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ABSTRACT. Length-weight relationships (LWR) and length-length relationships (LLR), along with length at first
maturity (L,,), were estimated for 24, 25, and 16 freshwater fish species, respectively, caught in the Salto Osério
Reservoir, Iguassu River Basin, Parana State, Brazil. Sampling was conducted over a 20-year period at three
sites within the reservoir’s influence area. Significant differences in LWR between sexes were observed in 15
fish species. Isometric growth (b =3) was recorded in six species, with an average b-value of 2.87 (SE £ 0.06). The
average b-value for LLR was 1.143 (SE + 0.020), with significant differences between sexes found in 14 species.
Length at first maturity was estimated for 16 species, with significant sex-based differences in L., observed in
two species. This study provides the first references for LWR, LLR, and L, in nine, 12,and 10 species, respective-
ly, as well as new maximum total lengths for 20 species. These parameter estimates can support assessments
of species conservation status and inform models of fish growth, reproduction, and fisheries management.

KEYWORDS. Allometry, population structure, individual growth models, dams, Neotropical fishes.

INTRODUCTION

An understanding of fish biology is essential to com-
prehend the life history of species (Petrere 1989, Froese 2006,
Gubiani and Horlando 2014). Estimating the parameters of
length-weight relationships (LWR), length-length relation-
ships (LLR), and length at first maturity (L,,) is crucial for
monitoring programs, fisheries resource management, and
species conservation, particularly in Neotropical aquatic
environments (Petrere 1989, Froese 2006, Gubiani and
Horlando 2014). These parameters also enable the gener-
ation of estimates for biomass based on length-frequency
distributions, life history traits, population dynamics, and
biogeographical relationships (Froese 2006, Gubiani et al.
2020, Oliveira et al. 2020).
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One of the most critical biological characteristics for
fishery management is the L, , as highlighted by Castro (1999).
This parameter indicates the average size at which individuals
reach adulthood, typically when 50% of the population be-
comes reproductively active. Estimating L., provides essential
insights into the reproductive capacity of fish populations and
helps identify potential needs for sustainable resource man-
agement (Barbieri 1995). It reflects a reproductive strategy
shaped by the interplay of genetic factors and environmental
conditions (FC Paiva unpublished data), making it a key indi-
cator for both conservation and fishery policies.

Understanding LWR allows for the indirect determina-
tion of weight, analysis of growth patterns, and assessment
of the health status of fish species (Braga 1993, Agostinho
and Gomes 1997, Lemos et al. 2007, Régo et al. 2008). Ad-
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ditionally, this relationship provides valuable insights into
fish diet, growth, and reproduction (Silva-Juanior et al. 2007).
Conversely, LLRs are used to estimate the maximum length
a fish can attain and to analyze aspects of population struc-
ture (Helfman et al. 1997, Keast et al. 1966). For instance,
fish length often plays a more significant role than age,
influencing various physiological and ecological aspects,
such as growth, reproduction, diet, behavior, and predator
resistance (Sinovci¢ 2004).

Despite the importance of these parameters, LWR,
LLR, and L, remain unknown for many Neotropical fish
species (see Azevedo-Santos et al. 2018). For example, in the
ichthyofauna of the Iguassu River Basin—one of the main
tributaries on the left margin of the Parand River and re-
nowned for its high degree of endemism (Baumgartner et al.
2012, Daga and Gubiani, 2012, Daga et al. 2015, Mezzaroba et
al. 2021)—few studies have investigated these relationships
(e.g., Wolff et al. 2007, Gubiani et al. 2009, Gubiani and Hor-
lando 2014, Genovai et al. 2024). The Iguassu Basin is located
in a region characterized by rugged terrain, particularly in
its middle and lower reaches. This topography has led to
the construction of successive dams along its main channel,
significantly impacting the life histories of fish species (see
Daga and Gubiani 2012, Gubiani and Horlando 2014).

To address these knowledge gaps, we estimated the
LWR, LLR, and L, for 24, 25, and 16 fish species, respec-
tively, caught in the Salto Osdrio Reservoir, Iguassu River
Basin, Parand State, Brazil. Many of these fish species are
locally captured for consumption using fishing rods and
hooks. Consequently, the findings of this study are crucial
for developing management and sustainable exploitation
plans for fish stocks. They also provide support for species
conservation strategies aimed at ensuring the multiple
uses of fish populations in the basin, balancing ecological
preservation with human needs.

MATERIAL AND METHODS

Fish were sampled monthly from July 2003 to June
2005, bimonthly from July 2005 to November 2018, and
quarterly from February 2019 to February 2022, totaling
20 years of data collection at three sites in the Salto Osério
Reservoir (52°58’57.4”W; 25°31’56.1”S; Fig. 1). The Salto
Osorio Reservoir was formed by damming the Iguacu River
in the municipality of Sao Jorge do Oeste. The hydroelectric
plant began operating in September 1975 with six turbines,
providing a total capacity of 1,078 MW. The main dam stands
56 m high and 750 m long at its crest, creating a “run-of-the-
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river” reservoir extending 70 km. It floods an area of 55 km?,
and has a maximum storage capacity of 1.124 x 10° m? of
water. The water residence time is 16 days, with an average
depth of 25.5 m and a maximum depth of 40 m (Tractebel
Energia and ECSA 2002). This reservoir is the fourth in a
sequence of dams along the main channel of the Iguassu
River (Daga and Gubiani 2012).

