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Length—weight relationships (LWRs) and length—length relationships (LLRs) were estimated for 63 and 58 freshwater fsh
species, respectively, captured in the Itaipu Reservoir, Paraná River Basin, Paraná State, Brazil. Sampling was carried out from
March 1987 to July 2024 at 63 professional fshing sites within the reservoir’s area of infuence. Statistically clear diferences in
LWR between sexes were detected in 26 species. Isometric growth (b� 3) was identifed in 29 species.Te b-value ranged from 1.14
to 3.89, with an average of 2.68 (SE± 0.04) across all species. For LLR, the b-value ranged from 0.713 to 1.440, with an average of
1.12 (SE± 0.01) across all species, with statistically clear diferences between sexes observed in 19 species. In 16 species, females
were larger thanmales.Tis study provides the frst LWR references for 13 species and LLR references for 22 species, as well as new
maximum total length records for 39 species and maximum total weight records for 41 species. Tese estimates are crucial for
managing fsh stocks and developing models related to fsh growth, reproduction, and fsheries.
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1. Introduction

Estimating fsh biomass is essential for fsheries manage-
ment, the conservation of endangered fsh species, the
implementation of catch regulations, and fshery research
[1], especially in Neotropical aquatic environments [1–3].
Such information is critical for determining stock structure
and for assessing key aspects of population dynamics, in-
cluding growth patterns [4], reproductive biology [5], body
condition [6, 7], and mortality or recruitment in response to
local and seasonal habitat conditions [8], as well as life
history traits [9].

As a result, the modeling of length—weight relationships
(LWRs) and length—length relationships (LLRs) has gained
increasing attention over time [10, 11]. Tese models are
widely used to estimate fsh weight from length, as length
measurements are often easier to obtain in feld settings.
Moreover, LWR and LLR models are commonly applied in
fsheries to convert standard length (SL) to total length (TL),
providing practical tools for stock assessments and other
fshery applications [12, 13].

Although these relationships are widely used in fshery
management, data on LWR and LLR for many freshwater
fsh species caught by professional fshermen in the Itaipu
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Reservoir remain limited. Te Itaipu Reservoir, one of the
oldest and most extensively studied large Neotropical res-
ervoirs (e.g., [14–16]), hosts a rich diversity of fsh, with
approximately 172 species [17], including 81 species of
commercial importance [18]. To address this gap, we esti-
mated the LWR and LLR for 63 and 58 commercially rel-
evant fsh species, respectively, caught by professional
fshermen in the Itaipu Reservoir, located in the Paraná
River Basin, Paraná State, Brazil. Tese data are essential for
informing management strategies and the sustainability of
fsh stocks.

2. Materials and Methods

Surveys were conducted in the Itaipu Reservoir (Figure 1),
which was flled in October 1982 and is located on the
Brazil–Paraguay border (24°05′–25°33′S, 54°00′–54°37′W).
Te reservoir covers a fooded area of 1350 km2, is ap-
proximately 151 km long, and has an average depth of 22m,
reaching a maximum depth of 170m near the dam. Its
primary function is hydroelectric power generation, with
secondary uses including fsheries, navigation, tourism,
recreation, and water supply [19].

Fishing in the Itaipu Reservoir was prohibited during the
initial years after its formation, and it ofcially began in
March 1985. Since March 1987, Itaipu has been recording
fsh landings, a practice that continues to this day, except for
interruptions in 1994, 1999, and 2006 due to granted sus-
pensions. Fishery data were collected monthly between
March and October from 1987 to 2024 at 15 fshing sites,
randomly selected each month from a total of 63 pro-
fessional fshing sites in the Itaipu Reservoir (Figure 1). No
records are available for the remainingmonths due to fshing
prohibitions during the fsh reproduction period. Fish were
caught with the assistance of local professional fshermen
(ranging from one to seven per site) using various fshing
gears to maximize the diversity and abundance of captured
species and individuals.

