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Length at first maturity of 42 freshwater 
fish species in the Itaipu Reservoir 
reveals strong reproductive-size 
relationships 
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The length at first maturity (L50) was estimated for 42 freshwater fish species 
caught by professional fishers in the Itaipu Reservoir, located in the Paraná 
River basin, Paraná State, Brazil. Sampling was conducted between March 1988 
and October 2024 at 63 professional fishing sites within the reservoir’s area of 
influence. Estimated L50 values ranged from 8.20 to 81.70 cm. For 19 species, L50 
values were reported for the first time. Additionally, updated L50 estimates were 
provided for 16 species, and new maximum lengths were recorded for 28 species. 
Statistically clear sex-based differences in L50 were observed in seven species, with 
males exhibiting higher L50 values than females in five species. Moreover, we 
recorded strong associations among L50, Lmax, and L100, which provide practical 
alternatives when reproductive data are limited and support size-based proxies in 
data-limited contexts. These estimates can support the development of sustainable 
fishery management strategies and the implementation of minimum mesh-size 
regulations to help prevent overfishing of commercially targeted species in the 
Paraná River basin.

Keywords: Fisheries management, Ichthyofauna, Large rivers, Life history, 
Maturity ogive.
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L
50

 for fish species caught by professional fishers

O comprimento de primeira maturação (L50) foi estimado para 42 espécies de 
peixes de água doce capturadas por pescadores profissionais no Reservatório 
de Itaipu, localizado na bacia do rio Paraná, Estado do Paraná, Brasil. As 
amostragens foram realizadas entre março de 1988 e outubro de 2024 em 63 
locais de pesca profissional, situados na área de influência do reservatório. Os 
valores estimados de L50 variaram de 8,20 a 81,70 cm. Para 19 espécies, os valores 
de L50 foram relatados pela primeira vez. Além disso, estimativas atualizadas de 
L50 para 16 espécies e novos comprimentos máximos para 28 espécies foram 
registrados, respectivamente. Observamos diferenças estatisticamente claras 
entre os sexos para L50 em sete espécies, sendo que em cinco delas os machos 
apresentaram valores maiores de L50 que as fêmeas. Além disso, registramos 
fortes associações entre L50, Lmax e L100, as quais oferecem alternativas práticas 
quando os dados reprodutivos são limitados e apoiando o uso de alternativas 
baseadas em tamanhos em contextos com dados escassos. Essas estimativas podem 
subsidiar o desenvolvimento de estratégias sustentáveis de manejo pesqueiro 
e a implementação de regulamentações sobre o tamanho mínimo de malha, 
contribuindo para evitar a sobrepesca de espécies de interesse comercial na bacia 
do rio Paraná.

Palavras-chave: Grandes rios, História de vida, Ictiofauna, Manejo pesqueiro, 
Ogiva de maturação.

INTRODUCTION

The length at first maturity (L50) is defined as the mean length at which 50% of 
individuals in a cohort reach sexual maturity and reproduce at least once, thereby 
contributing to reproduction (Vazzoler, 1996; Pauly, 2022). Estimating the length and 
age at sexual maturity for males and females helps clarify the selective pressures shaping 
sex-reproductive strategies within a population (Immonen et al., 2018). Although L50 
is a species-specific trait, it can vary substantially in response to multiple factors and 
complex ecological contexts, including local environmental conditions (Cox, Hinch, 
1997; Cardinale, Modin, 1999; Panfili et al., 2006; Lourenço et al., 2015), resource 
availability (Tomasini, Laugier, 2005), growth rates and maximum body size (Lourenço 
et al., 2015), fishing pressure (Sharpe, Hendry, 2009; Lappalainen et al., 2016), and biotic 
interactions (Wang, Höök, 2009; Sasaki et al., 2024).

