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ABSTRACT. Introduction: Understanding the various aspects of the reproductive biology of fish is a key 
step towards applying effective strategies for sustainable management of fishery resources. Objective: We 
aimed to evaluate the sex ratio, reproductive period and lengths at first maturity for 30 fish species caught 
in the Verde River, upper Paraná River Basin, Brazil. Methods: Fish were sampled monthly from November 
2010 to March 2011 and from October 2011 to February 2012, and sampled quarterly from May to August in 
2011 and 2012; totaling 14 samples. Fish were measured and weighed in the laboratory. In addition, gender and 
gonadal developmental stage were identified macroscopically. Subsequently, the sex ratio was determined and 
significant differences were tested using the chi-square (χ²) method. The reproductive period was determined 
with the use of gonadal developmental stages and the gonadosomatic index. Lastly, length at first maturity was 
estimated only for the species that presented individuals with sufficient immature and mature gonads to adjust 
the model. Results: Of the captured individuals, 51.5 % were male, and 48.5 % were female. Fifteen species 
showed significant differences in their sex ratios. The reproductive period for most species occurred from 
October to February, with reproductive peaks in November, December and January. The length at first maturity 
was estimated for only five species, including Salminus brasiliensis, a keystone species. Conclusions: The sex 
ratios revealed that for many species, there is a predominance of males over females, which was not expected 
for this parameter. The reproductive period follows the same pattern observed in Neotropical fish. However, it is 
noteworthy that some species are starting their reproduction in August. Lastly, estimating length at first maturity 
for most Neotropical fish remains a challenge, which may lead to difficulties in the use of protective measures 
to maintain fisheries and conserve fish species.

Key words: reproduction; reproductive tactics; reproductive period; sex ratio; first maturation size.

A wide variety of reproductive strategies 
and tactics in Neotropical migratory fish have 
ensured the adaptation and survival of their off-
spring in environments where biotic conditions, 

such as food availability and predation pressure, 
and abiotic conditions, such as temperature, 
photoperiod, and available oxygen, vary widely 
in space and time (Balon, 1984; Roff, 1992). 
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The reproductive strategy used by fish spe-
cies is a set of characteristics that the species 
must manifest in order to succeed in repro-
duction. Considering that each species has a 
distribution that is established by ecological 
conditions, each species must have a unique 
reproductive strategy (Vazzoler, 1996), which 
is the general reproduction pattern of individu-
als of that species. However, when variations 
in environmental conditions occur, changes 
in some characteristics of the strategy also 
occur to ensure success in the reproductive 
process. These variations within this pattern 
in response to environmental fluctuations are 
known as reproductive tactics (Roff, 1992; 
Wootton, 1998). Each reproductive strategy 
is a set of reproductive tactics that the spe-
cies manifests to succeed over generations 
and ensure population balance (Winemiller & 
Rose, 1992; Wootton, 1998; Morgan, 2004). 
Understanding reproductive tactics, such as 
body size, weight-length relationship, sex ratio, 
length at first maturity, gonadal development, 
fecundity, gonadosomatic index (GSI), and 
type and timing of spawning, is essential for 
rational action, management and regulation of 
fisheries, as well as the preservation and con-
servation of fishery and biological stocks (Vaz-
zoler & Menezes, 1992; Morgan, 2004; Lima, 
Fonteles-Filho, & Chellappa, 2007; Oliveira, 
Costa, & Chellappa, 2011). In addition, under-
standing these variables can be considered the 
first step in establishing patterns of life history 
in fish (Mazzoni & Silva, 2006).

Among the reproductive tactics that make 
up the reproductive biology of fish species, the 
sex ratio in fish may vary depending on succes-
sive events that act differently on individuals of 
each sex throughout the life cycle. In nature, a 
sex ratio of 1:1 is expected (Vazzoler, 1996), 
which generally occurs in more stable environ-
ments that do not suffer from frequent (and, 
especially, human-induced) oscillations. Sex 
ratio is thus an important tool for character-
izing the population structure, and can be used 
as an indicator for the evaluation of reproduc-
tive potential and estimation of stock size 
(Vazzoler, 1996).

