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Stock assessment of oil sardine, Sardinella longiceps Val., off
west coast of India
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ABSTRACT

The oil sardine contributes nearly 15% of the total annual marine fish landings of the country and forms
the most important pelagic fishery resource. A brief account of the fishery, biology and stock position of the oil
sardine based on the data collected from several centres along the west coast of India during 198488 is given.
The growth parameters were estimated by employing the ELEFAN-I method and the values obtained for L._ and
K were 221 mm and 0.75 respectively. The instantaneous total mortality rate (Z) was estimated as 2.23 and
the instantaneous natural mortality rate (M) as 1.30. The maximum sustainable yield (MSY) was estimated as
150 000 tonnes against a mean biomass of 107 000 tonnes.

Theoil sardine, Sardinellalongiceps Val.,
is a major neretic pelagic fishery resource of
the country. It has a wide distribution along
the coasts of Seychelles, Somalia, Africa,
Pakistan, India, Indonesia and Philippines.
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Along the Indian peninsula, the resource has
been predominant along the southwest coast
between 8° N and 16° N latitudes covering
Kerala, Karnataka, Goa and southern part of
Maharashtra. Of late, its emergence as a new
fishery along the east coast has been reported
by Luther (1988). The oil sardine fishery is
known for its highly erratic and fluctuating
nature and exhibits both short-term and long-
term annual fluctuations. Detailed studies on
the fishery, biology and probable reasons for
the fluctuations in the fishery, have been

-carried out by Nair (1952), Sekharan (1965),

Radhakrishnan (1965), Murty and Edelman
(1966), Sekharan and Dhulkhed (1968),
Bensam (1968), Antony Raja (1972, 73),
Balan(1971, 1984), Banerji (1973), Annigeri
(1987), James (1981) and Yames et al, (1987).
Longhurst and Wooster (1990) have made a
detailed study on the short-term and long-
term abundance of oil sardine in relation to
the oceanographic and meteorological condi-
tions and the upwelling on the southwest coast
of India.

Stock assessment studies are, no doubt,
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the essential means for deciding guidelines
for rational exploitation and management.
Assessment of oil sardine stock was made
earlier by many workers (Banerji 1973,
Sekharan 1974, Balan et al. 1979, Kurup et
al. 1987). The present study is appropriate in
the context of recent changes in the method of
fishing introduced and becoming popular in
this part of the country.

MATERIALS AND METHODS

Weekly data on catch and effort were
collected from important landing centres on
the westcoast viz., Panaji, Karwar, Mangalore,
Calicut, Cochin and Vizhinjam, covering the
region between 8° N and 16° N latitudes.
Random samples of oil sardine were brought
to the laboratory and its total length, wet
weight, sex ratio, maturity, fecundity, etc.,
were studied. The length frequencies were
arranged at the interval of 5 mm in total
length, raised to the day’s landings, then
raised to the month and summed up for the
year. The estimates of landings of oil sardine
for the west coast were made available by
NMLRDC, CMFRI. During this period, purse
seine was most prominent gear in Cochin,
Mangalore, Karwar and Goa whereas boat
seine was prominentin Calicut and Vizhinjam
for oil sardine fishery. A few other gears of
minor importance contributed low catch. The
data on length frequencies were raised to the
total catch by the purse seine and boat seines
at purse seine and boat seine centres respec-
tively.

From the length composition data, the
estimates of growth parameters, mortality
rates and other stock parameters were de-
rived. Along the east coast, the resource is
only now emerging as a fishery. In this study,
emphasis has been laid on the observations
made along the west coast during 1984-88.

Measurements on length and weight were
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taken on 499 specimens representing the pos-
siblerange of length distribution. Total length
was measured to the nearest mm and weight
to the nearest g.

Growth was described by von Bertalanffy
growth function where the parameters L_ and
K were estimated by ELEFAN I programme
(Pauly and David 1981).

The instantaneous natural mortality coef-
ficient M was estimated using the empirical
relationship (Pauly 1980) given by log M =
0.0066 — 0.279 log L.+ 0.6543 log, K +
0.4634log, T, where L_and K are parameters
of von Bertalanffy growth function and T is
the annual mean temperature, The estimate so
obtained is adjusted for shoaling behaviour of
the fish (Pauly 1980).

