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Abstract

Background: The present study assessed the growth and mortality parameters of the white sardine, Escualosa
thoracata which is having high local demand. The white sardine gained importance due to its taste, and high
demand in domestic markets as compared to the oil sardine necessitated a study on this resource to know the
present status of exploitation level along the central west coast of India.

Results: A total of 3026 individuals of different size groups of E. thoracata were randomly collected from the
Burondi fish landing center of the Ratnagiri district of Maharashtra. The asymptotic length (L∞) and growth
coefficient (K) were estimated to be 115 mm and 1.9 year−1, respectively, by ELEFAN-I and 135 mm and 1.2 year−1

by the scattergram. The value of t0 by von Bertalanffy plot was estimated to be −0.000012 year. The fish attained a
length of 65 mm, 94 mm, and 114 mm at the end of 0.5, 1, and 1.5 years of its life, respectively. The instantaneous
rate of total mortality (Z), natural mortality (M), and fishing mortality (F) were estimated to be 8.07 year−1, 2.55
year−1, and 5.52 year−1, respectively. The exploitation rate (U) was calculated as 0.65, and the exploitation ratio (E)
was 0.68.

Conclusion: The growth, mortality, and other population parameters observed in the present study will help to
understand the current stock status, which is pointing toward the over-fishing condition (E ˃ 0.50) of the white
sardine in the study area. Therefore, the present investigation suggests reducing the fishing pressure on E.
thoracata along the central west coast of India for the sustainability of the resource.
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Background
White sardine, Escualosa thoracata (Valenciennes,
1847), supported economically important fishery along
the south-west coast of India (Nair, 1952), and it also oc-
curs in swarms on the east coast of India (Mookerjee &

Bhattacharya, 1950). This species was recorded from
India, Pakistan, Sri Lanka, Myanmar, Malaya, Malay Ar-
chipelago, China, eastward to the Philippines, Papua
New Guinea, and Australia (Krishnan & Mishra, 2004;
Misra, 1947). It is a shoaling clupeid, inhabiting most of
the shallow coastal waters of India. White sardines form
a seasonal fishery throughout their range of distribution
along the Indian coast (Abdussamad et al., 2018). The
fishery of E. thoracata has gained importance in recent
years due to its huge demand in domestic markets
(Gurjar et al., 2017). Increasing demand for seafood and
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advancement in harvest technology have led to the over-
exploitation of marine resources (Takar & Gurjar, 2020).
The total marine fish catch recorded during 2017 from
Maharashtra was 3.81 lakh tons, with the pelagic group
contributing 39% of the catch (CMFRI, 2018). This fish
was captured using gill nets and cast nets operated in
shallow creeks, supporting a common fishery along the
Harnai-Dabhol coast of Ratnagiri, Maharashtra (Gurjar,
Sawant, Pawar, Nirmale, & Pawase, 2018).
Knowledge of length-weight, growth, and mortality pa-

rameters is essential for understanding the population
dynamics of different species (Gosavi, Kharat, Kumkar,
& Tapkir, 2019; Gurjar et al., 2017; Kende et al., 2020).
Several approaches were generally used to determine the
age and growth of the aquatic species, such as length-
frequency analysis, tagging and recapture experiments,
and observations of the mark on the various hard body
parts like scales, otoliths, spines, and vertebrates (Sté-
quert, Panfili, & Dean, 1996). The population character-
istics of E. thoracata were recorded from the north-west
coast of India (Prajapat, 2015; Rahangdale, Chakraborty,
Jaiswar, Shenoy, & Raje, 2016; Raje, Deshmukh, & Tha-
kurdas, 1994) and the south-west coast of India (Abdus-
samad et al., 2018). But there is no report related to
population dynamics and stock status of white sardine
resources from the Ratnagiri, central west coast of India.
As the distribution of white sardine along Ratnagiri is re-
stricted to only along the Harnai-Dabhol coast of Ratna-
giri, the present level of commercial exploitation, highly
natural of the seasonal fishery, and its high local demand
required an in-depth study with respect to the fishery
and stock status. Therefore, this study was designed to
assess the growth and mortality parameters and know
the present status of exploitation level of E. thoracata
along the Ratnagiri, central west coast of India.

