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ABSTRACT. The a and b parameters of the length-weight relationship (LWR) of the form W = aLb were 
estimated for 71 species of Actinopterygii and 2 Elasmobranchii, caught in the coastal region and inner shelf 
of southeastern Brazil. Estimates of b varied from 2.151 to 3.882. For the first time LWR for eight fish species 
is reported. Significant differences were observed among b values obtained for the same species caught in 
different ecosystems. Moreover, significant different results for b were observed among species caught in 
different ecosystems and between sexes of 12 species. Therefore, in order to obtain a reliable biomass estimate 
it is necessary to choose LWR data close in time and region with estimates for each sex.  
Keywords: length-weight relationship, Actinopterygii, Elasmobranchii, Santos Bay, Bertioga Channel, 
southwestern Atlantic. 

 
    Relación longitud-peso de 73 especies de peces capturadas en la plataforma 

continental interna del sudeste de Brasil 
 

RESUMEN. Se estimaron los parámetros a y b de la relación longitud peso (LWR), de la forma W = aLb, para 
71 especies de Actinopterygii y 2 Elasmobranchii, capturados en la región costera y plataforma interior del 
sudeste de Brasil. Las estimaciones de b variaron de 2,151 a 3,882. Por primera vez se registra la LWR para 
ocho especies. Se observaron diferencias significativas entre los valores de b obtenidos para las mismas 
especies capturadas en diferentes ecosistemas. Además, se observaron resultados significativamente diferentes 
para b entre especies capturadas en diferentes ecosistemas y entre los sexos de 12 especies. Por lo tanto, a 
objeto de obtener una estimación confiable de la biomasa es necesario elegir datos LWR, cercanos en tiempo y 
región, con estimaciones para cada sexo. 
Palabras clave: relación longitud-peso, Actinopterygii, Elasmobranchii, Bahía de Santos, Canal de Bertioga, 
Atlántico sudoccidental. 

___________________ 
Corresponding author: Wellington S. Fernandez (fernandez@usp.br) 

 
INTRODUCTION 

Fish population biomass estimates, or of an individual 
fish of the ichthyofauna, depends on the measurement 
of individual weight of these organisms. However, in 
most cases, weighing each organism individually 
under field conditions is a very difficult task and not 
always possible (Kimmerer et al., 2005). 

The lenght-weight relationship (LWR) estimates 
are used to calculate the weight of the individual from 
length frequency data, allowing spatial and temporal 
comparisons among populations and species (Salles & 
Feitosa, 2000; Vianna et al., 2004). Therefore, the 
LWR may be considered an essential tool in the 

studies of fish stock assessment and management of 
fisheries resources (Haimovici & Velasco, 2000a; 
Ilkyaz et al., 2008; Rodriguez-Romero et al., 2009; 
Rojas-Herrera, 2009). 

On the other hand, the historical review carried out 
by Froese (2006) shows that the intra-specific variance 
of LWR may be quite large and that users should 
follow some recommendations when using this 
relationship. Among the problems that may contribute 
to increase the variability of LWR, one can mention: 
the narrow range of body lengths in the sample, the 
use of non-random samples and of one specific size 
gear to select specimens and the LWR calculation 
with no regard of differences between the sexes. 
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Despite these recommendations, the application of 
LWR for individuals of the same size class for the 
same species still persists (Muto et al., 2000). 
According to Kimmerer et al. (2005), it is highly 
recommended to use the LWR relationship with data 
collected in the same area and close to time of the 
study to minimize bias in the weight estimate. 

LWR data are available in the literature for the 
majority of fish species from Europe and North 
America. Although publications regarding the LWR 
for marine tropical species and, in particular, in the 
Brazilian coast have increased (Araújo et al., 1998; 
Bernardes & Rossi-Wongtschowski, 2000; Haimovici 
& Velasco, 2000a, 2000b; Muto et al., 2000; Sales & 
Feitosa, 2000; Frota et al., 2004; Santos et al., 2004; 
Vianna et al., 2004; Giarrizo et al., 2006), these works 
are restricted to specific and isolated regions with no 
comparison among the data. 

