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FOREWORD

ln the SEAFDEC drive towards the achievement of sustainable fisheries

one significant ray of hope is the possibility of iocating and hawesting under

utilized species. This paper recognizes and postulates a resource known as

the oceanic squid, which is a possible contender for use as a protein and food

source, which is still bountiful in volume.

The exploration of this resource has been recognized in Japary but only

recently has research, development and effort been put into its exploitation in

the Southeast Asian Region. In review, this paper explores the squid fisheries in

the region, the t)?es of fishing gear used and the potential for a more concerted

effort on the catch of oceanographic squid species.

Not only are the technological aspects investigated, but also the potential

for the future. Thus, this in-depth analysis breaks new ground in the true sense

of regional fisheries development. The methods postulated for hawesting these

ocean species are not high.ly sophisticated but represent a highly selective, cost

efficient and resporsible fishing tedrnology. The research is both thorough and

profound in its depth and completeness, adding a new dimension to deep-sea

fisheries and can relieve, to some extenL the fishing pressure on the already

declined economic species of the deep seas.

E- (*"*J;*0

Panu Tavarutmaneegul
Secretary-General
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ABSTRACT

In an attempt to come up with initial jigging fishery on the purpleback flying

sqllld, Sthefioteuthis oLnkmiensis 1\ the Southeast Asia region, SEAFDEC has conducted

the survey on resources and fishing ground conditions of the squid in the South

China Sea. The survey objectives are to determine distribution and abundance of the

pwpleback flying squid in relation io oceanographical conditions and to examine the

leasibility of harvesting squid with jig gear.In additiory the author reviews cephalopod

fisheries in Southeast Asian countries as a whole against total landings of marine

pioducts by SEAFDEC statistical areas. lvhere possible larlding are grven separatelyby

group of species, i.e., squids, cuttlefishes and octopus. Details are provided on species

caught statistic data by species, by groups and by cor.ntries, fishing gear types and

perspective of fishing from the viewpoint of technologrcal aspect.

Based on statistical data fiom 1976 to 1994 the amount of cephalopods caught

in the region steadily increased from 83,692 tarLs rn1976 to 184,409 tons in 1994. Thai

fishermen caught about 50% of this total catch in 1994, the rest 20% and 18% being

the Philippines and Malaysia, respectively. More than 50% of the catch is generally

composed of squid. 9 groups of fishing gears: surrounding net, seine net, trawl, gill

net li{t net/cast net, trap,/stake, hook and line, push/scoop net and miscellaneous

gears are employed for catching the cephalopods. Trawl fisheries in Malaysia,

Thailand and the Philippines caught about 88%,70'/" and 44"k of the total catch

for 1994, respectively.

Exploration ol the S. oualaniensis resources and its f ishing ground were
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conducted by using MV SEAFDEC of the Southeast Asia Fisheries Development

Center. The survey area in the South China Sea was divided into three areas, namely

Area I: Western Philippines Waters, Area II: Vietnamese Waters, and Area III: Sabah

Sarawak (lvfalaysia) and Brunei Darussalam Waters, of which the surveys were in the

exclusive economic zones of each country, respectively. Four automatic squid jigging

gears with luring lighL system were employed for catching the squid. Catch per Unit

Effort (CPUE; the number of squids per line-hour) is used an index of abundance

for a fishing ground. 30 squid samplings and 117 oceanographic stations were

carried out during March-May of 1998-2000. Water lemperature, salinity, dissolved

oxygen, chlorophyll and other parameters lvere measured at ali stations to elucidated

oceanographic features of the research area. At each station, squid larvae surveys

were also conducted.

A total of 4,257 S. ounlaniensis specimens, captured were consisted of 2,592

specimens from the Wesiem Philippines, 1,412 specimens from thevietnamese waters,

and 253 specimens from the Sabah, Sarawak (Malaysia) and Brunei Darussalam

waters. Mantle length range of the S. oLutliniensis captured within each survey area

was 90-250rnm, 90-240mm and 58-230mm, respectively. Female dominated the catch,

accounting for about 81% of the total squid. Males were generally smaller than females

of which their mantle lenght range was 90-180mm. CPLIEs af the S. otLilaniensis werc

0.15-18.47 ind./line-hour in April-May. High CPUES were located in the EEZ of the

Philippines off Currimao and Sar Femando (17'-18'N and 117'-119'E) and in the EEZ

of Vietnam off Danang (15'N and 111'E). Drop-off rates for jigs fished by the jigging

machines ranged from 0 to 0.33 squid/line-hour. Angiing depth where the squid were

abr.ndant ranged from 50 m to 100m

S, ouillniensis drsttlbuied in the warm waier mass whereas the sea temperature

ranged from 14'c to 31'c within the depth from 150m upto the sea surface at night.

Good fishing $ourds of the squid were at the area of 17"N, 117'E and 18"N, 119'E,

of wfuch seasonal upwelling was found at the later. Dissolved oxygen at abundant

area was 3.27 to 4.4m1,/1. Domwelling was found at 16'N, 118"E where less potential

of squid, the water tlansparency depth was obeserved to be 44m. Another upwelling

was also observed within the EEZ of Vietnam at 14'N, 111 
'E 

during May. Cephalopod

paralarvae were collected atmoststations on theshelfand shelfedgeof theSouth China

Sea basin where the bottom topographical deplh are deeper Lhan 150m.
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1. Introduction

ln the Southeast Asian Region many coastal resources are being fished close to,
or even beyond, the level of effort yielding the maximum sustainable yield resulting
in the extreme over-exploitation of both demersal and pelagic resources. In the search
for new resources that can locally support a high level of exploitation in the near
future, ocearfc species must occupy a leading place, both because of their abundance
and their undeniable nutdtional qualities. Oceanic flpng squid like the purpleback
flying squid could be new resources that might even take the place of coastal resources
because of their wider distribution covering all seas in the Region particularly,
the South China Sea, Sulu Sea, Andaman Sea, Western Pacific Ocean and Eastern
Indian Ocean.

The flying squids (Roper et al. 1984) of the family Ommastrephidae (Suborder

Oegopsida) accourt for about 65% percent of the world's commercial cephalopods
(Brunetti 1990), which totaled about 2.6 million tons in 1991 (FAO 1983). The purpleback

flying squid, Sthenoteuthis ouola iensis (Lesson) and flying squid, Ommastrephes

bartramii arc ocearic squid species of this family and thet geo$aphical distribution is

to be found from the Indo-Pacific to the Indian Ocean. Voss (1973) speculates that the

potential of the purpleback flying squid is at least 100,000 metric tons in the central

eastem Pacific. It is on record that purpleback flying squid are caught commercially

by hook and line with luring lights at night in the eastem and southern East China

Sea, from Taiwan to Okinawa (Tung 1981, Yoshikawa 1978, Okutani and Tung 1978,

Okutani 1980). In addition the most promising evidence for the exploitation of this

squid in the eastem Arabian Sea and in the western Pacific Ocean to the eastward of

the Philippines ard Indonesia (JAMARC 1977).

It is prematule to say much about the feasibility of commercial fishing for these

fllng squid at this stage except for the existing fisheries in the region tht are to be

for.md in the Philippines and Vietnam. The availability of these species in terms of

likely catch rates for local fisheries is still unknown even though the potential feld
is believed to be large. Oceanographic and environmental conditions need to be

examined in comection with the ecological,/biological requirements of the squid. ln

an attempt to evaluate the exploration of new resources and the initial jigging fishery

on oceanic squid, SEAFDEC has conducted a comparative study on oceanic squid in

the South China Seas between 1998-2000 under the SEAFDEC Collaborative Research

Program on Fisheries Resources Surveys in the South China Sea. The purpose of

these surveys was to determine their distribution and abundance, particularly the

purpleback flying squid in relationship to the oceanographic conditions and to examine

the feasibility of harvesting squid with the automatic squid Iig gear. Studies have been

reviewed of the situation of cephalopod fisheries in the region.

Southeast Asian Fisheries Deoelopmmt Center -1-
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In this paper the author reviews squid fisheries in the Southeast Asian countries

as a whole against total landings of rnarine products by SEAFDEC statistical areas.

In addition, the results from the surveys both on squid sampling and oceanographic

observation in the South China Sea covering the Western Philippines \ /aters,

Vietnamese waters and Sabah, Sarawak (Malaysia) and Brunei Darussalam wate6

are reported.

2. Review of Squid Fisheries in Region

In this part, the author reviews squid fisheries in SoutheastAsian countries as a

whole against total landings of marine products by SEAFDEC statistical areas. I/\41ele

possible landings are given separately by group of species, i.e., squids, cuttlefish and

octopus, details are provided onspecies caught statistic data by species, by groups and

by courtries. Also included are fishing gear t'?es and perspectives of fishing from the

technological aspect based upon statisti cal data trcrl].\976 to 1994.

2.1 Catch Composition

The cephalopods mainly consist of cuttlefish, squid, octopus and chambered

nautilus, which is easily distinguished by external characteristics and is mainly caught

in the Southeast Asian Countries. Thirty-one species of cephalopods were found in

the Gulf of Thailand throughout the seas from the coast of Peninsular Malaysia and

Andaman sea. Commercially important squid and cuttlefish in the Region include:

Loligo chinensis, L, dwsaucelli, L, edulis, L. singhnlensis, Loliolus sunatrcnsis, L. afrinis,

SEioteuthis lessonniana, Sipia aculeata, S. pharaonis, S. Lycidns, S. breoiuana, and Sepiella

inermis as shown in Fig. 1. In the Philippines and Vietnam, another three species

commonly found in the market are as follows: Sthenoteuthis oualaniensis, Thysanoteuthis

r/rozbrs and nautilus.

2.2 Statistic Data by Species/ by Group/ by Countries

Fig. 2 Shows the anr1ual cephalopod catch in the Southeast Asian countries;

Indonesia, Malaysia, the Phil ippines, Singapore and Thailand based upon the

SEAFDEC statistical data from 1976 to 1994. The total catches increased year by year

in each country and steadily increased for Thailand because of the development of

Thailand's trawl and squid cast net fisheries. In Thailand, cephalopod production

reached 70,000 tons in 1994, which was 50% of the total production in Southeast

Asian countries as shown in Fie. 3.

-2- Southeast Asian Fisheries Deoelopment Center
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h)t

Fig. 1. Commercially important squid and cuttlefish found in the Southeast Asian countnes:

a) Inligo chinensis, b) L. du'"aucelli. c) L. edulis' d) L singhalensis, e) Sepia

aculeata, D S. Lycidas. g) S. pharaonis, h) Sepiella inermis, and 1) Sepioteuthis

lessonniana.
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Fig. 2. Annual cephalopod production of SoutheastAsian countries ftom 
'1976 

to'1994.

94

L'donesia (10%)

Malaysia (13%)

thailand (sa%)

Philipplnes (22%

t976 Singapor€ (0"/")

Irdonesia (11%)

Malaysia (18%

Thailand (50%)

Philippin€s (20%)

t994 Singapore (0%)

Fig. 3. Percent of catch of cephalopods in the Southeast Asian countries in 1976 arld 1994.

Fig. 4 shows the percentage of cephalopod groups caught based upon the

1,994 data. The results show that in Malaysia 70% of the total cephalopod catch

was squid; the remaining 29% and 1,% were represented by cuttlefish and octopus,

respectively. For the Philippines, 84% of the total cephalopod catch was squid, 4%

and 127o represented cuttlefish and octopus, respectively. In Thailand, 50% of the total

cephalopod catch was squid,39% represented cuttlefish and the remaining 11% was

for octopus. These indicate that more than 50% of the catch is generally composed of

squid, the rest being cuttlefish and octopus.