Methods
Sample collection and study area
The specimens of different size groups of E. thoracata
were randomly collected twice in a month from the Bur-
ondi (Lat 17°42′55.5″ N and Long 73°07′81.4″ E) fish
landing center in the Ratnagiri district of Maharashtra
during the period from February 2015 to January 2016.

Estimation of age and growth parameters
The total lengths of all samples (3026 individuals) were
measured for the estimation of length-frequency distri-
bution. Length-frequency data were grouped into 5-mm
class intervals and raised for the day and subsequently
for the month as followed by Sekharan (1962). The ini-
tial estimate of growth parameters (L∞ and K) was made
using the scatter-diagram technique (Devaraj, 1983). In
this method, the modal lengths in the length-frequency
data are first plotted in the form of a scatter diagram

against coordinates of length starting from 0 onward on
the Y-axis and time in months on the X-axis. An eye-
fitted line indicates the trend in the progression of the
modes through time. The fitted line was extrapolated in
a freehand manner with reference to the intermodal
slopes so that it intersects the time axis, indicating the
time of brood release and the growth of the brood since
its origin through successive months. The mean length
read at monthly intervals was obtained by taking an
average of eye fitted line, which was used for the calcula-
tion of L∞ and K employing von Bertalanffy’s equation
(1934):

Lt ¼ L∞ 1−e−kðt−t0Þ
� �

Applying standard regression analysis, the a and b
values of Lt against Lt+1 in the data were obtained. From
this, asymptotic length (L∞) was calculated as:

L∞ ¼ a=1−b and growth coefficient k ¼ −lnb

The growth parameters (L∞ and K) were also esti-
mated by ELEFAN-I, using length-frequency by employ-
ing the FiSAT program. Length at age data was
produced by using mean length obtained in scatter-
diagram technique and employing inverse von Berta-
lanffy growth formula (VBGF) (von Bertalanffy, 1938) as:

t ¼ t0− 1=Kð Þ� ln 1−Lt=L∞ð Þ
Hypothetical age at which length is zero (t0) was esti-

mated using von Bertalanffy (1934) plot. The growth
performance index, phi prime (φ′), was estimated by fol-
lowing Munro and Pauly (1983), given as:

φ0 ¼ 2� log L∞ð Þ þ log Kð Þ

Estimation of mortality parameters and exploitation
status
The total instantaneous mortality (Z) was calculated by
following the length-converted catch curve (Pauly, 1983,
1984) and cumulative catch curve method (Jones & Van
Zalinge, 1981) by employing the FiSAT program. The
natural mortality coefficient (M) was estimated by using
the method of Pauly (1980) and Cushing (1968). The
fishing mortality (F) was calculated using the relation-
ship, F = Z−M. The exploitation ratio (E) was estimated
by the formula given by Ricker (1975), E = F/Z, and ex-
ploitation rate (U) was calculated by using formula U =
(F/Z)*(1 − e−z) given by Beverton and Holt (1957).

Results
The white sardine, E. thoracata, is locally (along the
central-west coast of India) known as “Bhiljee” due to its
silvery-white shiny appearance. The small fishing boats
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were engaged for fishing of E. thoracata in the nearshore
areas along the Ratnagiri coast at a depth of 8–10 m
using a small meshed (20–22-mm mesh size) drift gill
net locally called Bhiljee jaal or Bhushi. For the present
study, a total of 3026 fish specimens of E. thoracata
were used.

