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PREFACE

A resume of the research achievements of the Central Matine
Fisheties Research Irstitute during 1991-92 is given in this issue of the
RESEARCH HIGHLIGHTS,

The Institute has been conducting multi-disciplinary research in
marine capture and cutture fisheries with a view to increasing marine fish
production through rational exploitation, corservation ond management
of the resources. During this yecr, the Institute undertock 34 need based
resecrch projects at the Headquaorters, Regional Centre ond eleven
Research Centres besides continuing Post-graduate Education and Re-
seurch Programmes in Mariculhwe, training for fish farmers, prospective
entrepreneurs, bank officicls and fisheries department personnel under the
Krishi Vigyan Kendra and the Trainers' Training Centre,

Curing 1991-92 the tempo of progress in both Research ond
Development activilies of the Instilute was maintained. One of the sig-
nificart achievements during the year hos been the induced tyeeding of
the sea cucumber, Holothuris afra under laboratory conditions for the first
time in India. Under the sea ranching programme for marine prawns,
4,464,000 seed of the green tiger prawn (Penaeus semisulcalus) were reared
undert Iaboratory conditions and released in the Palk Bay necr Mandopam.
Laboratory reared and farm grown specimens of this species when tagged
and released in tha Palk Bay registered o fast growth rate of 1.5 mm/day
and aftained sexudal maturity,

Under the Transfer of Technalogy Programme, peatl culiure hos
been carried out in Valinokikam Bay in Ramanathapuram Distict of Tamil
Nadu involving 25 rural fishermen, who have been trained in various as-
pects of pearl culture.

The Institute has proposed a Technology Mission for Marine Fisheries
Development’, which is now under exomination by the ICAR.

During the year, the Institute hos undertaken five résecrch cruises
by FORV Sagar Sampoda and collected valuable information on physical,
chemical and biclogical oceanagraphy as well as resources of pelagic,
mesopelagic and demersal fishes and other groups of marine resources
along the west coast of Indic. A special survey of the deep sea lobster
resources of Kerala Coost revedled o drastic reduction in the abundance
of the lcbster stock caling for reduction in fishing sffort and rational
exploltation.

Cochin - 31 P. 5 8 R JAMES
July, 1992 Director



CENTRAL MARINE FISHERIES RESEARCH INSTITUTE
RESEARCH HIGHLIGHTS 1991-92

" The Institute achieved allround progress in its various
research projects, resource monitoring, education, extension and
training activities during the year 1991-92, Some of the salient
points of these achievements are briefly reported here.

RESOURCES

Marine Fish Production in 1991

The marine fish production in India during 1991 has been
provisionally estimated at 2.16 million t. There has not been any
significant change in the total production compared to that of the
previous year, the production during 1990 being 2.16 million t.
However, the landings of major groups showed a different sce-
nario.

The pelagic species formed 54% of the total production and
demersal group of fishes and crustaceans 46%. Among the
important pelagic groups, oil sardine landings registered a decline
of 84,000 t in 1991 the estimate during 1991 being 1,77,000 t.
The production of mackerel also registered a decline of about
70,000 t during the year with the production of 1,14,000 t.
Whitebaits, however registered an increased landings of 27,000t
with the estimate in 1991 at 85,000 t. Carangids also showed
an increased production of 26,000 t during the year; the estimate
being 1,68,000 t. Among the groups that improved landings
noticed are ribbon fishes, by 17,000 t from 74,000 t to



91,000 t and Hiisa shad by 15,000 t from 14,000 t to
29,000 t.

Among the demersal species including crustaceans and
cephalopods, penaeid prawns, non-penaeid prawns and cephalo-
pods witnessed increased production. The production of penaeid
prawns during 1991 has been estimated at 1,86,000 1, an increase
of 22,000 t recorded and non-penaeid landings at 1,09,000 t,
registering an increase of 29,000 t during 1991. The cephalopods
landing increased by 8,000 t from 56,000 t to 64,000 tin 1991,

The regionwise production indicates that southwest coast
comprising Kerala, Kamataka and Goa contributes 37% of the
total marine fish landings of the country, followed by the northwest
region (Maharashtra and Gujarat) 35%, the southeast region
(Tamil Nadu, Pondicherry and Andhra Pradesh) 23% and the
northeast region (Orissa and West Bengal) 4%. A sharp reduction
of 1,11,000 t noticed in the southwest region and this is primarily
attributed to the lesser landings of oil sardine and mackerel,
However, landings of Stolephorus spp. carangids, goat fishes and
penaeid prawns recorded better catches in this region, The
estimate of marine fish production of southwest coastal region has
been at 7.96 lakh t.

In the northwest region the production had increased from
6.83 lakh t to 7.55 lakh t in 1991. Increased production has been
noticed in the landings of ribbon fishes, non-penaeid prawns and
Coilia spp. The landings of ribbon fishes increased by 9,000 t
from 48,000 t to 57,000 t; penaeid prawns by 29,000 t from
76,000 t to 1,05,000 t and that of Coilie spp. by 4,000 t from
27,000 tto 31,000 t. The mackerel fishery in the southeast region
showed improvement of 9,000 t from 12,000 t to 21,000 t and
ribbon fishes landings recorded an estimate of 25,000 t in 1991
indicating an increase of 18,000 t. Southeast region recorded an
increased catch of 52,000 t in the total fish production.
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Pelagic Fisheries Resources

Monitoring the fisheries on the basis of gear-wise landings
and studies on the population characteristics of the important
groups of pelagic fishes which were taken up during 1989-90 were
concluded this year and the results are being analysed. Results of
stock assessment of 25 important pelagic species based on data
collected during 1984-88 have been consolidated for publication.

Saurashtra, with Veraval as one of the important centres,
is the foremost region for gillnetting along the N. W, Indian coast.
Here, the traditional crafts with IBM and OBM are being replaced
by FRP canoes of the same size of the traditional crafts. Increasing
number of crafts employing "Jada Jaal’ {(mesh size 140-280mm)
are being operated at further depth zone of 35-75 m resulting in
better vields, the catches comprising mainly of tunas, seerfishes
and pelagic sharks. The value and demand for shark fins have
increased tremendously during the past three years. At Veraval,
an increase in gilinet effort by 60% has resulted in a two fold
increase in the catches this vear, especially, October-May being the
main fishery season in the area. The long tail tuna Thunnus
tonggol, the spotted seerfishes, Scomberomorus guttatus and
the silver pomiret (Pampus argenteus) contributed significantly to
the landings in this region; whereas Euthynnus affinis, Auxis
thazard, Sarda orientalis, Scomberomorus commerson and
Formio niger accounted for the bulk of the landings of the
respective groups in the other regions along the Indian coasts. In
the Mangalore-Malpe region, the gillnet fishery has improved
during this year with an increase of 35% in effort, 80% in caich
and 34% in catch rates, mainly due to the increase in the yields
of seerfishes and tunas. Along the southwest coast, Vizhinjam
area is emerging as a very important zone for gilinet fishing
activity. The current fishing trend indicates that motorized units
may completely replace the non-motorized units in the near future.



Tunas and seerfishes are the important groups exploited by this
gear mainly during July-August (monsoon months) followed by
mackerel during December-May. At Tuticorin, Auxis thazard and
Scomberomorus commerson have been found to be exposed to
higher fishing pressure by gillnets, Juveniles of S. commerson in
the size ranges 15-45 cm are being exploited regularly at Pamban
and Mandapam during July-September. This needs to be discour-
aged and recommendations to be noticed to the local fishery
departments.

