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973 Feasibility of integrated bivatv«i farming at Pallipuram in 
Vypeen Island* Co chin 

The technologies for edible oyster and 
mussel farming have been developed by CMFRI 
in 1980's. In order to facilitate the transfer of 
technologies, several demonstration trials have 
been carried out at various locations to test the 
adaptability, ecofriendliness, economic viability 
and sustainability of these technologies. 

The edible oyster farming experiments at 
Dalavapuram, Quilon during 1994-'97 were 
h ighly s u c c e s s f u l in d e m o n s t r a t i n g t h e 
technical viability of bivalve farming. Several 
farmers have since successfully adopted the 
technology. The feasibility of grovsang a short 
crop of m u s s e l s in t h e e s t u a r i n e sys tem 
during the post monsoon months along with 
oysters for at least four to five months, when 
higher salinity conducive for mussel growth 
prevails in the Ash tamud i lake, h a s been 
e s t a b l i s h e d . Th i s p roved to be h igh ly 
successful and farmers have evinced Interest 
in this integrated system of farming to raise 
multiple crops. 

In order to identify new sites suitable for 
edible oyster and musse l farming, location 
testing and demonstration experiments were 
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Fig 1 Growth of oyster spat, PaUipuram, 1999-2000 

carried out at PaUipuram near Munambam in 
Vypeen island off Cochin. PaUipuram estuary 
opens at Munambam. The farm site is 2 km 
from the Munambam bar mouth. 

Oyster she l l s t r i n g s (rens) were 
suspended from racks erected in the canal 
leading to the Munambam bar mouth to study 
spat settlement and growth pat tern. Oyster 
strings vrith spat collected from Ashtamudi 
lake were also transplanted to PaUipuram to 
monitor the growth of oysters in this site. The 
hydrographic and sediment parameters were 
monitored monthly. The growth of the oysters 
was also monitored. Twenty seeded ropes of 0.75 
m length each were suspended from the rack 
in D e c e m b e r 1999 . The growth a n d 
environmental parameters were monitored. 
Seed of 15-25 mm size collected from the 
mussel beds off Narakkal, were seeded onto 12 
mm nylon ropes covered by mosquito netting. 

Hydrographic and sedliment parameters: 
The hydrographic and sediment, parameters 
were monitored dur ing the ent i re cu l tu re 
period. Salinity ranged from 3%o in July to 32%o 
in March. Productivity ranged from 0.65 mg/I 
in J u n e to 8 .75 m g / 1 in December . The 
productivity (gross) ranged from 0.52 mg C/m^ 
per day in J u n e to 5.24 mgC/m^ per day in 
April. The nutrients in the water and the soil 
texture were also analyzed. 

Edible oyster : Ed ib le oys te r seed 
production was initiated at PaUipuram, near 
Cherai, in Vypeen island. A total of 25 rens 
were suspended from the rack constructed in 
the canal bordering a private shrimp farm. 
Moderate s e t t l emen t was observed a t an 
average of 15 numbers per str ing and four 
n u m b e r s pe r she l l . Th i s w a s low w h e n 
compared with the se t t l emen t p a t t e r n a t 
Dalavapuram, Quilon in the Ashtamudi lake. 



Harvesting mussels from Pallipuram, In Vypeen island 

Strings with spat settled at Ashtamudi 
were also transplanted to this site to compare 
the growth with those settled at Pallipuram. 
Fifty strings were transplanted in two spells, 
March, May and reared at Pallipuram. Each 
shell had an average of 4 numbers of spat and 
18 numbers of spat per string. 

The oyster spa t settled at Pal l ipuram 
attained a growth of 73.9 mm by May 2000 from 
an initial length of 45.69 mm in May, 1999. 
The spat transplanted from Ashtamudi in March 
reached a length of 72.6 mm in May 2000. 
while the spa t t r ansp lan ted in May, 1999 
reached a length of 80 mm in March 2000 
(Figl). 

The increase in weight was significant 
in the case of the spat t ransplanted during 
May while those settled at Pallipuram did not 
show significant gain a l though growth was 
good 

Mussel: Seeded mussel ropes (green) were 
also suspended in the farm in December 1999. 
A total of 20 ropes of 0.75 m, seeded with 20-25 
mm green mussel seed collected from Narakkal 
were s u s p e n d e d . The e n v i r o n m e n t a l 
p a r a m e t e r s were a lso m o n i t o r e d . Good 
a t tachment and growth was observed. The 
mussels attained an average length of 74 mm 
in four months, Indicating a growth rate of 8.41 
mm / month. 

Mar. Fish. Infoi: Serv., T &E Ser., No. 170, 2001 

Production : The oysters were harvested 
in August 2000. The Pallipuram stock of oysters 
exhibited poor growth when compared with the 
Quilon stock. Seventeen s tr ings of oysters 
yielded 34 kg shell-on oysters. The oysters were 
heat-shucked and yielded one kg of meat. The 
average meat percentage was 3.5%. The Quilon 
stock recorded bet ter growth and from 31 
strings, 105 kg shell-on oysters were harvested 
and yielded 4.5kg meat. The average meat 
percentage was 5.2%. 

The mussels were harvested in May 2000. 
Five ropes were lost due to poaching. The 
average production was 9.2 kg per meter rope. 
A to ta l of 137 kg she l l -on m u s s e l s were 
harvested. The meat was extracted by heat-
shucking and 32.5 kg meat was obtained. The 
average meat percentage was 38.9%. 

A l though seed s e t t l e m e n t was only 
moderate and low (15-20 numbers per string 
and 3-4 numbers per shell) compared to the 
spat settlement pattern in the Ashtamudi lake 
(20-25 spat per string averaging 4-5 spat per 
shell), this area is suitable for oyster farming. 
The hydrographic conditions are conducive for 
growth. The Pa l l i pu ram s tock of oys ters 
attained marketable size at a slower rate than 
the Quilon stock. This may be due to the 
inherent genetic difference coupled with the 
e n v i r o n m e n t a l effects, wh ich h a s to be 
conf i rmed t h r o u g h he r i t ab i l i t y s t u d i e s . 
However, the meat content is comparable and 
small-scale farming can be carried out at 
Pallipuram. 

Pal l ipuram is close to the bar mouth 
and therefore favourable for mussel farming. 
The salinity in the canal increases to 25%o 
from December onwards and is sui table for 
rearing green musse l (Perna viridis] for at 
least four to five months , upto May. Thus 
M u n a m b a m a r e a Is a s u i t a b l e s i t e for 
ra is ing a shor t du ra t ion crop of musse l s 
within a period of five months . During the 
same season, integrated farming of oysters 
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and musse l s were car r ied out at 
Dalavapuram. The growth rate of mussels in 
this farm site was 8.72 mm / month, the 
average meat percentage. 36.7% and the 
average production 7.63 k g / m rope. At 
Chettuva, in Thrissur district, during the 
same season, the average growth of mussels 
was 11.7 mm/month, average production 
lOkg/m rope and average meat percentage 
38.3%. At Paravoor. in Quilon district, the 
average production was 7.74 kg/m rope. In 
the open sea raft and rack cu l tu re of 
musse l s , off Narakka l . the average 
production was lOkg/m rope. The growth and 

production at Pallipuram is thus comparable 
with that in other estuaries as well as open 
sea. The meat content was also high. Thus, 
Pallipuram is a good site for small-scale 
integrated farming of oystes and mussles. 
It can also be in tegra ted with shr imp 
farming (the water intake points of shrimp 
farms can be utilized for mussel farming), 
making the farming system, economically 
viable, ecofriendly and sustainable. 

Prepared by : P. Laxmilatha, P. Radhakrishnan, 
B.Jen.1 and K.P. Said Koya, Central Marine 
Fisheries Research Institute, Cochin-14 

974 New crustacean resources in the trawl fishery off 
Mangalore coast 

Since trawling operation started during 
the sixties, penaeid shrimps, crabs and 
stomatopods formed the major part of the 
crustacean fishery, in trawl catches off 
Mangalore coast with non-penaeids and 
lobsters to a minor extent. In penaeid shrimp 
fishery, species belonging to the genera 
Parapenaeopsis, Metapenaeus and Penaeus 
contributed almost to the entire fishery along 
the coast for a long time. Species composition 
of the penaeid shrimp catch for 1989-1990 
showed that 99% of the catch was contributed 
by Metapenaeus dobsoni, Parapenaeopsis 
stylijera, M. afflnis, M. monoceros and Penaeus 
indicus. The multiday trawling introduced 
during early 90s increased the catch of bigger 
varieties of shrimps like M, monoceros and 
Penaeus spp. Intensified multiday trawling 
operations changed the species composition 
of penaeids along this coast with Solenocera 
spp. . Trachypenaeus spp . . Penaeus 
canaliculatus and P. semisulcatus becoming 
dominant. 

Impact of multiday trawling ;The effect 
of night trawling on penaeid shrimp fishery 
and the subsequent emergence of new shrimp 

resources have been studied In detail by 
earlier workers. In a single day trawling the 
species like P. stylijera, M. dobsoni 
were dominant. M. affinis and P. indicus were 
available in smaller quant i t i es and M. 
monoceros occured in stray numbers. After the 
introduction of multiday trawling M. monoceros 
became one of the dominant species while 
Solenocera spp. and Ti-ochypenaeus spp. which 
were not encountered in the single day 
trawling started gaining dominance. In the 
case of crab also change in species 
composition was noticed. In earlier years the 
edible crabs Portunus sanguinolentus and P. 
pelagicus were forming the bulk of fishery but 
after the Introduction of multiday trawling, 
Charybdis feriata also has emerged as an 
important constituent. 

While analysing the trawl catch, effort 
data of Mangalore for the past two decades. 
1981-1991 and 1991-2001, the change in 
trawl operation and the changes in species 
composition of shrimps were obvious (Fig. 1). 
It is clearly seen that species composition of 
shr imps changed a lot s ince mut iday 
trawling operation started. 



and musse l s were car r ied out at 
Dalavapuram. The growth rate of mussels in 
this farm site was 8.72 mm / month, the 
average meat percentage. 36.7% and the 
average production 7.63 k g / m rope. At 
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production at Pallipuram is thus comparable 
with that in other estuaries as well as open 
sea. The meat content was also high. Thus, 
Pallipuram is a good site for small-scale 
integrated farming of oystes and mussles. 
It can also be in tegra ted with shr imp 
farming (the water intake points of shrimp 
farms can be utilized for mussel farming), 
making the farming system, economically 
viable, ecofriendly and sustainable. 

Prepared by : P. Lazmilatha, P. Radhakrlshnan, 
B.Jei^i and K.P. Said Koya, Central Marine 
Fisheries Research Institute, Cochin-14 
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Parapenaeopsis, Metapenaeus and Penaeus 
contributed almost to the entire fishery along 
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dominant. 
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Charybdis feriata also has emerged as an 
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While analysing the trawl catch, effort 
data of Mangalore for the past two decades, 
1981-1991 and 1991-2001. the change in 
trawl operation and the changes in species 
composition of shrimps were obvious (Fig. 1). 
It is clearly seen that species composition of 
shr imps changed a lot s ince mut iday 
trawling operation started. 



YEAR 

Fig. 1 C h a n g e s in spec ies compos i t ion of penae id 
shrimp landing at Mangalore dur ingl981-2001 

It Is seen that the major change occured 
in the l a s t d e c a d e , 1 9 9 1 - 2 0 0 1 a n d t h e 
comparison of the data during 1989-'90 and 
1999-2000 showed the magnitude of change in 
t h e t rawl ing o p e r a t i o n a n d the spec i e s 
composition In penaeid shrimps. The data on 
catch by trawlers of Mangalore landing centre 
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during 1989-1990 and 1999-2000, showed that 
single day operations are slowly decreasing 
whe reas , mul t iday opera t ions are on the 
i nc rea se {Table-1). The yea r 19^9-1990 
represents the period of maximum exploitation 
of marine resources of the coastal waters up to 
a depth of 30m. But decrease in the catch from 
this zone, forced fishermen to extend their 
activities to deeper waters up to 150m for 
exploiting mainly cuttle fishes, squids and 
fishes. In ten years, the additional effort (units) 
increase was only 13%, but the fishing hours 
increased by 2 1 3 % . Dur ing 1989-90, the 
average fishing hou r was 10.90 per unit , 
whereas in 1999-2000 average hours of fishing 
rose to 30.05 (Table 1). The year 1999-2000 is 
again a point of transition, when the trawling 
operations from the depth zone up to 150 m also 
not found to be giving satisfactory economic 
returns which forced the fishermen to venture 
into deeper waters. 

TABLE 1. The trawler operation pattern at Mangalore fisheries harbour during 1989-1990 and 1999-2000. 

Year 

1989-1990 

1999-2000 

Difference 

Trawler 
effort 

(units) 

3 0 0 8 6 

3 3 9 9 5 

3 9 0 9 

Fishing 
effort 
(hour) 

.327851 

1021658 

6 9 3 8 0 7 

Single day 
units 

18916 

18014 

-902 

Percentage 
of SOU 

6 2 . 8 7 

52 .99 

-9 .88 

Multiday 
vintts 

11170 

15981 

4811 

Percentage 
ofMDU 

3 7 . 1 3 

47 .01 

9 .88 

Fisliing hour 
per unit 

10.90 

3 0 . 0 5 

19.15 

TABLE 2 Comparison of penaeid shrimp landings (in 
tonnes) by trawlers at Mangalore fisheries 
harbour during 1989-1990 and 1999-2000. 

Spec ies 

Metxipenaeus dobosoni 

U. ajfinis 

M. monoceros 

Parapenaeopsis-
stylifera 

Penaeus tndicus 

P. monodon 

P. semjsukotus 

P. canaHculatus 

Ttachypeivieus spp. 

Solenocera spp. 

