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Resumo 

As mudanças morfológicas durante o desenvolvimento ovariano de Xiphopenaus 

kroyeri foram avaliadas a fim de estabelecer um modelo para melhor compreender a 

dinâmica reprodutiva de camarões peneídeos. Um total de 1289 fêmeas foram coletadas 

através da pesca artesanal em Lucena, Paraíba, Brasil. As fêmeas foram investigadas 

para diferentes aspectos reprodutivos: no capítulo 1, a oogênese foi classificada em seis 

fases distintas: ovócitos cromatina nucleolar, ovócitos cromatina perinucleolar, ovócitos 

em vitelogênese primária, ovócitos em vitelogênese secundária, ovócitos maduros e 

ovócitos atrésicos. As observações histoquímicas sugeriram um aumento progressivo 

das proteínas e polissacarídeos neutros em ovócitos vitelogênicos até seu estágio final 

de maturação. As células foliculares compõem o complexo folicular, formando um 

epitélio externo aos ovócitos vitelogênicos, e provavelmente estão envolvidas na 

transferência de proteínas durante o processo de maturação. Foram identificadas 

vesículas de colágeno e glicoproteínas no citoplasma de ovócitos maduros. No capítulo 

II, dois métodos de análise macroscópica dos ovários foram testados quanto a precisão 

no estabelecimento dos estágios de maturação em comparação com a análise 

histológica, bem como as possíveis implicações na determinação da época de desova. 

Um método avaliou o estágio de maturação pela observação do ovário através do 

exoesqueleto com a ajuda de luz artificial, enquanto no outro foi avaliado 

macroscopicamente a partir da extração do ovário fresco, morfologia e aspecto do 

tecido que reveste o ovário. O segundo método mostrou maior concordância com a 

análise histológica do que o primeiro, destacando a importância de observar as 

características morfológicas de uma fêmea recém-capturada, uma vez que a coloração 

dos ovários varia com o tempo. Os dois métodos foram eficientes na identificação do 

estágio maturo, sugerindo que ambos podem ser utilizados no manejo de reprodutores 

em cativeiro. O agrupamento dos estágios desovado e de repouso em um único estágio 

pode ser considerado um grande problema, pois apresentam características e 

interpretações opostas do ponto de vista histológico, resultando em erros nas estimativas 

da época de desova. No capítulo 3, identificamos seis estágios de desenvolvimento 

ovariano. Os estágios desovado e de repouso, que são comumente agrupados em 

estudos reprodutivos de camarões peneídeos, foram separados pela primeira vez. 

Observamos vesículas acumuladas no citoplasma de ovócitos maturos. A análise 

histológica mostrou ovócitos com desenvolvimento síncrono apresentando desova total. 

O comprimento médio na maturidade (CC50) para as fêmeas foi de 1,3 cm. O ciclo 

reprodutivo foi classificado como sazonal com maior maturidade ovariana e índice 

gonadossomático de outubro a março. O pico de desova ocorre durante o período de 

maior pluviosidade, com uma porcentagem maior de fêmeas desovadas. Os resultados 

contribuem para o conhecimento atual sobre a morfologia ovariana, processo de 

maturação podendo ser úteis para o manejo sustentável da pesca comercial do 

Xiphopenaeus kroyeri e o desempenho reprodutivo de camarões peneídeos em cativeiro. 

 

Palavras-chave: histologia, manejo, maturação, morfologia, maturidade ovariana. 
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Abstract  

The morphological changes during ovarian development of Xiphopenaus kroyeri were 

evaluated in order to establish a model to better understanding their reproductive 

dynamics. A total of 1,289 females of Xiphopenaus kroyeri were collected through 

artisanal fisheries were collected from artisanal fisheries in Lucena, Paraíba, Brazil. 

Females were investigated in relation to different reproductive aspects: in chapter 1, the 

oogenesis was classified into six distinct phases: chromatin nucleolar oocytes, 

chromatin perinucleolar oocytes, oocytes in primary vitellogenesis, oocytes in 

secondary vitellogenesis, mature oocytes, and atretic oocytes. Histochemical 

observations suggested a progressive increase of the proteins and neutral 

polysaccharides in vitellogenic oocytes until their final maturation stage. Follicular cells 

composed the follicular complex forming an external epithelium in vitellogenic oocytes, 

and are probably involved in protein transfer during ovarian maturation process. 

Collagen and glycoprotein vesicles were also identified in the cytoplasm of mature 

oocytes. In chapter II, two methods of macroscopic analysis of the ovaries were tested 

for accuracy in establishing maturation stages compared to histological analysis, as well 

as possible implications in determining the spawning season. One method evaluated the 

maturation stage was assessed by observing the ovary through the exoskeleton with the 

help of artificial light, while the other was evaluated macroscopically from the 

extraction of the fresh ovary, morphology and appearance of the tissue lining the ovary. 

The second method showed greater agreement with the histological analysis than the 

first method, emphasizing the importance of observing the morphological 

characteristics of a freshly caught female, since the staining of the ovaries tends to vary 

over time. Both methods were efficient in identifying the ripe stage, suggesting that 

both can be used in the management of captive broodstock. The grouping of the spent 

and resting stages into a single stage can be considered a major problem, because they 

present characteristics and opposite interpretations from the histological point of view, 

resulting in serious problems in the estimates of spawning season. In chapter 3, we 

identified six stages of ovarian development, based on macroscopic and histological 

analysis: immature, early developing, advanced developing, ripe, spent, and resting. The 

spent and resting stages, which have been grouped in reproductive studies of penaeids 

shrimp, were separated for the first time. We observed vesicles accumulated in the 

cytoplasm of ripe cells. The histological analysis showed oocytes with synchronous 

development presenting total spawning. The mean length at maturity (CL50) for 

females was 1.3 cm CL. The reproductive cycle was classified as seasonal for females, 

with greater ovarian maturity and gonadosomatic index from October to March. The 

spawning peak occurs during the period of highest rainfall, with a higher percentage of 

spent females. Taken together, the present findings contribute to the current knowledge 

on the ovarian morphology, maturation process of penaeids, supporting future studies 

on reproductive biology which may be useful for sustainable management of 

commercial penaeid fisheries and reproductive performance of Xiphopenaeus kroyeri in 

captivity. 

 

Keywords: histology, management, maturation, morphology, ovarian maturity. 
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1. Introdução 

1.1 Contextualização da pesquisa 

  Os recursos pesqueiros marinhos representam grande importância social e 

econômica em todo o mundo, sobretudo no litoral brasileiro. Segundo a Organização 

das Nações Unidas para Agricultura e Alimentação (FAO, 2014), a exploração mundial 

destes recursos entre a década de 1950 até o final da década de 1980 apresentou um 

crescimento contínuo, seguido de um período de pequeno declínio no início da década 

de 1990. Em meados da década de 1990, ocorreu um crescimento na produção mundial 

de pescado decorrente da expansão da aquicultura. 

  A aquicultura contribuiu com 87,5 milhões de toneladas no ano de 2020, 

representando um grande crescimento nas últimas décadas (FAO, 2022). Por outro lado, 

a produção pesqueira oriunda da pesca no ano de 2020 está estagnada, apresentando 

90,3 milhões de toneladas, sendo 87% de capturas em águas marinhas e 13% em águas 

continentais. Esta estagnação se deve principalmente a sobre-exploração dos recursos 

naturais, causado pelo aumento das frotas pesqueiras, intensificação da exploração e 

falta de plano de gestão para conservação e manutenção dos estoques (FAO, 2014).  

 A Organização das Nações Unidas para a Alimentação e Agricultura (FAO, 

2020) estima que a produção de pescados alcançou a cifra de 179 milhões de toneladas 

em 2018, sendo 82 milhões de toneladas oriundas de produção aquícola. Desse total, 

156 milhões de toneladas foram destinadas ao consumo humano. O consumo anual 

médio per capita em nível mundial de pescado tem aumentado nas últimas décadas, 

passando de 9,9 kg em 1960 a 20,2 kg em 2020, com estimativa de 21,4 kg para 2030. 

Isso representa um aumento de 15%, estimulado pelo aumento da renda e urbanização, 

melhorias nas práticas pós-captura e as mudanças nas tendências alimentares (FAO, 

2022). No Brasil, os brasileiros consumem 10,19 kg/per capita/ano em 2020 segundo o 

Ministério da Agricultura e Pecuária (MAPA, 2021), e dentre os principais recursos 

pesqueiros consumidos se encontram os camarões. 

 A produção mundial de camarão alcançou 3,2 milhões de toneladas oriundas da 

pesca, apresentando a mesma tendência dos anos anteriores, ficando entre os grupos de 

maior relevância econômica, juntamente com os atuns, lagostas e cefalópodes (FAO, 

2022). O último boletim estatístico da pesca e aquicultura do ano de 2011 divulgado 

pelo Ministério da Pesca e Aquicultura, a captura anual de camarões peneídeos na costa 

brasileira foi de 39.000 toneladas, das quais 27% das capturas são da espécie 
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Xiphopenaeus kroyeri (MPA, 2011). Esta espécie é um importante recurso pesqueiro 

nas águas brasileiras, apresentando grande importância econômica, social e cultural 

(Gillett, 2008). 

O X. kroyeri, ou camarão sete-barbas, como é popularmente conhecido (Figura 

1), se distribuí ao longo da costa ocidental do Atlântico, desde a Carolina do Norte, 

EUA; se estendendo ao longo da América do Sul (Venezuela, Guiana, Suriname, 

Guiana Francesa) até ao Rio Grande do Sul no Brasil (Pérez-Farfante e Kensley, 1997; 

Costa et al., 2003); bem como no Pacífico Oriental, na Colômbia (Carvalho-Batista et 

al., 2019). O ciclo de vida desta espécie ocorre exclusivamente no ambiente marinho, 

não utilizando o estuário como berçário (Williams, 1965; Holthuis, 1980). Habita zonas 

costeiras e regiões com maiores profundidades, sendo, no entanto, mais abundante 

próximo à costa em profundidades até 30 metros (D'Incao, 1999; Costa et al., 2003), e 

que apresentam substratos arenosos ou lamacentos (Costa et al., 2003; Costa et al., 

2007; Boos et al., 2016). 

 

 

 

Figura 1. Exemplar de Xiphopenaeus kroyeri (Heller 1862) capturado em Lucena, 

litoral norte da Paraíba, Brasil.  

Além de sua importância para a pesca, também apresenta potencial para 

aquicultura visando a sua utilização como isca-viva (Simões et al., 2017). A pesca 

recreativa tem se expandido ao longo dos anos e é amplamente praticada na costa 

brasileira (Freire et al., 2016), mas se baseia na utilização de isca-viva oriunda de 

populações selvagens, o que torna inviável devido às constantes preocupações com a 

sobrepesca e a pesca predatória em estuários (Barros et al., 2014; Simões et al., 2017; 
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Henriques et al., 2018). Além disso, no Brasil não é recomendada a utilização de 

espécies exóticas de camarão como isca-vivas devido as restrições ambientais. Para 

atender a esta demanda de mercado e visando uma solução mais ecológica, a criação de 

espécies nativas de camarão pode ser uma opção. Nos últimos anos, a utilização de 

espécies nativas como isca-viva tem sido proposta para várias espécies de camarões no 

Brasil, como Penaeus paulensis (Preto et al., 2009), Macrobrachium amazonicum 

(Valenti et al., 2011), Penaeus brasiliensis (Jensen et al., 2014) e Penaeus schmitti 

(Barros et al., 2014).  

Devido a importância de X. kroyeri para a pesca e o recente interesse na 

aquicultura dessa espécie, torna-se fundamental obter informações sobre o seu processo 

reprodutivo, uma vez que pode auxiliar no estabelecimento de políticas de gestão que 

minimizem os impactos da pesca, além de fornecer informações relevantes para a 

criação dessa espécie em cativeiro.  

Dentre os principais estudos realizados para compreender a reprodução dos 

camarões peneídeos se encontra a classificação dos estágios de desenvolvimento 

ovariano (Quintero e Gracia, 1998; Peixoto et al., 2003; Simpson e Watling, 2006; 

Lopes et al., 2014; Bolognini et al., 2017; Garcia et al., 2021; Craveiro et al., 2022). A 

classificação microscópica dos ovários visa descrever as fases de maturação das 

gonadas a nível celular e é amplamente utilizada para confirmar as escalas de cores 

determinadas nas análises macroscópicas (Quintero e Gracia, 1998; Lopes et al., 2014; 

Rios et al., 2022). A combinação de ambas as análises garante uma descrição mais 

confiável das fases de maturação do que as estimativas baseadas apenas em observações 

macroscópicas (Peixoto et al., 2003; Craveiro et al., 2022), o que pode ser útil para 

estabelecer com maior precisão os parâmetros populacionais para a criação de políticas 

de gestão e conservação de camarões peneídeos (Peixoto et al., 2003; Simpson e 

Watling, 2006; Garcia et al., 2021), além de auxiliar no desenvolvimento de tecnologias 

para a reprodução destes organismos em cativeiro (Peixoto et al., 2002, 2004; Flor et al., 

2016). Alguns estudos realizaram a associação da análise histológica e macroscópica em 

camarões peneídeos (Quintero e Gracia, 1998; Ayub e Ahmed, 2002; Peixoto et al., 

2003; Silva et al., 2016; Lopes et al., 2017; Bolognini et al., 2017; Peixoto et al., 2018). 

No entanto, apesar dos inúmeros estudos há uma falta de padronização nas 

classificações dos estágios de desenvolvimento gonadal (Craveiro et al., 2022), o que 

pode comprometer a precisão das análises dos parâmetros populacionais, ocasionando 
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erros nas estimativas de maturidade para esta espécie, bem como ocasionar erros na 

precisão da classificação dos estágios durante o manejo de reprodutores em cativeiro. 

Neste sentido, os capítulos desta tese buscaram descrever a morfologia ovariana 

e desenvolvimento dos ovócitos do X. kroyeri utilizando diferentes enfoques 

metodológicos. No capítulo I, uma abordagem histológica e histoquímica foi empregada 

para compreender a dinâmica dos nutrientes incorporados nos ovócitos durante a 

vitelogênese. No capítulo II foram testados dois métodos de análise macroscópica 

ovariana, as quais foram validadas e testadas quanto ao índice de concordância no 

estabelecimento dos estágios de maturação ovariano de acordo com a análise 

histológica, bem como as possíveis implicações no período de desova decorrente de 

possíveis erros nas análises. O capítulo III descreve os estágios de maturação ovariana, 

o tamanho de maturidade, tipo de desova e ciclo reprodutivo do camarão X. kroyeri 

capturado em Lucena, Paraíba, nordeste do Brasil.  