The Baixada Santista region, located in the central 
area of São Paulo state, southeastern Brazil, is 
characterized by intense industrial and port activity 
and human occupation, and is considered one of the 
most impacted areas of Brazil (Lamparelli et al., 
2001). This coastal region features a diversity of 
ecosystems such as the estuary, the Santos Bay, and 
three main channels, namely Santos, Bertioga and São 
Vicente, connecting the estuary with the bay (Fig.1). 
Two variables are mainly responsible for the changes 
in the ichthyofauna of the region: the shrimp fishing 
with artisanal fishing trawlers (Paiva Filho & 
Schmiegelow, 1986; Ávila da Silva et al., 2005), with 
by-catch composed mainly of young sciaenids; and the 
temporal variability of the occurrence of water mass in 
the inner continental shelf (Rossi-Wongtschowski & 
Paes, 1993; Castro & Miranda, 1998). 

This work aims at describing the LWR of 73 fish 
species collected in three different coastal ecosystems 
of southern Brazil, that is, one bay, one channel and 
the inner continental shelf. Moreover, for the 
specimens observed in two or three ecosystems, a 
comparison of the LWR parameter estimates will be 
carried out following some of the recommendations 
proposed by Froese (2006). 

MATERIALS AND METHODS 

The specimens were sampled monthly in six 
oceanographic stations of the Santos Bay (23°59’S; 
46°21’W) between November 2004 and December 
2005. Samplings were carried out in Bertioga Channel 
(23°51’S; 46°09’W) between September and December 
2005 in two oceanographic stations. The inner shelf 
off shore Santos (24°24’S; 46°16’W) was sampled in 

two campaigns: August 2005 and February 2006, in 
sixteen oceanographic stations (Fig. 1). A trawl-net as 
described by Rossi-Wongtschowski & Paes (1993) 
was used. 

Although samplings in the bay as well as in the 
channel were carried out only with one fishing gear, 
the size classes were found to be representative 
according to the frequency of distribution of the length 
classes. Larvae or juveniles were not considered in the 
analysis as to minimize errors in the estimate. No 
subsamples were carried out and all specimens were 
examined. 

Each specimen of the ichthyofauna was identified, 
measured (total length-TL in cm) and weighed (total 
weight-TW in g). The specimens TL and TW pairs 
that had at least 14 individuals were plotted to identify 
and exclude possible outliers. The LWR was calculated 
using power regression W = aLb (Haimovici & Velasco, 
2000a, 2000b), 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 measured through 
the coefficient of determination (R2). A Student’s t-
test (H0: b = 3) with ± 95% (α = 0.05) confidence 
level was carried out in order to verify if b values 
estimates are significantly different from the isometric 
value (b = 3) (Zar, 1998). The estimated values of the 
same species from different ecosystems were tested in 
order to check if there were significant differences 
among them.  

RESULTS 

The number of individuals captured according to 
species varied from 14 to 20,123. The LWR of 73 
species belonging to 32 families, totaling 47,373 
individuals, were estimated (Table 1). The families, 
the species and their descriptors, the sampling 
locations, the sample sizes (n), the length and weight 
variations, length median (Md), the a and b 
parameters of LWR, the lower and upper confidence 
limit (LCL-UCL) of the intercepts and slopes, and the 
coefficient of determination (R2) are also shown in the 
Table 1.  

Out of a total of 73 species that were analyzed, 
eight species, namely Chilomycterus spinosus, Nebris 
microps, Ogcocephalus vespertilio, Rypticus randalli, 
Sphoeroides greeleyi, Sphyraena guachancho, Stellifer 
sp. and Trinectes paulistanus have no data published 
so far. 

The median lengths values of the species that have 
occurred in more than one environment were bigger in 
the inner continental shelf and smaller in Bertioga 
Channel or in Santos Bay. On the other hand, 
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Figure 1. Map of the southwestern Atlantic showing sampling areas of Brazil: Santos Bay, Bertioga Channel and inner 
shelf. Black dots indicate sampling stations. 
 
 
specimens were found to be smaller in the channel 
when the median length values of the species were 
compared with those captured in the bay. 