‘Dol net’ landings along the north west coast were steady
in spite of reduction in fishing effort. Fishing was active during
September-December in Saurashtra area and during July-Septem-
ber at New Ferry Wharf (Bombay) and April-May and January-
February at Bassein (Bombay). Bombayduck formed 62% in
Saurashtra area and 37% in Bombay area foliowed by Coifia, non-
penaeid prawns, ribbons fishes and silver pomfret.

Purse seining being carried out along the Kamataka-Kerala
coast yielded a catch of 35,257 t by 26,135 units realising a value
of Rs. 209.41 million, 80% of which being accounted for by the
Malpe-Mangalore zone. Maximum landings were observed at
Malpe (15,504 t} followed by Mangalore {14,214 t), Cochin
{3,060 t} and Karwar (2,479 t}). Highest catch rate was observed
at Cochin (1.82 1) followed by Malpe {1.75 t), Karwar (1.15 ) and
Mangalore-Bunder (1.06 t). The major resources that contributed
to the fishery were mackerel (29.21%), sardines (24.69%), car-
angids {23.61%), whitebaits (16.06%), tunas (1.56%), pomirets
{0.96%), and prawns (0.62%).

There has been a decline in the catch and effort employed
for pole and line fishing over the past three year period. This is
on account of the scarcity of both tunas and live-baits in their
respective fishing grounds. The main tuna fishery season also
shifted from November-January during 1989-90 to October-
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November during 1990-91, and confined to only in January
during 1991-92, Katsuwonus pelamis, the dominant tuna being
caught in the Lakshadweep, has been estimated to grow to 47 cm,
59 cm and 62 cm by the end of 1 to 3 years of age. As the fishing
mortality on the stock of this species has been found to be
negligible, there is scope for increasing the exploitation rate on this
species around the islands. The high fluctuation in the availability
of live-bait, particularly of the migrant caesionids in the lagoons,
however, imposes limitations on the expansion of the traditional
pole-and-line fishery. Diversification of fishing methods, particu-
larly introduction of night drift-gillnetting and multiday operations
as recommended by BOBP for Maldives should receive serious
consideration.

Demersal Fisheries Resources

The landings of demersal groups by small trawlers of 14 m
QAL and below were monitored in order to assess the level of
exploitation for which studies were carried out on the stocks of
main component species af selected centres. During 1991, small
trawlers contributed 9.2 lakh t forming 40% of the total landings
against 8.7 lakh t during 1990, thus registering an increase of
about 0.5 lakh tin 1991. In the east coast silver bellies dominated
the catches {13%) followed by penaeid prawns and croakers (10%
each), whereas in west coast penaeid prawns dominated the
landings (18%) followed by stomatopods (3%), croakers and threadfin
breams (8% each). At Cochin an all time record of 13,000 t of
penaeid prawnswere landed, mainly contributed by Parapenaeopsis
stylifera. Increase in trawl landings were noticed at Veraval with
crustaceans forming 50% of the total catch. Increase of prawn
landings by 92% was observed this year over that of the previous
year., Low deep water prawn species Solenocera crassicornis
(22% of penaeids) and Metapenaeopsis stridulans formed the
fishery,



The availability, seasonal abundance and species composi-
tion of the catches and the biology of the dominant species taken
by bottomn trawls of FORV Sagar Sampada during her cruises (Cr,
Nos. 78 to 96) were studied. Bottom trawling operations off the
south-west coast (Cruise Nos. 79,81,83,84 and 85) in depth
ranges of 51-100 m and between Lat. 6°30" and 15°00'N and
Long. 70°00" and 79%00' E have indicated good fishing grounds
with a catch rate of upto 2 t/hour during October 1991. Threadfin
breams formed the major constituent, dominated by Nemipterus
mesoprion. The bull's eye Priacanthus spp. has formed a
significant portion of the catches from the cruise nos. 81,83,84
and 85, with a catch rate of upto 1.5 t/hr from the sub area 12-
74/ 3E. Analyses of eleven IKMT samples from the southwest and
the seas around Lakshadweep for pelagic shrimps have shown that
Sergestes spp. were found in the offshore and oceanic regions
while Acetes spp. have occurred in coastal waters.

Monitoring of the effect of artificial reefs in congregating
fishes have shown some significant results. At Vizhinjam, the
artificial structures established in the sea at a depth of about 30m
by local artisanal fishermen have indicated aggregation of fishes
during the months of January, February, Aprif and May. But the
level of aggregation and species composition was lesser during
1991-92 than during the previous years. This has been attributed
to the age of the structures established as well as to the disturbance
caused in the vicinity of these structures due to fishing operations,
using light. At Tuticorin Epinephelus and Lethrinus were ob-
served to visit the reef structures, Stocks of Lutianus kasmira
were observed to stay on in the reef areas throughout the year at
Minicoy alongwith new broods appearing. The reefs made of car
tyres at 3 m depths have prospects of being used for sport fishing
by tourists.



Crustacean Fisheries Resources

The provisonal estimate of prawn landings in India during
1991 amounted to 2.95 lakh tonnes which is about 21% over that
of the previous year, A tremendous increase in nonpenaeid catch
was recorded in Gujarat (40,000 to 61,000 t) and Maharashtra
(36,000 t0 44,000 t). In Gujarat, the increased nonpenaeid catch
was due to the heawy landings by shrimp trawlers due to the
changed fishing pattern along the Saurashtra coast. A significant
reduction in the catch of nonpenaeid in ‘Dol net at' Veraval was
observed. It is presumed that the failure in catch in the 'Dol net'
is brought about by the overlapping of exploitation by trawlers
competing with dol netters in comparatively shallower areas.
Voyage fishing and operation in slightly deeper waters beyond the
conventionays fishing grounds resulted in the catch of
nonconventional penaeid prawns such as Trachypenaeus
curvirostris, Metopenaeopsis stridulans and Solenocera choprai
in sizeable quantities by trawlers along this coast.

Kerala and Karnataka witnessed about 33-37% increase in
penaeid prawn catch over that of the previous year. A remarkable
improvement in the prawn landings was observed at Cochin with
a record catch of 12,245 t as against the previous highest catch,
of 8,854 t in 88-89 by trawlers. The mini purse seines (mattabala
& ring seine) landed substantial quantities of large sized
Metapenaeus dobsoni particularly during the monsoon season
along the Kamataka and Kerala coasts. Kerala witnessed a
successful ‘chakara fishery' this year with an estimated total prawn
catch of 1,610 t contributed mainly by Metapenaeus dobsoni
against 166 t in the Ambalapuzha area during the previous year.

Change in the pattern of trawl fishing involving extended
fishing and night trawling (night trawling is legally banned in Kerala
coast) resulted in the landing of sizeable quantities of



nonconventional prawns such as P, canaliculatus, P. semisulcatus
and Trachypenaeus curvirostris during the postmonsoon period.

The annual lobster catch(2,094 1) declined by about 460 t
over the landings of the previous year (2,556 t). This was mainly
due to the reduction in the catch of Panufirus polyphagus and
Thenus orientalis along the north west coast.

A special survey conducted utilising FORV Sagar Sampada
during November-December along the Kerala coast on the distri-
bution, abundance and population characteristics of the deep sea
lobster, Puerulus sewelli has revealed a drastic reduction in the
stock of this resource brought about by the intensive commercial
fishing carried out by the large trawlers in the recent past. The
size of the lobster has also come down to a significant leve! as
compared to the sizes observed in the earlier years. Appropriate
conservation measures for this resource are therefore suggested.