Singapore

Southeast Asian Fisheries Deaelopment Center
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Fig.4. Percent of catch by groups of cephalopod in SoutheastAsian countries in 1994.

2.3 Fishing Gear Types

Fishing gear groups used in cephalopod fishing for both large and small scale

in the Southeast Asia can be classified into 9 groups: surrounding net, seine net,

trawl, gill/drift net, lift nel/cast net, trap/stakes, hook and line, push/scoop net

and miscellaneous gear Table l gives the types of cephalopod fishing gear found in

Malaysia, Philippines and Thailand.

Fig, 5 shows the proportion of catch by types of gear used for catching

cephalopods in Malaysia, the Philippines and Thailand in 1978. Trawl fisheries in

Malaysia and Thailand caught about 95% of the rotal catch of cephalopods. Only

2y" ol the catch were caught by hook and line methods in Malaysia and squid casL

net in Thailand.

In the Philippines most ofthe cephalopods were caughtby vadous t)?es ofgear

including trawls, lift nets, hook and line, seine nets, 8111 net and others. The statistical

catch data shows that 44f",21!",17'L and 12% of the total cephalopod were caught by

trawls, lift nefs, hook and line and seine nets, respectively.

Fig. 6 shows the proportion of catch by type of gear used for catching

Sou!hcast Asian li,heric' Detelopmenl Centtr -5-
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Table 1 Types of fishing gear on cephalopod fisheries in Southeast Asian Countries.

Major Groups Malaysia Phil ippinesThailand Types of Gear

1) Sunounding Net aft a ab,c
a) One boat puJse seine
b) Two boat purse seine
c) Without purse line

2) Seine Net a,b ah b
a) Beach seine
b) Boat seine

3) Tiawl a a a,b,c
a) Ofter board hawl
b) Pair trawl
c) Beam hawl

4) GilV Drift a a a a) Other gillnet

5) Lift Net/ Cast Net ah aj a,b,c
a) Stationary lift net
b) Portable lift net
c) Squid cast net

5) Traps/ Stakes b b ah
a) Bamboo stake hap
b) Squid Trap

7) Hook and Line a a a a) Hardline witl jig or bait

8) Push / Scoop Net a,b a a
a) Push net
b) Scoop net

9) Others a,b ak,cd,e, b

a) Drive in
b) Luring device
c) Spear gun
d) Mirade hole
e) Gaff hook

cephalopods in 1994. The figure indicates that the percentage of the catch by trawl
was still high in Malaysia, which reached 88% compared with others gear and hook

and line caught about 8%. ln Thailand 70% of the total catch was caught by trawl ar1d
about 20% was caught by cast net gear.

-6- Southeast Asiafl Fisheies Dmelopment Cmter
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Iig.5. Percent ofcatchby t)?es of fishing gear in 1978.

sebsncbo2*)

Philippinea

Fig. 6. Percent of catch by t'?es of fishing gear in 1994.
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2.4 Perspective of Fishing from the View Point of Technological Aspects

In Southeast Asian countdes, with the rapid development of trawl fisheries

since 1960, inshore gear like push nets, set bag nets and bamboo stake traps, account

for a negligible proportion of the total catch of the demersal species including

cephalopods.

Three tt?es of trawls are presently employed in trawl fishedes, These are otter

board trawls, pail trawls and beam trawls. The major proportion of the demersal

species including cephalopod groups is caught by otter board trawls. Beam trawls

fish mainly for sfuimp in the inshore waters along the coast. Their catches are quite

low when compared to those of the otter board and pair trawls. The majolity of

trawlers in operation are otter board trawlers of less than 14 meters in length. The

design of fishingvessel and the dimensions of trawl gear depends on the development

in each country.

The rapid extension of trawl fishedes has resulted in several developments

in Thai madne fisheries, which include: 1) the keen fishing competition in fishing

grounds in the Gulf of Thailand and in the Andaman Sea; 2) the development of

medium and large-sized trawlers (18 meters or longer) and the formation of a distant

water fishing fleet of trawlers operating off the coast ofCambodia, Vietnam, Malaysia,

Indonesia, and recendy in the Bay of Bengal and Indiai 3) an increase in the export of

some fishery products, notably frozen shrimp and squid.

In Thailand and Malaysia the most important gear used to catch squid are cast
nets and lift nets. Luring techniques using lamps by night was developed together
with the gear to catch squid from 1978. Fishing vessels generally are 8-25 meters in

length with an electric generator size oI3-30 kilowatt. Recently, this method has become
the most effective and popular gear to catch squid compared to pair trawls. According

to the Thai fishery statistical records from 1978 to 1982, the annual catch by squid cast
nethas increased (Fig. 7). A particularly sharp rise was evident in 1981 and 1982,which

was attdbuted to improvements in gear, like stick-held cast nets.

The squid cast net, the largest of the kaditional cast nets, were found suitable
for squid fishing. A modern squid cast net is G8 m deep and 35 m in circumference.
The main net material is nylon of 210 d/ 4-6,25-30 mm mesh-size. An iron chain is
attached to the lowest meshes of the net. An iron (Fe)-chain,6.5 mm diameter and 36m
long, around 35kg weight is used to block the escape of the catch as shown in Fig, 8,
The size of the cast net differs according to the operational areas. The operation of
the cast net requires skill, but can be carded out by one man on a small boat, usually
on a dark night, using a kerosene or electric luring light. Apart from squid, the catch
consists ofcull lefish and some fishes.

-8- Southeast Asian Fi)heries Deoelopment Center
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Fig. 8. Illustration of the squid cast net in Thailand.

The Philippines is an archipelago composed of more than 2000 islands bounded
in the east by the Pacific Ocean and on the west by South China Sea, in the south by

the Celebes Sea and Borneo waters and in the north by Taiwanese waters. Various

types of fishing gear were developed to catch cephalopods, not only trawl fishing

but also purse seine fishing, seine net fishing and traps. Filipino fishermen generally

use a handline with artificial bait for catching big fin reef squid but this operation is

Iimited, as the distribution of the squid is not very great then they developed bamboo
pots instead to catch this squid. Trap fishing was employed to catch not only cuttlefish
and big fin reef squid but was also developed for catching nautilus in some areas
of Zambales and Palawan Islands.

+ l,o"i*r";;i;"to"*o
- Catch
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3. Exploratory Method

3.1 Survey Areas

The surveys including squid sampling, oceanographic suryeying and squid
larvae collection were conducted covering the South China Sea in the Exclusive
Economic Zones (EEZS) of the Westem Philippines, Vieham, East Malaysia and Brunei
Darussalam. Fig.9 shows how the survey areas were divided into 4 areas; Area I:
Westem Philippines waters, Area II: Vietnamese waters, and Area III: Waters off
Sabah, Sarawak (Malaysia) and Brunei Darussalam.

Area I Westem Philippines waters was covered from 11" to 20'N latitude and
117" to 121"E longitude. A total of 31 oceanographic stations and 11 squid samplings
were calried out between 19 April and 10 May 1998 (Fig. 9-1).

Area I1, Vietnamese waters was coveled from latitude 7' to 21'N and longitudes
103'to U2'E. A total of 58 oceanographic stations and 10 squid samplings were

Fig. 9. Sulvey areas in the South China Sea during 1998-2000.

100

-10- Southeast Asian Fisheies Deaelopment Cmter
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Fig. 9-1. OceanograPhic and squid samplings stationE of the survey areas I: Westem Philippines

in the South China Sea dudflg 19 APril - 10 Mat 1998.

carried out between 29 APril and 30 May 1999. Al1 the squid sampling stations are

located in the central part of Vietnam where the dePth of water ranged from 600

to 3000 m (Fig. 9-2).
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N

20"

Fig.9-2. Oceanographic and squid samplings stations of the survey areas II: Vietnamese

wate$ in the South China Sea durinq 29 April - 30 May 1999.
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Fig.9-2. Occanographic and squid samplings stations of the survey areas II: Vietnamesc
wate$ in thc South China Sea drdng 29 April - 30 May 1999.

Area 3,waters ofSabah, Sarawak (Malaysia) alrd Brunei Darussalamwas covered

from latitudes 3' to 7'N and longitudes 110' to 116'E, A total of 28 oceanographic

stations and 10 squid samplings were carried out between 21 March and 2 April

2000 (Fig. 9-3).

Table 2 shows the number ofsquid samplings, oceanographic surveys and squid

larvae collecting stations for each survey area in the South China Sea.

3,2 Research Vessel

The Training and Research Vessel, MV SEAFDEC was employed in this survey.

Appendix 1 shows the detailed information of rhe MV SEAFDEC.

Southeast Asian Fisheries Deoelopment Center -13-
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Table2 Detailed infoimation of the number of station, date and position of each squid
sarnplin& oceanographic collection and squid larvae sampling stahons ur survey
areali Westem Philippines, Area 2: Vietnamese waters and Area 3: Sabah, Sarawak
(Malaysia) and Bruei Darussalam waters.

No.

Depth

L.L (N) Lon8. (E) Squid

Ii8s.8 ttaphic

Squid

Area l.:

c.)
a.

.F

-

o
a
c)

ts

19-Ap.-98

19-ApF98

20 Apr-gE

2GApr-98

2L-Apr-98

22-Apt-98

22-Apt-98

23-Apr-9E

2?Apr9A

2GApt-98

26 APt-98

26 Apr9A

27-Apt9a

28-ApF98

29 Apr-98

29-Apt 98

3eApF98

3GApr'9E

1-May-98

1-May-98

2 May-94

z-May 9E

3-May-98

s May-98

5-May 9E

5-May-98

6'May-98

7-May-98

8-May-98

9'May-98

10-Mav 98

I

2

3

5

6

7

8

9

10

l l

t2

13

15

16

t7

18

79

20

21

22

23

24

25

26

27

28

29

30

31

19-59-2 N

20_00.0 N

19_015 N

19_00.2 N

t9_00.2 N

18_00.0 N

18_00.3 N

18_00.0 N

17_00.0 N

17_00.0N

17_00.0N

17_00.0 N

16_00.3 N

16_00.4 N

16_01.3 N

15_01JN

15_00.4 N

l5_00.0 N

14_59.6N

14-00.2 N

14_04.2 N

14_00.3 N

14_01.6N

13_00.7N

12_59.8N

13_00.2 N
'13 

01.3N

12_00.34 N

12_01.6 N

l1 59.9 N

l l  13.5N

119_58.7 E

121_gJ.2E

121_00_4 E

120_00_4 E

120_04.0 E

118_00.0E

119_00.2 E

120_00.0 E

120-00.0 E

119_00.0 E

11E_00.0 E

117_m.0E

117_m.5E

118_00.7E

119_00.35E

120_00_4 E

t18_574 E

1\7_59.9 E

116_59.3 E

116_59.5 E

tt7_57.7 E

118-59.9E

119_58.6 E

118_59.0E

117_58.9E

116_59.1E

116_59.6E

118_00.0E

118_45.6 E

118 03.1 E

3,620.0

1,4U.0

2,565.0

r,100.0

3,820.0

1,830.0

1,180.0

2,932.0

1,505.0

1,851.0

3,967.0

4031.0

4113.0

4041.0
3,646.0

59.0

4559_0

937.0

L2A6.O

1,674.0
't,777.0

1,800.0

2185.0
7LO,O

4,(1.0

822.0

L6n.O
3,610.0

1,1€.0

t,922.0

51K.0

Area 2:

0)

O, (/)

FH
€3

30-Apr-99

3GAp.'99

3&ApF99

r May-99

l-May 99

1-May-99

r-May-99

2-May-99

2-May-w

I

2

3

4

5

9

21-00.0N

20_00.0 N

19_59.9 N

19_00_2 N

19_00-0 N

17_59.8 N

17_59.8 N

17_00.0 N

16-35.0 N

107_55.0 E

107J9.9 E

106_29.3 E

105_59.5 E
'\07_@.7 

E

107_29.7 E

106_39.9 E

t07_29.9 E

108_00.7 E

34.0

29.0

28.0

26.5

56.0

80.0

40.0

45_0

75.0
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Table 2 Detailed information (continued)

No.