For sampling, simple gillnets (with mesh sizes ranging
from 2.4 to 16.0 cm between opposite knots) and trammel
nets (locally known as ‘feiticeiras’, with inner mesh sizes
ranging from 6.0 to 8.0 cm between opposite knots) were
used. These nets were deployed for 24 hours and checked at
8:00 a.m., 4:00 p.m., and 10:00 p.m. The captured fish were
anesthetized and euthanized using an overdose of benzo-
caine solution (250 mg/L; AVMA 2001), following a protocol
approved by the Ethics Committee on the Use of Animals
at the Universidade Estadual do Oeste do Parand (License
Number: Protocol 52/09 - CEUA/Unioeste).

Afterward, the fish were placed into labeled plastic
bags and stored in cooler boxes with ice for preservation
and transport to the laboratory. In the laboratory, the speci-
mens were identified, according to Ingenito et al. (2004),
Baumgartner et al. (2012), and Garavello et al. (2012). Sub-
sequently, they were measured for total length (TL) and
standard length (SL) to the nearest 0.1 cm and weighed for
total weight (TW) to the nearest 0.01 g. Additionally, the sex
and gonadal development stages of each individual were
determined by macroscopic visual inspection of the gonads,
following Vazzoler (1996).

Some voucher specimens (Supplementary Table S1)
were preserved in 70% alcohol and deposited in the Ichthy-
ological Collection of GERPEL (CIG) at the Universidade
Estadual do Oeste do Parand, Campus Toledo.

Length-weight relationships (LWRs) were determined
using the equation TW = a*SL (Ricker 1973). Length-length
relationships (LLRs) were estimated with the equation TL =
a + b*SL using a linear regression model based on the least-
squares method (Zar 1999). The L, (length at 50% maturity)
was estimated using a maturity ogive (logistic model) via the
sizeMat package (Torrejon-Magallanes 2020) in R software
(R Core Team 2024). For the LWRs, the variables TW and SL
were log, -transformed (log,,TW =log, a + blog, SL) for lin-
earization. Scatter plots were created for visual inspection of
outliers, and extreme outliers (absolute value of standardized
residuals = 4) were excluded prior to the regression analysis.

The degree of model fit was evaluated using the de-
termination coefficient (r?), and 95% confidence intervals
(a = 0.05) for parameters a and b were estimated for each
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Figure 1. Sampling sites (1,2, and 3) in the Salto Osério Reservoir, located in the Iguassu River Basin, Parand State, Brazil.

relationship. A Student’s t- test (Zar 1999) was used to test for
significant deviations from the isometric condition (b = 3 for
the LWR). Analysis of covariance (ANCOVA, Goldberg and
Scheiner 1993) was applied to test for differences between
parameters adjusted for males and females in the LWR, LLR,
and L_ analyses. When ANCOVA indicated significant differ-
ences, the LWR, LLR, and L. were calculated separately for
each sex; otherwise, the combined parameters were presented
for both sexes (denoted as ‘B’in the tables). All statistical anal-
yses were performed using R software (R Core Team 2024).
A significance level of p < 0.05 was applied to all analyses.

RESULTS

A total of 98,209 individuals were caught, comprising
46,542 males and 48,241 females. For 3,426 specimens, sex
could not be determined through macroscopic inspection
of the gonads. These individuals belonged to 25 fish species
(Supplementary Table S1). Length-weight relationship
(LWR) adjustments were made for 24 species (Table 1; Sup-
plementary Fig. S1). After excluding outliers and specimens
whose sex could not be identified, 94,723 individuals were
used to fit the LWR (Table 1; Supplementary Fig. S1).

ZOOLOGIA 42: 24028 | https://doi.org/10.1590/S1984-4689.v42.24028 | March 31,2025

The number of individuals per species ranged from
48 for Coptodon rendalli (Boulenger, 1897) to 37,937 for
Psalidodon bifasciatus (Garavello & Sampaio, 2010) (Table
1). The smallest recorded standard length was 4.20 cm for
Hoplisoma longipinne (Knaack, 2007) and P, bifasciatus, while
the largest standard length was 50.00 cm for Hoplias sp.
(Table 1). A new maximum total length was reported for 20
fish species (Table 2; values in bold), based on information
available in FishBase (Froese and Pauly 2024). For 18 species
(Table 2), the maximum total length recorded in FishBase
was lower than that observed in our study.