2. Objetivos 

2.1 Objetivo geral 

 Caracterizar a reprodução do camarão Xiphopenaeus kroyeri capturado no 

nordeste do Brasil e suprir lacunas existentes acerca da sua reprodução que vise 

contribuir para a gestão pesqueira e criação desta espécie. 

2.2 Objetivos específicos  

Capítulo I: Morfologia ovariana e desenvolvimento dos ovócitos do camarão 

Xiphopenaeus kroyeri: uma abordagem histológica e histoquímica para o estudo da 

reprodução de peneídeos 

 

 Descrever a morfologia do sistema reprodutivo feminino do X. kroyeri; 

 Detalhar a estrutura ovariana e vasos sanguíneos do X. kroyeri; 

 Descrever a composição tecidual dos ovidutos das fêmeas do camarão X. 

kroyeri; 

 Caracterizar o desenvolvimento dos ovócitos e os principais nutrientes 

acumulados durante a vitelogênese; 

 Descrever a formação do complexo folicular e o papel das células foliculares no 

desenvolvimento dos ovócitos. 
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Capítulo II: Métodos utilizados na identificação dos estágios de maturação 

ovariana macroscópico do Xiphopenaeus kroyeri: implicações na determinação da 

época de desova 

 

 Descrever os métodos de análise macroscópica; 

 Comparar os métodos de análise macroscópica com a análise histológica;  

 Definir o índice de concordância entre os métodos de análise macroscópica em 

relação à análise histológica; 

 Avaliar os resultados de cada análise macroscópica em comparação com a 

análise histológica e verificar as principais implicações com a época de desova. 

 

Capítulo III: Estágios de maturação dos ovários, tamanho na maturidade, tipo de 

desova e ciclo reprodutivo do camarão Xiphopenaeus kroyeri (Decapoda, 

Penaeidea) 

 

 

 Caracterizar os estágios de maturação gonadal de fêmeas macroscopicamente e 

microscopicamente;  

 Validar as escalas macroscópica e histológica do Xiphopenaeus kroyeri;  

 Identificar a estrutura da população;  

 Identificar o tipo de desova e época reprodutiva;  

 Avaliar as variáveis ambientais que influenciam no ciclo reprodutivo;  

 Identificar o tamanho de primeira maturidade (L50) das fêmeas. 
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3. Capítulos da Tese 

3.1 Capítulo I: manuscrito publicado na revista científica Aquaculture em 30 de 

setembro de 2022. 

https://doi.org/10.1016/j.aquaculture.2022.738873 
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Abstract 

Histological and histochemical changes during oocyte development were evaluated in 

order to establish a model for better understanding nutrient dynamics throughout 

vitellogenesis and overall penaeid reproduction. Samples of Xiphopenaeus kroyeri 

females (n = 587) at different stages of gonadal maturation were subjected to 

histological and histochemical analysis for the identification of neutral polysaccharides, 

total proteins, and tissue differentiation. We observed that the ovarian structure was 

composed of collagen fibers and oviducts were lined by three layers of epithelium 

separated by muscular tissue. Oogenesis was classified into six distinct phases: 

chromatin nucleolar oocytes, chromatin perinucleolar oocytes, oocytes in primary 

vitellogenesis, oocytes in secondary vitellogenesis, mature oocytes, and atretic oocytes. 

Histochemical observations suggested that during the previtellogenesis phase, proteins 

and neutral polysaccharides were not present. However, a progressive increase in these 

substances occurred from vitellogenic oocytes until their final maturation stage. 

Follicular cells composed the follicular complex forming an external epithelium in 

vitellogenic oocytes, and are probably involved in protein transfer during maturation 

process. Collagen and glycoprotein vesicles were identified in the cytoplasm of mature 

mailto:ceciliacraveiro@yahoo.com.br
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oocytes of X. kroyeri. Taken together, the present findings contribute to the current 

knowledge on the ovarian morphology and maturation process of penaeids, supporting 

future studies on reproductive biology and breeding performance in captivity. 

 

Keywords: reproductive biology, oogenesis, vitellogenesis, ovarian maturation. 

 

1. Introduction 

  Histological descriptions of the female reproductive system are used in order to 

better understand reproductive patterns and may provide significant information in 

establishing applicable guidelines for management of wild stocks and breeding 

programs of penaeid shrimp (Quintero and Gracia, 1998; Garcia Bento et al., 2020). In 

addition, they allow for the understanding of the phenomena occurring at the cellular 

level during ovarian differentiation, making it possible to more accurately monitor 

cellular changes during vitellogenic development (Braga et al., 2016), and thus enhance 

knowledge about female physiology. In the ovaries, oogenesis begins with the 

proliferation phase, with mitotic multiplication of the oogonia, followed by the 

previtellogenic and vitellogenic phases (Garcia Bento et al., 2020), changing volume 

due to the accumulation of yolk granules in the oocytes, and finally reaching final 

maturation when the formation of cortical crypts are observed in the cytoplasm 

periphery (Ayub and Ahmed, 2002; Bolognini et al., 2017; Craveiro et al., 2019; Garcia 

et al., 2021). 

  Xiphopenaeus kroyeri (Heller, 1862), popularly known as the seabob shrimp, is 

one of the most important penaeid species targeted in commercial fishing in Brazil 

(MPA, 2012), and in addition is frequently used as live fishing bait (Simões et al., 

2017). The seabob shrimp is widely distributed in the Western Atlantic Ocean, 

occurring from Virginia in the United States, extending along the Caribbean Coast 

down to the state of Rio Grande do Sul in Brazil (Costa et al., 2003). This species is a 

potential candidate in projects targeting the use of shrimp bait in aquaculture (Simões et 

al., 2017), as is being developed with other native shrimp in Brazil (Preto et al., 2009; 

Valenti et al., 2011; Jensen et al., 2014; Barros et al., 2014; Valenti et al., 2021). 

Recreational fishing has been increasing in importance and it is widely practiced on the 

Brazilian coast (Freire et al., 2016). In order to support such activity, a large demand for 

live shrimp bait has been mostly supplied by capturing juveniles from natural stocks, 

which raises concerns about overfishing and predatory fishing in estuaries (Barros et al., 
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2014; Simões et al., 2017; Henriques et al., 2018). Furthermore, since the use of non-

native species as live bait (e.g. Litopenaeus vannamei) is a point of debate and is subject 

to restrictions in Brazil, the most feasible solution is the development of bait 

aquaculture using native species, such as the seabob shrimp (Preto et al., 2009; Barros et 

al., 2014; Simões et al., 2017; Henriques et al., 2018). 

  There is little information available about the ovarian maturation of X. kroyeri, 

and studies describing the gonadal development have reported conflicting results about 

its final ovarian maturation. Lopes et al. (2017) observed the presence of cortical rods at 

the final stage of maturation, as is commonly described in most studies with penaeids 

(e.g Ayub and Ahmed, 2002; Farhana and Ohtomi, 2016; Bolognini et al., 2017; 

Peixoto et al., 2018; Craveiro et al., 2019). By contrast, a recent study by Craveiro et al. 

(2022) did not find the presence of cortical rods in mature oocytes. Instead, they noted 

that vesicles accumulated in the cell's cytoplasm. Additionally, the above authors 

emphasized the importance of further investigations into the final maturation phase of 

the species using histochemical techniques, in addition to providing detailed 

information on the oogenesis process and nutrient accumulation patterns during 

vitellogenesis. 

  One of the most common approaches to obtaining more details about oogenesis 

is through histochemical analysis of the oocytes, in which it is possible to better 

understand the cellular processes associated with vitellogenesis and the chemical nature 

of nutrients incorporated during oocyte maturation of crustaceans (Zara et al., 2011; 

Braga et al., 2016). Despite this, the pattern of nutrient accumulation that occurs in the 

oogenesis of penaeid shrimp is poorly addressed in the literature, such as in the studies 

by King (1948), Yano (1988), and Tan-Fermin and Pudadera (1989). Studies 

associating histological and histochemical analysis of oogenesis are particularly 

important for shrimp species of economic interest (Zara et al., 2011), as they allow for 

more refined analyses seeking to determine the composition of organic molecules that 

are mobilized during vitellogenesis (Nicolau et al, 2012; Zara et al., 2011; Braga et al., 

2016), and may contribute to the improvement of techniques employed in breeding 

programs and reproduction performance in captivity (Chung et al., 2011; Corral-Rosales 

et al., 2018). 

  The present study aimed to describe the ovarian morphology and the oogenesis 

dynamics of X. kroyeri using histological and histochemical approaches. Specific 

information is provided about ovarian lining, accessory structures that assist in the 
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maturation process, and histochemical characteristics of compounds found in the 

oocytes, in addition to their storage patterns along the vitellogenesis of X. kroyeri. 

2. Material and methods 

2.1. Study area and sampling 

  The study was conducted in the municipality of Lucena (6°53ʹ50" S and 

34°51ʹ01" W) on the northern coast of the state of Paraíba, Northeast, Brazil. Samples 

of X. kroyeri were collected monthly from December 2016 to November 2017, and from 

March 2018 to November 2019 using a beach seine net (side length of body mesh: 2 

cm; side length of cod-end mesh: 1.5 cm; mouth opening area: 120 × 6 m) deployed 

from a small non-motorized craft. The specimens were immediately stored on ice and 

transported to the laboratory, where sexing was performed based on the presence of 

thelycum. 

2.2. Histological and histochemical analysis 

  Histological and histochemical analyses were performed on 587 females, 

randomly selected at different stages of gonadal maturation (123 immature, 98 early 

developing, 115 advanced developing, 43 ripe, 52 spent and 156 resting stages 

according to Craveiro et al. 2022). The ovaries were dissected from the dorsal body 

cavity and samples from the median portion were fixed in Davidson's saline solution for 

24 hours and preserved in 70% ethanol for 24 hours. They were then routinely 

processed by dehydration using a graded ascending set of ethanol (80%, 90%, 95%, and 

absolute), clarified in xylene, and finally impregnated and embedded in paraffin at 57° 

C. Slides were prepared in 5 μm thick sections using a rotary microtome (Leica 

RM2145, Leica Microsystems, Germany). 

  The sections were stained with Hematoxylin and Eosin-Phloxin (H/E-P) for the 

identification of acidic and basic substances; Periodic Acid Schiff for the detection of 

neutral polysaccharides (PAS); Mallory's Trichrome (MAT), and Gomori's Trichrome 

(GOT) for the detection of collagen and tissue differentiation (adapted from Junqueira 

and Junqueira, 1983) and Xylidine Ponceau (XP) for the detection of total proteins 

(Vidal, 1977). Slides were observed under a light microscope (Leica DM500) equipped 

with a digital camera (Leica ICC50HD). The photomicrographs of the slides were 

digitized with Leica software LAS EZ 3.4 (Leica Microsystems) with objectives from 

4× to 100× magnification. 

2.3 Data Analysis 
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  The oocytes were classified microscopically into different development phases 

and 300 oocytes per category were measured using Leica LAS EZ 3.4 (Leica 

Microsystems). Oocyte diameter was measured only in those cells sectioned in the 

equatorial plane and with a visible nucleus. The oocyte diameters at each phase were 

compared using analysis of variance (ANOVA), meeting the necessary assumptions of 

homogeneity and homoscedasticity. Tukey's test was applied in order to identify 

oocytes that were significantly different from each other (p <0.05). 

3. Results 

3.1 Morphology of the female reproductive system 

  The female reproductive system of X. kroyeri is composed of paired ovaries of 

the tubular structure. Each portion of the ovary has one anterior lobe in the 

cephalothoracic region, six lateral lobes with the last lobe being shorter than the others, 

and one long posterior lobe extending into the abdominal region (Figure 1). 

Additionally, each portion of the ovary has an oviduct located dorsoventrally between 

the fifth and sixth lateral lobes in the cephalothoracic region, which connect to the 

gonopores located at the base of the third pair of pereiopods (Figure 1b, c).  
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 Fig. 1. Schematic diagram of the location and morphology of Xiphopenaeus kroyeri 

ovaries: (a) dorsal view showing ovaries location (green color); (b) lateral view 

showing ovary location; (c) oviduct located dorsoventrally between the fifth and sixth 

lateral lobes in the cephalothoracic region; anterior lobes (1), lateral lobes (2), posterior 

lobes (3) and oviducts (4). 

   

  The ovaries change in color, consistency, and turgidity during their maturation 

development, becoming darker in color at each stage of maturation, which can be 

observed through the exoskeleton filling the entire dorsal cavity. Turgidity begins 

gradually and homogeneously in the anterior, lateral, and posterior lobes until the 

complete filling of the dorsal cavity occurs by the ovary (Figure 1). Likewise, the 

change in coloration also occurs homogeneously throughout the ovarian lobes with the 

progression of maturation. 

3.2 Ovarian structure and blood vessels 

  The ovaries are internally composed of ovigerous lamellae (OL) consisting of 

loose connective tissue with collagen fibers evidenced in blue by MAT, which support 

oogonia in the proliferation zone and the oocytes (Fig. 2a, b). The lining of the ovaries 

is collagenous connective fibers evidenced in green by GOT (Fig. 2 c, d, e). After the 

lining layer a thickened layer composed by collagenous connective fibers can be 

observed (Fig. 2b, e). 

  Blood vessels containing granular material (i.e. hemolymph) reacting positively 

to eosin and GOT were seen inside the ovarian lobules. The vessels are lined by simple 

squamous epithelium consisting of collagen fibers, identified by a positive reaction to 

GOT (Fig. 2 c). 
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Fig. 2. Photomicrographs of the Xiphopenaeus kroyeri ovary: (a) longitudinal section of 

the ovaries showing ovigerous lamellae (OL) and proliferation zone (PZ); (b) details of 

the ovaries showing connective fibers (Cf) and lining epithelium (Ep); (c) blood vessels 

containing hemolymph (h) inside, lined by simple squamous epithelium (SS); (d) the 

lining epithelium (Ep) of the ovaries; (e) thickened layer detail of the Ep composed by 

collagenous connective fibers (CCf). Staining: MAT (a-b); TGO (c-e). 

 

3.3 Oviducts 

  The oviducts are lined internally by three layers: the internal layer is composed 

of columnar secretory epithelium (SEp), the middle and external layers are composed of 

stratified columnar epithelium (STC) evidenced by GOT in purple, separated by 

muscular epithelium (MEp) evidenced in magenta color (Fig. 3).  
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Fig. 3. Photomicrographs of the oviducts of female Xiphopenaeus kroyeri: a) 

longitudinal section of the oviduct showing secretory epithelium (SEp) and Lumen of 

the oviduct (Lum); b) longitudinal section of the oviduct showing stratified columnar 

epithelium (STC) and muscular epithelium (MEp); c) details of the oviduct showing 

stratified columnar epithelium (STC) showing acidophilic substance (as) in the Lumen; 

d) details of the oviduct showing secretory epithelium (SEp) and muscular epithelium 

(MEp). Staining: H/E-P (a, c); GOT (b, d).  