All LWR were highly significant with the 
coefficient of determination (R2) varying from 0.747 
to 0.999 (P < 0.01). The b values estimates varied 
from 2.151 for Chilomycterus spinosus to 3.882 for 
Anchoviella lepidentostole, both captured in the inner 
continental shelf, but most of the b values estimated 
ranged from 2.6 and 3.5. The LWR b coefficient 
distribution exhibited symmetry (0.418) and kurtosis 
(0.781) (Fig. 2). 

Regarding the types of growth (positive/negative 
allometry or isometry), it was observed that the 
members of the same family presented similar 
patterns. For instance, Carangidae exhibited a higher 
number of species with negative-allometric growth (b 
< 3), while Achiridae, Ariidae, Haemulidae, Paralich-

thyidae, Sciaenidae and Serranidae were characterized 
with more species with positive-allometric growth (b > 
3). Two species of Pristigasteridae, although captured in 
different environments with different abundance 
values, exhibited an isometric growth (b = 3), that is, 
the individuals keep the same body form and 
proportional growth in all size classes. 

The estimated b values were found to be 
significantly different from b = 3 in 16 out of 30 
species observed in the continental shelf. For two 
species that were exclusively observed in Bertioga 
channel, b was found to be significantly different in 
one of the species. In addition, b was found to be 
significantly different from b = 3 in eight out of 12 
species exclusively observed in Santos Bay. The LWR 
b values estimates for Lagocephalus laevigatus, 
Micropogonias furnieri and Pellona harroweri were 
not significantly different from 3. Nevertheless, the b 
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Table 2. Estimated parameters of the length-weight relationship (a, b, lower confidence limit, upper confidence limit and 
coefficient of determination) for 21 fish species, collected in the tropical southeastern inner continental shelf and estuarine 
region of Brazil. 

Family Species Sex 
Parameters of the relationship 

a LCL – UCL b LCL – UCL R2 

Ariidae Cathorops spixii (Agassiz, 1829) Female 0.01443 0.01268 - 0.01618 2.868 2.827 - 2.908 0.928
  Male 0.01701 0.01482 - 0.01920 2.801 2.755 - 2.845 0.936

Pristigasteridae Pellona harroweri (Fowler, 1919) Female 0.01072 0.00370 - 0.01775 2.949 2.687 - 3.211 0.869
  Male 0.01038 0.00476 - 0.01601 2.931 2.715 - 3.149 0.960

Gerreidae Diapterus rhombeus (Valenciennes, 1830) Female 0.00692 0.00560 - 0.00823 3.135 3.073 - 3.198 0.975
  Male 0.00720 0.00553 - 0.00887 3.112 3.038 - 3.186 0.987

Triglidae Prionotus punctatus (Bloch, 1793) Female 0.00525      0.00424 - 0.00625 3.280 3.220 - 3.341 0.985
  Male 0.00536   -0.000002 - 0.01072 3.275 2.943 - 3.606 0.851

Haemulidae Orthopristis ruber (Cuvier, 1830) Female 0.04516     -0.00458 - 0.0949 2.627 2.277 - 2.976 0.928
  Male 0.00590 -0.00300 - 0.01479 3.300 2.807 - 3.793 0.915
 Pomadasys corvinaeformis (Steindachner, 1868) Female 0.00855 0.00645 - 0.01066 3.194 3.105 - 3.283 0.985
  Male 0.02348 0.00199 - 0.04497 2.810 2.456 - 3.165 0.910

