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Summary

Length–weight relationships (LWRs) are presented for 112
freshwater fish species representing 23 families and five
orders captured in the Madeira River, the largest white-water

river tributary of the Amazon River. The allometry coeffi-
cient (b) of the LWR (Wt = aSLb) ranged from 2.446 to
3.856 with a median value of 3.102. Eight new LWR records

are presented for Amazonian species as information for Fish-
Base. LWRs in the present study provide historical data on a
and b coefficients prior to the damming of the Madeira River

in November 2011, allowing comparison estimates of pre-
dicted future population parameters as influenced by human
intervention.

Introduction

Length–weight relationships (LWRs) usually translate a com-

mon relationship between variables among fish populations
as a useful tool to convert length to weight and vice versa
(Merella et al., 1997). In fisheries biology, length–weight rela-
tionships are useful in determining weight and biomass when
only length measurements are available, for indications of
condition, and to allow comparisons of species growth
between different regions (Koutrakis and Tsikliras, 2002). In

some cases, it is easier to take measurements of weight rather
than length; for example, in cephalopod species (Bello,
1991). However, in most fish and fisheries, weighing each

organism individually under field conditions is very difficult;
here, weight data can be converted to length by using the
LWR (Dias et al., 2013).

The relationship between two variables, as observed in lin-
ear regressions, may be one of functional dependence of one
on the other. That is, the magnitude of one of the variables

(the dependent variable) is assumed to be determined by –
i.e. is a function of – the magnitude of the second variable
(the dependent variable), although the reverse situation is
often not true. The slope of the regression line, the b value,

expresses quantitatively the straight-line dependence of Y on
X in the sample and the degree of dependence of Y on X

(i.e.b#0) does not necessarily mean that there is dependence
in the population (i.e.beta#0) (Zar, 1998).
An historical review shows that the intra-specific variance

of the LWR may be quite large (from YOY to very senior
specimens of a population) and that users should follow cer-
tain recommendations when using this relationship (Froese,

2006). Among the problems that may contribute to an
increase in the LWR variability, Froese (2006) noted: a nar-
row range of body lengths in the sample; use of non-random
samples; and use of one specific size gear for selection of

specimens. Genera (sexes) are a category that can potentially
result in LWR variability in the calculation: in commercial
fisheries it is not possible in most species to distinguish

females from males prior to their sale in the marketplace.
Thus, despite these recommendations, an application of the
LWR for adult fish populations (excluding YOY and imma-

ture specimens) should best fit the LWR to contribute to
fisheries evaluation. Since LWRs may vary geographically
(Sparre et al., 1989) it is often practical to make use of the

local values and highly recommended to use the LWR rela-
tionships with data collected in the same area and close to
the time of the study in order to minimize any bias in the
weight estimation (Kimmerer et al., 2005).

This paper is a contribution that complements the current
information on the biological parameters of commercial fish
in the Madeira River Basin and represents a more complete

list for this type of data on fish (commercial and non-com-
mercial species), at least on the Brazilian side of the basin.
Parameters of the length–weight relationships are reported

for 112 freshwater fish species collected during four years of
study and prior to the construction of two large power
plants: Santo Antonio and Jirau.
Growth rates and length–weight relationships have been

reported for six species in the Madeira River Basin on the
Bolivian side: Prochilodus nigricans (Loubens and Panfili,
1995), Colossoma macropomum (Loubens and Panfili, 1997),

Pseudoplatystoma fasciatum (P. punctifer, Garc�ıa-D�avila
et al., 2013) and P. tigrinum (Loubens and Panfili, 2000), Pi-
aractus brachypomus (Loubens and Panfili, 2001), Plagioscion

J. Appl. Ichthyol. (2015), 1–7
© 2015 Blackwell Verlag GmbH
ISSN 0175–8659

Received: September 16, 2014
Accepted: February 28, 2015

doi: 10.1111/jai.12819

Applied Ichthyology
Journal of



squamosissimus (Loubens, 2003), Pellona castelnaeana (Le
Guennec and Loubens, 2004); and on the Brazilian side:
Pellona castelnaeana (Ikeziri et al., 2008), Roestes molossus
(Torrente-Vilara et al., 2008), Brachyplatystoma platynemum

and Pinirampus pirinampu (Sant’Anna et al., 2014), however
a complete list of LWRs for most of the Madeira River
freshwater fish has not been reported previously.

