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Abstract. Length–weight relations (LWR) are presented herewith for 15 fish species from shallow waters of three 
sandy beaches in the lower Guanabara Bay estuary, south-eastern Brazil. The following species were examined: 
Albula vulpes (Linnaeus, 1758); Harengula clupeola (Cuvier, 1829); Brevoortia aurea (Spix et Agassiz, 1829); 
Anchoa lyolepis (Evermann et Marsh, 1900); Umbrina coroides Cuvier, 1830; Menticirrhus littoralis (Holbrook, 
1847); Menticirrhus americanus (Linnaeus, 1758); Trachinotus carolinus (Linnaeus, 1766); Trachinotus falcatus 
(Linnaeus, 1758); Diplodus argenteus (Valenciennes, 1830); Polydactylus virginicus (Linnaeus, 1758); Mugil 
curema Valenciennes, 1836; Haemulon aurolineatum Cuvier, 1830; Haemulon steindachneri (Jordan et Gilbert, 
1882); Sphoeroides testudineus (Linnaeus, 1758). Specimens were sampled monthly over a four-year period 
between January 2012 and December 2015. This study presents the first length–weight relation of Diplodus 
argenteus for Brazil. The LWRs for all taxa included juveniles and sub-adults within size ranges commonly found 
in shallow waters of tropical sandy beaches. Only the adults (TL > L50) of Harengula clupeola and Sphoeroides 
testudineus were recorded in the area. The length–weight parameter b for all species ranged from 2.66 to 3.32, 
with regression coefficients (r2) between 0.97 and 0.99. 
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INTRODUCTION
The length–weight relation (LWR) in fish biology is 

useful for predicting weight from length values, indicating 
a fish condition, and conducting a fish stock assessment 
(Lin and Tzeng 2010, Romdhani et al. 2013). The 
relation may also provide information for between region 
comparisons of species life histories and population 
dynamics (da Costa et al. 2014).

Since the last century, many ichthyologists have 
discussed the causes and meanings of growth in fish 
(e.g., Huxley 1924, 1993, Le Cren 1951, Beyer 1987). 
Growth rates may vary, among other factors, according 
to environmental conditions, food availability, and habitat 
type. Nevertheless, a common pattern on fish growth is 
the development through a series of phases or stanzas 
(Barlow 1961), with marked changes in the body shape, 
mostly in the early life cycle (Fonteles-Filho 2011). Thus, 
the growth analysis of juvenile versus adult fish should 

be conducted under separate LWRs to account for growth 
stanzas, ontogenetic changes, and developmental phases 
(Bervian et al. 2006, Froese 2006). The objective of this 
work was to produce LWR estimates for fishes, mostly 
juveniles, commonly found in shallow waters of sandy 
beaches of Guanabara Bay, one of the most important 
estuaries of south-eastern Brazil. This article is a part of a 
larger effort to advance research questions on the temporal 
and spatial patterns of fish recruitment and juvenile habitat 
use in tropical regions.

MATERIAL AND METHODS
Fishes were sampled in shallow waters of three sandy 

beaches of the lower Guanabara Bay estuary (outer zone 
under the marine influence) (22°24′–22°57′S, 42°33′–
43°19′W), on a monthly basis between January 2012 
and December 2015, under special collecting permit 
(SISBIO #15787-1). Fishes were caught with a beach 
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Sciaenidae with three species, while the most abundant 
were: Harengula clupeola, Diplodus argenteus, Umbrina 
coroides, and Trachinotus carolinus. The LWR parameters 
and related statistics are presented in Table 1. Mean 
total lengths varied from 1.0 cm (Umbrina coroides and 
Menticirrhus littoralis) to 21.5 cm (Albula vulpes). The a 
coefficient ranged from 0.0031 to 0.0315, and the Pearson 
r-squared coefficient from 0.97 to 0.99. The b values 
between 2.66 and 3.32 were within the expected range 
and consistent with the literature (Froese 2006). Length–
weight relations for Diplodus argenteus were unavailable 
in FishBase (Froese and Pauly 2016), and the parameters 
here obtained are the first records in the scientific literature.

DISCUSSION
The great peculiarity of this study is a large number 

of small individuals of seven species, within minimum 
size ranges recorded in the literature. Individuals at 
TLs greater than the L50 reported in the literature were 
obtained for Harengula clupeola and Sphoeroides 
testudineus and considered as adults. These findings 
suggest that populations from these two species included 
all strata (young-of-the-year, juvenile, and adult) in the 
studied sites, with individuals exploring the surf-zone/
shallow-water resources until completing sexual maturity. 
These findings further support the idea proposed by 
Froese (2006) in which separate LWRs should be used 
to account for growth stanzas, ontogenetic changes, and 
developmental phases.

