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A B S T R A C T

It is important to know the reproductive characteristics of 
the organisms that are captured for commercialization, 
Centropomus robalito, it is an important coastal species 
that is commercialized throughout the Mexican Pacific. The 
objective of this study is to determine some reproductive 
characteristics of the species, describe the length distribution, 
know the sexual ratio, and provide information on gonadal 
development, through microscopic analysis. The organisms 
were obtained each month from the commercial fishing that 
takes place in the Chautengo lagoon, Guerrero. The fish were 
measured, weighed, and the gonads and liver were removed 
and weighed. The gonads were preserved in neutral formalin 
and processed for histological analysis to identify the degree 
of gonadal maturity and sex. 330 organisms were sampled, 
which presented an average total length of 19.7 cm (± 0.09) 
and an average total weight of 75.3 g (± 0.79). A greater 
number of females (61.2 %) were captured than males  
(38.8 %). The best represented stage of maturity in both sexes 
was immature. Oocytes has asynchronously development 
and the cell arrangement in the testis is lobular. A reproductive 
period of the species was not identified, since the values of the 
gonadosomatic index and the stages of gonadal maturation 
did not present a clear trend and significant variation in the 
sampling year. The growth of the organisms was negative 
allometric. It is concluded that the commercial capture is 
directed mainly to immature fish, this does not allow future 
reproduction; and may also indicate that C. robalito is being 
overexploited

K E Y  W O R D S :  Commercial fishing, Asynchronous 
development, Youths, Gonadal histology, Coastal lagoon.
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R E S U M E N

Es importante conocer las características reproductivas de los organismos que son 
capturados para la comercialización, Centropomus robalito, es una especie costera de 
importancia que se comercializa a lo largo del Pacífico mexicano. El presente estudio tuvo como 
objetivo determinar algunas características reproductivas de la especie, describir la distribución 
de la longitud, conocer la proporción sexual, y aportar información sobre el desarrollo gonádico, 
mediante el análisis microscópico. Los organismos se obtuvieron cada mes de la pesca comercial 
que se realiza en la laguna de Chautengo, Guerrero. Los peces se midieron, pesaron y se les 
extrajeron las gónadas y el hígado, los cuales se pesaron. Las gónadas se conservaron en formol 
neutro y se procesaron para un análisis histológico, e identificar el grado de madurez gonadal 
y el sexo. Se muestrearon 330 organismos, los cuales presentaron longitud total promedio de  
19.7 cm  (± 0.09) y peso total promedio de 75.3 g (± 0.79). Se capturó una mayor cantidad 
de hembras (61.2 %) que de machos (38.8 %). El estadio de madurez mejor representado en 
ambos sexos fue el inmaduro. Los ovocitos se desarrollan de manera asincrónica y el arreglo 
celular en el testículo es lobular. No se identificó un periodo reproductivo de la especie, ya que 
los valores del índice gonadosomático y los estadios de maduración gonadal no presentaron una 
clara tendencia y variación significativa en el año de muestreo. El crecimiento de los organismos 
fue alométrico negativo. Se concluye que la captura comercial se dirige principalmente a peces 
inmaduros, esto no permite la reproducción a futuro; y puede indicar también que C. robalito está 
siendo sobreexplotado.

PA L A B R A S  C L AV E : Pesca comercial, Desarrollo asincrónico, Juveniles, Histología 
gonadal, Laguna costera.

Introduction

Fish reproduction is a process of great interest, from a basic point of view as well as an 
application for fisheries biology studies (Gassman et al., 2017). Among the most important fishery 
resources in the Mexican Pacific are snooks (Centropomus spp.), due to their size and weight, 
which make them a high-quality resource (Espino-Barr et al., 2003; 2004; Granados, 2018). In the 
Pacific states of Nayarit, Sinaloa, and Guerrero, reports indicate a snook production ranging from 
100 to 2,450 tons from 2012 to 2021 (CONAPESCA, 2021).

Among the general aspects known about the species of the Centropomidae family is that 
they are euryhaline fish and can be found in salt, brackish, or freshwater, depending on the season 
and fish age (Alvarez-Lajonchere & Tsuzuki, 2008). They are considered multiple spawners 
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(iteroparous), as females may release their oocytes several times during summer (Chapman et 
al., 1982), and also since the ovaries contain three or more different groups of oocytes (Peters et 
al., 1998). Snooks are diadromous species, requiring seawater for final maturation and spawning, 
as well as for embryonic development and early larval stages (Alvarez-Lanjochere & Tsuzuki, 
2008). Juvenile snook populations are generally more abundant in coastal lagoons and canals, 
with moderate slope shores and depths of 1 m or less; compared to other areas with steeper 
slopes. This is because these sites provide suitable habitat, even at low tide (Peters et al., 1998). 

One of the most studied Centropomidae species is C. undecimalis, which inhabits the 
Atlantic and Mexican Gulf. In Tabasco state, for this species, the sex ratio has been reported, 
with males being more abundant, and both sexes exhibiting isometric growth. Males reach sexual 
maturity earlier than females (Perera-García et al., 2008; 2011).

In the Grijalva-Usumacinta river system in Tabasco, it has been observed that in  
C. undecimalis, juveniles are captured in freshwater environments, while adults spawn in marine 
environments. Both sexes can inhabit both environments, although individuals that mature 
in freshwater environments migrate to the sea during the spawning season (Hernández-Vidal  
et al., 2014).

In southeastern Campeche, C. undecimalis also recorded a greater number of males 
than females, and males also matured earlier than females (Cabello-Chávez, 2011). In the 
Alvarado Lagoon System, Veracruz state, the reproductive period and length of maturity of  
C. undecimalis and C. poeyi females were studied, and a correlation was found between rainfall 
and the reproductive period only in C. poeyi (Lorán-Nuñez et al., 2012).

In Venezuela, with regard to C. undecimalis and C. ensiferus, some reproductive aspects 
were studied, such as the sex ratio, which varied throughout the sampling year. Males dominated 
at shorter lengths, while females dominated at longer lengths, suggesting a typical pattern in 
populations with sequential hermaphroditism. In both species, males matured earlier than females 
(Gassman et al., 2017). In the case of the Pacific coast of Mexico, specifically in Manzanillo Bay, 
Colima, it was found that in C. nigrescens, females were more abundant than males, and both 
sexes reached sexual maturity at the same length (Espino-Barr et al., 2017).