Material and methods

Study area

The Madeira River is a major waterway in South America
(Albert et al., 2011) approximately 3250 km (2020 miles) in

length. Environmental information from the Madeira River
is available in Queiroz et al. (2013). Recently, the Santo
Antônio and Caldeir~ao do Inferno Falls gave way to two

large hydroelectric dams (Santo Antônio and Jirau power
plants, respectively), and flooding permanently the Teotônio
and Jirau waterfalls (Cella-Ribeiro et al., 2013).

Fish sampling

Fish fauna was sampled on 23 occasions, including the flood
and dry seasons from 2008 to 2011 before the closing of the
Santo Antônio and Jirau dams. Sampling sites were estab-

lished at the mouth of the eight main tributaries and two
varzea lakes of Madeira River in the Brazilian territory. A
set of 13 gill nets (mesh sizes from 30 to 200 mm between

opposite knots; total catch area = 480 m2) was exposed over
a 24-h period, with a specimen collection every 4 h. Fish
specimens were maintained in insulated iceboxes and trans-

ported to the laboratory at the Universidade Federal de
Rondônia in Porto Velho, Rondônia state, Brazil for mea-
suring (SL, nearest 0.1 cm standard length and Wt, 0.01
gram precision). The fish specimens were later identified to

species level, and an in-depth taxonomic revision of each spe-
cies by family was performed by specialists (Queiroz et al.,
2013). As gillnets are not efficient in catching some species of

the genus Brachyplatystoma and Pseudoplatystoma, data
from fisheries were used for those species obtained at the fish
market and artisanal fisheries in the cities of Humait�a, Porto
Velho, Nova Mamor�e, Guajar�a-Mirim, Jaci-Paran�a and
Abun~a, and the villages of Calama, S~ao Carlos, Nazar�e, S~ao
Sebasti~ao and Cachoeira do Teotônio. In the specific case of

Brachyplatystoma rousseauxii, specimens collected with gill
nets between 2012 and 2013 were added in order to find a
better coefficient of determination r2 for these species. All
data were collected under the Santo Antonio Energia Fish

Conservation Program.

Data analysis

All species analyzed in this work were collected by gillnets in

the Madeira River (Queiroz et al., 2013). From 112 species,
SL and Wt pairs were plotted to identify and exclude possi-
ble outliers, represented by minor errors during laboratorial

proceedings. The LWR was calculated using the power
regression W = aLb (Haimovici and Velasco, 2000a,b), where
a is the intercept and b the slope, W the weight and L the

length. The degree of association between W and L was mea-
sured through the coefficient of determination (r2). The
regression coefficients ‘a’ and ‘b’ obtained for each species
were compared to those published in FishBase that were

obtained by Bayesian Hierarchical Approach (BHA) for
LWRs estimated for practically all known 32000 species of
fish (Froese et al., 2014). We tested for differences between

our estimates for Madeira River fish and the values available
in FishBase using a paired t-test. Our hypothesis is that if
the differences are random we would find estimates of ‘a’

and ‘b’ above or below those in FishBase and the t-test
would be not significant. If the differences were systematic,
the paired t-test would otherwise give significant p values.

Thus, consistent differences between the expected (in Fish-
Base) and observed values would suggest important differ-
ences for the Madeira river fish.
To evaluate the species with new records of maximum

lengths the references used were: Loubens and Panfili (1995,
2000, 2001, 2000), Loubens and Panfili (2001), Le Guennec
and Loubens (2004), Ikeziri et al. (2008), Torrente-Vilara

et al. (2008), Garc�ıa V�asquez et al. (2009), Giarrizzo et al.
(2011, 2015), Silva et al. (2011), Vegh et al. (2014), FishBase
database (Froese and Pauly, 2015).

Results

Overall, 28 559 specimens were analyzed, and the length–
weight relationship of 112 fish species representing 23 fami-
lies and five orders are presented in Table 1. The most
diverse families were Serrasalminae (16 species), Pimelodidae

(11 species) and Curimatidae (10 species), followed by Au-
chenipteridae (nine species), Characidae and Cichlidae (eight
species each), Anostomidae (seven species), Doradidae,

Hemiodontidae and Loricariidae (six species each), Cyno-
dontidae (five species), Acestrorhynchidae (four species), Pri-
stigasteridae and Prochilodontidae (three species each),

