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Breeding, larval rearing and seed production of maroon

clown Premnas biaculeatus under captive conditions

Themembersof thefamily Pomacentridae
commonly known as damselfishes and
anemonefishesareadiversegroup of marine
fishesfoundintropica oceans, and havevery
high demandin marineornamental fishtrade.
The family includes 29 genera and 350
recognized specieslivingmainly incoral reef
environments. Thesubfamily Amphiprioninae,
have two genera Amphiprion and Premnas.
Themaroon clown Premnasbiaculeatusis
the solemember in the genus Premnas.

Premnas biaculeatus

P. biaculeatusiscommonly known as'Spine-
Cheek Anemonefish' because of the presence
of apair of long spinesonitspre-operculum.
Their most striking bright red to maroon
colouration on entire body and fin,
demarcated abruptly with white to golden
yellow narrow bands make them as one of
the mogt attractive speciesamong the marine
ornamental clown fishes. P. biaculeatus has
wide distribution from Indo-Malayan
Archipeagotonorthern Queendand. InIndia,
this species is abundant in the coral reef
ecosystem of Andaman and Nicobar |dands
Stuatedin Bay of Benga, and the adultshave
3 bright golden stripes, whereas all the

juveniles possesswhitestripes. Generally, it
isapeaceful fishfor thereef aquarium and
spendsmuchtimeamong thetentaclesof bulb
tipped seaanemone Entacmaea quadricolor
and occssionally found in Heteractis
magnifica, H. crispa and Sichodactyla
haddoni. Intheinternational aquariumtrade,
fisheshaving sizerange 3/4" to 3" fetch US
$29.99t0 $59.99 and an adult pair costsUS
$129.99. Most of the salt water ornamental
fishesarecollected from thewild and hence
thereisaseriousconcern inrespect of their
conservation. Recent studiesa so showed that
wild collected specimens have a dismal
surviva history in captivity, whereascaptive-
bred clownfish are generally hardier, more
diseasefree, easily adjust tolifein aquaria
andretainnormal colouration. Duetothevery
high demand of the speciesintheaquarium
fish trade, development of an appropriate
technology for itscaptive productionisfdt as
andternativemeansof providingfishfor the
traderather than wild collection which may
cause depletion of thestocks. Inthisjuncture
aviabletechnique hasbeen developedinthe
marine hatchery of CMFRI, Kochi for the
captive breeding and juvenile production of
P. biaculeatusfor thefirst timeinIndia
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Pair formation and br oodstock
development

Being a protandric hermaphrodite, fishes
having size 55 to 60mm (presumptive male)
and 120 to 140 mm (presumptive females)
were stocked in 500-litre FRP tanksfor pair
formation aong with host seaanemone (H.
magnifica). All theexperimental tankswere
provided with biologicd filter and keptinthe
hatchery whereanincident light intensity of
2500t0 3000 lux was available. Thefishes
werefed withwet feedssuch asmesat of shrimp
and greenmussel at therate of 15% of their
body weight twice per day. After aperiod of
3to4 monthsrearing, in each tank, onepair
grew ahead of others and became the
monogamouspair. Theparsthusformedwere
thentransferred to 500 litre glassaguariafor
broodstock devel opment and provided with
H. magnifica. Thebroodstockswerefed with
wet feeds such as mussel meat, shrimp and
clam meat at the rate of 10% of their body
weight insplit doses4 timesper day and al'so
provided livefeeds: adult atemiaandrotifers
after bioencgpsulationwith vitamins, mineras
andfatty acids. Thefemaleand malefishes
were also administered with estrogen and
testosteronerespectively intramuscularly at
every 30 days interval to accelerate the
development of gonad (ovary and testis) and
sexud maturation. Thetemperatureinall the

2

breeding tankswere maintained between 27
to 29°C and water wasrecircul ated to ensure
water movement and water quality was
maintained withtheaid of filter system. Each
broodstock tank was provided withtilesand
earthen pots as substrate for the egg
deposition.

Breeding and mor phological changes of
€gg

Few days prior to spawning, spawning
behaviour was exhibited and a nest site
adjacent to seaanemonewas selected by the
pairs. The developed broodstock fish were
successfully spawned at 1500hrson 27. 07.06
and the spawning lasted for onetooneanda
half hour. A total of 115 numbersfertilizedeggs
were obtained and the newly spawned
capsule shaped eggswereadhered tothetiles
or earthen potswith stalk. Theeggsarebright
redincolour for theinitial two days(Fig. 1)
and asthe embryo devel oped, these turned
to black onthird and fourth day and thereafter
turnedto silvery colour onfifthto sxth day of
incubation. At thisstagethe glowing eyes of
thedeveloping larvaeinsidetheegg capsule
wasclearly visblewhenviewed fromashort
distance. Incubation period lasted for 6to 7
daysat awater temperature range of 28 to
30°C. Duringincubation, theegg sizeranged
between 2.8t0 3.5 mminlengthwithawidth
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Fig. 1A pair of P. biaculeatuswith newly
spawned eggsdeposited ontiles

of 1.1to 1.7mm(Fig. 2). Onthefinal day of
incubationthedeve oping larvaeoccupied the
entire spaceintheegg capsule.

Freguency of spawning

In the present study under |aboratory
condition spawning wasachieved every 13
to 15 daysinterval giving an average of 2
spawning per month per pair and the number
of eggs varied between 115 to 1000 nos./
spawning/pair. Spawning wasobtained 1 to
5daysbeforeand after thefull moon and new
moon.

Parental care

Both parentstake caretheeggsin day time
during incubation period and it involved two
basic activitiesviz. fanning and mouthing.
Fanning was achieved by fluttering the
pectoral fins and created a cooling effect
which hel ped to reduce the damage of eggs.
By mouthing, the parentsremoved the dead,

Fig. 2 Development of embryo onthird
day of incubation

decayed or weakened eggsand dust particles.
Egghatching

On the expected day of hatching, two hours
before sunset, the eggs along with the
substratum weretransferred from the parental
tank to hatching tanks (100 liters). Mild
aeration was provided near totheegg cluster
to ensure sufficient water current for
oxygenating theeggsand provided complete
darkness. At awater temperature of 27 to
29° C, thelarvae brokethe egg capsulesand
the hatchlings emerged tail first and peak
hatching took place shortly after sunset
between 183010 1930 hrs.

Newly hatched larva

The newly hatched larvae measured 2.5 to
3.6 mm in total length and each had a
transparent body, large eyes, visible mouth,
and asmall yolk sac and isfree swimming.
Themouth gape of the newly hatched larvae
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500 ym

Fig. 3 Newly hatchedlarva
ranged from 235 to 350pm (Fig. 3).
Larval rearing and feeding schedule

The larval rearing was carried out in the
hatching tank itsalf upto 20" day of post hatch
(DPH). Soon after completion of hatching,
light was provided using (40W) bulb which
was hung 30 cm abovethewater surfaceand
thelarvaewerefedwithmicroageeChlordla
marina and Nannochloropsis occulata in
1.1 proportionat 1.5x 10° cells/ml. First day
onwards the larvae were fed with mixed
cultureof microagae (1.5x 10° cels/ml) and
super smdll rotifer Brachionusrotundiformis
(6 to 8 nos./ml) up to 8" day. From 9 day
onwards, the larvae were weaned to newly
hatched Artemianauplii (4to 6nos/ml) dong
withrotifer (6to 8 nos/ml) and mixed culture
of microagae 1.5x10° cellsml. On 12" day
to 17" DPH, thelarvaewerefed with newly
hatched Artemia nauplii (4 to 6nos/ml). A
water temperature range of 27 to 29° C,
sdinity 33to 36ppt, dissolved oxygen4.6to

4

6.2 ml/1and pH 8.1to 8.6 were maintained
indl therearingtanks.

Pigmentation

Thelarvaeweretransparent for initial three
days and became black on fourth day
onwards and the first sign of brownish
pigmentation appeared on 7 to 10" day of
post hatch. Feeble opercular white band
appeared on 11 to 12 day of post hatchand
feeblemiddle band noticed on 12to 13" day
and feeble caudal band devel oped on 15"to
20" DPH. At 15to 17" day of post hatch, all
thejuvenilesattained bright reddish colour and
most of thefry metamorphosed and beganto
shift from partially pelagicto epibenthicand
darted egting minced shrimp, fishflesh, muss
mest, clam meat and formulated diets.