The lowest total weight recorded was 3.20 g for P.
bifasciatus, and the highest was 2,934.90 g for Hoplias sp.
(Table 1). Significant differences in LWRs between sexes
were observed for 15 species (ANCOVA; p < 0.05; Table 1).

All LWR adjustments were significant (p < 0.01). A
new LWR was reported for six fish species (Table 1; values
marked with asterisks). The estimated values for parameter
b ranged from 1.52 to 3.38 (Table 1). The average b-value
was 2.87 (SE £ 0.06), and the median b-value was 2.96, with
50% of the values falling between 2.87 and 3.09. Only six
species exhibited isometric growth (b = 3; p > 0.05; Table 1;
Supplementary Fig. S1).

3/10



& ZOOLOGIA

o5+ An International Journal for Zoology B. Rios et al.

SPADE
o
%%0023°

Table 1. Descriptive statistics and estimated parameters of length-weight relationships for 24 fish species caught in the
Salto Osério Reservoir, Iguassu River Basin, Parana State, Brazil, from July 2003 to February 2022. (B) Both sexes; (M)
males; (F) females; (N) total number of fish caught; (Min) minimum value reported; (Max) maximum value reported;
(a) intercept; (b) slope; (Cl) confidence interval; (SE) standard error; (r?) determination coefficient. *First report of LWR
according to FishBase.

Length Weight
Specie Sex N a 95% Cla SEa b 95%Clb SEb r? t
Min  Max Min Max

p-value Growth (Type)

0,05

Astyanax lacustris (Litken, 1875) 776 440 12.00 3.40 50.40 0.043 0.039-0.048 0.022 2.87 2.82-2.92 0.024 0.95 -5.191 0.001  Allometric (-)
937 440 12.00 330 4528 0.070 0.062-0.080 0.028 2.57 2.51-2.64 0.033 0.86 -12.824 0.001  Allometric (-)
3024 640 13.70 622 57.76 0.022 0.020-0.025 0.022 2.94 2.90-2.99 0.022 0.85 -2.548 0.011  Allometric (-)

2122 7.0 13.40 8.60 58.00 0.027 0.024-0.031 0.022 2.87 2.81-2.93 0.031 0.81 -4.341 0.001  Allometric (-)

Apareiodon vittatus Garavello, 1977

Bryconamericus ikaa Casciotta, Almirén

& Azpelicueta, 2004 F 376 480 6.70 3.39 8.70 0376 0.284-0.499 0.062 1.52 1.36-1.68 0.082 0.48 -18.076 0.001  Allometric (-)
M 254 470 7.20 3.30 7.70 0306 0.213-0.438 0.062 1.62 1.41-1.83 0.105 0.49 -13.170 0.001  Allometric (-)

Cyphocharax cf. santacatarinae (Fer- F 70 700 2400 9.09 47590 0.010 0.007-0.015 0.077 3.38 3.253.50 0.063 098 6.004  0.001 Allometric (+)
nandez-Yépez, 1948)*

135 670 2300 7.90 33810 0.023 0.0180.028 0.077 3.09 3.01-317 0039 098 2255 0026 Allometric (+)
2338 580 3200 512 551.90 0.018 0.017-0.019 0011 2.96 2.94-2.98 0011 096 -3.713 0001 Allometric (-)

48 5.00 33.00 520 1373.00 0.047 0.034-0.064 0.067 2.99 2.89-3.10 0.053 0.99 -0.102 0.919 Isometric

Crenicichla iguassuensis Haseman, 1911

w w Z

Coptodon rendalli (Boulenger, 1897)

Crenicichla tesay Casciotta & AIMIr6n, g oo o150 1440 630 71.05 0038 0.0250.05 0.087 279 2.612.97 0089 093 2344 0023 Allometric ()

2009

ggﬂsg%’oﬁh” Casciotta, AImirén & g 545 680 1570 785 9610 0022 00180027 0.047 301 292311 0047 094 0272 0785  Isometric

Geophagus iporanguensis Haseman, 1911  F 356 430 16.40 3.70 180.60 0.046 0.041-0.050 0.022 2.91 2.86-2.96 0.024 0.98 -3,750  0.001  Allometric (-)
M 460 440 19.00 392 32450 0.039 0.0360.042 0.022 299 296302 0016 099 -0.845 0398  lsometric

Glanidium ribeiroi Haseman, 1911 B 446 560 2600 550 75269 0.020 0.0170.023 0.029 312 3.063.18 0030 0.96 3895 0001 Allometric (+)

Hoplias sp. B 84 790 50.00 1016 293490 0014 00130016 0.022 312 3.093.15 0015 098 7.690 0001 Allometric (+)

Hoplisoma. longipinne (Knaack, 2007)*  F 613 420 7.50 438 14.00 0.186 0.147-0.235 0.051 2.15 2.02-2.29 0.067 0.63 -12.555 0.001  Allometric (-)
M 1058 430 7.00 370 11.00 0232 0.1980271 0.048 1.95 1.86:2.05 0.047 0.61 -22.051 0001 Allometric (-)