Sciaenidae Ctenosciaena gracilicirrhus (Metzelaar, 1919) Female 0.00704 0.00411 - 0.00998 3.253 3.099 - 3.406 0.915
  Male 0.00968 0.00600 - 0.01337 3.132 2.991 - 3.273 0.889
 Menticirrhus americanus (Linnaeus, 1758) Female 0.00489 0.00329 - 0.00648 3.253 3.157 - 3.349 0.970
  Male 0.00352      0.00134 - 0.0057 3.368 3.165 - 3.571 0.926
 Isopisthus parvipinnis (Cuvier, 1830) Female 0.00994 0.00832 - 0.01155 2.984 2.922 - 3.046 0.957
  Male 0.01579 0.00983 - 0.02174 2.797 2.650 - 2.942 0.950
 Larimus breviceps Cuvier, 1830 Female 0.00831 0.00658 - 0.01004 3.167 3.097 - 3.235 0.988
  Male 0.00657 0.00518 - 0.00796 3.256 3.184 - 3.328 0.994
 Macrodon ancylodon (Bloch & Schneider, 1801) Female 0.00901 0.00407 - 0.01395 2.978 2.812 - 3.142 0.984
  Male 0.00555 0.00291 - 0.00818 3.128 2.986 - 3.269 0.982
 Micropogonias furnieri (Desmarest, 1823) Female 0.01059 0.00788 - 0.01329 3.003 2.932 - 3.074 0.973
  Male 0.0069 0.00537 - 0.00844 3.141 3.082 - 3.199 0.996
 Paralonchurus brasiliensis (Steindachner, 1875) Female 0.00389 0.00304 - 0.00473 3.287 3.213 - 3.361 0.950
  Male 0.00224 0.00133 - 0.00315 3.483 3.343 - 3.622 0.966
 Stellifer brasiliensis (Schultz, 1945) Female 0.00398 0.00362 - 0.00435 3.424 3.391 - 3.457 0.984
  Male 0.00661 0.00527 - 0.00795 3.234 3.159 - 3.310 0.977
 Stellifer rastrifer (Jordan, 1889) Female 0.00625 0.00596 - 0.00654 3.283 3.266 - 3.300 0.975
  Male 0.00611 0.00589 - 0.00632 3.295 3.281 - 3.308 0.984
 Stellifer stellifer (Bloch, 1790) Female 0.00605      0.00539 - 0.0067 3.245 3.204 - 3.287 0.981
  Male 0.00282 0.00204 - 0.00359 3.594 3.478 - 3.710 0.970
 Stellifer sp. Female 0.00556 0.00403 - 0.00709 3.291 3.173 - 3.408 0.969
  Male 0.00339 0.00053 - 0.00624 3.514 3.149 - 3.879 0.957

Trichiuridae Trichiurus lepturus Linnaeus, 1758 Female 0.00040 -0.00022 - 0.00102 3.059 2.710 - 3.408 0.965
  Male 0.00021 -0.00023 - 0.00065 3.241 2.767 - 3.714 0.947

Paralichthyidae Syacium papillosum (Linnaeus, 1758) Female 0.00654 0.00028 - 0.01279 3.148 2.829 - 3.468 0.895
  Male 0.03614     -0.01292 - 0.0852 2.565 2.115 - 3.015 0.935

Monacanthidae Stephanolepis hispidus (Linnaeus, 1766) Female 0.05071 0.02930 - 0.07212 2.590 2.423 - 2.757 0.872
  Male 0.00906 0.00729 - 0.01083 3.230 3.161 - 3.299 0.976

Tetraodontidae Sphoeroides testudineus (Linnaeus, 1758) Female 0.01529 -0.01491 - 0.04549 3.119 2.484 - 3.755 0.875
  Male 0.01410 -0.00103 - 0.02923 3.134 2.786 - 3.480 0.967

 
 
values for three different coastal systems were found 
to be significantly different for Trichiurus lepturus. 
On the other hand, intra-specific variations for the 
majority of 23 species (with significant differences in 
b values), were observed for the specimens of both 
areas. These variations could be responses to natural 

phenomena such as food availability and abiotic 
variables that may lead to different growth rates in 
time and in different regions.  

No significant differences in b values were observed 
for 35% of the species: Genidens barbus, Notarius 
luniscutis, Bairdiella ronchus and Chaetodipterus faber
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Figure 2. Distribution of b values estimated for 73 
species collected in the tropical southeastern inner 
continental. 
 
from Bertioga Channnel and Santos Bay, Diapterus 
rhombeus, Isopisthus parvipinnis and Chilomycterus 
spinosus from the bay and inner continental shelf, and for 
Harengula clupeola, Prionotus punctatus, Pomadasys 
corvinaeformis and Etropus crossotus from Bertioga 
Channel and the continental shelf. 

