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ABSTRACT
Sex ratio is a crucial demographic parameter for the viability of natural populations, and it is commonly balanced in 
Neotropical freshwater fish species. This study investigated the sexual proportion of yellow-mandi Pimelodus maculatus 
in the Upper Uruguay River basin, southern Brazil, between 2000 and 2019. Fish were captured at different sites in a 
proportion of 2,018 females and 995 males. The total length ranged from 14 to 60 cm for females (31.8 ± 6.8 cm) and 13 
to 45 cm for males (26.7 ± 13.6 cm). The frequency of females was higher from class 27 to 51 cm (P < 0.05), with a mean 
female:male sex ratio of 2.05:1, whereas a 1:1 sex ratio was found in fish shorter than 27 cm. The most important predictor 
explaining the dominance of females was the length, followed by year, site, and environment. Females are larger and live 
five years longer than males and they can become more abundant. This disparity in lifespan between females and males, 
the life history, and social and environmental factors may be associated with the female-biased sex ratio in P. maculatus 
population of the Uruguay River Basin. 
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Monitoramento de longo prazo revela desvio sexual em 
 fêmeas de Pimelodus maculatus da bacia do Alto Rio Uruguai

RESUMO
A proporção sexual é um parâmetro demográfico crucial para a viabilidade das populações naturais e normalmente é 
equilibrada nas espécies de peixes de água doce neotropicais. Este estudo investigou a proporção sexual do mandi amarelo 
Pimelodus maculatus na bacia do Alto Rio Uruguai, sul do Brasil, entre 2000 e 2019. Os peixes foram capturados em 
diferentes locais numa proporção de 2.018 fêmeas e 995 machos. O comprimento total variou de 14 a 60 cm para as 
fêmeas (31,8 ± 6,8 cm) e de 13 a 45 cm para os machos (26,7 ± 13,6 cm). A frequência de fêmeas foi maior da classe 27 
para 51 cm (P < 0,05), com relação média de sexo feminino:sexo masculino de 2,05:1, enquanto a relação de sexo 1:1 
foi encontrada em peixes com menos de 27 cm. O preditor mais importante que explica a dominância das fêmeas foi o 
comprimento, seguido pelo ano, local e ambiente. As fêmeas são maiores e vivem cinco anos a mais do que os machos, 
podendo tornar-se mais abundantes. Essa disparidade na expectativa de vida entre fêmeas e machos, a história de vida e 
os fatores sociais e ambientais podem estar associados ao desvio sexual feminino na população de P. maculatus da bacia 
do Rio Uruguai. 

Palavras-chave: Peixes de água doce neotropicais, Expectativa de vida, Biologia reprodutiva, Desvio sexual.
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INTRODUCTION

Population biology and ecology allow us to understand 
how wild populations organize and develop, with significant 
consequences for population dynamics and biodiversity 
conservation (Bessa-Gomes et al., 2004), and are fundamental 
for advanced studies in the omics era. Reproductive data, 
including sex ratio, size and age at maturity, and fecundity are 
essential to the assessment of population structure (Nadal et al., 
1996; Wilkinson and South, 2002) and status of conservation 
(Rieman and Allendorf, 2001). It also reflects the quality of the 
habitat (Zanette, 2001; Rosenfeld and Hatfield, 2006), and how 
mating systems evolve (Sowersby et al., 2020).

Sex ratio, which can be expressed as the proportion of 
females to males in a population, is a crucial demographic 
parameter for the viability of natural populations (Kvarnemo 
and Ahnesjo, 1996; Morgan, 2008; McKellar and Hendry, 
2011) and the management of breeding stocks (Martínez et al., 
2014). It is usually even for most Neotropical freshwater fish 
species (McConnell and Lowe-McConnell, 1987; Mazzoni 
and Caramaschi, 1995; Zaniboni-Filho et al., 2017). However, 
deviations from equality can occur in consequence of sex reversal 
(McNair Senior et al., 2015); differential mortality, growth rate, 
and longevity (Pathak and Jhingran, 1977; Costa Novaes and 
Carvalho, 2011); temporal variation in sex predominance (Costa 
Novaes and Carvalho, 2011); changes or restrictions in food 
supply (Nikolsky, 1969), predation (Raposo and Gurgel, 2001); 
and anthropogenic pollutants, such as domestic sewage and 
industrial outflow (Kidd et al., 2007). 

Pimelodus maculatus (Lacepède, 1803) is a native catfish widely 
distributed in South American river basins (Fowler, 1948; Ringuelet 
et al., 1967; Britski et al., 1986; Lundberg and Littmann, 2003). It is 
a gonochoristic species with direct development (Basile-Martins 
et al., 1975) and presents multiple spawning (i.e., asynchronous 
oocyte development with two or more lots of vitellogenic follicles 
and oocytes released in batches; Rizzo and Bazzoli, 2020) and no 
parental care (Agostinho et al., 2003). In males, the testes present 
lobes with testicular fringes (Cruz and Santos, 2004).

Although female to male ratio in P. maculatus populations 
from Paraná River was determined to be 1:1 (Sabinson et al., 
2014), the long-term fish monitoring carried out in the upper 
Uruguay River by our group has been catching frequently more 
females than males, which motivated us using a 20 yearlong 
database to investigate: 
• Whether this apparently deviation is significantly different 

from the expected 1:1; 
• The temporal and spatial pattern of the sex ratio; 

• The differences in length-frequency distribution and lifespan 
between sexes. 