Hypostomus commersoni Valenciennes,

1836 B 139 7.30  40.00 9.50 1800.00 0.030 0.025-0.037 0.046 2.95 2.87-3.02 0.033 0.98 -1.410 0.161 Isometric

m

Hypostomus derbyi (Haseman, 1911) 339 9.20 30.00 21.92 615.60 0.033 0.028-0.040 0.041 2.90 2.84-2.96 0.031 0.96 -3.225 0.001 Allometric (-)
281 6.30 31.40 7.40 682.60 0.036 0.030-0.044 0.040 2.87 2.80-2.93 0.033 0.96 -4.053 0.001 Allometric (-)

Odontesthes bonariensis (Valenciennes,
1835)

Oligosarcus longirostris Menezes &
Géry, 1983

B 1713 940 3220 1272 366.60 0.010 0.009-0.010 0.014 3.06 3.03-3.08 0.012 0.97 4.705 0.001  Allometric (+)

F 3594  6.70 31.20 570 591.90 0.012 0.012-0.013 0.006 3.14 3.13-3.15 0.005 0.99 25.731 0.001 Allometric (+)

M 4414 650 26.20 5.24 414.02 0.015 0.014-0.015 0.007 3.08 3.07-3.09 0.006 0.98 13.268 0.001 Allometric (+)

’;gg;""’d”s britskii Garavello & Shibatta, o535 10 3800 437 110600 0011 0.010-0.011 0007 317 316318 0006 098 28641 0001 Allometric (+)
5064 520 39.00 424 600.00 0013 0.012-0.014 0.007 3.08 3.073.10 0009 096 9.208 0.001 Allometric (+)
369 690 2400 440 35977 0011 0.0090.014 0054 3.14 3.03324 0052 091 2610 0009 Allometric (+)

212 6.80 1500 500 50.10 0.028 0.018-0.043 0.054 2.71 2.53-2.90 0.094 0.80 -3.073  0.002 Allometric (-)

Pimelodus ortmanni Haseman, 1911

= =7 =Z

Psalidodon bifasciatus (Garavello &

. F 19815 420 1550 320 88.22 0.028 0.028-0.029 0.005 2.99 2.98-3.00 0.005 0.94 -2.518 0.012  Allometric (-)
Sampaio, 2010)

<

18122 440 17.40 3.24 13095 0.035 0.034-0.036 0.005 2.87 2.86-2.88 0.006 0.93 -21.773 0.001  Allometric (-)

Psalidodon dissimilis (Garavello & F 458 530 1500 494 91.60 0.036 0.032-0.041 0.027 2.89 2.832.95 0.032 095 -3.541 0.001 Allometric (-)
Sampaio, 2010)

164 510 1310 439 6650 0.034 0.0290.041 0.041 290 280299 0.048 096 -2107 0.037 Allometric (-)
2083 540 19.00 454 14200 0.027 0.025-0.028 0.010 3.01 2.993.03 0010 0.98 1270 0204  lIsometric

2039 520 1570 420 10520 0.027 0.026-0.029 0.010 2.99 2.97-3.02 0.012 0.97 -0.752  0.452 Isometric

Psalidodon gymnodontus Eigenmann, 1911

= m =Z

'; :‘?gdzo;"o’”)m’"‘” (Garavello & Sam- F 6860 4.80 1430 400 7120 0.033 0.032-0.035 0.009 293 292295 0.010 092 -6.416 0.001 Allometric (-)
8219 500 1270 3.60 5370 0.044 0.042-0.045 0.009 278 2.762.80 0.011 0.89 -20.238 0.001 Allometric (-)
132 1550 3800 7035 116570 0.012 0.007-0.019 0.010 3.15 3.00330 0.075 093 2013  0.046 Allometric (+)
126 1460 3420 5240 86110 0.009 0.006:0.013 0.084 324 312336 0060 096 3.959  0.001 Allometric (+)

128  14.00 35.00 4738 960.18 0.012 0.008-0.017 0.084 3.13 3.02-3.25 0.058 0.96 2.330 0.022  Allometric (+)

Rhamdia branneri Haseman, 1911*

Rhamdia voulezi Haseman, 1911*

= n w £
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Table 2. Descriptive statistics and estimated parameters of length-length relationships for 25 fish species caught in the
Salto Osério Reservoir, Iguassu River Basin, Parana State, Brazil, from July 2003 to February 2022. (B) Both sexes; (M)
males; (F) females; (N) total number of fish caught; (Min) minimum value reported; (Max) maximum value reported; (a)
intercept; (b) slope; (Cl) confidence interval; (SE) standard error; (r?) determination coefficient. Values in bold indicate the
new maximum total length according to FishBase, and *first report of LLR according to FishBase.