Length-frequency analysis
During the study period, the randomly collected samples
fell in the length range of 69–110 mm (total length),
which were mainly dominated between the size groups
of 86–90 to 101–105 mm caught from 60 to 70 small
fishing boats. A progressive increase in the dominant
size group in catch was observed from February 2015 to
January 2016 (Fig. 1).

Estimation of growth parameters and growth
performance index
The scatter-diagram technique yielded five curves of al-
most identical shape, and the growth was observed at
monthly intervals. The modal lengths observed at differ-
ent months are presented in Fig. 2 where the growth pa-
rameters (L∞ and K) were estimated at 135 mm and 1.2
year−1 respectively. The L∞ and K values estimated by
ELEFAN–I were recorded as 115 mm and 1.9 year−1 re-
spectively for E. thoracata, and these values were consid-
ered for further calculations to estimate population
parameters. The value of hypothetical age at length zero
(t0) was calculated as –0.000012 year by von Bertalanffy’s
plot. The growth performance index or phi prime (φ′) for
E. thoracata recorded from Ratnagiri waters was 2.40.

Estimation of length at age
Precise information on the age of fish at a particular
length is an essential pre-requisite for getting accurate
information on recruitment, growth, and mortality pa-
rameters of fishes for stock assessment. The mean length
estimated by the scatter-diagram technique was

considered for the calculation of age attained using the
VBGF in this study. It was recorded that E. thoracata at-
tains a length of 65 mm, 94 mm, and 114 mm at the end
of 0.5, 1, and 1.5 years of its life, respectively. The max-
imum size recorded during the study period was 110 mm,
and the corresponding age was calculated at 1.40 years
(Fig. 3).

Estimation of mortality parameters and exploitation ratio
Mortality parameters are a measure of delineating the
rate at which fish vanish from a population and are cru-
cial parameters in framing sustainable fishing rules and
regulations (Ogle, 2016). The value of Z estimated by
the length converted catch curve method (Fig. 4) and
the cumulative catch curve method (Fig. 5) was found to
be 8.07 year−1 and 6.22 year−1, respectively. The natural
mortality coefficient (M) was estimated to be 1.80 year−1

and 2.55 year−1 by Pauly’s and Cushing’s formula,

Fig. 1 Percentage length composition of the catch of E. thoracata

Fig. 2 Model progression analysis of length frequencies observed in
E. thoracata by scatter diagram technique

Fig. 3 VBGF growth curve for estimation of length at age of
E. thoracata
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respectively. The annual fishing mortality coefficient (F)
was estimated by subtracting natural mortality (M) from
the total mortality coefficient (Z), which gives the value
of 5.52 year−1. In the present study, M/K and Z/K values
were calculated as 1.34 and 4.25, respectively, for E. thor-
acata. In the present study, the observed value of ex-
ploitation rate (U) was 0.65, and the exploitation ratio
(E) was 0.68 for E. thoracata harvested from Ratnagiri
waters.

Discussion
Length-frequency analysis
Commonly, the size structure of one fish species can be
characterized by the length-frequency distribution
(Taiwo, 2010). The total length ranges observed in the
present study are comparable to those earlier reported
from different locations presented in Table 1. Along the
Ratnagiri coast, the smallest size of fish recorded was 69
mm, which is comparatively larger than reported by
others. It might be due to drift gillnet (mesh size 20–22
mm) was used to catch white sardine along the Ratnagiri
coast, so small-sized fishes escaped from the large mesh
size of the net. Nair (1952) has reported a unimodal
(10.5 cm) feature of length-frequency distribution of
fishery, accounting for almost one-third of the catch em-
phasizing the dominance of a single age group in the
catch (Raje et al., 1994). The dominance of the single-
length group was observed in the present investigation
with 98 mm (mid-class length), accounting for more
than one-third of the total annual catch. While compara-
tively, the dominance of the length group of 77 mm
(mid-class length) was recorded from Mumbai waters
(Rahangdale et al., 2016). The differences in the domin-
ance of the size group might be due to the methods of
exploitation heterogeneity of habitat and diversity of
genetics (Parra, Almodóvar, Nicola, & Elvira, 2009).

