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ABSTRACT

The fishery and population dynamics of the flowertail shrimp Metapenaeus dobsoni along the Kerala coast was studied
based on landings at Cochin Fisheries Harbour during the period 2005 to 2007. Kerala ranked first in the production
of M. dobsoni (>50%), followed by Tamil Nadu. The average annual catch and catch per unit effort of M. dobsoni was
2,526 t and 115.2 kg respectively. It formed 70% of the total penaeid shrimps landed in trawls. Peak landings were
observed from April to June followed by November to January. The size range of male and female was 51-100 mm and
51-125 mm, respectively. The male-female sex ratio was 1:1.21. Mature females occurred throughout the period
of observation and the size at first maturity was 60 mm. Growth parameters L , K and t, were estimated as 103 mm,
2.01y",-0.00018 and 130, 2.51 y™', -0.000046 for male and female, respectively. Length at recruitment (L ) was found to be
53 mm for both sexes while the length at 50% capture (L ;) was 65 mm for males and 70 mm for females. Recruitment was
found to occur in most of the months with peak (>70%) during June to November. Natural mortality (M), fishing mortality
(F), total mortality (Z), exploitation rate (E) and E__were 2.17, 5.57,7.74, 0.72, 0.81 and 2.00, 5.83, 7.83, 0.74, 0.680 for
males and females, respectively. Higher values of E indicated that the resource is overexploited. Results of Beverton and
Holt yield per recruit analysis and Thompson and Bell analysis revealed that at the present fishing effort, spawning stock
biomass was above 20% suggesting that the fishery is sustainable.
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Introduction mudbank fishery, particularly during the monsoon period.
Various aspects of M. dobsoni such as bionomics (Menon,
1951, 1955, 1957), growth (Banerji and George, 1967),
breeding (George, 1964; Rao, 1970), sex distribution
(George and Rao, 1967), population characteristics (Kurup
and Rao, 1974), fishery and biology (George et al., 1963;
George, 1970; Ramamurthy ef al., 1978; Ramamurthy and

About 70% of the total shrimp landings in India is
constituted by penaeid shrimps and Kerala ranks first in
its production. The shrimp fishery off Kerala, as in other
regions of India is multispecies in character, accounting for
about 33,000 t (Pillai et al., 2007). At present, over 59%

of this catch is landed by trawlers, with Sakthikulangara )
and Cochin being the two major shrimp landing Sukumaran, 1984) and stock assessment (Alagaraja et al.,

centres. Shrimp fishing grounds off Cochin lie between  1280; George et al., 1988; Paralkar Smitha and Devaraj,
lat. 9.54° 16.86° N, and long 75.55" 48.92° E, covering a 1990; Sukumaran et al., 1993) have been studied earlier.

distance of about 35 km along the coast. The flowertail ~ /S recent information on the fishery and population
prawn, Metapenaeus dobsoni (Miers, 1878), locally dynamics of M. dobsoni off Cochin is lacking, the present
called as ‘poovalan chemmeen’ or ‘thelly chemmeen’, is study was undertaken to assess the stock of M. dobsoni
extensively caught from both east and west coast of India. based on the landings by commercial trawlers at Cochin
Cochin Fisheries Harbour is the second largest trawl Fisheries Harbour (CFH) for the period 2005 - 2007.

landing centre in Kerala and is one of the important trawl
landing centres in the country for M. dobsoni. Apart from
trawl, M. dobsoni is also caught in considerable quantities Data on catch and effort were collected twice in a
in traditional ring seines and forms a major catch in the month from trawl landings at CFH from January 2005 to

Materials and methods


https://core.ac.uk/display/33020379?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Rekha Devi Chakraborty et al.

December 2007. For length-frequency studies, the total
length of the shrimp was taken in ‘mm’ and classified in
to 5 mm size groups. The length-weight relationship of
M. dobsoni was calculated from 395 females and 291 males
using the exponential equation, W =a L® (Le Cren, 1951)
where W = body weight (g), L = total length (from tip of
the rostrum to tip of the telson) (mm), a = proportionality
constant, and b = regression coefficient. The chi-square
test (Snedecor and Cochran, 1967) was applied to test
the significant difference if any in the monthly sex ratio.
Maturity stages of females were identified following
Rao (1967) and length at first maturity was estimated by
fitting the frequency of mature females to a logistic curve
and plotting the proportion of mature individuals against
length class (King, 1995).