Total 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

1989-1990 
148.4 

(19.14) 
8.5 

(0.34) 

329.1 
(42.45) 

270.5 
(34.89) 

14.7 
(1.90) 

4 
(0.52) 

0 

0 

0 

0 

775.2 

1999-2000 
295.5 

(15.41) 
6.6 

(0.43) 

464.6 
(24.23) 
218.5 

(11.39) 
10,6 

(0.55) 
4.6 

(0.24) 

7.3 
(0.38) 

4.1 
(0.21) 
49J.8 

(25.61) 

414.5 
(21.61) 

1917.8 

147.1 

-1.9 

135.5 

-52.0 

-4.1 

-0.6 

7.3 

4.1 

491.8 

414.5 

1142.6 

In the species composition also the emer­
gence of new species and decline of the others 
is evident. (Table 2) 

Impact of deep sea trawling : 
At M a n g a l o r e d e e p s e a t r a w l i n g w a s 
attempted for the first time during April 2000. 
The deep sea trawling operation at a depth 
of 500 m is targeted mainly for shrimps and 
lobs ters . Dur ing April-December 2000 an 
est imated 463 mult iday trawlers extended 
their activity to deeper waters up to 500m. 
and landed about 259. 35 t. of c rus taceans 
apa r t from other fishes and cephalopods 
(Table 3) . T h e d e e p s e a s h r i m p s w e r e 
represented by Aristeus spp. , Heterocarpus 
s p p . , S o l e n o c e r a s p p . , Plesionika s p p . . 
Parapandulus spp. , and lobsters by Pureupus 
swelli. Nephrosis stewarti. 
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TABLES. The Crustacean resources landed (in tonnes.) by the multiday trawl units during 2000 
at Mangalore fisheries harbour. 

Montli 

April 

May 

Noveinlier 
December 

Tbtal 

Uni t s / 

Species 

8 

105 

130 

220 

463 

Solenocera 

s p p . 

25.9 

9.5 

21.5 

-
56.9 

Arisleiis 

s p p . 

0.9 

64.3 

30.3 

34.6 

130.1 

Heterocarpus 

s p p . 

25.3 

8.6 

3.5 

37.4 

Parape i i aeus 

s p p . 

-
9.6 

-
9.6 

Peui-ulus 

sewell i 

24.7 

0.6 

25.3 

Nephropsls 

steujart l 

~ 
-

2.0 

2.0 

Total 

26.8 

99.1 

94.7 

38.7 

259.3 

Depth wise dis tr ibut ion of penaeid 
shrimps: Based on the analysis of data of 
crustacean landings of Mangalore fisheries 
harbour from the time of introduction of 
trawlers till date, depth wise distribution of 
shrimp resources along the Karnataka coast 
can be made. As per the exploitation pattern, 
the distinct zones that can be identified are 
the near shore water zone up to 50m depth, 
50 to 150 m depth zone and the depth zone of 
150 m and above. In the first zone, single day 
and multi day units are in operation and 
multi day trawlers mainly in the second zone 
In the third zone the trawling operation is 
up to 500 meter depth zone, which is at 
present exploited by large multiday trawlers 
of more than 56 feet OAL, equipped with 
facilities for deep sea operation. 

The major reason for the extension of 
activity was tha t the income from the 

conventional trawling operat ion is not 
adequate to meet the increase in operation 
cost. During first year of operation the 
result of deep sea trawling was encouraging 
and more and more fishermen modifying 
their trawlers to equip for deep sea trawling 
started operations. According to recent 
trend the deep sea trawlers from Mangalore 
are landing their catch in fishing harbours 
in Kerala, as the rate for the deep sea 
c rus taceans are more and competitive. 
Another reason is that most of the of deep 
sea trawlers are operating in the ground 
south off Mangalore and off Kerala coast and 
they are finding the harbours in Kerala 
nea re r to land the i r ca tch in fresh 
condition. 

Prepared by : A.P. Dineshbabu., B. Sreedhara and 
Y.Muniyappa. Mangalore Research Centre of 
CMFRI, Mangalore 

975 Is the deep sea prawn fishery of Kerala sustainable? 

The enterprising small and medium 
shrimp trawler operators of Kerala ventured 
into deep sea fishing for the first time in 
November 1999 defying the longheld concept 
that deep sea prawn resources could be 
harvested only by means of large trawlers. 
This endeavour proved successful with the 
realisation of 25,647 t of deep sea prawns in 
the first fishing season lasting between 
November '99 and May 2000. The catch/hr 
of trawling was estimated as 53 kg against 
6 kg of coastal species obtained for the 
Inshore prawn fishery during the same 
period. A detailed account of the fishery and 

biology of deep sea prawns of the period 
November '99 - March 2000 was given by 
Rajan et al [(Mar. Fish. Infor. Seru.T&E Ser., 
168.2001). 

The deep sea prawn fishery in the second 
season of exploitation (2000-'01) was closely 
monitored to study the Impact of trawling on 
this resource and the presen t 
communication gives the result of this study. 
Fu ture prospec ts of th is Important 
commercial fishery along Kerala coast with 
possible management measures are 
discussed. 
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TABLES. The C r u s t a c e a n r e s o u r c e s l anded (in tonnes . ) by the mu l t i day t rawl u n i t s d u r i n g 2000 
at Mangalore fisheries harbour. 

Month 

April 
May 
November 
December 

Total 

Uni t s / 

Species 
g 

105 
130 
220 

463 

Solenocera 

s p p . 

25.9 
9.5 

21.5 

-
56.9 

Arts (ens 

s p p . 

0.9 

64.3 

30.3 
34.6 

130.1 

Hetemcarpus 

.spp. 

-
25.3 
8.6 
3.5 

37.4 

P a i a p e n a e u s 

s p p . 

-
-

9.6 

-
9.6 

Peurulns 

sewell l 

-

24.7 
0.6 

25.3 

Nephrop.sls 

stewartl 

-
2.0 

2.0 

Total 

26.8 

99.1 

94.7 
38.7 

259.3 

Depth wise dis t r ibut ion of penaeid 
shrimps: Based on the analysis of data of 
crustacean landings of Mangalore fisheries 
harbour from the time of introduction of 
trawlers till date, depth wise distribution of 
shrimp resources along the Karnataka coast 
can be made. As per the exploitation pattern, 
the distinct zones that can be identified are 
the near shore water zone up to 50m depth, 
50 to 150 m depth zone and the depth zone of 
150 m and above. In the first zone, single day 
and multi day units are in operation and 
multi day trawlers mainly in the second zone 
In the third zone the trawling operation is 
up to 500 meter depth zone, which is at 
present exploited by large multiday trawlers 
of more than 56 feet OAL, equipped with 
facilities for deep sea operation. 

The major reason for the extension of 
activity was tha t the income from the 

conventional trawling operation is not 
adequate to meet the increase in operation 
cost. During first year of operation the 
result of deep sea trawling was encouraging 
and more and more fishermen modifying 
their trawlers to equip for deep sea trawling 
started operat ions. According to recent 
trend the deep sea trawlers from Mangalore 
are landing their catch in fishing harbours 
in Kerala, as the rate for the deep sea 
crus taceans are more and competitive. 
Another reason Is that most of the of deep 
sea trawlers are operating in the ground 
south off Mangalore and off Kerala coast and 
they are finding the harbours in Kerala 
nea re r to land the i r ca tch in fresh 
condition. 
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Y.Muniyappa. Mangalore Research Centre of 
CMFRI, Mangalore 
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the first fishing season lasting between 
November '99 and May 2000. The catch/hr 
of trawling was estimated as 53 kg against 
6 kg of coastal species obtained for the 
Inshore prawn fishery during the same 
period. A detailed account of the fishery and 

biology of deep sea prawns of the period 
November '99 - March 2000 was given by 
Rajan etal. [(Mar. Fish. Infor. Seru.T&E Ser., 
168, 2001). 

The deep sea prawn fishery in the second 
season of exploitation (2000-'01) was closely 
monitored to study the Impact of trawling on 
this resource and the present 
communication gives the result of this study. 
Fu tu re p rospec t s of th is Important 
commercial fishery along Kerala coast with 
possible management measu re s are 
discussed. 



Though trawling operations were mainly 
concentrated in the 'Quilon Bank', some of 
the trawlers based at Munambam and Kochi 
fisheries harbour carried out targeted fishing 
for the prime prawn species Aristeus alcoki 
(Red Ring) in deeper waters beyond 400 
meters off Kanyakumari in the south and 
Beypore In the north. Some medium sized 
trawlers based at Mangalore shifted the base 
of operations to Kochi and concentrated on 
fishing for high priced 'Red ring'. In the last 
fishing season, one fishing trip generally 
lasted for 2 to 3 days whereas , in the 
following season (2000-2001) the fishing 
vessels stayed over 5 to 6 days per trip, 
mainly due to poor returns. 

Trawling operations commenced early in 
September, 2000 at Kochi, Munambam and 
Sakthikulangara-Neendakara. Because of 
the presence of juvenile prawns in large 
numbers in the fishery and consequent fall 
In prices, the industry voluntarily declared 
a ban on fishing in September and October. 
Regular operations commenced in November 
and continued upto March 2001 only. Deep 
sea prawn landings at Munambam, Kochi and 
Sak th iku langara -Neendakara together 
accounted for almost the entire fishery in 
Kerala. The landings at these centres 
accounted for 10,042 t, the catch/hr being 
31 kg/hr of trawling (Table 1). 64.4% of the 
fishery was contributed by Sakthikulangara-
Neendakara followed by 25.8% by Munambam 
and 9.8% by Kochi. M. andamanensis (33.60%) 
was the dominant constituent of the fishery 
followed by H. woodmasoni (25.46%), A.alcoki 
(15.33%), H. gibbosus (14.46%) and P. 
spinipes (9.15%). Other species such as P. 
martia, P.Jerryi, P. investigatoris and P. hextia 
were caught in small quantities. 

Data on size composition, sex ratio and 
breeding popula t ion of the dominant 
constituents were collected from all centres 
and the pooled data are presented here. 
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Monthwise, species-wise and sex-wise data 
on size range, dominant size, sex ratio and 
breeding stock are presented in Table 2. 
Major depa r tu re s in the biological 
characteristics from the previous season 
(1999-2000) are as follows. 

H. woodmasoni : 51 to 130 mm size 
classes supported the fishery, whereas in the 
previous season sizes below 71 mm were 
totally absent. Size classes below 91 mm 
contributed to 19% of the overall fishery in 
this season, whereas in the previous season 
this group supported' only 2%. Percentage 
contribution of berried females in the total 
landings dechned from 79.3 in 1999-2000 to 
56.5 in this season. 

H. gibbosus : The fishery was supported 
by 51-150 mm size classes in 2000-'01 
season against 91-140 in the previous 
season. Juveniles below 100 mm in total 
length supported 9% of the fishery against 
5% in the previous season. However, berried 
prawns were observed more in number in 
2000-'01 season. 

P. spinipes : Size range of this species 
in the fishery during 2000-'01 season was 71-
125 mm and sizes were almost similar in both 
seasons except a slight domination of Juvenile 
population (3%) in 2000- '01. Percentage 
contribution of berried prawns in the fishery 
declined from 73 in 1999-2000 to 57 in the 
present season. 

M. andamanensis : 66-135 mm sizes were 
represented in the fishery in 2000-'01 against 
71-lOOmm sizes in the previous season. 
Prawns below 91 mm contributed to 48% of the 
fishery in 2000-'01, whereas in 1999-2000 
season this size group formed only 26%. 

A. alcoki : The fishery was generally 
dominated by higher size groups between 
131-175 mm in females against 126-150 mm 
in the previous year. Males above 100 mm 
were common in the catch in 2000- '01. 



Spawners formed 71% in 2000-'01 against 
58.3% in the previous season. 

Deep sea prawn fishery in Kerala during 
2000-'01 widely differed from the previous 
season (1999-2000) in catch, effort, catch 
rate, species composition and biological 
characteristics of component species. The 
overall catch in 2000-'01 heavily dechned by 
15,605 t, over the previous season, the 
shortfall being 61%. The catch declined in 
all the fishing centres and the centrewise 
decline was 26% at Munambam, 77% at Kochi 
and 64% at Sakthikulangara-Neendakara. 
The overall catch/hr of trawling decreased 
drastically to 31 kg in 2000-'01 against 53 
kg In the previous season, the percentage 
decline being 42. The catch rate also went 
down by 57% at Munambam, 61% at Kochi 
and 28% at Sakthikulangara. As the fishing 
days per trip was more during 2000-'01, the 
catch per boat tr ip showed a slight 
improvement of 13% over the previous season 
which is in the expected lines. 

The overall fishing effort in terms of 
trawHng hours in 2000-*01 declined by 33%. 
The centre wise decline was 41% at Kochi, 
49% at S a k t h i k u l a n g a r a - N e e n d a k a r a . 
However, at Munambam the effort improved 
by 73%. Fishing operations in 1999-2000 
extended upto May whereas, in the following 
season the activit ies ceased by March 
because of fall in prawn catch. 

The catch of all deep sea prawn species 
declined in 2000- '01 season , with the 
shortfall more pronounced in pandalld 
prawns. H. woodmasoni landings declined by 
73%. P. spinipes by 86% and H.gibbosus by 
66%. In penaeid prawns the decline was only 
marginal and catch of M. andamanensis and 
M. alcocfci declined by 3 and 10% respectively. 
Targetted fishing for the prime species of A. 
alcoki in deeper waters off Kanyakumarl has 
yielded good returns for trawlers based at 
Munambam. 
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Species composition of deep sea prawn 
fishery in 2000-'01 showed wide fluctuations 
in comparison with the previous season 
(Flg.l). Pandalid prawns contributed to 78% 
of the deep sea prawn fishery In 1999-2000, 
major contr ibutors being H.woodmasoni 
(37%), P. spinipes (26%) and H. gibbosus 
(15%). The contribution of pandahd prawns 
in 2000- '01 declined to 49%. Both 
H.woodmasoni (25%) and P. spinipes (9%) 
registered heavy decline in the percentage 
cont r ibut ion whereas , the share of 
H. gibbosis remained almost the same in 
both seasons (14%). Penaeid prawn 
M.andamanensis contributed to 34% of the 
fishery in 2000-"0I against 14% in the 
previous season. The share of A.alcoki 
improved by 9% in the present season mainly 
•due to operation of some of the boats in 
deeper grounds beyond 400m off 
Kanyakumarl and Beypore targeting for 
larger varieties of deep sea prawns. 

