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Pnrrocr

7n response to the ASEAN-SEAFDEC Resolution on Sustainable
t Fisheries for Food Security fortheASEAN Region, SEAFDEC/TD

I has formulated a project proposal for harvesting of under-util ized
resources since 2003. The main objective is to investigate the potential of
under-exploited flsheries resources and promote their exploitation in a
precautionary manner based upon analysis of the best available scientiflc
information. Regarding this, TD had conducted the large pelagic fisheries
resources survey in the Andaman Sea, in collaboration with the Department
of Fisheries Thailand, Myanmar and Indonesia from 14-26 November 2004
using MV SEAFDEC, one month before Tsunami occurred in the outside of
Andaman Sea.

The preliminary results on the large pelagic fisheries resources survey
in the Andaman Sea is one of the technical outcome that ooint out various
scope of research works such as large pelagic resources, fishery
oceanography, primary production, fishery biology and nutrients. The
outcomes of this study are considered to help a better understanding of the
existence and distribution of large commercial pelagic species in the
Andaman Sea.

On behalf of SEAFDEC, I should like to express my deepest
appreciation to the Department of Fisheries Thailand, Myanmar and
Indonesia that have collaborated with SEAFDEC on the joint survey.
Hopefully, the publication will provide useful information and could contribute
to the management and development offishery sectors in the region.

/
t  a f  t

A .2&.14'
/ -  

/
Dr. Siri Ekmaharaj
Secretary-General and

The Chief ofTraining Department of SEAFDEC
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PRELIMINARY RESULTS ON

THE LARGE PELAGIC FISHERIES
RESOURCES SURVEY IN THE ANDAMAN SEA
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Prmcrc FrsHERrEs TABtEl. List of researchers and observ€rs

RESOURCES SURVEY IN
THE ANDAMAN SEA
Somboon Siriraksophon
Soufheasf ,4sla, Flsheries DeveloDment
Centea Training Depaftment, p.O. Box 97
Samutprakarn 1 0290. Thaitand.

lNrnooucrrot

Considering that many fisheries
resources in the Southeast Asian Reoion
are currently heavily exploited, increa-sed
production from these fisheries can onlV be
derived from greater util ization of exidtinq
catches. However an increasinq humai
population and associated demanid for fish
and fishery products means there js a need
to increase fisheries production even further.
This may be achieved by developing new
rsnefles and Increasing production from
currently under-exploited fi sheries.

In the regional context, unoer-
exploited resources arc defined as those
that are known to exist but are curren v not
harvested to full potential becaus6 of
pract ica l ,  operat ional  or  econom tc
impediments. According to the FAO,
moderately exploited or under-exploited
fish resources exist in both the Eastern
Indian Ocean and the Western Central
Pacific regions (FAO statistical areas).
These stocks are thought to be mainly
peragrc spectes trke tunas, scads, mackerel
and squid. However, there is litfle scientific
knowledge supporting their full extent and
SIAtUS.

To support plan and action of
sustainable fisheries for food security and to
assist investigation of under-eiploited
resources in the region. therefore rne
ASEAN-SEAFDEC program on Harvesting
of under-Exploited Resource has been
developed. Andaman Sea is assumeq as
one of the areas where fisheries resources
are under-exploited status. The Andaman
sea coastline is covered by 4 SEAFDEC

No. NAME

SEAFDEC/TD ,4rs.  Penchan Laonomanee
l\lr. Pratakohol Prar;kii
I \ r l r .  Sayan Promjini ia '
li,4s. Sukanya Obromwan
Ms. Umaporn Paovana
Ms. Aleisa Lamanna
lVs SupraneeLtmpuanqkaev
Mr NoppolArunrat

I
t 0

Indonesia lMr.  Agust inus Anung Widodo

11 I\/lr. Rtchard RumpetMalaysia

12
13

lryanmar [,4y nt Soe
Hlun Thein
Aung Win Sein

1 5

1 7

Thailand Mr. Chit jaroon Tant ivala
Ii,4s. Sopana Boonyapiwat

Lt.JG P sanLr Sir ipi t rakool

1 8 Thailand Ms. Sampan Panjarat

19 Thai land Mr. Santi Poungcharean

20 N,4r.  Rit l r rong Prommas

member countries namely Indonesia,
Malaysia, Thailand and Myanmar To oare,
there .is little knowledge on the ecosystem
Daseo on ttsheries management in the
Andaman Sea.  Invest igat ion for  the
ecosystem and fisheries resources in the
Andaman Sea therefore is essenlial for
lhose concemed countries. Forthis reason,
SEAFDEC Training Department proposes
to conduct the joint research survev on
large pelagic fisheries resources in the
Andaman Sea where the depth of waters is
deeper than 700 m. Large pelagic fishes
and oceanic squid are the main tarqet
species while fish and squid larvae and
oceanographic data will also be collected
and analyzed.

SouTHEAsr AstaN Ft5HERtEs DEvELopMENT CENTER@
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lNTRoDUcloN To PELACtc FrsHERrEs suRvEy lN THE ANoAMAN SEA

oStTtoN E-MAIL ADDRESS CONTACT ADDRTSS

shang ground researcher
shang gear researcher
ssistance researcher
ssisiance researcher
udio Visualtrainee
EAFDEC-TD Canadian lntern
rainee
rainee

penchan@seafdec.org
pratakphol@seafdec.org
sayan@seafdec.org
sukanya@seafdec.org
umaporn@seafdec.org
alamanna@dal.ca
a,real_1 4@hotmail.com
njunnoi@chaiyo.com

SoutheastAsian Fisheries Development Cenler,
Suksawat road, Phrasamulchedi, Samut Prakan,'10290, Thailand
Iet 6624256141
Fax.6624256110-11

ishing gear researcher
iologist

kanlutmb@ nclosat.nei.id
kanlutmb@rnclosat.nel . id

Research lnstitute for Marine Fisheries JL.
Muarabaru Ujung Jakarla 14440

enior Research Officer r chardrum@yahoo.com Fisheries Research Institute, Sarawak Branch,
Bintawa. Jln.Perbadanan.
P.O. Box 2243.937rA Kuching, Sarawak,
Malaysia

ishing gear researcher
axonomrst
'isheries biologist

kmaye@myanmarcom.mm Department of Fisheries, sin Min Road,
DoF@mptmail.net.rnm AhloneTownship,Yangon,l\,4yanmar
DOF@mptmail.net.nrm, Tel:0951-228621
aunghtayoo@yangon.net.mm Fax:0951-228258

:isheies biologist
:isheies biologist

.ishedes biologist

chitchat@fisheries.go.th DeepSea FisheriesTechnologyand Development Institute,
sopanab@fsheries.go.th, Srisamul Rd., Muang Dishici,
bsopana@yahoo.com SamutPrakan,l02T0,Thailand
Pisanus borg@hotmail.com Tel: 662-3954113 Fax: 662-5620533

:isheries biologist spanjarat@yahoo com Andaman Sea Fisheries Research and Develoomenl Center.
77 N4oo 7, Sakdidej Rd., T. Vichit, A. Maung,
Phuket 83000, Thailand

liologist Poomanz@hotmaii.com Depanment of Fishery biology. Faculty of Fisherjes,
Kasetsart University, Chatuchak, Bangkok,
1O9OO THAILAND
Tel: 662-5795575-6

Marine Bio-tech researcher Aom marine@yahoo.comDepartment of IVa ne science, Faculty of Fisheries,
Kasetsart University, Chatuchak, Bangkok,
lOSOO THAILAND
Tel:662-5797610

Oslrcrrvrs

1) To investigate the potential of
large pelagic fisheries resources such as
tuna, billf ishs, oceanic squid and etc, in the
Andaman Sea by using pelagic long line
and squid jigging gears in related to
oceanographic information;

2) To collect the biological and
oceanographic information in theAndaman
Sea to serve as SEAFDEC datiabase on
fi sheries oceanography;

ScoPtorwonx,

The scope of works of this joint research
surveywas as follows;

eFISHINC OPERATION: Fish samplings to
investigate abundance and distribution of
pelagic fish will be conducted using Pelagic
long-line and Aulomatic squid jigging gears
(Figure 'l )-

TFISHERY OCEANOCRAPHY: WateT
temperature, salinity, pH, dissolved oxygen,
fluorescence, light intensity, current, water

SourHEAsr AsIAN

-3 -
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transparency, sea color, etc. will be
collected.Atotal of 13 stations are planned.

*PRIMARY PRODUCTION; Distribution,
a  bu ndance and compos i t ion  o f
phytop lan k ton,  su  b- thermo c l ine
chlorophyll maxima will be collected and
analyzed. Survey stations are the same as
fi shery oceanographic survey stations.

4FISHERY BIOLOCY:  Dis t r ibu t ion,
abundance and composition of priority
species from fishing operation and from
larvae samplings will be analyzed.

*NUTRIENTS: Water  samples f rom
different standard depths will be collected
for nutrients analysis (nitrite, nitrate, silicate
and phosphate). Survey stations are the
same as fishery oceanographic survey
stations.

PARTtcTPANTS / RESEARcHERS

List of researchers and observers were as
in Table 1:

RESEARcH vEssEL

MV.SEAFDEC will be employed forthis joint
research survey (see enclosed document).

Sunvrvnnen

Survey area, the Andaman Sea is located in
the EEZ of Indonesia, l\y'yanmar and
Thailand (see Figure 2).

Latitude
Longitude

06 30'- 13_00'N
095 30',-097 00'E

Exprcrro ourput

This preliminary catch result in relation with
oceanographic data will provide basic
knowledgei information on potential pelagic
fisheries resources particular on tuna,
oceanic squid and other new fisheries
resources in the Andaman Sea. This best
available scientific information will be useful
for managing the fisheries resources and
promot ing the i r  exp lo i ta t ion  in  a
precautionary manner in the SEAFDEC
member countries.

FrcLrRE ri. Pelagi. Long-Line Gear
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PRELTMTNARY REsurrs ON THE LARGE PELACtc FtsHERtEs REsouRcEs SuRvEy lN THE ANDAtvAN SEA

rlcURE l.,Automalic Squid Jigging
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FICURE 1b. Fishing Gear Construction tor Aulomatic Squ d Jigging Trial
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l N T R o D U c r r o N  T o  P E L A C t c  F r s H t R l t s  s u R V F y  I N  I f i T , A N D A M A N 5 F A

lLnc i lRouteool Comert :

I
25u
3 5t2
4 5t3

6 5t5
7 5t6
6 5t7
9 5t8
10 5t9
l t  5 t 1 0
1 2  5 t 1 1
13 5t12
It  5t13

07645 844 N - 098.26882 E
06.45 000 N - 096c45 m0 E
06045000N-096015m0E
07.15 000 N - 095.45000 E
08c45 000 N - 096015000 E
09045 000 N - 096015000 E
10.45000N-096c15000E
I 1c45'000 N - 096015'000 E
12.45!00 N,096615000 E
12015000 N - 096.45'000 E
11c15'000 N - 095045'000 E
10.15 000 N - 096.45 000 E
09c 15 000 N - 096045 000 E
08.15 000 N - 096.t5000 E
07.46!31 N - 098"0/625 E

239,8
270.0.

018,30
!00,0.
000,0c
000.00
000,00
135,7c
l€0,0.
180,00
180.00
1m,00
109,5c

118,0 nm
29.79 nm
4?,27 rn
94,78 nm
60,00 nm
60.00 nm
60.00 nm
60,00 nm
41 93 nm
60 !0 nm
60 00 nm
60.00 nm
60,@nm
85,80 nm

E93,5nm
775.6nm
745,8nm
703,5 nm
608 7 nm
54E 7 nm
488.7 nm
424.? nn
36E,7 nm
326.8 nrn
266,8 nm
206,8 nm
146.8 nm
86.E0 nm
0.0000m

0,0000m
118.0 nm 1000,
147,8 nm 1000,
190,0 nm 1000,
284,8 nm 1000,
344,8 nm 1000,
401.8 nm 1000.
{64,8 nm 1000,
521,E nm 1000,
566 7 nm 1000,
626 7 nm 1000,
686 7 nrn 1000.
746,7n.r. 1000,
E05.7nm 1000,
893,5nm 1000,

rl

TIGURE 2, Sutoey lMap and Postion oISurvey Slations

SourHEAsr AsrAN FrsHERrEs DEVELopi lrENr CENTER1:9(
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PRELIMTNARY RESULIs ON THE LARcE PETAGIc FISHERIES RE5oURcEs SURVEY IN THE ANDANIAN sEA

Survey Plan / Schedule

14 Nov. (Sunday)
0800-1800 hrs. : All participants arrived at Phukev Thaitand

15 Nov. (Nilonday)
1000 hrs. :All participants embark MV SEAFDEC'1300 hrs. : Orientation

16 Nov. (Tuesday)
0800 hrs. : Leave Phuket for station 1'1700 hrs. :Arrive station 1
1800 hrs. :Shooting PLL 1(700 hooks)
2O3O -2400 hrs. : Squid Jigging 't

17 Nov. (Wednesday)
0530 hrs. : Hauling PLL 1
0800 hrs. : Oceanographic survey, Larvae collection at station 1

,.- 1000 hrs. :proceed to station 2'1230 hrs. : Oceanographic survey, Larvae collection at station 2
1430 hrs. : Proceed to station 3
1700 hrs. ; Shooting PLL 2 at station 3
2000-2400 hrs. :Squid Jigging2

18 Nov. (Thursday)
0530 hrs. : Hauling PLL 2
0800 hrs. : Oceanographic survey, Larvae collection at station 3
1000 hrs. : proceed to station 4
1730 hrs. ; Shooting PLL 3 at station 4
2000-2400 hrs. :Squid Jigging 3

19 Nov. (Friday)
0530 hrs. : Hauling PLL 3
0800 hrs. : Oceanographic survey, Larvae collection at station 4'1000 hrs. : proceed to station 5
1500 hrs. ; Oceanographic survey, Larvae collection at station 5
1730 hrs. : Shooting PLL 4 at station 5
2000-2400 hrs. : Squid jigging 4

20 Nov. (Saturday)
0600 hrs. : Hauling PLL 4
0900 hrs. : proceed to station 6
1400 hrs. : Oceanographic survey, Larvae collection at station 6
1700 hrs. : Shooting PLL 5 at station 6
2000-2400 hrs. :Squid Jigging 5

@ 
sou-nuort nsoN FrsHERrEs DEVELopi4ENT CENTER
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lNTRoDUcr loN To PELACic Fr5HrRrL5 s!RVEy lN I  HF ANDAMAN SEA

Survey Plan / Schedule

21 Nov. (Sunday)
0600 hrs. : Hauling PLL 5
0900 hrs. : proceed to station 7
1400 hrs. : Oceanographic survey, Larvae collection at siation 7
1700 hrs. : Shooting PLL 6 at station 7
2000-2400 hrs. :Squid Jigging 6

22 Nov. (Nilonday)
0600 hrs. : Hauling PLL 6
0900 hrs. : proceed to station 8
1400 hrs. :Oceanographic survey, Larvae collection at station I
1700 hrs. :Shooting PLLT at station 8
2000-2400 hrs. : Squid Jigging 7

23 Nov. (Tuesday)
0600 hrs. : Hauling PLL 7
0900 hrs. : proceed to station 9
1230 hrs. : Oceanographic survey, Larvae collection at station 9
1430 hrs. : Proceed to station 10
1930 hrs. : Oceanographic survey, Larvae collection at station 10
2130 hrs. : Proceed to station '1'1

24 Nov. (Wednesday)
0230 hrs. : Oceanographic survey, Larvae collection at station 1l
0430 hrs. : Proceed to station 12
0930 hrs. : Oceanographic survey, Larvae collection at station 12
'1130 hrs. : Proceed to station 13
1630 hrs. : Oceanographic survey, Larvae collection at station 13
1830 hrs. : proceed to Phuket

25 Nov. (Thursday)
0800 hrs. :Arrive Phuket
1000 hrs. :All participants disembark NIV SEAFDEC, stay at Hotel
1800 hrs. : Farewell oartv

26 Nov. (Friday)
0700-1800 hrs. : All participants leave PhukeU Thailand

Sou r H€Asr AsrAN FrsHr.Rr[s DEVELopT\,1EN I ao"ra* 14:,to]
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OcenNocRAPHrc
CONDITION DURING
THE PELAGIC FISHERIES
RESOURCES SURVEY IN
THE ANDAMAN SEA
Penchan Laongmanee' ,
Sukanya Obromwan ' ,Noppol
Arunrat' and Supranee
Limpuangkaew'
:  :ot i theast l \sian Fist iet ie.;
.  At  etopnFt  t  a  p- :^ .  .2- .
')atnLtt 

Prakan I hatland
.2 Schoal ai erglineeriag 2trd ,ae soi:tc.-.:;
:'/l a n aile n ent. Wa I a t I a k i i n iv -^ rs i iv.
i l a1 kcrn stt h a in ita a fa t. -:'! aj t I a : lal

ABSTRACT

Thirteen oceanographic stations
were surveyed for a better understanding
of the distribution and abundance of
resources during the Fisheries Resources
Survey in the Andaman Sea. The general
features of oceanographic condition were
similar in the whole study area except at
the surface layer where the northern part
was influenced by low salinity surface
water This is from the lrrawaddy delta and
the Arakan coast, while the southern part
was influenced by a strong flow from the
Sumatra strait. lt induces a well-mixed
layer to a deeper depth. The thermocline
layer in this area is between 30 and 211
meters depth at a temperature interval of
about '12.88 - 30.21'C. Low dissotved
oxygen concentrations that were observeo
in the thermocline layer is the main
parameter limiting the vertical distribution
of pelagic resources like tunas in the area.
The habitat of tunas in the study area is
shallowerthan in the eastern Indian Ocean.

lNrnoouctrolr

This study is a part oI the Pelagic
Fisher ies Resources Survey in  the
Andaman Sea under  the ASEAN-
SEAFDEC Program: 'Harvest ing ot
Under-Exploited Resources." The study
area is along the continental shelf of the
Andaman sea, comprising of the waters of
three countr ies namely ;  Myanmar,
Tha i land and Indones ia .  The
oceanographic condition survey was
conducted to gain a better understanding
of the distribution and abundance of the
resource. Since the area covers water of
three country and their boundary, a few
stud ies  on both  resources and
oceanographic condition had been done in
the area.

Afterthe 26. December 2004 South
Asian Tsunami and earthquake disaster,
researchers started to look into the effects
ofdestructive waves in this area. However
due to the lack of studies in the area, the
assessment of the tsunami effect will be
difficult to quantify. The survey period of
this study is just a few days before the
tragedy, thus the results could be used as
information for the effect of the Tsunami for
the oceanographic condition ofthe area.

Mnrrntnrs nNo MtrHoDS

IVV SEAFDEC left Phuket port to
carry out the Pelagic Fisheries Resources
Survey in the Andaman Sea during 16'^
25" November 2004. There were 13
oceanographic stations (Fig. t.): 3 stations
in Indonesia (st. 1- 3). 4 stations in
Thailand (st. 4, 5, 12 and '13) and 5 stations
in N,4yanmar (st 6-'10).

The CTD was the main
oceanographic equipment for collecting
the physical characteristics of temperature
and salinity from the surface to a maximum

t ' * l | j ] i  4 , , | . , , , r ro, ,  t i iAf .  ! rsHr R| | r  DEi 'Er  opr i rNr  f  : . , ] rER
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depth at about 900m. lt was equipped with
twelve 2.5 liters Niskin water samplers.
The samples were taken from siandard
deDth for oH measurement and dissolved
oxygen determination, which were done
immediately after sampling. The pH was
measured using the FisherAccumet 1002
pH meter .  Disso lved oxygen was
determined by the Whinkle titration
procedure.

The thermocline in this paper is a
seasonal thermocline which is classifled
by slope of temperature that decreases
rapidly with increasing depth by more than
0.05 "c. The seasonal thermocline is more
relevant to pelagic resources than the
oermanent thermocline which is in the
deeperlayer. For a better undersianding
of the oceanographic conditions of the
Andaman Sea in a larger area, the I day
mapped 4 km file of MODIS (Moderate
Resolution lmaging Spectroradiometer)
Aqua Level 3 from http://oceancolor.
Gsfc.nasa.qov/PRODUCTS was used.
These co lor  images were fur ther
processed and ana lyzed for  the
distribution of sea surface temperature
and chlorophyll-a using SeaWiFS data
Analysis System (SeaDAS). The AVISO
absolute geostrophic current was acquired
from AVISO Live Access server (data
available at hftp asayi$p-pElanobs.co
m/las/serulets/data)

Oceanographic data analyses was
done using Ocean Data View software
(Schlitzer, 2005)

RESULTS AND DtscusstoNs

Oceanographic Condition

The temperature, salinity, dissolved
oxygen and pH profiles of the survey area
are shown in Fig. 2. The thermocline layer
in this area was between 30 and 21 1 meter
deoth atthe temoerature intervalof 12.88-

FICURE I O.ea.osr.phic stalion in rhc srudy

30.21 'c .  The deep upper  l imi t  o f
thermocline was observed at stations no.
'1,2, 4 and 13 (more than 50 m) where low
surface temperatures were also observed.
Rapid changes of salinity, dissolved
oxygen and pH with increasing depth were
also observed atthe thermocline layer.At a
greater depth, salinity and pH were nearly
stable, while dissolved oxygen exhibited a
small increase with increasing of depth.
The pH ofthe bottom layer of station no. 1
showed a different pattern from the others
forunknown reasons.

6
g

\ o r  r H  \ r  A \ \ \ l \ j  r j r r \ D l \ r . , , ' t , ' r , , ' . . " - -  . j
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Sea surface temoeratures of the
study area were between 29 - 30 'c. while
the Southem part of the survey area had
lower temperatures (Fig. 3). N,lODlS Aqua
sea surface temDeratures from 16' - 23-
November 2004 also confirmed the study
result (Fig. 7). Low salinity was observed at
the surface of the northern Dart where

@ 
ror-".^r,osnn FtsHERrEs DEvELoIMENT cENTtR

temperature was also high. The pH at the
surface of the whole area was similar and
was within the range of 8.26 -8.33. Surfaco
dissolved oxygen was within the range of
3.95 -4.93 ml/l (Fig. 3).
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Figures 4 and 5 show a similarity of
the vertical oceanographic feature in the
study area, except at the surface mixing
layer (surface to about 50 m). The low sea
surface temperature of the southern part
can be explained by section B that the well
mixed layers of these stations are deeper
than the others. Low temperature, high
salinity, low pH and high oxygen content
were observed as the surface water was
mixed with deeper water. These mentioned
phenomenon could be affected from the
strong current in this area, which flows from
the Sumatra Strait. Figure 6 shows
geostrophic current from the AVISO Live
Access Server on '17" November 2004.

The high temperature and low
salinity observed at the northern part
influences only the surface layerofthe area
(from surface to about 50 meters: sectionsA
and B). The water may originate from the
surface waters of the Delta and Arakan
coast of Myanmar, which are extensively
mixed with fresh water from runoff of lhe
lrrawaddy and Salween rivers although
there was no observation data to confirm
th is  assumpt ion.  But  the e ight  day
composi te  mapped dur ing 16 ' "  -23 ' "
November 2004 of MODIS Aqua sea
surface temperature and chlorophyll - a
(Fig. 7) shows that from Latitude 14"30'N to
the northern part of the study area have a
similar pattern. The distribution of low
salinity surface water from mouth of the
lrrawaddy and Salween to the northern part
of survey area was also observed durlng
surveys of the l\4arine Fish Resources of
Burma, September - November 1979 with
RA/ DR. Fridtj of Nanses (Fig. 8).

Oceanographic conditions and f ishing
grounds

The bigeye tuna is more tolerant of
lower temperatures and lower dissolved
oxygen concentrations than the othertunas.
The adults inhabits the thermocline where
temperatures descend to almost l0'C,

providing dissolved oxygen concentration
of more than 1 ml/l (http://www.edaff.go
v.au/nfpd/atlas /37441 011.cfm).

Assuming that the 10 "C sea water
temperature and 1 ml/l of dissolved oxygen
is the lower limit for tunas, thus dissolved
oxygen is the real limiting factor to the
vertical distribution oftunas in this area. The
'1 ml/l dissolved oxygen contour lines were
observed at about 150 meters depth while
the 10 'C contour lines were at about 500
meters depth.

Figure I shows typical profiles of
oxygen in the Indian Ocean: dissolved
oxygen is higher than 1 ml/l in the whole
water column from the surface to the
maximum observed depth. Therefore tunas
in the study area inhabit the shallower
waters compared to tunas in the Indian
Ocean.

, t  3-
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PRETIMINARY RESULTS ON THT IARGT PELAGIC FtsHERIEs RTsoURcTs SURVEY IN THEANDAMAN sTA

21"

20'

13 '

l5 '

12"

11 '

10.
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CoNcLustoNs

The genera l  features  o f
oceanographic conditions in the whole
study area are similar except at the surface
layer where the northern part is influenced
by low salinity surface water from the Delta
and the Arakan coast. This water is
extensively mixed with runoff from the
lrrawaddy and Salween rivers. Awell-mixed
layer of the water in the southern part of
survey area is deeper Low lemperature,
high salinity, low pH and high dissolved
oxygen were observed. The strong flow
from the Sumatra strait induces this deeD
well-mixed layer.

As low d is  so  lved oxygen
concenlrations are observed in the
lhermocline, this will limit the vertical
distribution oftunas in the area. The habitat
of tunas in the study area is shallower than
that in the eastern Indian Ocean.

AcKNOwLEDGEMENT

We thank all NiIVSEAFDEC crew for their
corporation and hard workduring thesurvey.

RrrenrNcrs
Australian Fisheries Resources. 1993

.Bureau of Rural Sciences and the
Fisheries Research and Development
Corporat ion.  Ava i lab le  f rom
www.edaff . gov.au/nf pd I atlas | 37 44'l 0 1'1.cfm

Report of survey with the R / DR. Fridtjof
Nansen on Marine Fish Resources of
Burma, September - November 1979
and l\y'arch - April 1980 Edited by T.
Stremme, O. Nakken, SannAung and G.,
Satersdal. 90 p-

Sch l i tzer ,  R. ,  Ocean Data  V iew,
ht tp  : / /www.awi -bremerhaven.de/
GEO/ODV 2005.

