higher relative growth observed in

previous investigations (Boschi, 1969; Nascimerdt®33) was due to inclusion in the linear

regression of individuals, of both sexes, with uadeed broken or regenerating rostrum.

None of the linear regressions presented intengapsing through the origin which may
be explained by significant trends occurred in rhoftpgy during larval stages @& longinaris
Previous analysis of length-length relationshippeémaeids prawns, such BsmonodorandF.
paulensis showed the same pattern observed in presenttigatsn, with intercepts differing
from zero (Primavera et al., 1998, Albertoni ef aD03). Primavera et al. (1998) investigated
length-length relationships along different lifages ofP. monodonfrom nursery to grow out
phases, in wild and captive stocks, always estirgatitercept values different from zero. Since
variables used in the current investigation didstaw significant influence of size composition
within the range analyzed, it is likely that thesends are occurring at first stages of
development or in pre-recruitment phase.

Results obtained from morphometric traits analyzdygest that the population
inhabiting RJ is discrete from the rest. Additidpakignificant similarity between southern
populations from Argentina and Convergence Zone, eetected. However, the exact causes of
variation in exploited stocks are not easily digtiishable (Waldman, 1999). Phenotypic
differences have been widely discussed and used &sportant tool for stock identification of
populations (Begg et al., 1999; Swain & Foote, 198aldman, 1999, Begg & Waldman, 1999;

Swain et al., 2001; Pinheiro et al., 2005). Morplktic characters are phenotipically expressed
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and represent both genetic and environment infoomatbut lacks from the absence of
information on their respective contributions (Wath, 1999).

Nascimento (1983) analyzed changes in size rekdtips forA. longinarisalong the CZ
suggesting, without a definite conclusion, thatsthérends may be attributed to environment-
induced different growth patterns, allometry causky interactions between different
populations or the presence of a puberty molt. &vema et al. (1998) suggest that the presence
of old, slow growing individuals may force the sboglown in linear regressions of length
relationships ofP. monodonHowever, the analysis of size composition doessopport this
hypothesis since small recruits can also be obdetueing autumn and winter and larger males
were mainly observed in spring. Previous invesioget on allozymes (Weber et al., 1993) and
MtDNA (Dumont et al., manuscript) confirm signifitasimilarity between CZ and AR
populations and isolation of the group inhabitinhd®ast (Dumont et al., manuscript).

Although phenotypic differences do not provide direvidence of genetic isolation
between stocks, they can indicate the prolongedragpn in different environmental regimes
(Campana & Thorrold, 2001). Morphometric charactgsically show ontogenetic changes
associated with allometric growth and may be aitetl to environmental influences through life
(Swain & Foote, 1999). Body shape be easily modlifig several environment and ecological
factors such as rearing temperature (Beacham, 189@yell as quantity and quality of diet
(Currens et al., 1989).

Mean water temperature registered for Macaé (RD4IE, except in summer when
temperature decreases due to a coastal upwellingess (20-2L) (Beisl et al., 2001).
Conversely, water temperatures in Mar del Plata)(@f® consistently lower, ranging from°@0
to 20.8C (Ciemchomski & Vigo, 1971). Hence, lower temperas recorded in southern area,

where AR and CZ populations live may explain sigaifit differences in relative growth
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observed in present investigation. Cluster analysituding summer and winter individuals
showed reduced distances between individuals frétnaAd CZ (w), which may also suggest
that temperature is an important factor influencimprphometric traits ofA. longinaris
Additionally, lower slopes observed during 2004 naéso indicate the influence of temperature
on relative growth for this species.

However, oceanographic features of the studiedoregnay also imply genetic
interchange between AR and CZ populations as veelba@ation of RJ population. Changes in
morphometrical, namely TL/CL ratio and slope of TL/regression (males), traits observed
during colder periods of autumn and winter mayibkeld to the presence of morphotypes from
AR, brought to Southern Brazil by Coastal Water (ICWhe CW is a colder water mass that is
mainly influenced by the La Plata river freshwateitflow and is displaced northwards when
southwesterly winds are frequent and intense. Waigr mass stretches northwards reaching the
coast of Rio Grande do Sul (8®") all year round but its presence is more natite in autumn
and winter (Piola et al., 2004; Piola et al., 2009)is “diluted” water is therefore, the dispersion
vector by which prawns and/or larvae from souths&otks, with relative larger carapace and
rostrum lengths, can be transported to Rio GramuleSdl coast, especially during winter.
Assuming that individuals from AR are carried by GWautumn and winter and that the main
reproductive event takes place in spring (Calazad82; Ruffino & Castello, 1992; Dumont &
D’Incao, manuscript), it is likely that genetic @nthange occurs between these two stocks
(Dumont et al., manuscript).

It is also important to highlight that sampling waesformed during two contrasting years
in terms of amount of rainfall, salinity and watemperature. During 2002, the total volume of
rain recorded was the highest in the last thirtgrgeovercoming elevated values observed in

intense El Nifio events (ENSO), such as 1997-1998AA, 2007). On the other hand, 2004 was
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considered as a dry year, presenting lower raintdlles, higher salinity and lower temperature.
Therefore, reduction of slopes during 2004 mayittdeet to larger amount of CW in the coast of
Rio Grande do Sul (CZ). This water mass is quitgéabée in terms of salinity and temperature,
showing latitudinal displacements regulated byfedirand wind stress along the coast (Piola et
al., 2004; Piola et al., 2005).

Theoretical arguments indicate that high river ligsges should lead to increased
penetration of La Plata plume northwards (Garvih®99). Surprisingly, and in spite of
significant discharge variations, low salinitie® asbserved near the river mouth or displaced
offshore (38S). The meridional penetration of the river pluraetierefore largely controlled by
the magnitude and direction of southwesterly wipdsdominant during winter (Kourafalou et
al.,, 1996. During ENSO events, southwest winds are weakened maortheast wind
predominates in Southwestern Atlantic, reducingthweards penetration of CW (Piola et al.,
2005). Thus, it may explain lower abundances ofghotypes from Argentina in the CZ during
2002. Conversely, during years of intense southwastis and moderate rainfall, the influence
of CW on South and Southeastern Brazil is morensege reaching the latitude %32'S (S&o
Paulo) (Piola et al., 2004) (e.g. 2003, when maxmtandings ofA. longinariswere recorded in
Southern Brazil). The isolation of RJ populationtherefore also explained by the maximum
expansion of CW that does not reach this regiom e\ing favorable combinations of wind and
rainfall (Piola et al., 2005).

Relative growth of rostrum also allowed identifioat of significant similarities between
males from Argentina and Rio Grande do Sul. Popratinhabiting southern areas (CZ and
AR) tend to have a relative longer rostrum, whicesinot occur in northern limit of distribution
(Rio de Janeiro). Previous investigation of relatgrowth ofA. longinaris(Nascimento, 1981)

also suggested that individuals inhabiting latisitiégher than 3B5' presented relative larger
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rostrums. However, the refereed investigation vestricted to Convergence Zone and did not
analyze the extremes Af longinarisdistribution.

Power of morphometric characters to identify stdeés been widely discussed (Gulland,
1971; Begg & Waldman,1999; Begg et al, 1999). An argument against this tool is that
morphometric characters are easily influenced byrenment changes, such as temperature and
salinity. On the other hand, if these differences maintained through time it may be an
indicative of reproductive isolation (Cushing, 198ihich does not hold true f@\. longinaris
since prawns from AR may reproduce with individuiem CZ population, as indicated by
molecular analysis (Weber et al., 1993). The bpsemise behind the modern concepts of stocks
iIs whether there is a marker, genetic or phenotybiat will remain the same without much
variation for all identification applications oveéime (Booke, 1999). It is also important to
highlight that morphometry is only a single tool identifying stocks and must be combined
with other techniques to improve reliability of sks differentiation. According to modern
theories about stock identification a holistic agwmh €.9. genetic information plus
morphometry and meristics) must be addressed tease confidence in stock structure analysis
(Begg & Waldman, 1999; Begst al, 1999).

Additionally to molecular (Weber et al.,, 1993; Dumboet al., manuscript) and
morphometric analysis, meristic counts of numberasitral teeth (RT) also showed a certain
level of population structuring fok. longinarisin Southwestern Atlantic. According to D’Incao
(1999)A. longinarispresents great variability in number of RT, shaywalues that range from
7 to 14. In present investigation, the number strad teeth varied from 9 to 14, which may have
been caused by exclusion of females from analysiglue to low sampling numbers. A
latitudinal pattern in mean number of RT was obsénsince reductions in mean values were

recorded as latitude decreases. Mean comparistninelécated that only populations inhabiting
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distributions extremes (AR and RJ) showed significdifferences in mean number of RT.
However, modal value of population inhabiting RkJ@cated at interval of 10, while the most
frequent number of rostral teeth in other two patiahs (AR and CZ) was 11. Therefore, the
analysis of this variable reinforces similarity Wween stocks located at southern regions and the
isolation of northern population (RJ), caused eitbg environment-induced or migration
phenomenon.

Meristic characters such as the number of vertetwdi@ rays have a long history of use
in the delineation, especially, of fish stocks (eSyvain & Foote, 1999). Variation in these
characters was assumed to reflect genetic diffiatgort, but some authors state that the number
of parts formed in an individual can be stronglfluenced by the environment, in particular
temperature (Lindsey, 1988; Shepherd, 1991; Kimtey., 1994), usually before or immediately
after hatching and is normally unaffected by subsatienvironmental variation (Lindsey, 1988)
This suggestion is reinforced by studies that destrate morphological differences between
groups of fish that appear genetically homogenébeslie & Grant, 1990; Kinsey et al., 1994).

Even though meristic differences may be environalBninduced rather than
genetically-based, consistent morphological difieess among areas may indicate the existence
of “phenotypic stocks” with sufficient distinctss to warrant separate management (Shepherd,
1991). The phenotipic (Nascimento, 1981, 1983) genktic (Weber et al., 1993; Dumont et al.,
manuscript) traits analyzed allowed to concludé #gtacks ofA. longinarisinhabiting southern
regions (CZ and AR) show higher level of similaniyien compared to the northernmost stock.
These evidences are supported by geographicahdestaifferences of water temperature and
oceanographic systems observed in species’ difitibthe area.

To manage a fishery effectively, it is importanttederstand the stock structure and how

fishing effort and mortality are distributed (Grimet al, 1987). An understanding of stock
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structure is vital for designing appropriate mamaget regulations in fisheries. It is especially
important when multiple stocks are sharing simigaeas and being exposed to different
exploitation patterns (Ricker, 1981). Knowledgestafcks composition permits to obtain specific
maximum yields and therefore protect the less prtider ones (Begget al, 1999).
Consequently, the understanding of stock structfréd. longinarisis quite important for
management strategies, especially because thisiroesas shared between two different
countries.

Artemesia longinarigresents the lowest values for the allometric fadeht of relative
growth in weight among commercial penaeid prawomfSouthwestern Atlantic. For instance,
Farfantepenaeus paulendiss a positive allometric growth, presentimgalues for both sexes
above the isometric value (3.65 and 3.40 for femaled males, respectively). Previous studies
concerning relative growth dfarfantepenaeus brasiliensghowed an approximated isometric
weight increment, with females presenting slightigherb (3.09) than males (2.95) (Rebelo-
Neto, 1985). Lower values estimated #r longinarisreflect the body shape of investigated
species that has a thinner abdomen and a strestizg when compared to species previously
cited.

Higher exponent of females is influenced by ovamaaturation, increasing the relative
growth in weight during reproductive season (Kihg97). Different results were obtained faor
longinaris length-weight relationships in Argentina. Malesnfr Argentina have positively
allometric growth (b= 3.20), while females have igamgrowth pattern in weight (b= 2.84)
(Boschi, 1969) when compared to present resultsngaoison of results from the present
investigations with those obtained for Argentinesaock is difficult, since independent variable

used was TL and not CL as in present investigatitavertheless, expectédvalues for penaeid
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females are supposed to be higher than males eiwrarégan development tends to increase the
increment in weight (King, 1997).

Seasonal analysis of relative condition factor oorg previous biological information
available for the species in Southern Brazil (Nasrito, 1983, Ruffino & Castello, 1992,
Dumont & D’Incao, manuscript). Highest R@ldserved during spring is related to availability o
food and favorable salinity and temperature in isticirea. During spring high availability of
nutrients in water column results in phytoplanktdooms (Ciotti et al., 1995), providing good
environment conditions for growth and reproductidrseveral species. Reproductive season of
A. longinarisis also connected to this seasonal cycle (Nastomd®83; Ruffino & Castello,
1992; Calazans, 2002; Dumont & D’Incao, manuscrgtich is reflected in RCI. Lowest values
of RCI observed during summer are related to higheer temperature, since mortality rate for
this species is high (89%) in temperatures aro 8 (Hararet al, 1992). Thus, environment
stress due to high temperatures recorded in summagr reduce increment in weight fé.
longinaris

An abrupt decrease in RCI was observed in wintec@®ciding with intense rainfall
accumulated since summer, reducing salinity inatea. Changes in salinity can affect feeding
activity as well as growth of crustaceans, altermgtabolic pathways and developmental
processes (Anger, 2003). The negative effect afkish water on euryaline coastal species, such
asA. longinaris is that under suboptimal salinity concentratiba energetic requirements are
increased due to hyper-osmoregulation (Kinne, 19Alocation of the energy initially
designated to reproduction is diverted to osmagulation and may inhibit ovary maturation of
prawns, since it is a high energy demanding pro¢@aii et al, 1990), explaining lower RCI

values ofA. longinarisduring elevated rainfall periods.
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In summary, the main result of this investigatioasvthe indication of a high similarity in
morphometric and meristic traits of populationswdag in Convergence Zone and Argentina,
caused either by genetic or environment-inducedofac Moreover, seasonal trends in RCI
showed interannual and seasonal variations, negpataffected by high temperatures of summer
and low salinities.
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SUMMARY

Artemesia longinaridias been recently exploited by commercial andardl fisheries in
Southern Brazil. To investigate the reproductiveldly of this species in Southern Brazil,
monthly samples were analyzed between February/20@R January/2003. Stock-recruitment
relationships (SSR) were estimated, as well as aingnary predictive model for recruit
biomass. Reproductive effort is concentrated inngprhowever, recruitment was observed all
year round. Reproduction in autumn is more variadnéd susceptive to intense rainfall and
consequent low salinity observed the in studied.afereproductive migration to depths higher
than 15 meters was observed, and recruitment @os@sts approximately one month after
hatching. Mean length at first maturity was estmdatn 16.76 mm and is achieved at
approximately 4 months. Significant fit of SSR walsserved for three models tested under
adverse environment conditions, suggesting thatrédection of spawning biomass combined
with unfavorable environment conditions may leadreécruitment overfishing. A preliminary
predictive model was developed and the main fadtdhgencing recruitment of the species are
salinity in spawning season and rain in recruitmdite main factor influencing recruitment
success under adverse environment conditions ibittreass of spawning stock, while under
favorable conditions salinity in spawning seasaygpla significant role.
INTRODUCTION

Artemesia longinariBate, 1888 isa penaeid prawn commercially exploited along its
entire distribution area, from Rio de Janei2l’87S) Brazil to Puerto Rawsord800S)
Argentina. The Argentinean prawn usually used asl fior human consumption as well as for
bait in amateur fishery. The species is caughtgbhith Pleoticus muelleri which is also a

valuable fishery resource in Southern Brazil andeftina (Boschi, 1969; D Incaa al., 2002).

136



Commercial landings in Brazilian coast date fronT&%however, landing statistics were
only available after 1982, presenting remarkabtedasing in last decades (Univali, 2004). The
growing interest and increasing fishing effort otlee Argentinean prawn, especially after the
collapse of pink prawn fishery (D’Incaet al, 2002) require new investigations about its
population dynamics.

Although prawn stocks throughout the world supgoghly profitable fisheries (FAO,
2007), little is known about the biology of sevesgkcies (Cha et al., 2002). Out of population
parameters, one of the most important is the sizge at first maturity, which is widely used as
a biological reference point for managing exploigtocks (Gulland and Rotschild, 1981; Cha et
al., 2002; Lopez-Martinez, 2005; Frisch, 2007) sipreservation of individuals smaller than
mean size at first maturity increases the chancgiofess of the next offspring (Garcia and Le
Reste, 1981; King, 1997).