Species * 

Flg.l Specieswlse percentage contribution of 
deep sea prawns fishery of Kerala during 
1999-2000 

Pandalld prawn fishery in 1999-2000 
was mostly supported by adult prawns. But in 
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the following fishing season of 2000-'01, 
juveniles were present in good numbers and 
they formed 19% of the fishery in 
H.woodmasoni, 9% in H.gihbosus and 24% in 
P. spinipes. Percentage contr ibut ion of 
berried prawns declined by 22.8% in H. 
woodmasoni and 15.6% in P. spinipes. In the 
case of penaeid prawn M. andamanensis 
juveniles formed 48% of the fishery. 

While discussing the future prospects 
of deep sea prawn fishery along Kerala coast 
it is predicted that the catch rate are likely 
to decline in the ensuing season due to the 
virgin nature of the fishing ground and the 
biological limitations, such as slow growth 
rate, low fecundity and long life span of deep 
sea prawns. 

Drastic reduction in the overall catch 
and catch rate in the deep sea prawn 
fishery of 2000-01 season, heavy decline in 
the con t r ibu t ion of panda l id p rawns , 
abundance of juveniles in pandalid as well 
as penaeid prawn catch and decline in the 

percentage composition of berried prawns, 
concretely point out that the deep sea prawn 
stock is facing over exploitation in the 
second year of the fishery itself. The fishing 
pressure is to be drastically reduced by 
minimis ing the n u m b e r of t rawlers 
opera ted for deep sea prawn fishery. 
Attempts should be made to explore new 
trawling grounds beyond the intensively 
exploited 'Quilon Bank'. Availability of the 
prime species , A.alcoki in fairly large 
quantities for a few vessels in deeper waters 
off Kanyakumar i and Beypore is an 
encouraging trend in this direction. 

Deep sea prawns are easily susceptible 
to spoilage. Except hard shelled Heterocarpus 
species, all other prawns were landed in 
partially spoiled condition after long fishing 
trips. Post harvest technology should be 
upgraded for on board preservation of the deep 
sea prawns to maximize the profit to this 
industry which is facing a crisis due to 
depletion of the stock. 

TABLE 1. Details of deep sea prawn fishery along Kerala coast during 1999-2000, 2000-2001 

Particulars 

No. of Ixiat tr ips 

Trawling hrs . 

Deep sea prawn catch [t] 

Catch/ lxia t trip (kg) 

Ca t ch /h r (kg) 

Specleswise catch (t) 

Heterocarpus woodmnsarii 

H. gUjtjosus 

Plesionika spin ipes 

P. martia 

Arisleus alcukl 

Metapenneus (uuiiinifmerisis 

Penaeopsisjerryi 

Ptwipeniieus iiiuestiyoiiirui 

Soleruxera liextii 

Nov. '99-

Mar. '00 

2949 

60090 

3 4 8 3 

1181 

5 8 

1193 (34.3%) 

5 0 5 (14.5%) 

1131 (32.5%) 

14 (0.4%) 

164 (4.7%) 

450 (12.9) 

23 (0.6%) 

3 (0.1%) 

Munambain 

S e p . 2 0 0 0 -

Mar. '01 

2 3 3 7 

104187 

2 5 9 1 

1109 

2 5 

4 3 8 (10.9%) 

289 (11.2%) 

5 5 0 (21.2%) 

8 (0.3%) 

309 (14.2%) 

709 (29.7%) 

160 (6.2%) 

8 (0.3%) 

KochI fisheries harbour Sakthlkulani>.ini 

N o v . 1 9 9 9 -

Mar. 00 

3051 

6 9 9 9 5 

4348 

1191 

62 

1582 (36.4%) 

779 (17.9%) 

974 (22.4%) 

1(0 

037 (14.7%) 

289 (0.6%) 

14 (0.3%) 

72 (1.7%) 

.Sep . 2 0 0 0 

IVlar. '01 

1004 

41311 

982 

9 2 3 

24 

171 (17.4%) 

258 (20.3%) 

98(10 .0%) 

4 (0.4%) 

234 (23.8%) 

198 (20.29%) 

19 (1.9%) 

N o v . 1 9 9 9 -

M a r . ' 0 0 

28434 

357102 

17816 

027 

50 

0000 (37.4 1%) 

2.547 14.30%) 

4539 (25.48%) 

02 (0.35%) 

910 (5.11%) 

2739 (15.37%) 

251 (1.41%) 

102 (0.57%) 

.Sep. 2 0 0 0 

Mar. 01 

9112 

181091 

6409 

710 

36 

1948 (30.11%) 

905(13.99%) 

2 7 1 (4.19%) 

936 (14.4%) 

2407 (37.21%) 

2 (0.03%) 

• Total 

1999-2000 2000-'01 

35034 

4 8 7 1 9 3 

25647 

732 

53 

9441 (30.81%) 

3831 (14.94%) 

6044 (25.9 1%) 

77 (0.30;%) 

1711 (0.07H)) 

3478 (13.50%) 

288 (1.12%) 

177 (0.09%) 

12513 

32U589 

10042 

803 

31 

2557 (25.40%) 

1452 (14.46%) 

919 (9.15%) 

12 (0.12%) 

1539 (15.33%) 

3374 (33.G0"/<,) 

179(1.78%) 

8(0.(18%) 

2 (0.02%) 

No tnwUnf In October 2000 
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TABLE 2. Biological characteristics of deep sea prawns 

Male Female Sex ratio (%) 

Heterocarpus woodmasonl 

Sep. 2000 
Nov. 2000 
Dec. 2000 
J a n . 2 0 0 1 
Feb. 2001 
Mar. 2001 

Total 

Heterocarpus gihbosus 

Sep. 2000 
Nov. 2000 
Dec. 2000 
Jan. 2001 
Feb. 2001 
Mar. 2001 

Total 

Plesioi\ikasplnlpes 

Sep. 2000 
Nov. 2000 
Dec. 2000 
Jan. 2001 
Feb. 2001 
Mar. 2001 
Total 

S i z e 

r a n g e 

(mm) 

6 6 - 1 2 5 
7 6 - 1 2 0 
5 1 - 1 2 5 
6 6 - 1 2 0 
8 1 - 1 2 5 
6 6 - 1 3 0 

51 -130 

9 1 - 1 2 5 
7 6 - 1 2 5 
9 1 - 1 3 0 
8 1 - 1 5 0 
9 1 - 1 3 0 
5 1 - 1 3 0 

5 1 - 1 5 0 

7 6 - 1 1 0 
8 1 - 1 1 0 
7 1 - 1 1 0 

7 1 - 1 1 5 
7 1 - 1 1 5 
7 1 - 1 1 5 
7 1 - 1 1 5 

Metapenaeopsis andumanensis 

Sep. 2000 
Nov. 2000 
Dec. 2000 
Jan. 2001 
Feb. 2001 
Mar. 2001 
Total 

AristeusfiicoM 

Dec. 2000 
Jan. 2001 
Feb.2001 
Mar. 2001 

Total 

6 6 - 1 0 5 
7 6 - 1 1 5 
71 -130 
76 -130 
6 6 - 1 2 5 
76 -125 
6 6 - 1 3 0 

81 -115 
8 1 - 1 0 5 
8 1 - 1 0 0 
76 -115 

76 -115 

D o m i n a n t 

s i z e 

(mm) 

106-120 
9 6 - 1 1 5 
9 6 - 1 2 0 
9 1 - 1 1 0 

101-120 
101-120 

9 6 - 1 2 0 

106-120 
9 6 - 1 1 5 

106-120 
101-125 
106-125 
101-125 

9 6 - 1 2 5 

9 1 - 1 0 5 
101-110 
8 1 - 1 0 5 
9 1 - 1 0 5 
8 6 - 1 0 5 
8 1 - 1 0 5 
8 1 - 1 1 0 

8 1 - 9 0 
9 1 - 1 1 0 

7 6 - 9 5 
8 6 - 1 0 5 
8 1 - 1 0 0 
8 1 - 1 0 0 
7 6 - 1 0 5 

8 6 - 1 1 0 
9 1 - 1 0 0 

9 1 - 9 5 
8 6 - 1 1 0 

8 6 - 1 1 0 

S i z e 

r a n g e 

(mm) 

6 6 - 1 2 0 
6 6 - 1 2 0 
56 -125 
76 -125 
76 -125 
66 -130 

56 -130 

101-135 
81 -140 
91 -140 
76 -140 
91 -145 
56 -130 

56-145 

81 -115 
91 -115 
81 -120 
8 1 - 1 1 5 
8 1 - 1 2 0 
71 -125 
71 -125 

71 -115 
8 1 - 1 3 5 
71 -130 
76 -130 
6 6 - 1 3 0 
76 -130 
66 -135 

106-190 
116-180 
126-185 
116-190 

106-190 

D o m i n a n t 

s i z e 

(mm) 

106-120 
9 6 - 1 1 5 
66-80 & 101-105 
106-120 
101-115 
106-125 

9 6 - 1 2 0 

116-130 
101-125 
106-125 
106-135 
111-130 
106-130 

101-135 

3 6 - 1 1 0 
9 6 - 1 0 5 
9 6 - 1 1 0 
9 1 - 1 0 5 
9 1 - 1 1 0 
8 6 - 1 1 5 
8 6 - 1 1 5 

8 1 - 9 5 
8 6 - 1 0 5 
7 6 - 1 0 0 
9 1 - 1 2 0 
8 1 - 1 0 5 
8 1 - 1 0 0 
7 6 - 1 2 0 

131-160 
151-170 
146-170 
141-175 

131-175 

M a l e 

5 3 . 9 
50 .4 
48.1 
2 7 . 5 
57 .8 
4 9 . 5 

50 .2 

6 2 . 5 
4 4 . 6 
54 .4 
4 7 . 0 
47 .1 
3 8 . 3 

4 6 . 6 

48 .2 
4 6 . 7 
4 5 . 8 
4 2 . 9 
3 5 . 8 
43 .2 
4 2 . 6 

4 0 . 6 
,36.8 
4 5 . 6 
3 9 . 7 
4 4 . 0 
4 1 . 7 
43.1 

13.3 
11.5 
16.3 
10.8 

12.5 

F e m a l e 

46.1 
49 .6 
51 .9 
72 .5 
42 .2 
50 .5 

49 .8 

37 .8 
55 .4 
45 .6 
53 .0 
52 .9 

671 .7 

53 .4 

51 .8 
53 .3 
54.2 
57.1 
64 .2 
56 .8 
57 .4 

59.4 
63 .2 
54 .4 
6 0 . 3 
56 .0 
58 .3 
36 .9 

86 .6 
88 .5 
83 .7 
89 .2 

87 .5 

B e r r i e d 

f e m a l e s 

(%) 

73 .4 
42 .4 
3 3 . 7 
51 .7 
79 .6 
61 .9 

56 .5 

17.6 
19.4 
25 .0 
43 .7 
76 .9 
77 .3 

58 .0 

56 .8 
3 1 . 3 
57.1 
77 .6 
7 3 . 6 
28 .5 
47 .7 

-

1.3 
3 .3 
4 .9 
1.0 
2.5 

72 .4 
8 7 . 0 
66 .7 
65 .7 

71.1 

976 

Prepared by : G. Nandakumar, K.N. Rajan and K. Chellappan, Central Marine Fisheries 
Research Institute, Cochin 

Expedmentfil productioxi of half pearls from tropical 
abalone Haliotis varia (LitinO at Mandapam 

Abalones are one among the few molluscs 
known for producing gem quality pearls and 
highly priced meat. The nacre of abalone shell 
is often multihued in tunes of silver, orange, 
pink, green, blue and lavender. The abalone 
pearls are superior to pearls produced from 

freshwater mussels and comparable to best 
marine pearls. History of abalone pearls dates 
back to 5000 BC. The first recorded reference 
occurs In one of the Japanese oldest historical 
writing, the Kojiki. (ca 800 AD). Production of 
pearls from cul tured abalones is of recent 
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TABLE 2. Biological characteristics of deep sea prawns 

Male Female Sex ratio {%) 

Heterocarpus woodmasoni 

Sep. 2000 
Nov. 2 0 0 0 
Dec. 2000 
J a n . 2 0 0 1 
Feb. 2001 
Mar. 2001 

Total 

Heterocarpus gitihosus 

Sep. 2000 
Nov. 2000 
Dec. 2000 
J a n . 2 0 0 1 
Feb. 2001 
Mar. 2001 

Total 

Plcstoriflca splnlpes 

Sep. 2000 
Nov. 2000 
Dec. 2000 
Jan. 2001 
Feb. 2001 
Mar. 2001 
Total 

S i z e 

r a n g e 

(mm) 

6 6 - 1 2 5 
7 6 - 1 2 0 
5 1 - 1 2 5 
6 6 - 1 2 0 
8 1 - 1 2 5 
6 6 - 1 3 0 

5 1 - 1 3 0 

9 1 - 1 2 5 
7 6 - 1 2 5 
9 1 - 1 3 0 
8 1 - 1 5 0 
9 1 - 1 3 0 
5 1 - 1 3 0 

5 1 - 1 5 0 

7 6 - 1 1 0 
8 1 - 1 1 0 
7 1 - 1 1 0 
7 1 - 1 1 5 
7 1 - 1 1 5 
7 1 - 1 1 5 
7 1 - 1 1 5 