Molluscan Fisheries Resources

The annual production of clams and gastropods in the
Kakinada Bay in Andhra Pradesh was 3,500 t, mainly contributed
by the blood clam Anadara granosa. The clam production in the
Mulky Estuary in Karnataka had a steep decline this year, The
fishery was supported exclusively by Meretrix casta. A green
mussel bed of 1 ha. area with a standing stock of 9 t was located
in the same estuary. The fishery for brown mussel in the Vizhinjam
remained almost the same as that of the last year, with the catch
amounting to 814 t. The sacred chank {(Xancus pyrum) produc-
tion in Tuticorin has registered a 34% increase over the last year;
nearly 2 lakh chanks were landed, of which 60% were full size.
Chank production in Mandapam-Rameswaram area has substan-
tially increased by over two times this year with a catch of 1.9 lakh
chanks, The average catch rate increased from 1.3 chanks/diver
in 199091 to 22 chanks/diver in 1991-92.
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There was a general improvement in the cephalopod pro-
duction this year. The landings at Sassoon Docks in Bombay were
11,722 t, with a very high CPUE of 500 kg. At New Ferry Wharf,
Bombay the cephalopod catch was 7,744 t taken at a CPUE of
258 kg. The landings at Mangalore increased by 45% over that
of the last year, with a current production of 1,164 t. The increase
in the catch recorded at Madras Fisheries Harbour was by two-and-
half times this vear in comparison with last year, touching ever time
high of 3,451 t. The landings at Kakinada also increased three-
fold from that of last year. In general, the cephalopod fishery made
notable improvement in many parts of the country. The stock
assessment studies made on the three commercially important
species (squid, Loligo duvauceli, and the cuttlefishes, Sepia
pharaonis and Sepla aculeata have shown that there is scope for
increasing the production on both the coasts.

Environmental studies

The Institute has undertaken two special cruise programmes
on board FORV Sagar Sampada for assessing the seasonal cycle
in the biological productivity in each 19 square of the EEZ of the
west coast of India in relation to relevant oceanographic param-
eters during the southwest monsoon and post monsoon of 1991.
During these cruises Sea Truth Data such as sea surface tempera-
ture and chiorophyll concentration were collected for validating
remote sensing data received from National Remote Sensing
Agency (NRSA).

MARICULTURE
Culture of Molluscs

By induced spawning, 40 batches of edible. oysters
{Crassostrea madrasensis) spawned in the Sheilfish Hatchery at
Tuticorin and the spat were settled and reared. A Pilot Project
sponsored by NABARD to demonstrate the economic feasibility
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of oyster culture has been started in this year at Tuticorin.
Hatcheny—produced oyster spat have been cultured successfully
by rack-and-ren method and oysters with a total weight of 7.9 kg/
ren have been produced at the end of twelve months.

The preliminary attempts made to test the effect of human
chorionic gonadotropin {(HCG) on the breeding of the pearl oyster
Pinctada fucata has succeeded with the spawning of two males
in 15 minutes and two females in 20 minutes of the hormone
injections. During the year, a total of about 2.8 lakh pearl oyster
spats have been produced in the hatchery, The settied spats grew
to a size of 3-5 mm in two months in hatchery when they were
transferred to the pear! farm for further rearing.

The spats obtained from laboratory-bred and spawned
green mussel (Perna viridis) at Calicut were reared in the inshore
waters. Chromulina has been found to be suitable as feed for the
larvae and a modified Walne medium has been observed to give
good growth of microalgal culture.

The rack-and-cage method of culture using oyster seed
¢collected on lime-coated tile, carried out in the Pulicat Lake, as part
of the study for selection of suitable sites for oyster culture, showed
two periods of active growth: July - October and January- March.
In the bottom culture method tested earlier, the survival rate was
40%, with the harvest of 11,975 oysters.

Sea-ranching of Prawns

Under the sea-ranching programme for marine prawn, 17
hatchery runs were carried out for large scale production of the
green tiger prawn, Penaeus semisulcatus at Mandapam Camp.
A total of 4,64,000 seeds {PL 10-47) were reared under laboratory
conditions and released into Palk Bay.
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17,258 post larvae of P. semisulcatus of size range 12.6-
17.0 mm in total length were stocked in ponds and farmed for 65
days. The average growth rate of prawns for the first 30 days in
the farm was 1.5 - 1.6 mm/day. Thereafter the growth rate
showed a gradual decline during the next 2 months of continuous
farming.

9,306 laboratory reared and farm grown P. semisulcatus,
mainly in the size range 41-90 mm were tagged and released in
the Palk Bay in two batches. More than 1% of the tagged prawns
from the first batch was recovered from the fishing grounds within
53 days of release. The prawns have migrated to a maximum
distance of 30 kms from the site of release. Some of the recovered
prawns showed a growth rate of 1.35 mm/day. Two tagged
prawns from the second batch have been recovered after 20 and
37 days. They have registered an average growth rate of 1.5mm/
day. It was observed that the farm grown prawns of 61-70 mm
average size, when tagged and released into the sea, showed an
immediate spurt in its growth. In the sea, an improved growth of
1.5 mm/day was observed during the next 20-30 days.

lnd’ced breeding of sea cucumber

The sea cucumber, Holothuria atra was induced to spawn
by thermal stimulation and larvae were successfully reared for the
first time in the hatchery at Tuticorin Research Centre. Earlier,
another commercially important species H. scabra was induced to
spawn in hatchery and juveniles were sea ranched. F. atrq,
commonly known as 'lolly fish' is most abundant in the Gulf of
Mannar and Palk Bay, Andaman & Nicobar Islands and the
Lakshadweep lslands. It grows to a large size of 600 mm in length.
The present cost of processed specimen is 2-5 US $ depending
on size of the finished product.
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Finfish Culture

Under the project on induced breeding of the seabass, Lates
calcarifer, efforts were intensified both at Mandapam and Tuticorin,
for the collection and maintenance of adult specimens of the
seabass in indoor tanks and net cages in the sea, Culture of the
rotifer Brachionus and the microalga Chlorella, for use as the
food of the postlarvae and fry has been making good progress at
Mandapam.

PHYSIOLOGY, NUTRITION AND PATHOLOGY

Physiology

A breakthrough was achieved in long term preservation of
sperm motility of fish Liza parsia at—196° C temperature using
DMSO and glycerine as cryoprotectant alongwith other suitable
diluents. By using this methods sperm motility could be preserved
with great success for a period of 4 mionths till the reporting
period. Further experiments are being continued on motility and
viability of sperms preserved for a period of one year and more.
Work on cryopreservation of sperms of other fishes like Siflago

sp. and Mugil cephalus is also being done. .

The protein concentration in the eyestalks of mature and
late mature female specimens of M. dobsoni was six fold higher
when compared with the values obtained from eyestalks of imma-
ture females and mature males of the species. Electrophoretic
studies revealed four bands in both the maturing and late maturing
evestalks extract samples, whereas only one band was observed
in the evestalk extracts of immature female and mature male
specimens. The protein concentration of thoracic ganglia extracts
from mature female specimens of P, stylifera was found tobe 2.5
folds higher when compared with the values of eyestalk extracts
from mature female specimens. The electrophoretic pattern
observed in the eyestalk extracts of mature specimens were similar
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to the observations made in the sample of M. dobsoni. But the
thoracic ganglia extracts from mature P. stylfifera revealed a single
band which was absent in immature specimens.