Previous investigations concerned on reproductm@h@vary maturation oA. longinaris
are scarce, especially in Southern Brazil (Nascimel981; Dumont & D’Incao, 2004; Castillo
et al., 2007). Using variation of size at first ondty, in southern Brazil, a hypothesis of two
different populations was stated for this spechastimento, 1981). However, the trait used to
define morphological maturity was the presencepefmatophore, which is now known as a no
informative feature to identify ovary developmemwt fthis species, since females can carry
spermatophores without being fully mature (Sceld®91). Dumont & D’Incao (2004)
established a chromatic scale, based on ovariarosaigpic traits, to identify stages of gonadal
development oA. longinarismore accurately, providing a routine method tegifg the ovaries.
Recently, Castillo et al. (2007) investigated trend size at first maturity in populations

inhabiting distribution limits of the species.
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Furthermore, investigations on penaeid prawns biolsuggest conspicous trends in
reproductive dynamics for this group, highly depamdon environment conditions (Staples et
al., 1995; Vance et al., 1998; Crocos et al., 20B&rruitment of juveniles and larval abundance
of A. longinarishas been previously assessed and marked osciflatiotime and intensity of
reproduction were reported, even tough the maieding season in Southern Brazil is accepted
as taking place in spring (Calazans, 2002; RufféacCastello, 1992; Nascimento, 1981).
Previous studies suggest that main reproductiveosesn Argentina takes place in sumnaad
that endogenous and environment factors may affect dejgtimn of this species that area
(Boschi, 1969; Christiansen & Scelzo, 1971; Scelt691; Petriella & Bridi, 1992). In
Northeastern Brazil reproduction was reported t@ tplace in summer, associated to colder
water resurgence

Prediction of recruitment is also of special ing¢réor penaeid fisheries management
(Pauly, 1992). Forecasting of recruit abundanceprawn populations has been considered a
hard task due to their high fecundity and suscéjyito environment shifts, such as those
caused by rainfall and wind stress (Garcia, 198atla@d & Rotschild, 1981, Crocos et al.,
2001). Despite of that, stock-recruitment relattops (SRR) have been applied to estimate
recruitment of penaeid prawns with considerablesllesf success (Garcia, 1981; Kirkwood,
1981; Pauly, 1992).

There are evidences that level of recruitment ile@as$t partly governed by environment
conditions and interactions between spawning stoegiuitment and environment conditions
must be investigated to properly manage and prddiare abundances. There are therefore
many aspects of interaction between prawn biology anvironment that must be carefully
considered, especially under low spawning biomasel$ (Garcia, 1981; Kirkwood, 1981,

Gulland & Rotschild, 1981; Daét al, 1990; Pauly. 1992).
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The aim of this paper is to investigate the meam it first maturity, reproductive
dynamics, stock-recruitment relationships as weltlavelop a preliminary model to predict the
abundance oA. longinarisrecruits in commercial fishery of extreme SouthBrazil.

MATERIAL AND METHODS

Study area

Sampling took place in surrounding area of Barr&aeGrande, which links the estuary
to marine coastal waters through a four kilometdrannel (Figure 1). This area is significantly
influenced by freshwater discharge from Patos Ladgestuary (Ciotti et al., 1995) and discharge
values of 30,300f#s* have been reported (Garcia, 1996). The estuancited at coastal plain
of Rio Grande do Sul State, Brazil 82 49W) and is the largest choked lagoon in the world,
accounting for an area of 10,360knDrainage basin covers 201,626 %ktAsmus, 1996) and
rainfall as well as wind stress regulate the watevements in study area (Garcia, 1996, Piola et
al., 2004, 2005). Seasonal freshwater dischargeepte great variability (30,300 - 47/st) and
during El Nifio Southern Oscillation (ENSO) evenisoff is usually higher than mean values

estimated (Garcia, 1996).
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Figure 1. A- Southwestern Atlantic Ocean and distion ofA. longinarisin coastal
waters (black line). B- Closer view of Southern Blian coast, highlighting the surrounding area
of Patos Lagoon Estuary and nine sampling sta(whge dots) positioned at depths varying
from 5 to 25 meters.

Data sour ces

Standardized data used in this paper were obtalngdg oceanographic cruises (L.Oc.
Larus) from 1982 to 2003, in depths varying fronio520 meters. To investigate reproductive
pattern only data obtained during 2002/2003 weralyaed, since during previous research

cruises, ovary classification has not been perfdcrii®@ estimate stock-recruitment relationship
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(SRR), data between 1982 and 2003 were selectextl ias availability of information from
spawning biomass and subsequent recruitment aychom@, out of twenty one years, were used.
Discard of twelve years was due to gaps in cobthestiduring spawning or recruitment periods.
Spawning season was considered as spring (Octdbgember, December) and recruitment as
summer (January, February, March). It is importanstress that main reproductive event takes
place in spring and commercial trawling f&ar longinarisconcentrates maximum fishing effort
during summer (Univali, 2004). Therefore, commdrcishery depends on recruitment
originated from cohorts hatched during previousmgpspawning season.

Reproductive dynamics and size at first maturity

To establish relative abundance index (CPUE) thehcanit adopted was number of
individuals and effort unit used was five minuteawtling. Mean relative abundances were
statistically compared by One-Way ANOVA and subssqyost-hocTukey test (3 or more
means compared) ortest (2 means compared), with confidence leve586. Assumptions of
normality (Kolmogorov-Smirnov) and homogeneity ariances (Levene) were tested prior to
perform ANOVA.

Carapace length (CL) was used to describe the simecture of population, been
measured from post-orbital angle to the end of dudsal carapace. Size-class interval used was
0.5mm (CL). Ovary development was classified basedcolor and shape traits, previously
established by using histological sections. Threarian development stages were adopted (I-
immature, ll-developing, lll-ripe) (Dumont & D’Inoa2004).

Recruitment patterns were obtained using ELEFAMUitine (Pauly, 1987), included in
FISAT program (Gayaniloet al, 1995). Growth parameters used to estimate pedks
recruitment were obtained from von Bertalanffy gtiownodel (VBGM). Monthly relative

frequency of ripe (stage Ill) females was compat@dhe recruitment pattern generated by
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ELEFAN Il to validate the pattern obtained. Modabgps of females were tentatively linked to

visualize modal progression along the samplinggoerifo estimate growth parameters all the

chosen cohorts were fitted to von Bertalanffy gtowiodel (VBGM) (1938) by an automated

least squares fitting procedure. The von Bertalaeffuation is given by:
CLt=ClLo[1-e—k(t-to)]

whereCLt is length at the timé CL. is asymptotic lengthk the coefficient of growth
and to the theoretical age at zero length. Longeffit.) was estimated by inverted von
Bertalanffy (1938) equation, considering maximumgevity (t.y) as reached at 99% of the
asymptotic length (D’Incao & Fonseca, 2000).

Mean size at first maturity (LM) was consideredias size class interval (1mm interval)
in which frequency of ripe females is 50% (King9T® Frequency of ripe females was fitted to
the logistic model by an automated least squaregolare, in such a way that:

P=1/[1+exp ¢, M),
whereP is the percentage of ripe females in a given lemfgss,r is the logistic curve

slope,CL; is the upper limit of carapace size interval &Mlis the mean length at first maturity.

Stock-recruitment relationships (SRR) and multiple regression analysis

Standardized data obtained from oceanographic esu{t.Oc. Larus) were used to
estimate spawning (females larger than LM caughinduspring) and recruitment (females
smaller than LM caught during summer) abundancexr{d/30 minutes of trawling).

According to Gulland & Rotschild (1981) a singleagming-recruitment (SRR) curve can
not entirely describe the changes in stock bionmdisan exploited prawn population. Besides

spawning biomass, environment factors play an itapbrrole in recruitment success and
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therefore must be considered in stock assessmeamtié; 1981; Kirkwood, 1981; Gulland &
Rotschild, 1981; Dalet al, 1990). Thus, two different SSR were visuallyabished and their
respective environmental parameters investigatesiich a way that one curve was estimated for
favorable environment conditions (1988, 1989, 2@@M2) and another for adverse years, where
same spawning stock resulted in smaller recruitrbmhass (1982, 1983, 1984, 1996, 2001).

Stock-recruitment relationships (SRR) were obtaigdsing three different models. The
Beverton & Holt (1957apud King, 1997) model assumes that recruitment ackiean
asymptotic value of biomass at high spawning stetmkndances and the equation that describes
it is given by:

R=S/(a+bS)

whereR is the abundance of recruits in the next y8as,the spawning biomass aa@dnd
b are the parameters of the model.

The Ricker (197%pudKing, 1997) equation describes a stock-recruitmeldtionship
where recruitment achieves a maximum and decreaféesvards at high spawning biomass
levels. The equation is given by:

R=aS exp(-bS)

whereR is the abundance of recruits in the next y8as,the spawning biomass aaénd
b are the parameters of the model.

The last model fitted was created by Shepherd (E@8@iKing, 1997).

R=aS/[1+(S/KY]

The parameterR andS have the same meaning as in other equations. ditaenetel is
the initial slope at the origin and reflects theégmtial stock-recruitment relationship without the
density-dependent effects. The paramé&erepresents the threshold spawning biomass above

which density-dependent effects dominate densitgp@endent effects. Specificalli is the
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stock size at which recruitment is reduced to caléthe level it would have been under density-
independent process only (King, 1997). Spawningkstmd recruitment abundances were fitted
to SRR models by an automated least square prozedi@an salinity and rainfall during spring

were grouped according to good and bad recruitrgeats (visually determined according to
SRR) and than compared by st at 5% significance level.

Multiple regression analysis was performed to ela®@ main environmental and
biological factors affecting reproductive successeA. longinarisin surrounding area of Patos
Lagoon estuary. Predictors used were: total rdimaspawning (RSS) (spring) and recruitment
seasons (RRC) (summer), salinity in spawning seéS&h.S) (spring), salinity in recruitment
(SALR) and spawning biomass (SS). Recruitment aboeel in subsequent summer (RC) was
considered as the dependent variable. A forwamhsse method was chosen, in such a way that
most important predictors were progressively inellich regression equation. Salinity data was
measured with a termosalinometer after each fislstagion. Daily rainfall (mr) data was
obtained from Estacdo Agrometeoroldgica da Unidade Federal de Pelotas, and seasonally

grouped as previously mentioned.

RESULTS

Environmental data

Rainfall data collected for the city of Rio Grandas chosen due to higher correlation
with salinity in surrounding area of Patos Lagoos0(73, b=0.049). Conversely, polled rainfall
data from all drainage basin did not show a cletationship with salinity. Lack of correlation
may be owned to complex interactions between pgityioand wind stress (Garcia, 1996),

resulting in a larger gap between rainfall andHvester runoff.
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Mean annual rainfall, between 1913 and 2002, indhe of Rio Grande is 1215nin
Total rainfall recorded in 2002 was the highestsii915, reaching the value of 1915Mmm
Values recorded in 2002 were consistently abovenmalues for the area, except in July, when
slightly lower rainfall was observed. Four main k=af rainfall were observed in January
(241.7mm), March (224.2mr), October (195.8mf) and December (272.7 nij(Figure 2).

300
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Figure 2. Trends in rainfall (mfjobserved during 2002 for the city of Rio Grande

(Southern Brazil), compared to average values 048 to 2002.

Higher values of salinity were observed in sumnkabfuary= 30.2+0.39), despite of a
striking reduction of values in March (24.4+1.83, aaconsequence of intense rainfall during this
month. Salinity tended to decrease towards wintegrmiowest value were recorded (September=
19.07+5.37). After winter, salinity increased agiiwards December (23.1+5.83), when another

reduction, associated to high rainfall, was notiffedures 2, 3).
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Figure 3. Trends in mean salinity in surroundingaaof Barra do Rio Grande, Southern

Brazil. Black dots represent mean values and \&rtiars represent the range in sampled values.
As expected, temperatures were higher in summeu&ig= 25.64+0.78) and lower in

winter (August= 13.7+0.6). From September (15.75x0nwards, temperatures increased again

and a stabilized between November (21.4+0.3) arcedber (21.4+05) (Figure 4).
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Figure 4. Trends in mean water temperatd) (n surrounding area of Barra do Rio
Grande, southern Brazil. Black dots represent nvadunes and vertical bars represent the range
in sampled values.

Seasonal reproductive dynamics and size at first maturity

A total of 2623 females was analyzed between Jg2@02 and January/2003 for
reproductive pattern and size at first maturityneates. Ripe, vitelogenic and adult females were
recorded all year round, but mainly from July totéber. Conversely, very low frequencies of
ripe females were recorded in May and January/Z2B@Rire 5, 6).

Three peaks of adult females and proportion o oyeries were observed along the year
(Figures 6, 7). Highest density of adult femalesktplace in October, and during this month
38.86% of females presented ripe ovaries (FigurdnrbMay, another important mean relative
abundance of adult females was recorded (Figurel@)ever, a very low proportion of females

presented ripe ovaries during this month (Figurdm)January, the smallest abundance peak of
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A. longinarisfemales was observed, also with very low percentdgnature ovaries (Figures 5,
6).

Trends in relative abundance of recruits coincidin \pattern estimated by ELEFAN II
routine, which resulted in three peaks along tree yEigure 6). Recruitment peaks presented one
month delay after maximum values of adult femates proportion of ripe females (Figures 5, 6,
7, 8). Main recruitment event takes place in Novemhs indicated by high percentage (Figure
7) and relative abundance (Figure 8) of individuatsaller than §. The other two recruitment

events are less important in magnitude and tootegla February and June (Figures 7, 8).
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Smallest ripe female measured was 13.3mm (CL) &md largest 30.49mm (CL).
Estimated mean length at first maturity (LM) was788nm (CL) (Figure 9, Table 1) and based
on length-age table, obtained from VBGM, the LMirasted corresponded to the age of
approximately 4 months. The lenght at which 100%eafales were mature was 25.0 mm (CL),

corresponding to the age of 8 months (Figure 9).

P=1/1+exp(-0.55*(CL-16.76))
r2=0.99
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Figure 9. Logistic curve of ovary maturation #rlonginaris Carapace length (CL mm)
that corresponds to frequency of 50% is 16.76mmgtte at which 100% of females presented
ripe ovaries is 25mm. External lines representdbefidence interval of estimate (95%) and

internal bands the prediction interval (95%).
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Table I. Summary of estimates obtained from leagtare procedure that fitted the
frequency ofA. longinarisripe females to a logistic model, containing slépe length at first

maturity (LM), t-values, confidence limits (C195%ixd p-values.

Parameter value Cl (95%) p
r 0.55 0.43 0.66  0.000
LM 16.76 16.33 17.19 0.000

Size frequency and VBGM analysis

Carapace lengths (CL) ranged from 3.1mm to 30.4%mndnlarger females were observed
from winter to spring (July, August, September &xtober). During March (10.35mm), May
(12.70mm), November (10.72mm) and December (10.8lhomest mean CL values were
recorded (Figure 10).

Analysis of CL data showed that differential lenglistribution of females occurred in
studied area. Statistical comparison of mean lermgtween isobaths (5-15m and 16-20m)
suggests that significantly larger females (p=09)0Ohhabited deeper grounds, in isobaths
further than 15 meters (CL= 13.9 £+ 3.94 mm). Coseght, smaller females (CL= 9.89 + 3.71

mm) presented a preference for shallower watensthedeach (Table II).

Table II. Trends in length (CLmm) composition gredpn two categories, from 5-15 and 16 to
20 meters. Summary df test results, including mean carapace length (C),nstandard
deviation of mean (std. dev.) and confidence irgksr{95%). Test showed significant differences

between groups (p=0.0009).

depth n CLmm  std. dev. Cl (95%)
overall 1006 12.61 4.24 12.35 12.87
5-15 328 9.89 3.95 9.46 10.32
16-20 678 13.93 3.72 13.65 14.21

The VBGM parameters, estimated by a least squaeefdure, are summarized in Figure
8. Longevity estimated by using inverted VBGM wa&7Llmonths and is in agreement with
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modal progression analysis. Asymptotic length EQ9.6mm) estimated was close to largest

size observed in the wild (30.49mm) (Figure 11).

y=29.6(1-exp(-0-24(x-0.08))
r2=0.97

age (months)
Figure 11. Growth curve estimated fér longinaris females by using the VBGM,
containing the following growth parameters: asymiptéength (CL~= 29.6 mm), coefficient of

growth (k= 0.24 montf) and age at zero length=t-0.08 montH).

Reproductive females observed during summer wégrdylihatched in previous spring
and ranged from 4 to 6 months old. Autumn alsogresd a limited number of adult age classes
(4 to 6 months old) as well as reduced frequenaypeffemales and CPUE of adult females.

No recruitment peak was recorded during early wintenths, despite of the presence of
large (4 to 10 months old) and ripe females indiea. During late winter (September), a marked
increase in recruitment density was observed, siggethat spawning season starts during
previous month with younger females. However, spag/meaches a maximum intensity in

October when cohort hatched in previous springhreaone year old. Late winter spawning is
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also confirmed by the presence of very small régrim October, suggesting spawning activity
during previous month. Nevertheless, spring preskrtighest relative abundance of adult
females, percentage of ovary maturation as wel@er females contributing to recruitment (4
to 12 months) (Figure 10). The importance of re¢aomant originated from October spawning is
confirmed by high abundance of recruits during flllowing month (November), especially in
class interval of 7mm (CL) or the equivalent agejgbroximately 1 month (Figure 10).