Alestidae, Ctenoluciidae and Engraulidae (two species each).
The families Achiridae, Cetopsidae, Erythrinidae and Sciae-
nidae were represented by only one species. All regressions
were significant for all species (P < 0.001), with the coeffi-

cient of determination r2 ranging from 0.95 to 0.99.
The allometry coefficient (b) of the LWR (Wt = aSLb) ran-

ged from 2.446 for Squaliforma cf. emarginata to 3.856 for

Anodus orinocensis, with a mean value of 3.103. From the
112 species evaluated, eight are new to FishBase (unpub-
lished LWR), and presented here: Acestrorhynchus falcirostris

(Cuvier, 1819), Brycon melanopterus (Cope, 1872), Boulenger-
ella cuvieri (Agassiz, 1829), Hydrolycus scomberoides (Cuvier,
1816), H. sp. ‘rabo de fogo’ (undescribed species; Queiroz et
al., 2013), Oxydoras niger (Valenciennes, 1821), Brachyplatys-

toma filamentosum (Lichtenstein, 1819) and Pseudoplatystoma
punctifer (Castelnau, 1855). These values are within the
expected range of 2.0–4.0, as suggested by Le Cren (1951).

However, of the 104 species remaining, some 41 revealed ‘a’
and/or ‘b’ values beyond the FishBase range prediction (Fro-
ese et al., 2014): 28 species for the linear coefficient (a) and

24 for the angular (b) coefficient, respectively (Table 1). The
paired t-test confirmed linear coefficient ‘a’ for Madeira
River species smaller than BHA means from FishBase for
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the 28 species (ta = 3.77, df = 27; P < 0.001); a similar result
was obtained for the a set of species (ta = 5.49, df = 103,
P > 0.05). However, the angular coefficient ‘b’ observed
beyond the BHA range in FishBase could not be considered

consistently different from the BHA mean for the 24 species
(tb = 1.64, df = 23, P < 0.05), or for the Madeira River b set
of species (tb = 1.66, df = 103, P > 0.05).

Discussion

This study provides new maximum length records for 27 spe-
cies. Colossoma macropomum is a very important commercial
fish in the Amazon. However, specimens landed at the

Madeira River fish market were from Bolivia and mixed in
with specimens from piscicultures, precluding our analysis
for this species. The best information on the C. macropomum
LWR is in Loubens and Panfili (1997), where

SLmax = 82.5 cm (a = �4.258, b = 2.903, r2 = 0.99,
N = 864). Pseudoplatystoma tigrinum with SLmax = 127 cm
(a = �5.201, b = 3.15, r2 = 0.99, N = 551) in Loubens and

Panfili (2000) was neither captured in our samples nor seen
in the fish market. The LWRs calculated for Pinirampus
pirinampu (a = 0.0271, b = 2.81, SLmax = 74 cm) and Brachy-

platystoma platynemum (a = 0.0462, b = 2.67, SLmax =
89 cm) were published in Sant’Anna et al. (2014) using data
from our samples. Most specimens captured in the Madeira
River were adults and with a few juveniles. Madeira River is

known for its schools of fish that perform yearly reproduc-
tive migrations. It is possible that these fish schools were
growing and feeding in the same downstream river area

before migrating to Madeira River each year, explaining the
absence of juveniles in our gillnets samples.
The a and b parameters of the LWRs given in FishBase

arise from a compilation of estimates from different genus or
species belonging to the same family having the same body
shape (Froese and Pauly, 2015). Indeed, 63 of 104 species

have a and b parameters in agreement with coefficient values
in FishBase; the differences observed in the coefficient values
were reported by Allard et al. (2015) in the literature for
Amazonian fish. Here, were report direct estimates of LWRs

and are confident that our means and ranges encompass all
size ranges for the adult species considered. However, our
study notes that the a values are smaller than those estimated

in FishBase, whereas the b are consistent. This suggests that
Madeira River fish have the same proportional weight incre-
ments but are thinner when compared to BHA results

(e.g. Table 1). Thin individuals, most often with empty stom-
achs and having low visceral fat deposits, may indicate a
lower quality of habitat (Torrente-Vilara et al., 2011). In
fact, a remarkable characteristic regarding Madeira River

fish is that a typical lowland migratory fish in the stretch of
rapids in our study area was represented by adult specimens
in poor condition, possibly a result of a loss in energy due to

migration.
Hydropower plants will almost certainly change ecological

patterns; at the same time, they will favor some species more

adaptable to new environmental conditions, yet will cause
disturbances in others. As such, continued observations of
the LWRs in these fish species are fundamental.
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