Fishing mortality coefficient F and stock
size were estimated by length converted co-
hort analysis (Jones 1984, Sparre 1985).

Yield (catch in weight) and biomass were
predicted for varying levels of fishing effort
following length converted Thompson and
Bell analysis (Sparre 1985, 1987). The out-
putsof length converted cohort analysis, name-
ly, the recruitment and fishing mortalities at
length groups, formed inputs for Thompson
and Bell (1934) long-term forecast. Using
surplus production model (Schaefer 1954),
maximum sustainable yield and correspond-
ing effort level were also estimated.

RESULTS

Fishery

An examination of the oil sardine fishery -
during the 10 years (1979-88) showed that
the landings ranged from about 78 700 tonnes
(1986) to 221 000 tonnes (1981) and at an
average annual landings of 145 000 tonnes it
contributed to about 10% of the total marine
fish catch of India (Fig. 1). The average catch
of oil sardine for the first five-year period
(1979-83) was about 176 000 tonnes and for
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Oil sardine production and total marine fish land-
ings in India during 1984-88.

1988
Fig. 1.

the second five-year period (1984-88)
124 000 tonnes. For the present study on
population dynamics, data collected during
the second five-year period were used.

In the west coast of India, Goa, Karnataka
and Kerala recorded the maximum catch
(96.5%) of oil sardine (Fig. 2). Tamil Nadu
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Oil sardine production in the west coast against
all-India oil sardine landings during 1984-88.

Fig. 2.
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Table 1. Average catch of oil sardine in southwest coast
(Goa, Karnataka and Kerala) during 1984-1988

States/gears Catch (tonnes)
Goa

Purse seine 32441
Karnataka

Purse seine 176 753
Kerala

Purse seine 27909

Boat seine 122 939

(outboard engine)

Boat seine 23 165

(non-mechanised)

Ring seine 46 312

In Goaand Karnataka traditional gears have become
ineffective.

and Andhra Pradesh along the east coast
contributed to the remaining (3.5%) catch.
The purse seine was the dominant gear used
for sardine fishery off Goa and Karnataka
whereas in Kerala, boat seine, purse seine and
ring seine were used. Oil sardine in
Maharashtra forms insignificant catch and is
available in small percentage along the south-
ern part of Maharashtra covering the latitude
between 15° and 16°. Along the east coast the
oil sardine is an emerging resource. The main
gearused in Tamil Nadu was edavala (boat
seine). In Andhra Pradesh, boat seine, shore
seine and gill net were used for catching
sardine shoals. Table 1 gives the average
statewise landings by major gears for 1984—
88.

Biology

Thebiology of oil sardine has been studied
in detail. The commercial fishery is mainly
sustained by the 0and 1 + year classes. The oil
sardine attains maturity at a total length of
150 mm (Hornell and Nayadu 1924,
Chidambaram and Venkataraman 1946) and
the average fecundity valuesrange from37 000
to 80 000 (Balan 1984). For sex ratio studies,
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Table 2. Sex-ratio of oil sardine during 1984-88

State Sex ratio (M:F)
Goa 1:1.13
Karnataka 1:1.08
Kerala 1:1.07
Tamil Nadu 1:1.03
Andhra Pradesh 1:1.60
Southwest coast 1:1.08
East coast I:1.45
All-India 1:1.11

atotal of 13 927 specimens, 12 659 from the
west coast and 1 268 from the east coast, were
examined. The females, in general, were dom-
inant in numbers in the landings of all the
states, more prominently along the east coast
(Table 2).