Understanding L50 is essential for managing exploited fish populations, as it can 
indicate overexploitation risk and help set appropriate harvest levels (Polovina, 1987; 
Domínguez-Petit et al., 2017; Sabbir et al., 2021). L50 and related indicators are valuable 
for informing decision-making process aimed at determining the best strategies for 
fisheries management, monitoring, and fish stocks conservation (Giarrizzo et al., 2011; 
Barzotto, Mateus, 2017). These measures also support responsible fishing practices, 
including establishing minimum legal catch sizes (Sadovy, 1996; Froese et al., 2008), 
reducing juvenile harvest, and avoiding depletion of reproductive stocks (Souza et al., 
2019). In Brazil, L50 data is used by stakeholders to define minimum legal sizes for 
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harvest (IAT, 2022). Despite the ecological and management relevance of L50, data for 
many exploited species in Brazilian reservoirs remain scarce or outdated, which hinders 
the development of effective conservation strategies and sustainable harvest regulations.

Sexual maturity represents a critical life history transition during which individuals 
must allocate energy among growth, survival, and reproduction (Vazzoler, 1996; 
Wootton, 1998). Because reproduction is energetically demanding, reliable estimates 
of length at first maturity (L50) are fundamental to describing reproductive dynamics 
and informing management measures that protect juveniles and sustain recruitment. In 
fisheries, L50 is a key reference point because it supports the establishment of minimum 
catch sizes and reduces the risk of growth overfishing, particularly for slow-growing 
and late-maturing species (Mateus, Penha, 2007; Froese et al., 2008).

The Itaipu Reservoir is one of the largest and most extensively studied reservoirs 
in the Neotropical region (Pavanelli et al., 2023; Ribas et al., 2025). In addition to 
hydroelectric power generation, fishing, primarily conducted by professional fishers, is 
a key economic and subsistence activity targeting multiple exploited species (Agostinho 
et al., 1994; Petrere Jr., 1996; Ribas et al., 2025). Fishing in Itaipu was initially prohibited 
in the years immediately following reservoir formation to prevent intensive harvest of 
juveniles of threatened species, and fishing was officially authorized in February 1984 
(Petrere Jr., 1996). Since March 1988, fish landings have been recorded regularly, with 
interruptions in 1994, 1999, and 2006, during which data collection was temporarily 
suspended. The Itaipu Reservoir also stands out for having the highest diversity of 
exploited freshwater fish species in Brazil, with over 81 recorded species (Pavanelli et 
al., 2023) and 25 distinct fish stocks (Ribas et al., 2025). 

Yet, for many species exploited in the Itaipu Reservoir, reproductive parameters remain 
poorly documented, constraining robust stock assessment and placing these stocks in 
a data-limited context. Here, our main objective was to estimate L50 for 42 fish species 
harvested by professional fishers in the Itaipu Reservoir. As a complementary objective, 
we compared our locally derived estimates with values reported in FishBase, given its 
widespread use by fish scientists and managers, while recognizing that such secondary 
databases may contain heterogeneous, incomplete, or outdated information for some 
taxa. By providing reservoir-specific maturity benchmarks and explicitly documenting 
agreements and discrepancies with commonly consulted sources, this study aims to 
support transparent, evidence-based fisheries management and conservation planning 
in Itaipu.

MATERIAL AND METHODS

Surveys were conducted in the Itaipu Reservoir (Fig. 1), which was filled in October 
1982, inundating 1,350 km2. Located along the Brazil-Paraguay border (24°05’ – 
25°33’S 54°00’ – 54°37’W), the reservoir extends approximately 151 km in length. It 
has a mean depth of 22 m and reaches a maximum of 170 m near the dam. Its primary 
purpose is hydroelectric power generation, and secondary uses include fisheries, 
navigation, tourism, recreation, and water supply (Oliveira et al., 2005).