Gill nets, with mesh sizes ranging from 8 to 16 cm be-
tween opposite knots, lengths of 20 to 100m, and heights of
1 to 10m, were deployed for 24 h and checked early in the
morning. Cast nets (20m2) were thrown during the day at
certain fshing sites. Longlines, equipped with 40 to 1500
hooks ranging in size from 2/0 to 7/0, were also used.
Additionally, other gear types were employed, such as the
locally named espera or anzol de galho, which consist of
a hook and line attached to a foat or a tree branch and set
near macrophyte stands, similar to a jug line. Another gear
type, locally known as boia louca, features a similar setup but
uses larger hooks that drift in the reservoir. Tese methods
were used by professional fshers to catch fsh during their
daily activities.

From 2002 onward, when fsh were landed alive, they
were anesthetized and euthanized with an overdose of
benzocaine solution (250mg/L; [20]), following procedures
recommended by ethical guidelines [21]. Fish were col-
lected under permanent licenses to collect zoological
material issued by Sistema de Autorização e Informação em
Biodiversidade (SISBIO), authorization numbers [24438-

1], and in accordance with the approved procedure by the
Ethics Committee on Animal Use of the Western Paraná
State University (CEUA/UNIOESTE-License Number:
Protocol No. 53/09—CEEAAP/Unioeste). Before this pe-
riod, the fsh were rendered insensible on ice for sub-
sequent analysis. Following landing, the fsh were analyzed
on site, in the feld. Each specimen was identifed using the
references CETESB [22], Britski et al. [23], Reis et al. [24],
Graça and Pavanelli [25], and Pavanelli et al. [18]. Speci-
mens that could not be identifed were retained and sent to
specialists for further identifcation. Measurements were
taken for TL and SL to the nearest 0.1 cm, and total weight
(TW) to the nearest 0.1 g. Additionally, the sex of each
individual was determined through macroscopic visual
inspection of the gonads, following the methodologies of
Vazzoler [26] and Brown-Peterson et al. [27]. Voucher
specimens (listed in Supporting Table S1) were preserved in
70% alcohol and deposited in the Ichthyological Collection
of Nupelia (NUP) at Maringá State University, Paraná
State, Brazil.

LWRs were determined using the equation TW � aSLb
[28], where TW is the total weight; a is the intercept, which
can be interpreted as a scaling factor that adjusts the curve
to refect the specifc characteristics of the species or group
of organisms under study [1, 29]; SL is the standard length;
and b is the allometric coefcient. LLRs were estimated
using the linear equation TL � α+ βSL, where TL is the total
length; SL is the standard length; and α and β are regression
parameters estimated using the least-squares method [30].
For the LWR, both variables (TW and SL) were log10-
transformed (log10TW � log10a + blog10SL), and the pa-
rameters were also estimated using the least-squares
method.

Scatter plots were generated to visually inspect outliers,
and extreme values (standardized residuals with absolute
values≥ 4 [31]) were excluded prior to regression analysis.
Model ft was evaluated using the coefcient of de-
termination (r2), and 95% confdence intervals (α� 0.05)
were estimated for the parameters of each relationship.
Student’s t-test [30] was applied to assess whether the value
of b signifcantly deviated from the isometric condition
(b� 3) in the LWR.

Analysis of covariance (ANCOVA [32]) was used to
test for diferences in parameter estimates between males
and females for both LWR and LLR. When signifcant
diferences were detected via ANCOVA, separate LWR
and LLR models were adjusted for each sex. Conversely,
when no signifcant diferences were found, the param-
eters were presented for the combined group (indicated
as ‘B’ for both sexes—males plus females—in the tables).
To avoid overftting and to improve the stability of the
estimates, precision, and statistical validity, as recom-
mended by Harrell Jr. [33], adjustments were made for
species with n > 20 individuals. All statistical analyses
were performed using R software [34], with a signifcance
level of p< 0.05 set for all tests. A comprehensive guide
for all analyses is available at https://github.com/ICTES-
UNIOESTE/LWR-and-LLR-of-fsh-species-from-Itaipu-
Reservoir.
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3. Results

A total of 154,825 individuals were captured, comprising
63,086 males and 90,497 females. For 1242 specimens, sex
could not be determined through macroscopic inspection of
the gonads. Tese individuals represented 64 fsh species
distributed across eight orders, 21 families, and 46 genera
(Supporting Table S1). LWRs were adjustment for 63 of the
recorded fsh species (Table 1; Supporting Figure S1). After
excluding outliers and specimens whose sex could not be
determined, 153,094 individuals were used to ft the LWRs
(Table 1; Supporting Figure S1).