Total Length  Standard Length
Specie Sex N a 95% CI SE(a) b 95% ClI se(b) r2
Min  Max Min Max

759 6.1  15.0 4.4 120 0913  0.792-1.035 0.062 1.156 1.142-1.171 0.008 0.97
927 6.2 146 4.4 120 1.107  0.969-1.246 0.071 1.125 1.105-1.145 0.010 0.93
2991 86 164 6.4 13.7 0.826 0.704-0.947 0.062 1.141 1.129-1.153 0.006 0.92
2097 9.0 16.2 6.3 134 1345 1.181-1.509 0.084 1.085 1.067-1.103 0.009 0.87

Astyanax lacustris (Litken, 1875)*

Apareiodon vittatus Garavello, 1977

Bryconamericus ikaa Casciotta, Almirén & Azpelicueta, 2004 652 6.2 9.1 4.7 6.6 2.765 2.480-3.049 0.145 0.778 0.728-0.828 0.025 0.59
Cyphocharax cf. santacatarinae (Fernandez-Yépez, 1948)* 228 8.7 28.0 6.7 240 0928 0.609-1.246 0.162 1.188 1.170-1.207 0.009 0.99
Crenicichla iguassuensis Haseman, 1911 2388 7.6 373 5.8 320 0374 0.323-0424 0.026 1.173 1.169-1.178 0.002 0.99
Coptodon rendalli (Boulenger, 1897) 47 6.7  40.0 5.0 33.0 1519 0.885-2.154 0.315 1.189 1.157-1.220 0.016 0.99

37 9.0 162 7.5 128  -0.122 -0.726-0.482 0.298 1.243 1.179-1.308 0.032 0.98
32 8.1 17.5 6.2 144 0976 0.221-1.732 0.370 1.142 1.067-1.217 0.037 0.97
89 89 177 6.8 147  0.687 0.209-1.164 0.240 1.159 1.111-1.207 0.024 0.96
117 85 193 7.0 15.7 -0.046 -0.391-0.298 0.174 1.224 1.193-1.255 0.016 0.98
355 6.1 215 43 164 0177 0.041-0.314 0.069 1.127 1.254-1.285 0.008 0.99
454 6.1 245 4.7 19.0 0.030 -0.094-0.154 0.063 1.294 1.283-1.305 0.006 0.99
449 75 310 5.6 260 0.885 0.077-0.993 0.055 1.144 1.134-1.155 0.005 0.99

Crenicichla tesay Casciotta & Almirén, 2009*

Crenicichla yaha Casciotta, Almirén & Gémez, 2006*

Geophagus iporanguensis Haseman, 1911*

Glanidium ribeiroi Haseman, 1911

Hoplias sp. 558 123 575 10.0 49.3 1.576  1.287-1.864 0.147 1.153 1.144-1.163 0.005 0.99
307 9.8 535 7.9 460 1.119 0.788-1.450 0.168 1.169 1.157-1.180 0.006 0.99
Hoplisoma longipinne (Knaack, 2007)* 601 6.2 9.1 42 7.5 2328 2.081-2.576 0.126 0.910 0.867-0.952 0.022 0.75
1036 6.1 8.5 43 7.0 1.748 1.551-1.945 0.100 1.012 0.975-1.049 0.019 0.74

138 102 489 7.3 40.0 1.580 0.880-2.279 0.354 1.314 1.285-1.343 0.015 0.98
630 9.1 472 6.3 39.8  0.841 0.538-1.145 0.155 1.300 1.285-1.314 0.007 0.98
836 93 352 6.8 31.3  0.924 0.807-1.041  0.059 1.130 1.123-1.137 0.004 0.99
756  11.8  38.0 9.5 322 0.686 0.565-0.807 0.062 1.146 1.139-1.154 0.004 0.99
3581 7.8 370 6.0 312 0.649 0.605-0.693 0.023 1.194 1.191-1.196 0.001 0.99
4394 8.6 333 6.4 262 0593 0.553-0.634 0.021 1.200 1.197-1.203 0.002 0.99
11431 54 483 4.8 39.0 0470 0.445-0.496 0.013 1.265 1.263-1.266 0.001 0.99

Hypostomus commersoni Valenciennes, 1836
Hypostomus derbyi (Haseman, 1911)
Odontesthes bonariensis (Valenciennes, 1835)

Oligosarcus longirostris Menezes & Géry, 1983

Pimelodus britskii Garavello & Shibatta, 2007

Pimelodus ortmanni Haseman, 1911 580 75 305 5.3 240 1.177 0.016-0.337 0.082 1.262 1.247-1.277 0.008 0.98
Psalidodon bifasciatus (Garavello & Sampaio, 2010) 19509 6.0 208 4.2 18.0 0.706 0.678-0.733 0.014 1.185 1.182-1.188 0.002 0.97
17808 5.9 19.7 3.9 16.0 0.738 0.710-0.766 0.014 1.176 1.172-1.179 0.002 0.96

Psalidodon dissimilis (Garavello & Sampaio, 2010) 451 7.0 181 5.3 15.0 0.547 0.446-0.648 0.051 1.196 1.182-1.210 0.007 0.98
156 6.7 163 5.1 13.1 0.539  0.389-0.690 0.076 1.206 1.186-1.227 0.010 0.99

