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Abstract

Genyatremus luteus primarily inhabits estuarine regions and holds significant commercial value along the Brazilian
Amazon coast. This study aimed to investigate the population structure and reproductive biology of G. luteus
caught in the Paciéncia River estuary, in the state of Maranhdo. Approximately 30 specimens were collected
monthly from November 2015 to October 2017, totaling 475 individuals (295 females and 180 males). The sex ratio
differed significantly over the study period, at 1.6F: 1M (y? = 84.3; df = 10; p < 0.05). The mean length at first sexual
maturity was 12.66 cm for females, 12.32 cm for males, and 12.56 cm for combined sexes, exhibiting negative
allometric growth (b < 3) with peaks in the condition factor of 2.04 and 1.30 for females and males, respectively.
Females showed a broader length range (23.16 + 3.97 cm), possibly attributed to a reproductive strategy to ensure
species perpetuation. These findings contribute to optimizing fisheries management strategies, ensuring that
individuals can reproduce before being caught. Additionally, analyzing seasonal reproductive patterns relative to
environmental variables, such as rainfall, offers deeper insights into how external factors influence reproductive
cycles and population dynamics.
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Resumo

A espécie Genyatremus luteus vive principalmente em regides estuarinas e possuindo valor comercial significativo na
Costa Amazodnica Brasileira, este estudo teve como objetivo investigar a estrutura populacional e aspectos da biologia
reprodutiva de G. luteus capturados no estudrio do Rio Paciéncia, no Estado do Maranhdo. Aproximadamente 30
espécimes foram capturados mensalmente entre novembro de 2015 e outubro de 2017, totalizando 475 individuos
(295 fémeas e 180 machos). A razdo sexual diferil significativamente para o periodo estudado, 1,6F:1M. (y2 = 84,3;
g.l.=10; p < 0,05). O comprimento médio de primeira maturacdo sexual foi de 12,66 cm para fémeas, 12,32 cm
para machos e 12,56 cm para os sexos combinados, exibindo crescimento alométrico negativo (b<3) e picos no
fator de condicdo de 2,04 e 1,30 para fémeas e machos, respectivamente. As fémeas apresentaram maior amplitude
de comprimento (23,16 + 3,97 cm) possivelmente atribuida a uma estratégia de perpetuacdo da espécie (ou seja,
reproducdo). Essas informagoes facilitam a otimizagao das estratégias de manejo pesqueiro, garantindo que os
individuos possam se reproduzir antes da captura. Além disso, a andlise dos padrdes sazonais de reprodu¢do em
relagdo as variagdes ambientais, como a precipitagdo, proporciona uma compreensdo mais profunda de como

fatores externos influenciam os ciclos reprodutivos e a dindmica populacional.

Palavras-chave: morfometria, fator de condicdo, biologia reprodutiva, indice gonadossomatico, desova.

1. Introduction

The Amazon Coast, encompassing the states of Amapa,
Par4, and Maranhdo, is characterized by significant marine
fishing activities driven by the high nutrient availability
in its waters. The interaction between the substantial
fluvial discharge and tidal forces plays a crucial role in

the distribution of both nutrients and sediments, thereby
influencing the productivity of marine habitats and the
dynamics of local fisheries (Bentes et al., 2012; Silva et al.,
2023). Thus, having high biological productivity, sustaining
high biomass, and having a complex food web positively
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influence local activity in fishing and adjacent regions
(Wolff et al., 2000). These characteristics provide the
development of many organisms and the exploitation of
fisheries resources in these regions (Marceniuk et al., 2013).

Inrecent decades, fishing sustainability has been subject
to intense international debate. Therefore, management
measures must be promoted to develop a viable economic,
social, and ecological fishing program to guarantee the
perpetuation of fish stocks. Hence, it will be possible to
ensure the monitoring and preservation of the diversity of
stocks and fishing activity, which, in addition to constituting
a cultural legacy, is the primary means of survival for
coastal communities (Almeida et al., 2016; Camara and
Santero-Sanchez, 2019).

When evaluating the reproductive aspects of fish stocks,
it is crucial to consider conservation measures for aquatic
organisms. These evaluations provide valuable information
on the fishing potential, spawning periods and locations, and
the minimum legal size for capture (Brown-Peterson et al.,
2011). Therefore, assessing reproductive parameters—such
as sex ratio, length-weight relationships, reproductive
cycles, and spawning seasons—of economically significant
species is essential. This information is vital for establishing
appropriate closed fishing seasons and minimum catch sizes,
ensuring that regulations are based on the reproductive
characteristics of species most affected by fishing pressure
(Carvalho et al., 2021).