Growth parameters viz., asymptotic length (L ) and
annual growth co-efficient (K) were estimated using
the ELEFAN I module of FiSAT software (ver. 1.2.2)
by pooling the length frequency measurements of three
years. An additional estimate of L and Z/K values
obtained using the Powell-Wetherall plot (Gayanilo et al.,
1996) was compared with that obtained from ELEFAN 1
before arriving at final values. The length-based growth
performance index, ¢ was calculated as given in Pauly and
Munro (1984). The probability of capture and size at first
capture (L) were estimated as in Pauly (1984) and the age
at zero length (t)) from Pauly’s empirical equation, Log
(-t) = - 0.392 - 0.275 Log L - 1.038K"' (Pauly, 1979).
Length-at-age was estimated using the von Bertalanffy
growth equation, L = L (1-e-k™ ). Natural mortality
(M) was calculated by taking the mean sea surface
temperature as 28°C and total mortality (Z) from length
converted catch curve (Pauly, 1983) using FiSAT software.
Fishing mortality (F) was estimated using the formula,
F = Z - M. Exploitation rate was estimated from the
equation, E = F/Z and exploitation ratio from U = F/Z*
(1-e#). The mid-point of the smallest length group
in the catch was taken as length at recruitment (L).
Recruitment pattern was studied from recruitment curves
using final estimated values of L , K and t,. The value
of asymptotic weight (W ) was derived from the value
of L and the estimated length-weight relationship.
Maximum sustainable yield (MSY), maximum economic
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yield (MEY) and spawning stock biomass (SSB) were
calculated using Thompson and Bell model (Sparre and
Venema, 1998) and the relative yield per recruit (Y/R) and
biomass per recruit (B/R) at different levels of F using
LFSA package (Sparre, 1987).

Results and discussion
Fishery

The average annual catch of Metapenaeus dobsoni
for the period 2005-2007 was 2,526 t, which contributed
70% to the total penaeid shrimp trawl landings at CFH
along the Kerala coast. Earlier studies have also reported
higher catch (41%) of M. dobsoni in trawl fishery off Kochi
and 19% from Neendakara (George et al., 1980). The catch
showed an increasing trend, fluctuating between 2,319 t
in 2005 and 2,954 t in 2007 with a slight dip in the year
2006. Details of the catch, effort and catch per hour (CPH)
are given in Table 1. Nandakumar et a/l. (2001) studying
the shrimp fishery from trawl landings at Sakthikulangara
during 1986 to 2000, also reported fluctuating trend in the
catch of M. dobsoni which increased from 365 t in 1986
to 2,511 tin 1991 which then declined to 1,434 t in 2000.
The average monthly catch and CPH of M. dobsoni during
2005-2007 were 632 t and 4.6 kg h'!, respectively. The
highest average monthly catch, effort and CPUE were
recorded in May with a peak in landings from April to
May and December to January (Table 2).

Length frequency

Size range of females ranged from 51 to 126 mm
with the major mode at 81- 85 mm while the males ranged
from 51 to 100 mm with a dominant mode at 76 - 80 mm.
However, there were slight variations in the size range
and modes of different years. In contrast, Suseelan et al.
(1992) reported slightly lower size ranges with 36 - 100 mm
for males and 36-120 mm of total length for females.

Length-weight relationship

The length-weight relationship derived for females
and males were as follows:

Female: W =0.0075 L2° (1r=0.96)
Male : W =0.0066 L >* L (r=0.95)

Table 1. Catch and effort of Metapenaeus dobsoni at Cochin Fisheries Harbour (2005-2007).

