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Abstract

The present study estimates the length-weight relationships of six 
deep-sea finfishes belonging to six families and four different orders. 
Of the six species studied, first-time information is provided for three 
species: Polyipnus indicus, Antigonia indica and Champsodon vorax. 
The samples were collected from the south-eastern Arabian Sea by 
deep-sea trawlers landing at Sakthikulangara Fisheries Harbour, 
Kollam, Kerala, India. The b value ranged from 2.14 to 3.46, and r2 
values ranged from 0.903 to 0.968. Four species (Bathyclupea 
hoskynii, Synagrops japonicus, C. vorax and P. indicus) exhibited 
negative allometric growth, and two species (Eridacnis radcliffei and 
A. indica) exhibited positive allometric growth. The b values 
obtained from the present study were compared with the Bayesian 
model in Fish Base. Relative condition factor estimates showed lower 
ranges for E. radcliffe and S. japonicus, indicating that some 
individuals had a suboptimal status of K>1.

Keywords: Length-weight relation, b value, allometric growth, 
southwest coast, deep-sea fish

Introduction

Organisms tend to increase in size concerning length and 
weight during their developmental stages, which is influenced 
by ecological and physical factors like food availability, gonadal 
development, spawning conditions, sex, age, temperature, 
oxygen and other water quality factors, time of fishing etc. 
(Erzini, 1994; Kuriakose, 2014). The length-weight relationship 
is majorly employed for analysing fishery population parameters 
in a given geographic region (Morato et al., 2001; Aura et al., 
2011). It is a useful tool for the estimation of weight from length 
data since it is difficult to determine weight accurately in the 
field. The length-weight relationship also indicates taxonomic 
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differences and life history stages of fish (Venkataramanujam 
and Ramanathan, 1994; Froese et al., 2011; Froese et al., 
2014). This relationship can also be used to infer the prey size 
and understand food web dynamics (Kumar et al., 2017). Apart 
from the uses mentioned above, the b value in length-weight 
relationships determines whether the fish's somatic growth is in 
isometric or allometric condition (Le Cren, 1951; Ricker, 1975). 
The well-being and robustness of the fishes are represented by 
the relative condition factor, which reflects the state of sexual 
maturity and degree of nourishment. It varies with the age and 
sex of the fish (Froese et al., 2006). Estimation of length-weight 
analysis is considered a routine procedure which often does not 
warrant publication; however, a meta-analysis of a large number 
of length-weight relationships reveals information about the 
ecology of the species (Froese, 2006; De la Hoz et al., 2016).

Studies on the length-weight relationship of deep-sea fishes 
from the western Indian Ocean are scarce and scattered (Aura 
et al., 2011), with only limited information on the distribution, 
diversity, ecology and life history stages of these species (Kumar 
et al., 2016). Major works on the length-weight relationship of 
Indian deep-sea fishes are from the southern coastal regions 
(Thomas et al., 2003; Jayaprakash et al., 2006; Bineesh et al., 
2012; Sreedhar et al., 2013; Bineesh et al., 2018; Sileesh 
et al., 2020b). A few are available from the eastern coastal 
region (Kumar et al., 2016, 2017; Sileesh et al., 2020a). Since 
fishing activities are recently being expanded to the deep-
sea regions, it is important to gather basic information, such 
as the length-weight relationship, which has a vital role in 
ecological assessments and monitoring (Orlov and Binohlan, 
2009). The objective of the present study was to analyse the 
length-weight relationship and relative condition factor of six 
deep-sea species, namely the Oceanic basses, the Indian deep-
sea herring B. hoskynii Alcock, 1891 (Order: Acropomatiformes, 
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Family: Bathyclupidae); the greedy gaper C. vorax Günther, 
1867 (Order: Acropomatiformes, Family Champsodontodae) 
and the blackmouth splitfin S. japonicus (Döderlein, 1883) 
(Order: Acopomatiformes, Family: Synagropidae); the marine 
Hatchetfish P. indicus Schultz, 1961 (Order Stomiiformes, Family: 
Sternoptychidae); the deep body boarfish A. indica Parin and 
Borodulina, 1986 (Order: Acanthuriformes, Family: Antigoniidae) 
and the pigmy Ribbon tail catshark E. radcliffei Smith, 1913 
(Order: Carchariniformes, Family: Proscylliidae).

