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Abstract

Estimates of growth, mortality and exploitation level of Pampus  argenteus from estuarine region of
Kakdwip, West Bengal, India were obtained from sets of length frequency distributions resulting from
commercial trawl catches from November 2005 to June 2006. Data analysis was performed using length
frequency data analysis (LFDA) version 5.0, a Microsoft package. The von-Bertalanffy growth param-
eters L , K and t   

ranged from 43.5 to 50 cm, 0.813 to 1.00 per year ; and -0.790 t -0.587 years,
respectively. The growth performance index   (´) ranged from 3.277 to 3.395. The annual mortality co-
efficients Z,  M and F  ranged 2.415 to 6.989, 1.25 to 1.54 and 0.875 to 5.459, respectively. The
exploitation rate (U) varied between 0.726 and 0.7803, which indicated that the fishery of P. argenteus
stock is overexploited in the area studied and calls  for an urgent need to reduce the current fishing effort
for the sustainable yield.
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West Bengal has a rich diversity of aquatic eco-
systems enriched with a diverse group of fauna and
flora. West Bengal contributes about three percent of
the total marine catch of India. Pomfrets contribute
about three to four percent of the total marine pro-
duction of the state and 18% of the total pomfret pro-
duction of India. The species comprised of Pampus
argenteus (50—55%), Parastromateus niger (30—
35%) and Pampus  chinensis (8—10%)  (1). The silver
pomfret, Pampus  argenteus (2), locally known as
“Baul  Chandi” belonging to family Stromateidae
(Butterfishes) under order Perciformes, is one of the
most commercially important and highly valued fishes
for domestic consumption due to its scrumptiousness
and  foreign exchange earnings. It contributes sig-
nificantly to the commercial fishery of India (3) which
is caught in greater abundance in Gujarat and
Maharastra on the west coast ;  and West Bengal and
Orissa on the east coast. The species is exploited by
a variety of gears viz., drift gill-nets, dol nets and
trawl nets. Despite its commercial and economic im-
portance, the knowledge on its biology and popula-
tion dynamics is meager in the Indian waters (4). Fish
stock assessment plays an important role for appro-

priate management of fishery as it provides informa-
tion about population parameters  and advises fish-
ery managers for the regulation of mesh size, and
optimization of catch and effort (5, 6). The present
study was therefore envisaged to understand  the
growth  parameters, growth performance index, mor-
tality coefficients, exploitation level and stock posi-
tion with an ultimate goal of providing  the generated
data to evolve a sound management policy for the
development of P. argenteus fishery along the coast
of West Bengal.

(The authors thank Sri Nirmal Das, owner  of the
trawlers, Prabhat Hati, A. D. F. Marine, South 24
Parganas, Ismile Sarder, Manager of the Shyama Fish
Syndicate, Ranjan Das, Manager, Kirtyoneeya Ice
Factory, for their co-operation in collection of data
during the study period  and the Dean, Faculty of
Fishery Sciences, WBUAFS  for providing the facili-
ties).

Methods

Collection of Data
The length frequency data of unsexed fresh
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samples of Pampus  argenteus  were collected at  regu-
lar intervals from the Sultanpur fish landing center
and  Nagendra  Bazar  fish  market at Diamond  Harbour,
South 24 Parganas, West Bengal, India from Novem-
ber 2005 to June 2006. These samples were caught off
Kakdwip by four trawlers. A total of 428  fresh samples
of P. argenteus were collected and the total length
(from the tip of the snout to the end of the longest
caudal  ray) was measured  in centimeter for each
individual corrected to the  nearest 0.1 mm using meter
scale. The total length ranged from 12.5 to 33.9 cm.
The data collected from  different  trawlers were pooled
and subsequently grouped into the length classes of
3 cm intervals (Table 1), for the estimation of growth
parameters.