Thin layer chromatography technique was used for identi-
fication of Dopamine from eyestalk and thoracic ganglia extracts
obtained from M. dobsoni samples in different maturity stages.
The intensity of the colour due to Dopamine was found to be more
in the samples of eyestalk, brain and thoracic ganglia of mature
female species of M.dobsoni compared to the immature and male
specimens.

Nutrition

Environmental parameters of selected ponds at
Ramudupalem (Nellore, A.P.) were obtained alongwith stocking
details and other growth data of cultured prawns. Relatively low
stocking density of 30,000/ha for P. monodon indicated a growth
rate ranging from 23-47 g in 160 days at one farm, while a higher
stocking rdte of 75,000/ ha at the same farm showed a growth
rate ranging from 12,50 to 18.75 g. Hatchery seed of P. indicus
at a stocking rate of 90,000/ ha grew to 15 g in 100 days with
a FCR of 1.33 and 900 kg production using locally made feed
following the feeding schedule provided by the project team.

Pathology

An outbreak of Epizootic Ukerative Syndrome was encoun-
tered in fresh water fishes of Kerala State. Fresh water fishes of
Kuttanadu, Trichur, Alwaye, Wynadu, and Palghat areas were
affected with the disease. Gross morphological and histological
alterations of this disease were recorded. Microbiological studies
revealed the role played by Aeromonas group of bacteria. Though
the disease was suspected to be of viral origin it was found that
Aeromonas salmonicida and A. hydrophila were responsible for
development of symptoms and lesions of diseases.
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Genetics

The first electrophoretic screening of four enzyme systerns
such as alcohol dehydrogenase (ADH), Sorbitol dehydrogenase
{SDH), Xanthine dehydrogenase (XDH) and Peroxides (PO} in
sample populations of Indian mackerel revealed intraspecies poly-
morphism. A comparison of allelic frequencies at the polymorphic
loci in populations from Cochin, Calicut, Thottappally, Mandapam,
and Wadge Bank areas indicated differences in their values be-
tween populations. Further screening is in progress to identify the
discrete genetic stocks of the species.

CASE STUDIES ON FISHERY ECONOMICS

Studies on economics of purse-seine operation at Karnataka
indicated that the state’s invesement on purse seine units stands
at Rs. 28 crores. The overall income for these units stands at Rs.
29 crores during 1991. Of these, an amount of Rs. 8 crores alone
has been spent on fuel and the balance of Rs. 21 crores is added
to the income of the Purse Seine Fishermen Society indicating the
recovery of the total investment in about 18 months in the form
of income.

Under the project, ‘Investigations on the resources exploited
by small mechanised trawlers’, the economic performance of the
30' trawlers at Cochin Fisheries Harbour showed that a sum of Rs,
4 lakhs has been invested on a trawler and a sum of Rs. 7,04,827
has been realised as income from the catch. Of these, about Rs.
4,64,499 accounts towards the operational cost and Rs. 1,47,100
worked out towards the fixed cost leaving a fishing surplus around
Rs. 93,228, The study revealed that the trawler operation at
Cochin Fisheries Harbour is still a profitable venture.
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EDUCATION, TRAINING AND TRANSFER OF
TECHNOLOGY

Post-graduate Education and Research Programme in
Mariculture.

The Post-graduate Education and Research programme in
Maricuiture of the Institute continued to impart courses in Mari-
culture leading to M. Sc. and Ph. D. degrees. Al the seven
candidates in the 10th batch passed the M. Sc. Mariculiure
examination with First Class and those of 11th and 12th batches
are currently undergoing the course.

Under the Ph. D. programme eight candidates were awarded
the degrees by the Cochin University of Science and Technology
on the following subjects. (1) Studies on the patho-biology of
penaeid larvae and post-larvae, {2) Studies on some aspects of the
reproductive physiology of the female grey mullet, Mugif cephalus
L., {3) Studies on the haemolymph of Penaeus indicus H. Mine
Edwards, {(4) Popuiation biology and ecology of Artemia from
salinas of south-east coast of India, (5) Nature and ecological
significance of nuirient regeneration in different prawn culture
fields, (6} Some observations on the ecology and biochemical
aspects of the seaweeds of Kerala coast, {7) Studies on the
reproductive physiology of Lates calcarifer and (8) Studies on the
coral reefs of Lakshadweep.

During the year, three Ph. D. theses were also submitted
to the University for adjudication. Twentyfive Senior Research
Fellows are currently working under the programme.

Training Programme on Marine Fisheries

The Central Marine Fisheries Research Institute in collabo-
ration with the Bank of Baroda Staff College, Baroda, organised
a nine day training programme between 26th November and 4th
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December 1991 on marine fisheries. 25 Officers from the Bank
of Baroda serving the coastal districts of Gujarat, Maharashtra,
Goa, Kamataka, Kerala, Pondicherry, Tamil Nadu, Andhra Pradesh
and Qrissa participated in the training programime.

Transfer of Technology in Pearl Culture

Pearl culture has been carried out in Valinokkam Bay, Gulf
of Mannar in the Ramanathapuram District of Tamil Nadu involv-
ing 25 rural fishermen who have trained in various aspects of pearl
culture. Nucleus implantation (single, double, and multiple) was
done in 15,340 oysters and they were reared in cages hung from
rafts, Partial harvest of pearls has since been done successfully and
40% of oysters yielded pearls. This project has become a model
for the involvement of rural population in the R & D efforts and
transfer of technology for employment and income generation.

VESSEL BASED RESEARCH PROGRAMMES
FORV Sagar Sampada

During the Year 1991-92, the Institute has undertaken five
research cruises off the west coast of India. The survey included
studies on pelagic, demersal and mesopelagic resources and on
physical, chemical and biological oceanoaraphy. A special survey
of the deep sea lobster {Puerulus sewelli} resources off Kerala
coast revealed a drastic reduction in the abundance of the lobster
stock, which necessitates steps for conservation.

R. V. Cadalmin

The vessels of this category stationed at 7 centres moni-
tored the environmental parameters in relation to the inshore
fisheries.
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TECHNOLOGY MISSION FOR MARINE FISHERIES
DEVELOPMENT

The Institute has proposed a ‘Technology Mission for

Marine Fisheries Development’. The concept of the mission is
similar to the one adopted successfully in this country for oilseeds,
drinking water and communication.

»

o o os W

The Mission proposed includes the following components:

Evaluating the resource position in the 50-200 m zone of the
continental shelf;

Strengthening harvesting technologies and infrastructure;
Post harvest technology and product development; and

Effective marketing and distribution systems for both domestic
and export markets.

The proposal is now under examination by the ICAR.
PUBLICATIONS
The following publications were issued during the year.