 

3.4 Oocyte development and follicular complex formation 

  The maturation phases of oocytes from X. kroyeri were determined based on the 

morphological changes and yolk production observed in different germ cells. Moreover, 

oocyte size differed significantly among phases. The phases were classified as follows: 

Oogonia: oogonia are grouped in the proliferation zone (PZ) and are frequently 

observed in the cell division process. These small cells present a thin layer of basophilic 
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cytoplasm surrounding the nucleus, having an average diameter of 9.35±2.08 µm (Table 

1, Fig. 4 a, b). 

Oocyte I: chromatin nucleolar (CN) is the first phase of previtellogenic oocytes. The 

nucleus is large and centrally located, surrounded by a layer of cytoplasm and 

containing a single large nucleolus. This oocyte has an average diameter of 21.17 ± 5.43 

µm (Table 1, Fig. 4 c). 

Oocyte II: chromatin perinucleolar oocyte (CPN) is the second phase of the 

previtellogenic oocyte, showing an increase in size and multiple nucleoli organized at 

the periphery of the nucleus. CPNs have an average diameter of 41.36 ± 11.38 µm 

(Table 1, Fig. 4 d).  

Oocyte III: primary vitellogenic oocytes (VTG1) are moderately eosinophilic and 

presented yolk droplets distributed in the cytoplasm around the nucleus area. VTGs1 

have an average diameter of 97.72 ± 7.28 µm (Table 1, Fig. 4 e).  

Oocyte IV: secondary vitellogenic oocytes (VTG2) have yolk droplets throughout the 

entire cytoplasm. VTGs2 have an average diameter of 135.16 ± 16.12 µm (Table 1, Fig. 

4 f). 

Oocyte V: mature oocytes (MO) are characterized by the appearance of vesicles      

distributed throughout the cytoplasm area, with the largest size at its periphery. These 

vesicles are filled with a granular material, which reacts positively to Phloxin. Mature 

oocytes have an average diameter of 187.66 ± 23.57 µm (Table 1, Fig. 4 g). 

Oocyte VI: atretic oocytes (AO) are mature oocytes in ovary resorption (Fig. 4 (h, i)). 

Different degrees of atresia may be observed but they were not measured (Table 1, Fig. 

4 h).      



CRAVEIRO, C. Reprodução do camarão Sete-barbas Xiphopenaeus kroyeri ... 

 

 

35 

 



CRAVEIRO, C. Reprodução do camarão Sete-barbas Xiphopenaeus kroyeri ... 

 

 

36 

Fig. 4. Photomicrographs of the oocyte development of female Xiphopenaeus kroyeri: 

a) oogonia (OO) concentrated in the proliferation zone (PZ); b) oogonia (OO) in detail; 

c) chromatin nucleolar oocyte  (CN); d) chromatin perinucleolar oocyte (CPN); e) 

primary vitellogenic oocyte (VTG1) showing cuboidal follicular cells (fc); f) secondary 

vitellogenic oocyte (VTG2) showing squamous follicular cells (fc); g) mature oocyte 

(MO) showing vesicles (V) in detail and squamous follicular cells (fc); h) atretic oocyte 

(AO) in different degrees of atresia; i) atretic oocyte (AO) showing yolk droplets (yd); 

Captions: nucleus (n); Staining: H/E-P (a, b, f, g); H (c); GOT (d, e , h , i). 

 

Table 1. Diameter (mean ± SD) for each oocyte phase of Xiphopenaus kroyeri females 

in Lucena, Paraíba, northeastern Brazil.  

Oocyte phase Diameter (µm) * 

Oogonia (OO) 9.35 ± 2.08
a
 

Chromatin nucleolar oocytes (CN) 21.17 ± 5.43
b
 

Chromatin perinucleolar oocytes (CPN) 41.36 ± 11.36
c
 

Primary vitellogenic oocytes (VTG1) 97.72 ± 7.28
d
 

Secondary vitellogenic oocytes (VTG2) 135.16 ± 16.12
e
 

Mature oocytes (MO) 187.66 ± 23.57
f
 

Atretic oocytes (AO) ** 

Values in the same column with different superscript letters are significantly different (p 

< 0.05). 

* Sample number of 300 oocytes for each phase. 

** not measured. 

 

  Histochemical analysis of the different oocyte types allowed for the observation 

of the accumulation of proteins and collagen (Figure 5). In oogonia, oocytes I and II 

revealed a red pigmentation when subjected to the XP stain. However, they did not 

show protein droplets (Fig. 5 a, b). By contrast, in oocytes III a small proportion of 

protein droplets was observed (Fig. 5 (c)), which became more evident and numerous in 

oocytes V (Fig. 5 d). Cell membrane (cmb) in fuchsia color was evident from the 

beginning of oocyte I until the end of maturation when it becomes thicker (Fig. 5 d), 

showing that this membrane has protein in its composition. The vesicles present in 

mature oocytes (V) were not identified by the XP technique. Atretic oocytes showed the 
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presence of protein, but not collagen droplets. The deposition of a small amount of 

collagen (Fig. 5 e-h) began to be observed in VTG2 oocytes (IV - Fig. 5 g). Collagen 

droplets become larger and more numerous in mature oocytes, forming larger vesicles 

that move to the peripheral region of the cytoplasm (Fig. 5 h), although they can also be 

observed throughout the cytoplasm.  

  Germ cells reacted positively to PAS from VTG1 (Fig. 5 k-m), which means that 

neutral polysaccharides accumulate as the vitellogenesis process begins. In addition to 

being composed of collagen, vesicles presented in the cytoplasm of mature oocytes also 

have neutral polysaccharides (Fig. 5 l, m). 

  Follicular cells compose the follicular complex and change their shape and 

location in the ovaries during maturation (Fig. 6). At first, cubic follicular cells were 

dispersed within oogonia or clustered near oocytes I (Fig. 6 a), while further, they 

formed clusters surrounding oocytes II (Fig. 6 b). Although oocyte maturation began 

with the emergence of oocytes I and II, follicular complex formation began only in 

oocytes at the primary vitellogenesis (III) stage, which was characterized by a single 

layer of cubic follicular cells (Fig. 6 c). As maturation progressed, the follicular cells 

became squamous (Fig. 6 d), and finally formed an external layer to the ripe oocytes 

(Fig. 6 e). When atretic oocytes emerged after spawning, the follicular cells became 

cubic again, while part of them degenerated into the ovary (Fig. 6 f). 

  Histochemically, the follicular cells reacted to XP indicating the presence of 

proteins in their cytoplasm regardless of the ovarian development or oocyte stage. Small 

proportions of orange-stained protein droplets could be noted in the cytoplasm of 

follicle cells at the beginning of maturation, increasing in proportion in VTG1, VTG2, 

and MO oocytes (Fig. 6 h-j). 
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Fig. 5. Photomicrographs of the oocytes of Xiphopenaeus kroyeri: a-b) previtellogenic 

oocyte showing cell membrane (cmb) and absence of protein droplets (pd); c) primary 
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vitellogenic oocyte (VTG1) with a small proportion of protein droplets (pd); d) mature 

oocyte (MO) showing protein droplets (pd) and absence of protein droplets (*); e) 

previtellogenic oocyte showing absence of collagen; f) primary vitellogenic oocyte 

(VTG1) showing yolk droplets (yd) concentrated near the nucleus; g) secondary 

vitellogenic oocyte (VTG2) showing larger yolk droplets (yd) concentrated throughout 

the cytoplasm and discrete deposition of cytoplasmic collagen vesicles (*); h) mature 

oocyte (MO) in final phase showing collagen deposition (*) larger and concentrated in 

the periphery of the cytoplasm; i) oogonia (OO) showing absence of neutral 

polysaccharides; j) perinucleolar oocyte with absence of neutral polysaccharides; k) 

VTG1 oocyte showing presence of neutral polysaccharides (NP) throughout the 

cytoplasm; l) VTG2 oocyte showing presence of neutral polysaccharides (NP) more 

concentrated near the nucleus and in the central part of the cytoplasm; m) mature oocyte 

(MO) showing droplets of neutral polysaccharides (NP) throughout the cytoplasm, 

including vesicles at the periphery of mature oocytes. Captions: nucleus (n); cell 

membrane (cmb); follicular cells (fc); oogonia (OO).  Staining: XP (a-d); GOT (e-h); 

PAS (i-m);  
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Fig. 6. Photomicrographs of the follicular complex showing follicular cell morphology 

in developing oocytes of Xiphopenaeus kroyeri: a) cuboidal follicular cells (fc) become 

clustered in batches or dispersed near previtellogenic oocytes (PVTG); b) cuboidal 

follicular cells surround chromatin perinucleolar (CPN) oocyte clusters (oocyte II); c) 

single-layer cuboidal follicular cells surround primary vitellogenic oocytes (VTG1); d) 

single-layer squamous follicular cells surround the secondary vitellogenic oocytes 
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(VTG2); e) external layer to the mature oocyte (MO); f) cuboidal follicular (fc) cells 

surrounding the atretic oocytes (AO); g-j) follicular cells being differentiated in the 

cytoplasm showing total proteins highlighted in orange staining. Captions: nucleus (n); 

vesicles (V) chromatin nucleolar oocyte (CN); chromatin perinucleolar oocyte (CPN); 

Staining: H/E-P (a-f); XP (g-h); 

 

4. Discussion 

   General anatomy of the ovary of X. kroyeri is in accordance with previous 

descriptions for penaeids (King, 1948; Worsmann et al., 1976, Dall et al., 1990; 

Harrison, 1990; Browdy, 1992; Garcia et al., 2021). Coloration, degree of turgidity, 

size, and texture of the ovaries change with the progression of maturation (O'Donovan 

et al., 1984; Quintero and Gracia, 1998; Peixoto et al., 2003; Craveiro et al., 2019; 

Garcia et al., 2021), which was also observed in the present study. These morphological 

changes occurring in the ovaries have been demonstrated to be closely related to the 

pattern of nutrient accumulation and oocyte development (Zara et al. 2011; Braga et al. 

2016). Although morphological descriptions of ovaries are routinely used in hatcheries 

to select ready-to-spawn females (Alfaro-Montoya, 2013; Ceballos-Vázquez et al., 

2003), the knowledge about corresponding histological characteristics is crucial in order 

to improve accuracy in staging ovarian maturation and to establish guidelines for 

penaeid breeding programs (Quintero and Gracia, 1998; Braga et al., 2016; Garcia 

Bento et al., 2020).    

  We noted that the ovarian structure of X. kroyeri is composed of collagen fibers. 

Previous studies on penaeids have only reported the presence of fibrous material, such 

as Penaeus setiferus (King, 1948) and Penaeus paulensis (Neiva et al., 1971; 

Worsmann et al., 1976), although no histochemical analysis was performed in these 

studies. Collagen fibers give strength and elasticity to their constituent organs; in this 

regard, we may assume that collagen fibers give the ovary the ability to change to the 

degree of turgidity throughout the oocyte maturation process, until spawning occurs, 

and then the reproductive cycle is resumed. 

  The description of the oviducts lined with three layers is first reported for 

penaeids in the present study. The internal layer is composed of secretory epithelium, 

the middle and external layers are composed of stratified columnar epithelium, 

separated by muscular epithelium. Krol et al. (1992) and Bell and Lightner (1988) 

described the existence of only one layer of simple columnar epithelium for penaeid 
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species. The presence of columnar epithelium is indicative of the occurrence of 

secretory activity, as observed by King (1948) for P. setiferus. Nevertheless, these 

previous studies did not report muscular epithelium in the oviducts. We hypothesized 

that the muscular epithelium layers assist with the transport of oocytes until they reach 

the gonopores. Moreover, the presence of a homogeneous acidophilic pink-stained 

substance can be observed in the lumen of the oviduct, confirming secretory activity in 

the oviduct, which may also facilitate in the oocyte expulsion process.  

  Studies on the ovarian maturation of wild penaeid broodstocks have been used 

as a starting point for the development of captive breeding (Tan-Fermin and Pudadera, 

1989; Tan-Fermin, 1991; Medina et al. 1996; Palacios et al., 1999; Peixoto et al., 2003, 

2005), since controlled reproduction is considered an important step in order to 

determine the technological package for candidate species for aquaculture (Alfaro-

Montoya et al. 2018). Furthermore, improving reproductive capacity of domesticated 

broodstocks is a constant challenge for commercial hatcheries worldwide. Reproductive 

performance has been related to quality of feed given to broodstock (Bray & Lawrence, 

1990; Wouters et al, 2001a), but there is little information available on nutrient 

incorporation patterns throughout the vitellogenesis process.  

  Identification of oocyte developmental stages based on histological and 

histochemical patterns in penaeids was previously reported only by King (1948) for P. 

setiferus, Yano (1988) for Penaeus japonicus, and Tan-Fermin and Pudadera (1989) 

for Penaeus monodon. Oogonia and oocyte I showed cytoplasm strongly reactive to 

hematoxylin, lacking in neutral polysaccharides and collagen. Polysaccharides began to 

accumulate only in oocyte II. In the ovaries of Exhippolysmata oplophoroides, 

polysaccharides were detected in previtellogenic oocytes, which were considered the 

first reserves to be accumulated in this species (Braga et al. 2016), as indicated in our 

study. X. kroyeri oocytes presented neutral polysaccharides (glycoproteins) as reported 

for several penaeid species (Lynn and Clark, 1987; Tan-Fermin and Pudadera, 1989; 

Clark et al., 1990; Yamano et al., 2004; Kruevaisayawan et al., 2007). Zara et al. (2011) 

argued that these glycoproteins are also the first reserves stored during previtellogenesis 

and increased during the ovarian maturation of Callinectes danae.  

  Total protein deposition in oocytes I and II of X. kroyeri showed homogeneous 

positive staining throughout the cytoplasm, not differentiating between these stages. 

Braga et al. (2016) observed the presence of proteins in oocytes of E. oplophoroides and 

suggested that they were important for embryo development and juvenile survival. In 
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the present study, protein granules were also observed in small proportions dispersed in 

the cytoplasm of oocytes III, evidenced in orange color by XP. Furthermore, they 

increased in number and pigmentation in oocytes IV and filled the entire cytoplasm of 

oocytes V in small red droplets. Some authors suggest that an increase in protein 

content in mature ovaries was related to rapid oocyte growth during the last stages of 

vitellogenesis for P. japonicus (Yano and Chinzei, 1987), Macrobrachium rosenbergii 

(Lee and Chang, 1997), Penaeus aztecus and P. setiferus (Castille and Lawrence, 1989). 