\ ( ) t  t E r !  A s t l \  I  t s H  E R t ! \  I ) l  \  rr o P n f  \ r (  r \  f R e 4 , f

-19-



Srot'o,. DrsrRrBUTroN
OF NUTRIENT IN
THE ANDAMAN SEA
Sukanya Obromwan
J-or/theast 4s/a/'r F I sh e rie s De v e I apme I t
aenter. Pll t asamLttchedee SanutDraKarn.
14290 Thailand

ABSTRACT

The spatial distribution of nutrient
(nitrite, nitrate, sil icate and phosphate) in
the Andaman Sea were determined
between 17" 24'n November,2oo4. During
the Joint Research Survey on Pelagic
Fisheries Resources in the Andaman Sea
within the EEZs of Indonesia, lvlyanmar and
Thailand by MV SEAFDEC. Water samples
from thirteen stations were analyzed byThe
Integral Futura Continuous FlowAuiomated
Analysis of Seawater Nutrients. The
average ofnitrate, sil icate and phosphate at
surface layer (5 m.)were 7.31 i.rM, 5.38 pN4
and 0.49 pM, respectively and at the bottom
layer (depending on each station) were
31.01 pM, 59.56 pM and 1.78 pNI ,
respectively. The results indicated that the
concentrations of nitrate, sil icate and
phosphate increase with depth. Thus, the
concentration of nitrite in seawater is
usually low and is non-detectable at some
stations. At the surface layer, chlorophyll
maximum layer (75 m) and sub-chlorophyll
maximum layer (100 m) of each nutrient
shown the upper latitude stations have
higher nutrient concentrations than stations
located in the southern part. At level 250 m.
nutrient concentration have tended to be
constant at both upper and southern
stations.

Key words: Nutrient, Andaman Sea,
Spatial distribution

l l tnooucttoN

Traditionally, many of the essential
nutrient elements are p|esent in sea water
in very low concentrations, but these are
required by living organisms. Nutrients such
as inorganic nitrogen (nitrite and nitrate),
silicate and phosphate are essential for
growth of phytoplankton and other algae
which form the base of the ocean food
chain. Phytoplankton are primary producer
in the sea. Through photosynthesis, they
produce food for zooplankton, which are
then consumed by organisms higher up in
the food chain. When phytoplankton,
zooplankton or higher organisms are dead,
marine bacteria decompose them. This
returns the particle form of nutrients to a
dissolved form that phytoplankton can use
more easrly.

lhe objective of this present study
was to measure nutrient level (nitrite,
natrate, silicate and phosphate) for nutrient
distribution in the Andaman Sea. Based
upon the Joint Research Survey by MV
SEAFDEC on Pelagic Fisheries Resources
in the Andaman Sea within the EEZ of
Indonesia, Myanmar and Thailand from 17''
24'' November2004.

MATERIALS AND METHoDS

Study Location

The study location is in theAndaman
Sea within the EEZs of Indonesia, Myanmar
and Thailand. A total of '13 station were set
during the cruise, from latitude 06'N to 12'
N and longitude 95'E to 96'E (Fig.1). fhe
sampling sites are listed in Tablel.

-20-
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FICURE 1. : Map of the Andaman Sea showing the locarion of sampling sites.
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TABTE l: The sanplirS sire in the Andanan Sea,

Sl. No. Date Latitude Longirude Boitom D€pth (m)

1 l7-Nov-04 06 44.39 N 96-44,94 E 1,153
2 17-Nov-04 06 44.52 N 96_13.78 E 1,037
3 18-Nov-04 06 52.84 N 96 03.99 E 1,294
4 19-Nov-04 08-25.89 N 95 51.2OE 1,001
5 19-Nov-04 09_38.06 N 96 08.26 E 1,116
6 20-Nov-04 10 45.60 N 96 13.90 E 1,615
7 2l-Nov-04 11 45.15 N 96_13.98 E 2,150
I 22-Nov-04 12 40.84 N 96_13.99 E 1,136
9 23-Nov44 12 15.65 N 96 44.00 E 726
10 23-Nov-04 11,15.06 N 96 45.08 [  346
1 f 2,1-Nov-04 10_15.95 N 96 44.99 E 37O
12 24-Nov-04 09 14.99 N 96-45.25 E 385
13 24-Nov-04 08 15.39 N 96 45.06 E 500

Sampling And Analytical Methods The procedure of a Continuous Flow
Analyzer (CFA) is to use a multichannel

Water samples from standard peristaltic pump to mix samples and
depths were collected onboard MV chemical reagents in a continuously flowing
SEAFDEC using 2.5 liter Niskin water stream for automated colorimetric analysis.
samplers. Then filtered through Whatman The reagent preparation and analysis
GF/C filter paper (1.2 pm pore size filters) to method of nutrients in the samples was
remove any large particles, plankton and done using the method detailed by Gordon
bacteria. Each sample was collected in 60 et al. ('1 993) in that the nitrate plus nitrite and
ml polypropylene bottles, which were rinsed nitrate are analyzed according to the basic
with the sample before freezing at -20'C. method of Armstrong et al. (1967). The
Thereafter The Integral Futura Continuous phosphate analysis is a modification of the
Flow Automated Analysis of Seawater procedure of Bernhardt and Wilhelms
Nutrients was used to analyze the samples (1967). And the silicate method used is
from each station at SEAFDEC/TD essentially that ofArmstrong et al. (1967) as
laboratory. adapted byAtlas et al.(1971)

TABLE 2: The .oncenlration ofdetermined nutrienh at the sudace(S)and botrom l.ye(8),

51 Surla.o surf.ce Sottom Surla.. surface Bonom Remarl

1  0 . 0 3 1 8  0 . 1 1 3 2  6 . 1 5 6 3  3 1 . 6 1 8 3  8 . 4 4 8 0  9 5 . 1 1 8 4  0 . 0 4 2 6  2 . 5 8 8 8  s = s m . , B = 7 0 0 m .
2  -  3 4 . 1 2 2 6  1 1 0 . 1 8 1 2  -  2 . 6 6 5 6  s = 2 0 m . , 8 = 7 o o m .
3 - 9.4523 32.27a3 9-2682 93.8723 O.127A 2.6141 s = s m_, s = 600 o.
4 5.0363 35.8228 4.0418 87.767a 0.0005 2.6323 s=sm.,B=e25m.
5 -  12.14A3 36-1046 4.5926 74.9182 0.1087 2.5398 s=sn. ,a=7o0m-
6  -  r 1 . 5 5 6 0  2 9 . 3 8 0 1  3 . 5 5 6 2  5 8 . 2 0 9 3  0 . r 1 5 6  2 . 0 1 1 9  s = 5 n . , 8 = 7 o 0 m _
7 -  -  3 .5864 32.0371 5.0070 603A97 1.0367 1.7952 s=sm.,8=700n.
8 -  -  7 .5610 )1.599A 6.7744 66.7776 2.0323 0.8110 s=5m.,8=7oom.
9 -  -  7 .2390 25.246A 6.6244 32.A675 0_9860 0.8|0 s=5m.,8-5oon.
l0 -  -  5 .0566 29.2306 2.4A77 37.9442 0.8502 2.0266 s=5m.,8=2s0m.
l l  -  -  4 .5270 30.989:1 6.624t  38.4550 0.1633 0.2664 s=sm.,3=2s0n.
12 -  -  4 .5247 30.1062 3.9600 36.8661 0.2098 0.2943 s = 5 m.,8 = 250 m.
13 '  6-8413 24.5945 3.2155 31.4809 0.223a 2.0950 s-sm.,B=ro0m.



Rrsurrs

The concentration of determined
nutrients ofthe survey cruises at the surface
(5 m from surface) and bottom layer
(depending on sea bottom depth of each
station) of sampling stations are presented
in Table 2.

Several samples from lhis table
showthatthe bottom samples have a higher
concentrat ion than sur face samples.
Except for phosphate concentrations at the
bottom layer in station 8 and g have lower
concentrations than the surface samples.
Thus, the concentration of nitrite in
seawater usually is low until becoming non-
detectable at some stations.

Nitrite and nitrate concentrations
always have the same relations. Nitrite is
the intermediate oxidation state between
ammonium and nitrate, and as such it can
appearas a transient in both the oxidation of
ammonium and the reduction of nitrate.
(Spencer ,1975)  Though i t  can be
considered that some part of the nitrite was
been oxidized into nitrate and made non-
detectable the nitrite concentration at
almost all of the stations.

Results for nitrate concentrations at
the surface and bottom layers are shown in
Table 2. The nitrate values ranged between
3.59-12.15 pM wi th  a  mean of  7 .31 pM at
the surface leveland ranged between 24.59
-36.10 pM with a mean of 31.01 pM at the
bottom layer. A minimum value 0.09 pM was
found in station 4 al75 m. and maximum
value 36.10 p l\,4 was found in station 5 at 70O
m. (bottom layer). Variation of nitrate
concentrations foreach station is presented
in Fig.7-8. All the result show that the
concentrations at the bottom layer is always
higher than the surface layer. From the
surface to 200 m. nitrate concentrations
increase with depth. However, nitrate
concentration at 200 m and below has
tended to constant at all the stations, and

Sl.llon

rrCURt l: Con.enlr.tion of nii..lrar bolh surla(r
and botlom l.ry.6_
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h lc IJRE, r rConcent ra t ionof  phosphatea lborh .or t&e
and bollom laycrs,

ranged between 24.68-32.69 plvl with a
mean of29.68 pM.

The silicate concentration was also
extremly low at the surface water Silicate
concentration at the sea surface ranged
lrom 2.49-9.27 pM with a mean of 5.38 pM.
While silicate concentration at the bo(om



layers ranged from 3'1.48-95.'12 UM with a
mean of 59.56 U lvl (Table 2)The result for all
stations show that the concentration of
silicate increase with depth. (Fig. 9-10)
Bottom layer ( 700 m.) of station no. 2 have
the highest silicate concentration with
110.18 pM and the lowest at 1.69 pl\y' was
found in station no.10 at level20 m.

The ohosohate values at the surface
level ranged from 0.04-2.03 U lvl with a mean
of 0.49 pM and ranged from 0.27-2.67 pM
with a mean of 1.78 pM at the bottom layer.
Station no.4 had the lowest phosphate
concentration at 0.0005 pM (Table 2), while
highest concentration 2.93 plvl was found in
station no. 9 at 125 m. (Fig. '11 

) Variation of
DhosDhate concentrations for each station
are shown in  F ig .  11-12.  Genera l ly
ohosDhate concentrations for nitrate and
the concentrations of Dhosohate increase
with depth from the surface to 200 m. and
are fairly constant or slightly decreased
after 200 m. was passed at all the stations.
Except that phosphate concentrations at
stations no.8 and 9, show that phosphate
values have decreased after 200 m. was
passed so phosphate concentrations at the
bottom layer in station 8 ( 700 m.) and I (
500 m.) have higher levels than the surface
samples. (F ig .  1  1) .

Nutrient are not distributed only in
the vertical direction, but also horizontally.
(F ig .  13-15)  In  the sur face layer ,
concentration of nitrate at stations that are
near shore (st. 9-13) are lower than stations
that are far away from shore (st. 5,6XFig.
13-A). The highest nitraie concentration of
12.1483 pM was found at station no. 5.
While at level 75 m (chlorophyll maximurn or
sub{hermocline layer) concentrations of
nitrate at stations that are near shore (st. 9-
12) are higher than stations that are far
away from shore. The upper latitude
stations (st. 7,8,9) also have higher nitrate
va'ues than stations that are located in the
southern part (Fig. 13-B). Maximum nitrate
concentrations were found at station no.10
with 11.69 pl\y'. At level 100 m. (sub-

chlorophyll maximum) the upper latitude
stations also had higher nitrate values than
the southern part (st. 1-4,'13) (Fig. 13-C).
Station no.5 had the highest nitrate
concentrations at 21 .35 pl\y'. But at level 250
m. the concentration of nitrate had tended to
constant at allstationswith a mean of28.52
pM. (F is .  13-D)

The d is t r ibu t ion o f  s i l i ca te
concentrations at the surface layer tended
to be constant at all stations with a mean of
5.38 pN.4 (Fig. 14-A). Stations that are
located in the southern part (st '1-3) have a
little higher silicate concentration than other
stations, a maximum silicate concentration
12.59 UM was found at station no. 2. At level
75 m.(Fig. 14-B), concentration of sil icate
both at upper latitude stations and southern
part increase from the surface layer with a
mean of 12.65 pl\,4, while at the middle part
(st.4,5,12,'13) are slightly increased with a
mean of 7.16 pl\4. For level 100 m silicate
concentration at all station have tended to
be constantwith a mean of 19.81 pNL (Fig.
14-C) Station no.s had the highest silicate
concentration of 27.57 pM and station no.'13 had the lowest silicate value at 10.07 p l\.4.
While at level 250 m. station no.1,2 and 3
had higher sjlicate values than at upper
latitude stations (Fig. 14-D), in which silicate
concentration had a mean of 36.21 p[,4. In
this layer. station no.3 had the maximum
silicate concentration, which was 61 .97 plvl.

The hor izonta l  d is t r ibut ion ot
phosphate concentration are presented in
Fig. 15, are show that high concentrations
of phosphate are distributed from the upper
la t i tude s ta t ions (s t .7 ,8 ,9,10)  to  low at
stations that are located in the southern
part. At upper latitude stations at the su rface
layer  (F ig .  1  5-A)  had phosphate
concentrations with a mean of 1.23 pN,,I,
while stations in the southern part had a
mean of 0.12 pN.4. The chlorophyll maximum
layer (75 m) (Fig. 15-B) and su b-chlorophyll
maximum layer (100 m) (Fig. '15-C), at
upper iatatude stations also had higher
phosphate values than the southern part,



which means that phosphate at the upper
stations was 2.34 pN/ (75 m) and 2.46 pN/l
(100 m) while at stations in the southern part
a mean of 0.43 !N.4 (75 m) and 1.01 pN4
('100m), respectively was noted. At level
250 m. (Fig. '15-D) concentrations of
phosphate had tended to conslant at all
stations with a mean of 2.14 pM.

CoNcrusroNs

The result of this study shows that
the distribution of each of the nutrients
(nitrate, silicate and phosphate) uniformly
increased with depth at allstations. Higher
n i t ra te ,  s  i l i ca te  and phosphate
concentrations were found in deeper water
than in the surface water. The nutrient
values were almost constant or slightly
decreased after 200 m was passed at all the
sta t ions.  Fur thermore,  hor izonta l
distribution in the surface layer, chlorophyll
maximum layer (75 m) and sub-chlorophyll
maximum layer (100 m) of each nutrient
shows that the upper latitude stations had
higher nutrient concentration than stations
that are located in the southern part. And at
level 250 m. nutrient concentration tended
to be constant at both upper and southern
stations. Thus concentrations of nitrite in
most  water  samples unable to  be
determined, it was estimated that some part
of the nitrite had been oxidized into nitrate
and made non-detec tab le  n i t r i te
concentrations in almost all stations.
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Sus-rHrnMocLrNE
CHLOROPHYLL
MAXIMA IN THE
ANDAMAN SEA
Puntip Wisespongpand, Suchint
Deetae, Sunan Patarajinda and
Ritthirong Prommats
Depaftment of Marine Science,
Faculty of Fisheries, Kasetsaft University;
Bangkok 1 0900, Thailand.

ABSTRACT

The research was carried out on the
M.V. SEAFDEC cruise in the Andaman sea
covering 13 stations between 16'--25-
November 2004. Chlorophyll a and b were
measured by HPLC analysis at the surface,
thermocline, sub-thermocline and sub-
ch lorophy l l  max imum leve ls .  The
concentration of chlorophyll a and b were
found as a maximum in the sub-thermocline
level at a depth of 50-80 m. The spatial
distribution of chlorophyll a and b were
highest at Station 1. HPLC chromatograms
showed some re la t ionsh lps  wi th
phytoplankton composition identified under
the microscope. The more complex spectra
were found in the chlorophyll maximum
layer as the more diverse species of
phytoplankton. The dominating class of
phytoplankton were diatoms that showed
the highest peak offucoxanthin and related
pigments. The peak of chlorophyll b was
supposed to belong to nano-plankton,
which cannot be identified under the
mrcroscope.

lNrnooucrroN

In the marine environment phlo
plankton plays a most important role as the

base of the marine food web and is the
primary food and energy source for the
animal populations. Chlorophyll is the
principal pigment which phytoplankton use
in a photosynthetic process for converting
nutrients into plant material. Chlorophyll
has long been recognized as a unique
ind icator  o f  ocean ic  b iomass and
productivity. The abundance of primary
productivity is able to monitor the fishery
production [Jeffrey and Mantura (1997)].

Dur ing the per iod of  ver t ica l
stratification , a deep chlorophyll maximum
is  f requent ly  observed be low the
thermoc l ine and subthermoc l ine
chlorophyll maximum (SCM) is recorded
lvare la  e t  a l . .  (1992)1.  SCM is  a
phenomenon. which occurred in the tropics,
subtropics and temperate seas lchikawa
(1990); Musikasang (1999); Lokman et al.
(1988)1. Steele (1964) reported that SCN.4
affects phytoplankton communities as
reflecting the light intensity, on the other
hand, Anderson (1969) reported a SCM
made up of actively growing cells of
phytoplankton.

Chlorophyll is a photopigment that
most people use as a quantitative indicator
for phytoplankton studies, but there are
many other pigments in phytoplankton that
can help fingerprint different algal groups.
Chlorophyll a (CHLa) and B-carotene are
present in all groups of phytoplankton while
some pigments are the characteristics of
the phytoplankton classes. Fucoxanthin,
peridinin, zeaxanthin and CHLb have been
used as b iomarkers  for  d ia toms,
dinoflagelllates, blue green algae and green
algae, respectively Ueffrey and Vesk
( '1997)1.  Thus,  p igment  measurement
allows us to rapidly identify and quantify
different phytoplankton classes in a mixed
water sample without tedious microscopy
work. In recent years, the pigment analysis
by HPLC has been used for chemotaxo
nomics of phytoplankton in natural waters
l(Obayashi et al. (2001); Li et al. (2002);

R9. 
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Gibb et al. (2001)1, microphytobenthos
communities [Brotas and Plante-Cuny
(2003) l  and a lso for  invest igat ing
phytoplankton dynamics during red tide
l(Wong and Wong, 2003)]. Pigment
analysis by the HPLC method is useful as
markers for phytoplankton taxonomy
defined as ecological or physiological
markers of phytoplankton population. Gibb
et al., (200'1) showed a potential of pigment
data as biomarkers in the biogeochemical
cycles.

In this study, the concentrations of
cHLa and CHLb in phytoplankton taken
from seawater at 4 levels were determined
by using HPLC. This method can separate
CHLa and CHLb from any interfering
chlorophyll degradation products and the
determination of CHLa and CHLb are
reliable. This study is focused on the
distribution of CHLa and CHLb in horizontal
and vertical orofiles to define their

distribution and the chlorophyll maximum
depth. The chlorophyll concentralion
reflects the primary productivity and was
used as the basis for predicting the fishery
resources in the Andaman sea. We also
t r ied to  evaluate the phytop lankton
compositions, which usually require an
experienced specialist and considerable
time by application from HPLC pigment
cnromalogram.

MnrrnrllsnNo METHoDS

The present study was conducted
during lhe survey cruise of M.V SEAFDEC
in the Andaman Sea between 16'n-25'
November 2004. The samples were
collected from 13 sampling stations
b e twee n  06 '45N,096"  15E and
'12'45N,096'45E covering the Andaman
waters of the soulhern part ofThailand and
the southern part of lvlyanmar (Fig 1).

rrcUrt r Samplins.talioE in lhe Andam$ s

SourHEAsr AsraN FtsHEntes Oru..o"vrlr Crrurer 
@
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Sample Collection

Water samples were taken at 4
leve ls :  sur face (2  m),  thermocl ine,
chlorophyll maximum (sub-thermocline)
and sub-chlorophyll maximum (Table 1).
The thermocline level was determined by
temperature profile, which was derived from
ICTD. The chlorophyll maximum depth was
collected below the thermocline layer.
(about 25-50 m.) The 10-15 L of seawater of
were collected by Vandorn water sampler
and prefiltered through a 300 pm mesh-size
plankton net to remove zooplankton. Then
the samples were immedjately fi ltered
through GF/F filters of 47 mm diameter
under  reduc ing vacuum. The f i l tered
samples were kept frozen for extraction.
Since chlorophyll were labile compounds,
all procedure were done under dim light.

Sample Extraction

Shipboard extraction of the filtered
samples was performed immediately after
filtration. The extraction was achieved by
the method of Furuya et al. (1998). The
filters were cut into small pieces and
extracted with 4 ml of Dimethylformamide
and ground wi th  a  g lass- te f lon
homogenizer. Then the extracted filters
were kept in the refrigeratorfor 30 min. They
were centrifuged for 6 min at 3,000 rpm and
the supernatants were filtered through 0.2
prm PTFE filters. The extracted pigments
were kept in amber vials and stored in the
freezer at -20'C for further separation by
HPLC.

HPLC Analysis

The ext racted samples were
separated for CHLa and CHLb by HPLC.
The HPLC system was run by
Thermoseparation equipment (a binary
gradient pump, UV detector (440nm),
autosampler and vacuum degasser) and
the separated column a 5 pm HiCHRON.4

S5ODS (4 .6x250mm).  The so tvent
programs of step-isocratic elution were
applied from lvlantoura et al. (1997) as
solvent A ([i]eoH: 0.5 M Ammontum
Acetate; 80:20) and solvent B (MeOH:
Acetone; 90:10). In the first 3 minutes,
solventAwas pumped into the system then
step changed to solvent B for '15 minutes
and 5 minutes laterwith solventA. Theflow
rate was controlled at 1 ml/min and sample
injection volume was 100 prl. CHLa and
CHLb were identifled by comparing their
retention time with standard pigment (CHLa
and CHLb: Fluka) the other peaks were
compar€d with published pigment spectra
lJeffrey and fti lantoura (1997)].

Phytoplankton identif ication

The water sample of 40 L taken by
Van dorn sampler was ii ltered through a 20
Fm mesh phytoplankton net. The filtered
phytoplankton was preserved in  4%
formalin. Phytoplankton was transferred to
a Sedgwick-Rafter counting slide for
enumeration underthe microscope_

RrsuLts nto orscusstoN

The concentrations of CHLa and
CHLb that collected at 4 levels from 13
stat ions in  the Andaman Sea were
summarized in Table 1. The vertical
distribution of CHLa and CHLb were shown
in F ig .2 and th is  revealed that  the
chlorophyll maximum layer appeared at
sub- thermocline layers at a depth of 50-80
m which is defined as sub-thermocline
chlorophyll maximum depth (SCM). Deetae
and Wisespongpand (2001) also reported
that CHLa and CHLb in Vietnamese waters
reached their maximum value in the
chlorophyl l  maximum level ,  which is
observed mostly in the sub-thermocljne
layer. The SCI\y' in Sarawak waters was
observed at 60 m by Lokman et al. ( 1988)
and CHLa concentration ranged from
0.006-0.257 mg m' , which is close to the

.28.
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IABTE i. Conertratids of .hlorcphyll a and b (nE m") al vafour d.pih*

1 0.05 0.0t 0.r8 0.os 0.28 0.12 0.08 0.04
2 0.04 0.00 0.09 0.01 0.20 0.o7 0.08 0.0s
3 0.06 0,01 0.t5 0.03 0.10 0,07 0.o2 0.03
4 0.06 0.01 0.09 0-01 0.08 o.fi 0.01 0.00
5 0.05 0,01 0.12 0.02 0.08 0.05 0.02 0.01
6 0.1r 0.02 0.o7 0.0r 0.21 0.o7 0.02 0.01
7 0.06 0,01 0.08 0.01 0.18 0,04 0.06 0.03
8 0.05 0.01 0.13 0.03 0,12 0,05 0.01 0.01
9 0.os 0,o2 0.05 0.02 0.1t 0.o5 0.02 0.01
10 0.o8 0.02 0.11 0.o3 0.18 0.07 0.03 0.02
It 0.06 0.01 0.10 0.02 0.19 0.07 0.04 0.02
12 0.O7 0.02 0,07 0.02 0.08 0.04 0.03 0.o2
13 0,07 0.01 0,09 0.02 0.20 0.07 0.o7 0.04

CHta CHtb CHLa CHtb CHLa CHI-b CHLa CHLb

TABLE 2. Bottom deplh and smplins depthr (m) of chlorophyll €mpls.

1

3
4
5
6
7
I
9
10
't1

13

1153
1037
1294
1001
1116
1615
2150
1136
726
346
371
385
500

50
40
40
50
40
40
30
30
30
30
30
30
50

't00

100
100
100
100
100
100
100
100
100
100
100
100

80

50
50
50

sourHEAsr AsraN FrsHEnrrs Deveroruerur crrrrr 
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fIGURE 7. HPLC Chrcmatogram at various depihs
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range of0.08- 0.28 mg m I in our study.

The spatial distribution of CHLa ano
CHLb at various depths were shown in Fig.
3 and 4. This horizontal profile showed that
most near shore stations had higher
concentration of CHLa and CHLb. The
highest concentration of CHLa was found at
s ta t ion 1,2,6 and 13 at  range of  0 .20-0.28
mg m 3. The concentrations of CHLa in this
area were similar to other open oceans like
the Indian Ocean, Celebes Sea [l\y'arumo
('1972)1, Western Philippines IBajarias
(2000)l and Vietnamese waters IAn and Du
(2001 )1.

CHLa is a summarizing parameter of
the pigment from several phytoplankton
groups while CHLb represents fewer
phytop lan k ton groups [Je f f rey  and
Mantoura (1997)1. CHLa and CHLb under
present  invest igat ion showed no
correlation. Lorenzen (1981) pointed out
that concentrations of CHLa relative to
CHLb were low in marine systems.
Chlorophyll is a nonconservative quantity; it
changes in response to the processes of
production and consumption within the sea.
Some basic environmental parameters
such as temperature, salinity, pH and DO
which affect the chlorophyll productjon were
also examined. These parameters ranged
20.5-30.0 "C, 28.2-34.6 PSU, 7.8-8.3 and
0.4-5.5 mg/l respectively (Fig 5 and 6). At
sub-  ch lorophy l l  max imum leve l ,
environmental factors showed higher
variation than the others levels that
represented the lowest  amount  o f
chlorophyll.