The statewise percentage contribution of
different stages of gonad maturity is given in
Table 3. The results are based on the study
conducted on 12 183 mature fishes. Resting
stage (II b) fishes contributed 38% and were
the most dominant group on all-India basis.
This feature was same on both east and west
coasts. The groups next in dominance were
developing stage (26.35%), partially spent
stage (21.45%), gravids (9.14%) and fully
spent stage (5%), considering the all-India
data,
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Stock assessment
Length-weightrelation is described by the
function:

W =0.00000347194 x L*'1952 (g, mm)

The parameters L_ and K in von
Bertalanffy growth function were estimated
asL_ =221 mm and K = 0.75 per year

The above estimates of growth parame-
ters were obtained from length frequency
analysis using ELEFAN I programme and
the growth curve so obtained is shown
in Fig. 3. Attempts were made to estimate the
parameters by other methods as well, for ex-
ample, by modal progression analysis resolv-
ing the multimodal length frequency distri-
bution tounimodal components (Bhattacharya
1967) and as per Wetherall ez al. (1987). The
Bhattacharya (1967) method led to high val-
ues of L (231 mm) and K (1.52) whereas
Wetherall et al.(1987) method gave lower
values (L_ = 225 mm and K =0.73).

Theestimates of length-at-age as obtained
by various authors are given in Table 4 for
comparison.

M, the instantaneous rate of natural mor-
tality, was estimated by using Pauly’s empir-
ical relationship as M = 1.30. It was also

Table 3. Percentage distribution of different maturity stages of oil sardine in different states and east and west coasts of
India (1984-88)

State Stage
IIb n-1v V-VI Vila VIIb Total
(Resting)  (Developing)  (Gravid)  (Partially spent)  (Fully spent) number
Goa 65.07 18.96 6.28 5.05 4.64 733
Karnataka 29.73 32.56 8.17 26.11 3.43 7502
Kerala 47.60 14.97 9.00 19.13 9.30 2 645
Tamil Nadu 43.54 43.54 8.12 — 4.80 209
Andhra 52.74 12.89 18.28 10.24 5.85 1094
Pradesh
Southwest 36.45 21.37 8.24 23.00 4.94 10 880
coast
East coast 51.27 17.80 16.65 8.60 5.68 1303
Total 38.04 26.35 9.14 2145 5.02 12183
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Curve fitting by eye (Oil sardine, Panaji, Goa PS 84-88)
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Fig.3. Growth curve of oil sardine Sardinella longiceps using ELEFAN 1 method at Goa during 1984-88.

found to coincide with estimate of M, ob-
tained following Rikhter and Efanov (1976)
for a size at maturity of 140 mm.

F, the instantaneous rate of fishing mor-
tality, was estimated from length cohort anal-
ysis (Table 5) against a size at capture of 140
mm which is the size at which fishseems to be
fully vulnerable for exploitation and thus F =
0.93. Instantaneous rate of total mortality Z
was obtained as

Z=M+F=130+093=223.

This value agreed fully with the one esti-
mated by Beverton and Holt (1957) method.
Taking Z as 2.2 and F as 0.9 the current

exploitation rate (E = F/Z) was 0.41.

The length cohort analysis also showed
that differential mortality was taking place at
higher size levels. Table 5 shows that fishing
mortality is maximum in the size 150-160
mm and then in 190-200 mm indicating
thereby a greater vulnerability of these sizes to
the fishery, probably associated with the breed-
ing dynamics of this species.

Thelengthconverted cohort analysis gave
an estimate of 2.596 x 107 numbers for the
recruitment to fishery assuming the size at
recruitment as 65 mm. Long-term forecast by
Thompson and Bell model estimated the

Table 4. Estimates of length-at-age of Sardinella longiceps obtained by various authors

Length (cm) at age Authors Remarks
lyr  2yr  3yr 4yr
150 160 — — Homel & Nayudu (1924) Estimated 12.5-14.0 cm growth in
6 months and suggested T of 2.5 years
100 145 183 205 Chidambaram (1950) T, 4 years
100 150 190 — Nair (1949, 1952)
130 160 175 — Balan (1968) Based on length frequency data
150 178 — —_ Antony Raja (1969) 18.5cmin 2.5 years
125 17.1 188 194 Kurup et al. (1987) L_=197.2 cm, K = 1.006 (annual)
117 172 198 210 Present study L.= cm, K = 0.75 (annual). t, = 0
A
/
130 \ )
. \\,‘ (e g
i 87 e v E
30 N\J\
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Table 5. Catch, stock size, exploitation rate (F/Z) and fishing mortality (F) of Sardinella longiceps
during 1984-88 along the west coast