CMFRI! Special Publication No. 49

Marine Fisheries Information Service, T & E Series Nos.
107, 108, 109, 110, 111 & 112

CMFRI Newsletters Nos. 49, 50, 51, 52 & 53
CMFRI Annual Report, 1990-91
Research Highlights, 1990-91

Brochures on the 'Activities and Achievements’ of the Re-
search Centres of Bombay, Tuticorin, Madras, Visakhapatnam
and Minicoy.
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‘STTEET g8 o7% | 3 5N 4 A A4 1991-92 F S0 H=NT mileemaR
HIHTH T F 5 T STt @ wia Aot g v R

et & gfe §ma faded, TEW it weeE gw wEd SshfEr
¥ Sared Tt ¥ Iyd ¥ dwm # gy waet ¥ SgEeE @
it B @ @ 2 ad F da gemem, 8w ¥ ot TRe
FTHET FY F SMagmha W onafid 34 SFEH FrlEy i ey
T F | T SR o Rt S ol aines @ o 3 S el
T, safil, S ot witerR favm ¥ oedemar e ot e
™R |

af 1991-92 ¥ AT WM & wgEad 3 Firw FEwar @ B
RE T ) WA § BRI T U RS Acigf st o Ot wer
70 9§ A uF Rt Iuefy # ok 77 @ o € wdnen @ @) #f|
g S iR Sigedew @ TAmTIEn ¥ welw o 5ug YA ot o
Fuefe 2 |

AT & TR & T g dads ¥ fafed vagel w ufulm
25 Tndior Tl R ve aRS gU afRrg ¥ U A & anferAeen
@M § GO T B FE qha ®U R/ R T |

HENT g0 wE Aferad fywg & fre ww aadesh v @
T BEA T 3 W aReE gy apda uftee & frasi| 2

9 & A w A aw A ww @y TA U SgEEE 0@ § 9t
sifred, trarafr it IR R R W aeiE geEe e i
Mid F 9fy9n 9¢ & SATad, qey Yendadt ol gans wodl gast
R defey It wafka & TE | aRS W F TR W & weifEe wqug
T frg T S wduW T oA @ T R SeteTe S agear o W@
Foft € 3 foawen @ oifa weer i el e 24
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FRg WHE WSS FAIRUW A
FIEIH @ qeq SudAfeay
1991-92

AT WS AIfemE ) STEETT ged ¥ 99 1991-92 F IR
FAEE & Tafag o ® wdded ynf gt ¥ | ¥ A
I IiE@aTd wagielt 71 9ifveta, fren, faaw o) yineor
FEeaE A | JuafEd 1 78T TH yRE ¥ !

T

T4 (991 W W HEH I

W # g8 1991 ¥F 9 wgEl wEfadl F S9ET 216
T9E T e feat Yo § ) frgd 9d w9 gae # 39 weel
IAORA ¥ F1F FgA g gig afl ¥ €, T F ol 1990 F
IaERT W 2.16 TN T WA A€ | I WA G & HFaw
H Afqear gyEHET 9@ |

Fd IS FT 54 % AT wraat (Pelagic species) 1T
46%, TS I HY AERE (demersal group of fishes) T w3
(Crustacean) i 1+ Jeaad] =¥ =) W& J1w a1l (oif sardine)
¥ FFTOr A 8,4000 TF %1 FH! §E, ¥ F1 AT IE@ET 177,000
A 91 | AR (mackeral) F AFazwr A W af F FF 70,000
29 #1 7l g, 99 F1 T9 I@RT 114,000 TT 91 | A9 /<t
{white bait) ¥ SmTeT ¥ 27,000 =9 #, wfF (Carangids) F
IAET ® 26,000 TH B gfg §E | TF IJmal Bani  (ribbon
fish) ¥ ST W 17,000 T IR Tg=wr we (Hilsa shad) % Swre"
# 15,000 =9 #T gfg g

AT oA ik g W ameErh wefaar, Widee
{Cephalopody), df gz =1 (panaeid-prawns), s-afemgs #a



F gred # f gEdl g 1 9 1991 F IfsmgT TR0 w0 aeRfag
TWET 186,000 TA A1 G YTH $RA 208,000 TH 4T HK
H-Ufrerse o w1 afde swmed 29,000 =7 @ 1 F 1991
W ¥ SrA w M gfa gf 1

WA F T Y1 Al ITWET F FI0T TR AFT A
9T ¥ arfgar Gnre gfeer gfEe i ard {9 I, wHEEE
AT e F1 | $F HIFE! IN™EA F1 37 4 TG ¥ Iw g B)
OO ™E 99K gEf 847 ®1 § 99 # Agros 3} a8 g8
T A gw & F1 e 35 % g ) e gl e e | afwarg,
qifs=ad o guew I g% ¥, 1 WREE 23 Y IR I
qdl &% ® ama I R affew s #1 AnRE 4 L 7 )
IfEor wi=w &5 F A STEd ® 99 F /0T 1,11,000 TH H
T Tedl g 1 98 aRe T Av UREF  (lesser sardine) #Y
TEH A EE T | WEH 99 § €y wfiat  (stolephorus
spp) F3Y, Mefrwr  (Goatfish) X dfvemr= it #1 9ve #
FOEAra IrE g€ & | 39 &% 1 Aol JWET 7.96 ATG TH Ao
fFar § )

AT U= dE F1 wge) I 9¥ 1991 ¥ 0T 6.83
W/ A ¥ 7.96 W T BT TN 1 Wi, AfF-faamee =i
A Frgfaar SRy (Coiliaspp.) ¥ vwes ¥ 9fg 36 | 9g Ty
9000, 29000 3T 4000 7 a1 | 3feror gdf 5wz Y FFTer Ry
#* ad ¥ IWT 9000 TA wT A wRAHE F I™ET F 18,000
=9 ¥ 9fg gf | 79 woeh Soed # wfgw gb4f &3 9 52,000
z% #1 gfg frard

FEdl Wi JOE

4 1989-90 ¥ ¥R Agwpl Iamadd wikeE Tt ¥
frrerEa g oy wRfe fadaamelt w e frar a5 39 99
F T Pof gon o v TR W oyw fawww fr g w1 a9
1984-88 ¥ 9109 25 WgAS aAmadl wiqat ¥ ww A
1 Ifonw yFTerT wfg /R fear
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A F IO UieR 9¢ ® firer 92 (gillnet) ¥ wfd w==+
FCEE TqE F T § | gg] gl A anahiw 399 ¥ ufen
Y T ¥ WM R AE OF 9ROV FAE ® 9 g @ T
AR 9T F YA & gt ¥ or=) ware fiet @) & = 9w < g,
g (Seerfish) 2T F@maedt go@ ¥ 1 fre@ o awf ¥ <k
FU @ H 40 AR T F g€ W § a9 F A i A2y
F YA A 60 Y AT AWEw ¥ fra wE wOwEET Agiagt
#1 wwe # g 9fg g€ 1 ™ &7 ¥ el g wwfagt ad
AT T ke T aife gy ff | AT WG F o= wad
T ¥ = §T &y yww wefaen gYwe eafvaw, safeww
HHTS, WRET afar=iiera, @RIy FyH7 s wifar 4o oh
HAARE - W9 &9 F a9 F < e 92 v+ &1 9% § 80
Tl T%; S Iee gOE AR Ty ff ) S e ¥ fAfyew |7
Trrere Aifeas &1 F1eaaTd AEgd €5 € | A9 UFE, dEAEa
T F1 X 98 T TG0 AT TI@E gl & 1 gfesifa H
fireqe vd § $R I 9918 3R SIREUARYT F87 1<
W TET9 UL R 9T SR WEUH # @R - fade ¥ IRm
TEFAHT F qeut w1 Prafhe v @ |1 8 1 TEET e
- BT Afgy o TEF Owy W Wi Amags fFan w5 g9
¥ =rfga)