Depth

Lat. (N) Long. (E) Squid
Iica"c

Squid

tr

E
3

-.

(g
-

z-May-99

3-May 99

3-May-99

4-May-99

6'May'99

6-May-99

7-May-99

8'May-99

8 May'99

9-May-99

IA-May-99

10-May-99

10-May'99

ll-May 99

12-May-99

12 May-99

13-May'99

14-May-99

l4-May'99

17 May-99

18-May-99

18-May'99

rg-May-99

22-May-99

2t-May-99

21-May-99

20-May-99

20-May-99

20-May-99

2i-May-99

23-May-99

2t-May-99

26-May-99

25'May-99

25-May-99

26-May-99

27-May-99

24-May-99

2J-May-99

24-May-99

24-May-99

10

1 1

'12

13

l4

15
'\6

'17

18

19

zo
2t

22

23

24

25

26

2/

n
29

30

31

32

33

34

35

36

37

38

39

4U

41

42

44

47

48

49

50

17 00.3 N

16_01.4N

16 00.4 N

16_00.6N

14_59.7N

15 00.4 N

15 02.5 E

14.06.5N

14_00.1 N

14 10.7N

13_59.9 N

13_00.2N

12_59.7N

12_55.3 N

13 00.0 N

12_00.1 N

12_00.2 N

11_46.2 N

11_59.0 N

11_00.2 N

11 00.0 N

10_59.7N

10_59.7N

09,59.9 N

09_59.9 N

09_59.7N

10_00.2 N

09-59.6 N

10_00.4 N

08_59.8 N

09-00.2 N

09_00.7 N

08 01.2 N

08_00.1 N

07-59.7 N

06_59.7 N

05_59.9 N

07_59.6 N

08_59.9 N

09_00.3 N

08 00.0 N

109 00.18

109_58.0E

108_59.9E

108_30.5E

109.00.6 E

110_00.3E

110_58.8E

111_56.5E

111_00.0E

109_58.9E

109 29.1E

109_30.0E

109 59.2E

111_00.3 E

111 59.5 E

111_59.5 E

:111 00.0 E

109_56.1E

109 2s.1 E

108_59.9 E

110_00.7E

111 01.0 E

111_30.3 E

111 00.1E

110_00.3 E

109 10.7E

108_00.7E

la7]9.6 E

106_59.2E

107_59.9 E

108-59.5 E

110_00.0E

109 49.9 E

109_00.4E

108 00.5E

107_30.5 E

107-00.4 E

107_00.4 E

106 59.6E

106_00.5 E

106 00.0E

107.0

447.0

105.0

42.0

36.0

426.0

t,230.0

2100.0

2,200.0

653.0

143.0

134.0

1,910.0

2,7$.4

3332.4

4,117.4

?889.0

1,,n4.4

110.0

72.0

648.0

2,940.0

3,897.0

3,385.0

1,,614.0

156.0

45.5

32.0

22.4

62.A

129.4

L967.4

628.4

t47.4

79.4

61.0

51.0

42.0

33.0

20.0

33.0

,l

,|

,t

.l

{
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Table 2 Detailed inJormation (continued)

No,

Depth

Lai. (N) Lons. (E) Squid
Iigging Braphic

Squid

Z7-May-99

27-May-99

27-May-99

28-May-99

28-May-99

28-May-99

29-May-99

29-M^y-99

51

52

53

54

55

56

57

58

06 59.9

06 59.4 N

07 59.7 N

07_59.7 N

07 59.6 N

08_59.6 N

09_00.4 N

09_00.1N

105_59.9 E
104_59.6 E

105 00.7E

104 00.2 E

103 00.3 E

102 59.7 E

104 00.0 E

104_30.5 E

44.0
51.0

34.0

26.0

70.0

57.0

34.0

23_5

Area 3

(,
P\

i i i
a=
J4g

c t | . r
t 6 t

U ! -

xc
oD rr

l{
t )

21-Mar-00

21-Mar'00

21-MaF00

22-MaF00

22-Mar-00

23'Mar{0

23-Mar-00

24'Mar-00

25-Ma 0

26-MaF00

26-Mar-00

27-Mar00

27-M.r-00

28-MaF00

28-MaF00

29-Mar40

29'Mar40

30-Mar-00

30'Ma.{0

31-Mar{o

01'Apr 00

1-Apr00

02-Api-00

02-ApF00

05'ApF00

06'Apr00

06-ApF00

01

a2

03

04

05

06

07

08

09

10

11

12

13

14

15

16
't7

18
't9

2A

2l

03 44.18 N

04_13.12N

05_56.72 N

04,47.08 N

04_02.58N

04 59.53N

05_45.27 N

06_21.73 N

06_55.02 N

06 02.77 N

05-25.17N

05_07.95 N

0s,32.65 N

05_26.60 N

05_16.94N

05_56.20 N

05 56.51N

06_49.45 N

07_03.25N

07_08.98N

07 06.74 N

06_28.72N

06 19.83 N

06_28.45N

05 37.57N

05_41.23 N

05_37.55 N

05 19.38N

110 42.45 E

109_46.98E

109 56.80E

110_51.20E

111_17.90 E

111_55.60E

111_29.45 E

110_53.33 E

111_37.63E

t \1 a2.r2E

113_01.25E

113_04.12E

113_48.57E

1t4_\7.07 E

114_32.80 E

114_52.00 E

115 17.87E

1t5_42.27 E

113_52.17 E

1t3_O7.Z7E
'112 

24.15 E

1tz_2a.1zE
113 06.10E

113_47_04E

114 15.91 E

113_47.85 E

t13_47.26E

113 39.48E

65.0

100.0

145.0

t17.0

71.4

88.0

452.0

1,237.0

1,880.0

1,550.0

1,,257.0

130.0

4150.0

150.0

t,975.0

177.0

1,516.0

228.0

1,836.0

1,435.0

2,003.0

1,338.0

1,,592.4

1,202.0

810.0

2,188.0

800.0
't,639.0

{
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Ocea ic Squid in the South China Sea

3.3 Fishing Gear

Squid samples were collected by the aulomatic squid jigging machine: SE-88,

Sanmei, Co. Ltd. A total of 4 automatic squid jigging machines consisting of eight

main lines were installed on the port side. Each machine was set 3-4 m apad from

each other. The main line of stainless wire #39 (7x7\, was attached to a series of 25

t)?ical Japanese squid jigs spaced approximately 1m apart by nylon monofilament

leaders (3Q 40 and 50 lb test) as shown in Fig. 10 and n.

The squid jigs used in this study were of 5 colours of CR15-New Kaio hook

including fluorescent purple, green, blue, light green and pink. At the end of the jig

line a cast iron sinker of 1,2509 was attached by 8m of nylon monofilament leader.

Jigs and main line wele lowered to the desired depth ranging from 50 to 200m and the

line moved up and down at a speed of about 1.0 m/s in a slow jigging motion r.ntil a

squid was hooked and brought to the deck.

The squid samplings were generally started after sunset until the around 03:00

am in the morning of the next day depending upon the sea condition,

No sea archor was used during the fishir.rg operation. Angling depth layers

where squid were caught were also recorded.

3.4 Light System

500 W attracting lights were suspended around 1.0m inboard and 5.0m above

the machine and were spaced 70-80 cm apart down the length of the port side of

the vessel where the machines were installed. 54 bulbs or a total of 27kW werc

used (Fig. 12).

3,5 Data Collection

3.5.1 Catch and Effort

Catch and effort data were collected at each fishing station. Target sPecies

caught were counted and if not all weighted, a sub-sample was weighed and counted

to extrapolate the total catch weight at each station. Effort was recorded in line

hours, calculated by multipllng the number of lines actively fishing by the length

of time in use.

Catch per Unit Effort (CPUE: the number of squids per line-hour) is used as an

index of abundance for a fishing ground. The number of squid lost for a given period

Southeast Asian Fisheries Deuelopmmt Center -77-
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NYLON #40

NYTON #30

Fig. 10. Illustration of jig line used witl-r the automatic squid jigging machine for this survey.
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Oceanic Squid in the South China Sea

Fig.11. Automatic squid jigging gear lrsed to collect the oceanic squid: a) The automatic

squid jigging machine installed at polt side of MV SEAFDEC, b) 1,2508 cast-iron

sinter, c) a reel of the jigging machine consisted of main line and jigs, d) t'?e of

jig (ases with 5 different colors.

c) d)

a urasaki Kaio co8es

Fig, 12, Luring lamps of 500 W bulb each setting above the machine inside the vessel.

,:, I
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because of drop-off was also observed.

3.5,2 BiologicalFeatures

The biological features of the squid were measured. Length frequencies (mantle

length) were recorded in millimeters and weight in grams, Length and weight data
were transformed witha 1og transformation and length-weight relationships calculated
using a least square regression method.

The sex of squid was identified by the characteristics of the 4th arm of the

squid.

3.5.3 Specirrens for Systematic Study

In order to accomplish fhe systematics of the purpleback flying squid, some
collected squid were preserved in 10% neutralized formalin. Not all squid were relaxed

or killed prior to preservation as they were dead after capture. The fixed-specimens
were later transferred to 75% ethyl alcohol for permanent storage. All specimens were

exarnined, and measurements, body proportions, cotrnts and indices \ /ere obtained
from the whole body as described by Roper & Voss (1983). Measurements are in
rnillimeters (mm).Indices are expressed as percentages ofdorsal mantle length and are
denoted by the final initial I, e.g. HM = FIW/ML x 100. The diagram ard summary
of the measurements, counts and indices are shown in Fig. 13 and Table 3. The
buccal mass was removed from some specimens and the beaks and radulae extracted,
cleaned, and illustrated. The beaks, radulae and spermatophores were drawn with the
aid ofa cameralucida. The enlargement section ofthe spermatophores and most of the
radulae were stained with methylene blue to get higher contrast dudng examination
and illushation in the compound microscope.

3.5.4 CephalopodParalarvae

Cephalopod paralarvae were collected using 0.33 mrn mesh net attached to 60
cm diameter bongo frames (Fig. 14). A flowmeter, attached within the aperture of the
net, measured the amount of water filtered. At each station, a 30 minute oblique tow
of the bongo net was made with a ship's speed of about 2 knots. The depth of the
haul was 60 mete6 below the sea surface. Samples were preserved in 10 % buffeted
formalin-seawater immediately. In the laboratory, cephalopod paralarvae were sorted
and identified to genus level. The classification of cephalopod paralarvae was based
on Kubodera and Okutani (1981), Okutani (1966 and 1968), Okutani and Mc Gowan
(1969), Sweeney et al (1992), Tsuchiya et al. (1991), Yamamoto and Okutani (1975)
and Young and Harman (1985).
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Fig. 13. Diagrafimatic illushations of the measurements of squids. Dorsal view AL= Arm
Length, CIL=Club Length, FL=Fin Lenglh, FW=Fin Width, HL=Head Length,
HW=Head Width, Ml=Mantle Length, Mw=Mantle Width, I=dorsal arm, Il=dolso-
lateral arm, Ill=ventro-lateral arm, Iv=ventral arm, Ttl=Tentacular Lenqth

Table 3 Definition of counts, measurements and indices.