Psalidodon gymnodontus Eigenmann, 1911 2057 72 240 5.4 19.0 0.438 0.377-0.499 0.031 1.220 1.214-1.226 0.003 0.99
2017 6.7 193 5.2 15.7  0.525 0.465-0.584 0.030 1.207 1.200-1.214 0.004 0.98

Psalidodon minor (Garavello & Sampaio, 2010) 6755 63 18.0 4.8 143 0.949 0.898-0.999 0.026 1.167 1.161-1.173 0.003 0.95
8111 65 17.6 5.0 13.6  1.034 0.982-1.087 0.027 1.153 1.146-1.160 0.004 0.93

133 19.1 450 15.5 38.0 1.824 1.190-2.459 0.321 1.145 1.122-1.168 0.012 0.99
254 17.7 43.0 14.0 36.0 1.617 1.210-2.025 0.207 1.156 1.140-1.172 0.008 0.99
20 6.4 7.5 43 6.4 4.683  3.300-6.066 0.658 0.419 0.163-0.677 0.122 0.4
19 6.2 8.5 4.9 6.6 1150 -0.727-3.027 0.890 1.080 0.762-1.398 0.151 0.75

Rhamdia branneri Haseman, 1911*
Rhamdia voulezi Haseman, 1911*

Tatia jaracatia Pavanelli & Bifi, 2009

ESmwwZnZmZ e w MmN eww MmN MmN e w1

The coefficient of determination (r?) ranged from 0.48  Supplementary Fig. S2). The total number of individuals
for females of Bryconamericus ikaa Casciotta, Almiron &  per species ranged from 19 for males of Tatia jaracatia
Azpelicueta, 2004, to 0.99 for C. rendalli, males of Geophagus ~ Pavanelli & Bifi, 2009, to 19,509 for females of P. bifasciatus
iporanguensis Haseman, 1911, and females of Oligosarcus  (Table 2). The minimum recorded total length was 5.40 cm
longirostris Menezes & Géry, 1983 (Table 1). for Pimelodus britskii Garavello & Shibatta, 2007 (Table 2;

To fit the LLR, 93,760 individuals were used (Table 2;  Supplementary Fig. S2), while the maximum value was 57.50
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cm for females of Hoplias sp. (Table 2; Supplementary Fig.
S2). Similarly, the minimum recorded standard length was
3.90 cm for males of P. bifasciatus (Table 2; Supplementary
Fig. S2), whereas the maximum length was 49.30 cm for
females of Hoplias sp. (Table 2; Supplementary Fig. S2). A
new maximum total length was reported for 20 fish species
(Table 2) based on information available in FishBase (Froese
and Pauly 2024).

All LLR fits were significant (p < 0.05). A new LLR
was reported for eight fish species (Table 2; values marked
with asterisks). The estimated b parameter value ranged
from 0.419 for females of T. jaracatia (Table 2) to 1.314 for
Hypostomus commersoni Valenciennes, 1836. The average
b-value was 1.143 (SE = 0.020), and the median b-value was
1.167, with 50% of the values ranging from 1.142 to 1.203.

The ‘@’ intercept value was significant for all fits except
for females of Crenicichla tesay Casciotta & Almirdn, 2009,
and males of Crenicichla yaha Casciotta, Almirén & Gémez,
2006, and G. iporanguensis (p < 0.05; in Table 2, no confidence
interval included zero).

The r2 value ranged from 0.40 for females of T. jaracatia
t0 0.99 for 13 fish species (Table 2). A significant difference
in LLRs was detected between sexes for 14 fish species (AN-
COVA; p < 0.05; Table 2; Supplementary Fig. S2). For most
species, females were bigger than males of the same species
(Table 2; Supplementary Fig. S2).

Length at first maturity was estimated for 16 fish spe-
cies only (Table 3; Supplementary Fig. S3). A total of 89,392
individuals were used to fit the L, (Table 3; Supplementary
Fig. S3). The total number of individuals per species ranged
from 140 for H. commersoni to 19,883 for females of P. bifas-
ciatus (Table 3). The estimated b parameter value ranged
from 0.40 for Crenicichla iguassuensis Haseman, 1911 (Table
3) to 2.66 for Astyanax lacustris (Liitken, 1875); the average
b-value was 1.218 (SE £ 0.157), and the median b-value was
1.00, with 50% of the values ranging from 0.865 to 1.645.