Juvenilegrowth

Thejuvenilesattained 14to 20mmat 30 days
of post hatch (Fig. 4). At 45 to 50 days of
post hatch, most of the hatchery produced
juveniles attained adult colouration and
banding pattern. After 3 months of rearing,
thejuvenilesattained asize of 30to 40 mm
(Fig.5).Asthejuvenileswerevery aggressive,
they were culled to different groups (15to
20 Nos. /250 liter tank/ anemone). On
attaining 30to40 mmsize, 50to 100juveniles
were stocked in 1 ton FRP tanksfitted with
biological filter and provided 3 to 5 sea
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Fig. 4 Thirty daysold Juvenilesof P,
biaculeatus

anemones per tank to ensure maximum
survivebility.
Water quality maintenance

Maintai ning good water quaity and ensuring
slight water circulation isalso found very
essential for better survival of larvae. Inthe
larva rearing tank 25% water wasexchanged
daily with sand filtered seawater. Aeration
was provided at four corners of the tank
through the PV C columns covered with 200
micron bolting silk cloth and aeration was
adjusted to cresteamild water circulation. In
order toreduce"head-butting syndrome”, four
sides of the glasstankswere covered with
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Fig. 5 Threemonthsold Juvenilesof P.
biaculeatus

black clothto avoid reflection of light inside
the tank. A low intensity light (40 w) was
provided to thelarvae during day and night
tolocatethefeed and it also helped to keep
thelarvae swimming towardsthe surface at
night rather than sinking to the bottom.
Through different experimenta trias, various
hurdlesassociaed withlarva rearing havenow
been overcome and hatchery production of
P. biaculeatuswas achieved with 75to 85%
survival at each spawning.

Prepared by : K. Madhu, RemaMadhu, G.
Gopakumar, C.S. Sasidharan and K.M.
Venugopaan, CMFRI, Cochin

Cultch preference and growth of remote-set spat of the

backwater oyster, Crassostrea madrasensisin varied salinities

Remote setting isthe method of setting larvae
of bivalvesin distant areas, away fromthe
hatchery after transporting eyed larvae

(pediveliger) in cool and moist condition
without water. The advantages are that
hatcheries need not be established near the
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farms, transportation chargesfor cultchwith
spat can be completely eliminated and loss
duetotrangportation stresscan beminimized.
However farmers must develop simple
infrastructure to set the transported larvae
near thefarm.

InIndia, thefirst successin remote setting of
edibleoyster larvaehasbeen doneat CMFRI
in 2000 when larvae from east coast were
set at Cochin. Thisstudy indicated the scope
for devel oping thistechniquefor edibleoyster
Crassostrea madrasensis. In the present
study remote setting was done and
simultaneoudy the cultuch preferenceand the
growth of the spat in different salinitieswere
studied.

Remote setting experiment

Pediveiger larvaeof 280 umweretrangported
from Tuticorin Shellfish Hatchery of CMFRI
inlow temperatures (22 to 28°C) and made
to set at the Calicut Research Centre of
CMPFRI after atrangit period of 28 hrs. The

Fig. 1. Remote-set oyster spat on oyster

6

larvaewereacclimatizedin 32 ppt sdinity in
10 liters of seawater for 30 minutes. After
acclimatization, whentheactivity of thelarvee
became stable, they were released in one
tonne tanks at a stocking density of 5000
larvaeper litreand provided withtwo different
typeof cultch material. Empty oyster shells
cleaned, dried and aged and shdllsof theclam
Millorita cyprinoides were used as cultch.
The settlement pattern on theinner and outer
surface of oyster shell wasalso noted. Mild
aeration was provided and mixed feed of
Isochrysis galbana and Chaetoceros spp.
wasprovidedtothelarvaein 1:2ratio. While
continuing the aeration, 50% water was
renewed everyday and the occurrence of
swimminglarvae monitored.

When the settled larvae becamevisible after
19days, their linear measurementsweretaken
and growth and survival monitored. An
experiment to evaluate the effect of salinity

Fig. 2. Remote-set oyster spat on clam shell
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onthegrowth and survival of the settled spat
wasdone by stocking 50 spat settled on shell
clutchesinsdinitiesof 5,10,15,20 and 25 ppt.
The length and width of the spat was
measured usngadigitd vernier caipersevery

15days.

Themean and standard error wereca culated
from the observed individua measurements
of thereplicates. Thesemeanswereused to
cdculatetheingantaneousgrowthrate (IGR),
which doesnot havetimeredriction. ThelGR
was computed from theformula

Lq-Lq
IGR=

where, Ln isthenatural log of thelength at
timetand Ln isthenatural log of theinitial

length.
Results

Theactivity of thelarvaeduring acdimeatization
period ranged between 63.5 to 83.3% and
the average survival was 78.7%. Highest
settlement of 60% was observed on oyster
shell clutches (Fig 1). Settlement on tank
surfaceswas 35.5% followed by settlement
on clam shell (Fig. 2) (Table 1). The %
settlement on the outer surface oyster shell

Table 1. Detailsof theremote set experiment on edible oyster

1 No. of larvaereleased (initial)
Percentagesurviva after trangit

Total no. of spat in oyster shells

Total no. of spat settledinsidethetank
No. of gpat in clam shell

Total spat
6 % of settlement

g b~ WwN

475000

78.7% (3,74,250 larvae)
5256 (60%)

3117 (35.5%)

392 (4.5%)

8765

2.30
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washigher (76%) than ontheinner surface.

Thelarvaemeasured 6.01 mmin 19 daysand
reached 12.36 and 14.93 mmin 38 and 75
days respectively. The IGR in different
sdinitiesvaried with thehighest (0.0182) and
lowest (0.0115) in 5 ppt (Fig 3). Themean
length of theoyster spat indifferent sainities
were noted (Fig. 4) and the highest mean
lengthwasin 15 ppt. Survival was100%in
dl thesdinitiesduring the 34 day experimentd
period.

The study indicated the scope for remote
setting of oyster larvae. Thiscan betakenup

1199
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as a collaborative venture with the State
Fisheries Department wherein the setting
facilities can be developed as a common
facility wheremgor oyster farmsarelocated.
Thesurviva and good growth of thespatin 5
to 25 ppt salinity indicates the scope for
starting oyster culture during September-
October itself dong thewest coast. Thiscan
resultintwo cropsinstead of asinglecrop.

Reported by : Kripa, V., P. Radhakrishnan,
Sregjaya, R., Swarnalatha, P.,, N.P.
Ramachandran, Anasu Koya, A., Mohamed,
K.S. and P. Muthiah, CRC of CMFRI,
Cdicut

Remote setting of the yellow clam Paphia malabarica

and the pear| oyster Pinctada fucata in India

Paphia malabarica and Pinctada fucata
aretwo commercialy important bivalves of
India, theformer asan edibleresource and
the latter for the production of akoya and
mabe pearls. The seed production techniques
for thesetwo bivalves hasbeen developed at
the Tuticorin Research Centre of CMFRI.
Along the west coast of India, Paphia
malabarica supports a very good fishery.
Semi-cultureor relaying of these clams by
clamfishersispopular and the potential for
cdammaricultrueisasohighsncethedomestic
and export demandfor thisclamishighduring
the past two decades.

Remote setting isthetechnique of settingthe
pediveliger larvae produced in hatcheries at
sites near the farm site away from the
production site. The method of transporting
the larvae is unique - they are sieved and
packedinmoist cloth and placedin containers
under moist, cool condition without water.

The pearl oyster Pinctada fucata, though
foundinthe paarsof Gulf of Mannar and Palk
Bay, has been found to have good survival
and growth along the west coast. The
experiments done on akoyapearl and mabe
production indicated a good potential for
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pearl farming. Availability of sufficient seedfor
commercid venturesisaproblem. Feasbility
of remote setting for thelarvae of P. fucata
wastried a theMarine Hatchery of CMFRI
at Cdlicut along thewest coast. Utilisingthe
shellfish hatchery at Tuticorin, growth and
survival of remote set spat of Paphia
malabarica and Pinctada fucatain the post-
set phasewas monitored for 52 daysinthe
hatchery.