Year Effort units Actual fishing hours Catch (t) % in penaeid shrimp catch CPH (kg)
2005 23881 552143 2319 63 42
2006 20198 411607 2305 77 5.6
2007 21684 476452 2954 69 6.2
2005-2007 (average) 21921 480067 2526 70 53
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Table 2. Seasonal abundance of M. dobsoni at Cochin Fisheries Harbour during 2005-2007.

Month Unit effort Actual fishing hours Catch (t) CPUE (kg h") % in total peneaid shrimp catch
January 4391 74426 454 6.1 87.9
February 4827 83333 425 5.1 82.5
March 5304 114595 848 7.4 83.4
April 9684 207353 1410 6.8 78.4
May 11867 257534 1880 7.3 74.6
June 4970 130250 1042 8.0 81.4
July Trawl ban

August 5374 143333 43 0.3 49
September 3360 100000 10 0.1 4.0
October 4593 133333 40 0.3 9.3
November 4324 81167 487 6.0 82.4
December 7069 121948 939 7.7 85.8
Average 5480 120606 632 4.6 56.2
Sex ratio 1.107

Females outnumbered males in the catch throughout
the year with an overall male-female sex ratio of 1:1.21.
Monthly sex ratio also showed dominance of females
in almost all the months, highest being observed in the
month of May except in the year 2005, when females
dominated in April. Chi-square test indicated significant
dominance (p<0.05) of females particularly in the months
from October to December and February to April. Similar
observations were made along the Mangalore coast
(Ramamurthy et al., 1978). The differential sex ratio
observed in this species from backwaters and other coastal
areas of Kochi is probably related to the migrations of
females (Menon, 1955; 1957). George and Rao (1967)
opined that distribution of the sexes varies significantly
from month to month and differential sex ratios may be
due to the breeding migrations of females.

Maturity

Month-wise analysis showed the presence of all
maturity stages in all the months during the years of
observation. However, the dominance of maturity stages
fluctuated between different months. On an average,
immature females occurred more during January to May
and August to November while mature ones appeared
during November to June with a minor peak during
August to November, and spent shrimps, during January
to June with second peak during August to November.
Length at first maturity was calculated as 60 mm (Fig. 1).
Rao (1968) estimated size at maturity to be slightly lower
than 64 mm and when the national status of this resource
was assessed, the minimum size at maturity of the female
was found to be 64 mm in total length (Sukumaran
et al., 1993). Higher percentage of late mature and mature
females from November to February may be taken as
an indicator of peak breeding season. George (1962)
observed the species to breed throughout the year with
peak breeding in November and a second peak during

Proportion of mature females
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Fig. 1. Length at maturity of M. dobsoni (female)

June - August. Although Menon (1951; 1955) has not
mentioned year round breeding for this species, the peak
seasons suggested therein is in agreement with the present
observation.

Growth parameters

The asymptotic length L_was estimated as 130 mm
for females and 103 mm for males. The values of ‘K’
(monthly) were 2.51 y! for females and 2.01 y™' for males.
The growth performance index, ¢ was 1.548 and 1.250
and t, was calculated at -0.000046 and -0.00018 years
for females and males, respectively. The von Bertalanffy
growth equation for female was: L, = 130 [1 —e ~>'¢
+ 0.000046)] and L =103[1 —e- 201 ¢+ 000019)] for male.
Sukumaran et al. (1993) obtained slightly higher K and
L values for males (2.4, 139 mm) and females (2.76, 145
mm) when this resource was assessed with pooled data
from different centres along the Indian coast. In contrast,
studies from Mangalore coast revealed lower values for
L and K with 109, 1.44 and 121, 2.16 for males and
females, respectively (Ramamurthy et al., 1978). The L_
and annual K were reported to be 140 mm and 1.69 in
females and 117 mm and 1.89 in males from the Kakinada
coast (Lalitha Devi, 1987). All these estimates in general
show differential growth rate for male and female.
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The lengths obtained for 6, 12 and 24 months old
females were 98 mm, 122 mm and 130 mm respectively,
whereas, the corresponding length of males were 69,
92 and 102 mm (Fig. 2). The length at capture (L) for
females and males was estimated at 70 mm and 65 mm,
which correspond to ages (t) of 0.42 and 0.5 year,
respectively. The asymptotic weight (W) estimated from
the length-weight relationship was 6.3 and 12.74 g for
males and females, respectively. Kurup and Rao (1974)
observed the species from Ambalapuzha to attain sizes of
97 and 122 mm in case of males and 115 and 138 mm
in females at the end of the first and second year. But
the reports of Sukumaran ef al. (1993) stated that the
species can grow from 90 to 120 mm and 100 to 130 mm
in males and females at the end of six months and one
year, respectively. Banerjee and George (1967) revealed
slightly higher size ranges for shrimps off Kochi with
95 mm, 114 mm and 118 mm at the end of first, second
and third year, respectively. Differential rate of growth in
sexes was noticed in this species as observed by Menon
(1955) and George (1962). The age group that forms the
fishery are females of 9 months and males of 8 months.
The age at 50% capture (L ;) is five months in females
(70 mm) and six months (65 mm) in males.
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Mortality and exploitation