HPLC analysis can separate various
pjgments and we can assign the marker
pigments to phytoplankton taxa. The
sui tab le  condi t ions to  separate the
complexity of phytoplankton in natural
waters need high performance equipment
like the binary gradient pump, photodiode
array detector and many specified pigments
as reference standards. In this study we
used HPLC to separate the pigments which

focused only on CHLa and CHLb. Thus, our
s tudy can prov ide some re la t ionship
between the phytoplankton composition
identified under the microscope and
chromatogram taken from HPLC. The
domjnant  group o f  phytop lankton
community in this study was composed of 1
genera of blue green algae, 29 genera of
diatoms and 15 genera of dinoflagellates.
The blue green algae Oscillatoria and
dinoflagellate Ceratium were abundant at
ihe surface and thermocline levets ano
common in near shore stataons. Diatom
Chaetoceros were mostly found at SCM
levels and distributed wjdely in all stations.
Green algae were observed in very low
amounts as minor  a lga l  groups of
phytoplankton in this study.

Change in phytoplankton cell density
was accompanied by corresponding
changes in pigment concentration. The
character of chemical structure, which
showed difference peaks when separated
by the HPLC method, identified the
difference of pigments. The spectra of the
chromatogram from HPLC showed a
complex spectrum in SCIVI level, which
related to the most diverse phytoplankton
composition (Fig 7). The dominant diatoms
in the SC[.4 level appeared on the
chromatogram as the highest peak of
fucoxanth in  and 19/ -butanoy loxy fu
coxanthin. The difference of diatom genera
in each level also showed the difference
between those two peaks. Peridinin, the
marker pigment of dinoflagellates was
observed as small peak in the surface and
thermocline levels. One interesting peak
was the presence of CHLb which appeared
mostly at the SCI\il level. CHLbisoneofthe
characteristic pigment of green algae but
there was no observation under the
microscope. This nanoplankton was usually
lost during filhation by the plankton net or
dest royed by preservat ion reagent .
Nanoplankton is  found in  la rge
concentrations in the sea and is likely to
account for a significant component of
primary production in the ocean IPartensky
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et  a l .  (1993)1.  So,  HPLC has more
advantages for nanoplankton investigation.
We observed more peaks of chlorophyll
degradation pigment (phaeopytin) in sub-
chlorophyll maximum level. The peak of
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Co,ttposrroN,
ABUNDANCE AND
DISTRIBUTION OF
PHYTOPTANKTON
IN THE ANDAMAN SEA
Sopana Boonyapiwat
Deep Sea Flshe/y Resea/./r ard
kchnoIogy DevelapnenI
ltlsli l ule, De paft nent af F i sh ei es
Sr.J.rnx/l Ro . Parknan Sanul prakai
10270 THA]LA ND

A Phytoplankton investigation was
conducted in the Andaman Sea within the
EEZs of Indonesia, lvlyanmar and Thailand
between 17"!24* Nov. 2004. Thesamples
were collected byVan Dorn water sampler
at the surface, the slarting depth of the
thermocline and 20-35 m below the
thermocline. Thirty liters of water samples
were filtered through a 20 Fm mesh
phytoplankton net and preserved in 1-2 %
formalin. The samples were identified and
cell counted. A filament count was made
for bluegreen algae. The results revealed
that phytoplankton densities were highest
in Myanmar's waters. The highest density
was 8,658 cells/L found at 50 m depth (20
m below the thermocl ine)  o f  the
northemmost station of the study area.
Sixty-nine genera and '164 species were
id  e nt i f ied.  Osc i l la tor ia  ery thraea
distributed predominantly in the surface
layer of the whole sludy area. The other
dominant species, which occurred below
the su rface layerwerc Chaetoceros affinis,
C. pseudod ichaeta, Frqi I arbpsi s doliol us,
Leptocylindrus mediterra neus and
Thalassionema frauenfeldll. Toxic species
were found with low cell densities.

Keywords : Phytoplankton, Andaman Sea

lNTRoDUcroN

Phloplankton is well known as a
producer of the primary food supply of the
sea. lt plays a vital role in marine
ecosystems. The Andaman Sea is of
paramount imporlance for bordering
countries' fisheries. The information of
phytoplankton in this area is very scanty.
Taylor (1976) reported dinoflagellate
species and their distribution in the Indian
Ocean inc lud ing the Andaman Sea.
Boonyapiwat  (  1987 )  s tud ied
phytoplankton in the Andaman Sea, the
area from Langkawi lsland through the
coastal waters of Ranong Province in lvlay
1985. Rines el ar, (2000) noted new
species of Chaetoceros obtained near
Phuket  ls land.

This study is a part of a project on
"Large Pelagic Fisheries Resources in the
Andaman Sea." The investigation of
phytoplankton in the Andaman Sea within
the EEZS of Indonesia, Myanmar and
Thailand is necessary for understanding
the hydrographic features and the effects
on marine organisms. lt will be beneficial to
ecology and f ishery s tud ies of  the
concerned countries.

The purpose of this study is to
descr ibe the spec ies com posi t ion,
a  bund ance and d is t r ib  u t ion  o f
phytoplankton in the Andaman Sea within
the EEZS of Indonesia, l\y'yanmar and
Thai land.

MATERtALS AN D MtrHoDS

Phytoplankton samplin gs were
carr ied out  onboard M.V.SEAFDEC
between 17" 24"' November 2004 in 13
stations in the Andaman Sea within the
EEZsof Indonesia, Myanmar and Thailand
(Fig.1 ). The water samples were taken by
Van Dorn water sampler from the surface,
the starting depth of the thermocline and
20-35 m belowthe thermocline. The

-40-



C o ! 1 P 0 \ / r  ( ) \  A B r - \  r \ \ r  r
( ) r  r r \  t o P L l \ R t o \  \

\ \  r )  D l !  I  R t B  L  !  ( ) \

Sampling depth (m)

1
2
3

5
6
7
I
I
10
11

Sea depth'1153
1037
1294
1001
1116
1615
2150'1136
726
346
370
385
500

Sulfacg
2
2
2
2
2
2
2
2
2
2
2
2
2

Thermodine
50
40
40
50
40
40
30
30
30
30
30
40
50

B€low thermocline
75
75
75
80
75
75
50
50
50
50
50
75

no data

TABLE 1. Sampling Depth at each stat ion

sampling depths followed the ICTD records.
The starting depths oflhe thermocline were
40-50m in Indonesian and Thai watefs and
3040 m in Myanmar waters. The details of
sampling depths are shown in Table 1.
Thirty liters of water samples were filtered
through 20 gm mesh phytoplankton net and
preserved with 1-2 % formalin immediately.
The samples were concentrated by
sed imenta t ion.  Phytop lankton were
identified and counted using a 0.25 ml
count ing s l ide  under  a  compound
microscoDe fitted wath a ohase contrast
device, inve(ed microscope and electron
microscope. A filament count was made for
bluegreen algae.

Rrsurrs
ldentification

A total of 69 genera with 165 species
belong in  g  to  Class Cyanophyceae
(b luegreen a lgae) ,  Bac i l lar iophyceae
(diatom) and Dinophyceae (dinof lagellate)
were identified. There were 56 genera with
109 species, 53 genera with '121 species,
and 52 genera with 100 species found in
Indonesian waters, Myanmar waters, and
Thai waters, respectively. A taxonomic list

and occurrence are given in Table 2.

Phytoplankton Abundance

Phytoplankton densities at the
surface. thermocline. and below the
thermocline are showr'r in Table 3. The
densities in the surface layer were in the
range of 735-7,814 cells/1. The highest was
observed at station 11 in Myanmar waters.
The cell number was also high (7,507
cells/L) at stalion I (Fig.2). This station is
located in Myanmar waters and had the
highest cell density of 6,214 cells/L in the
thermocline layer while the lowest was
found to be 504 cells/L at station 4 in Thai
waters (Fig. 3). Fig. a shows high cell
densities of phytoplankton in Myanmar
waters in the layer below the thermocline.
The highest density was obtained from
station 8 with a cell count of 8.658 cells/L
while those from the neighboring stations
were a lso h igh (s ta t ion 8:8,208 ce l ls /L ,
station 10 : 7,732 cells/L). Two lines of
sampling stalions as shown in Fig. I were
studied for vertical cross section of
phytoplankton density. The densities were
high at high latitudes and the highest
densities were found around 50 m deDth in
both lines (Fig. 5&6).
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PREI IMINARY REsUI.TS C)N THf LARCE PEIACIC FISHTRIfS RESOL]R'ES SURVLY IN THI A\DA'IAN SL,.

TABLE 2. Ph)'toplankton occurrence in the study area durins 16-24 Nov. 2004.
(Number l -5 represented the vaiue ofcel ldensi ty  as 1=' l -50 cel ls /L 2=51 100 cel ls /L 3:101 500cels/L
4:501 1000 cel ls /L 5:  > l000cel lv l l
Sampl ins depth :  S -  Sur face,  Th -  Thermocl ine,  Blh -  20 -  3sm Below themocl ine

Indonesian waters Myanmar waters Thaiwaters

TAXA
S Th Bth 5 Th Bth S Th Bth

Division Cyanophyta
Class Cyanophyceae (Bluegreen algae)

Caloahrix crusaacea
Oscillatoria erythraea

Division Chromoph),ta
Class Bacillariophyceae (Diatom)

Actinocyclus spp.
Acti nopty c h u s s e n a r i u s

Aste rcl ampra matyl andica
Aste rom p hal u s f I abe I I atu s

Azpeitia nodulifera
Bacillatia paxillifel
Bacteriasttum comosum
B. delicatulun
B. elongatun
B. furcatum
Centaulina pelagica
Ch aetoceros aequato r i al i s
C. affinis
C. coarctatus
C. compressus
C, curvisetus
C. dadayi
C. decipiens
C. densur
C. denticulatus
C. ciichaeta
C. didynus
C. diversus
C, lorenzianus
C, messanensis
C. paadoxus
C. peruvianus
C, pseudocurvisetus
C. pseudodichaeta
C. rostratus
C. simp/ex

C. subti/;s
C. fetrastichon
c. spp.
CI i macod i u m b i co ncav u m
C. fnuenfeldianum
Cotethron hysttix s

11121121
4  3  1  5  5  5  . 5  4  l

11221 r112
111

I

t ' l
1 1 1

1 1 1

1
1 1 1

l
1 l
l
1 2

1 1 1 1 1

13
l l

3

t l 1
1 l

I
'l r

1r
2 1 1
3 1 1 1
2 1 1 ' , I

l l l
2 1
3 1 1

i
3r

I
1 l

I
' r  1 t l  l
I

2 3
1 1 1 1

1 1

t l
1 2 2 3 3 3 2
3 1 1 4

2 1
1 1 1 1 1 1 ' , I

1 1 1

12

1 4 1 2 3
I

1 1 3
1 l I

2 3
2 1  

' , l

1 1 3 2 1 2 1 ' , r  
' r

1 2 1 I l
32 1 3 1 1 1

l l
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CoMpost oN, ABUNDANcE AND DlsrRtBUTtoN
OF PHYTOPLANKION IN IHI ANDAMAN SIA

TABLE 2. (Conr.)

lndonesian waters Myanmar waters Thai waters
TAXA

s Th Bth s Th Bth s Th Bth
Coscinodiscus asteromphalus I
C. centralis 1
C. granii l
C. ionesianus I 1 1
C. peiotatus l
C. ftdiatus
Cspp .  I  1
Cylin&or'.heca closterium 1
Daayliosolen blavyanus I
D. phuketensis I
Ditylum sol
Eucampia canuta
E, zodiacus I
Fragilatiopsis doliolus 1 3 3
F. spp. 2
Cossleriella topica 1
Cuinadia cylindtus I
c. delicatula
c. flaccida
c. suiata 1
Haslea gigantea I I I
H. wawrikae 1 |
Hemiaulus hauckii 

'l 'l 'l

H. indkus
H. memb'anaceaus 

'l 'l

H, sinensis I I
Hemidiscus cuneiformis I
Laudeiaannulata I
Leptocylindrus danicus 1 I
L. medite aneus 2 2
Lioloma delicatulum I 1
Melosira nummoloides I
Meuniera membnnacea I
N,tzschia spp, I
odontella sinensis I I
Planldoniella blanda I
P. sol 3
Pleurcsigma notmanii I
P. spp. 1
Ptobosciaalata I I I
Pseudo-nitzchia pungens I
Pspp .  |  |  I
Pseudosolenia calcar-avis I I
Rh i zo s o I e n i a acu m i n ata
R. bergonii 1 I
R. c/eve, 1
R. Formosa I
R. hyalina

23
22r
1 l

l

I
31' t I
' t l

l l

I
1
I

l t
1 1 1 I
l ' l

I 1
I
1
1
l
3
'I

3
21

I
1 l l
1 1
t

1
l l

I
2 2 1

'|
'|

1 l
113111

l1

'I l

,l

1
1
I

2
I

Continue nexl page...
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PRELTMTNARy REsuLTs ON THr [ARcE PEtAcrc FrsHfR| ls  REsouRcEs SuRvt t  lN THE ANDAMA\ SEA

TABLE 2. (Cont.)

IAXA
lndonesianwaters Myanmarwaters Thaiwate6

S Th Brh 5 Th Bth 5 Th Bth
Rhizosolenia imbtjcata 'l I 1 I 1
R. rcbusta 'l

R. setigara 1
R. stylilotnis 1 1 1 1 1 1 1 1
Thalassionena fnuenfeldii 1 2 2 3 2 3 3 1 3
T. njtzschjoides 1 1 3 1
Thalassiosira eccentrica 1 1 1 2 1 2 1 1 2
l. linealata 1
T. oesttupii 1
T. subtilis I
T. thailandica 1
l s p p .  1  1  3  2  2  2  2  2  2
Thalassiothtix longissima 1 1 1 1 1
Pennate djatom 1 I 1 1 1 1 1
Class Dinophyceae (Dinoflagellate)
Alexandtium tamyavanichii 1 | 1 l
A. spp. I  1
Amphisolenia bidentata I I 1 1 1
A. schauinstandi I 1
Ceratium candelabrum l
C. carrlerse 1 1 1
C. contortum I
C. declinatum 1 1 1 1 1
C. deflexum I 1 1
C. den' l
C . f u r c a  1 1  1 1  1 1
C.lusus 1 1 1 I  1
C. Eihberun 1 I 1
C. hexacanthum I
C. horrjdum I I I
C. humile 1 1
C. kofoidii I I 1
C. macrccercs I
C. massi/ienie I I 1
C. pentzigonun 1 1
C. ptaelongum 1
C. tefes 1 1 1 1 I l
C. trichoceros 1 1 I 1
C. tripos 1 'l

C. vulture 1 1 1
Cetatocotys horrida l
Corylhodinium tesselatum 1
Dinophysis hastata 1 1
D. ichuettii I
Diplopsalis lenticulata 1 1 1 1 1
D . s p p .  I  1  1
Dissodinium hanulus I 1 1 1
Fftgilidiumsp. 1
Coniodoma polyedticum 1 1 1 1 1

@ 
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CoMtostroN, ABUND NcE AND DtsrBttufloN
. OI PHYIoPLANKTON IN THE ANDAA,IAN SIA

TAEIE 2. (ConL)

Indonesian wateF Myanmar wale6 Thai waters
TAXA

s Th Bth s Th Bth .s Th 8rh
Canyaulax diaitele

c. glyptothytrchus

c, hyalina

C. spinifera

Cymnod i n i u m sangu i n i um

cwodiniun spp.

Omi r@trl.rs maEnificus

. Oxytoxum scolopat(

Phahcrcma aryus

P. &twhorum

P. tudEeii

P. palnipes

Ptotu@ltntm

P, mexicanum

Prd@eridiiium claudicans I I

P, diveryent

P. whde 1

P. paulsenii

Pyrcphacu. hotulo. gium

I
I
1

5. spp.
'|

SOUTHTAST ASIAN FISHERIE5 DEVIIOPMENT CENTER'IdFF

Naked Dinoflagellate
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PRTIIMINARY RESULTS ON THE LARGE PETAGIC FIsHIRIES REsoURcEs SURVEY IN THE ANDAMAN sE^

TABLE 3. Ph).toplankton densities (cells/L) at 3 sampling depths

1
2
3
4
5

7

9
10
1'l
12

735
966'1368
3064'1651

6070
2828
5616
7507
3176
7814
3586
4474

2050
1278'1308
504
2204
5840
440A
4186
6214
5512
3836
1056
1808

3678
1074'1516
200
956
3072
8268
8658
5226
7332
4454
2436

no oala

TABLE 4. Percenlage of dominant species

Dominant species % Dominant species % Dominant ipCcies %

1 Osci atoda erythtuea 30.33
2 Osci atoia erythraea 58.39
3 Oscillatoia erythraea 77.26
4 Oscillatoia erythraea 90.86
5 Oscillatoia etythrcea 55.99
6 Oscillatoia erythraea 92.01
7 Osci atoia erythnea 80.91
8 Oscillatoria erythraoa 22.22
9 Oscillatoia erythrcea 54.21
10 Oscillatoia erythraea 46.28
11 Osci atoria erythrcea 82.44
12 Osci atoia erythraea 70.59
13 Oscillatoda etythnea 70.13

Fragilaiopsis doliolus 57.56
Oscillatoia erythraea 61
Osci atoria erythmea 29.97
Oscillato a etythftea 32.54
Oscillatoia etythnea S4.
Oscillatoia erlthraea 93.49
Oscillatoia e$hraea 92.01
Osci atoria e$hraea 65.43
Oscilatoia etythnea 79.5
Oscilatoia etythraea 67.92
Oscillatoia erythnea 50
Chaetoceros affinis 12.5
Fragilaiopsis doliolus 19.7

Chaetoceros pseudodichaeta 13.52
Fragilariopsis doliolus 21.23

Frcgilaioryis doliolus 28 .87 .
Thalassionema frauenfeldii 12.63

Chaetoceros pseudodichaek 12.7 4
Ch aetoce rcs pseudod ichaeta 1 2.35

Osci atoda erythrcea
Oscillatoria ertthraea

14.33
40.24

Oscillatoia etythraea 2O.9
Chaetoceros pseudodichaeta 13.83
Chaetoceros allinis 12.A
Leptocylindrus meditermneus 11 .43

@ 
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CoMpostTtoN, ABUNDANcE AND DtsTRtBUTtoN
OF PHYIoPIAN(ToN IN IHE ANDAMAN STA
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FICURE 7. Distribution of dominant phltoplankton
species in the surface layer.

FIGURE 9. Distribution of dominant phytoplankton
species below thermocline.
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PRIL IMINARY RFSULTs ON THI  [ARGE P[LAcIc  F ISHIRI IS  REsoITRcEs SURVEY IN THE ANDAMAN StA
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FIGURE 11. Distr ibut ion of Cymnodinium spp.

lonttlrode (I)

FfCURE 10. Distribution of Alexandrium spp.
and Lingulodmiun polyedrum.

Distribution of Dominant Species

During the period of the survey, one
species of bluegreen alga and 5 species of
diatoms dominated the phytoplankton
population in the study atea. Oscillatoia
(Tichodesnium\ e4lhraea occurred with
the highest percentage of 93.49 in the
thermocline layer of station 6 (l\ilyanmar
waters) but the perceniage of other
dominant species were lowerthan 60 (Table
4) .

ln the surface layet, Oscillatoia
eMhrcea was presented as lhe dominant
species throughout the study area ( Fig. 7). lt
d  is t r ibu ted predominant ly  in  the
thermocline layer of almost all stations and
remained dominant below the thermocline
of the 3 northernmostslations. Chaetoceros
affinis and Fragilaiopsis doliolus werc
dominant in the thermocline layer and
below the thermocline (Fig.8). The other
species, Chaefoceros pseudodichaeta,

a  4 ro  t o

Or l t o20
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a a ro  r0

f r rozo

a

a 4 l o l O

I t  lo  25
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4t ro 55

s6 lo 80
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z

fz r roro a
fl
#r

Leptocylindrus mediterraneus, and
Thal assione ma f rauenfeldri, were dominant
below thethermocline (Fig. 9).

Distribution of Toxic Species

The dinoflagellates considered as
toxic species were found with low cell
densities. The distribution ol Alexandrium
spp. and Lingulodinium polyedrum arc
shown in Fig. 10. Alexandium sp.was
observed with the highest cell count of 27
cells/L at station I while highest cell density
of Lingulodinium polyedr"ufr? was 17 cells/L
found at station 12. Gymnodinium spp.
distributed almost throughout the study
area (Fig.11). Gymnodinium sanguinium
was observed with the highest cell count of
78 cells/L atstation 8.
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D rsc ussroN AND coNc rusto N

Phytoplankton species investigated
in the Andaman Sea within the EEZS of
Indonesia, Myanmar, and Thailand were
similarto those collected during N/lay 1985
in the area from Langkawi lsland through
the coastal waters of Ranong Province
(Boonyapiwat, 1987). Hjgh densities of
phytoplankton in high latitude stations
(l\,4yanmar waters) indicated that this area
was productive.

The thermocline plays a role in
determining the biological properties of the
water column. The thermocline zone has
been observed to be a region of enhanced
chlorophyll concentratjon. Phytoplankton
densjties in the thermocline layers were
found to be higher than those in the surface
layers in the waters of Sabah, Sarawak,
B rune i  Darussa lum and Western
Phrlippines where the chlorophyll maxi' 't"um
layers were presented at 20-35 m berow tne
star t ing depths of  the thermocl ine
(Boonyapiwat, 1999; 2000). Then the
sampling depth of below the thermocline in
this study could be chlorophyll maximum
depth. Furuya and Marumo ('1983) noted
that phytoplankton in the chlorophyll
maximum layerof the Westem NorthPaciflc
Ocean was found to be abundant and of
high diversity. In this study, phytoptankton
densities in the thermocline layers and
below the thermocline were not higher than
those in the surface layers in many stations.
The reason is that upwelling possibly
occurred during the survey period. Thus
phytoplankton were abundant in the surface
layers.

Oscillatoia erythraea was dominant
with a wide distribution in N/lay 1985
(Boonyapiwat, 1987) and occurred as the
dominant species in the whole area in the
present study. This species annually forms
vast areas ofdiscolored water or "red tide" in
the open sea during warm months of the
year in tropical or subtropical seas. The

macroscopically visible scalelike colonies
have been called "sea sawdusf'and color
the water, when abundant, yellowish,
amber or red. They are of ma.ior importance
in the basic productivity of these waters.
Toxic compounds that may cause fish kill
apparentiy are produced when the cells lyse,
although some hold the opinion that fish kill
is a fesult of gill clogging (Humm and
Wicks,'1980). However, during the survey
period, there was no evidence offish kill.

Many species of toxic dinoflagellate
were found in this study. The cell counts
were rather higher compared io those in the
waters  of  Sabah,  Sarawak,  Brunei
Darussalam. and Western Phi l ipp ines
(Boonyapiwat, 1999; 2000), but less than
the samples collected in N/ay 1985 from the
slation near the Similan lslands in the
Andaman Sea.  Dur ing that  survey,
Nexandrium (Protogonyaulax) cohotlicula
was fecorded as the dominant species with
20.18 percentage of abundance but the
effect on fish or human was not reported
(Boonyapiwat, 1987). This species can be
toxicor non-toxic (Balech, 1995).

It is concluded that the high latitude
area was productive with high densities of
phytoplanklon. The red lide species.
Oscillatoria (TrichodesmiumJ erythraea,
occurred as blooms throughout the study
area. Toxic dinoflagellates were found with
low celldensities.
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PRELTMTNARy REsuLTs ON THF LARCt PILACtc Ft5HERtEs REsol ]RcEs SuRVEY iN THE ANDAMAN SEA

ComposrnoN,
ABUNDANCE AND
DISTRIBUTION OF
ZOOPLANKTON IN THE
ANDAMAN SEA
Pai l in Ji tchum, Teerapong
Daungdee and Sunan Patraj inda
Faculty of Fisheries, Kasetsaft University,
Chatuch ak, Bangkok 1 0900, Thai land

ABsrRAcr

Zooplankton we re  co l lec te  d
between 14th -26th November 2004 in '13
stations in the Andaman Sea were sampled
by M.V SEAFDEC along the latitude
between 6"43.81 -  '12"40.80 N and
longitude between 95'50.94 - 96"45.55 E
that are located in the Exclusive Economic
Zones of  Indonesia,  l \ ,4yanmar and
Thailand. The Zooplankton were identified
into 65 taxonomic groups. The most
common groups in this study area are
copepods,  chaetognaths,  ost racods,
pteropods, amphipods and euphausiids.

Keywords: Zooplankton, Andaman Sea,
composition, abundance, distribution

lNtnooucttow

The Andaman Sea is a body ofwater
to the southeast ofthe Bay of Bengal, south
of l\,4yanmar and west of Thailand: it is part
of the Indian Ocean. lt is roughly '1200 km.
long (north-south) and 650 km. wide (east-
west), with an area of 797,700 km'. lts
average depth is 870 m.. and the maximum
depth is 3,777 m. The very complete and
famous zooplankton studies in and around
the Andaman Sea was research work
carried out during the International Indian
Ocean Expedition (llOE) 1959-1965 (Roa,

Rly 
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1973). Various studies on zooplankton in
the Indian Ocean from this research have
bee n  pub l ished e .g .  Copepod
(Kasturirangan et al., 1973; Fleminger &
Hulsemann.  1973) :  Amphipod (Nai r  e t  a l . .
1973; Bowman & l\.4ccuinness, 1982),
Hydromedusae (Vannucci & Navas, 1973);
Cumacea (Kur ian, '1973) ;  Euphausi ids
(Br in ton & Gapalak ishnan,  1973) ;
Thecosomata (Sakthivel,' l 973); Heteropod
(Aravindakshan, 1973). Although some
studies on zooplankton have been
conducted in and around the coastal areas
of the Andaman Sea adjacent to Thailand,
most of them reported on the group of
zoop lankton e .  g .  Thecosomata
(Vongpanich, 2001); Fish larvae (Janekarn,
1992;  Janekarn,  1993) ,  pub l ished
information on zooplankton but composition
and abundance is lacking.

Zooplankton occupy a key role in
pelagic ecosystems as they control
phytoplankton both biomass and diversity,
they are also an important source offood for
many marine nektons. The zooplanktons
are an important part of the food web as
they transfer energy to higher tropic levels.
Zooplankton contributes by exporting
organic matter through their grazing activity
to the deep sea and the benthos, by faecal
pellet production and vertical migrations,
thus exerting control over biogeochemical
cycles. The study of abundance and
diversity ol zooplankton largely determine
the diversity, abundance and recruitment of
pelagic fisheries resources including fish
and squid etc. ln addition to their significant
role in the pelagic food chains, some groups
of zooplankton like chaetognatha are well-
known biological indicators of distinctive
types in surfacewater.

