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Introduction

Exploratory surveys carried out since 1965
by fishing vessels belonging to different
governmental agencies have revealed the
occurrence of commercially important deep sea
crustaceans in trawlable concentration along
the south-west coast of India. An area of 3300
sq. km lying between Quilon and Alapuzha,
popularly known as ‘Quilon Bank' was found o
be a rich ground for deep sea prawns and
lobsters. Lying between Lat. 8°N and 9°N, the
bottom slope in the ‘Quilon bank' is interrupted
by a flat area between 275 and 375 m which is

ideally suited for bottom trawling operation for

deep sea crustaceans. The three Indo-
Norwegian project vessels ‘Klaus Sunnana’,
‘Velameen’ and ‘Tuna’ carried out exploratory
surveys during 1967-69 along the south-west
coast and brought out a wealth of information
on distribution, abundance, catch composition
of deepsea crustacean resources and
population characteristics of commercially
important species of prawns and deep sea
lobster. Using FORV Sagar Sampada facilities,
Central Marine Fisheries Research Institute
carried out exclusive surveys for deep sea
crustaceans along the south-west coast in
1988, and 91. These experimental fishing
operations further enhanced our knowledge on
the distribution of deep sea prawns and lobster
in the upper continental slope, as well as their
population characteristics.

Some of the important works which throw
more light on the deep sea resources along the
south-west coast of India and the biclogical
characteristics of constituent species are by
Kurian (Fish. Tech,, 2(1), 1965}, Silas (Bull.
CMFRI, 12, 1969}, Suseelan (J. mar.biol.Ass.
India, 16(2}, 1974}, Oommen (I.F.P. Bull. No. 4,
1980, Kathirvel et al. (Fishing Chimes, 8(11),
1989} and Suseelan et al. (Proc. First. Workshop
Sclent. Resul. FORV Sagar Sampada 1989).

Till recently, deep-sea crustacean
resources were considered to be a close
preserve of large trawlers. These resources
were considered to be beyond the reach of small
and medium trawlers operating in the coastal
waters. Diminishing catch in coastal waters,
spiralling fuel prices and the consequent
erosion on income forced a few trawl operators
at Sakthikulangara to venture into deep sea
fishing operations, for the first time in
November 1999. They returned with enormous
quantities of deep-sea prawns locally known as
‘Pullan konju’. Others too followed suit, which
resulfed in the flooding of the fishing harbours
at Sakthikulangara, Neendakara, Kochi and
Munambam with the red prawns from deep seas.
Along with prawns small quantities of deep-sea
lobster were also brought in. Availahility of
deep-sea crustaceans was a hoon to the boat
owners and prawn starved processing industry
had a new lease of life. A new chapter in the ~
fishing history of the country had been opened.

The present communication deals with
the fishery and biclogy of deep sea prawns and
lobster exploited by small and medium trawlers
from the fishing harbours of Sakthikulangara-
Neendakara, Kochi and Munambam between
November ‘99 and March 2000. The fishery
data at Kochi consist of landings at Kochi
Fisherles Harbour, as well as at private jettys
of Kalamukku and Murukkumpadam in Vypeen
island.

Craft and gear

Conventional shrimp trawlers of 38 to 65
ft in overall length powered by 100 to 120 HP
engines were engaged in deep sea fishing
operation, Mostly the existing winches on
these vessels were modified by increasing the
diameter of the drums and the length of the
shaft to accommodate more wire ropes. The
thickness of the wire rope was increased to ©-



11 mm in diameter. In some of the boats new
winches were installed. Each drum could
accommodate 1000 to 1800m of wire rope. Fish
hold had a storage capacity of 3 to 6 tonnes.
Depending on the length of voyage, trawlers
carried 2500 to 5000 litres of fuel.

Shrimp trawls with a cod end mesh size
of 25 to 30 mm were in operation. Length of
head rope ranged between 100 to 120 ft. By
minimising the number of floats on the head
rope as well as by reducing the trawling speed,
thse boats could operate the net in such greater
depths, very successfully, in spite of their
limitation in overall length.

Fishing aids

Some of these trawlers were equipped
with hi-tech devices such as GPS (Global
Positioning Satellites) navigators and
echosounders. GPS receivers determine the
exact position of the vessel in the sea with high
precision in latitude and longitude. Once
productive shrimp grounds were located, the
vessel could reach the same grounds in
subsequent trips with ease with the aid of GPS
navigators. Echosounder, helps to know the
exact depth of the ground and its terrain which
makes the operation of the net an easy task.
‘Green seas’ a NGO based at Munambam
imparts technical knowhow to the crew on the
use of these devices.

Area of fishing

Trawling generally extended between
Trivandrum and Alapuzha with heavy
concentration of fishing vessels at ‘Quilon bank’
at depths ranging between 175 and 400 m,
During March some trawlers even went upto
Kanyakumari in the south and Beypore in the
north and the depth of operation exceeded
450m.

Generally 6-8 crew members go for fishing
in each trip which lasted 2 to 3 days In the
beginning of the season. Fishing vessels stayed
away from the harbours even upto 5 to 6 days
as the season advanced.

Prawn fishery

Details on the deep sea prawn catch, catch
rate and species composition are given
centrewise.
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Munambam: Between November '99 and
March 2000, the estimated total deep sea prawn
landings amounted to 3393 t with a catch rate
of 59 kg / hour of trawling (Table 1). Maximum
landings were recorded in De¢gember followed
by January and February, Catch / hr of trawling
ranged between 40 to 77 kg and the maximum
catch rate was noticed in December.

‘Species composition: More than 81% of the

prawn catch was contributed by pandalid
prawns. Among them, Heterocarpus
woodmasoni (34.48%}) and Plesionika spinipes
(32.57%) were the major constituents followed
by H. gibbosus (13.82%). Plesionika martia
appeared in small quantities in March,
Maximuin landings of pandalids were obtained
in December and January. Among the penaeid
prawns Metapenaeopsis andamanensis (13.12%)
and Aristeus alcocki (4.83%) were the major
contributors. Penaeopsis jerryl and Solenocera
hextli were represented in the fishery in small
numbers In certain months. Maximum
landings of M. andamanensis occurred in March
followed by December. A. alcocki was fished in
good quantities in February and landings were
uniform during the rest of the period between
December and March.

Kochi Fisheries Harbour: The total estimated
landings of deep sea prawns amounted to 3768
t. with the catch / hr of 59 kg (Table 2}.
Maximum catch was obtained in December,
Catch / hr of trawling was almost uniform (60
kg) in all months except in February when it
decreased to 46 kg. Maximum trawling hours
were recorded in December with a
gradual decline in subsequent months.

Species composition: Pandalid prawns H.
woodmasoni (33.449j), P. spinipes (25.649%} and
H. gibbosus (16.64%) supported bulk of the
prawn fishery. Best landings of H.woodmasoni
and P. spinipes were recorded in December with
gradual decline in the following months.
Maximum landing of H. gibbosus took place in
February followed by January. Penaelds
coniributed to 24.26% of the prawn landings
with maximum representation by A. alcocki
followed by M. andamanensis. Maximum catch
of A. alcocki and M. andamanensis was recorded
in March and December respectively. S. hexti
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TaBLE 1 Details on catch (t}, effort, catch/hr [kg) and catch composition of deep sea crustacean fishery

at Munambam during 1999-2000

. Nov.99 Dec.99 Jan.2000 Feb.2000 Mar.2000 Total

No. of boat irips 50 961 797 645 416 2869

Trawling hours 1200 19024 15054 15795 6518 57591

Deep sea prawn catch (t] 48 1464 914 535 432 3393

Catch/hour of trawling (kg) 40 77 61 34 66 59

Deep sea lobster (Puerulus 1 18 17 16 5 57
sewell] catch () :

Catch/hr of trawling (kg) 0.8 0.9 1.1 1.0 0.8 1.0

Species wise prawn catch {t)

Heterocarpus woodmasoni 21 586 387 96 80 1170

) (34.48%)

H. gibbosus 4 125 139 156 45 469

{13.82%)

Plesionika spinipes 15 607 232 168 83 1105

(32.57%)

P. martia - - - - 14 14

{0.41%)

Aristeus alcocki ' 1 34 37 56 36 164

(4.83%)

Metapenaeopsis andamanensis 5 112 98 59 171 445

' {13.12%)

Penaeopsis jerryt 2 - 21 - . 23

(0.68%)

Solenocera hextii - - - - 3 3

(0.09%)

TasLe2 Details on catch (t}, effort, catch/hr (kg) and catch composition of deep sea crustacean fishery
at Kochi Fisheries Harbour during 1999-2000

Dec.99 Jan.2000 Feb.2000 Mar.2000 Total

No. of boat trips 1181 882 725 497 3285

Trawling hours 23541 15556 14367 10665 64129

Deep sea prawn catch (t) 1517 932 666 653 3768

Catch/hour of trawling (kg) 64 60 46 61 59

Deep sea lobster (Puerulus 5 6 7 6 25

sewelli) catch (t)

Catch/hr of trawling (kg) 0.2 0.4 0.5 0.6 0.4
Species wise prawn catch (t)

Heterocarpus woodmasoni 656 207 206 101 1260

(33.44%)

H. gibbosus 134 177 194 122 627

(16.64%)

Plesionika spinipes 463 278 134 91 966

' (25.64%)

P. martia - 1 - - 1

(0.02%)

Aristeus alcockd 64 56 97 327 544

(14.44%)

Metapenaecopsis andamanensis 170 a8 20 1 289

{7.67)

Penaeopsis jerryi 13 1 - - 14

(0.37%)

Solenocera hextil 17 24 15 11 67

(1.78%)




supported a minor fishery with fairly good
landings in January. Almost the entire catch
of P. jerryi was landed in December.

Sakthikulangara-Neendakara: Maximum
landings of deep sea prawns were recorded at
Sakthikulangara and Neendakara harbours.
Estimated catch during the 5 month period
amounted to 16265 t at a catch rate of 58 kg/
hr of trawling (Table 3}. Best landings were
observed in December followed by February and
March. Catch rate was high during November-
December. It declined in January followed by
a spurt in February and again a fall in March.
Maximum hours were expended for trawling in
December followed by March and January.
Species composition: H. woodmasoni (36.78%)
and P. spinipes (27.79%]) contributed to the builk
of the prawn landings. This was followed by M.
andamanensis (15.68%), H, gibbosus (12.24%)
and A. alcocki (4.96%). Other species namely
P. martia, P. jerryiand S. hextii occurred in small
numbers in different months. Maximum
amount of pandalid prawns and M.
andamanensis was caught in the month of
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December '99. Landings of A. alcocki was more
during February 2000.

General trend on the deep sea prawn fishery
along Kerala coast

The total deep sea prawn catch of Kerala
coast landed at Munambam, Kochi and
Sakthikulangara-Neendakara centres for the
period between November 1999 and March 2000
amounted to 23426 t with a catch rate of 58
kg/hr (Table 4). More than 69% of the prawn
catch was landed at Sakthikulangara-
Neendakara harbours followed by Kochi (16.1%)
and Munamban (14.5%). The catch rate was
almost similar at these centres. Nearly 70%
fishing effort was  expended at
Sakthikulangara-Neendakara centres followed
by Koch (16%) and Munambam (14%}.

Pandalid prawns contributed to 78% of the
deep sea prawn fishery, the rest being
accounted by penaeid prawns (Fig.1}. Among
the pandalids, H., woodmasoni {37%} and P.
spinipes (28%]} were the dominant constituents
followed by H. gibbosus (13.0%). M.

