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1  | INTRODUC TION

Length–weight relationships (LWRs) are of great importance in the 
area of fisheries research as they are used to predict the condition and 
growth pattern, as well as calculate the biomass from the length, and 
to convert growth in length to growth in weight (Froese, 2006; Froese, 
Thorson, & Reyes, 2014; Froese, Tsiklirans, & Stergiou, 2011; Le Cren, 
1951; Sandoval‐Huerta, Madrigal‐Guridi, Domínguez‐Domínguez, 
Ruiz‐Campos, & González‐Acosta, 2015). The biology, ecology and life 
history characteristics of deep‐sea fishery resources from the Indian 
EEZ are scarce and scattered (Deepu, Divya, & Kurup, 2007; Kumar, 
Thomy, Deepa, Hashim, & Sudhakar, 2016; Sreedhar, Sudhakar, & 
Meenakumari, 2013; Venu & Kurup, 2002, 2006). Estimation of LWR 
equations are very important in the fishery assessment where they 
are used to predict the weight‐at‐age from the length‐in‐yield assess‐
ments (Garcia et al., 1998; Pauly, 1993), calculating the condition indi‐
ces (Anderson & Gutreuter, 1983), and for morphological comparison 
of growth rate of different populations (Petrakis & Stergiou, 1995).

In this paper, the estimates of LWR parameters of 11 deep‐sea 
fishes from the western Bay of Bengal and Andaman waters are pre‐
sented, which include the first estimates for eight deep‐sea fishes. 
The authors believe that the results of the study can contribute 
greatly toward the better understanding of the growth patterns of 
less studied deep‐sea fishes of Indian waters and to improve the ac‐
curacy of the Bayesian LWR estimates for the data‐poor species.

2  | MATERIAL S AND METHODS

The samples were collected during the deep‐sea fishery explora‐
tions onboard FORV Sagar Sampada of the Centre for Marine Living 
Resources and Ecology, Govt. of India, during August 2010. The 
five sampling stations were located at depth ranges of 231–514 m 
(10°57′–18°30′N; 80°00′–93°13′E). A 38 m highspeed demersal 
trawl II (HSDT II, crustacean version, codend mesh size 40 mm) and 
45.6 m Expo model Demersal Trawls (mesh size 30 mm) were used 
for trawling operations. The depth of operation, time and duration of 
towing operations were recorded. Morphometric and meristic meas‐
urements were taken for all species and identified up to species level 
using standard identification keys (Alcock, 1898, 1899; FAO, 1984). 
Total lengths and weights were measured to an accuracy of 0.1 cm 
and 0.1 g, respectively. Samples were preserved in 5% formalde‐
hyde and detailed examination of each species was carried out in 
the laboratory.

The LWR was estimated by least square regression method and 
r2 (coefficient of determination), which indicates the robustness of 
the sample analysed (Froese, 2006; Froese et al., 2014; Le Cren, 
1951; Zar, 1999). Relationship was expressed by the regression 
equation W = aLb, which was converted into its logarithmic form 
Log10 W = Log10a + b Log10 L. The meristic values of the fishes stud‐
ied were transformed into logarithmic values for identifying and ex‐
cluding possible outliers in the data (Froese et al., 2011), which were 
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excluded from the analysis. Curvilinear plots with length and weight 
data were generated and visually examined to check the observed 
outliers in the dataset (Froese, 2006). The b value for each species 
was evaluated using a t test at .05 significance level to check whether 
the value was significantly different from the isometric value 3 
(Miranda, Galicia, Monks, & Pulido‐Flores, 2009; Pauly, 1993). The b 
values estimated during the present study were compared with the 
estimations of the previous studies to verify the existence of spa‐
tial variation in LWR. LWRs were estimated with data from both the 
sexes combined. Estimated b values were compared with the mod‐
elled values of Froese et al. (2014) following the Bayesian approach 
deposited in FishBase.

3  | RESULTS

Table 1 shows the species name, sample size, minimum and maxi‐
mum length (TL) and weight (TW) determined, and provides the LWR 
parameters a and b, 95% CL of a and b, and coefficient of determina‐
tion, r2.

Sample numbers selected for the study ranged from 20 
(Chlorophthalmus nigromarginatus) to 124 (Chelidoperca investigato‐
ris). The b values observed in the study ranged from 2.34 (Tydemania 
navigatoris) to 3.31 (C. nigromarginatus). The r2 values ranged from 
.82 (T. navigatoris) to .98 (Synagrops japonicus, Heteropriacanthus cru‐
entatus and Acropoma japonicum).

4  | DISCUSSION

The Indian EEZ is rich in deep‐sea fish resources showing diverse 
morphology and life history traits (Gopalakrishnan, Varghese, Ali, & 
Pandian, 1988; Hashim, 2012; Khan et al., 1996; Vijayakumaran & 
Philip, 1988). Reliable LWRs were missing for most species. Although 
the LWRs presented in this study are first estimates for most spe‐
cies, some of them must be taken as tentative because of the limited 
sample size and limited size range covered. There was also only a 
onetime snapshot sampling in August 2010, and seasonal or inter‐
annual variations cannot be judged.

The b values reported for S. guentheri (b = 2.94) in this study are 
in line with the studies of Diaz, Roa, Garcia, Acero, and Navas (2000) 
and Sreedhar et al. (2013), indicating slightly higher b values (3.15 
and 3.31). However, such slight differences could be real or be the 
result of sampling biases because of the different fishing methods 
used. There is a need to standardize sampling procedures in order 
to obtain comparable results. No estimates are available for C. ni‐
gromarginatus, but the values conform with the estimation of Froese 
et al. (2014) based on the Bayesian approach. The b values obtained 
for S. guentheri (b = 2.94) are in accord with estimates of Sreedhar 
et al. (2013), and P. natalensis for those of Thomas, Venu, and Kurup 
(2003). Both estimates can be compared with the present study 
as they used same fishing gear for their surveys. The r2 values are 
low for several species; thus the estimates should be considered as 

tentative. Size ranges covered for estimating the LWR for P. roseus 
are very narrow, hence it is essential to use large data sets with dif‐
ferent size‐classes for calculating the LWR, to better understand the 
growth pattern of the fish. The b value of P. fusca calculated using 
the Bayesian approach was in accordance with the present estimate. 
Although the coefficient of correlation for the LWR of H. cruentatus 
is very high (r2 = .98), the samples are from only 35% of the known 
size range (Froese & Pauly, 2017). Further estimations with broader 
size classes are a necessity to reach meaningful conclusions.

The b values estimated for C. investigatoris and N. microchir from 
different regions varied greatly (Diaz et al., 2000; Jayaprakash et al., 
2006; Thomas et al., 2003). Variations in the growth parameters 
have been discussed by several authors (Jayaprakash et al., 2006; 
Sreedhar et al., 2013; Thomas et al., 2003), but most studies did not 
consider that non‐standardized sampling procedures might have 
partially caused this variation. Previous studies have reported that 
factors such as maturity, season, depth of capture, area, sex, length 
class, sample size, gear selectivity and hydrographical differences 
have significant effects on the LWRs and growth patterns in fishes 
(Kumar et al., 2016; Mommsen, 1998; Sreedhar et al., 2013; Thomas 
et al., 2003). Using length‐weight data from locally available fish 
stocks improves the LWR estimations significantly; caution must be 
exercised to restrict the application to specific length ranges from 
which the LWR is estimated (Morey et al., 2003). However, the au‐
thors confirm the predictability of length–weight estimates in data‐
poor species, especially deep‐sea fishes, from the body shapes using 
the Bayesian approach.
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