Size interval (mm) C N F/Z F
20.00-30.00 0.00 38 142918.55 0.0000 0.0000
30 00-40.00 0.000 34913918.27 0.0000 0.0000
40.00-50.00 0.000 31806 578.29 0.0000 0.0000
50.00-60.00 10.184 28 822 656.93 0.0000 0.0000
60:00-70.00 51681.289 25964 030.53 0.0186 0.0246
70.00-80.00 175 104.500 23 183 863.36 0.0634 0.0880
80.00-90.00 108 596.102 20 422 583.59 0.0426 0.0579
90.00-100.00 248 337.797 17 875 825.24 0.0981 0.1415

100.00-110.00 364 197.813 15345417.26 0.1475 0.2249
110.00-120.00 346 633.813 12 876 328.12 0.1532 0.2351
120.00-130.00 337 862.094 10613 177.11 0.1637 0.2545
130.00-140.00 592 951.688 8 549 824.00 0.2826 0.5121
140.00-150.00 839 410.688 6451 522.50 0.4063 0.8895
150.00-160.00 822 872.625 4 385 338.50 0.4740 1.1715
160.00-170.00 381 190.813 2 649 322,75 0.3689 0.7600
170.00-180.00 238 411.500 1616 057.00 0.3375 0.6623
180.00-190.00 223 845.394 909 709.13 0.4263 0.9661
190.00-200.00 135 214.406 384 644.25 0.4739 1.1712
200.00-210.00 38 542.898 99 350.91 0.4332 0.9937
210.00 plus 4 679.856 10 392.59 0.4507 1.0668

C, Catch in thousand numbers; N, stock size in thousand numbers.

Table 6. Thompson and Bell long-term forecast on yield
and biomass for Sardinella longiceps during 1984-88 .

X Yield Mean biomass
0.0000 0.00 365 536.90
0.2000 43 316.53 313 451.53
0.4000 72 305.21 275 410.31
0.6000 92 454.97 246 496.56
0.8000 106 872.29 223 820.50
1.0000 117419.36 205 582.12
1.2000 125265.43 190 605.76
1.4000 131 173.93 178 093.59
1.6000 135 660.00 167 486.03
1.8000 139 081.06 158 379.40
2.0000 141 691.31 150 475.48

MSY, 148 007.8; X, 4.015625; Biomass MSY, 105 176.9

maximum sustainable yield (MSY) of 148 007
tonnes against a mean biomass of 107 000
tonnes at a fishing mortality equivalent to 4
times the current one (Table 6). The MSY
estimated by the Schaefer (1954) model was
134 000 tonnes.

Table 7 gives catch per unit effort in three
states and total catch and CPUE of purse seine
units. A weighted average of these was worked
out weighing these rates by the corresponding
effective effort (proportional to the landings
of oil sardine) in terms of number of purse
seine operations.

Table 7. Catch (tonnes), effort (No. of operations) and CPUE (tonnes) of oil sardine during 1984-88

Kerala Kamataka Goa Total CPUE
Year Effort CPUE Effort CPUE Effort CPUE Effort Catch  (weighted)
1984 7127 2.3000 45320 0.7756¢ 7311 0.1397 59758 63905 1.0694
1985 4707 23374 40015 0.756f 9721 04185 54443 55744  1.0239
1986 2 553 0.1273 41451 0.6245 8622 0.0616 52626 30139 05727
1987 21313 0.0471 41897 0.9968 28 305 03363 72515 53168 0.7332
1988 571 0.1419 53362 0.7970 24 548 0.6782 78 48] 59967 0.7641

131



ANNIGERI ET AL

0.0448 -
0.0403
0.0358

T

00314
0.0269
0.0224
00173
0.0134
0.0080
0.0045 -
0.0000 1t

T

Ll

Relative yield per recruit

AL 4 L)1 1) Lt A b i 111
N O e 0w g ® O
© 6 0 © 600 5O ~

Exploitation rate

Fig.4. Yield per recruit of oil sardine (optima - E_ =
1.000, E at 0.1 = 0917, E at 0.5 = 0.404 for

L/L_ =063, M/K=173).

