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Caracterização da área de estudo 

 O relevo da região litorânea do Estado de São Paulo é caracterizado por uma 

conformação topográfica que se reflete em um litoral intensamente recortado, com praias 

de pequena extensão e a formação de diversas enseadas (Ab’Sáber 1955). Estas 

representam ambientes favoráveis ao estabelecimento e desenvolvimento de inúmeras 

formas de vida marinha, desde que as características e necessidades ecológicas sejam 

propícias às particularidades de cada espécie (Negreiros-Fransozo et al. 1991; Mantelatto 

et al. 1995). 

 A principal característica oceanográfica estruturadora dos ecossistemas da 

plataforma continental sudeste e sul do Brasil é a presença sazonal da Água Central do 

Atlântico Sul, massa de água caracterizada por baixa temperatura e salinidade (ACAS; T 

< 18º C; S < 36). Além da ACAS, a costa norte do Estado de São Paulo sofre forte 

influência de outras duas massas de água, com características específicas e modelos 

distintos de distribuição entre o verão e inverno: Água Costeira, com alta temperatura e 

baixa salinidade (T > 20º C; S < 36), e Água Tropical, que apresenta temperatura e 

salinidade altas (T > 20º C; S > 36) (Castro-Filho et al. 1987).  

 A ACAS alcança a região costeira junto ao fundo, ao longo da plataforma 

continental, sendo responsável pelas baixas temperaturas da água durante o fim da 

primavera e o início do verão. Esta massa de água pode apresentar temperatura mínima 

de 15º C, ocasionando uma termoclina localizada em profundidades de 10 a 15 m, devido 

à presença de água fria junto ao fundo e de água aquecida no restante da coluna. Os 

processos físicos da coluna d’água influenciam consideravelmente os processos 

biológicos e, assim, propõe-se uma tendência de enriquecimento da água na plataforma 

durante os meses de verão, ocasionada pela penetração da ACAS, até aproximadamente 

a região costeira (Castro-Filho et al. 1987). 

 As características particulares da região de Ubatuba (23o2906S, 45o0500W), 

litoral norte do Estado de São Paulo, a tornam uma importante área de abrigo para 

inúmeros crustáceos decápodes (Mantelatto e Fransozo 2000), bem como inúmeros 

organismos marinhos provenientes de diferentes regiões, representando, portanto, uma 

região de transição faunística (Sumida e Pires-Vanin 1997). Por este motivo, estudos 

foram conduzidos na região de Ubatuba, correlacionando a influência de características 

ambientais à distribuição, reprodução, estrutura populacional e outros aspectos da 

dinâmica populacional de crustáceos. Dentre estes, Castilho et al. (2007; 2008ab; 2012; 



 

3 

 

2015ab), Pantaleão et al. (2016), Stanski e Castilho (2016), Grabowski et al. (2016), 

Pinheiro e Pardal-Souza (2016) e Pinheiro et al. (2017). 

 Ainda assim, o camarão Rimapenaeus constrictus (Stimpson, 1874) permanece 

pouco estudado na região. Esta espécie reserva informações relevantes considerando sua 

história de vida, especialmente tratando-se de estudos de ampla escala temporal que 

busquem padrões mais específicos e mais evidentes, facilitando a compreensão da 

biologia da espécie. 

 

A espécie estudada 

 O filo Arthropoda (no qual insere-se o subfilo Crustacea) é caracterizado, 

principalmente, pela presença de um exoesqueleto rígido, constituído majoritariamente 

por quitina e proteínas. Os crustáceos representam mundialmente o grupo com maior 

abundância nos oceanos, sendo encontrados em ambientes que vão desde os marinhos, 

salobros e dulcícolas até o ambiente terrestre, a exemplo dos tatuzinhos-de-jardim 

(isópodes). Além de sua ampla distribuição e diversificação, estão entre os invertebrados 

mais populares, visto que os camarões, caranguejos e lagostas são itens alimentares muito 

apreciados na gastronomia mundial, exibindo ainda uma grande diversidade morfológica 

e de hábitos (Brusca e Brusca 2007; Fransozo e Negreiros-Fransozo 2016). 

 Os Crustacea subdividem-se em seis classes: Remipedia, Cephalocarida, 

Branchiopoda, Malacostraca, Maxillopoda e Ostracoda. Destas, Malacostraca representa 

a de maior abundância, com aproximadamente 40.000 espécies descritas (Brusca e Brusca 

2007; Fransozo e Negreiros-Fransozo 2016). Dentro dela, a ordem Decapoda se destaca 

como principal enfoque nas pesquisas realizadas, em vista da sua ampla diversidade e 

importância econômica (Martin e Davis 2001). Os Decapoda compõem aproximadamente 

um terço de todos os crustáceos descritos, sendo representados por aproximadamente 

17.000 espécies (De Grave et al. 2009). O caractere diagnóstico do grupo é a presença de 

cinco pares de apêndices birremes que podem encontrar-se modificados, sendo utilizados 

para sua locomoção, bem como outras funções, como alimentação e natação (Fransozo e 

Negreiros-Fransozo 2016).   

 A ordem Decapoda subdivide-se em duas subordens: Pleocyemata (representada 

dentre outros, por camarões carídeos, lagostas e caranguejos) e Dendrobranchiata 

(representada, basicamente, por camarões peneídeos e sergestídeos). Dentre as diferenças 

que separam os dois grupos, estão o tipo de brânquia (filobrânquias ou tricobrânquias em 
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Pleocyemata; dendrobrânquias em Dendrobranchiata) e o tipo de desenvolvimento 

embrionário (pleopodial apenas em Pleocyemata; espécies inseridas em 

Dendrobranchiata não apresentam ovos aderidos aos pleópodes) (Fransozo e Negreiros-

Fransozo 2016). Dentre as aproximadamente 500 espécies inseridas em Dendrobranchiata 

(Tavares e Martin 2010), uma grande quantidade apresenta interesse econômico na pesca 

mundial de camarões, sendo a maioria explorada muito além dos seus níveis de 

sustentabilidade (Brusca e Brusca 2007). 

 Os camarões peneídeos são um importante alvo da exploração de camarões no 

Brasil, estando incluídos entre os camarões mais capturados e de maior valor comercial 

(Tavares e Martin 2010), sendo assim um dos mais importantes recursos pesqueiros 

(D’Incao et al. 2002). A pesca camaroeira nas regiões Sudeste e Sul do Brasil é 

direcionada principalmente aos camarões sete-barbas Xiphopenaeus kroyeri (Heller, 

1862), branco Litopenaeus schmitti (Burkenroad, 1936), rosa Farfantepenaeus paulensis 

(Perez-Farfante, 1967) e F. brasiliensis (Latreille, 1817), barba-ruça Artemesia longinaris 

Spence Bate, 1888 e santana Pleoticus muelleri (Spence Bate, 1888) (D’Incao et al. 2002). 

 Porém, a não seletividade da pesca camaroeira (redes de arrasto) captura 

acidentalmente inúmeros outros organismos marinhos que compartilham do mesmo 

hábitat (fauna acompanhante ou bycatch), sendo a atividade pesqueira mais prejudicial 

em termos de biomassa de bycatch (Vianna e Almeida 2005). Dados disponibilizados 

pela Organização das Nações Unidas para Agricultura e Alimentação (FAO) (2015), 

indicam que a biomassa de organismos capturados acidentalmente na pesca camaroeira 

pode ser de 3 a 15 vezes maior que as espécies de interesse comercial. Portanto, é evidente 

a necessidade de estudos e políticas de manejo que priorizem e forneçam subsídio à 

conservação e proteção não apenas das espécies-alvo, mas também dos estoques de 

bycatch, assim evitando o desequilíbrio da cadeia trófica marinha.  

 Dentre os camarões peneídeos capturados pela atividade pesqueira, R. constrictus 

não é comercialmente explorado em vista do seu tamanho reduzido em comparação aos 

demais peneídeos (Costa e Fransozo 2004a). Entretanto, este torna-se suscetível à 

exploração predatória, uma vez que representa uma das principais espécies amplamente 

capturadas acidentalmente na pesca de arrasto (Mantelatto et al. 2016).  

 Rimapenaeus constrictus apresenta ampla distribuição no Atlântico Ocidental, 

sendo encontrado desde a Nova Escócia (Canadá) até Santa Catarina (Brasil) (Pérez-

Farfante e Kensley 1997) (Fig. 1). Embora não possua interesse comercial, a espécie 
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desempenha um importante papel ecológico como parte da cadeia trófica marinha (Costa 

e Fransozo 2004a), o que justifica os estudos anteriormente desenvolvidos com a mesma. 

Atualmente, dentre os estudos disponíveis realizados com a espécie, pode-se citar o de 

Bauer e Lin (1994), desenvolvido no hemisfério norte, especificamente em Mississipi 

(EUA), abordando os padrões de reprodução e recrutamento. No litoral norte do Estado 

de São Paulo, as pesquisas foram conduzidas por Costa e Fransozo (2004a) destacando a 

abundância e distribuição da espécies, e Costa e Fransozo (2004b), abordando os seus 

aspectos reprodutivos. Além disso, na mesma região, Hiroki et al. (2011) descreveram 

sua distribuição batimétrica, enquanto que no litoral sul paulista, Garcia et al. (2016) 

forneceram informações sobre seus parâmetros de crescimento, reprodutivos e da 

estrutura populacional. 

 

Figura 1. Rimapenaeus constrictus (Stimpson, 1874), vista lateral. Imagem: Castilho AL, 

2010. 

 

Plano de estudo 

 A presente dissertação de mestrado esteve plenamente vinculada ao Programa 

Biota/FAPESP (Processo: 2010/50188-8) e contou com a participação dos pesquisadores 

Dr. Fernando Luis Medina Mantelatto (coordenador do temático - USP), Dr. Antonio 

Leão Castilho (UNESP), Dr. Fernando José Zara (UNESP) e Dr. Rogério Caetano da 

Costa (UNESP). Vale salientar que, a presente proposta teve como objetivo agregar e 

comparar informações de campo obtidas por projetos anteriormente aprovados pela 

FAPESP em um cenário de cinco anos de estudo, com a participação dos pesquisadores 

Dr. Adilson Fransozo (UNESP 94/4878-8, 98/07090-3) e o orientador Dr. Antonio Leão 

Castilho (UNESP - 07/56733-5 pós-doutorado). Além disso, a dissertação foi 

desenvolvida com o auxílio de bolsa FAPESP (#2015/13639-5). 
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 Espera-se que este estudo apresente informações relevantes para demais pesquisas 

realizadas com R. constrictus e forneça subsídios para o desenvolvimento de estudos e 

políticas de manejo, conservação e proteção, evitando assim a exploração predatória da 

espécie e, consequentemente, eventuais distúrbios e desequilíbrio na cadeia trófica 

marinha.  

 A dissertação foi dividida em dois capítulos, redigidos sob a forma de artigo 

científico, considerando que o primeiro capítulo já se encontra publicado na revista 

“Anais da Academia Brasileira de Ciências”, volume 89(2), páginas 1013-10125. 

(anexo). O primeiro capítulo aborda a dinâmica populacional da espécie, com destaque 

para os parâmetros de crescimento e razão sexual, incluindo algumas considerações sobre 

as implicações para o gerenciamento da pesca de camarões sobre uma espécie que 

compõe o bycatch.  