Estimation of growth parameters and growth
performance index
The L∞ and K values estimated by ELEFAN-I were re-
corded as 115 mm and 1.9 year−1 respectively for E.
thoracata, and these values were considered for further
calculations to estimate population parameters. The L∞
and K values were comparatively lower than the earlier
described values by Nabi et al. (2009); Rahangdale et al.
(2016); and Abdussamad et al. (2018) (Table 2). The
value of hypothetical age at length zero (t0) was calcu-
lated as −0.000012 year by von Bertalanffy’s plot. The
theoretical age at length zero often has a small positive
or, more usually, a small negative value (King, 1995).
The values of t0 in the present study corroborate this
fact. The growth performance index can be used as a re-
liable index for the assessed parameters of growth as the
value of phi prime (φ′) for the same species and genera
are similar. The growth performance index or phi prime
(φ′) for E. thoracata recorded from Ratnagiri waters was
2.40. The observed growth performance index value was
high; therefore, it is an interesting remark because phi
prime (φ′) is known to be a highly species-specific par-
ameter with their values being similar within related taxa
or groups (Prasad, Ali, Harikrishnan, & Raghavan, 2012).
The current estimate of phi prime was similar to Nabi
et al. (2009), Prajapat (2015), Rahangdale et al. (2016),

Fig. 4 Length converted catch curve for estimation of total mortality
coefficient for E. thoracata

Fig. 5 Jones and van Zalinge’s cumulative catch curve for
estimation of total mortality coefficient for E. thoracata
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Raje et al. (1994), and Abdussamad et al. (2018), which
confirm the accuracy of the estimates (Table 2).

Estimation of length at age
In the earlier studies, Mookerjee and Bhattacharya
(1950) recorded the mean length 25.5 mm in the month
of April and reached about 72 mm in October, which
measured an average growth of 7.8 mm per month. Nair
(1952) estimated that the first-year growth of this species
was 100–110 mm and stated that the average life span
of this species is below 1 year, and very few survived be-
yond this age. He also noted that the size class which
dominated the fishery every successive year was the
stock recruited during the previous spawning season.
Raje et al. (1994) have estimated the length at 0.5 and
1.0 year age as 65.3 and 91.8 mm by employing the
VBGF. The maximum length of fish recorded was 105
mm, from which the calculated age was 1.7 years.
The maximum size was recorded 110 mm in the

present investigation, with a calculated age of 1.40 years.
Similarly, Rahangdale et al. (2016) recorded the max-
imum length of 111 mm with an estimated age of 1.42
years. As per VBGF, they found that the fish attained
72.77 mm size in 6 months and 100.79 mm in 1 year.
Prajapat (2015) observed the growth of the white sardine
at 6 months and 1 year, 86 and 114.5 mm, respectively,
and the largest specimen obtained during the study
period was 117 mm with an estimated age of 1.08 years.

This was mainly because of the higher values of K, which
resulted in faster growth of the species. Abdussamad
et al. (2018) have recorded a maximum size of 105 mm
with the length of 50 mm, 79 mm, 96 mm, and 106 mm
in 3, 6, 9, and 12 months, respectively.

Estimation of mortality parameters and exploitation ratio
In the present investigation, fishing mortality recorded
nearly two times of its natural mortality indicated a fairly
high fishing pressure on this resource along the Ratna-
giri coast. Nabi et al. (2009) estimated the total mortal-
ity, natural mortality, and fishing mortality 8.08 year−1,
2.82 year−1, and 5.26 year−1, respectively, for E. thora-
cata, which also indicates the high fishing mortality than
the natural mortality from Bangladesh waters. The mor-
tality parameters observed in the present study are al-
most similar to the parameters recorded from
Bangladesh, north-west, and south-west coast of India
(Table 3).
The information on the mortality rate was important

for devising exploitation strategies to harvest and man-
age the fishery resources at optimal levels. The natural
mortality coefficient in fish varies with age and predator
abundance (Boiko, 1964; Jones, 1982; Pauly, 1980). It
was difficult to estimate the natural mortality in tropical
countries as the standard method of Z against efforts
does not give a correct estimate of natural mortality as
apportioning of the efforts is not possible. Hence,