ML Mantle Length Dorsal mantle leneth measured ftom the anterior most
point of the mantE to the posterior tip.

MWI Mande Width lndex Greatest straighFline (dorsal width of mantle as a
percentage of mantle lengtl).

FLI Fin Length Index Greatest length of fins as a percentage of mantle length.

FWt Fin Width Index Greatest width (dorsally) across both fins as a percentaSe
of mantle length.

FIWI Head width Index Greatest width of head at level of eyes as a % of mantle
length.

HLI Head Length Index
Dorsal length of head measured from point of fusion of
dorsal arms to anterior tip of nuchal locking-cartilage as a
percentage of mantle length.

ALI Arm Length Index
Length of each designated arm (I, , I, IV) measured
from firstbasal (proximal most) sucker to the tip of arm
as a percentage of manile length.

TtLI Tentacle Lengti kde\ Total length of tentaculai stalk and club as a pelcentage
of mantle length,

CILI Club Length Index Length of designated club as a percentage of mande
length.

Southeast Asian Fisheries Deaelopment Center -2t-
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3.5,5 Oceanographic Measurement and Data Alralysis

Oceanographic characteristics were measured to clarify the oceanographic

featuies in relation to the catch results. The physical oceanographic parametets were

measured by the Falmouth Scientific Integrated CTD unit [ICTD], using a sampling

rate of25 Hz. Temperature was corrected to ITS 90 standard. Salinity was calculated by

the PSS 78 scale. Dynamic depth relative to the surface was computed by the EG & G
CTD Post-acquisitive Analysis Software at every dbar pressure interval. The dissolved

carbonate in seawater was calculated from total alkalinity andpH was measured using

the in situ sensor attached to the ICTD Utwas later measured onboard using the Fisher

Scientific model 1002 pH meter, when the pH sensor malfunctioned]. Total alkalinity

was measured as the capacity of seawater to neutralize hydrochloric acid and the

saturation level of seawater was calculated from the ratio between actual carbonate

concentration and its concenhation at equilibrium. Continuous oxygen profiles at each

station were obtained using the Beckman Polarographic electrode connected to the

ICTD unit and the raw data was averaged at every dbar pressure level (The data was

calibrated at some stations by fhe Winkler titration method).

Water transparency and sea color were measured by Sechi disc in units of a
meter and the Forel scale at daytime stations, respectively.

The horizontal distribution of the temperature, salinity, chlorophyll and
fluorescence value at the sea surface were plotled in relation to the catch results.

Horizontal distribution of each oceanographic parameter are based on the measurements

at Lhe 10m depth layer, not the values at the sea surface to avoid mefeorological

disturbance.

The vertical distribution and profile of the temperature were plotted along
the longitude for north-south direction and along the latitude for the west-east
dircction. In each survey area, the vertical distribution of temperature was prepared
as shown in the Appendix 3.

All of the vedical distributions and profiles and the horizontal distributions
of each oceanographic parameter were analyzed and plotted by a data processing

application "Transform" version 3-4 (Fortner Software).

Light intensity in the water colurm was measured by Quantum Light Senso!
for both in-water and in-air at the daytime stations. These data were recorded by Data
Logger IL1000. The intensity of light at the sea surface (I0) was used to estimate light
intensity at a desired depth (I,), from the following equation (Jerlov 1976):
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Fig.14. Bongo net (a) and its operation at the sea surface (b) used for collecting the
cephalopod paralawae in this survey

I Io exp (-kz)

where k is the attenuation coefficient (mr)

From this equation the ambient light at angling depth where squid living can be

solved in order to recalculate to the depth whereas the squid exist dudng the day time.

Regarding this knowledge, if it is true, the squid jigging operation can be modified

and made during the day time the same as the Japanese common squid fisheries in

Japan, which are operated both in day alrd at night.

Environmental factors such as wind, current, and other navigational data

were observed.

In spite of sufficient depth with virtually the same sea conditions, the number of

catch differed according to date. This is believed to be because of the lunar effects. The

phases of the Moon during the fish sampling date were recorded to examine how the

relationship between the catch and the percentage of illumination from the moon. The

percentage of moon illumination depended upon the phase of the moon and carl be

calculated from a Freeware "Moon Tool" version 1.01 developed by Richard Knu&ey,

1994 without consideration of the sea condition and effect from cloud.

b)
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4. Results

4.1 Systematics of Sthenoteuthis ounlaniensis

Sthenoteuthis oualaniensls (Lesson, 1830) Fig.15, Table 4A-8.

Loligo oualanimsis -Lesson, 1830: 240, pl. I, fig.2.

Ommnstrrphes oualaniezsis Steenstrup, 1880: 76

Slmplectoteuthis oualaniensis -Pfeffet 1900:180; -Pletlet 1912: 502, pl. 40-41,,

42, tigs.I- ; -Sasaki, 1929: 296, pI. xxx, fig.8, textfigs. 176-178; -Adam, 1,954: 1.57;
-Voss, 1963:134, fig. 29i -Voss & Williamson, 7971:74, pl. 23, figs. 20,27,30; -Roper

et a1.,1984:180;

Sthenoteuthis oualaniensis -Zuev et fiL., \975:1475; -Nateewathana 1997: 453-464,

ligs.2-5.

-10

Female Male

Fig. 15. Specimens of tlrc purpleback flyin1 sqrid,, Sthenoteuthis oualaniensis collected from
the Vietnamese wate6 in &e Sou& China Sea.
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Table 4AMeans, standard deviations and ranges oI selected measurements and indices (in

percent) of Sthenoteuthis oualaniensis. in the Area 1, Station no. 12. Lat. 16' 59.8N,

Long. 117'04.78. Auto squid jigging, angling depth 100 m, time 1915-0130 hrs,

surface temperature 27.8'C, M.y. SEAFDEC 25 April 1998, total catch in weight

100.299 kg and in number 739 pcs.

Table 4B Means, standard deviations and ranSes of selected measurements ajtd indices (in

percent) of Sthenoteuthis oualaniensis. in the Area 2, Station no. 16. Lat. 15" 02.5N

Long. 110"58.88. Auto squid jigging, angling depth 100 m, time 2015-0230 hrs,

surface temperatule 28.3"C, M.V SEAFDEC, 7 May 1999, total catch in \ reight 52.59

kg and in number 492 pcs.

MALES FEMALES

Index N mean S.D. (n-1 Range n mean S.D. (n-1 Range

ML (mm) 6 131.4 3.8 124.0-85.4 6 192.5 15.1 179.0-216.0

MWI t' 20.2 0.7 19.1 21.2 6 23.3 1 .6 21.8 25.7

HLI 6 24.4 1.8 17.8-22.4 6 20.1 2.6 1.6.1-24.0

I{WI b 20.1 7.6 17.5-22.3 6 20.5 1.7 18.0-23.2

FLI 6 39 1 .6 37.2-41..7 6 36.6 7.7 2t.040.2

FWI 6 4.2 66.9-78.2 70.5 2.1

ALII 6 33.1 3 .6 6 14.8 2.1 32.237.0

ALItr 6 36.7 2.1 34.640.7 6 38.9 3.5

ALINI 6 3.3 32.1.-41.5 6 41.L 2.2 37.043.3

ALIVI 6 37.6 7.6 36.0-40.3 6 4 l 2.5 37.0,44.3

TILI 6 74.8 6L.6,90.3 6 E9.5 74.'t-'t22.'t

ClLI 6 27.1.
't.9

23.3-28.6 6 35.4 2.8 30.2 37 .9

MALES FEMALES

lndex N m€an S.D. (n-1 Range n mean S.D. (n-1 Range

ML (mm) 6 122.1 8 11.0.7 -1.29 .E 5 115.5
't2.'t 104.7-13't.1

MWI 6 20.4 1
't9.5-22.4

5 2.4 19.8-25.5

HLI 6 20.1 2.2
't7.2-22.9

5 0.9 20.1-22.4

HWI 6 20.7 0.4 18.5-24.0 5 19.7 1.4 18.2-2't.7

FLI 6 44.1 1 42.9-45.8 5 44.7 2.1 41.2 46.4

F\,\{ 6 70.6-80.8 5 76.1. 13.4 64.6-98.3

ALII 6 3.3 30.1 39.0 5 3.4 26.2-34.9

ALtrI 6 37.6 36.019.7 5 37.7 1 .1 36.8-39.4

ALIIII 6 4't.3 1.6 39.4 8.4 5 40 3

ALI!'I 1.5 37.0-41.3 5 38.9 3.1 35.543.8

TtLI 6 82.2 12 66.194.7 5 76.9 10.9 69.1-95.4

ClLI 6 32 1.5 29.8-34.0 5 28.8 2.8 25.812.5
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4.1.1 MaterialExamined

Of the total of 4,251 specimens caught during the survey period from 1998-2000

in the South China Sea, there were 2,592 sPecimens from survey area I :Western

Phil ippines, 1,412 specimens from survey area II: Vietnamese waters, and 253

specimens from survey area III: Sabah, Sarawak (Malaysia) and Brunei Darussalam

waters. Only 5-6 specimens were collected for identification from each squid samPling

station in the Survey areas I and II. Data at the squid abundance station of survey

Areas I and II are presented in Table 3.

4.1.2 Descdption

The Mantle (Fig. 16A-a) is long, slender, cylindrical, muscular, and taPedng

abruptly from the antedor margln o{ the fins to a sharp pointed end (Fig. 16A-b); *te

median antero-dorsal lobe is low rounded with the venhal mantle margin slightly

concave below the funnel. Fin terminals, rather large, rhombic, occupying about

42-45% of the mantle length; anterior margins slightly convex; lateral margins pointed;

postedor mar8lns straight, continuous to the apex of mantle. Head large, as wide as

the mantle, sharply set off from Lhe neck by a transverse ridgei each side of the head

has three nuchal folds connected to the transverse ridge (Fig. 16B-a) Eyes (encircled

by a free eyelid, forming a rounded triangle, truncated Posteriorly and with a sharp

narrow anterior sinus (Fig, 16B-a). The Fumel is large, cornpact and set in a deeP Pit

on the ventral side of the head; the funnel valve is large and well-developed; the dorsal

funnel organ is large and of an inverted v-shape; the ventral pads are an elongate, oval

shape; foveola (Fig. 168-b) with 7-9 longitudinal folds in the central Pocket and 3-5

lateral pockets on each side. The Fururel locking apparatus is an inverted T-shape and

fused in its rniddle portion with the mantle groove (Fig. 168-c).

The arms are moderately lon& stout with Pointed tips, unequal in order of III.

II. IV. I. Arms are compressed with a sharp keel along the edges. Arm III is triangular,

broad, strongly keeled on the proximal half of arm. Protective membranes are well

developed with prominent trabeculae. Biserial suckers are present in all arms; arm

suckers ale rounded with abouL 12 sharp teeth laterally and dislally, of which the

median is largest (Fig. 16B-d). The left Arm IV of the males is hectocotylized (Fi8.