Analysis of Data

Growth  Parameters. The total length frequency
distributions of P. argenteus were analyzed using
Length Frequency Data  Analysis (LFDA) version
5.0, a Microsoft package developed by MRAG Ltd.
under Fisheries Management Science Program
(FMSP)  (7) for establishing growth parameters of the
non-seasonal version of the von Bertalanffy growth
curve. The  von-Bertalanffy growth parameters (L,

Table 1.  Pooled length-frequency distribution for P. argenteus collected from different trawlers off Kakdwip.

Length Frequency
interval 07.11. 02.12. 20.12. 09.01. 21.01. 12.02. 04.03. 23.03. 15.04. 20.05. 10.06.
(cm) 05 05 05 06 06 06 06 06 06 06 06

12—15 3 0 0 0 0 0 0 0 1 2 0
15—18 9 7 0 3 0 0 0 0 2 2 1
18—21 13 5 8 14 4 2 3 1 6 14 8
21—24 6 14 7 6 10 5 4 4 8 9 8
24—27 3 8 13 10 11 27 25 7 5 3 8
27—30 5 4 4 6 4 6 10 19 16 5 7
30—33 1 2 0 2 6 0 0 8 3 2 7
33—36 0 0 0 0 0 0 0 1 0 1 0

Table 2.  Growth parameters, annual mortality rates and exploitation level of P. argeneteus (n=428).

Growth
Growth parameters perfor- Exploi-

mance tation
L  K T

0
Von-Bertalanfyy index Annual mortality rates level

Methods (cm) (year) (years) growth equation (´ ) Z M F (U)

SLCA 50.00 0.993   - 0.587 L
t
 = 50 [1—e-0.993 (t+0.587)] 3.395 6.989 1.53 5.459 0.7803

PROJMAT 43.50 1.000   - 0.0736 L
t
 = 43.5 [1—e–1(t+0.0736)] 3.277 2.145 1.54 0.875 0.3620

ELEFAN 48.86 0.813   - 0.790 L
t
 = 48.86 [1—e–0.813 (t = 0.790)] 3.288 4.584 1.25 3.334 0.726

K and T
o 
)  (8) were estimated using the Shepherd’s

length composition  analysis (SLCA)  (9), projection
matrix method  (PROJMAT)  (10) and electronic  length
frequency analysis (ELEFAN)  (11). These growth pa-
rameters of P. argenteus  were used to fit the VBGF
equation as

L
t
 = L[ l-e

–K (t – to)]

Where, L
t
 = Length (cm) of the fish at age t,  L As-

ymptotic length (cm) of the  fish,  K = Catabolic growth
co-efficient or curvature  parameter (per year), t

o
 =

Age at zero length or initial condition factor (years).
Growth Performance Index. The growth perfor-

mances index  (´ ) for P. argenteus in terms of growth
in length was estimated using the index (12), by the
following formula

    ´ = log K + log   L

where, K = catabolic growth co-efficient or curvature
parameter (per year), L = asymptotic length (cm) of
the fish.

The ´ values in the present study were esti-
mated separately by using the growth parameters re-
sulted from SLCA, PROJMAT and ELEFAN methods.
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Total Mortality Rate. The annual rate of total
mortality   (Z) of P. argenteus  was estimated using
the Beverton and Holt’s Z equation (13), as given
below using the growth parameters resulted from
SLCA,  PROJMAT and ELEFAN methods.

              L– L
c

Z = K [—————]
               L

c
– L

c

Where, L
c
 = Length (cm) at which 50% of the fish

entering the gear are retained, L
c
 = Average length

(cm) of the entire catch for which all fish of L
c 
and

longer are under full exploitation,   L= Asymptotic
length (cm) of the fish, K = Curvature parameter or
catabolic growth co-efficient (per year).

Natural Mortality Rate. The annual rate of natu-
ral mortality  (M) of  P. argenteus was estimated using
the concept (14) by using the curvature parameter
(K) obtained from SLCA, PROJMAT and ELEFAN
methods ; and the longevity  in terms of years (t

max
)

as given below

                              –ln 0.01
M = ———— and t

max 
= 3/K

                                   t
max

Fishing  Mortality Rate. The annual rate of fish-
ing mortality (F) of P. argenteus was obtained by sub-
tracting annual rate of natural mortality (M) from an-
nual rate of total mortality (Z), i.e.