WA A FH FR 9 I 9 F 2 AT At
o o ( Toda-fadaw & show st o2 &, o -fadee % g€
FogE O W AP - A W IdGE F 9w H HoA
¥T H qga Wik 91 ) WO &9 ¥ 99 Agfodt ¥ 62y, ofww
(Bombay duck) it S5 &% & yrr 37 ¥ ®Efan, A-3fengs
i, S @R Wi 9ehe ¥

W HITH  (purse seine) ¥ IRY FAleF T Fa & Tt
¥ frg woa # 35,257 <7 #Awfadt el tedfie 26,135 UEEY
FT A=A fFa AR 209.41 IAGH TIGT IHFT eI AR T4
TS F 80 Y WIS - HEGR FF | YT FAT W ) WY AR W
Y YT THT TATHH 15,504 T 9 14,214 TA AT { Fifaq Adig
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HFREAR ¥ TUHFT 3060 TT 9 2479 =7 Waen yid g% ff 1 T
I Y W 9T W W TR 9 R e 1.82 <9, At - 1.75
T, FRAK 1.15 T4, IR 1.06 €7 | &< 7§ 767 gl g2
IR (2921 ¥), RN (24.69%), AT (23.61%), ™R WL
(16.06%), T (1.50%), 9i=he (096 %) R 3hm (p.62%) o9 |

FieT-ER (poleandline) ¥ ST Y SaaTa W # figw
T o ¥ E T AR oW F wedl I | "o §A e
ik Sfiga 9 (live-bait) ¥ FHY THET O WAAT AT T
FIHES AR daty W ¥ F I|E T99 T 9@, 9 1989-90
F SR9 gy Te9ET -fameT 91 |97 1990-91 IERE-A99< g1 T
AFET § IHT A FIRYITY I9fg 9% <gA7 9g9 99 §
47 oA, XSS A 5o H1 wH AR dw af H 62 WY UH 9%
AL AFETH ¢ | AT TR OFE FH A F FRO I ast
B THFT WG FITTAT AT FHAT g | ST T30 F1 AR IR
wTE v A F gardl AtEa (caesionids) F21-IR
woa ¥ T w197 ererdh & 0 wefag o Y F g W fa
Ffow fasfw fhy dAfadpd woms e 99 9w s
freafEew ok * wfwe ¥ g ox Ty a3 amaves
T

TS Wi WOaY

BT T F IRG oEgr fFY aemsel Junf F1 wifaew
T TR FE R fRa war o o E w yyE nfat F oW w1 W
FAFAT AT F1 9529 941 | 99 F AT 81 3 F IRy
9-2 THA AGEl W §% I§ TF UHE BT 40 % & ( € 1990
FT A FFAO §-7 ATH TA AT I q9 1991 F T g ¥
0.5 aTe =1 wafd Afgw T g€ 1 @ 9T ® o e #H
G HEE) ged (silver bellies) oY 8% e demes W ok
HIFE M5 | A T TS gfawa 10 9t 1 9fEw 9T ¥ 9w
ey |97 UfHagE i (184 ) ff | RWENIEH 94, #1HH 8%
3R wiTEE (Thread fin bream) ¥ @€t & fasft | Hifaw § af &
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TR 13,000 T Afamge ot W= gam S uF wEFE FS
Tt UgE WIS yRAAfTaRew werRfaea € ) Auad ¥ f g
ST % IRY ot | Ffg Tl ) w7 werig e 99 giaaai)g
FIaERTe T Aerafaanfay fega-a u&s $1 &1 et ot
7t Trad af o g & o ¥ smaewr § 92y gfg =

T F O uH o Y wprT wuwr ¥ wfee) ® srgwrehy
T & Y ARy #1 Ivesrar, A ggLaT, iy fasor et
gHE At F ASfaAE 9 =Ed w1 | yhed g
79, 81,83,84 7 85 ¥ Ifw wfaw-ufy=sft we v =ad srgeretia
AN 9@ 51-100 |1 X ey 6°30" 7 15°00" WWIL A
@ 70°00' T 79°00' & ¥ 1w w1 &w womd AU IgEsy
wiST fFar | 9l ¥ SEET 1991 F IRE 3y wE | 2 w9 waf
o g @Y | 9FE FT g uTF ¥iRA W @1 faw B ey
FENYT g2 9@ ® 4 ) gdea =N 81, 83, 84 F 85 F
& g6 Agrerae wtaat 8 1 5 12-74/3 91 3989 9§ wfa
" H 1.5 e F X H UHe T | qamgad] Rty Ffeg afaw
-gfyaH Tt @R A9 F oW urE F oays! # R T e
¥ oo T 6 sqae ok wEgrawdm &3 ¥ dvred  Arfadt
IUeen ¢ WEfE wErT 9 W weq wiadr |

THfEEY & 9HE wOF ® FHEA Pfat $1 aRre™ wwed
Ffaw fog g weras A Py WYY AT BT T TR BV
fafyaw F 1T mwﬂaeﬁmﬁmﬁaw
TIEE W AEAE F1 e AAa, wad, 339 it w1 F wg
A feara 921 | ) frew 9§ 991 gorn ¥ wsiagr $1 Snfyar )
TRy B w4 T o | T ® qgEa § gEAaw Re
e AR FP F9EE T QUET €1 THET THE FI00 q0E A7
T § | RHIRE F 99 W a9ae A gRAwae i aTd
wifqal g=ea 9 g9 3@t | Tt ¥ gy R %
W e 99 # femd w2 1 =gt A 9 vdew 3 W #Y e #
FR A0 § O Pafed! IR 3% T AT F ¢ |



weefing wifaas qeea

Y 1991 ¥ WRa A fell M ¥uar swafiA sarFem ¥ 2.95
g = % 1 9% Trad ad 3 gae # 21 o wfuF § | A e
HiNY B g6 F FHdwas gig quaa K "gres | fead 920
TE TATHEA 40,000 A 61,000 =T AT 36,000 | 44,000 = ot
| IO A 99 AfFemEE RN # sedl | 9EW R WS
el F fAT e B eI W weew Ofg ® R mn of@dw
q 1 JqEd B T AT & IR 7Y g veme ® 919 ifHase
HRT B 99T FH gZ A1 | THF R A F qR=med T7
AT R | THEATHS Ao A1 AT &1 | TFa smaamer vea
F HEEEY FRIIAT WA AW A 2RIy FUIART,
Herdfyamiag Regar=r T Siafra Iy afy 1 soafe i<
Hrar A g 1 FrEd af Y ogaa ¥ dfveyE o o v H
33-37 % ®1 gg <€ | WY T T F T { o gEEA
gfg T 1 e & IRQ 88-89 ¥ dRA el 854 T AV
FTT TRT BT IAAH WE § T ASHFLA W qgIH 12245
T AT 9T ga | FARE AR ¥ F 4 H amgm ¥ €Rw
T AFTEN HETAAAT St e gam | ¥ | 59 d409 F7
' |@Y C dgd g TETgew 91 fraw Ifw 1610 =9 W e
T e ¥ Nerdfyaw dREife wHa 91 1 T

2 A | M3 T aREdt ¥ waita wemw =
FT A AGORPET AN I . faTaee, 7 fgaeeg
AR gfFAfsrg FATATET 3 doe ¥ IRUE g5 | FAGAINT Aty
A FAQ AgEa |wew 91 |

