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1. Introduction

The Negro River is one of the main tributaries of the 
Amazon River (Junk et al., 2015), and its diversity of fish 
is among the richest so far reported in the world (Roberts, 
1972; Saint-Paul et al., 2000; Soares and Yamamoto, 2005). 
As such, it is of major importance to the region, with 
species with great ornamental (Olentino et al., 2020) and 
commercial (Inomata and Freitas, 2018) potential, as well as 
for recreational fisheries (Furtado, 2020; Campos et al., 2020).

Currently 1165 species are known, with high levels of 
endemism (Beltrão et al., 2019), and these are distributed 

in various aquatic environments, such as flooded forests 
(igapós), alluvial island lakes, wooded shore areas, swamps 
and sandy beaches (Goulding et al., 1988).

The sandy beaches deserve a special mention since 
they are subjected to the flood pulse. These areas are 
susceptible to flooding during periods of high water and 
contribute to the migration of fish species, while in the 
low water period the areas close to their shores are key 
shallow aquatic environments due to their provision of 
shelter for many species (Goulding et al., 1988, Goulding, 
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month, in October to November 2016. Five parallel trawls 
were carried out on each beach during in the morning 
(about 7–10 a.m.) and five at night (about 6–7 p.m.), 
totaling 30 samplings (Ferreira et al., 1998; Zuanon et al., 
2015) and advice from specialists.

Subsequently, were used Eugenol for euthanasia (as 
recommended by American Veterinary Medical Association 
- Leary et al., 2020). Fresh fish were submitted to biometrics 
to measure the total weight (nearest 0.01 g total weight, 
W) and standard length (nearest 0.1 cm standard length, 
L) and preserved in 10% formalin. Samples were collected 
under the license SISBIO 50778-1.

The length–weight relationship of the species ware 
obtained using non-linear regression and the Levenberg-
Marquardt algorithm (Lourakis, 2005), using the 
equation: W=a.L b (Le Cren, 1951), where W is the total 
weight (g), L is the standard length, a is the intercept and 
b is the allometric coefficient. The confidence limit (CL) 
of 95% was determined for parameters a and b (Froese, 
2006). All outliers were identified and removed from the 
analysis (Froese, 2006).

3. Results

A total of 2677 individuals from 16 species belonging 
to five orders, and 10 families were analyzed. The LWR 
parameters of the species, sample size, minimum and 
maximum length and weight for each species are shown 
in Table 1.

All regressions were significant for all the species 
(p <0.05), with the coefficient of determination r2 ranging 
from 0.9512 to 0.9998, and the a values ranging from 
0.0018 to 0.0226 and b values ranging from 2.5271 to 3.3244.

1997; Claro-Junior, 2007; Olds  et  al., 2018). However, 
are scarce in the literature studies on the regarding the 
length–weight relationships species that occur close to 
the shores of the sandy beaches along the Rio Negro basin.

This length–weight relationships, is useful in fisheries 
and species monitoring, also serve as baseline data for 
future studies focused on the as for programs conservation, 
and ecology of natural resources in the region. The present 
study describes the LWRs parameters of 16 fish species 
collected close to sandy beaches along the lower Negro 
River basin in the Brazilian Amazon.

2. Materials and Methods

Sampling was conducted near three sandy beaches located 
in the Anavilhanas National Park - PARNA (municipality of 
Novo Airão) and Reserva de Desenvolvimento Sustentável 
Tupé – RDS Tupé (municipality of Manaus) (Figure 1). 
The Anavilhanas National Park and RDS Tupé are bordered 
by the typical black waters of the Negro River basin, rich in 
dissolved humic substances, acidic pH and low sediment load. 
They have a transparency that varies between 1.3 and 1.5 m 
(Latrubesse and Stevaux, 2015; Sioli, 1984).

Along the lower Negro River, sandy substrates dominate 
at lower topographic levels-and, in the dry season, possible 
to see large stretches of sandy beaches emerging (Junk et al., 
2015; Latrubesse and Stevaux, 2015). These environments 
lead to the creation of thousands of kilometers of habitats 
that are occupied by fish communities searching for food 
and shelter to survive (Goulding et al., 1988).

For the sampling, we used a trawl net (20 m length 
and 3.5 m height, 5 mm mesh between opposite knots) to 
collect the specimens. Fish were sampled for one day each 

Figure 1. Map of the sampling points close to sandy beaches along the lower Negro River basin in the Brazilian Amazon.
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Table 1. Length-weight relationship (LWR) parameters for samples of 16 fish species obtained close to sandy beaches along the lower 
Negro River basin in the Brazilian Amazon.

Order | Family | Species N

Standard 
Length (cm)

Total Weight (g) LWR parameters

Min. Max. Min. Max. a (95% CL) b (95% CL) r2

Clupeiformes

Engraulidae

Amazonsprattus scintilla 
Roberts, 1984

590 1.3 2.3 a 0.01 0.1
0.0065 

(0.0058 – 0.0072)
3.1376 

(2.9917 – 3.2835)
0.9775

Anchoviella carrikeri 
Fowler, 1940

261 3.4 4.6 0.32 0.83
0.0078 

(0.0070 – 0.0087)
3.0275 

(2.9479 – 3.1070)
0.9946

Anchoviella juruasanga 
Loeb, 2012

28 1.7 4.2 0.07 4.2
0.0194 

(0.0166 – 0.0223)c

2.5271 
(2.4221 – 2.6321)d 0.9998

Characiformes

Bryconidae

Brycon pesu Müller & 
Troschel, 1845

44 1.4 13.9 a 0.05 13.9
0.0189 

(0.0165 – 0.0213)
3.0225 

(2.9708 – 3.0743)
0.9993

Characidae

Moenkhausia megalops 
Eigenmann, 1907

306 1.8 5.4 a 0.1 4.69
0.0171 

(0.0161 – 0.0181)
3.3244 

(3.2789 – 3.3698) c
0.9889

Moenkhausia gracilima 
Eigenmann, 1908

272 2.8 3.9 0.3 3.9
0.0204 

(0.0158 – 0.0250)
2.8083 

(2.6259 – 2.9908) d
0.9512

Microschemobrycon 
melanotus Eigenmann, 

1912
114 1.7 3.1 0.1 0.5

0.0140 
(0.1131 – 0.0167)

