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INTRODUCTION

The Proceedings of the 3rd CSK Symposium is the result of the close

scientific study which has been carried out cooperatively by marine scientists from

various countries around the Pacific. This is the third of its kind of the efforts to

reveal the mysteries of the counter part current of the well known Gulf Stream of

the Atlantic.

Thailand was chosen as a venue for the Ninth Session of the International

Co-ordinate Group for the Co-operative Study of Kuroshio and Adjacent Regions on

May 30-June 1, 1973. The Session was held at the UNESCO Regional Office for

Education in Asia, Darakarn Building, Bangkok. Prior to this meeting the Thirri CSK

Syrnposium was held on May 26-29, IgZ3 at the same place.

The Symposium was dividecl into thfee Sessions which deal with the

following subjects ;

Session 1 : physics, Chemistry and Geology

Session 2 : Biology and Biochemistry

Session 3 : Fisheries

Ten papers were presented in Session 1, seven papers in Session 2 and

five papers in Session 3, making a total of 22 papers.

In the publication of this Proceedings the National Research Council of

Thailand accepted the responsibility of setting up an editorial board. It is very much

appreciated that the uNESCb has made the publication possible by contributing to
its cost.

Special gratitude goes to Dr. O. Mamayev, Assistant Secretary of IOC and

Dr' I'A' Ronquillo for their helpful assistance; to Dr. Ken Sugaw ara for his valuable

advice; and to Mrs. Sakuntala Bhodhiprasart for her invaluable and devote service in
organizing and handling the work of the secretariat.
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UNPSCO/TNTERGOVERNMENTAL OCEANOGRAPHIC COMMISSION

THIRD CSK SYMPOSIUM

UNESCO Regional Office BANGKOK

PROVISIONAL TIME TABLE

Registration.

, May 26, 1973

09.00-09.30 hours

10.30-12.00 tours

Afternoon

Monday, May 28, 1973

09.00-10.30 hours

Programme for the opening session.

Small short sessiorr, selected

Chairman & Discussion Leader &

Rapporteur for each session

Free

Nlay 27,1973 Field Trip to Rayong Province

SESSION I: PHYSICS, CHEMISTRY AND GEOLOG} .

General Results of Oceanographic Observation

in 1970, 1971 in the Gulf of Thailand

Tavorn Pongsapipatt

Gullaya Sapsomwong

08.30-09.00 hours
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Marine Sediments in the Nhatrang Area

Nguyen-Ngoc-THACH

'Iidal Prediction b1, a Computer

Thanom Charoenlaph

Krisda Kiangsiri

10 . 30- 10 . 45 hours Coffee break

10 .45-12. 00 hours SESSION II: BIOLOGY AND BIOCHEMISTRY

Phytoplankton in the Sea Area of the

Southeastern Asia

Ryuzo Marumo

Seasonal Variation of-some Planktonic

Organisms in the Bay of Nhatrang

Nguyen-Thuong-Dao

Zooplankton Distribution off Mindoro Island

and Balayao Ba1., Luzon Island, Philippines-

South China Sea

Jose A. Ordonez

Rizalina M. Legasto

Nicanor R. Metrillo Jr.
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15 . 30-15 .45 hours

, 15. 45-L7.00 hours

Amphipoda) in the South Chirra Sea

and the Relationship to the Distribution in

the Gulf of Thailand

Suraphol Sudara

Phytoplankton and Circulation North of New Guinea

in Sumrner 1971

Bruno Wauthy

Dominance of Coccolithophorids in the Phytoplankton

of the Western Equatorial Pacific Waters in

June-July 1971

Roger Desrosieres

The Estimation of Phytoplankton Production in

the Gulf of Thailand from Chlorophyll Content

or Oxygen Determination and Light Data

Ampan Lursinsap

Manop Charoenruay

Coffee break

SESSION III: FISHERIES
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Tuesday, May 29, 1g?3

09 . 00-10.30 hours CONTINUATION OF SESSION iII

Reproduction, Growth, and Survival

, . Upeneus moluccensis (Bleeker) in Relation to

the Commercial Fishery

C.K.C. Lee

Sunee Suvapepun

'Ah Analysis of the Gut Contents of the Indo_

Pacific Mackerel Lavae

in Hong Kong

Additionai paper to the Identification of

Nemipterus spp. in Thailand

Thosaporn Wongratana

A Preliminary Report on a Bottom 'frawl Survev ,.:
of the North Shelf of the South China Sea

March 1972 to March 1973

R.M. Chilvers

Study on the Biology of. psenopsis anomnla

(Temminck anci Schelgel) with a Note on ils

Fisheries in Hong Kong

R.T. Chung
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10.30-10.45 hours

l0 .45-12. 00 hours

14 .00*15 . 30 hcurs

Coffee break

CONTINUATION OF SESSION I

Intermediate Waters North <lf New Guinea

H. Rotschi, C. Colin, C. Henin, C. Oudot

Upper Waters North of New Guinea in 1971

C. Colin, J.R. Donguy, C. Henin, C..Oudot,

B. Wauthy

Equatorial Currents System North of New Guinea

C. Colin, C. Henin, F. Jarrige, P. Rual

Water Masses and Currents in the South China Sea

and their Seasonal Changes

Michitaka Uda

Toru Nakao

Thermohaline Diversity of the Japan Sea

O.I. Mamayev
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Cyclonic Cold Eddies along the Edge of the

Kuroshio Current in Relation to the Genesis

and Passage of Cyclones

Michitaka Uda

Akira Kishi

75 .45-17 .00 hours SESSION MONCLUSION

Final Discussion and Recommendation
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The 9th Session of the International Co-ordination Group

for the Co-operative Study of the Kuroshio and Adjacent

Resio"'*:,:::, n* 

ff ]I, 

sv mposium

at

9.30 a.m.