In October, the highest CL mean value was verifeagen with significant frequency of
juveniles in length classes between 4 and 15 neliers. The smaller (CL= 4mm) were probably
hatched in October and the largest (CL= 15mm) igust. A marked decrease in mean CL was
observed in November. This reduction in mean Clexplained by high frequency of small

individuals (peak at 7mm), originated from Octobpawning (Figure 10).
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Stock-recruitment relationships (SRR) and multiple linear regression

A total of 8699 female prawns were used for stadeuitment analysis. Significant
differences (p= 0.01 and p=0.04) in mean salinitg amount of rainfall during the spawning
season between good (mean salinity= 28.9 + 3.3abrainfall= 487+55 mrh) and bad years
(mean salinity=23.3 + 6.9 and total rainfall= 5774488mni) were observed. Thus, these results
provided the first insight on environment factorsfluencing reproductive success é&f
longinarisin Southern Brazil.

Among three stock-recruitment models tested, oilg Beverton & Holt showed
significant fit under overall, bad and good envir@nt conditions. However, all three models
presented significant fit for bad environment cdiodis, suggesting that the spawning biomass is

even more important when the environment conditamesadverse (Table IlI).

Table 1ll. Statistic summary dk. longinarisstock-recruitment data fitted to the models,
containing the estimated parameters with standevéhtions (within brackets) and coefficient of
determination (B. Significant adjusts are indicated by * and namiicant by ns. Overall p-
values (p(ov)) are also provided. B&H= Beverton aalt model, OV= overall, GE= good

environment and BE= bad environment.

a b K R? p (ov)
Ricker (OV) 16.1(6.37)  0.01 (0.004) - 0.44  0.03
Ricker (GE) 19.9 (8.183)  0.01 (0.004¥ - 054  0.15
Ricker (BE) 10.4 (2.31)  0.01 (0.003) - 095  0.01
B & H (OV) 0.026 (0.02F 0.002 (0.0006) - 0.48  0.02
B & H (GE) 0.005 (0.002§ 0.002(0.00008) - 0.98 0.001
B & H (BE) 0.07(0.03) 0.003(0.0005) - 0.91 0.002
Shepherd (OV)  7.99(16.9) 0.97(5.7%° 74.3(933¥ 020  0.45
Shepherd (GE)  19.99(40.1% 0.93(3.0%° 33.2(353¥° 030 041
Shepherd (BE) 9.0(4.6) 1.49(0.24) 74.6 (29.8) 095 0.01
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Figure 8. Different stock-recruitment models fittedA. longinarisspawning-stock and

recruitment biomass, for overall, good and bad remvnent conditions.

Results obtained from overall multiple linear resgien suggested that main factors

influencing recruitment oA. longinarisin southern Brazil are salinity in sprinB< 0.96; p=

0.05) and rainfall during recruitment (B= -3.29; 0=05), which indirectly results in lower

salinity during recruitment. When the favorable ieowment years were analyzed separately,

main factor affecting recruitment was salinity ahgrispawning season (B= 0.99; p= 0.00).

During adverse environment years the main factguleting recruitment biomass was the
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abundance of spawning stock (B= 1.01; p= 0.03)alfatount of rain in spawning year was not
included in the model, since no significant p-valuas obtained. Significant p-values were
considered as those lower than 0.05 and only fadtatuded within this range were considered

in regression equation (Table V).

Table VI. Summary of multiple regression analyssineated for A. longinaris in
Southern Brazil, containing. Three different modelsre obtained and significant p-values
included arehighlighted SALS= salinity during spring (spawning seasonR@: rain during
recruitment to commercial fishery, TRAIN= total maduring the spawning year and SS=

spawning stock biomass.

overall
Beta Std. Err. B Std. Err. t p g

SALS 0.96 0.41 12.29 5.23 2.35 0.05 0.90
RRC -3.29 141 -1.25 0.53 -2.34 0.05
TRAIN 3.15 1.69 0.75 0.40 1.87 0.10

bad years
SS 1.01 0.18 3.13 0.55 5.72 0.03 0.88
TRAIN 0.24 0.18 0.12 0.08 1.39 0.30

good years
SALS 0.99 0.10 15.92 1.54 10.32 0.00 0.88

DISCUSSION

Seasonal reproductive dynamics and size at first maturity

Artemesia longinariglearly shows a year round spawning pattern, wiéin peak taking
place in early spring (October). Preparation forirmspawning event starts in winter, when
increasing frequency of developing and ripe femalese observed in surrounding area of Patos
Lagoon Estuary. Furthermore, larger females, hdtctiering previous spring (12 months)
participate in this reproductive event, which alscreases the chances of successful recruitment
(Vance et al., 1998).
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Penaeid prawns usually present strong relationsbipreen fecundity and size (Penn,
1980). For instance, reared individualsfoflonginarisweighting 5g produce more than 78000
eggs. Conversely, a female weighting 2g producés kb0 eggs (Scelzo, 1991). Therefore, the
presence of larger, as well as greater abundancpeffemales during October, explains the
higher success of coohort hatched during spring.

The two other reproductive events, in autumn amdrsar, are clearly less important for
population renewal and seem more variable in imfeand time (Calazans, 2002; Ruffino and
Castello, 1992). Calazans (2002) reported autunth sgming as the seasons that concentrate
similar high densities oA. longinarispost-larvae. Conversely, during studied year, amawer
frequency and abundance of large and ripe femalas mgcorded during autumn. Smaller
females, hatched in summer and spring participaténis event, which was evidenced by size
frequency and growth analysis. As stated by sewartilors (Gulland & Rotschild, 1981; Vance
et al., 1998) penaeid prawns inhabiting tropicadl aab-tropical regions usually present two
recruitment peaks, one in spring and a secondaayiomn, always connected to phytoplankton
blooms. However, a marked interannual variationsirenght, area and time of secondary
reproductive events is very often observed in pragepulations and is usually explained by
unfavorable environment conditions (Vareteal, 1998).

It is important to stress out that during autumf2@Gnd winter/2002, the Southern
Brazilian coast was under the influence of ElI NBouthern Oscillation (ENSO) (Wolter and
Timlin, 1993, 1998), increasing rainfall and consectly reducing salt concentration in
surrounding area of Patos Lagoon Estuary (Gatcéd, 1996). Dumont (2005), observed that
longinaris tends to avoid lower salinity areas, under théuerfce of freshwater outflow from

Patos Lagoon, which may have caused recruitmdatdaduring this period.
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The summer reproductive event is recognized asldhs important for population
replenishing, since very low densities of postdar(Calazans, 2002), adult and ripe females are
reported. Females participating in this event anenger and originated from spring spawning (4
to 6 months) reaching final maturation during sumriiégher water temperature seems to have a
negative effect on summer reproduction. GrowttAolonginarisreared at 26 °C is very low and
mortality rate is high (89%), suggesting that tt@mperature is close to lethal for this species
(Haranet al, 1992). During summer, mean water temperaturehesh 25.64 °C, approaching to
lethal value reported for this species (Hagaal, 1992). Therefore, reproduction Af longinaris
in the coast of Rio Grande do Sul seems to be nstl during summer, since under relatively
high temperatures larval production and survivalcohort hatched in this period is reduced
(Haranet al., 1992).

Previous investigation performed in argentineanstoeoncluded that reproductive
activity is closely related to water temperaturet(iella & Bridi, 1992, Castillo et al., 2007).
These investigations stress that ovary developnseinterrupted in autumn, synchronized with
decreasing temperature. Spawning in Argentina seied again only in December, when water
temperature achieves %7 (Petriella & Bridi, 1992). Therefore, populatiai A. longinaris
inhabiting Southern Brazil presents an extendedorkmtive season, which is linked to the
latitude and consequently the temperature regiminefregion. Several penaeid prawn species
distributed in higher latitudes tend to presentlwlefined reproductive seasons, reduced to few
months (Dallet al,, 1990). Conversely, those species that live imvea latitudes tend to present
ripe ovaries and spawning activity all year rou&llfand and Rotschild, 1981; Buckworth,
1985; Crocos, 1987).Briefly, reproductive cyclefoflonginariscoincides with pattern suggested
to other penaeid prawns, presenting a more stgidersng season in spring and secondary

events more susceptible to environment variaticem@éet al, 1998).
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Besides the influence in time and range of reprbdelcicle, temperature also plays an
important role on size at first maturity, in suchway that populations distributed in higher
latitudes have later gonadal development and tbexafach larger LM (Courtney & Massel,
1997). Comparison of mean length at first matuoitypopulation inhabiting Southern Brazil to
investigations performed in northern and southienitd of distribution confirms this pattern. The
LM estimated for population inhabiting @8 was 13.6mm (CL), while the estimate for southern
limit (37°59'S) was 22.1mm (CL) (Castillo et al., 2007). act prawn populations inhabiting
higher latitudes tend to present slower growthsraded consequently delaying size at first
maturity (Gulland & Rotschild, 1981).

Differential length composition by depth, suggeatseproductive migration of this
species to deeper waters. Thus, is likely that fesnenove away from shallow waters to deeper
fishing grounds (16-20m) to complete ovary matoraiiBoschi, 1969), avoiding areas under the
influence of estuarine outflow (Dumont, 2005). Spawy seems to occur in similar depths, since
highest larval abundance was observed between 3® isobaths, decreasing from 30 to 60m
(Calazans2002).

Displacement of adult females to deeper waters alss observed in Argentina. During
main reproductive season (summer) there is an abseihmature females in artisanal fishing
grounds (0-10 meters), suggesting a reproductiveement to further out depths (Boschi, 1969;
Castillo et al. 2007). Reproductive migrations weeeified for several penaeid prawns and as a
general rule, juvenile prawns move away from skalto spawning grounds in deeper oceanic
waters where salinity tends to be higher ([2akl, 1990).

Stock-recruitment and multipleregression analysis

Stock-recruitment analysis (SRR) showed consideratierannual variations, which are

not connected to any obvious trends in spawningkdboomass. It is quite clear that whatever the
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relationship between spawning stock and recruitmieioimass, it is also influenced by
environment factors. Therefore, it is convenientéscribe stock-recruitment relationship by a
family of curves, each corresponding to an envirentrtondition (Gulland & Rotschild, 1981).
In the present paper we suggest the use of twerdiif groups of SRR, one for favorable
environment conditionsgpod yea), with higher recruit biomass ratio and anotherveufor
lower recruitment ratiob@ad yea). Visual classification of spawning/recruit datasvsupported
by significant differences in salinity during spamg season, in such a way thgaod years
presented higher salinity and reduced rainfall.inggl has been reported as the main factor
influencing the recruitment success of penaeid psaGarcia, 1981) and it is especially true for
penaeid species that do not tolerate low salt aunatons, where life cycle does not depend on
an estuarine life stage (Anger, 2003).

Changes in salinity can affect feeding activityvasl as growth of crustaceans, altering
metabolic pathways and developmental processed éDall., 1990). This becomes especially
conspicuous on yolk utilization during embryonicvei®pment, which may eventually cause
significant intraspecific variation in the size adpidmass of late eggs and early larvae (Giménez
& Anger, 2001). Such mechanisms should therefoffgciaviability and, in particular, the
nutritional vulnerability of planktotrophic larva¢hus playing a significant role for chance of
larval survival in species living under variabldisigy regimes (Giménez, 2002; Giménez and
Anger, 2003).

Concern was expressed that management decisidhe past had mostly been made on
the basis that recruitment numbers are independepiarental stock abundance at levels of
exploitations being experienced, in such a way thaly environment aspects regulate the
recruitment success (Gulland and Rotschild, 19Bb)vever, this statement may not hold true

for all prawn fisheries (D’Incao et al., 2002), @@nhigh exploitation rates combined with
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unfavorable environment conditions can cause daogereductions in spawning biomass. This
is clearly true forA. longinaris since highly significant fits to SRR models weteserved under
bad environment conditions.

The Beverton and Holt model showed the best fégawning and recruitment biomass
and as previously stated describes a relationshiprevan asymptotic density of spawning
biomass is achieved, stabilized by density-depentiertors. The best fit of Beverton & Holt
model to prawn data was also observed in other pfegsheries worldwided.g. Cheng, 1981),
agreeing with results obtained in this investigati©espite of problems reported for stock-
recruitment relationships, this model can be useddtect recruitment overfishing, especially
under very low spawning biomass levels, as weltcasinderstand the resilience of studied
population (Maury, 1996).

The preliminary predictive model developed perrtotsonclude that salinity at spawning
season and rain at recruitment explain 90% of renant success &. longinarisin surrounding
area of Patos Lagoon when all years are pooledhegeSalinity is widely known as a limiting
factor for penaeid prawn reproduction and mostpefcges depend on higher salinity to maturate
the ovaries (Dalét al, 1990). The amount of rainfall during recruitmsetison is clearly linked
to reductions in salinity of studied area (Gardif96), resulting in a negative effect on cohort
survival. Since in this group, most metabolic art/gwological processes.g. reproduction)
require a stable osmotic and ionic environmentngglis generally considered an ecological key
factor in coastal and estuarine areas (Anger, 2003)

The negative effect of brackish water on euryatinastal species, such Aslonginaris
is that under suboptimal salinity concentration #mergetic requirements are increased due to

hyper-osmoregulation (Kinne, 1971). Allocation ohet energy initially designated to
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reproduction is diverted to osmotic regulation amaly inhibit ovary maturation of prawns, since
it is a high energy demanding process ([2akl, 1990).

Suboptimal salt concentrations also play a negatie on decapod crustaceans larvae.
Brackish water can slow down the molt interval aaduce growth, delaying larval development
(Anger, 2003). Even a slight delay in larval deypsh®nt may further reduce the chance of
survival in plankton where slowly developing lanare exposed for longer period to potentially
harmful factors, such as physical stress, foodtéitiun and pelagic predation (Lalli and Parsons,
2006).

Results obtained frorbad yearregression reinforce those estimated through S&R.
previously mentioned, dangerous spawning biomagsdecan be achieved under unfavorable
environment conditions, and preservation of biom@&wsng these periods is vital to keep the
stock healthy. Conversely, salinity is the maindaduring those years considered as favorable.
Even under low spawning biomass, the high fecun@telzo, 1991), growth rate (Ruffino and
Castello, 1992) and continuous spawning along tear yallow recruitment success for this
species.

Results obtained from multiple regressions mustdrefully interpreted and only provide
a preliminary idea about main factors affecting SRRce a reduced number of seasons were
analyzed. Therefore, further investigation mustbeeloped using more variables and a greater
number of years to identify new environment fact@susing trends in stock biomass.
Nevertheless, results obtained in this investigationfirm salinity as key factor for reproductive
success oA. longinarisin surrounding area of Patos Lagoon.