TapLe 3 Details on catch [t].. effort, catch/hr (kg} and catch composition of deep sea crustacean
fishery at Sakthikulangara-Neendakara during 1999-2000

Nov.99 Dec.99 Jan.2000 Feb.2000 Mar.2000 Total

No. of boat trips 2081 7610 5545 3737 5268 24241

Trawling hours 21215 78031 69656 41364 69808 280074

Deep sea prawn catch (t) 1548 6641 2303 2924 2851 16265

Catch/hour of trawling (kg) 73 85 33 71 41 58

Deep sea lobster (Pueruius 76 154 53 89 120 492

sewellij catch (t)

Catch/hr of trawling {(kg) 3.6 20 0.8 22 1.7 1.8
Species wise prawn catch (t) )

Heterocarpus woodmasoni 739 2625 878 585 1155 5082

(36.78%)

H. gibbosus 79 698 304 410 499 1990

{12.24%)

Plesionika spinipes 419 2032 483 959 627 4520

(27.79%)

F. martia - - 62 - - 62

{0.38%)

Aristeus alcocki 75 - 178 409 145 807

{4.96%)

Metapenaeopsis andamanensis 236 1286 247 383 399 2551

' (15.68%)

Penaeopsis jerryi - - 145 102 - 251

(1.54%)

Solenocera hextli - _ - - 76 26 102

(0.63%)




andamanensis (14%) and A.alcockd (6%) were the
principal components of the penaeid prawn
fishery. The rest of the deep sea prawn fishery
(2%) was shared hetween P. jerryi. S. hextii and
P. martia in order of abundance.

Fishes and crabs caught along with prawns
were discarded due to lack of space on board
the vessels and non-existence of ready market
to purchase them.

Biological studies

Details on size distribution, sex ratlo and
the breeding season of dominant constituent
species had been collected. Since the source
of the catch being the same, biological data of
all the fishing centres are pooled together for
the present study. Specieswise size frequency
data of the entire fishing season is pooled
together and presented in the Figures 2 to 6.
Species-wise, month-wise and sex-wise data on
size range, dominant size classes, sex ratio and
breeding stock are given in Table 5. The total
length of the prawn was measured from tip of
the rostrum to the tip of the telson and the sizes
are grouped under 5 mm length groups.
Species-wise biological informations are given
below.

Heterocarpus woodmasoni: This medium
stzed prawn was the dominant constituent of
the deep sea prawn fishery contributing to
nearly 37% of catches. In the fishery, 71 to
125 mm sized males and 81 to 125 mm sized
females were represented (Fig.2). 96 to 120
mm size classes in both sexes dominated and
supported more than 91% of the fishery.
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Metapenaecpsis O‘;:;” Heterocarpus
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Fig. 1 Specles composition of deep sea prawn fishery

along Kerala coast

Males cutnumbered females in December
and March. In the overall fishery males
contributed to 54.2% of the landings. Berried
fernales were available throughout the season,
with their percentage contribution varying
between 74 to 94.4 in different months. This
indicates active breeding throughout the
season {Table 5}. The minimum size of the
berried female encountered in the fishery was

93 mm.
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TabLe 4 Catch (t), effort and catch/hr (kg) of deep sea crustacean fishery for all centres combined

during 1999-2000

Munambam Kocht Sakthikulangara Total
Fisheries Neendakara
. Harbour

No. of boat trips 2869 3285 24241 30395
Trawling hours 57591 64129 280074 401794
Deep sea prawn catch {t) 3393 3768 16265 23426
Catch/hour of trawling (kg 59 59 : 58 58
Deep sea lobster (Puerulus 57 25 492 574
sewelli) catch (1)
Catch/hr of trawling (kg 1.0 0.4 1.8 14
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Number of head-on prawns varied between
111 and 150 in one kg.

Heterocarpus gibbosus: Due to its larger size,
this prawn is much sought after by the
processing Industry. The total length of the
prawn in the fishery varied between 91-140
mm in males and 81-140 mm in females (Fig.3}.
The size classes mainly supporting the fishery
were within the range of 111-125 mm in males
and 106-125 mm in females. The most
dominant modal class for both sexes throughout
the season was 116-120 mm and about 73% of
the landings was contributed by this size group.

Males dominated the fishery in all months
except March. Berried females were recorded



in the fishery between January to March. Most
of the berried individuals were recorded in the
sizes above 100 mm. However, the smallest
berried female measured 88 mm. Berried
females in good numbers were fished in
February and March suggesting intense
breeding during these months (Table 5).

55 to 80 numbers of head-on prawns were
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Plesionika spinipes: In the earlier works this
species was referred as Parapandalus spinipes
Chace (1985) placed this prawn under the
genus Plesionika. This prawn was the second
most dominant component of the deep sea
prawn fishery, contributing to 28% of the
landings. The fishery was supported by 71-
120 mm sized males and 76-120 mm group

TasLE 5 Biological characteristics of deep sea prawns

Male Female Sex ratio(%) Berried
S5ize range Dominant  Size range Dominant Male Female Females
{mm) Size (mm} {mm) Size (mm) (%)
Heterocarpus woodmasoni
December 1999 71-125 106-120 81-125 106-120 57.8 42,2 74.0
January 2000 81-125 101-120 96-125 106-120 41.5 58.5 77.8
February 2000 81-120 101-115 81-120 106-120 . 31.0 69.0 944
March 2000 81-120 96-110 86-120 96-110 63.5 36.5 90.3
Total 71-125 96-120 81-125 96-120 54.2 45,8 79.3
Heterocarpus gibbosus
December 1999 106-140 111-125 101-3140 116-125 57.2 42.9 -
January 2000 91-125 111-120 91-135 106-125 51.1 48.9 13.0
February 2000 96-130 111-120 81-135 111-125 61.2 38.3 42.6
March 2000 106-130 116-120 86-125 121-125 375 62.5 20.0
Total 91-140 111-125 81-140 106-125 _ 57.3 42.7 285
Plesionika spinipes :
December 1999 71-115 91-105 76-120 91-105 48.2 51.8 71.9
January 2000 76-120 91-105 76-120 96-110 36.7 63.3 75.8
February 2000 71-105 86-95 76-105 86-95 48.7 53.3 69.1
March 2000 81-110 91-100 81-110 91-100 45.5 54.5 722
Total 71-120 86-105 76-120 86-110 43.9 56.1 73.0
Metapenaeopsis andamanensis % of spawners
December 1999 71-115 81-95 81-130 86-100 46,7 53.3 2.0
January 2000 81-115 91-110 81-130 91-110 36.3 63.7 -
February 2000 86-105 86-90 76-125 91-95 23.1 76.9 -
March 2000 81-115 ° 91-100 76-125 91-100 34.4 65.6 85
Taotal 71-115 81-110 76-130 86-110 39.6 604" 2.7
Aristeus alcocki
February 2000 81-90 81-85 106-185 126-150 32 96.8 62.2
March 2000 86-95 86-90 111-155 126-140 7.1 929 3080
Total 81-95 81-90 106-185 126-150 39 96.1 58.3




catch were within the range 86-105 mm in
males and 86-110 mm in females. These size
classes contributed to 86% of the fishery.

Female was dominant in the fishery
throughout the pericd of cbservation with its
monthly percentage contribution ranging
between 51.8 and €3.3. Berried females in
appreciable numbers were seen throughout the
fishing season indicating continuous breeding
(Table 5). In the overall fishery they formed
73% of the females. Smallest berried female
in the catch measured 83 mm in total length.

In the commercial catch 165 to 300 nos of

Heteracarpus woodmasoni

head-on prawns constituted one kg.

Metapenaeopsis andamanensis: This was the
most dominant penaeid species in the deep sea
prawn fishery, 71-115 mm size males and 76-
130 mm females contributed to the fishery
{Fig.5). Dominant groups in the fishery were
within 81-110 mm size range in males and 86-
110 mm in females. More than 81% of the catch
was contributed by these size classes.

Females outnumbered males in all
months, the overall contribution being 60.4%
in the landings. Unlike the pandalid prawns,
sprawners were rarely represented in the catch
(Table 5). While spwners were totally absent
in January and February small numbers were
encountered in December and March.

Aristeus alcocki : Largest of all deep sea
prawns, this prawn is listed as A. semidentatus
in the earlier works. Suseelan (J.mar.blo.Ass,
India, 31 1989j established its true identity as
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Plesionika spinipes

A, alcockt. Popularly known as ‘red ring’, this is
the most sought afier deep sea prawn by
exporters. Sexes exhibit wide disparity in their
size and occurrence. Males in the fishery
measured between 81-95 mm in total length
where as in females the size ranged between
106-185 mm (Fig. 6}. Females of 126-150 mm
size range dominated the fishery.

Males were represented very rarely in the
catch and the overall contribution was as low
as 3.9% (Table 5). Spawners {late maturing and
mature stages) were available in good numbers
in February and March. Spawners were
represented in all size classes above 115 mm.
Most of the females in the catch were
impregnated.

The count of head-on, average sized
females in one kg varied between 60 and 75
numbers and ‘tail’ contributed to roughly 56%
of the total weight.

Deep sea lobster

Deep sea lobster fishery along the south
west coast of India {s supported by a single
species namely Puerulus sewelli. This species
coexist with deep sea prawns and was
harvested in small quantities along with the
prawns during the recent commercial fishing
by small and medium trawlers. Though
distributed along the west coast between
latitudes 7°N and 18°N at 150-400 m depth, in
the recent commercial operations the deep sea
lobster was fished mainly from the ‘Quilon
Bank’. The catch, effort and catch rate of deep



Metapenaeopsis andamanensis

sea lobster landed at various harbours for the
period between November 1999 and March 2000
are given in Tables 1 to 4. Harbour-wise details
are furnished below.

Munambam: The total landings for the
observations period were estimated at 57 t with
a catch rate of 1 kg/hr of trawling. Catch and
catch rate were almost uniform between
December and February (Table No.1).

Kochi Fisheries Harbour: When compared with
Munambam, catch and catch rates were poor
at this centre. The total landings between
December to March amounted to 25t, catch rate
being 0.4 kg/hr of trawling. Catch and catch
rate were evenly distributed in all months
(Table 2).

Sakthikulangara-Neendakara: Good landing
of P. sewelli was recorded at these centres in
comparison with Munambam and Kochi. A total

Aristeus alcocki

K
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landing of 492 t with a catch rate of 1.8 kg/hr
of trawling was registered at these centres.
Maximum catch was realised in December
followed by march. Best catch rate was recorded
in November followed by February and
December (Table 3). '

Total lobster landings of the above three
centres were estimated at 574 t, with caich/
hr of 1.4 kg. Sakthikulangara-Neendakara
contributed to 85.7% of the lobster fishery
followed by 9.9% by Munambam and 4.4% by
Kochi. Catch rate also followed the same trend
(Table 4). '

Biological studies: Data on the size structure
of the population, sex ratio and breeding stock
were collected from all the above landing centres
and the pooled data were pesented in Table 6.
The length distribution combined for all the
observation centres for the period, December
1999-March 2000 is shown in Fig. 7.

The total length of P. sewelll ranged
between 76-210 mm in both sexes. In the
overall fishery, two size groups viz. 106-130
mm and 151-180 mm in males; 96-130 mm and
156-175 mm in females dominated. Large sized
lobsters of 151-185 mm were dominant during
December - January. In January smaller sizes
between 106 and 130 mm were recruited to the
fishery which remained dominant in the
following months.

Sexes were more or less evenly distributed
in the fishery throughout the season. Females
contributed to 50.7% of the ovrerall fishery
{(Table 6). Berried females were available in

Deepsea Lobster (Puerulus sewelli)



good numbers in all months except February.
Percentages of berried females ranged between
15.7 10 45.4 in different months indicating a
protracted breeding period.

Price structure: In the initial weeks of the
fishing season, pandalid prawns H. woodmasoni
and P. spinipes and penaeid prawn M.
andamanensis fetched a high price of Rs.40 to
Rs.50/- per kg respectively. With heavy
landings in the following weeks. price first fell
to Rs.30 to Rs.40/- per kg and later stabilised
between Rs.25 to Rs.35/-. Because of thelr
larger size, H. gibbosus and A. alcocki were sold
at the rate of Rs. 50-60/- and Rs. 80-100/- per
kg. Depending upon the size, price of assorted
catch of deep sea lobster varied between Rs.100
to 150 per kg.