Te total number of individuals ranged from 22 of
Cyprinus carpio to 20,924 females of Pterodoras granulosus
(Table 1). Te smallest recorded SL was 7.80 cm forMetynnis
lippincottianus, while the largest was 122.00 cm for Pseudo-
platystoma corruscans (Table 1). New maximum total weights
(Table 1) and total lengths (Table 2) were reported for 41 and
39 fsh species, respectively, compared to the data available in
FishBase [35]. Te lowest TW was 11.00 g for males of
Iheringichthys labrosus, and the highest was 20,000.00 g for
Zungaro jahu (Table 1). Te LWR for 26 fsh species showed
statistically clear diferences between sexes (ANCOVA;
p< 0.05; Table 1). In addition, the LWR could be ftted only
for the females of Loricariichthys platymetopon (Table 1).

All LWR adjustments were statistically clear (p< 0.01).
New LWR parameters were reported for 13 fsh species
(Table 1). Te estimated values for parameter b ranged from
1.14 for males of Rhamphichthys hahni to 3.89 for males of
Myloplus tiete (Table 1). Te average b value was 2.68
(SE± 0.05), with a median of 2.73. Half of the b values fell
within the range of 2.50 to 2.93. Nineteen fsh species

exhibited isometric growth (b� 3; p> 0.05; Table 1; Sup-
porting Figure S1), as well as in females of four species and in
males of one species (Table 1; Supporting Figure S1). Te
coefcient of determination (r2) ranged from 0.45 for fe-
males of M. tiete to 0.97 for Z. jahu (Table 1; Supporting
Figure S1).

LLR adjustments were ftted for 58 species (Table 2;
Supporting Figure S2). After excluding outliers, a total of
161,362 individuals were used to ft LLRs (Table 2; Sup-
porting Figure S2). Te total number of individuals ranged
from 27 for Hypostomus microstomus to 21,204 for females
of P. granulosus (Table 2). Te minimum recorded TL was
7.00 cm for Catathyridium jenynsii (Table 2; Supporting
Figure S2), whereas the maximum value was 160.00 cm for
P. corruscans (Table 2; Supporting Figure S2). Similarly, SL
ranged from 5.00 cm for C. jenynsii to 141.00 cm for
P. corruscans (Table 2; Supporting Figure S2).

All LLR models were statistically clear (p< 0.05). New
LLR parameters were reported for 22 fsh species (Table 2).
Te estimated parameter β ranged from 0.977 for males of
Trachelyopterus galeatus to 1.401 for H. microstomus (Ta-
ble 2). Te average β value was 1.126 (SE± 0.007), with
a median of 1.122, and 50% of the values ranged from 1.100
to 1.142. Te intercept (α) was not statistically clear for 10
species (confdence interval included zero; Table 2). Te r2

values ranged from 0.80 for Hoplosternum littorale to 0.99
for P. corruscans, and Salminus brasiliensis (see Table 2).

A statistically clear diference in the LLR between sexes
was detected for 19 fsh species (ANCOVA; p< 0.05; Table 2;
Supporting Figure S2). For most species showing statistically
clear diferences between sexes, females were larger than
males (Table 2; Supporting Figure S2).
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Figure 1: Sampling sites (from 1 to 63) in the Itaipu Reservoir, Paraná River Basin, Paraná State, Brazil.
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á
St
at
e,
Br
az
il,

fr
om

M
ar
ch

19
87

to
Ju
ly

20
24
.

Sp
ec
ie
s

Se
x

N

To
ta
l

le
ng

th
(c
m
)

St
an

da
rd

le
ng

th
(c
m
)

α
95

%
C
I
of α

SE
(α
)

β
95

%
C
I
of β

SE
(β
)

r2

M
in

M
ax

M
in

M
ax

A
ce
st
ro
rh
yn
ch
us

la
cu
st
ris

(L
üt
ke
n
18
75
)∗

B
88

15
.6

40
.0

13
.2

34
.0

1.
50
0

0.
57
0–

2.
43
0

0.
46
8

1.
11
0

1.
06
8–
1.
15
2

0.
02
1

0.
97

A
ge
ne
io
su
s
in
er
m
is
(L
in
na
eu
s,
17
66
)

