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Abstract
Length-weight relationships (LWRs) were estimated for 50 fish species belonging to 14 families from Indian waters. During the
fishery surveys, specimens were collected from various fishing gears such as ring seines, gill nets, trawls and long lines between
2015 and 2017. The number of specimens measured varied by species. All the values of the parameter b were found within the
expected range of 2.5–3.5. The b values in the relationships, W= aLb varied between 2.562 (Stolephorus insularis) and 3.461
(Auxis thazard) with mean value of 3.032 (SE = ± 0.029). The LWRs of all the 50 fish species estimated in this study were highly
significant (p < 0.001, r2 ≥ 0.850). The study provides the first estimate of LWRs for Scomber indicus, Sphyraena arabiansis and
Upeneus margarethae, and complements the existing LWRs in the international literature and FishBase database. In addition,
this study reports the new maximum size for Nematalosa nasus (28.5 cm TL, 281 g TW), Scomberoides commersonnianus
(122 cm TL, 11400.5 g TW), Scomberoides tol (56 cm TL, 1000 g TW), Alepes djedaba (33.5 cm TL, 343.8 g TW) andUpeneus
margarethae (19 cm TL, 87 g TW). This study provides basic biological information in the form of a length-weight key for 50
commercially important fish species from Indian waters as a valuable tool to assist fishery managers.
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Introduction

Biometric relationships have been frequently used in fisheries
research and management in order to transform the field--
collected data to suitable indexes (Anderson and Gutreuter
1983). Length-weight relationships (LWRs) is one of the most
commonly used tools for any analysis of fishery data (Türker
et al. 2018). The LWRs is predominantly useful to estimate
the average weight for a given length group, and convert
length measurement into weight where technical difficulty
exists in weighing, particularly the large-sized fishes in the
field or on-board vessels (Froese 2006; Froese et al. 2011).

Besides the estimation of weight from length data, it has got
several other applications in fishery science, such as conver-
sion of a growth equation in length into a growth equation in
weight (Pauly 1993), estimation of yield and biomass of a fish
population (Anderson and Gutreuter 1983), biometry and
morphological comparisons between species or populations
of the same species from different geographical areas or hab-
itats (Herath et al. 2014; Roul et al. 2017a, b, 2018, 2019),
provides information on seasonal variations in fish growth and
estimation of condition indexes (Anderson and Gutreuter
1983; Safran 1992; Richter et al. 2000), assessing the ecolog-
ical processes and life history parameters, and comparisons of
life histories between regions (Pauly 1993).

India is one of the 12 mega-biodiversity countries and 25
hotspots of the world (Myers et al. 2000). It has a long coast-
line supporting highly diverse marine ecosystems. However,
basic information such as LWRs of several fish species re-
mains scarce and poorly studied, with many literature and
FishBase (Froese and Pauly 2020) estimates being tentative,
and/or decades old and thus unlikely representative for today.
Therefore, the present study aimed to investigate the length--
weight relationships (LWRs) of 50 major commercial fish
species from Indian waters.
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Materials and Methods

Fishes were captured by using various gears: ring seines (mesh
size 8–24mm), trawls (30–40mmcod-endmesh size), long lines
(hook number VI-XII) and, small-mesh (26–90 mm) and large-
mesh (120–170 mm) gillnets. Fishes were identified at species
level (Fischer and Whitehead 1974; Fischer and Bianchi 1984;
Doiuchi and Nakabo 2005; Uiblein and Heemstra 2010;
Abdussamad et al. 2015; Abdussamad et al. 2016) and scientific
name checked according to Froese and Pauly (2020). Specimens
of all the species were measured on weekly basis between
October 2015 to September 2017, from Cochin Fishing
Harbour (09056′327″N, 76015′764″E), Munambam Fishing
Harbour (10010′965″N, 76010′258″E), Kalamukku (09059′
924″N, 76014′564″E), Chellanam (09047′950″N, 76016′551″
E), Kerala except for Sphyraena obtusata which was collected
from Tuticorin Fishing Harbour (8.79450 N, 78.15840 E), Tamil
Nadu. Fork length (FL) was taken as standard measurement for
tunas, lower jaw fork length (LJFL) for billfishes, pre-anal length
(PAL) for ribbon fishes and total length (TL) for all other fishes.
The length of each fish was measured to the nearest 0.1 cm and
individual total body weight was recorded to the nearest 0.1 g.
The length-weight relationships (LWRs) for each species was
calculated using the expression, W= aLb (Huxley 1932; Le
Cren 1951), whereW is the total body weight (g), L is the length
measurement (cm), a is the intercept (initial growth coefficient or
condition factor) and b is the slope (growth coefficient i.e., fish
relative growth rate). This equation can also be expressed in its
logarithmic form: lnW= lna + blnL (Le Cren 1951; Ricker
1975). The parameters a and b of LWRswere estimated by linear
regression analysis (least-squares method) on log-transformed
data. Extreme outliers were removed from the regression analysis
by performing a log-log plot of the length-weight pairs (Froese,
2006). The 95% confidence limits (CL) of parameters a and b,
and co-efficient of determination (r2) were estimated. The growth
of a fish can be assessed as isometric when b= 3, i.e., relative
growth of both variables is identical (Mayrat 1970; Ricker 1975;
Quinn II andDeriso 1999); negative allometric growth when b<
3 and is defined as hypo-allometry, increases more in length than
predicted by its weight; positive allometric growth when b> 3
and is defined as hyper-allometry, increases more in weight than
predicted by its length (Shingleton et al. 2009; Shingleton 2010).
The b value of each species was tested by t-test (Sokal and Rohlf
1987) with 95% confidence limit in order to confirm if it was
significantly different from the isometric value (H0: b= 3).