  Accumulation of nutrients during ovarian maturation was associated with a 

progressive increase in the gonadosomatic index due mainly to lipids and proteins 

(Mourente and Rodrigues, 1991; Spaargaren and Haefner, 1994; Cavalli et al., 2001; 

Wouters et al., 2001). In the present study, as X. kroyeri maturation progressed, a 

proportional increase in cytoplasm area occurred, which is indicated by the mean 

diameter of each oocyte stage. Oocyte sizing is a useful tool in comparing reproductive 

performance between wild and captive females, as several studies have reported that 

captive ones showed smaller oocytes which has been related to lower hatching 

performance (Peixoto et al. 2005), in addition to inferior larval quality (Palacios et al, 

1999; Ceballos-Vázquez et al, 2003; Arcos et al, 2005, 2011). According to 

Quackenbush (1989), the quantity of yolk protein in penaeid eggs can affect larval 

survival. Corral-Rosales et al. (2018) noted that early vitellogenesis occurred when 

biochemical reserves stored in different tissues were mobilized to the ovary. 

Accordingly, a rapid increase can be noted in the size of oocytes after stage III in the 

present study. Possibly yolk incorporation was the factor responsible for such abrupt 

change in oocyte diameter (Quackenbush, 1989; Yano et al., 1996; Craveiro et al., 

2019), since yolk granules started accumulating near the nucleus of oocytes III and then 

dispersed throughout the cytoplasm in larger droplets until final maturation.   

   Formation of cortical crypts in mature oocytes is an important feature of the 

final stage of maturation and occurs immediately before spawning in penaeids (Tan-

Fermin and Pudadera, 1989). These structures assist in the attachment of sperm, 

forming the hatching bundle, and may have antimicrobial activity (Clark Jr. et al., 1980; 

Yano, 1988; Kruevaisayawan et al., 2007). However, cortical crypts were not observed 

in the present study for X. kroyeri. Instead, we observed vesicles consisting of collagen 

and glycoprotein accumulating in the cytoplasm and increasing in size as the oocyte 

maturation progresses. These vesicles were not rod-shaped or spherical-shape and are 

not organized occupying the entire periphery of the cytoplasm, which differentiates 
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them from the cortical crypts of mature oocytes reported for several penaeids (Ayub and 

Ahmed, 2002; Peixoto et al., 2003; Silva et al., 2016; Craveiro et al., 2019; Garcia et al., 

2021). Although the absence of cortical crypts is rare, it has also been reported for some 

penaeid species, such as Metapenaeopsis dalei (Sakaji et al., 2000), Metapenaeopsis 

monoceros (Abraham e Manisseri, 2012), Penaeus indicus (Henry et al., 2019), 

Metapenaeopsis sibogae and Metapenaeopsis provocatoria owstoni (Rahman e Ohtomi, 

2017; 2020). Lynn and Clark (1987) observed for P. aztecus that cortical crypts 

consisted mainly of proteins and carbohydrates. In the present study, the vesicles 

showed presence of neutral polysaccharides (i.e. glycoproteins), which have also been 

reported in the cortical crypts of mature penaeid oocytes by several authors (Lynn and 

Clark, 1987; Tan-Fermin and Pudadera, 1989; Clark et al., 1990; Yamano et al., 2003; 

Kruevaisayawan et al., 2007). Craveiro et al. (2022) argued that the chemical 

composition of the vesicles in X. kroyeri would probably be different from the cortical 

crypts of other penaeids, based on their characteristics using standard histological 

analysis with Hematoxylin and Eosin, which was proved histochemically in the present 

study. Nevertheless, despite the morphological and histochemical differences between 

these structures, we suggest that the vesicles found in X. kroyeri may have the same or 

similar function as the cortical crypts in mature oocytes of other penaeids. However, 

studies on how fertilization occurs in X. kroyeri and other species that have vesicles in 

the final maturation process are needed in order to confirm this hypothesis. 

  Atretic oocytes were observed in resorption, as reported by several authors in 

penaeid ovaries after spawning (Tan-Fermin and Pudadera, 1989; Silva et al., 2016; 

Bolognini et al., 2017; Lopes et al., 2017; Craveiro et al., 2019; Garcia et al., 2021). 

Histochemical staining of atretic oocytes showed the presence of yolk droplets 

distributed throughout the cell (Figure 4i), but no collagen granules were observed, even 

in oocytes at the beginning of atresia. This fact may indicate that collagen is possibly 

the first substance to be reabsorbed by the ovary when the oocyte reaches final 

maturation. Occurrence of atretic oocytes has been used to determine the spawning 

season of wild penaeid stocks, being an important parameter in estimating the 

recruitment dynamics for the purpose of management of fisheries (Silva et al., 2016; 

Bolognini et al., 2017; Lopes et al., 2017). Furthermore, atresia has also been linked to 

reproductive performance of penaeid broodstocks, as an indication of ovarian regression 

when occurred prior to final maturation stages and poor fecundity when it is abundant 

after spawning (Palacios et al. 1999; Peixoto et al. 2005). 
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  Follicular cells compose the follicular complex, forming an external layer 

around the vitellogenic oocytes, and they are also organized in clusters near or 

surrounding the germ cells during maturation of X. kroyeri. Other studies have also 

reported this pattern of follicular cells for penaeid species, such as P. setiferus (King, 

1948) and P. paulensis (Worsmann et al., 1976). Throughout ovarian maturation, 

follicular cells show morphological changes, varying from cubic to fused appearance 

from the beginning to the end of ovarian maturation, respectively, corroborating the 

observations of Tan-Fermin and Pudadera (1989) for P. monodon. In P. japonicus it 

was suggested that follicular cells may synthesize vitellogenin, which is secreted into 

the hemolymph and then absorbed by the oocytes (Yano and Chinzei, 1987). By 

contrast, Braga et al. (2016) argued for E. oplophoroides that changes in the shape of 

follicle cells during oocyte maturation would not seem to be related to vitellogenin 

production per se, but rather to the transfer of components from the hemolymph to the 

oocytes and chorion formation. In the present study, we observed that follicular cells are 

involved in at least one histochemical process during X. kroyeri oogenesis since a 

differentiation was noted in pigmentation of proteins in their cytoplasm as vitellogenesis 

progressed. Adiyodi and Subramonian (1983) observed in their studies for decapod 

crustaceans that cubic follicular cells are responsible for the atresia process. According 

to them, such cells possess hydrolytic enzymes that may participate in the digestion 

process of the yolk granules. In the present study, we observed that follicular cells help 

in the maturation process; however, the relationship of these cells and the atresia 

process was not clear and needs to be further investigated. According to Chaves and 

Magalhaes (1993), follicular cells undergo cellular hypertrophy during the atresia 

process, returning to the cubic shape of the initial stage of vitellogenesis, which in this 

case corroborates our observations for X. kroyeri. 

  In summary, the histological observations of oocyte development for X. kroyeri 

led us to define, for the first time for penaeids, oogenesis into six distinct stages: 

nucleolar oocyte, perinucleolar oocyte, oocyte in primary vitellogenesis, oocyte in 

secondary vitellogenesis, mature oocyte, and atretic oocyte. Our histochemical findings 

suggest that protein accumulation does not occur during pre-vitellogenesis, but a 

progressive increase in proteins, neutral polysaccharides, and collagen takes place 

starting from vitellogenic oocytes until their final maturation. Instead of cortical crypts, 

which are structures usually found in mature penaeid oocytes, vesicles composed of 

collagen and glycoproteins were identified in the final maturation. Follicular cells form 
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an external layer around vitellogenic oocytes and may be involved in transferring 

proteins into germ cells. The present results are useful not only to improve the 

knowledge about the nutrients that are incorporated throughout vitellogenesis, but also 

the overall ovarian maturation process of penaeids. 
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3.2 Capítulo II:  

 

Métodos utilizados na identificação dos estágios de maturação ovariana 

macroscópico do Xiphopenaeus kroyeri: implicações na determinação da época de 

desova 

Resumo 

Uma avaliação precisa dos parâmetros populacionais relacionados à reprodução de 

camarões peneídeos é essencial para um manejo pesqueiro mais eficiente deste recurso 

de grande importância comercial no mundo. As amostragens dos espécimes de 

Xiphopenaeus kroyeri ocorreram em Lucena, Paraíba, Brasil (6°53'50 "S, 34°51'01 "W) 

durante o período de dezembro de 2016 a novembro de 2017. Todas as fêmeas foram 

avaliadas macroscopicamente, usando dois métodos diferentes. No primeiro método 

(Método I), o estágio de maturação foi avaliado macroscopicamente observando-se o 

ovário através do exoesqueleto, com o auxílio de luz artificial. No segundo método 

(Método II), o estágio de maturação foi avaliado macroscopicamente a partir da 

extração do ovário fresco; e sua morfologia foi observada, considerando o grau de 

turgidez e a aparência do tecido que reveste a gônada. Todas as amostras foram 

submetidas a análise histológica padrão. Foi avaliado o índice de concordância (%) 

através da fórmula: IC (%) = NC×100/NTF para verificar qual método apresenta mais 

concordância com a análise histológica. O método II apresentou melhor índice de 

concordância com a análise histológica em relação ao método I, destacando a 

importância de observar as características morfológicas de uma fêmea-recém capturada, 

uma vez que a coloração dos ovários tende a se modificar ao longo do tempo. Ambos os 

métodos se apresentaram eficientes para identificar o estágio maturo, uma vez que 

100% das amostras foram identificadas corretamente, destacando que ambos os 

métodos podem ser utilizados para identificar corretamente este estágio de maturação. O 

agrupamento dos estágios desovado e repouso em um único estágio pode ser 

considerado um grande problema, pois apresentam características e interpretações 

opostas do ponto de vista histológico, acarretando em sérios problemas nos meses de 

desova, bem como no pico de desova.  

Palavras-chave: análise macroscópica, histologia, ovário, gestão. 

1. Introdução 
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A avaliação das fases de desenvolvimento gonadal é uma etapa crucial para 

compreender a biologia reprodutiva de camarões peneídeos (CRISP et al., 2017). No 

campo da biologia pesqueira, a correta identificação da escala maturacional resulta em 

uma menor ambiguidade na classificação da fase de maturação dos ovários e, 

consequentemente, melhora as estimativas dos padrões reprodutivos (CRAVEIRO et 

al., 2022). Contudo, apesar da ampla utilização da avaliação da escala maturacional em 

camarões peneídeos, existem inúmeras divergências em relação ao número de estágios, 

bem como nas metodologias aplicadas na avaliação macroscópica dos ovários, o que 

pode gerar erros na classificação das fases de maturação, e consequentemente nas 

medidas de gestão. 

 De fato, a maioria dos estudos destinados à classificação da escala de maturação 

dos ovários em camarões peneídeos derivam de estudos destinados à desova em 

cativeiro para fins de produção de larvas de espécies comercialmente importantes. 

Nesse caso, os estágios ovarianos normalmente descritos são quatro: imaturo, em 

maturação, maturo e desovado (QUACKENBUSH, 1989; TAN-FERMIN e 

PUDADERA, 1989; PALACIOS et al., 1999; MEDINA et al., 1996; PEIXOTO et al., 

2002, 2003). A previsão do momento da desova é fundamental e tem sido feita 

observando a coloração e formato através do exoesqueleto transparente do camarão. 

Após a identificação do estágio maturo, as fêmeas são transferidas para tanques de 

desova. Neste contexto, é evidente que reconhecer com precisão apenas o estágio 

maturo seja suficiente, uma vez que é fácil observar a cor e espessura do ovário através 

da carapaça transparente do camarão, facilitando a gestão dos reprodutores em cativeiro 

sem ter que os sacrificar. 

 A visualização da coloração dos ovários através do exoesqueleto, embora 

apresente várias vantagens para a gestão dos reprodutores na aquicultura, pode não ser 

uma avaliação muito criteriosa na classificação da maturação dos ovários para 

estabelecer parâmetros populacionais precisos de fêmeas selvagens. Um exemplo disto 

são as inúmeras classificações dos estágios de maturação ovariano, os quais descrevem 

de quatro e seis estágios (VOGT et al.,1989; TAN-FERMIN, 1991; MEDINA et al., 

1996; QUINTERO e GRACIA, 1998; PALACIOS et al., 1999; AYUB e AHMED, 

2002; PEIXOTO et al., 2003; SILVA et al., 2016; BOLOGNINI et al., 2017; PEIXOTO 

et al., 2018; CRAVEIRO et al., 2019; GARCIA et al., 2021; CRAVEIRO et al., 2022). 

Além disso, as características morfológicas dos ovários frescos se modificam 

rapidamente. Isto ocorre especialmente com as características que diferenciam os 
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estágios imaturo, desovado e repouso, que são de difícil distinção através do 

exoesqueleto, como têm sido relatados em diversos estudos voltados para a dinâmica 

reprodutiva (DUMONT e D'INCAO, 2004; GONÇALVES et al., 2009; SILVA et al., 

2016; LOPES et al., 2017; CRAVEIRO et al., 2019; GARCIA et al., 2021).  

            A compreensão das relações entre os estágios de maturação gonadal e os 

parâmetros populacionais relacionados com a reprodução fornece informações para o 

estabelecimento de um plano de gestão pesqueiro que permita a captura racional e 

sustentável das unidades populacionais de camarão. No entanto, existem lacunas no 

conhecimento da biologia reprodutiva de muitas espécies, as quais podem ser ainda 

mais acentuadas pela qualidade dos dados ou pelos métodos utilizados para a sua 

obtenção (PEIXOTO et al., 2011; CRISP et al., 2017). Recentemente, Craveiro et al. 

(2022) observaram para o Penaeus subtilis que a extração do ovário combinada com a 

avaliação morfológica através da coloração, aparência e textura dos ovários frescos 

tornou possível diferenciar macroscopicamente os estágios desovado e repouso, o que 

foi posteriormente confirmado com a análise histológica. Estes autores pontuaram que a 

aplicação dessa metodologia poderia melhorar as estimativas da época reprodutiva, 

período de desova e tipo de desova. 

 Neste sentido, o objetivo deste estudo foi comparar as técnicas descritas acima, 

testando sua concordância na determinação dos estágios de maturação gonadal quando 

comparando a análise histológica. Além disso, pretende-se observar se haveriam 

mudanças nas estimativas de período reprodutivo e época de desova utilizando cada 

uma destas técnicas.  