B
11
49

18
.6

59
.0

15
.0

49
.0

1.
95
5

1.
59
4–

2.
31
7

0.
18
4

1.
12
2

1.
11
0–
1.
13
3

0.
00
6

0.
97

A
ge
ne
io
su
s
m
ili
ta
ris

V
al
en
ci
en
ne
s
18
35

F
11
3

20
.0

40
.1

16
.0

34
.5

1.
52
3

0.
28
8–

2.
75
8

0.
62
3

1.
14
2

1.
08
7–
1.
19
8

0.
02
8

0.
94

M
66

18
.0

32
.0

14
.2

27
.8

4.
17
6

2.
80
4–

5.
54
8

0.
68
7

1.
01
5

0.
95
0–
1.
08
0

0.
03
3

0.
94

A
ge
ne
io
su
s
uc
ay
al
en
sis

C
as
te
ln
au
,1

85
5

B
85
5

13
.6

44
.0

10
.8

49
.6

3.
50
7

3.
00
6–

4.
00
7

0.
25
5

1.
04
4

1.
02
0–
1.
06
8

0.
01
2

0.
90

A
st
ro
no

tu
s
cr
as
sip

in
ni
s
(H

ec
ke
l,
18
40
)

B
24
2

14
.3

36
.9

11
.3

29
.4

2.
88
0

2.
28
0–

3.
48
0

0.
30
5

1.
07
4

1.
04
4–
1.
10
4

0.
01
5

0.
96

A
uc
he
ni
pt
er
us

os
te
om

ys
ta
x
(M

ir
an
da

Ri
be
ir
o,

19
18
)