Thepediveliger larvae of P. malabaricaand
the pearl oyster P. fucata, produced in the
Shellfish Hatchery of CMFRI at Tuticorin
were used and the basic method of packing
larvaefor remote setting wasfollowed (Fig.1).
Twolakh larvae of the clam and 5000 larvae
of the pearl oyster werefiltered and wrapped
inamoist cloth separately and placedinan
ice box at atemperature of 24to 28°C. Two

Fig. 1 Remote set seed of the clam Paphia
malabarica produced at theMarine
Hatchery of CMFRI a Calicut usingthe
larvaefrom Shdlfish hatchery at Tuticorin

9

setsof 50,000 larvae of the clam and 1000
larvae of pearl oyster were transported in
water and in dry moist condition without
lowering the temperature and these were
treated ascontrol.

On reaching the destination, after atransit
period of 26 hrs, the larvae were released
into seawater. Ffty thousand clamlarvaewere
retained in the same container for 48 hrsto
evaluatethesurvival inrdationtotime. The
activity of thelarvaeimmediately after trangit
were observed and the settlement percentage
was calculated. The settled spat werereared
inthehatchery.

For acclimati sation after thetrangt period, the
larvaewerereleased into onelitre of filtered
seawater and their activity monitored for 30
minutes. During thisperiod the percentage of
activeandinactivelarvaeat intervalsof ten
minutesweremonitored. After theactivity of
larvae was stabilized, they wererdleased into
rectangular FRPtanks of onetonne capacity,
haf filled with filtered seawater. Thestandard
methods of rearing clam larvae and pearl
oyster larvae using filtered seawater was
followed for setting thelarvae. Aeration was
provided in the tanks with clam larvae,
whereasthe tankswith pearl oyster larvae
werewithout aeration and covered with dark
cloth.
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241028°C

Unwrap after reaching destination

‘Wrap with a damp cloth

Place in a cool
container during
transit

Fig. 2. Flow chart showing the handling of larvaefor remote setting

Boththe speciescould withstand thedry moist
cool packing for atransit period of 26 hrs.
The settlement percentageupto 3Smmspat Sze
was 2.3 and 5.7 respectively for Paphia
malabarica and Pinctada fucata larvae.
Complete mortality was observed for the
control in wet packing and dry packing
without lowering thetemperature. Thedetails
aregiveninTable 1.

Theresultsindicated that thepedivdiger larvae
of P. malabarica and P. fucata can be
remote set provided thetransit periodisless
than 48 hrsand thetemperature bel ow 28°C.

Theresultsimply the scopefor developing
bivalvelarva settlement in distant areasand
linking it with commercial farming/ stock
enhancement programs.

Growth and survival of remote set spat
of Paphia malabarica and Pinctada
fucata in the post-set phase

Growth and survival of remote set spat of P.
malabarica and P. fucata in the post-set
phasewasmonitored for aperiod 52 daysin
thehatchery. After 25 daysthe clamshad an
average length of 3.57 £ 1.25 mm and the
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Table 1. Details of the remote setting experiments on pediveliger larvae of the clam Paphia
malabarica and the pear| oyster Pinctada fucata

S | Paticulars Paphia Pinctada

no malabarica fucata

1 Number of larvaetransported 2,00,000 5,000

2 Number of spat settled 4786 986

3 Percentage settlement of larvae 2.3 5.7
transported by moist cool (24 to 28°C)
method (remote transport)
Control with water (temperature 28t0 31°C) | 100% mortdity 4.1% settled
Duration of trangt 26 hrs 26 hrs
Control without water and exposed to 100% mortdity 100% mortdity
ambient temperature (28 to 34°C)

7 Surviva in48 hrstranst period by moist 100% mortality
cool method (24 to 29°C)

pearl oysterswere 3.76 £ 0.76 mm. These
werereared further at astocking density of
60 spat L till they became plantable size
(Fig.2). During the experimental period the
spat were maintained in salinity 31+3 ppt,
temperature 27+4°C; 50% water changed
daily and aeration provided for 12to 18 hrs.
Mixed algal diet of Chaetocerost+lsocrysis
+Nannochloropsis at aratio of 1:2:1 was
provided in two phases.

Thelength, width, thicknessand weight of the
spat were measured using adigital vernier
calipersand adigital balance. Theaverage
and standard deviation were cal culated from
theobserved individua measurements. These
were used to calculate the instantaneous

growth rate (IGR), which doesnot havetime
restriction.

Thel GR was computed from theformula

IGR = Ln-Ln

t
where, Ln, isthenaturd log of thelength at
timetand Ln isthenatural log of theinitial

length.
Theaveragelength and wel ght measurements
of the clam spat isgivenin Table 2 and the

instataneous growth rates (IGR) during the
52 dayscultureperiodingiven Table3. The
average biometric measurementsand | GR of
remote set Pinctada fucata givenin Tables

4 and 5respectively.
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Table 2. Average biometric measurements of remote set clam Paphia malabarica starting
from onemonth after settlement

Length (mm) Width (mm) Twt (gm)
Daysof AVERAGE + AVERAGE + AVERAGE +
culture STDEV STDEV STDEV
30* 3.57+1.25 2.76+0.74
45 5.38+1.41 4.05+0.98
80 8.86+2.19 6.07+1.38 0.11+0.097
122 10.56+1.33 6.80+0.78 0.14+0.073
172 11.87+2.54 8.22+0.98 0.25+0.12

1* (30 daysafter settlement)

The average length of the clam spat after 30
days settlement was 3.57+1.25mm and width
2.76+1.250.74mm. These spat grew to

8.86+2.19mmin35days Theaveragel GRdur-
ingthisperiod washigh 0.025 mm per day which
decreased to 0.01 mm per day theresfter.

Table 3. Average | nstantaneous growth rates of the clam Paphia malabarica at different length

Averagelength IGR-L IGR-W IGR-WT
(mnvday) (mnvday) (gm/day)
3.57 0.025 0.027
5.38 0.020 0.024
8.86 0.016 0.025 0.041
10.56 0.015 0.009 0.046
Table 4 Average biometric measurements of remote set pearl oyster Pinctada fucata
Length (mm) Width (mm) Thickness(mm) Total wt (gm)
Daysof AVG+STDEV AVG+STDEV AVG+STDEV AVG+STDEV
culture
30 3.56+ 0.76 4.48+0.90
45 5.48+1.58 6.98+ 2.08
80 8.28+2.08 9.76+2.22 0.060+0.038
125 9.48+1.27 10.91+1.41 2.44+0.27 0.015
134 14.85+3.05 18.13+3.32 4.2900+0.76 0.526+0.287
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Table5 Instantaneous Growth Rate (IGR) of length, width and total weight of the remote set
pearl oyster Pinctada fucata at different mean lengths during the nursey rearing phaseinthe

hatchery
Average IGR-Length IGR-Width IGR-Thickness | IGR-
Length(mm)| (mnvday) (mm/day) (mm/day) Weight (gnvday)
3.56 0.029 0.030
5.48 0.021 0.017
8.28 0.014 0.011 -0.138
9.48 0.005 0.006 0.006 0.040

Remote set pearl oyster spat and clam spat
had almost the same length one month after
settlement. The pearl oyster pat reached 3.56
mm in one month after settlement and 8.28

mmin 80 days.
Remarks

Thehighinitid growthratesand low IGRand
mean lengths after 80 day period in the
hatchery indicatesthat the spat must be shifted
tofarmfor further growth after oneand half
to two month in the hatchery. The overall
results of the experiment point to the scope

1200

for developing remote setting as an
intermediary techniquefor providing seed for
farmersand also for stock enhancement or
conservation programs. The protocol for
nursery phase hasto be developed and the
scopefor increasing the percentage survival
hasto beinvestigated.