Substantial changes can be observed in fish 
gonads during their reproductive cycle (Nikol-
sky, 1963). At the same time, the weight of the 
gonads varies, especially in females, largely 
due to the accumulation of reserve material 
in the maturing oocytes. These changes have 
been evaluated using the gonadosomatic index 
(GSI), which expresses the percentage that the 
weight of the gonads represents of the total or 
body weight of individuals (Vazzoler, 1996; 
Wootton, 1998), thereby reflecting the evolu-
tion of gonadal maturation stages in the fish. 
The use of GSI allows determination of the 
reproductive period during an annual cycle.

Fish begin their reproductive cycle at a 
given age and length. However, it is the size 
or length of a fish, rather than its age, that 
determines the beginning of sexual maturity of 
the species and is a factor that is closely linked 
with the longevity and maximum length that 
the species reaches (Nikolsky, 1969; Woot-
ton, 1998). Thus, the first maturation length 
(L50) has been estimated in order to determine 
the extent to which 50 % of individuals have 
already begun their reproductive cycle (Vaz-
zoler, 1996). Knowing the value of this length 
is important because it is a tactic developed by 
the species which is closely related to growth 
through spatial and temporal intraspecific vari-
ations due to the prevailing environmental con-
ditions (Vazzoler, Suzuki, Marques, & Lizama, 
1997). The application of management and 
monitoring programs for fish stocks is based 
on the length at first maturity in order to pre-
vent the exploitation of young fish and damage 
to spawning stocks (Froese, 2006; Vicentin, 
Rocha, Rondon, Costa, & Súarez, 2012).

Therefore, this study aimed to evaluate 
some reproductive characteristics for fish spe-
cies caught in the Verde River, upper Paraná 
River Basin, state of Mato Grosso do Sul, 
Brazil. Specifically, we estimated the sex ratio, 
reproductive period and length at first maturity 
for 30 fish species. This information can serve 
as a reference for individuals of these species 
distributed throughout the Paraná River Basin, 
especially for studies related to functional 
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aspects where, in most cases, this information 
is scarce.

MATERIALS AND METHODS

Study area: The Verde River Basin is 
a tributary on the right margin of the Paraná 
River, and is located to the east of the state of 
Mato Grosso do Sul with a drainage area of 23 
739 km². Its sources are located at an altitude 
of 980 m.a.s.l. in the Serra das Araras Moun-
tains in the municipality of Camapuã, central 
region of the state, and it runs approximately 
220 km before reaching the Paraná River 
on the Porto Primavera Reservoir. The river 
comprises several rapids, small waterfalls, and 
narrow stretches without marginal lagoons. The 
main tributary of the Verde River is the São 
Domingos River on the left margin.

Local land use is based on farming and 
livestock, on which soybeans and corn are 
the primary crops. The industrial segment is 
related to livestock and includes industries 
such as dairy and cold stores. The landscape is 
divided into intensive farming areas, artificial 
grasslands, and natural fields with small forest, 
urban, and industrial areas. The vegetation in 
the basin primarily consists of Cerrado, with 
small portion consisting of Atlantic Forest. In 
addition, the basin has a representative area of 
riparian vegetation along the basin and refor-
estation in its South-central portion (Silva et 
al., 2011). On the main channel of Verde River 
were built one large dam, named São Domin-
gos Dam, located in mouth of the river with 
the same name, and a small dam, named Verde 
4 (Eletrosul Centrais Elétricas S.A., 2011). 
The climate and hydrological regime (Fig. 1) 
are characterized by two distinct seasons: dry 
winters (April to September) and rainy sum-
mers (October to March), similar to recorded 
by Silva, Gubiani, Neves and Delariva (2017).