F = Z – M

Exploitation Level. The exploitation level (U) of
P. argenteus was estimated (15, 16).

U = F / Z (1 – e–Z )

where, F = Annual rate of fishing mortality, Z = An-
nual rate of total mortality, e = Base of the natural (or
Naperian) logarithms ; e = 2.71828.

Results and Discussion

Stock assessment  tools are ways of determining
different properties of fish stock, which help to make
decisions about different  management actions at dif-

–

–

ferent stages. Thus, information on stock assessment
is imperative  in  formulating management and con-
servation policies and in further development of the
fishery of a species studied. The estimates of growth
parameters, growth performance index, annual mor-
tality  rates and exploitation  level  are  given  in Table
2.

Growth Parameters

The study of growth means basically the deter-
mination of the body size as a function of age. There-
fore, all stock assessment requires age-composition
data obtained through counting year rings on the
hard parts of the fish. However, such age determina-
tion is difficult in tropical areas because of no well-
demarcated fluctuations in the seasons. Moreover, P.
argenteus, being a tropical fish considered difficult
to age by means of hard parts such as otolith be-
cause the otolith structure is complex and the daily
increments are highly irregular making them difficult
to observe and interpret (17) or by applying modal
progression analysis. In such cases, the length-fre-
quency data analysis has been recommended and in
use for the stock assessment studies in tropical wa-
ters (18—20). Length based methods for stock as-
sessment on P. argenteus was successfully used by
several scientists (21, 22). Hence, the LFDA version
5.0, a Microsoft package developed under FMSP (7)
was used in the present study using the length fre-
quency distribution. Several models have been used
to express growth using simple mathematical equa-
tions (23).  However, the  von-Bertalanffy growth
equation is being most commonly used for the marine
species as it fits the data from a wide range of species
(15). Therefore, in the present study also, the growth
parameters ( L, K and t

o
) obtained from different

methods of LFDA were used to fit the VBGF equa-
tion.

The non-seasonal growth parameters of P.
argenteus estimated in the present study did not de-
viate much from the different methods employed in
earlier works indicating the compatibility of the meth-
ods used. The  L values of P. argenteus were 50 cm
(SLCA), 43.5 cm  (PROJMAT) and 48.86 cm (ELEFAN).
These values did not show much difference when
compared to  L values estimated by the other au-
thors for the same species, from different regions.
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The  L value of P. argenteus varied from 39 cm  to
41.8 cm TL in the Bay of Bengal (24) and 36.1 cm FL
(=51.1 cm TL) off north coast of Gresik (25). The  L
values of P. argenteus to be ranged from 50.1 cm to
56.5 cm TL along the different coasts off west coast
of India (4) and found to be ranged from 45 cm to 63.9
cm (21, 22). Thus, it appears that the  L value re-
corded in the present study is within the range of
earlier reports. The  L is the mean length that the fish
would reach if they were to grow to a old age (16).
Since the largest size of the species encountered was
33.9 cm, the estimated  L of 43.5 to 50.0 cm appears
to be quite satisfactory.

The curvature parameter (K) determines how fast
the fish approaches its  L.  In general, tropical fishes
have high K values than the temperate ones. In the
present study, the K values of P. argenteus were 0.993
per year (SLCA), 0.813 per year (ELEFAN) and 1.00
per ear (PROJMAT), thus showing the compatibility
of the methods used. The K values from the earlier
reports fluctuated between as low as 0.2405 per year
(26) in Korean water and 1.12 per year (22) in
Khoozestan waters along northwest Persian Gulf. The
estimated K values (0.2405 to 0.262 per year) off Ko-
rean waters were much less then those from the In-
dian waters (0.53 to 0.7 per year)  (4.26, 27).