Populations of Centropomus robalito (Jordan & Gilbert, 1882) are generally more 
abundant in estuaries and coastal lagoons, where they are considered commercially important 
(Gallardo-Cabello et al., 2018; González-Sansón et al., 2014; Violante-González et al., 2011). For  
C. robalito only studies on feeding habits (Flores-Ortega et al., 2015; Moreno-Sánchez et al., 
2015), growth and age (Espino-Barr et al., 2019a; Gallardo-Cabello et al., 2018; Martínez-Madrigal, 
2021), parasite communities (Violante-González et al., 2011), otolith description (Espino-Barr et 
al., 2019a; Granados-Amores et al., 2020) and some reproductive aspects (Espino-Barr et al., 
2019b). This work aims to analyze basic aspects of the length structure and some reproductive 
characteristics of C. robalito, which inhabits the Chautengo Lagoon, Guerrero state.
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Material and Methods

The study was conducted in Chautengo Lagoon (16° 35ʼ 13ˮ N to 16° 38ʼ 46ˮ N and 
99° 01ʼ 48ˮ W to 99° 10ʼ 48ˮ W), located in Guerrero state. It is a shallow body of water with a 
maximum depth of 1.9 meters and a surface area of 36 km2. It receives freshwater input from the 
Nexpa and Copala rivers and some seasonal streams. The lagoon connects to the sea through a 
narrow inlet (100 to 200 meters wide) located in the central part of a sandbar, which undergoes a 
natural process of opening and closing. Typically, the inlet remains open from June to January (the 
beginning of the rainy season) (Bulit & Díaz-Ávalos, 2009) (Fig. 1).

Analyzed fish were obtained from artisanal fishing, carried out in the first days of the 
month from January to December 2019. They were captured with gill nets and cast nets with a 
mesh size of 25, 30, and 40 mm and transferred in coolers to the laboratory of the Facultad de 
Ecología Marina (UAGro), where the total length (TL, cm), total weight (TW, g), gonads (GW), 
and liver (LW) were extracted. The gonads were preserved in 10% neutral formalin for several 
days, rinsed to remove excess formalin, and preserved in 70% alcohol. Subsequently, they were 
transported to the histology laboratory at DEDSZC, University of Guadalajara, on the south coast 
of Jalisco. The histological processing involved tissue dehydration with ethyl alcohol, embedding 
in paraplast, obtaining 5 µm sections, staining with hematoxylin-eosin dyes, and preserving 
with Canada balsam. They were observed using a microscope (Axiostar, Zeiss) to determine 
the sex and maturity stage. The diameter of 30 oocytes (µm) from each of the phases found 
was measured using the Axiovision program (Zeiss). Oocytes were classified based on Lucano-
Ramírez et al. (2001) and Brown-Peterson et al. (2011), while Uribe et al. (2014) criteria were 
considered for the tests.

Sex ratios were calculated for all organisms, monthly and by length class. To determine if 
there was a deviation from the 1:1 ratio, the Chi-square test (χ2) was used (Zar, 2010).

The gonadosomatic index was calculated , the relative condition 

factor  the hepatosomatic index  , and the 
length-weight ratio  . The value of b was compared between sexes using 
Student’s t-test (Zar, 2010). Monthly values of temperature and rainfall were obtained from the 
records of the meteorological station located in the Chautengo Lagoon (0001220) belonging to the 
National Meteorological Service.

One-way ANOVA was performed to test for differences between the monthly values of 
gonadosomatic index, condition factor, hepatosomatic index, and diameter oocytes, and if 
significant values were obtained, the Student-Newman-Keuls (SNK) post hoc test was applied to 
identify homogeneous groups. Spearman’s rank correlation analysis (rs) was performed between 
gonadosomatic index, condition factor, hepatosomatic index, temperature, and rainfall. STATISTICA 
v.7.1 (StatSoft 2006) was used for the statistical analyses, and in all cases, a significance level of 
0.05 was used.
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Results and Discussion

Length distribution

During the sampling year, 330 organisms were obtained, which presented an average 
total length of 19.7 (± 0.09) cm and an average total weight of 75.3 (± 0.79) g. The average total 
length of females was 19.8 (± 0.11) cm with a range from 16.7 to 24.1 cm and the average length 
of males was 19.6 (± 0.15) cm with a range from 17.0 to 24.6 cm. The highest frequencies for 
females were observed at 18.5 and 19.5 cm and for males, it was at 19.5 cm. In most classes, 
females were more abundant compared to males. The lowest abundance for both sexes occurred 
at the smallest (16.5 cm) and largest (23.5 and 24.5 cm) class tags (Fig. 2).

According to Espino-Barr et al. (2019b) the females of C. robalito in Colima, reach the first 
sexual maturity at 22.63 cm, suggesting that the obtained organisms for the present work have not 
yet reached their first sexual maturity; therefore, they did not have the opportunity to reproduce. 
Therefore, current capture practices could generate problems in the size of C. robalito populations 
in the medium term, if fishing regulation is not considered in this coastal lagoon.

Sex ratio

In this work, all individuals were sex-determined by histology. A greater number of females 
(202) than males (128) were collected, with a ratio of 1:0.63, indicating a significant statistical 
difference (χ2= 16.59, p < 0.01). In the analysis of the number of females and males per month, 
it was observed that in January the ratio was 1:1; although in December the ratio of males was 
higher than that of females (1.31:1) the difference was not significant (χ2 = 0.53, p = 0.47). In the 
rest of the months, from February to November, although females dominated, only in April (1:0.36; 
χ2 = 6.53, p < 0.01) and August (1:0.25; χ2 = 10.80, p < 0.01), the difference in these proportions 
was significant. Regarding the sex ratio by length class, it was found that at 17.5 cm, males 
dominated (1:1.25; χ2 = 0.44, p = 0.51) but it was not significant; at 23.5 cm, the ratio was 1:1, and 
in the rest of the classes, females dominated, but only at 18.5 cm (1:0.51; χ2 = 7.78, p = 0.01) and 
20.5 cm (1:0.39; χ2 = 9.98, p < 0.01), the differences were significant.

Similar results with C. robalito, where the proportion of females was higher, have been 
reported in the coastal lagoon of Cuyutlán, Colima. Gallardo-Cabello et al. (2018) reported that the 
number of females was higher than males; in addition, Espino-Barr et al. (2019b) found that the 
ratio of M:H was 1:2.75. Also, Gassman et al., (2017) found for C. ensiferus in Venezuela a higher 
ratio of females to males (1.5:1). However, in other Centropomidae species that reach greater 
length, males dominated over the number of females, as in C. viridis (5.5:1, Tapia-Varela et al., 
2020), and several studies with C. undecimalis (2.3:1, Caballero-Chávez, 2001; 2.2:1 and 1:0.16, 
Perera-García et al., 2008, 2011; Gassman et al., 2017; 5.5:1, Tapia-Varela et al., 2020). The 
trend observed in several snook species is that males dominate in shorter lengths, while females 
dominate in longer lengths. This pattern has been supported by the fact that several Centropomid 
species are protandric hermaphrodites (Peters et al., 1998; Taylor et al., 2000). 
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In addition to sex change, variations in sex ratio could respond to local female aggregations 
or male migrations (Andrade et al., 2013; Gassman et al., 2017). Other authors have suggested 
that differential mortality between sexes, lower longevity, or differential predation may explain 
the sex imbalance (Vicentini & Araújo, 2003). Another possible explanation is that there may be 
differences in the growth rate of males and females, which may cause an imbalance in the ratio. 
The sex that exhibits a faster growth rate will pass the phase of greater vulnerability, and therefore, 
the predation ratio may decrease for that sex (Vicentini & Araújo, 2003).