MATERIALS AND METHODS

Fish sampling 

Longlines, trammel nets, and gillnet were used to sample fish 
in sites (n = 29) distributed in the Upper Uruguay River (Fig. 1) 
between 2000 and 2019, according to the methodology described 
in Lopes and Zaniboni-Filho (2019). These sites included lentic 
(hydroelectric reservoirs), lotic (river stretch consisting of rapids 
and waterfalls), and transitional environments (moderate-flowing 
tributary rivers and areas between dams comprising backwaters and 
pools) delimited by hydroelectric dams located in the area. The study 
followed the Animal Care Protocol PP00788, with voucher specimen 
deposited at the Zoology Museum of Universidade Estadual de 
Londrina (voucher number MZUEL 15606). For each P. maculatus 
captured (n = 3,013), length and sex were recorded.

Data analysis

Length histograms were constructed for females, males, 
and pooled sex. The interval classes were right-closed and 
represented by the midpoint. Two-sample Anderson-Darling 
test, available in kSamples package (Scholz and Zhu, 2019), was 
used to test whether male and female length distributions were 
the same. Deviations from a balanced sex ratio (1:1) in each 
length class were evaluated using Fisher’s exact test.

A seasonally oscillating von Bertalanffy growth function 
(soVBGF) estimated the growth parameters Linf (cm) and K 
(year-1) for each sex, using electronic length-frequency analysis 
with the simulated annealing approach (ELEFAN_SA) available 
in the TropFishR package (Mildenberger et al., 2017). The first 
guesstimate of the asymptotic length (Linf) was obtained through 
the correlation established by Froese and Binohlan (2000). Next, 
both Linf and K were used to calculate the hypothetical age (t0 
in years) the fish would have had at zero-length (Pauly 1979). 
Finally, lifespan (tmax, in years) was estimated according to 
Taylor (1960), using the parameters t0 and K.

The proportion of captured females was modeled using 
logistic regression with the logit link function. Following Zuur 
et al. (2010) data exploration protocol, 13 observations were 
considered truly outliers (Cook’s distance of more than four 
times the mean), and they were dropped from the dataset. 
Multicollinearity was assessed using the Farrar-Glauber test 
(Farrar and Glauber, 1967).

https://doi.org/10.20950/1678-2305/bip.2023.49.e744
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The categorical covariates used as predictors in the model 
were year, with 20 levels (2000 to 2019), site, with four levels 
(Barra Grande reservoir, downstream Itá dam, Itá reservoir, and 
Machadinho reservoir), environment, with three levels (lotic, 
lentic, and transitional), and length, with two levels (≤ 25 cm and 
> 25 cm), added after the length distribution analysis. Therefore, 
the semi-mathematical notation of the model was (Eq. 1): 
 Yi~B(ni,πi)
 E(Yi)= ni×πi and var(Yi) = ni×πi×(1-πi) (1)
 logit(πi) = Yeari + Sitei + Environmenti+ Lengthi

In which:
Yi = the count of males out of ni fish, and is binomial distributed 
with probability πi.

The goodness of fit analysis was performed using the Hosmer-
Lemeshow test (Hosmer Jr et al., 2013). The explained variance 
(pseudo-R2) was calculated according to Dobson and Barnett 
(2008). The predictors’ relative importance (R2M) to the logistic 
model was determined using dominance analysis (Azen and 
Traxel, 2009). The odds were averaged over the other predictors’ 

levels for each significant predictor, and Tukey’s adjustment 
performed pairwise comparisons of the estimated marginal 
means. Finally, each predictor’s levels were tested against an 
even sex-ratio null hypothesis (proportion of females = 0.5). 

All tests were performed at a 0.05 significance level using 
R statistical software, v. 3.6.3 (R Core Team, 2020), with the 
odds ratio log scaled. The data were expressed as mean ± 
standard deviation.

RESULTS

During the 20 years, 2,018 females (377.31 ± 302.68 g) and 
995 males (204.31 ± 50.40 g) (Table 1) were captured.

The total length ranged from 14 to 60 cm for females 
(31.8 ± 6.8 cm) and 13 to 45 cm for males (26.7 ± 13.6 cm). 
The largest fish captured was a female measuring 60 cm and 
weighing 2.1 kg. The length distribution differed between the sexes 
(AD = 198.8, P < 0.05), with greater females’ frequency (P < 0.05) 
registered at length classes from 27 to 51 cm (Fig. 2). Lifespan was 
estimated to be 18 years for females and 13 for males (Table 2). 
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Figure 1. Sampling-site locations along the Upper Uruguay River basin. Dam positions and fluviometric characteristics of each 
sampling station are indicated with specific symbols.
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The logistic model fit adequately (Hosmer-Lemeshow 
χ2 = 0.66, df = 4, P > 0.05) and explained 45.7% of the data 
variation. All explanatory variables were significant in the 
model (Wald χ2, P < 0.05), with length being the most important 
predictor explaining the females’ dominance (R2

M = 0.150), 
followed by year (R2

M = 0.031), site (R2
M = 0.021), and 

environment (R2
M = 0.019).

For fish ≤ 25 cm, the sex ratio was 1:1, whereas the odds of 
catching females increased 227% (P < 0.05) for fish > 25 cm 
(Fig. 3a). In the years 2013, 2014, 2017, 2018, and 2019, the 
odds of catching females were not significantly different 
(P > 0.05) from the odds of catching males (Fig. 3b). Except at 
the Barra Grande reservoir, females were more captured in all 
sites, and the odds were higher (P < 0.05) at downstream Itá 
(Fig. 3c). Females predominated in all environments, and in the 
transitional zone, the odds ratio increased by 37% (P < 0.05) 
compared to the lentic environment (Fig. 3d). 
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Figure 2. Length distribution of Pimelodus maculatus (N = 3,013) 
captured in the Upper Uruguay River basin between 2000 and 2019. 