F
30
09

13
.0

47
.0

10
.0

40
.0

1.
78
6

1.
59
3–
1.
97
9

0.
09
9

1.
10
1

1.
09
2–
1.
11
0

0.
00
5

0.
95

M
13
79

12
.0

47
.6

10
.0

39
.6

1.
55
4

1.
27
3–
1.
83
5

0.
14
3

1.
10
8

1.
09
3–
1.
12
3

0.
00
8

0.
94

Br
yc
on

or
bi
gn
ya
nu

s
(V

al
en
ci
en
ne
s
18
50
)∗

B
81

22
.0

52
.5

19
.0

43
.5

0.
95
3

−
0.
49
4–

2.
40
0

0.
72
7

1.
18
1

1.
13
0–
1.
23
3

0.
02
6

0.
96

Ca
ta
th
yr
id
iu
m

je
ny
ns
ii
(G

ün
th
er

18
62
)∗

B
80
0

7.
0

37
.0

5.
0

33
.0

1.
77
9

1.
55
9–
1.
99
9

0.
11
2

1.
11
7

1.
10
4–
1.
13
1

0.
00
7

0.
97

Ci
ch
la

ke
lb
er
iK

ul
la
nd

er
an
d
Fe
rr
ei
ra
,2

00
6

B
75
8

15
.0

50
.2

13
.0

43
.2

1.
18
1

0.
86
2–
1.
50
1

0.
16
3

1.
13
6

1.
12
4–
1.
14
9

0.
00
6

0.
98

Ci
ch
la

pi
qu

iti
K
ul
la
nd

er
an
d
Fe
rr
ei
ra
,2

00
6

B
97
6

20
.0

53
.3

13
.6

46
.4

2.
05
6

1.
69
0–

2.
42
3

0.
18
7

1.
11
1

1.
09
8–
1.
12
5

0.
00
7

0.
96

G
al
eo
ch
ar
ax

gu
lo

(C
op

e
18
70
)∗

B
11
4

13
.0

42
.0

11
.0

35
.0

0.
02
4

−
0.
83
6–

0.
88
4

0.
43
4

1.
18
9

1.
14
2–
1.
23
6

0.
02
4

0.
96

G
eo
ph
ag
us

sv
en
iL

uc
in
da
,L

uc
en
a
an
d
A
ss
is,

20
10
∗

F
28
90

10
.4

33
.3

8.
2

28
.0

3.
42
6

3.
17
0–

3.
70
2

0.
13
6

1.
01
8

1.
00
1–

1.
03
6

0.
00
9

0.
82

M
18
63

10
.5

31
.6

8.
3

27
.1

3.
03
3

2.
68
5–

3.
38
1

0.
17
7

1.
05
0

1.
02
8–
1.
07
3

0.
01
2

0.
81

H
em

io
du

s
or
th
on

op
s
Ei
ge
nm

an
n
an
d
K
en
ne
dy
,1

90
3

F
16
28

16
.5

38
.0

13
.0

33
.0

2.
83
9

2.
36
1–

3.
31
7

0.
24
4

1.
09
8

1.
07
8–
1.
11
7

0.
01
0

0.
89

M
24
9

15
.5

45
.3

12
.7

36
.2

1.
73
5

0.
82
8–

2.
64
2

0.
46
0

1.
13
7

1.
09
6–
1.
17
8

0.
02
1

0.
92

H
em

iso
ru
bi
m

pl
at
yr
hy
nc
ho
s
(V

al
en
ci
en
ne
s
18
40
)

B
77

19
.6

48
.9

16
.2

44
.2

2.
22
1

0.
39
3–

4.
04
9

0.
91
8

1.
12
4

1.
06
1–

1.
18
6

0.
03
2

0.
94

H
op
lia

s
m
bi
gu
a
A
zp
el
ic
ue
ta
,B

en
ı́te
z,
A
ic
hi
no

an
d
M
en
de
z,
20
15
∗

B
13
37

21
.5

52
.0

17
.0

44
.0

2.
74
1

2.
25
5–

3.
22
8

0.
24
8

1.
12
0

1.
10
3–
1.
13
6

0.
00
8

0.
93

H
op
lia

s
sp
.2

B
73

25
.0

54
.0

20
.0

45
.0

2.
79
6

0.
85
8–

4.
73
4

0.
97
2

1.
11
8

1.
05
5–
1.
18
1

0.
03
2

0.
95

H
op
lo
st
er
nu

m
lit
to
ra
le
(H

an
co
ck

18
28
)

B
50

16
.0

26
.0

13
.0

20
.0

2.
32
4

−
0.
44
2–

5.
09
1

1.
37
6

1.
09
4

0.
93
4–
1.
25
4

0.
08
0

0.
80

H
yp
op
ht
ha

lm
us

or
em

ac
ul
at
us

N
an
ia

nd
Fu

st
er

de
Pl
az
a,
19
47
∗

F
10
67
4

18
.0

63
.8

14
.1

54
.3

2.
13
5

1.
97
5–

2.
29
5

0.
08
2

1.
10
8

1.
10
3–
1.
11
2

0.
00
2

0.
95

M
86
89

14
.0

53
.9

12
.0

47
.2

1.
84
9

1.
63
1–

2.
06
7

0.
11
1

1.
12
7

1.
12
0–
1.
13
4

0.
00
4

0.
92

H
yp
os
to
m
us

an
ci
st
ro
id
es

(I
he
ri
ng

19
11
)∗

B
28

16
.6

51
.4

11
.0

43
.0

4.
34
2

2.
52
4–

6.
15
9

0.
88
4

1.
10
0

1.
01
1–

1.
19
0

0.
04
4

0.
96

H
yp
os
to
m
us

co
m
m
er
so
ni

V
al
en
ci
en
ne
s
18
36

B
13
1

21
.0

47
.0

15
.0

36
.0

1.
20
7

−
0.
33
9–

2.
75
3

0.
78
1

1.
22
7

1.
21
2–
1.
34
2

0.
03
3

0.
92

H
yp
os
to
m
us

m
ic
ro
st
om

us
W
eb
er

19
87
∗

B
27

20
.1

41
.7

14
.6

29
.9

−
0.
86
0

−
3.
34
7–
1.
62
8

1.
20
8

1.
40
1

1.
28
1–

1.
52
0

0.
05
8

0.
96

H
yp
os
to
m
us

re
ga
ni

(I
he
ri
ng

19
05
)∗

B
30
7

17
.0

49
.0

13
.0

35
.0

0.
94
1

0.
33
6–
1.
54
7

0.
30
8

1.
29
2

1.
26
3–
1.
32
1

0.
01
5

0.
96

H
yp
os
to
m
us

te
rn
et
zi

(B
ou

le
ng

er
18
95
)∗

B
14
01

16
.0

53
.0

8.
0

39
.0

3.
35
6

2.
64
7–

4.
06
5

0.
36
1

1.
27
3

1.
24
2–
1.
30
5

0.
01
6

0.
81

Ih
er
in
gi
ch
th
ys

la
br
os
us

(L
üt
ke
n,

18
74
)