Maturity stage

Microscopic analysis of the gonads proved to be an excellent tool for identifying and 
describing the stages of maturity analyzed in the organisms throughout the sampling year. 
Immature stage ovaries were recorded during all sampling months, ranging from 65 % in May 
to 100 % in February-March and from October to December (Fig. 3a). At this stage, the gonads 
weighed on average 0.29 (± 0.02 g), with values between 0.02 to 0.45 g. The early developmental 
stage ovary was recorded in January (7%) and from April to July (5% to 24%) (Fig. 3a); ovaries at 
this stage weighed on average 0.32 (± 0.02 g), with a range from 0.23 to 0.53 g. For the advanced 
developmental stage, the percentages of occurrence were 4% to 22% from April to September; on 
average, the gonads weighed 0.38 (± 0.06 g) and ranged from 0.06 to 0.72 g (Fig. 3a). The mature 
stage ovary was recorded in January (20%), in June and July (11%), and they weighed between 
0.50 to 1.40 g and, on average, 0.74 (± 0.14 g) (Fig. 3a).

In the testis, the immature stage weighed an average of 0.22 (± 0.02 g), with an interval 
of 0.01 to 0.51 g, and was observed throughout the year with percentages of 53 to 100 %; the 
latter was present in nine months (Fig. 3b). The developing stage was recorded in January with 
33 %, April with 13 %, and July with 17 %; the average weight of the testis at this stage was 
0.25 (± 0.08 g) and range from 0.05 to 0.59 g (Fig. 3b). Mature stage testes were only recorded 
in January, represented with 13 %; on average they weighed 0.76 (± 0.17 g) and ranged from  
0.59 to 0.94 g (Fig. 3b). In this study, the weight of the testes and ovaries of C. robalito was not 
greater than 1 g, while those reported by Espino-Barr et al. (2019b) for this same species, most 
(except one) on average the weights of the gonads are greater than 1 g.

Recording the percentages of the appearance of maturity stages over time has been used 
as a means to predict the reproductive period of many fish species (Costa e Silva et al., 2021; 
Espino-Barr et al., 2019b; Gassman et al., 2017; Lucano-Ramírez et al., 2022; Nascimento et al., 
2022; Perera-García et al., 2011). However, for C. robalito collected in the Chautengo lagoon, 
Guerrero, it was not possible to locate a period of reproductive activity with this method, due to 
the low percentages of gonads recorded from the developing and mature stages (spawning stage 
gonads were not observed in either sex). However, obtained data is valuable since there was 
no record of C. robalito regarding the characteristics of the gonads from organisms captured for 
commercialization and/or human consumption.
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Gonadosomatic, hepatosomatic, and condition factor indexes

The average monthly values of the gonadosomatic index for females and males did not 
show significant differences (F11,190 = 0.718, p = 0.72 and F11,116 = 1.013, p = 0.44, respectively) 
throughout the sampling year, for either sex. Monthly mean gonadosomatic index values showed 
no clear trend across sampling months. In females, gonadosomatic index varied very little with 
averages from 0.35 (April and May) to 0.55 (July and September). For males, the clearest 
changes were in the lowest gonadosomatic index values around 0.20 during three months (July, 
August, and December). It was also found that the monthly mean gonadosomatic index values of 
females and males were not correlated through the year (rs = 0.007, p = 0.98, n = 12) (Fig. 4). No 
monthly correlation of female or male gonadosomatic index was found with temperature (rs = 0.50,  
p = 0.09 n = 12; and rs = 0.20, p = 0.52, n = 12, respectively), nor with rainfall (rs = 0.54, p = 0.06; 
and rs = 0.09, p = 0.28, n = 12, respectively). No clear annual trend was found in the gonadosomatic 
index of females and males of C. robalito indicating a breeding period. Espino-Barr et al. (2019b) 
define C. robalito in Cuyutlán lagoon, Colima, as a period of greatest reproductive activity from 
June-August, based on gonadosomatic index values (greater than 3).

In other snook species, reproductive periods have also been defined using gonadosomatic 
index values (Costa e Silva et al., 2021; Gassman et al., 2017; Hernández-Vidal et al., 2014; Lorán-
Núñez et al., 2012; Maldonado-García et al., 2005; Nascimento et al., 2022; Perera-García et al., 
2008, 2011). As with the maturity stages, it was not possible to establish a reproductive period 
in C. robalito, mainly since there was no statistically significant variation in the monthly averages 
that could delimit a reproductive season in this species in the Chautengo lagoon, Guerrero state.

In both sexes, the highest values of the hepatosomatic index occurred during June, July, 
and August, and the lowest values were recorded in September (the lowest), and from October 
to December. In both females and males, there was a significant difference (F11,190 = 11.35,  
p < 0.01 and F11,116 = 11.15, p < 0.01, respectively), in the monthly values of the hepatosomatic 
index. Temporal correlation was found in the hepatosomatic index values of females and males 
(rs = 0.867, p < 0.01, n = 12) (Fig. 5). Monthly correlation analysis between gonadosomatic index 
and hepatosomatic index of females and males indicated an inverse relationship (rs = -0.217, 
p = 0.49, n = 12; rs = -0.405, p = 0.19, n = 12, respectively). However, this relationship was 
not statistically significant for either sex. In the case of C. robalito, Espino-Barr et al. (2019b) 
found that hepatosomatic index was higher one month before spawning (August). Although the 
authors did not mention it, there might be an inverse relationship between gonadosomatic index 
and hepatosomatic index, at least during these months. A similar inverse relationship was also 
observed in C. medius (Maldonado-García et al., 2005). 

In some fish species, high hepatosomatic index values have been found during gonadal 
development/maturation, while low hepatosomatic index values occur before the peak gonad 
development. These changes have been interpreted as a decrease in the energy reserves found 
in the liver in the form of glycogen. These glycogen reserves are transferred to the gonads for use 
in the reproductive process (Arellano-Martínez et al., 2001; Ceballos-Vázquez, 1993; Maddock & 
Burton, 1999). 
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In both sexes of C. robalito, the best relative condition was recorded in January (the 
highest), April, and from June to August, and a clear and sustained decrease was observed from 
September to December, the latter with the lowest value. Monthly values of this condition factor 
showed a significant difference in females (F11,190 = 14.02, p < 0.01) and males (F11,116 = 10.55,  
p < 0.01). A significant correlation was observed in monthly condition factor values between the 
two sexes (rs = 0.874, p < 0.01, n= 12) (Fig. 6). There was no monthly correlation between the 
condition factor of females and males with temperature (rs = 0.12, p = 0.40, n = 12; and rs = 0.13, 
p = 0.44, n = 12, respectively) nor with rainfall (rs = 0.04, p = 0.14, n = 12; and rs = 0.19, p = 0.63, 
n = 12, respectively). 