Table 1. Sampling number of females and males of Pimelodus maculatus sampled annually in the upper Uruguay River basin, 
between 2000 and 2019. 

Sampling year Female Male Female to male ratio Sampling year Female Male Female to male ratio
2000 29 17 1.7 2010 110 53 2.1
2001 130 63 2.1 2011 112 52 2.2
2002 99 52 1.9 2012 86 55 1.6
2003 126 65 1.9 2013 52 53 1.0
2004 152 73 2.1 2014 57 25 2.3
2005 170 73 2.3 2015 62 13 4.8
2006 212 108 2.0 2016 53 13 4.1
2007 147 75 2.0 2017 43 28 1.5
2008 152 65 2.3 2018 56 23 2.4
2009 128 76 1.7 2019 42 13 3.2

Table 2. Growth parameters of the von Bertalanffy growth model (VBGM) and the Pimelodus maculatus estimated lifespan for this 
and other studies. 

Reference Sex K Linf t0 Lifespan VBGM Site

This study
Female 0.170 62.0 -0.086 18

soVBGF Upper Uruguay River (SC-RS, Brazil)
Male 0.244 49.7 -0.222 13

Fenerich 
et al. (1975)

Female 0.194 56.5 -0.134 15* Ford-Walford 
method

Jaguari and Piracicaba rivers (SP, Brazil)
Male 0.210 45.4 -0.145 14*

Sabinson 
et al. (2014)

Female 0.171 43.9 -0.047 17* Length frequency 
distribution method

Middle Paranaíba River (GO-MG, Brazil)
Male 0.185 42.2 -0.078 16*

*Estimated according to Taylor (1960), using the parameters t0 and K reported in the study.
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DISCUSSION

As with most Neotropical freshwater fish, P. maculatus 
populations have been reported to have an even sex ratio in both 
free-flowing rivers (Basile-Martins et al., 1986) and dammed 
rivers (Sabinson et al., 2014). Indeed, the gender equality in 
fish ≤ 25 cm may be evidence of a 1:1 sex ratio at hatching 
that persists into the juvenile stage and at least one moment 
into adulthood for P. maculatus from the Upper Uruguay River 
(Fenerich et al., 1975; Deitos et al., 2002). However, our long-
term data showed consistent and striking differences in the sex 
ratio both spatio-temporal and size biased in favor of females. 

Deviations from equality in sex ratios related to age and 
length stratification were found locally but not in the whole 

population, as we observed. According to Basile-Martins et al. 
(1986), males of P. maculatus were more abundant among 
juvenile fish in some stretches, and females predominate among 
adult fish in another stretches. Further, Sabinson et al. (2014) 
argued that a higher proportion of males in the intermediate 
classes of size distribution and a higher proportion of females 
in classes of greater size could result from differences in growth 
rates between the sexes. Adult females of P. maculatus females 
dominated the larger-size classes and were more abundant than 
adult males, suggesting that other factors such as adult survival 
rates (Veran and Beissinger, 2009), dispersal (Hutchings and 
Gerber, 2002), and lifespan (Vandeputte et al., 2012) may be 
promoting deviations in the sex ratio.
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Figure 3. Estimated marginal means (circles) of the proportions of Pimelodus maculatus females in the logistic model for the 
predictors (a) length, (b) year, (c) site, and (d) environment. Grey bars represent confidence intervals. Two means differed significantly 
if their respective comparison arrows did not overlap (Tukey’s multiple comparison test, P < 0.05).
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The induced breeding of captive P. maculatus requires 
euthanasia of males for collection of semen directly from 
testes due to the anatomical shape of testes that makes hand-
stripping impossible. However, background information on the 
reproduction of fish in the wild does not support reproduction 
or spawning-related mortality (Maia et al., 2007; Paschoalini 
et al., 2013; Sabinson et al., 2014). Also, sex-biased dispersal 
seems not to be the case in the Upper Uruguay River because 
we conducted a comprehensive study in which the data were 
periodically collected for 20 years, using varied fishing gear and 
adequate spatial coverage of the sampling sites. 

Some hypotheses could explain the deviation in the sex ratio 
over 25 cm. The greater longevity observed for P. maculatus females 
would be the most likely one. The 5-year difference in lifespan 
between the sexes was remarkable in the Upper Uruguay River 
compared to the 1-year difference in the Piracicaba-Jaguari River 
(Fenerich et al., 1975) and Cachoeira Dourada reservoir (Sabinson 
et al., 2014), where the sex ratio was even. Therefore, the greater 
disparity in lifespan between females and males of P. maculatus 
from the Uruguay River may explain why females predominate 
at this site. In this condition, the longer-lived sex can eventually 
become more abundant (Arendt et al., 2014; Ward et al., 2019). 

