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Population and maturity characteristics of Commerson’s anchovy (Stolephorus commersonnii) from the south-west
coast of India have been presented here to elaborate upon the fishery of the species in the region. The present study on
Commerson’s anchovy formed the first of its kind from the Indian waters and showed that the lifespan of the species is
3.06 years. The results also revealed that Commerson’s anchovy attains the length of 10.2, 13.5 and 14.7 cm at the end of
1%, 2" and 3" year of its life. The recruitment pattern of Commerson’s anchovy has two peaks - a minor one from February
to March and a major one from June to July. The length-frequency analysis for the probability of capturing the species
showed that the length at the first capture was 8.2 cm, indicating that the fish mostly being commercially exploited after they
reach the first maturity i.e. the length of 7.1 cm. Total mortality, natural mortality and fishing mortality of the species were
calculated as 2.78, 2.18 and 0.64 Y., respectively. Virtual population analysis (VPA) indicated that the number of natural
mortality of the species is much larger than the commercial utilization, indicating the low exploitation of the species from

the southwest coast of India.
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Introduction

Anchovies are small pelagic fishes belonging to
family Engraulidae, which constitute one of the most
significant pelagic resources along the southwest coast
of India'. The anchovies present in Indian waters is
commonly called as whitebaits™®. Even though 10
species of whitebaits are present in Indian waters, only
five species namely Encrasicholina devisi, E. punctifer,
Stolephorus waitei, S. commersonii and S. indicus are
contributing to a commercial scale. They are
characterised by a small pig-like snout projecting
beyond the tip of the lower jaw and comprise of fishes
belonging to the genera Stolephorus, Coilia, Setipinna,
Thryssa and Thryssina. All around the world,
anchovies comprise of some of the well-known fishes
like Peruvian anchoveta, Californian anchovies,
Chilean anchovies and Japanese anchovies. In India,
anchovies contribute significantly to the artisanal
fisheries and form a major source of income for the
traditional fishers®.

The dominant anchovies along the Indian coast
belong to the genera Encrasicholina and Stolephorus
with the species Encrasicholina devisi, Stolephorus
bataviensis, E. punctifer, S. commersonnii, S. indicus,

S. baganensis and S. macrops’. Among these
anchovies inhabiting the Indian coastline, Stolephorus
commersonnii (Commerson’s anchovy; Fig. 1) has the
second position (27 %) in landing with a size range
7.5-15.5 cm*®. Anchovy fishery along the Kerala
coast is mainly contributed by the genus Stolephorus
and they usually have a discontinuous availability/
fish landing pattern®*. Anchovies are a preferred food
item of several carnivorous fishes and therefore the
movement of anchovy shoals into the inshore regions
usually coincides with the stock of larger sized
carnivorous and piscivorous fishes such as carangids,
ribbon fishes, tunas, seer fishes, barracudas, sciaenids,
sharks, wolf herrings etc.>®. Anchovies have very
strong schooling behaviour®® and they usually do
northward schooling movement along the southwest
coast of India during the southwest monsoon®.

Growth and maturity are two chief variables used
to study the dynamics of fish stocks®. The growth
parameters are important for the management of the
fish stocks, and the maximum length of fish is a
robust forecaster for several growth parameters. It is
important to study the growth to determine the total
recruitment of the fish in a water body with time®. The
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best way of virtual population analysis is Length
Cohort Analysis, and this estimate could, in turn, be
used to predict indices from survey data; therefore, it
is practicable to verify whether a given stock estimate
is in agreement with a time series of CPUE data’. The
estimation of sex and the stage of maturity provide
valuable basic information on the procreative biology
of a fish stocks®®. The information derived from such
studies is indispensable for estimating the spawning
potential and recruitment prediction of a fish stock®. It
is also known that the life history traits of fishes
determine the productivity of the fishery resources,
which could be combined with the scientific forecasts
for fisheries management as well as with the size/age
at first maturity, sex ratio, fecundity, spawning
periods and spawning behavior®®.

A concise account of the past research works on
various aspects of anchovies as a group has been
discussed below. The spawning habits of Stolephorus
indicus and Anchoviella heteroloba were reported
earlier based on ova diameter'®*, Several researchers
have studied the breeding habits of Encrasicholina
devisi, Stolephorus waitei, and S. insulars®***>. Some

Fig. 1 — Different size classes of Commerson’s anchovy

others have studied the eggs of Stolephorus spp.
collected from the plankton samples from inshore
waters'®?2,  The Commerson’s anchovy is a
zooplankton feeder predominantly feeding on
copepods, fish eggs, ostracods, tintinids, etc®. The
absence of diatoms in the diet composition was a
striking feature, indicating the carnivorous diet of the
fish®>. Even if some evidence is available on the
growth and maturity parameters of most of the
anchovies species®?', practically no data is accessible
on growth and maturity of Commerson’s anchovy,
which forms a major part of small pelagics along the
Kerala coast. Therefore, in the present study,
emphasis is given to understand the population
growth and maturity characteristics of Commerson’s
anchovy, a major small pelagic fish resource available
along the west coast of India. The objectives of the
present study also include prediction on the current
stock levels of Commerson’s anchovy using Virtual
Population Analysis (VPA) method to reveal the
status of their fishery along the region.