Out of the total number of species with a 
representative number of males and females (21), 
significantly differences in the b values discriminated 
by sex were observed for five species (Table 2). 
Among five species, four belonged to the Sciaenidae 
family (Micropogonias furnieri, Stellifer brasiliensis, 
Stellifer stellifer and Stellifer sp.) and Stephanolepis 
hispidus. For these species the LWR estimates were 
obtained for each sex.  

DISCUSSION 

General data of LWR of 73 actinopterygian species 
were estimated for a tropical region of southwestern 
Atlantic according to recommendations of Froese 
(2006). From these 73 species, information about the 
LWR parameters for 23 species is not available in the 
FishBase data base (Froese & Pauly, 2004). 

Smaller median lengths values of the species 
occurred in Bertioga Channel or in Santos Bay in 
comparison to the occurrences in the inner shelf. This 
result may be related to the fact that many fish species 
use the estuarine regions as a spawning and growth 
areas, remaining in these regions in the early stage of 
their life cycle (Fuiman & Werner, 2002).  

Those extreme b values estimated for Chilo-
mycterus spinosus (2.151) and for Anchoviella 
lepidentostole (3.882) account for the species body 

form, that is, species with height bigger or equal for a 
given length and species with low height relative to 
length. In this study no species presented long caudal 
fins that could interfere in the b values, as shown by 
Ilkyaz et al. (2008).  

Carangidae exhibited a higher number of species 
with negative-allometric growth (b < 3), while 
Achiridae, Ariidae, Haemulidae, Paralichthyidae, 
Sciaenidae and Serranidae were characterized with 
more species with positive-allometric growth (b > 3). 
Two species of Pristigasteridae, although captured in 
different environments with different abundance 
values, exhibited an isometric growth (b = 3), that is, 
the individuals keep the same body form and 
proportional growth in all size classes. Similar growth 
patterns for Carangidae and Ariidae species were 
obtained by Giarrizzo et al. (2006) in the northeastern 
Brazilian estuary. 

The observed intra-specific variations found in b 
values justify the use of LWR obtained in the same 
area and close to the time of sampling (Kimmerer et 
al., 2005). Differences in b values for some species 
when compared to other studies from other locations 
(Haimovici & Velasco, 2000b; Muto et al., 2000; 
Gomes & Araújo, 2004; Giarrizzo et al., 2006) can be 
explained by several factors, such as variations in the 
parameters of hydrographic properties (e.g., 
temperature, salinity), food availability, number of 
specimens and variation in the length of the 
individuals collected from the sampled populations, or 
to procedural and statistical reasons (Pauly, 1984; 
Weatherley & Gill, 1987; Kimmerer et al., 2005), or 
any other variable that can affect the body weight and 
indicates a difference in growth or condition.  

The hydrographic pattern of the southeastern 
continental shelf region of Brazil comprises three 
water masses: the Tropical Water (TW) (T > 24, S), 
the Coastal Water (CW) and South Atlantic Central 
Water (SACW) (T < 18, S > 36.4) (Castro & Miranda, 
1998). The SACW is the water mass responsible for 
carrying nutrients to the pelagic system mainly in 
summer (Gaeta & Brandini, 2006). Therefore, the 
penetration intensity of the SACW and the deep 
thermal front location may be responsible for the 
occurrence of higher b values in this period. As the b 
exponent corresponds to the allometric condition 
factor, the bigger the value the better the conditions of 
the individuals. Moreover, these values are also 
influenced by the degree of repletion of the digestive 
tracts of the specimens.  

The intercept estimates may also be affected by 
individual features or processes such as reproduction, 
sex, size, and even the sample size (Haimovici & 
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Velasco, 2000b; Frota et al., 2004; Vianna et al., 
2004).  

This study reinforces data presented by Froese 
(2006), in that variations among sex, size classes, 
seasons and sites should be considered in the studies 
where weight data are needed to provide fish biomass 
estimates.  
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