9.35 a.m.

9.40 a.m.

Darakarn Building (UNESCO's Office)

Sukumvit Road

Bangkok

Schedule

Registration

Participants and honorable Guests

assemble in the Conference Room

H.E. The Prime Minister, Chairman

arrives at the Darakarn Building

Dr. Pradisth Cheosakul, Secret4ry-General of the National

Research Council escorts the Chairman to the Conference Room

Report by Dr. Pradisth Cheosakul

Address by Dr. J.M. Harrison,

Assistant Director General for Science of UNESCO

Keynote Address by t{.E. the prime Minister,

Chairman of the Ceremony

THE OPENING CEREMONY

of

8.30 a.rn.

9.00 a.m.

9.25 a.m.

t4



Deputy Secretary-General for r\atural Science of the

Research Council

itern l. Opening Ceremony

The Chairman proposed that Mr. Chilvers (U.f<.) ana Tavorn Pong-

sapipatt (ttraitana) act as Rapporteur and Vice-rapporteur respectively.

proposal was seconded by Dr. Loi (vietna-) and carried unanimously.

ln view of the change in representation at the session compared with the

and a complete list of participants is attachetl to this Summary Report.

agenda, with the inclusion of a new item 4 ancl consequent re-nuinbering, was adopted:

M;C,

The'session was opened by Dr. Pradisth Cheosakul, Secretary-General of

the National Research Council and Chairman of the National Marine Science Committee.

After a short welcoming address, Dr. Cheosakul invited Dr. Kiyoo Wadati, Interna- ,

tional Co-orclinator for CSK, to take the Chair.

Dr. Mamay"u (uNBSco/Ioc) highlighted the most important matters thar'
have occured in the life of the CSK and stressed the necessity for consideration by

tlte Session of future CSK activities. He also stated that another recent problem is

that of marine pollution and this too must be studied closely to see what action .orld'

be taken in this problem area.

ltem 2. Adoption of the Agenda



Item 3. Progress RePort of CSK Activities since the Eighth Session'

(a) Reports of ICG/CSK Officers.

Thefollowingreport,weredeliveredtotheSession.Itshouldbenoted

thatthereisnoreportfromtheCo_ordinatoroftheSouthChinaSeaSurvey.

1. Report of the International Co-ordinator

2. Report of the Assistant International Co-ordinator

3. RePort of the Director of the Kuroshio Data Centre'

In the absence o1 the Director, the report was clelivered by Dr' Ken

Sugawara.

Following the report, Dr. Sugawara (1apun) distributed a sunlmary .f the

replies to the questionnaire on marine pollution in member countries received to date

for consideration under Agenda Item 6. There were complaints that the questionnaire

had either not been received at all or received only indirectly' Dr' Sugawara apologised

on behalf of UNESCO for this unfortunate event'

4. RePort of the Director of the Regional Marine Biological Centre

In the absence of the Director, this report was delivered by Dr' Stayaert

(UNBSCO) who hld brought copies of the report from Singapore'

These reports were accepted without demur by the Session but later,

considerable discussion arose concerning the Regional Marine Biological Centre hn4gC)

and the examination of the sorted samples by specialists and Junior planktologists. In

the absence of the RMBC Director, Dr. Vagn Hansen, Secretary for the Advisory

panel for Marine Biological Centres sponsored by UNESCO, clarified the situation by

pointing out that processed, and at a later stage, the identified samples are kept as a

t6



permanent reference collection at the RMBC now housed at the university of singapore,

to which the collection from the previous National Museum of singapore has bee,,

transferred' The plankton samples will be hept as a regional reference collection

under the responsibility of the Government of Singapore.

Selection of taxonomists: A list of senior taxonomists from the CSK
member states will be drawn up by a panel organised by the ICG and forwarded. through

the RMBC director to the uNESCo Advisory Panel for final selection. priority will
be given to taxonomists from the region but in cases of conflict involving the

preparation of international monographs priority will be given to the latter taxonomists

irrespective of nationality, Senior taxonomists should be encouraged to study material

with a team of Junior taxonomists (at postgraduate or doctorate level) as part of a
training programme, either in their own countries or in singapore. Funds will be

made available for the latter purpose.

(U) Reports of National Co-ordinators.

In view of the length of some of the oraily derivered reports, only sum-
maries, where applicable, are presented as follows :

1. JAPAN

2. KOREA

3. PHILIPPINES

4. THAILAND

5. UNITED KINGDOM GTOT.IC KONG)

6. UNION OF SOVIET SOCIALIST REPUBLIC

7. VIETNAM

l7



Following the presentation of the National Co-ordinators report the

Chairman invited country observers and the representatives of the regional and

international organizations to urake their reports. A written report from ORSTOM

(Frrnce) was shown.

Dr. Sahrhage G'aO) made a brief statement to the effect that is seemed

to be preferable to report on specific aspects of collaboration between CSK and

FAO/IPFC programmes under the appropriate agenda items. He then described the

FAO/UNDP South China Sea Fisheries Development and Co-ordinating Programme,

which is presently in Phase 1, the planning stage of one year duration. The Programme

is concerned with fisher,ies development, acquiring a better knowledge of the resources

by survey and evaluation of the stocks and their potelltial; and technical ntatters e.g.

harbour development, vessel and improvement gear fish processing. From the results

of Phase I, an action plan will be developed for Phase II which is expected to be

implemented in early 1974 and may be of 4-5 years duration. Marine pollution

studies may also form part of the Programme.