Once reproductive seasons analyzed in presenttigagsn showed marked differences
in terms of importance to population replenishifigture analysis can be refined assuming

heterogenic reproductive performances along ther ywal differential depth distribution
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according to size. The evident susceptibility toviemmment factors and high natural mortality
rates (Ruffino and Castello, 1992) combined witleessive fishing effort may cause a serious

damage to the stock éf longinarisin southern Brazil.
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ABSTRACT

One of the most problematic fishing methods in teohby-catch and discarding is the
prawn-trawling, with numerous studies having idesdi and quantified the types and levels
of by-catch in several fisheries. This paper aredythe incidental catch of artisanal trawl fleet
during two discretértemesia longinarigishery seasons (2002 and 2004). The subjecti®f th
paper was suggested by the local artisanal fisherrdaring a F.L.P. (Lagoa dos Patos
Forum) meeting, in attempt to evaluate the impadtsrawl nets on bycatch species and
provide base knowledge to permit a future legall@gbon of this resource. Fishing took
place in the Barra do Rio Grande surrounding areaonthly basis. Sampling was carried
out during the fishing season (April - Decembewals on the same artisanal trawl boat. An
observer was included on board to avoid lost obrimiation due to discards made by the
fishermen at sea. Fifty species were caught, bggniishes and 12 crustaceans. Discrete fauna
abundance and composition were recorded in analyeeds, with higher bycatch ratio
associated to elevated rainfall and low salinithe Toverall discard ratio was 1:5.6, with
values ranging from 1:11.3 in 2002 to 1:2.5 in 200Mbst striking differences between both
years analyzed were observed during autumn (1:Z9@2 and 1:11.30 in 2004) and winter
(1:16 in 2002 and 1:0.97 in 2004), while springserged more similar values (1:8 in 2002
and 1:4 in 2004). The discard ratio estimated irmsof number showed a different pattern,
presenting overall values of 1:2.24 in 2002 and.5Li@d 2004. Higher estuarine runoff
increased biomass production in surrounding areBadds Lagoon during 2002, sustaining
higher abundance of estuarine related and marieeiespin the area, as well as higher mean
trophic level and abundance of top-predators. Ca®hg A. longinaris production was
consistently lower, since this marine species dotolerate marked reductions in salinity. In
2004, salinity was higher, associated to low rdirdad favoringA. longinarisabundance in

the area. During this dry year, the species wasimbm in samples resulting in very low
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bycatch ratios, especially in winter (1:0.97). @atecas composed mainly by juvenile fishes,
since fishery is performed in nursery grounds. iRigleffort is low and depends on the density
of prawns as well as on the weather conditionsussg that artisanal fishermen will trawl
for A. longinarisin surrounding area of Patos Lagoon only whenrgssurce is abundant, the
most indicated fishery season is the winter. Coselgr if trawling for prawns is allowed
during wet years, the mortality of juvenile fishdagrustaceans will be elevated, killing

unmarketable fish that are discarded dead badhketsda.
INTRODUCTION

Penaeid prawns are highly prized seafood harve$teoh coastal tropical and
subtropical waters throughout the world (GullandR&tschild, 1981), accounting for 20% of
internationally traded fishery products (FAO, 2Q00ne of the most common problems
related to prawn trawling is the associated discatth numerous studies having identified
and quantified the types and levels of bycatchawmesal fisheries worldwide (Gulland &
Rotschild, 1981; Alverson et al., 1994; Hall, 1983F, 2003; Eyars, 2007). Damage caused
by prawn trawling has been previously comparedlgarecutting forests, disrupting trophic
interactions and reducing diversity in marine eowment (EJF, 2003). However, unlike
deforestation, the impacts of prawn fisheries anéy deginning to receive international
attention (Eayrs, 2007), and the use of sateltiitages has developed the scale of disturbance

caused by prawn-trawling (Van Houtan and Pauly,7200

Artemesia longinariBate, 1888 is a penaeid prawn, commercially exgdoalong its
distribution area, being used for human feeding/@l$ as bait in recreational fishery (Boschi,
1969). In Southern Brazil the species is also tapf@n artisanal fishery that operates with
two different fishing gears, the stationary andvtraets. The former fishing gear is used by
fishermen in shallow waters (1-2 meters) alongsthare line of Rio Grande do Sul State. The

artisanal trawl fishery is restricted to the sundmg area of Barra de Rio Grande (Rio
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Grande do Sul, Brazil), being performed in shallwaters (2-15 meters) close to the beach.
This depth limitation is due to small size of wondmoats and the fact that the fleet is not
equipped with mechanical tows, which would alloweper trawling (Dumontpersonal

observatioi.

The incidental catch of argentinean prawn in SautHgrazil region was previously
investigated by Ruffino & Castello (1993) and byimdavici & Mendonca (1996a,b). The
former paper described the variation in bycatchpasition during trawls performed on board
of a research vessel (Lancha Oceanogréafica Laru®c- Larus), while the second paper
analyzed the bycatch from double-rig commerciaktfleHowever, the incidental catch
originated from artisanal prawn trawling, targetim@inly the argentinean prawAr(emesia
longinaris), but also the red prawmleoticus muelleji in surrounding area of Patos Lagoon
estuary has never been investigated. This fisteepgeiformed in nursery as well as spawning
areas for several fish (Vieira et al., 1998) anustacean (D’Incao, 1999) species, demanding

new information on the effects of trawling in theosystem.

Major problems related to bycatch are conflictswaetn fishermen catching juvenile
fishes in shrimp trawl and fishermen targeting mafiishes that are bycatch in other fishery
(Kennelly et al., 1998). Moreover, ecosystem sifigation and trophic structure changes also
play an important role on fishery management ofwmpsa (Jones, 1992). Recently, much
interest has been shown to ecosystem-based manaigemattempt to evaluate the effects of
fishing on the entire community and not only on theyet species (Vasconcellos & Gasalla,

2001; Hall & Mainprize, 2005; Zeller & Pauly, 200&,0rm et al., 2006).

The eco-based management approach has shown ghatgfieffort required to keep
target species biomass above the sustainable ievéten higher than the value needed to
maintain bycatch species in a sustainable levell,(H899; EJF, 2003). It is more evident

when considering prawn species, since they aregtitolo be resilient to fishing pressure,
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presenting high growth rate, egg production andtdifespan (Gulland & Rotschild, 1981;
King, 1997). Thus, an important issue to manageishefy ecologically is to obtain
quantitative and qualitative description of the@eg caught incidentally (Hall, 1999). In this
sense, this paper aims to analyze the incidentah cd artisanal trawling foA. longinarisin
two discrete fishing seasons, comparing bycatclinguat wet (2002) to a dry year (2004).
The subject of this paper was suggested by thd kxtisanal fishermen, during a F.L.P.
meeting (Forum da Lagoa dos Patos, a co-managensgitiition) (D'Incao & Reis, 2002), in
attempt to evaluate the impacts of trawl nets owalpgh species and to provide base

knowledge to permit a future legal exploration of hist resource.
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MATERIAL & METHODS
Study area

Surrounding area of Barra de Rio Grande is hightijpenced by freshwater discharge
from Patos Lagoon estuary (Ciotti et al., 1995)isTéstuary is located at costal plain of Rio
Grande do Sul State, Brazil (& 490W) and is the largest choked lagoon in thedyo
encompassing an area of 10,360°kBrainage basin covers an area of 201,626 (&smus,
1996) and pluvial intensity as well as wind direntiplay an important role on water
circulation. Seasonal freshwater discharge presgnetst variability (30,300 - 47 m3sand
during El Nifio Southern Oscillation events (ENSO)aff is significantly higher than mean

values estimated (Garcia, 1996) (Figure 1).
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Figure 1. A-Southwestern Atlantic Ocean includingtribution area ofA. longinaris

B-Closer view of estuarine and surrounding areRaibs Lagoon, where sampling took place.

176



Field sampling and laboratory procedures

Fishing took place in surrounding area of BarraRlo Grande on a monthly basis.
Sampling was carried out during the fishing seg#qmil - December) always onboard of the
same artisanal trawl boat in two discrete year§228nd 2004. Boat chosen was a typical
artisanal otter trawler, a wooden boat, 7.6 mdterg, 2.20 meters wide with a 24 hp central
engine. The net used was also typical of this flegth 16 mm mesh size (opposing knots).
Tow time ranges from few minutes to 1 hour, butation of most of trawls was
approximately 30 minutes. A researcher was inclualedoard to avoid loss of information
due to discards made by the fishermen. After emtingy station, salinity and temperature of
water were recorded using a thermosalinometer. efisén were not influenced by
researchers to operate in a determined fishing sgéher to determine the duration of
trawling, in order to describe the fishery bycatsh close as possible to the actual fishing
activity. Samples from trawl net were taken to thkoratory for analysis, which included
sorting fishes and crustaceans to species lewekhas measuring both to the nearest 0.1 mm
and weighting to the nearest 0.001g. Daily rainfaih®) data was obtained from Estac&o

Agrometeorolégica da Universidade Federal de Pelota
Data analysis

Organisms were classified according to taxonomt lda history criteria. Life history
classification was also performed to compare comiypwomposition during the analyzed

years. Classification was based on Garcia et @03p

-Marine: species that live in marine environmerd do not depend on estuarine region

neither for grow out nor reproduction;

-Estuarine dependent: species that live in marmar@enment but depend on estuarine

region whether during grow out phase or reproduactio
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-Estuarine resident: species that live inside #taagy but present a marine phase (e.qg.,
for spawning).

To estimate discard ratios the method proposed gréw et al. (1995) was applied,
where all catch values (in weight and number) btha species were transformed in relative
abundance values (CPUE), and a seasonal mean CRbBEalculated for each species. The
effort unity adopted was 30 minutes of trawling.e@all discard ratio was obtained dividing
the total amount of bycatch by the amount of taspefcies in the year. Catch in numbers was
only used to estimate total discard ratios and seasonally analyzed.

Data were pooled by season, considering autumnil(Aday, June), winter (July,
August, September) and spring (October, Novembexcebhber) as the fishery season.
Normality and homogeneity of variance were testeor po perform mean CPUE comparison
(t-tes) of estuarine related species (resident and depgnhdetween both years analyzed.
Since normality was not attained, a Kruskall-Watést was performed to compare pairwise
median CPUE'’s, but only mean and standard erraregadre presented in the text.

Ecological parameters

Number of species caught per season was analyzkdoasidered as a direct measure
of richness. Species caught were also categoriredrding to trophic level, based on
Vasconcelos & Gasalla (2001): herbivores, detriégoand omnivores (2-3); mid-level
carnivores (3.1-3.7); and high-level carnivores &oygl predators (3.8-4.3). Weighted mean
trophic level (TrLm) was estimated for each yeaalgred, multiplying the relative abundance
of each species by its trophic level and dividingthe total amount of catch obtained during

this period (Milessi et al., 2005).
Catch probability and size composition of catchesg)(

Cumulative length frequencies of most important owrcial fishes and crustaceans

were fitted to a logistic model to estimate thegknat which probability of catch is 50%
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(Ps0). The Rp obtained was compared to length at first matu(litV) available in literature
for these species, in attempt to evaluate possiteets of artisanal trawling on juvenile fishes
and crustaceans, since an elevated capture of thgmaisms could lead to a growth

overfishing of commercial bycatch species (EJF,3200

RESULTS

Environmental parameters

Anomalies in MEI rank (Wolter & Timlin, 1993, 199&)lowed the identification of
discrete situations among studied years, since po@2ented values above the neutral limit
during approximately all fishing season (April-Ootp). Conversely, 2004 was considered as
a neutral to moderate ENSO year, presenting loweghm@shold MEI rank values (NOAA,

2007).

As a likely consequence of a more intense ENSQ@jfgagntly higher rainfall (p=0.001)
was observed during 2002 (monthly mean= 159.2%/dew), exceeding by far the mean for
2004 (monthly mean = 80.7 nifday) and the 1913-2006 average for the city of ®iande
(monthly mean= 101.2 mitday). Influence of freshwater discharge from Patasoon
Estuary on sampling area during 2002 is clearly kedyr since salinity values were

permanently lower, especially in winter (Figure 3).
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Figure 3. Seasonal variation of salinity and terapee in surrounding area of Patos
lagoon for both years analyzed (2002-2004). Meatatidard error are shown.

Discard composition and seasonal variation of catch

A total of 84 trawls was performed on board of #mesanal trawl fleet, resulting in 50
different species caught, being 38 species of $istrel 12 of crustaceans (Table I). A greater
number of species was caught in autumn (2002= @342 36) while the lowest values were
obtained in winter (2002= 17; 2004= 22). Numbespécies caught in spring varied from 20

in the wet year (2002) to 27 in the dry year (2004)
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The overall discard ratio estimated in weight was 3l (target species:bycatch) when
both years were grouped. During wet fishery se42002) discard ratio was 1:13, contrasting
with 2004 when a much lower ratio (1:2.6) was rdedr Bycatch ratio was remarkably
variable, presenting highest values during autug002= 1:74; 2004= 1:11.3), while most
striking difference was recorded in winter, wher fbwest discard was recorded (2002=
1:10.85 and 2004= 1:0.97). Spring presented maosilasi values when the two years were
compared (2002= 1:7.94; 2004= 1:3.33) (Figure 4)e Dverall discard ratio estimated in

terms of number was 1:1.3, ranging from 1:2.24062to0 1:0.5 in 2004.

Crustaceans accounted for approximately 17% otlental catch and the blue cr@b
sapiduswas the third most abundant species in the cai@%sof total discard). Five species
comprised 50% of the bycatch, as follows: bandedlar P. brasiliensis 18%), followed
by salmon sea catfishG( barbus 14.22%), the blue crabC( sapidus 8.19%), the

withemouth croaken\. furnieri= 8%) and the cango& (brasiliensis 7%).
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Figure 4. Seasonal trends in discard ratio in wefgkicatch (BS):target species (TS))
from artisanal trawling for marine prawns in sumding area of Patos Lagoon (RS, Brazil)

for both years analyzed (2002-2004).
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Table I. List of species caught in trawling for nma prawns in surrounding area of

Patos Lagoon, containing life history classificatimarine, estuarine dependent and estuarine

resident) and trophic level suggested (Vasconcéll@Gasalla, 2001).

Species Life history Trophic level
Anchoa mariniiHildebrand, 1943 (Anchovy) marine 3
Arenaeus cribariuskamarck, 1818 (Spotted crab) marine 2.6
Artemesia longinari8ate, 1888 (Argentinean prawn) marine 2.3
Balistes capriscu&melin, 1789 (Gray triggerfish) marine 3.4
Brevoortia pectinatalenyns, 1842 (Menhaden) estuarine dependent 3.2
Callinectes dana&mith, 1869 (Blue crab) estuarine dependent 2.6
Callinectes ornatu®rdway, 1863 (Blue crab) marine 2.6
Callinectes sapiduRathbun, 1895 (Blue crab) estuarine resident 2.6
Catathyridium garman{Jordan & Gloss, 1889) (Sole) marine 3.5
Chloroscombrus chrysurdsnnaeus, 1776 (Atlantic bumper) marine 3.5
Conodon nobiligLinnaeus, 1758) (Barred grunt) marine 3.5
Cynoscion guatucupgCuvier, 1819) (Weakfish) marine 4
Eucinostomus argentel&aird and Girard, 1855 (Silver mojarra) marine 3.5
Exhippolysmata oplophoroides (Holthuis, 1948hrimp) marine 2.3
Farfantepenaeus paulengBerez-Farfante, 1967) (Pink prawn) estuarine dependent 2.3
Genidens genider(¥alenciennes, 1839) (Sea catfish) estuarine resident 3.5
Genidens planifronsliguchi, Reis & Araujo, 1982 (Sea catfish) estuarine dependent 35
Hepatus pudibundugerbst, 1785) (Crab) marine 2.6
Lagocephalus laevigaty&innaeus, 1766) (Smooth puffer) marine 3.5
Libinia spinosaH. Milne Edwards, 1834 (Spiny crab) marine 2.6
Litopenaeus schmitti (Burkenroad, 193@Jhite prawn) estuarine dependent 2.3
Loxopagurus loxochelis (Moreira, 190@®iermit crab) marine 2.6
Lycengraulis grossidensgassiz, 1829 (Toothed anchovy) estuarine dependent 3
Macrodon ancylodofBloch & Schneider, 1801) (King weakfish) marine 4.3
Menticirrhus americanufLinnaeus, 1758) (Southern kingfish) estuarine dependent 35
Menticirrhus litorallis (Holbrook, 1855) (Gulf kingfish) marine 3.5
Micropogonias furnieriDesmarest, 1823) (Whitemouth croaker) estuarine dependent 35
Mugil platanus Gunther, 188Mullet) estuarine dependent 3.8
Genidens barbu@.acepede, 1803) (Salmon sea catfish) estuarine dependent 35
Paralichthys orbgnyanu@/alenciennes, 1839) (Flounder) estuarine dependent 35
Paralonchurus brasiliensi€Steindachner, 1801) (Banded croaker) marine 3.5
Peprilus paru (Linnaeus, 1758 merican harvestfish) marine 3.5
Pleoticus mueller{Bate, 1888) (Red shrimp) marine 2.3
Pogonias cromigLinnaeus, 1766) (Black drum) marine 3.5
Pomatomus saltatrix (Linnaeus, 17§BJuefish) estuarine dependent 4.2
Porichthys porosissimu¥alenciennes, 1837) (Midshipman) marine 3.4
Portunus spinimanus (Latreille, 1818Jrab) marine 2.6
Prionotus punctatuéBloch, 1797) (Bluewing searobin) marine 3.5
Selene setappin{®/itchill, 1815) (Atlantic moonfish) estuarine dependent 3.3
Squatina argentingMarini, 1930) (Skate) marine 3.8
Squatina guggenheiarini, 1936 (Skate) marine 3.8
Stellifer brasiliensis (Schultz, 19483angoa) estuarine dependent 3.3
Stellifer rastrifer(Jordan, 1889) (Rake stardrum) estuarine dependent 3.3
Stephanolepis setifer (Bennett, 188Rigmy filefish) marine 3.4
Symphurus jenynsii Evermann & Kendall, 190@nguefish) marine 3.5
Sympterigia acut&arman, 1877 (Skate) marine 3.8
Sympterigia bonapartiluller and Henle, 1841 (Skate) marine 3.8
Trachinotus carolinugPampo) marine 3.3
Trachinotus marginatu€uvier, 1832 (Stripped pampo) marine 3.5
Urophycis brasiliensigKaup, 1858) (Squirrel hake) marine 3.5
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Relative abundance (g/30 min) and percentage ofdental catch was greatly
influenced by estuarine dependent and estuarinéergsspecies during 2002 (Figures 5, 6).
The Kruskal-Wallis test performed to compare abucdaof estuarine related species during
both years analyzed, showed that CPUE of theseiesp&as significantly higher in the
catches during the wet year (2002= 240+125; 2004:55%31.45; p=0.03) as well as its
relative frequency (Figure 5). Conversely, when thean CPUE of marine species was
compared between 2002 and 2004, a higher, butigoifisantly different, was observed in
the dry year (2002= 140+136; 2004= 220.3+220; p&f.Wwhich was also confirmed by the
relative frequency of this category (40% in 2002 @&9% in 2004) (Figure 5). This result
suggests that the higher abundance of fishes ¢haaas mainly influenced by the elevated

biomass of estuarine related species is surrouratigay of Patos Lagoon mouth.