Mortality rates M, F and Z were estimated as 2.00,
5.83 and 7.83 for females and 2.17, 5.57, 7.74 for males.
E and E__ were, 0.74 and 0.680 for females and 0.72
and 0.813 males, respectively (Fig. 3 and 4). The rate of
exploitation for M. dobsoni (0.73) was lower than E_
(0.78) indicating the sustainability of the fishery.

X

Recruitment pattern

M. dobsoni was recruited to the fishery in all months
of the year with two peaks during May-June and August.
The smallest length of recruitment to the fishery was
51 mm which corresponds to an age of 4 months.

Yield and biomass estimates

The yield and biomass/recruit and yield and biomass
curves showed that the maximum yield of 2,543 t and yield/
recruit of 2.46 g can be obtained by decreasing the present
effort of fishing by 20%. At the existing level of fishing
(F=1), these yields were 2,526 t and 2.4 g. The biomass
and biomass per recruit achieved at 20% reduction from
the present effort is 557 t and 0.53 g, respectively. But
with the present rate, the biomass and biomass per recruit
were very low i.e., 443 t and 0.42 g. Although a small
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Fig. 2. Length frequency data with super imposed von Bertalanffy growth curve (VBGF) fitted for M. dobsoni
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Fig. 3. Mortality parameters of M. dobsoni landed at Cochin Fisheries Harbour during 2005-2007
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Fig. 4. Beverton and Holt relative yield per recruit analyses of M. dobsomi

increase (68 t) in yield is seen by increasing the fishing
effort by 20%, corresponding values for biomass (365 g)
and biomass/recruit (0.35 g) are comparatively less. So to
get an optimum yield close to MSY, reduction in current
fishing effort by 20% is advisable.

Length based

Maximum sustainable yield obtained for the F-factor
(present F=1) was 2,526 t (Fig. 5). Even though the
MSY obtained for the factor (F= 0.8) was slightly high
(2,543 t), variation from the present yield was very low.
But if spawning stock biomass is taken as the biological
reference point (BRP) at F-factor (present F=1) it is 35.6%
and by reducing the fishing mortality by 20%, spawning
stock biomass increased to 41%. However at present F
(F=1), reduced F (F=0.8) and F = 1.2, spawning stock
biomass was maintained above the standard limit, at 20%
which indicates sustainable fishery.
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Fig. 5. Yield, biomass and spawning stock of M. dobsoni for different
multiples of F

Acknowledgements

The authors are thankful to Dr. G. Syda Rao, former
Director, CMFRI, Kochi for the encouragement given and
to Dr. E.V. Radhakrishnan, Principal Scientist and former
Head, Crustacean Fisheries Division, CMFRI, Kochi for

46

2100 012 E, :0714
é, g ESO 0402
z = 0.10 E 03813
g 075+ <« S = =
8 S 0.08
2 £ 0.06— —
g 3 |
8 °
= S 0.04 | |
2 025F 2 |
g £ 0.02 | |
7 7
0.00 L L .

0'0%.0 02 04 06 08 1.0
Exploitation rate (E)
Male

guidance and valuable suggestions. We also gratefully
acknowledge Fishery Resources Assessment Division,
CMFRI for providing data on trawl landings of shrimps.