Metapenaeopsis andamcmensis 

Sep. 2000 
Nov. 2000 
Dec. 2000 
Jan. 2001 
Feb. 2001 
Mar. 2001 
Total 

AristeusMlcokl 

Dec. 2000 
Jan. 2001 
Feb.2001 
Mar. 2001 

Total 

6 6 - 1 0 5 
76 -115 
7 1 - 1 3 0 
76 -130 
6 6 - 1 2 5 
7 6 - 1 2 5 
6 6 - 1 3 0 

8 1 - 1 1 5 
8 1 - 1 0 5 
8 1 - 1 0 0 
76 -115 

7 6 - 1 1 5 

D o m i n a n t 

s i z e 

(mm) 

106-120 
9 6 - 1 1 5 
9 6 - 1 2 0 
9 1 - 1 1 0 

101-120 
101-120 

9 6 - 1 2 0 

106-120 
9 6 - 1 1 5 

106-120 
101-125 
106-125 
101-125 

9 6 - 1 2 5 

9 1 - 1 0 5 
101-110 
8 1 - 1 0 5 
9 1 - 1 0 5 
8 6 - 1 0 5 
8 1 - 1 0 5 
8 1 - 1 1 0 

8 1 - 9 0 
9 1 - 1 1 0 

7 6 - 9 5 
8 6 - 1 0 5 
8 1 - 1 0 0 
8 1 - 1 0 0 
7 6 - 1 0 5 

8 6 - 1 1 0 
9 1 - 1 0 0 

9 1 - 9 5 
8 6 - 1 1 0 

8 6 - 1 1 0 

S i z e 

r a n g e 

(mm) 

66 -120 
66 -120 
56 -125 
7 6 - 1 2 5 
76-125 
66 -130 

5 6 - 1 3 0 

101-135 
81 -140 
9 1 - 1 4 0 
76-140 
91 -145 
5 6 - 1 3 0 

56-145 

81 -115 
9 1 - 1 1 5 
8 1 - 1 2 0 
8 1 - 1 1 5 
8 1 - 1 2 0 
71 -125 
71 -125 

71 -115 
8 1 - 1 3 5 
71 -130 
7 6 - 1 3 0 
6 6 - 1 3 0 
7 6 - 1 3 0 
6 6 - 1 3 5 

106-190 
116-180 
126-185 
116-190 

106-190 

D o m i n a n t 

s i z e 

(mm) 

106-120 
9 6 - 1 1 5 
66-80 & 101-105 
106-120 
101-115 
106-125 

9 6 - 1 2 0 

116-130 
101-125 
106-125 
106-135 
111-130 
106-130 

101-135 

•96-110 
9 6 - 1 0 5 
9 6 - 1 1 0 
9 1 - 1 0 5 
9 1 - 1 1 0 
8 6 - 1 1 5 
8 6 - 1 1 5 

8 1 - 9 5 
8 6 - 1 0 5 
76 -100 
9 1 - 1 2 0 
8 1 - 1 0 5 
8 1 - 1 0 0 
7 6 - 1 2 0 

131-160 
151-170 
146-170 
141-175 

131-175 

M a l e 

53 .9 
50 .4 
48 .1 
27 .5 
57 .8 
49 .5 

50 .2 

62 .5 
44 .6 
54 .4 
4 7 . 0 
47.1 
3 8 . 3 

4 6 . 6 

48 .2 
4 6 . 7 
4 5 . 8 
4 2 . 9 
3 5 . 8 
43 .2 
4 2 . 6 

4 0 . 6 
.36.8 
4 5 . 6 
3 9 . 7 
44 .0 
4 1 . 7 
43.1 

13.3 
U . 5 
16.3 
10.8 

12.5 

F e m a l e 

46.1 
49 .6 
51 .9 
72 .5 
42 .2 
50 .5 

4 9 . 8 

37 .8 
55 .4 
45 .6 
53 .0 
52 .9 

671 .7 

53 .4 

51 ,8 
53 ,3 
54 .2 
57,1 
64 .2 
56 .8 
57 .4 

59,4 
63 .2 
54 ,4 
6 0 . 3 
56 ,0 
58 .3 
^6,9 

86 ,6 
88 ,5 
83 .7 
89 .2 

87 .5 

B e r r i e d 

f e m a l e s 

(%) 

73.4 
42 .4 
33 .7 
51 .7 
79 .6 
61 .9 

56 .5 

17.6 
19,4 
2 5 , 0 
43 .7 
76,9 
7 7 , 3 

58 ,0 

56 ,8 
3 1 , 3 
57.1 
77 .6 
7 3 . 6 
2 8 . 5 
47 .7 

-

1.3 
3 ,3 
4 ,9 
1,0 
2 ,5 

72 ,4 
87 ,0 
66 ,7 
65 ,7 

71.1 

976 

Prepared by : G. Nandakiimar, K.N. Rajan and K. Chellappan, Central Marine Fisheries 
Research Institute, Cochin 

E:8:perixnent&l production of half peairU from tropical 
abalone Haliotis varia (Linn.) at Mandapam 

Abalones are one among the few molluscs 
known for producing gem quality pearls and 
highly priced meat. The nacre of abalone shell 
is often multihued in tunes of silver, orange, 
pink, green, blue and lavender. The abalone 
pearls are superior to pearls produced from 

freshwater mussels and comparable to best 
marine pearls. History of abalone pearls dates 
back to 5000 BC. The first recorded reference 
occurs in one of the Japanese oldest historical 
writing, the Kojiki. (ca 800 AD). Production of 
pearls from cul tured abalones is of recent 



origin. The French scient is t Louis Boutan 
carried out pioneering work on abalone pearl 
production in 1897. He successfully produced 
semi-spherical pearls from abalones. Later, 
several workers refined his technology and 
in mid 1 9 5 0 s , Dr. Kan Uno w a s very 
successful in growing hemispherical pearls 
in several abalone species. But a t tempts to 
p r o d u c e free p e a r l did n o t give any 
encourag ing r e s u l t s . Now, aba lone pear l 
farms producing blister pearls are existing in 
various countries. 

Half pearl production : CMFRI achieved 
initial success in the half pearl production 
from abalones during 1998-'99 at its regional 
c en t r e , M a n d a p a m . Ea r l i e r a t t e m p t s to 
produce pearls in abalone by fixing a nucleus 
on the inner side of the shell of the animal 
was not successful due to dislodgment of the 
nucleus by powerful foot movement of the 
a n i m a l . D u e to s u s t a i n e d effor ts a 
comprehensive method was developed and 
pearl production became a reality. 

Abalones of good heal th, without any 
physical injury and unaffected by borers are 
segregated from the na tura l collection and 
maintained in the laboratory with seaweed Ulva 
sp. as feed. The abalones are taken out from 
the tank and air dried for 10 minutes prior to 
nucleus fixing process. This enables the easy 
retrieval of the foot muscle for drilling at the 
appropriate site. 

Drilling is done on the inner side of the 
shell, by pushing the mantle to the maximum 
possible extent, using an electrically operated 
hand drill with a fine drill bit (3 mm). Extreme 
care should be taken to avoid any sort of 
physical Injury to the animal. Drilling is done 
in one swift action and the drilled abalones are 
returned to a recovery tank containing well 
aerated seawater immediately after drilling. 
This enables the abalones to recover from the 
drilling shock as well as getting rid of the drill 
dust. 
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After half an hour, the drilled abalones are 
taken out from the recovery tank, their mantle 
is pushed aside with the aid of a sterile scalpel's 
blunt end and the inner shell is wiped with 
co t ton . The commerc ia l g r ade adhes ive 
Anabond is used as a fixative. A drop of the glue 
is placed in the hole and spread on the edges of 
the drill hole, immediately followed by placing 
a shell bead (used for marine pearl culture) of 
required size (4 mm) with fine tweezers and 
gentle pressure is applied on the nucleus till 
the adhesive is completely dried. The animal 
is returned to FRP tank with running seawater 
and aeration. 

Active a b a l o n e s hav ing n u c l e u s are 
collected on subsequent day and stocked in 
conventional box type cages kni t ted with 
appropriate size mesh and suspended into sea 
from the rack. Feeding is done at bi-weekly 
intervals by placing seaweed Ulva sp. inside the 
cage. Monthly observation is done to check the 
nacre coating, mortality etc. At the end of first 
month, slight nacre coating could be observed 
over the nucleus. The stocked abalones are 
harvested on 4th month when the nucleus has 
thick and uniform nacre coating. About 40% of 
the abalones had good nacre coating in the 
experiments. 

Drilling on the inner side of the abalone shell 

Prepared by : A.C.C.Vlctor, Boby Ignatius and I. 
Jagadis, Regional Centre of CM.F.R.I. 
Mandapam Camp. 
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977 0nu$ual occurrence ojf oil sardine along TTchila and Ullal beach 
on 21st and 28th July 2000 

In an unusua l instance, live oil sardine 
in very good numbers were handpicked from 
the b e a c h a t Uchi la a n d Ullal , n e a r 
Someshwara 20 km south of Mangalore. The 
beach at Someshwara is very steep and the sea 
is very rough especially during the monsoon 
months. Shore seines are not operated here 
due to unsuitable fishing conditions. However, 
boat seines fish in the inshore waters and land 
their catch either at Mangalore fishing harbour 
or Panambur port. During July this year shoals 
of oil sardine were noticed very close to the 
beach (2 to 5 km from the shore) and a number 
of boat seines started fishing them at depths 
ranging from 10 to 18 m. But on the 21st July, 
live oil sardines were observed to be carried 
away by the s t rong waves to the beach at 
Uchila. A similar phenomenon was observed at 
Ullal beach on the 28th of July. The oil sardines 
e s t ima ted to be a r o u n d 5 .000 kg were 
handpicked in large numbers from the beach 
between 8 and 11 a.m., at both the places after 
which the numbers gradually declined. 

It is for the first time that live oil sardines 
in such large numbers were brought ashore 
along the Kanara coast. The probable reason 
for the above p h e n o m e n o n w a s t h a t t h e 
seawater was contaminated and the fishes in 
a bid to move away from the contaminated water 
were forced to jump ashore. A tem of scientists 
from Mangalore research centre of CMFRI 
visited Uchilla and Ullal and collected fish and 
water samples for further analysis. 

The water samples were tested for Oxygen 
and nutrient content. Water samples were also 
collected from nearby places and the results were 
compared. The results indicated that ox/gen in 
the water sample collected on the 28th at Ullal 
was very low at 3.7 mg/I as compared to 6.8 mg/ 
I at other centres. The water sample collected 
from Ullal beach on the 29th had a normal oxygen 
content of 6.8 mg/I. The silicate (10.18-14.42 mg-

at/1) and phosphate (1.27-2.32 mg-at/1) levels 
were found to be normal. The low oxygen level in 
the water indicates that upwelling must have 
occured in that area. During upwelling, the 
oxygen deficient waters from the deeper areas 
are pushed up to the surface and the fishes are 
forced to move up along with it. In the northern 
hemisphere during monsoon season, the water 
current is at right angles to the west coast and 
the water coming up from the deeper layers are 
pushed up towards the shore. The phenomenon 
observed at Uchila and Ullal is an upwelling 
process occurring on the west coast. During 
upwelling the fishes inhabiting above the oxygen 
deficient layer are forced up and then due to the 
existing current pattern they are pushed towards 
the shore. After a couple of hours due to intense 
wave action the oxygen level In the water is 
replenished and the fishes are able to move lower 
down and away from the shore. As shore seines 
are not operated along Uchila beach the fishes 
brought up by the upwelling process were pushed 
towards the beach by the waves. 

The fish samples collected from Uchila were 
ana lysed for the i r i m p o r t a n t biological 
characteristics. The oil sardines had a total 
length ranging from 130 to 185 mm with a mode 
at 145 mm. Immature fishes (stage I and II) 
comprised 82% and the rest comprised of fishes 
in partially spent and fully spent stages of gonad 
development. The matur i ty conditions were 
comparable with that of the fish samples collected 
from the ranibale at Panambur port (15 km north 
of Mangalore) and at Mangalore fishing harbour. 

A similar pheneomenon of about half an hour 
was observed at Padukere near Malpe (65 km 
north of Mangalore) on the 19th of August, where 
about eOOKgs. of oil sardine was washed ashore. 

Reported by : Prathibha Rohit, C. Muthiah, B. 
Sridhara and G.S. Bhat. Mangalore RC of CMFRI, 
Mangalore 
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978 On a whale shark, Rhincodon typus Smith, landed at Dakti 
Dahanu and Gungwada, Thane^ Maharashtra 

On 21s t December 1999, a wha le s h a r k 
Rhincodon typus Smith (Male) got entangled in 
a nylon gill net (locally called wagrajal) at about 
0400 hrs., at a depth of 40M. was landed at Dakti 
Dahanu & Gangwada. It was alive but subse­
quently died at about 0800 hrs . on the same 
day. The shark towed to the shore was laying 
for three days as there was no demand for the 
flesh and fins. The various body measurements 
taken were as follows. 