—_ 7% 2002 (wet year) 2004 (dry year)
40% . s
’ A. longinaris A. longinaris
o estuarine ™ estuarine
dependent dependent

M estuarine \ M estuarine
resident resident
B marine \ \- B marine
12% 1% 22%

Figure 5. Relative frequency of species with thcategories of life history caught in
trawling for marine prawns in surrounding area afd® Lagoon estuary (Rio Grande do Sul,

Brazil).

Among the estuarine dependent fish species dutihgran, the most abundant in weight
were the sea catfislG( planifrons1,549+895), salmon sea catfigB. (barbus930+£747) and
whitemouth croaker M. furnieri 638+£210). Estuarine resident species were mainly
represented by the blue craB. (sapidusl,733+740), the second most abundant species in

samples during autumn, after the banded croaRebiasiliensis2,702+1,470), which is a
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marine species. The argentinean prainlgnginari9 showed very low abundance (152+47)

and red prawnR. mueller) was not even collected during this period (Fighixe

A similar scenario was observed in winter/2002. ldeer, the cangoaS( brasiliensis
3,312+2890), an estuarine dependent species, wanalkt abundant fish in surrounding area
of Patos Lagoon, followed by salmon sea catfiSh lfarbus1,550+1,182) and whitemouth
croaker M. furnieri 803+561). The blue cralC( sapidus357+348) was the most abundant
estuarine resident species, in spite of its redad®mthdance when compared to the previous
season. Banded croakd?. (brasiliensis1,028+ 267) showed a decreasing abundance during
winter; but it was still the most abundant maripeaes. Relative abundanceAflonginaris
(863+26) was even smaller during winter @dmuelleri(13+8) showed a slight increase in

CPUE during this season (Figure 6).

Argentinean prawnA. longinaris 1,420+931) and red prawrP.( muelleri 301+227)
presented an abundance increase only in spring/20@2blue crabQ. sapidusl,675+1,129)
also showed an increasing CPUE after winter, béveégmost abundant estuarine resident
species. An elevated CPUE was estimateddobarbus(3,557+ 2,397) during this period,
being markedly the most abundant estuarine depérgfgecties in samples. The banded
croaker P. brasiliensisl,861+626) was the most abundant marine specrasgdspring/2002,
followed by bluewing robin K. punctatusl,180+544) and the gulf kingfishM( littoralis
856+531). It is worth noticing that ray species;is@asS. bonapartii(425+380) ands. acuta
(158+94), were not caught along the year, exceppiing when very low abundance of these

species was observed (Figure 6).

Bycatch composition and abundance showed diffgpattern in the dry year. Lower
abundances of fishes and crustaceans were obsengadumn. During this season, relative
abundance index estimated fAr longinaris (707+304) was considerably higher than in

previous autumn (2002). No estuarine resident speavas observed, moreover, the
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abundance of estuarine dependent species wasalgtow G. barbus97+7 andM. furnieri
72+8) (Figure 6). The presence of marine crustac@asamples was noticed, represented by
crabs such a€. danaeC. ornatusandH. pudibundusas well as the shrimip. oplophoroides
and prawns such ds schmitti A marked increase in CPUE Af longinaris(4,476%1,470)
was recorded in winter/2004, when a maximum CPUE whbserved. The red prawp.(
muelleri 467+317) also presented an increase in abundandegdwinter. Among the
estuarine dependent species, pink prawn paulensis212+179) was the most abundant,
followed by the toothed anchoviyycengraulis grossidens98+125) and whitemouth croaker
(M. furnieri 159+145). Marine species were mainly representedhb banded croakeP(
brasilensis1,094+952), gulf kingfishNl. littoralis 740£203), the squirrel haké&J{ophycis
brasiliensis523+271) and the ra§ympterygia acutéd89+337). No estuarine resident species
was caught during this period (Figure 6). Duringirglp (2004), a decrease M longinaris
(1,659+495) CPUE was observed; on the other h&dnuelleri (556+80) presented its
highest abundance index. As in the other seasonmgduhis year, marine species
predominated in sampleB.(brasiliensisl,190+614 P. punctatus457+265 andV. littoralis,
394+165), while few estuarine dependent species waught and no estuarine resident

species were observed (Figure 6).
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Figure 6. Seasonal trends in relative abundan@®ifgh) of species caught in trawling

for marine prawns in surrounding area of Patos badéstuary, Rio Grande, Brazil
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Ecological parameters

The mean trophic level of catches (TrLm) was negétiaffected by the abundance of
marine prawnsA. longinarisandP. mueller), being consistently lower during the dry fishery
season (2004) (Figure 7). During 2004, a highecegrgnge of trophic level | (herbivores,
detritivores and omnivores) and level |l speciesid(lavel carnivores) was observed.
Conversely, 2002 showed a more even distributioncatiches among trophic levels,
presenting a higher percentage and abundance gdréajators (trophic level IIl). Pairwise
comparison between both years showed significdfgrdnces in mean relative abundance of
top-predators (g/30 min), with higher values obkdgdinduring wet fishery season (2002=
381+203.44; 2004= 143+47.03, p=0.03). The mearivelabundance of level | species in the
catch was higher in 2004, but no significant ddéfezes were observed (2002= 437+98.9;
2004= 533+99.9; p=0.50). As well as observed fprgoedators, mean biomass per trawl of
trophic level Il species was significantly higher wet fishery season (2002=604+112.6

2004=300+£74.4, p=0.02).
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Figure 7. Linear regression obtained from prawn ER/30min) and mean trophic
level estimated from prawn trawling in surroundiagea of Patos Lagoon estuary (Rio

Grande, Brazil) for each season and year analyzed.
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Figure 8. Relative frequency of each trophic lepetviously established to classify
catches obtained from prawn trawling in surroundarga of Patos Lagoon, Rio Grande,
Brazil. Trophic level I= herbivores, detritivoreadaomnivores; Trophic level [I= mid-level

carnivores; Trophic level Ill= top-predators.

Catch probability and size structure of commertigtatch species

The probability of catch per length class was estéd for the four main commercial
fish (P.brasiliensis, G. barbus, M. littoralig\. furnieri), as well as for main crustacean
species €. sapidus, P.muelleri, C. danamdF. paulensis Total length (TL) of whitemouth
croaker M. furnieri) varied between 4 and 27cm, with polymodal disiiitm and higher
frequencies among 4 and 6 cm. Probability of céBk=8.49 cm) estimated was much lower
than the size at first maturity (LM) suggested iterature (20.5cm) for estuarine region
(Castello, 1986), meaning that catches are maialyposed by immature juveniles. Same
scenario was observed for the gulf kingfish (ittoralis), with sizes ranging between 5-33cm
and Ry (13.9 cm) lower than the LM suggested in literat@3cm) (Vazzoler et al., 1973)

(Figures 9, 10).

The length frequency of salmon sea catfién lparbu$ presented a well marked peak
around 10 cm with another modal value around 15 Alinindividuals caught were smaller
than LM (43 cm) estimated in literature (Reis, 18B88nd consequently lower thag, £9.29
cm). Among the fish species, only the banded cnofRebrasiliensi¥ presented similar ¢
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(13.86 cm) and LM (16.7 cm) values (Vazzoler et 8873). The length dP. brasiliensis

varied between 7-26 cm and was composed mostlyvsnjles (Figure 8).

Length probability of catch ¢o) estimated foC. danag(71.98 mm) was relatively close

to LM (90.36 mm) suggested in literature (Baptistetri et al., 2005), and size of individuals

varied from 30-120 mm, with polimodal distributio8imilar pattern was observed fax.

sapidus presenting a 43 value slightly higher (85.18 mm) than the sizdéirat maturity (84.5

mm) (Oliveira, 2003). Pink prawn presented a wialege of size distribution with polimodal

shape, varying from 30 to 120 mm with higher fragties between 50-80 mm. As one may

expect, no mature prawns were observed in the @heared shrimpK. mueller) size ranged

from 40 to 150 mm, howeversfPestimated (76.65 mm) was lower than the LM (108)mm

(Dumont & D’Incao,unpublished data It is important to stress that this species gmes a

marked sexual dimorphism related to size and LM @sgnated only for females (Figure 9).
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Figure 9. Probability of catch estimated for themm@mmercial fish species caught in

artisanal trawling for prawns in surrounding aréd&atos Lagoon estuary (Southern Brazil).
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Dashed line indicates the length at which probgbdf catch is 50% (&), the grey arrows

indicate the length at first maturity (LM) estimdtior femalesr is the slope of logistic curve

andn is the number of individuals measured.
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Figure 10. Probability of catch estimated for thairncommercial crustacean species

caught in artisanal trawling for prawns in surroungdarea of Patos Lagoon estuary (Southern

Brazil). Dashed line indicates the length at whichbability of catch is 50% ¢b), the grey

arrows indicate the length at first maturity (LM$tienated for females; is the slope of

logistic curve anah is the number of individuals measured.

DISCUSSION

Environment parameters

Discrete environmental conditions were observednduboth years analyzed. The

2002/03 El Nifio was considered as a moderate egentparable to other years such as

1951/52, 1976/77 and 1963/64 (NOAA, 2007). Durif@®4£2 MEI ranks indicate a neutral to

weak El Niflo year. Despite of being a neutral y@804 presented very low precipitation

190



ratio, which was a result of a northwards displagehof Convergence Zone of Atlantic,

reducing rainfall in the south and increasing aimfall in southeast (CPTEC, 2004).

Rainfall exceeded the monthly mean value for thgiore during 2002, increasing
estuarine runoff and lowering salinity in coastedaa Similar effects of increased discharges
from Patos Lagoon have been reported during pend@NSO (Lima et al., 1996; Garcia et
al., 2003). Consequently, hydrological processest #re responsible for regulate water
exchange between estuarine and coastal zones (@fimah, 1996), as well as transporting
organisms were markedly discrete in analyzed fisheeasons, influencing salinity,

temperature and causing marked changes in bychteidance and composition.

Discard composition and seasonal variation of catch

Main factors affecting bycatch ratios are recruiitnef target species, changes in
fishery practices as well as environment parametard can vary significantly even within
same geographic area (Hall, 1999). For instancsgadis recorded for Caribbean prawn
fisheries range from 1:3 to 1:20 (Alverson et &B94). Bycatch ratio suggested for prawn
trawling in Brazil is 1:9.5, however the composgiti@and the amount of species caught
incidentally varies according to oceanographic dims, season and latitude (Alverson et al.,

1994).

Remarkable variation in bycatch rates have alsam weported for prawn-trawling in
Brazil. Branco (2001) observed that the incidect#ch ofXiphopenaeus kroyefishery in
Southern Brazil was 1:17 (kg), while Damasceno &gelistaapud (Isaac, 1999) studied
the incidental catch d?enaeus subtilifishery in the northern region of Brazil and veif a
discard ratio of 1:15 (kg). A lower discard ratiblo10 has also been reported for pink prawn

commercial fishery is southeastern Brazil (ViannAl&neida, 2005). Lowest discard reported
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for commercial prawn trawling is 1:0.31, resultigm A. longinarisfishery in Southern

Brazil (Haimovici & Mendonca, 1996b).

It is important to stress that bycatch quantifigdHaimovici and Mendoncga (1996b)
was restricted to catch landed and therefore, laehigatio would be expected, since part of the
catch (e.g. some crustaceans) is discarded batketsea and part is landed along with
prawns. Since this fishery demands high operatioosts, trawlers operate only in those years
when abundance of prawns is high, which explains Wery low discards estimated.
Additionally, these species present a very patéestyidution (Dumont, 2005) resulting in very

low discards during years of elevated abundance.

Macrodon ancylodonU. brasiliensisand P. brasiliensisvere the most discarded fishes
by commercial double-rig trawlers (Haimovici and mdenca, 1996b), while the most
discarded fishes recorded in present investigatvene P. brasiliensis G. barbusand M.
furnieri. Commercial trawlers foA. longinaris and P. muelleri operate in shallow marine
waters, mainly from 5 to 40 meters in depths oetsdrf zone (2-10 m), where artisanal
trawling takes place. The surf zone of sandy bead®an be considered as semi-closed
ecosystems, and therefore may present slightlereifit fishes and crustaceans assemblages
(Borzone & Gianuca, 1990), resulting in differentidental catch composition and ratio.
Commercial trawling for marine prawns takes plagemainly in summer, which is also
reflected in catch composition. Skates for instamg@gher in shallow waters during summer
for breeding (Vooren & Klippel, 2005) and thereforepresent a considerably higher fraction
of catches in commercial trawling (1.6%) (HaimowciMendoncga, 1996b) than in artisanal

fishery (0.18% in 2002 and 0.40% in 2004).

Previous investigation performed during scientgraises, in similar fishing grounds,

estimated a discard ratio for three year roundyaisbf 1:4.5 in 1979, 1:12.7 in 1980 and
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1:0.5 in 1990 (Ruffino & Castello, 1993). Howevarhen the same authors standardized
bycatch ratios for the periods sampled during theed years investigated (autumn and
winter), this values rise to 1:40 in 1979, 1:341®30 and 1:2.39 in 1990. In the present
investigation, the highest discard ratios were alsgerved in autumn, especially in wet year
(1:75). Conversely, during winter/2004 the lowestdrd ratio (1:0.97) was recorded which is
likely related to the combined factors of high atbaimce ofA. longinarisand low abundance

of estuarine related fishes and crustaceans isutreunding area of Patos Lagoon Estuary.

The overall discard pattern observed for both y€arS.6) is inferior to the value
suggested by Alverson et al. (1994) for prawn fighe Brazilian coast (1:9) and very close
to the value suggested by Andrew & Pepperel (1892)orldwide prawn fishery in temperate
and sub-tropical zones (1:5). Therefore, the fashclusion is that bycatch of artisanal
trawling for A. longinarisis extremely variable and highly dependent onuitment patterns
and oceanographic conditions in studied area. Tihus,important to stress that interannual
comparison of bycatch composition in prawn fisreneust be performed in long-term basis,
providing a better understanding of the complerrattions regulating discards (Ambrose et

al, 2005).

The presence of an observer during sampling isaarél fishing cruises, avoided the
selection effect usually performed by fishermesed. Nevertheless, it was possible to assess
the relative importance of the crustaceans, as wasllthe quantitative and qualitative
information concerned to partial use of bycatchattordance with previous investigations
developed for artisanal fishery in third world ctrigs (Hall et al., 2000), the utilization of
fishes incidentally caught is despicable, beinggadeld just few large individuals (usually
around 30 cm) of traditionally marketable specids. furnieri, M. littoralis and U.
brasiliensig for subsistence of fishermen and their familiese to very low importance of

bycatch utilization, the quantification of this egbry can be considered as inexistent.
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Conversely, landings from commercial trawling foanme prawns in Southern Brazil include
some fish species, such as scianids and flat fishats account for 2.5% of total catch

(Haimovici & Mendonca, 1996b).

The bycatch ratio, in terms of numbers, showedfferént pattern when compared to
estimates obtained in weight. High relative abuicdam numbers can be explained by the
wide reproduction period and fast growth patteasutting in high numeric abundance and
small size of individuals (Ruffino & Castello, 199Zven in nursery areas, where small and
numerous fishes and crustaceans were expectedcto ¢Garcia & Gianuca, 1998), the
numeric abundance &. longinariswas higher then bycatch during the dry year. Hsailts
confirm that, under favorable environment condiiothis is one of the dominant species of
coastal waters and can provide 30% of biomass fgedgy fishes inhabiting marine shallow

waters in Southern Brazil (Capitoli et al., 1994).