With the condition factor, the present and future success of a population can be analyzed 
due to its influence on growth, reproduction, and survival, it is a quantitative parameter that reflects 
the state of welfare or health of the fish (Mitu et al., 2019; Yongo et al., 2020). The mean values 
of condition factor in C. robalito were similar in females and males throughout the year, indicating 
that they have similar conditions. Among fish populations, condition factor tends to vary generally 
according to factors such as food availability, sex, seasonality, and degree of gonadal development 
(Froese, 2006).

Microscopic description of the gonads

The ovarian tunic that envelops the entire ovary was distinguished; oocytes in the primary 
growth phase were found in all stages, however, in the immature stage (Fig. 7a) this phase 
was the only one observed. Oocytes in the cortical alveolus phase were identified in the early 
developmental (Fig. 7b), late developmental, and mature stages. In the latter two stages, oocytes 
in primary vitellogenesis were also distinguished (Fig. 7c), in the mature stage in addition to all 
the aforementioned phases, oocytes in secondary and tertiary vitellogenesis were also found  
(Fig. 7d). It could also be observed that oocyte growth increases through each of the developmental 
stages (Fig. 8); these increases presented a significant difference (F4,477 = 1732.30, p < 0.01). 
The largest diameters were found in the secondary and tertiary vitellogenesis phases. Due to 
the presence of different phases of oocyte development within the ovary, it is deduced that the 
oocytes have asynchronous development. This simultaneous presence of several oocyte phases 
in the same ovary that occurs in C. robalito has also been recorded in several snook species 
such as C. undecimalis (Peters et al., 1998); C. medius (Maldonado-García et al., 2005), and  
C. parallelus (Costa e Silva et al., 2021), suggesting that these species exhibit long reproductive 
periods and multiple spawning.

Oocytes with asynchronous development have been reported in C. medius (Maldonado-
García et al., 2005) and in several species that inhabit tropical environments, such as Lutjanus 
peru (Lucano-Ramírez et al., 2001), Lutjanus argentiventris (Lucano-Ramírez et al., 2014) and 
Anisotremus interruptus (Ruiz-Ramírez et al., 2012), among others. It has also been found, as in  
C. robalito, that, with the maturation process of the oocytes, these increase in diameter significantly, 
this aspect has been recorded in several species of marine fish, and the cause of the increase is 
due to the accumulation of yolk in the cytoplasm (Lucano-Ramírez et al., 2001). 
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In the testis, the tunica albuginea was identified, which, as in the ovaries, surrounds or 
envelops the entire testis. However, in the immature stage, little cellular development was observed 
(Fig. 9a), in the developing stage, little cellular development was observed in the periphery and 
the main duct, where the spermatozoa are concentrated (Fig. 9b), and in the mature stage, 
spermatozoa can be identified within the cysts (Fig. 9c); the cellular arrangement in the testes of 
C. robalito is lobular.

The microscopic description of the gonads helps to assess the degree of gonadal 
development and to detail their structure. In the case of the testis, it was possible to distinguish 
the tunica albuginea, the presence or absence of spermatozoa, the amount of interstitial tissue, 
and the definition of the main duct; these characteristics are distinctive and are associated with the 
maturity degree of the testis (Grier et al., 2009).

Total length-to-total weight ratio

The length-weight relationships of females and males of C. robalito indicated that both 
sexes presented negative allometric growth (b = 2.01 and b = 1.91, respectively; and between 
these two values there was no statistical difference, t0.05,326 = 0.81, p = 0.41). This means that there 
is greater growth in length compared to weight (Fig. 10). The negative allometric growth observed 
in the C. robalito in this study may be attributed to the capture of many young organisms, which 
was confirmed by the histological analysis of the gonads where only a small number of gonads 
showed some level of maturity. A previous study on C. robalito also observed negative allometric 
growth (Barreto-Figueroa and Solórzano-Barrera, 2006). On the other hand, populations of  
C. robalito from other locations have shown isometric and positive allometric growth (Gallardo-
Cabello et al., 2018; González-Sansón et al., 2014; Martínez-Madrigal, 2021). The differences 
found in this research may be attributed to the fact that several studies analyzed larger fish (27 to 
37 cm) compared to those included in this study (16.7 to 24.6 cm).

In the present study, in all C. robalito organisms, it was possible to identify the sex due 
to the lengths presented by the fish and the use of histology in the analysis of the gonads. In 
turn, Espino-Barr et al. (2019b) in Cuyutlán lagoon, Colima, by macroscopic observation of the 
gonads, recorded 29 (8.7%) undifferentiated organisms (sex was not identified) of C. robalito with 
lengths between 6.5 and 21 cm. Therefore, the advantage of one method over the other in sex 
identification is clear; however, it is not always probable to apply the histological process.

In this study of C. robalito, oocytes with the highest degree of maturation presented an 
average diameter of 350 µm. Meanwhile, Espino-Barr et al. (2019b) also in C. robalito, recorded 
oocytes averaging 270 µm. The difference between these two averages could also be an effect 
of the method for measuring the diameter, ours was done by histological sections and that of said 
authors, although they do not mention it, we assume that they used the complete oocyte. 

The limited presence of individuals with developing and mature gonads (with none in 
spawning or spawning) in C. robalito during the study period may suggest that the Chautengo 
Lagoon, Guerrero, primarily serves as an area for the growth and feeding of juveniles. A similar 



10Revista Bio Ciencias 11, e1547.                 

ISSN 2007-3380

Reproductive condition Centropomus robalito. / Condición reproductiva Centropomus robalito.  

observation was made for C. undecimalis in the Tacarigua Lagoon, Venezuela (Gassman et 
al., 2017). Furthermore, Márquez (1985) notes that this species does not complete its entire 
reproductive cycle within the lagoon, as it migrates to the open sea for spawning. Additionally, 
Blewett et al. (2009) proposed that some individuals migrate to coastal areas to reproduce and 
then return to the estuaries.

In this study, it was not possible to estimate the length at maturity of C. robalito, due 
to the reduced number of individuals with gonads in advanced stages of maturation. Also, in  
C. undecimalis the male sample number was so small that they were unable to estimate the 
average length at maturity in males (Taylor et al., 2000). It is worth mentioning that in some 
snook species, it can be complicated to estimate average length at maturity, as some of these are 
protandric hermaphrodites (Peters et al., 1998).