Discussion

Catch rate of deep sea prawns in the
- recent commercial operations, species
composition of the prawn fishery and biclogical
characteristics of dominant constituent
species are well in agreement with the findings
of exploratory surveys carried out by Indo
Norwegilan Project vessels between 1967 and
1969 and the exclusive crustacean cruises
conducted by FORV Sagar Sampada in 1988 and

.cruises.
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1989 off the south west coast of India. Overall
catch rate for deep sea prawns in the INP
operations was estimated at 89.5 kg/hr. Sagar
Sampada operations (Cruise No.40) between
235 and 421 meters realised a catch rate of 75
kg/hr for deep-sea prawns. These catch rates
compare favourably with the catch rate of 58
kg/hr registered in the recent operations in
the same ground where hundreds of vessels
were in operation for a period of 4.5 months.
H. woodmasoni (41.35%), P. spinipes (22.00%)},
Aristeus semidentatus {10.28%) and H.gibbosus
(6.90%) were the dominant constituents of INP
operations. Plesiontica spinipes, H. woodmasoni,
H. gibbosus and A. alcocki constituted the builk
of the deep sea prawn catch in Sagar Sampacda
Species composition of the recent
commercial operations were more or less
identical to that of the earlier surveys of INP
and Sagar Sampada. However, the availability
of M. andamanensis in good quantities in recent
operations was the only major departure from
earlier observations.

Population characteristics such as size
composition, sex ratlo and breeding stock of
important species collected during recent
operations closely agreed with the data
generated by INP and Sagar Sampada cruises.

TaBLE 6 Biological characteristics of deep sea lobster Puerudus sewelll

Male Female Sex ratio(%o) Berried
Size range Dominant  Size range Dominant Male Female Females
(mm) Size (mm) (mm) Size {mm) (%)
December 1999 121-210 151-180 86-190 156-185 50.7 493 45.4
January 2000 91-180 106-130 86-210 106-126 496 504 42.3
and and
151-165 156-175
February 2000 76-180 121-130 76-175 116-130 474 52.6 15.7
March 2000 91-155 106-115 106-170 106-110 51.5 485 43.8
Total 76-210 106-130 76-210 96-130 49.3 50.7 34.9
and and
151-180 156-175




Pandalid fishery was supported by adult
population deminated by spawning stock in INP,
Sagar Sampada and recent commercial
operations., Meagre representation of male
populatlon'and presence of impregnated
females in large proportion in A. alcocki
landings were the other common features in
Sagar Sampada and recent commercial
operations,

Excepting one haul, catch rates were poor
for deep sea lobsters in Sagar Sampada cruises.
This trend was reflected in the recent
commercial operations too.

The committee appointed by the Govt. of
Indiain 1984 to assess the potential of shrimp
resources in the country estimated the
exploitable yield of deep sea prawmns along the
south west coast at 3500 t. The sustainable
yield of deep sea prawns along the south west
coast of India was estimated at 3123 t. Working
group on revalidation of potential marine
fisheries resources of EEZ of India in 1991,
estimated the potential of deep sea prawns in
the entire EEZ as 3000 t. The same working
group recommended the deployment of 15 stern
trawlers per season to tap the deep sea prawn
and lobster resources. All these estimates were
arrived at by applying the ‘Swept area’ method
based on exploratory trawling surveys
conducted by different government agencies.

In the light of recent commercial
operations by small and medium trawlers, all
the above estimates were highly under-rated.
Within a short span of 4.5 months, the
commercial vessels based at Sakthikulangara,
Kochi and Munambam harvested more than
twenty three thousand tonnes of deep sea
prawns with a very high catch rate of 58 kg/
hr. This high catch rate was not a real indicator
of regular abundance of prawns in these areas,
because the grounds exploited were totally
virgin ones. However, good returns of deep sea
crustaceans are naturally expected from these
grounds,
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Reports indicate that more deep sea
vessels' are under various stages of
construction in different boat yards of the state
for launching them in the ensuing season. The
deep sea prawn stock cannot withstand more
fishing pressure in future and yleid the same
returns as registered in the recent operations
and the catch rate is bound to come down in
the ensuing fishing season. The deep sea
prawn fishery was characterised by absence of
juvenlile populations and heavy dominance of
berried, impregnated or mature females in
almost all the species. Unlike coastal species,
the deep sea prawns have slow growth rate, long
life span and low fecundity. Taking these
biclogical limitations into account, it will be
prudent on the part of the industry not to
enhance the fishing pressure on this fragile
stock., Because of poor catch returns in the
north east coast, large shrimp trawlers based
at Visakhapatnam shifted their operations to
deep sea lobster fishing in south west coast in
1988 and 1989. Overfishing of this resource
led to a near total depletion of the stock.
Reduction in deep sea lobster catch in recent
commercial fishing operations is a pointer to
this. The same fate should not befall the
fledgling deep sea prawn fishery. The need of
the hour is to have a close monitoring of the
level of fishing effort in the coming season;
study the behaviour of the stock and
understand whether it is optimally exploited.

Small and medium shrimp trawlers
operating in the coastal waters have proved
beyond doubt that they are capable of trawling
for deep sea crustacean resources upto a depth
of 400 - 450 m with necessary modifications in
the winch and installation of advanced
technological devices such as GPS navigator
and echosounder. In the light of these
developments, Government should take a
second look at the licensing policy of large
trawlers for deep sea fishing operations in
future.
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Sagar Sampada and recent commercial
operations. Meagre representation of male
population and presence of impregnated
females in large proportion in A. alcocki
landings were the other common features in
Sagar Sampada and recent commercial
operations.

Excepting one haul, catch rates were poor
for deep sea lobsters in Sagar Sampada cruises.
This trend was reflected in the recent
commercial operations too.

The committee appointed by the Govt. of
India in 1984 to assess the potential of shrimp
resources in the country estimated the
exploitable yield of deep sea prawns along the
south west coast at 3500 t. The sustainable
yield of deep sea prawns along the south west
coast of India was estimated at 3123 t. Working
group on revalidation of potential marine
fisheries resources of EEZ of India in 1991,
estimated the potential of deep sea prawns in
the entire EEZ as 3000 t. The same working
group recommended the deployment of 15 stern
trawlers per season to tap the deep sea prawn
and lobster resources, All these estimates were
arrived at by applying the ‘Swept area’ method
based on exploratory trawling surveys
conducted by different government agencies.

In the light of recent commercial
operations by small and medium trawlers, all
the above estimates were highly under-rated.
Within a short span of 4.5 meonths, the
commercial vessels based at Sakthikulangara,
Kochi and Munambam harvested more than
twenty three thousand tonnes of deep sea
prawns with a very high catch rate of 58 kg/
hr. This high catch rate was not a real indicator
of regular abundance of prawns in these areas,
because the grounds exploited were totally
virgin ones. However, good returns of deep sea
crustaceans are naturally expected from these
grounds.
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Reports indicate that more deep sea
vessels are under various stages of
construction in different boat yards of the state
for launching them in the ensuing season. The

" deep sea prawn stock cannot withstand more

11

fishing pressure in future and yleld the same
returns as reglsteréd in the recent operations
and the catch rate {s bound to come down in
the ensuing fishing season. The deep sea
prawn fishery was characterised by absence of
juvenile populations and heavy dominance of
berried, impregnated or mature females in
almost all the species. Unlike coastal species,
the deep sea prawns have slow growth rate, long
life span and low fecundity. Taking these
biological limitations into account, it will be
prudent on the part of the industry not to
enhance the fishing pressure on this fragile
stock. Because of poor catch returns in the
north east coast, large shrimp trawlers based
at Visakhapatnam shifted their operations to
deep sea lobster fishing in south west coast in
1988 and 1989. Overfishing of this resource
led to a near total depletion of the stock.
Reduction in deep sea lobster catch in recent
commercial fishing operé.tions 1s a pointer to
this. The same fate should not befall the
fledgling deep sea prawn fishery. The need of
the hour is to have a close monitoring of the
level of fishing effort in the coming season;
study the behaviour of the stock and
understand whether it is optimally exploited.

Small and medium shrimp trawlers
operating in the coastal waters have proved
beyond doubt that they are capable of trawling
for deep sea crustacean resources upto a depth
of 400 - 450 m with necessary modifications in
the winch and installation of advanced
technolegical devices such as GPS navigator
and echosounder. In the light of these
developments, Government should take a
second look at the licensing policy of large
trawlers for deep sea fishing operations in
future.
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Introduction

Farming of marine mussels is practiced
extensively in the temperate and Southeast
Asian countries. In India two species of
mussels, Perna viridis and Perna indica
commonly known as the green and hrown
mussels respectively have been reported. Qf
these, the green mussel has a wider
distribution occurring along the east and west
coasts of India, while brown mussel is restricted
to southwest coast upto central Kerala. The
annual production of mussels ranges hetween
6000 and 10,000 tonnes through fishery,
production from commercial mussel farms
being negligible. In the recent years farmed
mussels also have contributed to the annual
mussel production.

Since 1995, the Central Marine Fisheries
Research Institute (CMFRI) has made fervent
efforts to popularize mussel mariculture by
setting up demonstration farms in estuaries
and open sea systems with active participation
of local fishers. Along with this, activities like
short-term training courses at the village level,
awareness programs to State Govt. and welfare
officers and publicity through mass media
during the harvests led to the development of
musse!l mariculture as a small scale,
financially viable activity along the southwest
coast of India. In addition to providing part time
employment to unskilled fishers, mussel
mariculture activities produced about 600
tonnes of mussel in 1999, This is a significant
achievement for a nation, which did not have
any commercial mussel farms till 1996.

With the commercialization of mussel

mariculture, the demand for seed especially in
the states of Kerala and Karnataka has
increased considerably. Though the hatchery
techniques for mussel seed production has
been developed majority of the mussel farmers
depend on wild seed for farming. Requisite data
on the seed settlement season, its spatial
distribution and type of material to be used for
collection is well documented for most of the
temperate species. In India, information on
mussel biology like growth pattern relative to
shell and somatic parts and reproduction are
available. Similarly, the techniques of mussel
farming and the results of the programs
implemented at different locations along the
Indian coasts have been published by several
researchers of CMFRI and National Institute
of Oceanography (NIO). However, quantitative
information on the seed resources and their
spatial distribution is not available though
mention has been made on the major seed
settlement along Kerala and Goa coasta, With
the upsurge of mussel mariculture data on seed
availability has become essential for correct
management of this industry so that farmers
can plan and inltlate theilr farming activities
in advance. Besides, such data is essential to
policy makers in deciding the number of farms
and extient of mussel farming that can be
practiced.

To find solutions for queries like ‘wher’
‘where’ and ‘how much’ seed can be collected, a
rapid seed assessment survey was conducted
along the Kerala and Karnataka states during
1999-2000. The significant observations made
during this survey are presented in this paper.

!CMFRI, Kochi: *RC of CMFRI, Kozhikode:; *RC of CMFRI, Karwar: *RC of CMFRI, Mangalore; SKVK of CMFR,

Narakkal.



Sampling procedure

The survey was conducted during July to
November 1999 and from November to April
2000 along Kerala and Karnataka coasts
respectively. For estimating the biomass, the
faunal settlement on the hard rocky / laterite
substratum was completely scraped from a unit
area of 25 x 25 cm marked by a quandrant
(Fig.1). Two to three samples from each site
(Fig.2) were collected from the upper and lower

Fig. 1 Sampling of intertidal mussel beds using a 25 x 25
cm quadrant.
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Fig. 2 Map showing the zone-wise seed sampling site
used in the present rapld survey along Kerala and
Kamataka coasts.
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intertidal regions during low spring tides when
the mussel beds were exposed. Samples from
the subtidal beds were taken by engaging local
divers. The approximate area of seed
settlement was noted by observation and
enquiry with mussel pickers. The samples
were sieved through 5 mm mesh sieve and the
mussel spat above 5 mm were collected and the
total number and length of spat in unit area
was noted. In case of dense settlement sub
samples were taken and the length {mm) and
weight (mg) of the mussels were taken. The
biomass per m? was calculated based on shell-
ondweight of mussels inhabiting unit area.
From this data, the biomass for each site and
zone and the number of seed per kilogram were
estimated.