16C-a), enlarged and thicker than the other arms; proximal half of arm with 12 suckers

arranged in two longitudinal rows bordered by a heavy flaplike modification of the

supports of the protective membrane; a series of Pits in a single row are Present along

the base of protective membrane on each side of the proximal Part of the arm (Fig.

16C-b); the distal arm is devoid o[ suckers and papilJae.

The Tentacles are moderately long, stout, laterally compressed, and with

elongated clubs (Fig.16C-c). The protective membranes are slightly expanded on the
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FiB.1,6A. Sthmoteulhis oualaniensis: a) dorsal view arrd b) venhal view

/\Aru/AL
e  - 0 3 n n r

Fig.768. Sthmoteuthis oualaniensis: a)head,, b) foveola and side pockets, c) fumel and mantle
locking cartilages, d) arm sucker e) radula.
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Fi,g.76Cl Sthenoteuthis oualafliefisis: arhectocotylised arm, b) lateral view ofhectocotylised arEr
showing a sedes of pits, c) tentacular club, d)club sucker, e) gladius.

Fig.76D. Sthenoteuthis o alanieflsist a) upper beak, b) lower beak, c) spelmatophore, d)
er argement of oral cap, e) enlargement of cement body.

ffi
d

M,
\\1{t.
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manus with trabeculae well deveioped. An Aboral keel is present along the ciub. Club
suckers quadrisedal on the dactylus and manus; two median rows of suckers 2-3 times
larger than the lateral rows; carpal suckers are small, arranged in two irregular rows.
Enlarged club sucker dentition on the dactylus and manus with about 20 sharp teeth
and one in each quadranb enlarged (Fig. 15C-d); carpal suckers with smooth boney
rings; one to four distinct tubercles or knobs present on the carpLts.

Gladius (Fig, 16C-e) thin and very slender; rachis stout anteriorly, uniformly
narrowing to the postedor hp, and wifh median rib and two marginal libs along the
edges; postedor end has a small vane about one-seventh of the total gladius length.
The buccal membrane has seven buccal lappets, and sbiong ribs projecting beyond
the margin in sharp points, two pores are present under arm I and betrveen alm III,
continuous with each obher below Lhe overhanging dorsal connective memoranes;
no suckers; numerous small oval seminal receptacles sutround the mouth of mature
females. Upper beak (Fig. 16D-a) with lon& sharply pointed, curved roshum tipi deep
jaw angle; the hood length is almost half of the cresl lateral wall large. Lower beak
(Fig. 16D-b) with short, conical rostrum; short hood; large wingi lateral wall long.
Radula (Fig. 16B-e) with seven t'iansverse rows of teeLh, lachidian tooth tricuspid;
firsl lateral tooth bicuspid, outer cusp small, second and laieral mafginal teeth
single and slightly curved.

Spermatophore (Fig. 16D-c) long and small, sperm mass comprises 50-60.k ot
total length; cementbody oval, slightly constricted at the posterior quarter of the body
(Fig. 16D-e); ejaqnatory apparatus coiled at oral end (Fig. 15D-d).

Colour in alcohol yellowish brown often with dalk purpie colouration in the
mid-dorsal line of mantle.

4.1,3 Remarks

S. oualnniensisbelotgs to subfamily Ommashephinae of family Ommastrephidae.
Ithas unique character of the subfamilyi.e. foveola and side pockets, another character,

photophore, may be present or absent. Two forms of the species, both forms are
replesented by males and females, are known: one small, without dorsal photophore,

another larger, widl dorsal photophore (Clarke 1965; Roper ef al. 1984). Besides the
presence or absence of the dorsal photophorq, they differ by the structure of the
heclocotylus. Most invesLigators have suggested that the two forms might present two
valid species, but Lhey have noi yet been described. Until Nesis (1993) has considered

S, oualaniensis as a single species.

S. oualiniensis was first described as Loligo oualaniensis by Lesson (1830).
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Later Pfeffer (1900) lransferred to genus Ommastrephes, and subsequently to genus

Sfnplectoteuthis the species. Finallt Synrylactofeutllis otnlnriensis (Lesson, 1830) and

Omnnstrephes pferopls Steenstrup, 1855 were united in the genus Sthenoteuthis (Zuev

ef al. 1975; Roeleveld 1982). The typical of the genus is the fumel and mantle cartilage

fused at a single point, At present, the genus conLains two speaes; S. oualaniensis and

S. pterop s. The first species is distributed in the Indo-West pacific, while rhe latter

Iives in the AtlanLic Ocean (Nesis, 1987).

4.2 Distributiory Abundance and Biological Features

Resulls from 30 samplings covered 3 survey areas h the South China Sea show

that only one species of the purpleback flyi^g squid, Sthenoteltthis oualaniensis (Lesson,

1930) were caughr by the automatic squid jigging gear. It indicates that males were

generally smaller than females (see Fig. 18). Distribution, abundance and biological

feature oI the squid are described in deiailed as classified by area as follows:

4.2.1 Western Philippines Waters

Atotal of 11. samplings were conducted in the Western Philippines waters. Thble

5 shows the information of sampling stations and catch results of tt:'e S. oualnniensis

Table 5 Sampling stahons and catch results of the purpleback flying squid in the South
China Sea: Westem PhilipDines wateis

opl. St.

No. No.

TolalCalch CPUE

lnd./linehour

Date Location Sounding l{0. No. Efforl

(d.m) tal.(N) Long.(E) D€pth(m) oflin6s ofJig /h\ Weight Numb€r
-' 

{ks) (ind)

25

37

49

512

614

717

821

927

10 30a

11 31a

17-Apf 20 02.30'

19-ApI 18 59.18

2fA[ 18 00.40'

22-AF 16 59.90'

25-Apr 16' 59.64'

27.Apr 15 59 50'

29-Apl 15 00 64

30-Apr 14 00.50

s-May 13 00.40'

8{{ay 11 59.80'

9. ay 12 47.60'

119 56.i0

118 53.68'

11S m.28'

120 01.70'

117 M77'

118 00.60

118 59.52

117 59.90'

117 06.41'

118 45.30'

119 09.00'

25.920

5.760

71.505

5.109

100.299

23.014

23.485

39 635

16506

25.128

62.1S0

3,620

3,820

1,180

1,505

4031

4041

4,559

1,171

1,672

1,922

544

240

128

156

156

1 i8

i76

176

176

176

153

176

5

2

4.55

5

4.5

116

29

4n

50

739

131

267

138

2.900

1.813

11.593

1.563

18.475

3917
^ : . -

5.563

2.156

3.058

8.333

159

400

5

6

I

6.5

8
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from the survey area in terms of the catch-per-unit-effort (CPUE, number of squid
per line hour). Drop-off rates for jigs fished on the iigging machines ranged from
0 to 0.33 squid/line hour.

4.2.1.1 CPUEi Distribution and Sex Composition,

Ove! the entire survey area/ CPUE of the squid averaged 5.7 ind,/line.hour.
The minimum and maximum CPUEs of the squid were 1.6 and 18.5 ind,/line-hour
at St.#9 and St.#12, respectively. The CPUE value greater than 11 squids per line
hour were found at St.#7 and St.#12. Fig. 17 shows the CPUE distribution and
sex composition of the squid caught at each sampling station. It is clearly shows
that females formed the majority of the catch, accounting for 1,383 squid or 81%

of the 1,701. total catch.

|7 l l 9 121

Fig. 17. Sex composition and CPUES diskibution of tle pulpleback flying squid in the South
China Sea, Westem Philippines waters durinS April-May 1998.

115

CPUE (lndJin6 hr)

0 10 20

rvralo$remare

Su/u Sea
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Fig. 18A. Mantle length distdbution of the male and female purpleback flying squid from
each samplings station in tlle South China Sea, Westem Philippines waters during
April-May 1998.
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Fig.18B. Overall mantle length distdbution of lhe male and fernale purpleback flying squid
ftom the South China Sea, Westem Philippines waters during April-May 1998.
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Length-weight relationships of the male and female purpleback flying squid from the
South China Sea, Westem Philippines $'ate6 during Ap l-May 1998.

4.2.1.2 Length Frequency Disiributiott

A total of 1,701 purpleback flying squid were measured and their mantle length

ran8ed from 90 to 250 mm. The squid had a mean overall mantle length of 147 mm and

an averaged weight of 170 g. Fig. 18A shows the mantle length frequency dishibution

of the puryleback flying squid in each sampling station in the westem Philippines

waters. Fig. 18B shows the overail mantle length frequency distribution of the squid

in the survey area. From the resulis of ihe length frequency distribution, a single peak

Southeast Asian Fisheries Deaelopfient Ccnter -33-
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mode is indicated between 120 and 130 mm for males and between 140 and 150 mm
mantle length for females, respectively.

4.2.1.3 Length-Weight Relntianslip

The length weight relationship for males and femaies of the purpleback

flying squid are presented in Fig. 19. The coefficient valr-res of both female and
male squid were 3.052 and 2.913, respectively. It can be concluded that there is
no difference in length-weight relation bet\,veen maie and female in the western

Philippines rvaters.

1.2.7.1 Cephalopotl Paralartae Abundance and D istribution

In the western Philippines waters, six patalarvae cephaiopoda families were
identified: Enoploteuthidae, Ommastrepidae, Onychoieuthidae, Brachioieuihidae,

Cranchidae and Octopodidae. Fig.20 shows the abundance and distribution of the

purpleback flying squid paralarvae in the western Philippines waters. The lamily

Ommastrepidae was expressed by Sthenoteuthis oualaniensis. The paralarvae of 5.

O 1 '1

o
o
o
o

Fig. 20. Abundance and distribution of the prrpleback flying sqdd paralarvae in the South
China Sea, Westem Philippines wate$ dLuing Apdl-May 1998.

10- 1. {

15-  29

3 0 - 6 0
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o nlanic sis was found at almost every station except St#16 and St#28. The highest

density was observed at St#10 with 55 individual/1000m3. Table 6 shows the number

of cephalopod paralarvae per 1000 m3 at 31 stations in the westem Philippines waters

during Lhe survey period in 1998.

Table 6 The number of cephalopod paralarvae per 1000 m3 at 31 stations in the westem
Ph.ilippines wate$, during 7 April- 19 May 1998.

StatioG

1 2  3  4  5  5  7  A  9 1 0  1 1  1 2  1 3  1 4  1 5

Enoploteuthidae

Stenot eu th is ourlall iensis
Onychoteuthidae

Ociopus tyPe I
OctoPus tyPe ll
Octopus type [I
Octopus gpe lV

Unkno@n cephnlopod tp. 1
Total

1 0  1 f  4 . r  7 1 0  3  6  2 r 9  1 9  8  3  5 2 5  1 3 7

0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0

6 1 6  3  2  7 2 2 7 4  6 1 7  5 5  7 2 2 4  2 2  3 1 9

0 0 0 0 4 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 2 3 0 0 0 0 0 0 0

0 0 0 2 0 0 0 0 2 0 2 0 0 0 3 0
0 0 0 2 2 0 5 0 2 0 2 0 0 0 0 2

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

2 1  6 7  7 I 0 2 7 4 1  2 8 2 0 2 7 7 4 3 9 3 3  3 2  1 0  5 9  1 4 8

Stations

77 
'\A a9 m 2t 22 23 24 25 26 27 2a 29 30 31 total

Enoploteuthidae

S Enatcu lhi s oua laniensis

Cranchida€

Liacmnchio spp.