2. Material e métodos 

2.1 Área de estudo e transporte das amostras para o laboratório 

 A amostragem ocorreu em Lucena, Paraíba, Brasil (6°53'50 "S, 34°51'01 "W) 

durante o período de dezembro de 2016 a novembro de 2017. Foram realizados dois 

arrastos mensais utilizando rede de arrasto de praia com auxílio de uma embarcação 

não-motorizada empregada por pescadores artesanais da região. Os arrastos foram 

realizados a partir de 500 metros (profundidade de 6 metros até a zona de surf) e 

puxados em direção à costa. Após a amostragem, os espécimes foram armazenados em 

gelo e transportados para o laboratório para posterior análise. 

2.2 Avaliação morfométrica e análise macroscópica dos ovários 
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As fêmeas de Xiphopenaeus kroyeri (n=1.289) foram sexadas com base na 

presença do télico. O comprimento total (CT), o comprimento do cefalotórax (CC) e o 

peso total úmido (PT) foram medidos com paquímetro digital (cm) e balança de 

precisão (000,1 g). O desenvolvimento dos ovários foi determinado com base na 

morfologia e na cor. Todas as fêmeas foram avaliadas macroscopicamente por dois 

métodos. No método I, o estágio de maturação foi avaliado macroscopicamente 

observando-se o ovário através do exoesqueleto, com o auxílio de luz artificial. A cor do 

ovário foi comparada a um catálogo cromático amplamente disponível (Pantone 

Matching System, Coated Simulation, Pantone, Carlstadt, NJ, EUA) para estabelecer 

um ponto de referência cromático. No método II, o estágio de maturação foi avaliado 

macroscopicamente a partir da extração do ovário fresco, cuja morfologia foi observada 

considerando o grau de turgidez e a aparência do tecido que reveste a gônada. A cor do 

ovário fresco também foi comparada com o mesmo catálogo cromático do método I. 

2.2 Análise histológica 

  As fêmeas foram dissecadas para análise histológica dos ovários (n=1.289). Os 

ovários foram dissecados da cavidade dorsal do corpo, e foram retirados fragmentos 

(0,5 cm) da porção mediana, fixados em solução salina Davidson por 24 horas e 

transferidos para 70% de álcool para conservação. As seções do ovário foram 

desidratadas em séries ascendentes de álcool (80, 90%, 95% e 100%), clarificadas em 

xilol e embebidas em parafina. As lâminas foram seccionadas em 5 µm usando um 

micrótomo rotativo (Leica RM2145, Leica Microsystems, Alemanha).  

  As lâminas foram coradas com hematoxilina de Harris e contra coradas com 

eosina-floxina para visualizar o estágio de desenvolvimento ovariano de cada amostra. 

As lâminas foram observadas em um microscópio óptico (Leica DM500) equipado com 

uma câmera digital (Leica ICC50HD). As fotomicrografias das lâminas foram 

digitalizadas com o software Leica com objetivas de 4× a 100× de ampliação.  

2.3 Análise de dados 

  O índice de concordância dos dois métodos foi calculado a partir da proporção 

de respostas corretas quanto à concordância entre o método I (observação do estágio 

através da carapaça transparente) em relação à análise histológica, bem como o método 

II (extração do ovário fresco e morfologia e padrão de coloração) em relação à análise 

histológica. Esta proporção foi obtida utilizando a fórmula: IC (%) = NC×100/NTF, 

onde IC% é o índice de concordância, NC é o número total de concordâncias, NTF é o 
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número total de fêmeas amostradas. O índice de erro foi obtido a partir da seguinte 

fórmula, IE (%) = NTE × 100/ NTF, onde IE é o índice de erro, NTE é o número total 

de erros e NTF é o número total de fêmeas amostradas. 

  Para a classificação dos estágios de maturação gonadal, os dados foram 

agrupados em diferentes estágios de maturação com base na presença da fase celular 

mais desenvolvida. A classificação histológica dos estágios de maturação gonadal para 

o método I utilizou a escala definida por Lopes et al. (2014). Para o método II, utilizou-

se a classificação histológica seguindo Craveiro et al. (2022), a qual foi adaptada para a 

espécie. O período reprodutivo foi determinado com base na proporção mensal dos 

estágios de maturação ovariano, enquanto a época de desova foi avaliada usando a 

frequência relativa mensal do estágio desovado.  

 

 3. Resultados 

O método I permitiu identificar quatro estágios macroscópicos de maturação 

gonadal apresentando coloração distintas. Os estágios I (imaturo) e III (maturo) 

obtiveram apenas uma coloração de ovário, translúcido e verde escuro (Pantone 5757 

PC), respectivamente. Para o estágio II foi observado duas cores, verde claro (Pantone 

586 PC) e verde médio (Pantone 385 PC). Da mesma forma, para o estágio IV foi 

observada as cores amarelo-claro (Pantone 602 PC) e translúcido (Figura 1a).  

O método II, por sua vez, permitiu a identificação de seis estágios de maturação. 

O estágio I (imaturo) e o estágio VI (repouso) apresentaram a coloração translúcida. O 

estágio II (em maturação inicial) apresentou a cor verde claro (584 PC), estágio III (em 

maturação avançada) apresentou a cor verde médio (384 PC), estágio IV (Maturo) 

apresentou a cor verde escuro (384 PC) e o estágio V (desovado) apresentou a cor verde 

claro (379 PC), conforme a Figura 1b.  
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Figura 1. Escala maturacional macroscópica do Xiphopenaeus kroyeri: a) escala 

maturacional macroscópica obtida a partir da visualização dos ovários através do 

exoesqueleto (Método I) mostrando as cores de ovário mais frequentes de acordo com o 

catálogo Pantone (I: imaturo, II: em maturação, III: maturo e IV: desovado); b) escala 

maturacional macroscópica obtida a partir da extração, visualização e observação da 

morfologia dos ovários frescos (Método II) mostrando as cores dos ovários mais 

frequentes de acordo com o catálogo Pantone (I: imaturo, II: em maturação inicial, III: 
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em maturação avançada, IV: maturo, V: desovado, VI: repouso). Legenda: cor 

translúcida (T). 

 

A análise histológica das fêmeas observadas pelo método I possibilitou a 

identificação de quatro estágios de maturação: imaturo (I) com presença de ovócitos 

pré-vitelogênicos; em maturação (II) com presença de ovócitos em vitelogênese 

primária e secundária; maturo (III) com presença de ovócitos maturos apresentando 

vesículas por todo o citoplasma; desovado (IV) apresentando ovócitos pré-vitelogênios, 

ovócitos atrésicos e folículos pós-ovulatório (Figura 2a).  

O método II, por sua vez, possibilitou identificar seis estágios de maturação: 

imaturo (I) com presença de ovócitos pré-vitelogênicos; em maturação inicial (II) com 

presença de ovócitos em vitelogênese primária; em maturação avançada (III) com 

presença de ovócitos em vitelogênese secundária; maturo (IV) com presença de 

ovócitos maturos apresentando vesículas por todo o citoplasma; desovado (V) ovócitos 

pré-vitelogênios, ovócitos atrésicos e folículos pós-ovulatório e repouso (VI) com 

presença de ovócitos pré-vitelogênicos, como pode ser observado na Figura 2b. 
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Figura 2. Cortes histológicos dos ovários de Xiphopenaeus kroyeri mostrando a escala 

maturacional através do método I representados pelas figuras: I (estágio imaturo), II (em 

maturação), IV (estágio maturo) e V (Estágio desovado); escala maturacional através do 

método II representadas pelas figuras: I (imaturo), II (em maturação inicial), III (em 

maturação avançada), IV (maturo), V (desovado), VI (repouso). 

O índice de concordância (%) mostrou que a extração dos ovários frescos para 

avaliação macroscópica (método II) resulta em um maior índice de concordância 

(89,61%) quando comparado com o método I, em que ocorre apenas a visualização dos 

ovários através da carapaça de camarão (55,6%) (Tabela 1).  

No método I, do total de 156 amostras identificadas histologicamente como 

estágio imaturo, 42 (26,92%) amostras foram identificadas de forma errada como 

estágio desovado; 352 amostras identificadas como estágio em maturação, 174 (49,4%) 
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foram identificados de forma equivocada como estágio maturo (Tabela 1). Do total de 

155 amostras identificadas como estágio maturo houve 100% de acertos; dentre as 626 

amostras determinadas histologicamente como desovadas, 501 amostras foram 

identificadas de forma equivocada, sendo 430 (68,69%) amostras identificadas como 

estágio imaturo e 71 (11,34%) das amostras identificadas como o estágio em maturação. 

No método II, do total de 156 amostras identificadas histologicamente como 

estágio imaturo, apenas 18 amostras (11,5%) amostras foram identificadas de forma 

errada como estágio repouso; 194 amostras identificadas como o estágio em maturação 

inicial, 9 (4,63%) foram identificados de forma equivocado como estágio desovado, 

conforme pode ser observado na Tabela 1. O estágio de maturação avançado (n=158), 

14 (8,8%) foram identificados de forma equivocada como estágio maturo; As amostras 

identificadas como estágio maturo (n=155) obtiveram 100% de acertos em relação a 

análise histológica. Do total de 122 amostras determinadas histologicamente como 

desovadas, 4 (3,27%) amostras foram identificadas de forma equivocada como em 

maturação inicial e 3 (2,4%) como estágio repouso. Do total de 504 amostras 

determinadas histologicamente como repouso, 86 (17,06%) amostras foram 

identificadas de forma equivocada como imaturo.  

 

Tabela 1. Índice de concordância (%), número de acertos, índice de erros, e número de 

erros entre os métodos I (visualização dos ovários através do exoesqueleto) e II 

(extração, visualização e observação da morfologia dos ovários frescos) de avaliação 

macroscópica quando comparados com a análise histológica dos estágios de maturação 

ovariano do camarão Xiphopenaeus kroyeri. 

Estágio 
Índice de 

concordância (%) 

Nº de 

acertos 

Índice de erro 

(%) 

Nº de 

erros 

Nº 

total 

Método I      

I 73,08 114 26,92 42 156 

II 49,60 178 49,40 174 352 

III 100,00 155 0,00 0 155 

IV 18,93 125 81,03 501 626 

      
Geral 89,61     

Método II     

I 88,50 138 11,50 18 156 

II 95,37 185 4,63 9 194 

III 91,20 144 8,80 14 158 

IV 100,00 155 0,00 0 155 

V 94,33 115 5,67 7 122 
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VI 82,94 418 17,06 86 504 

      
Geral 55,60     

 

 

Com base na proporção mensal dos estágios de maturação ovariano foi obtido o 

período reprodutivo utilizando a escala macroscópica e histológica para ambos os 

métodos (Figura 3a e b), bem como foi possível identificar a época de desova a partir a 

frequência relativa mensal do estágio desovado. Utilizando ambos os métodos, o 

período de maior atividade reprodutiva ocorreu de outubro a março. No método I, não 

há fêmeas maturas de junho a setembro e as desovas ocorrem o ano inteiro (exceto 

janeiro), com maior pico de abril a setembro, caracterizando um ciclo contínuo (Figura 

3a). No método II, o pico de desova ocorre em abril e maio, caracterizando um ciclo 

descontínuo devido à ausência de desovas de junho a setembro. O período de repouso, 

em que os ovários das fêmeas não estão em desenvolvimento, ocorre de junho a 

setembro (Figura 3b). 
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Figura 3. Período reprodutivo do camarão Xiphopenaeus kroyeri: a) estimado a partir 

da visualização dos ovários através do exoesqueleto (método I) (I: imaturo, II: em 

maturação, III: maturo e IV: desovado); b) estimado a partir da extração, visualização e 

observação da morfologia dos ovários frescos (método II) (I: imaturo, II: em maturação 

inicial, III: em maturação avançada, IV: maturo, V: desovado, VI: repouso).  

4. Discussão 

A classificação macroscópica e histológica dos estágios de desenvolvimento 

gonadal tem sido utilizada em conjunto cada vez mais para confirmar e validar as 

escalas maturacionais das espécies a fim de minimizar os erros nas estimativas de 

maturidade (QUINTERO e GRACIA, 1998; LOPES et al., 2014; SILVA et al., 2016; 

PEIXOTO et al.2018; CRAVEIRO et al., 2022; RIOS et al., 2022), que são úteis tanto 

para a gestão pesqueira como para o manejo de reprodutores em cativeiro.   

O índice de concordância permitiu observar uma porcentagem maior de 

concordância da avaliação macroscópica do método II (89,61%) do que no método I 

(55,6%) em relação à análise histológica, destacando a importância de observar as 

características morfológicas de uma fêmea-recém capturada, uma vez que a coloração 

dos ovários tende a se modificar ao longo do tempo, como também foi observado por 

Craveiro et al. (2022) para Penaeus subtilis. Crisp et al. (2017) e Quintero e Gracia 

(1998) tiveram dificuldades para avaliar os estágios desovado e imaturo através do 

exoesqueleto devido ao escurecimento do exoesqueleto. Estes autores só conseguiram 

distinguir aqueles estágios com base na análise histológica. 

As avaliações macroscópicas do método II apresentaram uma escala 

maturacional mais consistente em relação ao método I, pois apresentou apenas uma cor 

para cada estágio correspondente. A classificação macroscópica do desenvolvimento 

gonadal utilizando uma escala de coloração é uma metodologia amplamente utilizada, 

sendo uma alternativa prática e está intimamente relacionada ao desenvolvimento e 

organização das células germinativas que constituem o ovário (DUMONT e D’INCAO, 

2004; DUMONT et al. 2007). Apesar disso, Quintero e Gracia (1998) e Peixoto et al. 

(2003) destacaram que esta análise pode gerar dúvidas, uma vez que é possível observar 

diferentes colorações para um mesmo estágio de maturação. Em nosso estudo, 

observamos que os ovários do estágio II classificados pelo método I, que apresentaram 

cores diferentes na escala, possuíam células germinativas em diferentes fases de 

vitelogênese. Os ovários na cor verde claro (Pantone 586 PC) apresentavam ovócitos 
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em vitelogênese primária, já os na cor verde médio (Pantone 385 PC) apresentavam 

ovócitos em vitelogênese secundária. Além disso, estes ovócitos não ocorriam 

simultaneamente no mesmo ovário. Este fato também foi evidenciado no índice de 

concordância, pois, das 352 amostras identificadas como estágio em maturação, 174 

(49,4%) foram identificados de forma equivocada como estágio maturo. Acreditamos 

que pelo fato de alguns ovários possuírem um tom de verde mais escuro do que outros, 

este fato possa ter gerado dúvidas para o observador quanto a estimativa de maturidade 

gerando diferentes interpretações.  