Results

Length-weight relationships (LWRs) were analyzed for 50
fish species belonging to 14 families (Table 1). Descriptive
statistic such as sample size (N), length range (cm), mean
length (cm), weight range (g), mean weight (g), parameters

of LWRswith 95%CL of a and b, coefficient of determination
(r2) and type of growth for each species are presented in
Table 1. All the LWRs were highly significant (p < 0.001;
r2 ≥ 0.850). In the present study, the r2 values ranged from
0.850 for Stolephorus insularis to 0.999 for Gymnosarda
unicolor, Scomberoides commersonnianus and Xiphias
gladius. All the estimated values of the parameter b in the
LWRs were found within the expected ranges of 2.5–3.5.
The b values ranged from 2.562 for Stolephorus insularis to
3.461 for Auxis thazard with a mean value of 3.032 (SE= ±
0.029). The median and mode values of b were estimated at
3.012 and 3.1, respectively (see Fig. 1). The type of growth for
each species was determined by Student’s t-test. This analysis
revealed that sixteen species showed isometric growth (b = 3)
whereas for other species, b value was significantly different
from 3 (t-test, p < 0.05). Twenty species showed positive al-
lometric growth (b > 3) and fourteen species showed negative
allometric growth (b < 3) (Table 1). Out of 50 species ana-
lyzed, the study provides the first estimate of LWRs for three
species: Scomber indicus, Sphyraena arabiansis andUpeneus
margarethae, and new estimates for other fish species from
Indian waters (Table 1). Further, this study reports the new
maximum size for Nematalosa nasus (28.5 cm TL, 281 g
TW), Scomberoides commersonnianus (122 cm TL,
11400.5 g TW), Scomberoides tol (56 cm TL, 1000 g TW),
Alepes djedaba (33.5 cm TL, 343.8 g TW) and Upeneus
margarethae (19 cm TL, 87 g TW).

Discussion

In fishes, the parameter b values of length-weight relation-
ships (LWRs) are usually found within the expected range
of 2–4 (Bagenal and Tesch 1978) or 2.5–3.5 (Froese 2006).
In the present study, the estimated LWRs of 50 fish species
were found well within these expected ranges. In terms of
growth type, fourteen species showed negative allometric
growth (b < 3) indicating that the fish grows faster in length
compared to their weight; twenty species showed positive
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Fig. 1 Frequency distribution of the allometric growth coefficients (b) of
50 marine fish species from Indian waters
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allometric growth (b > 3), the fish grows faster in weight than
length; and sixteen species showed isometric growth (b = 3),
increase in weight with length is isometric (see Table 1).

There were some variations in the estimated b values in the
present study for several species in comparison with the pre-
vious estimates that exist in the international literature and
database of FishBase (Abdurahiman et al. 2004; Karna
2017; Kumar et al. 2018; Froese and Pauly 2020).
Generally, differences in b values in the LWRs can be attrib-
uted to several factors such as sample size, length range cov-
ered, type of habitat, ontogenetic development, season, popu-
lation, sex, gonad maturity, diet, health, disease and parasite
loads of the fish (Tesch 1971; Ricker 1975; Froese 2006).
Furthermore, the precision of b values may be affected due
to sampling bias i.e. when the sample size is relatively small,
size range covered not fully species representative, no inde-
pendent and standardized sampling protocol followed (Roul
et al. 2017c). The use of the LWRs presented here should thus
be limited to the length ranges presented in Table 1, as larval
stages were not included in this present study. Therefore, a
standardized sampling procedure with a research vessel
equipped with a bongo net should be employed in order to
obtain the different size classes of ichthyoplankton of each
species. The study contributes to providing the first estimate
of LWRs of three fish species: Scomber indicus, Sphyraena
arabiansis andUpeneus margarethae and complementing the
several LWRs that exist in the international literature and
FishBase database (Froese and Pauly 2020). In addition, this
study also reports the new maximum size for Nematalosa
nasus, Scomberoides commersonnianus, Scomberoides tol,
Alepes djedaba and Upeneus margarethae (Froese and
Pauly 2020). Recent studies reporting LWRs for substantial
numbers of fish species with distributions across the Indo-
Pacific region (e.g. Wang et al. 2016; Perkins et al. 2019),
using robust sample sizes, greatly strengthen the evidence
base by which accurate fisheries management is conducted.
Our study is a further improvement on this, filling important
knowledge gaps by providing basic biological information
such as LWRs and a length-weight key for 50 major commer-
cial important marine fish species caught in Indian waters,
which will assist regional fisheries management and
conservation.
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