Octopus type I

Octopus t}?e II

Octopus t}?e III

Octopus type lV

Unknown cephalopod sp-1

Total

1 3 v 7 1  7  3 2 8 ? 2 3 8 ] ]  4  7  3  5  8 2 9  5 3 4

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

5 2 4  6  2 1 1  1 5  1 3  1 1  7 6  4  2  0  5  2  2 3 4 3

0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

0  0  2  0  5  3 1 5  0  0  0  0  0  4  2  0  4 0

0 0 0 0 6 0 0 0 0 0 0 0 1 2 0 2 4

3 0 2 0 2 5 1 5 0 0 0 0 1 2 0 4 5
0 0 0 0 0 3 4 0 0 0 0 0 0 0 0 9
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 2
1 0 0 0 3 0 0 0 0 0 0 0 3 0 2 5 6

23 6t 21 9 30 54 59 58 27 I 9 3 20 16 33 1074
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4.2.2 VietnameseWaters

A totai of 10 samplings were conducted in the Vietnamese walers. Table 7
shows the information from the sampling stations and the catch results of the S.
alnliniensis in terms of the catch-per-unit-effort (CPUE, number of squid per line

hour). Over the entire survey area, the CPUE of the squid averaged 3.08 ind/line-hour.
Minimum and maximum CPUES of the squid were 0.25 and 9.11 ind/line-hour ai the
St.#31 and Sl.# 16, respecfively. Drop-off rates for jigs 6shed on the jigging machines

averaged 3.0 ind/line-hour.

4.2.2.1 CPUEs Distribution and. Sea C1mpositions

Fig. 21 shows the CPUEs distribution of the S. aLnbmiensis in Lhe overall survey
area. High CPUE areas where more than 5 ind/line-hour were caught were found

at St.#16 and St.#17.

Sex ratio of the catch in Vietnamese waters vaded between 68 - 91% by females.

The sex ratio observed in lhe Vietnamese waters and in the western Philippines is

close to 80% by females but vary slightly between areas. The sex ratio of catch in

the Vietnamese waters and western Philippines were averaged out to be 75% and

81% by females, respectively.

Table 7 Sampling stations and catch rcsults of the pu?leback flying squid in the South China
Sea: ViekEmese wate6 during May 1999.

opl. 51. Date Location Sounding No. No. Effod Total Catch CPUE

No. No. (d-m) Lat. (N) tong. (E) Deplh (flr) oillne ofjig (h) Weioht Nun'rber ...
ti 'f (ind ) 

(norrrfe nouf)

1

2

3

4

5

6

7

8

I

t0

11

17

23

zt

27

31

34

42

240

200

200

200

200

200

200

200

200

200

5.00

675

6.50

4.50

6.00

5.50

4.00

4.50

5.50

5.00

73

492

262

174

87

83

I

72

25

3-[rlay 16 01.4'

7-l',1ay 15" 02.5'

8"[,1ay 14 06.5'

g'lr lay 14'10.7'

11-May 12" 55.3'

12-l\rlay 12'00.1'

14-May 11'46.2'

1B]t1ay 10" 59.7'

21-May 09 59.9'

26-i/ay 08 01.2'

109"58.0'

110" 5B.8'

11 1' 56.5'

109" 58.9'

11 1" 00.3'

111 59 .5 '

109 56.1'

111 01 .0 '

110" 00.3'

109 49.9

847

1,230

2,100

653

2,743

4,117

1,734

2,940

1,614

628

12.61

52.59

36.72

44.48

13.43

20.08

8.37

8.98

4.74

1.83

9.11

5.04

4.83

1.81

3.07

2.59

0.25

1.64

0.63
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Iig. 21. Sex composition and CPUES distribution of the purpleback flying squid h the South
China Sea, Viekramese waters during May 1999.

4.2.2.2 Length Freqtency Distribution

Fig. 22A shows the length frequency distribution for the S. oualaniensis ftom

each fishing station. Two sizes of specipens, small and large were found in the sdrvey

area.Inabundant areas ofsquid, St.# 16 and St.#12 about 809o of the female specirnens

were of small size wi*r a mantle length ranging behveen 110 and l.50mm. About 40%

of the large squid with a length rangingbetween 190 and 240mmwere found at St.#19.

Mantle leneth size of males was smaller than females.

Fig. 22B show the overall mantle length distribution of the squid, a total of

Southeast Asiin Fisheries Dcurlopmcnt Center -37-
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Fig. 22A. Mantle length distribution of the male and female purpleback flying squid from each
samplings slation in the South China Sea, Vietnamese waters dudn gMay 1999.
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70 80 90 100 110 120 130 140 150 160 170 180 190 200 21A 22A nA 240 25A
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!ig. 22B. Ovelall mantle length distdbution of the male and female purpleback flying squid
from the South Chha Sea, Vietnamese waters in May 1999.
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Fig.23. Length-weight relationships of the male and female purpleback flying squid flom
the South China Sea, Vietnamese waters in May 1999.

1,439 specimens indicate that their mantle length ranged between 90 and 240mm

with a mean length of 147mm and an avelaged weight of 1709. Modal length of the

Squid for both females and males was 130mm with means of 150.5 and 127.5mm,

respectively.

4.2.2.3 Letlgth-WeightRelationships

Length-wei8ht relationship coefficients for male and female S. oualdniensis are

N = 1064

f(x) = 1.11'',0-s t3 2u

R2 = 0.964 !

MALE
N=348

f(x) = 1.0.10-5 x3.21

R2 = 0.826
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presented in Fig.23. The coefficients for both male and female were aboul3.2 and it

may be concluded thaL there are no difference in length-weight relation between them.

In the westem Philippines waters, the coefficients oI both male and female are smaller

especially for the males at less ihan 3.

4.2.2.4 Cephalopott Paralntpae Abundnnce ancl Distribtrtion

The investigation into cephalopod paralarvae in the Vietnamese waters showed

that 15 genera belonging to 11 families were found as shown in Table 8. Some were

economic species that are found in neretic and oceanic areas Iike Sepia sp., Loligo spp.

a;:.d Sthenotellthk oLLalnniensis. Sorr.e genera occurred oniy in oceanic areas like .A&rafta

sp., witasenii sp., OnychoteLLthis sp., Ctmopteryr sicula, Nototadarus sp., Thysnnateuthis

rhombus, I iocranchia <p., and lputhowpnin sp.

SthenoteLLthis ounlaniensis are found mostly in the central part of Vietnamese

waters, particularly in the oceanic zone. The aburdance and distdbution of the squid

during the survey pedod is sho\a.n in Fig. 24.

1 0 0 105 1 1 0

Abundance
(ind./1000m3)

a
o
o
o

1 -9

10 -19

20 -29

30-39

Fig. 24. Abundance and distribution of the purpleback flying squid paralarvae in the South

China Sea, Viehramese waters in May 1999.
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Table 8 Number of cephalopod Paralarvae pei 1000 mr at 58 stations in the Vietnamese

waters, during 30 APdl- 29 May 1999.

Southeasf Asian Fisheries Dcoelopment Center -4L-
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4.2.3 Sabah, Sarawak (Malaysia) and Brunei Dalussalam Watels

A total of 10 samplings were conducted in the waters of Sabah, Sarawak

(Malaysia) and Brunei Darussalam. Table 9 gives the information of sampling stations

and catch resulfs for the S. oualaniensis in terms of the catch-per-unit-effort (CPUE,

number of individual/line-hour). Drop-off rates for jigs fished on the jigging maclines

averaged 0.8 squid/line hour

4.2.3.1 CPUE, DistribtLtion and Sex Comoositions

Over the enlire survey area in the waters of Sabah, Sarawak (Malaysia) and

Brunei Darussalam, the CPUE of the squid averaged 0.632 ind/iinehour Minimum

and maximum CPUEs of the squid were 0.16 and 1.52 ind/line-hour at the St.#21 and

St.#15, respectively. The CPUE value greater than l squid per line hour were found

al St.#13 and St.#15. Fig.25 shows the CPUE distribution and sex composition of the

squid caught in each sampling station. Sex ratio of the catch varied between 89 - 100%

by females. This clearly shows that females dominated the catch and males were not

found at sr.#7, st.#12 st.#19, st.#20 and st.#21.

4.2.3.2 LengthFrcquency Distribution

A total of 242 purpleback flying squid, S. olalaniensis were measured and

thet mantle length ranged from 58 to 230 mm. The squid had a mean ovemll mande

Table 9 Sampling slations and catch results of the purpleback flying squid in the South
China Sea: Sabah, Sarawak (Malaysia) and Brunei Darussalam waters dudng

No. No.

LocationDate Sounding No. No. Effort Totat Catch

Lat.( i$ Long(E) Dep$ (m) ofl ines ofj i t(d-m) /Ar Weight
'- ' (ks)

Number , , ,,
, .  , ,  mo./ lme noLu

I

2

3

4

5

6

7

8

9

10

7 ?]-Mat

8 23'Mar

9 24-Mar

U 25-Mar

13 . 
26-Mar

15 27-Mal

17 28-Mar

19 29-Mal

20 31-Mar

21 l-Apr

05'15.27N

06'21.73N

06'85.02N

05'25.17N

05'62.65 N

06'16.94N

05'56.51 N

07'03.25N

07'05.74N

0619.83N

11f29.{5E

110'63.33E

113'01.25 E

1r3'78.57E

11132.80E

115'17,87E

113'52.17E

112'2{.15 E

r13'06.108

200

200

200

240 -

200

7n

ztn

200

200

200

3.070 10

3.920 19

7.900 40

1.500 12

3.5.10 18

11.300 5l

3.200 17

1.700 I

8.050 33

0.690 5

452

t,2y

1,880

2,150

1)n

t,516

1,836

2,003

r592

5.5

6

5.25

5

7.5

4

4.8

I

0.n7

0.96

0952

0.333

i.333

1.525

0.283

0.250

0.859

0.156
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Fig.25. CPUEs distdbution and sex composition of the pur?leback flying squid in the
South China Sea: Sabab Sarawak (Malaysia) and Brunei Darussalam waters during
March-April 2000.

length of 160 mrn and an averaged weight of 200 g. The females were of larger size

with a mantle length ranging between 58 and 230mm meanwhile the males ranged

between 97 and 130mm. Fig.264. shows the mantle length frequency distribution of

the purpleback flying squiu at each survey station. At St.#13 and St.#15 where the

CPUEs was larger than 1.0, the length frequency distribution of the squid indicate t.vvo

modes of length at 110 -120mm and 180-190mm. Fig.268 shows an overall mantle

length ftequency distribution of the squid. From the resuits of the length frequency

distribution these indicate a two-peak mode at 120 and 180 mm for females and a

single peak mode at 120mm for males, respectively.

4.2.3.3 Length Weight Relatioftsltip

The length-weight relationship for males and females of the purpleback flying

squid are presented in Fig. 27. The coefficient value of the females was 3.18.

4.2.3.4 CEhalopod Paralatztae Abundance and Distributiott

Due to technical problem in analysis, there are no results from this subject.

Southeast Asian F isheries De,elopmetlt Center -43-
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Fig.26A. Mantle length dishibution of the male and female purpleback flying squid from each
samplinSs station in the Souti China Sea: Sabah, Sara.r,"ak (Malaysia) and Brunei
Damssalam $'aters drrring March-Apr. 2000.
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Fig. 268. Overall mantle length distribution of the male and fernale purpleback flying squid
flom the South China Sea: Sabah, Sarawak (Malaysia) and Brunei Darussalam waters
during March-Apdl 2000.
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Fig. 27. LenSth-weight relationships of the female purpleback flying squid from the South

China Sea: Sabah, Sarawak (Malaysia) and Brunei Darussalam watels during
March-Apdl 2000.