Mussel seed resources of Kerala

Kerala has rich natural beds of green
mussel from the intertidal zone upto 15 m depth
along the coasts of Kollam, Alapuzha, Kochi,
Kozhikode, Kannur and Kasargod. This State
accounts for more than 95% of the national
mussel] production. For seed assessment, the
coastal region from Paraveoor in the south to
Koduvally in the north was divided into seven
zones. The resource potential of all the coastal
districts except Trivandrum and Kasargod was
estimated from the samples collected. About
7954 tonnes of seed mussel of average length
16 n.n was distributed in 5,614,625 m? area
during July to November 1999, The average
mussel biomass per m? was 2915 g. Spat
settlement was observed from July onwards.
However, the coastal zone becomes congenial
for spat collection only front September onwards.
Details regarding extent of mussel bed,
average biomass per sq. m, estimated biomass
for the major sttes and the average length of
the seed collected during the sampling period
are given in Table 1.

South Kerala {Zone I) : In the region between
Paravoor and Parimanam the mussel biomass
comprising both brown and green mussel was
estimated as 24 tonnes spread over an area of
38,000 m2. At Paravoor, the southern most site,
the majority of the beds observed were brown
mussel beds. Settlement in the upper
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TaBLE 1 Mussel seed settlement along Kerala coast indicating major seed settlement sites IT - Intertidal;

ST - Subtidal
Zone Location/ Estimated Average Estimated Average Number of Nature Date of
Area extent of mussel biomass  size of mussel seed per of Bed sampling
mussel bed biomnass per in tonnes seed [mm) kilogram
in sq.m sq.mig)
South Eerala
I Kollam district
Paravoor 12000 7107 5.33 25.9 534 IT 05-Nov-99
Neendakara/Port Kollam 8000 3375 7.615 24.9 709 IT, 8T 05-Nov-99
Cheriya Azheekal/Parimanaml8000 9264 10.827 18.6 4190 IT 05-Aug-99
Total/Average 38,000 6582 23.8 23.1 1811
Central Kerala
Il Alapuzha district - i
Andakaranazhi 3000 184 0.587 6.8 16769 IT 17-Jul-99
11} Ernakulam district
Saudi/S.Chellanam 9750 184 0.587 6.8 16769 IT = 17-Jul-89,
Nayarambalam/Narakkal 3750 2348 7.807 12.6 2248 IT, ST 02-Aug-99
IV Thrissur district
Perinjanam/Azhikode 3000 156 0.277 6.9 10182 IT 25-Jul-99
Ethayi’ 1125 582 0.548 7.3 4767 IT 02-Sep-99
Anjangadi/Thottapu 6000 45 0.204 6.9 12077 IT, ST 25-Jul-99
Total/Average 26,826 885 10.0 7.9 10469
North Kerala
Malappuram district (No significant resources)
V Kozhikode district
Chaliyam/S.beach 800,000 1800 1520.0 18.8 400 ST 01-Oct-99
Elathur/Kolam 750,000 1760 1275.0 11.4 415 T, ST 28-Aug-99
Moodadi/Thikkodi 2,400,000 1500 3600.0 13.2 350 IT, ST 22-Sep-99
Chombala 400.000 1500 600.0 I19.5 350 IT, ST 22-Sep-99
VI Mahe 200.000 1000 200.0 20.1 350 28-Sep-99
VII Kannur district
Thalassery/Thalal 500.000 2250 125.0 21.3 400 IT, ST 28-Sep-99
Koduvally 500,000 1200 600.0 20.5 400 IT, ST 28-5cp-99
Kasargod district Not surveyed
Total/Average 5.850,000 1579 7920.0 17.8 381
Grand Total/Average 5.614,625 2915 7983.8 16 4220

intertidal area was found to be destroyed due
to desiccation during December-January.
However, at Needakara (Port Kollam), the
subtidal mussel beds harbouring both green
and brown mussel showed good survival and
growth throughout the year.

Central Kerala {Zone II - IV) : Moderate
settlement of both species of mussel was
observed in the coastal zone of Andakaranazhi
to Chellanam {Zone II) where the biomass was
estimated as 587 kg in about 3000 m?,
Southern regions of Alapuzha district which are
famous for mudbank formation during
southwest monsoon were barren. Severe
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destruction of seed mussel by desiccation and
sand accumulation was observed during
December-January. In Zone Il covering the
region on either sides of the Cochin barmouth
about 8.4 tonnes of mussel seed of average
length 15.7 mm was distributed in 13,500 m?
during July-August. The settlement was
mostly on the rocky sea walls bordering the
coastal villages {Fig, 3 and 4) which were prone
to sea erosion during the southwest monsbon.
P. viridis dominated the mussel population. The
mussel blemass was estimated as 1029 kg in
10,125 m? between Azhikode barmouth and
Chavakkad (Zone IV). At Perinjanam, the



Fig. 3. Granite rocks (seawall) bordering the coasis of
central Kerala for preventing sea erosion which have
extensive mussel seed settlement

AN i

Flg. 4. A view of the mussel seed settlement on the sea
wal} along central Kerala coast.

mussel spat perished due to desiccation by
November. Brown mussel spat occurred only
in stray numbers in all the samples collected.
However, the subtidal seeds (Fig.5) settled in
the northern part of this zone which is
submerged even during postmonsoon survives
and this supports a fishery.

North Kerala (Zone V - VII} : About 76% of the
seed settlement area of the state is in Zone V
extending between Chaliyam and Chombala in
Kozhikode district which has extensive subtidal
regions with laterite substratum suitable for
attachment of mussel spat. The mussel beds
located along coastal region of Thikkodi,
Chaliyam, Elathur and Chombala was
estimated as 43,50,000 m? with a biomass of
6995 tonnes. The natural crevices found in
the laterite substraium (Fig.6) ensured
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Fig. 5 Mussel seeds in sub-tidal beds In northern parts
of central Kerala (Zone 1V)

Fig. 6. Seed settlement on laterite rocks in north Kerala.

inccmplete removal by mussel pickers.
However destruction of seed mussels which
were fished along with large mussels and
mortality due to silting and desiccation was
noted at Elathur and Kollam. Zone VI which
cavers the coastal area of Mahe had an
estimated biomass of 200 tonnes in 2,00,000
m? area. Mussel spat settlement was observed
on granite and laterite rocks. The intertidal
and subtidal areas of Koduvally and Thalassery
(Zone VII) in Kannur district had 725 tonnes of
mussel spat of average length 23.1 mm in
10,00,000 m? contributing to 9.1 and 18.0% of
the States mussel biomass and mussel bed
area, ’

Mussel seed reéource of Karnataka
Mussels, locally known as Ajir / Pachila are



fished by coastal fishers and marketed locally
and in neighbouring states like Kerala and Goa.
The coastal region of Karnataka was divided
into seven zones with four in Dakshina
Kannada district and rest in Uttara Kannada
district. The total mussel biomass was
estimated as 178 tonnes spread over an area
of 560,675 m?. About 73% of the mussel beds
were in Uttara Kannada district with 23% of
the total mussel blomass. The average biomass
was estimated as 5149 g per m? comprising of
seeds of length 26 mm. The mussel beds in
Dakshina Kannada are mostly subtidal in
nature, while in Uttara Kannada it is intertidal
as well as subtidal. Uttara Kannada has more
extensive natural rocky shores (Fig.7 and 8)
than Kerala. Details regarding extent of mussel
bed, average blomass per m? estimated
biomass for the major sites and the average
length of the seed collected during the sampling
period are given in Table 2.

.th. 7 The natural rocky shore of Kamataka that supports
extensive mussel spat settlement.

A view of a mussel bed In Malpe Islands along
Karnataka coast.

'Fig. 8.
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Dakshina Kannada (Zone I-IV) : The coastal
area between Someshwara and Uchila (Zone )
harboured about 8 tonnes of mussel seed in
1063 m? with more than 99% of the bed of this
zone located at Someshwara. At this site the
average mussel biomass was 7718 g per m?.
In the second zone extending from Suratkal to
Padubidri about 22 tonnes of mussel seed was
found to occur in an area of 1915 m?. Though
the extent of mussel bed area was only 3.7% of
the States’ total mussel bed, it harboured
nearly 12% of the total biomass. The average
biomass was as high as 15,264 g per m?. The
coastal area between Bada Uchila and Malpe
(Zone III) had 59 tonnes of mussel seed in 6292
m? area. This zone had the maximum biomass
and area suitable for spat settlement in
Dakshina Kannada. Malpe, Kaupu and Bada
Uchila were the main sites suitable for spat
collection. The coastal region between Malpe
and Coondapur did not have any mussel
resource. From Gangolly to Bhatkal Hes the
extensive Trasi-Byndoor beds where mussel
settlement was noted in 4280 m? area. The
mussel seed biomass was estimated at 42
tonnes contributing to 24% of the State's
mussel seed blomass,

Uttara Kannada (Zone V-VII) : In the region
between Basaldurga and Kumta {(Zone V)
mussel settlement was observed in 2280 m?
area with 2.1 tonnes of mussel. The adjacent
zone {Zone VI) had extensive areas, 21,526 m?
with mussel seed settlement. About 26 tonnes
of mussel seed spread along 7 sites was present
in this region. The major mussel bed

. extending to 8000 m? was located along the

16

coast of Belekeri that is characterised by
extensive rocky coves and submerged rock
formation had 10 tonnes of mussels. In Zone
VIl the extent of mussel bed was 13,319 m?
contributing to 26.5% of the States’ mussel bed.
The mussel biomass was estimated as 19
tonnes in the region between Harwada and
Kumta,

Settiement pattern and spawning period

An analysis of the spatfall and spat length
data shows that there is a clear settlement
pattern with a trend from south to north.
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TapLe 2 Mussel seed settlement along Karnataka coast mdicating major seed settlement sites IT -

Intertidal; ST - Subtidal

Zone Location/ Estimated Average Estimated Average Nuriber of Nature Date of
Area extent of mussel blomass  size of mussel seed per of Bed sampling
mussel bed in biomass per in tonnes seed (mm) kilogram
sq.m sq.mig)
Dakshina Kannada

1 Uchila 43 6453 0.277 19.6 842 IT, ST 27-Oct-99
Someshwara Temple 1020 7718 7.872 18.5 1951 IT. ST 256-Oct-99
II Surathal Beach 630 8384 5.282 20.2 1473 IT. ST 15-Nov-99
KREC beach 475 8672 4.119 16.8 2548 IT, ST 15-Nov-99
Padubidri 810 15264 12.359 21.1 111¢  IT, ST 03-Jan-00
IlI Bada Uchila 1500 12544 18.814 20.4 911 IT, ST 05-Jan-00
Kaupu 2005 12840 25.744 16.8 181¢ IT, ST 03-Jan-0¢
Mattukopal 250 5643 1.411 14.7 877 IT. ST 05-Jan-00
Malpe Islands 2537 5130 13.013 12.5 2573 IT, ST 14-Dec-99
IV Byndoor to Gangolly 4080 9760 39.821 20.5 855 ST 12-Jan-00
Bhatkal {Jall) 200 8784 1.757 19.1 770 ST 12-Jan-00

‘Total/Average 13850 9199 130.469 i8.2 1429

Uttara Kannade

V Basaldurga 1280 800 1.152 35.4 402 IT. ST 04-Feb-00
Dhareghwar 620 940 0.582 35.0 405 IT, ST 27-Mar-00
Kumta (Light house) 380 580 0.365 37.0 320 IT, ST 27-Mar-00
VI Tadrt (Belekan) 1850 850 1.527 37.0 325 IT. ST 27-Mar-00
Gokarn 1400 675 0.945 35.0 368 IT, ST 27-Mar-00
Bhimkallu 2420 920 2.228 36.5 355 IT, 5T 26-Feb-00
Ramakallu 120 a7s 0.105 36.5 350 IT, ST 26-Feb-00
Banakkal 2760 1490 4.112 30.3 622 IT. ST 05-Feb-00
Belambar 4326 1530 6.618 30.2 610 IT, ST 05-Feb-00
Shedigidi {Ankola} 650 650 0.422 26.8 706 IT. ST 06-Jan-00
Belekeri 8000 1255 10.040 25.5 730 IT, ST 06-Jan-0¢
VilHarwada 1500 1470 2.205 38.4 326 .IT, ST 14-Apr-00
Kukkad {Bharekallu) 5415 1520 8.230 38.5 320 IT. ST 14-Apr-00
Mudga Amddaill 2600 1410 3.666 38.6 318 IT. ST 13-Apr-00
Kodar, ambekodar, Alebete 2400 1480 3.312 37.3 320 IT, ST 24-Mar-00
Light house (Bhikanashi} 264 980 0.259 35.0 360 IT, ST 05-Feb-00
Kurumgad 1140 1160 1.322 35.0 370 IT, ST 26-Feb-00

Total/AvcraEe 3712% 1100 47.088 34.6 424

Grand Total/Average 50678 5149 177.357 26 927

Settlement starts in July in southern parts of
Kerala while along northern parts of the same
State settlement commences only by August -
September. In Karnataka, the settlement is
much later starting only by Sep-Oct. From the
size of spat at the time of observation and
assuming a growth rate of 0.3 to 0.33 mm per
day and a larval metamorphic period of 20 days.
the spawning period of green mussel in these
two States was inferred (Fig. 9). Though
southwest monscon commences by June in both
the States, the intensity of rainfall increases
from south to north.