A hypothesis pending further investigation is the environmental 
sex reversal. It has been shown that phenotype sex-determining 
mechanisms can be overpowered by stressful conditions, such as 
exogenous hormones, extreme temperatures, density, and captivity 
(Devlin and Nagahama, 2002; McNair Senior et al., 2015). Until 
recently, sex reversal was unknown within the Neotropical fishes, 
particularly after a complete gonad differentiation (Fernandino and 
Hattori, 2019). A novel study on a captive population of Brycon 
orbignyanus, a sympatric species to P. maculatus, revealed the 
gonadal remodeling and sex inversion from females to males with 
a complete rise to secondary males at ten months of age (1♀:2♂) 
(Quirino et al., 2022). Like B. orbignyanus, P. maculatus is a 
differentiated gonochorist teleost without specific sex chromosomes. 
Therefore, there is a possibility of being more susceptible to an 
environmental disturbance in determining the sexual phenotype. 

The construction of a cascade of hydroelectric dams altered 
the course of the Upper Uruguay River. As a consequence of these 
disturbances, both the bio-geochemistry processes and food webs 
tend to stabilize through aging, changing the conditions to supplant 
aquatic populations (Agostinho et al., 2008). The significant 
number of P. maculatus females in the Itá (filled in 1999) and 
Machadinho (filled in 2001) reservoirs may be related to favorable 
environmental conditions and food supply that contributes to the 
growth and maintenance of older individuals (Nikolsky, 1963; 

Raposo and Gurgel, 2001; Meurer and Zaniboni-Filho, 2012; 
Murgas et al., 2019). In contrast, the further upstream dam, and 
the youngest reservoir (HPP Barra Grande, filled in 2005), was the 
unique site where the female to male ratio did not differ from 1:1.

Deviations from expected sexual proportions can evolve 
rapidly within the population and do not appear to be necessarily 
determined by life history or social behavior (Sowersby et al., 
2020) and are still a vast unexplored field. However, from an 
evolutionary view, a female-biased population in which females are 
larger and live longer than males may carry a potential reproductive 
advantage. Larger females can also store more oocytes, increasing 
their potential fertility, and the time of reproductive activity can be 
extended by the greater female’s longevity (Brewis and Bowler, 
1985; Gómez-Márquez et al., 2003; Wootton and Smith, 2014). In 
addition, both characteristics may pass down through generations.

Our study revealed the existence of a wild P. maculatus 
population, biased towards females, providing new data to assist 
natural populations’ management. Despite the importance of sex ratio 
in population biology, biodiversity conservation, and management 
of captive populations, sex ratio variation and their origins remain 
unclear in many taxa (Krackow, 1995; Eberhart-Phillips et al., 
2017), this is still a vast unexplored field for freshwater fish.

CONFLICT OF INTERESTS

Nothing to declare.

FUNDING

Machadinho and Tractebel Consortium
Grant Nos: UHIT.NARU 03.20629 and UHIT.NARU 0845523 
 
Engie
Grant Nos:  UHIT.NARU 12.98984 and UHIT.NARU 16.147964
 
Consórcio Machadinho 
Grant Nos: GCT-90-096 and  GCT-30-131
 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
Finance Code 001

ACKNOWLEDGEMENT

We thank the staff of Laboratório de Biologia e Cultivo de 
Peixes de Água Doce (Centro de Ciências Agrárias/Universidade 

https://doi.org/10.20950/1678-2305/bip.2023.49.e744


Bol. Inst. Pesca 2023, 49: e744 | https://doi.org/10.20950/1678-2305/bip.2023.49.e744 7/9

Ribolli J, Bernardes Júnior JJ, Zaniboni-Filho E, Guereschi RM, Nuñer APO

Federal de Santa Catarina), who helped with fish samplings and 
laboratory analyses.

AUTHORS’ CONTRIBUTIONS

Conceptualization: Ribolli J; Formal Analysis: Ribolli J, 
Bernardes Júnior JJ; Investigation: Ribolli J, Bernardes Júnior 
JJ; Resources: Zaniboni-Filho E, Nuñer APO; Supervision: 
Zaniboni-Filho E, Nuñer APO; Validation: Zaniboni-Filho E, 
Nuñer APO; Data curation: Guereschi RM; Methodology: 
Guereschi RM; Funding acquisition: Zaniboni-Filho E, Nuñer 
APO; Project administration: Zaniboni-Filho E, Guereschi 
RM, Nuñer APO; Writing – original draft: Ribolli J, Bernardes 
Júnior JJ, Zaniboni-Filho E, Guereschi RM, Nuñer APO; 
Writing – review & editing: Ribolli J, Bernardes Júnior JJ.

REFERENCES

Agostinho, A.A.; Gomes, L.C.; Suzuki, H.I.; Júlio Jr.; H.F. 
2003. Migratory fish of the upper Paraná River Basin, 
Brazil. In: Carolsfeld, J., Harvey, B., Baer, A., Ross, C. 
(eds.). Migratory Fishes of South America: biology, social 
importance and conservation status. Canada. p. 19-98.

Agostinho, A.A.; Pelicice, F.M.; Gomes, L.C. 2008. Dams and 
the fish fauna of the Neotropical region: impacts and 
management related to diversity and fisheries. Brazilian 
Journal of Biology, 68(4 Suppl.): 1119-1132. https://doi.
org/10.1590/S1519-69842008000500019

Arendt, J.D.; Reznick, D.N.; López-Sepulcre, A. 2014. 
Replicated origin of female-biased adult sex ratio in 
introduced populations of the Trinidadian guppy (Poecilia 
reticulata). Evolution, 68(8): 2343-2356. https://doi.
org/10.1111/evo.12445

Azen, R.; Traxel, N. 2009. Using dominance analysis to 
determine predictor importance in logistic regression. 
Journal of Educational and Behavioral Statistics, 34(3): 
319-347. https://doi.org/10.3102/1076998609332754

Basile-Martins, M.A.; Godinho, H.M.; Fenerich, N.A.; 
Barker, J.M.B. 1975. Influência de fatores abióticos 
sobre a maturação dos ovários de Pimelodus maculatus 
Lac. 1803 (Pisces, Siluroidei). Boletim do Instituto de 
Pesca, 4: 1-14.