The ‘@’ intercept value was significant for all fits
(p < 0.05; Table 3). The r? value ranged from 0.13 for C.
iguassuensis to 0.75 for females of O. longirostris (Table 3;
Supplementary Fig. S3). Despite the low r? value for some
species, we present the first record of L., for 10 species
(Table 3). A significant difference between sexes for L, was
observed for O. longirostris and P. bifasciatus (ANCOVA; p <
0.05; Table 3; Supplementary Fig. S3), with females having a
greater L,  than males (Table 3; Supplementary Fig. S3). In
addition, for Apareiodon vittatus Garavello, 1977, L_, could
only be estimated for females (Table 3; Supplementary
Fig. S3).
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DISCUSSION

Our results indicated that the b values for the length-
weight relationship ranged from 1.52 to 3.37, a pattern
consistent with that reported by Tesch (1971). This author
noted that b values for fish are typically centered around 3,
generally ranging from 2 to 4. Our findings corroborate this
expected variability, with 17 out of 24 adjustments indicating
isometric growth (b = 3; Table 1). Such regularity in the b
parameter has been widely documented across numerous
fish species and aquatic environments. For instance, Froese
(2006), in a review of LWRs, observed that most b values
fell within the range of 2.5 < b < 3.5. Similarly, Gubiani et
al. (2009) estimated b values for 48 fish species in reservoirs
across Parand State, Brazil, reporting values between 2.49
and 3.46. More recently, Genovai et al. (2024) analyzed LWRs
for 10 fish species in headwater streams in the lower stretch
of the Iguassu River basin, finding values ranging from 2.37
to 3.62. These studies, along with others (e.g., Gubiani and
Horlando 2014, Nobile et al. 2015, Freitas et al. 2017, Lubich
etal.2021), consistently highlight that b estimates generally
fall within the range of 2 to 4.

As noted, most species exhibited isometric growth,
reflecting proportional increases in length and weight (Ben-
edito-Cecilio and Agostinho 1997). However, Gubiani and
Horlando (2014), in their analysis of 20 fish species from the
Salto Santiago Reservoir, Iguassu River, Brazil, and Gubiani
et al. (2009), in their study of 48 species across 30 reservoirs
from Parand State, Brazil, reported predominantly positive
allometric growth, where weight increases at a faster rate
than length (b > 3; Ricker 1979). In our study, we observed
positive allometry for Cyphocharax cf. santacatarinae (Fernan-
dez-Yépez, 1948), Glanidium ribeiroi Haseman, 1911, Hoplias sp.,
Odontesthes bonariensis (Valenciennes, 1835), O. longirostris, P.
britskii, Pimelodus ortmanni Haseman, 1911, Rhamdia branneri
Haseman, 1911, and Rhamdia voulezi Haseman, 1911. Notably,
P, ortmanni exhibited sexual variation in allometry, with males
showing negative allometry (b < 3; see Table 1). Variations in
LWRs within the same species are common and influenced by
factors such as resource availability, gastric fullness, gonadal
development stage, sex, health, and the size distribution of
individuals (Tesch 1971, Wootton 1998, Cherif et al. 2008).

Other species, including Astyanax lacustris, A. vittatus, B.
ikaa, C. iguassuensis, C. tesay, G. iporanguensis, H. longipinne,
Hypostomus derbyi (Haseman, 1911), P, bifasciatus, Psalidodon
dissimilis (Garavello & Sampaio, 2010), Psalidodon minor
(Garavello & Sampaio, 2010), and males of P. ortmanni, dis-
played negative allometry, indicating that length increased
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Table 3. Descriptive statistics and estimated parameters of length at first maturity for 16 fish species caught in the Salto
Osério Reservoir, Iguassu River Basin, Parana State, Brazil, from July 2003 to February 2022. (B) Both sexes; (M) males; (F)
females; (N) total number of fish caught; (a) intercept; (b) slope; (L,,) length at first maturity; (CI) confidence interval; (%)
determination coefficient. *First report of L, according to FishBase.

Specie Sex N a b r s 95% CI Ly,

Astyanax lacustris (Litken, 1875) B 1731 -12.378 2.66 0.44 4.65 4.40-4.90

Apareiodon vittatus Garavello, 1977* F 3035 -12.649 1.98 0.22 6.39 5.10-7.00
Cyphocharax cf. santacatarinae (Fernandez-Yépez, 1948)* B 229 -9.562 1.01 0.67 9.50 8.50-10.50

Crenicichla iguassuensis Haseman, 1911 B 2264 -3.091 0.40 0.13 7.65 7.10-8.10

Geophagus iporanguensis Haseman, 1911* B 885 -4.989 1.08 0.39 4.60 4.00-5.00

Glanidium ribeiroi Haseman, 1911* B 433 -5.758 0.94 0.22 6.15 5.30-6.60
Hoplias sp. B 886 -9.112 0.50 0.57 18.22 17.10-19.10
Hypostomus commersoni Valenciennes, 1836* B 140 -7.389 0.55 0.64 13.33 11.20-15.50
Hypostomus derbyi (Haseman, 1911)* B 623 -5.939 0.56 0.43 10.70 8.20-12.50
Odontesthes bonariensis (Valenciennes, 1835) B 1635 -14.380 0.99 0.59 14.40 14.30-14.50
Oligosarcus longirostris Menezes & Géry, 1983 F 3616 -10.417 0.98 0.75 10.61 10.50-10.70
M 4440 -11.894 118 0.68 10.05 10.00-10.10