This paper presents the result of the
composition, abundance and distribution of
zooplankton in the Andaman Sea. The
research was conducted in the framework
of the SEAFDEC project: "Harvesting of
Under-Exploited Resources," Phase 1:
Pelagic Fisheries Resources Survey in the
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Andaman Sea. The project's overall
objectives were investigating the potential
of pelagic fisheries resources and collecting
biological and oceanographic data in the
Andaman Sea.

MrrHoos

Zooplankton samples were collected
from 13 stations (Table 1, Fig 1.) between
6"43.81 and 12'40.80 N latitude and
between 95"50.94 and 96 '45.55 E
longitude in the Andaman Sea. This was
done using a Bongo Net (60 cm. in diameler
and 330 um mesh size), equipped with flow
meters attached at 1/3 of the mouthDart for
estimating water volume that flows passed
into the nets. The bongo netwas towed in an
oblioue direction from the surface to 150
meters deoth level. The zooolankton
co l lec ted were f ixed wi th  a  1O%
formaldehyde solution in seawaterand kept
to be analyzed in the laboratory at the
Faculty of Fisheries, Kasetsart University.

RESULTS

Zooplanllon Abundance And Distribution

The abundance and d is t r ibut ion of
zooplankton collected from the sampling
stations in the Andaman Sea is shown in

Table 2.  The h ighest  zooplankton
abundance was observed at station 13 with
185.'17 individuals/m', followed by stations
9 and 11 wi th  118.17 and 115.03
individuals/m", respectively. The lowest
density was found at station 3 with 43.34
individuals/m3.

Zooplankton Composition And Diversity

Total Zooplanlton

Zooplankton samples were
identified representing of 65 groups of
zooplankton taxa (normally at family level),
wi th  some p lankton ic  larvae wi th
undeveloped main characteristics, which
could not be identified to family level (Table
2). The mpepods consistently occurred at
all stations and were the most dominant
taxon in  terms of  abundance and
composition. The major groups ofcopepods
are order of Calanoida with 17.7 - 58.93
individuals/m' abundance and composition
27.50-51.23 % of the lotal zooDlankton
population and order ofCyclopoida (consist
o f  fami ly  Oi thon idae,  Oncaeidae,
Corycaeidae and Sapphirinidae) with 8.15 -
73.98 individuals/m' abundance and
composition 18.8'l-39.95 % of the total
zooplankton population (Table 2 and 3). For
higher taxa (phylum level), Arthopoda was

TABII l. Station for zooplanldon during the MV SEAFDTC cruis€
in the Andaman Sea in Novemb€r 2004

1
2

6
7
8
I
10
11

6"44.47N - 96'45.26 E
6"44.76N - 96''13.92 E
6"s2.94N - 96"03-93 E
8"26.89N - 95'51.20 E
9"380.6N - 96'08.26 E
10"45.61N - 96'13.93 E
11'45.09N - 96''t3.96 E
12'40.80N - 96"13.95 E
12"15.65N - 96:,14.00 E
11"15.06N - 96'45.08 E
10"15.96N - 96'45.02 E
9'14.97N - 96"45.30 E
8'15.40N - 96.45.08 E

6'43.81N - 96'45.55 E
6",14.98N - 96'13.37 E
6'53.03N - 96"03.69 E
8'27.38N - 95"50.94 E
09'38.38N - 96'08.06 E'10'46.02N ,96'13.18 E
11'45.19N - 96' '13.59 E
12'40.67N - 96'13.64 E't2'15.69N - 96"43.74 E
11'15.35N - 96'44.88 E
10'15.83N - 96",M.50 E
9' '14.77N - 96'45.41 E
8'15.54N - 96'44.94 E

sollrHEAsrAsrAN FrsHrRrrs orvrrorrvrrrcerrtn@
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dominantin studyareas (Table4 and 5).

Individual Zooplankton
Phylum Sarcomastigophora

Th is  phy lum inc ludes mar ine
protozoa es  pec ia  l l y  p lankton ic .
Foramin i fera  occur  in  a l l  pe lag ic
environments. Fhey are 2.4 % of the total
zooplankton population (Table 3 - 5). In
genera l ,  p lankton ic  foramin i fera are
omnivorous, but some are carnivorous.
Animal prey included microalgae ciliates,
tintinnopsis. radiolarian and other marine
zooplankton.

Phylum Cnidaria

Th is  phy lum inc ludes Hydro-
medusae and Siphonophora, comprising
collectively about '1.96 % of the total
zooplankton population (Table 3 - 5). The
Siphonophora are complex polymorphic
hydrozoas cnidarian, and were identified

into suborder Calycophorae, 2 families
were Diphyidae and Abylidae. These are
p lankton ic  ge la t inous zoo p la  n  k ton.
Diphyidae and Abylidae were predominant
in the samples, the majorities are truly
oceanic, but a few species are neritic. They
feed on small crustaceans and fish larvae.
Thatwere discharged with nematocyst.

Phylum Ctenophora

The comb jelly larvae that are called
Cydippid larvae were found to be less than
0.03 % of the total zooplankton population
(Table 3 - 5). The adults were not found in
this study. These are planktonic with
gelatinous soft bodies, carnivorous and
feeding on marine zooplankton o[ various
sizes, including copepods, euphausids, fish
ad^< rn r l  f ieh  l .n , ra

Phylum Annelida

'@ sou. ' , .or. lsoN FrsHERrEs DEvELopMENT cENTER

-56-

This phylum was lound only in the



CoNlPosrr  roN,  ABUNDANcT AND DrsTRtBUTroN OF ZooFr AN1<ToNlN I l t  r  ANDAN, lAN SEA

Class Polychaeta that include polychaete
larvae and holoplanktonic polychaetes,
es pec ia  l ly  Tomopter id  po lychaetes,
comprising 0.56 % of the total zooplankton
population (Table 3 - 5). They have
developed to be pelagic and include small
size long setae with enormous and complex
eyes, flattened or gelatinous bodies. They
were found in the open sea but some were
in the neritic region. They feed on small
zo  o  p  la  n  k to  n .  S ip  h  o  n  o  p  h  o  re  s .
chaetognathas and appendicularian.

Phylum Mollusca

The Marjory group is Thecosomata
and HeteroDoda that were the abundant
group ofthis phylum, forming 2.53 % ofthe
total zooplankton population (Table 3 - 5).
Other groups are bivalve, gastropod and
cephalopod la  rvae.  The Heteropod
comprising of 2 families are Atlantidae and
Pterotracheidae. They are holopelagic
prosobranch gastropods that were found in
moderately low abundant and are mostly
found in tropical and subtropical region. All
heteropods are carnivorous and feed on
marine zooplankton.

Thecosomata (shell pteropods) were
found to be very common planktonic
molluscs. They comprise the shell species,
carnivorous and orotandric hermaDhrodites
and some spec ies  are  asexua l
reproductions. The majority groups are
family Cavoliniidae.

Phylum Arthropoda.

A. Cladocera
The small group of crustaceans, in

this study was found only in family
Podonidae (Table 2 - 3). They are only 8
marine species. These are epiplanktonic
zooplankton seasonal ly  abundant  in
coastal, continental shelf and oceanic
region. The populations are females and
were of parthenogenesis generation.

B, Ostracoda
They were predomjnantly in the

aquatic habitat, some were holoplanktonic,
found very common in this Study (Table 2 -
3). All non selective planktivous and few
species are predators.

C. Copepoda
The largest group of zooplankton

population in this study (Table 2 - 3). They
were identified into 4 orders of the majority
mar ine copepods.  That  is  sma l l
crustaceans usually between 0.2-12 mm. in
length. They are neritic to oceanic,
epapelagic to abyssal depths. They are
important link in the marine food web, and
are recognized as in discriminate or
selective suspension or particle feeders
and they may be herbivorous, predatory
feeders (carnivorous), or omnivorous also
saphroplages or coprophages, some
copepods switch from one feeding mode to
another according to circumstances.

D. Mysidacea
These were found at only few

stations in this study (Table 2 - 3). They are
more abundance in Northern Europe. The
females are provided with maesupium
between pairs of peuopods and keep their
embryos in it until the juvenile stage. They
feed on small algae, protozoan and small
crustaceans.

E. Amphipoda
The Amphipods found in this study

were identified into 5 families (Table 2 - 3).
They are small crustaceans that have
colonized in the pelagic region. Hyperiids
amphipods are a significant component of
epipelagic and mesopelagic communities.
They are subsidiary in abundance, only to
copepods, euphausiids, chaetograths and
gelatinous zooplankton.

F. Euphausiacea
Euphaus i ids  (k r i l l s )  a re

holop lankton ic  crustaceans that  are
distributed throughout the coastal sea and

5( ]uT l r r , \ \ r  A \ rA \  f r \ r  r  R r r  \  i )E \ f / ( ' p \ l r \ r  , r r | | - ,@
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oceans of the world, but very few were
found in the study areas (Table 2 - 3). They
are an important source of food for many
marine nektons. Euphausiids are truly
omnivorous and feed on microalgae,
protozoan tofish eggsand larvae.

G.lsopoda
The lsopods were very rare in the

zooplankton communities. They were found
at 3 stations (No. 1,2 and 9). Theyare found
in the pelagic habitat; the majorities are
benthic and terrestrial.

Other Meroplankton.
This study found 19 crustacean

larval groups and 5 echinoderm larval
groups inc lud ing Cyphonautes larva
(Phylum Bryozoa) and Actinotrocha larva
(Phylum Phronida) (Table 2 - 3).

Phylum ChaetoSnatha
This phylum comprised 7.51 % ofthe

total zooplankton population (Table 2 - 5).
They are carnivorous animals and play an
important role in the food chains, their
biomass in the pelagic world ocean is 30%

@ 
,ou,nao.,  AsrAN FTsHFR||5 DLvLLop\4rNr CENTFR

of that of copepods. They are active
predators and the rigid spines grasp their
prey. Their diet of pelagic chaetognaths
include a wide range of organisms;
copepods, small crustaceans and fish
taryae.

Phylum Chordata.
This phylum includes fish larvae and

a large group ofgelatinous zooplankton that
is Urochordata and include 2 classes
(Appendicularia and Thaliacea) (Table 2 -
3). Fish larvae or lchthyoplankton are an
imoortant element of the aouatic food web.
Appendicularians are planktonic tunicates
that are recognized by the persistence of
the notochord in the adult and the lack of a
per ibranch ia l  cav i ty  and c loaca.
Thaliaceans are holoDlanktonic colonial
tun icates and some groups are an
alternation of generation between asexual.
(oozooids) and sexual (blastozooids)
generat ion.  They feed by f i l ter ing
suspended particles from a stream ofwater
through a mucous area.

-5 8-
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TABTE 2. Tol.r l  abundrnce of zoop ankion (number/mJ) in od.h st tr t ion from study nrens in Andimrn sea.

Station
TAXON

Phylum
Saacomasligophora
Foramini ferans 0.19 0.32 0.1s o.1s 0.49 2.,11 0.56 1.56 8.28 . t .79 4.49 2.56 1.O4
Phylum Cnidaria
Hvdromedus:e 0.10 0.08 0.05 0.07 0.07 0.31 0.27 0.15 0.07 0.13 0.31
Family Diphyidae 0.29 0.80 0.39 O.22 O,49 1.93 1.75 1.31 2.79 0,35 1,12 2.AA 1.47

|  2  3 , 1  5  6  7 I 9 1 0  1 7  1 2  1 3

Phylum Annelida
Family Tomopter idae 0.t0 0.05 0.07 0,07 0.07 0.08 0.06 0.09 0.05 0.13 0.06 0.12

Family Abyl idae 0.10 0.16 0.24 O.37 O.21 1.17
Phylum Ctenophora
Cydippid larva 0.08 0.06

Family Alciopidae 0.10 0.08
Family
Typhloscolecidae 0.08 0.15 0.07
Family

0.09

0.27 0.02 0.26 0.06 0.18

0.06

0.45 0.05 0,99

0.02 0.06 0.12

0.05 0.07 0.06
0.31 0. ' t3 0.06

Lopddorhynchidae

Mysids

0.05
Polychaeie larva 0.29 0.08 0.05 0.15 0.07 0.34 0.64 O.12 1.62 0.0,1 0.59 0.32 0.18
Phylum Mollusca
Family At lant ldae 0,10 0.08 0.05 0.07 0.07 0.08 0.05 0.06 0.06

Pterotracheidae 0.10 0.08 0.05 0.07 0.21 0.08 0.06 0.09 0,07 0.61
Family Cavol ini ida€ O.39 O.72 O.49 0.37 0.35 0.83 0.40 0.37 1.53 1.18 2.5' l  0.51 1.29
Castropod larva 0.58 0.6,1 0.49 1.03 0.49 0.62 1.11 0.25 1.80 O.07 1.92 0.77 3-25
Bivalve larva 0.19 0.02 0.01 0.01 0.01
Cephalopod 0.02 0.02 0.05 0.01 0.01 0.01 0.O2 0.01 0.09 0.01 0.O2 0.02 0.06
Phylum Anhropoda
Family Podonidae 0.r0 0.16 0.05 1,68 0.07 0.19 0.09 0.66 0.06
Ostracods 2.9O a.22 4.54 12.6 3.93 5.16 5.57 1.37 1.80 3.33 3.04 6.65 1.66
Calanoid coDeDods 17.7 21,3 21.2 35.6 20.4 35.8 44,7 1a.6 35,9t 32.2 5a,93 27.O 50.91
Family Oithonidae 2.6 5.A3 1.7' l  4.O4 3.65 7,23 6.45 4.98 9.18 2.51 6,21 3,13 3.37
Farni y Mirac dac 0.10 0.08 0.05 0.07
Family
Clytemnestridac
Family Oncaeadae 9,77 5.27 2.9A 5.58 9.19 3.58 12-7 9.77 23.5a 12.24 13.54 5.3O 62.20
Famjly Sapphir inidae 0.97 2.OO 1-42 2.06 O.77 +42 3.42 O.a7 3.69 O.72 2.25 2.62 2.Og
Familv Corvcaeidae 3.10 4.63 2.O0 4.33 3.51 3.37 4.30 1.49 4.a6 3.23 4.23 4.66 6-26

0 . 1 6

0.07

0.07 0.08
Family Vibi l i idae 0.48 0.08 0.34 0.07 0,1,t
Family Hvoeri idae O,A7 O.21 O.29 O.42 0.62 0.40 0.06 0.54 1.18 0.33 0.45 0.80
FamilyPhronomidae 0,10
FamilyPhrosinidac 0,10
Family
Oxycephal idae 0,10
Familv tuphausi idae 0.68 O,72 O.73 0.51 0,21 1.65 O-72 0.6A O.72 4.76 1.59 0.38 3.44

o.o7

Phylum Arthopoda
Family Luciter id;e 0.10 0.08
Copepod nauplius
Ponlel lanid larva

0.09

0.07 0.07 0.08 0. ' r8 0.05 0.07 0.06 0.80
o.07 0.07 0. ' r6

o . l 2

1.06 0.24

Continu€ neit  pa8e.. .

S( ) l  r r rA \T  A \ r \ \  F r \ r r  R r l \  l t \ ' r  |  ( ) r \ 1 r  \ r ,  r n r , *@
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TABLE 2.(cont.)

Station
TAXON

1 l1 2l l1 0
Cirr ipede naupl ius
Erichthus larva
Al ima larva
Protozoea (Lucifer)
Acanthosoma larva
Calyptopis lawa

Caridean zoea
Pagurid zoea
Sergrstoidea zoea
Phyllosoma Iarva
Porceilanid larva
Brachyuran zoea
Brachyuran
megalopa
Decapod larva
Phylum
Echinodermata
Bippinnaria larva
Brachiolar ia larua
ophiopluteus lalva
Echinopluteus larva
Dol iolar ia larva
Phylum Eryozoa
Cyphonauteus larva
Phylum
Chaetognatha
Family Sagif t idae
Phylum Phronida

Phylum Chordara
Family
oikopleuridae
Family
Pyrosomatidae
Family Dol iol idae
Family Salpidae
Fish larvae

Total

0.24 0.01

0.02 0.01
0.10 0.02 0.10

o.24 0.29
0.48 0.48 0.49
0.29 0.29
0.19 0.08

0.02 0.02 0.0r

0.02 0.02 0.01

0.01
0.01 0.01

0.04 0.01
0 .14

0.07 0.63
0.14

5.66 4,O7

0.14 0.08
0.01
0.01 0.02
0.26 0.08
1.10 0.40
0.28 0,32
0.48 0.64

0 . t 6
0.16

0.01
0.02
0.02

o.o2
0.55 0.08

0.76 1.99
0.96

0.14 0.48

0.02

7.09 6.05

3.99 2.79

0.07 0.08
0,90 0.48
0.90 0.32
0.25 0.08
873 94,7

0.19 0.36
0.01
0.01 0.02 0.01

0.25 0.54
0.77

o.75 1.26
0 , 3 6  1 . 1 8

0.09
0.06

0.02 0.01

0.06 0.27

0.01 0,02 0.01
o . 1 2  0 . 2 7  0 . t o

0.99 0.41

0.36 0.05
0.25 0.63 0.15

0.12 0.09 0.05

1.19 5.94 1.95

0.07 0.19
0.02
o.o7 0.o2
0.o7
0.46 0.19
0,99 1.09

0.32
0.26 0.19

0.06

0.06
0.02
o.25
0.00
0.00
o.37
0.31

0.02
o.o2

0.20 0.05 0.06

0.02 0.02 0.02
0.40 0.19 0.92

o.20 0.06 1.65
o-13 0.26 0.74
0.33 0.13 0.37
0.40 0.06 4.11

0.61

0.02 0.12

3.50 2.36 29.32

0.01

0.22 0.14
o.44 0.28
0.66 0.21
0.66 0.01

0.68 0.40 0.05
o.19 0.40

0 . 1 6

0.08

4.16 5.99 3.61

1-64 2.OA O.78

0.08 0.05
0.39 0.48 0.24
0,10 0.o8 0,05
0.07 0.09 0,09
51.6 62.9 43.3

'1.54 2.60

o.22 0.o7
0.14

0.08 0.07
77.2 54.4

0.05

2.99 5.67 1.O8

0.06 0.99
0.44 2.43 0.05
1.49
0.07 0.15 0.21
50.5 118.5 72.4

3.s0 0.06 3.99

0.07 0.06
0.26 0.13 0.37
0,40 0.19 1.04
0.39 0.03 0.27
| 1s.0 63.4 185.2

.@| sou.".or. nso*FrsHERtEs DEvELoPMENT CENTER
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TABLE 3. Zooplanklon (onrposi l ion (Por.ent compori l i (nr)  in cach stat iof  f r(nl  \ ludv areas n And,rm.rn S.:r

Srafion
TAXON

1 3l l1 0 1 2
Phylum Sarcomastigophora

0.38 0.51 0.34 O.19 O,9O 2.76 0.56 3.08 6.99 5.23 3.91 4.0:,  0.56
Phylum Cnidaria
Hydromedusae 0.19
Family Diphyidae 0.56
Family Abyl idae 0.19
Phylum Ctenophora
Cydippid larva
Phylum Annelida
FamilyTomopter idae 0.19
Fdmily Alciopidae 0.19
Family Typhloscolecidae
Fdmily Lopadorhynchidae

0.r3 0. 'n 0.10 0.08
1.27 0.90 0.29 0.90 2.)1
0.25 0.56 0.,18 0.38 1.34

0.23 0.21 0.06
2.36 0.+9 0.98
0,38 0.07 0.86

0.01

0.o8 0.07 0.11
0.o8

19.90 t6.90 11,77
3.t  1 0.99 1.95
4.10 4.,15 3.68

0.07 0.06
0.42 0.11

0,45 1.63 0.29

0.05
6.58 1.38

0.07 0.06

o,62
1 , 7 7  2 . 5 9

0.08 0.12

0.08 0.12

o.2o o.17
4.53 0.80

0,10 0.07

0.10 0.070.f i  0.10 0.r3 0.08

0.34 0.10
0 . 1 1
0 . 1 1  0 . 1 9  0 . 1 3  0 . 3 9

0.00
0 . r3
0 .13

0 . 5 6  0 . 1 3 0.65 0.25 r.37 0.05 0.52 0.50 0,10
Phvlum Mol lusca
Family At lant idae 0.19 0,13 0.11 0,13 0,08 0.08 0.00 O.O7 0.r0 0.03
Family Pterolrachoidde 0.19 0.13 0.11 0.13 0.2.1 0.08 0.12 0.08 0.06 0.33
Family Cavol ini idae O.75 r.14 1.13 0.48 0.64 0.95 O.4O O.71 1,29 1.63 2.18 0.8r O.70
Casiropod larvd 1.13 r.0l  1.13 1.33 0.90 0.71 1.r3 0.49 '1.52 O.O9 1.67 1.2"t  1.76
Blvalve larva 0.38 0.03 0.02 0.02 0.03 0,23 0.02 0.23 0.10 0. '10
Cephaloood larva 0.04 0.03 0.11 0.02 0.03 0.02 0.02 0.02 0,08 0.01 0.01 0.03 0.03
Phvlum ArthroDoda
Family Podonida. 0.19 0.25 0.11 3.07 0.08 0.37 0.08 O.57 0.03
Ostracods 5.63 13.0710.47 t6.26 7-17 5.91 5.64 2.71 1.52 4.60 2.64 10.48 0.89
Cdlanoid cooeDods 34.31 33.8748.88 46.03 37.2510.97 45.32 36.82 30.31 4,t .48 51.23 12.s2 27.5o
Family oi thonidae 5.06 9.26 3.94 5.23 6.66 a.27 6.53 9.8s 7,75 3.46 5-4o 4.94 1.a2
Family Mifacidae 0.19 0.13 0.11 0.10 0.16 0.03
Family Cly, temnestr idac
Family Oncaeidae 18.94 8.117
Family Sapphir inidae 1.88 3.17
F.rmi ly Corycaeidae 6.00 7.36
Mysids

0.08
7.23 16,77 4.10
2.66 1.41 5.52
5.61 6.40 3.86

0.08
0 . 1 0  0 . 1 6
o.3a o.77 0.71

12.4219.34
3.47 1.72
4.35 2.96
0.08
0.00
0.40 0.12

8.36 33.59
4 . 1 3  1 . 1 3
7.36 3.38

0.o3
0.10 0.00
o.7r o.43

0.94 0.13
1.69 0.38
0 . 1 9
0.'r 9
0 . t 9
1 . 3 1  r . r 4
2.06 0.38
0. ' t9 0.13

0.38

0.03
0. ' t9 0.03

0.38
0.94 0.76

6.47
3.27
4,62

o.79Fdrni ly Vibi l i idae
Family Hyperi idae
Famiy Phronomidac
Fani ly Phrosinidae
F.rrni ly Oxycephal idae
Family Euphausi idae

Family Lucifer idae
Copepod naupl ius
Pontelanid larva
Cirr ipede naupl ius
Erichthus larva

Acanthosorna larva
Calyptopis larva

1.69 0.67 0.38 r.89 0.60 1.86

0.10 0.43

o.o7
0.30

0.03
0.03 0.0r

o.13
0.30
' t .71

0,73 1.35

0.08
0 . 1 6

0.08 0.37
0.02

o.02 0.02
0.08
0.40 0.49
0.32 0.00

0.30 0.06
0.01

0.02 0.0r 0.06
0.06

0.46 0.40
0,00 1.06 0.86

0.61
0.08
0 . 1 50.13 0.08

0.13 0.0u

0.02 0.02 0.16
0.02

o.02 0.02
0.23 0.29 0.26 0.30
0.68 0.57 0.51 r.26
1.t3 0.86 0.38 0.32

Conl inrr  ne\ l  page. .
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TABTE 3. (Cont.)

Station
TAXON

' t31 2l ' l1 0
Phylum Arthropoda tcont.)
Furci l ia larva

Caridean zoea
Pasurid zoea
Sergrstoidea zoea
Phyllosoma larva
Porcellanid larva
Erachyuran zoea
Brachyuran megalopa
Decapod larva
Phylum Echinodermata
Bippinnaria larua
Brachiolaria larva
Ophiopluteus larua
Echinopluteus larva
Dol iolar ia larva
Phylum Bryozoa
Cyphonauteus laNa
Phylum Chaetognatha
Family Sagittidae
Phylum Phronida

Phylum Chordata
Family Oikopleuridae
Family Pyrosomatidae
Family Dol ioJidae
Family Salpidae
Fish larvae

0.56 0.68 0.86
0.38 0.13

0.03 0.55 0.65

0.16
0.16

o.o2
0.03 0.02
0.03 0.02
0.03 0.02
0.26 0.63 0.08

L15 0,47 2.O2
0.26 0,97
0.00 0.16 0,48

0.02

7,42 4.12 6.13

1.48 ',t,06 0.00 0.00
0,30 1.63 0.23

0.08
o . 1 2

0.02 0.0'r

o . 1 2  0 . 2 3  0 . 1 7
0.02 0.02 0.01 0.01
0.25 0.23 0.14 0.34

o.a4 0.57 0,17
0,11

0.30 0.07 0.29
0.49 0.53 0,21 0.34

0.25 0.08 0.07 0.01

2.96 5.O1 2.69 3.04

o.o7

5.9"t 4.79 L4a 3,O4
0.12 0,84 0,06
0.86 2.05 0.07 0,23
2.96 0.34
0.15 0.13 0.29 0.34

0.04 0.03
0.04 0.03

0.02 0.02
0.02 0,06

0.50 0.20
0.30 0.17

0 . 1 0

0.01
0,0r

0.r0 0.03
0.03 0.01
0.30 0.50

0.10 0.89
0.40 0.40
0.20 0.20
o.10 2-22

0.33

0.07

3.73 15,8

1.31 0.63
0.38 0.63

0.25

0 . 1 3

8.06 9.5r

3.19 3.30
0 .13

o.75 0.76
0 .19  0 .13
0.14 0.14

0 . 1 I  0 . 1 0

8,33 7.32

1.80 2.00
0 . 1 I
0.56 0.29
0.1r
0 . 2 1  0 . 1 0

4,74 4.57 2.42
0. ' t3 0.08 0.08
0.26 1.02 0.48

1.02 0.32
0.13 0.29 0.08

0 . 1 0  2 . 1 5
0 . 1 0
0.20 0.20
0.30 0.56
0.05 0. ' t5

TABTE 4. Zooplanklon composition (Phylum evel) in each station from stlrdy areas in Andaman Sea

Station
TAXON

't3' t21 11 0
Phylum
Sarcomastigophora 0.38
Phylum Cnidaria 0.94
Phylum Ctenophora
Phylum Annel ida 0.94
Phylum Mol lusca 2.66
Phylum Anhropoda 81.1
Phylum Echinodermata 1.69
Phylum Bryozoa
Phylum Chaetognatha 8.06
Phylum Phronida
Phylum Chordata 4.26

0,51 0.34 0,',|9
1,65 1.58 0,85

0.38 0.68 0.38
2.46 2.61 LA'
79.4 83.6 86.9
'1.52 0.r1 0.10
0 . 1 3
9.51 8,33 7.32

4-45 2.AO 2.38

0.90 2.76 0.56
\24 3.62 1.77

0.08
0.26 0,47 0.73
.'.A4 L99 1.71
aL6 75.O 81.7
1.41 1.O2 3.47

o.o2
7.42 4.12 6.13

5.25 5.98 3.79

3.08 6.99 5,23 3.91
3.20 2.96 0.78 1.90
o.12 0.01
o.37 1.52 0.12 0.63
1.38 3.19 1.82 4.15
7a.2 70-a a6.5 AL4
0.49 1.57 0.85 0.92
0.25 0,08 0.07 0.01
2.96 5,01 2.69 3.04

o,o7
10.o 7.80 1.84 4.O2

4.03 0,56
4.74 0.96
0.10 0.07
0.60 0.17
2.25 2.95
83.0 72.3
0.81 4.04

o.o7
3.73 15,8

0.76 3.06
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CONIPOSITION.  ABUNDANCE AND DIS I  R ISUTION OF ZOOPLANKTON IN THI  ANDAMAN SLA

TABLE 5. Zooplanklon composit ion (Phylum level)  in Andarnan Sea.
TAXON PER CINI COMPOSITION

2.40
1.96
0,03
0.56
2.53
74.41

0 0 5

0oot
4.36

TolJl

Phylum Sarcomasljgophon

Phyllm Echinodermata

Phyl!m Chaeiognatha

DrscussroNs

Although the result of this study
indicate that the Andaman Sea is rich in
zooplankton containing at least 65 major
taxa inc luded ho lap lankton and
meroplankton that belong to 11 Phylum, the
abundance ofzooplankton in the Andaman
Sea was lowerthan in the GulfofThailand.
East Coast of Peninsular Malasia (Jiwaluk.'1999 a), West Coast of Sabah. Sarawak
and Brunei Darussalam (Jiwaluk, 1999 b).
The abundance of zooplankton was also
lower than in various studies in the
Andaman Sea from llOE (Zeitzschel, 1973).
Nevertheless, the present results show that
copepodes were the most dominant in
terms of abundance and comoosition of
zooplankton in the Andaman Sea, this
agrees with many researches in the
Andaman Sea and adjacentareas.