Fisheries data were collected monthly from March to October, between 1988 and 
2024, at 15 fishing sites selected from a total of 63 professional fishing locations within 

https://www.ni.bio.br/
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the reservoir (Fig. 1; Tab. S1). Data for the remaining months were not collected 
because fishing is legally restricted during the “defeso” (also referred to as the “piracema” 
closed season), a reproductive protection period established to safeguard natural fish 
spawning. In the Paraná River basin, this closed season is defined annually from 1st 
November to 28 February under IBAMA (Instituto Brasileiro do Meio Ambiente e 
dos Recursos Naturais Renováveis) Normative Instruction No 25 from 2009 (IBAMA, 
2009). Each month, a different set of 15 sites was sampled. Fish were caught with the 
assistance of one to seven local professional fishers at each site, using multiple gear types 
to maximize species and size diversity. Gillnets with mesh sizes ranging from 8 to 16 
cm between opposite knots, with lengths of 20 to 100 m, and heights of 1 to 10 m were 
deployed for 24 h and checked the following morning. Longlines equipped with 40 to 
1,500 hooks (sizes 2/0 to 7/0) were also used.

Following landing, the fish were analyzed in situ. Each specimen was taxonomically 
identified following CETESB (1981), Britski et al. (1999), Reis et al. (2003), Graça, 
Pavanelli (2007), and Pavanelli et al. (2023). For each individual, total length (TL) 
was measured to the nearest 0.1 cm, and sex and gonadal development stage were 
recorded. Gonadal stages were classified as immature, maturing, ripe, post-spawning, 
or regenerating based on macroscopic visual inspection, following Vazzoler (1996) 
and Brown-Peterson et al. (2011). Voucher specimens (Tab. S2) were preserved in 

FIGURE 1 | Distribution of the 63 sampling sites in the Itaipu Reservoir, Paraná River basin, Brazil (modified from Gubiani et al., 2025).
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70% alcohol and deposited in the Ichthyological Collection of GERPEL (CIG) at the 
Universidade Estadual do Oeste do Paraná (Campus Toledo), and in the Ichthyological 
Collection of Nupelia (NUP) at the Universidade Estadual de Maringá.

Individuals were classified as reproductive when their gonads were in any stage other 
than immature. We then calculated, for each length class, the proportion of reproductive 
individuals and used this proportion as the response variable for the maturity ogive. 
Length at first maturity (L50) was estimated using a logistic model: fr = 1 - e-a(TL)b

Where fr is the frequency of reproductive individuals, TL is total length, and a and 
b are fitted model parameters (Santos, 1978). The model was linearized using a natural 
logarithm transformation:

ln[-In(1 - fr)] = Ina + bln(TL)

and fitted using linear regression with least-squares method (Zar, 1999). Scatterplots 
were used to inspect for outliers, and extreme outliers (standardized residuals ≥ |4|) were 
excluded prior to analysis. Model fit was assessed using the coefficient of determination 
(r2), and 95% confidence intervals (α = 0.05) were calculated for each L50 estimate.

An analysis of covariance (ANCOVA; Goldberg, Scheiner, 1993) was used to test 
whether parameter estimates differed between males and females. When the ANCOVA 
was significant, separate L50 values were estimated for each sex; otherwise, a pooled 
estimate was reported (denoted as ‘B’ in the table). To avoid overfitting and improve 
estimate stability and precision, we followed modelling practices recommended by 
Harrell Jr. (2015), modeling only species with sample sizes larger than 20 individuals. 
Logistic models and L50 estimates were generated using the sizeMat package (Torrejon-
Magallanes, 2020).

After fitting the L50, we used the fitted limited model to estimate L99 as an approximation 
of L100, the length at which all individuals have reached sexual maturity, as follows:

L99  ͌100 = [-a + In (0.01)] / b

where a and b are the parameters estimated using the sizeMat package.
Finally, we examined the relationships between L50, L100 and Lmax. This approach is 

useful when logistic maturity ogives cannot be fitted to gonadal data. To this end, we 
fitted linear regression models using the least-squares method (Zar, 1999). All statistical 
analyses were conducted in R (R Development Core Team, 2024), with a significance 
threshold of p < 0.05. A comprehensive guide for all analyses is available at https://
github.com/ICTES-UNIOESTE/Length-at-first-maturity-of-freshwater-fish-from-
Itaipu-Reservoir/tree/main.