The relative yield per recruit was maxi-

mum when the exploitation rate (F/Z) was 1

(Fig. 4). This indicates that F should be very
high compared to M so that the ratio F/Z tends
to be 1. Fig. 5 shows that the yield per recruit
is maximum when L /L._ = 0.45 which would
suggest that length at first capture should be
around 100 mm.

DISCUSSION

Oil sardine fishery on the west coast shows
wide fluctuations over the years but continues
to be commercially an important resource.
Fishery generally starts in June-July and con-
tinues till March—April.

The stock assessment of typical tropical
pelagic resource like oil sardine is beset with
problems of accurate determination of growth
parameters. The growth curve as obtained by
ELEFAN 1 programme is shown in Fig. 3.
Sekharan (1965) and Prabhu and Dhulkhed
(1967) were of the opinion that oil sardine
measuring 10 cm is one year old and that

[Vol. 39, No. 3.4
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Yield per recruit of oil sardine at 1984-88 exploi-
tation level along the west coast.

0.78 1.0

Fig. 5.

between 10 cm and 15 cm is of the second
year. Antony Raja (1972) stated that fish
attains 6-9.5cm, 9.5-11cm, 11-12.5cmand
12.5-14 cm at the end of one, two, three and
four months respectitely. According to him,
the mean length of 18.5 cm is attained on
completion of two and half years. Thus, there
is no definite conclusion on the age structure
of this species.

Antony Raja (1972) and Banerji (1973)
estimated the growth parameters as follows:

L_(mm) K (annual) t (annual)

Antony Raja (1972) 2098  0.60 1.12
Banerji (1973) 2070 053 1.33
Kurup et al. (1987) estimated the parameters
L_andK (annual) as 197 mmand 1.006. In the
present study, three estimates of L_ were
obtained. Modal progression method, modes
being identified following Bhattacharya
(1967), gave an estimate of 231 mm. Follow-
ing Wetherall et al. (1987), L _ was estimated
as 225 mm. ELEFAN I programme yielded
an estimate of 221 mm. Since fundamental
assumption on the growth pattern being the
same, these methods should have resulted in
identical estimates but for the subjectivity and
the sampl{shg error. Thus we have estimates
ranging between 197 mm and 231 mm and in
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all the cases the size ranges used to differ very
much. Hence comparing all the estimates
available the one provided by ELEFAN I
programme looks reasonably an acceptable
estimate.

Often the lack of reliable estimate of M,
the instantaneous rate of natural mortality, is
aserious handicap instock assessmentstudies
of tropical fish species. Pauly’s empirical
relation between growth parameters and am-
bient temperature is observed to be popularly
atternpted in recent times to estimate M.

In the present study the estimates of M
obtained by Rikhter and Efanovmethod (1.33)
and Beverton and Holt method (1.30) also
almost coincided with the one obtained by
Pauly’s empirical relation (1.30).

Comparing the estimates of M obtained as
above, a value of 1.3 was chosen for further
analysis.

The estimates of Z were also obtained by
other methods as cumulative catch curve
method (Jones and van Zalinge 1981),
Beverton and Holt (1957) method and length
converted catch curve method. The estimates
from these methods were, 2.22, 2.23 and 2.21
respectively. These estimates differed insig-
nificantly among themselves and hence the
choice of 2.23 as estimate of Z was justifiable.
This, inter alia justified also the choice of M
as 1.3.

The present yield and MSY showed that
there is scope for increasing the production by
26% against a four-fold increase in terms of
fishing effort without affecting the
sustainability of the stock but this reduces the
catch per unit operation by 49% and possibly
making it uneconomical. But if the effort is
nearly doubled, then the increase expected in
the landings is 21% against a reduction in
CPUE by 27%. Hence it is evident that in-
creasing the fishing effort to the MSY level is
not desirable in the present fishery. However,

STOCK ASSESSMENT OF OIL SARDINE

this wide difference in the effort required to
raise the production to MSY level and the
current effort warrants further investigation,
It may be that the model is deficient in absorb-
ing the characteristics of the fishery. From the
above account it would appear that an in-
crease in fishing pressure on the stock could
result in increased landings to the maximum
sustainable level. Increasing the total number
of fishing units from the current level to
achieve this objective does not, however, seem
to be a viable proposition since such a step
would decrease considerably the returns per
boat to anuneconomic level. Redeployment of
the existing fishing units more effectively to
exploit the oil sardine resource during its peak
fishing season would seem to be more viable
proposition to achieve the desired objective of
increased production at the maximum sus-
tainable level from the present level of the oil
sardine stock.