4.3 Diet and Feeding

From the diet and feeding habits of the S, oualaniensis rt is found that the main

prey of the squid were crustaceans, fishes (mainly fllng fish) and squid (especially

S. ouslqniensis\. Much of the stomach contents consisted of a mixture of fish and

cephalopod, thus giving a high percentage of their occurrence in the diet. Otolith,

eyelenses, vertebrae and bones of fish, fragments of exoskeletons and the appendages

70 90 110

: ?on

3 2oo

100
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of crustaceans, cephalopod beaks, lenses gladii were found

It was observed by sight and echo sounder that the squid have a vertical diet

migration, itwas found that they miSrate upward to the surface for feeding at dusk and

night and downward to the deep layer before dawn and for the daytime.

4.4 OceanographicCharacteristics

Oceanographic characteristics including temPerature, saliniry dissolved oxygen,

chlorophylt a fluorescence value, transParency/ sea color and liSht transrnission were

conducted to darify the fishing grourd conditions in relation to the catch results. The

analysis indicates two fishing grounds of the S. oualanimsis ia the westem Philippines

and central Vietnamese waters where uPwelling was found.

4.4.1 Westem Philippines Waters

4.4.1.1 Horizontal Distribution of the Temperutwq Salinit! and Fluorescence

Fig, 28 shows the horizontal distribution of temPeratwe at the sea surface layer

(a) and 100m (b) in the survey area. Most of the temPeratures ranged from 28' to

30.7'c at the surface and from 18" to 23.5"c at 100m deep. The figure clearly shows cold

water flows from the Pacific Ocean into the South China Sea around northern Luzon.

At 18'N the sea temperature at 100m deep was low at about 18'c comPared with the

surrounded areas where the temperature was about 23'c, this cold water aPpeared

at the surface where the sea tempelature was found to be about 28'c. Anond (1999)

reported a cydonic eddy was found in this area and its occurrence was due to wind

turbulence in the South China Sea Area.

Fig. 29 shows the horizontal distribution of salinity (a) and chlorophyll a

fluorescence value (b) at the sea surface layer in the western PhiliPPines during

April-May 1998. The salinity and fluotescence value ranged from 33.7 PSS to 34.5

PSS and from 0.45 V to 0.65 V at the sea surface, respectively High salinity water

was found in the south and southeast at the same time as in the northeast of the

survey area, these occurences were due to the effect of inflowing water from the

Pacific Ocean. The low satinity water was found generally in the coastal area off

San Fernando, Subic and Manila. The fluorescence data was shown only in the

higher latitudes from 15 to 20' N because of equipment faults after survey station

No. 19. There was not much difference in the fluorescence value at the sea sulface

during the survey period,
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177 119 721'E

Fig.30. 23 days synoptic chart of the water transparency depth in the Western Philippines

during 17 April - 9 May 199E.

4.4.1.2 Horizo\tal Disttibutiotl of the Water Transaarencu

Fig. 30 shows the horizontal distdbution of water transparency (m) of the

survey area during Apdl-May 1998. The seawater was very clear with a transparency

deoth oI about 44m, this location was between the north latitudes of 17 and 18'

along 118" east longitude. Anond 1999 indicated this area as downwelling so that

the catch results werc very poor. However it is indicated that there is good fishing

at st.#7 and st.f12 located at the boundades where the water transparency was in

a ranee from 27 m to 33 m.

4.4.1.3 Vertical Prcfiles of the Temperuture, Salinity and Dissolaed Orygen

Fig. 31 shows that the vertical profiles of temperature, salinity and dissolved

oxygen parameters vary by depth at all sampling stations. In the survey area, the

mixed layer depth was clearly shown at all stations and the depth observed from

12 m to 71m. A permanent thermocline generally appeared at about 50m deep from

the surface where sea temperature was about 28"c down to 1500 m deep where sea

temperature was about 2.7'c. Salinity from the depths between the sea surface

to 150 m deep irregularly changed from 33.7 lo 34.6 PSS, the salinity at deeper

than 150m was almost constant about 34. 5 PSS. For dissolved oxvsen near the
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sea surface down to 150m deep showed irregular changes within 4.4 ml,/l and 3.1

ml/I, respectively and slightly decreased to a constant value of about 2.0 rol/l at

depths Feater than 400m.

4,4,1,4 Vertical DistribLttion of the Temverfifure

Fig. 32 shows the vertical contour of temperature at LINE A, LINE B, LINE C

and LINE D (see Appendix 2). The vertical profiles along LINE A and LINE C indicate

that the mixing layer was not much changed, it was about 40-50 m for LINE A and

50-60 m for LNE C. Along LINE B, the thermocline represented by 27"C is located at a

depth of about 22 m in the north at st.#s and Z while at a depth of about 70 m, deeper

by 48 m, in the south. Upwelling was found at the st.# 7. A similar north-south change

of thermocline was found along LINE D between st.#12 and st.# 19.

Fig. 33 shows the vertical profile of temperature at LINE 1 to LINE 8 (see

Appendix 2). West-east variation of thermoclhe was found not to be remarkable in the

waters south of LINE 2, but significant along the LINE 1. Along LINE 1, the position

of the thermocline represented by 28"c and the thickness of the mixing layer showed

significant west-east variations. It is noted that the veriical profile of temperature

along wesl-east sechon showed no thermal gradient.

4.4.2 VietnameseWaters

4,4,2,1 Horizontal Distribution of Temperature, Salinity and Fltrorescmce

Fig. 34 show the horizontal distribution of temperatuie at the sea surface layer

(a) and 100m (b) in the sulvey area during Ap l-May 1999. The water temperature

were between 24.04 and 30.15'c at the surface layer (10m) and between 17.15" and

23.15'c at 100m deep. The figure dearly shows the water temperature was low, ranging

between24 and27' c in the north and about 30'c in the south at the surface layer. In the

central part of Vietnamese waters where squid samplings were caried out, the wate!

temperatu(es of the surface layer were between 28' and 30'c.

At 14'N and 111'E, cold water of 18'c was found at 100m deep, while the

surlounding temperatules wele between 20 a d 22"c. This cold water was 14"c at

200m deep and 22.9'c at 50m. It is likely that upwelling existed in this location

during the survey period of May or southwestern monsoon season. Fuyo Ocean

Development and Engineering (1998) has reported the existence of upwelling in

the same area and season.

Fig.35 shows the horizontal plofiles ofsalinity (a) and chlorophyll a fluorescence
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Fig.36. 30 days s)'noptic chart of the sea color (a) transparency depth (b) nr the South China
Sea: Victnamcse waters during 30 April - 29 Mav 1999.

(b) at the surface )ayer. The salinity showed a remarkable variation at the surface. Low

salinity was observed in the north at Station # 14 and in the south particularly

at the iver mouth where the lowest value of about 31.6 PSS appeared. [n the low

saline water, it was found that the water tcmpcrature was almost homogeneous at

around 30'c in thc South and about 25"c in the north. These indicate the existence

of a mixing layer. At the central area from Danang to NhaTrang, the salinity of the

sudace water was high at about 33.4 PSS. A water temperature va ation was observed

in the range between26 and 29"C.

The fluorescence values at the sea surface $-ere high and varied between 1.6

and 3.2V at the station near the shore especially at the river mouths off Haiphong,

VungToa and Danang. ln the central area, where the squid were caught, it was found

that the fluorescence at the surface was low at trbout 0.4-0.6 V This indicates that the

fluorescence at thc surface has no relationship to the fishing ground

By the results of water temperature and salinity distribution, it is clearJy shown

that water of high salinity i{,as transported along the coast of Vietnam b the south by

the northeast monsoon, so that the low saline water from the Mekong discharge was

rapidly carricd away by the strong currents off the coast.

Sauthcast Asia Fisltctits Der)elopme f Cenfcr



Oceanic Squid in the South China Sea

I I

I
/

I
SI 11 I

100

€ soo
-o 500

" 700

900

100

300

500

700

05

33

10  t5

34

05

33

15 20

34

25 30

35

05

33

25 30

35

I

300

500

700

900
25 30

35

10  15  20

34

25 3005

33

30

35

30

E

o

E

o

o

100

300

500

700

900
0  510

33

0  510

33

15 20 25

34

15 20 25

34

10  15

34

25 30 05

33

10  t5

34

100

30

500

70

E

o

't00

300

500

700

900

- Salinity (PSS)

- Temperature ('C)

0  5 t0  15  20  25  30

Temperature ('C)

Fig. 37. Vertical profiles of the salinity and temperature of each squid samPlings station in the

South China Sea: Vietnamese waters during 30 Aptil - 29 May 1999 .

Southeast Asian Fisheries Developnent Center



Oceanic Sqrid in the Soutlt Chirn Sen

4.4.2.2 Horizontal Disttibutiol of Transparcncy and Sea Color

Fig,36 shows a horizontal distribution of the sea color (a) and the water

transparency depth (b) of the survey area. Tl'\e clear water with a water iranspalency

depth value of more than 41m were found at 5t.#24 of{ NhaTrang and St.#40 off
Vuniao. The water transparency depth in the Central area where fishing activities

were carried out ralged betlveen 30 and 38m. Comparisons with the catch resulfs

indicate that at the good 6shing ground at Station #17 the transparency depth value

was deeD uo to 38m.

4.4.2.3 Veltical Prcfiles of the Tetnperuture and Salinity

Fig. 37 shows the vertical profiles of salinity and temperature varied by depth

down to 900m at each fishing station. In these areas, it clearly shows that the mixed

layer was very narrow and shallow and ranged from the sea surface down to about

15m. A permanent thermocline appeared at about 15m deep from the surface where

the sea temperature was about 28'c h the nolth and 29.5'c in the south down to 1,500m

deep where the sea temperature was about 2.9'c. Salinity fiom depths between the

sulface to 110m deep irregularly changed from 33.31 to 34.69 PSS, the salinity deeper

than 110m slightly reduces from 34.47 PSS at the depth of about 300-500m deep, and

then increases to be a constant of about 34.6 PSS.

4,4,2.4 Vertical Distribution of the Tempercture and Snlinity

Fig. 38 shows the vertical profile of the water temperatuie at LINE 1 and LINE

2 along Iongitude 110' and 111'E (see Appendix 3). The vertical profiles along the

LNE 1 and LINE 2 indicate that the mixing layer did not change much being in a

range from 15 to 45m for LINE 1 and 15m for LINE 2. Along LINE 1, the thermocline

represented by 27'c was located at a depth of about 40m in the north from latitude 12'

to 15', while at a depth of about 25m, shallower by Lsm, at latitude 11'N. Along LINE

2, the thermocline represented by 28'c was located at a depth of about 15m in the north

to south of latitude 15'-11'N, while at 10'N, was at 35m.

Fig. 39 shows the vertical profile of salinity at LINE 1 and LINE 2 along longitude

110'and 111'E. Salinity showed remarkable variation near the sea surface. The results

of the salinity profile showed a remarkable relationship to the water temperature.

It was found that the upper layer surface (0-15m) wherc the water temperature was

higher than 27'c the salinity was lower than 33.8 PSS. For the 24'c and 20"c water

masses, the saliniry was about 34.I and 34.4 PSS, respectively.

