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ABSTRACT

This study estimated the length-weight relationships (LWRs) of 10 fish species from the middle stretch of the Middle Uruguay
River basin, aiming to provide new morphometric data and contribute to the knowledge of Neotropical ichthyofauna. Fish were

collected at seven sites with sampling conducted at each site during every season, totaling 84 sampling campaigns between May
2016 and February 2019. Different fishing gears were used, including gillnets (15-80 mm), three-panel nets (150.30.150; 150.40.150;
150.50.150 mm), a beach seine (8 mm), and longlines (100 m, 30 hooks, sizes 5/0 and 12/0) baited with small fish, maize, and snails.
The parameters a and b of equation W = aL.® were estimated for each species, revealing five species with positive allometry, two

with isometry, and three with negative allometry. The b coefficient ranged from 2.456 in Pseudoplatystoma corruscans to 3.336 in

Acestrorhynchus pantaneiro. These records expand the current database on the regional ichthyofauna and provide relevant in-

formation for conservation and fisheries management in the middle stretch of the Uruguay River basin.

1 | Introduction

Length-weight relationships (LWRs) are essential tools in fish
biology and management, as they allow the conversion of length
measurements into total body mass, enabling biomass estimation
and the assessment of variation in body shape, performance, and
growth [1, 2]. They also provide fundamental support for pop-
ulation analyses, environmental comparisons, condition studies,
and stock monitoring [3, 4]. Moreover, LWRs can reflect eco-
logical conditions, trophic status, and energy allocation strate-
gies, serving as indicators of population health and
environmental quality [5].

However, for many Neotropical species, LWR parameters remain
unpublished or poorly documented, which hampers regional
comparisons and limits the application of management models

[6]. This situation is particularly evident in the Uruguay River,
one of the main tributaries of the La Plata basin, which extends
for approximately 2262 km and drains areas of Brazil, Argentina,
and Uruguay. Among its main features is the division into three
sections—Upper, Middle, and Lower Uruguay—which are
delimited by natural and anthropogenic barriers [7]. Addition-
ally, the river exhibits a wide variety of hydrogeomorphological
patches [8], which create favorable conditions for hosting
a highly diverse fish fauna of great ecological and economic
relevance, including several migratory species of conservation
interest [9]. Despite its importance, the available LWR data for
native species remain scarce, largely due to the limited number of
exploratory studies conducted in the region.

Therefore, this study aimed to estimate new LWRs for 10 fish
species from the middle stretch of the Uruguay River basin,
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a free-flowing segment, in order to provide updated
morphometric data and establish a baseline for these species to
support comparisons with both unregulated and hydropower-
regulated environments. The results are expected to contribute to
the regional database on Neotropical ichthyofauna and support
conservation and fisheries management efforts in one of the last
unregulated stretches of the basin.

2 | Materials and Methods

Samples were collected at seven sites distributed along approx-
imately 600 km (Table 1 and Figure 1), encompassing a broad
fluvial gradient with distinct hydrogeomorphological features:
a confined reach with shallow rapids, a confined reach with deep
pools, and floodplain areas. A total of 112 field campaigns were
conducted seasonally between May 2016 and February 2019.
Multiple fishing gears were employed to maximize capture ef-
ficiency and to encompass littoral, benthic, and pelagic habitats.
Fish were collected using a set of gillnets with different mesh
sizes (20, 30, 40, 50, and 80 mm between opposite knots), each
20m long and 2.0 m high, totaling 40 m? of net per mesh size.
Two longlines were also used, each 100 m long with 30 hooks
(hooks 5/0 and 12/0), baited with small fish, maize, and snails.
All gears remained deployed for 12h, preferably overnight.
Gillnets were directed at capturing fish near the margins,
whereas longlines targeted pelagic and carnivorous species. In
addition, a beach seine (5-mm mesh, 10 m long, and 2 m high)
was employed in littoral areas, with three hauls per site in each
campaign.

Captured individuals were identified using specialized literature
[10-12], weighed on an analytical balance with 0.01 g precision,
and measured on an ichthyometer with 0.1 cm precision. After
in situ biometrics with fresh specimens, five individuals of each
species were fixed in 10% formalin [13]. Voucher specimens are
deposited in the Museum of Limnology, Ichthyology, and
Aquaculture of the State University of Maringd (UEM), Parana
State, Brazil.

Weight-length relationships (WLRs) were described by the
equation W =aL® and estimated by linear regression on log-
transformed data (In W =1n a 4+ b In L), where W is total weight
(g), Lis total length (cm), a is the intercept, and b is the allometric
coefficient [14].

3 | Results

A total of 10 fish species, belonging to two orders and eight
families, including four migratory species, were analyzed (Ta-
ble 2 and Figure 2). The number of individuals sampled ranged
from 16, for Pseudoplatystoma corruscans, to 559, for Cyn-
opotamus argenteus, representing species from different trophic
guilds and habitats. Total length varied widely, from 2.9 cm in
Piabarchus stramineus to 178 cm in P. corruscans, while body
mass ranged from 0.21 g to 35,450 g, reflecting the capture of both
small and large-bodied individuals. The LWRs showed a strong
statistical fit (R? > 0.94), indicating that the estimated models
adequately represent the growth patterns of the sampled
populations.