Sampling: Sampling was performed at ten 
sites along a stretch of the Verde River Basin 
(Fig. 2), six of which were located on the Verde 
River, three of which were on the São Domin-
gos River and one of which was on the Ribeirão 

Araras River. Sampling occurred monthly dur-
ing the reproductive period of most Neotropical 
fish (from November 2010 to March 2011 and 
from October 2011 to February 2012) (Vazzol-
er, 1996). In addition, in order to identify atypi-
cal spawning (in the driest months), samples 
were taken in two months outside the reproduc-
tive period (May and August 2011 and 2012), 
totaling 14 months of sampling during the two 
annual cycles (seven samples per month; five 
in the reproductive period and two in the dry 
period). Fish were caught with gill nets (simple 
mesh sizes of 2.4, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14 
and 16 cm between opposite knots) and tram-
mel nets (with inner mesh sizes of 6, 7 and 8 
cm between opposite knots) measuring 1.5 m 
in height and 20 m in length in the Verde River 
and 10 m in length in the tributaries. In addition 
to these devices, longlines with 20 hooks (size 
5/0) were also used at all sampling sites, and 
at dusk, margin trawls (net measuring 10 m in 
length, 2 m in height and with a 0.5 cm mesh 
size between opposite knots) were operated to 
capture juveniles. Nets and hooks remained set 
for 16 h and were checked at 22:00 and 08:00.

After capturing the fish, we euthanized 
them with a benzocaine solution (250 mg/l) 
following the recommendations of the Ameri-
can Veterinary Medical Association (AVMA, 
2001), fixed them in plastic bags containing 
10 % formaldehyde and placed in polyethyl-
ene containers for transport and subsequent 
analyses. In the laboratory, we identified the 
fish following Ota, Deprá, Graça and Pavanel-
li (2018), and measured (total and standard 
length in cm), weighed (total and gonad weight 
in grams) and eviscerated. In addition, the gen-
der and the stage of gonadal development were 
identified macroscopically according to Vaz-
zoler (1996) and Brown-Peterson, Wyanski, 
Saborido-Rey, Macewicz and Lowerre-Barb-
ieri (2011), where the stages were classified 
as immature, developing, spawning-capable, 
regressing and regenerating. The date, location, 
mesh size and capture time were also recorded. 
Specimens of each species were preserved in 
70 % alcohol and deposited in the ichthyologi-
cal collection of the Núcleo de Pesquisas em 
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Limnologia, Ictiologia e Aquicultura (Nupélia), 
Universidade Estadual de Maringá, available 
on (http://peixe.nupelia.uem.br or http://splink.
cria.org.br/).

Data analysis: Reproductive metrics were 
estimated only for species in which the number 
of individuals was ˃ 30 (Table 1).

Sex ratio: Sex ratios were calculated 
for each species captured in each collection 
period. The chi-square test (χ²) was applied to 
test for differences in male-female ratio, with 
a significance level of P = 0.05. Chi-square 
is a nonparametric test, which allows us to 
evaluate whether a set of observed frequen-
cies is similar to those that are theoretically 

Fig. 1. Historical mean (black square) of monthly variation in A. precipitation and B. temperature, with standard errors 
(SE, vertical bars) for the 2005-2010 period and values recorded from 2010 to 2012 (white circles) in the Verde River, 
upper Paraná River Basin, state of Mato Grosso do Sul, Brazil. Historical data were provided by the National Institute of 
Meteorology (INMET), Três Lagoas Station.
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expected. In fish, the expected sex ratio is 1:1 
(Vazzoler, 1996).

Stages of gonadal development: These 
stages were evaluated for the species in which 

males and females were captured. The data 
were tabulated in electronic spreadsheets and 
analyzed using descriptive statistics based 
on the frequency of each gonadal develop-
ment stage. The results were incorporated into 

Fig. 2. Location of sampling sites in the Verde River, upper Paraná River Basin, state of Mato Grosso do Sul, Brazil. 
Sampling was performed in ten sites along the Verde River Basin.
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graphs to characterize the gonadal development 
along the year.

Gonadosomatic index: The gonadoso-
matic index (GSI) used to infer the reproduc-
tive period was calculated according to the 
equation proposed by Vazzoler (1996): GSI = 
(Wg / (Wt – Wg)) × 100; where Wg = gonad 
weight (g) and Wt = total weight (g). The 
gonadosomatic index was calculated only for 
females, since gonad weight variability is more 
representative in this sex than in males.