O mesmo ocorreu em relação ao estágio IV do método I, que apresentou duas 

colorações, amarelo claro (Pantone 602 PC) e translúcido. Histologicamente são ovários 

distintos. Os ovários amarelos apresentavam ovócitos pré-vitelogênicos, ovócitos 

atrésicos e folículos pós-ovulatórios, enquanto os ovários translúcidos apenas 

apresentavam ovócitos pré-vitelogênicos. O índice de concordância no método I indicou 

que das 626 amostras determinadas histologicamente como desovadas, 430 foram 

identificadas como estágio imaturo, que seriam os ovários de coloração translúcida, e 71 

identificadas como o estágio em maturação, que apresenta coloração amarelo-claro 

(Pantone 602 PC). Este fato sugere que os ovários desovados identificados 

erroneamente como imaturos se assemelham mais histologicamente ao estágio repouso 

determinado no método I, do que propriamente ao desovado, decorrente da ausência de 

ovócitos atrésicos e folículos pós-ovulatórios. Neste sentido, para ambos os casos 

citados acima, recomendamos que estes estágios sejam separados na escala 

maturacional para que se possa ter concordância com a análise histológica. 

Ambos os métodos se apresentaram eficientes para identificar o estágio maturo, 

uma vez que 100% das amostras foram identificadas corretamente. Crisp et al. (2017) 

utilizaram o método I e observaram que as gônadas maduras eram consideravelmente 

mais fáceis para distinguir externamente através do exoesqueleto em fêmeas de 

Metapenaeus dalli. Apesar da subjetividade na definição das cores e das limitações de 

seu uso, este método é uma ferramenta importante que pode ser utilizada no manejo de 

reprodutores em cativeiro (ALFARO-MONTOYA, 2013; CEBALLOS VÁZQUEZ et 

al., 2003), uma vez que se mostraram eficientes na identificação de indivíduos maturos 

e sua coleta para realizarem a desova controlada. 

 Ambos os métodos de classificação analisados neste estudo resultaram em 

estimativas do período de maior atividade reprodutiva nos meses de outubro a março. 

Este fato sugere que para a identificação do estágio maturo ambos podem ser utilizados, 
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o que corrobora também com seus índices de concordância de 100% de acertos na 

identificação desse estágio. No entanto, as diferenças entre os métodos se tornam 

evidentes e preocupantes quando são utilizados para estimar o pico de desovas. 

Enquanto o método I indica a ocorrência de desovas ao longo do ano, caracterizando um 

ciclo contínuo, com maior pico de desova de abril a setembro, o método II apresenta 

ciclo descontínuo, com pico de desova apenas em abril e maio, cessando a atividade 

reprodutiva completamente de junho a setembro. O motivo dessa diferença decorre do 

agrupamento dos estágios repouso e desovado no método I, acarretando em uma 

interpretação completamente oposta da época de desova. Reis Jr. et al. (2017) utilizaram 

a metodologia de análise macroscópica do método I e relataram que o período 

reprodutivo era contínuo para X. kroyeri, uma vez que foram encontradas fêmeas em 

estágio maturo e desovado durante todo o ano na costa de Sergipe, nordeste do Brasil. O 

agrupamento dos estágios desovado e repouso em um único estágio pode ser 

considerado um erro, pois apresentam características e interpretações opostas do ponto 

de vista reprodutivo. O estágio desovado significa uma intensa atividade reprodutiva 

devido à desova recente, enquanto o estágio de repouso indica ausência de qualquer tipo 

de atividade reprodutiva. Em outras palavras, o agrupamento dos dois estágios pode 

levar a sérios problemas nas estimativas da época de desova. 

As implicações do agrupamento dos estágios desovado e repouso podem ser 

desastrosas se determinarmos medidas de manejo tomando como base que o ciclo 

reprodutivo é contínuo, como observado no método I (Figura 3a). Supostamente, se 

aplicássemos um período de defeso tomando como base a determinação do pico de 

desova, este ocorreria exatamente no período em que as fêmeas não apresentam 

atividade reprodutiva (estariam em repouso reprodutivo), ou seja, não causaria efeito 

algum sobre a população a tomada dessa medida de gestão (Figura 3a). Reis Jr. et al. 

(2017) pontuaram a existência de um pico de desova em agosto-setembro para X. 

kroyeri em Sergipe. Os autores se basearam na observação das fêmeas maturas e 

desovadas para caracterizar os picos de desovas, o que coincide substancialmente com a 

época de repouso das fêmeas (julho a setembro) em nosso estudo utilizando o método II 

para obter as estimativas. Apesar da problemática associada a este agrupamento, sua 

ocorrência é comum, como pode ser observado em diversos estudos sobre a reprodução 

de camarões peneídeos: Quintero e Gracia (1998), Palacios et al. (1999), Ayub e Ahmed 

(2002), Peixoto et al. (2003, 2018), Campos et al. (2009), Martins et al. (2013), Silva et 
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al. (2016), Lopes et al. (2017), Bolognini et al. (2017), Craveiro et al., (2019) e Garcia 

et al. (2021). 

Foi possível observar no presente estudo que o método II apresentou melhor 

índice de concordância com a análise histológica em relação ao método I, destacando a 

importância de observar as características morfológicas de uma fêmea-recém capturada, 

uma vez que a coloração dos ovários tende a se modificar ao longo do tempo. As 

avaliações macroscópicas do método II apresentaram uma escala maturacional mais 

consistente em relação ao método I, devido ao fato de ter tido apenas uma cor para cada 

estágio de maturação correspondente. Ambos os métodos se apresentaram eficientes 

para identificar o estágio maturo, uma vez que 100% das amostras foram identificadas 

corretamente, destacando que ambos os métodos podem ser utilizados no manejo de 

reprodutores em cativeiro. O agrupamento dos estágios desovado e repouso em um 

único estágio pode ser considerado um problema, pois apresentam características e 

interpretações opostas do ponto de vista histológico, acarretando erros nas estimativas 

de época de desova. Embora o método II tenha apresentado melhores índices de 

concordância em relação ao método I, é necessário um prévio conhecimento sobre a 

reprodução da espécie e  

Os resultados obtidos no presente estudo contribuem para o aprimoramento das 

técnicas empregadas no manejo de reprodutores em cativeiro e para o estabelecimento 

de medidas de gestão para a pesca de camarões peneídeos. 
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3.3 Capítulo III: artigo submetido em 26 de abril de 2022 e sendo 

considerado para a publicação na Revista Fisheries Research. 
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Ovarian maturation stages, size at maturity, spawning type and reproductive cycle 

of Seabob shrimp Xiphopenaeus kroyeri (Decapoda, Penaeidea) 

 

 

Abstract 

Xiphopenaeus kroyeri is a fishery resource of high economic, social and cultural 

importance on the Brazilian coast. Here we investigate the ovarian maturation stages, 

size at maturity, spawning type and reproductive cycle of the Seabob shrimp X. 

kroyeri caught in northeast Brazil. A total of 2,538 shrimps (1,289 females and 1,249 

males) were collected through artisanal fisheries and macroscopically analyzed for one 

year. For ovarian histological analysis, 618 females were randomly selected and were 

classified into six stages based on macroscopic and histological analysis: immature, 

early developing, advanced developing, ripe, spent, and resting. The spent and resting 

stages, which have been grouped in reproductive studies of penaeids shrimp, were 

separated for the first time. Although cortical crypts were not present in the periphery of 

mature oocytes cytoplasm, we observed vesicles accumulated in the cytoplasm of these 

cells. The histological analysis showed oocytes with synchronous development 

presenting total spawning. The mean length at maturity (CL50) for females was 1.3 cm 

CL (cephalothorax length). The reproductive cycle was classified as seasonal for 

females, with greater ovarian maturity and gonadosomatic index from October to 

March. The spawning peak occurs during the period of highest rainfall, with a higher 

percentage of spent females. Our findings suggest that spent females also need to be 

monitored to establish management measures for the conservation of the species, and 

not just ripe females, since mature ovaries do not guarantee that they will spawn. These 

findings may be useful for the sustainable management of commercial penaeid 

fisheries.   

 

Keywords: histology, ovarian development, reproduction, shrimp fishery. 
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1. Introduction 

  The description of the reproductive biology of penaeid shrimp has been an initial 

objective of many studies that evaluated population development, being essential to 

identify the reproductive season, size at first maturity and stage of gonadal development 

(Silva et al., 2016; Peixoto et al., 2018; Craveiro et al., 2019; Garcia et al., 2021). This 

knowledge can be useful to understand the proper management and conservation 

measures to prevent overfishing and improve reproductive success of commercially 

important species (Atherley et al., 2021). 

  The annual catch of penaeids on the Brazilian coast is around 39,000 tonnes, of 

which 27% is composed by the Seabob shrimp Xiphopenaeus kroyeri (MPA, 2011). 

Indeed, this species represents an important fishery resource in Brazilian waters and 

elsewhere, with a high economic, social, and cultural relevance (Gillett, 2008; Silva et 

al., 2013). The Seabob shrimp is distributed along the western Atlantic coast, from 

North Carolina, USA, down to Rio Grande do Sul, Brazil (Pérez-Farfante and Kensley, 

1997; Costa et al., 2003). Its vertical distribution ranges from 3 to 70 m depth (Pérez-

Farfante and Kensley, 1997) and, as opposed to the other penaeid species in the 

Brazilian coast, it does not use the estuary as a nursery and presents an exclusively 

marine life cycle (Williams, 1965; Holthuis, 1980).  

  Although previous studies described the reproductive aspects of the Seabob 

shrimp caught in Northeast Brazil (e.g., Campos et al., 2009; Reis Jr. et al., 2017; Lopes 

et al., 2017), they used generalized descriptions from other penaeid species to classify 

ovarian maturation into four stages, as reported for penaeid species from the Brazilian 

coast. Furthermore, the separation between the spent and resting ovarian stages has been 

constantly neglected in studies of penaeid reproduction (Fernandes et al., 2011; Lopes et 

al, 2014; Grabowski et al., 2014; Fernandes et al., 2014; Castilho et al., 2015; Reis Jr. et 

al., 2017). To the best of our knowledge, this approach has never been described for 

Seabob shrimp or any other penaeid species in the world, which allowed us to further 

refine the reproductive cycle and estimate the spawning season of this species in 

northeast Brazil. 

  Hence, the present study describes six ovarian maturation stages for the first 

time, mean size at sexual maturity, reproductive cycle, and spawning type and season of 

X. kroyeri. This information may support decision making for appropriate management 

and conservation for penaeids species (Bolognini et al., 2017; Rahman and Ohtomi, 

2020), since the success of reproductive biology determines productivity and, therefore, 
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a population’s resilience to fisheries exploitation or other human perturbations 

(Bolognini et al., 2017). 

2. Material and methods 

2.1 Sampling and measurements 

  Specimens of X. kroyeri were collected monthly from the artisanal shrimp 

fishery in Lucena (Figure 1), north coast of Paraíba state (6°53’50”S, 34°51’01”W), 

from December 2016 to November 2017.  

 

 

Figure 1. Study area on the north coast of Paraíba State, northeastern Brazil. 

 

  Two sets were performed monthly using a beach seine deployed from 500 

meters off (depth of 6 meters to the surf zone) and pulled toward the coast, using a non-

motorized boat employed by the artisanal fishers. Each set was considered a sampling 

unit. The shrimps were immediately stored on ice and transported to the laboratory. 

Temperature (ºC) and salinity were obtained using a multi-parameter analyzer HANNA 
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Y (HANNA Y, Limena, Italy). Rainfall and period (dry and rainy season) were based 

on the local mean precipitation for the last ten years (AESA). 

  All specimens were sexed based on external characters (thelycum in females and 

petasma in males). Total length (TL), cephalothorax length (CL), and the total weight 

(TW) were recorded using a digital caliper (cm) and precision scale (000.1 g).  

 

2.2 Macroscopic and histological analysis  

  All sampled females were analyzed macroscopically. The ovary was extracted 

and its morphology was observed, considering the degree of turgidity and the 

appearance of the surrounding tissue. The color of the fresh ovary was compared to a 

widely available chromatic catalogue (Pantone Matching System, Coated Simulation, 

Pantone, Carlstadt, NJ, USA) to establish a chromatic reference point. 

  Females were monthly randomly selected and dissected for ovarian histological 

analysis (n=468). The ovaries were carefully dissected from the dorsal body cavity, and 

small tissue pieces (5 mm) were taken from the median portion, fixed in saline 

Davidson’s solution for 24 hours and transferred to 70% alcohol for conservation. 

Sections from the ovary were dehydrated in ascending ethanol series (80, 90%, 95% and 

100%), cleared in xylene and embedded in paraffin. Slides were prepared in 5 μm thick 

sections using a rotary microtome (Leica RM2145, Leica Microsystems, Germany).  

  Sections were stained with Harris’s hematoxylin and counterstained with eosin-

phloxine to visualize the gonadal development stage of each sample. Slides were 

observed under a light microscope (Leica DM500) equipped with a digital camera 

(Leica ICC50HD). The photomicrographs of the slides were digitized with Leica 

software with objectives from 4× to 100× of magnification. 

 

 2.3 Data analysis 

  The mean and standard deviation for total weight (TW), total length (TL), and 

cephalothorax length (CL) by sex were obtained. The population structure has been 

described considering the for months and sexes differences. Significant differences in 

CL among them were determined by two-way ANOVA, considering the necessary 

normality (Kolmogorov–Smirnov test) and homogeneity (Levene test) assumptions. 

 Tukey’s test was performed to verify significant differences from one another 

between sexes and months in CL (p<0.05). The sex ratio for size classes of 0.1 cm CL 

was compared using the chi-square test (p<0.05) (Sokal and Rohlf, 1995). The sex ratio 
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for size classes of 0.1 cm CL was compared using the chi-square test (p<0.05) (Sokal 

and Rohlf, 1995). 

  The gonadosomatic index (GSI) was calculated considering only adult females 

at all stages of gonadal maturation except immature individuals. The following equation 

was used: IGS = ((OW/(TW
X
)) × 10

5
), where OW is the weight of the dissected ovary, 

TW is the total weight and X is the allometry coefficient (Farrell et al., 2012). The TL, 

CL, TW, ovary weight, GSI and oocyte diameter (OD) were compared among the 

different gonad maturation stages using analysis of variance (ANOVA). Tukey’s test 

was then applied to identify the maturation stages that were significantly different (P< 

0.05) from one another. 

  The frequency of each phase of oocyte in each development stage was measured 

in percentage for each field analyzed. Three hundred oocytes per phase, sectioned 

through the nucleus, were measured from each stage using Leica LAS EZ 3.4 software 

(Leica Microsystems) to determine the theoretical maximum diameter of each phase of 

oocyte. Both data were grouped into the different maturation stages based on the most 

developed oocyte type presence.  