Total length 
Standard length 
Head length 
Gii-th of body (maxiraum) 
Width of mouth 
Vertical height on first donsal fin 
Second dorsal fin 
Anal fin 
Lengtli of caudal fln along upper maigln 
Snout to origin of 
First dorsal fin 
Second dorsalfln 
Pectoral fin 
Pelvic fin 
Anal fin 
Inter space between 
First and second dorsal 
Anal and caudal 
Pectoral and pelvic origin 
Pelvic and anal origin 
Other body measurements 
Length of pectoral fln along outer origin 
Length of pelvic fln along outer margin 
Length of second dorsal 
Length of first dorsal 
Length of clasper 
Approximate weight (Tonnes) 

625cra 
490 " 
150 " 
210 " 

73 " 
58 " 
17 " 
15 " 

180 " 

269 • 
411 • 
115 " 

351cm 
417 " 

73 " 
58 " 

170 " 
48 " 

115 • 
55 " 
43 " 
92 • 
33 " 
1.8 " 

Whale sha rk landed a t Dalttl Dahanu 

The local f ishmerchant bought the fish for 
Rs.6,000/-. It was cut into pieces after 3 days 
of landing, liver and skin were removed. The 
liver weighed 96 kg and yielded 25 litres of qual­
ity oil. The flesh was buried in the soil 

Reported by : S.K. Kamble and U.H. Rane, 
Dahanu Field Centre of CMFRI, Dahanu 

979 Conservation of marine turtles and shrimp exports 

Marine turtles are a group of harmless 
reptiles inhabi t ing every ocean bas in , the 
distribution of some species ranging from 
Arctic Circle to Tasmania. The seven speceis 
of sea t u r l e s r e p r e s e n t i n g two famil ies , 
Chelonidae and Dermochelyldae, are the only 
living members of a large and diverse marine 
r ad i a t i on of C r y p t o d i r a n t u r t l e s wh ich 
originated from early Eocene to Pleistocene 
period. Sea turtes surpasses all other living 
vertebrates in longevity, some of them living 
for more than 150 years. In the wild, they 
exhibit slow growth and take long periods (15 
to 50 yea r s or more) to a t t a in matur i ty , 
depending on the species and geographical 
area. 

The mos t s t r ik ing fea tu re of mar ine 
turtles is their sterotypic nesting behaviour. 
Year after year they visit selected beaches in 
all parts of the world to lay their eggs. This mass 
n e s t i n g b e h a v i o u r is p e r h a p s a survival 
mechanism to overcome the effect of predation 
and other adverse environmental conditions. 
However, this nesting behaviour has become 
the weakest aspect in the life cycle of turtles 
as man, the most powerful predator, enters the 
p i c t u r e . Adul t t u r t l e s a r e c a u g h t a n d 
slaughtered by the coastal population all over 
the world, apart from extensive poaching of the 
eggs and invasion of nesting beaches. This 
i n d i s c r i m i n a t e exp lo i t a t ion and h a b i t a t 
d e s t r u c t i o n h a s t h i n n e d down t h e tu r l e 
population to such a level that if allowed to 
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977 Unusual occurrence of oil s^diue along Uchila and UUal beach 
on 21 St and 28th July 2000 

In an unusual instance, live oil sardine 
in very good numbers were handpicked from 
the b e a c h a t Uchi la a n d Ullal , n e a r 
Someshwara 20 km south of Mangalore. The 
beach at Someshwara is very steep and the sea 
is very rough especially during the monsoon 
months. Shore seines are not operated here 
due to unsuitable fishing conditions. However, 
boat seines fish in the inshore waters and land 
their catch either at Mangalore fishing harbour 
or Panambur port. During July this year shoals 
of oil sardine were noticed very close to the 
beach (2 to 5 km from the shore) and a number 
of boat seines started fishing them at depths 
ranging from 10 to 18 m. But on the 21st July, 
live oil sardines were observed to be carried 
away by the strong waves to the beach at 
Uchila. A similar phenomenon was observed at 
Ullal beach on the 28th of July. The oil sardines 
e s t ima ted to be a r o u n d 5 ,000 kg were 
handpicked in large numbers from the beach 
between 8 and 11 a.m., at both the places after 
which the numbers gradually declined. 

It is for the first time that live oil sardines 
in such large numbers were brought ashore 
along the Kanara coast. The probable reason 
for the above p h e n o m e n o n was t h a t t he 
seawater was contaminated and the fishes in 
a bid to move away from the contaminated water 
were forced to jump ashore. A tern of scientists 
from Mangalore research centre of CMFRI 
visited Uchilla and Ullal and collected fish and 
water samples for further analysis. 

The water samples were tested for Oxygen 
and nutrient content. Water samples were also 
collected from nearby places and the results were 
compared. The results indicated that oxygen in 
the water sample collected on the 28th at Ullal 
was very low at 3.7 mg/I as compared to 6.8 mg/ 
I at other centres. The water sample collected 
from Ullal beach on the 29th had a normal ojqî gen 
content of 6.8 mg/I. The silicate (10.18-14.42 mg-

at/1) and phosphate {1.27-2.32 mg-at/1) levels 
were found to be normal. The low oxygen level in 
the water Indicates that upwelling must have 
occured in that area. During upwelling, the 
oxygen deficient waters from the deeper areas 
are pushed up to the surface and the fishes are 
forced to move up along v r̂ith it. In the northern 
hemisphere during monsoon season, the water 
current is at right angles to the west coast and 
the water coming up from the deeper layers are 
pushed up towards the shore. The phenomenon 
observed at Uchila and Ullal is an upwelling 
process occurring on the west coast. During 
upwelling the fishes inhabiting above the oxygen 
deficient layer are forced up and then due to the 
existing current pattern they are pushed towards 
the shore. After a couple of hours due to intense 
wave action the oxygen level in the water Is 
replenished and the fishes are able to move lower 
down and away from the shore. As shore seines 
are not operated along Uchila beach the fishes 
brought up by the upwelling process were pushed 
towards the beach by the waves. 

The fish samples collected from Uchila were 
ana lysed for the i r i m p o r t a n t biological 
characteristics. The oil sardines had a total 
length ranging from ISO to 185 mm with a mode 
at 145 mm. Immature fishes (stage I and II) 
comprised 82% and the rest comprised of fishes 
in partially spent and fully spent stages of gonad 
development. The matur i ty conditions were 
comparable with that of the fish samples collected 
from the ranibale at Panambur port (15 km north 
of Mangalore) and at Mangalore fishing harbour. 

A similar pheneomenon of about half an hour 
was observed at Padukere near Malpe (65 km 
north of Mangalore) on the 19th of August, where 
about 600Kgs. of oil sardine was washed ashore. 

Reported by : Prathibha Rohit. C. Muthiah, B. 
Sridhara and G.S. Bhat. Mangalore RC of CMFRI, 
Mangalore 
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978 On a whale sharls, Rhincodon typus Smith, landed at Dakti 
Dahanu and Gungwada, Thane ̂  Maharashtra 

On 21s t December 1999, a whale s h a r k 
Rhincodon typus Smith (Male) got entangled in 
a nylon gill net (locally called wagrajal] at about 
0400 hrs., at a depth of 40M. was landed at Dakti 
Dahanu & Gangwada. It was alive but "subse­
quently died at about 0800 hrs . on the same 
day. The shark towed to the shore was laying 
for three days as there was no demand for the 
flesh and fins. The various body measurements 
taken were as follows. 

Whale sha rk landed at Dakti Dahanu 

Total length - 625cm 
Standard length - 490 " 
Head length - 150 " 
Girth of body (maximum) - 210 " 
Width of mouth - 73 " 
Vertical height on first donsal fin - 58 " 
Second dorsal fin - 17 " 
Anal tin - 15 " 
Lengdiofcaudal fin along upper margin - 180 " 
Snout to origin of 
First dorsal fin - 269 " 
Second dorsalfln - 411 " 
Pectoral fin - 115 " 
Pelvic fin - 351cm 
Analfln - 417 " 
Inter space between 
First and second dorsal - 73 " 
Anal and caudal - 58 " 
Pectoral and pelvic origin - 170 " 
Pelvic and anal origin - 48 " 
Other body measurements 
Length ofpectoral fin along outer origin - 115 " 
Length of pelvic fin along outer margin - 55 " 
Length of second dorsal - 43 " 
Length of first dorsal - 92 " 
Length of clasper - 33 " 
Approximate weight (Tonnes) - 1.8 " 

The local fishmerchant bought the fish for 
Rs.6,000/-. It was cut into pieces after 3 days 
of landing, liver and skin were removed. The 
liver weighed 96 kg and yielded 25 litres of qual­
ity oil. The flesh was buried in the soil 

Reported by : S.K. Kamble and U.H. Rane, 
Dahanu Field Centre of CMFRI, Dahanu 

979 Conservation of marine turtles and shrimp exports 

Marine turtles are a group of harmless 
reptiles inhabi t ing every ocean basin , the 
distr ibution of some species ranging from 
Arctic Circle to Tasmania. The seven speceis 
of sea t u r l e s r e p r e s e n t i n g two famil ies , 
Chelonldae and Dermochelyidae, are the only 
living members of a large and diverse marine 
r a d i a t i o n of C r y p t o d i r a n t u r t l e s wh ich 
originated from early Eocene to Pleistocene 
period. Sea turtes surpasses all other living 
vertebrates in longevity, some of them living 
for more than 150 years. In the wild, they 
exhibit slow growth and take long periods {15 
to 50 yea r s or more) to a t t a in matur i ty , 
depending on the species and geographical 
area. 

The mos t s t r ik ing fea tu re of mar ine 
turtles is their sterotypic nesting behaviour. 
Year after year they visit selected beaches in 
all parts of the world to lay their eggs. This mass 
n e s t i n g b e h a v i o u r is p e r h a p s a survival 
mechanism to overcome the effect of predation 
and other adverse environmental conditions. 
However, this nesting behaviour has become 
the weakest aspect in the life cycle of turtles 
as man, the most powerful predator, enters the 
p i c t u r e . Adul t t u r t l e s a re c a u g h t a n d 
slaughtered by the coastal population all over 
the world, apart from extensive poaching of the 
eggs and invasion of nest ing beaches. This 
i n d i s c r i m i n a t e exp lo i t a t ion and h a b i t a t 
d e s t r u c t i o n h a s t h i n n e d down the tu r l e 
population to such a level that if allowed to 
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TABLE. 1 lUCN s t a t u s of t he seven s p e c i e s of m a r i n e t u r t l e s a n d the i r ava i lab i l i ty in f ishing 

a r e a s (FAO) in I n d i a n O c e a n 

SI. 
No. 

I. 

2. 
3. 

4. 

5. 

6. 

7. 

Cominon name 

Loggeiiiood 

Green 
Hawksbill 

Kemp's ridley 

Olive ridley 

Leatherback 

Flatback 

Scientific name 

Caretta caretta 

Chela nla raydas 
Eretraochelys Imbrlcata 

Lepldochelys kempU 

Lepldochelys ollvacea 

Dermcchelys coriacea 

Natator depressus 

lUCN status ' 

EN 

EN 
CR 

CR 

EN 

EN 
V 

Available areas In 
Indian Ocean 

51 and 57 

51 and 57 
51 and 57 

Not present 

51 and 57 

51 and 57 

57* 

• Only along the coast of Australia 
EN - Endangered, CR - Critically Endangered, V - Vulnerable 

Source : 'lUCN/SSC Marine Turtle Specialist Croup, »FAO (1990) 

continue, the sea turtles would be pushed to 
the verge of ex t inc t ion . F o r t u n a t e l y the 
international Union for Conservation of Nature 
and Natural Resources (lUCN) has classified all 
the seven spec ie s of t h e sea t u r t l e s as 
thereatened or endangered (Table-1). Quoted in 
the Red Da ta Book, the i r commerce is 
prohibited in those countries that have signed 
the Convention on In te rna t iona l Trade in 
Endangered Species (CITES). All the five 
species of marine turtles available in Indian 
waters are placed in Schedule 1 of the Indian 
Wildlife (Protection) Act 1972. 

Development of TED : While efforts are 
taken all over the world for conservation of the 
nesting population by protecting beaches and 
other measures , incidental cap ture of sea 
turtles in the fishing nets, especially shrimp 
trawls became a threat to the turtle population. 
Instead of swimming away from an approaching 
net, turtles try to outswim the trawl bu t get 
caught once they tire. Therefore, efforts were 
directed towards development of by-catch 
reduction devices. The US nat ional Marine 
Fisheries Services developed Turtle Excluder 
Devices (TEDs) for u s e by commerc i a l 
fishermen. TEDs are panels of large mesh 
webbing or metal grids inserted as barriers into 
the cod end of the funnel - shaped shrimp 
trawls. As the trawls are dragged along the 
bottom, shrimps and other small animals pass 
through the TED and into the cod end at the 
end of the trawlnet while sea turtles, sharks, 

and fish too large to get through the panel are 
deDected out. In the US, TED was reported to 
reduce by catch by upto 97 per cent. In the 
absence of TED, sea turles become trapped in 
the net for as long as it is towed underwater 
and sometimes drown or undergo physiological 
changes tha t resu l t in death . Prior to the 
required used of TEDs in the US, tens of 
t h o u s a n d s of sea tur t les were drowned In 
shrimp nets every year. 

Different designs of TED were developed 
in the US and used in large shrimp trawlers in 
Gulf of Mexico and South Atlantic from eighties. 
Although shrimp fishermen feared TEDs would 
cost the shrimping industry millions of dollars 
in equ ipmen t and lost ca tch , TEDs were 
successfully implemented In the United States 
and elsewhere. TEDs were reported to reduce 
fuel costs by excluding non-shrimp species that 
often outweigh shr imps by ten to one and 
provide a better quality catch (the shrimps are 
not crushed by other species). 

US Embargo on Shrimp Export : In early 
n ine t i e s when the US s h r i m p f i shermen 
complained of shrimp losses and increasing 
cost of operation due to TEDs, the Congress 
enacted an embargo programme. The intention 
of this embargo was obviously to perpetuate the 
comparative disadvantage globally in order to 
'level the playing ground'. However, the global 
application of the embargo became effective 
only after the o rder of the US Cour t of 
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TABLE. 2 Import of shrimp (all types) In thousand tonnes into the US from different 
countries during 1990-1999. 