Prepared by: Kripa V., SregayaR., Shiju
A.A., P. Radhakrishnan, P. Swarnalatha, A.
AnasuKoya Mohamad K.S. and P. Mutiah,
CRC of CMFRI, Calicut

Surival of remote set seed of the clam Paphia malabarica : Effect of

continued submergenceand short term exposuresto salinity variations

Clams belonging to family Veneridae are
commercially harvested from several
estuaries and coastal areas. Paphia
malabarica commonly known astheyellow
foot clam or textile clam is an important
resource and supportsacommercial fishery

in their places of occurrence. The natural
habitat of this clam is the marine zone of
estuarieswherethe subtrateisclayey-sandy.
These semi-hard textures of the subtrates
facilitate easy burrowing compared to very
hard rock substrates. Usually these clams
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burrow with their strong foot and the two
shiphonswill be at the surface. Because of
this particular habit they arefound in high
densities. Another adaptivefeature of these
clamsistheir movement. Though sedentary
they canmoveby pressngthefoot andturning
theshell.

Clams are exposed to wide varations in
salinity intheir natural habitat in atropical
estuary especidly during short spdllsof intense
rain. Sometimes the almost freshwater
conditionintheestuary may lastfor 10to 15
days, followed by along period of highsdine
condition. Oneof themgor issuethereforeis
thetoleranceof the seed clamsto such sdlinity
fluctuations.

Globally clam maricultureisavery popular
aquacultureactivity. Theseed for farming to
agreat extent comesfromthenatural bed but
inmany countriesthehatchery produced clam
seed is farmed. Most farmers also have
adopted the convenient technique of remote
setting the seed. Remote setting is the
technique of setting the pediveliger larvae
produced in hatcheriesat Stesaway fromthe
hatchery usually near the farm site. The
method of transporting thelarvaeisunique-
they aresieved and packed inmoist clothand
placed in containers which can retain the
larvaein cool condition. After reaching the
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farm sitethe larvae are released into tanks
and providedwithmixed agd diet and reared.
After ashort nursery phase, the seed clams
arerearedintraysor planted intheground
to be harvested | ater.

Inthe present experiment pediveiger larvae
of P. malabarica produced in the hatchery
of CMFRI at Tuticorin were remote set at
the Calicut Marine hatchery complex after a
trangit period of 26 hrs. They wererearedin
the hatchery and before transferring these
clamsto the field two sets of experiments
mainly toi) evaluate the effect of continued
exposureto different salinitiesranging from
0to 35ppt andii) evaluate 10,15,20, and 25
ppt and subsequent reviva inambient sdinity
of 35 ppt were conducted to understand their
toleranceto variationsin sdinity.

Seed clamswhich were set in the hatchery
with adorso-ventral measurement (DVM)
ranging from 6.5 to 10 mm and total weight
of 0.78 mg were exposed to salinities of
0,5,10,15,20,25, 30,35 ppt. Their behaviour
and mortality was studied in each of these
exposures. The experiment was conducted
for aperiod of 28 days. The stocking density
was @ 10 clams L. All the clams were
exposed to uniform variation intemperature
which ranged between 22 and 28°C. The
baby clams were fed with Isochrysis @
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5.0x10° cellsday* and thefeed wasprovided
intwo instalments. Water wasexchanged on
dternatedays. Replicatesof dl thetreatments
were maintained as per the experimental
procedure.

Seed clams in 0,5, and 10 ppt had 100%
mortality in8days. In 15ppt, 100% mortality
occured in 10 days. In 20 and 25 ppt the
seed clams suffered 33 and 16% mortality
respectively in 10 days (Fig.1). In higher
sdinitiestherewasno mortality in 30 and 35

Fig. 1. Mortality percentage of seed clams
whenrearedinvaried salinitiescontinoudy
for 10days

ppt salinity for amonth. Throughout of the
experimental period when the clamswere
alivein 0,5,10 and 15ppt the clams were
inactive and did not expose the siphon and
accept thefeed. Inall other salinities (20-35
ppt) the clamswere active and showed good
filtration. Tolerancewaslow insmdler clams
of 6-7 mmthan bigger clamsof 9-10 mm.

15

Effect of short term immersion ranging
upto3daystolow salinity conditionssuch
as 10,15,20 and 25 ppt and subsequent
revival in ambient salinity of 35ppt.

Seed clamsof DVM 7.49t0 8.43 and weight
0.016t0 0.103 g were exposed to 10,15,20
and 25ppt for 3 days and then replaced to
ambient salinity of 35 ppt. The stocking
density and the feeding schedule were the
same as that of first experiment. The
behaviour of the clamsand mortality were
recorded daily.

It was observed that within 2 daystherewas
no mortality, but by 3 days, 2.5% mortality
wasobservedin 10 ppt. Mortality increased
t0 10%in 4 daysand 12.5%in 5 days and
without further mortality. In 15 ppt, in4 days
2.5% mortality wasrecorded and therewas
no further mortality. The clams exposed to
20 and 25 ppt did not show any mortality
throughout the experimenta period (Fig. 2).

Thefirgt experiment showed that clamfarming
/ ranching using seed of Paphiamalabarica
of 6-10 mm can bedoneonly at Siteswhere
the salinity>25ppt. If low saline condition
prevails, the seed must beremoved within 10
days. The seed clamscan tolerate exposure
tolow sdineconditionsupto48 hrsat different
percent survivals. Such exposurewill result
in 12.5% mortality in 10 ppt and 2.5%
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Fig. 2. Percentage mortality of seed clams
during exposureto different sdinitiesfor 3
daysand during subsequent revival in 32

ppt
mortality in 15 ppt 48 hrs exposures to 20
and 25 ppt will not effect the survival of the
clams. Remote set clam seed were healthy
during the post set phase.
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Remarks

Thestudy indicated that remote set seed clams
canbetrangplanted for farming during aperiod
when the salinity variations are not high.
Evenwhenlow sdlineconditionslike 10t0 20
ppt persst inthefield for threedaystherewill
not be substantial loss, but continued
submergenceinlow sdineconditionsfor more
than 3 daysisdetrimenta totheclams. Hence
clam husbandry should be planned to avoid
such crop losses.

Prepared by : Kripa, V., Swvarndatha, P, N.P.
Ramachandran, SregjayaR. andA.A. Shiju,
CRC of CMFRI, Calicut

Species and sex of two baleen whales identified from

their skin tissues using molecular approach

Molecular taxonomy technique based on
phylogenetic reconstruction of mitochondrid
DNA (mtDNA) sequences developed by
CMFRI was successfully applied to ratify
Species identity of one beach cast baleen
whde, whichwasinfairly fresh conditionand
unambiguoudly identify another one, which
had decayed beyond recognition. Genomic
DNA wasextracted from their skin tissues
and the mtDNA PCR productswere cycle
sequenced and speciesidentity wasconfirmed
using adedicated portal for cetaceans, Wit-

ness for Whales (www.dna-surveillance.
auckland.ac.nz) containing sequencesfrom
specimensof whal es, dolphinsand porpoises
identified by expert taxonomists and Blast
search of NCBI (www.nchi.nlm.nih.gov/).
Thesequencesweredepositedinthe GenBank
under accession numbers EF057442,
EF057443 & EF057444.

Oneof thewhales, measuring about 20min
total length, was stranded on 17" July 2006
in Kunduga near Mandapam (Gulf Mannar)
and was identified as a male blue whale
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(Balaenoptera musculus) by examining its
morphological charactersand externa geni-
tals. Speciesidentity was confirmed using
phylogenetic recongtruction. Theother, mess-
uring about 12mintota length wasstranded
inthe sameareaon 8" August 2006. It was
Inadecayed condition makingitimpossible
toidentify either speciesor sex using mor-
phological characters. Phylogenetic recon-
struction had positively identified thisspecies
asBryde' swhale (Balaenoptera edeni). Ap-
plication of PCR-based gender identification
method devel oped by CMFRI determinedthe
sex of B. edeni asmaleand alsoratified sex
determination of B. muscul us based on ex-
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ternd genitas.