Basile-Martins, M.A.; Godinho, H.M.; Narahara, M.Y.; Fenerich-
Verani, N.; Cipolli, M.N. 1986. Estrutura da população 
e distribuição espacial do mandi, Pimelodus maculatus 
Lacepède, 1803 (Osteichthyes, Pimelodidae), de trechos 
dos rios Jaguari e Piracicaba, São Paulo-Brasil. Boletim do 
Instituto de Pesca, 13(1): 1-16.

Bessa-Gomes, C.; Legendre, S.; Clobert, J. 2004. Allee effects, 
mating systems and the extinction risk in populations with 
two sexes. Ecology Letters, 7(9): 802-812. https://doi.
org/10.1111/j.1461-0248.2004.00632.x

Brewis, J.M.; Bowler, K. 1985. A study of reproductive females of the 
freshwater crayfish Austropotamobius pallipes. Hydrobiologia, 
121: 145-149. https://doi.org/10.1007/BF00008717 

Britski, H.A.; Sato, Y.; Rosa, A. 1986. Manual de identificação 
de peixes da região de Três Marias. Brasília: Codevasf.

Costa Novaes, J.L.; Carvalho, E.D. 2011. Population structure and 
stock assessment of Hoplias malabaricus (Characiformes: 
Erythrinidae) caught by artisanal fishermen in river-
reservoir transition area in Brazil. Revista de Biología 
Tropical, 59(1): 71-83. https://doi.org/10.15517/rbt.
v59i1.3179

Cruz, R.J.G.; Santos, J.E.D. 2004. Testicular structure of three 
species of neotropical freshwater pimelodids (Pisces, 
Pimelodidae). Revista Brasileira de Zoologia, 21(2): 267-
271. https://doi.org/10.1590/S0101-81752004000200016

Deitos, C.; Barbieri, G.; Agostinho, A.A.; Gomes, L.C.; Suzuki, 
H. I. 2002. Ecology of Pimelodus maculatus (Siluriformes) 
in the Corumbá reservoir, Brazil. Cybium, 26(4): 275-282. 
https://doi.org/10.26028/cybium/2002-264-003

Devlin, R.H.; Nagahama, Y. 2002. Sex determination and 
sex differentiation in fish: An overview of genetic, 
physiological, and environmental influences. 
Aquaculture, 208(3-4): 191-364. https://doi.org/10.1016/
S0044-8486(02)00057-1

Dobson, A.J.; Barnett, A.G. 2008. An Introduction to Generalized 
Linear Models. 3rd ed. Boca Raton: CRC Press. 301 p.

Eberhart-Phillips, L.J.; Küpper, C.; Miller, T.E.; Cruz-López, 
M.; Maher, K.H.; Dos Remedios, N.; Stoffel, M.A.; 
Hoffman, J.I.; Krüger, O.; Székely, T. 2017. Sex-specific 
early survival drives adult sex ratio bias in snowy plovers 
and impacts mating system and population growth. 
PNAS, 114(27): E5474-E5481. https://doi.org/10.1073/
pnas.1620043114

Farrar, D.E., Glauber, R.R. 1967. Multicollinearity in regression 
analysis: the problem revisited. Review of Economics and 
Statistics, 49(1): 92-107. https://doi.org/10.2307/1937887

Fenerich, N.A.; Narahara, M.Y.; Godinho, H.M. 1975. Curva 
de crescimento e primeira maturação sexual do mandi 
Pimelodus maculatus Lac. 1803 (Pisces, Siluroidei). 
Boletim do Instituto de Pesca, 4(4): 1-28. 

Fernandino, J.I.; Hattori, R.S. 2019. Sex determination in 
Neotropical fish: Implications ranging from aquaculture 
technology to ecological assessment. General and 
Comparative Endocrinology, 273: 172-183. https://doi.
org/10.1016/j.ygcen.2018.07.002

Fowler, H.W. 1948. Os peixes de água doce do Brasil. São Paulo. 
Arquivos de Zoologia, 6(3): 405-625. 

https://doi.org/10.20950/1678-2305/bip.2023.49.e744
https://doi.org/10.1590/S1519-69842008000500019
https://doi.org/10.1590/S1519-69842008000500019
https://doi.org/10.1111/evo.12445
https://doi.org/10.1111/evo.12445
https://doi.org/10.3102/1076998609332754
https://doi.org/10.1111/j.1461-0248.2004.00632.x
https://doi.org/10.1111/j.1461-0248.2004.00632.x
https://doi.org/10.1007/BF00008717
https://doi.org/10.15517/rbt.v59i1.3179
https://doi.org/10.15517/rbt.v59i1.3179
https://doi.org/10.1590/S0101-81752004000200016
https://doi.org/10.26028/cybium/2002-264-003
https://doi.org/10.1016/S0044-8486(02)00057-1
https://doi.org/10.1016/S0044-8486(02)00057-1
https://doi.org/10.1073/pnas.1620043114
https://doi.org/10.1073/pnas.1620043114
https://doi.org/10.2307/1937887
https://doi.org/10.1016/j.ygcen.2018.07.002
https://doi.org/10.1016/j.ygcen.2018.07.002