COUNTRY 
Thailand 
Ecuador 
Mexico 
India 
Indonesia 
China 
Rep. of Panama 
Bangladesli 
Brazil 
others 
Total 

isgo 
25 
38 
19 
14 
9 ' 
57 
5 
7 
4 
44 
222 

1991 
45 
49 
17 
18 
12 
35 
6 
5 
4 
48 
239 

1992 
54 
55 
14 
18 
14 
49 
6 
8 
6 
40 
264 

1993 
67 
49 
20 
19 
13 
31 
6 
10 
4 
44 
263 

1994 
81 
48 
23 
23 
11 
23 
7 
9 
5 
47 
277 

1995 
78 
52 
33 
18 
5 
15 
9 
0 
2 
61 
273 

1996 
73 
44 
31 
19 
10 
8 
9 
9 
I 
60 
264 

1997 
73 
64 
34 
20 
13 
13 
11 
10 
0 
56 
294 

1998 
92 
65 
35 
20 
15 
7 
10 
6 
1 
55 
306 

1999 
115 
50 
35 
20 
16 
9 
8 
9 

70 
332 

In ternat ional Trade prohibi t ing import of 
shrimp and shrimp products into the United 
States, harvested by "citizens or vessels or 
nations not certified under public law 101-162". 
The effort of National Fisheries Institute, USA 
to challenge the verdict, became futile and the 
embargo came into effect on 1 May 1996. 

More than 50 odd countries exporting 
shrimp to the US were left with somewhat 'do 
or die' option with regard to the adoption of 
TED. About th ree l akh t onnes of sh r imp 
consumed in the US were imported, mainly 
from Ecuador, India, Indonesia, Thailand, 
Mexico and other countries (Table-II). Marine 
turltes were under serious threat in all these 
nations. India's stake was very high because 
the US was the second largest buyer of Indian 
shrimps accounting for nearly 18 percent of 
i ts sh r imp expor t s (Table-Il l) . After the 
embargo, while most of the countries geared 
up to implement TED programmes, the US 
officials "certified" those nat ions with only 
artisanal fisheries or having comparable TED 
r e g u l a t o r y p r o g r a m m e . T h o u g h a n i m a l 
protection groups in the US exerted pressure 
for a total ban on shrimp import, an extra 
ordinary legal appeal and a subsequent order 

by the court exempted aquaculture products 
from the ban. Another legal appeal resulted in 
a r u l i n g , wh ich clar i f ied t h a t s h r i m p 
harvested with gear that did not harm sea 
turtle should not be banned. Thus according 
to Richard E Gutting Jr. , the embargo of US$ 1 
billion was reduced to less than 20 million. 
Ironically, shrimp from "non-certified" nations 
caught by mechanised trawlers is banned 
even if they are fitted with TEDs. This means 
t h a t there is no incentive for voluntar i ly 
adopting conservation measures. 

WTO Ruling : The US government ' s 
requirement for the use of TEDs became one 
of the most bitterly fought regulations in the 
history, of fisheries management.Mexico and 
13 other Central and South American nations 
took the lead, mainly because under a 1989 law 
the US Department of State banned the import 
of s h r i m p s from any coun t ry not taking 
adequate measures to conserve sea turtles in 
commercial shrimp fisheries. Following the US 
embargo of 1996, in 1997 four Asian countries 
- Thailand, India, Malaysia and Pakistan -
challenged the US decision to ban shrimp 
impor t s from c o u n t r i e s wi th i n a d e q u a t e 
mar ine turt le conservation measures . The 

TABLE.3 Value (in lakh rupees) realized from major markets for frozen shrimp from India 
during the period 1992-1999. 

Country 

Japan 
USA 
European Union 
others 
Total 
Total QuanUty (t) 

1992 

61995 
12150 
18447 
13439 
106031 
71237 

1993 

86382 
16885 
25232 
25173 
153672 
83720 

1994 

150269 
39299 
45660 
16930 
252158 
105395 

1995 

1440S3 
28134 
46306 
15271 
233764 
92851 

1996 

165359 
34416 
45503 
17913 
263191 
103427 

1997 

206491 
46534 
29394 
28534 
310953 
106297 

1998 

221264 
45684 
30484 
40408 
337840 
101112 

1999 

19331 
54067 
45916 
37924 
336238 
103070 
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nations took the case to a WTO dispute panel, 
which interprets WTO rules. The Appellate 
Body of WTO gave a ruling against the US 
Embargo on shrimp imports. 

Leading environmental organizations 
condemned the WTO ruling. While the WTO has 
the power to suspend free trade rules for 
conservation reasons, the panel allegedly 
ignored the relevant International 
conservation agreement including the General 
Agreement on Tariffs and Trade (GATT) and 
ruled that the US ban was illegal. After an 
appeal by the US, the WTO finally acknowledged 
the potential of such a trade restriction to 
protect the environment. However, It still 
judged the US action to be illegal, rulling in 
favour of free trade. The Worldwide Fund for 
nature (WWF) believed that the WTO is failing 
to fulfil the mandate contained in the preamble 
of its own charter. In a subsequent paper, the 
WWF demanded that the WTO integrate 
environmental concerns and sustainable 
development issues into any future trade 
agreement and promote t rade that is 
environmentally responsible and that 
encourages sustainable development. 

Many have not fully understood why the 
WTO ruled against the US measure for 
protecting an endangered species and have 
failed to recognise the importance of the 
Appellate Body's ruling in the so-called 
shrimp/turtle case. The ruhng recognised that 
under WTO rules governments have every 
right to protect human, animal or plant life 
and health and to take measures to conserve 
exhaustible resources. GATT's Article XX 
allows governments to take "measures 
necessary to protect human, animal or plant 
life or health" (Art. XX (b)) and "measures 
related to the conservation of na tura l 
resources" (Art. XX (g)). The opening part of 
Article XX says that any environmental action 
must be applied without arbi t rary or 
unjstifiable discrimination and must not 
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const i tu te a disguised restr ict ion on 
international trade. In other words if a 
government wants to take action to improve 
its environment or protect natural resources, 
such measures must be applied equally to 
domestic and foreign products without 
discrimination. 

The US lost the case because It 
discriminated. It provided countries in the 
Western hemisphere mainly in the Caribbean, 
technical and financial assistance and longer 
transition periods for their fishermen to start 
using TEDs. It did not give the same 
advantages, to the four Southeast Asian 
countries (India, Malaysia, Pakistan and 
Thailand) that filed the complaint with the 
WTO. This was a violation of the most-favoured 
nation principle - treating one's trading 
partners equally. 

Implementing TED in India : Large-
scale mortalities (as high as 50.000 in the 
past five years), of Olive Ridleys by drowning 
in trawl nets on Orissa coast have been 
reported by Operation Kachhapa*. A 
preliminary survey conducted earlier had 
shown that trawlers operating along the upper 
East Coast encounter on an average 2-10 
turtles per year In their net and morality are 
very rare. Data on incidental capture and 
drowning of turtles elsewhere in the Indian 
waters are lacking. However, incidential 
capture of turltes in the trawl nets are likely 
elsewhere also but certainly not in such 
magnitude as Orissa coast, where world's 
second largest rookery for Olive Ridley Is 
located. 

Efforts to implement TED programme in 
India had not yielded satisfactory results even 
as the shrimp exports from the country to the 
US goes with mandatory certificate that no 
turtle has been harmed in the process of Its 
capture. MPEDA has taken enough steps to 
popularize TEDs by distributing it freely to the 
fishermen all along the coast. The state 
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departments of fisheries, forest and wild Ufe 
p ro tec t ion agenc ies a re a lso involved in 
organizing workshops and demons t ra t ion 
programmes. However, there seems to be very 
little response from the fishing community. 

Experimental trawling with TED in Indian 
waers has demonstrated its effectiveness in 
excluding turtles from entering the cod end of 
the net. However, loss of valuable fish catch 
has been reported by all. Trails with a Georgia 
super shooter TED, conducted by CIFNET 
recorded up to 43 percent loss in catch through 
the e s c a p e m e n t c h u t e . The o p e r a t i o n a l 
economics of shrimp trawlers in India depend 
both on the shrimp and fish catch. In the 
larger vessels, the proceedings from the sale 
of fish catch are given as incentive for the 
crew. In s u c h c a s e s t h e crew would be 
reluctant to at tach TED to their net and loose 
part of their incentive. Thus the resistance 
of fishermen in adopting TED could easily be 
understood. 

Enforcement of TED or any regulation 
has i ts l imi ta t ion s ince it is p rac t i ca l ly 
Impossible to monitor its compliance by the 
fishermen at the sea. Moreover, the top down 
aproach in imposing conservation measures 
has its drawback and cannot be sustained. 
Any such measures without the active co­
operation of the stakeholders at lower s t ra ta 
would no t yie ld t h e a n t i c i p a t e d 
results.Therefore, the most important aspect 
is educating and involving the crew of the 
fishing vessels, apar t from the owners and 
m a n a g e r s of t h e v e s s e l , in t h e TED 
Implemenatat ion p rogrammes . Even some 
incentive packages to their co-operation and 
in compensa t ion of loss of the incent ive 
foregone may be thought of in the initial 
stage. 
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Another factor to be taken care in TED 
implementation programme Is the spatial and 
t empora l a spec t of enforcement . Having 
identif ied the a r ea and s e a s o n s of m a s s 
nes t ing , special m e a s u r e s to protect the 
nesting population by declaring closed areas 
and season with suitable patrol has to be 
planned and Implemented. While voluntary 
adoption of TED by fishermen is likely to take 
some more time, its use in the identified 
period and areas mus t be implemented on 
priority basis. The co-operation of Indian Navy 
and Coast Guard are to be used for th is 
p u r p o s e . In t h e long r u n , t h e s a t e l l i t e 
t r a c k i n g , r e m o t e s e n s i n g a n d o t h e r 
t e c h n o l o g i e s c o u p l e d wi th m o d e r n 
communication systems, could be used for 
developing an early warning system, which 
could be implemented in the ' responsible 
fishing' framework. Conservation measures 
on the nesting beaches have to be evolved 
involving the local f ishing communi t i e s . 
Participatory approaches for management of 
natura l resources are the best way to achieve 
sustainable exploitation and management of 
r e s o u r c e s . E d u c a t i n g t h e c o a s t a l 
communi t ies and empowering them are a 
p re requ i s i t e for acheving s u c c e s s in any 
participatory approach in conservation and 
management of natural resources. 

* Operation Kachhapa is collaboratiue ejfort 
between the state government (Orissa Forest 
Department), and NGOs (Wildlife Protectilon 
Society ojlndia. New Delhi and Wildlife Society 
of Orissa, Cuttack) which aims to protect sea 
turtles through enforcement, monitoring and 
creating awareness) 

Prepared by : M. Rajagopalan and K. Vijaya 
Kumaran, Central Marine Fisheries Research 
Institute, Kochi. 
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vHd'ilflltin aft? l̂eTEPS JlPler: ^5TeRT%^ afk 

ddUci ^ ? t ^ qqtcnroftjr JTReff ^ fcff̂ fScIT v5TH^ % teP? 

f f ^ % -^FW ^ ?̂aJcT ̂  Hl^idi-i f ^ I elc|U|dl ^Jeflt 

^ 3 % o a k ^ ^ 3 2 % o aft I ^5en^^e1c)u|dl cf5tc(5Tft 

^ ^5RTif TiFRfT s r r f ^ aft I vicMlĉ H ^^R y j ^ % 0.65 f^ 
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^ 1 : H\<\^i A 1981-2001 «̂  ̂ t?H ^^ ^ ^^M55 î FTSf Ĵ  

3Ti# ̂  frpi^ #7^T3# q r f c R ^ sTonR aftrftql^ ^ ^ 

QdiFkchHH\\rhH'=i^ •^w^^^^'!^^\i^<^^^ 3 T R F R ^ 5 R ^ 
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w.m.g.i., rrw^. <m^: 170,2001 

^ferf^?tJRTl I i)Pl<HI$g (^J|d(^ 1981-1991 # n 9 9 1 -

2001 % ^?Rl5Rf%4l^% 5 I # f ^ « F T ^ f ? R T f ^ l # 

?T? !̂5IT SfTcTT I f^ ff^ mU«lc{H ftR^ 5̂ ?Rr T̂pfr 

1991-2001 ^ |37T «(T I ?̂T?PWT 1989-90 sftr ^HTT^ 

1999-2000 arnf^ % ST3T ^ [̂?RT 3TRR U^MH aftT 

wm wm % I -^k^ ar̂ cRW % ^ % 1989-1999 afiT 

1999-2000 cl^ % ^f^n^ 3TPTFff % tpp? 5 1 ^ ^ ^oHT 
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TFTT I ^ 1989-90 % ̂ UH sfNTcT TrPH- # ufcT W^ 
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cT̂  

1989/1990 

1999/2000 

arcR 

aTRPT 

30086 

33995 

3909 

HctliH 

327851 

1021658 

693807 

tfcp^r 

18916 

18014 

-902 

l ^ c T 

Mcbcb ^ 

5#9T?IcTT 

62.87 

52.99 

-9.88 

6 | | Rc|^i< 

l^eb* 

11170 

15981 

4811 

37.13 

47.01 

9.88 

!?frrn?̂  

Hrt<iJH 

10.90 

30.05 

19.15 
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3 te^3w tMfMn 

5 ^3T5T 5 f ^ H 

6 ^ 3 r a HIHI^IH 

9 giRiQPiaTH cTfliM. 