The present work issignificant mainly asit
proved the useful ness of molecular gpproach
toidentify the speciesaccurately and the sex
of beach cast/stranded marinemammalseven
if theexamination of themorphologica char-
actersand external genitalsof the carcasfail
to determine their species status and sex.
Further, these PCR-based techniquesarevery
useful for speciesidentification and sex de-
termination of biopsy samplestakenfromthe
livemarinemammals.

Prepared by : P. Jayasankar, B. Anoop, V.V.
Afsa and M. Rgjagopalan, CMFRI, Kochi

First record of thresher shark, Alopiasvulpinus,

from Malabar coast with note on itsfishery and biology

Thresher sharksaredigtributed circumglobaly
intheAtlantic, Pacific, Mediterranean and
Indian Oceans. Thresher sharksincludethe
common thresher (Alopiaswvulpinus), bigeye
thresher (A. superciliosus), and pelagic
thresher (A. pelagicus), theformer being the
largest. They arepelagic, inhabiting mainly
oceanic waters but they wander closetothe
coast in search of food. Theyoung may be
found in shallow waters, whereasadultsare
common over the continental shelf. Unusua
landings of this shark by long liners were

noticed aong theMalabar coast in 2005. The
detailsof itsfishery and some observations
made on the biology are presented in this
account.

Gear

Thresher shark was caught by mechanised
longliners(OAL.: 58'). Theoperation wasat
adepth of 120-150m off Malabar coast. The
operationswere conducted by the migrated
fishermen from Thuthur in Kanyakumari
District, Tamilnadu who were temporarily
based at Azheeka in Kannur. Nearly 40
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Table1. Monthwisecatch (t) and effort (units) of Alopiasvulpinuslandedinlonglineat Azheeka

Month Effort Tota Total Elasmobranchs Sharks  Alopiasvulpinus
(U) cach Cach % Cach C/E(Kg) Catch % C/IE (kg)

Jan 80 54632 273 499 273 3407 0.0 00 0.0
Feb 75 74944 656 863 647 8624 163 252 2173
Mar 52 87421 620 69.7 610 11724 82 135 158.6
Apr 105 62533 511 806 504  480.0 4.9 98 46.9
May 119 92648 726 770 713  599.2 0.0 00 0.0
dn 21 41776 380 905 378 18000 00 00 0.0
N1 0 0 0.0 0.0 0.0 0.0 0.0 00 0.0
Auwg 41 58331 530 8.5 522 12728 0.0 00 0.0
Sep 40 51800 414 799 414 10350 0.0 00 0.0
Oct 80 96723 692 716 69.2 8653 0.0 00 0.0
Nov 45 52125 326 624 326 7233 0.0 00 0.0
Dec 23 3669 258 702 258 11203 21 81 904
Anmud 681 709.629 5385 752 5335 7834 316 59 463

mechanisedlong linersof 100-130H.P. were
operated. Eachlong line had 300-600 hooks.
Theboatsremainedintheseafor 15-20 days
depending upontheavailability of sharks The
fishing operation started in September and
extended upto themiddle of June.

Fishery

The occurrence of A. vulpinusin the long
line catch was first observed in February,
2005 and subsequently in March-April and
December 2005 at Azheekal. Total shark
landing by thelong lineat Azheekal during
January to December, 2005 was 534 t and
the catch of A. vulpinusfor thisperiod was
321 (6% of the shark landing). Thisspecies
contributed 25.2, 13.5, 9.8 and 8.1% of the

total shark catchesin February, March, April
and December respectively. Theannud effort
expanded by long lineswas 681 units. The
monthly C/E of A.vul pinusvaried between
217.3 kg in February and 46.9 kg in April
and theannual C/Ewas46.3kg (Table1).

Biological observations

Totd length of 104 specimenswasmeasured.
Thespecimenswereintherangeof 132-381
cm and the modal length was 280-319 cm.
Fishof length2to 5 meters(10to 16.5feet)
arecommonly observed inthefishery. The
Sizeat birthisreportedas114to 150cmTL.
Inthe present observation, themale: female
ratio was found to be 1:1.18. Cuttlefishes
were the main food items observed in the
stomach.
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Length-weight rdl ationshipwasstudied using
78 specimens, out of which 32 werefemales,
ranging from 242-278 cm (45-57 kg) intota
length and 46 were maesinthelengthrange
of 258-310cm (46-59kg). Asthedifferences
between regression coefficients of the
sexes were not significant at 5% level, a
common formula for both the sexes have
been calculated as Log W =
-3.9861+2.6921 Log L (r=0.9980).

The present account isthefirst report onthe
occurrence of thresher sharksfrom Mal abar
coadt and thisshark appearstobeapotentialy
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new resource in the off shore waters of
Malabar coast. Being an unconventional
resource, the shark did not command good
price and were sold at Rs. 30-40/ kg. Itis
quite probablethat thisspeciesmay command
better pricein future dueto demand for its
finsintheforeign markets. Good landings of
thisunexploited species can beexpectedin
futurewhenmidwater long liningisconducted
intheoffshorewaters.

Prepared by : PP. Manojkumar and P.P.
Pavithran, Calicut Research Centre of
CMFRI, Cdlicut

High catch of rock lobster Panulirus polyphagus

landed at New Ferry Wharf, Mumbai

Spiny rock lobstersaredistributed al along
thelndian coast, but themgjor landingscome
from the north west coast bordering Gujarat
and Maharashtrathat contribute about 70%
tothetotal landingsinthe country. Along the
north west coast, 95% of the lobsters are
caught by trawlersand landed at Veraval in
Gujarat and Mumbai in Maharashtra.

Commercial lobster fishery in Mumbai is
supported mainly by rock lobster, Panulirus
polyphagus. It iscaught throughout the year,
but thefishery displays seasona abundance
during September-December.

During September'06 an unprecedented high
catch (Fig. 1) of rock lobster waslanded by

trawlers at New Ferry Wharf. On 2-9-06,
ninety-three trawlerslanded about 8.8 t of
rock lobster with an average catch of 95 kg
per trawler. Thefishing ground wastowards
north west at a depth of 40-50 m and the
fishing continued for 8-10 days. The other
major catch on that day wasribbonfish (65.1
t) and sciaenids (55.8t) but the prawn catch
was extremely poor. The total income
generated by lobstersalonewasRs. 501akhs,
which was about 50% of the total income
generated from theentirefish catch.

A total of 66 malesweremeasured fromthe
catch on 2-9-06 and the sizeranged between
145 to 385 mm with the mean size at 248
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Fig. 1. Trawl catch of Panulirus
polyphagusat Mumbai

mm. Ninety-seven femaleswere measured
and the sizeranged between 215 mmto 375
mm and the mean sizewas 264 mm. A catch
of similar magnitude was also observed on
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During the last two decades, clams were
exploitedinlargequantitiesfrom estuariesand
backwatersto feed shrimps cultured inthe
commercial ponds aong the east coast of

Fig. 1. Clamstransported in bagsto the
fishing harbour
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16-9-06.

Thecatchwassegregated at thelanding centre
depending upon the size. The price at the
landing centrewas Rs. 592/kg. L obsterswith
soft body and damaged body parts were
removed. Before weighing, the berried
femd eswere squeezed to removewater from
the eggs. The catch was iced and packed
immediately in plastic cratesto prevent any
damage.

Reported by : A.D. Sawant, J.R. Dias, K.B.
Waghmare and Sujit Sundaram, Mumbai
research centre of CMFRI, Mumbai

Exploitation of clam Meretrix casta in Gadilam estuary

India Inrecent years, clam meat isserved as
adish in hotelsin places like Bangalore,
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Fig. 2. Clamsintubsarranged fr depuration
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Kanyakumari, Chennal and Kerda.

Heavy exploitation of theclam Meretrix casta
aong thebar-mouth of Gadilam estuary was
observed during March and April 2006.
About 80 to 100 men and women belonging
to Kodikkalkuppam, Suthukulam and
Devanampattinam wereregularly employed
in handpicking of clams for two months.
Fishery gartsearly inthemorning and extends
upto 11 A.M. Each woman could collect at
least twoto threebasketsof clamsinasingle
day and thus earn Rs.60 to Rs.90/- per day.
The men were engaged in transporting the
clamstothenear shorearess. Theclamswere
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Groupers procured from the hook & line
landingsare prefered for export. Nearly 3-5
seafood export firmssituated in and around
Tuticorin exported Epinephel ustauvina and
E. malabaricusto Chinaand Honkong since
2000.