Given this background, management measures for this species are encouraged to be 
implemented, such as a net size limitation and the establishment of a minimum capture length. 
Additional studies in the coastal zone near the Chautengo Lagoon, to investigate reproductive 
migrations and spawning areas, considering that a marked pattern of fidelity to localities or 
reproductive areas has been noted in snook species and that these should be considered for 
the management and integrated management of the spatial structure in the connectivity between 
spawning sites, larval transport areas, and growth habitats for this species.

Figure 1. Study area, Chautengo coastal lagoon in Guerrero state, Mexico.
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Figure 2. Frequency distribution of total length of females and males of 
Centropomus robalito, from January to December 2019 in the coastal lagoon of 

Chautengo, Guerrero state, Mexico.

Figure 3. Monthly percentage of gonadal maturity stages of females (a) and males 
(b) of Centropomus robalito, in the coastal lagoon of Chautengo, Guerrero, Mexico.
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Figure 4. Monthly variation of the gonadosomatic index of females and males of 
Centropomus robalito, in the coastal lagoon of Chautengo, Guerrero, Mexico.

Figure 5. Monthly variation of the hepatosomatic index of females and males of 
Centropomus robalito, in the coastal lagoon of Chautengo, Guerrero, Mexico.
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Figure 6. Monthly variation of the relative condition factor of female and male of 
Centropomus robalito, in the coastal lagoon of Chautengo, Guerrero, Mexico.

Figure 7. Microscopy of gonadal maturity stages of female Centropomus robalito 
in the coastal lagoon of Chautengo, Guerrero, Mexico.

 a) Immature stage, b) early developmental, c) advanced developmental, d) mature stage, OW= ovarian 
tunica, PG= primary growing oocytes, CA= cortical alveoli, Vtg 1 primary vitellogenesis, Vtg 2= secondary 

vitellogenesis, M= mature. Hematoxylin-eosin stain. Scale 200 µm.
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Figure 8. Average diameter of oocytes in each of the developmental stages of 
Centropomus robalito, in the coastal lagoon of Chautengo, Guerrero, Mexico. 

PG= primary growth, CA= cortical alveoli, Vtg1= primary vitellogenesis, Vtg 2= secondary vitellogenesis, Vtg 
3= tertiary vitellogenesis.

Figure 9. Microscopy of gonadal maturity stages of male Centropomus robalito, in 
the coastal lagoon of Chautengo, Guerrero state, Mexico. 

a) immature stage, b) developmental, c) mature stage, Ta= tunica albuginea, Lu= lumen, Lo= lobules,  
Cs= cysto, Sz= spermatozoa, Md= main duct. Hematoxylin-eosin stain. Scale 200 µm. 
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Figure 10. Length-weight relationship of females (a) and males (b) of Centropomus 
robalito, in the coastal lagoon of Chautengo, Guerrero state, Mexico.

Conclusions

The reproductive condition and biological-reproductive variables presented by most 
individuals of C. robalito suggest that reproductive events do not occur in the Chautengo Lagoon 
and that they use this water body as a juvenile rearing site. Histological analysis of the gonads of 
C. robalito indicated that it is a dioecious species. This is the first study on the Pacific coast using 
the histological technique of gonads to evaluate the reproductive status of C. robalito. Long-term 
studies of reproduction and population dynamics of C. robalito both within and in the vicinity of the 
lagoon are recommended, in addition to restricting the use of fishing gear that catches individuals 
smaller than 23 cm Lt thus preventing the catch volume from being limited in the future. 



16Revista Bio Ciencias 11, e1547.                 

ISSN 2007-3380

Reproductive condition Centropomus robalito. / Condición reproductiva Centropomus robalito.  

Author contribution

Conceptualization, LRG, ZCC. Methodology development, LRG, ZCC, RRS; Software 
management, LRG, ZCC, RRS, VGJ; Experimental validation, LRG, RRS, VGJ; Analysis of 
results, LRG, ZCC, RRS, VGJ; Data management, LRG, ZCC, RRS, VGJ; Manuscript writing and 
preparation, LRG, RRS; Drafting, revising, and editing, LRG, ZCC, RRS, VGJ; Project manager, 
LRG; Fund acquisition, LRG, ZCC. 

All authors of this manuscript have read and accepted the final version of the manuscript.

Financing

The collection of the organisms was financed with its funds. The histological process 
was financed by the project “Reproducción y edad de las especies de las familias Lutjanidae 
y Haemulidae capturados en la Bahía de Navidad, Jalisco, México”. Registed code 7 DEDSZC 
-025/2022, de la Universidad de Guadalajara.

Ethical statements

The study does not require ethical approval, since the organisms come from commercial 
fisheries.

Acknowledgments

The authors thank the fishermen of the coastal lagoon of Chautengo, Guerrero, for the 
capture of the organisms. To Dr. Israel Ambriz-Arreola for the preparation of Figure 1 and the 
calculation of the coordinates.

Conflict of interest

The authors declare that they have no conflicts of interest. 

Referencias

Alvarez-Lajonchere, L., & Tsuzuki, M. (2008). A review of methods for Centropomus spp. (snooks) 
aquaculture and recommendations for the establishment of their culture in Latin America. 
Aquaculture Research, 39(7), 684-700. http://dx.doi.org/10.1111/j.1365-2109.2008.01921.x 

Andrade, H., Santos, J., & Taylor, R. (2013). Life-history of the common snook Centropomus 

http://dx.doi.org/10.1111/j.1365-2109.2008.01921.x


Lucano-Ramírez et al., 2024. 

17Revista Bio Ciencias 11, e1547.                

ISSN 2007-3380

undecimalis in a Caribbean estuary and large-scale biogeographic patterns relevant to 
management. Journal of Fish Biology, 82(6), 1951-1974. http://doi:10.1111/jfb.12123 

Arellano-Martínez, M., Rojas-Herrera, A., García-Domínguez, F., Ceballos-Vázquez, B. P., 
& Villalejo-Fuerte, M. (2001). Ciclo reproductivo del pargo lunarejo Lutjanus guttatus 
(Steindachner, 1869) en las costas de Guerrero, México. Revista de Biología Marina y 
Oceanografía, 36(1),1- 8. http://ds.doi.org/10.4067/SO718-195720010000100001 

Barreto-Figueroa, N. M., & Solórzano-Barrera, M. E. (2006). Determinación de algunos 
componentes biológicos de las principales especies comerciales de la familia Centropomidae 
(robalo) en el estuario del río Chone, provincia de Manabi. [Tesis de Licenciatura, Escuela 
de Acuicultura, Facultad de Ciencias Veterinarias, Universidad técnica de Manabi]

Blewett, D., Stevens, P., Champeau, T., & Taylor, R. (2009). Use of rivers by common 
snook Centropomus undecimalis in southwest Florida: a first step in addressing the 
overwintering paradigm. Biological Sciences, 72(4), 310-324. https://www.researchgate.net/
publication/237568235