O segundo capítulo descreve os padrões de reprodução e de recrutamento 

encontrados para R. constrictus na região de Ubatuba, de janeiro de 1998 a junho de 2003. 
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Population dynamics of Rimapenaeus constrictus (Stimpson, 1874) (Penaeoidea) on 

the southeastern Brazilian coast: implications for shrimp fishing management 

from a 5-year study on a bycatch species 

 

Abstract 

This is the first study to evaluate in broad spatiotemporal scales the growth parameters 

and population structure of Rimapenaeus constrictus, a barely damaged species 

composing the bycatch from shrimp fishing in the Western Atlantic. The abundance and 

size-class frequency distribution, growth, longevity and sex ratio were evaluated from 

monthly samples obtained in the northern littoral of São Paulo state from Jan/1998 to 

Jun/2003. We measured 5,812 individuals in which the sex ratio was skewed toward 

females; this was more evident in size classes greater than 10 mm in CL (carapace length) 

(binomial test, p<0.05). We selected 16 growth cohorts of females, and 8 of males, the 

majority consisting of younger individual cohorts excluded from the fisheries closure 

period. Growth estimates resulted in a CL∞ of 17.42 mm, a growth coefficient of 0.008 

and a longevity of 579 days (1.60 year) for females, as well as a CL∞ of 16.3 mm, a growth 

coefficient of 0.01 and a longevity of 425 days (1.17 year) for males. Our results provide 

information of incontestable relevance to our knowledge of fishing management. We 

therefore strongly recommend that the fisheries closure period be changed to protect this 

species’ recruitment period and consequently its adult individuals. 

Keywords: Fisheries biology; latitudinal variation; recruitment cohorts; roughneck 

shrimp; stock conservation. 

 

Introduction 

Crustacean fisheries production has been declining throughout the southeastern 

Brazilian Coast, mainly in the Ubatuba region, which within a 10-year period (2005-

2015) has shown a 64% of reduction in biomass landings (Instituto de Pesca, São Paulo: 

www.pesca.sp.gov.br). Commercial fishery trawling in the Brazilian Southeastern region 

targets species such as Farfantepenaeus brasiliensis (Latreille, 1817), F. paulensis 

(Pérez-Farfante 1967), Litopenaeus schmitti (Burkenroad, 1938), Xiphopenaeus kroyeri 

(Heller, 1862), Artemesia longinaris Spence Bate, 1888 and Pleoticus muelleri (Spence 

Bate, 1888) (D’Incao et al. 2002). In Brazilian Southeastern coast, the use of motor boats 

for shrimp trawling from March 1st to May 31st is forbidden by the Brazilian Institute of 
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Environment and Natural Renewable Resources (IBAMA). During this season (the 

fisheries closure period), fishermen are prohibited from using such gear to capture 

economically marketable shrimp species or to transport, stock or commercialize these 

animals. This measure aims to protect their regular population structure, reproduction and 

recruitment period (normative instruction available at: www.ibama.gov.br). 

Trawling activity uses non-selective fishing gear, i.e., along with the target 

species, many non-target organisms (bycatch fauna) are incidentally caught. According 

to Dias Neto (2011), a minority of the bycatch fauna is landed and is locally 

commercialized (often at very low prices), on the other hand, most is discarded back to 

the sea already dead due to their negligible commercial value. On average, in a trawl to 

obtain tropical shrimp, the captured bycatch is 3 to 15 times larger than the captured target 

species (FAO 2015). The ecological impacts resulting from shrimp fishing are still poorly 

understood, but are known to be considerable. One of the main effects of the bycatch 

capture on the ecosystem is the alteration in the species composition and/or in the stock 

size of the bycatch species (Dias Neto 2011). Theoretically, species with no economic 

value (bycatch), such as Rimapenaeus constrictus (Stimpson, 1874), are protected by the 

fisheries closure period as well, since the bycatch and economically important species are 

not being captured during this period. 

Rimapenaeus constrictus exhibits a broad geographical distribution ranging from 

Nova Scotia (Canada) to Santa Catarina (Brazil). This species is among those most often 

accidentally caught during fishery activities, and due to its small size, it is not 

commercially exploited. However, it plays an important ecological role as part of the 

trophic web chain within its habitat range (Pérez-Farfante and Kensley 1997; Costa and 

Fransozo 2004b). 

The biological knowledge about species and estimates of their population 

parameters (size class distributions, growth rates, sex ratios, etc.) are highly relevant to 

provide essential information about the management of fishing resources (Gab-Alla et al. 

1990; Bauer and Rivera Vega 1992; Castilho et al. 2015a). With regard to shrimp growth 

studies, the most accepted (and consequently most utilized) methodology is the von 

Bertalanffy (1938) growth model, which estimates the age of an individual of a given 

body size according to a mathematical equation. This methodology is necessary due to 

the impossibility of periodic tissue tagging, since crustaceans do not have permanent 
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skeletal structures (Hartnoll 2001; Fonseca and D’Incao 2003; Campos et al. 2011; 

Castilho et al. 2015b). 

However, only a few studies have been undertaken to guide and clarify the basic 

biology of the population dynamics and life history of this species. In the northern littoral 

of São Paulo state, Costa and Fransozo (2004ab) studied its reproductive biology and its 

abundance and ecological distribution, respectively, and Hiroki et al. (2011) investigated 

its bathymetric distribution. In the southern littoral of São Paulo, only the study 

addressing its growth and lifespan carried out by Garcia et al. (2016) is available in a 

different region. In addition to the studies conducted on the Brazilian coast, Bauer and 

Lin (1994) evaluated the reproductive and recruitment periods of the congeneric species, 

Rimapenaeus similis (Smith, 1885) and R. constrictus, in the Gulf of Mexico. 

It is important to point out that to date, no studies have been done concerning 

growth and longevity of R. constrictus in the Ubatuba region or on the northern coast of 

São Paulo state; thus, this is a pioneer study for this approach. It is therefore necessary to 

strengthen our biological knowledge about the bycatch by obtaining appropriate data. 

These findings are essential to substantiate the implementation of management and 

sustainable use measures for marine shrimp fishing along the Brazilian coast, especially 

since current knowledge is insufficient to make scientifically based decisions (Dias Neto 

2011). 

On the basis of this scenario, we here describe the population structure and sex 

ratio and estimate the growth parameters for R. constrictus across a wide temporal scale, 

for 5 years, in Ubatuba in the northern littoral of São Paulo state. Additionally, we tested 

the hypothesis that such parameters undergo alterations induced by environmental 

features related to the latitude and compared our results to the studies on R. constrictus 

available to date. For the first time, a growth analysis covers the whole bathymetric 

distribution of this species on the Brazilian coast, and distinct results can therefore be 

observed. Thus, we could determine whether the commonly referred to “latitudinal effect 

paradigm” proposed by Bauer (1992) and Castilho et al. (2007b) is applicable to the 

growth parameters of the species concerned here, as it was already reported to apply to 

its reproductive aspects (Costa and Fransozo 2004a). We also verified the applicability of 

the current fisheries closure period to this species with regard to its functionality for the 

recruitment observed during the study period. 
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Material and methods 

Study area 

The Ubatuba region presents an extremely indented coastline, resulting in the 

creation of many bays with particular environmental conditions exhibiting very irregular 

internal limits that are favorable to the establishment of the local fauna. It is a result of 

the peculiar characteristics and ecological needs of each species and the consequent 

development of particular marine faunas (Negreiros-Fransozo et al. 1991). 

The main oceanographic feature structuring ecosystems on the southeastern and 

southern Brazilian continental shelf is the presence of the South Atlantic Central Waters, 

a water mass characterized by low temperature and salinity (SACW: T<18º C; S<36) 

(Pires-Vanin 2001; Soares-Gomes and Pires-Vanin 2003). In addition, the northern coast 

of São Paulo state is strongly influenced by two other water masses, each showing specific 

characteristics and distinct models of distribution between summer and winter: Coastal 

Water (AC: high temperature (>20º C) and low salinity [<36]) and Tropical Water (TW: 

high temperature (>20º C) and high salinity [>36]) (Castro-Filho et al. 1987). 

The SACW approaches from the continental shelf in the bottom water layers, 

reaching the coastal zone and causing the low water temperatures recorded during spring 

and early summer (minimum values of 15º C). This process creates a thermocline at 

depths of 10 to 15 m due to the presence of cold water in the bottom layers of the water 

column and warm water in the remaining layers (Castro-Filho et al. 1987). 

 

Biological sampling 

 Samplings were carried out monthly from Jan/1998 to Jun/2003, with a gap 

between January 2001 to June 2001, along the northern coast of São Paulo state in the 

Ubatuba region. Samples were obtained during the day using a shrimp-fishing boat 

outfitted with double-rig nets (mesh size: 20 mm knot-to-knot in the body and 15 mm in 

the cod end). Trawls were extended for two kilometers for 30 minutes each, sampling a 

total area of 18,000 m². 

Carapace length (CL) was adopted as a standard measurement in this study, 

corresponding to the linear distance from the post-orbital angle and the posterior margin 

of the carapace, which has been widely used in investigations concerning penaeid shrimps 

(Castilho et al. 2015ab). CL size frequencies were distributed in 1-mm classes to each 

sex, separately. Both were compared by a Kolmogorov-Smirnov two-sample test in which 
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the null hypothesis adopted was that size distribution among sexes did not differ (Castilho 

et al. 2008a). Recruitment was estimated as the percentage of the population sampled in 

the lower 25% of all possible size classes (males+females). Thus, for the purposes of 

measuring recruitment, all individuals with a CL less than 9.4 mm were considered 

recruits (Bauer and Rivera Vega 1992; Castilho et al. 2008a). 

 

Sex ratio 

 Individuals were classified to sex according to the presence of a petasma (males) 

or a thelycum (females) (Pérez-Farfante 1988). The sex ratio was estimated as the 

quotient between the number of males and the total number of individuals in the monthly 

samples. Differences in the expected ratio of 1:1 (males:females) were tested with the 

binomial test (α=0.05) (Wilson and Hardy 2002; Grabowski et al. 2014).  

 

Growth and longevity 

 Growth and longevity were analyzed separately for each sex according to the von 

Bertalanffy (1938) growth model and using the methodology purposed by Simões et al. 

(2013). Modal values were determined for each CL frequency using the software Peakfit 

4.0 (Automatic Peak Fitting Detection and Fitting, Method I-Residual, no Data 

Smoothing) in size classes of 1.0 mm. The models were plotted on a scatter graph vs. age 

to verify the growth rhythm of the cohorts. Growth parameters (CL∞: asymptotic carapace 

length; k: growth coefficient (day-1); t0: theoretical age at size 0) were estimated using 

the SOLVER supplement in Microsoft Excel, which applies the von Bertalanffy growth 

model: CLt=CL∞[1-exp-k(t-t0)] (CLt: carapace length at age t). The cohort data were 

pooled, and the growth parameters estimated. The estimated growth curves for each sex 

were compared by an F test (p=0.05) (Cerrato 1990). Longevity was calculated using the 

inverse von Bertalanffy growth model with a modification suggested by D’Incao and 

Fonseca (1999) given by longevity = 0-(1/k)ln[1-(CLt/CL∞)] (considering t0 = 0, and 

CLt/CL∞ = 0.99). Cohorts including the modal peaks of recruitment size (<9.4 mm CL) 

were identified as recruitment cohorts, and the age at which individuals become adult was 

estimated by the equation purposed by King (1995): t = t0-(1/k).ln(1-(CLt/CL∞). 
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Results 

Population structure 

During this study 5,812 individuals were sampled, including 1,458 males and 

4,354 females. Carapace length varied from 4.2 to 17.9 mm in males (mean: 9.21 mm ± 

1.31 SD [standard deviation]) and from 3.4 to 19.2 mm in females (mean: 12.1 mm ± 2.31 

SD). Males were more abundant in the 5 to 9 mm size classes and females, from 10 to 19 

mm, with a peak abundance observed at 12 mm (Figure 1). The size class distributions 

for males and females showed a statistically significant difference (Kolmogorov-

Smirnov, dmax= 0.61; p= 0.04). 

 

Figure 1. Rimapenaeus constrictus  (Stimpson, 1874). Size class distributions of 

males and females for samples obtained from January 1998 to June 2003 at the 

northern littoral of São Paulo state. 

 

Sex ratio 

 Throughout the sampling period, we observed a female-biased sex ratio (binomial 

test, p<0.05), as they were more abundant compared to the number of males (Figure 2). 
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Figure 2. Rimapenaeus constrictus (Stimpson, 1874). Monthly sex ratio (estimate ± 

standard error) for samples from January 1998 to June 2003 from the northern littoral of 

São Paulo state. Black circles indicate a significant deviation from a 1:1 (M:F) sex ratio 

(binomial test, p<0.05). 