For  d is t r ibu t ion pat terns  o f
zooplankton, several zooplanktons showed
no distinct distribution pattern. They were
widely distributed at all stations, this group
inc lude Phylum Sarcomast igoph ora
( foramin i fera ns) ,  Cnidar ia .  Annel ida
(polychaete larvae), and many groups of
Arthropoda, Chatnatha and Chordata.
Another group were found at a few stations
e.g.  Cydipp id Iarvae,  Pagur id  zoea,
Phyl losoma larva,  An nel ida fami ly
Typhloscolecidae and Lopadorhynchidae
(deep water distribution), Arthopoda family
Clytemnestridae (found only at station 6.),
Ar thopoda fami ly  Phronomidae,
Phrosinidae and Oxyceplidae (found only at
station 1.), Actinotrocha larva (found only at
station l0.)

From the present  resu l ts  o f
zooplankton in the Andaman Sea it is
difficult to define a relationship of pelagic
fisheries resources and zooplanktoh, a6o
they did not clearly show that the
differences of environment factor could
contribute to the difference in abundance,
distribution and composition. They only
showed that zooplankton had abundance
according to the depth, the sampling areas
near neritic zone tending to have a higher
density of zooplankton. Zooplankton data
obtained from this research also supports
as biological information in the Andaman
Sea for the SEAFDEC database on
Ilsheries oceanography. A limitation in the
data was the lack of a sample series for
studing about the monsoon effect. In the
posFmoonsoon period, many organisms
were increased in  number  l ike the
s iphonophora,  Cladocera,  Ost racoda,
Amphipoda, lvlysidacea, Pteropoa and
Gastropod larva. Some zooolankton
abundance was found to be dbcreased
such as Polychaete (Jiwaluk, 1999 a). Nilore
study on zooplankton abu nda nce,
d is t r ibu t ion and comDosi t ion  rs  a
recommended objective for future research
in the area to give information about
relationship between zooplankton and
fisheries resources.
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PRELTMtNARy RESULTS ON THE LARGE PELAG'c Ft5HERrEs REsouRcEs SURVEY lN THE ANDAMAN SEA

ComposrroN,
ABUNDANCE AND
DISTRIBUTION OF
ICHTHYOPLANKTON IN
THE ANDAMAN SEA
Chongkolnee Chamchang
Upper Gulf Marine Fisheries Research
and DeveloDment Center. Marine
Fi sherie s Research and Developme nt
Bureau, Depaftment of Fisheries, Bangkok,
Thailand

ABSTRACT

An ichthyoplankton suTVey was
conducled in the Andaman Sea aimed as
supportable data for planning and action of
sustainable fisheries forfood security and to
assist the investigation of under-exploited
resources in the region. Composition,
abundance and distribution of ichthyo-
plankton are reported based upon plankton
samples taken by a pair of bongo nets at 13
stations in November 2004. A total of 1,304
eggs and 1,723 laryae representing 62
families were collected in the samoles
showing a high diversity. The Myctophidae
followed by the Gonostomatidae and
Scombridae dominated the abundance of
larvae. The two former are oceanic fishes
that play an important role in a fishery as
they are preyed upon by commercialfishes.
Amongst the 62 families, 20 appeared to be
commercial fishes of which some inhabit
inshore as adults. According to the
constancy of occurrence, the ichthyo-
p lankton o f  the s tudy area was
predominantly composed of accidental
families, which mainly inhabit inshore as
adults suggesting an unstable system in the
study area. A map ofthe distribution of total
fish eggs and total larvae and the top ten
most abundant families are presented;
occurrence of eggs and larvae over the
study area indicate that spawning and

GF Sourueesr AsrnN FrsHERrEs DEvELopMENT CENTER

hatching were widespread but the greater
abundance occurred in the north (EEZ of
l\y'yanmar) than in the south (EEZ of
Thailand and lndonesia). This study and
previous studies indicated that the entire
aquatic region of Andaman Sea is of vital
importance to the well being of numerous
species of  f ishes.  Fur ther  s tudy is
recommended to find peaks in the spawning
seasons and spawning grounds. Hopefully,
this studywillalso more orless benefitother
studies, which aim to compare the variation
after the Tsunami of 26th December 2004
as this survey was undertaken one month
before Tsunami hitAsia.

Key words; Andaman Sea,
ichthyoplankton, composition

lNrnooucrror
lchthyoplankton studies have been

importiant since the 1940s when it was
realized that valuable information on
fisheries and ecology could be obtained
from such studies. Ahlstrom and Moser
(1976) stated that ichthyoplankton surveys
are used to evaluate fish resources in
general. Since the plahkton net is not
selective it collects the eggs and larvae ofall
kind offishes with pelagic eggs and/or larval
s tages.  l t  prov ides in format ion on
unexploited and exploited resources. In fact,
wi th  a  few except ions,  i t  prov ides
information on the whole spectrum offishes
in  the area be ing surveyed.  As a
consequence, more than a thousand
publications are listed in a selected
bibliography of pelagic fish egg and larval
surveys up to the late 1970s (Smith and
Richardson, '1979). However, very little
work has been carried out on the
ichthyoplankton of the tropical Indian
Ocean particularly in the east of the
Andaman Sea.

SEAFDEC/TD conducted a Joint
Research Survey on Pelagic Fisheries
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Resources in the Andaman Sea within the
EEZ of Indonesia, l\,4yanmar and Thailand
frcm 17Ih-24" November 2004 under the
ASEAN-SEAFDEC program on Harvesting
of under-exploited resources to support
plans and actions of sustainable fisheries
for food security and to assist investigation
of under-exploited resources in the region.
The ichthyoplankton survey is a part ofsuch
research due to their significance as
valuable information for fisheries and
ecology. Accidentally, this study was
conducted one month earlier before the
tragedy of the Tsunami hit Asia on 26'"
December 2004. The Andaman Sea is a
part ofthe area where the Tsunami probably
influenced the environment from both the
b io log ica l  and phys ica l  aspects .
Consequently, the author hopes that this
pre-Tsunami study will be useful for any
researchers who will undertake further
research to compare the variation before
and afterthe Tsunami.

approximaiely 77% o'f lhe area exceeding
depths of 500 m.

All collections were made when the
vesselarrived on stations, regardless ofthe
time ofthe day; resultjng in varied collection
times (see Appendix 1). Double oblique
plankton tows ofabout 30 min duration were
taken at each station with a pair of bongo
nets (60 cm mouth diameter with 500 pm
and 330 pm mesh for ichthyoplankton and
zooplankton samples respectively) and the
tow was made to a depth of approximately
150 m at a speed ofapproximately 2-3 knots.
The volume of water filtered through each
net was measured with a calibrated flow
meter fitted at the mouth of each net. The
nets were washed at the end of each tow,
and samples were fixed in a 5-10% formalin
solution in seawater

For the environmental variables
i.e. temperatures, salinities, phyto-
p lankton product ion (ch lo  ro  p  hy l l -a
concentration), nutrients i.e. nitrate and
ohosohate at surface waterwere measured
at the same time as ichthyoplankton were
sampled. Full details ofthe methods and the
results are given in Laongmanee et ai.
(2005), Obromwan (2005) and Wises-
PUr  r9Par  ru  E .  d , .  \ zvvr r ,

Laboratory Procedure.

lchthyoplankton were sorted from
the samples under a dissecting microscope
and then stored in 70% alcohol after
removal from the samples. Larvae were
identified mainly to family level and to
genera or species in some cases and
counted. ldentifications of larvae were
based upon descriptions given in a variety
of larval tlshes including those of Fahay
(1983), Moser ef ai. (1984), Ozawa (1986),
Nishikawa and Rimmer (1987), okiyama
(1988), Neira efal (1998), Leis and Carson-
Ewart (2000). The term larva used in this
paper included the preflexion, flexion and
postflexion stages as described byAhlstrom
and Ball (1954). Larvae that could not be

. , - < r  , \ s  . t N  F  s r . F  t  f !  I ) r \ . r o p Y r \ -  C E \ i a R . r ' l . i  r

Oa;rcrrves
Aims of this study were:

1 . To determine the species composition
offish larvae;

2. To determine the abundance and
spatial distribution of total fish larvae,
total fish eggs and the top ten most
abundant families oftlsh larvae.

MnlrnrnLslNo MrrHoos

Sampling Procedure.

lchthyoplankton samples were iaken
aboard the lV.V SEAFOEC from 17th to
24th November 2004 in the Andaman Sea
at latitude 6"44.47'N to 12"40.80'N and
longi tude 95 '51.20 'E and 96"45.30 'E
where 13 stations were set out in this area
(Figure 'l). The study site is oceanic with
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FICURE 1. lchlhyoplanllon sampling stations (solid circle and stations are numbered)
in The Andaman Sea durins November 2004.
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identified even to family level were placed in
two categories: 1)damaged specimens and
tiny preflexion larvae whose identification
was questionable were placed in the
unidentifiable category and 2) larvae in
good condition but could not be identified
were placed in the unidentified category
(Table 1). The numbers of eggs of all other
fish were counted collectively.

DataAnalysis

Prior to analysis, reported catches of
flsh eggs and larvae at each sampling
station were standardized to numbers
caught per '1000 m' ofwater volume filtered.
The number oftotalfish larvae/eggs and the
top ten most abundant families were then
mapped fortheir spatial distribution.

Determinat ion of  the Constancy of
Occurrence was calculated based upon the
ecological index proposed by Dajoz ('1983
cited after Schifino et al.,2OO4):

C = P/Qxloo

Whefe:

C = Constancy of Occurrence of the
family (ok)

P = Number of samples where the
spec ies  occur red (sa m p l ing
station)

Q = Total number of samples (total
number of sampling station)

The families were then divided into
three categories:

- Constants (when C > 50%)
-Accessories (when 25o/, <C <50'k
-Accidental (when C < 25%)

A ClusterAnalysis for comparison of
larval fish assemblages by stations was
applied aiming to investigate the existence
of ichthyoplankton similarities of different
stations in the survey area as expressed in
the form of a dendrogram. The analyses

used a squared Euclidean distance as a
measure of proximity and followed an
unweighted pair group method-arithmetic
average for linkage as described by Pielou
(1984). The software used for cluster
analysis was Statistica for Windows 6.0
version (Statsoft , Inc. 1 984-2001 ).

The influence of environmental
factors on the abundance offish larvae and
fish eggs was not examined due to small
sample size. However, the spatial pattern of
the var ia t ion  in  concent ra t ion  o f
environmental variables; nitrate, phosphate,
phytoplankton production (chlorophyll-a),
temperature and salinity were compared to
the spatial pattern of the variation in the
abundance of fish larvae and flsh eggs.

RESUtrs AN D DrscussroNs

Composition And Abundance Of Fish
Larvae

A toial of 1,732 fish larvae were
caught during this study, representing 62
families of which 8 species could be
assigned to particular species, 5 to genus
(Table 1). The Myctophidae was the most
abundant contributing 30.41% to the total
number of larvae and the Gonostomatidae
was the second most abundant family
contributing 9.85% to the total number of
larvae. These two families are mesopelagic
fishes; abundant along the continental shelf
in the Atlantic, Pacific, and Indian Ocean.
The larvae of mesopelagic fishes all l ive the
epipelagic zone and have higher survival
among the early life stages than that of the
epapelagic species possibly due to different
advect ive  losses (Sa lva nes and
Kristoffersen, 2001 ). The early life stages of
large epipelagic populations are passively
transported long-distances which mean
high advective loss. No particular long-
distances drift pattern is yet known for
mesopelagic fish and this may reflect lower
advective losses and lower mortality
(Salvanes and Kristoffersen, 2001 ).

5o!  r  i rL . \ \T As A\  Frr  r !  r i  r , \  DF\  t loF$f  r . r  r  (  |  N I  L t  Ft - i  :
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The following additional 8 families
ranked in the top 10 in occurrence or
a  bundance:  Scombr idae,  B o th  id  ae,
Bregmacerotidae, Lutjanidae, Nomeidae,
Gobiidae, Congridae, and Ophichthidae of
which each contributed between 6.03 and
2.06% to the Lotd l  number .  lhe dominance
oi offshore 'ishes reflects lhe oceanic
character of the afea. lt is therefore not
surprising to find that of the 62 families
recorded here, 20 inhabit deep sea as
adults (Table 2).

The esLablisnment of a listof species
is the first significant point to be considered
in the study of a fish larval composition
since the Andaman Sea comprises a rich
ichthyofauna. FjshBase (2005a, 2005b)
listed 537 and 5.436 fish soecies occu.rilg
on the system of the Andaman Sea and of
the Indian Ocean respectively. Larval fish
showed a high diversity in the present study,
although the samplings were done in a short
per iod (17 sampl ing days) .  S ix ty- two
families were presented when compared to
Termvidchakorn (1987) who collected fish
larvae in  N,4ay 1985 f rom the area
overlapping with the present study and
reported 52 families appeafed in the
Andaman Sea which 30 families shared in
the present study. He found bregmacerotids
(ver t ica l  haul )  and engraul ids,  hemi-
ramphids, mullids and carangids (surface
horizonta, haul) dominant. The dominant
species from his investigation differs from
the present study most likely because of a
d i f ference in  sampl ing method and
sampling time. The oblique hauloperated in
this study is a more efficient and suitab e
sampling method than a surface hor zontal
haul and a vertical haul because it can catch
fish larvae from the whole water column ,n a
wider area whereas the surface and vertical
haul can catch fish larvae in a limited area.
Janekarn (1988) caught 70 families of larval
fish along the Andaman Sea coast which 33
families were shared with the present study.
Janekarn and Kiorboe (1991) reported 69
families occurring along the Andaman Sea

coast with 37 families shared with the
present study. Janekarn (1992) reported 99
families occurring across shelf slope region
(43-310 m deep) in the Andaman Sea.
UnfortunateJy, it is not known what number
of families shared with ihe present study
because the species composition was not
shown in his report. Puewkhoa ('1997)
reported 59 families occurring along the
Andaman Sea coast from Phuket to Satul
province which 32 families were shared with
the pfesent siudy. 6 of 32 families in his
s tudy wefe of fshore spec ies,  which
indicated oceanic influence in his study
area whereas the neritic influence also
intrudes into the present study area
because the inshore species were found.
Lirtvitayaprasit et al. (2001) recorded 58
families occurring in the Andaman Sea
along the continental shelf at Latitude 6"
45.53 ' to  8"45.88 'N and Longt i tude 95"
30.03 '  to  97"41.94 '  E,  38 fami l ies  were
shared wi th  the present  s tudy.
Lirtvitayaprasit et al. (2004) reported 32
families occurring in the northeastern Indian
Ocean from January to March 2002: 23
families were shared with the present study.
Janekarn (1992) estimated a number of
families of fish larvae found in Andaman
Sea based upon his and other studies. He
summarized 123 families of fish larvae
found ln the Andaman Sea indicating the
high diversity ofthe area. In summary, from
the present study and previous studies it is
ndicated that the Andaman Sea is rich in
fish larval diversiiy and the effect of water
current may play an lmportant role in the
composition, abundance and distribution of
the larvae.

Based upon the values of frequency
of occurrence of species, among the 62
captured families, 7 were considered
constant, 14 accessores and 41 accidental
(Table 1). The l\,4yctophidae, conosto
mat idae,  Both idae,  Bregmacerot idae,
Congridae, Ophichthidae, Paralepididae
were cons lant :  the  Scombr ioae,
Callionymeidae, Scorpae-nidae, Gobiidae,
Nomeidae,  G em py l id  a  e ,  Champso-
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TABLT 1. Numbers Of The Different Iaxon Of tarval Fish Causht In Andaman Sea

TAXA Nltmber Number sD
of tarvae of tarvao

PercenhSe Frequency of
of Tolal Rank Occurrence
catch e/.)

Cl.ssiii.:tion A(cordins 10
Consl.n.c oi O.cur€n.e

1 2 3

Anguillidae (C)
Muraenidae (MC)
consridae (MC)
ophichthidae
Conosromatidae
Stomiidae
Astroneslhidae

unidenrified sp.
Astonesthes cyaneus
total

Melanoslomiidae
ldiacanthidae
synodontidae (C)
Chlorophthalmidae (MC)
Scopelarchidae
Myctophidae
Neoscopelidae
Paralepididae

sudis hyalina
unidentified spp.
fotal

Hemiramphidae
Bregmacerotidae
Carapidae
Ophidiidae

unidentified sp.
Parcphdion schnidti
tolal

Berycidae (C)
Sphyraenidae (C)
Acropomatidae(MC)
Senanidae (C)

Sarrra sp.
Unidentified sp,
total

Apogonidae
Callanthiidae
Carangidae (C)
Coryphaenidae (C)
teiosnathidae (MC)
Bramidae (c)
Emmelichlhyidae (C)
sciaenidae (C)
Mullidae (C)
tutjanidae (C)
Microcanthidae
Teraponidae (C)
Lethrinidae (C)
Pomacentridae
cepolidae
tabridae

Cinhilaburc temminckii
unidentified spp.
Total

3 1
43
29
1 4
60
l 2
I

4 l

3 9
2 1
3 2
1 7
1 9

2 6
39
2A
60
6

60
4 7
5 0
33

2
2

40
3 6
171
7

,|

3

3
5
27
I

34

3

3
3 2

1 0
85
2

1
2
3
I

1 1
2 0

2
2
3

1 2

1 7
1 3
1
6
3

I

,|

I
2
2

5
3
9

0 . 1 5  0 . 5 5
0.12 0,43
3.O5 6.27
2.74 4.42
1 3 . 1 3  1 3 . 3 2
0 . 5 3  1 . 1 2

0.10 0.36
o.23 0.57
0.34 0.64
o.22 0.53
0.36 0.71
2.08 4.91
0.09 0.33
2.s9 5.67
40.51 42.99
o.23 0.57

0.24 0.18
2.45 1.84
2.69 2.O2
0.80 0.60
5.52 4.49
0 . 1 3  0 , 1 0

0.11 0.40
0.15 0.55
o.27 0.66
0.11 0.40
0.88 1.79

o.12 0.44
0.12 0.44
0.24 0.88
o.92 2.00
0 . 3 1  1 . 1 1
t32 2.46
1 , 0 3  t . 7 7
0.10 0.36
0.46 0.89
0.24 0.88
0.37 1.00
0.09 0.33
1.33 12.56
0.10 0.36
0.09 0,33
0.15 0.55
0.r3 0.48
0.30 1.09

0.40 1.45
o.27 0.96
0.67 2.41

0 . 1 2
0.09
2 . 2 9
2.06
9.115
0.40

[.o76
o . 1 7 6
o.2s2
o.162
o.274

0.070
1 . 9 4 1

30.410
o . 1 7 5

0 . l 8
1.84
2,02
0.60
4.{19
0 . 1 0

0.08
o , 1 2
0.20
0.08
0.66
1 . 1 4

0.09
0.09
0 . 1 B
0.69
o.23
0.99
o.77
0.08
0.35
0. r8
0.28
o.o7
3.25
0.08
o.o7
0.12
0 . 1 0
0.23

0.30
0.20
0.50

9
1 0
2

l l
23

50

55
22

7.69
7.69

53.85
53.85
92.31
23.08

23.08
15.38
23.08
30.77
7.69

100.00
1 5 . 3 8

69.23
30.77
44.62
7.69
0.00
0.00
0.00
1 5 . 3 8
7.69

23.08
30.77
0.00
0.00
0.00

23.08

30.77
38.,16
7-69

23.O4
7.69
1 5 . 3 8
7-69

23.08
7.69
7.69
7.69
7.69
7.69
0.00
0.00
0.00
7.69

Cont inu.  nc\ l  pdgc. . .
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TABLE 1. Numbers Of The Differ€nt Taxon Of tarval Fish Causht In Andaman Sea

TAXA
Totdl  Mean Per(enlage trequen(yo{( la\ i f i (dl iona.(ordinSro

Number \umber SD of Total Rank O(curren(e conctan( e or or curen( e
of taryae of tarvae Calch (%) 1 2 3

Scaridae
unidentitied sp,
Scaaus sp.
total

Champsodontidae
Ammodytidae
Scombrolabracidae
Scombridae (C)

unidentified spp.
Kattuwonus pelamis
unidentified tuna
Euthynnus sp.
Auxr's spp.
total

Cempylidae (C)
unidentifi€d spp.
Cempylus seryen
lotal

Trichiuridae (C)
Benlhodesmus

elongatus pacificus
unid€ntified sp.
total

Acanthuridae (C)
Nomeidae (C)
Cobiidae
Mugiloididae

Paraperois sp.
Blenniidae
Scorpaenidae
Synanceiidae
Congiopodidae
Aploactinidae
Plalycephalidae (C)
Callionymidae
Eothidae (C)
Cynoglossidae (C)
Balistidae (C).
Monacanthidae
Tetraodontida€
Unidentifiable
Unidentified
Iotal tish larvae
Total fish egSs

2
2
4
1 2
2
3

3

23
26
5 0'l04

1 3
3
t 6

2
1
3
5

47
42

2
1

7 7
2
I
3

30
a7
4
4
2

134
30't732

'| 304

0 . t 0
0 . 1 1
o.2l
o-71
o.14
0 . 1 8

0.20
0.15
1,30
1.50
2.88
6.03

o.73
0 . 1 8
0.91

0.09
0,08
0.16
o.30
2.73
2.45

0.09
0.08
1.00
0.09
0.o8
0 . r6
o.22
1 .71
5.00
o.26
0.22
0 .11
0 .15

1,74
100.00

0.00
0.00
o.00
7-69

30.77
7.69
t5-38
0.00
0.00
0.00
0.00
0.00
0.00
46.15
0.00
0.00
0.00
30.77
0.00

0.00
0.o0
15.38
7.69
23.08
46-15
7.69
7.69
7.69

38.46
7.69
7.69
15.38
15.38
38.46

23.08
7.69
7.69
7.69

0.t3 0.48
0.15 0.54
0.28 0.59
0.95 1-71
o.19 0.67
0.25 0.60

o,27 0-96
o-21 0.51
1-73 4.O7
2.00 6.31
3.83 13.34
8.03 19.76

0.98 2.57
0.24 0.59
1.22 2.54

0.12 0.43
0.10 0.36
o.22 0.s4
0.40 1.45
3.63 9.a5
3.26 5.06

0.12 0.43
0.t0 0.36
1.34 2.12
o.12 0.44
o.10 0.35
o.21 0-52
o.29 0.70
2.27 3.95
6.66 11.75
0.34 0,56
0,29 1.06
0.15 0.54
o.20 0.73
10.34 10.64
2.23 3,61

133.21 105.94
100.31 46.13

36
20
45
3a

27
7
I

18

53

15

56
44
35
l3
4
30
34
49
45

(1) Constant species (2) Accessories species (3) Accidental spe€i€s
(C) - Commercial species, (MO - minor commercialspecies
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dont idae,  Bramidae,  Coryphae-n idae,
Carang idae,  and Acropomat idae
considered accessory families and the rest
were accidental families. The relative
occurrence of constant, accessory and
accidentalfamilies was 11,23 and 66 (Table
1 ). The study area presented a relatively low
number of constant species suggesting the
system appears not to be stable. The larvae
seem to be reproduced inshore and
distributed to offshore by water current
while their adult habitats are inshore (Table
1 and 2). Larvae of some families are a
constant occurrence (e.9. l\y'yctophidae,
Gonostomatidae, Paralepididae, Table 1),
this might permit spawning grounds to be
located.