Pimelodus britskii Garavello & Shibatta, 2007 B 11396 -8.390 0.99 0.40 8.48 8.40-8.60

Pimelodus ortmanni Haseman, 1911* B 588 -6.073 0.84 0.19 7.24 6.10-8.00

Psalidodon bifasciatus (Garavello & Sampaio, 2010)* F 19883 -11.005 2.21 0.39 4.98 4.80-5.10

M 18170 -7.429 1.80 0.20 413 3.80-4.40

Psalidodon gymnodontus Eigenmann, 1911* B 4202 -6.806 1.04 0.40 6.53 6.40-6.60

Psalidodon minor (Garavello & Sampaio, 2010)* B 15236 -10.490 2.22 0.30 4.73 4.50-4.90

faster than weight (b < 3). Similarly, G. iporanguensis exhib-
ited sexual variation, with males showing isometric growth
(Table 1). According to Régo et al. (2008), who analyzed
morphometrics and LWRs in Prochilodus lineatus (Valenci-
ennes, 1836) and Leporinus friderici (Bloch, 1794) from the
Nova Ponte Reservoir, Araguari River, negative allometry
may often reflect juvenile-dominated samples.

Differences in body size between sexes in fish species
are well-documented and often linked to sexual dimorphism
(Haas, 1976). In our study, differences in LWRs between
males and females were evident for A. lacustris, A. vittatus,
B. ikaa, C. cf. santacatarinae, G. iporanguensis, H. longipinne,
H. derbyi, O. longirostris, P. bifasciatus, P. britskii, P. dissimilis,
Psalidodon gymnodontus Eigenmann, 1911, P. minor, P. ort-
manni, and R. voulezi. In general, females exhibited greater
growth than males, likely reflecting higher energy allocation
toward reproduction (Vazzoler 1996). However, in species
such as A. vittatus, G. iporanguensis, P. bifasciatus, H. derbyi,
and R. voulezi, males demonstrated greater growth.

Sexual differences were also evident in the length-
length relationships, with females of A. lacustris, A. vittatus,
H. longipinne, Hoplias sp., O. longirostris, P. bifasciatus, P.
dissimilis, P. gymnodontus, P. minor, and T. jaracatia having
longer caudal fins. This trait may enhance swimming capac-
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ity. Conversely, males of C. tesay, C. yaha, G. iporanguensis,
and O. bonariensis displayed longer caudal fins, potentially
linked to sexual display behaviors, metabolic differences, or
greater genetic variability (Régo et al. 2008).

Length at first maturity (L, ), representing the size at
which half the population reaches sexual maturity, showed
interpopulation differences. For example, O. longirostris
reached L, at 10.20 cm in our study, compared to 9.52 cm
reported by Gubiani and Horlando (2014) in the Salto San-
tiago Reservoir. Similarly, for O. bonariensis, our estimate
was 14.40 cm, slightly higher than the 13.16 cm reported
by the same authors. The largest discrepancy occurred in C.
iguassuensis (L., =7.65 cm vs. 9.64 cm). Such differences can
be attributed to environmental variability, fishing pressures,
and methodological differences.

This study provides the first reference for the LWRs
of six fish species, including C. cf. santacatarinae, C. tesay, C.
yaha, H. longipinne, R. branneri,and R. voulezi. Additionally, it
documents new maximum length records for 20 species and
establishes L, values for 10 fish species, highlighting import
ant data gaps. These findings enhance our understanding of
fish growth strategies and support fisheries management and
conservation particularly in regions with high endemism
and vulnerability to anthropogenic impacts.
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Supplementary material 1

Table S1. List of fish species captured in the Salto Osério
Reservoir, Iguassu River basin, Parana State, Brazil, from
July 2003 to February 2022, used to estimate length-
weight relationships (LWR), length-length relationships
(LLR), and length at first maturity (L, ), along with the
corresponding voucher specimens.

Authors: B. Rios, AV.S. Garcia, E.A. Gubiani

Data type: Species data.

Supplementary material 2
Figure S1. Length-weight relationships (LWR) for 24 fish
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species collected in the Salto Osério Reservoir, Iguassu
River basin, Parand State, Brazil, from July 2003 to Feb-
ruary 2022.

Authors: B. Rios, AV.S. Garcia, E.A. Gubiani

Data type: Species data.

Supplementary material 3

Figure S2. Length-length relationships (LLR) for 25 fish
species collected in the Salto Osério Reservoir, Iguassu
River basin, Parand State, Brazil, from July 2003 to Feb-
ruary 2022.

Authors: B. Rios, AV.S. Garcia, E.A. Gubiani

Data type: Species data.

Supplementary material 4

Figure S3. Length at first maturity (L,) for 16 fish species
collected in the Salto Osério Reservoir, Iguassu River ba-
sin, Parana State, Brazil, from July 2003 to February 2022.

Authors: B. Rios, AV.S. Garcia, E.A. Gubiani

Data type: Species data.
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