Material and methods

Samples for the present study were collected during 2020 - 2021 
from deep-sea trawler bycatch from Sakthikulangara Fisheries 
Harbour, Kollam, Kerala, India, every month from October to May, 
which is the duration of deep-sea fishery season here. Geographical 
coordinates and depth of fishing were collected from the boat 
captains of the trawlers from which samples were collected. The 
trawling grounds were located between a depth range of ~290-
450m (8°05’00“N–9°00’00“N, 75°05' 001“E-76°05’00“E), Fig. 1. 
The number of specimens examined for the selected species was 
as follows: A. indica n=34, E. radcliffei n=35, B. hoskynii n=50, 
C. vorax n=62, S. japonicus n=75 and P. indicus n=118. The 
total length and weight of all the species were recorded in the 
fresh condition to an accuracy of 0.1 cm and 0.1 g, respectively. 
The species were identified up to the species level using standard 
identification keys and research articles (FAO, 1984; Harold, 2002; 
Prokofiev et al., 2020). Estimation of the length-weight relationship 

was inferred from the least square regression method (Le Cren, 
1951; Zar, 1999) and expressed by the equation W = aLb. The 
length-weight equation was transformed to logarithmic form 
Log10W = Log10a + b Log10 L following Froese et al. (2011), and 
curvilinear plots of length and weight values were also visually 
inspected for any possible outlier values in the data. The coefficient 
of determination (r2) was estimated, which indicates the validity of 
the analysed data (Le Cren, 1951; Zar, 1999; Froese et al., 2014). 
All analyses were performed using the FishR Vignette package 
(Ogle, 2013) implemented in R software (R Core Team, 2020). 
Fish growth was considered to be isometric when b value=3, 
positive allometric when b>3and negative allometric when b<3, 
following Froese, 2006. A student t-test was applied to determine 
the significant difference between b values from isometric value 
(b=3) (Pauly, 1984; Economou et al., 1991; Spiegel, 1991). The 
fish's relative condition factor was calculated by following the 
method postulated by Le Cren (1951).

Results and discussion

The present study provides information on the length-weight 
analysis of three species C. vorax (Fig. 2), P. indicus (Fig. 3) 
and A. indica (Fig. 4), for which the same are hitherto not 
available. It also provides further information on the length-
weight relationships of B. hoskynii (Fig. 5), S. japonicus (Fig. 
6) and E. radcliffei (Fig. 7), which is useful for comparison 
with reports of the same from other locations in India and 
other oceans. All the six species investigated are distributed 
widely in the Indian Ocean except for P. indices, which is 
reported from the Western Indian Ocean as occurring on 
the east African coast (Froese and Pauly, 2021) and is also 
mentioned in recent works from Indian waters (Hashim, 
2012). The length-weight analysis for the six selected species 
is presented in Table 1, representing the sample size, length 
and weight range and parameters like a, b, 95% confidence 
limits of a and b, coefficient of determination r2 and t-test 
significance. Sample sizes ranged from 34 for A. indica and 
118 for P. indicus. The b value ranged from 2.14 for C. vorax 
to 3.46 for E. radcliffei. The r2 values ranged from 0.903 for 
B. hoskynii to 0.968 for A. indica. The b values obtained for 
B. hoskynii, S. japonicus, C. vorax and P. indicus were 2.6, 2.82, 
2.14 and 2.19 respectively (b<3, t-test, P<0.05), indicating 
negative allometric growth i.e., larger specimen have an 
elongated body shape and/or smaller specimen are in better 
body condition at the time of sampling. The b values observed 
for A. indica and E. radcliffei were 3.46 and 3.29 respectively 
(b>3, t-test, P<0.05), indicating positive allometric growth 
and inferring that the larger specimen had a broader body 
than the smaller specimen. Thomas et al. (2003), investigating 
deep-sea fish species, found the b value to range from 1.97 
to 3.3, with many of the deep-sea species exhibiting a trend 
of negative allometric growth. The key factor influencing Fig. 1. Map indicating deep-sea trawling locations
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Fig. 4. Blackmouth splitfin (S. japonicus)