Length at first maturity: Length at first 
maturity (L50) was calculated only for the spe-
cies that presented individuals with immature 
and spawning-capable gonads sufficient to fit 
the model. Length at first maturity was esti-
mated by the equation Fm = 1-e -aSLb

 (logistic 
model; Fm = frequency of mature individuals; 
SL = standard length (cm)) (Santos, 1978). For 
the model fit by linear regression, the variables 
Fm and SL were log-transformed for linear-
ized relations (ln[–ln(1–Fm)] = lna + b lnSL). 
Scatter plots were fitted for visual inspec-
tion of outliers prior to regression analysis. 
Extreme outliers were deleted from analyses. 
Analysis of covariance (ANCOVA) (Goldberg 
& Scheiner, 1993) was used to test for differ-
ences between parameters adjusted for males 
and females (species with N > 30 individuals 
by sex). The significance level used for all 
analyses was P < 0.05.

RESULTS

A total of 17 567 individuals belonging 
to 87 fish species were captured (Table 1). 
According to our exclusion criteria, reproduc-
tive aspects were evaluated for 30 fish species 
(Table 2).

Sex ratio: There was a significant pre-
dominance of males (51.5 %) over females 
(48.5 %) (χ² = 15.10) (Table 2). For 30 species 
analyzed, 21 showed significant differences in 
sex ratio (Table 2). Sixteen species showed pre-
dominance of males: for the species Schizodon 
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borellii, Hypostomus regani, H. strigaticeps, 
Hemisorubim platyrhynchos and Pseudoplatys-
toma corruscans, more than 70 % of captured 
individuals were males. Five species exhibited 
a higher frequency of females: among them 
Leporinus friderici (64.9 %) and Pimelodella 
gracilis (61.4 %) were the most significant 
(Table 2).

Reproductive period: The reproductive 
period ranged from two to eight months (Table 
2). Approximately 70 % of the species have 
their reproductive period between October and 
February. This reproductive pattern was corrob-
orated by the higher gonadosomatic index val-
ues, which occurred in the coincident months 
(Fig. 3). In addition, the highest reproductive 
frequencies occurred in November, December 
and January (96.7, 90 and 80 %, respectively), 
highlighting that the reproductive peak of the 
fish species occurs in these three months.

Length at first maturity: Out of 30 spe-
cies, it was only possible to estimate the length 
at first maturity for five (Table 2). Among these 
species, it should be noted that only one is large 
and of commercial interest: Salminus brasil-
iensis, which had a maximum length above 80 
cm, and its first maturity length was 29.6 cm, 
with a confidence interval ranging from 18.6 
to 47.4 cm.

DISCUSSION

Understanding the various aspects of the 
reproductive biology of fish is a key step in 
implementing effective strategies for sustain-
able management of fisheries, as well as in 
defining public policies for both fisheries and 
aquaculture (Martins-Queiroz, Mateus, Garutti, 
& Venere, 2008; Chellappa, Bueno, Chellappa, 
Chellappa, & Val, 2009; Rondineli & Braga, 
2010). In addition, to know these characteris-
tics can allow that functional approach can be 
applied to achieve the measures cited above, as 
well as they provide many elucidating answers 
about species ecology (Agostinho, Benedito-
Cecilio, Gomes, & Sampaio, 1994).
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Fig. 3. Monthly variation (sampled months) of the mean gonadosomatic index (GSI) (± SE, standard error) in females of 
eighteen fish species captured in the Verde River, upper Paraná River Basin, state of Mato Grosso do Sul, Brazil, from 
November 2010 to August 2012.
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In this way, the sex ratio for fish is most 
often 1:1 for males and females. However, vari-
ations in this proportion have been observed, 
especially when influenced by the time of year 
or by unequal proportions in different length 
classes (Vazzoler, 1996). Our results showed 
higher number of males for 16 of the 30 fish 
species evaluated. In addition, only five spe-
cies had more females than males. According 
to Nikolsky (1969), the population’s food sup-
ply can be considered an important interfering 
factor on the sex ratio. According to the same 
author, in oligotrophic aquatic environments, 
males predominate, while females predomi-
nate when available food is abundant. In this 
way, the conditions of food availability in the 
Verde River can be closer to oligotrophy (for 
more details see Silva, Gubiani, & Delariva, 
2014) and in accordance, there was a higher 
proportion of males than females in most spe-
cies. However, other important factors, such as 
predation, variations in environmental condi-
tions, changes in birth rates or mortality of indi-
viduals of a particular sex, may also promote 
changes in the sex ratio in fish (Garcia, Vieira, 
Winemiller, & Raseira, 2004).

