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Abstract

Growth studies are important to determine the total recruitment of fish
with respect to time while information on age and length at first maturity
are essential to assess the spawning stock. The present communication
deals with growth, maturity and mortality parameters of Indian oil
sardine Sardinella longiceps from southwest coast of India. Length at
first maturity of oil sardine was found to be 15.7 and 15.2 cm for male
and female, respectively. Comparison of length at first maturity of oil
sardine with earlier studies showed only minor variations. The growth
parameters L., K, and age at zero length (t,) were calculated as 19.8 cm,
1.14 yr1 and -0.0464 respectively. From the VBG equation, the length
attained at the end of I, Il and Ill year is estimated as 13.79, 17.87 and
18.9 cm respectively. Two peaks of recruitment to the fishery were
observed. The values of total mortality (Z), natural mortality (M) and
fishing mortality (F) estimated are 4.33, 2.7 and 1.6 respectively. The
exploitation rate was found to be 0.37.

Key words: Oil sardine growth, length infinity, length at first maturity,
mortality parameter.

Introduction

The Indian oil sardine, Sardinella longiceps (Valenciennes)
is a small pelagic fish belonging to the family Clupeidae,
which contributes to about 40% of the marine fish catch in
Kerala, India. It usually inhabits the pelagic zone confined
to at a depth range of 20- 200 meters from the coast line.
Oil sardine grows rapidly, mature early and a few continue
to survive in the subsequent years (Longhurst and Wooster,
1990). They attain sexual maturity when they are~ 15cm
length, at around a year old (Hornell and Nayudu, 1924;
Balan, 1964; Raja, 1969; Whitehead, 1985). The life span
of oil sardine is ~ 2.5 years and they attain a maximum
total length of about 23 cm (Balan, 1964). They play
a crucial role in the pelagic ecosystem as a dominant
plankton feeder and also forms a major food source (prey)
for large predators.

Electronic Length Frequency Analysis (ELEFAN) software
used to analyze the growth parameters and to predict fishery
yield or stock-related attributes. Annigeri et al. (1992),
Abdusamad et al. (2006, 2010); Rao, (1998 a, b) and Nair
(1998) have studied the growth rates of sardine, mackerel
and anchovy, respectively, using ELEFAN. It is well accepted
that the frequent analysis of parameters of growth, mortality
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and maturity is important to understand any fluctuation in
population size, structure, and distribution due to long-
term environmental change (McRae and Diana, 2005). It is
also known that the life history traits of fishes determine
the productivity of the fishery resources, which should
be integrated with the scientific advisories for fisheries
management including the size/age at first maturity, sex
ratio, fecundity, spawning periods and spawning behaviour
(Katsukawa, 1997; Morgan, 2008).

In this study, attempts have been made to assess growth
parameters like, length at infinity (L), growth coefficient (K),
length at 0 age (t), length at age (L), recruitment pattern,
probability of capture, mortality parameters and size at
maturity (L) of S. Jongiceps using length frequency data. The
values obtained for various parameters in the present study
were used to compare the data available from the earlier
studies for understanding whether there is any long-term
change in these parameters.

Material and methods

Fortnightly sampling of oil sardine, were carried out from
two major fish landing centers (Kalamukku and Munambam)
in Kochi, Kerala, west coast of India during the period 2010
-2011. A total of 1395 numbers oil sardine, caught by ring
seine and purse seine were used for the present analysis. The
total length was taken from the tip of the snout to the tip of
the caudal fin using a measuring scale and weight using a
weighing balance after wiping off the water on the fishes.
Maturity was estimated by the observation of male and
female gonads after dissection. Specimens with stage I and |l
gonad stages were considered as juveniles, while those from
Il to VI were deemed mature (Bensam, 1964).

Growth parameters

Growth parameters like L., K, t,, life span, length at age (L),
recruitment pattern and probability of capture were estimated
from length frequency data of the species using ELEFAN | module
in FiSAT software (Gayanilo and Pauly 1997). Length frequency
was taken in 10 mm class intervals and the data of different
classes were used to determine the stock structure and growth.

Mortality parameters

Total mortality (Z) was calculated by length converted catch
curve method (Pauly,1983) and natural morality (M) from the
empirical formula given by Pauly (1980) using 28.5°C as mean
environmental temperature input.

Log;o M = 0.0066-0.279l0g, L, +0.6543 log,, K +0.4634 log,, T

Fishing mortality was calculated by subtracting M from Z,
F=7ZM

Exploitation ratio (E) was calculated using the formula F/Z
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Size/length at first maturity

In order to estimate the length at first maturity (L,), male
and female fishes were grouped separately into 0.5 cm class
interval and the fishes with gonad stage Ill and above were
considered as mature. Lm was calculated by following King's
method (2007).

Results
Growth parameters

The growth parameters L., K, and t, were estimated in
FISAT1 as 19.8 cm, 1.14yr'and -0.0464 and it indicated that
the recruitment of oil sardine started in May during 2010
and 2011 (Fig. 1). The maximum life span of oil sardine
was estimated to be 2.63 years and growth of the species
followed the equation L, = L. (1-exp-(k) [t-(t,)]), which
confirms that the species grows faster during the early
stages of its life. They attain the length (L) 13.79, 17.87
and 18.9 cm by the end of 1, 2, and 2.6 years, respectively
(Fig. 2). Two peaks of recruitment of juveniles to the fishery
was observed: a major peak during July-August and a minor

ML =198 K=1 14y Ra=0272

Length {cm)

"1 FM AMI I ASOMNRDS IFMAMIIASGOCRHND
2010 2011

Fig 1. Length-frequency curve of oil sardine (2 years pooled data)
using ELEFAN |
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Fig 2. Average length attained by oil sardine at different ages
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Fig. 3. Annual recruitment pattern of oil sardine based on ELEFAN
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Fig. 4. Probability of capture of oil sardine for Lcg,
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Fig. 5.Length converted catch curve of oil sardine

peak during February-March (Fig. 3). The calculated values
of probability of capture (Fig. 4) were L, = 13.69 cm, Ly, =
15cmand L, = 16.04 cm.