Dr. Arporna Sribibadh (SBAfOBC) commented verbally on the work

undertaken by his organisation which is an implementing body operating research on

fisheries and oceanography from Singapore in the South China Sea and conducting

fisheries training in Thailand. It is intended to expand the geographical area of

operations and to utilise more types of gear SEAFDEC has every intention of con-

tinuing to co-operate with IPFC and CSK since many of its members are also

members of these other bodies.
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REPORT

by

Dr. Pradisth Cheosakul

Secretary-General, National Research Council

in

the opening ceremon.y of

the gth Session of the International Co-ordination Group for

the Co-operative Study of the Kuroshio and Adjacent Region (CSf) and

the 3rd CSK Symposium

Your Excellency, the Prime Minister:

It is a great honour to and display of great trust in Thailand that the

Intergovernmental Oceanographic Commission (tOC) of the United Nations Educational,

Scientific and Cultural Organization has requested Thailand to iiost the CSK Symposium

again. As the Secretary-General of the National Research Council and the Chairman

of the National Marine Science Committee which is directly involved in this matter, I

would like to report to you the background of the International Co-ordination Group

for the Co-operative Study of the Kuroshio and Acljacent Region (CSf) and Thailand's

role in it.

The Regional Meeting of the experts in Marine Science of Asia and

Southeast Asia held by UNESCO in Manila on March b-8, 1962 proposed that the

CSK project be carried out cooperatively under the sponsorship of the Intergovernmental

t9



Oceanographic Commission established by UNESCO in Paris. Later on the 2nd.

Intergovernmental Oceanographic Commission Meeting held in Paris on Septembei

20-28, 1962 supported this proposal. Finally the 3rd Intergovernmental Oceanographic

Contmittee held in Paris on June 10-19, L964 adopted a resolution to sponsor the CSK

project and set up an International Co-ordination Group composed of National Co-

ordinators and Assistant National Coordinators from eleven member countries, namely,

Republic of China, Indonesia, Japan, Korea, the Philippines, Singapore, Thailand, the

United Kingdom Gtorg Kong), the United States, the USSR and Republic of Vietnam.

Since its inception the CSK project has brought for the numerous achieve'

ments, e.g., oceanographic research conducted simultaneously at various fixed points

in the sea, whereas in fisheries studies were made on some species of marine animals

selected on the basis of their relative importance for fisheries in general and the

degree of abundance in which they were caught in at least two countries.

In the original stage the CSK project concentrated its attention on the

Kuroshio region. Later it was considered that the adjacent region of the Kuroshio

especially the South China Sea including the Gulf of Thailand and the Sunda Continental

Shelf which are important areas for oceanographic and fisheries research, is of signi-

ficant relevance to the project. Since a stutly of these areas will not yield comprehensive

results if it is not carried out jointly, Thailand has decitled to join the CSK project

for the Survey of the South China and received much benefits from it. Countries

participating in the South China Sea study cooperate with one another in exchanging

data, training personnel, and classifying planktons through the support of the Biological

Centre for Classifying Plankton in Singapore and the Kuroshio Data Centre in Japan.

Scientists of member countries are, therefore, provided with facilities for the survey

20



of various areas in the South China Sea and at the same time receive data from the

surveys of other countries for the use of their study and research, thus increasing

the store of knowledge in oceanography and fisheries which is of future economic

value.

Thailand was the venue for the 4th CSK symposium in 1967 which turned

out to be a tremendous success. The Intergovernmental Oceanographic Commission

again requested Thailand to host the 9th Session of the International Co-ordination

Group for the Co-operative Study of the Kuroshio and Adjacent Region and the 3rd

CSK Symposium. Today a number of honoured representatives and distinguished

marine scientists from'this region and related agencies are present to discuss the

administration of this project in the Session of International Co-ordination Group.

They will discuss their problems and findings regarding the research on the Kuroshio

and Adjacent Region in this Symposium as well.
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KEYNOTE ADDRESS

H.E. Field Marshal Thanom Kittikachorn, the Prime Minister

the opening ceremony of

the 9th Session of the International Co-ordination Group for

the Co-operative Study of the Kuroshio and Adjacent Region (CSK) anA

the 3rd CSK Symposium

Honoured Guests:

In the name of the Thai government, I feel very honoured and delighted

that Thailand has been requested to host the 9th Session of the International Co-

ordination Group for the Co-operative Study of the Kuroshio and Adjacent Region,

and the 3rd Symposium on the study and research under the Kuroshio project, in

which delegates of over 11 countries are participating.

According to the report of the Chairman of the National Marine Committee

on the background of CSK and the statement of the Assistant Director-General for

Science of UNESCO, it is evident that the CSK project results from strong efforts of

scientists in various fields of marine science to solve various problems cooperatively in

order to reveal the mysteries of the Pacific currents which equal in importance to the

Gulf Stream in the Atlantic. The information received from the research work of

of

IN
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these scientists will give much benefits not only to scientific community but also to

the economies of various countries in this region.

Activities in marine science need knowledge and competence in many fields

of science such as physics, biology; chemistry, meteororogy, etc. There are many

deficiencies in these fields, especially the lack of data, which require the use of
expensive ships as well as equipments and which prevents simultaneous surveys at
various points' However, in spite of all these difficulties, you are able to make good

progress in your work.

In the midst of the present world crises, one thing tirat avoids political

fights and conflicts is perhaps the close and peaceful co-operation arnong scientists

such as yourselves who sacrifice their time and effort to study nature by co-operative
projects and exchange of data.