The type offish larvae taken from the
samples can be grouped into 6 categories
based on the adult's habitat and mode of
spawning (Table 2). Group 1: Pelagic bay
and neritic species, most of which spawn
pelagic eggs; Group 2: inshore reef species
with nonpelagic eggs (i.e., brooded or
demersal): Group 3: Inshore reef species
with pelagic eggs; Group 4: offshore
species (oceanic and deep benthic), which
presumably spawn pelagic eggs; Group 5:
fresh water species with pelagic eggs
spawned in the open ocean; and Group 6:
brackish to oceanic species with pelagic
eggs. The mode of spawning was made on
the basis of literature accounts (primarily
Anonymous,  1974;  F ishBase,  2005a,
2005b; Leis and Miller, 1976). Seven
attributions (ammodytids, congiopodids,
aploactinids, callanthids, emmelichthyids
mugiloid and synanceiids) were assumed.
Some families (e.9. Labrids) are known to
include some species which spawn pelagic
eggs while others spawn demersal eggs
(Leis and Miller, 1976). On the basis of the
above categories, this study area was
dominated by species included in Group 3
and 4 followed by Group 2. The offshore
occurrence of Grouo 3 and 2 larvae are of
great importance in planning and executing
ichihyoplankton surveys in tropical areas as
suggested by Leis and l\,l i l ler (1976) which

conllrmed Dekhnik et al. (1966, cited after
Leis and l\i l i l ler, 1976)'s finding indicating
Group 3 larvae being found o{fshore off
northern Cuba. Leis and Miller (1976)
reported offshore distrjbution of larvae
categorized in Group 3 around the
Hawaiian lslands. The above pattern may
be widesDread in the trooics. This is
attested by this study as the same pattern of
Group 3 and 2larvae being found offshore
with high numbers of some families
(Acropomatidae, Bothidae, Callionymidae,
Congr idae,  Lut jan idae,  Ophichth idae,
Scorpaenidae and Synodont idae) .
Therefore, plankton survey in near shore
areas aims to samole Grouo 3 larvae, which
are often important commercial and sport
species, must be designed to include
offshore stations. This infers that the larval
fish catch in a given area will most likely not
reflect the adult oooulation. The areas other
than the adult habitats must therefore be
sampled (Leis and l\,4iller, 1976). The
diversity among larvae of demersalfish was
considerably higher than the diversity
among larvae of pelagic and mesopelagic
fish which is a trend also found in other oarts
of the Andaman Sea and in other open
tropical seas (Janekarn and Kiorboe. 1991 )

Twenty-eight families of fish larvae
caught  in  th is  s tudy appear  to  be
commercial fishes, they are mostly inshore
fishes and are accidental families of
occurrence (Table 1 and 2), indicating that
inshore currents intrude into the area or
some fishes do their spawning in this study
area. However, the dominant species of this
study: myctophids and gonostomatids are
not commercial l lshes (Table 1). As said
earlier, they are mesopelagic fishes in
which most populations have their daytime
depths somewhere between 200 and 1000
m. The large fisheries therefore are not
developed, due to the combination of
technology limitations and a high proportion
of wax-esters, of l imited nutritional value, in
many species (Salvanes and Kristoffersen,
2001). Nevertheless, the mesopelagic
fishes are still important to interdisciplinary

' ' - ' - -  loLl I i l iA5T A\tA! r  \ , taR E5 Dt vi  ," ,n,o" r  r  -u '  a ,U," l l ' ..-,,/
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TABtt 2. Fish grouping based on adulr habitat and mode ot spawning.

CROL]P 2
Pchsn rnd Neritic lnshore r@J speies Inshorc rcci lpccna
spc(i.s wirh non.petagicegSs with pctasic a88\

GROUP4 CROUP 5  GROUP5
Oifshorc (oceann and Frrshsarer fish Pclasi.lrom Bra.tish
dcep ben lh i ( r .pe .  ie \  ro  O leann \pe , ic \

ecosystem s tud ies  (Sa lvanes and
Kristoffersen, 2001).
lvost mesopelagic fishes species are small,
usually 2 - 15 cm long, suggesting an
important prey for many marine fishes and
mammals (LarvalBase, 2005) like tunas
(Alverson, 1963 cited after Ahlstrom et al.,
1976), rockfishes, (Pereya et at., '1969 cited
after Ahlstrom et al., 1976), and fur seals
(Nead andTaylor, 1953 cited afrerAhlstrom et
al., 1976). Some species of mesopelagic fish
aggregate in large numbers at certain times
during their l ife cycle and at such times may
be available to a fishery (Ahlstrom et al.,
1976) .

Comparison Of Larval Fish Assemblages By
Stations

Apogonidae A(d.rhlridae Asrronesthidae Ans ltrtae Brcsmacerotidae
Amhodraidae" ^t) oJ.tii d:." Brdmidae
Elennidae A(ropomntidae Berycida€
aalislidre 0.rhrdJe Chdmpsodonridae
Consiopodidae' C.liofymidre Cepolidae
Cobiidae (.r ])nrh id.e Coryphaen dae
Monacanlhidae (:,lapida. Chlorophtha midae
Pomdc€nlrdae ( (rsrdrc Conoslonatda€
Telraoiortdae Cynoslossdne Cempyldae

lDn.l .hllrld.x ldl..a.th da.
l..bridtre Mydophidae
lrlhrinidae Meldnonomiidae
Lllrnnidre Noneidae
L, ognJlh d& Neos.opelidae
v . '  ' d " -  Op l -  d , id r "
Mutuln dae Paralepid dae
M (o.d.lhidde Stomidae
Mlg oid dJe S.ombrida"
()phlchthidae s.op€larchidae
Plnl{qtrdld.e S(ohbolabra.ida.
S(.n dle Trichiuridar
\ ro t * i idap
5cnaiidae
5 )hyrnarnl.r
Syiodonridac

5( denidae
Trn,urndre

recorded. Eleven to eighteen families each
were found at station 2, 3, (within EEZ of
Indonesia)  5 ,6  and 7 (wi th in  EEZ of
Myanmar). Only 5 to 7 families eacn were
recorded at station 1 (EEZ of Indonesaa),4,
12 and 13 (within the EEZ of Thailand). The
diversity was higher in the northern than in
the southern region of the study area (Table
1). Due to the diversity of families between
stations, similarity cluster is used to compare
larval fi sh assemblage by stations.

The sjmilarity cluster (Figure 2 top)
indicated the presence of two major groups
based on larval numbers in families with
roughly similar abundances. The first group
wascharacterizedby2stations.'10and 11 . in
which myctophids were the most, and
gonostomatids the second most abundant.

The spec ies d ivers i ty  var ied Stat ion 10 and 11 compr ised 26 and 25 taxa
su bstantially between stations.At station 8,I, respectively, and were very similar sharing
10and 1 1 , which are in the EEZ of Myanmar, several fish families namely Congridae,
were the most  d iverse wi th  25-26 fami l ies  Ophichth idae,  Synodont idae,

@) 
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Scopela  rch id  a  e ,  Para lep id idae,
Bregmacerotidae, Apogonidae, Lutjanidae,
Scombridae. Gobiidae. Bothidae and
Cynoglossidae. These stations were in front
of Mynmar and close to the shore. The
second group comprises the rest of the
stations. The distinction from the other
group could possibly be due to then
sampling time of these two stations. They
were made during the dusk and night time
while the rest were sampled during daytime
(Appendix 2). Collection of fish larval
samples l6 during night time obtained
greater numbers of larvae than those
collected during the day (Alhstorm, 1954;
Bridger, 1955,1956).

Due to a difference in sampling time
possiblycausing a difference in numbersof

larvae, station 10 and 11 were excluded
from the cluster analyses to minimize error
in statistical analyses. lt is however evident
that the dendrogram did nol have any
change (Figure 2 bottom), the stations other
than station 10 and 11 were stil l grouped in
the same manner suggesting the time of
sampling does not much affect the
abundance of larvae. the other factors like
food availability, water current etc. may play
importiant roles in the abundance of fish
larvae. The stations grouped into the
second group can be divided into 3 sub-
groups with two runts. Station 1 and 4
formed the first sub-group. Station 2, 3, 12, 5
and 7 formed the second sub-group and
station 8 and I formed the third sub-group.
Station 13 and 6 are called'runt" because
they do not enler any group (Figure 2 top

FICURE 2. Sirnilarity dendrogram ot fish larvae between 13 slalions (top) and 11 stations
(bottom excludinS station 10 and 1l).
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and below). Station 1 and 4 comorised 6 and
7 taxa respectively, and were very similar in
sharing several fish families, namely
Gonostomat idae,  l \ .4yc toph idae,
Hem i ramph idae and Coryphaenidae.
Station 4 was an offshore station in Thai
waters whereas station I was in lndonesian
waters. Station 2, 3, 5, 7 and 12 comprised
13, 11,12, 18 and 5 taxa respectively and
share three f ish  fami l ies  namely
Gonostomat idae,  Mycto p h idae and
Bregmacerotidae. Station 8 and I was
dominated by both ids fo l lowed by
myctophids. These two stations comprised
25 taxa and were very similar sharing
several fish families, namely Congridae,
Ophichthidae, Synodontidae, Myctophidae,
Para lep id idae,  B reg m acerot id  ae,
Carang idae,  C h  a  m p s  o  d  o  n  t  i  d  a  e  ,
Scombridae, Gobiidae, Callionymeidae
and Bothidae. Station I and I were in front
of lvlynmar and close to station 7. Station 6
was not in any group, it is dominated by
l\y'yctophidae, followed by Nomeidae. lt
comprised 11 taxa, namely Ophichthidae,
Gonostomat idae,  Ast ronesth idae,
M y  c t  o  p  h  id  a  e ,  P a  ra  le  p  id  id  a  e ,
Bregmacerotidae, Ophidiidae,Berycidae,
Champsodontidae, Nomeidae, Gobiidae
and Aploactinidae. Station 6 was an
offshore station in front of Mynmar. Station
13 was in Thai waters, which was
dominated by myctophids followed by
gonostomatids. lt comprised 7 taxa, namely
G o n  o  s to  m a t  id  a  e ,  Sto  m i id  a  e ,
Scopelarch idae,  lv lyc toph idae,
Para lep id idae,  Bregmacerot idae and
Gobiidae.

Compar ison o f  la rva I  f i sh
assemblages by station suggests that the
assemblages are arranged in a certain
order jn Figure 2 such that stations with
similar larval assemblages tend to be
located adjacent to each other showing the
patchy distribution offish larvae suggesting
that stations where high numbers were
found close to the spawning sites. This
reflects the ecology of larvalfish. Other than
sampling at dusk and dawn maximizing 17

abundance of larvae at station 10 and 11,
the other potential factor like food
availability, water mass (lemperature and
sal in i ty ) ,  water  current ,  ch lorophyl l
concentration, etc. May play an important
role.

Spatial distribution of total {ish larvae and
the top ten family accounts

1. Total fish laruae

Fish larvae were obtained every net
tow but were very variable in abundance.
The number of fish larvae per haul differed
substantially between stations ranging from
30 to 400larvae (Figure 3 andAppendix 1),
with the greatest total number of larvae at
station 11 (n = 400)followed by station 10 (n
= 299) due largely to a high abundance of
Nryctophidae (Appendix 1). Station 6, 7, 8, 9
and 13 had more than 100 larvae per station
and station 2, 3 and 5 had less than 100 but
more than 50larvae while the rest (station 1,
4 and 12\ had less than 50 larvae. All fish
larvae tend to concentrate more in the north
(EEZ of Myanmar) than in the south.

2- Myctophidae

N,4yctophid is a mesopelagic fish,
which is not commercial fish but it is an
important prey of many larger fish in the
ocean. Larvae ofthis family with 527 larvae
recorded (mean = 41 ! 42.99 larvae) were
the most abundance of any family and
occurred at every station. The greatest
abundance of myctophid larvae was found
at station 11 with 141 larvae being recorded,
followed by station 10 wherc 122 laryae
were collected (Figure 4 and Appendix 1).
Myctophids naturally migrate to the surface
at night, in this study myctophids were
found to be most abundant at station 10 and
11 where the samplings were done at dusk
and during night time consequently the
occurrence of myctophid larvae was high at
these stations. l\,4yctophid larvae were more
concentrated in the northern half of the
study area than in the south (mean = 59 I
56.87larvae, n = 6 forthe north and mean =

@ 
sor.nror- ngoN FrsHERrEs DEvELopMENT cENTER

.76.



C o \ i P o s r r o N  A [ L  \ D A \ ( [ A \ D f J s r R r ] r r r r o l ! O F  c r ] r r r \ ( l p : \ \ , l o N l N T H F q N r - r r r i q \ S E \

Gonostomatid is also a mesopelagic Auxls spp. - Larvae ofthis taxa were found
fish, its larvae were the second most in greater numbers than other species
abundant family of fish larvae collected in of this family. They were not widely
this study (mean = 13.13 i 13.32). They distributed, found at only 2 stations (7
were widely distributed throughout the and 10) and had high abundance at
survey area where 12 of 13 sampling station 10 with 48 larvae being
stalions were observed with the greatest recorded (Appendix 1). Auxls spp. are
number recorded at station 13 (46 larvae), small tuna which are widely distributed
followed by station 1,2 and 11where24 -25 in the Indian Ocean, they are always
larvae were recorded. No Gonostomatid caught together with Kafsu!,i/onus
larvae occurred at station 8. In summary, pelamls (Exploratory Division, 1997).
gonostomat id  larvae were more Auxls  spp.  larvae found in  th is  s tudy
concentrated in the south than in the north indicates a spawning ground for this
(Figure 5 andAppendix I ). family.

25 x 18 .82laNae , n = 7 for th e so uth ).

2. Gonostomatidae

3. Scombridae

This family are highly commercially
important fishes in the Andaman Sea
(FishBase, 2005). In this study, scombrid
larvae were ranked 3rd in percentage of
occurrence. They were found at only 6 of 13
stations with the highest number being l9
recorded at station 10 due largely to high
abundance of Auxls spp. (Figure. 6,
Appendix 1). They appeared to occur only in
the northern part ofthe study area.

Larvae of this family were identified
to lowertaxa, which are discussed below.

Katsuwonus pelamis - Only two skipjack
larvae were taken at station 5 and '10
(Figure 5 and Appendix 1). Larvae of
this species are restricted to waters
with surface temDeratures of 15"C to
30"C, theyspawn throughout the year
in  the t rop ics (F ishBase,2005) .
Although the watertemperature in this
study was between 29 and 30"C, only
two larvae ofthis species were found.
A ooss ib le  exDlanat ion is  the
unsuitable time of sampling. Stequert
and Marsac (1989) reported the
greatest abundance of skipjack larvae
in eastern Indian Ocean in February.

Euthynnus spp. - These larvae were found

at station 8, 10 and 11 with the highest
numbers at station 10 (23 larvae,
Figure 6 and Appendix 1).

Unidentified tuna - Twenty-three larvae
are in the preflexion stage, which could
not be identified belowthe generic level
(Table 1). They were found in high
numbers at station I with 14 larvae
being recorded (Appendix  1) .
Scombrid larvae in the genus lhunnus
are difflcult to identify at species level.
However, in the eastern Indian Ocean,
skipjack: Kafsuwonus pelamis ate
greater in abundance than other tuna
(Somsathan,  1998)  fo l lowed by
yellowfin tuna: Thunn us albacarcs, and
bigeye tuna: il obesus and albacore:
T.alalunga. Termvidchakorn ('1987)
reported that most scombrid larvae
collected in the Andaman Sea were
Thunnus spp.  Consequent ly ,
unidentified tuna larvae in this study
might  be Thunnus as they are
abundant  in  the Ind ian Ocean
particularly in theAndaman Sea.

Unidentified Scombridae. Three larvae
could not be identified below the family
level (Table 1). They were found only
one station with 3 larvae being
recorded atstation 11 (Appendix 1).

Scombridae is among the most important of
commercial and sport fishes (FishBase,
2005a, 2005b). Occurrence of the
larvae of this family suggests a
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FICURE 3. Distribution ol total fish larvae Calches in November 2OO4 in the Andaman Sea,
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FIGURt 5. Distribufion o{ conostomatid lafiae catches in November 2004 in the Andaman Sea.
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spawning and nursing ground in the
alea.

4. Bothidae

Bothids are commercial demersal
fish. Larvae of this family were ranked 4th in
percentage of occurrence. The larvae were
observed in 7 of 13 sampling stations
(Figure 7 and Appendix 1). The larvae
appeared to concentrate in the northern part
of the study area. Larval abundance were
mostly found < 50 larvae with highest
number at station I (36 larvae) followed by
station 8 (24 larvae, Figure 7 and Appendix
1 ) .

5. Bregmacerotidae

These larvae were widely distributed
butthe density at each station were
relatively low ranging from 1-22 larvae with
larvae observed in 1'l of 13 sampling
stations and having the highest abundance
at station 10 (22 la.r'ae, Figure B and
Appendix 1). The larvae seemed to
concentrate more in the northern than the
southern part ofthe study area (Figure 8).

6. Lutjanidae

This family is of a highly commercial
fish, which inhabit inshore as adults. The
density of Iutjanid larvae appeared to more
concentrate in the northern part ofthe study
area. Larvae were collected in only 3 of 13
sampling stations. The highest numbers of
larvae were found at station 11 with 45
larvae being recorded (Figure I and
Appendix  1) .

7. Nomeidae

Nomeid larvae numbers are given in
Table 1 . They were narrowly distributed with
only few in numbers observed in 3 of 13
sampling stations, which were in the north of
the study area. Like some families, they
appeared to more concentrate in the
northern than in the southern part of the
study area (Figure 10 andAppendix 1).

8. Gobiidae

An abundance of gobiid larvae were
collected in 6 of 13 sampling stations
ranging from 1 to 16larvae with the greatest
abundance being recorded at station 10.
These larvae also appeared to more
concentrate in the northern part ofthe study
area (Figure 11 and Append ix '1 

).

9- Congridae

They were the most abundant family
of leptocephali in this study (Table 1). These
larvae were not scattered throughout the
study area. Congrid larvae were observed
in 7 of 13 sampling stations where more
larvae were present in the northern part
than in the southern part of the area. The
highest number of congrid larvae occurred
at station 11 with 23 larvae being recorded
(Figure 12 and Appendix 1).

10. Ophichthidae

Snake eel leptocephali were present
in 7 of 13 sampling stations where more
larvae occurred in the northern part of the
study area. The highest numbers were
observed at statjon 6 with 17 larvae being
recorded. (Figure 13 and Appendix 1),

Abundance and Distribution oI Total Fish
Eggs

A total of 1,304 fish eggs were
collected during this study. Fish eggs were
widely distributed over the study area with
the exception ofstation 1 where no fish eggs
were collected. The greatest number
appeared at station 6 followed by station 4,
11, 10 and 3 with the number of fish eggs
more than 100 eggs. Although the number
offish eggs in the northern zone was a little
bit more than the southern zone, it
suggested that they mainly concentrated in
the northern zone. The distribution pattern
of fish eggs is similar to flsh larval
d is t r ibut ion pat terns (F igure 14 and
Appendix '1).
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PiGURE 7. Distribution of Bothid larvae catches in November 2004 in the Andaman Sea.
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FIcURE 9. Distribution of Lutianid larvae catches in November 2004 in the Andaman sea.
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FICURI 10. Distribution of Nomeid larvae catches in November 2004 in tbe Andaman Sed.
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FICURE 11. Distribution of Cobiid larvae carch€5 in Novembel2004 in the Andaman Sea.
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FICURI 12. Distribution oI Congrid larvae catches in November 2004 in ihe Andaman Sea,
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FICURE 13. Distribution of Ophichthid larvae €atches in November 2004 in lhe Andaman S€a.
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FIGURE 14. Distribution oI fish eggs catches in November 2004 in the Andaman Sea.
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Environmental variable observations
Nitrate and Phosphate concentration

The nitrate concentration ranged
from 3.58& lo 12.1483 im with a mean of
7.0371 im and the ohosohate
concenlration ranged from 0.0426 to
2.0323 im with a mean of 0.4915 im. No
observations of nitrate and phosphate
concentration were done at station 2. The
soatial Dattern of variation in nitrate
concentration differed markedly between
station whereas DhosDhale levels were
generally low and rarely fluctuated with
the exception of station 7, 8, I and 10
having high concentration with peaking at

Surface water temperature and salinity

Surface water temperature ranged
from 29 to 30.01'C during study period. The
highest water temperature occurred at
station 5 and the lowest atstation 3. Surface
water salinity ranged from 28.27 to 32.81
psu. with the highest salinity at station 12
and the lowest at station 8 (Figure 17 and
Appendix 2). From the pattern of water
temperature and water salinity in the study
area. it can be characterized four different
water masses intruded to the area, i.e. (1)
the water mass with low temperature and
high salinity occurred at 35 station 1, 2, 3
and 4 and occurred again at stalion 10, 11,
'12 and 13, (2) the water mass with high
temperalure and intermediate salinity

appeared at station 5, 6 and 7, (3) the water
mass with high temperature and low salinity
at station 8, and (4) the water mass with
intermediate temoerature and intermediate
salinity at station I (Figure.17).

The s ta t is t ica l  ana lyses for
relationships between all environmental
variables and abundance oftotalfish larvae.
the too ten most abundant families or fish
eggs were not conducted due to small
samole sizes. The identification work is
d i f f i cu l t  and t ime consuming,  the

SourHrAs r  As raN l - r sF fRr rs  D l ! r ropv r  \ .  C ,u ' rn r f . r

FICURE 15. Spatial pattern ot vadalion in nilrale a.d phosphale concentrations at
surface water during'17' lo 24. November 2004 in the Andaman Sea.

station I (Figure 15 and Appendix 2).

The concentraion of phytoplankton .
procl u ctio n (Chlorophy I l-al

Phytop lankton product ion,  as
measured by chlorophyll-a, was distinctly
highest at station 1, while the other 12
stations had much lower concentrations
with similar levels (Figure 16 and Appendix
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FIGURt 16. Spatial pattern of variation in phytoplankton producrion (chlorophylla
concenrrations) at surface water durins I7"' to 24"' Nov€mber 2004 in
the Andaman Sea.
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FIGUR[ 17. spatial pattern o{ variation in surface water temperature and salinity during
17" to 24'^ November 2004 in the Andaman Sea.

tremendous diversity and the relatively low
abundance of individual families or species
make quantitative work very difficult; for
examole. a little more than one individual
per family per sample in this study and in
other studies. The low numbers of larvae
caught limited the analyses of relations to
environmental parameters even at the
familv level.

Although there were no statistical
analyses conducted for relationships as
mentioned above, the spatial pattern of
variation in concentration of nutrients,
phytoplankton productions (chlorophyll-a
concentrations), temperature and salinity
were considerably compared with the
spatial pattern of variation in abundance of
total fish larvae, the top ten most abundant
families and fish eggs (Figure 18 to Figure
21).
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Overall consideration of the relative
patterns in a broad scale, there seem to be
no cons is tent  re la t ionships between
nutrient levels, phytoplankton production
(chlorophyll-a) and larval abundance. The
lack of a clear relationship in this study was
in agreement with Bainbridge et al. (1974)
who found no clear relationship between
the seasonal abundance of either clupeid
(CIupea hagengus L.) or scombrid
(Scomber scombrus L.) larvae and the
seasonal pattern of phytoplankton biomass
over a 20 year period in sea areas of the
North East Atlantic. O'Boyle et al. (1984)
stated that larval food supply (measured as
phytoplankton) did not regulate larval
populations of cod (Gadus morhua),
haddock (Melanogrammus aeglefinus),
pollock (Pol/achlus ylrens), silver hake
(Merluccius bilinearis\ and red fish
(Setrastes spp.). They suggested that

currents may have a larval retention
mechanism and these play an important
part in the maintenance of stocks. In this
study there were no such relationships
between phytoplanklon production and
nutrients with the larval abundance, this
suggests that some of physical factors
might affect the spatial variation in
abundance of laTVae.

The four different water masses as
mentioned earlier did not seem to affect
spatial oatterns ofvariation in abundance of
all fish larvae and fish eggs (Figure 17 and
Figure 18- 21). Otherfactors such as water
current and wind directions may have
masking eflect on larval abundance.
Unfortunately, the water current and wind
directions were not examined in this studv.
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FICURE 18. Spatial pattern of variation in abundance of total fish larvae (top),
myctophid (middle) and gonoslomatid larvae (botiom) in the Andaman
Sea durinS 17" to 24'" November 2004.
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FIGURE 19. Spatial pattern of variation in abundance of scombrid (top), bothid
(middle) and bregmacerotid larva€ (bottom) in lhe Andaman Sea during
17n to 24" Nov€mber 2004.
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FICURE 20. Spatial paftern of varialion in abundance of lutjanid (top),
nomeid (middle) and gobiid larvae (bottom) in the Andaman
s€a durinc lT" to 24ri November 2004.
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FIGURE 21. Spatial pattern of variation in abundance of congrid (top), ophichtid
lalvae (middle) and all fish eggs (bottom) in the Andaman sea during
l/i to 24t November 2004.
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The results indicate the value of the
offshore zone as an important spawning
area for many species of fishes which is
similar to Houde et al. f979\ and other
authors who showed the importance of the
coastal zone as the spawning grounds
a long the Andaman Sea Coast
(Termvidchakorn, 1987t Janekarn, 1988,
1992;  Janekarn and Kiorboe,  199 ' l ;
Lertvitayaprasit et al., 2OO1, 2004 and
Puewkhao, 1997). Thus, the entire aquatic
region of the Andaman Sea is of vital
importance to the well-being of numerous
species of fishes. The diversity among
larvae of demersal fish was considerably
higher than the diversity among larvae of
pelagrc and mesopelagic fish which is a
trend alsofound in other tropical collections.

The valuable data from this study will
serve as supportable data for planning and
action of sustainable fisheries for food
security and to assist investigation of
underexploited resources in the Andaman
Sea. However, further study with more
sampling stations set in a more appropriate
system is required to seek peaks in
spawning seasons and finding spawning
grounds in the area. Additional parameters
i.e. water current and wind directions are
strongly recommended. The survey time of
the present study was carried out before the
Tsunami  of  26th December 2004;
consequently, the information from this
study is likely for useful for further research
afterTsunami.
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Lnncr PELAGTc FrsH
SURVEY IN THE
ANDAMAN SEA USING
PETAGIC LONCLINE
Pratakphol Prajakjitt
Southeast Asian Fisheries Development
Center, Training Department, PO. Box 97
Samutprakarn 1 0290, Thailand.