RESULTS

A total of 167,960 individuals (raw counts) were caught over 35 years of samplings, 
representing 42 fish species distributed across six orders, 16 families, and 37 genera (Tab. 
S2). Sample size per species ranged from 26 for Brycon hilarii to 44,926 for Pterodoras 
granulosus (Tab. 1). Maximum total length ranged from 36.60 cm for Metynnis lippincottianus 

https://www.ni.bio.br/
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to 160.00 cm for females of Pseudoplatystoma corruscans (Tab. 1). New maximum total 
lengths were recorded for 28 fish species (Tab. 1, values in bold in Lmax column).

The minimum estimated L50 was 8.20 cm for Metynnis lippincottianus, whereas the 
maximum was 81.70 cm for females of Zungaro jahu (Tab. 1). New report L50 values for 
19 fish species (Tab. 1, values indicated with a question mark in the L50Fishbase column), 
based on comparison with FishBase data (Froese, Pauly, 2025). For 10 species, our L50 
estimates were lower than those reported in Fishbase (Tab. 1, values in italics in the L50 
column), whereas for 15 species they were higher (values in bold in the L50 column).

Statistically clear sex-based differences in L50 were detected for seven species 
(ANCOVA, p < 0.05, Tab. 1), with males exhibiting higher L50 values than females in 
five species (Tab. 1). The coefficient of determination (r2) ranged from 0.14 for Metynnis 
lippincottianus to 0.76 for Acestrorhynchus lacustris (Tab. 1; Fig. S3). Confidence intervals 
were estimated for the L50 of all species, as this information is currently unavailable in 
FishBase (Tab. 1).

TABLE 1 | Estimated parameters of length at first maturity (L
50

) and length at which 100% of individuals are sexually mature (L
100

), calculated 

using the sizeMat package, along with the minimum (L
min

) and maximum (L
max

) total lengths recorded for fish species caught by professional 

fishers in the Itaipu Reservoir, Paraná River basin, Brazil, from March 1988 to October 2023. (B) both sexes; (M) males; (F) females; (N) total 

number of fish sampled; (a) intercept; (b) slope; (CI) confidence interval; (r2) coefficient of determination. Values in bold in the L
50

 column 

indicate estimates higher than those reported in FishBase; values in italics indicate lower estimates. Values in bold in the L
max

 column 

represent newly recorded maximum total lengths for FishBase. Values marked with a question mark in the FishBase columns indicate new 

species records for the database.

Species Sex N a b r2 L50

95% CI of 
L50

L100 Lmin Lmax

FishBase

L50 

FishBase

Range 
of L50 

FishBase

Lmax 

FishBase

Acestrorhynchus lacustris B 116 -21.759 1.233 0.76 17.7 15.2-18.5 21.4 14.0 40.0 13.0 15-? 31.8

Ageneiosus inermis B 1097 -3.657 0.138 0.18 26.6 24.8-28.1 60.1 18.0 59.0 ? ?-? 64.8

Ageneiosus ucayalensis B 890 -10.964 0.653 0.21 16.8 8.9-18.9 23.9 13.6 44.0 ? ?-? 35.2

Astronotus crassipinnis B 264 -13.075 0.785 0.38 16.7 12.6-18.1 22.5 15.1 36.9 ? ?-? 24.0

Auchenipterus osteomystax B 4724 -11.242 0.678 0.48 16.6 16.2-17.0 23.4 12.0 47.6 15.3 ?-? 43.0

Brycon hilarii B 26 -13.204 0.417 0.42 31.8 27.9-34.0 42.7 24.0 51.2 ? ?-? 56.0

Brycon orbignyanus B 84 -6.751 0.227 0.28 29.6 26.4-31.9 50.0 22.0 52.5 31.6 ?-? 79.5

Catathyridium jenynsii B 778 -3.233 0.265 0.18 12.2 10.0-13.5 29.6 10.0 38.5 10.4 ?-? 23.7

Cichla kelberi B 785 -7.269 0.337 0.30 21.6 20.1-22.7 35.2 17.0 51.0 20.7 ?-? 58.5

Cichla piquiti B 781 -7.137 0.367 0.20 19.5 16.3-21.4 32.0 15.1 53.3 ? ?-? 48.0

Geophagus sveni B 5858 -6.662 0.568 0.17 11.7 10.8-12.4 19.8 10.3 33.3 ? ?-? 16.7