Bol. Inst. Pesca 2023, 49: e744 | https://doi.org/10.20950/1678-2305/bip.2023.49.e744 8/9

Long-term monitoring reveals a consistent female-biased sex ratio in Pimelodus maculatus from the Upper Uruguay River Basin

Froese, R.; Binohlan, C. 2000. Empirical relationships to estimate 
asymptotic length, length at first maturity and length at 
maximum yield per recruit in fishes, with a simple method to 
evaluate length frequency data. Journal of Fish Biology, 56(4): 
758-773. https://doi.org/10.1111/j.1095-8649.2000.tb00870.x

Gómez-Márquez, J.L.; Peña-Mendoza, B.; Salgado-Ugarte, 
I.H.; Guzmán-Arroyo, M. 2003. Reproductive aspects 
of Oreochromis niloticus (Perciformes: Cichlidae) at 
Coatetelco lake, Morelos, Mexico. Revista de Biología 
Tropical, 51(1): 221-228.

Hosmer Jr., D.W.; Lemeshow, S.; Sturdivant, R.X. 2013. Applied 
logistic regression (398). John Wiley & Sons. 

Hutchings, J.A.; Gerber, L. 2002. Sex–biased dispersal in a salmonid 
fish. Proceedings of the Royal Society of London. Proceedings 
of the Royal Society B: Biological Sciences, 269(1508): 2487-
2493. https://doi.org/10.1098/rspb.2002.2176

Kidd, K.A.; Blanchfield, P.J.; Mills, K.H.; Palace, V.P.; Evans, 
R.E.; Lazorchak, J.M.; Flick, R.W. 2007. Collapse of a 
fish population after exposure to a synthetic estrogen. 
PNAS, 104(21): 8897-8901. https://doi.org/10.1073/
pnas.0609568104

Krackow, S. 1995. Potential mechanisms for sex ratio adjustment 
in mammals and birds. Biological Reviews, 70(2): 225-
241. https://doi.org/10.1111/j.1469-185x.1995.tb01066.x

Kvarnemo, C.; Ahnesjo, I. 1996. The dynamics of operational 
sex ratios and competition for mates. Trends in 
Ecology & Evolution, 11(10): 404-408. https://doi.
org/10.1016/0169-5347(96)10056-2

Lopes, C.A.; Zaniboni-Filho, E. 2019. Mosaic environments 
shape the distribution of Neotropical freshwater 
ichthyoplankton. Ecology Freshwater Fish, 28(4): 544-
553. https://doi.org/10.1111/eff.12473

Lundberg, J.G.; Littmann, M.W. 2003. Pimelodidae (Long-
whiskered catfishes). In: Reis, R.E.; Kullander S.O.; C.J. 
Ferraris Jr. (eds.) Checklist of the freshwater fishes of 
South and Central America. Porto Alegre. p. 432-446 p.

Maia, B.P.; Ribeiro, S.M.F.; Bizzotto, P.M.; Vono, V.; Godinho, 
H.P. 2007. Reproductive activity and recruitment of 
the yellow-mandi Pimelodus maculatus (Teleostei: 
Pimelodidae) in the Igarapava Reservoir, Grande River, 
Southeast Brazil. Neotropical Ichthyology, 5(2): 147-152. 
https://doi.org/10.1590/S1679-62252007000200008

Martínez, P.; Viñas, A.M.; Sánchez, L.; Díaz, N.; Ribas, 
L.; Piferrer, F. 2014. Genetic architecture of sex 
determination in fish: applications to sex ratio control in 
aquaculture. Frontiers in Genetics, 5: 340. https://doi.
org/10.3389/fgene.2014.00340

Mazzoni, R.; Caramaschi, E.P. 1995. Size structure, sex ratio and 
onset of sexual maturity of two species of Hypostomus. 
Journal of Fish Biology, 47(5): 841-849. https://doi.
org/10.1111/j.1095-8649.1995.tb06006.x

McConnell, R.; Lowe-McConnell, R.H. 1987. Ecological studies 
in tropical fish communities. Cambridge: Cambridge 
University Press. 382 p.

McKellar, A.E.; Hendry, A.P. 2011. Environmental factors 
influencing adult sex ratio in Poecilia reticulata: laboratory 
experiments. Journal of Fish Biology, 79(4): 937-953. 
https://doi.org/10.1111/j.1095-8649.2011.03065.x

McNair Senior, A.; Lokman, P.M.; Closs, G.P.; Nakagawa, 
S. 2015. Ecological and evolutionary applications for 
environmental sex reversal of fish. The Quarterly Review 
of Biology, 90(1): 23-44. https://doi.org/10.1086/679762

Meurer, S.; Zaniboni-Filho, E. 2012. Reproductive and feeding 
biology of Acestrorhynchus pantaneiro Menezes, 1992 
(Osteichthyes: Acestrorhynchidae) in areas under the 
influence of dams in the upper Uruguay River, Brazil. 
Neotropical Icthyology, 10(1): 159-166. https://doi.
org/10.1590/S1679-62252012000100015

Mildenberger, T.K.; Taylor, M.H.; Wolff, M. 2017. TropFishR: 
an R package for fisheries analysis with length-frequency 
data. Methods in Ecology and Evolution, 8(11): 1520-
1527. https://doi.org/10.1111/2041-210X.12791

Morgan, M.J. 2008. Integrating reproductive biology into 
scientific advice for fisheries management. Journal of 
Northwest Atlantic Fishery Science, 41: 37-51. https://doi.
org/10.2960/J.v41.m615