Our observations are in agreement with empiricalvedge of artisanal fishermen,
who perform this fishery only during those yearsotcessful recruitment of prawns. Due to
reduced commercial value of marine prawns (whenpawed to pink prawns, for instance),
no fishing is performed during low recruitment y&agince trawling is usually not profitable
under this condition, which was also reported fammercial fishery (Haimovici &
Mendonca, 1996a). This regime tends to preservesttiek since it provides an opportunity
for biomass recovery in subsequent years. Conwerdaling elevated rainfall periods, the
abundance of prawns is reduced in the area, reftetite reduction in salinity values. In this
case, alternative species such as whitemouth aro@éMe furnieri), squirrel hake U.
brasiliensig and more recently the blue craB.(sapiduy are targeted by this fleet with

different fishing gearspersonal observatign
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Fish abundance tends to be higher in the Patosdoagiarrounding area during elevated
rainfall, highly influenced by a significant incsea of estuarine dependent and estuarine
resident species. High precipitation occurring aairthge basin increases the freshwater flow
outside the estuary, resulting in higher transpafrtnutrients and causing environment
eutrophization of the coastal zone (Ciotti et B95). Thus, coastal water enrichment, due to
high nutrient and primary production outflow, sussaan elevated production of estuary
related and marine fishes in the area, explainivg dgreater amount of bycatch observed

during 2002, while the abundance of marine prawmsduced.

Ecological facilitation due to habitat expansioays an important role in abundance of
eurihaline species, since salinity in surroundimgaaof Patos Lagoon estuary is markedly
changed during high precipitation periods. Simgattern was observed during 1997-1998 El
Nifio inside the estuary, when freshwater speciek &olvantage of reduced salinity to expand
their habitat. Besides geographic habitat extensicrurred during elevated rainfall, many
estuarine dependent or resident species are inapiyntransported outside Patos Lagoon

estuary, increasing biomass of fishes (Garcia.e2@03) and crustaceans in coastal zone.

Ecological parameters

Recent experiments showed that ecosystems pregehnigymer diversity have more
ability to withstand with environment disturbancasd to recover from unfavorable events
(Worm et al., 2006). In general terms, sub-troparad temperate trawling for prawns, are less
damaging to the ecosystem then tropical ones (H8B9). Temperate seas tend to support
large numbers of comparatively few species, whitgital seas contain many species in

smaller numbers (Lalli & Parsons, 2006).

Despite of prawn trawling foA. longinarishas been performed in nursery areas, where

diversity is high (Garcia & Gianuca, 1998), a lowarmber of species (38 fish and 12
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crustacean species) was found when compared tmpsewmvestigations in the same area (47
fish species) (Ruffino & Castello, 1993). It may é&eplained by slightly different sampling

depths, different fishing gears used and to thé&usien of summer months in the analysis.
Lower richness of fish in incidental catch was reeal in a higher latitude (San Jorge Gulf,
46°S, Argentina) trawling for red praw ( mueller), summing 32 species (Pettovello, 1999).
Conversely, the number of species discarded indabfisheries (e.g. Northern Prawn Fishery
in Australia), are remarkably high, catching humidref species along with prawns (Gulland

& Rotschild, 1981).

Coupled analysis of richness (number of specied) mran trophic level of catches
allowed concluding that higher estuarine runoff ntewe increased the concentration of
nutrients in surrounding area of Patos Lagoon,ltieguin higher trophic level of catches as
well as supporting a greater abundance of top-poeslaand a lower number of species.
Conversely, in the dry year, mean trophic level weguced, significantly influenced by
elevated abundances of marine prawns in the atea.gfeater number of species caught is
explained by the presence of more diverse mariaeaasuch as strictly marine crustaceans

(C. ornatus C. danae, E. oplophoroides

During high estuarine runoff, lower salinity wateas found in surrounding area of
Patos Lagoon, disrupting the entrance of larvae jamdniles, involuntarily transporting
estuarine dependent or resident species outsidesthary (Garcia et al., 2003) and increasing
nutrient outflow (Ciotti et al., 1995). As a resutigher abundance indices were estimated,
influenced by estuarine depende@t parbus G. planifrons M. furnieri), estuarine resident
(C. sapidus G. genidens as well as the expected marine species [frasiliensis T.

marginatus.
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The whitemouth croake. furnieri) was more abundant during the wet year. This
scianid species spawns in coastal areas undenflberice of freshwater outflow, explaining
higher biomass recorded in 2002. The stripped paffipmarginatu¥is also a marine species
that tolerates changes in salinity and inhabits sbhd zone surrounding estuarine mouth
(Vieira et al., 1998). Despite of being more freguduring the dry year, higher biomass
recorded during wet year (2002) suggests that faealability can be quite important,

especially for euryhaline species that are capailielerate trends in salinity.

Additionally, P. brasiliensis a marine species, also showed higher biomasevaiu
wet year taking advantage of nutrient-rich watetflow. The king weakfishNl. ancylodon
was also more abundant in this period and assoogif this species witR. brasiliensis
have been previously reported (Araujo, 1984). Thessociations are mainly explained by
predation, since adults &. ancylodonhave the juveniles d®. brasiliensisas one of their
main food items. Juveniles of catfisB.(barbu$ start to gather in surrounding area of Patos
Lagoon estuary in late summer, where they feedCosapiduspereiopods (Araujo, 1984).
During 2002, the abundance @&. barbus juveniles was associated witB. sapidus

reproductive season that extends from spring ty eatumn (Oliveira, 2003).

Therefore, while high rainfall has been reported pd@ying a negative effect on
production inside the estuary (Garcia et al., 20@®3¢ adjacent zone takes advantage of
greater nutrient volume flushed out, resulting ighler biomass production, sustaining a
higher mean trophic level, higher biomass of topdators and resulting in a lower number of
species. Estuarine discharge has been previouggrteel as a key factor regulating
communities and food-web structure (LivingstonletE097), which is likely to be occurring

in studied area.
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Probability of catch (By) and size composition

The analysis of catch probability and the size cositppn of the most important fishes
showed that the trawl net caught mainly individulkst did not reach the mean length at first
maturity. An exception i®. brasiliensigbanded croaker) and the blue crabsdanaeandC.
sapidu$ that presented similar LM angPalues. Hence, it is not recommended to manage
this fishery simply by estimating intraspecific pareters, such as MSY. Ecological
degradation, caused by trawling in elevated rdirsi@ahsons, will probably occur, since many
species of fish and crustaceans are discarded bleeld to the sea and most of catch is

composed by juveniles.

In some areas where prawn trawling has been ooguifor several decades, high
bycatch levels have had very obvious effects (R0B3). In the Gulf of Mexico, for instance,
bycatch ratio has actually been declining since 18@0. Rather than being a sign that the
ecological impacts of trawling are decreasing, hibwes that bycatch species have been
significantly depleted. Croakers (Sciaenidae) dreut 40% less abundant than they were

twenty years ago, which is a result of high fishprgssure (Eyars, 2007).

Similar phenomenon seems to be occurring in SontiBeazil, caused not only by
prawn trawling, but by a combination of differenshing gears catching individuals in
different phases of their life cycle (Haimovici &t, 1993; Haimovici & Mendoncga, 1996b;
Vieira et al., 1996). Ruffino & Castello (1993) epged that whitemouth croakew( furnieri)
was the dominant species in catches during late. Hbwever, a new scenario was observed
in 90’s, when abundance &f. brasiliensissurpassed the former species (Haimovici et al.,
1993; Ruffino & Castello, 1993). The present studiified thatM. furnieri accounted for 8%

of the captures in weight in 2002, being just tarfh more important species in catches.
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Previous assessment estimated that 199.8 t/yelt. déirnieri and 82.5 t/year 06.
barbusare caught incidentally in pink prawhk.(paulensi¥ trap fishery inside the estuary. In
numbers, values estimated are around 4.2 milliéM8. durnieri and 2.7 millions of5. barbus
caught. Moreover, it was noticed that the fishingsgure was quite accentuated on the
individuals that did not reach the mean lengthextual maturity (Vieira et al., 1996), which

was also confirmed by the present study for sumlmgarea of Patos Lagoon estuary.

The incidence of fishing mortality is even more rhaul for K-strategist species
(Alverson, et al., 1994), such as sea catfiShl{arbu$ and skatesS. bonapartii S. acutaS.
argentinaandS. guggenhej)n The sea catfish is also a long-lived specier (each 23 years
old) presenting slow growth, late sexual matunigathed with 7 years old) and low fecundity
(32-272 oocytes per female) (Reis, 1986a,b), makimgore susceptible to recruitment and

growth overfishing.

Whereas prawns tend to fall towards thend of the spectrum, many of the other
species caught alongside it d&especies (Gulland & Rotschild, 1981; EJF, 2003)cdse
prawn fisheries capture such a broad range of epgitiis impossible to hold fishing pressure
at different levels for different species. Fishprgssure is therefore set high to get maximum
productivity from shrimp stocks, to the disadvametagf thoseK species caught as bycatch

(EJF, 2003; Vooren & Klippel, 2005; Eyears, 2007).

Among K-strategist species, skates seem to be the ma=itéimed ones (Vooren &
Klippel, 2005). Four ray species were capturechenfiresent studys( bonapartiji S. acuta, S.
argentinaandS. guggenhejnwhile in the study developed by Ruffino & CastellL993) five
species were caught. It is important to point dwdse authors performed a year round
sampling and higher concentrations of skates istabarea for spawning are reported during

summer. Several authors suggest that elasmobrasdties migrate to shallow waters for
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reproduction €.g. Vooren & Klippel, 2005), where they are exploreg different fishing
gears, other than the prawn otter-trawling. Newes, relative abundance of rays was
markedly low, and decreasing densities have beewiqusly reported (Ruffino & Castello,
1993; Vooren & Kliepel, 2005). In the early 80 gjidensities of these resources were
recorded €.g.in 1981S. guggenheinvas caught in 90% of fishing stations), showingtfi
signs of declining in early 90°s until some of rapecies be considered as at extinction risk in

00’s (Vooren & Kliepel, 2005).

While the effects of trawling on fishes have begtemsively discussed, the crustacean
composition in trawling for prawns is poorly unde, since some are of low commercial
value or inedible as well as of low densities (EJ003). The main crustacean species caught
was C. sapidus followed by C. danaeand P. muellerii Size composition of blue cralZ (
sapidu$ in samples reflects the reproductive biology Ik tspecies, since mature females
migrate to surrounding area of Patos Lagoon fowsgpay (Oliveira, 2003). Therefore, similar
values of By and LM observed fo€.sapidusdo not reduce the impact of prawn fishery over
this species, since recruitment overfishing mayugccesulting from an excessive fishing

effort selectively driven to the spawning area.

On the other hand, CPUE of blue crab was reducdccancentrated in summer during
the dry year data not showed minimizing the impact of trawling activity ovéiis species.
One factor that contributes to high mortality lewvelf the crustaceans and skates captured
incidentally is the selection method performed oard. The amount of dead blue crabs and
skates could be reduced if the fishermen returhedrdividuals back to the sea while they
are still alive. Many individuals stay in the dedkring the whole day of fishing, being
discarded dead back to the sea. Studies showed stiratval rate of crabs (Hill &
Wassemberg, 1990) and skates (Cedrola et al., 2008jh if they are immediately returned

to the sea.
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Trawling for prawns has been considered as a loectee as well as damaging
activity, compared to bulldozing a forest to casdng birds (EJF, 2003). The Magnuson—
Stevens Fisheries Conservation and Management fA&996, aims to reduce impacts of
fishery on ecosystem, suggesting that conservaiohmanagement measures shall minimize
bycatch and, to the extent bycatch cannot be adpiéimize the mortality of such bycatch
(NOAA Fisheries, 2007). Educate fishermen to redeasabs and skates back to the water

shortly could significantly reduce mortality, esgdly of spawning females &. sapidus

As previously discussed, trawling for prawns inreunding area of Patos Lagoon,
during high rainfall years results in low prawn guction as well as high byctach ratio,
mainly composed by juvenile fishes and crustace@hsrefore, trawling for prawns in the
surf zone, during low salinity years, must not lstained. On the other hand, during dry
years, high salinity favors marine prawns, espbcial winter; and therefore, relative
abundance of bycatch species are reduced. Howavegmbination of low biomass of
incidental catch, resulting from oligotrophic watecombined to excessive fishing effort may
cause irreversible damage to ecosystem, espetmaHlystrategist species caught along with
prawns. Reduction in bycatch ratios has been extggsdiscussed (Eayrs, 2007; Brewer et
al., 2006; Hannah & Jones, 2007) and solutions siscincrease mesh size and adoption of
bycatch reduction devices (BRD's) have been prapdserease mesh size, to reduce catch
of juveniles in prawn fishery, has been previousigorted as non-viable, since yields can be
dramatically reduced, resulting in fishing effonciements to compensate it (Haimovici &
Mendonga, 1996a). On the other hand, BRD's couldige a profit increase and an easier
operation on the deck as well as to improve prodquelity and consequently its price (Eayrs,
2007). According to FAO Code of Conduct for ResjilnliasFisheries (1995), BRD's must be
implemented in prawn fisheries, reducing bycattloras a whole, but especially the catch of

more susceptible species such as rays, catfisltetugtes. Nevertheless, trawling for marine
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prawns in surrounding area of Patos Lagoon reptesenimportant economic yield for local

fishermen communities, especially during closegseanside the estuary from April to July.

Therefore, is important to create regulations thnoge artisanal exploitation of this resource

(e.g. implementation of BRD's and allow fishing only ohg winter), since intensity of

fishing effort seems to be low (dependent on thather) and self-regulated by prawn

abundance in the area.
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ABSTRACT

Declining in landings of more valuable prawn species, such as pink prawns
(Farfantepenaeus paulensis and F. brasiliensis), expanded the targets of double-rig
otter-trawlers to other species such as Artemesia longinaris and Pleoticus muelleri. In
attempt to increase information on distribution and abundance of these prawns, 64
samples were analyzed in summer/2005 during commercial trawling fishery season
off Rio Grande do Sul coast. Samples were collected from a research vessel (NOc.
Atlantico Sul- FURG) in depths varying from 5 to 29 meters as a contribution to
SALVAR project. Temperature, salinity and substrate play an important role on
distribution of A. longinaris, concentrating greater densities in areas of low
temperature and high salinity, associated to summer ressurgence. Pleoticus muelleri
showed a more homogenous distribution and did not avoid areas of lower salinity
under the influence of estuarine runoff. By using a swept area method, a total of 3369
tons of A. longinaris was estimated between isobaths of 10 and 20 meters. Pleoticus
muelleri presented lower abundances and a total of 2527 tons was estimated by using
swept area method. Size distribution allowed concluding that larger individuals are
located especially between 15 and 20 meters for both species. However, large
individuals of A. longinaris clearly avoided the areas of lower salinity, suggesting that
spawning takes place outside the direct influence of Patos Lagoon estuary.
Conversely, P. muelleri takes advantage of lower salinity areas, avoided by A.
longinaris, for spawning.

Keywords: Artemesia longinaris, Pleoticus muelleri, distribution, abundance, ,

environment factors, Southern Brazil

213



INTRODUCTION

The argentinean (Artemesia longinaris Bate, 1888) and the red (Pleoticus
muelleri (Bate, 1888) prawns are monotypic and endemic species inhabiting shallow
waters of southwestern Atlantic. The argentinean prawn is found from Atafona (Rio de
Janeiro, Brazil, 21°37'S) to Puerto Rawson (Argentina, 43°00'S), while red prawn
presents a further south distribution, reaching the Santa Cruz Province (Argentina,
50°00'S) (D’Incao, 1999). These species are mainly distributed from littoral zone to 30
m isobaths, however, further occurrences (68 m) have been reported (Olivier et al.,
1968; lwai, 1973a,b).

Both species play an important role on the trophic-web of coastal marine waters
of Southern Brazil, as they are intensively predated by fishes (Capitoli et al., 1994).
Additionally to ecological relevance, both species have been recently exploited by
commercial and artisanal fisheries along their entire distribution area (Boschi, 1969;
Valentini, et al., 1991; D’Incao, et al., 2002). Declining in landings of more valuable
prawn species, such as pink prawns (Farfantepenaeus paulensis Pérez-Farfante, 1967
and F. brasiliensis Latreille, 1817), expanded the targets of double-rig otter-trawlers to
other species such as A. longinaris and P. muelleri (D’Incao et al., 2002). This
commercial fishery takes place mainly in summer, when higher landing values are
usually recorded (Haimovici and Mendoncga, 1996a; Pérez et al., 2001).

Lack of information on distribution and abundance of these prawn species have
been reported (Costa et al., 2004; Costa et al., 2005), especially in Southern Brazil
(Nascimento, 1981; 1983, Pérez et al., 2001; Dumont, 2005; Baptista-Metri, 2007). Lack
of information on P. muelleri biology in Southern Brazil is even more noticeable, since

investigations are restricted to geographical distribution (D’Incao, 1999) and landings
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reports (Haimovici and Mendoncga, 1996b). No significant relationship between fishing
effort and catches has been reported for both species, indicating that abundance is
mainly regulated by environment factors (Haimovici and Mendonca, 1996b; Pérez et al.,
2001). Therefore, information on the main factors regulating distribution and abundance
of A. longinaris and P. muelleri during commercial fishery season must be investigated,
as well as main concentration areas for these species.