Hemiodus orthonops B 1891 -7.155 0.375 0.29 19.1 17.7-20.2 31.4 16.3 45.3 ? ?-? 34.2

Hemisorubim platyrhynchos B 85 -9.256 0.331 0.33 27.9 23.7-30.3 41.9 19.6 48.9 31.6 ?-? 61.0

Hoplias mbigua B 1649 -5.327 0.260 0.20 20.5 16.9-22.7 38.2 17.0 52.0 ? ?-? 29.3

Hypophthalmus oremaculatus B 19606 -9.693 0.471 0.22 20.6 17.0-22.6 30.4 18.0 63.8 ? ?-? ?

Hypostomus ternetzi B 1372 -3.606 0.245 0.15 14.7 10.3-17.6 33.6 13.0 53.0 ? ?-? 34.3

Iheringichthys labrosus B 2718 -8.492 0.536 0.29 15.8 13.8-17.1 24.5 12.0 39.0 12.3 ?-? 43.5

https://www.ni.bio.br/
https://www.scielo.br/ni
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On average, species reached L50 at 46% of their recorded Lmax (Fig. 2A). We also 
estimated L99 (used here as an approximation of L100), with values ranging from 15.7 cm 
for Metynnis lippincottianus to 113.2 cm for Zungaro jahu. On average, species reached 
L100 at 137% of their L50 (Fig. 2B) and at 70% of their Lmax (Fig. 2C).

Species Sex N a b r2 L50

95% CI of 
L50

L100 Lmin Lmax

FishBase

L50 

FishBase

Range 
of L50 

FishBase

Lmax 

FishBase

Leporinus friderici B 1895 -7.158 0.411 0.25 17.4 14.6-19.0 28.6 16.0 46.0 18.1 ?-? 40.0

Megalancistrus parananus B 1608 -4.678 0.231 0.22 20.3 17.8-22.2 40.2 20.0 77.0 17.5 ?-? 58.8

Megaleporinus macrocephalus B 677 -5.689 0.227 0.36 25.1 22.8-26.6 45.3 18.0 70.1 ? ?-? 68.4

Megaleporinus obtusidens B 409 -4.752 0.189 0.19 25.1 22.2-26.8 49.6 20.0 68.0 21.6 ?-? 76.0

Metynnis lippincottianus B 2569 -5.053 0.615 0.14 8.2 6.5-9.3 15.7 8.6 36.6 ? ?-? 16.6

Piaractus mesopotamicus B 299 -3.515 0.134 0.20 26.2 22.1-28.9 60.6 15.0 72.0 ? ?-? 40.5

Pimelodus mysteriosus B 234 -11.713 0.496 0.20 23.6 20.6-25.0 32.9 23.5 42.0 ? ?-? 14.3

Pinirampus pirinampu F 3044 -8.119 0.219 0.52 37.0 36.4-37.6 58.0 17.0 88.4 ? 45-? 120.0

M 2804 -8.715 0.228 0.51 38.3 37.9-38.8 58.5 16.0 83.0

Plagioscion squamosissimus F 18371 -10.290 0.505 0.37 20.4 20.0-20.7 29.5 12.0 72.1 20.7 ?-? 80.0

M 17964 -10.427 0.540 0.36 19.3 18.9-19.6 27.8 11.0 65.0

Potamotrygon amandae B 45 -35.549 1.545 0.75 22.5 20.6-24.7 26.0 18.3 73.0 ? ?-? 31.2

Potamotrygon falkneri B 68 -14.893 0.730 0.50 20.4 17.8-22.1 26.7 16.2 78.0 ? ?-? 60.0

Prochilodus lineatus F 3702 -6.014 0.225 0.59 26.8 26.0-27.4 47.1 14.0 75.0 24.0 ?-? 80.0

M 2700 -8.282 0.293 0.67 28.3 27.8-28.8 44.0 14.0 66.0

Pseudoplatystoma corruscans F 411 -7.355 0.133 0.56 55.3 53.3-57.4 89.6 27.7 160.0 65.2 ?-? 182.0