Brown-Peterson, N. J., Wyanski, D. M., Saborido-Rey, F., Macewicz, B. J., & Lowerre-Barbieri 
S. K. (2011). A standardized terminology for describing reproductive development in fishes. 
Marine and Coastal Fisheries, 3(1), 52-70. http://doi.org/10.1080/19425120.2011.555724 

Bulit, C., & Díaz-Ávalos, C. (2009). Patrones de diversidad de ciliados del plancton en la laguna 
de Chautengo, Guerrero, México. Hidrobiológica, 19(2), 109-118. https://hidrobiologica.izt.
uam.mx/index.php/revHidro/article/view/843 

Caballero-Chávez, V. (2011). Reproducción y fecundidad del robalo blanco (Centropomus 
undecimalis) en el suroeste de Campeche. Ciencia Pesquera, 19(1), 35-46. https://www.gob.
mx/cms/uploads/attachment/file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf 

Ceballos-Vázquez, B. P. (1993). Biología reproductiva del conejo Caulolatilus affinis, Gill 1865 
(Pisces: Branchiostegidae), en el canal Cerralvo, Baja California Sur, México. [Tesis de 
Maestría, Centro Interdisciplinario de Ciencias Marinas, Instituto Politécnico Nacional]

Chapman, P., Cross, F., Fish, W., & Jones, K. (1982). Final report for sport fish introductions 
project 1974-1981. Study 1. Artificial culture of snook. State of Florida Game and Freshwater 
Fish Commission.

Comisión Nacional de Acuacultura y Pesca [CONAPESCA]. (2021). Anuario estadístico de 
acuacultura y pesca. México: SAGARPA. https://www.gob.mx/conapesca/documentos/
anuario-estadistico-de-acuacultura-y-pesca 

Costa e Silva, G. H., Oliveira, F. M., & Abilhoa, V. (2021). Reproductive biology of the fat snook 
Centropomus parallelus Poey, 1860 (Teleostei, Centropomidae) and implications for its 
management in the southern Atlantic Ocean. Journal of Fish Biology, 99(2), 669-672. https://
doi.org/10.1111/jfb.14718 

Espino-Barr, E., Cruz-Romero. M., & García-Boa, A. (2003). Peces marinos con valor comercial 
de la costa de Colima, México. CONABIO, INP. http://www.conabio.gob.mx/institucion/
proyectos/resultados/FichapubBP013.pdf

Espino-Barr, E., Cabral-Solís, E., García, A., & Puente, M. (2004). Especies marinas con valor 
comercial de la costa de Jalisco, México. INP, SAGARPA. https://nautilo.iib.unam.mx/
Record/000547058

Espino-Barr, E., Gallardo-Cabello, M., Puente-Gómez, M., & García-Boa, A. (2017). Growth 
and reproduction of the robalo Centropomus nigrescens (Teleostei: Centropomidae) in 

http://doi:10.1111/jfb.12123
http://ds.doi.org/10.4067/SO718-195720010000100001
https://www.researchgate.net/publication/237568235
https://www.researchgate.net/publication/237568235
http://doi.org/10.1080/19425120.2011.555724
https://hidrobiologica.izt.uam.mx/index.php/revHidro/article/view/843
https://hidrobiologica.izt.uam.mx/index.php/revHidro/article/view/843
https://www.gob.mx/cms/uploads/attachment/file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf
https://www.gob.mx/cms/uploads/attachment/file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf
https://www.gob.mx/conapesca/documentos/anuario-estadistico-de-acuacultura-y-pesca
https://www.gob.mx/conapesca/documentos/anuario-estadistico-de-acuacultura-y-pesca
https://doi.org/10.1111/jfb.14718
https://doi.org/10.1111/jfb.14718
http://www.conabio.gob.mx/institucion/proyectos/resultados/FichapubBP013.pdf
http://www.conabio.gob.mx/institucion/proyectos/resultados/FichapubBP013.pdf
https://nautilo.iib.unam.mx/Record/000547058
https://nautilo.iib.unam.mx/Record/000547058


18Revista Bio Ciencias 11, e1547.                 

ISSN 2007-3380

Reproductive condition Centropomus robalito. / Condición reproductiva Centropomus robalito.  

Manzanillo Bay, Mexican Central Pacific. International Journal of Scientific Research, 6(12), 
529-534. https://www.researchgate.net/publication/326305190

Espino-Barr, E., Gallardo-Cabello, M., Puente-Gómez, M., & Garcia-Boa, A. (2019a). Study of 
the Age of Centropomus robalito by Otoliths Analysis of Sagitta, Asteriscus and Lapillus in 
Mexican Central Pacific. HSOA Journal of Aquaculture and Fisheries, 3, 1-10. https://www.
researchgate.net/publication/333083088

Espino-Barr, E., Gallardo-Cabello, M., Puente-Gómez, M., García-Boa, A., & Salas-Maldonado 
M. (2019b). Reproduction of the yellowfin snook Centropomus robalito (Teleostei: 
Centropomidae) in Cuyutlan Lagoon, Mexican Central Pacific. Ciencia Pesquera, 27(2), 17–
25. https://www.gob.mx/cms/uploads/attachment/file/564024/CP27_2__2_Reporducci_n_
del_constantino_Centropomus_robalito.pdf

Flores-Ortega, J. R., González-Sansón, G., Aguilar-Betancourt, C., Kosonoy-Aceves, D., 
Venegas-Muñoz, A., Lucano-Ramírez, G., & Ruiz-Ramírez, S. (2015). Hábitos alimentarios 
de los jóvenes de Centropomus robalito (Centropomidae: Actinopterygii) en la laguna de 
Barra de Navidad, Jalisco, México. Revista de Biología Tropical, 63(4), 1071-1081. https://
www.researchgate.net/publication/283055432

Froese, R. (2006). Cube law, condition factor and weight-length relationships: history, meta-
analysis and recommendations. Journal of Applied Ichthyology, 22(4), 241-253. http://doi.
org/10.1111/j.1439-0426.2006.00805.x 

Gallardo–Cabello, M., Espino-Barr, E., Garcia-Boa, A., & Puente-Gómez, M. (2018). Growth of 
the yellowfin snook Centropomus robalito (Teleostei: Centropomidae) in Cuyutlan Lagoon, 
Mexican Central Pacific. International Journal of Scientific Research, 7(12), 28-31. https://
www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/recent_
issues_pdf/2018/December/December_2018_1543674239__255.pdf

Gassman, J., López-Rojas, H., & Padrón, D. (2017). Reproducción de los róbalos Centropomus 
undecimalis y C. ensiferus (Perciformes: Centropomidae) en una laguna costera tropical. 
Revista de Biología Tropical, 65, 181-194. http://doi.org/10.15517/rbt.v65i1.23614 

González-Sansón, G., Aguilar-Betancourt, C., Kosonoy-Aceves, D., Lucano-Ramírez, G., Ruiz-
Ramírez, S., Flores-Ortega, J. R., & Silva-Bátiz, F. (2014). Weight–length relationships for 
38 fish species of Barra de Navidad coastal lagoon, Jalisco, Mexico. Journal of Applied 
Ichthyology, 30(2), 428-430. http://doi.org/10.1111/jai.12327

Granados, E. (2018). Análisis taxonómico del género Centropomus (Perciformes: Centropomidae) 
del sureste del Golfo de California, México [Tesis de Maestría, Universidad Autónoma de 
Nayarit, Posgrado en Ciencias Biológico-Agropecuarias].