Murgas, L.D.S.; Alves, M.F.; Carneiro, W.F.; Felizardo, V.O.; 
Mello, R.A.; Machado, G.J.; Andrade E.S.; Pompeu, P.S. 
2019. Reproductive biology of pequira Bryconamericus 
stramineus (Eigenmann, 1908) in Funil Reservoir-MG, 
Brazil. Brazilian Journal of Biology, 79(4): 639-645. 
https://doi.org/10.1590/1519-6984.186925

Nadal, J.; Nadal, J.; Rodriguez-Teijeiro, J.D. 1996. Red-legged 
partridge (Alectoris rufa) age and sex ratios in declining 
populations in Huesca (Spain) applied to management. 
Revue d’Écologie, 51(3): 243-257. https://doi.org/10.3406/
revec.1996.2206

Nikolsky, G.V. 1963. The ecology of fishes. London: 
Academic Press.

Nikolsky, G.V. 1969. Theory of fish population dynamics as the 
biological background for rational exploitation and management 
of fishery resources. Edinburg: Oliver and Boyd. 363 p.

Paschoalini, A.L.; Perini, V.R.; Ribeiro, D.M.; Formagio, P.S.; 
Rizzo, E.; Bazzoli, N. 2013. Reproduction of Pimelodus 
maculatus (Siluriformes: Pimelodidae) in three section of 
Grande River basin, downstream Porto Colombia dam, 
south-eastern Brazil. Neotropical Ichthyology, 11(3): 615-
623. https://doi.org/10.1590/S1679-62252013000300015

Pathak, S.C.; Jhingran, A.G. 1977. Maturity and fecundity of 
Labeo calbasu (Ham.) of Loni reservoir, Madhya Pradesh. 
Inland Fisheries Society of India, 9: 72-83. 

https://doi.org/10.20950/1678-2305/bip.2023.49.e744
https://doi.org/10.1111/j.1095-8649.2000.tb00870.x
https://doi.org/10.1098/rspb.2002.2176
https://doi.org/10.1073/pnas.0609568104
https://doi.org/10.1073/pnas.0609568104
https://doi.org/10.1111/j.1469-185x.1995.tb01066.x
https://doi.org/10.1016/0169-5347(96)10056-2
https://doi.org/10.1016/0169-5347(96)10056-2
https://doi.org/10.1111/eff.12473
https://doi.org/10.1590/S1679-62252007000200008
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.3389/fgene.2014.00340
https://doi.org/10.1111/j.1095-8649.1995.tb06006.x
https://doi.org/10.1111/j.1095-8649.1995.tb06006.x
https://doi.org/10.1111/j.1095-8649.2011.03065.x
https://doi.org/10.1086/679762
https://doi.org/10.1590/S1679-62252012000100015
https://doi.org/10.1590/S1679-62252012000100015
https://doi.org/10.1111/2041-210X.12791
https://doi.org/10.2960/J.v41.m615
https://doi.org/10.2960/J.v41.m615
https://doi.org/10.1590/1519-6984.186925
https://doi.org/10.3406/revec.1996.2206
https://doi.org/10.3406/revec.1996.2206
https://doi.org/10.1590/S1679-62252013000300015


Bol. Inst. Pesca 2023, 49: e744 | https://doi.org/10.20950/1678-2305/bip.2023.49.e744 9/9

Ribolli J, Bernardes Júnior JJ, Zaniboni-Filho E, Guereschi RM, Nuñer APO

Pauly, D. 1979. Theory and management of tropical multispecies 
stocks: a review, with emphasis on the Southeast Asian Demersal 
Fisheries. ICLARM Studies and Reviews. Manila. 35 p.

Quirino, P.P.; Delgado, M.L.R.; Gomes-Silva, L.; Benevente, 
C.F.; Grigoli-Olivio, M.L.; Bianchini, B.C.; Veríssimo-
Silveira, R. 2022. Female sex inversion as a reason for 
an unbalanced sex ratio in the neotropical species Brycon 
orbignyanus. Aquaculture Research, 53(5): 1706-1726. 
https://doi.org/10.1111/are.15701

R Core Team. 2020. R: A language and environment for 
statistical computing. Vienna: R Foundation for Statistical 
Computing. Available at: https://www.R-project.org/. 
Accessed on: Apr. 23, 2021.

Raposo, R.D.M.G.; Gurgel, H.D.C.B. 2001. Estrutura 
populacional de Serrasalmus spilopleura Kner, 1860 
(Pisces, Serrasalmidae) da lagoa de Extremoz, Estado 
do Rio Grande do Norte, Brasil. Acta Scientiarum. 
Biological Sciences, 23: 409-414. Available at: https://
www.researchgate .ne t /publ ica t ion/277167501_
Estrutura_populacional_de_Serrasalmus_spilopleura_
Kner_1860_Pisces_Serrasalmidae_da_lagoa_de_
Extremoz_Estado_do_Rio_Grande_do_Norte_Brasil. 
Acessed on: Apr. 12, 2023.

Rieman, B.E.; Allendorf, F.W. 2001. Effective population size and 
genetic conservation criteria for bull trout. North American 
Journal of Fisheries Management, 21(4): 756-764. https://doi.
org/10.1577/1548-8675(2001)021<0756:EPSAGC>2.0.CO;2

Ringuelet, R.A.; Arámburu, R.H.; Arámburu, A.A. 1967. Los 
Peces Argentinos de Água Dulce. Buenos Aires: Comisión 
de Investigaciones Científicas de la Provincia de Buenos 
Aires. 602 p.