3.1614 
(2.9577 – 3.3651)

0.9739

Moenkhausia cotinho 
Eigenmann, 1908

40 2.8 4.0 0.4 1.3
0.0154 

(0.0104 – 0.0204)
3.1936 

(2.9460 – 3.4412)
0.9970

Microschemobrycon 
casiquiare Böhlke 1953

133 1.9 2.6 0.1 0.3
0.0141 

(0.0118 – 0.0164)
3.1802 

(2.9844 – 3.3760)
0.9794

Gymnotiformes

Sternopygidae

Eigenmannia macrops 
Boulenger, 1897b 346 4.6 11.5 0.4 4.4

0.0072 
(0.0068 – 0.0077)

2.6212 
(2.5923 – 2.6500) d

0.9972

Hypopomidae

Steatogenys elegans 
Steindachner, 1880b 23 7.0 14.5 1.2 12.0

0.0033 
(0.0029 – 0.0037)

3.0609 
(3.0100 – 3.1119)

0.9997

Siluriformes

Loricariidae

Reganella depressa Kner, 
1853

11 1.7 14.5 a 0.02 18.4
0.0018 

(0.0011 – 0.0025)
3.2748 

(3.1372 – 3.4124)
0.9994

Auchenipteridae

Ageneiosus 
uranophthalmus Ribeiro 
& Rapp Py-Daniel, 2010b

49 4.0 8.9 0.7 6.86
0.0108 

(0.0092 – 0.0125)
2.9424 

(2.8665 – 3.0183)
0.9990

Doradidae

Trachydoras microstomus 
Eigenmann, 1912

300 1.9 6.7 a 0.2 7.1
0.0191 

(0.0180 – 0.0203)
3.0807 

(3.0436 – 3.1179)
0.9886

Key: N = sample size; a = intercept; b = slope; r2 = coefficient of determination of the length-weight relationship; 95% CL = 95% confidence limit. a 
New maximum standard length; b Provisional estimate: Sample size is limited and perhaps the smaller size classes are over-represented; c Value 
above 95% confidence limits of the Bayesian prediction; d Value below 95% confidence limits of the Bayesian prediction.
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Based on the values obtained from the Bayesian 
predictions available on FishBase (Froese and Pauly, 
2021), four species had a and b values outside the 95% 
confidence limit (Table 1). The present study provides new 
information on the maximum length for the following six 
species: Amazonsprattus scintilla, Brycon pesu, Moenkhausia 
megalops, Pachyurus paucirastrus, Reganella depressa and 
Trachydoras microstomus.

4. Discussion

Areas close to sandy beaches include mainly species 
of Characiformes and Siluriformes of small size with low 
migration capacities over great distance (Claro-Junior, 
2007, Duarte et al., 2010). During the low water period, 
more than 100 species of fish can be found, and these 
mainly have well-developed eyes and feed on small 
invertebrates living on the sandy river bed (Goulding et al., 
1988; Goulding, 1997).

The 16 species presented a coefficient of determination 
(r2) within the acceptable value (95%) and the values of b 
fell within the expected range of 2.5–3.5 (Froese, 2006). 
In the Bayesian LWR predictions, four species had a or b 
or both values outside the 95% confidence limits (Table 1) 
(Froese and Pauly, 2021). This is because the LWR estimates 
were based on data for similar body shape and total length 
for each taxon (Froese et al., 2014; Froese and Pauly, 2021).

The LWR estimates for Brycon pesu can be found in 
other studies (Giarrizzo et al., 2011), however, we chose 
to maintain this species in our study since it reports a 
new maximum length and presents a larger number of 
specimens. However, for the other species this is the first 
report with these estimates.

The data for Ageneiosus uranophthalmus (max length: 
23.0 cm SLmax, see Ribeiro and Py-Daniel, 2010), Eigenmannia 
macrops (25.2 cm TLmax, see Albert, 2003a) and Steatogenys 
elegans (max length: 29.4 cm TLmax, see Albert, 2003b) cover 
a limited size range, therefore approximately 50% of the 
TLmax is included in the analysis, and the classes of sizes 
may be over-represented. The parameters of the equation 

(a and b) may be influenced by juvenile individuals, since 
they have different growth patterns to adults and the point 
at which they transition from juveniles to adults has not yet 
been determined (Olentino et al., 2021). Similar provisional 
estimates have been reported before for Moenkhausia lata 
(Olentino et al., 2021), which is a species that also occurs 
in the Negro River basin.

In our study, small species occur, however, the species 
Amazonsprattus scintilla was the only one that presented a 
weight that was at the precision limit of the scale (0.01 g). 
Olentino et al. (2021) cite problematic issues related to 
the measurement of the weight of small species, thus care 
must be taken, such as the use of more accurate equipment 
(scales that are accurate to 0.001 g) and limiting the 
time of exposure of individuals to air, due to weight loss 
through evaporation, in order to guarantee the quality 
and reliability of the data.

Finally, this study provides the first information on 
LRW parameters for 15 Neotropical fish species, and 
presents data that can contribute to future studies 
focused regional management of the basin and for 
species conservation.
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