I am confident that the support of the parent organizations, i.e., the

Intergovernmental oceanographic Commission and the UNESCo, as well as the capable

management of the related personnel especially Dr. Kiyoo TV'adati, the International

Co-ordinator and Dr. Pradisth Cheosakul, the Chairrnan of the National Marine
science committee of Thailand, will certainly guide the 9th session of the International
Co-ordination Group for the Co-operative Study of the Kuroshio and Adjacent Region

to its objectives. I also hope that the jointly held 3rd CSK Symposium will bring to
light many significant research findings.

on behalf of the Thai Government I express our sincere wish that your
meetings are fruitful. I also would like to welcome all of you in your visit to Thailand

and hope that yqu enjoy your stay. At this auspicious moment, I declare the meetings

open.

2!
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: : Third Symposium on the Results of the

Co-operative Study of the Kuroshio and Adjacent Regions

ST}MMARY REPORT

UNESCO Regional Office, Bangkok

26-29 May, 1973

1. OPENING SESSION

1.1 The Thirtl CSK Symposium was held at the UNESCO Regional Office for

Education in Asia, Bangkok, Thailand from 26-29 May, 1973, under the

sponsorship of the National Marine Science Committee of the National

Research Council of Thailand

7.2 Dr. Pradisth Cheosakul, Secretary-General of the National Research Council

of Thailandand Chief of Thai delegation, gave a report on the background of

the International Coordination Group for the CSK.

1.3 Dr. J.M. Harrison, Assistant Director General for Science of UNESCO and

Prof. Kiyoo Wadati, lnternational Coordinator of CSK addressed the assembly,

stressing on the importance of oceanography.

1.4 The participants were welcomed in a keynote address by His Excellency,

Field Marshal rhanom Kittikachorn, the prime Minister of Thailand.

1.5 Dr. I.A. Ronquitto Gtrilippines) was convenor for the symposium. Dr.

Pradisth cheosakul (ttraiuna) was elected chairman and Dr. c.K.c. Lee

(U.f. - Hong Kong) was elected Rapporteur.

24



1.6 Discussion leaders nnd rapporteurs rvere appointed for the three Sessions of

the Symposiurn:

Session I Dr. A. Rogotsky (U.S.S.R.) Oiscussion leader

Dr. Manurvacli Hungspreuge (Thailand) Rapporteur

Session II Dr. T'rvesukdi Piya.karnchana (ltraitan<t) Discussion leacler

Dr. fran-Ngoc-Loi (Vietnam) Rapporteur

Session III Dr. R.M. chilvers (u.r. - Hong Kong) oiscussion leader

Dr. Surapol Sudara (Tiiailand) Rapporteur

2. Special lectttre on Scientitic Approacir t..r Marine Pollution by pr-of. K. Sugawara

(Jupur).

2'7 Prof.. Sugawara (Japar) discussed on the various scientific approaches which

should be considered in studying the problems of marine pollution. He also

pointed out the need to standardise existing techniques and develop new

tnethods for deterrnining pcllutants, and the cooperation of regional experts

on the national level is required, as stated in the Report of the First Session

of the International Coordination Group for GIPME (Gtot ut Investigation of

Pollution in Marine Environment) April 2-6, lgz3. on a giobal scale, Icoss
(Integrated Global Ocean Station System) has a marine pollution monitoring
program, and IOC/GIPME has a program to clarify the sources and

rates of input of pollutants into the sea. Prof. Sugawara finally pointed out

that the CSK policy towards the subject of marine pollution should be

considered in the light of the above factors.

2.2 Dr. Pradisth Cheosakul (flaitana) expressed his concern over the relatively

large number of methods which are being used for the analysis of metals in
fish. Dr. Sugawatu (Jrpun) explained that efficient and standardised methods

are yet to be found.
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2.3 Dr. D. Sahrhag" G'eO) drew attention to the FAO Technical Conference

on Marine Pollution and its Effects on Living Resources and Fishing held in

Rome, December, 1970 the results of which are available in book forur. He

also poirrted out that various international agencies have Working Parties on

marine pollution, and that of regional interest is the IPFC Working Party on

Aquaculture and Environment.

3. The three Sessions of the Symposium deal with the following subjects:

Session I : Physics, Chemistry and Geology

Session II : Biology and Biochemistry

Session [II : Fisheries.

4. SESSION I.

4.7 Ten papers were presented in the fields of Physics, Chemistry and Geology.

The geographical area covered in these papers ranges from the Gulf of

Thailand to the Japan Sea, Western Pacific, and waters north of New Guinea.

Of particular interest are Paper Numbers 105, 106 and 107 which reveal the

very complex oceanographic situation in the Western Pacific. As research

vessels of many nationalities visit this region, the desirability of carrying out

experiments on the inter-calibration ol instruments and methods of measure-

ment among vessels working in the same or adjacent waters becomes evident,

so that scientists in one area may use the results of those from another area

with more confidence.

4.2 A comparison of the results of Paper Numbers 108 and 111 seems to show

that they are contradictory. It was however pointed out that the discrepancy

in tire direction of flow of currents in and out of the Japan Sea may be due
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to the fact that the time at which measurements were made are differdnt in

the two Papers.

'1.3 Paper Number 102 on nrarine sediments was interesting in that coral banks

contribute to the calcareous components of the sediments. The successful

use of Shannon's index in temperature-salinity analysis as presented in Paper

Number 109 also prorrides an additional quantitative parameter which may

be used in the analvsis of ocean water masses.