10 «lt̂ HlRi<i w M 

1989-90aft7 1999-2000 ^ ^3111^ 

1989/90 1999/2000 q^JS if ST̂TTT 

148.4 
(19.14%) 

8.5 
(0.34%) 

329.1 
(42.45%) 

270.5 
(34.89%) 

14.7 
(1.90%) 

4 
(0.52%) 

u 

0 

0 

0 

775.2 

295.5 
(15.41%) 

6.6 
(0.43%) 

464.6 
(24.23%) 

218.5 
(11.39%) 

10.6 
(0.55%) 

4.6 
(0.24%) 

7.3 
(0.38%) 

4.1 
(0.21%) 

491.8 
(25.61%) 

414.5 
(21.61%) 

1917.8 

147.1 

-1.9 

135.5 

-52.0 

-4.1 

-0.6 

7.3 

4.1 

491.8 

414.5 

1142.6 
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nit 

aite 
^ 
T̂̂ rar 

Rti«i< 

^ 

[ ^ - 3 : HT 

snfrf 
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463 

' 1 ^ - ! ' Hilowctii q i 

WM-lRf̂ l 
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64.3 

30.3 

34.6 

130.1 

.̂TlRillcbliJH 

3Trfrrqt 

-
25.3 

8.6 

3.5 

37.4 

4KlAPl3RT 

9.6 

9.6 

4<iPl« 

24.7 

0.6 

25.3 

2.0 

2.0 

26.8 

99.1 

94.7 

38.7 

259.3 



W- P'l'^l'H'H %W?T 120-140 ft-7^^% HlclnlRf'tl 

3TFPrT^70-100fir'frsrraftT80-90ftrifl- 3TFirrr% 

;T^3Tftr5p^l is^fccT^^TT^at^crrpjiaff I 8 0 ^ 

3itT3Tftnpiiy<^^c?fsnf %Heiir^J|rf l o o m ^ ^ a r f t i ^ 

g^g^%s^3fk^T^dcT^%#^?^3T^T#T^sfr I 
f^T^ ^ ylrf f¥ irr % fercr 100-120/- ?j qr I ?jt^ 

Hip f cfJT i jc^ yfrf f ^ TTT % fenr 40-70 ^ % ^ ^ q i I 

^ ^ irm" fcp c .̂ ???̂ c=fT̂ 3TtIcTT̂  ̂  75% t '*fr 5irKT 

cn00 l [T t ' #3T f^ ' * rTT%?^ I 

3fiT90-120f^^ f c T e i 5 n | % ^ 3 T l ^ ^ ^ I ^ 

TFi f^ i^^ck i t loofirift (45 fir'fl'Tj^^eisnl) ^ ^ P ^ 
?fr I ^-TTRTa^^pTcT 14:86 2IT I 18%TRT^3i^c||^cj5 ?Jf 1 

P̂T?JT 1 Tjc^nfrrf^m 12-17^ an' I 

n.m.^.i., ff ? /^ . >w H : 170,2001 

3 T ^ I c T ^ S T ^ % f ^ ? c ^ % 3 T f ? I T T q T * H l r i * f f ? % ^ n T ^ 

f i frr%3T^^TTT50'ftcT^cj5tTT^ % P < ^ d ^ c ^ , 50-150 

'fr cT̂  % T ? ^ § ^ 3fh: 150 ^ft artr p # 3Tf^ iTFTif % 

4^f^T^TipiT5n"^HJi5^l I ;raTr§^#tjcixTtTcrci|f^crfik 
iT?P^Wy-t | lcHH^ldl |3 l tT^3Tf^rcl<4irgd§hr^| I 

3ftTf^i l^WPTTy-^MH%3T^gfeT^Ti^5Icr3TRW^ 

^TlftRTl I ^ k l t ^R^^aTHRy-cJldHSOOTfl-^T?^ 

^h ' cT^^ f iT r r ^k r t f^TOWan^ ir»ftT'H|JKyx|MH% 

^^J^•'M3TfT^R^3TtI^3T^^3^HN7cp|•#5fH^c{J5[%I^^ 

'HiJKyT)MH%fcrq"3TFt3n^ 1 a^R^Per^n^'wr |f% 
^f f^%TnfrrwR3iT^%w%TTrf^f^ t i^cn^^ 

»41J|C '̂( C ^ 3 T ^ % ^ ^ Tear 3ftT yfrI'MljD ?hft I I f^PPT 

3fkTT=pcpnq-^|f^3Tf^jcj5RT3TRr!if^yTjHH f^ifmcgr 

^ TTTT trq> 3TR3TTf ̂  ^fPT^aT^UFT %^, T^Tc^T^ Xf-̂ ft. 

975 cfe>3[cl ^ T T j ^ W H R # r n Hlfoi^chl <St ^ ? } H R ftsTicT 

'i^sff % ̂  3lk JTî jpT c » ^ f̂ FT^ 3TRFi=j5f ̂  q?c^ ^rr 

ipfrr-HHK HriM-i ^ ^ Wm fe^. 1999 H^HTT^ 2000 

^ l i c!^ ? l f ^ a?ITT TH^PR %PT Tf n M 25647 5^ 1 1 ^ WTT 

|SiTTf¥3'EnT=|5T'l-|i|5ci y R u i H l . f ^aT t r f ^^g f rT^ iTEp^ 

4t. 1999 H w t 2000 f^^^WarcifiT%ipfrr^^|JH ^i\\ % 

H\\k-H^ 3fiT;|fcl^%Rl<i^rl 541<l <MH 3 l̂tc; fiJKI fcJiJI JMI 

IC^.'TT.^. ^ (T̂PcT f̂ R<nT3THf5:, 168)2000-2001 ^ t rnT^ IRI^ 

HJ5T ŷ r̂rq" 3TFT# % ^ Tr*fk TTRT f f h r Tntr̂ arafl- ^ 

«2TFn3^ M § ^ ^ f^P^ f^RT^ yR"iH f ^ ^ w fW^ 

q^P^mysj'^'^^lij r r fW%OT2Tc^^M(r iy ia^| . 

3^I^|i| y-̂ MH arfejxr: "W ĵcttH %dti|J4 ̂ i*js!̂ %fsffT 

| . f ^ ^ J i - H < M ^ 3ffr<+>l̂ -tll Hlfci^-^^ yldl?nff%fC?3THmf 

% ̂ ?p5r fffiTT anfcT SilR^H 3 7 c ^ ? ^ ( f e f ^ ) ^ f c ^ ^ i F r 

# cj>q]fiT# 3flT 3TTT 1̂  t i j r # 400 T^ t # 5?n^ irg^of ^ 

ToPRfcpm. f^rS#HdM-i #[Fr^T^HK-MH 2-3 f^cI=P 

5nt ^ 5r^ f ¥ 3T^cnff ifl̂ TTT (2000-2001) Tf qcp5 c^ cp^t % 

=PR^ HrW-i 'firif ^ 5 ^ 6 f ^ ?[=?> 66<'\\ 'TST. 



cp^'Exft, Tj^TTSFT 3 f t T ^Tf^fcTf efTTTT - ^ : ^ ^ T T 

^ 3TPTFT tT'ETTeFT 2000 ft-Trf̂ TT % ̂ lt'*T ^f ?J^ 3̂TT. 

^iloK<ct)t i f HTft ^rarr -^ i%^TtT ^ffrff ^ jqftsTfrr 

3ftT f ^ tpe-FRT̂ TT Tje "̂ i f ^ f ^T^cft % ^TT^ 3 ^ 1 

^ 3Ti7 -̂3TTq" ftm^TT - 3T̂ cĴ 5TT H ^ f i f iTrpCR TT 

T t ^ ^ f ^ f^ZTT. flpT ^ S ( T i f f ^ F T f ^ q-meTT 

^ J ^ f ¥ ^ 5ft 2001 H H CT^ ̂  5TTft T?T, S-ll-T f ^ 

1999-2000 HoRR T^ f̂FT i f '̂̂ Tc^FT ^ F f ^ % 3T?r 

?FP 5TTft T^T an. •cT̂  2000-01 ^ i T ^ ÔTiTT f-ffiF 

TTTfoPT^ ^T #?cTTT ^miT 1999-2000 HrfoFiFfft 

T^W^ ^ cJrFTT % m«T TTFT f̂t - T i f f^iTT iFTT t . 

%Te-T ̂  ?̂FFJ" i T ^ ^mrFT f^ftiF H l f o R ^ ^f=5xft, 

TjTTRFT 3T̂ T ^Tf^fcff cfiTTT - H^^^TT ^ ^FcT ^cT 

q ^ 5 t . FT ̂ S'^* ^ H T ^ ' ^ gfrT ^ t 31 f ¥ iJT ^^^ 

% HT^i; 10042 ^-T m . H T f r ^ T ^ % 64.4% 

^lOd<$?flTTT - ^^ft^^TT ^T q f iKFT ?TT 3TtT TJ^F^FT 

3ftT ^fT?cft ^ 9FifT?T 25.8% 3TtT 9.8% W^^ 7FcT 

(33.60%) an 3TtT 3T̂ T ^FfrFTT T^r. ^^^mnf^ft 

(25.46%), W- ^ ^ ^ (15.33%), TTTJ. ftmrhm 

(14.146 %) 3TtT ^ft. ftcrf^m (9.15%) â ft. t/t. 

^ ^ f? f t iTTSTTarf i f yF<T ^xf at 

Km.^.i., ff ^ /^ . iW H : 170,2001 

^ ^ # ^ f ^ ^J^^T ^nfHirf % 3TT^TT f ^ ^ m , 

f^FT 3T-l[î TTrT ST̂ T ^5FFT T-f^^F 3TTf̂  ^T ^ R T 

T-fijf^rr f ^ ^ F 3TtT ^^f^TcT ^T^T ^Tflf tJT^Jrf f ^ ^ F 

^TFF f . 3F^TT f^rf^e-FF , g-î ?JT 3TT^TT, fĉ FT 

ST^^FT 3ftT gSFFT ^ F P T̂T i F i m i , SFfrFFT 3ftT 

f^FFFT ^T^T ^FT^ft-2 i f q-T-<|?T f¥^F t . f^TO^f 

TTIT-FT (1999-2000) % '̂tcT 3Tf^T§-FTf ^f ^ ^ f t i^ f t 

T^.^'^HIH14): HlfoW^n TRf 51-130 f^ ift 3TFfnT 

% ^ 3 T f ^ ^ 5 F r f ^ f % c ^ i f h E F T ^ 7 1 f i r i f t^^fFT 

cfsITt % ff f i t \i\<^^<A ^ ^ . 91 f^ifr^^pTT3TFfiF% 

f f f i t f ^ ift^FT # 19% ^ qlJIclH fV^F ̂ R f¥ f ^ l ^ 

'ft^FT^f¥3TFRT%ffR%c(cT2%)arT. fcT3FlcFT^^ 

3T5^qTf̂  f f f i t ! ^ ^^FTcTT ftT5c^ ifrfFT % 79.3% pT 

TftfFT ^ 56% ̂ IvT'ET^ ipft". 

W- PI^IHH : f̂ Mĉ  ift̂ FT ̂  TnfcfWt if 91-
140 FT n̂̂  % fffif 3TflFP ^ eft f ^ iftTFT if 51-150 fir 

fft % ffiif F̂TCm if 3Tf^ ^ . 100 fir ift ^FT cFF^ % 

f^^ftrf ^ 9% r̂tiKFT ffT ̂ ^̂ FT ^ fcrftr f̂cF aft eft 
f ^ c f iftTFT i f 15^ %cJcJT 5% aF. ftiT ^ 3T1W?^ |^ 

M ^ R̂̂ Sm 2000-01 % ifhRTT i f WU^ 3 T f ^ ^ ^ 

iFft. 

f̂ raTT 

HTFft - 1 : ^W ^ <f> 1999-2000 - 2000-2001 ^ Ttftr OTT7 5^11 m(rW=tft!()( ajkl 

^ I W ' 9 9 - toT-2000- ^Rcm-99- 1̂ ?HR: 2000- ; m T ' 9 9 - ^ 7 2 0 0 0 - 1999-2000 2000-01 

"TT '̂OO ^ ' 0 1 .TTtt'OO JlM'Ol HI^'00 tfTiJ'Ol 

Hrt<iH n̂̂ iroif cg\ ^m\ 

•MH\<i-\ lii 
Tiftr HFR sihr "TCH? (H=T) 

sfrT ittT 1tf)5 ( tor ) 

SfcT 5ft q tFS ( f e a r ) 

vrtlRl=ll< M*S(ZH) 

iiO*|4« 4SHiHl4l 
^i<l*|l|« Pl«l"l«« 

j ^ a i t i ^ r RMPIMH 

î ftfaftfttBr Triw 
ai]Rw« atHcbU't 

HilMH-HllflM vUl-^HIWW 

^ a ? W t e ^ 

MXIMHvUH ^HWlMldlW 

2 9 4 9 

60096 

3 4 8 3 

1181 

58 

1193 (34.3%) 

505 (14.5%) 

1131 (32.5%) 

14 (0.4%) 

164 (4.7%) 

450 (12,95) 

23 (0.6%) 

3 (0.1%) 

2 3 3 7 

104187 

2 5 9 1 

1109 

25 

438(16.9%) 

289 (11.2%) 

550(21.2%) 

8 (0.3%) 

369(14.2%) 

769 (29.7%) 

160 (0,2%) 

8 (0.3%) 

• S r o g ^ 2000 <ii\-im-{ ^ |OT 

3651 

69995 

4348 

1191 

62 

1582 (36.4%) 

779(17,9%) 

974 (22,4%) 

1 (-) 

637(14.7%) 

289 (6,6%) 

14 (0,3%) 

72 (1,7%) 

1064 

41311 

982 

923 

2 4 

171 (17.4%) 

258 (26.3%) 

9 8 (10.0%) 

4 (0.4%) 

234 (23.8%) 

198 (20.29%) 

19 (1.9%) 

-
-

28434 

357102 

17816 

6 2 7 

50 

6666 (37.41%) 

2547 14.30%) 

4539 (25.48%) 