Spawning of mussels starts by June - July
in sonthern and central Kerala, while in N.
Kerala spawning is only by July / August. Along
Karnataka, the natural environment becomes
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conducive for spawning from August in the South,
while for the same species the spawning period
is from middle of September to November in N.
Karnataka. This spawning sequence of green
mussel from the southern tip of Kerala to Uttara
Kannada is reflected on the seed settlement
pattern.

Generally bivalve spawning is triggered by
a sudden change in water temperature. It is
presumied that the decrease in the intensity of
rainfall, which will result in increase in water
temperature, sets in earlier along southern and
central Kerala than in north Kerala and
Karnataka. This could explain the progression
of settlement from south to north. However, more
detailed analysis of hydrographic parameters
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Fig. 9. State-wise and zone-wlse green mussel spawning periods (commencement} inferred from collected spatfall data*

* assuming an initial growth rate of 0.3 - 0.33 mm/day and larval metumorphic duration of 20 days.

especially water temperature and number of
bright days in a month are necessary before
making final conchlisions.

Remarks

The rapid survey for assessment of mussel
seed settlement in the two southern states shows
considerable spatial and temporal variation.
Mussel spat settles in the intertidal and subtidal
region on three different substrata viz. natural
rocky shore, laterite rocks and on granite rocks
placed as seawalls bordering the shore line prone
to sea erosion during monsoon season. [t was
observed that the seed on the [irst two substrates
survive and grow to fishable size. However, those
settling on the sea walls perish due to desiccation
and sand deposition. Each year, considerable
quantity of good natural spat is lost along the
central Kerala coast. If this resource is used for
farming, the seed which otherwise would have
perished can be allowed to grow into a commercial
seafood product.

Along Kerala coast, though the seed starts
settling by July and the coastal area becomes
suitable for collection and farming only from
September. Thus the ideal peried for spat
collection along Kerala and Karnataka coasts are
Aug-Jan and Oct-Jan respectively {Table 3). A
good percentage of the settled seeds perish due
to unfavourable environmental conditions and
the rest survives to support the fishery.
Assuming that at least 65% of the available
bicmass can be used for farming. there is
potential for seeding 51.70,000 and 1.16,000
numbers of mussel ropes of onemeter length in
Kerala and Karnataka respectively.
Comparatively. the seed resource is higher along
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Fig. 10. A mussel farmer collecting seed from natural beds
for mussel farming.
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Fig. 11. Map of coastal Kerala and Karnataka showing
extent of mussel beds




MFIS No. 168, 2001

TasLe 3  Statewise estimated mussel seed resources, period of occurrence and potential seedable
ropes .

State Estimated extent of Estimated Period of occurrence Estimated

mussel bed in biomass in of 15-25 mm seed potential of 1 meire

s¢.m torines mussel ropes which

can be seeded

Ramataka 50.675 178 Oct-Jan — 115,700

Kerala 5,614,625 7954 Aug-Jan 5,170,100

Total 5,665,300 _ 8,132 5,285,800

north Kerala coast. Already, coastal fishers
utilize part of this resource every year for mussel
farming (Fig.10}. The extent and areas of mussel
biomass (in decreasing order) based on the
survey can be given as North Kerala, Uttara

Kannada, Dakshina Kannada, Central and South
Kerala (Fig.11). However, year to year varfations
in biomass can occur with growth and mortality.
This information can be utilised by prospective
farmers to plan their farming activities.
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Introduction

In India. the occurrence of the sexual
strain of the brine shrimp, Artemia franciscana
in the natural ecosystem was reported for the
first time from the salt pans of Karapad at
Tuticorin recently by Rajamani et al (Mar. Fish.
Infor. Serv. T & E. Ser. 152 1998.). Following
this discovery an intensive survey of the salt
pans at selected places in and around Tuticorin
was conducted during the period from October
97 to March 99 to study the distribution of this
exotic species in the natural ecosystem. Also,
the hydrographical conditions in the natural
ecosystemn were studied and the results are
presented in this article.

Places surveyed

The salt pans located in three different
places around Tuticorin namely, Veppalodai,
Alangarathittu {Tuticorin- North} and Urant
extension (Tuticorin-South) were selected for
the survey. Each place was normally visited
monthly once and one litre of brine containing
the animals was collected and brought to the
laboratory and the salinity and pH of the
medium were estimated. As the sexual
population can be recognized only by the
presence of male the samples collected were
carefully observed for the presence of any
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In order to
composition of various stages of the brine
shrimps viz. nauplius, juvenile and adult the
numbers present in the sample were counted
and the perceniages of various stages were

males. study the percentage

worked out. Measurement of adult females
collected from the three places was taken at
every sampling in order to find out the
variations in the size ranges in different
popul-tions.

Occurrence of sexual and asexual strains

Out of the three places surveyed the
sexual strain A. franciscana was recorded only
from Veppalodai. In the other two places only
the asexual strain viz. A. parthenooenetica was
recordeded. In the samples collected from
Veppalodai good number of males and also
riding couples {males mating with females)
were observed whereas in the samples collected
from the salt pans of Alangarathittu and Urani
extension not even a single male was observed
during the entire period of ohservation.

$Size ranges in sexual and asexual strains

From the samples collected the adalt
females were measured for total length. The
minimum and maximum sizes recorded in the
females collected from the threé places are
given in Table 1. It can be seerv®om the Table
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TaBie 3  Statewise estimated mussel seed resources, period of occurrence and potential seedable
ropes .

State Estimated extent of Estimated Period of occurrence Estimated

mussel bed in biomass in of 15-25 mm seed potential of 1 metre

sq.m tonnes mussel repes which

can be seeded

Kamataka 50,675 178 Oct-Jan _ 115,700

Kerala 5,614,625 7954 Aug-Jan 5,170,100
Total 5,665,300 8,132 ,285,

north Kerala coast. Already, coastal fishers
utilize part of this resource every year for mussel
farming (Fig.10). The extent and areas of mussel
biomass (in decreasing order) based on the
survey can be given as North Kerala, Uttara

Kannada, Dakshina Kannada, Central and South
Kerala (Fig.11). However, year to year variations
in biomass can occur with growth and mortality.
This information can be utilised by prospective
farmers to plan their farming activities.

& ok ok Kk

M. Rajamani, §. Lakshmi Pillai and N. Retnaswamy
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Introduction

In India, the occurrence of the sexual
strain of the brine shrimp, Artemia franciscana
in the natural ecosystem was reporied for the
first time from the salt pans of Karapad at
Tuticorin recently by Rajamani et al (Mar. Fish.
Infor. Serv. T & E. Ser. 152 1998.). Following
this discovery an intensive survey of the salt
pans at selected places in and around Tuticorin
was conducted during the period from October
97 to March 99 to study the distribution of this
exotic species in the natural ecosystem. Also,
the hydrographical conditions in the natural
ecosystem were studied and the results are
presented in this article.

Places surveyed

The salt pans located in three different
places around Tuticorin namely, Veppalodal,
Alangarathittu (Tuticorin- North) and Urani
extension (Tuticorin-South) were selected for
the survey. Each place was normally visited
monthly once and one litre of brine containing
the animals was collected and brought to the
Jaboratory and the salinity and pH of the
medium were estimated. As the sexual
population can be recognized only by the
presence of male the samples collected were
carefully observed for the presence of any
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males. In order to study the percentage
composition of various stages of the brine
shrimps viz. nauplius, juvenile and adult the
numbers present in the sample were counted
and the percentages of various stages were
worked out. Measurement of adult females
collected from the three places was taken at
every sampling in order to find out the
variations in the size ranges in different
popul-tions.

Occurrence of sexual and asexual strains

Out of the three places surveyed the
sexual strain A. franciscana was recorded only
from Veppalodai. In the other two places only
the asexual strain viz. A. parthenoocenetica was
recordeded. In the samples collected from
Veppaledai good number of males and also
riding couples {males mating with females)
were observed whereas in the samples collected
from the salt pans of Alangarathittu and Urani
extension not even a single male was cbserved
during the entire period of observation.

Size ranges in sexual and asexual strains‘

From the samples collected the adult
females were measured for total length. The
minimum and maximum sizes recorded in the
females collected from the threé places are
given in Table 1. It can be seersTrom the Table



that the gize of the adult female in the sexual
strain collected from the salt pans of Veppalodai
ranged from 7.2 to 11.2 mm only whereas in
the case of the asexual strain the size ranged
from 7.7 to 12.9 mm and from 7.3 to 11.7 mm
in the samples collected from the saltpans of

Alangarathittu and Urani extension
respectively,
Tasle 1. Size ranges in the females of A.

Jranciscana and A. parthenogenetica

Name of Total No.of Size range (mm)
the place females Min Max
.and strain measured

Veppalodai {A. franciscana) 30 7.2 11.2
Alangarathitiu (A. parthenogenetica) 24 7.7 12.9
Urani {A. parthenogenitica) 36 7.3 1t.7
extension

Compesition of various stages

The overall composition of various stages
of brine shrimp namely, nauplius, juvenile and
adult are given in Table 2. It can be seen from
the Table that the composition of nauplii was
high in all the three places with an overall
compesition of 50.0%. 43.5% and 58.4% in the
samples collected from the salt pans of
Veppalodai, Alangarathittu and Urani
extension respectively indicating that the
environment is quite favourable for the survival
and multiplication of the animal.

TasLe 2. Composition of various stages of brine
shrimp in three different places in
percentages {Actual No. of animals are
given in parenthesis)

Name of the Total Nos. Nauplius Juvenile Adult

Place sampled

Veppalodai 502 60.0  21.7 18.3
(301 (109} 92}

Alangarathitiu 361 43.5 27.7 28.8
{157} (100} (104}

Urand extension 320 58.4 17.8 23.8
(187} (57) {(76)

Hydrographical conditions in the salt pans
The owverall hydrographical conditions
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namely, salinity and pH recorded in the salt
pans at the above mentioned three different
places during the period of observation are
given in Table 3. It can be seen from the Table
that the salinity ranged form 84.9 to 163ppt,
from 24.3 to 118ppt and from 26.0 to 166.0ppt
in the salt pans at Veppalodal, Alangarathittu
and Urani extension respectively. The pH
recorded in the three places were in the order
of 7.1t0 8.5, 7.2 t0 8.7 and 7.5 to 8.3.

TasLe 3. Hydrographical conditions in variocus
salt pans during the period of

observation
Name of Place Salinity (ppt} pH
Min Max Min Max
Veppalodai 84.0 163.¢ 7.1 8.5
Alangarathittu 24.3 118.0 7.2 8.7
Urani extension 26.0 166.0 7.5 8.3

The survey of the salt pans carried out in
three different places around Tuticorin for a
period of eighteen months thus clearly
indicates that the sexual strain of brine
shrimp. A. franciscana occurs in the salt pans
at Veppalodai also in addition to its occurrence
in the salt pans at Karapad as reported earlier
by Rajamani et al (loc. ¢it). On the otherhand,
in the salt pans at Alangarathittu and Urani
extension only A. parthenogenetica occurs.
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Along the Dakshina Kannada and Udupi
coasts, the Intertidal rocky stretches from
Someshwara Uchila to Ullal (south of Mangalore);
Surathkal, Padubidr, Kaup to Malpe: Gangolli to
Byndoor and Bhatkal to Jall {north of Mangalore),
harbour green mussel, Perna viridis. Beyond Malpe
upto Gangolli coast, the area is devold of rocky
patches and there 1s no fishery for mussel in this
region. Apart from the coastal rocks in the
intertidal areas, subtidal rocks at a distance of
about € km from the shore bear dense setilement
of mussels. In these areas, rocks are adjacent to
one another and can be considered as a continuous



that the size of the adult female in the sexual
strain collected from the salt pans of Veppalodai
ranged from 7.2 to 11.2 mm only whereas in
the case of the asexual strain the size ranged
from 7.7 to 12.9 mm and from 7.3 to 11,7 mm
in the samples collected from the saltpans of

Alangarathittu and Urani extension
respectively,
TasLe 1. Size ranges in the females of A.