The Genyatremus luteus is a species that has preferences
for estuarine and marine water environments, in addition
to presenting opportunistic behavior; these conditions
ease its development almost every year (Barletta et al.,
2003; Carvalho-Neta et al., 2011; Jimenez et al., 2013;
Bomfim et al., 2019). Thus, it can be configured as an
economically significant stock, being a species of great
importance to the State (Fernandes, 1982; Nunes et al.,
2020) and to this factor, it is necessary to have a
management plan for its exploration.

This study aims to provide detailed insights into the
population structure and reproductive characteristics of

-44°4.800’ -44°2.400"

G. luteus in the Paciéncia River estuary, located in Raposa,
Maranhdo. By enhancing our understanding of these
aspects, the research seeks to contribute to effective
fisheries management and the development of sustainable
fishing regulations. These efforts are crucial for ensuring
the long-term viability and conservation of G. luteus, a
species of significant commercial value.

2. Material and Methods

2.1. Area description

Approximately 30 individuals were collected monthly
in the Paciéncia River estuary in the metropolitan region of
Sdo Luis, Brazil. The Paciéncia River Basin covers an area of
150.5 km?, with a perimeter of 71.2 km. It includes the main
channel, the most prominent watercourse of Maranhdo
Island, extending 27.82 km and exhibiting a drainage
density (Dd) of 1.2 km/km? (Figure 1). The estuarine
system of the Paciéncia River is influenced by the Golfiao
Maranhense (S3o Marcos Bay and Sdo José Bay). This
basin is located within the Maranhdo Island Hydrographic
System, encompassing four municipalities: Sdo Luis, Paco
do Lumiar, Sdo José de Ribamar, and Raposa (Lopes, 2016).
The estuary is characterized by hydrodynamics governed
by a semi-diurnal tidal system (two high tides and two
low tides per lunar day, with proportional intervals of
approximately 6 hours) and an average amplitude of
4.6 meters, which can reach up to 7.2 meters during spring
tides. On average, tidal amplitudes are below 5.5 meters,
generating tidal currents of up to 7 knots (Ferreira, 1989).
According to meteorological conditions, the climate is
classified as tropical and humid with two distinct seasons
marked by precipitation and wind intensity: dry (August
to November), and rainy (January to May). June, July, and
December were considered a transitional season based on
data from the National Institute of Meteorology - INMET.
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Figure 1. Sampled area of specimens of Genyatremus luteus captured between the months of November 2015 to October 2017 of the

Paciéncia River estuary — MA.
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Sampling took place from November 2015 to October
2017, and the fish were later transported to the Fisheries
Biology laboratory at the State University of Maranhdo
(UEMA). After obtaining the samples in the laboratory,
the individuals were measured with the aid of a caliper
(accuracy: 0.01) to get the lengths: total (TL) and standard
(SL) in centimeters, and total weight (TW) in grams using
a scale (accuracy: 0.001). Subsequently, the specimens
were dissected to remove the ovaries, and then the viscera
were removed, and the eviscerated weight (EW) in grams
was determined. The accumulated rainfall (mm) and
temperature (°C) data were extracted from the National
Institute of Meteorology - INMET (2024) database.

2.2. Biological, numerical, and statistical treatment

For the length-weight relationship (LWR), the variables
standard length (SL) and total weight (TW) of the individuals
were analyzed using non-linear regression, described by
Keys (1928) and von Bertalanffy (1938) (Equation 1):

T (1)

where W (TW) and L (SL) are variables, parameter a is
the intercept, and b is the allometric coefficient (Santos,
1978). To estimate the sex ratio, the number of females by
the total number of males was calculated. The chi-square
test (x?) was used to determine statistical differences to
assess the species’ reproductive potential (Seckendorff
and Azevedo, 2007; Cavalcante et al., 2012).

The Gonadossomatic Index (GSI) was calculated to
indicate the reproductive period, according to the Equation
2 proposed by Maddock and Burton (1998):

GSI = Gwx100 2)
Ew

where Gw is the gonad weight in grams (g), and Ew is
the weight of the gutted fish in grams (g). The GSI of the
grouped sexes was correlated with the temperature and
precipitation. Statistical analyses were performed using
Past 3.14 and STATISTICA 10.0 software.

The condition factor was calculated using the Equation
3 suggested by Hardardottir et al. (2001) as follows:

K =ﬁx Constant (3)
Li?

where K is the Fulton’s condition factor, Li is the observed
length, Wi is the observed weight of the ith fish, and the
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constant is a scaling factor equal to 100,000 if metric units
(grams and millimeters).