M 184 -8.077 0.133 0.48 60.7 58.1-63.6 95.0 28.0 83.4

Pterodoras granulosus F 24621 -8.135 0.322 0.45 25.3 25.0-25.5 39.6 14.0 84.0 25.5 64-? 90.1

M 20305 -10.781 0.410 0.45 26.3 26.2-26.5 37.5 13.0 61.0

Pterygoplichthys ambrosettii F 1443 -5.203 0.246 0.26 21.1 19.4-22.5 39.8 16.0 60.0 24.3 ?-? 55.0

M 854 -8.066 0.332 0.45 24.3 23.2-25.2 38.1 15.0 57.3

Rhaphiodon vulpinus B 3523 -6.104 0.223 0.26 27.4 24.5-29.4 48.0 14.1 83.7 31.5 ?-? 80.0

Rhinelepis aspera B 1315 -6.185 0.294 0.26 21.0 17.2-23.3 36.7 18.0 50.0 28.8 ?-? 49.0

Salminus brasiliensis B 205 -8.292 0.201 0.50 41.2 39.3-43.4 64.1 19.0 82.0 37.9 ?-? 100.0

Satanoperca setepele B 4365 -6.524 0.650 0.27 10.0 7.6-11.6 17.1 9.1 37.0 ? ?-? ?

Schizodon borellii B 2748 -26.186 1.230 0.43 21.3 20.1-22.1 25.0 20.0 49.0 17.8 ?-? 40.0

Serrasalmus maculatus B 3174 -6.020 0.543 0.24 11.1 7.7-12.9 19.6 11.0 49.0 10.8 ?-? 34.5

Serrasalmus marginatus B 3573 -4.620 0.471 0.15 9.8 7.4-11.3 19.6 11.4 49.0 12.2 ?-? 32.4

Sorubim lima B 278 -8.148 0.316 0.34 25.9 15.4-31.2 40.4 28.0 62.8 23.2 ?-? 54.2

Trachelyopterus galeatus B 1754 -38.568 2.710 0.58 14.2 13.6-14.5 15.9 13.6 42.0 10.8 ?-? 30.0

Zungaro jahu F 55 -12.080 0.147 0.64 81.7 76.1-87.4 113.2 28.0 128.0 ? ?-? 140.0

M 39 -21.836 0.330 0.63 66.0 63.0-69.0 80.2 42.0 79.0

TABLE 1 | (Continued)
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FIGURE 2 | Relationships between (A) maximum 

total length (L
max

) and length at first maturity (L
50

), 

(B) length at first maturity (L
50

) and the length at 

which 100% of individuals are sexually mature (L
100

), 

and (C) maximum total length (L
max

) and L
100

, for fish 

species caught by professional fishers in the Itaipu 

Reservoir, Paraná River basin, Brazil, from March 

1988 to October 2023.
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DISCUSSION

No statistically clear sex-based differences in length at first maturity (L50) were observed 
for 36 of the 42 species analyzed. When differences did occur, they were mostly observed 
in large-bodied species and those with large sample sizes. In such cases, sex-specific 
estimates may be appropriate; however, for most species, pooled estimates should be 
sufficient for management applications. This pattern is consistent with findings from 
other studies across diverse aquatic environments (Soares et al., 2020; Barbosa et al., 2022), 
particularly among small-bodied species (Soares et al., 2020; Froese, Binohlan, 2000). 
Variation in L50 between sexes has been associated with sampling effort, demographic 
structure, and phylogenetic differences (Orsi, 2017; Soares et al., 2020).

Our results provide updated estimates of L50 for 19 species and Lmax for 28 species, 
based on comparisons with FishBase data (Froese, Pauly, 2025). We emphasize that 
FishBase is used here as a widely consulted comparative baseline in fisheries science and 
management, not as a definitive reference for maturity parameters. Because compiled 
databases may draw on heterogeneous sources and may be incomplete or outdated for 
some taxa, agreements and discrepancies with FishBase should be interpreted cautiously, 
as they may reflect uncertainty, potential spatial variation, methodological differences, 
and data gaps. Importantly, our conclusions are grounded in a comprehensive long-
term dataset of exploited fishes from the Itaipu Reservoir, which supports more robust 
estimation than short-term or opportunistic studies and provides uncertainty estimates 
that are often unavailable in compiled sources.