Granados-Amores, E., Granados-Amores, J., Zavala-Leal, O. I., & Flores-Ortega, J. R. (2020). 
Geometric morphometrics in the sulcus acusticus of the sagittae otolith as tool to discriminate 
species of the genus Centropomus (Centropomidae: Perciformes) from the southeastern 
Gulf of California. Marine Biodiversity, 50,10. http://doi10.1007s12526-019-01030-1 

Grier, H.J., Uribe-Aranzábal, M.C., & Patiño, R. (2009). The ovary, folliculogenesis, and 
oogenesis in teleosts. In: B.G.M Jamieson (Ed.), Reproductive Biology and Phylogeny of 
Fishes (Agnathans and bony fishes). Queensland Australia: Science Publishers.

Hernández-Vidal, U., Chiappa-Carrara, X., & Contreras-Sánchez, W. (2014). Reproductive 
variability of the common snook, Centropomus undecimalis, in environments of contrasting 
salinities interconnected by the Grijalva-Usumacinta fluvial system. Ciencias Marinas, 40(3), 

https://www.researchgate.net/publication/326305190
https://www.researchgate.net/publication/333083088
https://www.researchgate.net/publication/333083088
https://www.gob.mx/cms/uploads/attachment/file/564024/CP27_2__2_Reporducci_n_del_constantino_Centropomus_robalito.pdf
https://www.gob.mx/cms/uploads/attachment/file/564024/CP27_2__2_Reporducci_n_del_constantino_Centropomus_robalito.pdf
https://www.researchgate.net/publication/283055432
https://www.researchgate.net/publication/283055432
http://doi.org/10.1111/j.1439-0426.2006.00805.x
http://doi.org/10.1111/j.1439-0426.2006.00805.x
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/recent_issues_pdf/2018/December/December_2018_1543674239__255.pdf
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/recent_issues_pdf/2018/December/December_2018_1543674239__255.pdf
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/recent_issues_pdf/2018/December/December_2018_1543674239__255.pdf
http://doi.org/10.15517/rbt.v65i1.23614
http://doi.org/10.1111/jai.12327
http://doi10.1007s12526-019-01030-1


Lucano-Ramírez et al., 2024. 

19Revista Bio Ciencias 11, e1547.                

ISSN 2007-3380

173-185. http://dx.doi.org/10.7773/cm.v40i3.2381 
Lorán-Núñez, R. M., Martínez-Isunza, F. R., Valdez-Guzmán, A. J., Garduño-Dionate, M. & 

Martínez-Lorán, E. R. (2012). Reproducción y madurez sexual de robalo prieto (Centropomus 
poeyi) y robalo blanco (C. undecimalis) en el Sistema Lagunar de Alvarado, Veracruz 
(2005-2007). Ciencia Pesquera, 20(1), 49-64. https://www.gob.mx/cms/uploads/attachment/
file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf

Lucano-Ramírez, G., Villagrán-Santa Cruz, M., Ruiz-Ramírez, S., & López-Murillo, T. (2001). 
Histology of the oocytes of Lutjanus peru (Nichols & Murphy, 1922) (Pisces: Lutjanidae). 
Ciencias Marinas, 27(3), 335-349. http://dx.doi.org/10.7773/cm.v27i3.493 

Lucano-Ramírez, G., Ruiz-Ramírez, S., González-Sansón, G., & Ceballos-Vázquez, B. P. (2014). 
Reproductive biology of the yellow snapper, Lutjanus argentiventris (Pisces, Lutjanidae), 
from the Mexican central Pacific. Ciencias Marinas, 40(1), 33-44. http://dx.doi.org/10.7773/
cm.v40i1.2325 

Lucano-Ramírez, G., Santana-Cornejo, A. S., Ruiz-Ramírez, S., González-Sansón, G., Aguilar-
Betancourt, C., & Perez-Toledo, A. (2022). Reproductive aspects of Paranthias colonus 
(Perciformes: Serranidae) on the Pacific coast of central Mexico. Ciencias Marinas, 48(1), 
1-15. http://doi.org/10.7773/cm.y2022.3259 

Maddock, D.M., & Burton, M.P. (1999). Gross and histological observations of ovarian development 
and related condition changes in American Plaice. Journal of Fish Biology, 53(5), 928-944. 
http://doi.org/10.1111/j.1095-8649.1998.tb00454.x 

Maldonado-García, M., Gracia-López, V., Carrillo, M., Hernández-Herrera, A., & Rodríguez-
Jaramillo, C. (2005). Stages of gonad development during the reproductive cycle of the 
blackfin snook, Centropomus medius Günter. Aquaculture Research, 36(6), 554-563. http://
doi.org/10.1111/j.1365-2109.2005.01253.x 

Márquez, P. (1985). Algunos aspectos de la biología del róbalo Centropomus ensiferus Poey, 
1860 y C. unde cimalis (Bloch, 1792) (Osteichthyes Centropomidae) en la Laguna de 
Tacarigua, Venezuela [Tesis de licenciatura, Universidad Central de Venezuela, Venezuela].

Martínez-Madrigal, A. M. (2021). Edad y crecimiento del robalito Centropomus robalito 
(Perciformes: Centropomidae) en la laguna de Barra de Navidad, Jalisco, México [Tesis de 
Licenciatura, Universidad de Guadalajara, Centro Universitario de la Costa Sur].