5. SESSION II

5.1 Seven papers were presented in this Session, of which five are on phytoplank-

tons and two are on zooplanktons.

5.2 The complexity of tropical phytoplankton communities ancl the difficulties

encountered by investigators are emphasized in Paper Nurnber 201. In the

Indo-Pacific region, chlorophyll content was found to be greatest in the Sulu

and Celebes Seas' The irnportance of Tricltoclesntium sp. in the tropical

ecosystem lies not only in its abundance but also in its possible effects on

the exchange of gases between the atmosphere and the water through its

ability to fix nitrogen.

5.3 The diversity of phytoplankton species is dernonstrated in the large number

of species of Cocolithophorids reported in Paper Number 206 {or water north

of New Guinea.

5.4 The efficiency of the sampling gear is an important consideration in the study

of the distribution of plankton. This point was raised during discussions on

tlre results of Paper Number 202 & 2Og.
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5.5 In the results of Paper Number 204, certain amphipods species have a compa-

ratively rvide distribution, and Dr. Ronquilkr (Philippines) suggestecl that

these species may be used as indicators for lvater masses.

5.6 Paper Number 207 presented interesting results on the primary productivity

of waters of the Gulf of Thailand. The comp,lexity of the environment,

however, indicates that in the future rnore advanced techniques are required

(e.g. use of Carbon-l4) so that the Quality of the results is comparable to

that obtained in other parts of the Pacific.

5.7 In conclusion, it was felt that the relativel-v small nurnber of papers on

zooplanktons may be due to the fact that the specimens from the Singapore

Sorting Centre have not been distributed to experts and local marine

biologists for frrrther investigations.

6. SESSION III

6.1 Five papers were presented on the subject of fisheries. The main point

that emerges from a consideration of tlie subject matter of the limited number

of papers delivered under this heading is their variety. All papers, horvever,

are interlocked. Paper number 305 on the identification of Nentiptera.s is an

excellent example of the prime problem facing workers in any fisheries field,

namely, that of identifying in the first instance, the particular species in

which he may be interested. Without such stuclies, workers in other fields

would be severely handicapped. This problem has long been recognised and

received.recent action in the form of the FAO-DANIDA Workshop on Fish

Taxonomy held in Phuket, Thailand from 6 November - B December tgz2

whicli prompted the present work. The report fr-om tire workshop has

already been published. It is suggested that the Syinposium should recommencl
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that the ICG congratulate FAo and DANIDA on the success of the workshop

and that FAo be asked to expedite the publication of the 2g0 species

identification sheets.

6-2 Miss Sunee Suvapepun's vi,ork (Paper Number 304) on the food of the larval

stages of Rostrelligc:t' :rcglectw,s has great practical applications and although

the presence of an item in the gut does not necessarily mean that it rvill

undergo digestion to serve as a source of food, the finding that the larvae

undergo a change in diet from zoo-to phytoplankton shoukl greatly assist

future culture work conductetl in Thailand or elsewhere. It could well be

that a similar feeding pattern exists for closely related groups and studies of

this nature should be encouragetl.

6.3 The paper bv Dr. Lee (paper number 303) and Mr. chung (paper Number

302) on various aspects of the biology of individual fish species also have

practical applications as they greatly assist in the understanding of the factors

controlling the distribution, abundance and rate of explcitation which individual

species frorn tropical or subtropical areas might be expected to support. Both

papers stress the importance of the collection of commercial catch and effort

statistics and it is suggested that the symposium should recommend to ICG

that this matter should receive the priority attention of the governments of

the different countries participating in the cSK programrne.

6'4 Paper Number 301 presented only the preliminary results of a different

approach from studies on individual species and adopts a gross biomass

approach to fish abundance. It is suggested that this type of investigation

gives a better understanding of the states of exploited or unexploited stocks.

Certain ancmalies with respect to the depth distributions reported were pointed
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out, but the generalisation made was intended to apply only to the north

shelf of the South China Sea and supported Shindo's contention that this area

is in danger of overexploitation. It is suggested that this paper should be

studied in relation to those presented at the SEAFDEC Seminar which

preceeded the Third CSK Symposium.

7. FINAL DISCUSSIONS

7.L After some discussions, Dr. Arporna (SBaFOBC) drew attention to the fact

that the summary Report of the SEAFDEC Seminar (May 27-2s, lgzz,

Bangkok) contains 8 recommendations of which 3 are related to the 4 points

raised by Mr. chilvers (u.r. - Hong Kong) in his report of session II[. Dr.

Arporna pointed out that this is a good opportunity for SEAFDEC to be

considered in ICG discussions so as to enable the 'efficient 
coordination of

research effort.

Dr. Pradisth agreed that since similar recommendations came up

independently from CSK and SEAFDEC, these recommendations will be in a

. position to reinforce one another.

7 -2 Dr. Rual (France-New Caledonia) pointed out the desirability of holding joint

symposia when two organisations, such as cSK and SEAFDEC, are dealing

with similar subjects. Dr. Pratlisth (Thailand), while agreeing with the vierv

of Dr. Rual, pointed out the difficulties exemplified by his past experiences.

Prof. Sugawu.u (Jup"o) stressed that different organisations are establishetl

on different traditions and methods of functioning, and this in turn leads to

different approaches in the advancement of oceanography.

7.3 Dr. Mamayev fioc) pointed out the need to decide if the symposium papers

are to be published. After some discussions on the publication of the papers
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presented at the 2nd CSK Symposium, he informed Dr. pradisth that UNESCO

has a provisio, budgetted at about us $ 4000 for the said purpose. Dr.
Mamayev also suggested that a recommendation be made to the Ioc to
contribute to the publication costs

8. RECOMMENDATIONS

After some further discussion, the Symposium made the foilowing
recornrnendations for consideration at the gth ICG/csK session.