From a management perspective, L50 is a key life history metric for establishing 
minimum legal catch sizes and reducing juvenile harvest, helping to ensure recruitment 
and at least one reproductive event before capture (Froese et al., 2008). Accordingly, our L50 
estimates provide a practical scientific basis for setting minimum catch sizes for exploited 
species, especially in the Itaipu Reservoir and for slow-growing and late-maturing taxa 
that are more vulnerable to depletion when harvested before maturity (Froese et al., 2008). 
These maturity benchmarks can inform the development of effective species management 
and conservation plans (Fontoura et al., 2009; Lima, 2022). However, minimum catch 
sizes alone are insufficient. Complementary measures, such as protection of spawning 
grounds and seasonal restrictions (Gogola et al., 2010), remain essential for maintaining 
reproductive output. In addition, L50 estimates can inform gillnet selectivity guidance, 
including mesh-size recommendations, reducing the likelihood of capturing immature 
individuals while maintaining feasible fishing practices (Hasan et al., 2021). For decision-
makers, these results support a practical, tiered approach to regulation and monitoring in 
Itaipu. First, minimum-size regulations can prioritize species with the largest L50 values 
and/or wide confidence intervals, as these taxa are more likely to be harvested before 
first reproduction and may require more precautionary minimum sizes. Second, for the 
seven species with statistically clear sex-based differences in L50, regulations and selectivity 
guidance should be based on the more conservative estimate (i.e., the larger L50) to ensure 
adequate protection of the slower-maturing component of the stock. Third, because 
FishBase values differed from our local estimates in many cases, managers should avoid 
adopting external maturity values uncritically; instead, Itaipu-specific estimates and their 
confidence intervals provide a transparent basis for rulemaking and for documenting 
uncertainty. Finally, the consistent scaling relationships observed here (e.g., L50 ≈ 46% of 
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Lmax; L100 ≈ 70% of Lmax) offer operational proxies for species or periods when maturity 
sampling is limited, enabling interim, precautionary updates while targeted reproductive 
monitoring is expanded.

It is important to emphasize that under overfishing, both the abundance and mean 
size of captured individuals tend to decline (Sparre, Venema, 1998). Consequently, 
minimum catch-size regulations may require medium- and long-term revisions as 
fishing pressure and stock structure change over time. Under intensive exploitation, 
shifts in maturation period may occur and can become difficult to reverse if adequate 
management measures are not adopted.

The relationships between L50 and Lmax, L50 and L100, and L100 and Lmax are also valuable 
for converting one metric into another, particularly when data are insufficient to fit 
a logistic model. Pauly (1984) observed that the ratio between L50 and Lmax can be 
relatively consistent across many fish families, supporting the use of size-based proxies 
in data-limited contexts. According to Suzuki et al. (2004), fish typically reach L50 at 
approximately 48% of Lmax, slightly higher than our estimate of 46%. Additionally, we 
recorded that fish reach L100 at approximately 70% of Lmax. Together, these associations 
provide operational alternatives for decision-making when direct reproductive 
information is limited.

In summary, this study provides the most comprehensive and up-to-date set of 
first maturity (L50) estimates for 42 freshwater fish species exploited by professional 
fishers in the Itaipu Reservoir, including the first published L50 values for 19 species 
and updated maximum lengths (Lmax) for 28 species, based on comparisons with the 
widely used FishBase database. These estimates are based on more than three decades of 
systematic monitoring and represent reservoir-specific benchmarks for understanding 
reproductive strategies and informing applied fisheries management. The strong 
associations observed between L50, Lmax, and L100 offer practical alternatives when 
reproductive data are limited, supporting the use of size-based proxies in data-limited 
assessments. Overall, our findings strengthen the scientific basis for defining minimum 
catch sizes, supporting gear selectivity guidance, and improving conservation planning 
and stock assessments in the Paraná River basin.
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