Mortality parameters

Natural mortality (M) was estimated as 2.7y-' at an annual
mean temperature 28.5°C. The length converted catch curve
method gave the total mortality (Z) as 4.33y" and from
the values of Z and M, fishing mortality (F) was estimated
as 1.6y' (Fig.5). The exploitation ratio observed for
S. longiceps was 0.37 indicating that this resource was not
over exploited.

Size/ length at first maturity (Lm)

Length at first maturity of oil sardine was found to be 15.7
and 15.2 cm for male and female respectively (Fig.6a & b).
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Fig. 6a. Length at first maturity of male oil sardine

100
90
80 -
70
60 -
50 -
40 -
30 A
20

AT = 09497

Mature %

=== Estimated

® Observed

182
192 1
202

4 g B
Lo I - .

1421

Total length (mm)

Fig. 6b. Length at first maturity of female oil sardine

Discussion

The coastal waters of Kerala have high plankton production
due to large quantities of nutrients being introduced into the
surface waters through large land/river input and upwelling
(Madhupratap et al,, 1996). Most of the small pelagic fishes in
this environment live for only about two years and are exploited
at less than one year before they get a chance to reproduce
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even once (Pillai, 2011). The recruitment of juveniles to the
stock is thought to be influenced by the annual fluctuations in
the intensity and duration of upwelling and plankton bloom
in the coastal waters (Pillai, 2011). Pauly (1982) has shown
that recruitment even in tropical fishes generally oscillates
seasonally and is often normally distributed with one or two
peaks per year. This situation influences the availability of
different varieties of fish for exploitation. The daily rainfall
along the southwest coast during monsoon has been
considered useful for good recruitment to the fishery (Pillai
2011). The success of the commercial fishery during each
season is determined by the number of juveniles recruited at
the beginning of the season, which, in turn, is influenced by
several environmental factors such as rainfall and plankton
abundance (Pillai, 2011). The present study on the oil sardine
from the south west coast of India for the years 2010 and
2011 is after a gap of 10 years when the last study was done
by Pillai et al., 2003.

The L., and K obtained in the present study are lower than
the values of 20.8 ¢cm and 0.6yr' reported by Raja (1972).
Similarly, the growth was found to be lower than the values
reported by Hornell and Nayudu (1924), who showed a
length 15-17 ¢m in the first year, 19 cm in the second year
and 23 cm in the third year. However, the present growth
values of oil sardine obtained were higher than the values
reported by Nair (1958), who reported a length of 10
cm, 15 ¢cm and 19 c¢m in the first, second and third years,
respectively. The life span of oil sardine in the present study
was found to be 2.6 years, which was comparable with Nair
(1958), who reported it as 2.5 years. It was also found in the
present study that oil sardine follows a two-year life cycle
in their life from recruitment to maturity and attains first
maturity at the age of one.

The spawning season of oil sardine has been recorded by
several workers as May - August (Hornell and Nayudu, 1924),
June - August (Kumaran et al,, 1988), June - October (Raja,
1967, 1969), June - September (Dhulkhed, 1967) and June
- December (Prabhu and Dhulkhed, 1970). The present study
shows two peak recruitment periods, one in February or
March and the other from in May - August, which indicates
spawning during these months or just before these months.
Pillai et al. (2003) reported that oil sardine grows rapidly
during the first few months and the length at first maturity is
15 cm, which was slightly lower than the value obtained in
the present study (15.2 cm). L, of oil sardine estimated in the
present study was 15 cm, which is very close to the length at
first maturity. Hence, the results indicate that the oil sardine
exploitation start before they attain their first maturity (Lm =
15.2 cm). The maximum size of the exploitated catch in the
present study was 16.04 cm while the corresponding age was

Growth and maturity of Indian oil sardine along southwest coast of India

1.5 years. The total life span of oil sardine estimated in the
present study was 2.6 years while the corresponding length
was 18.8 cm. This indicates that most of the individuals in
the stock do not get a chance to grow to their maximum size,
getting exploited much before.

The exploitation ratio (E) was found to be 0.37. According to
the present study, the natural mortality was significantly larger
than fishing mortality due to the increase of predators such as
tuna, kingfishes and other large pelagic fishes or subjected
to some oceanographic events. The mortality parameters
and exploitation rates from previous studies of S. fongiceps
(Annigeri, 1971; Annigeri et al,, 1992) based on the length
frequency shows agreements with the present study.

Long-term trends in the length at first maturity

The length at first maturity of fishes can fluctuate due to
changes in the climatic conditions, food availability, fishing
removals and growth rates (Hood and Johnson, 2000; Potts
and Manooch, 2001). Considering these factors, attempts
have been made to analyze the long-term changes in the
length/size at first maturity of the oil sardine, for which the
present data has been compared with the past data.

Hornell and Nayadu (1924) reported the length at first maturity
as 15.0 cm, Dhulkhed (1967) 16.0 cm, Raja (1967) 15.0-16.0
cm whereas Kumar and Balasubramanian (1987) reported
15.6 cm for male and 15.8 cm for female. In the present study,
the length at first maturity of oil sardine were 15.7 cm and
15.2 cm for male and female respectively, suggesting only
minor variations with the past observations.
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