Fig. 40 shows the vertical profile of temperature at LINE A, B, C and LINE D

Southeast Asian Fisheries Deuelopment &nter
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(see Appendix 3). Along all LINES, fhe position of the thermocline represented by

27"c and the thickness of the mixing layer showed significant west-east variation.

Low temperatures of 27"c at the surface were found in the coastal areas and off

shore at 29'c.

It is noted thaL the vertical profi le of the temperatures along LINE 1, the

upwelling of 18'c cold water moved upwards to 80m deep in longitude 111'E at

Station #18. Because of this appearance, many squid were caught near lhe upwelling

front/border in longitude 112"E at St.#17.

4,4.3 Sabah, Sarawak (Malaysia) and Brunei Dalussalam lvaters

4.4.3.1 Horizontal Distributiolr of the Temperaturc, SaLinity and Fluorescence

Fig. 41 shows the horizontal distribution of the Lemperatuie at the surface iayer

(a) and 100m (b) in the survey area 3. Most of the temperatures ranged betlveen 27.2'

and 29.2'c at the surface and between 20.8' and 23.2"c ai 100m deep. The surface

temperature was high in the coastal areas off Brunei Darussalam and Bintuiu of

Sarawak (Malaysia). Cold water of 27'c at the sea surface and about 21'c at 100m deep

was found at 6' N and 110' E, off Kuching. Another cold water rising up from the deep

to near the surface layer was also found at 7'N and 112'30'E where the temperature

was around 21"c at 100m deep.

Fig. 42 shows the horizontal profile of salinity (a) and chlorophyll a fluorescence

value (b) at the sea surface layer in the survey area. Low salinity of about 32 PSS and

high fluorescence values were found at the sea surface in the coastal area off Brunei

Darussalam and Kota Kinabaru, Sabah (Malaysia). High fluorescence values were

found in the waters of{ Brur.rei Darussalam ar 5' 30'N and 114'E, and at 7'N and 112'

30'E where ihe cold water rises up from the deep.

4.1.3.2 Horizontal Distribution of \Nater Transparency and Sea Color

Fig,43 shows a horizontal distribution of the waler transparency (m) and sea

color reference to forel scale index in the survey area. The seawater was veiy clear with

a transparency depth ofabout34mat6'N and 113'E in the waters ofBrunei Darussalam

beh,1/een the low transparency depth near shore and at 7'N and 112' 30'E.

4.4,3.3 Vertical Profiles of the TemperatLre, Salinity, a d Fluarcsceftce

Fig. 44 shows the vertical profile of Lhe fluorescence, Temperature and Salinity

parameLers varied by depth at all sampling stations. In the survey area, the surface

-5d- Solttheast Asiqn Fisheries Depelopfi ent Center
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Fig. 38. Vertical dishibution o{ the temperature at the cross section of LINE 1 (a) and LINE 2 (b)

in the South China Sea: Vietnamese waters during 30 April - 29 May 1999.
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Fig, 39. Vertical distribution of the salinity at the cross section of LINE 1 (a) aIId LINE 2 (b) in
the South China Sea: Vietnamese waterc during 30 Aptrl - 29 N4.ay 1999 .
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Fig.42. 20 days synoptic chart of the salinity (a) and chlorophyll a fluorescence value (b)

at dre surface layer of the South China Sea: Sabah, Sarawak (Malaysia) ard Brunei

Darussalam waters dufing 20 March - 8 APril2000.
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Fig. 43. 20 days synoptic chart of the water transparenry depth (a) and sea color value (forel

scale index) at the surface layer of the South China Sea: Sabah, Sarawak (Malaysia)

and Brunei Darussalam waters during 20 March - 8 April 2000.
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mixed layer depth was a very narrow layer at all squid sampling stations at the depth

observed from the surface down to around 10-25m. A seasonal thermocline layer

appeared at about 25m down to about 50m where the temperature changed from 28.5

to 24.0'C. The permanent thermocline was observed at a depth geater than 100m
where the temperahlie was about 23.0'C.

Chlorophytl a fluorescence value was observed between 0.7 and 1.3 V ai the
surface. The fluorescence maximum was found at depths beLween 60 and 80m whereas

the fluotescence value ranged between 2.5 and 5.8 V High fluorescence was found

at sampling station nos. 8 and 17.

Salinity at the depth between the surface and 150 m slightly increased from

33.15 to 34.54 PSS, the salinity deeper than 150m was almost constant at about
34. 5 PSs.

4.4.3.4 Vertical Distribution of the Temperature

Fig. 45 shows the vertical distribution contour of temperature at LINE A, LINE

B, LINE C and LINE D (see Appendix 4). The vertical profiles along the LINE A, B,

C and LINE D indicate that the 27'C contour line was observed at depths between

12m and 25m, and it was between 50m and 75m for the 24'c contour line except

for the St.# 8 in which a low temperature of 24'c was found at the depth of 25m.

The 21'C and 18'C contour lines were observed at depths between 100m and 125m

and between 145m and 165m, respectively. Below 200m deep, the temperature was

lower than 15'C.

Fig,46 shows the vertical distribution contour of temperature at LINE 1 to LINE

3 (see Appendix 4). The result was as same as that shown in Fig. 45. No significant

upwelling was found in this survey area.

Southeast Asian Fisheries Development Center
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4.5 Angling Depth

From sight obseNation it was found that the squid have an aggregative nature
and positive phototaxis. They, sometimes, came up to the surface aL night to feed. A
school of this squid was not great in number, at around 30-50 individuals

The results from fishing trials by automatic squid jiggrng gear found that the
purpleback flying squid, S. otLalaniensis are scattered, covering the entire area of the
South China Sea and are generally caught at depths ranging from the surface down
to 200 m at night. Fig. 47 shows Lhe echo traces of the purpleback flying squid and
sinker observed from the dual frequencies of the colour echo sounder ai 200 Hz. The

abundance depth of the squid ranged befween 50m arrd 100m where some of them
were caughl and tdeniif ied as 5. oualaniensis.

During fishing at night the quantum light intensity at 50m deep (I,) was

measured to be 0.048prEm'?sr. From the Jerlov's equation, the existing depth of the
S. oualaniensis in day time can be computed to be at about 350m deep where the
light intensity at the surface (Io) was observed to be about 200pEmrsr. In daytime,

the optimum light htensity of the squid (I.) was 0.048pEm,si and the attenuation

coefficient (k) was 0.01 mr obtained from the experiment. This information is very

useful for davtime fishins.

Fig.47. Echo tiaces of the purpleback flying squid and sinker observed from the dual
frequencies of colour echo sounder at 200 Hz.
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4.6 Lunar Effects

Fig. 48 shows the results of catch S. ornlaziersis in CPUE from each survey area

in the Sollth China Sea plotted in relation to percenLage of moon illumination referred

by phases of the moon. High CPUEs were observed during a period of the last quarter

to the new moon wherein the moon iliumination is less than 607o. A similar result was

reported by Nakamura el al.(1992) showing that the oceanic sqr"rid species are generally

active on feeding under dim light or less illumination from the moon. Holvever, it wili

also depend upon the fishing ground conditions.

Consideration of the results from the western Philippines waters found that

the good fishing grounds, for example, the station nearby the upwelling area is more

important than the influence of moonlight or phases of the moon. It was observed

that at sampling St. #11, the catch in CPUE was still high although sampling was in a

pedod of waxing gibbous to full moon during which the percentage of illumination

is more than 90%.
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Fig.48. Relationship between the result of catch in CPUE and phase of the moon referred
to the percent oI illurnination from the moon in diJfeent suivey area in i}le South
China Sea.
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5. Discussion

Sthenateuthis ounlilliensls (Lesson, 1830) is a large pelagic squid, for u hich jiggtng

fisheries have ever been undertaken in Okinawa, Philippines, Taiwan and Vietnam

on a small scale. The general biological information has been thoroughly reviewed by

Young (1978) followed by Okutani & Tung (1978). Nesis (1977) first claimed thai S.

a alaniensis consists of different "superpopulations", viz. those matured at different

size and exhibiting some morphological and dlstributional differences as well. He

confirmed the existence of individuals that have no dorsal photogenic patch since

Clarke (1965) had first reported such form. These are currently recognized as different

species, than infraspecific vadability (Roeleveld, 1982).

Exploratory flshing by the R/V Shoyo-Matu in 1976 in the Indian Ocean

discovered another population of giant purpleback flying squid, S. aualaniensis

attaining over 42cm ML. This population was re-investigaLed by Yatsu l]t a/. using

the same ship. Nesis (i993) ca11ed the three types ol S. otLalaniensis, "the dwarf

(photophoreless)", "the middle size (most comlrron)" and "the grant (Red and Arabian

Seas)". As was posed by Nesis (1993), the genetic,/phylogenic relafionships among

populations and infra- or supra-specific microevolution of S. aufiIaliensis arc strll

unsolved questions. Consideration ol the S. otLaltniensis caught from the South

China Sea, there were only two tlpes namely the dwarf and middle size. No giant S.

oualanien sis w as f ound.

Silas ef dl. (1982) reported seven oceanic squids in the Indian Ocean, including

Eucleoteuthis lulritlosa, Todarodes angolensis, Nototodarus sloani, Ommastrephes bartratnii,

Thysanoteuthis rhombus, Onychoteuthis banksi and Sthenoteuthis oualaniensis, of which

the latter was the most dominant. Few studies on S. oualaniensis have been carried

out ir the South China Sea. Under the SEAFDEC Fishery Resources SuNey on the S.

oualaniensis in the South China Sea during 1998-2000, the results indicate the same

dominance of S. o?alariensls. This species was found to distribute on the shelfand shelf

edge of the South China Sea basin where as the bottom topographical depth are rnore

than 150m as shown in Fig.49. Under this suNet Labe (1999) estimated the biomass of

ttre S. oualaniensis i^ the waters of westem Philippines to be 283 thousand metric tons;

the densitywas everaged Lobe 7.2 ton,/kmr, where as the abundant area was as high as

26.4 ton/km3 in 17-18'N and 117-119'E during the summer of 1998.

We have no growth data from the South China Sea, but the S. olwlaniensis in

the Hawaiian waiers was found by Bizikov (1991: cited in Nesis, 1993) as reaching

22-26cm ML in 7-8 months.
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Fie. 49. Distribution of the Sthenoteuthis o alaniensis in the South China Sea.
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Appendix 1

Principal Particulars of Mv SEAFDEC

Length over all

Length between perpendiculars

Breadth, molded

Depth to superstructure deck, molded

Depth to upper deck, molded

Draft, molded

Seryice speed at 4.50m drafr

l\.4aximum sea t alspeed (measured)

Deadweight

Classification

Official numbef

Call sign

FIag

Port ofregisw

Gross tonnage

Net tonnage

Total complement

Ship operation part

Researcher

Instructor

Tfainee

Fish hold capacity (bale)

Freezing foom capacity (grain)

Freezingability (brine)

(airblast)

Builder

65.02m

57.00nr

12.00m

7.10m

4.70m

4.658m

14.3knots

16.640knots

744.42 t

NK, NS', MNS*, Fisheries Training and Research Vessel

35 09 0085 5

HSHE

Kingdom of Thailand

Bangkok, Thailand

1178 t

354 t

63P

33P

2P

2P

26P

145.38m3

20.48m'

20Vday

1.6U36h

lvliho Shipyad Co., Ltd.
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Appendix 2
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Appendix 3
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gppendix 4

N

Line oJ cross section in the Area III: Sabalu Sarawak (Malaysia)

and Brunei Darussalam waters
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