Intrinsic and extrinsic factors affect the 
reproductive dynamics of Neotropical fish 
(Vazzoler, 1996). Extrinsic variables, such as 
annual precipitation and temperature cycles, 
promote strong reproductive seasonality in this 
region. The beginning of gonadal development 
of different species, especially migratory fish 
species, occurs at a period of initial rise in tem-
perature and precipitation, usually in October 
and November, which is prior to the breeding 
season. In addition, complete maturation occurs 
when environmental conditions are appropriate 
for fertilization and reproductive development 
(Vazzoler, 1996), that is, the period of maxi-
mum precipitation and temperature, which hap-
pens in February and March, months that are 
considered to be reproductive peaks. The envi-
ronmental variables associated with the pho-
toperiod can determine where and when each 
species of fish will spawn in order to ensure 
and maximize the development of their young 
(Gogola, Sanches, Gubiani, & da Silva, 2013). 

Neotropical fish begin their reproductive cycle 
in association with rising temperatures and the 
beginnings of precipitation and rising water 
levels, since more food and shelter is available 
during this period (Lowe-McConnell, 1999). In 
the Paraná River Basin, the fish reproductive 
cycle generally begins in October and peaks in 
December and January, when most species in 
this basin synchronize their reproductive period 
with higher temperatures and precipitation lev-
els (Vazzoler, 1996). Our results corroborate 
the same pattern for the reproductive cycle of 
fish species in the Verde River, except that the 
reproductive peaks occurred between Novem-
ber and January for most species, thereby 
prematurely initiating this process one month 
early. It is also important to highlight that 
some species (Apareiodon affinis and Hypos-
tomus strigaticeps) prematurely initiated the 
reproductive period in August. According to 
Vazzoler (1996), that described the reproduc-
tive biology of Neotropical fishes, there is 
natural variability in the reproductive period 
of fish species, because annual variations can 
occur in order to increase their reproductive 
success. Thus, our results similarly showed 
that some fish species adapted their tactics 
to increase reproductive success. In addition, 
as noted by Gogola et al., (2013) evaluating 
spatial and temporal variations in fish larvae 
assemblages in the Ilha Grande National Park, 
in Brazil, the reproduction process for fishes 
seems to occur in association with the best 
environmental conditions.

Genetics and the environment determine 
sexual maturity in fish, which can be estimated 
by size and age, which are, in turn, dependent 
on demographic conditions (Stearns, & Cran-
dall, 1984). The beginning of sexual maturity 
represents a critical transition in an individual’s 
life. Prior to sexual maturity, energy allocation 
and time use are related only to the growth and 
survival of individuals, but after the beginning 
of the reproductive process, there is a potential 
conflict between the use of time and resources 
for reproduction and/or survival (Wootton, 
1998). Our results showed that the length at first 
maturity follows values close to those observed 
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by other authors. For example, the estimated 
length for Astyanax fasciatus (Vazzoler, 1996), 
A. lacustris (= A. altiparanae) (Orsi, Shibatta, 
& Silva-Souza, 2002; Gomiero & Braga, 2007) 
and S. notomelas (Andrade, Campos, Langeani, 
& Romagosa, 2008) is close to the estimated 
values for other populations of these same 
species in the basin. However, Wootton (1998) 
and Vazzoler (1996) affirm that the length at 
first maturity may vary for the same species 
as a function of time, population density and 
environmental characteristics. As such, for Sal-
minus brasiliensis, a highly appreciated fish 
species in artisanal and sport fishing (Barzotto, 
Sanches, Bialetzki, Orvati, & Gomes, 2015) 
and considered a keystone species of high 
economic interest in the La Plata River Basin 
in South America (Ruaro et al., 2019), our esti-
mated average value (29.6 cm) for the length at 
first maturity was lower than that recorded by 
Bozza and Hahn (2010) (37.8 cm) in the upper 
Paraná River floodplain. It is important to 
highlight that, while these values are within the 
confidence interval estimated in our study, they 
can help stakeholders in the decision-making of 
fishery management measures, as for example 
with the minimum capture size of “dorado” in 
the Verde River Basin.