B
26
56

10
.0

39
.0

9.
0

49
.3

1.
98
8

1.
60
6–

2.
37
0

0.
19
5

1.
17
4

1.
15
6–
1.
19
3

0.
00
9

0.
86

Le
po
rin

us
fri
de
ric

i(
Bl
oc
h,

17
94
)

B
16
66

16
.0

57
.5

12
.0

47
.5

2.
01
8

1.
63
4–

2.
40
2

0.
19
6

1.
13
4

1.
11
9–
1.
14
9

0.
00
8

0.
93

Le
po
rin

us
la
cu
st
ris

A
m
ar
al

C
am

po
s
19
45

B
15
6

16
.0

40
.1

13
.0

32
.7

1.
49
2

0.
94
9–

2.
03
6

0.
27
5

1.
12
3

1.
09
4–
1.
15
2

0.
01
5

0.
97

Lo
ric

ar
iic
ht
hy
s
pl
at
ym

et
op
on

Is
br
üc
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4. Discussion

Our results indicated that the b values for the LWRs ranged
from 1.14 to 3.89, which generally falls within the range
commonly reported for fsh [1, 29], with the exception of the
lowest value (1.14). Te exceptionally low estimates can be
attributed to a variety of factors, such as a very narrow size
range; biological aspects such as life-history, body condition,
and nutritional status; environmental variables; inadequate
sampling; and the sampling period, all of which are known to
bias b values downward [36]. According to Tesch [29],
b values typically cluster around three, with most fsh species
exhibiting values between two and four. Tis pattern has
been consistently observed among various fsh species in
diverse aquatic systems [1, 13, 37–39].

Our data were derived from fshing landing records
obtained through a long-term monitoring program con-
ducted by Itaipu Binacional. Fishing by professional fsh-
ermen in the reservoir is subject to legal restrictions,
including prohibition on using nets with mesh sizes smaller
than 8 cm between opposite knots. As a result, our b esti-
mates may be slightly overestimated, since accurate esti-
mates should be based on the full size range of individuals (as
recommended by Froese et al. [10]). Nonetheless, our results
ofer valuable insights for fsh stock assessments and provide
a robust foundation for future research on population dy-
namics and the mechanisms driving both spatial and tem-
poral changes in relationship parameters. Tese results also
have practical applications for fshery management models,
supporting the development of improved management
strategies within the Paraná River Basin. LWRs are practi-
cally applied in fshery management to estimate biomass,
assess stocks, and set size-based catch regulations that help
sustain fsh populations [1, 7, 10]. However, the estimates
presented here should be interpreted with caution when
applied beyond the ecological context analyzed in this study.

Te b parameter can be used to determine whether the
growth of a fsh species is isometric or allometric [1, 10]. Our
results revealed isometric growth for 19 fsh species and
negative allometric growth for 35 fsh species (Table 1).
According to González-Acosta et al. [40], who studied de-
mersal fsh from northwestern Baja California, Mexico,
noted that changes in body shape during ontogeny, par-
ticularly before sexual maturity, infuence growth type. In
addition, as reported by Barros et al. [41], growth patterns
often difer between sexes in adulthood, with females typ-
ically exhibit negative allometry, while males tend toward
positive allometry. Tus, due to the sampling limitations
described earlier, our analyses were conducted exclusively
on adult specimens.Tus, our fndings suggest that, for most
fsh stocks, the predominant growth pattern is negatively
allometric (≈ 60%), regardless of sex. In such cases, fsh gain
less weight than expected relative to their increase in length,
a pattern consistent with fshing activities disproportionately
harvest larger, generally heavier, and rounder individuals
from the stocks [42, 43].

Isometric growth was recorded for 29 adjustments
(33%). Tis condition refects potential growth rates in both
weight and length, indicating that diferent body parts grow

at similar rates [44]. Isometry is a broader pattern reported
in the literature [13, 37, 45, 46]. For example, Lubich et al.
[38], who estimated the LWR for 16 fsh species from the
Negro River Basin, Brazil, reported isometric growth for all
species studied. Likewise, Genovai et al. [39], who estimated
the LWR for 10 fsh species from headwater streams of the
lower Iguassu River Basin, Brazil, observed that most fsh
species exhibited isometric growth. Although we observed
negative allometry in most of the fts, isometric growth was
also relevant in our results.