ABsrRAcr

Due to the heavily exploited in
coastal fisheries resource in the Southeast
Asian region, the project aims to investigate
potential of large pelagic fish resource in
Andaman Sea for a new fishing ground.
Seven fishing operations of pelagic longline
were carried out using nylon monofilament
mainline in the'reel system'. Number of
hook deployed in each station vary from
458-682. Shooting gear was done at dusk,
using scad size 8-10 pieces per kilogram as
bait, then gear was retrieved in the next
morning Total catch by weight is
2,692.8k9,93 pieces by individuat number.
Main catch, by weight and by individual
number js swordfish (X/phlas gladius) at
1,219.2k9 (41 pieces) followed by bigeye
thresher (A/oplas pelaglcus) of total
1,033k9 (17 pieces) and yellowfin tuna
(Thunnus albacares) at 109.0k9 (2 pieces).
Average catch rate is 2.29 (piece/l00
hooks). The highest catch rate (4.55) found
in station number 5 at latitude 10o'46.3N
longitude 096'11.4 E whilst lowest catch
rate (0.40) found in station number 3 at
latitude 08'25.5N longitude 095'52.4E. The
catch rate of swordfish is comparatively
high to commercial longline fleet. lt shows
high potential yield for swordfish longline
fishing in the survey area.

Considerthe catch result and data of
Temperature and Depth Sensor, aftached to
the hookline in order to investigate the

L)

fishing depth and temperature; it was found
that optimum temperature at hook depth for
swordfish and bigeye thresher is between
20-25'C which is related to their diurnal
migration behavior. For tunas species
which its catch rate found very low in the
survey, djfferent fishing technique in further
survey such as daytime operation and
increasing numberof hookline per basket in
orderto cover wider range offishing depth is
suggested to practice to confirm its
abundant in this area

lNrnoouctroN

The ASEAN-SEAFDEC program on
Harvesting of under-Explojted resource has
been developed to support plan ofaction on
sustainable fisheries for food security. New
fishing ground is considered to explore to
suppor t  increas ing popu la t ion and
decreasing of marine fisheries production
due to heavily exploitation in the coastal
fishing. According to FAO information,
moderately exploited or under-exploited
fish resources exists in Eastern Indian
Ocean. These stocks are thought to be
mainly pelagic species such as Tunas and
Bi l l f ishes spec ies which are h igh ly
migratory  spec ies.  Andaman Sea is
assumed as one of the areas where
fisheries resources are under-exploited
status. The right of ownership ofAndaman
Sea belongs to 4 countries namely
Indonesia,  Malays ia ,  l \ ,4yanmar and
Thailand. Therefore. SEAFDEC proDosed
to conduct the joint research survey on
Pelag ic  F isher ies Resources in  rne
Andaman Seawhere depth ofwater beyond
700 meters. lnvestigation for large pelagic
fish resource is one object to clarify the
capability in future fishing. Pelagic longline
is one of the most selective flshing gears.
The gear itself is not complicate and
fishermen in the region could effort and
install it by little modifying their fishing boat.
New technology of longline also reduces
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hands employed and time spent in fishing
period. Th is  s  u  rvey a ims to

biologists. Oceanographic condition of
each station was observed using ICTD and
recorded in oceanographic logsheet. Other
fishing related factors and also catch
information were recorded in fishing
logsheet.

Rrsurrs
Seven fishing operations were

carried out during the survey. First station
was done at latitude 06'45.12N longitude
096"45.02E. Then others were done
northern up respectively until latitude
12'40.78N longitude 096"12.03E. Depths
ofwater are varying from 800-2,100m (from
navigation chart). Position of fishing
operations are shown in fig.1

Fish ing Operat ions Resul t

Hooklines deployed in each fishing
operation were varying from 458-682 lines.
Shooting and hauling time usage were
between 65-109 and 165-271 minutes,
respectively. Average shooting rate is 7.025
hooks/minute and average hauling rate is
2.626 hooks/minute. The fishing depths
together  w i th  temperature  we re
investigated by Temperature & Depth
sensor Average depths from sensor of
operation 1 to 7 ate '12O.17,80.75, 145.62,
105.65,  81.08,  74.18 and 105.87m
respectively. Temperature and depth
profiles from sensor attached with mainline
each station are show in fig.3.

Catch result Total catch of 7 pelagic
longline flshing operations are 93 pieces.
totalweight 2,692.8 kg. Catch are specified
to two groups; catch and bycatch (FAO,
1996). In first group, catch found in this
survey namely Swordfish (X/phlas g/adlus),
Yellowfin tuna (Ihunnus a/bacares), Striped
matlin (Tetrapturus audax.) and Sailfish
( I stio ph o ru s p I atypu s).

investigate potential of large pelagic fish by
using pelagic longline gear together with
proper  f ish ing techn ique and
oceanographic parameters consideration.
Determine the relative abundance and size
composition of the commercially important
species. Biology observation of all catch
was carried out such as length-weight of
sample,  s tomach content  and sex
determination.

MATERIALS AN D METHo DS

The fishing gear using in this survey
is so called 'American Style' longlining
system. lvlainline, which is 4.0mm diameter
nylon monofilament, is reeled in the 2.0m
width hydraul ic  dr iven spool .  When
shooting the line, mainline will be pulled out
through the line shooter located at stern.
Hook l ine a lso  made f rom ny lon
monof i lament  (12.0m length,  2 .0mm
diameter), stored in the hookline bin. Blocks
are used for guiding mainline to the desired
direction in the vessel.

Shooting operated at dusk. Scad
(Decapterrus sp.) size 8-10 pieces per
kilogram are used as bait. Baitfish is hooked
at the end of its skull to secure it with the
hook. Line shooter speed is calculated
related to the vessel speed in order to
maintain the mainline sac at proper fishing
depth. One Temperature & Depth Sensor is
attached in the middle of basket (the
deepest position of the sac) to investigate
lhe actual depth and temperature. Gear is
soaked overnight then hauling was done at
dawn. Usually the finish shooting end will be
retrieved first. Mainline is hauled thru side
roller (installed at starboard side foredeck)
then pass blocks tothe reel. All catch
hauled on board \4,ere idenlined, measured,
weighted. Some biological data such as
stomach content, sex identification of
sample and etc .  were co l lected by
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I lCURtl  Operal  on posjt ions and (atch result  lby weight)

The dominant catch in this group is
swordfish total 41 pieces (1,216.2k9)
followed by yellowfin tuna 2 pieces
(109.0k9), 3 pieces of sailfish (64.0k9) and
a striped marlin (40.5 kg). For bycatch
group, Bigeye Threshet (Alopias pelagicus)
comes first with total 17 pieces (1 ,033.0 kg)
f  o  l lowed by Wh i te - t ip  ped shark
(Carcharhinus longimanus) 2 pieces
(110.0k9), Escolar 8 pieces (52.8k9),
Pelagic stingray (Dasyalis sp.) 12 pieces

(4  5 .6  k9 ) ,  Common do lph in f ish
(Coryphaena bipinnulafa) 2 pieces (11.2k9)
and Snake mackerel (Gympylus surpenslS
pieces (10.5k9).

Regarding by station, 31 pieces of
fish (957.9k9) were caught in station 5
which is the highest catching station. The
lowest catching station is station 3 where
can catch only 2 pieces (18.8k9). Detail of
catch amount by species in each station is

O;"","
O"'"'.,
f;"."

'"-"'o ol*,*"
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show in table 2 and 3.
Swordfish is the most dominant

specieas mentioned. Average BL
(Body length) is 132.scm and they average
weight is 30.5k9. The most frequency BL

found is in between 110-119cm (total 8
pieces). Length and weight relationship is
plotted in graph, trendline was drawn and its

TOTAL CATCII RA]E

TABTE 1. Cntch and tolal cdtch rate in each station

STATION IiIT'iIBER OF HOOK CATCH NUi'BER BYCATCH NUI'BER CATCH RATE
(pcs) ipcs) kds r Nero tudt

6
2
1
7
6
! 6
8

1
1
2
1 6
I 5
8

602
500
500
512
617
642
458

1
2
3

5
6
7

0 6 6
o 2 a
0.20
0.39
2.59
2.24
1.75

1.66
0.60
0.40
1 7 6
3 5 7
4 5 5
3 4 9

coefficient is 3.25(fig. 4&5).

D rscussroN

From the catch result, considering
hook rate (number of fish per 100 hooks) in
tablel, it was found that the highest catch
rate is on station 5 (2.59) and lowest is on
station 2 and 3 (0.20). In term oftotalcatch,
the highest hook rate found in station 6
(4.55) whilst station 3 came last at 0.40.

Considering station 5&6 which were
best catch result during the survey, catch
composition of these two stalions mostly
are swordfish and bigeye thresher (20 and'1'1 of total 53 pieces, respectively) or
85.12' of total catch weighl. The bigeye

thresher is often caught as bycatch of
swordfish fisheries. A shark will often
dislodge several baits before impaling or
hooking itself. (NOM, 1999). According to
the graph in fig.2, in station number 5, 6 and
7 which are better catch rate than the rest
stations. Average temperature at hook
operating depth is in between 2'1-24'C
which is ootimum temoerature for swordfish
and also bigeye thresher in its ascending to
upper layer in nighttime. In station number
1, 3 and 4 which average temperature at
hook operating depth is in between 13-15'C
which are too low temperature for these two
species while in station number 4, average
temperature is about 26"C which is higher

I  B r , . r ' , , ' ,  I  i

HCURE 2. C.rtch amounl n we ght and t( ,mpcrature
, I  hnok J\F'  f ."11 l -mn 6D^p h \-r .ul
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than mentioned optimum temperature.
There was an experiment on bil l f ish

hook ing  dep th  measured  by  sma l l
bathytherrnograph systems attached to
longllne gear (l\,4utsumoto et al, 2001) which
took place in Western Indian and Paciflc
Ocean in  the  year  1995-2000.  TDR
(Time-Depth Recorder) of 10 to 163
sensors were attached at hookline in each
fishing operation. Total more than 300
operations were cafried. A total of 22 bjl l f ish
were hooked right on the hookline which
TDR sensor was attached. Among this
number, there wefe 5 swordfish caught.
Two of them were hooked in daytime (at
1147 and 1552 hrs) where the depth of
hooking is more than 180m. The fest of
swordfjsh were caught during night (2240-
0435 hrs)and hooking depth is allshallower
than  120m.  F rom severa l  research
studies, behavior oi swordfish and bigeye
t!rresher is quile similar. Takahashi et
al.(2005) and Bril l  et al.(2005) found that
swofdfish swim in could water (3-6'C)
during daytirne at depths of up to 650m and
migrate vertically to stay near the warmef
surface water (21 26"C) at night. This
d iu r la l l y  mig .aL ion  is  s imr la r  to  b igeye
thresher which is reported that it wil l ascend
to depth of 35 to 150 m at night (NOM,
1999). This information is in consonance
with catch resuh a.rd hook oeptl data
arch ived f rom Tempera tu fe  &  Depth
sensors which attach to malnline of the
gear. Ward et al (2OO5) explai. ls the
comparisons of catchabi ity for day and
night operations which reveals patterns of
diel variaiion among the mesopelagic
species that probably represent vertical
migration. The calch resu I ol lhese species
increases with depth dufing the day,
whefeas it shows a much more uniform
distribution at night. The interpretation is
that visibil i ty is crit ical to vertical distribution
of arge predators in the open ocean. They
have several physiological adaptations,
such as large eyes, that provide acute
vision and allow them to hunt at low llght
level. They feed below the sunlit zone
during day where they can avoid detection

by their prey. At nighi, they range more
widely because the ocean is almost dark

. Besides understandjng the target
fish behavior to gain better catchjng resuli,
fishing technique is also very important
subject. Even fishing boat deployng top
quality bait but in the layer that iarget fish
would not swirn and feeding, it will be
unsuccessful fishing. The basic principal of
longlrne operation is the confrontations
between baits and target fishes, therefore
the catch rate could be vary, highly or poorly,
according to the ability o'lhe lishermen in
order to arrange that conffontations.
Sc ient is ts  assumed that  the main l ine
formed a catenary curve between floais in
one basket. Estimation the depth of each
hook by applying formula to the longline
dimension was presented by Suzuki
(Suzuki et al 1977; Ward and l\y'yers, 2005).
It was assumed that ihe shape of catenaty
curve did not systematicaily vary along
each longline or during each longline fishing
operation. Observed depths and predicted
depths are known to vary, with ocean
curfent in multi-layers and wind having the
most importance influence on hook depth.
Bigelow (Bigelow el al 2002; Ward and
l\,4yers,2005) estimated that hook number
three and ten of longline gear with '13 hooks
between floats shoaled by 20% when
subjected to a current velocity of 0.4m.s'
while Ward and l\,4yers (2005) suggested to
reduce all depth predicted by catenary
curve formula by 25ok in their experiment.
Thefefore, knowledge and experience of
longline operator for set the gear at the
properdepth is necessary.

Considering CPUE (Catch per Unit
Effort = number of fish caug hul 000hooks)
f rom French 's  comrnerc ia l  swordf ish
longline fleet that operated over 4 mill ion
hooks in Southwest lndian Ocean each
year, their CPUE declined coniinuously
ffom 16 in 1994 to 8 in 1999 (Poisson and
Taquet, 2000). Compare to the catch result
in the surveyed area specifically in station
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number 5, 6 and 7 that CPUE for swordfish
is 22.7, 17.6 and '15.3 respectively, shows
the high potential yield for swordfish
longline fishing. For Tuna species, there
were 2 pieces caught in station no 5. Both of
them are yello'/vfin tuna weighted 45 and
64kg each. lt was a disappointing result for
tuna catching rate in this survey. Catch rate
(catch in piece/l00 hooks) for tuna is only
0.05 (2 pieces of total 3,871 hooks
deployed). For 7 fishing operations on this
survey it mighl be too few operations too
conclude that very less large tuna species
abundant in this area. From Deoartment of
Fisheries (Thailand) survey data on tunas
species us ing tuna longl ine gear  in
Andaman Sea within Thai EEZ in December'1999, RV Chulaborn deployed totally 3,360
hooks in 7 stations and caught yellowfin
tuna 27 pieces (total weight 755 kg) which
average catch rate for tuna species is 0.80
(Uttayamakul ,2001). Thus, this information
confirms the existence of large yellowfin
luna in Andaman Sea in that period.
Changing of fishing technique during
survey is one suggestion to explore tuna
species. Ward and lvlyers (2005)mentioned
in his research paper that information from
NIVIFS (US National l\,4arine Fisheries
Service) found that commercial fishing tuna
longliners in 1990s to present operated in
daytime by shot their gear about an hour
before dawn and retrieved it about two
hours before dusk while their fishing gear
ranged 27-600m depth by increasing
numberofhook per basket to 26-30. lt could
not conclude which is the proper technique
in each fishing area until has been practiced
several times and have got better average
catch result than others. Therefore, further
survey with different fishing technique is
recommended toexplore largetunaresource
in Andaman Sea.
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PRELTMTNARY REsuLTs ON THE LARGE PErAGrc FtsHERlEs REsouRcEs SURVEY lN THE ANDAT\4AN SEA

Tabl€ 2- Detailoffishing opention

Pcitio dcplotd Total Catch
o@k) Fc) (k8)

I
2
3

5
6

l6 Nov 04

18 Nov 04

20 Nov 04
21 Nov 04
22 Nov 04

06_45.1N
06_51.5N
08_25.5N
09_36,7N
10_46,3N
l t_45,7N
t2 40.8N

096_45.0E
096 03.3E
095 523E
096 06.5E
096 t1.4E
096 11.3E
096 12.0E

@2
500
500
512
517
682
458

't0 164.1
3 21.3
2 18.8
9 249.4
22 607.3
31 957_9
16 673.5
93 2,692,4

Table 3, Catch result in numberand weight by species

8TS 5Tf, DOt ESC SMK sub-robl sub-toralsAr Sutstoral slb.rotd
(pc/%) lkd%) (pcr%) (k/%)

4 -
(133.8)

(8.2)
l - 1 -

(7.OJ
4 - 2 -

{75.0)
5 2 1 4 -

009.0) (42r.9)
6 - 1 2 -

t321.21
7 - 7 1

(237.r) (40.5)
2 t n t 3

- 4 133.8
(4o.oo) (81.49)

- 1 8 . 2
(33.33)  (38.50)

2 - 4 -
(5.0) 125.4)

(3.r)

6 10,4
(60.00)  (16.51)

2 t3. l
165.67) (61.s0)

1 7 174.4
14.8) t77.7At (69.98)

1 6 7 4 4
t1,0) 127.2n (12_25)

- 16 572.7
(5r.6r) (59.79)

I
o 0.0)

1 17.0
(50.00) (90.43)

2 7 5 , 0 2 -
t22.22) (30.02) (158.0)

-  1 1 1.8
(1.8) (50.00) (09.57)

3
(64.0)

- 16 532.9 I -
t72.731 $7,75t l51,Ol

15 385,2 t0 -
(,t8.39) 14O2D 616.0)

- 4 2 7 7 . 6 4 1 - 1 2 E
{5-o) (2.9) (50.00) {s8.73}

1 2 2 4 5 tt6 126t.1

3 1
(6.9) (5.1)

2 - 2
(9.4) 0 3.0)
4 1 1

{2r_2) t6_r) (9.4)
395.9

(50.m) (4r.22) 084.0) 000.0)
17 U29.7 t7 2

o0r.0) (1,rr5.p (40,5) o,0t3.01_l!l!!q_(s{) j!4 9?4I lL0:5 4q !!a3)
YFT = Y€llol /nn tuna ( nunrus €/bEcaEs)
SWF = Swordfish (Xlpr,bs gl€d,i.rs)
sAF = Sai|nsh (/suoprorus p/sryprs)
Sn = Slriped manin (Iet|8plurus ardax)
BTS = BIS€ye th€sh€r sh.rk lAlopiaE petagicus)
WIS = Whit€-lipp€d shark (Carchaklnus lonsimanus)
STR = Pelagic stng€y (Dasy€tis sp.)
DoL = Cornmon Dolphlnlt3h (Cnryphaena upinnutata)
ESC = Eslar (LepdocyD,lrn navobnnnenJ
sMK = snake macko€l (Gr4"py'us su.pers)
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LARCE PELAGIc FISH SURVEY IN THE ANDAMAN SEA USING PEI-ACIC LONGTINE

Trbl€ 4. MdlltM6 of irdividu2l qtch

(cm) (cm) (cm) (cm) (cm) (cm) (cm) (ks) (M/F)

33 90
14 90

34150
170

135 126
154 141

30
35

217 201 187 139 39
245 226 206 t52 42
236 223 207 147 4
147 136 125 89 28
1AA 177 163 117 33
229 213 197 146 41
234 211 195 143 39
160 r51 143 101 29
165 147 132 103 31
265 234 221 162 46
247 227 210 154 43
176 161 149 110 33
300 273 252 18A 50
199 162 169 12t 37
183 r59 156 t ro 32
194 118 167 120 33
211 192 176 131 37
192 172 159 117 36
244 229 21t 157 43
223 2U 149 140 37
264 255 231 174 47
245 224 211 150 44
24A 229 213 160 44
1 8 3  r 7 8  1 6 5  1 1 9  3 5
2s3 228 206 156 42
ra7 r70 156 1r2 33
210 199 144 134 37
124 121 112 79 22
m2 145 171 123 3a
215 200 144 137 3A
160 145 135 96 28
204 191'  177 127 37
2to 190 177 1X5 40
202 r89 175 r30 39
147 17E 176 126 34
199 146 173 124 36
266 250 zto 172 45
275 254 232 174 4A
186 169 154 116 33
149 172 154 122 34
182 t70 153 119 32

236 217 202 1A 44

250 2U 210 195 44
220 200 147 164 3A
214 194 146 174 41

45,0
64,0

2A 69 2A.6 a
12 A4 52.O F
28 74 t7.O M
l8 45 8.2 F
21 58 17.0 M
?a 77 41.0 M
27 74 34,O M
1 9  4 6  1 1 , 0  M
2t 53 12.1 M
29 85 45-O F
30 79 44.0 F
2J 44 14.4 M
37 101 80.0 F
25 66 20.0 F
22 55 14_0 M
24 63 19.1 M
27 72 31.7 r
24 57 ts.O F
29 83 45.0 F
2A 70 33.O M
41 97 m.O F
30 83 44,0 F
30 84 48,0 F
20 59 17.2 F
28 85 56.0 M
21 56 15.0 M
2A 74 34.O M
t4 34 4.0 F
24 6t 18.0 M
26 68 30.0 M
21 5r  r  1 .0 M
26 6A 23.0 F
29 67 21.0 F
26 67 23_O M
22 61 21.O M
24 64 23.O M
$ al 63.0 M
14 94 70.0 F
24 58 19.6 M
22 5A 17,5 M
20 55 16.0 M

31 70 ,t0.5 F

6t 27.O a
54 18.0 F
51 19,0 F

3

5

8
I
1 0
1 1
1 2

1 6
1 7
t 8
l 9
20
21
22
23
24
25
26
27
2A
29
30
3 1
12
33
J4

36
37
38
39

42
43

29

26

45
46
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PRELIMINARY RESULTS ON THE LARGE PETAGIC FISHERIES RESOURCES SURVEY IN THE ANDAMAN SEA

Figure 4. Size distribution (BL) of swordfish cau8ht in survey
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Figure 5. LenSth-weight relationship of swordfish caught in suNey
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Pnrlr,rnrNnRY sruDY
ON THE STOMACH
CONTENT OF
YELLOWFIN TUNA IN
THE ANDAMAN SEA
Sampan Panjarat
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ABSTRACT

Two ye l lowf in  tuna (  fhunnus
albacares) were caught at latitude
'10 '37.39 ' to  10 '44.32 '  N longi tude 95 '
02.05 ' to96 '07.34 '  E.Thesizesof thetuna
samples were 136 and 154 centimeter in
fork length,45 and 64 kilogram in weight,
respectively. The results provided an
example of interesting items concerning
tuna feeding in the Andaman Sea. Both the
tuna samples were examined for the
stomach contents and presented the
largest proportions in numbers of content is
P isces (52.8%) which compr ise
Tetraodontidae (30.40%) Priacantidae
(11.2O%) Ba l is t id  ae (10.40%) and
Syngnathidae (0.80%). Another item of
content was Cephalopod (47.2' ) which
compr ised Lol ig  i idae (23.2oA) and
Teuthoidea (24.0%). Some specimens
were almost completely digested. The rest
of the content was 40 g of unidentified
pieces or 6% of total weight. However,
Cephalopod had the highest percentage in
total weight of content (77.26Vo oI total
weight).

INTRoDUCTToN

Usually it is difficult to collect tuna's
stomach content on commercial fisheries.
As tuna from longliners are eviscerated,

and for the purse seiners most ofthe tuna's
stomach samples were empty that
concerns the fishing time that operate in
very early morning when tuna have not yet
eaten. As yellowfin are apparently sighi-
oriented predators, their feeding tends to
occur in surface water during daylight
(http://www.flmnh.ufl.edu). Also tuna have a
high metabolic rate and digest their food
quickly (Allain, 2005). For the these
reasons, Praulai el a/. (2001) found 85% of
the stomach content of the yelloMin tuna
from a purse seiner were empty; in addition
Potier et a/ (2003) reported the number of
empty stomachs were high among the tuna
caught from floating object schools.
Although various studies reported that
yelloMin tuna is an euriphagic predator,
which practice no discrimination on prey
type or size. Their prey items include fish,
cephalopods and crustaceans.  F ish
species consumed by yelloMin tuna include
dolphin, pilchard, anchovy, flying fish,
mackerel, lancetfish, and othertunas. Other
prey items are cuttlefish, squid, octopus,
shrimp lobster and crabs. (Allain, 2005;
Grubbs ef a/. 2001, Grubbs et al.2002
Potier, 2003; Praulai 2001). However,
yellowfin tuna live in different ecosystems
throughout the Indian Ocean and they
adapt theirfeeding habit to what is available
in their environment, especially there are a
few of studied in theAndaman Sea. So this
present a study is the initial basis of
understanding the yellowfin tuna diet in the
Andaman Sea and the concern of their
habits with the environment.

MATERTAIS AND METHoDS

ON BOARD

On SEAFDEC cruise number 71-
112004, two yellowfin tuna (Thunnus
a/bacares) was caught at latitude 10'37.39'
to 10'44.32' N longitude 95"02.05' to
96'07.34' E.Thesizesof theyellowfintuna

@ 
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PRELTMINARy STUDy oN THE SloMAcH CoNTFNT or  yELLowFtN TrJNA tN THr ANDAtvAN SEA

were 136 and 154 centimeter in fork lenoth
and 45 and 64 kilogram in weig-ht.
respectively. The stomach contents were
collected by opening the peritoneal cavity
through the opercula opening then removed
the entire stomach. This was pul in a sealed
plastic bag and stored in N4V SEAFDEC,S
freezer. A labelwith the main characteristics
was enclosed with the bag.

ATTHE LABORATORY

The stomachswere defrosted before
analysis in three steps.

1. The stomach content was sorted into
large categories as Pisces Cephalopod
orCrustaceans.

2. The different items constituting the
categorjes were sorted and counted for
each, remarkable organ are used to
determine the number of prey in the
stomach such as left or right otolith of
fish, and upper or lower beaks of
cephalopods. Specimens of fish were
preserved in a 10o/o buffer formalin
solution for 24 hour then changed to
7o%alcohol. However the beaks'of the

cephalopods were kept in 70% alcohol
at  the in i t ia l  s leD to  Drevenl
decalcification.

3. Different items are determined to the
lowesttaxon.

Resurrs

The result provided examoles of
interesting items concerning tuna feeding in
the Andaman Sea, and the details of
observed data were recorded. Both of the
yellowfin tuna samples were examined for
stomach content. The largest proportions in
numbers of content is Pisces (52.80%)
compr is ing Tet raodont idae (30.40%)
Priacantidae( 11.20) Balistidae ( t O.4O%)
and Signathidae (0.80%). Other conrenr
was Cephalopod (47.20%) comprising
Lol ig i idae (23.20%) and Teuthoidea
(24-00%). Some specimens were almost
tinished the digestion process. The resl
were 40 g of unidentified pieces of
specimen or 6% of the total weioht.
However. Cephalopod is the high-est
percentage in toialweight ofcontent. (Table
1 and F ig. '1-6)

TABTE 1. Stomach contenrs ofyellowfin tuna.