Shallow marine habitats and the surf zone of sandy 
beaches have long been considered as nurseries for several 
fish species, many of commercial interest (Monteiro-
Neto and Musick 2003, Pereira et al. 2015). The high 
food availability (Amaral et al. 2016) and protection 
from larger fish predators (Félix et al. 2007) during the 
growing phase represent important assets for young fish. 
Thus, shallow marine habitats play the connectivity role 
between the young and the adult population (Beck et 
al. 2001) of species that are commonly found in other 
habitats as adults. For instance, Haemulon aurolineatum 
was collected at TLs between 2.74 and 4.46 cm in the 
presently reported study (Table 1). Adults of the species 
undergo changes in colour pattern and body form at 5.4 
cm TL (Darcy 1983), and are often found near reefs 
(Monteiro-Neto et al. 2008). The absence of adults in our 
sampling suggests the part-time residency of the species in 
shallow waters during the juvenile phase.

Differences observed in a and b values of LWRs of 
fishes (same species or not) in the same habitat may be 
attributed to a combination of one or more factors: 
• Number of specimens examined 
• Fish habitat 
• Health 
• Sex 
• Gonadal maturity 
• Differences in the observed length ranges of the 

specimens and 
• The preservation techniques used (Hossain et al. 2014) 

seine (16 m long, 2.5 m high, and 7.5 mm mesh) at sites, 
totalling 144 samples. The sampling unit considered was 
the total number of fish caught in three replicate tows at 
each location. All collected specimens were placed in 
plastic bags, labelled, stored on ice, and transported to 
the laboratory where they were screened and identified to 
the lowest taxonomic level. All fishes were measured for 
total length (±1 mm) and weighed with an electronic scale 
(±0.01 g).

The equation used to calculate LWRs was

W = a ×Lb,

where, W is the total weight of fishes [g], a is the coefficient 
related to body shape, L is the total length [cm], and b is 
an exponent related to changes in body shape. The model 
was adjusted using Statistica 7.0 software, and parameters 
a and b were estimated by the log-linear regression 

log (W) = log a + b log (L)

Extreme outlier values were excluded from the 
analyses. Additionally, 95% confidence limits (CL) of 
both a and b were estimated. The model fit was measured 
by the Pearson r-squared (r2) coefficient. The values 
of total length and b were compared with the values 
reported in the FishBase and the literature. Also, the size 
of first sexual maturity was compiled from the literature 
to determine species life stages (juvenile/subadult or 
adult). Monthly length-frequency data were grouped and 
analysed using the Bhattacharya’s method subroutine in 
the FISAT II package (FAO-ICLARM Stock Assessment 
Tools) (Sparre and Venema 1998) for cohort identification 
and estimation of the mean length for each modal group. 
Voucher specimens were deposited in the ichthyologic 
collection of ECOPESCA Laboratory at the Fluminense 
Federal University.

RESULTS
A total of 14 457 individuals representing 15 species 

and ten families were collected. The following species 
were examined: Albula vulpes (Linnaeus, 1758); 
Harengula clupeola (Cuvier, 1829); Brevoortia aurea 
(Spix et Agassiz, 1829); Anchoa lyolepis (Evermann 
et Marsh, 1900); Umbrina coroides Cuvier, 1830; 
Menticirrhus littoralis (Holbrook, 1847); Menticirrhus 
americanus (Linnaeus, 1758); Trachinotus carolinus 
(Linnaeus, 1766); Trachinotus falcatus (Linnaeus, 1758); 
Diplodus argenteus (Valenciennes, 1830); Polydactylus 
virginicus (Linnaeus, 1758); Mugil curema Valenciennes, 
1836; Haemulon aurolineatum Cuvier, 1830; Haemulon 
steindachneri (Jordan et Gilbert, 1882); Sphoeroides 
testudineus (Linnaeus, 1758). For each species, an 
adequate number of samples including mainly juveniles/
sub-adults and some adult stages were examined. The 
sampling program (four cycles) within the study area 
using the same fishing gear and a standardized effort 
allowed grouping the datasets to generate relative growth 
estimates of species. The best-represented family was the 
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Froese (2006) and Gubiani et al. (2009) pointed out 
that variations in the exponent b may be also attributed 
to different length ranges of the specimens and the area-
seasonal effect. The presence of at least one mode, defined 
from a modal decomposition routine, is a good indication 
of habitat use by the species. The occurrence of multiple 
modes supports the premise of multiphase growth, common 
to most bony fishes (Bervian et al. 2006). Peyton et al. 
(2016) reinforced the idea that WLR estimates of juvenile 
fishes occurring in shallow waters are needed to compare 
temporal and spatial recruitment patterns. Petrakis and 
Stergiou (1995) observed that LWR parameters vary over 
a seasonal cycle within a year, depending on the average 
condition of the specimens. Fish habitat, sexual maturity, 
and size structure were addressed in the presently 
reported study, providing additional information towards 
the understanding of shallow habitats as nursery areas 
for several fish species in the tropical Atlantic, within 
the outer limits of an important estuarine environment, 
Guanabara Bay. Thus, the results of this study provide 
valuable information that will be helpful in future fisheries 
management and fish conservation. 
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