 

From the size class distribution for adult individuals, it was possible to 

observe a male-biased sex ratio in the smaller size classes (5-9 mm). From 10 

mm on, the sex ratio was exclusively female biased (Figure 3).  

 

Figure 3. Rimapenaeus constrictus  (Stimpson, 1874). Sex ratio observed among 

the size classes (estimate ± standard error) for individuals sampled from January 

1998 to June 2003 from the northern littoral of São Paulo state. Black circles 
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indicate a significant deviation from a 1:1 (M:F) sex ratio (binomial test, 

p<0.05). 

 

Growth and longevity 

 We identified 16 female and 8 male cohorts (Figures 4 and 5). For males, only 2 

recruitment cohorts (< 9.4mm CL) (cohorts 3 and 7) were set in the fisheries closure 

periods from the time of their emergence until reaching adult size. This condition is even 

more critical for females because only 3 recruitment cohorts (cohorts 5, 15 and 16) were 

set in the fisheries closure periods from their emergence until reaching adult size. 

Moreover, the majority of the remaining cohorts including recruitment sizes were 

identified in December and February (females: cohorts 2, 6 and 10; males: cohorts 1, 4 

and 8). Estimates of the growth parameters resulted in CL∞: 17.42 mm, k: 0.008 and t0: -

1.50 days for females, and CL∞: 16.3 mm, k: 0.01 and t0: -0.60 days for males (Figure 6 

and 7). From the growth curves, longevity was estimated as 579 days (1.60 year) for 

females and 425 days (1.17 year) for males. Growth curves for males and females showed 

a significant difference through an F test (Fcritical= 2.688 < Fcalculated= 4.124; p= 0.008). 

The time necessary for recruits to reach the adult size here proposed (9.4 mm CL) was 

estimated as 85 and 95 days for males and females, respectively. 
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Figure 4. Rimapenaeus constrictus (Stimpson, 1874). Selected cohorts (lines) for 

growth analyses performed on data sampled from January 1998 to December 2000 at the 

Northern littoral of São Paulo state. Dotted lines: recruitment size (9.4 mm CL); *: periods 

in which shrimp-fishing activities are prohibited by the responsible federal environmental 

agency. 
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Figure 5. Rimapenaeus constrictus (Stimpson, 1874). Selected cohorts (lines) for 

growth analyses performed on data sampled from July 2001 to June 2003 at the Northern 

littoral of São Paulo state. Dotted lines: recruitment size (9.4 mm CL); *: periods in which 

shrimp-fishing activities are prohibited by the responsible federal environmental agency. 
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Figure 6. Rimapenaeus constrictus (Stimpson, 1874). Mean estimated growth curve 

based on the von Bertalanffy growth model for females sampled from July 1998 to June 

2003 in the Ubatuba region, northern São Paulo state. Outer lines: 95% prediction 

intervals. 

 

 

Figure 7. Rimapenaeus constrictus (Stimpson, 1874). Mean estimated growth curve 

based on the von Bertalanffy growth model for males sampled from July 1998 to June 

2003 in the Ubatuba region, northern São Paulo state. Outer lines: 95% prediction 

intervals. 
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Discussion 

In our study, we observed that females reached larger sizes than males, which was 

previously observed for the same species by Costa and Fransozo (2004a) in the Ubatuba 

region and by Garcia et al. (2016) in the Cananéia region, as well as in studies of other 

penaeoid shrimps (Semensato and Di Beneditto 2008; Castilho et al. 2008ab; 2015b; 

Grabowski et al. 2014; 2016). Such sexual dimorphism is considered a general rule among 

penaeids (Boschi 1989), indicating a likely adaptation to increase egg production (Gab-

Alla et al. 1990; Yamada et al. 2007). In addition, Simões et al. (2013), studying Acetes 

americanus Ortmann, 1893, also found such differential growth between the sexes. Such 

growth differences thus occur in both superfamilies included in the Dendrobranchiata 

(Penaeoidea and Sergestoidea). 

The theory purposed by Fisher (1930) states that gonochoristic species present 

equal abundances between the sexes, which runs counter to the results of Wenner (1972) 

in which several crustacean species show exceptions to this pattern. Recent studies carried 

out along the Brazilian coast also run counter to Fisher (1930)’s theory, including 

Sicyonia dorsalis Kingsley 1878 (Castilho et al. 2008a), A. longinaris (Castilho et al. 

2007a; 2015b), P. muelleri (Castilho et al. 2008b) and X. kroyeri (Castilho et al. 2015a; 

Grabowski et al. 2014; 2016). In this study, R. constrictus constitutes an exception to 

Fisher’s (1930) theory and also agrees with previous studies carried out on the species 

(Costa and Fransozo 2004a; Garcia et al. 2016). 

Deviations from a 1:1 sex ratio can be a result of the interaction of countless 

factors, such as differential growth rates, migration patterns and mortality rates between 

the sexes (Wenner 1972). In addition, certain growth parameters (higher growth 

coefficient and lower asymptotic length in males) can induce female-biased sex ratios 

(Simões et al. 2013). Garcia et al. (2016) also observed female-biased sex ratios for R. 

constrictus, as in our study. According to the authors, the female-biased sex ratios in 

higher size classes can also be a consequence of the lower longevity observed for males. 

The longevity observed in wild animals is highly variable and may be equal for 

both sexes of certain species or even differ between them (Vogt 2012). However, it is 

quite common to observe penaeoid males showing a lower longevity than females, as 

previously described in the literature (Simões et al. 2013; Grabowski et al. 2014; Castilho 

et al. 2015ab) and as observed in our results. Vogt (2012) pointed out some factors that 
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can influence the discrepancy observed in this parameter, such as geographical latitude, 

habitat, differences in mortality rates, energy costs of reproduction, and hormonal issues. 

Additionally, penaeoid males generally present a higher growth coefficient (k) and 

consequently a lower asymptotic length (CL∞) (Boschi 1969; García and Le Reste 1986; 

Petriella and Boschi 1997), as well as lower longevity (Castilho et al. 2012). 

Garcia et al. (2016) propose that the lower longevity (and consequent lower 

asymptotic length) of males is due to their higher metabolic rate, which leads to a cellular 

senescence induced by the higher investment in the growth rate (a higher k than for the 

females). This could also explain the tendency for males to show higher mortality rates 

compared to females (Gab-Alla et al. 1990). We therefore propose that the lower 

longevity of males is the main reason for the female-biased sex ratio, even though we do 

not discard the possible influence of other factors. Among them, are the higher 

susceptibility of females to sampling gear as a function of their search for food during the 

period of ovary maturation (Kevrekidis and Thessalou-Legaki 2006), migratory activities, 

and differential habitat occupation (Wenner 1972), among others. 

Many studies have observed that some marine crustaceans can experience 

differential environmental influences at latitudinal scales that can impact their life history 

parameters (Castilho et al. 2015a; Garcia et al. 2016). Bauer (1992) and Castilho et al. 

(2007b) state that penaeoid life history aspects such as longevity and size at the onset of 

sexual maturity can vary according to the environmental conditions related to latitude, 

such as water temperature and nutrient availability. According to this “latitudinal effect 

paradigm”, in subtropical and temperate regions, individuals tend to exhibit a slower 

growth rhythm and a higher longevity, likely influenced by the lower water temperatures 

found in these areas (Bauer 1992).  

To date, Garcia et al. (2016) have provided the only available data on R. 

constrictus growth estimates carried out on the Brazilian Coast. This study, carried out in 

the Cananéia region at higher latitudes values (25oS) than Ubatuba, reports lower 

asymptotic lengths (females: 16.40 mm; males: 11.74 mm), longevities (females: 415 

days [1.14 year]; male: 267 days [0.73 year]) and growth coefficients (females: 0.011; 

males: 0.017) compared to our results, suggesting that the latitudinal effect paradigm is 

not applicable to this species’ population dynamics between these two regions. 

To comprehend this scenario, it is necessary to keep in mind that physical 

processes influence the biological ones (Castro-Filho et al. 1987). Cananéia (southern 
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littoral) and Ubatuba (northern littoral) show distinct physical features and thus have 

distinct biological processes. We propose, therefore, that uncountable factors related to 

the peculiar features of the Ubatuba region (different from Cananéia) influenced the 

biological processes in different ways and intensities, resulting in such exceptions to the 

latitudinal pattern. We propose three possible factors that can be held responsible for such 

a situation, which are listed below. 

The first of these, typical of Ubatuba, is the water temperature, which is strongly 

molded by water masses such as the SACW which approaches the coastal zone during 

late spring and early summer, causing a decrease in bottom water temperature (<18º C) 

and salinity (<36) (Castro-Filho et al. 1987). According to Mantelatto and Fransozo 

(1999), the approaching SACW exerts a strong influence on the water temperature close 

to the bottom and causes considerable changes in the local communities. The SACW-

induced low water temperatures possibly influence the environmental patterns so that 

Ubatuba presents subtropical rather than tropical environmental features (since shrimp 

seem to grow more slowly, reach larger sizes, and live longer). 

Bauer (1992) points out that some taxa may have planktotrophic larvae, which are 

affected by very different pressures in the plankton (oscillations in the food supply and 

predators, for instance) that may influence larval success and recruitment in a variety of 

ways. Thus, the second factor is based on the statement by Vega-Pérez (1993) asserting 

that during the approaching SACW the chlorophyll values are higher due to an increase 

in phytoplankton production, confirming the tendency for water enrichment along the 

continental shelf during summer (Castro-Filho et al. 1987). Therefore, we propose here 

that the amount of nutrients in the water column might also have influenced the life 

history parameters observed in this study. Because the SACW may provide an important 

source of nutrients and allow a greater larval success, it also makes sense that individuals 

would be able to reach greater sizes and longevities. 

The third and last proposed influencing factor is the type of sediment found in this 

region, which was characterized by Mantelatto and Fransozo (1999) and shown to be 

composed mainly of very coarse, coarse, and medium sand. This type of sediment favors 

not only a higher retention of organic matter content (a possible food resource) but also 

favors this species’ common burrowing behavior. Such behavior may play a fundamental 

role in the defense of these organisms against predators (Dall et al. 1990), which could 

also correspond to a higher longevity. According to Negreiros-Fransozo et al. (1991), the 
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distribution of different types of sediment is controlled by water currents. The sinuous 

littoral observed in Ubatuba (Ab’Sáber 1955) provides great barriers to the entry of 

seawater, possibly decreasing the intensity with which currents approach this region, 

which would stir the sediment, forcing animals to emerge and making them more 

susceptible to capture and predation. 

Castilho et al. (2015b) observed that the geographical proximity between regions 

could establish migratory connections between groups that are part of the same 

population. However, despite the latitudinal proximity between Cananéia (23ºS) and 

Ubatuba (25ºS), we strongly suggest that the peculiar oceanographic conditions from 

Ubatuba (particularly, the above-mentioned effects of the SACW) produced the factors 

that most likely led to the exceptions.  

Several studies carried out with different penaeoidean species suggest the 

necessity for adaptations to the fisheries closure period. Studies on P. muelleri, X. kroyeri 

and A. longinaris (Castilho et al. 2012; 2015ab, respectively) show only 1, 11 and 2 

growth curves protected in the fisheries closure seasons, from 15, 37 and 14 curves, 

respectively. We also observed that most of the recruitment cohorts do not arise during 

the months included in the closed fishery period (see figs. 5 and 6), thus strengthening 

this idea. Thus, it is reasonable to infer that the highest efficiency for protecting the 

species would be realized with an adaptation to the fisheries closure period in the months 

in which we can observe recruitment cohorts. Therefore, we propose here that the shrimp 

fishing closed season include late spring and early summer (from December to February) 

in addition to the already established closed months (March to May). 