Recommendation I : fmprovement of observations to study the Kuroshio inter-annual
variability

Since one of the main problems of international study of the Kuroshio is the
investigation of inter-annual variability, it is clear that the period of observations of
nine years, starting from 1965, is not sufficient for the purpose of drawing quantitative
conclusions' Th; Symposium recommends the continuation of standard observations
and direct current measurelnents, the frequency of which should not be less than twice
a year (once during each rnain reason of the y"ur). It is also highly desirable to
achieve complete synchronization of the surveys.

Recommendation 2: Current measurements in the South China Sea

Due to the general lack of direct current measurements in the south china
Sea, the symposium recommends that all efforts be made to obtain them.

The Analysis of bottom sediments and the study of bottom

Noting that there were but a few works on the analysis of bottom sediments
and the study of bottom topography in the csK area, the symposium recommends
that survey ships should include the programs of collection of bottom sediments and
studies on bottom topography by echo sounders in their activities.

Recommendation B :

topography
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Rccommendation 4: Marine Pollution

The Symposium recommends that ICG should expl<lre the possibility of

establishing a tropical centre for the study of marine pollution.

Recommendation 5: Phytoplankton Research

The Symposium recommends that further research in qualitative ancl quan-

titative variability of phytoplankton be carried out and also include the most useful

biochemical methods such as Clo technique and fluorescence method, be encouraged

among scientists in the region.

Recommondation 6: Zooplankton Research

Noting the relatively small amount of work presently undertaken on zoop-

lankton and realizing the urgent need to improve the knowledge 'on fish eggs ancl

larvae which may provide additional information on the abundance and distribution of

fishery resoulces in the CSK area, the Symposium recommends that more work on

zooplankton, particularly the early life stages of fish, be conducted by rnember countries.

Such studies would be a most usefui supplement to the fisheries resources surveys

and assessments to be undertaken under the framework of the FAO/UNDp South

China Sea Fisheries Development and Coordinating Programme and studies carried

out by SEAFDEC. It is noted that substantial material of zooplanhton, including fish

eggs and larvae, is available at the Regional Marine Biological Centre in Singapore,

and the Symposium urges the final evaluation of these samples and publication of the

results. Special attention should be given to annual variablity.

Recommendation 7: Larval Feeding

The Symposium recommends that studies similar to those on Rastralliger

neglectus (Pup"r Number g04) be encouraged in the region.
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Recommendation 8: Fish Taxonomy

The Symposiurn appreciates results of tire Technical Seminar on Fish
Taxotromy in South East Asia (November-December Lgzz, phuket, Tirailand) ancl

request FAo to expedite the publication of [dentification Sheets for 2g0 species preparecl

during that Seminar so that they may be used for the improvement in the collecl.ion
of fisheries statistics and for other purposes.

Recommendation g: Fisheries Statistics

The Symposium recommends that the collection of catch and effort statistics
by member cortntries should receive the priority attention of their g'rrer:rments.

Recommendation l0 : Fishery Resources

The Symposium noted that the Southeast Asian Fisheries Development Center
(sBan'oBc) t 

"ta 
a Technical Seminar on South china sea Fisheries Resources in

Barrgkok from 2l to 25 May 1973- It weliomed the recommenclationr; ,rade by the
SEAFDEC seminar which are reproduced in Annex and endorses thenr f*lry.

The Symposium noting the importance of the results presented in paper
Number 301 on the trawl catch rates in the Northern part of the South China Sea,

recommends that this paper should be studiecl in relation to th'se presente4 at the
SEAFDEC Seminar.

Recommendation ll : Shipboard Training

The Symposium recommends that the ICG explore the possibility of making
arrangements with member countries for the shipboard training of young scientists,
wherever possible.

Recommendation 12: publication of Symposium papers

The Symposium recommends that symposium papers be pubrished in a form
similar to that of the two previous csK Symposia, and that the Ioc be approached
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to contribute to the cosr of publication through the assistance of UNESCO Regular

Progranr for IOC and tire IOC Fund-in-Trust'

9. CLOSING OF THE SYMPOSIUM

9.i Dr. Loi (Vi"trru-) on behalf of all the participants i:roved a vote of thanks

Lo the (iovernment of Thailancl for hosting the 3rd CSK Symposium and to

Dr. Pradisth Cheosakul and all his staff for their efforts in making this

Symposium possible.

9.2 Prof. Ronquillo thanked the Chairman, the participants and the Secretariat of

the National Research Council of Thailand for the kind cooperation he had

received during the Syntposium.

9.3 There being no other business, the nreeting adjourned at 17.00 hours on 29th

May 1973.

Local Secretariat: Mrs. Sakuntala Bhodhiprasart

Deputy Secretary General for Natural Sciences

National Research Council

Mrs. Boonthom f)hamcharee

Acting, Special Grade Scientific Officer

National Research Council

Miss. Praparsi Thanasukarn

Chief, Research Compilation and Co-ordination

Division

National Research Council.
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1.T GENERAL RESULTS OF OCEANOGRAPHIC OBSERVATION IN 1970, 1971

THE GULF OT THAILAND

CAPTAIN T. PONGSAPIPATT R.T.N. AND MISS GULLAYA SAPSOMWONG

Abstract

Thc results o1 the cruises of carly Augu,st 1970 and lg71 were discussed. It
ruas found tlzat stta water properttes in mid-SW tnunsonn were affectecl to a large extent

by discharges of t'iuet' water tnto the GutJ- of Thatland. T.entperature and salinity showed

distinct tongue of utater intrwding from South China Sea along the western galf and out

.floru of less saline. utd coolet ulong^ the eastern gwlf .