Materials and Methods

Data used in this study was collected from
Kalamukku and Munambam fish landing centres of
Kochi, Kerala during the year 2010 and 2011. Total
1180 Stolephorus commersonnii samples caught using
ring and purse seines were considered for the present
study. Fish samples were collected during every
fortnightly visit in the fish landing centres. The total
length of the specimen was measured from the tip of
the snout to the tip of the caudal fin using a measuring
scale and the weight of the specimens were measured
using a standard weighing balance. The samples were
segregated into male and female and assigned the
maturity stages based on the stage of gonads.
Individual samples with | and Il stages of gonad
maturation were considered as juveniles while
those with gonad stage Il to VI were considered
as mature.

Growth

Growth parameters like L Infinity (L.), Growth
coefficient (k), Length at 0-year class (t), lifespan,
length at age (L), recruitment pattern, and the
probability of capture were estimated from length-
frequency data and were grouped into 1 cm class
intervals using ELEFAN | module in FiSAT
software®®. Data of various size classes were used to
decide the stock structure and growth. Length at
0 years is defined as the hypothetical age (in years)
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the fish would have had at zero length and was
calculated from Pauly’s empirical equation®.

to = - (EXP ((-0.392-0.275*LN (L.,)-1.038*K) ... (1)

Lifespan is the approximate maximum age (tmax) of
fish of a given population would reach®. It was
calculated using the parameters of the von Bertalanffy
growth function:

toax = 3/ K Q)

The length of fish at age t was determined using the
Bertalanffy growth equation® as:

L= L. (1-exp-(k) [t-(to)]) . (3)
The probability of capture by length is used to
estimate length at first capture (Lc), which was
calculated by the ratio between the points of the
extrapolated descending arm of the length-converted
catch curve using the FiSAT software®. The length at
which 50 % of fish are retained is known as length at
first capture. The total mortality was estimated by
using length converted catch curve method® and
natural mortality using empirical formula® by taking
28 °C as the temperature of the habitat. The fishing
mortality was calculated from the equation F = Z-M
and exploitation ratio was calculated from the
equation E = F/Z. Length structured Virtual
Population Analysis (VPA) was carried out using the
growth and mortality parameters as input in FiSAT.

Maturity
Size/length at first maturity is a significant
parameter to understand the population size structure
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and distribution of any fish species of interest. To
estimate the size/length at first maturity (L), male
and female fishes of Commerson’s anchovy were
categorised discretely into 5 mm size class interval,
and the fishes with gonad maturation stage Il and
above were considered for estimating the length at
first maturity®.

Results

Growth

The growth variables of Commerson’s anchovy
achieved from von Bertalanffy growth equation
showed that Length at infinity (L.) = 15.4 cm,
K = 0.98 yr* and t, = -0.1152 (Fig. 2). The present
data showed that Commerson’s anchovy from the
Kerala coast attains a length of 10.2 cm in the first
year, 13.5 cm in the second year and 14.7 cm in the
third year, with a maximum lifespan of 3.06 years
(Fig. 3). The recruitment pattern showed two peaks: a
small one during February - March and the second
one during June — July (Fig. 4). The values of
probability of capture were Lys = 7.22 cm, Lsy = 8.2 cm
and L;s = 9.61 cm (Fig. 5). The length frequency
histogram for the probability of capture showed the
length at first capture of Commerson’s anchovy as
8.2 cm, indicating that the fish undergo maximum
utilization after they attain the first maturity (7.1 cm;
Fig. 5). The natural mortality (M) obtained from
Pauly’s empirical calculation was 2.12 y™. Total
mortality (Z) obtained was 2.78 y™ by taking annual
habitat temperature as 28 °C, and fishing mortality
(F), were estimated by subtracting M from Z and
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Fig. 2— Length frequency curve of Commerson’s anchovy (pooled data) using ELEFAN I
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Fig. 3 — Average length attained by Commerson’s anchovy at
different ages
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Fig. 4 — Annual recruitment pattern of Commerson’s anchovy

estimated as 0.64 Y. The exploitation rate of
0.23 indicated that the species has not undergone high
fishing pressure (Fig. 6) along the study area.

Maturity

The length at first maturity of Commerson’s
anchovy presented values of 7.1 and 7.2 cm for male
and female, respectively. This showed that male
Commerson’s anchovy attains its first maturity
at the length of 7.1 cm and the female at 7.2 cm
(Figs. 7a & b). Virtual population analysis (VPA)
results showed that the maximum number of
Commerson’s anchovy were caught between 6.5 to
10.5 cm (Fig. 6) and consequently, the number of
natural deaths was much larger than catches. The

1.00~  Probability of Capture
L 5=7.22 ¢cm, Ls; = 8.20 cm
L 7%= 9.61 cm

L7 N S
=
5
L | ——— /
E :
a

00004

000004
i

o
o

| E— }/ \
0.00 : §§

400 6.00 8.00
Length Classes (cm)

12.00

Fig. 5— Probability of capture of Commerson’s anchovy for Lc 50
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Fig. 6 — Length converted catch curve for mortality rates

major loss in the fish stock up to 6.5 cm size was due
to natural mortality (Fig. 8). The maximum fishing
mortality was observed in fishes that attained
maturity. Natural mortality was found to be maximum
at the juvenile stage.