On the other hand, it is comprehensible that increasing the number of months 

covered by the fisheries closure period could induce social and economic issues (Castilho 

et al. 2015a). It is important to remember that the fishery activity is an essential source of 

income, employment and livelihood for millions of families, which are partially or totally 

dependent on it. Therefore, Castilho et al. (2015a) suggest further migration studies 

concerning the locations of the main stocks of reproductive and recruitment individuals 

in different areas. These data could be crucial for determining the zones and periods of 

total fishery prohibition, protecting not only the economically important species, but also 

the bycatch taxa. Additionally, Silva et al. (2013) attest that the management effectiveness 

of the shrimp fishery is not only achieved by closed fishing seasons, but also by the 
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number of fishing licenses issued, the engine size and dimensions of fishing vessels, 

minimum mesh sizes and other characteristics as well. 

We can infer that R. constrictus completes its ontogeny in the studied region since 

we sampled individuals in a wide range of size classes from juveniles to adults. We 

strongly believe that the growth coefficient was directly related to the longevity of the 

individuals and that the growth parameters ran counter to the expected latitudinal effect 

paradigm, likely in response to the environmental conditions observed in Ubatuba. The 

present study provides information of undoubted relevance to the field of fishing 

management, since we present a basis for the establishment of sustainable capture 

policies. On the basis of such results, therefore, we strongly recommend that the fisheries 

closure period be changed to protect this species’ recruitment period and, consequently, 

also its adult individuals. It is important to keep in mind that scientifically based 

knowledge is indispensable for protecting with greater efficiency the ecologically 

important stocks and avoiding their collapse in the near future. To achieve excellence in 

such activities, it is crucial to support additional studies at a wide geographical scale in 

order to understand the influence of latitudinal variations in the growth dynamics of this 

species. 
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A five-year study on the reproduction and recruitment pattern of the shrimp 

Rimapenaeus constrictus (Stimpson, 1874) on the southeastern Brazilian coast 

 

Abstract 

This is the first study to evaluate in a wide spatiotemporal scale the reproduction and 

recruitment of Rimapenaeus constrictus, a bycatch species strongly affected by the 

amount of fishing activities. Monthly samples were obtained in the northern littoral of 

São Paulo state from Jan/1998 to Jun/2003, with a gap from Jan/01 to Jun/01, in order to 

determine the size at the onset of sexual maturity, the reproductive and recruitment 

patterns and the copulation period. In our study, 6,456 shrimps were captured among 

which 5,774 were measured, which 4,322 were females and 1,452 were males. The 

estimated maturity was 8.3 mm and 11.2 mm, for males and females, respectively. 

Reproductive females were found over the 5-year study. These results suggests a 

continuous reproduction pattern, with peaks in summer and in spring. We verified a 

positive significant relation between reproductive females and temperature (lag +1 and 

+3), although the decrease in bottom water temperature in some peaks of reproductive 

activity (spawning), which was probably induced due to SACW intrusion. The 

recruitment was considered episodic and even though no significant relation was found 

between immatures and reproductive females, we suggested that the main recruitment 

peaks observed were a consequence of the major reproductive activities a few months 

prior to it. The copulation period was continuous in the sampled period, and ISP females 

(recently copulated) were significant correlated with reproductive males (lag 0). Thus, we 

propose that during this period the sexual proportion is 1:1, probably due to the migration 

of reproductive males, attracted to copulate. Our results provide information of 

incontestable relevance to our wide knowledge of the species’ reproductive biology, in 

order to support an accurate fishing management. 

Keywords: Mating, spawning, sex ratio, bimodal reproduction.  

 

Introduction 

 In the Brazilian coastal area, the artisanal shrimp fishing activities aims to capture 

mainly the stocks of the pink shrimp (Farfantepenaeus brasiliensis (Latreille, 1817) and 

F. paulensis (Pérez-Farfante, 1967)) and of the seabob shrimp (Xiphopenaeus kroyeri 

(Heller, 1862)). Secondarily, the industrial fishing fleet focuses their effort in capturing 
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other Dendrobranchiata species such as the “barba-ruça” shrimp (Artemesia longinaris 

Spence Bate, 1888), the “santana" shrimp (Pleoticus muelleri (Spence Bate, 1888)) and 

the white shrimp (Litopenaeus schmitti (Burkenroad, 1936)) (D’Incao et al. 2002). Even 

though only a small group of species presents a considerable economical interest, 

fishermen around the globe capture a much larger number of organisms (among them, 

other crustaceans, mollusks, fishes, jellyfishes, echinoderms, etc.) together to the target 

species. Such biodiversity (known as the bycatch fauna) is unintentionally captured due 

to the low selectivity of the used fishing gear (i.e. trawling nets), and in most of the times, 

such individuals are discarded back to the sea, highly weakened, or even dead (Branco 

2005; FAO 2015; Mantelatto et al. 2016). 

 The species addressed in this study, Rimapenaeus constrictus (Stimpson, 1874), 

presents a wide geographical distribution, with occurrences recorded from Canada (44ºN) 

to southern Brazil (26ºS) (Costa et al. 2003). Unfortunately, their wide geographical range 

may result in an equally high influence from the shrimp fishing activities. Therefore, even 

though R. constrictus does not represent an expressive economic resource, it should be 

considered for fisheries management purposes, since it is a part of the bycatch fauna, and 

also plays an important ecological role in the trophic web where they inhabit (Costa and 

Fransozo 2004ab; Keunecke et al. 2007; Robert et al. 2007). 

 Even presenting such an ecological importance and being captured by the trawling 

fleet, only a few studies were carried out addressing the reproductive biology of R. 

constrictus along the Brazilian coast. Costa and Fransozo (2004a) described the spatio-

temporal variation in their reproductive and recruitment patterns in three different bays 

along the Ubatuba region, and Garcia et al. (2016) addressed its growth and reproductive 

dynamics in the Cananéia region. The remaining studies composing the available 

literature were focused in the species’ ecological distribution (Costa and Fransozo 2004b; 

Hiroki et al. 2011) and long-term growth analysis (Lopes et al. 2017). However, the 

reproductive and recruitment patterns were not analyzed under a long-term perspective 

so far. 

 In the study of penaeid shrimps’ reproductive biology, an accurate description of 

the spawning and reproductive stocks, as well as the dynamics acting over their relation, 

is essential to the better understanding of the variables associated to this process. The 

spawning and recruitment periodicity are commonly assessed by the variation in the 

frequency of reproductive females and juveniles, respectively (Crocos and Van Der Velde 
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1995; Castilho et al. 2007). Dall et al. (1990) considered that the reproductive process 

may occur seasonally or continuously throughout the year, depending on the variation in 

environmental conditions observed in each locality and period. Concerning tropical 

penaeids, the higher homogeneity observed in environmental features (especially water 

temperature) in this region allows them to reproduce year-round, even though with peaks, 

while reproductive seasonality becomes the rule for penaeids far from the equator (Sastry 

1983; García 1988; Dall et al. 1990). 

 Temperature might be considered as an important factor determining the 

reproductive periodicity, acting as an environmental stimulus over the ovarian 

development in several marine invertebrate species (Orton 1920; Bauer 1992). 

Furthermore, Thorson (1950) purposes that, in fact, the “real” selective pressure 

(“ultimate factor”) influencing the reproductive dynamics would be the food availability 

for early larval stages (i.e., phytoplankton and zooplankton), and thus, temperature would 

be no more than the environmental clue that would trigger this process (“proximate 

factor”). In other words, variations in temperature levels would increase or decrease the 

abundance of planktonic food, which in turn, would indeed affect the reproductive 

success of a given species. 

 The aim of this study was to describe and characterize the long-term reproductive 

pattern of R. constrictus in the Ubatuba region, off the São Paulo state, southeastern 

Brazil. The specific objectives were to assess the influence of bottom water temperature 

over the reproductive parameters, as well as to describe the long-term seasonal variations 

in sex ratio and recruitment patterns. 

 

Material and methods 

Sampling 

 Sampling were carried out monthly from Jan/1998 through Jun/2003, with a gap 

from January 2001 through June 2001, along the northern coast of São Paulo State in the 

Ubatuba region (23o2906S, 45o0500W). Samples were obtained during the day using 

a shrimp-fishing boat outfitted with double-rig nets (mesh size: 20 mm knot-to-knot in 

the body and 15 mm in the cod end). We performed 564 trawls, with each of them 

extending for two kilometers and 30 minutes, sampling a total area of 18,000 m².  

 Due to the high number of individuals captured in some trawls, a 100-g subsample 

was taken at random for the analysis of individuals according to sex, gonadal 
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development and size (using a vernier caliper to assess the carapace length, CL, to the 

nearest 0.1 mm). The abundance of individuals was extrapolated from this subsample for 

each defined gonadal stage: immature, spent, developed and mature (females); and 

immature, lacking spermatophores and mature (males) (more details see topic 2.3, below) 

(Garcia et al. 2016). Since the annual capture effort has differed in each year of sampling, 

the catch per unit effort (CPUE) was used in order to standardize the data when subjected 

to comparative analyses among years. 

  

Bottom water temperature 

 Since R. constrictus is a benthic species (Costa and Fransozo 2004ab), we only 

analyzed the bottom water temperature. It was assessed in each sampling station, using a 

Nansen bottle, and measured (º C) with a mercury thermometer attached to it. 

 

 Reproduction 

Individuals were measured to their carapace length (CL), a standard body 

measurement that corresponds to the linear distance from the post-orbital angle and the 

posterior margin of the carapace. Shrimps were then sorted to sex, according to the 

morphology of the first pleopod (males) or of the sternum (females) (Costa et al. 2003). 

Their reproductive condition was assessed by the macroscopic observation of the degree 

of ovarian development in females (color and volume occupied by the gonads), thus 

considering four stages, as it follows. Immature individuals (IM) displayed ovaries 

varying from thin and transparent strands to thicker strands; spent (SP) presented white 

ovaries, much larger and thicker than the ones observed for IM; developed (DE) had light 

green ovaries; and mature (MA) displayed green to dark green ovaries, much larger than 

the ones observed for the previous stages (Costa and Fransozo 2004a). Females were 

defined as recruits if their gonads were in the IM stage; adults if in the SP, DE and MA 

stages, whereas reproductive if they were in the DE and MA stages (Garcia et al. 2016). 

The presence of the sperm plug attached to the thelycum was macroscopically observed 

for adult females, thus referring to them as inseminated females (IN).   

In penaeids, sexual maturity of males is indicated by joining of the cincinnuli from 

the endopods of the first abdominal appendage in adults, while in recruits (IM), the 

endopods are not joined (Bauer and Rivera Vega 1992). Since spermatophores are visible 

through the transparent exoskeleton, the maturity of adult males was classified according 
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to their developmental stage, visible through the terminal ampoule (ejaculatory duct) 

(Chu 1995). Males were thus defined as lacking spermatophores (LS) when this structure 

was not macroscopically visible in adults; and as spermatophore-bearing males (MA) if 

the same structure was visible and occupied a portion of or all the terminal ampoules 

(Castilho et al. 2015a).  If individuals were in the LS and MA stages, they were defined 

as adults; if they were in the IM stage, we considered them as recruits; while MA 

individuals were considered as reproductive males.  

In the present study, the reproductive period (spawning) was estimated by the 

frequency in the CPUE of reproductive females (DE+MA) along the studied months, 

while the copulation period was determined by the abundance of inseminated spent (ISP) 

females. The recruitment was determined based on the frequency in the CPUE of recruits 

(immatures) of both sexes in the population along the studied months.  

Crosscorrelation analyses were performed to evaluate the possible relation 

between monthly abundance of reproductive females with recruits and with the monthly 

mean values of water temperature. Furthermore, this analysis was also used to test the 

association between ISP females and reproductive males, aiming to determine the 

copulation periods. We also tested the relation between the abundance of reproductive 

and ISP females, attempting to confirm if there is a time lag between the abundance of 

females that copulate (ISP) and then develop their ovaries (reproductive). In cross-

correlations, two series of data are compared as a function of time lag (n), using the 

Pearson correlation coefficient to measure relations between values of the first data series 

with values of the second series either from earlier (in negative lags) or later months (in 

positive lags). Correlation coefficient values at lag 0 are equivalent to the standard 

Pearson correlation (Statsoft 2011). 