MATERIAL and METHODS

Samples were collected during a scientific cruise, performed from February 13"
to February 28" of 2005, onboard of the research vessel Atlantico Sul as part of
SALVAR project. The sampled area covered the entire Rio Grande do Sul coast, from
Santa Marta Grande Cape (28°36'S) to Chui Stream (33°45’S) in depths that ranged
between 5 to 29m, summing a total of 64 fishing stations (Figure 1). Sampling design
was initially performed by separating the total area in 15 equidistant and perpendicular
to coast line layers. Each of the 15 sectors received a number of stations proportional to
its area.

To perform biological analysis of distribution and abundance, three main areas
were adopted. The northern area was comprised between 29°18'S and 31°13'S, the
central area from 30°58'S and 32°14'S and the southern area from 32°01'S to 33°51'S
(Vooren et al., 2005). Additionally, each of the areas was subdivided in two smaller
zones according to depth, which ranged from 5-15 and 16-20 meters. Consequently, a
total of six sectors were created to perform distribution and abundance analysis of main

prawn species inhabiting commercial trawling area during summer.
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Figure 1. Southwestern Atlantic Ocean, highlighting Rio Grande do Sul State (Southern
Brazil) where investigation took place during summer/2005. White dots represent the

fishing stations performed between 5 and 29 meters depth.

Motivation to sub-divide each of three main areas in two groups came from
previous investigation on A. longinaris that suggest differential size-composition
according to depth (Dumont and D’Incao, manuscript). Area 1 represents the shallow
waters from southern region (5-15m), while area 2 is located at further depths (16-20m)
also in southern region. Area 3 was located at central shore and it comprised the
stations performed in depths varying from 5-15m. Area 4 was also located in central
shore, but includes only the stations performed in deeper waters (16-20m). Areas 5 and

6 were positioned at northern shore and were also determined according to depth, in
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such a way that area 5 comprises shallow water stations (5-15m) and area 6 deeper
region (16-20m) covered by the investigation cruise.

Biological samples were collected by using a prawn otter-trawl net. The footrope
of the trawl net was 20 meters long, with a steel chain (1.3 kg/m) attached in attempt to
increase vulnerability of prawns to the net. Mesh size (opposing knots) varied from 50
mm in wings to 22 mm in the codend. A standardized time of trawling was adopted (30
minutes). Trawling speed was always around 5.5 km/h and distance between
otterboards around 28 meters (Table I).

Total weight obtained in a determined fishing station was recorded for each
species of prawn and sub-samples were taken to perform size-frequency analysis, and
to estimate abundance in numbers. Relative abundance in weight and number was
given by total amount of catch divided by the standardized 30 minutes tows. To describe
oceanographic features of shallow waters in Southern Brazil, a CTD Ocean Seven 316
(Idronaut-ltaly) was used, registering temperature (°C), salinity (PPS-78) and depth of
water column, always after each fishing station. The sediment type was classified
according to samples obtained by using a Van Veen dredge and Scientific Ecosound
SIMRAD EK-500 and classified as silt, mud and sand.

Carapace length (CLmm) was used to describe size structure of prawn stocks
exploited by commercial trawlers and measured from postorbital angle to the end of
posterior carapace margin. Gender of prawns was determined through secondary
sexual traits and proportion of megaspawners in each area was analyzed. Only females
larger than the size class in which probability of been ripe is 100% (LMio0) were

considered as megaspawners. To estimate LMoo a logistic model was adjusted to

217



frequency of ripe females and values obtained were 22mm (CL) and 26mm (CL) for A.
longinaris and P. muelleri, respectively (data not showed).

Table I. Summary of fishing stations performed during summer/2005 off the coast
of Rio Grande do Sul (Southern Brazil), containing position of trawl, environment

parameters and net properties used to estimate total biomass through swept area

method.
surface bottom net trawl
temperature temperature surface bottom oppening distance swept area

latitude longitude  depth (°c) (°c) salinity  salinity (m) (m) (m?

3351.402 52 54.624 29 229 22.9 34.0 34.1 19.36 4221.13 81707.50
3345511 53 05.567 23 231 23.6 34.4 35.0 17.46 3162.83 55233.15
33 25.365 52 46.994 17 235 23.7 33.9 34.0 15.52 4050.12 62845.66
3321.803 52 50.218 10 241 23.7 33.6 33.7 13.31 2834.17 37716.62
3313.064 52 41.246 10 24 23.8 33.8 33.9 13.31 2284.62 30403.24
3309.812 52 34.276 13 234 235 34.2 34.2 14.25 3286.63 46849.65
3313.247 52 30.505 15 235 235 33.6 33.6 12.83 2739.39 35158.36
3258.581 52 29.581 12 235 234 34.2 34.2 17.04 4452.16 75875.42
3258.647 52 25.520 16 234 233 33.9 33.9 15.20 4296.04 65305.77
32 48.475 52 23.518 13 23.7 23.6 33.6 33.8 14.25 4238.28 60414.92
32 42.200 52 22.552 10 234 235 34.2 34.2 16.53 3327.08 54986.39
32 43.562 52 19.700 13 235 235 34.1 34.2 8.63 2970.30 25623.04
3238.841 52 16.339 14 23.6 235 34.3 34.3 21.04 2694.25 56687.08
32 36.996 5212.223 17 23.9 23.3 34.3 34.3 17.57 3392.77 59605.47
3231.612 52 21.795 8 243 23.8 34.3 34.4 12.68 3578.55 45363.89
3227.399 5219.881 8 24.1 24.1 34.2 34.3 12.68 1523.19 19308.88
3229.725 52 11.585 17 235 23.4 34.3 34.3 15.52 2790.83 43305.24
3220.712 52 16.581 9 244 23.9 345 34.4 13.26 2903.36 38484.61
3212.378 52 09.175 7 246 23.8 345 345 9.05 3003.40 27172.40
32 04.704 51 54.658 13 24.3 235 345 34.6 15.52 3273.42 50793.64
32 04.282 51 59.069 8 24.2 24.2 345 345 12.68 3276.81 41538.77
32 07.822 52 01.616 9 239 23.9 35.9 35.9 3.88 3317.50 12878.13
3058.335 50 39.646 12 23.9 22.7 36.2 36.0 14.41 3200.28 46123.77
3050.819 50 33.936 11 23.8 23.1 36.2 36.2 14.41 3961.99 57101.80
30 46.312 50 30.248 10 23.8 23.7 36.1 36.0 18.15 3565.17 64697.23
30 47.590 50 29.508 14 24 21.8 36.2 36.2 14.41 3679.01 53023.30
30 44.770 50 28.920 12 244 225 36.0 36.1 14.41 3666.38 52841.40
29 24.074 49 44.343 18 221 20.5 36.1 36.1 15.99 3384.71 54122.86
29 27.896 49 48.401 9 215 20.9 35.6 36.1 11.78 3321.70 39137.57
29 36.304 4954.376 8 23 20.7 36.2 36.1 10.73 3294.12 35347.19
29 41.381 49 56.697 19 21.8 20.4 36.0 36.1 12.83 3607.26 46296.97
29 47.961 50 01.161 12 233 20.6 36.0 36.1 14.41 3452.28 49755.60
29 56.114 50 05.130 10 233 20.5 35.3 36.2 12.31 3224.68 39690.60
30 05.373 50 08.233 19 21.6 20.4 36.1 36.2 17.04 3599.75 61348.31
30 07.832 50 10.054 12 214 20.6 36.1 36.3 13.36 3459.05 46214.26
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30 11.902
30 18.499
30 22.826
30 36.045
30 40.426
30 55.603
31 02.403
31 05.986
3110.436
3111.279
31 13.409
3118.128
3122.155
31 26.138
3128.321
31 31.398
3132.370
31 35.916
31 35.830
3142.103
31 40.804
31 44.276
3144.813
3151.658
3151.784
3151.795
3153.317
3157.377
3158.791

5009.711
50 12.590
50 15.800
50 20.125
50 25.709
50 35.494
50 38.770
50 43.473
50 44.316
50 47.540
50 51.570
50 54.888
50 56.364
51 02.602
51 06.235
51 11.046
5107.309
5110.244
5114.125
5117.888
51 22.835
51 23.872
51 27.375
51 31.206
51 34.606
51 40.700
51 45.486
5141.011
51 50.383

20
18
10
17
12
17
18
15
18
16
12
17
20
19
15

19
17
15
18
12
16
14
20
17
15
13
17
13

22.2
22.3
22.7
23.3
23.9
22.7
23.3
21.4
23.1
22.4
22.6
22.7
22.4
22.7
23.6
24.2
23.3
23.9
24.2
24.2
24.7
24.7
25
24.7
24.7
25
25.1
24.6
24.9

20.9
21.6
21.8
22.9
22.3
20.4
19.9
20.3
19.6
20.8
20.5
20.6
20.7
219
23.6
24
23.1
23.6
24.2
23.7
24.4
24.3
24.4
23.9
24.6
24.8
24.9
24.5
25.2

36.0
36.0
36.1
36.0
35.9
36.2
36.0
36.2
35.8
36.1
35.3
35.9
35.9
35.8
35.8
35.9
35.8
35.4
35.7
355
35.6
355
35.2
35.2
35.3
35.2
34.8
35.3
35.7

36.2
36.2
36.2
36.2
36.3
36.3
36.2
36.3
36.2
36.2
36.1
36.1
35.9
35.8
35.8
35.9
35.8
35.7
35.7
35.6
35.6
355
355
355
355
35.3
35.2
35.6
35.8

14.41
13.36
14.41
14.41
14.41
17.57
17.57
15.99
14.41
17.57
14.94
16.04
16.04
16.04
14.94
14.41
15.99
14.94
15.99
17.04
14.41
15.46
14.41
14.94
14.41
15.46
15.46
17.04
17.04

3489.35
3520.07
3407.84
3769.34
3259.35
3737.26
3691.20
5063.88
3907.69
3414.12
3435.91
4695.07
3414.56
3012.26
3282.87
3211.62
2919.03
3203.73
3129.66
3725.43
3264.29
3320.97
2788.86
3033.55
3235.35
2986.74
3596.27
3419.32
3662.37

50289.93
47029.56
49115.21
54325.28
46975.00
65657.71
64848.49
80973.49
56319.25
59980.58
51326.97
75322.99
54779.79
48325.75
49040.87
46287.09
46676.45
47858.67
50044.46
63490.24
47046.26
51356.73
40194.10
45316.45
46629.14
46188.12
55614.12
58273.40
62415.49

Relative abundance (CPUE) data was tested for normality (Lilliefor's<0.2) and

homogeneity of variances (Levene’s>0.05) prior to perform ANOVA and post-hoc

Tukey’'s test (0.05). Normality was achieved for all groups, while homogeneity of

variance was not. Differences in mean relative abundances and sizes were tested by

using 6 areas previously described. The influence of environment parameters on the

CPUE (kg/30min) of A. longinaris and P. muelleri was assessed by a multiple regression

analysis.
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Swept area method was applied to estimate a total stock biomass available
during the commercial fishery season. The swept area was estimated by the following
equation:

a= W*TV*D,

where W is the effective width of the trawl net, TV is the towing velocity and D is
the duration of the tow. Once swept area is estimated, total biomass in the fishing
ground was given by:

B= Cw/v*(A/a),

where Cw is the catch per unit of effort, v is the vulnerability of prawns to the net,
A is the total area and a is the swept area. Since high dispersion of CPUE values were
noticed, total biomass was estimated for each of the six areas previously described and
total biomass was obtained by summing each of these values.

Vulnerability of prawns and fish to trawling nets is difficult to estimate (King,
1997). Values suggested range from 0.5 to 1.0 and a value of 0.75 was adopted, since it
represented the most coherent results among all the values tested (0.5-1.0 data not
showed). Total area of each of the 6 sectors was obtained from Weigert et al., 2005 and
values ranged from 3110 km? (area 2) to 332km? (area 5). Geographic Information
System (GIS) was used to perform interpolation (natural neighbor) of biomass/km? data
that was mapped to create visual representation of stock densities and confronted to
interpolations created by using environmental parameters. Parameters used in
environment data interpolation were bottom salinity and temperature, as well as
sediment type. This analysis was performed in attempt to identify main fishing grounds,
for argentinean and red prawns in Southern Brazil as well as the main factors

influencing species distribution during commercial fishing season.
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RESULTS
Environmental parameters

Overall distribution of water temperature showed a trend of warmer waters in
near shore areas, except in region 5 and 6, where bottom temperature in shallow waters
(5-15) was lower then in further depths (15-20m) (Figure 2). Lower mean bottom salinity
values were recorded in shallower waters, while saltier water was found in stations
positioned at deeper isobaths.

Lower salinities and higher temperatures were observed in regions 1 and 2,
located at southern shore of Rio Grande do Sul State (Figure 2, 3). The regions 3 and 4
represent a transitional area, where salinity increases and temperature decreases,
evidenced by wide confidence intervals observed. Central and northern shores were
under the influence of Tropical Water (TW) explaining higher salinity values recorded. In
addition, intrusions of colder oceanic water, in central and northern shores were clearly
detected when analyzing bottom water temperature and salinity contour maps (Figure
3a, 3b). Larger continuous areas of fine sediments (silt and mud) were observed in
southern regions, while central and northern areas presented sparse distribution of
these bottom types. In central shore, fine sediments grounds stretch from 20 meters
isobaths to littoral zone as well as in southern area. Conversely, in northern shore fine

sediments are distributed in deeper areas away from the coast (Figure 3c).

221



-0~ Mean _L_ Mean:0.95 —_ o Mean L Mean£095
245 N
250
240
245
5 Bs o
- g
g 230 g 240
g H
£
g 225 o 235
£ g 23
g £
2 220 a
230
215
- 225 -
210
205 220
1 2 3 4 5 6 1 2 3 4 5 6
364 364
—o Mean _I_ Mean:0.95 —o- Mean _I_ Mean0.95
362 — I 362
360 360 77777%
358 — 358
356 356
354 354
2
g w52 E 352
3 2
é 350 g 350
g 348 S 348
= @
346 346
344 344
342 342
340 340
338 338
336 336
1 2 3 4 5 6 1 2 3 4 5 6

Figure 2. Trends in mean salinity and temperature (bottom and surface), recorded in
Southern Brazil during summer/2005, for each of the six areas previously determined.

Squares represent mean values and parallel bands the confidence intervals (95%).
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Figure 3. Contour maps of environmental parameters (A- salinity, B- temperature and C-
sediment type) interpolation performed by using data collected during summer/2005 in
the coast of Rio Grande do Sul, in Southern Brazil. Dots represent fishing stations

where information was collected.

Distribution and abundance of the argentinean and red prawn

Artemesia longinaris and P. muelleri were the most abundant prawn species
caught during summer, either in weight or number. Both species were captured in 86%
of tows and occurred at approximately same fishing stations. A total of 513.2 kg of A.
longinaris and 282.2 kg de P. muelleri were sampled during present investigation.

Mean CPUE (kg/30min) values of the argentinean prawn ranged from 0.7 in area
5to 21.8 in area 4. Elevated densities were recorded in central shore (both areas 3 and

4) as well as in deeper areas of northern shore (area 6), composing a distinct group in
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post-hoc Tukey’s test. Conversely, lower abundances were observed in southern region
(both areas 1 and 2) as well as in shallow waters of northern region (area 5) (Table II).
Unlike A. longinaris, the red prawn P. muelleri showed a more homogenous
distribution in commercial fishing grounds during summer. Mean CPUE values ranged
from 1.0 in area 5 to 6.9 in area 4. Significantly higher CPUE values were observed for
P. muelleri only in area 4, while all the other five areas were not significantly different

(Table 111).