ACKNOWLEDGEMENTS

We thank Dr P S B R James, Ex-Director,
CMFRI, Cochin, for guidance; Shri T V
Satyanandan, Scientist, for statistical analy-
sis; and Shri M Abdul Nizar, Technical Assis-
tant, for data preparation for computer pro-
cessing. We also thank Shri A A Jayaprakash,
Senior Scientist, for critical checking of the

paper.

REFERENCES

Annigeri G G. 1987. Present status of oil sardine fishery at
Karwar on the west coast of India. National Sympo-
sium on Research and Development in Marine Fisher-
ies, CMFRI Special Publication No. 40. pp. 214-22.

Antony Raja B T.1969. The Indian oil sardine. CMFRI
Bulletin 16: 128.

Antony RajaBT. 1972. Estimation of age and growth of the
Indian oil sardine Sardinella longiceps Val. Indian
Journal of Fisheries 17: 26-42,

Antony Raja B T. 1973. Forecasting the oil sardine fishery.
Indian Journal of Fisheries 20(2): 599-609.

Balan V. 1968. Studies on the age and growth of the oil

133



ANNIGERI ET AL.

sardine Sardinella longiceps Val. by means of scales.
Indian Journal of Fisheries 12 A(2): 473-91.

Balan V. 1971. The fecundity and sex composition of
Sardinella longiceps Val. along the Cochin coast.
Indian Journal of Fisheries 12 A(2): 72-91.

Balan V. 1984. The Indian oil sardine fishery, a review.
Marine Fisheries Information Service, T & E Series
60: 1-10.

Balan V, Reghu R, Rao K V N, Alagaraja K, Rengaswamy

{Vol. 39, No. 3,4

and population size for shrimp in Kuwait waters.
Kuwait Bulletin of Marine Science 2: 273-88.

Kurup KN, Balan V, Vijaya Raghavan P and Kumaran M.
1987. Stock assessment of the Indian oil sardine
(Sardinella longiceps) off the west coast of India.
Contributions to tropical fish stock assessment in
India. FAO/DANIDA/ICAR National Follow-up
Training Course on Fish Stock Assessment. pp.
115-26.

V S, Menon N G, Dhulkhed M H and Annigeri G G. A Longhurst Alan R and Warren S Wooster. 1990. Abun-

1979. The Indian oil sardine. Marine Fisheries Infor- .

mation Service, T & E, Series 14; 1-13.

Banerji S K. 1973. An assessment of the exploited pelagic
fisheries of the Indian seas. Proceedings of Sympo-
sium on Living Resources of Seas around India.
CMFRI, Cochin, pp. 114-35.

Bensam P. 1968. Growth variations in the Indian oil sar-
dine, Sardinella longiceps Val. Indian Journal of
Fisheries 11A (2): 699-708.

Beverton R J H and Holt S J. 1957. On the dynamics of
exploited fish populations. Fishery Investigations,
London (Sea fisheries) 19: 533.

Bhattacharya C G. 1967. A simple method of resolution of
a distribution into Gaussian components. Biometrics
23: 115-35.

Chidambaram K. 1950. Studies on length frequency of the
oil sardine, Sardinella longiceps Cuv.& Val. and
certain factors influencing their appearance on the
Calicut coast of Madras Presidency. Proceedings of
Indian Academy of Science 31B(5): 252-86.

Chidambaram K and Venkataraman R. 1946. Tabular
statements on the natural history of certain marine food
fishes of the Madras Presidency-West coast. Govt.
Press, Madras, pp 1-26.

HomellJ and Nayudu M R. 1924, A contribution to the life
history of the Indian oil sardine with notes on the
plankton of the Malabar coast. Madras Fisheries
Bulletin 17(5): 129-97.

James P S B R. 1981. Exploited and potential capture
fishery resources inthe inshore waters of India. CMFRI
Bulletin 40A: 72-82.