OBSERYATIONS OF 19?O

l. Temperature

The observed distribution of temperature between August b, and September

10' 1970 at surface, in vertical section and in three dimensional composite sections

are shown in figures which will be discussed in the folloying.

a. HORIZONTAL TEMPERATURE DISTRIBUTION

surface and subsurface contours of tempemture are shown in Fig. 1 to
Fig. 6.

1) At surface - The maxirnum temperature of 30.14oc occurs from

about latitude go30'N. to latitude roogoh. in the western part of
the Gulf of rhailand. There is a decrease of temperature Northward
and southward from this area in Fig. 1. A minimum temperature

IN
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37

I

a



of 28.18oC occurs in the eastern- part of thti Gulf. and then incrcase

northward and southward.

2) At 10 meter - The distribution of temperature at this ler.'el is

shown in Fig. 2. 'fhe highest temperature is 29.6oC ancl, sinrilar

to the surface, it occurs from about latitucle 8o30'N. to latitude

10030 N., between Surathani and Nakornsrithamarat. 'lhe tem-

perature decreases northward and southward frohr this area. Low

temperature is found off the east coast.

3) At 20 meter - The high ten'rperature clistribution is similar to 10

meter level. Low temperature of. 26.3oC is found near Kalantan

with temperature gradient increasing northward ancl southward.

The relatively cool water with temperature less tharr 28.2oC is

found from latitude 4o40'N to latitude 9o30'N along the east and

west coast.

d At 30 meter Temperature distribution at 30 meter is shown in

Fig. 4. The highest temperature of 29.0oC occurs at about latitude

10o40'N. in the middle region of the Gulf, and low temperature

water occurs at latitude 6o20'N. The ternperature graclualll, increases

northward and southward from this cool area. The isotherrn of

28.2oC is found along the west and east coast.

5) At 40 meter - The high temperature distribution at this level is

similar to 30 meter level (see Fig. 5), but low temperature water

is at latitude 3oN off the west coast.

6) et s0 meter - The temperature distribution of this level is shown

in Fig. 6. The high temperature qf 29.0oC is found at latitude
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1loN. in the middle region of the Gulf, and the coldest water with

temperature of 25.2ZoC is founcl at latitude go40'N.

I). VERTICAL TEMPERATURE DISTRIBUTION

The distribution of temperature in vertical section in the year 1970

is show'n in Fig. 7 and 8. 'fhere are 9 sections in NE - sw cross-

section and 4 sections in longitudinal section.

1) Low surface temperature is near both sides of the upper part of

the Gulf of rhailancl (see profile 7.1) frorn then a gradient of

temperature is found with increasing temperature to the middle of

the Gulf- In.the middle region of the Gulf appears a uniform

temperature from surface to bottom (see profiles T.l, T.z) because

of a rvell rnixing. Low temperature water occrlrs along the east

coast fro,r surface to about 20 meter depth. (see profiles 2.2,2.3,

7.4, 7.5,7.6 and Fig. l)

z) tn the western part of the Gulf, it appears that the temperature

decreases with depth and a stratification of isotherms is apparent
(see profiles 7.2, 7.3, 2.4, Z.S and Z.d. Maximum verticil

temperature gradient is found in the western part and some regions

in -the middle of the Gulf. Thermocline layer rises toward the

surface as it approaches the west coast. But a well mixed water

is found in the eastern part of theGulf of rhailand (seeprofilesz.l,

7 .2, 7 3).

3) Thermocline layer at both sides of profile 2.5 is between depths

of 30 and 45 meter, but at the western part, it is deeper than the

eastern part. In profiles 2.4 and z.s below thermocline layer is
underlain by cold water.
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4) tn profile 7.9, surface temperature off the west coast is lower than

the east coast. 'Ihermocline properties is found along this profile

between depths of 30 to 70 meter, and the isothenls move upwards

the surface, going from east to west.

2. Salinity

The observed distribution of salinity between August 5, and September 10,

1970 over the surface, in vertical section and in three dimensional sectious are shown

in figures that follow.

a. HORIZONTAL SALINITY DISTRIBUTION

Surface and subsurface isoline of salinity are shown in Fig. 9 te Fig.14.

1) At surface - The highest salinity occurs near the west coast in

the upper part of the Gulf of 'fhailand, and decreases eastr'.'ard

until reaching minimum. At the lower part of the Gulf near the

west coast, salinity is less than 32.4 per rnille an<l then gradually

increases eastward and southward (see Fig. 9).

il At 10 meter - High salinity water occurs near the we.st coast off

the area of Nakorn Srithamarat, Surat Thani and Chumphon, and

decrease eastward to be less than 31.00 per mille in the vicinity

of Poulo Panjang, (see Fig.10). But in the lower part of the Gulf,

high salinity occurs near the east coast.

3) At 20 meter - Fig.ll shows that the low salinity is in the middle

region of the Gulf and in the area of Poulo Panjang on the eastern

side. In the western side and in the lower part of the eastern area

high salinity is found.
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4) At 30 meter - High sarinity above 33.00 per mile occurs at both

sides and .decreases gradualry to the middle region of the Gurf,
(see Fig.i2). The highest salinity of 33.75 per mille on this level
is found south of latitude Z N. in the western area-

5) At 40 meter - In the upper part of the Gurf, high sarinity occurs

at both sides and decreases while proceeding to the middre region
of the Gulf (see Fig.13).