Gonad tissue analyses were also performed on images
obtained in a camera coupled with an optical microscope
and processed in Zen 2012 software. The stages of
reproductive material development have been adapted from
the methodology proposed by Brown-Peterson et al. (2011).

The average length of the first gonadal maturation
(L,,) was calculated from the cumulative curve of adult
occurrence frequencies by Tl class as a function of the
logistic function. The maturation stages were grouped
into juveniles (stage A) and adults (stages B + C + D).
The percentage of matures by length class was defined
and considered a dependent variable (Y), and the total
length as an independent variable (X). Subsequently, these
values were fitted to a logistic curve, using the Statistical
Program 10.0 according to the Formula 4:

L., =1/(1+exp[-r(L—Lm)]) (4)

where P is the proportion of mature owners, r is the slope
of the curve, Lis the length, and Lm is the average length
of sexual maturity.

3. Results

Of the individuals of G. luteus, 51% are female (n=295)
and 38% male (n=180) (Table 1). Therefore, it was possible
to see that females had greater amplitude in length (23.16 +
3.97 cm; 243.40 + 113.32 g).

The result of the angular coefficient b for males and
females demonstrates that there was negative allometry
(b < 3); that is, the species develops more in length than
in weight (Figure 2).

The sex ratio for the period studied was 1.6F: 1M.
According to the chi-square test (y*> = 84.3; gl. = 10; p <
0.05), there was a significant difference in the sex ratio
between the sexes. When comparing the number of
individuals per length class (x> values), it was possible to
observe a statistical difference in the classes from 18-22 to
30-33, standing out 24-26 cm (y? = 24.0; p<0.05) (Table 2).

The GSI showed the highest mean for females in July
2017 (8.4 £ 5.15 g) and the lowest in August 2017 with
0.34 £ 0.73 g. Concerning males, the highest average of
the GSI occurred in April 2017 (4.1 £4.41 g) and the lowest
in March 2017 (0.4 + 0.22 g) (Figure 3). Thus, the highest
means for females was found in April 2017 (2.04 £ 1.78 g).

Table 1. Biometric data of Genyatremus luteus captured in the estuary of the Paciéncia River - MA.

Total length (cm) Total weight (g)
Sex Ne
MAX MIN M £SD MAX MIN M+SD
Female 33 12 23.16+3.97 663.99 33.32 2434 +113.32 295
Male 33 13 22.03 £4.00 560 46.83 20717 + 114.07 180
Both sexes 33 12 23.84+£3.97 663.99 40.15 265.43 + 113.32 475

SD = standard deviation.
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Figure 2. Relationship between total length and total weight of females (A) and males (B) of Genyatremus luteus captured between
November 2015 to October 2017 in the estuary of the Paciéncia River - MA.

Table 2. Chi-square values (y?) per class of total length (cm) of specimens of Genyatremus luteus acquired in the estuary of the

Paciéncia River - MA.

Length classes Female Male Total Expected frequency P
dez/14 4 1 5 2.5 18
14-16 2 0 2 1 2.0
16-18 16 9 25 12,5 2.0
18-20 20 36 56 28 4.6*
20-22 27 46 73 36.5 4.9*
22-24 67 37 104 52 8.7*
24-26 77 27 104 52 24.0*
26-28 35 1 46 23 12.5%
28-30 25 8 33 16.5 8.8*
30-32 16 1 17 8.5 13.2*
32-34 4 1 5 2.5 18
Total 293 177 470 235 84.3*

*Significant variation obeying the difference at the level of 5% (3* = 3.84).

Regarding males, the highest mean of the K occurred in
April 2016 (1.30 + 0.26 g).

However, males maintained consistency regarding the
Fulton factor, with no variation in length or size. The mean
value obtained for females was 1.17, showing peaks of
optimal condition at 30 cm and 32 cm. (Figure 4).

The highest rainfall indices in the region occurred in
the first semester. The maximum value was observed in
April and May 2017 with 362 and 329.9 mm, respectively.
Minimum rainfall records were observed, with no rainfall
in December 2015 and September 2017. The incidence of
rain possibly favored the increase in the GSI with spawning
in the consecutive month. Regarding the second semester,
which is characterized by little or no rain, the temperature
rises, favoring the induction of spawning (Figure 5).