Assoon asthefishiscaught itsmouthistied
tightly by nylonropein order to prevent the
damageof air bladder (Fig. 1). Entirefishis
covered by polythene sheet over whichice
pieces are spread for onboard preservation
and brought to the shorefor auctioning. After
the procurement at the landing centers, the
fishesaretransported to the packing shedin
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transported by fishtrucksto the Cuddalore
fishing harbour (Fig. 1) and sold to buyersat
therate of Rs. 150/- per tub which will be
around 50 kg.

Theclams, thus collected werekept in tubs,
arrangedinrowsand (Fig. 2) clean seawater
isfilleduptothebrimand alowedtoremain
for 3to4 hours, for depuration. After draining
the sea water from the tubs, clams were
washed and loaded in trucksfor transport-
ation.

Prepared by : R. Thangavelu, P. Poovannan,
S. Rgjapackiam and S. Mohan, MRC of
CMFRI, Chennai

On the export of Groupers from Tuticorin

enclosed van by following the scientific
handling procedures. Fishesweighing more
than 2 kg are preferred and procured at the
rate of Rs. 150/- to Rs. 300/- per kg
depending on the sizeand demand.
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Fig. 1 view of grooper catch, mouthis
tiedwith nylonerope
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Thesegroupersareweighedindividualy and
packedinthermocool boxesof different Sizes.
Ineach box around 40 kg of fishesare packed
withicepieces. |ce piecesare spread at the
bottom of the box above which apolythene
sheetisspread. Thenthegroupersareplaced
and covered by the same polythene sheet.
Once again ice pieces are spread on the
surface of covered polythene sheet thereby
avoidingthedirect contact of icewiththefish.
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A 21.1 ft dead female whale shark was
stranded at Kovalam in a multifilament
polypropylene net cast on 18" of July 2005
and wasdrifted ashorein the early morning
hours.
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On 12.9.06 awhale shark got entrappedina
trawl net whilefishing off kollam at adepth of
46m. Thefishwashbrought to Sakthikulangara
FisheriesHarbour. The male shark measured
445 cmintota length and welghed approxi-

1208

Therewasan unusual fishery of Babylonia
spirataaong the Pulicat coast during Febru-
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Thenthetop of thebox isclosed by thelid.
Entire thermocool box istightly sealed by
cellophane tape. Subsequently these boxes
aretransported to Kanyakumari fromwhere
theseboxesareair lifted to marketsin China
and Honkong. Thiskind of export tradetake
place round the year and the peak seasonis
between November and March.

Prepared by : G. Arumugam and T.S.
Bdasubramanian, TRC of CMFRI, Tuticorin

Rhiniodon typuslanded at Kovalam fish landing centre

Reported by : V. Thanapathi, M. Ravindran,
V.A. Ledlie, S. Ganesan, D. Pakkiri, A.
Janakiramanand M. Anbu, MRC of CMFRI,
Chennal

Whaleshark Rhiniodon typuslanded at Kollam

mately 2 tonnes. Later it was sold for
Rs.1000/-.

Reported by : Sijo Paul, Kollamfield centre
of CMFRI, Kollam

Unusual landings of live gastropod
Babylonia spirata along the coast of Pulicat

ary - March 2006.
Theestimated landingwas78.5t. Fibreglass
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boats fitted with outboard engine using
Navaravalai wasused for fishing. Thecatch
wassold at therate of Rs. 55/- kg.

As a conservative measure, the village
Panchayat imposed aban on thisfishery as
bulk removal of thisparticular gastropod re-
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sourcemight resultinthe declinein thefish-
ery of not only gastropodshbut dso other finfish
resourcestoointhehabitat.

Reported by : R. Thangavelu and P.
Poovannan, MRC of CMFRI, Chennai

Unusual heavy landings of Talang queenfish

Scomberoides commersonianusin Chennai coast

Heavy landings of (61.5 t) S. commer-
sonianus (Fig. 1) was landed by hooks &
line, mechanised gillnet, trawlnet and other
indigenousgearslike Pannuvalai (gillnet),
Kolavalai (driftnet) and Pachchavalai
(castnet) at Kasimedu Fisheries Harbour
during January 2005 to December 2005
(Tablel).

Table 1. Catch of S commersonianus in
variousgearsat Chennai FisheriesHarbour
during 2005

Gear Catch | CPUE | Effort

® | kg | (unity
Hooks& line 141 |35 4038
Mech. gillnet 274 |183 |1494
Trawvinet 146 |07 20087
Other units 54 15 3640
Total 61.5

S.commer sonianus catcheswerelanded by
hooksé& linesoperated at Chinnanedankaral,

Table 2. Estimated catches of S, commer-
sonianuslanded by hooks& linein different
landing centres during October 2005.

Centres Catch | CPUE | Effort  |%in
® (kg) | (units) |total catch
Kasmedu |36 [119 259
Chinnanedlankara {04 | 89 218
Chinnandikuppm | 0.5 71 306

KIS

)

70
Nainarkuppam {07 |41 171|164
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Panaiyur 18 [144 362
Kovaam 60 |186 792
Total 130

Chinnandikuppam, Nainarkuppam, Panayur
and Kovalam landing centres. In October
2005, S.commersonianus dominated the
catch, followed by seer fish and carangids.
The catches ranged from 50 to 200 kg per
boat (Table 2).

InKovadamlanding centre, heavy landingsof
S.commersonianus, i.e., 3.8 t out of 6.0t
werelandedin 6 days(Table3)
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Table 3. Landingsof S commersonianusat
Kovdamlanding centre

Date Catch| CPUE | %intotal
(kg) | (kg) | catch
15.10.2005 | 500 | 33.3
16.10.2005 | 660 | 33.0
17.10.2005 | 580 | 29.0 | 75-90%
18.10.2005 | 1200 | 75.0
19.10.2005 | 500 | 25.0
20.10.2005 | 360 | 30.0
Total 3800 | 37.6

Thegearsoperated off Kovalamweremostly
hooksé& line operated from catamarans. The
sizerangeof S. commersonianus(TL) was
75-110 cm. with mean size at 88 cm. The
weight rangewas 2.6 to 10 kg with average
weight of 4.0kg.
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Fig. 1 S. commersonianus

Thevauereaized fromthe speciesaonewas
Rs. 1.52 lakhs at Kovalam landing centre
during thisperiod. In addition, they earned
approximately Rs. 30,600/- from other fishes
like seerfishand carangidsetc. in 6 days.

Reported by : S. Rgjapackiam, S. Mohan,
K. Muniyandi and A Devendra Gandhi,
Madras Research Centre of CMFRI,
Chennal

On thefirst record of the grouper,

Epinephelus flavocaeruleus from Gulf of Mannar

A single specimen of the reef-associated
grouper, Epinephelusflavocaeruleus(Fig.1)

Fig. 1. Epinephelusflavocaeruleus

waslanded at Keelakarai on 19-09-2006. It
was caught in atrap kept at a depth of 8m
near Appaisland in Gulf of Mannar. The
speciesbelonging to thefamily Serranidae,
named asBlueand Yelow grouper andlocaly
known as Manjel Kaleva in Tamil. It is
reported that adults have yellow finswhile
smdll juvenileshave about half blueand half
ydlowfins

The morphometric measurements of the
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specimen aregiven below:

Totd length 39cm
Number of dorsal spines 1
Number of dorsal softrays : 17
Number of ana spines . 3
Number of anal soft rays . 8

Total weight : 1.27kg

Itisdistributed in Indian Ocean from Djibouti
southtoAlgoaBay, South Africa(34°S) and
eastward to the Andaman Sea and Sabang
island at the northwest tip of Sumatra,
including Mozambique, Zanzibar, Kenya,
Reunion, Mauritius, St. Brandon's Shoals,
Seychelles, Lakshadweep idands, Chagos,
Rodriguez, Sri Lanka, and Andamanidands.
Thisspeciesisalso recorded from the west
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coast of India, using underwater visual
observations. However, itisnot known from
the Red Seaor the Persian Gullf.