 

Sexual maturity 

To determine the size at the onset of male and female sexual maturity, we analyzed 

the proportion of immature and adult individuals in size classes of 1.0 mm CL. The 

procedure was based on fitting the sigmoid logistic curve (Somerton 1980). We used the 

equation y = 1/(1 + e(−r(CL−CL50))), where y is the estimated proportion of adult shrimps, 

CL50 is the carapace size at the onset of sexual maturity, and r is the coefficient for the 

slope of the logistic curve. The logistic curve was fitted by least squares to the previously 

mentioned proportions for each size class of all individuals and samples using maximum-
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likelihood iterations. After adjusting the regression model, sexual maturity (CL50) was 

estimated as the size in which 50% of both males and females reached maturity. 

 

Results 

 During this study, 6,456 shrimps were captured, with an average of 11.5 

individuals per trawl set (ind/t). From this amount, 5,774 were randomly sorted and 

measured, among which 4,322 were females and 1,452 were males.  

 Males and females showed different size distributions, where females reached 

greater carapace lengths. While most of the males were in the mature stage (especially in 

the 8-11 mm size classes), most of the females were in the spent stage (especially in the 

10-13 mm size classes). The estimated CL50 was smaller for males than females, with 

estimates of 8.3 mm and 11.2 mm, respectively (Fig. 1). 
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Figure 1. Rimapenaeus constrictus  (Stimpson, 1874). Distribution of demographic 

categories for males and females among size classes from January 1998 through June 

2003 in the Ubatuba region, southestern Brazil (IM= immature; SP= spent females; LS= 

lacking spermatophore males; DE= developed females; MA= mature males and females; 

*= size classes in which inseminated females were observed). 

 

 Variation in the CPUE for reproductive females is shown together with bottom 

water temperature (Fig. 2A). During the whole sample period, we observed reproductive 

females in most of the months, except for July (winter) 1998, January (summer) and June 

(autumn) 2000, and May (autumn) 2003. For all the sampled years, higher abundances of 
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reproductive females were recorded mostly from October through March (spring - 

summer), with two peaks of greater abundance in each year. In most of the years, it was 

possible to observe a decreasing trend in bottom water temperature (below 20ºC), 

especially in November 1999, 2000, 2001 and December 2002 (spring). The bottom water 

temperature was positively correlated with the number of reproductive females in a time 

lag of +1 and +3 (Crosscorrelation, p<0.05).  

 Immature individuals did not show any clear distribution pattern along the 

sampling periods (Fig. 2B), even though we identified peaks in April 1999, July 2000, 

October 2001, and June 2002/2003. Furthermore, they were captured in low monthly 

abundances (up to a maximum of approximately 3 individuals per trawl), being even 

absent in some months, or in most of them, as observed in 2000. No significantly 

statistical relation was observed between immature individuals and reproductive females 

(Crosscorrelation, p>0.05).  
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Figure 2. Rimapenaeus constrictus (Stimpson, 1874). A: Variation in the CPUE of 

reproductive females and monthly mean bottom water temperature (º C); B: Variation in 

the CPUE of immature individuals over the 5-year study period, in the Ubatuba region, 

southeastern Brazil. 
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 A significant positive relation between the abundance of reproductive and ISP 

females was observed in a time lag of 0 and -2. The abundance of ISP females was 

positively correlated with the number of reproductive males with no time lag (0) 

(Crosscorrelation, p<0.05). Except for 2003, when no ISP females were recorded, the 

abundance of ISP females was observed in all months, with a trend of higher total 

abundance recorded mainly during spring (October to December) and summer-early 

autumn (January and April) (Fig. 3).  

 

Figure 3. Rimapenaeus constrictus (Stimpson, 1874). Monthly variation in the 

abundance and CPUE of inseminated spent (ISP) females. Samples taken from January 

1998 through June 2003 in the Ubatuba region, southeastern Brazil.   

 

Discussion 

 In this study, females of R. constrictus reached greater carapace lengths when 

compared to males. Boschi (1989) affirmed that it represents a general rule established 

for penaeids and it characterizes the sexual dimorphism observed for this species (Garcia 

et al. 2016), as well as for other penaeids (Castilho et al. 2012; Sancinetti et al. 2015; 
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females. Similarly, in the Ubatuba region, Costa and Fransozo (2004a) observed lower 

values of sexual maturity, estimated at CL50%= 7.8 mm (females) and CL50%= 7.0 mm 

(males); whereas in the Cananéia region, Garcia et al. (2016) estimated CL50%= 10.5 mm 

(females) and CL50%= 8.2 mm (males). The differences observed for the onset of sexual 

maturity varies considerably among species, between populations of the same species and 

between individuals of the same population, and is generally related to the maximum 

range of a particular individual size (Fonteles-Filho 1989). Considering that females reach 

greater body sizes when compared to males, it is reasonable for them to present higher 

sizes at onset of sexual maturity when compared to males. 

 According to Bauer (1992), the reproduction of benthic marine invertebrates 

commonly follows a latitudinal paradigm and tends to be continuous in the tropics, while 

seasonal at higher latitudes. It may happen due to the relatively homogeneous and 

elevated water temperatures observed year round in such tropical areas, allowing 

reproduction to take place continuously (Sastry 1983). Several penaeoid shrimp species 

followed this classical paradigm, such as Artemesia longinaris Spence Bate 1888 

(Castilho et al. 2007; Semensato and Di Beneditto 2008), Pleoticus muelleri (Bate 1888) 

(Castilho et al. 2008a), Sicyonia dorsalis Kingsley 1878 (Castilho 2008b), and 

Xiphopenaeus kroyeri (Heller 1862) (Grabowski et al. 2016). It also seems to hold true 

for R. constrictus, as previously described in the literature by Garcia et al. (2016), who 

observed a seasonal reproduction in a subtropical region, while Costa and Fransozo 

(2004a) reported continuous reproduction on a tropical region. The present study 

strengthen this statement, since reproductive females were registered along the entire 

sampled period, suggesting a continuous reproduction for this species in southeastern 

Brazil. 

 Besides the continuous reproductive pattern, we identified two main peaks of 

reproductive females, in most of the years, suggesting that even though reproduction in 

this area is continuous, there may be two main peaks. According to Pauly et al. (1984), 

penaeid shrimps generally present two spawning peaks per year indeed, which is common 

even at low latitudes (Dall et al. 1990). Similar patterns to those observed in this study 

were verified for the R. constrictus by Costa and Fransozo (2004a), who have found peaks 

of higher reproductive activities during summer, and lower in winter; and for X. kroyeri 

(Semensato and Di Beneditto 2008; Grabowski et al. 2016). Dall et al. (1990) stated that 

a large number of penaeid shrimp species presents two main reproductive peaks yearly, 



 

44 

 

generally in September-November and March-May; however, each species may respond 

in different ways to peculiar local environmental features. Briefly, penaeid species 

distributed close to the equator generally tend to exhibit a continuity in their spawning, 

even though not totally homogeneous throughout the months. 

 Even though Costa and Fransozo (2004a) did not observe a significant correlation 

between the relative frequency of reproductive females and bottom water temperature, it 

is considered as an important regulating factor in the reproductive period for penaeids, 

and might directly affect the ovary development cycle (Bauer and Lin 1994). For instance, 

the eggs of the species of the genus Rimapenaeus (= Trachypenaeus) are pelagic, and 

thus, temperature would favor their embryonic and larval development (Dall et al. 1990). 

Actually, spawning in penaeids is generally concentrated in the warmer months (Bauer 

and Rivera Vega 1992). In the current study, it was possible to observe a significant 

positive relation between increases in the abundance of reproductive females and in the 

bottom water temperature, in time lags of 1 and 3. It suggests that the abundance of 

reproductive females increases as the bottom water temperature does, up to the third 

following months. It may be considered as an evidence that the variation in temperature 

acted as a proximate factor over reproduction (spawning), since variations in this factor 

influenced ovarian development. The same was reported for R. constrictus by Bauer and 

Lin (1994) and Garcia et al. (2016), as well as for other penaeiod shrimps (Castilho et al. 

2015a; Costa et al. 2016). 

 The southeastern Brazilian coast is strongly influenced by the South Atlantic 

Central Water (SACW) mass, during late spring and summer. The arrival of SACW 

promotes decreases in the coastal water temperature (<20ºC), and causes other important 

changes in bottom-water characteristics (Castro-Filho et al. 1987), which considerable 

affect resident communities, either in a negative or in a positive way. In a wide temporal 

scale study, we detected the SACW intrusion during late spring for most of the years 

(except for 1998). Although the arrival of SACW induced decreases in bottom water 

temperatures in the same periods where we observed peaks in the frequency of 

reproductive females, the amount of nutrients brought along with the SACW may also 

have influenced the reproductive activity (especially in summer and spring) in this region, 

explaining the reproductive peaks recorded even at low (not favorable) temperatures. 

 According to Vega-Pérez (1993), in the Ubatuba region, the chlorophyll-a levels 

(phytoplankton production) increase in specific months, a likely effect of the intrusion of 
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the SACW. It results in a higher phytoplankton production, which stimulates a subsequent 

production of zooplankton. In several marine organisms, the mainly reproductive 

(spawning) periods follow the annual increases of phytoplankton and zooplankton (i.e. 

larval food) production. Cushing (1975) proposed that the maximum reproductive 

investment of marine planktotrophic species coincides with the maximum seasonal 

abundances of phytoplankton. Likewise, Castilho et al. (2007; 2008ab; 2015a) reported 

this spring-summer reproductive investment, in long-term studies (5.5 years) with A. 

longinaris, P. muelleri, S. dorsalis and X. kroyeri. Thus, we strongly agree with Thorson 

(1950)’s hypothesis, which states that temperature may act as a proximate factor, while 

food availability for protozoeal larvae may be an ultimate factor (selective pressure) 

responsible for the reproductive period in R. constrictus (for details, see introductive 

section above). 

 Bauer (1989) found an episodic recruitment when analyzing the oscillation in the 

abundance of juveniles (immature) in nine shrimp species, i.e., in which it was not 

possible to clearly identify seasonal peaks in this parameter. In this long-term study, even 

though no significant relation was found between reproduction and recruitment (episodic 

pattern), the main recruitment peaks may be considered a consequence of the major 

reproductive periodicity (spawning and subsequent recruitment 2 or 3 months later). In 

this sense, the recruitment peaks observed around autumn would be a result of the 

reproductive activities recorded in summer, as it follows. Therefore, the main recruitment 

periods observed in our study are in agreement with the recruitment curves obtained in 

the growth analysis performed by Lopes et al. (2017). Analyzing the growth curves 

obtained by these authors, together to the recruitment periods we observed in our study, 

one may infer that the individuals composing the smaller size classes around autumn for 

both studies would be descendants from the spawning processes taking place in late spring 

and during summer. Similarly, previous studies reported no seasonal trends in recruitment 

periodicity for the same species as here concerned (Bauer and Lin 1994; Costa and 

Fransozo 2004a; Garcia et al. 2016), as well as for other penaeoids, such as A. longinaris 

(Castilho et al. 2007), P. muelleri (Castilho et al. 2008a) and X. kroyeri (Castilho et al. 

2015a).  

 Several conditions can lead to episodic recruitment in penaeid shrimps, such as 

large variations in the mortality of planktonic larvae and early developmental stages 

(Bauer 1989), associated to the variation in phytoplankton production (larval food). In 
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penaeid shrimps, particular environmental conditions observed in each location can 

influence the complex stock-recruitment relationship. For instance, it is possible to cite 

the presence of predators, larval food availability and water changes induced by SACW 

intrusion (Castilho et al. 2007; 2015a). Thus, it may be possible that the specific 

environmental conditions observed in the region contributed to the absence of a clear 

recruitment pattern in our study. However, it is noteworthy that other studies addressing 

the species, under different environmental situations (Bauer and Lin 1994; Garcia et al. 

2016), also reported the absence of a clear recruitment pattern, and thus, one should also 

consider that intrinsic factors or other parameters not considered in our study may act as 

a stimuli over this process.    