62 (0.35%) 

9112 35034 

181091 487193 

6469 25647 

710 732 

36 53 

12513 

326589 

10042 

803 

31 

1948(30.11%) 9441 (36.81%) 2 5 5 7 ( 2 5 4 6 % ) 

905(13.99%) 3831 (14.94%) 

27J (4.19%) 6644 (25.91%) 

77 (0.30;%) 

910 ( 5 11%) 930 (14.4%) 1711 (6.07%) 

2739 (15.37%) 2407(37.21%) 3478(13.56%) 

251 (1.41%) 

• 

102 (0.57%) 

288(1.12%) 

2 (0.03%) 177 (0.69%) 

1452 (14:46%) 

919(9.15%) 

12 (0.12%) 

1539 (15.33%) 

3374 (33.60%) 

179(1.78%) 

8(0.08%) 

2 (0.02%) 



W.m.g.^., ^^fk.mt: 170,2001 

S^^MH j^HWl-i) 
ftl(t. 2000 
T? .2000 
fej. 2000 
31^.2001 
liT. 2001 

iitfaooi 
^5r 
iiiMn Pl^li^ 
ftltt. 2000 

^ . 2000 

fei. 2000 
STT. 2001 

"ST. 2001 

l i t 2001 

w 
'^sAi^i fhjPlw 
fM. 2000 

^i. 2000 

f^. 2000 
3H. 2001 

W(. 2001 

Hl^ 2001 

w 
HdlQH^HlliHH Mr^HlPHH ~ 
fet. 2000 
^ . 2000 

fef. 2000 
3R.2001 

iST. 2001 

RTsf 2001 

^ 
JilRfriff J/ri*?*? 

f^. 2000 

3H. 2001 

î T. 2001 

HI^ 2001 

1?1 

WT^ -

=17 

OlIcIiR 

^ 
(M) 

66-125 
76-120 
51-125 
66 -120 
81-125 
66-130 
51-130 

91-125 

76-125 

91-130 

81-150 

91 -130 

51-130 

51-150 

76-110 

81 -110 

71-110 

71-115 

71 -115 

71-115 

71-115 

66-105 

76-115 

71-130 

76-130 

66-125 

76-125 

66-130 

81-115 

81-105 

81-100 

76-115 

76-115 

Hl^ 
STtliTT 

(m) 
106-120 

96-115 
96-120 
91-110 

101-120 
101-120 

96-120 

106-120 

96-115 

106-120 

101-125 

106-125 

101-125 

96-125 

91-105 

101-110 

81-105 

91-105 

86-105 

81-105 

81-110 

81-90 

91-110 

76-95 

86-105 

81-100 

81-100 

76-105 

86-110 

91-100 

91-95 

86-110 

86-110 

• 2 : T'ftT ÎPTT 

an^R 
^ 

(M) 

66-120 
66-120 
56-125 
76-125 
76-125 
66-130 
56-130 

101-135 

81-140 

91-140 

76-140 

91-145 

56-130 

56-145 

81-115 

91-115 

81-120 

81-115 

81-120 

71-125 

71-125 

71-115 

81-135 

71-130 

76-130 

66-130 

76-130 

66-135 

106-190 

116-180 

126-185 

116-190 

106-190 

5iWf ^ ^ 3Tf*W*R 

WH 

SI?? 

smn 
{M) 

106-120 
96-115 
66-80 & 101-105 
106-120 
101-115 
106-125 
96-120 

116-130 

101-125 

106-125 

106-135 

111-130 

106-130 

101-135 

96-110 

96-105 

96-110 

91-105 

91-110 

86-115 

86-115 

81-95 

86-105 

76-100 

91-120 

81-105 

81-100 

76-120 

131-160 

151-170 

146-170 

141-175 

131-175 

HI 

ftrftmcTT 2000-2001 % ^"kPT 71-125 f̂  ^ft aft 3fk 

2000-2001 ^ f^^M # t 3% ^ wU*^ ^ TfhHTT i^ 

W<T f M ?PT 3TFfiTT WVm T̂RFT ̂ . 3T^^n?^ #fff 

^ yfrf̂ TWrlT 1999-2000 % 73 ^ fH ^ftWJ ^ 53 F̂ P̂T 

W' 3TP^WTf^RW. 66-135 f̂  ift 3TTEI5TT% fP" 2000-

2001 ?l5tHlfcW*1^n^tcTtf^n3c^#?TH#37i^I?{3:cR 

ff̂ t 71-100 fir itfr 3n?|iR% ̂  2000-2001 # Tnf^R^ ^ 91 

f̂  'ft % #fif ^ u]*[<iH 48% qr eft 1999-2000 # ffT 

3TFfJTT%|M^'4lJKH %qcT 26% STT. 

53.9 
50.4 
48.1 
27 .5 
57.8 
49.5 
50.2 

62 .5 

44.6 

54.4 

47 .0 

47.1 

38 .3 

46.6 

48 .2 

46 .7 
45 .8 

42 .9 

35 .8 

43.2 
42 .6 

40 .6 

36 .8 

45 .6 

39 .7 

44 .0 

41 .7 

43.1 

13.3 

11.5 

16.3 

10.8 

12.5 

JIRT 

46.1 
49 .6 
51.9 
72.5 
42.2 
50.5 
49 .8 

37.8 

55.4 

45 .6 

53.0 

52.9 

671 .7 

53.4 

51.8 

53.3 

54.2 

57.1 

64 .2 

56 .8 

57.4 

59.4 

63.2 

54.4 

60 .3 

56.0 

58 .3 

56.9 

86.6 

88 .5 

83.7 

89 ,2 

87 .5 

araciTWi 

73.4 
42 .4 
33.7 
51.7 
79.6 
61.9 
56,5 

17.6 

19.4 

25 ,0 

43.7 

76.9 

77.3 

58.0 

56.8 

31 .3 

57.1 

77.6 

73.6 

28.5 

47.7 

. 

1.3 

3 .3 

4,9 

1.0 

2.5 

72.4 
87.0 

66.7 

65 .7 

71.1 

IT. •3^d'*'Ul: ft^-'fte^^ 126-150 fir#3TFPlT% 

#Tf ^ gcT^ # f^ Tfl̂ FT # TTif̂ PÎ  Tf 131-175 fir i t % 

5rt3TTc|5TT% '̂j|Ty ,̂y t . 2000-2001 H^qq5^#100 firift 

% 3Wt 2000-2001 # 3H^VJH<+. 71% ^. 

%M # 2000-2001 # iHk^TFTTffkr HlfrW Î W(^, 

M^T^?TT3Tf # f^re^ Tpfm r̂ t ^PN^t f ^ ?Tr. 2000-2001 
Tft-ippT ^ fcT m^ 61% ^ ^ ^ \hw=i!>i 15605 3 ^ cfcji 
fiK^^. ^%^^qcp^Tf^i^f^^i4)nJ)aftT%5cnT 
'Efffcft f ^ y^FlT T ^ - *4HMH 26%, w t ^ 77% sfhr 



^iPH^d'JKI - Pi-^^-ll 64% 2000-2001 ̂  gfrT ̂  ^ fcT 

Hc»>^fi)yic^4l-HH%53f¥TIT%3TFtR)-qK"niiMCc^(q<nw< 

3l f^?t iFfr3f tT^T^H)?tyf^racTT42%sit . ^̂ T̂RFT, 

#csJt 3|tT ^Tf^rTfcWT ^ W^ ^ '*ft WW. 57%, 61% 

3ftT 28% cT^ ^PK ?t Tift. 2000-2001 % W ^ ^ f ^ 

HPH4H t '̂̂ 'H a#mi^%cb |<u | yf^ q|d qc^ftf^TftTPT 

^ ^?RT # 13 % ^ T?^ ^5t^ ^ OTfcT ft^ ^ • 

3TRnR^%3T^^TTT 2000-2001 TRffeT'^oPRMRT 

33%^^mt. ^s;^UMd^c^V-4)^41%3ftT^#(Tfc^ 

f̂t̂ ScfRr"Ff49%2jt. rmii^ HiJ|c^<Tfigpqj^73%(T^5rsJT#. 

craTf^'rnRj^^yT^73%cTcp=i^iT^. 1999-2000 TTTIOPFT 

^^T#r^|JK#IMird^ l '^q^pg 2000-2001 'fte^ 

73% ci?P ̂ ^ 3ltT ̂ . fkf^jm^^ T^. f^rwkmw^^T. 

86%3ftT66%rl^^^^3cftfe3Fft. ^f^l3nf^#ff^^^flcTiT 

^J3^ # ^ ^ 3frr 17̂ . Sil'^Hlf^H 3frr V . -37C^EM^ 

qcj5^sP^T:3%3ftTlO%H^cT^^PT?t Tn!5t?Jl'. IT^^nfcT 

^^eRT#rc |^^d< idKx) ( i i ^ rc ;^Nl ( f^ l ). 1999-2000 

# q r ^ T f c T ^ | M w ^ i t n ^ R 4 9 % ? t ^ ^ M T . ^ , !7^. 

^SWRM(25%) 3ftT <#. /^7^7W(9%) nfrT̂TcTcTT ^T^̂ KR ^ 

;̂RFr (14%) ^ . ^f^TSTT^ffkr ^ . a-ti-^HiP^w ̂  2000-

0i#^ik^Rfti3^Tfl^;nT%i4%%3^35%2rr. cjcfrrpr 

'ftTTT ^ ^.^^]<^ # ^^P^ ^ 9% ?[^ ^ ynfcT ̂  y ^ 

cpROT cFHT^qr^ aftr i t ^ f̂ ^ q ^ =J>T 400 ^ CT^ ^ 

ii?^#«ri:'n#=rT-iPi<i ^^iT ^Riir -^^lii *icx-m | . 

Lll^lPel^ #TT Hlt̂ -MciH 1999-2000 ^f ^ | M 

t q^trnt aft. c ^ i ^ 2000-01 % 3T ĉicff ' fhm ^ f¥^fk 

^ 19%, 17̂ . RMIHH'^ 9 % 3ftT c#. f^PmW^ 24 cT̂i? 

^ ^ IVKH fc[^ I arscUFf' i M cjft f̂fjsjT ^ . fsriwM 

^ 28.8% c i^ 3fk 15.6% ?râ  gvTT ?t TFft. ^3TT?^ f f R 

ipr. arp^mf^mr^ n r f r w ^ •^ 48% f^^fk ffW ^ . 

^ ^ a ^ % %5H ci3 ̂  inftr TiFTT #TT ^n f ^a^ % 

n.m.^.^., if ? / ^ . vW ^ : 170,2001 

c T c T ^ 3 T § W q ^ 3 l t T H ^ ^ J ^ ^ , f^< icMI^* l^d l3 lk 

iTiftr ^TFR ffkr'mfoJ'Tq^ «^ ̂  ^=1^ 3IIT q^P^ ^ 

Tpf 2000-2001 Tft^iT ̂  i t ^ ' ^ ' ' ^ ̂ ^ ^ qp^rfc^ f M 

fpTT qcp?- Tf i ^ ^ M ^ n̂ T̂cTT sflT 3feqT?^ # f f ^ 

y%?mcTr fir^FT ̂  trr^t TFft q5T:ft f^T^ ̂  ^H^ t f^ ^ 4 k 

qxTqefrrlNp^l^wl^'^'l H^ 3TRTq^ cTeT|̂  ft=f>Tc^%fcW 

^ f ^ qlcff TRf q ^ f fk r ^nfcr TT. sjc^i^) # q̂er̂ aRrr 

Jr#r ĤTfTT f M ^ ^dlRilUl^H 5|TfiTq5t5teq^ 

% l̂oFq^ % =n? 3^cm^ ̂ P^ qic^ # i t fsrnt ̂  5 # 15ft 

% q k ^ ?t qfe?̂ FT % fc^ ĵJTRrTtTR- y1tilPi=b1 ^ 3lk 

q t 3^iW ^ 3Tl̂ TqxTTr eTr*T qrqr STT ̂  1 

z' 

30 

&y 20 

IT 

-̂ i 
1 
•̂i 
J 

S1999-2000 
• 2000-01 

1=1-1 I -̂ 0-

I 
I-

% • 

1 
'5= 

I 
fer 1 : '^m. ^ 1999-2000 ĉ  ̂ k^ q̂ pif ^ Tn% HFR 5?t̂  

HlirWc(5t cpr vtlirltJU 5rirrm ijI'WH 



n.m.^.^., ^^1^. m ^ •• 170,2001 

sf̂ cT Wlfcjbd t I ^WTcff^ f̂JcTET ^ ^ r » T ^TMxTTira^ 

7v5TcT, ^ ^ , ^^ernft, WU. ^^ afr? ^FrfeRTT M ^ 
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^ ĝ ?JmT T̂OÎ P̂T # triT TJT̂  3TTT OTf # tr^ 1996 ^ 

4^\4>\ r^d<"l H^^^M 3ftT<jJci*l{^H % f ^ § ^ ^ ^ # i l r r | . 

# xriT TIT̂  3TTT 3TTf # f^^^^ § H t ^ % ^ 'Rf 

Q<^^ell̂ T%^ftcT3^•^^^^ ^fhrfe^^^nPmFR^ ci^ 1988 

-1999 % ^bTR T̂OHcTT ĝ cT ^ 1 ?^ ^ ^ W^ 
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1992 1993 1994 1995 1996 1997 1998 

86382 150269 144053 165359 

16885 39299 28134 34416 

25232 45660 46306 45503 

25173 16930 15271 17913 

61995 

12150 

18447 

13439 

106031 

71237 

153672 252158 233764 263191 

83720 105395 92851 103427 

14 

206491 

46534 

29394 

28534 

310953 

106297 

1999 

221264 198331 

45684 54067 

30484 45916 

40408 37924 

337840 336238 

101112 103070 
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