Jranciscana and A. parthenogenetica

Name of Total No.of  Size rtange {mm)
the place females Min Max
.and strain measured

Veppalodal {A. franciscanal 30 7.2 11.2
Alangarathittu (A. parthenogenetica) 24 7.7 12.9
Uranli {A. parthenogenitical) 36 7.3 1.7
extension

Compeosition of various stages

The overall composition of various stages
of brine shrimp namely, nauplius, juvenile and
adult are given in Table 2. It can be seen from

the Table that the composition of nauplii was

high in all the three places with an overall
compesition of 50.0%, 43.5% and 58.4% in the
samples collected from the salt pans of
Veppalodai, Alangarathittu and Urani
extension respectively indicating that the
environment is quite favourable for the survival
and multiplication of the animal.

TasLE 2. Composition of various stages of brine
shrimp in three different places in
percentages (Actual No. of animals are
given in parenthesis)

Name of the Total Nos. Nauplius Juvenile Adult
Place sampled

Veppalodat 502 60.0  21.7 18.3

(301 (109) 92)

Alangarathittu 361 43.5 27.7 28.8

(157) (100} {104}

Urani extension 320 58.4 17.8 23.8

' (187) (57 (76)

Hydrographical conditions in the salt pans
The overall hydrographical conditions
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namely, salinity and pH recorded in the salt
pans at the above mentioned three different
places during the periecd of observation are
given in Table 3. It can be seen from the Table
that the salinity ranged form 84.9 to 163ppt,
from 24.3 to 118ppt and from 26.0 to 166.0ppt
in the salt pans at Veppalodai, Alangarathittu
and Urani extension respectively. The pH
recorded in the three places were in the order
of 7.1t0 8.5, 7.2to8.7and 7.5 t0 8.3.

Tase 3. Hydrographical conditions in various
salt pans during the period of

observation
Name of Place Salinity (ppt) pH
Min Max Min Max
Veppalodai 84.0 163.¢ 7.1 8.5
Alangarathittu  24.3 118.0 7.2 8.7
Urani extension 26.0 166.0 7.5 8.3

The survey of the salt pans carried out in
three different places around Tuticorin for a
period of eighteen months thus clearly
indicates that the sexual strain of brine
shrimp. A. franciscana occurs in the salt pans
at Veppalodal also in addition to its oceurrence
in the salt pans at Karapad as reported earlier
by Rajamani et al (loc. cit}). On the otherhand,
in the salt pans at Alangarathittu and Urani
extension only A. parthenogenetica occurs.
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Along the Dakshina Kannada and Udupi
coasts, the intertidal rocky siretches from
Someshwara Uchila to Ullal {south of Mangalore);
Surathkal, Padubidri, Kaup to Malpe; Gangolli to
Byndoor and Bhatkal to Jall {north of Mangalore),
harbour green mussel, Perna viridis. Beyond Malpe
upto Gangolll coast, the area is devold of rocky
patches and there is no fishery for mussel in this
region. Apart from the coastal rocks in the
intertidal areas, subtidal rocks at a distance of
about 6 km from the shore bear dense settlement
of mussels. In these areas, rocks are adfacent to
one another and can be considered as a continuous



rocky-stretch with intermittent sandy patches. The
green mussel s locally known as Ajir/Pachila.
Mussel picking was not popular in the area because
of the lack of culinary preference of the locals for
mussel. However, of late, mussel fishery is slowly
picking up, aiming external markets in Kerala and
Goa. '

At Malpe, even though exploitation of mussel
exist for the last one decade, it emerged as an
important fishery only in the late 90's. The fishing
season commences by late August and continues
till May, with peak fishing from October-November
onwards. One unit consists of two canoes (QAL
22-32 it) with a crew of 4 to 6 men. These units
operate for 15 to 20 days in a month. Generally
only one canoe is propelled with an outboard engine
and the other is towed along. The mussel fishers
are mostly from various parts of Kerala State such
as Tellichery, Mahe, Kozhikode and Quilon. They
hire canoes from local fishermen by paying Rs.
100 per day and Rs. 50 for the outboard engine.
About 25-45 units are engaged in picking mussels
from subtidal mussel beds.

Fishing is done during the low tide precedmg‘ '

and following the new moon of full moon phase.
Low tide, calm water conditions and sunny days
are preferred. The fishermen use water goggles and
dive up te a depth of 3 to 4 m. The mussels are
either hand-picked {(wearing rubber finger-caps} or
removed with the help of iron chisel with or without
woeden handle (Fig. 1) or a knife and are placed in
a net bag tied around the waist. The bag is emptied
into the canoe pericdically. Fach unit generally
returns with 20 to 30 gunny bags of mussels,
Fishing is not done daily by each unit, but as several
units operate picking goes on a regular basis.

The mussels picked are landed at a site

nearer to Malpe Fishing Harbour. They are sorted
to remove smaller sized mussels and sold to the

Fig. 1 Fishermen with implements used for mussel picking.
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Fig. 2. Mussel pleking in progress

Fig. 3 A view of the harvested missels

‘local agents at the rate of Rs. 100 per bag

(weighing 20-25 kg). There are about six agents
actively engaged in mussel marketing, Agents
dispose the mussel at Goa and Kerala (Calicut
and Tellicherry) markets,

Production

The total messmell prodiuiies from September
1999 to June 2000 at Malpe was estimated.a# 2,215



tonnes with the maximum landings during the
month of January. The catch per unit effort varied
from 350 to 675 kg/unit. The size range of mussel
was 47-107 mm. Considerable quantity of mussel
‘spat is removed from the mussel bed along with
the adult mussel and is discarded.

Though the fishery is lucrative the local
fishermen show little interest due to the
difficulties in diving and inconveniences associated
with this fishery. The local fishers nurture a strong
beltef that the stock of mussel in the submerged
beds has an indirect bearing on the catch from the
commercial fishing operations near the coastal
area. During February 2000 the mussel picking in
the Malpe area came to a standstill following the
clash between mussel pickers and local fishermen.
The fishing continued from April onwards till the
onset of monsoon. It is now known that
considerable quantities of mussels are fished every
year. When stock decreases in an area some units
move farther away towards north, to Gangolli or to
Bhatkal.

Processing

~ In May 2000, 7500 kg of frozen half-shell-
mussel meat were exported to South Africa with
50% of 30-50 count; 40% of 50-80 count and 10% ol
80-100 count. Processed meat with half-shell of
this specles costs US$ 1.73/kg in the year 2000.
The total value of the export during 1999-2000 was
US$ 13,125 (Rs. 5,82,750) (MPEDA, Mangalore,
Personal communication). '

For processing, the mussels are separated,
the surface of the shell scraped to remove
encrusted fouling organisms and washed in clean
seawater. They are then depurated in seawater for
12 hours. The depurated mussels are placed in
net bags and immersed in beiling water for one
minute. They are then cooled and the gaped
mussels are opened manually., One half of the shell
is removed and th-e-_-f{,lfat_ a}w_tb _the other half
is packed and frozen as qne-kg _blpc_ks_.

22

AT Y H 7. 168,2001

Table 1, Estimated production of green mussel. Perna
viridis at Malpe

Month Catch *Effort C/E
1999-2000 (kg) Nas. in Kg
September 0 0 0
October 47250 135 350.0
November 275000 500 550.0
December 371250 5560 675.0
January 750000 1250 600.0
February 225000 500 450.0
March 0 0 ¢
April 319900 700 457.0
May 226875 412 550.7
June 0 0 0
Total 2215275 4047 547.4
* Units

Remarks

In contrast to the intertidal mussel fishery
along the Kerala coast the mussel {Ishery at Malpe
ts subtidal. The annual mussel production,
estimated at 2,215 tonnes, from Malpe comprises
about 20% of the total mussel production which is
about 10,000 tonnes through capture fishery.
Detailed surveying of the submarine rocky areas
may bring to light unexploited beds. Locating new
beds and intensification of expleoitation can
increase mussel landings. At present the prime
market is for the larger and medium sized mussels,
the smaller sized mussels which are inadvertently
picked are discarded. By resorting to relaying of
unmarketahle mussels in shallow areas, the
production of the mussels can be increased.

Prepared by Geetha Sasikumar, Prathibha Rohit and
D. Nagaraja, Mangalore Research Centre of CMFRI,
Mangalore.
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The window pane oysters ({Placenta placenta)
are fished regularly for pearls and shells from
Kakinada Bay of Andhra Pradesh and Okhamandal
Coast of Gulf of Kutch. Though not regular, these
oysters were fished in the year 1995 and after a
lapse of five years another fishing was conducted
during February-March 2000 for pearls and shelis
by the local fisher folk in the Bay of Tuticorin, The
size of oysters fished, their numbers and the
incidence of natural pearls occurred in the oysters

during February-March 2000 are reported here,



tonnes with the maximum landings during the
month of January. The catch per unit effort varied
from 350 to 675 kg/unit. The size range of mussel
was 47-107 mm. Considerable quantity of mussel
‘spat is removed from the mussel bed along with
the adult mussel and is disearded.

Though the fishery is lucrative the local
fishermen show little interest due to the
difficulties in diving and inconveniences assoclated
with this fishery. The local fishers nurture a strong
helief that the stock of mussel in the submerged
beds has an indirect bearing on the catch from the
commercial fishing operations near the coastal
area. During February 2000 the mussel picking in
the Malpe area came to a standstill following the
clash between mussel pickers and local filshermen.
The fishing continued from April onwards tili the
onset of monsoon. It is now known that
conslderable quantities of mussels are fished every
year. When stock decreases in an area some units
move farther away towards north, to Gangolli or to
Bhatkal.

Processing

In May 2000, 7500 kg of frozen half-shell-
mussel meat were exported to South Africa with
50% of 30-50 count; 40% of 50-80 count and 10% of
80-100 count.
this species costs USS 1.73/kg in the year 2000.
The total value of the export during 1999-2000 was
US$ 13,125 (Rs. 5,82,750) (MPEDA, Mangalore.
Personol communication}).

Processed meat with half-shell of

For processing, the mussels are separated,
the surface of the shell scraped to remove
encrusted fouling organisms and washed in clean
seawater, They are then depurated in seawater for
12 hours. The depurated mussels are placed in
net bags and tmmersed in boiling water for one
minute. They are then cooled and the gaped
mussels are opened manually. One half of the sheil
is removed and the meat a}ogg e‘fri}h .the other half
is packed and frozen as one-kg blocks.
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Table 1. Estimated production of green mussel, Perna
viridis at Malpe

Month Catch | *Effort C!E
1989-2000 (kg) Nos. in Kg
September 0 0 Q
October 47250 135 350.0
November 275000 $00 550.0
December 371250 550 675.0
January 750000 1250 600.0
February 225000 500 450.0
March ] 0 Q
April 319900 700 457.0
May 226875 412 550.7
June 0 0 0
Total 2215275 4047 547.4
* Units

Remarks

In contrast to the intertidal mussel fishery
along the Kerala coast the mussel fishery at Malpe
is subtidal. The annual mussel production,
estimated at 2,215 tonnes, from Malpe comprises
about 20% of the total mussel production which is
about 10,000 tonnes through capture fishery.
Detailled surveying of the submarine rocky areas
may bring to light unexploited beds. Locating new
beds and intensification of exploitation can
increase mussel landings. At present the prime
market is for the larger and medium sized mussels,
the smaller sized mussels which are inadvertently
picked are discarded. By resorting to relaying of
unmarketable mussels in shallow areas, the
production of the mussels can be increased.