= ¥ W wEIETET (lobsters) o Tw wwe # w1 T
TR gfr=mw ¥ ¥ wrgldw viftrermg A 99 sSTRg<raa 1
qre # gf T TSRO ¢ ) RS o § 2556 =9 W
W g3 A1 9 W 9F B uwe fad 2094 T oA

T X {9 gger ¥ 9 wgrandy e (deep
sealobster) e = ¥ fearaor, waar R ey fygreanaeit
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T FE ¥ a7 @ fafw wdwor S 1 e¥gw 3 =W e
fr fred $w a¥l ¥ ag fF Y Seaen 9 Tiitae 5o w6
ot F1 5 T TR w7 ) 1@ A e §1 e
H faarefim &9 ¥ ST g1 T 9T 39 JuE F aiwae Fag
Sfwa Iy A1 affErd ¥

e WiER W

sfgaew @ Y TS A1 (clam) 3T TR {gastropod)
w1 AF IWET 3,500 TH A, wUT W a7 wAMT THe
F YA AT A | 99 F IREA FARF ¥ Aew Aagw A 9 aGr
¥ ITER H Wil wedl g5 7 ( WIREET 1 HERE GEeTEn S0
FreET Ay F AR O 1 Frfysw ¥ 90 7g (brown mussel) &
Wt qfg o T, 9T free ad F 9HE 814 TA Y | gRF A
¥ qfrx vl (sacred chank) WFw 7 ¥ wwRT ¥ 34 % 9fe
g, 9 ¥ ¥R\ w0 2 e yw waas g8 T ¥ 60 of
HAHTEATT q | HeIH - AT 8 F INE IR ® T 98
¥, 99w W At | 10 WE Y IIAe o |

76 ¥ A waEt § 9o ¥ wmr qfg g€ ) 99t
¥ YA IF W O HFaLer 11,722 T = I 9iH TEE AW W
9T gHhe (CPUE) 500 fF amr ur ) d9g & g 58 arh & 9fy
6T o H YT uFE 258 FRuw fdur Ot 3R T wT 7,744
z oAt | Ave ¥ fagd af #7 gam ¥ uwE A 45 o # 9fg
& ) W FA WAl 1,164 TH ff WETW H qwe W o TH
gfg &5, el ¥9=1 3, 451 =9 €t S gF wdareE 98 §
frage af #F gen ¥ wifeae § Rl 9fg 7€ 1 v e
Fg WG o wiieerEY F IETea A 2w ¥ frawchy gfg v+ 1
T F qIivTaS gie @ wgayel wfaat S8, Rage TR saraif,
yFT weatfrg ol fTar g W =S 997 ¥ W
foar & 3% g ae@ A $14 o i § o



T wEd Femae

U 3 o 9 9T "aEr 9T 9d ¥ TOH ey wdeq wrdwn
AT TR | G IR T HIGHT 9% F1 JAE GAAAT TEHST
953 W1 ) EHfag 9w 9z ¥ waw anfiE e (EEZ) ¥
wiw 1° gHEqe A IR IREH R AAgEeR oEfy ¥ IRM
AEETG YTl o AT IET HT THATHE Jeqgd Ferar | 37
gl F 0 € 57 21er ' 39 v I9EE o) gvigfi el
(chlorophyll concentration) <t Frers fodte dfw T @ ara
* fofie #fAfET 3= ° % YRS Ffae AEEs |, 1 4Fad
vt

R waeA
Tl F I

fewifEm & wa=arly sgewwmer (shelifish hetchery) ® 40
o @y yfwat  {(edible oyster) =71 I sizw=A (induced
spawning} f&a1 sk el (spat) 1 W1EE fEam |

e gadw &1 softle wiemmnlt =1 i Ffag g feafE
¥ EE TRy yEg o gEifire g T 29 a9 ¥ e 4w
T | - A= Ofa F wfg weagren § swnfaa we) 71 99da
ffat 1 12 9EW & 9% YT W@ ¥ 7.9 fom g9 wrarne ghear
1 IO T + g gf’  (pear) oyster) NaeTst gqweT ¥
g H gAEA SIS MAEEIRE (HCG) % 99[E §9/RA
FT fean T weEEF w5 ger | ad ¥ S wpEemen #
FAHATRT 2.8 AT THEIE W 1 IQET 61 ) @ K
gafra wE & AL ¥ 3-5 B 7 9% 97 T Sl ari F e
T gag @ W BT KT | FEIER g9faa Tel R gie oy
F WEY 7Y 92 99 # arew fRY ) v fowet By Wil
Ihag |reg Ta@ T A e daret F oy g aredfafias
g | fan
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QR | ® C Tw -aree -FY C aldF ¥ ey 0 uE
W FIAQ GATE - AF{aL R 97 -7 w1 99T HqFHd @
uge TOfed 2 srawmeiig wada 1 afasitfaar 2T 40y o 79
FEEA 11,975 qiw o1 ¢

Wt F wqy o whew

wEEY AR ¥ wge Yaw wdEE ¥ ofdfa Weow ¥y % gia
uelt #irmn Sfvaw dfgeeew ¥ faga SERT ey speamen
# 17 9 ¥ a1 T4 FA 464,000 €Nt (PL 10-47)  #1
R IGERCTE R C e i A e A O i

ot. Ffagereee ¥ 17,258 Iyafe9a! 1 WIgY & a1ea;
B 65 faq ax q@ fFUr | Igar N foaw 0% 9 agd 2q WL
g & feadt # gedr § #=ar A |

varTHTEl A g9 @R @ F rfera 41-90 iy # s
9306 NAfHgasTEd F &7 73 IF =T | @ a9 § #e fegn
53 Y & e wgelt a= & 19 @ afaw = w5 Ay fem
YA ® ¥ 9961 I=aaw g4 g030 F ) o e yfafew
Fgear 1.35 A @ ft 1 37d 99 F 9 S w7 37 /A F IR
9 I@E] I sitea wfafed sgd 1.5 7 o o arfey Wit
w2 FF GHE W BIEN W I ggdl ¥ TohEa [ fe@ral
937 |

wR FEReAr w1 ART T

ZRFIRA RU T2 ¥ TS FF <1 g IR 31§ o
TEA § Tofa G 99% fEwHR w1 weE a1 9gd s
F1 R ¥ Agl T FHS! TR H1 IR T F3F agul
F gYE A fear 1 v A1 9 @fAfET oAt & @Ry A
£ AR 3 @), 9 Wt #R s=aea eEr ok aadw &
AR F T HTAT H IO § | UG 600 W 7w | Arar
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T | UEIHT IEE W AER F FTHK 2-5 . UH TR TH F
W H R g

& e s

TREFIRA oK Aesun § 9l 349 71w FTapIR%L & IRa
9TA AHE IREEN W gaw Fiftat w5 avafiw T iR wyh
e ¥ # g%faa ok srRfya #57 $faw Fgem 571 & fF=mn
TF WY F 'Y ¥ Iuatn G FHQ ARG PE st yaw
™ (micro algae) FRTET HT VIHT HeUH H guE ®9 |
GG

warofaaE, o Wi Jnfae=

foror wifdfar  wE ¥ gF |7 SeEEar a9 960 9%
TS @A Y T fratr faog e § aga € wKEA" &
=t ferfyat & 4 "R 9% g I wwAww i ® |y W
FRATE | U FY A1 TOF AFARE ' 9§ TEET REW
F 7Y v flEw g9 W@ ¥ 1 s qataatl X Ry snfagt
AR ghorw d%raw ¥ wAGEsTT 9 Fhww w1 ww g ¥ !