James P S B R, Kurup K N, Ramamirtham C P, Sadananda
Rao D, Subbaraju G, Kunjukrishna Pillai V. 1987.
Distribution and abundance of oil sardine and macker-
el in relation to environmental characteristics in the
Indian coastal waters. National Symposium on Re-
search and Development in Marine Fisheries, CMFRI
Special Publication No.40, Abstract No. 7 (Abstract
only).

Jones R. 1984, Assessing the effects of changes in exploita-
tion pattern using length composition data (with notes
on VPA -and Cohort analysis). FAQ Fisheries
Technical Paper No. 256, 118 pp.

Jones R and van Zalinge. 1981. Estimates of motality rate

dance of oil sardine (Sardinella longiceps) and up-
welling on the southwest coast of India. Canadiun
Journal of Fisheries and Aquatic Science 47:
2407-19.

« Luther G. 1988. Oil sardine, an emerging new fishery

resource along the east coast. Marine Fisheries Infor-
mation Service, T & E. Series 88; 13-19.

/Murty AV S and Edelman M S. 1966. On the relation

between the intensity of the southwest monsoon and
the oil sardine fishery of India. Indian Journal of
Fisheries 13(1 &2): 142-49.

Nair R V. 1949. The growth rings on the otoliths of the oil
sardine Sardinella longiceps Cuv. and Val. Current
Science 18 (1): 9-11.

Nair R V. 1952. Studies on the revival of the Indian oil
sardine fishery. Proceedings of Indo-Pacific Fisher-
ies Council Section 2(3): 115-29.

Pauly D.1980. A selection of simple methods for the assess-
ment of tropical fish stocks. FAO Fisheries Circular
No. 729, 54pp. Issued also in French. Superseded by
FAO Fish. Tech. Pap., (234).

Pauly D and David N. 1981. ELEFAN I, a basic program
for the objective extraction of growth parameters from
length frequency data. Meeresforschung 28(4): 205-
11

Prabhu M S and Dhulkhed M H. 1967. On the occurrence
of small sized oil sardine, Surdinella longiceps Val.
Current Science 36(15); 410-11.

- Radhakrishnan N. 1965. Oil sardine investigations at
Karwar. Indian Journal of Fisheries 12A(1):99-117.

Rikhtter V A and Efanov V. 1976. On one of the approaches
to estimation of natural mortality of fish populations.
ICNAF Research Document 76/V/8. 12 pp.

Schaefer M. 1954. Some aspects of the dynamics of popu-
lations important to the management of the commer-
cial marine fisheries. Bulletin of the Inter American
Tropical Tuna Commission/ Bulletin of Commission
for Inter-American Tropical Tunas 1(2): 27-56.

Sekharan K V. 1965. On the oil sardine fishery of the
Calicut area during the years [955-56 to 1958-59.
Indian Journal of Fisheries 9A(2): 679-700.

~ Sekharan K V. 1974, Estimates of the stocks of oil sardine

and mackerel in the fishing grounds off the west coast
of India. Indian Journal of Fisheries 21(1):177-82.

134



September, December 1992] STOCK ASSESSMENT OF OIL SARDINE

Sekharan K V and Dhulkhed M H. 1968. Onthe oil smdize  Thompson W Fand Bell F H. 1934, Biological statistics of

fishery of the Mangalore zone during the years 1957- the Pacific Halibut fishery 2. Effect of changes in
63. Indian Journal of Fisheries 10A(2): 601-26. intensity upon total yield and yield per unit of gear.

Sparre P. 1985. An introduction to tropical fish stock Report of the International Fisheries (Pacific Hali-
assessment. Rome, FAO, Denmark-Funds-in-Trust, but) Commission (8): 49 pp.
FL.GCP/INT/392/DEN Manual 1. 338 pp. Wetherall J A, Polovina ] J and Ralston. 1987. Estimating

Sparre P. 1987. Computer programmes for fish stock as- growth and mortality in steady-state fish stocks from
sessment-—length based fish stock assessment (LFSA) length-frequency data. JCLARM Conference
for Apple 11 computers. FAO Fisheries Technical Proceedings (13): 53-74.

Paper No. 101, Supplement 2. 217 pp.

135