4/10

When analyzing the relative frequency of gonadal
development stages, the maturational stage A (83.33%)
was presented at a high frequency during January 2017.
Stages B (80%), C(75%),and D (25%) stood out in September
2016 and May 2017. Meanwhile, males in the immature
stage (33.33%) were in greater proportion in November
2016. Males in the development stage (88.88%), mature
(66.66%), and emptied (9.09%) were very representative
in the periods equivalent to December 2016, November
2015 and February 2017 (Figure 6).

The average length at first sexual maturation of G.
luteus was 12.66 cm for females and 12.32 cm for males
(Figure 7). In the Paciéncia River estuary, males reached
the first maturity at a smaller size than females. For the
grouped L50 estimation, the calculated value was 12.56 cm.

Brazilian Journal of Biology, 2024, vol. 84, e286445
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Figure 3. Monthly variation of the Gonadal Index (GI) and Condition Factor (K) of Genyatremus luteus for females (A) and males (B)
captured between the months of November 2015 to October 2017 in the estuary of the Paciéncia River - MA.
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Figure 4. Fulton’s condition factor (K) per fork length (cm) class on the length of females (grey line) and males (black line) of Genyatremus
luteus captured between the months of November 2015 to October 2017 in the estuary of the Paciéncia River - MA.

Geniatremus luteus is a gonochoristic species with no
identifiable sexual dimorphism in body shape or coloration.
Microscopic analysis of the ovaries allowed classification
into six stages of gonadal development: A) immature -
characterized by the presence of only primary growth
oocytes (PG); B) developmental - characterized by the
presence of oocytes in cortical alveolar (CA) phase; primary
vitellogenesis (Vtg1), and secondary vitellogenesis (Vtg2);

Brazilian Journal of Biology, 2024, vol. 84, 286445

C) capable of spawning - the presence of oocytes in tertiary
vitellogenesis (Vtg3); D) active spawning - the presence of
oocytes in phases: migration of the germinal vesicle (GVM),
hydrated oocytes (OH), and post-ovulatory follicles (POF);
For the male (Figure 8E and F), the spermatogenesis is cystic,
as developing germ cells are enclosed within germinal cysts
formed by enveloping the Sertoli-cell process; within each
cyst, the maturation of germ cells is synchronous.
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Figure 6. Distribution of maturational stages of females (A) and males (B) of Genyatremus luteus captured between the months of

November 2015 to October 2017 in the estuary of the Paciéncia River - MA.
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Figure 8. Microscopic identification of maturation stages in 10x lens for females and male of Genyatremus luteus, captured in the
Paciéncia River - MA estuary. (A) female immature; (B) female maturing; (C) female capable of spawning; (D) female regressing; (E)
male immature; (F) male mature. PG = growth oocytes; OP = Primary Oocyte; O] = young oocyte; CA = cortical alveolar; Vtg 1 = Oocyte
in Vitellogenesis 1; Vtg 2 = Oocyte in Vitellogenesis 2; Vtg 3 = Oocyte in Vitellogenesis 3; GVM = migration of the germinal vesicle; OH
= hydrated oocytes; FPo = post-ovulatory follicle; SS = Seminiferous tubules in the testes—cysts of spermatogenic cells in the secondary;
SP = Cysts of spermatogenic cells in the primary testes. The bar indicates 100 pm.
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4. Discussion

The individuals of G. luteus presented data of total
length and total weight varying respectively from 12 to
33 cm and 40.15 to 663.99 g. In the Paciéncia River estuary,
Pinheiro (2010) observed data for this species’ lengths
ranging from 5.6 to 20.6 cm. These patterns are smaller
than those found in the present study. Silva-Janior et al.
(2007) identified specimens of G. luteus in the Paciéncia
River Basin (Ilha de Sdo Luis - MA), and the minimum
and maximum amplitude of the total length and total
weight of the species ranged from 7.75 cm to 60.80 cm
and 2.70 g to 248.91 g.

The growth of G. luteus was negative allometric (b < 3),in
agreement with the study carried out by Noleto-Filho et al.
(2012) (b = 2.25) for the same species captured in the
estuary of Sdo José de Ribamar, Maranhdo. According to
Cantanhéde et al. (2007), fish exhibiting negative allometric
growth tend to develop a more elongated body shape.
This type of growth is often linked to adaptive strategies,
as suggested by Viana et al. (2006) and Carvalho et al.
(2017). In the case of G. luteus, the negative allometric
growth observed may result from low predation pressure
from other organisms, which supports its role as a top
predator in the food chain within the Paciéncia River
estuary. Additionally, Teixeira et al. (2024) state that
the reproductive period of the species may significantly
influence the allometric coefficient (b), as G. luteus
drastically reduces its feeding rate to allocate energy for
reproduction.