Table II. A. longinaris. Summary of descriptive statistics obtained from mean CPUE
values, containing number of stations (n), mean CPUE (kg/30min), standard deviation
(s.d.), standard error (s.e.) as well as 95% confidence intervals of means. Superscript
letters within brackets indicate non-significant differences between groups, estimated

trough Tukey’s test.

area n CPUE (kg/30min) s. d. S. €. Cl (95%)

overall 64 8.6 20.6 2.6 34 13.7
1@ 12 0.9 0.6 0.2 0.4 1.3
2@ 10 3.2 2.9 0.9 1.1 5.2
3® 7 8.1 14.6 5.5 5.5 21.6
4®) 15 21.8 36.8 9.5 1.5 42.2
5@ 8 0.7 0.9 0.3 0.1 1.4
6® 12 9.7 14.7 4.3 0.4 19.1
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Table 1ll. P. muelleri. Summary of descriptive statistics obtained from mean CPUE
values, containing number of stations (n), mean CPUE (kg/30min), standard deviation
(s.d.), standard error (s.e.) as well as 95% confidence intervals of means. Superscript
letters within brackets indicate non-significant differences between groups, estimated

trough Tukey’s test.

area n CPUE (kg/30min) s. d. S. e. Cl (95%)

overall 64 4.3 6.0 0.8 2.8 5.8
1@ 12 4.7 5.6 1.6 1.1 8.2
2@ 10 4.5 3.2 1.0 2.2 6.8
3@ 7 3.7 3.3 1.2 0.7 6.7
4®) 15 6.9 9.5 2.4 1.7 12.2
5@ 8 1.0 1.9 0.7 0.6 2.6
6@ 12 3.2 5.1 1.5 0.0 6.4

Multiple linear regression indicated bottom temperature as the main variable
affecting relative abundance in weight (CPUE) of A. longinaris (B=-0.32, p=0.01,
R?=0.39), in such a way that higher densities were observed in lower temperatures.
Conversely, no significant factors were estimated to explain P. muelleri abundance,
reflecting a more homogeneous distribution of this species.

According to swept area method, and considering vulnerability of prawns to the
net as 75%, an amount of 3369 tons of A. longinaris was estimated to be available
between the isobaths of 10 and 20 meters. Assuming similar distribution of the stock in
the adjacent areas (<10 and from 20 to 30), extrapolation of the values obtained, to an
area stretching from 0 to 30 meters resulted in a total of 6069.02 tons for the entire
fishing area covered by commercial fleet (17349.46 km?). Area 4 yielded a total of 2421
tons presenting the highest biomass recorded during the scientific cruise. Conversely,
lowest biomass was recorded in area 5 (1.9 tons) which is represented by shallow

waters of northern shore (Figure 4, Table V).
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Table IV. A. longinaris. Summary of swept area method estimates for each of six areas
in the coast of Southern Brazil, containing number of fishing stations (n), mean density
(ton/km?) and confidence intervals (CI+95%), swept area (km?), total area (km?) and
biomass estimates (ton). Bold value at bottom right corner represents the sum of

biomass obtained from six areas.

swept area total area biomass
area " mean ton/km? Cl (£95%) (km?) (km?) (ton)
1 12 0.072 0.048 0.096 624.10 2292.40 165.05
2 10 0.123 0.072 0.175 403.16 3110.72 382.62
3 7 0.165 -0.107 0.438 406.18 816.51 134.72
4 15 1.149 0.026 2.271 777.28 2107.12 2421.08
5 8 0.006 0.000 0.011 533.90 332.54 2.00
6 12 0.244 0.017 0.471 490.04 884.53 215.83
sum 3368.97

Lower biomass of P. muelleri was estimated, summing a total of 2527 tons from
10 to 20m range. Extrapolation of biomass estimated to total fishing area (17349 km?)
resulted in an estimate of 4594 tons. Highest biomass was observed in area 4 (842
tons) and lower in area 5 (6.65 tons) (Table V). Unlike A. longinaris, this species showed
elevated biomass even in the areas influenced by estuarine runoff, positioned

southwards to latitude 32°S (Figure 5).
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Table V. P. muelleri. Summary of swept area method estimates for each of six areas in
the coast of Southern Brazil, containing number of fishing stations (n), mean density
(ton/km?) and confidence intervals (CI+95%), swept area (km?), total area (km?) and
biomass estimates (ton). Bold value at bottom right corner represents the sum of

biomass obtained from six areas.

mean swept area total area Biomass
area N onkm? Cl (95%) (km?) (km?) (ton)
1 12 0.364 0.171 0.557 624.10 2292.40 834.87
2 10 0.227 0.118 0.336 403.16 3110.72 705.79
3 7 0.071 0.004 0.138 406.18 816.51 58.03
4 15 0.404 0.093 0.716 777.28 2107.12 851.69
5 8 0.020 -0.011 0.051 533.90 332.54 6.63
6 12 0.079 0.002 0.157 490.04 884.53 70.23
sum 2527.23
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Figure 4. A. longinaris. Contour map showing densities of the argentinean prawn
(kg/30min) in Southern Brazil during summer/2005, estimated by swept area method
and considering vulnerability as 75%. Three main areas are showed (southern, central

and northern) and extremes of each are overlapped.
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Figure 5. P. muelleri. Contour map showing densities of the argentinean prawn
(kg/30min) in Southern Brazil during summer/2005, estimated by swept area method

and considering vulnerability as 75%. Three main areas are showed (southern, central

and northern) and extremes are overlapped.

Size-frequency analysis

Carapace length of argentinean prawn females ranged from 2 to 30 mm, while in
males ranged from 1 to 22 mm. The red prawn, presented carapace length values that
varied from 1 to 41 mm for females and males from 1 to 26 mm. Mean CL comparison
pooled by sex showed significant differences (p<0.05), suggesting size dimorphism
related to sex, that is, females are larger for both species analyzed.

Largest females of A. longinaris inhabit the area 6, located at deeper isobaths at
northern shore of Rio Grande do Sul State. Zones 3 and 4 also showed high mean CL
values, but these figures were not significantly different from the other areas (Table VI).
Smallest males were found mainly in the southern region, forming a significant different
group from the other regions. Accordingly to females, highest mean CL value of females
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was recorded in northern shore at the deeper area (area 6), but of non-significant

differences was found compared to areas 5, 4 and 3 (Table VII).

Table VI. A. longinaris - females. Summary of descriptive statistics obtained from mean
carapace length (CL), containing number of prawns measured (n), mean carapace
length (CLmm), standard deviation (s.d.), standard error (s.e.) as well as 95%
confidence intervals of means. Superscript letters within brackets indicate non-

significant differences between groups, estimated trough Tukey'’s test.

area n mean CL (mm)  s.d. S.e. Cl (x95%)

overall 1763 15.07 3.63 0.09 1490 15.24
1@ 264 13.09 1.62 0.10 12.89 13.29
2@ 30 13.17 1.34 0.24 12.67 13.67
3@ 344 15.36 3.42 0.18 1499 15.72
4@ 606 15.13 3.68 0.15 14.83 15.42
5@ 192 14.34 3.83 0.28 13.80 14.89
6" 327 16.86 3.98 022 16.42 17.29

Table VII. A. longinaris - males. Summary of descriptive statistics obtained from mean
CPUE values, containing number of prawns measured (n), mean carapace length
(CLmm), standard deviation (s.d.), standard error (s.e.) as well as 95% confidence
intervals of means. Superscript letters within brackets indicate non-significant

differences between groups, estimated trough Tukey's test.

area n mean CL (mm) s.d s.e Cl (¥95%)

overall 1049 13.07 2.26 0.07 1293 1321
1@ 123 11.69 1.13 0.10 11.49 11.89
2@ 32 11.74 0.98 0.17 11.39 12.09
3® 170 12.98 2.19 0.17 12.65 13.31
4®) 533 13.46 2.21 0.10 13.27 13.64
5®) 93 12.89 2.89 0.30 12.29 13.49
6® 98 13.48 2.46 0.25 1299 13.98
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Significant larger mean sizes of the red prawn females were detected in zones 2
and 6, while smaller ones were located at zone 3, corresponding to shallower waters in
central shore. (Table VIII). Males from area 4 were significantly larger than the rest of
regions, followed by those from area 2 (Table IX). Except by the pattern of higher mean
CL recorded in shallower waters of central region observed for A. longinaris females, all
the other regions that presented larger individuals, of both sexes and species, were

concentrated in deeper areas.

Table VIII. P. muelleri - females. Summary of descriptive statistics obtained from mean
CPUE values, containing number of prawns measured (n), mean carapace length
(CLmm), standard deviation (s.d.), standard error (s.e.) as well as 95% confidence
intervals of means. Superscript letters within brackets indicate non-significant

differences between groups, estimated trough Tukey’s test.

area n mean CL (mm) s.d. s.e. Cl (£95%)

overall 1443 17.75 5.07 0.13 17.49 18.01
1@ 291 17.11  3.76 022 16.68 17.55
2®) 66 1837 3.04 037 17.62 19.11
30 209 1520 2.77 0.19 14.82 1558
4@ 395 1752 451 023 17.08 17.97
5@ 114 1721 332 031 1659 17.82
6® 368 2001 7.03 0.37 1929 20.73
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Table 1X. P. muelleri - males. Summary of descriptive statistics obtained from mean
CPUE values, containing number of prawns measured (n), mean carapace length
(CLmm), standard deviation (s.d), standard error (s.e.) as well as 95% confidence
intervals of means. Superscript letters within brackets indicate non-significant

differences between groups, estimated trough Tukey's test.

area n mean CL (mm) s.d s.e Cl (£95%)

overall 781 15.53 2.75 0.10 15.34 15.72
1(a) 204 15.10 2.56 0.18 14.75 15.46
2(a) 60 15.89 2.45 0.32 15.26 16.52
3(a) 114 14.44 1.97 0.18 14.07 14.81
4(b) 192 16.64 2.67 0.19 16.26 17.02
5(a) 42 15.43 3.13 0.48 14.45 16.40
6(a) 169 15.43 3.07 0.24 14.96 15.89

Comparison of percentage of A. longinaris megaspawners, between six areas
analyzed, also showed higher frequency in deeper areas, suggesting spawning activity.
Frequency of megaspawners, was higher in area 6, and showed an increasing pattern
from southern to northern region. Conversely, P. muelleri presented higher percentage
of megaspawners in southern region, under the influence of estuarine runoff. This
species also showed a high frequency of megaspawners in region six as well as A.

longinaris (Figure 5).
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Figure 5. Relative frequency of A. longinaris (dark bars) and P. muelleri (light

bars) megaspawners (females larger than LMiqo) per area in southern coast of Brazil.

DISCUSSION
Environmental parameters

Trends in temperature and salinity followed the same pattern as observed in
other coastal areas where A. longinaris and P. muelleri were investigated (Boschi, 1969;
Costa et al., 2005), with lower temperatures in deeper waters and lower salinities
nearshore. It is also possible to observe that the southern region is influenced by
Coastal Water (CW) (Vooren et al., 2005), highly affected by Patos Lagoon and La Plata
River runoff (Piola et al., 2004, 2005), resulting in higher temperatures and lower
salinities.

Another important oceanographic feature observed was the intrusion of colder
waters from depths further than 30 m, influencing deeper areas in central and northern

shores of Rio Grande do Sul coast. The occurrence of this phenomenon is linked to
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summer resurgences over the Southern Brazil continental shelf. Upcoming of oceanic
water during summer is explained by predominant northeast wind that pushes surface
water offshore resulting in resurgence of colder and saltier oceanic waters (Garcia,
1996).

Distribution and abundance

Environment factors determine to a large extent the abundance and distribution
of prawn populations (Gulland and Rotschild, 1981). Both prawn species analyzed
showed same general environmental requirements (Costa et al., 2004; Costa et al.,
2005), since they occurred at approximately same fishing stations. In spite of that, P.
muelleri showed a more homogeneous distribution than A. longinaris, tolerating areas of
lower salinities and higher temperatures in southern shore of Rio Grande do Sul. High
level of scattering around mean abundance values suggests patchy distribution for both
species, concentrating elevated abundances in areas where environmental conditions
are favorable.

The abundance of A. longinaris was partially explained by water temperature,
presenting a clear preference for areas where lower values for this parameter were
recorded. Same pattern was observed by Costa et al. (2005) in Southeastern Brazil
(Séo Paulo), with higher abundances linked to intrusion of colder and saltier oceanic
waters. This species has a life cycle where adult females migrate to further depths for
spawning (Boschi, 1969; Dumont and D’Incao, manuscript) and ontogenetic
development is entirely completed in marine waters (Dall et al., 1990), explaining the
affinity for deeper areas.

Additionally to the influence of temperature and salinity, the distribution pattern

was also influenced by sediment type, in such a way that fine granulometry sites provide
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suitable grounds for this species (Costa et al., 2005), which is also verified for other
penaeid species in literature (Gulland and Rotschild, 1981; Somers, 1987). The
importance of sediment type for distribution of both species is more clearly noticed when
analyzing the abundance in shallow waters of northern shore. Salinity and temperature
are favorable in this area, however the relative abundance of both species was the
lowest. A likely explanation for this observation is the consolidated sandy bottom
registered in this region, which may prevent prawns from entering this area.

Baptista-Metri (2007) analyzed relative abundance of A. longinaris and P.
muelleri in the coast of Rio Grande do Sul, identifying two main areas where densities of
these species are the highest. The first area coincides with a soft bottom (mud)
observed in southern shore (areas 1 and 2), where P. muelleri was very abundant. High
densities of prawns were also associated to soft bottoms (mud and clay) in central and
northern shores, especially in areas between 15 and 20 meters, agreeing with previous
reports on distribution of these species during commercial fishery season (Baptista-
Metri, 2007).

Maximum sustainable yields (MSY) suggested for A. longinaris is 3579 ton/year
(Baptista-Metri, 2007). This volume of catch represents 77% of biomass estimated
during the investigation cruise analyzed, which may represent an excessive fishing
mortality for the stock even if trends in biomass occurs along the main fishing season.
Mean annual catches of this species is 2700 tons (Valentini, 2005), however, reductions
in landings during the last few years may indicate first signs of excessive fishing effort.
The combination of elevated fishing mortality with adverse environment conditions may
lead to recruitment overfishing if spawning stock is drastically reduced (Dumont and

D’Incao, manuscript).
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Additionally, patchy distribution of the stock results in intense fishing effort
extremely concentrated in areas where abundance is high. During present scientific
cruise a great concentration of prawn trawlers was observed in areas 3 and 4 (Dumont,
personal observation), coinciding with most abundant areas. As a result of that, fishing
effort can remove great amounts of prawn in a short time period. Similarly, maximum
sustainable yield suggested for P. muelleri (4447 ton/year) (Baptista-Metri, 2007) may
be excessive, especially during seasons of adverse environment conditions. Assuming
that stable biomass is maintained during commercial fishing season, the MSY reported
would remove approximately 97% of biomass estimated resulting in total depletion of
the stock. It is important to point out that this resource is also fished in Santa Catarina
state and biomass estimates comprise only the stock inhabiting Rio Grande do Sul
coast, resulting in an underestimated biomass of prawns. However, most of the catch is
obtained from Rio Grande do Sul Coast and only landed in Santa Catarina (Baptista-
Metri, 2007), indicating that for stock assessment purposes, biomass sustaining the
fishery is located at Rio Grande do Sul coast.

It is also important to point out that vulnerability adopted may not exactly reflect
the real value. Additionally, different species may present distinct catchability to prawn
nets, related to behavior (e.g. burrowing or swimming habits) and environment
parameters (e.g. turbidity and temperature) (Garcia and Le Reste, 1981). Therefore,
values obtained must be taken as rough approximations, since vulnerability coefficient
to trawl nets adopted was an intermediate value suggested by King (1997) that range
from 50% to 100%. Vulnerability suggested for other crustaceans such as hermit crabs
is 51% (Reiss et al.,, 2005) and therefore, vulnerability adopted may represent a

coherent value for prawns.
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Length distribution obtained from catches of A. longinaris indicate that smaller
prawns of both sexes tend to inhabit lower salinity areas, under the influence of
estuarine runoff, while largest females were mainly found in deeper areas where salinity
is higher and temperature is lower. As previously discussed, marine prawns (life cycle
type Il according to Dall et al., 1990) tend to migrate offshore for complete ovarian
development and spawning (Garcia and Le Reste, 1981). Mating also seems to occur in
spawning areas, since larger males were found concurrently with larger females.
Percentage of megaspawners also suggests a more intense spawning activity in deeper
areas, mainly in northern shore where the salinity was higher.

Conversely, P. muelleri also presented an important density of large females and
males inhabiting the southern areas under the influence of estuarine runoff. Greater
tolerance to lower salinity of this species was confirmed by the important abundance of
large individuals and frequency of megaspawners in southern areas. Nevertheless, the
deeper area in central region concentrated higher densities of this species. If on one
hand both prawn species analyzed presented similar environment requirements, on the
other, competition seems to play an important role on distribution, which may explain the
more homogenous distribution of P. muelleri, searching for alternative spawning areas.

Briefly, distribution of both species analyzed is patchy and related to
environmental variations such as those caused by summer ressurgence, making fishing
effort intense and concentrated on relatively small areas. For instance, 77% of total
biomass estimated for A. longinaris was restricted to 12% of total area available for
prawn trawling, demanding a regulation in fishing effort applied. The use of try nets
aggravates this problem since cost for searching for schools is reduced and main fishing

grounds do not show remarkable yearly variations (Baptista-Metri, 2007), which was
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confirmed by the large number of boats observed in fishing in areas of highest

abundance during the present investigation.
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