Mitu, N. R., Alam, M. M., Hussain, M. A., Hasan, M. R., & Atul, C. S. (2019). Length-weight and 
length-length relationships, sex ratio and condition factors of the Asian striped dwarf catfish 
Mystus tengara (Hamilton, 1822) (Siluriformes: Bagridae) in the Ganges River, Northwestern 
Bangladesh. Iranian Journal Ichthyology, 6(1), 21-30. https://www.researchgate.net/
publication/332621577

Moreno-Sánchez, X. G., Palacios-Salgado, D. S., Abitia-Cárdenas, L. A., Nieto-Navarro, J. T. 
& Navia, A. F. (2015). Diet of the yellowfish snook, Centropomus robalito (Actinopterygii: 
Perciformes), in the southwestwern Gulf of California. Acta Ichthyologica et Piscatoria, 
45(1), 21-29. https://www.researchgate.net/publication/274835380

Nascimento, I. R. M. A., Diniz, A. L. C., Cruz, Y. L. K. F., Azevedo, A. S., Azevedo, R. S. O. 
P., Pinheiro-Sousa, D.B., Sousa, D.B., da Silva, A. A., & Carvalho-Neta, R. N. F. (2022). 
Quantitative indicators of the reproductive biology of adult specimens of Centropomus 
undecimalis (Teleost: Centropomidae) obtained from commercial fishermen in the Parnaíba 
Delta Environmental Protection Area, north coast of Brazil. Boletim do Instituto de Pesca, 

http://dx.doi.org/10.7773/cm.v40i3.2381
https://www.gob.mx/cms/uploads/attachment/file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf

https://www.gob.mx/cms/uploads/attachment/file/150542/Ciencia_Pesquera_Vol._20_No._1-Mayo_2012.pdf

http://dx.doi.org/10.7773/cm.v27i3.493
http://dx.doi.org/10.7773/cm.v40i1.2325
http://dx.doi.org/10.7773/cm.v40i1.2325
http://doi.org/10.7773/cm.y2022.3259
http://doi.org/10.1111/j.1095-8649.1998.tb00454.x
http://doi.org/10.1111/j.1365-2109.2005.01253.x
http://doi.org/10.1111/j.1365-2109.2005.01253.x
https://www.researchgate.net/publication/332621577
https://www.researchgate.net/publication/332621577
https://www.researchgate.net/publication/274835380


20Revista Bio Ciencias 11, e1547.                 

ISSN 2007-3380

Reproductive condition Centropomus robalito. / Condición reproductiva Centropomus robalito.  

48, e726.http://doi.org/10.20950/1678-2305/bip.2022.48.e726 
Perera-García, M. A., Mendoza-Carranza, M., & Páramo-Delgadillo, S. (2008). Dinámica 

reproductiva y poblacional del robalo, Centropomus undecimalis (Perciformes: 
Centropomidae), en barra San Pedro, Centla, México. Universidad y Ciencia, 24(1), 49-59. 
https://www.researchgate.net/publication/28263581

Perera-García, M. A., Mendoza-Carranza, M., Contreras-Sánchez, W. M., Huerta-Ortíz, M., & 
Pérez-Sánchez, E. (2011). Reproductive biology of common snook Centropomus undecimalis 
(Perciformes: Centropomidae) in two tropical habitats. Revista de Biología Tropical, 59(2), 
669-681. http://doi.org/10.15517/rbt.v0i0.3131 

Peters, K. M., Matheson, R. E., & Taylor, R. G. (1998). Reproduction and early life history of 
common snook, Centropomus undecimalis (Bloch), in Florida. Bulletin of Marine Science, 
62(2), 509–529. : https://www.researchgate.net/publication/233552259

Ruiz-Ramírez, S., Lucano-Ramírez, G., González-Sansón, G., Rojo-Vázquez, J. A., & Arellano-
Martínez, M. (2012). Biología reproductiva de Anisotremus interruptus (Perciformes: 
Haemulidae) en el Pacífico central mexicano. Revista de Biología Tropical, 60(2), 709-720. 
http://doi.org/10.15517/rbt.v60i2.3986

StatSoft. (2006). Statistica. Data analysis software system. Version 7.1.
Tapia-Varela, J. R., Palacios-Salgado, D. S., Romero-Bañuelos, C. A., Ruiz-Bernés, S., Padilla-

Noriega, R., & Nieto Navarro, J. T. (2020). Length-weight relationship and condition factor 
of Centropomus viridis (Actinopterygii: Perciforms: Centropomidae) in the north coast of 
Nayarit. Acta Universitaria 30,1-7. http://doi.org/10.15174/au.2020.2123 

Taylor, R. G., Whittington, J. A., Grier, H. J., & Crabtree, R. E. (2000). Age, growth, maturation, 
and protandric sex reversal in common snook, Centropomus undecimalis, from the east 
and west coasts of south Florida. Fishery Bulletin, 98, 612-624. https://spo.nmfs.noaa.gov/
content/age-growth-maturation-and-protandric-sex-reversal-common-snook-centropomus-
undecimalis-east

Uribe, M. C., Grier, H. J., & Mejía-Roa, V. (2014). Comparative testicular structure and 
spermatogenesis in bony fishes. Spermatogenesis, 4(3), e983400. https://doi.org/10.4161
/21565562.2014.983400

Vicentini, R. N., & Araújo, F. G. (2003). Sex ratio and size structure of Micropogonias furnieri 
(Desmarest, 1823) (Perciformes, Sciaenidae) in Sepetiba Bay, Rio de Janeiro, Brazil. Brazilian 
Journal of Biology, 63(4), 559-566. http://doi.org/10.1590/s1519-69842003000400003 

Violante-González, J., Monks, S., Rojas-Herrera, A., & Gil-Guerrero, S. (2011). Richness and 
species composition of helminth communities in yellowfin snook (Centropomus robalito) 
(Centropomidae) from coastal lagoons in Guerrero, Mexico. Comparative Parasitology, 
78(1), 84-94. http://doi.org/10.1654/4450.1 

Yongo, E., Agembe, S., & Iteba, J. (2020). Length-weight relationship, condition factor and feeding 
habit of the Silurid Catfish, Bagrus docmak (Forksskal, 1775) in Lake Victoria. Kenya. http://
doi.org/10.31219/osf.io/fx58k 

Zar, J. H. (2010). Bioestatistical Analysis. 5th ed. Prentice Hall.

http://doi.org/10.20950/1678-2305/bip.2022.48.e726
https://www.researchgate.net/publication/28263581
http://doi.org/10.15517/rbt.v0i0.3131
https://www.researchgate.net/publication/233552259
http://doi.org/10.15517/rbt.v60i2.3986
http://doi.org/10.15174/au.2020.2123
https://spo.nmfs.noaa.gov/content/age-growth-maturation-and-protandric-sex-reversal-common-snook-centropomus-undecimalis-east

https://spo.nmfs.noaa.gov/content/age-growth-maturation-and-protandric-sex-reversal-common-snook-centropomus-undecimalis-east

https://spo.nmfs.noaa.gov/content/age-growth-maturation-and-protandric-sex-reversal-common-snook-centropomus-undecimalis-east

https://doi.org/10.4161/21565562.2014.983400
https://doi.org/10.4161/21565562.2014.983400
http://doi.org/10.1590/s1519-69842003000400003
http://doi.org/10.1654/4450.1
http://doi.org/10.31219/osf.io/fx58k
http://doi.org/10.31219/osf.io/fx58k