  The reproductive period was determined based on the proportion of gonad 

maturation stages per month, classified through the ovary macroscopic and histological 

analyses. The spawning season was evaluated through the monthly relative frequency of 

the spent stage. The type of spawning was defined as group-synchronous, two group-

synchronous, synchronous in more than two groups or asynchronous, according to the 

methodology by Wallace and Selman (1981) and Vazzoler (1996) with adaptations. 

  Size at first sexual maturity was determined for females based on CL, with the 

estimation of the relative frequency of adults (all females except immature females in 

each sized class at 0.1 cm intervals. The dispersion between CL and percentage of adult 

females was adjusted using the nonlinear least-squares iterative method for the 

determination of CL50 using the equation described by King (1995): P = 1/(1 + exp [– (a 

+ bCL)]). The Spearman’s rank correlation (r) was performed to measure the 

associations among the percentage of mature females and temperature, salinity and 

rainfall at a 5% significance level. The R version 3.3.1 (R Core Team 2016) was used 

for all statistical analyses (P<0.05).  

3. Results 
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  A total of 2,538 shrimp were collected. From those, 1,289 (51%) were females 

and 1,249 (49%) males, representing a sex ratio statistically similar to 1:1 (P<0.05, 

Figure 2). 

  The distribution of absolute frequency per size class for X. kroyeri females and 

males were estimated (Figure 2). Total length ranged from 1.4 to 13.7 cm, in which the 

females ranged from 2.3 to 13.7 cm (mean ± SD = 8.1 ± 1.54 cm) and males 1.4 to 13.0 

cm (7.72 ±1.09 cm). Cephalothorax length ranged from 0.62 to 3.3 cm, in which the 

females ranged from 0.62 to 3.3 cm (1.69 ± 0.37 cm) and males 0.64 - 2.91 cm (1.52 ± 

0.25 cm). Total weight ranged from 0.17 to 18.02g, in which the females ranged 0.41–

18.02g (3.45 ± 2.05 g) and males 0.17 - 9.94 g (2.66 ± 1.30 g). 

 

 

Figure 2. Distribution of absolute frequency per size class (CL – cm) for X. kroyeri 

females (F) and males (M) caught between December 2016 and November 2017 in 

Lucena, Paraíba state, northeastern Brazil. 

3.1 Macroscopic and histological analysis 

  From the total of 1,289 ovaries analyzed, six distinct maturation stages were 

determined, based on macroscopic and histological analysis, as follows: 

Immature (I): macroscopically, the ovaries were quite small, thin, and present 

translucent color. Therefore, it was not possible to observe the ovary through the 
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exoskeleton (Figure 3). The tissue surrounding the ovary was thin, smooth texture and 

inconsistent. Microscopically, there were a predominance of oogonia (OO) and pre-

vitellogenic oocytes (nucleolar chromatin and perinucleolar chromatin - PVTG), 

measuring 9.35±2.08 μm and 21.37±10.47 μm in diameter, respectively (Figure 4a and 

b). This stage was observed in12.10% of the total number of ovaries. 

Early developing (II): ovaries were slightly thicker than in immature stage, with greater 

turgidity in the anterior and lateral lobes located at the middle portion of the 

cephalothorax. It was possible to observe the ovary through the exoskeleton, as well as 

its distribution in the cephalothorax due to the light-green color (584 PC, Figure 3). The 

ovaries can be histologically distinguished by the first appearance of primary 

vitellogenic oocytes (VTG1), the most developed oocyte in this stage, measuring 

97.51±5.14 μm in diameter, whereas OO and PVTG were also found (Figures 4c and d). 

This stage was observed in 15.05% of the total number of ovaries. 

Advanced developing (III): the anterior and lateral lobes of the ovaries fill the entire 

cephalothoracic cavity, while the posterior lobes cover part of the abdominal cavity. The 

colors of ovaries were green (384 PC, Figure 3). As ovaries move into the advanced 

developing, secondary vitellogenic oocytes (VTG2) can be observed, being the most 

developed oocyte in this stage and measuring 135.31±11.57 μm in diameter. Primary 

vitellogenic oocytes were not observed, but OO and PVTG were also present (Figure 4e 

and f). This stage was observed in 12.25% of the total number of ovaries. 

Ripe (IV): the ripe ovaries fill the entire cephalothoracic and abdominal cavity, 

presenting a dark green color (575 PC, Figure 3). The histological analysis showed the 

presence of mature oocytes (MO) showing vesicles in the cytoplasm. These oocytes 

presented an average diameter of 187.49±22.18 μm. In this stage, only MO, OO and 

PVTG oocytes were observed (Figure 4g and h). This stage was observed in 12.02% of 

the total number of ovaries. 

Spent (V): ovaries were flaccid and had a slightly rough surface with a wrinkled 

appearance, with color light-green (379 PC). Microscopically, this stage was 

characterized by the presence of atretic oocytes (AO), which were mature oocytes in the 

process of reabsorption. It was also possible to observe the presence of postovulatory 

follicle (POF). The follicular atresia and POF occurs only at this stage. In this stage, 

only AO, OO and PVTG oocytes were observed (Figure 4i and j). This stage was 

observed in 9.46% of the total number of ovaries. 
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Resting (VI): ovaries are flaccid and had a slightly rough surface with a wrinkled 

appearance, as well as translucent color, which were similar characteristics of the spent 

stage. The histological analysis showed a thicker cell wall and there were no 

occurrences of AO and POF. In this stage, only OO and PVTG oocytes were observed 

(Figure 4k and j). This stage was observed in 39.10% of the total number of ovaries. 

 

 

 

 

Figure 3. Ovarian maturation stages through macroscopic analysis of the shrimp X. 

kroyeri captured in Lucena, Paraíba, northeastern, Brazil. A) stage of ovarian 

maturation; B) color of the fresh ovary. I: immature (translucent color; T); II: early 

developing (584 PC); III: advanced developing (384 PC); IV: ripe (575 PC); V: spent 

(379 PC); VI: resting (translucent color; T).  

  Regarding length (TL and CL) and weight (TW) measures, females in stage I 

were significantly smaller than those in the other ovarian maturation stages. The ovary 

weight and GSI values increased significantly along the stages II, III and IV, whereas no 

significant difference was found among stages I, V and VI which presented lower GSI 

(Table 1). The mean GSI values increased sequentially from 0.20±0.09 when immature 

to a maximum of 6.48±4.06 when ripe, followed by a sharp decrease at spent to 

0.91±0.43 and resting to 0.69±0.35 (Table 1). 
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Table 1. Mean (± SD) total length (TL), cephalothorax length (CL), total weight (TW), 

ovary weight (OW) and gonadosomatic index (GSI) in six ovarian maturation stages of 

X. kroyeri females in Lucena, Paraíba, northeastern Brazil. 

  I II III IV     V   VI 

 (n=156) (n=194) (n=158) (n=155) (n=122) (n=504) 

TL (cm) 5.73±0.92
a
 8.74±1.30

b
 8.88±1.35

b
 9.05±1.18

b
 8.28±1.13

b
 8.91±1.09

b
 

CL (cm) 1.15±0.11
a
 1.82±0.36

b
 1.85±0.38

b
 1.86±0.30

b
 1.70±0.30

b
 1.82±0.27

b
 

TW (g) 1.25±0.48
a
 4.03±2.09

b
 4.35±2.33

b
 4.64±2.24

b
 4.29±1.67

b
 4.38±1.37

b
 

OW (g) 0.02±0.01
a
 0.08±0.11

b
 0.23±0.12

c
 0.48±0.29

d
 0.03±0.01

a
 0.02±0.01

a
 

GSI (%) 0.20±0.09
a
 1.53±0.81

b
 3.64±3.15

c
 6.48±4.06

d
 0.91±0.43

a
 0.69±0.35

a
 

* Values in the same line with different letters are significantly different (P< 0.05). 

** n = Total sample number. 

  The histological analysis showed OO and PVTG in all ovarian development 

stages, with higher frequencies in the immature, spent and resting stages (Table 2). 

These oocytes showed a similar diameter throughout the ovarian development stages, 

but PTVG showed a significantly lower diameter in immature compared to other stages. 

During ovarian maturation, an increase in the cytoplasm area was observed and 

vitellogenic oocytes emerged (VTG1 and VTG2) during developing stages (early and 

advanced), followed by MO in the ripe stage. The diameter of the five phases of oocytes 

measured was significantly different among each other (Table 2). 

  The cell phases differed among ovarian developmental stages, except between 

immature and resting (Table 2). The immature stage was histologically distinguished 

from the resting stage by the significantly smaller size of the OO and PVTG (Table 2), 

lack of space among oocytes, and larger amount of connective tissue present in the 

resting ovary. The presence of postovulatory follicles complex and follicular atresia 

occurred only in the spent stage (Figure 4j). All other ovarian maturation stages 

presented distinct oocytes with specific characteristics attributed to the respective stage 

(Table 2; Figure 4). 
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Figure 4. Photomicrographs of ovarian maturation in X. kroyeri: A-B) immature stage, 

showing previtellogenic oocytes (PVTG); C-D) early maturing stage, with primary 

vitellogenic oocytes (VTG1);  E-F) advanced maturing stage, with secondary 

vitellogenic oocytes (VTG2); G-H) ripe stage, showing mature oocytes (MO) with 

vesicles (V)in the cytoplasm; I-J) spent stage, showing atretic oocytes (AO) and 

postovulatory follicle (POF); K-L) resting stage, with previtellogenic oocytes and 

flaccid tissue connective (TC). OO: oogonia; NC: nucleolar chromatin; PN: 

perinucleolar chromatin; ol: ovigerous lots; n: nucleus; FC: follicular cells. Scale bars: 

figures in left side 200 µm, right side 50 µm, and highlight figures 20 µm (H and J). 

Table 2. Frequency and diameter (mean ± SD) for each oocyte phase observed in each 

stage (I - VI) of gonadal maturity of X. kroyeri. Oogonia (OO), previtellogenic oocytes 

(PVTG), primary vitellogenic oocytes (VTG1), secondary vitellogenic oocytes (VTG2), 

mature oocytes (MO) and Atretic oocytes (AO). I) Immature; II) Early developing; III) 

Advanced developing; IV) Ripe; V) Spent; VI) Resting. (-): not present. 

Stage 
                   Frequency of oocyte phase in the ovaries (%) 

OO PVTG VTG1 VTG2 MO AO 

I 79.84±5.63a 20.16±2.35a - - - - 

II 52.13±4.21b 17.78±3.74a 30.09±4.81c - - - 

III 58.63±5.74b 16.31±2.89a - 25.06±6.14d - - 

IV 53.31±7.69b 19.12±3.76a - - 27.57±5.74e - 

V 73.14±6.47a 22.71±5.14a - - - 4.15±1.08f 

VI 67.78±4.21a 32.22±3.85b - - - - 

                                 Diameter of oocyte phase in the ovaries (µm) 

Stage OO PVTG VTG1 VTG2 MO AO 

I 9.35±2.08
a
 21.37±10.47

a
 - - - - 

II 9.72±1.88
a
 45.69±11.13

b
 97.51±5.14

c
 - - - 

III 10.05±2.12
a
 42.19±8.20

b
 - 135.31±11.57

d
 - - 

IV 10.18±1.98
a
 39.41±15.12

b
 - - 187.49±22.18

e
 - 

V 9.92±2.04
a
 44.18±22.14

b
 - - - - 

VI 9.71±2.31
a
 45.78±18.14

b
 - - - - 

* Values in the same line and column with different letters are significantly different (p 

< 0.05). 

3.2 Spawning type and size at maturity 

  Histological analyses showed a constant presence of reserve oocytes (OO and 

PVTG) in all ovarian development stages (Figure 5). Although gonadal maturation of 

females occurred in ovigerous lots, the oocyte size progression occurred with 
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development of only one cell group reaching the mature oocyte stage, while maintaining 

reserve oocytes (Figure 5). The development of a single oocyte class group during the 

maturation process indicates a total spawning with a group-synchronous (Figure 5). The 

mean length at first maturity (CL50) for females was 1.3 cm CL (Figure 6). 

 

 

Figure 5. Frequency distribution of the oocyte diameter in each phase, in the six ovarian 

maturation stages of X. kroyeri caught in Lucena-PB, northeastern Brazil, between 

December/2016 to November/2017. I) immature; II) early maturing; III) advanced 

maturing; IV) ripe; V) spent; VI) resting. Black arrows indicate the most developed 

oocyte group, while asterisks represent reserve oocytes.  
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Figure 6. Length (cephalothorax, CL) at maturity of X. kroyeri females caught between 

December 2016 and November 2017 in Lucena, Paraíba, northeastern Brazil. 

 

3.3 Physicochemical variables and reproductive cycle 

  The water temperature ranged from 26.3 to 30.6ºC, while salinity varied from 

37.3 to 42.5. Both temperature and salinity were higher in October and January. The 

rainy season was considered between March and August (144.21– 322.56 mm) and dry 

season between September and February (< 109.02 mm). Spearman’s rank correlation 

revealed significant associations among the percentage of mature females and salinity 

(p-value = 0.0046; r = 0.7535; P < 0.05), rainfall (p-value = 0.0053; r =-0.7465; P < 

0.05) and temperature (p-value = 0.0019; r = 0.6620; P < 0.05). The highest percentage 

of ripe and spent females was observed in dry season and females resting were observed 

from June to October, in the rainy season (Figure 7).  
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Figure 7. Physicochemical variables (salinity and temperature), mean rainfall (last 10 

years) and number of mature X. kroyeri females caught between December 2016 and 

November 2017 in Lucena, Paraíba, northeastern Brazil. 

  The mean gonadosomatic index (GSI) per month showed a seasonal trend 

throughout the year, with a progressive increase starting from October and peaking in 

January (7.04%), due to the higher presence of mature females in these months. In 

contrast, a sharp decrease was observed in February towards its lowest value in July 

(0.95%), which were the months that presented more spent females and resting females, 

respectively (Figure 8). This sharp drop of GSI in February probably represents the 

beginning of spawning. 

  The reproductive cycle of females may be classified as seasonal, with greater 

gonadal maturation (higher percentage of ripe females) from October to March (dry 

season). Spent females showing postovulatory follicle and atretic oocytes were observed 

in April and May, indicating intense spawning activity in these months. From June to 

September was observed the highest occurrence of resting females, with only two ripe 

females sampled (one per month). The highest relative occurrence of immature 

individuals was found in May, which was right after the reproductive period (Figure 8). 
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Figure 8. Relative frequency of ovarian development stages of X. kroyeri females 

caught between December 2016 and November 2017 in Lucena, Paraíba, northeastern 

Brazil. II: early maturing; III: advanced maturing; IV: ripe; V: spent; VI: resting. GSI: 

monthly mean and standard deviation of gonadosomatic index (%). 