Discussion

The littoral waters of Kerala have high primary
production due to large quantities of nutrients being
brought to the surface waters through large land/river
input and coastal upwelling®. Most of the small
pelagic fishes in this situation live for only about two
years and are being utilized by less than one year
before they get a chance to reproduce even once®.
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Fig. 7 — Length at first maturity of Commerson’s anchovy:
(a) male, and (b) female
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The recruitment of juveniles to the stock is governed
by the annual variations in the intensity and duration
of upwelling and plankton bloom in the coastal
waters®. It was shown in the past that recruitment
even in tropical fishes oscillates seasonally and is
often distributed normally with one or two peaks per

year®’. This condition influences the obtainability of
diverse varieties of fish for exploitation throughout
the year. The success of the commercial fishery
during each season is decided by the number of
juveniles recruited at the start of the season, which, in
turn, is influenced by several environmental factors
such as coastal upwelling and plankton abundance®.

The growth and maturity variables of
Commerson’s anchovy inhabiting Indian waters are
not available so far. The L., of Commerson’s anchovy
found in this study was 15.4 cm, which is similar to
the value (15.5 cm) reported in the past from North
Queen Island®. The growth and maturity studies of
other anchovies available from the Indian coast, for
instance, L., of E. devisi, was found to be 11.3 cm*,
while L., of E. devisi and S. waitei were 10.25 cm and
13.46 cm, respectively™. In the present study, based
on von Bertalanffy growth equation, it was observed
that Commerson’s anchovy attains a length of
10.2 cm in the first year; subsequently, growth slows
down and it reaches 13.5 cm and 14.7 cm in the
second and third years, respectively. In the present
study, the lifespan of Commerson’s anchovy was
found to be 3.06 years, which was similar to the
lifespan (3 years) reported for another anchovy
Engraulis encrasicolus from Turkish waters®*. The
probability of capture of Commerson’s anchovy was
found to be 8.5 cm, indicating that the species is
utilised commercially after attaining sexual maturity
at 7.1 cm size.

The recruitment pattern of Commerson’s anchovy
found in the present study advocates two peak
recruitment periods: the major peak from June to July
and a minor peak in Februry to March. Similar two
recruitment peaks were reported earlier for the
anchovy group along the west coast®?. An earlier
study on the spawning of anchovies as a group
showed that they spawn throughout the year®’. Later,
supporting evidence for the above was given by
another study, by showing that larvae of Stolephorus
sp. occur in all the months, peaks in March to July
period with a secondary dominance around
November™. Similarly, it was noticed earlier that
Peruvian anchovy spawns throughout the year with
major peak recruitment in June to July and a minor
one in February to March®. The present study
corroborated the above observations and showed that
the recruitment of Commerson’s anchovy along the
southwest coast of India also occurs throughout the
year with two seasonal peaks.
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In the present study on Commerson’s anchovy
along the southwest coast of India, higher natural
mortality (2.12) compared to the fishing mortality
(0.64) was observed, and the former contributed the
majority of the total mortality (2.78). This could be
due to the short lifespan of the species; also, it may be
functioning as the major prey item of carnivorous
fishes. The high natural mortality of this species could
be the reason for the poor representation of large-
sized individuals in the fishery. The high rate of
natural mortality for anchovy was also noticed in
earlier studies™***%, In the case of Peruvian anchovy,
the natural mortality is found to be very high, and a
significant portion of their population is consumed by
large predators®. The length at which 50 % of the
fishes are matured is considered as the length at first
maturity*, and the knowledge about this parameter
helps to predict the harvestable size of the fish.
The size at first maturity of fishes varies because
of the climatic conditions, food availability, fishing
removals and changes in growth rates®**.
The length/size at first maturity of Commerson’s
anchovy in the present study was found to be 7.1 cm
for male and 7.2 cm for female. As sufficient past
data on Commerson’s anchovy is not available, the
present data were compared with other closely related
species of anchovies. Based on studies elsewhere®’,
following are the length at first maturity values
observed for different species; Anchoviella tri
(9.0 cm), A. baganensis (7.0 cm), A. indica (4.0 cm),
A. commersonii (10.0 cm), A. heteroloba (6.5 cm),
A. zollingeri (70 cm) and A. bataviensis (7.0 cm).
Considering Anchoviella commersonii equivalent to
Stolephorous commersonnii (Commerson’s anchovy)”’
can be ambiguous in this case as a noticeable decrease
was observed in the length at first maturity of
Commerson’s anchovy. The result of this comparison
probably involve sample ambiguity as both these
studies are from temporally and spatially well-
separated geographical areas and, therefore, deserve
more concerted efforts and careful evaluation of the
taxonomic details. Absence of historical data on
length at first maturity of Commerson’s anchovy from
the Indian coast made it impossible to attempt a long
term comparison considering the Indian coastline.
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