In summary, the results of this study high-
light that more males than females were caught 
for most of the fish species evaluated, contrary 
to that observed in most studies. In addition, 
the reproductive period for fish in the Verde 
River Basin extends from October to January. 
However, we observed greater variability in the 
reproductive period for some species, which 
anticipated their reproductive period in August 
and the peak of reproduction in November. 
This variability is probably associated with 
adjustments on reproductive tactics of fish 
species to increase their reproductive success. 
Lastly, estimating the length at first maturity 
for most Neotropical fish remains a challenge, 
which creates difficulties in the use of protec-
tive measures to maintain fisheries and con-
serve fish species.
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RESUMEN

Reproducción de peces del río Verde, cuenca alta 
del río Paraná, Brasil. Introducción: Comprender los 
aspectos de la biología reproductiva de los peces es un 
paso fundamental para la aplicación de estrategias efectivas 
para la administración sostenible de los recursos pesque-
ros. Objetivo: Este estudio tuvo como objetivo evaluar la 
proporción sexual, el período reproductivo y la longitud 
en la primera madurez para 30 especies de peces captu-
rados en el río Verde, cuenca alta del río Paraná, Brasil. 
Métodos: Se tomaron muestras de peces mensualmente de 
noviembre 2010 a marzo 2011 y de octubre 2011 a febrero 
2012, y trimestralmente de mayo hasta agosto de 2011 y 
2012; totalizando 14 muestras. En el laboratorio, los peces 
capturados fueron medidos y pesados. Además, el sexo y la 
etapa de desarrollo gonadal se identificaron macroscópica-
mente. Posteriormente, se determinó la proporción sexual 
y se analizó si había diferencias significativas utilizando el 
método de chi-cuadrado (χ²). El período reproductivo fue 
determinado con el uso de las etapas de desarrollo gonadal 
y el índice gonadosomático. Finalmente, la longitud en la 
primera madurez fue estimada solamente para las especies 
que presentaron individuos con suficientes gónadas inma-
duras y maduras para ajustar el modelo. Resultados: De 
los individuos capturados, el 51.5 % fueron machos y el 
48.5 % hembras. Quince especies presentaron diferencias 
significativas en la proporción sexual. El período repro-
ductivo para la mayoría de las especies ocurrió de octubre 
a febrero, con picos reproductivos en noviembre, diciembre 
y enero. La longitud en la primera madurez fue estimada 
solamente para cinco especies, incluyendo Salminus bra-
siliensis, una especie clave. Conclusiones: La proporción 
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sexual reveló que para muchas especies hay predominio 
de machos sobre hembras, lo cual no se esperaba para este 
parámetro. El período reproductivo sigue el mismo patrón 
observado en peces neotropicales. Sin embargo, vale la 
pena señalar que algunas especies están comenzando su 
reproducción en el mes de agosto. Por último, estimar la 
longitud en la primera madurez para la mayoría de los 
peces neotropicales sigue siendo un reto, lo que puede 
llevar a dificultades en el uso de medidas de protección 
para mantener la pesca y conservar las especies de peces.

Palabras clave: reproducción; tácticas reproductivas; 
período reproductivo; proporción sexual; tamaño en la 
primera madurez.
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