4. Discussion 

  Although the predominance of females over males was observed in several 

studies of penaeids including Penaeus kerathurus (Bolognini et al., 2017), Penaeus 

schmitti (Craveiro et al., 2019), Artemesia longinaris (Costa et al., 2010) and X. kroyeri 

(Lopes et al., 2017), no significant differences were found between the abundance of 

males and females in the present study. According to Wenner (1972), differences in the 

life cycle, migration, mortality, growth rates, and behavior between males and females 

may be related to the balance in the sex ratio, resulting in deviations from the expected 

1:1 sex ratio for gonochoristic species. Other factors such as fishing and temperature 

may also be relevant (Tu et al., 2018). 

  Females were larger and heavier than males in our study, which seems to be a 

common characteristic of penaeids (Fernandes et al., 2011; Sancinetti et al., 2015). 

Some authors proposed that females have larger cephalothorax and abdomen due to 

reproductive activities, since a large body is required for ovarian development (Hartnoll, 

1982; Dall et al., 1990; Gab-Alla et al., 1990).  
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  The ovarian classification based on macroscopic characteristics closely matched 

with histological analysis of X. kroyeri. Several studies reported problems mainly in 

macroscopically differentiating spent from immature ovaries through the shrimp 

carapace (Silva et al., 2016; Lopes et al., 2017; Craveiro et al., 2019). In the present 

study all stages showed different colors and morphology, but even though immature (I) 

and resting (VI) stages were similar in color (translucent), they were different in weight 

and appearance. Thus, we consider essential to extract the ovaries for a more reliable 

macroscopic evaluation to distinguish between these stages, since only observations 

through the carapace have been used in several studies of penaeid reproductive 

dynamics (e. g. Castilhos et al., 2015; Reis Jr. et al., 2017). 

  During ovarian development, changes were observed in oocytes size and 

histological characteristics, which were consistent with other studies of penaeids (Yano, 

1988; Ohtomi and Yamamoto, 1997; Silva et al., 2016; Lopes et al., 2017). It was also 

observed that there is a proliferation zone in which oogonia are concentrated (Peixoto et 

al., 2018; Craveiro et al., 2019). Oogonia and previtellogenic oocytes were found 

predominantly in the immature, spent and resting stages, but it is possible to found them 

in all maturation stages. The presence of oogonia and previtellogenic oocytes in all 

stages of gonadal development suggests their role as reserve oocytes, indicating that X. 

kroyeri spawning more than once during its life cycle. 

  As X. kroyeri ovarian development progressed, the cytoplasm increased and 

vitellogenic oocytes emerged (VTG1 and VTG2), followed by ripe oocytes. In a previous 

study with this species in another region of northeast Brazil, Lopes et al. (2017) 

reported only one type of vitellogenic oocyte. In contrast, we described for the first time 

two different types of vitellogenic oocytes, showing different histological characteristics 

and diameter for X. kroyeri. The rapid increase in oocyte diameter and size found in our 

study is probably caused by yolk accumulation, specifically because of vitellogenin, 

which accumulates in oocytes as an important yolk protein during vitellogenesis to 

serve as a source of nutrients (minerals, lipids, and other materials) for oocyte 

development (Wilder et al., 2010). 

  The mature oocytes of X. kroyeri did not present cortical cripts, which is a major 

difference from the final maturation stage of several penaeid species (Ayub and Ahmed, 

2002; Silva et al., 2016; Bolognini et al., 2017; Peixoto et al., 2018; Craveiro et al., 

2019; Garcia et al., 2021). This fact led us to believe that the development of visible 

cortical cripts might not be a prerequisite to attain final maturation and spawning in all 
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the penaeid species, as also suggested for Metapenaeopsis dalei (Sakaji et al., 2000), 

Metapenaeopsis monoceros (Abraham and Manisseri, 2012), Penaeus indicus (Henry et 

al., 2019), Metapenaeopsis sibogae and Metapenaeopsis provocatoria owstoni (Rahman 

and Ohtomi, 2017; 2020). Although Lopes et al. (2017) have mentioned cortical cripts-

like structures for X. kroyeri in northeast Brazil, these authors did not detail the 

photomicrographs of these structures in their study. In the present study, we observed 

vesicles accumulated in the cytoplasm of the mature oocytes. However, we believe that 

their chemical constitution is not similar, since they are filled with granular material and 

react differently to hematoxylin-eosin (Figure 4H - black arrow), which differs 

markedly from what has been shown by other authors using a similar staining method 

(Peixoto et al., 2003; Silva et al., 2016; Peixoto et al., 2018; Craveiro et al., 2019). We 

suggest that these vesicles have the same function as the cortical cripts in other penaeid 

oocytes, which is assisting in the release of a gelatinous substance around the oocyte to 

promote sperm fixation and formation of the hatching envelope (Clark jr. et al., 1980; 

Yano, 1988). Nonetheless, the vesicles in ripe oocytes of the X. kroyeri should be 

further studied at the histochemical and ultraestrural level to elucidate this hypothesis. 

  The fact that VTG1, VTG2 and ripe oocytes were not found in the same gonad of 

X. kroyeri indicates synchrony in oocyte development. This is rather unusual since 

several studies have reported asynchronous development of oocytes in penaeids, such as 

Penaeus latisulcatus (Penn, 1980), Penaeus merguiensis (Crocos and Kerr, 1983), M. 

dalei (Sakaji et al., 2000), Metapenaeopsis aegyptia, M. barbata, and Metapenaeopsis 

sinica (Sakaji, 2001),Metapenaeopsis palmensis (Chen et al., 2014) and 

Metapenaeopsis sibogae (Rahman and Ohtomi, 2017). Although it is uncommon, 

Craveiro et al. (2019) observed synchronous development in P. schmitti oocytes in the 

same region. The authors raised the hypothesis that environmental conditions would be 

responsible for this behaviour of P. schmitti, as high temperatures and salinity were 

recorded throughout the year in the area, favoring the faster development of oocytes. 

  Although Lopes et al. (2017) and Reis Jr. et al. (2017) reported four ovarian 

maturation stages of X. kroyeri (immature, maturing, mature and spawned), we have 

observed six stages based on macroscopic and histological analysis. These authors did 

not find the resting stage, confirmed here by the absence of atretic oocytes and 

postovulatory follicle, which were presented only in the spent stage. Also, they did not 

separate early maturing (II) and advanced maturing stages (III), confirmed in the present 

study by the accumulation of yolk in these oocytes and differences between their 
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diameters. Although these stages II and III are not histologically similar, they do not 

result in misinterpretation of penaeid reproductive season when grouped in a single 

stage. However, merging spent and resting stages into one stage is a major problem, 

since they present opposite characteristics and interpretations of the reproductive cycle. 

While the spent stage means intense reproductive activity due to the recent spawning, 

the resting stage implies the absence of any type of reproductive activity. In other 

words, combining both stages may lead to serious problems in estimating the spawning 

season, which is common in studies of reproduction of penaeid shrimps.  

  The management of commercially exploited fisheries requires information on 

the size at the first maturity of the target species, which should be regularly re-evaluated 

(Watters and Hobday, 1998; Öndes et al., 2017). In this regard, we estimated the 

average first maturity length for X. kroyeri females at 1.3 cm CL. Lopes et al. (2014) 

reported 1.95 cm and Reis Jr. et al. (2017) 1.58 cm in northeastern Brazil, while 

Castilho et al. (2015) estimated 1.24 cm in the southeast coastal population of X. 

kroyeri. Although these values are within a similar range, small variations in the mean 

size at first maturity may be related to fishing effort, environmental factors such as 

increasing seawater temperatures and changes in food availability, which may lead to an 

anticipation of the gonadal maturity of individuals (Landers et al., 2001; Linnane et al., 

2008; Tu et al., 2018). Moreover, Dall et al. (1990) suggested that mean size at first 

maturity depended on physicochemical variables, seasons, variation in depth and 

latitude. 

  Considering the GSI values, as well as the macroscopic and microscopic ovarian 

analysis, we suggested that the reproduction cycle is classified as seasonal for X. 

kroyeri, with a higher percentage of mature females from October to March (dry 

season). Reis jr et al. (2017) reported that the reproductive period was continuous for X. 

kroyeri as females in mature and spent stages were found throughout the year, with a 

reproductive peak in August-September in Sergipe, northeast of Brazil. Possibly, the 

lack of agreement at the peak of reproduction with our study occurred because these 

authors merging spent and resting stages into one stage; and only macroscopic analysis 

was used to estimate the stages of gonadal maturation. Likewise, a recent study in 

northeast of Brazil suggested two seasonal peaks in November/December and February 

for X. kroyeri using histological analysis (Lopes et al., 2017), although these authors 

also grouped the spent and resting stages, leading to different interpretations. 

Furthermore, observations of the reproductive cycle along with the spawning type 
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indicate that this species spends a period of time in spawning recovery (resting phase) 

before starting a new maturation cycle. This fact suggests that different females were 

spawning from October to March since this time interval was probably not enough for 

ovarian rematuration, which was indicated by the lacking of new ovigerous lots after 

spawning. 

  The reproductive aspects of penaeids are directly associated with temperature, 

salinity, and food availability (Crocos and Van Der Velde, 1995; Aragón-Noriega and 

Alcántara-Razo, 2005; Kevrekidis and Thessalou-Legaki, 2013). The salinity, 

temperature and rainfall showed a significant correlation with the reproductive cycle of 

X. kroyeri in the present study. We observed that the spawning occurs during rainy 

season probably due to the increased abundance of food, which could favor recruitment, 

since high rainfall leads to the enrichment of nutrients in the habitat, creating favorable 

conditions for the growth and development of the initial larval stages (Dato-On-Subong 

and del Norte-Campos, 2015; Paschoal., 2016). Although the salinity at the study area 

was very high throughout the year, the intensification of rainfall was directly related to 

the reductions in salinity (42.52 to 37.34, in summer and winter, respectively) and the 

number of mature individuals during this period. Young et al. (2018) and Craveiro et al. 

(2019) proposed that salinity is an important factor influencing the reproduction of 

Metapenaeus bennettae in New South Wales, Australia and P. schmitti in northeastern, 

Brazil, respectively.  Nevertheless, between June and September, the number of females 

at the resting stage increased and there were no mature and spent females in this period, 

indicating a period in which the females recover until the next reproductive season. 

  During the study period, water temperature was relatively constant and never 

dropped below 26.3°C. However, in January and October the temperature reached the 

highest values (30.5°C and 29.7 °C, respectively), which was coincident with the 

highest number of X. kroyeri mature females in the area, resulting in the period of 

greatest gonadal maturation. Indeed, the temperature is an important stimulus which 

influences physiological factors such as reproduction (FAO/WECAFC, 2018; Sastry, 

1983; Bauer, 1992), and even a small increase in mean its values as observed in our 

study (3 to 4°C) may affect the reproductive cycle of penaeids. Finally, in future 

management plans aimed at the conservation of penaeid shrimp, we suggest that spent 

as well as ripe females should also be monitored, since attaining final ovarian 

maturation does not guarantee that they will spawn. In regions where environmental 
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variables exhibit large variation throughout the year, monitoring spent females will 

possibly ensure more effective management. 

  In summary, we observed that females of X. kroyeri present six stages of ovarian 

development based on macroscopic and histological features: immature, early 

developing, advanced developing, ripe, spent and resting. Cortical cripts in the 

cytoplasm periphery of ripe oocytes were not identifiable in Seabob shrimp, which is 

unusual for penaeids. Instead, we observed vesicles in the cytoplasm of the mature 

oocytes, suggesting that they perform a similar function. The salinity, temperature, and 

rainfall showed a significant correlation with the reproductive cycle of females, which 

was considered seasonal, with a higher percentage of ripe females from October to 

March (dry season). The most intense spawning season occurs during the period of 

highest rainfall, with a higher percentage of spent females. The observation of the 

environmental variables, ovarian development stages, and spawning season leads us to 

suggest that spent as well as mature females should be monitored to establish 

management measures. The information contained here may be useful for the 

sustainable management of commercial penaeids fisheries. 
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4. Considerações Finais 

 

As observações histológicas do desenvolvimento de ovócitos de X. kroyeri 

permitiu determinar pela primeira vez a oogênese em seis estágios distintos: ovócito 

cromatina nucleolar, ovócito cromatina perinucleolar, ovócito em vitelogênese primária, 

ovócito em vitelogênese secundária, ovócito maturo e ovócito atrésico. As observações 

histoquímicas sugerem um aumento progressivo das proteínas, polissacarídeos neutros e 

colágeno ocorre a partir dos ovócitos vitelogênicos até sua maturação final. Observamos 

vesículas compostas de colágeno e glicoproteínas por todo o citoplasma do ovócito 

maturo. As células foliculares formam uma camada externa ao redor dos ovócitos 

vitelogênicos e podem estar envolvidas na transferência de proteínas para as células 

germinativas.  

Além disso, observamos que a abordagem dos diferentes métodos de 

identificação dos estágios maturacionais macroscópicos mostrou que ambos os métodos 

se apresentaram eficientes para identificar o estágio maturo, uma vez que 100% das 

amostras foram identificadas corretamente. O agrupamento dos estágios desovado e 

repouso em um único estágio pode acarretar em erros nas estimativas de época de 

desova, pois apresentam características e interpretações opostas do ponto de vista 

reprodutivo. 

O X. kroyeri apresenta seis estágios de desenvolvimento ovariano baseados em 

características macroscópicas e histológicas: imaturo, em desenvolvimento inicial, em 

desenvolvimento avançado, maturo, desovado e repouso. A salinidade, temperatura e 

precipitação mostraram uma correlação significativa com o ciclo reprodutivo das 

fêmeas, que foi considerado sazonal, com uma porcentagem maior de fêmeas maduras 

de outubro a março (estação seca). A época de desova mais intensa ocorre durante o 

período de maior pluviosidade, com uma porcentagem maior de fêmeas em repouso. A 

observação das variáveis ambientais, estágios de desenvolvimento ovariano e época de 

desova sugere que tanto as fêmeas desovadas quanto as maturas devem ser monitoradas 

para estabelecer medidas de manejo para reprodutores. Os resultados obtidos na 

presente Tese contribuem para o aprimoramento das técnicas empregadas no manejo de 

reprodutores em cativeiro e para o estabelecimento de medidas de gestão para a pesca 

de camarões peneídeos. 
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