References

Alagaraja, K., Suseelan, C. and Muthu, M. S. 1986. Mesh
selectivity studies for management of marine fishery
resources in India. J. Mar. Biol. Ass. India, 28 (1&2):
202-212.

Banerji, S. K. and George, M. J. 1967. Size distribution and
growth of Metapenaeus dobsoni (Miers) and their effect on
the trawler catches off Kerala. Symp. Ser. Mar. Biol. Ass.
India, 2(2): 634-48.

Farfante, 1. P. 1969. Western Atlantic shrimp of the genus
Penaeus. Fish. Bull. US Fish. Wildlife Serv., 67: 461-591.

Gayanilo, F. C. Jr., Sparre, P. and Pauly, D. 1994. The FAO
ICLARM stock assessment tools (FiSAT) User’s guide.
FAO Computer Inf. Ser. (Fisheries), 6: 1-186.

Gayanilo, F. C. Jr., Sparre, P. and Pauly, D. 1996. The FAO
ICLARM stock assessment tools (FiSAT) User’s guide.
FAO computerized information series (Fisheries). Rome,
FAO, 126 pp.

George, M. J. 1964. On the breeding of penaeids and the
recruitment of their post-larvae into the backwaters of
Cochin. Indian J. Fish., 9A (1): 110 - 116.

George, M. J. 1962. On the breeding of penaeids and the
recruitment of their post-larvae into the backwaters of
Cochin. Indian J . Fish., 9(1): 110-116.

George, M. J. 1970. Synopsis of biological data on penaeid
prawn Metapenaeus dobsoni (Miers) 1878. FAO Fisheries
Report, 57(4): 1335-1357.

George, M. J. and Rao, P. V. 1967. Distribution of sex ratios of
penaeid prawns in the trawl fishery of Cochin. Symp. Ser.
Mar. Biol. Ass. India, 2(2): 698-700.

George, M. J., Raman, K. and Karunakaran Nair, P. 1963.
Observations on the offshore prawn fishery of Kochi.
Indian J. Fish., 10(2): 460-499.



Rekha Devi Chakraborty et al.

George, M. J., Suseelan, C., Thomas, M. M. and Kurup, N. S.
1980. A case of overfishing: depletion of shrimp resources
along Neendakara coast, Kerala. Mar. Fish. Infor. Serv.,
T&E Ser., 18: 1-8.

George. M. J., Alagaraja, K., Sukumaran, K. K., Ramamurthy,
S. and Telang, T. Y. 1988. The present status of shrimp
trawling and its impact on shrimp stocks of Karnataka coast.
Proceedings of the seminar on problems and prospects of
marine fishing and fish processing of Karnataka, College
of Fisheries Mangalore, India, p. 1 - 14.

King, M. 1995. Fisheries biology assessment and management.
Blackwell Science Ltd., Fishing News Books, Osney
Mead, Oxford, 341 pp.

Kurup, N. S. and Rao, P. V. 1974. Population characteristics
and exploitation of the important marine prawns of
Ambalapuzha, Kerala. Indian J. Fish, 21(1): 183-210.

Lalitha Devi, S. 1987. Growth and population dynamics of three
penaeid prawns in the trawling grounds off Kakinada.
Indian J. Fish., 34(2): 245-264.

Le Cren, E. D. 1951. The length-weight relationship and seasonal
cycle in gonad weight and condition in the perch Perca
Auviatilis. J. Anim. Ecol., 20: 201-219.

Menon, M. K. 1951. The life-history and bionomics of an
Indian penaeid prawn: Metapenaeus dobsoni Miers. Proc.
Indo-Pac. Fish. Coun., 3(2): 80-93.

Menon, M. K. 1955 Notes on the bionomics and fishery of the
prawn Metapenaeus dobsoni Miers on the south-west coast
of India. Indian J. Fish., 2(1): 41-56.

Menon, M. K. 1957. Contributions to the biology of penaeid
prawns of the south-west coast of India 1. Sex ratio and
movements. Indian J. Fish., 4(1): 62-74.