The sex ratio showed the predominance of females (1.7F:
1M), not in all months, occurring with a higher incidence
in April, August, and November 2016, whereas males were
more found in January and September 2016. This result
agrees with the study by Fernandes et al. (2017), in which
they found a predominant proportion of females (1:3.89)
in the region of Para between 2002 and 2003. On the other
hand, Sousa et al. (2017) identified a ratio of 1:1 in the
Paciéncia River estuary.

Peaks of reproductive activity observed through the GSI
and K occurred in months of high rainfall (April 2016 and
2017). According to Braga (2001), pluviometric activity with
more intense rain can trigger the spawning process, causing
greater reproductive activity of fish, especially when they
find the most appropriate environmental conditions for
maintaining their stocks (Lucas and Baras, 2001). Silva et al.
(2018) observed that G. luteus captured in the Baia de Sdo
Marcos - MA region can tolerate seasonal variations, having
a record of capture (species abundance) throughout the
year. This factor is widely utilized in fish biology studies
as it offers crucial insights into the physiological state
of these animals, operating under the assumption that
individuals with greater weight and length are in better
condition (Lima-Junior et al., 2002; Queirds et al., 2024).
In contrast, if the fished population does not show isometric
growth, Fulton’s K factor demonstrates a direct dependence
on the length of the fish (Froese, 2006; Lloret et al., 2013).
Notably, the Fulton factor was selected over another factor
due to the minimal variation in the length of fish captured
within the sample size.

/10

According to Santos (1978), there is no specific size
that determines when individuals initiate their sexual
maturity; instead, it is a relative frequency of adults that
increases accordingly with length. The values found in
the present study for the L, of males and females of the
species G. luteus are consistent with those presented by
Teixeira et al. (2024). On the other hand, the estimated
value of L, for the grouped sexes was 12.55 cm. By contrast,
the research by Gémez et al. (2002) found a length of first
maturity greater than that of the present study, equal to
34.5 cm in the Gulf of Paria region (Venezuela). According
to Camargo and Lima Junior (2007), the decrease in the
L,, could mean a potential danger of overfishing. This
decrease may indicate that fish are reaching the minimum
length of first maturation early as a need for stock renewal
or that they may belong to another stock, and the L, may
vary between stocks (Ikeda, 2003).

Establishing a maturity scale is crucial for understanding
and predicting the behavioral variations that the population
undergoes throughout the year (Cavalcanti, 1994).
The ovarian organization appeared to be asynchronous.
Due to the species’ intermittent reproductive behavior,
which spawns multiple times throughout the reproductive
period, histological observations conducted in this study
revealed oocytes at all stages of oocyte development,
including oocytes in primary/young growth, secondary/
pre-vitellogenic growth, in the cortical alveolus phase, and
finally, vitellogenic. The presence of post-ovulatory follicles
in fish ovarian tissue, according to Bazzoli and Godinho
(1991), is indicative of recent spawning. The spawning of the
species above occurs staggered over a long period, with the
potential to spawn throughout the year under conditions of
adequate water quality and nutrition. Consequently, upon
maturity, the ovary exhibits oocytes in all stages of oocyte
development (Reid and Holdway, 1995); a situation was
observed in the present study, where oocytes at all stages
of development could be observed on the same slide.

The results of this study provide essential data for the
fisheries management of Geniatremus luteus. The negative
allometry (b < 3) indicates that this species prioritizes
length growth overweight, influencing the optimal size
and sexual maturity for capture. The average length at first
sexual maturation (L50) was 12.66 cm for females and
12.32 cm for males. This suggests a minimum catch size
of 13 c¢m, ensuring that most individuals can reproduce
before being harvested. The gonadosomatic index (GSI)
revealed reproductive peaks in females in July and males
in April, correlated with periods of higher rainfall. This
pattern suggests intensified reproductive activity during
the first half of the year. Consequently, a closed season
between April and August is recommended to protect
peak spawning periods and allow stock replenishment.

5. Conclusions

With mean sizes at first maturity of 12.66 cm for females
and 13.32 cm for males, implementing a minimum capture
size and an appropriate closed season, especially during
the rainy season, ensures that individuals reproduce before
being captured, thus contributing to the sustainability
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of Geniatremus luteus fisheries. Due to limited specific
information on the conservation status of G. luteus, the
findings of this study play a significant role in understanding
reproductive processes and provide a foundation for the
development of public policies for fisheries management
and planning, aimed at stock preservation and population
sustainability.
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