It is reported that juveniles of the species
inhabit shallow reefs, while, adultsarefound
in deeper reefs. A depth range of 10-150m
isconsidered asthe preferred environment
for the species. Epinephelusflavocaeruleus
wasreported to grow upto alength of 90 cm
and attainaweight of 15kg. Itisbelievedto
feed on avariety of fishes, crabs, shrimps,
spiny lobsters, squidsand small octopus.

Reported by : Mally Varghese, C. Kasnathan
and M.Seeni, Mandapam Regiond Centre of
CMFRI, Mandapam

Unusual landing of Palinustuswaguensisat Chennai

Fishing Harbour by indigenous gear

Palinustuswaguensiscommonly known as
‘Japanese blunthorn lobster' and locally in
Tamil as'Alkadal sivappu singera occurs
usualy at adepth of 100-200m and arecaught
in deep seatrawls. But on 15.9.2006, three
femaesof P. waguensiswereobtainedinthe
indigenous gear-'Nakku valal' abottom set
gill net with amesh size of 45-50mm. This
gear isoperated at adepth of 5-10mfor crabs
andfishes. Thecargpacelength of thelobsters
ranged from 48-70 mm. They werereddish
brownin colour and the anterior margin of

carapace had red bands. The dorsal side of
the abdomen was with white spots. First

Palinustuswaguensis
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antennae and | egs possessed white bands.

This is the first report of P. waguensisin
indigenous gears from Indian waters.
P. waguensisisdistributed a ong Indo-west
Pacific region, Honshu island, Japan,
Thailand, south west Indiaand Andamans.
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Itiswel knownthat aninformedfishery man-
agement regime should have areliableand
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They have edible and ornamental value. In
Japan, these lobsters which form sporadic
catch areoften sold to the public aquaria.

Reported by : S. Lakshmi PFillai and P.
Thirumilu, Madras Research Centre of
CMFRI, Madras

CMFRI Special Publication No. 89

objectiveinformation edificethat isbuilt on
scientific principlesof datacollection system.
Theresourcemonitoring syseminvoguesince
1950siscontinually refined in consonance
with the changing marinefisheriesscenario
beingfollowed by CMFRI isacclamedworld
wide. One of the products of the resource
monitoring system istheresourcewiseand
gear wise estimation of landings of the ex-
ploited coastal marinefishery resourcesof the
EEZ aong with thefishing effort expended.
CMFRI hasbeen disseminating thisinforma:
tionfromtimetotimethroughitsvariouspub-
lications. Thisspecid publicationisuniqueby
theway of not only providing estimates of
landingsin thetwenty year period from 1985-
2004 but al so by depicting thetrendsinthe
production of major exploited resources of
different regionsof the country. Thispublica-
tion containsan introduction, methodol ogy of
data collection, description of production
trendsin each region followed by resource
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wise estimates of marinefish landing from
1985-2004 in India and the coastal states,
namely, West Bengal, Orissa, Andhra
Pradesh, Tamil Nadu, UT of Pondicherry,
Kerala, Karnataka, Goa, Maharashtraand
Gujarat. For each of the states, the annual
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resource wiselandingsfor the twenty-year
period from 1985-2004 together with land-
ingsin each quarter of the year (Calendar
month based) are provided. Suggested read-
ing material isgiventhat containsreferences
to sources of dataearlier to 1985.
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Tunasarehighly valued food fishestargeted
by coastal fishers aswell as distant water
fishing nations. Different species of tunas
occur in the neritic and oceanic watersand
are caught by using diversetypesof fishing
craftsand gears. World tunalandingstouched
therecord high of 4.3 milliontin2005. Tuna
is the second largest product in the
international seafood trade constituting over
15%. Although they congtitute lessthan 5%
of theworld commercid catch by weight, they
contribute much by dollar value (US$5.3
billion). Tuna fishing and fisheries have

NGK Pillilond TyofhilV. Mallia

”ﬁ

becomepriority themewhileaddressngissues

of devel opment, utilization and management
of fisheries in India in the light of EEZ
regulations and other international
conventions. Oneof the highlights of the 20"
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Annua Governing Body meeting of the
InfoFishwasthat of tunafishing. Tunasare
expectedtorecevecardind importanceinthe
Indian marinefishing industry inthecoming
years.

Research and devel opment efforts on tuna
and tunafisheriesin the country and abroad
have contributed to a rapid growth of
literature. A great volume of literature
documented over theyears, remain scattered
invariousnationad andinternationd journds,
proceedings, bulletins, special publications
and post-graduate and doctoral theses. Itis
extremely difficult for aresearcher to access
informationfromthese publications, especidly
fromthegrey literature.

Central Marine Fisheries Research Institute
has been giving dueattention in documenting
bibliographiesonvarioustopics. Thelnditute
haspublished over adozen such bibliographies
onvariousaspectsof finfishesand shellfishes.
The present endeavour entitled Bibliography
on tunasincludeslist of referencesonfishery,
biology, stock assessment, tagging and
migratory studies, harvest and post harvest
technologies, trade, conservation and
management. The authorstook all effortsto
includeall relevant literature spred over 234
technical journals published from various
countries, inthisbibliography.

The publication entitled Bibliography on
tunas compiled and edited by Dr. N.GK.
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Pillal, Head, Pelagic FisheriesDivisonand
Dr. Jyothi V. Mallia, Research Fellow
incorporated all the available publications
includingwebstesrdated tothiscommercidly
important group, so that alarge spectrum of
researchersinthisareawould be benefited.
A totd of over 2000titleshavebeenlistedin
the bibliography under 8 separate sections.
Inorder tofacilitate better utilization, asubject
index and author index hasbeenincluded. The
introductory chapter givesfiedidentification
of tunasfrom Indian seasfollowed by abrief
description of trendsinworld and Indiantuna
fishery, statusof major species, tunafarming/
fattening, tunabreeding and its prospects,
fishing practices, processing, trade and
management of thishighly migratory/sradding
group. Infact thispreamblewill facilitatethe
reader to get an overview of the resoures
before jumping into the bibliography proper
dealt in the book. This bibliography is an
output of theMinistry of Earth Sciences, New
Delhi funded project on Tuna resources of
Indian EEZ - An assessment of growth and
migratory pattern. Thispublicationwill be
a useful information base for the future
researchers and students in the field by
enabling them to have a rapid survey of
relevant literature.

Reviewed by : N. Venugopal, CMFRI,
Cochin
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T TieX 79 T 9Eea 7 gt 30 e

T IHT GSHAAT HT TSI HAT TAT| TH
T Y H TH TS & R § T R AHT
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3R figereT Wgher & 3 W Hl 9% % A *
Tl o TE Y T AN HA: 2.3 3R 5.7 ot
31T, YR ST STk UfehTT | qTome 5 &l et
TR St S YT Gegar S T ot | SHeRT JER
e gRoti-1 o <31 ST §

IO H & GAT FHAT F AT 48 HlA 48
g2l @ %A R aqmEe 28°C % A € 7
HTCTaT ThT AR 9. FFeT % U TA R SR
T A Y HAT ST Fehall €| g o UIoTeh ez
T /99T g F HEHAT h W T & H

THUET TEIHT o IHE & U TR oFed
FA T

[T G H THE F AT BieA & 918 7 HAT
TETaT ¥HT AR [GFTST WehieT & Sedr AR

3 TSIt Fear

TR | 52 SA1 % AU 97 BT HeTaT T
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ROt 1. Fidt o7 %37 Forer 7eT SR Yo SR fYdereT FehieT % U Sd TR SRRl I Y S &5 H