 The significant correlation found between reproductive and ISP females in a time 

lag of 0 and -2 suggests that the main copulation period may occur at the same time as 

reproduction (lag = 0) and 2 months prior to it (lag = -2),  confirming that ISP females 

take a few months to mature their gonads (thus becoming reproductive). Besides, it also 

could be considered an evidence for the continuous reproduction previously reported for 

this species (Costa and Fransozo 2004a), as well as in our results. For R. constrictus, the 

presence of a plug in ISP females can be considered as an evidence of copulation. In our 

study, it was possible to be confirmed by the positive correlation found between ISP 

females and reproductive males with no time lag (0), supporting the assumption that that 

species with a closed thelycum copulate immediately after ecdysis (when females are in 

the spent gonadal stage) (Dall et al. 1990). 

 The copulation period in R. constrictus was continuous, since ISP females were 

observed continuously in the entire period. Peaks were evident mainly in summer and 

spring, similarly to the main reproductive peaks. According to Coelho and Santos (1993), 

in copulation and growth areas males and females are equally distributed, being 

susceptible to the same action of the fishing gears. On the other hand, in the reproductive 

(spawning) areas, there is female aggregation and, therefore, they end up being more 

vulnerable to the fishing gears. 

 In our study, we sampled a higher abundance of females, when compared to males. 

Similar results were previously reported for not only the studied species (Garcia et al. 

2016) but also for other penaeoidean shrimp species, such as A. longinaris (Castilho et al. 

2015b), X. kroyeri (Grabowski et al. 2016), Sicyonia dorsalis (Castilho et al. 2008b). 

Thus, general abundance here observed consists an evidence that R. constrictus follows 
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the theory purposed by Wenner (1972), which attests that several crustaceans tend to 

exhibit a sexual proportion different from 1:1. On the other hand, in Fisher (1930)’s 

theory, it is observed that gonocorical species tend to exhibit a sex ratio close to 1:1 as a 

rule. 

 Based on the results obtained in the crosscorrelation analyses, we observed that 

during the copulation period, the individuals involved in this process (reproductive males 

and ISP females) tend to present a similar distribution throughout the year, i.e., both 

demographic classes seem to occupy the same areas, simultaneously. Deviations towards 

females in the 1:1 sex ratio may occur due to differential sex-related occupation of niches. 

According to Dall et al. (1990), in species with closed thelycum, males would court 

females when they were close to moulting, since it is when females signal their sexual 

receptivity using pheromones. In several crustacean species, the copulation seems to be 

tied to a sex pheromone secreted in the female urine and its receiving by the males (near 

the basis of their antennules), which may be considered a mating stimulating factor 

(Misamore and Browdy 1996), and consequently attracting males to copulate. Thus, it 

seems reasonable to attest that in this study, the sex ratio got closer to 1:1 only during the 

supposed copulation periods, mainly in its peaks (especially during Summer-Spring). It 

suggests that males may migrate to copulate since they are attracted to, and thus their 

population will be found to present a 1:1 proportion mainly (or only) during this period. 

It is also in agreement with the assumptions purposed by Castilho et al. (2008b), who 

explained that variations in the 1:1 sex ratio could occur due to differences in migration 

and habitat use, among other factors. Likewise, Belcari and Viva (2003) reported an 

increase in the males’ percentage of Aristaemorpha foliacea (Risso, 1827) during the 

copulation period, whereas in the other months, females were more abundant.  

  Garcia et al. (2016) and Lopes et al. (2017) verified a sex ratio skewed toward 

females of R. constrictus, suggesting that it was an exception to the rule proposed by 

Fisher (1930). Although both studies analyzed the overall population, instead of a specific 

period, they suggest that it can be associated with several factors, such as migration. Thus, 

here we propose that for R. constrictus, the intrinsic processes involved in the species’ 

reproduction may induce a sexual proportion of 1:1 during the copulation period. 

 In our study, we could describe the population dynamics of a bycatch species over 

a 5-year period. Such an accurate description of the population dynamics is essential to 

the creation of responsible and effective fishing management plan, since not only the 
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economically interesting species undergo the consequences of overfishing, but also other 

organisms that inhabit the same area. Together with data regarding the Brazilian 

commercial species, the results here presented may be fundamental in the adjustment of 

the Brazilian fisheries closure period. We strongly encourage further studies on both 

commercial and ecological important species, regardless of their economic interest, 

addressing their long-term population dynamics. Only by knowing such traits will we be 

able to find a balance between the anthropic interests and the conservation of the local 

biodiversity. 
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 Até o momento, a escassez de estudos desenvolvidos com R. constrictus, em 

comparação às demais espécies de peneídeos, reforça a grande necessidade de estudos 

que descrevam com maior abrangência o conhecimento sobre o seu ciclo de vida. Estas 

pesquisas se tornam indispensáveis tendo em vista principalmente dois fatores: os 

impactos ecológicos da pesca de camarões, os quais, embora sejam consideráveis, ainda 

não são suficientemente compreendidos; e segundo, o fato de R. constrictus ser uma das 

espécies compondo o bycatch e, portanto, sendo tão influenciada quanto as próprias 

espécies de interesse pesqueiro (espécies-alvo).  

 Em sua proposta de gestão para o uso sustentável dos camarões marinhos no 

Brasil, Dias Neto (2011) considera de conhecimento mundial a necessidade de redução 

do impacto ambiental da pesca de arrasto no ecossistema; para atingir tal meta, o primeiro 

objetivo seria garantir a sustentabilidade da fauna acompanhante. Entretanto, o autor 

reconhece que pouco tem sido feito no sentido de minimizar os impactos pesqueiros no 

ecossistema, devido principalmente à escassez de estudos, ou à falta de aprofundamento 

e abrangência dos existentes, evidenciando a relevância do presente estudo. Além disso, 

há a necessidade de mais estudos que abordem não apenas R. constrictus, mas também 

outras espécies componentes do bycatch. A partir de estimativas que caracterizem os 

parâmetros do ciclo de vida das espécies, preferencialmente em uma ampla escala espaço-

temporal, é possível analisar os prováveis impactos pesqueiros sobre os organismos. 

Assim, a partir da fácil acessibilidade às informações, torna-se viável o desenvolvimento 

de propostas de políticas de conservação e manejo dos estoques pesqueiros, a fim de evitar 

futuros impactos ecológicos sobre as espécies e a cadeia trófica marinha como um todo. 

 A partir das considerações realizadas, destacamos a seguir os principais resultados 

obtidos para a espécie neste estudo: 

 A maior longevidade observada para as fêmeas quando comparada aos machos 

possivelmente é consequência do alto coeficiente de crescimento (k) observado 

nos machos, uma vez que uma atividade metabólica mais acelerada contribuiria 

para o envelhecimento celular mais rápido. Propomos também que o mesmo fator 

pode ter sido o principal motivo para o desvio da razão sexual a favor das fêmeas 

nas maiores classes de tamanho, considerando que os machos não foram 

encontrados nestas, provavelmente devido à sua menor taxa de longevidade 

(maior mortalidade); 
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 O paradigma do efeito latitudinal parece não se aplicar a R. constrictus na costa 

sudeste do Brasil, uma vez que em uma região tropical a espécie apresentou maior 

comprimento assintótico, longevidade e coeficiente de crescimento, quando 

comparados a outro estudo em uma região subtropical (Cananéia). Características 

ambientais peculiares da região de Ubatuba provavelmente influenciaram os 

processos biológicos de diferentes maneiras e intensidades, resultando em tais 

padrões; 

 Dentre as 16 curvas de crescimento encontradas para fêmeas e 8 para machos, a 

maioria foi constituída por coortes de indivíduos jovens, e não inclusas nos meses 

abrangidos no período de defeso. Tal resultado justifica a proposta de adequação 

do período de defeso ao recrutamento da espécie na região sudeste do Brasil, 

reforçando assim a necessidade de preservação dos estoques; 

 A reprodução contínua e bimodal observada para a espécie reafirmou os padrões 

reprodutivos latitudinais observados, tendendo a ser contínua em ambientes 

tropicais e com maior sazonalidade em maiores latitudes; 

 A temperatura da água de fundo teve relação significativa com a abundância de 

fêmeas reprodutivas, provavelmente devido ao fato de que esta influencia o 

desenvolvimento ovariano dos organismos;  

 Acredita-se que a quantidade de nutrientes para as larvas oriundos da ACAS 

podem ter influenciado de forma mais seletiva do que a temperatura da água, no 

que diz respeito à atividade reprodutiva. Tal fator explicaria os picos reprodutivos 

que foram observados mesmo em períodos nos quais foram observadas 

temperaturas mais baixas (não favoráveis ao desenvolvimento ovariano); 

  O recrutamento foi episódico, não tendo assim relação com as abundâncias de 

fêmeas reprodutivas. Entretanto, os principais picos de recrutamento observados, 

próximos aos meses de outono, provavelmente seriam consequência das 

atividades reprodutivas observadas no verão; 

 Analisando o período de cópula, os machos reprodutivos e as fêmeas RU 

inseminadas foram encontrados em períodos concomitantes (sem intervalo de 

tempo entre a abundância das duas classes demográficas). Isto sugere que os 

machos provavelmente migrem para copular (uma vez que são atraídos pelas 

fêmeas), e, neste caso, a proporção sexual observada durante este período seria de 

1:1. 
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ABSTRACT
This is the first study to evaluate in broad spatiotemporal scales the growth parameters and population 
structure of Rimapenaeus constrictus, a barely damaged species composing the bycatch from shrimp 
fishing in the Western Atlantic. The abundance and size-class frequency distribution, growth, longevity 
and sex ratio were evaluated from monthly samples obtained in the northern littoral of São Paulo state from 
Jan/1998 to Jun/2003. We measured 5,812 individuals in which the sex ratio was skewed toward females; 
this was more evident in size classes greater than 10 mm in CL (carapace length) (binomial test, p<0.05). 
We selected 16 growth cohorts of females, and 8 of males, the majority consisting of younger individual 
cohorts excluded from the fisheries closure period. Growth estimates resulted in a CL∞ of 17.42 mm, a 
growth coefficient of 0.008 and a longevity of 579 days (1.60 year) for females, as well as a CL∞ of 16.3 
mm, a growth coefficient of 0.01 and a longevity of 425 days (1.17 year) for males. Our results provide 
information of incontestable relevance to our knowledge of fishing management. We therefore strongly 
recommend that the fisheries closure period be changed to protect this species’ recruitment period and 
consequently its adult individuals.
Key words: Fisheries biology, latitudinal variation, recruitment cohorts, roughneck shrimp, stock 
conservation.
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INTRODUCTION

Crustacean fisheries production has been declining 
throughout the southeastern Brazilian Coast, 
mainly in the Ubatuba region, which within a 

10-year period (2005-2015) has shown a 64% of 
reduction in biomass landings (Instituto de Pesca, 
São Paulo: www.pesca.sp.gov.br). Commercial 
fishery trawling in the Brazilian Southeastern 
region targets species such as Farfantepenaeus 
brasiliensis (Latreille, 1817), F. paulensis (Pérez-
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Farfante 1967), Litopenaeus schmitti (Burkenroad, 
1938), Xiphopenaeus kroyeri (Heller, 1862), 
Artemesia longinaris Spence Bate, 1888 and 
Pleoticus muelleri (Spence Bate, 1888) (D’Incao 
et al. 2002). In Brazilian Southeastern coast, 
the use of motor boats for shrimp trawling from 
March 1st to May 31st is forbidden by the Brazilian 
Institute of Environment and Natural Renewable 
Resources (IBAMA 2016). During this season (the 
fisheries closure period), fishermen are prohibited 
from using such gear to capture economically 
marketable shrimp species or to transport, stock 
or commercialize these animals. This measure 
aims to protect their regular population structure, 
reproduction and recruitment period (normative 
instruction available at: www.ibama.gov.br).