Conversely, predominantly positive allometric growth
for the majority of fsh species evaluated also have been
recorded in LWR estimates [3, 47]. Tese conditions pro-
mote a higher weight gain relative to length growth in fsh,
resulting in a b exponent above three [48]. In our study, we
observed positive allometry only for three fsh species.

Diferences in growth type between sexes were observed
in only one fsh species. Females of H. oremaculatus
exhibited positive allometric growth, while males showed
negative allometry. Nevertheless, LWR often varies between
sexes within a species, refecting the infuence of multiple
biological and ecological factors, including resource avail-
ability [36, 49, 50], degree of gastric fullness [36, 49, 51],
preservation techniques [51–53], gonadal development stage
[36, 49, 51, 54], environmental conditions [1, 39, 50, 55],
geographic region [9, 39, 54, 55], fsh health [50, 56], size
distribution of captured individuals [29, 54, 56–58], and
climatic changes [9, 59, 60].

Sexual size dimorphism is well documented in fsh,
particularly in terms of body size diferences (e.g., Haas
[61]), and is often associated with diferent growth patterns.
In our study, we recorded statistically clear diferences in the
LWR between sexes for 30 fsh species, in which females
grew more than males in 19 species, and males grew more
than females in 11 species. França and Gubiani [13] recorded
similar pattern estimating LWR for fshes in the lower
Araguaia River Basin, Brazil. Additionally, as noted by
Vazzoler [26], in studies on the reproduction of Neotropical
fsh, females frequently allocate more energy to reproductive
processes, which often leads to larger body sizes than those
of males within the same species.

Statistically clear diferences in the LLR between sexes
were observed in 19 fsh species, with females usually pre-
senting greater caudal fn length than males. On the other
hand, males exhibited greater caudal fn length than females
in only fve fsh species. Similar pattern was recorded by
França and Gubiani [13] estimating LWRs for fsh in the
lower Araguaia River Basin, Brazil. In their study of Pro-
chilodus lineatus and L. friderici in the Nova Ponte Reservoir,
Araguari River, Brazil, Rêgo et al. [54] found that males often
exhibit longer caudal fns, a trait linked to reproductive be-
havior, metabolic variation, and enhanced genetic variability.

5. Conclusions

In summary, our study provides the frst reference values for
the LWRs and LLRs of 13 and 22 fsh species, respectively. It
also reports new maximum total lengths for 39 species and
new maximum total weights for 41 species, based on
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comparisons with FishBase data [35]. Estimating these
parameters for various population structure metrics ofers
valuable insights into the diverse growth strategies of in-
dividual species, enabling correlations with environmental,
ecological, and physiological factors. Tese estimates pro-
vide critical information to support the management and
conservation of key Neotropical freshwater fsh species,
particularly those that support provisioning services for local
fshing communities.
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G. Ruiz-Campos, J. A. Garćıa-Borbón, M. C. Alejo-Plata, and
F. J. Barrón-Barraza, “Length-Weight and Length-Length
Relationships of 39 Demersal Fish Species of an Estuarine-
Coastal Ecosystem From the Northwestern of the Baja Cal-
ifornia Peninsula, Mexico,” Journal of Applied Ichthyology
2024 (2024): 6408697.

[41] F. J. T. Barros, E. L. C. Rodrigues, M. C. d. S. Moura,
R. d. A. Torres, E. A. Paula, and L. M. Sousa, “Weight-Length
and Length-Length Relationships of the Endangered Zebra
Pleco Hypancistrus zebra (Siluriformes, Loricariidae) From
the Xingu River, Amazon, Brazil,” Journal of Applied Ich-
thyology 2023 (2023): 1–7, https://doi.org/10.1155/2023/
5158180.

[42] R. Hilborn and C. J. Walters, Quantitative Fisheries Stock
Assessment: Choice, Dynamics and Uncertainty (Chapman &
Hall, 1992).

[43] R. Law, “Fishing, Selection, and Phenotypic Evolution,” ICES
Journal of Marine Science 57, no. 3 (2000): 659–668, https://
doi.org/10.1006/jmsc.2000.0731.
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