The allometric coefficient (b) ranged from 2.456 in P. corruscans
to 3.336 in Acestrorhynchus pantaneiro. Six species exhibited

Description of sampling areas along the Middle Uruguay River (RS, Brazil), including habitat characteristics, geographic coordinates (latitude and longitude), river width (m), depth range (m),

altitude (m), and municipality.
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FIGURE1 | Location of samplingsites along the Middle Uruguay River, RS, Brazil. Derrubadas (S1), Esperanca do Sul (S2), Alecrim (S3), Porto Vera

Cruz (S4), Sdo Nicolau (S5), Sdo Borja (S6), and Itaqui (S7).

positive allometry (b > 3.0) (A. pantaneiro, Megaleporinus obtu-
sidens, Cynopotamus argenteus, Apareiodon affinis, Prochilodus
lineatus, and Sorubim lima), whereas three exhibited negative
allometry (b<3.0) (Piabarchus stramineus, Pimelodus mac-
ulatus, and P. corruscans). One species presented a b value close
to 3.0 (Trachelyopterus teaguei, b =3.019).

The 95% confidence intervals indicated that estimates were
statistically robust and that most species fell within the theo-
retical range expected for teleosts (2.5 < b < 3.5), as reported in
the literature [14].

4 | Discussion

The LWRs obtained for the 10 analyzed species showed a good
statistical fit (R? > 0.94), confirming the adequacy of the models
in representing the growth patterns of the sampled populations.
The allometric coefficients (b) mostly fell within the theoretical
range of 2.5<b < 3.5 proposed for teleosts [2], indicating bi-
ologically consistent growth patterns. Interspecific differences
may be associated with variability in the size ranges sampled, sex
ratios, gonadal maturation, and environmental factors such as
water temperature, hydrodynamics, and food availability
[15, 16].

When compared with previously published data, the estimated
b values for most species were within the range reported for other
Neotropical basins. For example, the b value obtained for

M. obtusidens (3.051) is similar to that reported for the Parana
River basin (3.08) [17]. Likewise, P. lineatus (3.053) presented
values consistent with previous studies conducted in southern
Brazil (3.060; Upper Uruguay River) [18] and in southeastern
Brazil (2.94-3.07) [17, 19]. For S. lima, few LWRs have been
previously described. The coefficient estimated in the present
study (3.155) represents the first record for the Uruguay River
basin and is close to values reported for the Yacyretd passage
region (3.163) [20] and for the Iguatemi River (3.080) [21].

Species with b> 3.0, such as A. pantaneiro (3.3368) and C.
argenteus (3.1055), exhibited positive allometry, typical of pop-
ulations in good trophic condition, with greater accumulation of
body reserves and reproductive energy [1, 22]. In contrast, P.
corruscans presented a b value of 2.456, slightly below the the-
oretical lower limit, suggesting negative allometric growth. This
result differs from what has been reported for the species in other
regions, such as the Parana River basin, where b = 3.170 [17]; the
Sao Francisco River basin, where b = 3.523 [23]; and the Pantanal
basin, where b = 3.310 [24]. Although this species is piscivorous,
the reduced value may reflect morphophysiological adaptations
to naturally preserved, free-flowing river stretches, where
swimming effort is high and energy accumulation is reduced.
This pattern is consistent with the trade-off between linear
growth and mass gain described by ecological theory of fish
growth [1, 14, 25]. Additionally, the captures were concentrated
after the reproductive period of this species in the Uruguay River
basin [26], which may have influenced weight loss due to the
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FIGURE 2 | Length-weight relationships (LWRs) for 10 fish species collected in the middle stretch of the Uruguay River, southern Brazil. Each
panel shows the relationship between total length (TL, x-axis, in cm) and body weight (W, y-axis, in g). Points represent sampled individuals, and the

dashed line indicates the fitted power model W = aLP. The equation parameters (« and b) and the coefficient of determination (R?) are provided in

each panel.

energetic cost of reproduction, contributing to the negative al-
lometric relationship observed.

The absence of hydropower regulation and the presence of ex-
tensive protected areas along the Middle Uruguay River, such as
Turvo State Park (Brazil) and the Yaboti Biosphere Reserve

(Argentina), favor the maintenance of connected lotic habitats
and ecologically balanced populations [8, 27]. Thus, the LWRs
reported here reflect not only the conservation status of the basin,
but also its value as a reference for river systems that remain free
from hydrological regulation. These results provide a foundation
for monitoring biomass and fish condition and may support
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management and conservation efforts in the face of increasing
pressure from hydropower development in the region.

Despite the ecological relevance of the Middle Uruguay River as
a reference for a free-flowing system, a continuum exceeding
900 km with equally unregulated tributaries, the available lit-
erature on basic population parameters, particularly LWRs, re-
mains notably scarce for most native species of this basin, being
limited to few studies [28]. This knowledge gap constrains our
ability to assess temporal trends, support evidence-based con-
servation targets, and anticipate population responses under
intensifying anthropogenic pressures such as hydropower ex-
pansion, agricultural intensification, and riparian habitat frag-
mentation. In this context, generating primary data in systems
that remain functionally intact is strategic, as it not only enables
the calibration of ecological and biometric models with realistic
information but also provides a baseline reference to guide
preventive policies and avoid management plans that are reactive
and delayed, as historically observed in already regulated and
degraded rivers. Thus, given the rarity of previous LWR studies in
the Middle Uruguay, the results presented here constitute a key
reference for conservation and management in one of the last
large, connected lotic segments in South America.

5 | Conclusion

This study presents the first records of LWRs for 10 fish species
from the middle stretch of the Uruguay River, including four
migratory species. The observed allometric coefficients were
mostly consistent with theoretical expectations, and the analyzed
species exhibited good body condition. P. corruscans, however,
showed negative allometric growth (b = 2.456), contrasting with
values reported for other basins. This may reflect morphophy-
siological adaptations to naturally preserved, free-flowing river
stretches, as well as postreproductive conditions. These findings
highlight the ecological relevance of the studied segment and the
importance of its conservation. Furthermore, the data presented
here fill important gaps regarding the morphometry of the re-
gional ichthyofauna and serve as a baseline for future ecological
and fisheries management comparisons in both regulated and
unregulated systems.
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