ST TR0 T SR

. | geRo T HAT fawTer

k) HoTaT 7T RIHIET

1 | 9YIEd S i G 2,00,000 5,000

2 | 99U TRl A EE 4786 986

3 | o7 3t (24-28°C.) Ry d § gTanEd wuU 2.3 5.7
( THE [IET) SERT & THH H T a9

4 | 1 % g s (28 & 31°C. amme) 100% gga 4.1% <9 7T

5 | 9T & 265 265

6 | ST % o Ud g ¥ant aaE (28 | 34°C) 100% Fgar 100% g
T g

7 | g e Aa (24-29°C) ¢ 48 =52 % 100% Fgar
I A | 3 sl aaarn

St off | 3Rt 60 TS T HUROT T | 0T
AN SRR T A I Ui 62 7 (=.1) |
TN % O WSt Bt 3143 df °f &t wgor,
27+4°C amEeE | T 541 T4, T 50% ST T
UTEdT w1 T AR 12-18 =5t % T *
AT TS AT T | U BHIIRIT SEHHE T
+AFIEARICTH 1 7 &1 @ 1:2:1 % g o
1 =R § g7 T

TF T A AT FI AR 3R TF T et Toiq
% AN e TE HI TS, ASE AR AR &
T T T 2 | SAI AT ST ek S
3R O T i TUMT I T &Y | 39 3TAR
T U1 Feelt 32 (IGR) i O i T2 STEeh

FHA TASY Tl &l & | eI UIh el 3 i

T 39 G W HELS I T A |

IGR = Lnt-Lni

t
ST, Ln, W9 t W T A A% A & SR
Ln WK e TS 31 91 e AT ¢ | |l T i
3T TS 3R TR 1 WO WO -2 F g1 W
¥ 3R 52 T oM 1a Y % IR @
e U7k Sl 5% WRO-3 § & T ¥ | IHE Fe
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TRON-2 IH1G & T HeH A THIE TS GOt 7 FI7 HoraT 7T ol A Serdiiedena qIo=

g (7 ) et (7 ) FT WX (1)
e & 3T + 3T + 3T +
RIGECEIGE HEh e HEh e
30 357+1.25 2.76+0.74
45 5.38+1.41 4.05+0.98
80 8.86+2.19 6.07+1.38 0.11:+0.097
122 10.56+1.33 6.80+0.78 0.14+0.073
172 11.87+2.54 8.22+0.98 0.25+0.12

1* (F@E & 30 T F 91%)

T F T 30 A 9 A W w5 fEd
g 3.57+1.25 7ot iR e 2.76+1.250.74
T et 35 A H I e 8.86+2.19 7 H O

TC W TT @Y H YT < I G AT Uk
T 0.025 A ASH AT I T TT 3

0.01 = = « =Y & T
HROM-3 & 9o e W Gt 57 BT FoTaT 7T i 3G oIce] UTeh sadl &7

(T &) (ad/ T (n/ =)
357 0.025 0.027
5.38 0.020 0.024
8.86 0.016 0.025 0.041
10.56 0.015 0.009 0.046

RO - 4 X & B 59 T G IR fTFTST FIHIET T ST SIIQshiE Ao

Farg (W ) =rerE (| ) HieTs (7 ) FA TR ()
e & 5 | SEaEAEE AL FAALAE AT
AT AT CENE] gIAT
0 3.56+0.76 4.48+0.90
45 5.48+1.58 6.98+2.08
80 8.28+2.08 9.76+2.22 0.060+0.038
125 9.48+1.27 10.91+1.41 2.44+0.27 0.015
134 14.85+3.05 18.13+3.32 4.2900+0.76 0.526+0.287
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TROT - 5 THSAATA H THT W1 & FROTH F 7l WIed Slarsdi W T &7 § o7t I qorl )faid fharerer
TR Y ATE, T AR FeT W HY AT T Tt 7T

RIS (T 5) (mH/ 5) (mH/ 5) TR (T/ 3)
3.56 0.029 0.030

5.48 0.021 0.017

8.28 0.014 oo -0.138

9.48 0.005 0.006 0.006 0.040

S % UF e A% YR & H I g
Y 2R A TR H e wrer gEe o |
A o TS T Fe A H For et we 3.56 7
T TR 3R 80 I H 8.28 W H = M T
Uiy

Theeen § 80 1 % UIer & 915 I@ T 3T
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1200
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W9t 97 AT AET T % §¥ aA @ S &b o ool aner
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SRR TS ST Y YT T T
T ST 1 S0 ¢ | AEROTET 3§ oEt IR

TRT ¥ I S € SR I A5 SuRide | & |
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Fgfaat
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3T T8 FFT AT H QU ad I ae | o
T AU | 3od F T el 8H & T F 5 F
T TR A W A YT HAT ST Tha1 &1 10 F
20 et 7 S T A0 RA T H o 3 g H
e ANG T Hl WO T &1 AHA 3 A -
worer Ut R o & A udt e 9 et
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T UH TE AR AT F FTRE ST
%%, FIhS % HUI. o, @oferar O, T,
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25 Wi = 48 et o W W wEEA E1 T R
1201 Wu@ﬁﬁw‘anﬁ%maﬁ
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T 3R 9gd g e el aen ° €9 T q
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3R 6 HRTAIRI § SaRoT 3 |12 a1 93U
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T FF S ¢
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SYR G I Ae@R dc § 120-150 #t wexrE |
T A wel eRi (FA odars : 58') |
THET AT AT | T TG o SHATHART 3ot H Rord

TR ¥ T Fa HPSRI FRT W= AT T
o, & TN ST TR W 3TSIehet 31X FHUUR |
& gU 1 100-130 sreawifed & o 40
T Sl SR T | ¥ o | T SR H
300-600 =i o | FUT HI ITART F FTAR
15-20 =7 % 19 9% H & @l | goeR |
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JRoTt 1. TSieher § el SR | 376 Id 767 79719 67 779 1 71 8haR Tshs (2) AR 5319 (Theh)

L B FeT ST [ ST AT FeT T

(W) Uws e % THE WW(FW TRS % W/W(FM)
STeRt 80 54.632 273 499 273 340.7 0.0 0.0 0.0
HYERT 75 74944  65.6 86.3 64.7 862 .4 16.3 252 2173
1) 52 87.421 62.0 69.7 61.0 11724 8.2 13.5 158.6
T 105 62.533 51.1 806 504 480.0 49 98 469
e 119 92648 726 77.0 71.3 599.2 0.0 0.0 0.0
SH 21 41776  38.0 905 378 1800.0 0.0 0.0 0.0
ﬂ?»né 0 0 0.0 0.0 0.0 0.0 0.0 00 0.0
T 41 58331 530 895 522 1272.8 0.0 0.0 0.0
ESRELS 40 51.800 414 799 414 1035.0 0.0 0.0 0.0
FFR 80 96.723  69.2 71.6 69.2 865.3 0.0 0.0 0.0
TR 45 52125 326 624 326 7233 0.0 00 0.0
TG 23 36.696 258 702 258 11203 2.1 8.1 90.4
e 681  709.629 5385 752 5335 7834 316 59 463
et 46.9 Z7 g FAUA WA R AR T/T
ot < e e T w2005 03 P AN

HERT | ST T AT | 39 9% 2005 ArE-ene
3R TR | off TRt Uohs I@T T o | 3TSieRer
¥ 2005 SeRI- THER F IR Fof G 0T
534 27 o1 3R TH ST W T. 6T 777 hl UHS
32 29 (U a0 H 6%) of | FERT, A,
WS R IR H T ST N AMRH FHHA:
252, 13.5, 9.8 3X 8.1% o1 (WRUM-1) | wialt
RI gR Alteh S 681 Theh 911 U, &7 779
I HIEF 9/ ekl § 217.3 0 9 o0 |

Raw AT

Fe1 104 THAT I a1 HT AT =T AT AT
280-319 & ot =l H1ex wae o @ 79 132-
381 Gt oh Siame T H &1 2§ 5 Hie ok i
T i T T Hifcedeh! | Qe <@t STt
¥ S TH W oA o 114 9 150 9 @
TAIE Sl SACH & | FAME R eq07 § R-AET ST
1:1.18 o) U2 3 =RIeI01 A W e 7S Tt
W@ 3R <@ T
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T S W 32 T 242-278 9 (45-57 &
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T S AT TOIE FAAE 5% TR W
TARON el &1 1 I T | T o7l & ¢ Teh
I G T 6T
Log W = -3.9861+2.6921 Log L (r=0.9980).

TaR d2 ¥ 99R el i U d W I8
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