Trawling activity uses non-selective fishing 
gear, i.e., along with the target species, many non-
target organisms (bycatch fauna) are incidentally 
caught. According to Dias Neto (2011), a minority 
of the bycatch fauna is landed and is locally 
commercialized (often at very low prices), on 
the other hand, most is discarded back to the sea 
already dead due to their negligible commercial 
value. On average, in a trawl to obtain tropical 
shrimp, the captured bycatch is 3 to 15 times larger 
than the captured target species (FAO 2015). The 
ecological impacts resulting from shrimp fishing 
are still poorly understood, but are known to be 
considerable. One of the main effects of the bycatch 
capture on the ecosystem is the alteration in the 
species composition and/or in the stock size of the 
bycatch species (Dias Neto 2011). Theoretically, 
species with no economic value (bycatch), such 
as Rimapenaeus constrictus (Stimpson, 1874), are 
protected by the fisheries closure period as well, 
since the bycatch and economically important 
species are not being captured during this period.

Rimapenaeus constrictus exhibits a broad 
geographical distribution ranging from Nova Scotia 
(Canada) to Santa Catarina (Brazil). This species is 
among those most often accidentally caught during 

fishery activities, and due to its small size, it is 
not commercially exploited. However, it plays an 
important ecological role as part of the trophic web 
chain within its habitat range (Pérez-Farfante and 
Kensley 1997, Costa and Fransozo 2004b).

The biological knowledge about species and 
estimates of their population parameters (size 
class distributions, growth rates, sex ratios, etc.) 
are highly relevant to provide essential information 
about the management of fishing resources (Gab-
Alla et al. 1990, Bauer and Rivera Vega 1992, 
Castilho et al. 2015a). With regard to shrimp growth 
studies, the most accepted (and consequently 
most utilized) methodology is the von Bertalanffy 
(1938) growth model, which estimates the age 
of an individual of a given body size according 
to a mathematical equation. This methodology is 
necessary due to the impossibility of periodic tissue 
tagging, since crustaceans do not have permanent 
skeletal structures (Hartnoll 2001, Fonseca and 
D’Incao 2003, Campos et al. 2011, Castilho et al. 
2015b).

However, only a few studies have been 
undertaken to guide and clarify the basic biology 
of the population dynamics and life history of 
this species. In the northern littoral of São Paulo 
state, Costa and Fransozo (2004a, b) studied 
its reproductive biology and its abundance and 
ecological distribution, respectively, and Hiroki et 
al. (2011) investigated its bathymetric distribution. 
In the southern littoral of São Paulo, only the study 
addressing its growth and lifespan carried out 
by Garcia et al. (2016) is available in a different 
region. In addition to the studies conducted on the 
Brazilian coast, Bauer and Lin (1994) evaluated 
the reproductive and recruitment periods of the 
congeneric species, Rimapenaeus similis (Smith, 
1885) and R. constrictus, in the Gulf of Mexico.

It is important to point out that to date, no 
studies have been done concerning growth and 
longevity of R. constrictus in the Ubatuba region or 
on the northern coast of São Paulo state; thus, this 
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is a pioneer study for this approach. It is therefore 
necessary to strengthen our biological knowledge 
about the bycatch by obtaining appropriate data. 
These findings are essential to substantiate the 
implementation of management and sustainable 
use measures for marine shrimp fishing along the 
Brazilian coast, especially since current knowledge 
is insufficient to make scientifically based decisions 
(Dias Neto 2011).

On the basis of this scenario, we here describe 
the population structure and sex ratio and estimate 
the growth parameters for R. constrictus across a 
wide temporal scale, for 5 years, in Ubatuba in the 
northern littoral of São Paulo state. Additionally, 
we tested the hypothesis that such parameters 
undergo alterations induced by environmental 
features related to the latitude and compared our 
results to the studies on R. constrictus available to 
date. For the first time, a growth analysis covers 
the whole bathymetric distribution of this species 
on the Brazilian coast, and distinct results can 
therefore be observed. Thus, we could determine 
whether the commonly referred to “latitudinal 
effect paradigm” proposed by Bauer (1992) and 
Castilho et al. (2007b) is applicable to the growth 
parameters of the species concerned here, as it was 
already reported to apply to its reproductive aspects 
(Costa and Fransozo 2004a). We also verified the 
applicability of the current fisheries closure period 
to this species with regard to its functionality for 
the recruitment observed during the study period.

MATERIALS AND METHODS

STUDY AREA

The Ubatuba region presents an extremely indented 
coastline, resulting in the creation of many bays 
with particular environmental conditions exhibiting 
very irregular internal limits that are favorable to 
the establishment of the local fauna. It is a result 
of the peculiar characteristics and ecological needs 
of each species and the consequent development of 

particular marine faunas (Negreiros-Fransozo et al. 
1991).

The main oceanographic feature structuring 
ecosystems on the southeastern and southern 
Brazilian continental shelf is the presence of 
the South Atlantic Central Waters, a water mass 
characterized by low temperature and salinity 
(SACW: T<18º C; S<36) (Pires-Vanin 2001, 
Soares-Gomes and Pires-Vanin 2003). In addition, 
the northern coast of São Paulo state is strongly 
influenced by two other water masses, each 
showing specific characteristics and distinct 
models of distribution between summer and 
winter: Coastal Water (AC: high temperature (>20º 
C) and low salinity [<36]) and Tropical Water (TW: 
high temperature (>20º C) and high salinity [>36]) 
(Castro-Filho et al. 1987).

The SACW approaches from the continental 
shelf in the bottom water layers, reaching the 
coastal zone and causing the low water temperatures 
recorded during spring and early summer (minimum 
values of 15º C). This process creates a thermocline 
at depths of 10 to 15 m due to the presence of cold 
water in the bottom layers of the water column and 
warm water in the remaining layers (Castro-Filho 
et al. 1987).

BIOLOGICAL SAMPLING

Samplings were carried out monthly from Jan/1998 
to Jun/2003, with a gap between January 2001 to 
June 2001, along the northern coast of São Paulo 
state in the Ubatuba region. Samples were obtained 
during the day using a shrimp-fishing boat outfitted 
with double-rig nets (mesh size: 20 mm knot-to-
knot in the body and 15 mm in the cod end). Trawls 
were extended for two kilometers for 30 minutes 
each, sampling a total area of 18,000 m².

Carapace length (CL) was adopted as a 
standard measurement in this study, corresponding 
to the linear distance from the post-orbital angle 
and the posterior margin of the carapace, which 
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has been widely used in investigations concerning 
penaeid shrimps (Castilho et al. 2015a, b). CL 
size frequencies were distributed in 1-mm classes 
to each sex, separately. Both were compared 
by a Kolmogorov-Smirnov two-sample test in 
which the null hypothesis adopted was that size 
distribution among sexes did not differ (Castilho 
et al. 2008a). Recruitment was estimated as the 
percentage of the population sampled in the lower 
25% of all possible size classes (males+females). 
Thus, for the purposes of measuring recruitment, 
all individuals with a CL less than 9.4 mm were 
considered recruits (Bauer and Rivera Vega 1992, 
Castilho et al. 2008a).

SEX RATIO

Individuals were classified to sex according to 
the presence of a petasma (males) or a thelycum 
(females) (Pérez-Farfante 1988). The sex ratio was 
estimated as the quotient between the number of 
males and the total number of individuals in the 
monthly samples. Differences in the expected 
ratio of 1:1 (males:females) were tested with the 
binomial test (α=0.05) (Wilson and Hardy 2002, 
Grabowski et al. 2014). 

GROWTH AND LONGEVITY

Growth and longevity were analyzed separately 
for each sex according to the von Bertalanffy 
(1938) growth model and using the methodology 
purposed by Simões et al. (2013). Modal values 
were determined for each CL frequency using 
the software Peakfit 4.0 (Automatic Peak Fitting 
Detection and Fitting, Method I-Residual, no 
Data Smoothing) in size classes of 1.0 mm. The 
models were plotted on a scatter graph vs. age to 
verify the growth rhythm of the cohorts. Growth 
parameters (CL∞: asymptotic carapace length; 
k: growth coefficient (day-1); t0: theoretical age 
at size 0) were estimated using the SOLVER 
supplement in Microsoft Excel, which applies the 

von Bertalanffy growth model: CLt=CL∞[1-exp-
k(t-t0)] (CLt: carapace length at age t). The cohort 
data were pooled, and the growth parameters 
estimated. The estimated growth curves for each 
sex were compared by an F test (p=0.05) (Cerrato 
1990). Longevity was calculated using the inverse 
von Bertalanffy growth model with a modification 
suggested by D’Incao and Fonseca (1999) given 
by longevity = 0-(1/k)ln[1-(CLt/CL∞)] (considering 
t0 = 0, and CLt/CL∞ = 0.99). Cohorts including the 
modal peaks of recruitment size (<9.4 mm CL) 
were identified as recruitment cohorts, and the age 
at which individuals become adult was estimated 
by the equation purposed by King (1995): t = t0-
(1/k).ln(1-(CLt/CL∞).

RESULTS

POPULATION STRUCTURE

During this study 5,812 individuals were sampled, 
including 1,458 males and 4,354 females. Carapace 
length varied from 4.2 to 17.9 mm in males (mean: 
9.21 mm ± 1.31 SD [standard deviation]) and from 
3.4 to 19.2 mm in females (mean: 12.1 mm ± 2.31 
SD). Males were more abundant in the 5 to 9 mm 
size classes and females, from 10 to 19 mm, with 
a peak abundance observed at 12 mm (Figure 1). 
The size class distributions for males and females 
showed a statistically significant difference 
(Kolmogorov-Smirnov, dmax= 0.61; p= 0.04).

SEX RATIO

Throughout the sampling period, we observed a 
female-biased sex ratio (binomial test, p<0.05), as 
they were more abundant compared to the number 
of males (Figure 2). 

From the size class distribution for adult 
individuals, it was possible to observe a male-biased 
sex ratio in the smaller size classes (5-9 mm). From 
10 mm on, the sex ratio was exclusively female 
biased (Figure 3).
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Figure 1 - Rimapenaeus constrictus. Size class distributions of males and females for samples obtained from 
January 1998 to June 2003 at the northern littoral of São Paulo state.

Figure 2 - Rimapenaeus constrictus. Monthly sex ratio (estimate ± standard error) for samples from January 1998 to June 
2003 from the northern littoral of São Paulo state. Black circles indicate a significant deviation from a 1:1 (M:F) sex ratio (binomial 
test, p<0.05). 
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GROWTH AND LONGEVITY

We identified 16 female and 8 male cohorts 
(Figures 4 and 5). For males, only 2 recruitment 
cohorts (< 9.4mm CL) (cohorts 3 and 7) were set 
in the fisheries closure periods from the time of 
their emergence until reaching adult size. This 
condition is even more critical for females because 
only 3 recruitment cohorts (cohorts 5, 15 and 16) 
were set in the fisheries closure periods from their 
emergence until reaching adult size. Moreover, 
the majority of the remaining cohorts including 
recruitment sizes were identified in December and 
February (females: cohorts 2, 6 and 10; males: 
cohorts 1, 4 and 8). Estimates of the growth 
parameters resulted in CL∞: 17.42 mm, k: 0.008 and 
t0: -1.50 days for females, and CL∞: 16.3 mm, k: 
0.01 and t0: -0.60 days for males (Figures 6 and 7). 
From the growth curves, longevity was estimated 
as 579 days (1.60 year) for females and 425 days 
(1.17 year) for males. Growth curves for males and 
females showed a significant difference through an 
F test (Fcritical= 2.688 < Fcalculated= 4.124; p= 0.008). 
The time necessary for recruits to reach the adult 
size here proposed (9.4 mm CL) was estimated as 
85 and 95 days for males and females, respectively.