Nandakumar, G., Rajan, K. N. and Chellappan, K. 2001.
Observations on the prawn fishery off Sakthikulangara in
the light of monsoon trawling ban. Mar. Biol., 43: (1&2):
136-147.

Paralkar Smitha and Devaraj, M. 1990. Population dynamics of
the prawn Metapenaeus dobsoni (Miers) exploited in the
trawl fishery along the south-west coast of India. Fish.
Res., 8: 381-395.

Pauly, D. 1979. Theory and management of tropical
multi-species stocks. A review with emphasis on the
south-east Asian demersal fisheries. /CLARM Stud. Rev.,
1: 35 pp.

Pauly, D. 1983. Length converted catch curves. A powerful tool
for fisheries research in tropics (Part-1). ICLARM Fishbyte,

1(2): 9 -13.
Date of Receipt 14.02.2013
Date of Acceptance :  03.06.2014

47

Pauly, D. 1984. Some simple methods for assessment of tropical
fish stocks. FAO Fish. Tech. Pap., 234.

Pauly, D. and Munro, J. L. 1984. Once more, on the composition
of growth in fish and invertebrates. Fishbyte, 2 (1): 21.

Pillai, N. G. K., Jayaprakash, A. A., Ganga, U., Somy Kuriakose,
Appukuttan, K. K., Velayudhan, T. S., Mohamed, K. S.,
Mary K. Manisseri, Radhakrishnan, E. V., Nandakumar,
G., Vivekanandan, E., Sivakami, S., Rekha Devi
Chakraborty, Menon, N. G., Ramachandran, C., Sarada,
P. T., Laxmilatha, P., Nair, P. N. R., Sivadas, M., Manoj
Kumar, P. P., Philipose, K. K., Grace Mathew, Anil, M. K.
and Leela Edwin 2007. Appraisal of Marine Fisheries of
Kerala. Mar. Fish. Infor. Serv., T&E Ser.,194: 1 - 9.

Ramamurthy, S. and Sukumaran, K. K. 1984. Observations on
the prawn fishery of Mangalore coast during 1970-80.
Indian J. Fish., 31(1): 100-107.

Ramamurthy, S., Annigeri, G. G. and Kurup, N. S. 1978.
Resource assessment of the penaeid prawn Metapenaeus
dobsoni (Miers) along the Mangalore coast. Indian J. Fish.,
25(1-2): 52-66.

Rao, P. V. 1967. Maturation and spawning of the penaeid prawns
of the south-west coast of India. FA0 Fish Rep., 57 (2):
285-302.

Rao, K. Virabhadra 1968. Distribution pattern of the major
exploited marine fishery resources of India. Bull. Cent.
Mar. Fish. Res. Inst. Cochin, 6: 1 - 69.

Snedecor, G. W. and Cochran, M. G. 1967. Statistical methods.
6" edn. Oxford and IBH publication, 593 pp.

Sparre, P. 1987. Computer programs for fish stock assessment.
Length based fish stock assessment (LFSA) for Apple II
computers. FAO Fish. Tech. Pap., (101) Suppl., 2: 217 pp.

Sparre, P. and Venema, S. C. 1998. Introduction to tropical fish
stock assessment. Part 1, Manual FAO Fish. Tech. Pap.
306/1 Rev.2., Rome, FAO, 407 pp.

Sukumaran, K. K., Alagaraja, K., Suseelan, C., Rajan, K. N.,
James, D. B., Subramanian, T., Nandakumar, G., Kurup,
N. S., Sarada, P. T. and Sathianandan, T. V. 1993. Stock
assessment of the penaeid prawn Metapenaeus dobsoni
(Miers) along the Indian coast. Indian J. Fish., 40(1&2):
35-49.

Suseelan, C., Nandakumar, G., Sukumaran, K. K., Deshmukh,
V. D., Rajan, K. N., Aravindakshan, M. and Sarada, P. T.
1992. Present status of exploitation of fish and shellfish
resources: Prawns. CMFRI Bull., 45: 205-225.