Rosenfeld, J.S.; Hatfield, T. 2006. Information needs for 
assessing critical habitat of freshwater fish. Canadian 
Journal of Fisheries and Aquatic Sciences, 63(3): 683-698. 
https://doi.org/10.1139/f05-242

Sabinson, L.M.; Rodrigues Filho, J.L.; Peret, A.C.; Verani, J.R. 
2014. Growth and reproduction aspects of Pimelodus 
maculatus Lacépède, 1803 (Siluriformes, Pimelodidae) of 
the Cachoeira Dourada reservoir, state of Goiás and Minas 
Gerais, Brazil. Brazilian Journal of Biology, 74(2): 450-
459. https://doi.org/10.1590/1519-6984.09012

Scholz, F.; Zhu, A. 2019. kSamples: K-Sample Rank Tests and 
their Combinations. R package version 1.2-9. Available at: 
https://CRAN.R-project.org/package=kSamples. Accessed 
on: Nov. 2, 2020.

Sowersby, W.; Gonzalez-Voyer, A.; Rogell, B. 2020. Sex ratios 
deviate across killifish species without clear links to life 
history. Evolutionary Ecology, 34(3): 411-426. https://doi.
org/10.1007/s10682-020-10041-5

Taylor, C.C. 1960. Temperature, growth, and mortality–the 
pacific cockle. ICES Journal of Marine Science, 26(1): 
117-124. https://doi.org/10.1093/icesjms/26.1.117

Vandeputte, M.; Quillet, E.; Chatain, B. 2012. Are sex ratios in 
wild European sea bass (Dicentrarchus labrax) populations 
biased? Aquatic Living Resources, 25(1): 77-81. https://
doi.org/10.1051/alr/2012002

Veran, S.; Beissinger, S.R. 2009. Demographic origins of skewed 
operational and adult sex ratios: perturbation analyses of 
two-sex models. Ecology Letters, 12(2): 129-143. https://
doi.org/10.1111/j.1461-0248.2008.01268.x

Ward, E.J.; Delgado-Nordmann, H.; Brenner, R.E.; 
Beaudreau, A.H.; Moffitt, S.D.; Shelton, A.O. 2019. 
Assessing long-term changes in sex ratios of Pacific 
herring in Prince William Sound, Alaska. Fisheries 
Research, 211: 300-308. https://doi.org/10.1016/j.
fishres.2018.10.031

Wilkinson, G.S.; South, J.M. 2002. Life history, ecology and 
longevity in bats. Aging Cell, 1(2): 124-131. https://doi.
org/10.1046/j.1474-9728.2002.00020.x

Wootton, R.J.; Smith, C. 2014. Reproductive biology of teleost 
fishes. New York: John Wiley & Sons. 597 p.

Zanette, L. 2001. Indicators of habitat quality and the reproductive 
output of a forest songbird in small and large fragments. 
Journal of Avian Biology, 32(1): 38-46. 

Zaniboni-Filho, E.; Ribolli, J., Hermes-Silva, S.; Nuñer, 
A.P. 2017. Wide reproductive period of a long-
distance migratory fish in a subtropical river, Brazil. 
Neotropical Ichthyology, 15(1): e160135. https://doi.
org/10.1590/1982-0224-20160135

Zuur, A.F.; Ieno, E.N.; Elphick, C.S. 2010. A protocol for 
data exploration to avoid common statistical problems. 
Methods in Ecology and Evolution, 1(1): 3-14. https://doi.
org/10.1111/j.2041-210X.2009.00001.x

https://doi.org/10.20950/1678-2305/bip.2023.49.e744
https://doi.org/10.1111/are.15701
https://www.R-project.org/
https://www.researchgate.net/publication/277167501_Estrutura_populacional_de_Serrasalmus_spilopleura
https://www.researchgate.net/publication/277167501_Estrutura_populacional_de_Serrasalmus_spilopleura
https://www.researchgate.net/publication/277167501_Estrutura_populacional_de_Serrasalmus_spilopleura
https://www.researchgate.net/publication/277167501_Estrutura_populacional_de_Serrasalmus_spilopleura
https://www.researchgate.net/publication/277167501_Estrutura_populacional_de_Serrasalmus_spilopleura
https://doi.org/10.1577/1548-8675(2001)021<0756:EPSAGC>2.0.CO;2
https://doi.org/10.1577/1548-8675(2001)021<0756:EPSAGC>2.0.CO;2
https://doi.org/10.1139/f05-242
https://doi.org/10.1590/1519-6984.09012
https://CRAN.R-project.org/package=kSamples
https://doi.org/10.1007/s10682-020-10041-5
https://doi.org/10.1007/s10682-020-10041-5
https://doi.org/10.1093/icesjms/26.1.117
https://doi.org/10.1051/alr/2012002
https://doi.org/10.1051/alr/2012002
https://doi.org/10.1111/j.1461-0248.2008.01268.x
https://doi.org/10.1111/j.1461-0248.2008.01268.x
https://doi.org/10.1016/j.fishres.2018.10.031
https://doi.org/10.1016/j.fishres.2018.10.031
https://doi.org/10.1046/j.1474-9728.2002.00020.x
https://doi.org/10.1046/j.1474-9728.2002.00020.x
https://doi.org/10.1590/1982-0224-20160135
https://doi.org/10.1590/1982-0224-20160135
https://doi.org/10.1111/j.2041-210X.2009.00001.x
https://doi.org/10.1111/j.2041-210X.2009.00001.x