Table 1 Size range of E. thoracata from different localities

Size range (mm) Area Authors

60–120 Madras Devanesan and John (1941)

25–72 Mumbai Mookerjee and Bhattacharya (1950)

100–110 Malabar coast Nair (1952)

41–105 Mumbai Raje et al. (1994)

25–119 Bangladesh Nabi, Hoque, and Rahman (2009)

49–109 Mumbai Shabir, Thomas, Chakraborty, and Jaiswar (2014)

60–117 Goa Prajapat (2015)

22–111 Mumbai Rahangdale et al. (2016)

36–102 Kerala Abdussamad et al. (2018)

69–110 Ratnagiri Present study

Table 2 Comparisons of growth parameters for E. thoracata from different localities

Locality L∞ (cm) K (year−1) t0 (year) φ′ Authors

Mumbai 11.0 1.80 - 2.34 Raje et al. (1994)

Bangladesh 12.08 1.40 - 2.31a Nabi et al. (2009)

Goa 12.95 2.16 −0.00911 2.56a Prajapat (2015)

Mumbai 11.96 1.85 −0.000095 2.42 Rahangdale et al. (2016)

Kerala 11.87 2.19 −0.00261 2.49a Abdussamad et al. (2018)

Ratnagiri 11.4 1.0 −0.000012 2.40 Present study
aCalculated based on the L∞ and K values reported by original authors
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numerous methods have to be tried, and more often, we
have to depend on the M/K as an indicator of the accur-
acy of M and K. The M/K ratio of 1.0 to 2.5 indicates
correctness in the assessment of the natural mortality
coefficient. In the present study, M/K ratio was found to
be 1.34, which lies in the range of 1.0 to 2.5 (Beverton &
Holt, 1957), indicating that the estimates were fairly rea-
sonable. A stock is considered mortality-dominated if
the Z/K value is equal to more than two and growth-
dominated if Z/K value is equal to one. Based on this,
the existing stock of E. thoracata was found to be
mortality-dominated as the calculated value of Z/K was
4.25. The optimum E value 0.5 was suggested by Gul-
land (1971) for overall fisheries management, and in the
case of pelagic stocks, 0.4 is recommended (Patterson,
1992). In the present study, the observed exploitation ra-
tio (0.68) was higher than the optimum (0.5), which pre-
dicted high fishing pressure on the white sardine stock
along the central west coast of India. As similar to the
present study, a higher level of exploitation was observed
by Nabi et al. (2009), Rahangdale et al. (2016), and
Abdussamad et al. (2018) from different geographical
areas (Table 3). For stability of the species in the Ratna-
giri waters, it is needed to maintain at least 50% of the
spawning stock, and therefore, the current level of ex-
ploitation needs to decrease.

Conclusions
This is the first report on the population characteris-
tics and stock status of E. thoracata from the Ratna-
giri, central west coast of India. From this study, it is
evident that the stock of E. thoracata is overexploited.
E. thoracata is a very fast-growing species having an
annual K of 1.9, with a short life span that may be
completing its life cycle of about 1.2–1.5 years. The
exploitation ratio (E) was 0.68, which is very much
on the higher side of optimum exploitation (E = 0.5);
therefore, fishing pressure can be reduced, and regu-
lar monitoring of the resource would be required to
have a sustainable catch. In all these aspects, the
present study would form the basis for the scientific
community and conservation decision-makers to man-
age and reach the sustainable harvest of this resource
with optimal exploitation.
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