DISCUSSION

In our study, we observed that females reached larger 
sizes than males, which was previously observed 
for the same species by Costa and Fransozo (2004a) 
in the Ubatuba region and by Garcia et al. (2016) in 
the Cananéia region, as well as in studies of other 
penaeoid shrimps (Semensato and Di Beneditto 
2008, Castilho et al. 2008a, b, 2015b, Grabowski 
et al. 2014, 2016). Such sexual dimorphism is 
considered a general rule among penaeids (Boschi 
1989), indicating a likely adaptation to increase 
egg production (Gab-Alla et al. 1990, Yamada et al. 
2007). In addition, Simões et al. (2013), studying 
Acetes americanus Ortmann, 1893, also found 
such differential growth between the sexes. Such 
growth differences thus occur in both superfamilies 
included in the Dendrobranchiata (Penaeoidea and 
Sergestoidea).

The theory purposed by Fisher (1930) states 
that gonochoristic species present equal abundances 
between the sexes, which runs counter to the results 
of Wenner (1972) in which several crustacean 
species show exceptions to this pattern. Recent 
studies carried out along the Brazilian coast also 
run counter to Fisher’s (1930) theory, including 
Sicyonia dorsalis Kingsley 1878 (Castilho et al. 
2008a), A. longinaris (Castilho et al. 2007a, 2015b), 
P. muelleri (Castilho et al. 2008b) and X. kroyeri 
(Castilho et al. 2015a, Grabowski et al. 2014, 
2016). In this study, R. constrictus constitutes an 
exception to Fisher’s (1930) theory and also agrees 
with previous studies carried out on the species 
(Costa and Fransozo 2004a, Garcia et al. 2016).

Deviations from a 1:1 sex ratio can be a result 
of the interaction of countless factors, such as 
differential growth rates, migration patterns and 
mortality rates between the sexes (Wenner 1972). 
In addition, certain growth parameters (higher 
growth coefficient and lower asymptotic length in 
males) can induce female-biased sex ratios (Simões 
et al. 2013). Garcia et al. (2016) also observed 

Figure 3 - Rimapenaeus constrictus. Sex ratio observed 
among the size classes (estimate ± standard error) for 
individuals sampled from January 1998 to June 2003 from 
the northern littoral of São Paulo state. Black circles indicate 
a significant deviation from a 1:1 (M:F) sex ratio (binomial 
test, p<0.05).
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Figure 4 - Rimapenaeus constrictus. Selected cohorts (lines) for growth analyses 
performed on data sampled from January 1998 to December 2000 at the Northern littoral 
of São Paulo state. Dotted lines: recruitment size (9.4 mm CL); *: periods in which shrimp-
fishing activities are prohibited by the responsible federal environmental agency.
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female-biased sex ratios for R. constrictus, as in 
our study. According to the authors, the female-
biased sex ratios in higher size classes can also be 
a consequence of the lower longevity observed for 
males.

The longevity observed in wild animals is 
highly variable and may be equal for both sexes of 
certain species or even differ between them (Vogt 
2012). However, it is quite common to observe 
penaeoid males showing a lower longevity than 
females, as previously described in the literature 
(Simões et al. 2013, Grabowski et al. 2014, Castilho 

Figure 5 - Rimapenaeus constrictus. Selected cohorts (lines) for growth analyses 
performed on data sampled from July 2001 to June 2003 at the Northern littoral of São 
Paulo state. Dotted lines: recruitment size (9.4 mm CL); *: periods in which shrimp-fishing 
activities are prohibited by the responsible federal environmental agency.

et al. 2015a, b) and as observed in our results. Vogt 
(2012) pointed out some factors that can influence 
the discrepancy observed in this parameter, such 
as geographical latitude, habitat, differences in 
mortality rates, energy costs of reproduction, and 
hormonal issues. Additionally, penaeoid males 
generally present a higher growth coefficient (k) 
and consequently a lower asymptotic length (CL∞) 
(Garcia and Le Reste 1986, Boschi 1969, Petriella 
and Boschi 1997), as well as lower longevity 
(Castilho et al. 2012).
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Garcia et al. (2016) propose that the lower 
longevity (and consequent lower asymptotic 
length) of males is due to their higher metabolic 
rate, which leads to a cellular senescence induced 
by the higher investment in the growth rate (a higher 
k than for the females). This could also explain 
the tendency for males to show higher mortality 
rates compared to females (Gab-Alla et al. 1990). 
We therefore propose that the lower longevity of 

Figure 6 - Rimapenaeus constrictus. Mean estimated growth 
curve based on the von Bertalanffy growth model for females 
sampled from July 1998 to June 2003 in the Ubatuba region, 
northern São Paulo state. Outer lines: 95% prediction intervals.

Figure 7 - Rimapenaeus constrictus. Mean estimated growth 
curve based on the von Bertalanffy growth model for males 
sampled from July 1998 to June 2003 in the Ubatuba region, 
northern São Paulo state. Outer lines: 95% prediction intervals.

males is the main reason for the female-biased sex 
ratio, even though we do not discard the possible 
influence of other factors. Among them, are the 
higher susceptibility of females to sampling gear as 
a function of their search for food during the period 
of ovary maturation (Kevrekidis and Thessalou-
Legaki 2006), migratory activities, and differential 
habitat occupation (Wenner 1972), among others.

Many studies have observed that some 
marine crustaceans can experience differential 
environmental influences at latitudinal scales that 
can impact their life history parameters (Castilho 
et al. 2015a, Garcia et al. 2016). Bauer (1992) 
and Castilho et al. (2007b) state that penaeoid life 
history aspects such as longevity and size at the 
onset of sexual maturity can vary according to 
the environmental conditions related to latitude, 
such as water temperature and nutrient availability. 
According to this “latitudinal effect paradigm”, in 
subtropical and temperate regions, individuals tend 
to exhibit a slower growth rhythm and a higher 
longevity, likely influenced by the lower water 
temperatures found in these areas (Bauer 1992). 

To date, Garcia et al. (2016) have provided 
the only available data on R. constrictus growth 
estimates carried out on the Brazilian Coast. 
This study, carried out in the Cananéia region 
at higher latitudes values (25oS) than Ubatuba, 
reports lower asymptotic lengths (females: 16.40 
mm; males: 11.74 mm), longevities (females: 
415 days [1.14 year]; male: 267 days [0.73 year]) 
and growth coefficients (females: 0.011; males: 
0.017) compared to our results, suggesting that the 
latitudinal effect paradigm is not applicable to this 
species’ population dynamics between these two 
regions.

To comprehend this scenario, it is necessary 
to keep in mind that physical processes influence 
the biological ones (Castro-Filho et al. 1987). 
Cananéia (southern littoral) and Ubatuba (northern 
littoral) show distinct physical features and thus 
have distinct biological processes. We propose, 
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therefore, that uncountable factors related to the 
peculiar features of the Ubatuba region (different 
from Cananéia) influenced the biological processes 
in different ways and intensities, resulting in such 
exceptions to the latitudinal pattern. We propose 
three possible factors that can be held responsible 
for such a situation, which are listed below.

The first of these, typical of Ubatuba, is the 
water temperature, which is strongly molded by 
water masses such as the SACW which approaches 
the coastal zone during late spring and early 
summer, causing a decrease in bottom water 
temperature (<18º C) and salinity (<36) (Castro-
Filho et al. 1987). According to Mantelatto and 
Fransozo (1999), the approaching SACW exerts a 
strong influence on the water temperature close to 
the bottom and causes considerable changes in the 
local communities. The SACW-induced low water 
temperatures possibly influence the environmental 
patterns so that Ubatuba presents subtropical rather 
than tropical environmental features (since shrimp 
seem to grow more slowly, reach larger sizes, and 
live longer).

Bauer (1992) points out that some taxa may 
have planktotrophic larvae, which are affected by 
very different pressures in the plankton (oscillations 
in the food supply and predators, for instance) that 
may influence larval success and recruitment in a 
variety of ways. Thus, the second factor is based 
on the statement by Vega-Pérez (1993) asserting 
that during the approaching SACW the chlorophyll 
values are higher due to an increase in phytoplankton 
production, confirming the tendency for water 
enrichment along the continental shelf during 
summer (Castro-Filho et al. 1987). Therefore, we 
propose here that the amount of nutrients in the 
water column might also have influenced the life 
history parameters observed in this study. Because 
the SACW may provide an important source of 
nutrients and allow a greater larval success, it also 
makes sense that individuals would be able to reach 
greater sizes and longevities.

The third and last proposed influencing factor 
is the type of sediment found in this region, which 
was characterized by Mantelatto and Fransozo 
(1999) and shown to be composed mainly of 
very coarse, coarse, and medium sand. This type 
of sediment favors not only a higher retention of 
organic matter content (a possible food resource) 
but also favors this species’ common burrowing 
behavior. Such behavior may play a fundamental 
role in the defense of these organisms against 
predators (Dall et al. 1990), which could also 
correspond to a higher longevity. According to 
Negreiros-Fransozo et al. (1991), the distribution 
of different types of sediment is controlled by water 
currents. The sinuous littoral observed in Ubatuba 
(Ab’Sáber 1955) provides great barriers to the 
entry of seawater, possibly decreasing the intensity 
with which currents approach this region, which 
would stir the sediment, forcing animals to emerge 
and making them more susceptible to capture and 
predation.

Castilho et al. (2015b) observed that the 
geographical proximity between regions could 
establish migratory connections between groups 
that are part of the same population. However, 
despite the latitudinal proximity between Cananéia 
(23ºS) and Ubatuba (25ºS), we strongly suggest 
that the peculiar oceanographic conditions from 
Ubatuba (particularly, the above-mentioned effects 
of the SACW) produced the factors that most likely 
led to the exceptions. 

Several studies carried out with different 
penaeoidean species suggest the necessity for 
adaptations to the fisheries closure period. Studies 
on P. muelleri, X. kroyeri and A. longinaris 
(Castilho et al. 2012, 2015a, b, respectively) show 
only 1, 11 and 2 growth curves protected in the 
fisheries closure seasons, from 15, 37 and 14 
curves, respectively. We also observed that most 
of the recruitment cohorts do not arise during the 
months included in the closed fishery period (see 
figs. 5 and 6), thus strengthening this idea. Thus, 
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it is reasonable to infer that the highest efficiency 
for protecting the species would be realized with 
an adaptation to the fisheries closure period in 
the months in which we can observe recruitment 
cohorts. Therefore, we propose here that the shrimp 
fishing closed season include late spring and early 
summer (from December to February) in addition 
to the already established closed months (March to 
May).

On the other hand, it is comprehensible that 
increasing the number of months covered by 
the fisheries closure period could induce social 
and economic issues (Castilho et al. 2015a). It is 
important to remember that the fishery activity 
is an essential source of income, employment 
and livelihood for millions of families, which are 
partially or totally dependent on it. Therefore, 
Castilho et al. (2015a) suggest further migration 
studies concerning the locations of the main stocks 
of reproductive and recruitment individuals in 
different areas. These data could be crucial for 
determining the zones and periods of total fishery 
prohibition, protecting not only the economically 
important species, but also the bycatch taxa. 
Additionally, Silva et al. (2013) attest that the 
management effectiveness of the shrimp fishery 
is not only achieved by closed fishing seasons, 
but also by the number of fishing licenses issued, 
the engine size and dimensions of fishing vessels, 
minimum mesh sizes and other characteristics as 
well.

We can infer that R. constrictus completes its 
ontogeny in the studied region since we sampled 
individuals in a wide range of size classes from 
juveniles to adults. We strongly believe that the 
growth coefficient was directly related to the 
longevity of the individuals and that the growth 
parameters ran counter to the expected latitudinal 
effect paradigm, likely in response to the 
environmental conditions observed in Ubatuba. The 
present study provides information of undoubted 
relevance to the field of fishing management, 

since we present a basis for the establishment of 
sustainable capture policies. On the basis of such 
results, therefore, we strongly recommend that 
the fisheries closure period be changed to protect 
this species’ recruitment period and, consequently, 
also its adult individuals. It is important to keep 
in mind that scientifically based knowledge is 
indispensable for protecting with greater efficiency 
the ecologically important stocks and avoiding their 
collapse in the near future. To achieve excellence in 
such activities, it is crucial to support additional 
studies at a wide geographical scale in order to 
understand the influence of latitudinal variations in 
the growth dynamics of this species.
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