Fig. 3. Greedy gaper (C. vorax)

Fig. 2. Indian deep-sea herring (B. hoskynii)

Fig. 5. Pygmy ribbon tail catshark (E. radcliffei) Fig. 7. Deep-body boarfish (A. indica)

Fig. 6. Marine hatchetfish (P. indicus)

the difference in b value is seasonal variation in the growth 
patterns, depth, fishing gear used, geographical locations, 
and physic-chemical factors (Sreedhar et al., 2013; Kumar 
et al., 2016). From the selected six species studied, the b 
values of three species are new to science: P. indicus, A. indica 
and C. vorax. Comparison of the results of length-weight 
analysis of these three species with Baysian length-weight 
estimates based on models which use known length-weight 

relationships of species of the respective subfamilies showed 
that the first two species exhibited relatively low b value (2.14 
and 2.19 respectively) in actuality viz-a-viz the predictions 
(3.12 and 2.97 respectively). In the case of A. indica the value 
obtained in this study is 3.29, which is much higher than the 
estimated 2.97 as per the above Bayesian model. In comparison 
with the previous studies of length-weight relationships of 
the species from similar regions, the b values reported for 
E. radcliffei (b=3.46) in this study fall in the same range as 
that of the previous reporting (b=3.28-3.55) (Akhilesh, 2014). 
S. japonicus shares similar values (b=2.82) comparable with 
that in the previous study (b=2.86) (Kumar et al., 2018). In 
the present study, the b value of B. hoskynii was observed 
as 2.60. This value is considerably lower than the b value 
of 3.1089 reported by Sileesh et al. (2020b). The specimen 
of this species examined in the present study included 50 
individuals in the length range of 9.5-19.5 cm, covering a 
wider size range, whereas the previous study was based on 
34 individuals in the size range of 13.6-19.0 cm, which did 
not include smaller sized individuals.

The relative condition factor for the selected six species are in 
the following range: E. radcliffei: 0.7408-1.4557, S. japonicus: 
0.8779-1.1765, A. indica: 0.9141-1.2376, B. hoskynii: 0.9775-
1.1961, P. indicus: 0.9770-1.1676 and C. vorax: 0.9949-1.1491. 
A condition factor of value K<1 is considered poor, and body 
proportions are expected to be long and thin, whereas a K value 
=1.2 and up to 1.39 signifies a moderate condition and >1.4 
indicate a well-proportioned fish (Barnham and Baxter, 1998).  
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In accordance with this categorisation, the lower ranges of 
condition factor values for E. radcliffei and S. japonicus fall 
below 1.0, indicating that some individuals of these species 
were not in optimum condition. The relative condition factor 
can vary depending on seasonal and breeding changes 
where, at the onset of gonad development, muscle tissues 
are converted into gonads, and feeding intensity will be low; 
therefore, the condition factor of the fishes tends to be low 
(Froese, 2006; Mathialagan et al., 2014). The peak breeding 
season of E. radcliffei was observed from December to February 
along the Kerala coast (Nair and Appukuttan, 1973; Akhilesh, 
2014). A proportion of the specimen collected may have been 
in the early breeding stages. Most of the E. radcliffei specimens 
were collected in the November to February period. A second 
and more compelling factor noticed was that in this species, 
individuals below 15 cm in size were much thinner and 
ribbon-like with low body weight compared to those above 
it, which may have influenced overall values.

The present study provides information on data-poor deep-sea 
fishes. The length-weight estimation and relative condition 
factor results provide baseline knowledge of some basic fishery 
estimation parameters. Future population dynamics studies are 
imperative if there is to be an evaluation of current exploitation 
rates of low-economic value species and the adoption of 
conservation measures.
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