NUIIEER WEIGHT
l9)

% OF TOTAL % OF TOTAL
NUIBER WEIGHT

Pi6c€s of Pis@s

Loliglnldae
Beak of Teuthoidea
Pi€c6e orc€phatopod

52.80

30.40
11.20
10.40
o.:o

47.20

23.20
24 tm

66

38

1 3

l
59

29
30

111.43

76.22
10.94
12.24

10.59

514.37

470.15
o_44
43.78

40

't6.74

11.45
1.64
1.U
0.22
1.59

77.26

70.61
0.07
6.58

6.00

TOT4L 125 655.80 100 ioo

SourHEAsr AsrAN FrsHERrEs DEvELopM€NT crrrr* 16I
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DtscusstoN AND FUTURE
DIRECTION

This is an initial basis for future
research. For the future, longliner sampling
should be continued to gain data for
associated flsh from longline fisheries,
especially from the research vessels.
Although the stomach samples from the
purse seiner showed a high percentage to
be generally empty, it stil l needs to be
recorded for a more complete picture ofthe
complex t rophic  dynamics of  tuna
aggregation. Then we can explain exactly
some of the feeding habits of yelloMin tuna
in theAndaman Sea.
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FIGURt 4. Syngnathidae
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PRELTl , f lNARy REsuLTs ON Tl l I  LARcE PELAGrc Ft5HERtF5 RFsouRcE5 SuRvEy lN THE ANDAMAN Sra

OcrnNrc seurD,
STHENOTEUTHIS
OUALANIENSIS,
RESOURCES SURVEY IN
ANDAMAN SEA WITHIN
THE WATER OFF
INDONESIA, MYANMAR
AND THAILAND.
Sayan Promjinda
Soi/ ireasl 4s/air Fts))arit ls Dereici.metl
a e,1tet. Pl taa':ai I  t t  r l lal1 cal t .  Sa Bt t i  Prara |.

Assrnncr

This paper presents the preliminary
result of catch rate for oceanic squid by
automatic jigging method in the Andaman
Sea within the water off Indonesia,
l\y'yanmar and Thailand. This was part of
ASEAN -  SEAFDEC program on
Harvesting of under- Exploited Resource,
Phase l: Pelagic Fisheries Resources
S u rvey.  The research vesse l
l\4.VSEAFDEC covered 13 stations for
oceanographic and 7 stations for fisheries
survey. Results from 7 sampling show that
only one specie of the purpleback flying
squid, Sthenoteuthls oualaniensis (Lesson,
1930) were caught by automatic squid
jigging gear. Two machines were use at
each station varied from 3 -4 hours.

The distribution and abundance of
the purpleback flying squid in term of the
CPUE (number of squid per line hour) are
Dresented. The CPUE of the souids were
ranged between 2.00 - 8.49 squids per line
hour. Angling depth where the squid were
abundant range between 75- 100 m. A total
of catch in male and female were 17 and 113

squids, respectively- lvlostly of catch was
female, accounting for 87 % ofallsquid.

Keywords ; purpleback flying squid,
Andaman sea, Squid jigging

lNtnooucttolrt

The ASEAN - SEAFDEC program
on Harvesting ofunder- Exploited Resource,
Phase l: Pelagic fisheries Resources
Survey in the Andaman Sea by using
automat ic  squid j igg ing machine on
M.VSEAFDEC. The flying squids (Roper et
a/.,1984) of the family Ommastrephidae
(Suborder Oegopsida) account for about
65% percent of the world's commercial
cephalopods (Brunetti, 1990). lt is an
important in the marine ecosystem and has
been targeted by commercial fisheries in
many costal and pelagic waters in the world.
The flying squid is an oceanic squid widely
distributed in the western Pacific and lndian
Ocean. lt covers throughout tropical and
temoerate waters of both the northern and
southern hemispheres (Roper et a/., 1984).

The Andaman Sea is assumed as
one of the areas where fisheries resources
are under-exploited status. The member
countries namely Indonesia, Malaysia,
Thailand and l\4yanmar were area of
Andaman sea coast line. To date, there is
little knowledge on the ecosystem (fisheries
resources and oceanographic data) based
on fisheries managemenl in the Andaman
Sea. lnvestigation for the ecosystem and
fisheries resources in the Andaman Sea
therefore is essential for those concerned
countries. For this reason, SEAFDEC
proposes to conduct the joint research
survey on pelagic fisheries resources in the
Andaman Sea where the deDth ofwaters is
deeper than 700 m. The main target species
are large pelagic fishes and oceanic squid
whi le  f ish  and squ id  la rvae and
oceanographic data will also be collected
and analyzed. This paper reports the

'6| aor-nrnr or,^N FrsfrFRrEs DEVELopNTLNI cENr LR
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experimental fishing on the automatic squid
jigging gear which was carried out in
Andaman Sea located in the Exclusive
Economic Zone of Indonesia, Myanmar and
Thailand by M.V.SEAFDEC from 16 25
November2004.

MATERIATS AND METHoDS

SURVEYAREA

Expe r im e  n ta  I  f i sh ing and
oceanographic conditionS were conducted
by N,4.VSEFDEC in the Andaman Sea is
locate in the Exclusive Economic Zone of
lndonesia, Myanmar and Thailand from l6
- 25 November 2004. All 13 oceanographic
survey stations and 7 experimental fishing
stations were designed covered from 06_30
to 13 00 N Latitude and from 095_30 to
097_00 E Longitude as shown in Figure 1.

FISHING GEAR

Squid sampling were conducted by
two automatic squid jigging machines,
installed at the port side consisting of two
main line per one machine. Each main line
was attached a small underwater-lamp then
a series of 25 typical Japanese squid jigs,
which 5 colors. Distance between jigs is
about'1 meter by mono-filament, Ieader's
s ize 1.19 mm in  d iameters  (No.50)  as
shown in Figure 2. The jigs were lowered to
the desired depth and the line moved up
and down approximately l m inboard and 5
m above the machine. Bulbs were 500 w
and were spaced 70 - 80 cm apart down the
length of the port side of the vessel where
the machines were set. 16lights or a totalof
8 kW were used. The fishing operation were
done when the vessel drifting. To started
luring before started jigging t hour. The
depth was ranged from 75 m to 100 m.

DATACOLLECTION

Catch data were collected at each
fishing operations. The samples were

separated from each jigging machine. To
counted and measured of all samples to
extrapolate the total catch weight at each
station. Effort was recorded in line and
hours, which were calculated by multiplying
the number of lines actively fishing by the
length of time finished. The number of squid
lost due to drop-off for a given period of time
was also observed.

- :  i l  i  i i . 1 , !  r  r  , r l t  j  r . , l 1 i  t i r i  j  l , l i . .  i r , r f .  , r . , ; t  i i j r -  l
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FICURE 1. Fish sampling and oceanographic survey station
in the Andaman Sea during 16 25 November 2004
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OcEANtc SeutD, srHENorEUTHt5 ouALANtENsts, REsouRcEs SuRvEy tN ANDAMAN sEA

cR15-JIGS

l

i

FICURI 2. Arrangement ofsquid jig line and
types of squid j'g used in the experiment.
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RESULTSAND DtscusstoN

CATCH

The purp leback f ly ing squ id ,
Sthenoteuthis oualaniensis (Lesson, 1930)
isonlyone species from 7 sampling stations
of the survey, caught by automatic squid
jigging gear. Tabie I shows the information
of sampling stations and catch results of the
purpleback squid in term of the catch-per-
unit-efiort (CPUE, number of squid per line

: hour). Overthe entire survey area, CPUE of
the squid avsrage 5.57 squids/line hour.
Minimum of the CPUE of the souid were
2.00 squids per line hour and 8.39 squids
per line hourwere theMaximum.

From the 7 sampling station it was
found that almost were high in CPUE which
morethan 5 squids perline hour. Thg CPUE
were less than 5 squids per line hour were
found only two stations at St. #3 and St. #7
(Fie.3).
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FICURE 3. CPUEs distribution of the purpleback flying squid in the Andaman Sea
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TATBE 1. Information for sampling statiohs and calch results of
the purpleback f !y ing squid in the Andaman Sea

LOCATIONS TOTAL CATCH

Lat. (N) Lons (E)
otjls

Effod weighl

1
2
3

5
6
T

l6-Nov

18 Nov
1g-Nov
20-Nov
21-Nov
22-Nov

1,160 4
1,037 4
1,237 4
1 141 4
2,456 4
2,367 4
2,334 4

100 3,15
100 3.18
100 3.1
100 3.3
100 4
1 0 0  3
100 4

06 53.06 96_33.46
07 01.48 96_06.75
QA_26.67 95 43.47
09 42 38 95_57.31
10_40.07 96 01.53
11 40.61 95_58.19
12_34.07 96 03.18

3.45
4 0 8
1 . 7
3.47
2.73
1.27
0.75

6.03
8 4 9
3.47
6.67
7.00
5.00
2.OA

1 9
27
'12
22
2A
l 5
8

SoutHEAsr AsrA\ FrsHERlrs Drur,orn*"l Crn ttt@f
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Rrr*oor.t,u,
BIOLOCY OF THE PURPLE-
BACK FLYTNG SQUTD,
STHENOTEUTHIS OUALA-
N/ENSTS (LESSON, 1830) lN
THE ANDAMAN SEA
Anchalee Yakoh and
Praulai  Nootmorn

ABSTRACT

Purp leback f ly  in  g  squ id ,
Sthenoteuthis oualanlensls (Lesson, 1830)
were captured by automatic jigging gear
during the ASEAN SEAFDEC program on
"Harvesting of Under- Exploited Resource,
Phase l: Pelagic fisheries Resources
Survey in the Andaman Sea" investigated
by N.4.VSEAFDEC in November 2004. A
total number of '129 squid were measured
l\41 and weight, females from 86.00 to
197.00 mm and 19.00 to  346.00 g and
males from 103.00 to 126.00 mm and
35.00 to  106.00 g .  Length-weight
relationship of female and male equalW =
o.ooooo14o16 t \ .4L" ' ' '  and w
0.0000000999 ML. 'u''. Females dominated
more than males in the catch being 88% of
total number of squid. The males were
smaller than the females.

The maturity of squid found that
stage4 dominated in females and males. In
addition, the proportion of mature and
immature females was equal but in males
cannot be seen. The GSI value will be

increasing upon an increase of ML in
median sizes (150-200 l\y'L mm). Size at tlrst
maturity of females and males that was
observed from the sampling data equal 98
mm (38 g)  and 104 mm (36 g) ,  which is
smaller than the estimate as females 150
mm and males 128 mm. The sex ratio found
more females than males and varies from
78.57-100%.

lNrno oucttoN

Purp leback f ly  in  g  squ id ,
Sthenoteuthis oual anlensis (Lesson, 1 830),
is oceanjc squid distributed in the western
Pacific and the lndian Ocean (Figures'1 and
2). lt occurs throughout tropical and
temperate waters of both the northern and
southern hemispheres (Roper et al., '1984).

Njne species ofoceanic squid were found in
lhe Andaman Sea,  Tha i land
(Nateewathana and Hyl leberg, '1989;
Sawata and Phongsuwan,  1994;
Nateewathana, 1995). The classification of
Purp leback f ly ing squ id  fo l lows
httpJ/wwwcephbase.utmb.edu/ as:

The Purpleback flying squid is
important in the marine ecosystem and is an
economic sDecies in the JaDanese and
Taiwanese shellfish markets.
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f ICURE l ,  lhe  purp lebr (k  f l y ing  a lun l6 .  ou . lan ien \n  Lcsson, l8J0)
lhtrp://www z.i ika.orrvzu[nn/,]l 50/p4l hh)

i

FICURT 2 .  DGt r ibu l i .n  o f lhe  purp lebr ( l  i l y  nssq !  d
(htto:/ vww.Tf nil!.!!Dhrk.n/4r s0h4l hrit.

The objective of this study on the
reproductive biology with respect to 1)
length frequency distribution 2)length-
weight relationship 3) maturity stage 4)
fecundity 5) sex ratio and 6) stomach
content of purpleback flying squid was
investigated in the Andaman Sea usjng the
automatic squid jigging gear on M.V
SEAFDEC from 16'"-25'" November 2004.
The outcome of present study will improve
the understanding of ecology and oceanic
squid resources in theAndaman Sea.

MATERIAL AN D METHoDS

SurveyArea

Ex pe r imen ta  I  f i sh ing and
oceanographic conditions were conducted
by M.VSEFDEC in the Andaman Sea
located in the Exclusive Economic Zones of
Indonesia, Myanmar and Thailand from
'16 'n-25"  November  2004.  A l l  '1  3

S o L  f  r \ s l  A r , . , r  F s n i i i r ! { ) ' . . L L o p r , r  N r  a i \ '  l
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oceanographic survey stations and 7
exper imenta l  f ish ing s ta t ions were
designed to cover from 06'30'to 13'00'N
Latitude and from 95'30' to 97'00' E
Longitude as shown in Figure 3 (Promjinda,
2005).

Data Collection And Analysis

Squld samples were captured by the
automatic squid jigging gear at each station
and were frozen on board. All of the
samples were carried to the Andaman Sea
Fisheries Research and DeveloDment

FICURt 3. Oceanic squid sampling and oceanographic survey station in theAndaman Sea
during 16* - 25* November 2004 (p.omiinda, 2005)

@ 
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REPRODUCTIVE BIOLOCY OF THE PURPLE BACK FLYINC SQUID.
STHENOTEUTHIS OUAIA NIENSIS (LESSON 8]O)  IN THE ANDAMAN 5EA

Center (AFRDEC) laboratory where the
samples were identified to be family, genus
and/or species. The sex was determined by
the presence of hectocotylized arms for
males  and by  observat ion o f  the
reproductive system. Body weight (BW) in
gram units and mantle length (ML) in
millimeter units were measured and the
length-weight relationship of males and
females were ca lcu la ted by l inear
regression analysis (Ricker, 1 975).

of males and females and plotted on a
graph.

Figure 4 shows the reproductive
structure of a typical squid and the
Purpleback flying squid (S. oualanlensis
Lesson, 1830) ; a) the reproductive organ of
males and females which have the paired
n idamenta I  g lands (whi te  e longate
structures) and paired white oviductal
glands and oviducts in the anterior part of
the mantle. b) the female reproductive tract
of S. oualaniensis (Lesson,'1 830).

Gonad (GW) was weighed and
determined to the 1-5 maturity stage of
males and females. The macroscopic
appearance of gonad used the scheme of
Juanico (1983) asfollows:

Ovary: Stage 'l lmmature, Ovary is not
c lear  for  determinat ion by external
observation. Oviduct and nidamental gland

n)T\ prcnl  s( lod

Fq
FlcURt l. Maior ieallres of lh. m.nrle.avily of.lypicalsquid and lhe reprodlcrive

kact of lhe lemale ptrAleba.k ilyinS{uid.

\ryhen:

M L

a , b

I ndividu.rl weight (gram)
Manr le  Length  (mi l l imeter )
Coetficients irom regression
ana lys is

Data of N,4L measurement was
examined for length frequency distribution

SorrrHFAsr Al raN FTSHFR Fs DFV.LopNrFNr CENTER' i3 l?.
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is a tfanslucent sheet, the ovary like milky
fascia.

Stage 2 lmmature, l\,,lusky/rather
white ovary. Oviduct and nidamental gland
is an expanded sheet, colour milky/white.
The Oviduct is coiled and clear to enable
determination of the ovary by observation
but cannot see the structure inside the
ovary.

Stage 3lmmature, Oviduct is more
coiled than ln 2 stage. The Nidamental
gland is bigger and covefs part of other
organs and oocytes appear.

Ovary: Stage 4 lvlature, Nidamental
gland is larger and covers a part of the
kidney and the liver, oocytes appear in the
oviduct. Oocytes is a milky/white colour and
moves to oviduct. Oocyst has developed
along the ociduct.

Stage 5 l\,4ature ovary like stage 4,
but oocysts are more translucent than in the
previous stage (>60%), especially in the
area near the oviduct. Vicious fluid appears
in the nidamental gland.

Testis: Stage 1 lmmature, Testis is not clear
to be determined by external observation.
Spermatophor ic  complex found
t rans lucent /wh i te  spo l .  TesL is  is  a
translucentfascia.

Stage 2  lmmdlure .  Test is  is
mi lky /whi te  co lour .  S  pe rmato pho r ic
complex is clearly separated. Size of testis
is small and not clear for observation inside
the testis.
Stage 3 lmmature. Translucenl testis. Va5
deferens is white/milky white colour.
Spermatophoric organ is a white line.

Stage 4 l\,4ature, Vas Qelerels is
bigger than in the previous stage, white in
colodr and coiled. Spermatopho.ic sao is
long and appears to have white particles
inside. Sperm doesn't appear. Testis is ridge

and fastness tissue.

Stage 5 l\,4ature, Testis is the same as
s tage 4  and sperm appears  in  the
spermatophoric sac.

Gonadosomatic Index (GSl) follows the
Bakhayokho  (1983)  method  as  the
equatron:

CSl  =  (CWBW) x10 '

Size at f irst maturity was estimated to
follow Bakhayokho (1983), 50 % of maturity
stages 4-5 of female and male were used to
be the init ial value for estimation. The
proportion of the maturity stage each
f requency  o f  leng th  c lass  fo l lowed
Somerton (1980)the equation is:

. ,  1
( 1  +  e " ' " )

When:

A , B

= Proportion of maturity staC€ from
total  number at M1,. ,

Mt in each class interval.
= Coeff icient valv€s from r€Cression

analy5is.

Fecundity study, the ovarjes at stage
5 were fixed in 10% formalin and counted
(Ful ton,  '1981) .

Sex ratio: the proportion of males
and females at each station was used to
assume the spawning capability of the fish
(Hamano and l\,4atsuura, 1987). In this study
the sex ratio in percentage was calculated
by using the fofmula:

Sex Ratio (91,) = 100*F / (M+ F)

F = Number of femalo
M = Number of Male

-134 ,



Stomach content samples were
removed f rom the s tomach of  the
purpleback flying squid, had measured for
ML and BW already, after that fixed in 10%
formalin. The composition of the prey was
identified and calculated for percentage of
food bythe gravimetric method.

RESULTAND DrscussroN

1. Target Species

Result from 7 sampling stations of
the survey area show that only the

RFPRODI ]CTIVE AIOLOGY OF TI IL  P I ]RPLL BACK FLY]NC sQI ] IO,
S T H E N O T L U  I t I I S  O L J A L A  N I E N 5 I S ( L F 5 5 O N .  I I ] ] O )  N  T H E  A N D A ] ! I A N  ! L A

purpleback flying squid, S. oualanlensis
(Lesson, 1830) were caught by the
automatic squid jigging gear. This species
was confirmed and followed previous
reports of Nateewathana (1997) and
Carpenterand Niem ('1 998).

2. Length Frequency Distribution

Figure 5 shows the length frequency
distribution for the purpleback flying squid at
each fishing station. At all the stations, the
number of the females was quite obviously
more than the males. The result found that
males ranged from 103.00 mm to 126.00
mm and the females ranged from 86.00 mm

i]-.' lr, l  o -n-r l ,r
\ ! l r r t r t r r

: ill.Illl I  t . l

;l
' l

"1.l t lr. lt
2

,r  r D Er r I  I
\ l l i t r  r

I

. l  r l  D l  I

I l l r ! r r l

t t

II r rI
\ l t r  r l

I
," II Ir r.ilil 1,, ,,

Nt1 [ ! r )

FlcURt 5. Mtlr€qucncy dktribution ofrhen.leand lemale purpleback flyinesquid al each station,
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FICURE6, Mt frequen.y disbibution oithe mateand femate purpleback ityins squid in rhe An.tadan Sea.

to 197.00 mm in Figure 6. Two modes of
female ML distribution were found in the
survey area. About 75% ofthe females were
of small size (l\4L range 80-150 mm.) and
the rest were of medium size (ML range 1SO
and 200 mm). However, the males seemed
to show only one cohort present at every
station, because the numbers of males was
too small. The present study reported
similarly to Basir (2000) and Siriraksophon
et. al. (2001 ) in the South China Sea and the
Western Philippjnes but there the reponeo
size of purpleback flying squid is bigger than
in theAndaman Sea.
3. tength-weight Relationship

The lVlL and BW of female varied
from 86.00 to 197.00 mm (140.31r28.87
mm) and 19.00 to 346.00 g (129.50184.22

100 120 l4o t6o

SoUTHEAST AstaN FlsHERtE5 DEVELopMINT CENTER

g), males from 103.00 to 126.00 mm
(111.89i6.99 mm) and 35.00 to  106.00 g
(55.89r17.17 g), respectivety. The numbei
of females and males purpleback flying
squ id  samples were 11 ' l  and 18,
respectively. The length-weight relationship
of males and females is shown in equation
and Figure 7. The correlation coefficient of
female w-as higher than males (f = 0.9295,
female; f =0.8944, male).

Male, W = 0.0000000999 tVtL""'
(l = 0.8944, t-test p<0.05)

Female, W = 0.0000014016 ML3"''
(f= 0.9295, t-tesr p<0.0S)

Result of the t-test at a g\ok
confidence level on the BW and N/L
relationship showed that BW-|\.4L for males

4tD

.F9EO

€?00
t3
- 100

0
s0 100 lr0 r{0

w(m)

FICURE 7, tensth-weighr relarionshipior nates (A)and femates(B)ofth. purpteback flyins squid.
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and females were significantly (P<0.05)
different from 3. That means the growing
al lometr ica l ly  in  males and females
(increasing in all dimension at not the same
rate). This result is the same as the orevious
report of Basir (2000) and Siriraksophon et.
al. (2001) who studied on S. oualaniensis
(Lesson, 1830) in the South China Sea and
the Western Philippines.

4, Maturity Stage

At all stations, there are 126 samples
that can determine sex by reproductive
organs from 129 samples, 108 females and
'18 males. Stage4dominated byfemale and
male maturity but notfound atstage 5 in this
study (female:4.63'/o, 21.30o/o, 26.45%,
47.22'h and 0.00% in slage 1-5, male
0.00%, 5.56%, 33.33'h, 61.11% and O.O0%)
(Figure 8). Figure 9 shows the percentage
of maturity of male and female squid at each
station. At all stations, the mature and
immature females were equal. However the
number of male samoles was small. it was
impossible to note and distinctly the
difference between mature and immature.
Figure 10 presents the results of the GSI
and ML of females, GSI is separated into
two groups, small (80-'150 l\41 mm) and
medium ('150-200 lVlL mm) size of the
purpleback flying squid. In addition, the GSI
value will jncrease upon an increase of l\.4L
in the median size.

Size at first maturity of females and
males was observed from sampling data

R E P R O D U C T I V E  E I O L O C Y  O f  T H T  P U R P L E  B A C K F I Y I N C 5 0 U I D ,
STH€NO] [ I ] ' i I I IS  OUALA NIENSIS (LLSSON 830)  IN  THE ANDAI \ lAN SEA

tlGURt 8. Per.miase of lemale m.lurity sr.se oi plnleba.r
flyinS sqlid in Andatun sea.

nd. lE;",iah!r .rrrr'l;l

nCURE9. PercenlaSe ol narurcand imnalu.e fenale
purpl€ba.k llyinssquid in Andaman Se..

Sol lr  uEAST A5tAN FtsHtRrIs DLVtLopNlENt C,  ̂ , .*  
@

FICURE r0 ,  ChanSc o fC lSand ML o f f€mal€  purp l€back  l l y inssqu id  inAnd.m.nsea.
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and equal 98mm (38 g) and '104 mm (36 g).
While, size at first maturity that was
estimated of the female and male to equal
150 (Figure 11 , l= 0.85 and P=0.009)) and
128 mm, respectively, that is longer than the
observed data. Young and Hirota (1998)
reported that S. oualaniensis continuously
matures eggs and stores them in the
ov id  uc ts  between spawning.  S.
oualaniensis around the main Hawaiian
lslands and reaches maturityatthe smallest
size of 158 mm ML and the largesl size as
200 mm ML (Herman et a/.,1989: cited in
Young and Hirota, 1998).

6. Fecundity

This survey doesn't have an ovary

stage 5 following the Fulton (1981) method
studies on fecundity. Then, there is no result
fecundity of purpleback flying squid in the
Andaman Sea.

Herman et. al. (1989:cited in Young
and Hirota, 1998) reported that a 300 mm
MLfemale carries about 250,000 eggs in its
oviducts. The extra large (XL) form of the
souid. S. oualariersrs from theArabian Sea
has a potential fecundity ranged between 2-
5 mill ion eggs and the holding capacity of
the oviducts was approximately 300,000
eggs. A strong correlation between ovary
mass and l\,41 was found (l= 0.64). Poor
correlation was found between the mantle
length and oviduct mass (l= 0.128) and
potential fecundity (t'= 0.07) (Snyder,

E

a i

IMalc : l rcnulc -  lo ta l

l - t - l i 6 7 r J
Statbn

FICURt rl.5e! conposilion of purpleba.k flyitrs squid .lu8hi durins lhe suryey inth€Andaman Sca.
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STHENOTEUTHIS OUALA-NIENsIS (LESSON,  1A3O)  IN THE ANDAMAN SEA

1998) .

7. Sex Ratio

Figure 11 showsthe sex composition
of purpleback flying squid captured in the
waters oftheAndaman Sea- The numberof
females outnumbered the males at all
stations. The percentage sex ratio of
purpleback flying squid in Andaman Sea
varies between 78.57-100ok by females.
The whole Dooulations seemed to be
dominated by females, which are much
longer than males, the results showed a
natural sexual dimorDhism of this soecies.
All results conformed to the previous feport
of Basir (2000) and Siriraksophon et. al.
(2001 ).

B, Stomach Conlent

On board, the stomach content
wasn't removed from the purpleback flying
squid samples before freezing, as the
freezer in the AFRDEC laboratory doesn't
work well. Thus, the stomach contents of
the squids had been d igested and
damaged. We cannot study the stomach
content ofthe purplebackflying squid .

For the S. oualaniensls (Lesson,
1830) in the waters off the western
Philippines, the main prey of the squids
were crustaceans, fishes (mainly flying fish)
and squid (including S. oualanlensls). They
migrate upwards to the surface for feeding
at dusk and night and downwards to the
deep layer before dawn and daytime (Basir,
2000 and Siriraksophon et. al., 2001).
Shchet inn ikov (  1992)  s tud ied the
purpleback flying squid from the Eastern
Tropical Pacific and found that a rapid
decline of crustaceans in the squids diet
and their frequency of occurrence and
proportion of contents in stomach for squid
between 100 and 150 mm ML. in souid size
greater lhan 150 mm the diet consisted
predominantly of fishes (70%) and squids
(30%).  Young (1975)  repor ted S.

oualaniensls (Lesson, '1830) caught offthe
leeward side of Oahu fed predominantly on
flshes.

SOUTHtAST ASIAN FISHERIE5 DEVELOPMENT (IENTER (?c
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