The initial condition parameter (t
o
) is the age the

fish would have had zero length if they had always
grown to the VBGF equation. The calculated t

o
 of P.

argenteus in the present investigation from different
methods were -0.790 years (ELEFAN), -0.736 years
(PROJMAT) and  -0.587 years  (SLCA). The t

o
 values

reported from earlier authors varied from -1.1 years in
Korean waters (26) to -0.505 years along East Java
(25). The results obtained in the present study were
within the range of the earlier reports. Age at zero
length (t

o
) is thought of merely as a scaling factor in

the growth curve. Generally, t
o
 has a small positive or

more usually a small negative factor (28). It has been
observed that the juveniles with negative t

o 
 values

grow more quickly than the predicted growth curves
of adults and with positive t

o
 values, juveniles grow

more slowly (28).
The VBGF equations of the species fitted using

the values of the growth parameters resulted from
SLCA, PROJMAT and ELEFAN  methods are repre-
sented in Table 2.

Growth Performance Index

The growth  performance index  (´ ) explains the
overall growth performance of the fish population in
terms of growth in length (12). In the present investi-
gation, the ´  values for  P. argenteus obtained from
the growth parameters estimated by different meth-
ods were consistent (3.277 for PROJMAT, 3.288 for
ELEFAN and 3.395 for SLCA). The ´ values reported
from different regions fluctuated between 2.43 off East
China Sea (26) and 3.24 off Persian Gulf (29). The in-
termediate values have been noticed by other authors
(21, 30, 31). Thus, it appears that the  ´  values ob-
tained from the present study are slightly higher than
the earlier reports. This might be associated with the
differential fishing intensity or environmental condi-
tions prevailed during the study.

Annual Mortality Rates

The annual rate of total mortality (Z) denotes the
rate of reduction of fishes from the population due to
death. This comprised of two components viz. natu-
ral mortality (M) due to natural causes and fishing
mortality (F) caused by the fishing operation. The
annual Z values of P. argenteus computed in the
present investigation were 6.989 (SLCA), 2.415
(PROJMAT) and 4.584 (ELEFAN). The annual Z esti-
mates using catch curve methods were 1.5, 1.62 and
2.4 (22, 32, 33). Annual Z values ranged  between
3.165  and 5.4 along different regions off west coast
of India (4). The annual Z values were found to vary
from 2.6 to 5.36 off Khoozesthan Province (22).

The computed  annual M values in the present
investigation were 1.53 (SLCA), 1.54 (PROJMAT) and
1.25 (ELEFAN). The annual M estimates varied from
0.52 to 1.05 (32) and 1.4 to 1.6 (22). The lowest value
of M = 0.45 per year has been recorded off Korean
waters (34).

The computed annual F values in the present
investigation were 5.459 (SLCA)  0.875  (PROJMAT)
and 3.334 (ELEFAN). From earlier reports, the annul F
estimates were found to be fluctuated between 0.45
off Korean waters (34) and as high as 4.2 off
Maharashtra in the Indian waters (4). The value ob-
tained from PROJMAT method was not found to be
realistic considering the fishing intensity prevailed
as observed during the investigation.



1170                                                                                     DEVI ET AL

Exploitation Rate

The rates of exploitation  (U)  were found  to
range between 0.726 (ELEFAN) and 0.7803 (SLCA) in
the present study area. The exploitation level (0.362)
for PROJMAT was not found to be realistic consider-
ing the natural mortality rate obtained during the
present study and the fishing intensity existed in the
study area. The estimated U values ranged from 0.5
to 0.779 along the different regions off west coast of
India (4). Based on their observations, they concluded
that P. argenteus stock off Karnataka, Maharashtra
and Gujarat were heavily fished. The yield is opti-
mized when F=M ;  therefore, when U is more than
0.5, the stock is said to be overfished   (35). Thus,
from the present study, it is evident that the fishery of
P. argenteus stock is over fished in the area studied
and hence, there is an urgent need to reduce the cur-
rent effort for the sustainable yield.
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