Prepared by Geetha Sasikumar, Prathibha Rohit and
D. Nagaraja, Mangalore Research Centre of CMFRI,
Mangalore.
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The window pane oysters (Placenta placenta)
are fished regularly for pearls and shells from
Kakinada Bay of Andhra Pradesh and Okhamandal
Coast of Gulf of Kutch. Though not regular, these
oysters were fished in the yvear 1995 and after a
lapse of five years another fishing was conducted
during February-March 2000 for pearls and shells
by the local fisher folk in the Bay of Tuticorin, The
size of oysters fished, their numbers and the
incidence of natural pearls occurred in the oysters

during February-March 2000 are reported here.



The window pane oysters inhabit the Tuticorin
Bay at depths ranging from 0.5 to 3.5 m where the
bottom was hard clayey. Profuse growth of sea
grass was observed in most of the places and the
oysters were found among the weeds half-buried
in mud. They were collected by local fisher folk by
hand picking during low tide. Fishing extended to
4-5 hours each day. Pearl harvest was done at the
shore. An average of 50 persons, men, women and
children were engaged in the fishery. Each person
collect an average of 50 oysters per day and a total
of 2500 oysters were collected every day from this
area. The fishery continued for about 15 days and
towards the last phase only few people participated
in the fishery. 37,500 oysters were estimated to
have been harvested during this period.

The minimum size of the window pane oyster
fished during the pearl fishery measured 80 mm in
length and the maximum size was 160 mm. Oysters
less than 80 mm were not collected. The dominant
size group was 111-120 mm which constituted
27.97% of the fished stock.

86.36% of oysters

Maximum number of pearls found was 14 in a

contained pearls,

single oyster and the average incidence was three
pearls per oyster {Fig.1). The occurrence of pearls
was higher in the 105-110 mm size group. The
smallest pearl recorded was 1.0 mm and largest

one was 4.0 mm in dia. The doeminant size of pearl
was 2.6 to 3,0 mm constituting 37.14%. (Fig.2).

Fig. 1 Pearl extraction from window pane oysier
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Fig. 2 Harvested natural pearls from window pane oysicr

Reported by D.C.V. Easterson, 8. Dharmaraj and A.
Chellam, Tuticorin Research Centre of CMFRI,
Tuticorin.
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A Black porpoise identified as Neophocaena
phocaenwides Cuvier was caught in a dol net operating
off Seemar bunder, Gujarat (Fig.1}. The morphometric
measuremernts of the animal are given below:-

Characters Dimensions
Total length 88.0cm
Length from tip of snout te blowhele 13.5cm
Length from tip of snout to ctntre of eye llem
Length from tip of snout to anterior

insertion of Mipper 22¢cm
Length from tip of snout to centre of anus 58.5cm
Length from notch of flukes to centre

ol anus : 26.7cm
Length of the {luke on the outer

curvature . 17.5cm
Length of the fluke on the inner

curvature 13.4cm
Distunce between the fluke extiemities 29.3cm
Width at insertion of flukes 5.6cm
Length of tlipper from anterior

insertion to tip 21em
Length of flipper along the curve of

lower border 14.3cm
Greatest width of flipper 7.3cm
Depth of body at anal region " 14.5em
Depth of body at origin of flipper 18.5cm
Depth of body in the reglon of the eye 16em
Length from tip of the lower jaw to the

centre of anus 58cm



The window pane cysters inhabit the Tuticorin
Bay at depths ranging from 0.5 te 3.5 m where the
bottom was hard clayey. Profuse growth of sea
grass was obhserved in most of the places and the
oysters were found among the weeds half-buried
in mud. They were collected by local fisher folk by
hand picking during low tide. Fishing extended to
4-5 hours each day. Pearl harvest was done at the
shore. An average of 50 persons, men, women and
children were engaged in the fishery. Each person
collect an average of 50 oysters per day and a total
of 2500 oysters were collected every day from this
area. The fishery continued for about 15 days and
towards the last phase only few people participated
in the fishery. 37,500 oysters were estimated to
have been harvested during this period.

The minimum size of the window pane oyster
fished during the pearl fishery measured 80 mm in
length and the maximum size was 160 mm. Oysters
less than 80 mm were not collected. The dominant
size group was 111-120 mm which constituted
27.97% of the fished stock.

86.36% of oysters
Maximum number of pearls found was 14 in a

contained pearls.

single oyster and the average incldence was three

pearls per oyster (Fig.1]. The oceurrence of pearls

was higher in the 105-110 mm size group. The -

smallest pear! recorded was 1.0 mm and largest
one was 4.0 mm in dia. The dominant size of pearl
was 2.6 to 3.0 mm constituting 37.14%. (Fig.2).
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Fig. 1 Pearl exiraction from window pane oyster
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Fig. 2 Harvested natural pearls from window pane oyster

Reported by D.C.V. Easterson, 8. Dhanuara] and A.
Chellam, Tuticorin Research Centre of CMFRI,
Tuaticorin.

A Black porpoise identified as Neophocaena
phocaenoides Cuvier was caught in a dol net operating
off Seemar bunder, Gujarat (Fig. 1). The moerphometric
measurements of the animal are given below:-

Characters Dimensions
Tatal length T 88.5em
Length frem tip of snout to blowhole 13.5¢cm

Length from tip of snout to centre of eye llcm
Length from tip of snout te anterior

insertion of flipper 22cm
Length from tip of snout to centre of anus 58.5cm
Length from natch of flukes to centre

of anus : 26.7cm
Length of the fluke on the outer

curvature : , 17.5cm
Length of the fluke on the inner

curvature 13.4cm
Distunce between the fluke extremities 29.3ecm
Width at insertion of flukes 5.6em
Length of flipper from anterior

insertion to tip 2lem
Length of flipper along the curve of

lower border 14.3em
Greatest width of flipper 7.3cm
Depth of body at anal region 14.5cm
Depth of body at origin of flipper 18.5cm

Depth of body In the region of the eye 16em
Length from tip of the lower jaw to the

centre of anus 58cm



Length of lower jaw 6.9cm
Length of upper jaw 6.7cm
Diameter of the eye (Horizontal) 1.5cm
Diameter of the eye (Vertical) 0.5(_:m
Distance between genital opening

and anus 2Zem
Total number of tecth on one side of

lower faw 18
Total number of teeth on one side of

upper jaw 15
Sex Male
Weight 14 kg

The speéimen was a young male, the tissues
and the blood were still fresh and the volume of blood
was very high. Pathologically, the animal showed

Fig. 1 Neopocaena phocaenoides
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clear sigris of asphyxiation; both the lungs were
shrunken. The epiglottis was muscular and formed a
beak-like structure. The length of the gut (from
coesophagus to anus} was 525 cm. The stomach was
small, globular and flaccid, followed by a thicker
portion with inner folds and valvular constriction.
The small intestine measuring 495 cm in length had
intermnittent muscular fold linings on the inner side.
The gut contents were mostly in a semi-digested state
and comprised of small fishes and crustaceans. The
kidneys appeared like bunch of grapes covered by a
membrance. The urinary bladder was found to extend
like a small balloon between the alimentary sheath.
Its tip was pointed and it measured 14 cm in total
length. The testicles were located embedded in
lateral flaps of the body wall postero-ventrally. The
urino-genital opening was found to be separated from
the anus by a thick cartilage,

The animal is locally called “Gonio”. Local
enquiry revealed that though there is no regular or
targeted fishery for dolphins or porpoises, there have
been stray cccurrences of these mammals in dol nets
operated in the area. The nets (16m Jong) are usually
operated at a depth of 8m. The lpcals utilise the oll
extracted from the skin and liver of these animais
for application on their wooden boats.

Reported by: Joe K. Kizhakudan and Shoba Joe
Kizhakudan, V.R.C. of C.M.F.R.I, Veraval.
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Biotechnological processes are the interplay
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and are known to humanity from time immemorial
through microbial fermentation of starch and
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world over, Its application in the marine biota is
yet to catch up at commercial levels. The wide
spectrum of marine organisms of mariculture
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potential, biota yielding chemicals of
pharmacological and toxicological importance,
fishery products, fish feeds, pollution control,
pathology, immunology etc are some of the areas
wherein biotechnology owe and own vast potentials.
The precipitous advances in Research and
Development made in understanding marine
biotechnology during the last few decades worldover

“have not properly reflected in the research works

of developing countries of Asia, as they have yet to

-



Length of lower jaw 6.9cm
Length of upper jaw 6.7cm
Diameter of the eye (Horizontal) 1.5cm
Diameter of the eye [Vertical) 0.5em
Distance between genital opening

and anus 2em
Total number of teeth on one side of

lower jaw 18
Total number of teeth on one side of

upper jJaw 15
Sex Male
Weight 14 kg

The specimen was a young male, the tissues
and the blood were still fresh and the volume of blood
was very high. Pathologically, the animal showed

Fig. 1 Neopocaena phocaenoides
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clear signs of asphyxiation; both the lungs were
shrunken. The epiglottis was muscular and formed a
beak-llke structure. The length of the gut (from
oesophagus to anus) was 525 em. The stomach was
small, globular and flaccid, followed by a thicker
portion with inner folds and valvular constriction.
The small intestine measuring 495 em in length had
intermittent muscular fold linings on the inner side.
The gut contents were mostly in a semi-digested state
and comprised of small fishes and crustaceans. The
kidneys appeared like bunch of grapes covered by a
membrance. The urinary bladder was found to extend
like a small balloon between the allmentary sheath.
Its tip was pointed and it measured 14 cm In total
length. The testicles were located embedded in
lateral flaps of the body wall postero-ventrally. The
urino-genital opening was found to be separated from
the anus by a thick cartilage.

The animal is locally called “Gonio*. Local
enquiry revealed that though there is no regular or
targeted fishery for dolphins or porpoises, there have
been stray occurrences of these mammals in dol nets
operated in the area. The nets (16m long) are usually
operated at a depth of 8m. The lpcals utilise the cil
extracted from the skin and Hver of these animals
for application on their wooden boats.

Reported by: Joe K. Kizhakudan and Shoba Joe
Kizhakudan, V.R.C. of C.M.F.R.1, Veraval.
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Title ¢ Recent advances in marine biotechnology
¢ Volume 5. Immunobiology and pathology

Editors : M. Fingerman and R. Nagabhushanam

Science publishers : Inc. Enfield (NH), USA, Plymouth, UK.

ISBN : Vol.5 1-67808-091-6

Number of pages 382

Binding Hard bound

Biotechnological processes are the interplay
and interaction of microbiology and biochemistry
and are known to humanity from time immemorial
through microblal fermentation of starch and
sugars to alcohol. Although this discipline has made
tremendous strides in the pharmaceutical,
chemlical, agricultural and food/feed industries
world over, its application in the marine biota is
yet to catch up at commercial levels.
spectrum of marine organisms of mariculture

The wide
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potential, biota ylelding chemicals of
pharmacclogical and toxicological importance,
fishery products, fish feeds, pollution control,
pathology, immunology etc are some of the areas
wherein bietechnolegy owe and own vast potentials.
The precipitous advances in Research and
Development made in understanding marine
biotechnology during the last few decades worldover

~have not properly reflected in the research works

of developing countries of Asia, as they have yet to
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learn more in this frontier area. The book under
review ‘Recent Advances in Marine Blotechnology
volume 5 Immunobiology and Pathology is fifth in
a serles with greater bearing on volume 4.
Aquaculture. This volume on immunobiclogy and
Pathology consists of 13 chapters, written by
internationally respected group of highly talented
investigators from various countries and is edited
most meticulously by the two globally respected
scientists, Drs. M.Fingerman and
R.Nagabhushanam. Each chapter is carefully
structured with schematic drawings, histograms,
polygons, scatter displays. photographs,
photomicrographs, tables presenting data and with
a rich list of references and keywords at the end of
each chapter.

The global aquaculture Is acquiring greater
significance and relevance in the recent few
decades as an alternative to supplement and
compliment the declining or stagnating coastal
capture fisheries production. Environmentally and
economically successful aquaculture of shellfish/
finfish species need understanding of diseases,
pathogens and means of protection and disease
control. Worldwide intensive cultures pose serious
threats of environmental hazards, degradations,
pollution and infestation of diseases of domestic
and exotic nature, often the latter is imported
through various inputs like seed/feed etc. The
subject matters of direct relevance and with an
authentic touch to immunobiclogy and pathology
of marine bivalves, shrimps, invertebrates and
teleost fishes alone are incorporated in this
volume.