T . i % iaag Her 948 F AT (eye staik)
F Qe F1 AIgar IAE qA=271 H giRqas g2 91 € & [0
sfgw a1 | TERTRIACH AT A YT F 9ga 091 H 4
g7 (band) T@ W THC A H fah ¢F g2 o4 |

ot wTRRIGT ¥ Sfed 4T A & GrafeE wiiedr SEE
ATGT UHRET ® AN K T T GTEE 47 ( TRTRREFR
HETT A QH. FadE Fy ady fafy gfaa 91 afFT f wenfew
¥ gfcas wEr T & dafas aferar e | @ §Wen 98 @
T afcads ® g JE7 AT ¢



oy
Hafda | & kiR gyroe w9l se® S8 9=y,
Taaer ofX o wedfl T Wit WY ¥ 39 97 gF Hfw wadw
/A9 FE | NHEEN 1 €FET g F7 $9 9 IAEY
gfg ST ® JEd1 AT I=F 9 ® wedl 9@ | gfy g
90,000 €19 ¥ 2T & f1. sfes9 F71 vgpeawrTen ¥ waitfa @i #¥
AT @y § faum 9v 100 fof ¥ 3 15 ww Wk T fRd

Qafaa=

¥ F Aum T H g o wgly ¥ uF 9w HT 90
A (epizotic ulcerative syndrome) fearar w=T1 FzATe, R, amerd,
TUATY, TAFIE AT g F) AT 760 & eq f | gggfasma
Hath orengs A ggOHare W & SRR # Ieiefy giea
1 ORI U FT I FRW @ A AW g T D T
AR T AT U QEARAT GraRigeT Wik g ginifear /@
SO

SR

Wy dfwe ¥ gfagd Shrawe (sample population) & =Y
9fFU SR (enzyme system) BT AFFIEIT SRSST (ADH)
T ATEHIAT (SDH), TR DRAEEETE (XOH) R WAfra
(PO)IX =vTd TARRIRRICE ®WIAT A {AAAARNT  FgEqdt
(intraspecies polymorphism)Syenfea & 1 geafassh arIfa
(allelic frequency} S ifa=, wifawe, Mggwe, AR 3R I=9
¥F T FgEN AEEET W TG GEATE AGTAT F TEP T
# fgena fea | 3w fa & 9us sgafa® 7wF (discrete genetic
stock) GHHA ®T FH AT 4T G@U § |
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ATREORY IR YT AT A

FARS & B9 ¥ =T & e F ey A Wy
gfaa fram fr o9 % ®19 woTw THET w1 g7 - Aw 28 w0
T § 1 1991 F I UFH T FA JT 29 FUS T 41 | FTHA
¥ B FOT ¥ 399 ¥ ¢ Sugw fom &R 9w 19 qqmw wgan
HEFI WY B G F w9 F HAT 14T

B gAfFq T g UHE TS YR 9T A=Tr gRErTn
¥ ot g T =g ¥ = Y T R At gt
F 30 TR W UF 9 F1 qA-THR 4 W9 eQ 97 H{R] THH
¥ 704,827 T TFHE FI AU 4, 64,499 T IREFWT F1 AWE
147,100 ® fraa s ol 93,228 T AT HT ATH HT 1 TH
e | A AR g 19 fE wifEe fewdE g w1 wee i
T AR 9EE ¥

forer wfiteor o TN FT AR

TN WP ® W fien R sgeuae wweiEe

oA & Faea] e R IEeT™ FdFER W T sl
TN A |99 § gAgRH. @K o= Feg a1 g st
Yy 10 o 9T F ) v fagudt wruw € 9har yaw aef &
THEC W 11 A H 2 A WA TN YR

Hogdl. FEFA F HIX e duaek F rEAfafa gfew
< faema g Wafaa) w1 #1fer favafyerea & shed gnfy e
g 1 1. Yfqeuse foww ok uvw fows 1 aidadiesl 2, =
¥ AerE QYT AETF F I TRGRAEa & fafva ggge
9% ¥y 3. Wfqsw ¥erw ¥ wfgaard) (haemolymph) T stera=
4. MRa ¥ Tfaw-ufEmw 9T F waussy (saling) F adfrmm w1
g s Sfafaar ok wiidfefas® (ecology) 5. fafug =i wada
R/alt F g g {nutrient regeneration) F1 |9 X TS
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AL 6. ¥ 0T F W darat 37 aridafas =) S et
TR RFS 67w | 7. IR FAFRET F TAwF yRBFaawE
T AT AR Q. |G ) warw fafy wostemEe

¥ ¥ IRW NEA F AT Naw =ww fofga F g
fogafaerem FY 9T fFU Q@+ 9 FTEFET F oot aw TS
s wgweRTT selar FdE g ot

O AT T wfinw SR

AF AfF TEIET FHIR w9, TR F 9@ ¥ $909
HIfSGTHT AqaaT dRm ¥ eHE AfoRd 9 A 5w afeor
wTdwA srafora fFar (| T wdEE | T8 fae e geRm,
HERTST, 3T, FAEF, ¥, =4, ey, sorayew ok 5@
F daifra ¥F oifw ST F 25 afagwtdl wnr R
o1 FFUT qhiieron T TITAT

AHEAE F FNAFH SIAERK AL AGTL |E & 25, Arror
Hgat, N gert wadq ¥ Tt 708 & ufirfgn 7, 1 mvw 5%
HHTa F1 WAET FF fom AT | 15,340 RO F Few duor
{nucleus implantation) ol Yot ® TeT e Redr 1 oEw
H A 40 ¥ yhwat ¥ Ay freft | ag wfeEismn wfaor s
PR AR g e $1 F Fga™ adF W § |

T W IMURT AYEUW SN U6 S aTR ot PR dwar

¥ F A T W F =0 T2 7 919 sqeue vdeq
A | AT, AOESST F Wegdamgad! wqary i s,
vaEafae AT Afew aqEfaem W s ST wdHY w7 w9 ant
¥ at ® wgrEnim feue weene Y Suflfy ww Send
TH Hegad F TR T A DT wW gfaa w0 wWwE 6w Fag
ST A o St ofvard § )
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IR, FTHEA

" F= W o By W oS 9 aundty iy ¥
TitRegfas gTaeEl F WA GEH sremrE w1 Aifaed R o

R wewe ¥ e Sy wew

TR A HfE) ¥ faFw e b aH s 93n wafas
AT WF | T H A A, TR Foar R wgEe whug
FHAAIGET FEIFET FHFH 7607 f 71 T o R A A
o wimfag o

1. AgEMT e ® Iuds W9FE 1 geaEd |
2. FETE GFAA=il T ATELIATIN BT TISAFLT |
3. HETRATAL ahAal 3 aane e

4. T ok oo $fag sded vgfa g ® <=1 9
st fae wrke e & )

YR

a4 ¥ dxa fa=afafas s faa8 g
1. 97 tH U Ik o Wue wfEewd € 490

2. WA vl 3o gide, . ar= € 9w d=rd
107, 108, 109, 110, 111 9 112

3. 9 T UF AR H1E gAIET §Ed 49, $0,51,52 7 53
4. €1 TH TF A oqrg ATRiE R, 1990-91
5. TR+ grEemEgs, 1990-91

6. wa%, TFIRE, Ag, faumaagm o fafer s
FE ¥ wdeay oft SuEfeqad @) faafre
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