The first chapter on Defense mechanisms of
marine bivalve contributed by Dr. Fu-Lin E.chu, an
eminent professor from the college of Marine
sciences, Virginia, USA, is an extenslve review on
the internal defense mechanisms Iin some
economically important bivalves. The author has
carefully moduled the recent findings about the
cellular and humoral defenses of oysters, mussels
and clams and focusses on hermocyte morphology
and functions, humeoral factors and their functions,
variations of ceflular and humoral components;
environmental factors and hemocyte function and
activity and defense against infectious disease
organisms and their pathological effects. In this
article the author summarizes the bivalve
hemocytes' capability to distinguish ‘nonself and
sell materials and phagocyte and encapsulated
microbial and ablotic ‘nonself materials and their
rele in inflammation and wound repair. Although
the sequential biochemical processes of
phagocytosis and intracellular killings are not
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completely understood, new information in this line
ig forthcoming from different sources. The
environmental temperature and salinity along with
exposure to pollutants could be the potential
stressors responsible for the elevated
multiplication of protozoan parasites, on which the
bivalves' antimicroblal defense factors to destroy
the invaders, Intracellularly and extracellularly, do
not appear effective; the cellular and humeoral
factors also vary among individuals seasonally with
habitat and the physioclogy and health of the
organism. An exhaustive list of references further
helps to introduce the reader to many works carried
out till recently on the topic concerned.

The second chapter by Dr. Thomas C.Cheng
of Marine Research Institute, South Carclina, USA,
deals with the ‘Cellular defense mechanisms of
oysters'. The article reviews what is known in
immune mechanisms of oysters, both cellular and
humoral, and also attempts to point out what needs
to be further demonstrated and experimented. All
documented observational and experimental results
by many workers from various parts of the world
under different sub headings such as hemocyte
type, factors involved in cellular defense,
lucocytosis, chemotaxis, host cell surface contact,
membrance receptors, lectins as opsonins,
endocytosis, Intracellular degradation, lysosomal
enzymes and their release into serum,
environmental influence. exocytosis, energy
requirements, other cellular defense mechanisms.
different types of encapsulations, nacrezation,
avoidance of destruction by parasites, recognition
of self extracellularly, escape into cytoplasm and
non fusion of lysosomes with parasitophorous
vacuole are highlighted and the subjects are
lavishly illustrated with schematic diagrams,
microphotographs and histograms. In the
conclusion the author has stressed the area for
accelerated investigation on molluscan immunology
with special emphasis on identifying receptor sites
on phagecytes, transcytoplasmic messengers,
transplant mechanisms in exomigration of
lysosomes, post - antigenic challenge and possible
roles of cytokines. The article also embodies an
exhaustive list of latest references of much
relevance to the topic dealt in the chapter.

‘Application of flow cytometry to bivalve
pathology’ reviewed by Kathryn A Ashton-Alcox,
Bassem Allam, and Susan E. Ford of Hashkin
Shellfish Research Laboratory, Institute of Marine
and Coastal Sciences, USA, is a brief compendium
of works on the subject reported from different
laboratories. The flow cytometry has wider
applicability in studies such as the nature of ploidy,



cell cycle in neoplastic disease, effect on
temperature and phagocytic rates, individual
variability in different hemocyte counts of bivalves,
internal defense activities associated with
resistance to disease, abundance of water borne
pathogens, identification of viable and non viable
cells ete. all of which are only a fraction of the
possibilities available for flow cytometry in bivalve
pathology. To a great extend the use of flow
cytometric methodcelogies safely replaces time
consuming and cumbersome microscopy in cellular
related host - parasite interactions, probes for
bivalve pathogens to rapidly quantify abundance.
The flow cytometer is an excelient tool to detect
pathogens or toxic algae in the environmental
sample and hence facilitate to provide quick
warning to shelifish farmers and resource
managers, While reviewing the various areas of
applicability, the author has incorporated the
relevant data, graphs and scatter displays generated
by the respective workers, along with a rich
bibliography of most relevant papers.

The paper on ‘Hemolymph biomarkers of
crustacean health’ contributed by Edward J.Noga
of N.C. State University College of Vetenary
Medicine, USA, reviews extensively the non-
invasive clinical screening of hemolymph to assess
_the function of specific tissues and organs of
"crustaceans. These tools are needed for the
reliable and accurate assessment of the health of
crustacean in farms and In the wild. Often the
prevalence of certain diseases is considered as a
crude fndicator of environmental degradation /
stress in habitat condition or farming environment.
The author has reviewed many literatures on
hemolymph bioindicator and tabulated them
indicating the factors that affect hemolymph
clinical parameters on species and the effects. The
review also conveys hemeolymph as a health
indicator, immunological factor, chemical
constituents, and other health indicators along
with a long list of references.

The next article on ‘Cell culture techniques
for detecting viral diseases of shrimp’ is written by
a team headed by Ya-Li Hsu Institute of Zoology,
Talwan. A review of this nature on a topic of vital
importance to aquaculturists, is timely as there
were many reports of disease outbreaks caused by
pathogens like bacteria, virus, fungi. etc. from many
centres of aquaculture concentration in Asia.
Fallure of shrimp aguaculture and the precipitous
drop in production, causing great economic losses,
in late eighties, the author feels, were seemingly
due to stresses and poor planning and management.
The prevalling diagnostic and detection methods
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for the major viruses such as histopathological,
electron microscopic observation, ELISA using
antibodies, DNA probes and PCR for detecting viral
particles are not capable to detect the infectivity
of viruses and therefore in vitro culture techniques
are necessary for detecting viral diseases. The
paper also gives primary and sub cultures, basic
culture conditions, supplementary nutrition,
growth factors and virus susceptibility along with
references,

‘Application of immunostimulants, a recent
step to prevent disease’, is dealt in chapter six of
this book. The author Yen-hing Sung and Chih-
Chang Huang from the National Talwan University.
Taiwan, have reviewed works pertaining to the
applicatien of immunostimulants to prevent shrimp
diseases. Since the immunostimulant cannot
eradicate pathogens, the authors propose a scheme
of multiple administration of immunostimulants via
infection, immersion and feeding during a culture
period to sustain enhanced. broad spectrum
resistance to infections in a long duration. This
review along with the list of refernces is highly
informative and contemporary and would provide
an Insight into processes ol non-specific disease
causing opportunistic pathogens in highly stressed
shrimp farms.

The next article on ‘Immunotoxicity of
environmental pollutants in marine invertebrates’
presented in this book by Cal Baier-Anderson and
Robert Anderson, University of Maryland, USA is a
very valuable contribution, as there are widespread
reports on the exposure of aquatic organisms to
environmental pollutants, and their consequential
effects on many physiological processes, which can
impair the immune response and hence lower their
resistance. The article reviews research works on
the influence of chemical stresses on Infectious
disease, influence of test chemicals and other
stresses on the total and differential hemocyte
counts and modulations; assays to measure and
modulation of phagocytosts, phagocyte-produced
reactive oxygen species (ROS), assays to measure
ROS& and modulation of ROS production, cytotoxic
enzymes and stress protein expression. The
authors propose focussed researches to understand
hemocyte types., finction, relation between
hemocyte receptors and phagocyiosis, role of
cytokines in hemocyte response ete. This review
decuments the effect of pollutants in disease and
hence important to researchers, as they have been
noticing instances of toxic pollutants reaching
coastal waters, which support several aquaculture
candidate invertebrates and frequent outbreak of
diseases in farms.



The paper on ‘Vaccination in saimonid
aquaculture’ by P.J. Midtlyng of National Centre
‘for Vetenary Contract Research and Commercial
Services, Norway, 1s a review of much importance,
as ‘the salmonids as candidates for sport fishing,
for river restocking and for aquaculture and many
fish immunological experimental works were
conducted on salmons/trouts. The toples attained
greater relevance with the increase of fish farming
and occurrence of bacterial, viral and parasitic
infestations often at epizootic dimensions.
Research and development of vaccines to control
infectiens have already provided encouraging
results and even reached the fish farmers. The
fish immunology and vaccinology have made
tremendous strides in developing bacterias against
gram-negative infections, to be administered as
injections, immersion or oral; whereas frnmuno
prophylaxis against gram-positive bacteria has not
reached the stage of industrial implementation.
Simtlarly vaccine development against viral
diseases and parasite infestations needs further
clinical evaluation and classification regarding the
magnitude of protection they will confer in the field.
This article seems to be of immense use to
researchers in fish pathology. immunology and
vaccinology.

The chapter nine on ‘Nonspecific cytotoxic
cells and innate cellular immunity in teleost fish’
contributed by D.L.Evans and L.J.Friedmann of USA
is yet another highly specialized area in
microbiology and parasitology. The role of NCC to
lyse a variety of tumor targets, protezoan parasites,
virus infected cells and the meolecular information
about Innate immunity have been reviewed in the
article under various sub heads with the support
of electron micrographs, diagrams and tables
followed by a list of the latest relevant literatures.

In the tenth chapter Peter-Joachim Enzmann
of the Federal Research Centre for Virus Diseases
and Animals, Germany has reviewed at length the
"Molecular biology of fish pathogenic rhabdoviruses’,
The contents fnclude the taxonomy, genome
structure, replication, nomenclature of genes, viral
proteins, pathogenicity and vaccines, molecular
epidemology and the melecular approach to
diagnosis of FPR.

The article on ‘Biotechnology and diagnosis
and control of fish diseases’ by Brian Austin,
Hariot-Watt University, UK, includes all aspects
of the role of biotechnology in fish disease
diagnosis and control of bacterial and viral diseases.
Many aquaculture candidates, subjected to semi
intensive farming practices, suffer diseases caused
by bacterla, virus or parasites. Blotechnology could
pay pivetal role in the design of serological tests,
ELISA, FAT, molecular techniques and PAGE in the
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disease diagnosis. Develepment of genetically
disease resistant strains of cultivable species and
immunostimulation compounds through
bioctechnological approaches. The review also
describes various measures like antimicrobial
compounds, dietary supplements, probiotics and
vaccines to control bacterial diseases and suggests
vaccine technology to ameliorate the impact of viral
discases, all with the support of 245 latest
references.

The next review article on ‘Pharmacokinetic
studies of drugs against vibriosis in cultured fish'
by Kaznaki Uno, Aichi Konan College, Japan
presents the fisheries chemotherapuetants such
as sulfonamides, tetracyclines, quinolones, B-
lactams, macrolides, nitrofurans ~ and
chloramphenicol and their clinical dosage regimes
in cultured fishes with special reference to
vibripsis, The paper also provides relevant data
along with the list of current references.

The last paper in this book on ‘Interferon
inducers: application Iin fish disease control' is
contributed by Yurin S.Allkin et al. Russia. The
role of interferon inducers to prevent the outbreak
of viral diseases and to reduce the efficlency of a
wide range of virus infections and the simultaneous
secondary pathogenic bacterial microflora
infections, usually caused due to
immunodeficiency, has been reviewed thoroughly
in this article with the help of suitable
bibliography. :

This book is an authentic record of research
reviews on many areas of immunobiology and
pathology mostly relevant to marine invertebrates
and fishes of immense value and importance as
cultivable specles. The contents will be of great
use to researchers in the respective fields and to
student community at large. As there are not
many work of this nature from India or abroad,
which contains the recent information on the
subjects, | hope that this book would form a worthy
addition to College/University/Research
Institution libraries. Therefore, I strongly
recommend this volume to students and
researchers in immunobiology and pathology and
the list of references given gfter each article would
further serve ds an up to date bibliography on the
topics of narrow specialization. In this context the
editors deserve spectal mention for their vision in
selecting topics as well as the authors. The editors’
style of presentation, brevity and clarity of ideas,
but without loosing the sum and substance of each
article presented in this noteworthy book are
further commendable,

Dr. N.G. Menon,
Senior Scientist,
CMFRI. Cochin.
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