6) At 50 meter - This deepest lever is shown in Fig.14, the sarinity
distribution in the upper part of the Gurf is similar to 40 meter
level (see Fig.t3).

II. VERTICAL SALINITY DISTRIBUTION

1) The distribution of sarinityinthe year 1970 sho.ns that, the highest

salinity occurs at the western side near the coast of prachuap

Khirikhan, (see profiles 15.1, lS.Z and Fig.9), and then decreases

eastward. The lowest sarinity of 30.g0 per milre is found near

Poulo Panjang. This less saline water extends from surface to the

depth of 20 meter, but berow this layer the salinity increase

abruptly to about 33.00 per milre. The salinity gradient do not
occur in the middre region of the Gulf in profile 15.2, because of
the existence of well mixed water.

2) off the west coast, high sarine water is found arong the coast (see

prolile 15.4). But the high saline water isoline in the lower part
of the sulf dip deeper than the water off the coast of prachuap

Khirikhan and dip deeper as they go farther east, (see FiS. 1O).
The salinity at both sicles in profiles 15.5, 15.6, between Iatitude
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6'30'N. and latitude glN. are 32.0 per mille and 32.5 per mille.

Vertical salinity gradient is found along the west coast and in the

deep layer of the middle region with salinitl, in excess of 33.5 per

mille. At the deepest level profiles 15.4, 15.5 si:ow that water in

this area is underlain by a high saline water.

3) south of latitude 6'40'N., (see profile 15.7) the salinity off both

sides of the Gulf are 32.s and 33.0 per mille, and this profile

shows a well mixed water.

d In the lower part of the GuH (see profiles 1b.g and 1s.9), high

salinity water is found in the deep region and extends from west

to east (see Fig. 16). Surface salinity is between 32.5-33.0 per

mille.

OBSERYATIONS OF 19?1

1. Temperature

a. HORIZONTAL TEMPERATURE DISTRIBUTION

Surface and subsurface isotherm for 1971 between July 20 and August

17, are shown in Fig. 77 to 22.

1) At surface - Sea water with temperature below 2Z.6 C is found

in the upper part of the Gulf, in the area of .chumphon. The

temperature decreases southward from this area. The highest

temperature of 29.6 C occurs off the coast of Pattani and Narathiwat.

Average surface temperature in this year is lower than the previous.

y"ar (see Fig. 17).

il At 10 meter - The temperature distribution at this level is similar
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3) At 20 meter - The lowest temperature of 26.g2'c is found at the

lower part of the Gurf, it reaches the highest temperature as it
approaches the coast of pattani. The other low temperature water

is near the upper part of the Gulf of Thailand (nig. tg).

4) At 30 meter - There are three areas of low temperature in this

tevet (pig. ZO). These are off the coast of Kalantan, Cape Camau

and north of Prachuap Khirikhan. The lowest temperature of
25.77 c is at latitud" '6'30'N off the coast of Kalantan, and the

highest temperature of Zl.gz"c is found in the middle region of

the Gulf.

5) At 40 meter - The lowest temperature occurs off the coast of

Kalantan and increases northward (see Fig. 21).

6) At 50 meter - There are two areas of cold and warm water in

this deepest level (yil. ZZ). The colder area is at the lower part

of the Gulf.

b. VERTICAL TEMPERATURE DISTRIBUTION

The temperature distribution in 1971 is similar to the year 1970

in the upper part of the Gulf (see profile ZS.1) the temperature.main_

tains betw een 2z .s -zz.B c from surface to bottom. Low surface

temperature is found off the coast of Churnphon (see profile 23.1). The
vertical temperature gradient occur at the lower part of the Gulf off
the west coast (see profiles 2g.2,23.3,22.4,23.5,23.6 and FiS,2a)
where thermocline rayer is between 12 to s3 meter depth and 35 to 4b

meter from west to east respectively. Thermocrine rises upward when
approaching the coast. But at the eastern part, the water is well mixed
from surface to bottom, (.." profiles 23.2, 23.8,23.4 and n.s).
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2. Salinity

a. HORIZONTAL SALINITY DISTRIBUTION

Surface and subsurface isolines of salinity are shown in Fig. 25 to

Fis. 30.

1) At surface - The highest salinity is found in the upper Gulf

especially near the coast of Chumphon and Prachuap Khirikhan to

Songkla and Nakorn Srithammarat. The lowest salinity of 30.70

per mille occurs near Cape Camau, (see Fig. 25) and another high

salinity area is to the south of latitude y'N.

il At 10 meter - The salinity distribution at this level is the same.

as at surfa." (."" Fig. 26).

3) At 20 meter - Along the west coast the salinity is above 33.0 per

mille and gradually decreases as it approaches the east coast. The

Iow salinity water is at the miCCle region of the upper part of the

Gulf (see Fis.27).

4) At 30 and 50 meter - The distribution of salinity is similar to

depth of 20 meter.

b. VERTICAL SALINITY DISTRIBUTION

The vertical salinity distribution f.or lg77 is similar to the year

1970. The highest surface salinity occur in the upper part of the gulf

on western side (see Profiles 31.1, 31.2) and the high salinity is found

off the west coast of chumphon, Prachuap Khirikhan and from songkla

to Nakorn Srithammarat. The salinity is also increases with depth

(see Profiles 31.3, 31.4, 31.b). This high saline water in deeper levels

extend farther south than the year 1920. The low salinity occurs near
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cape camau from surface to 20 meter depth. Below this lesser saline

water is the higher saline water (see profiles 31.5 ard 31.6). The

steep vertical salinity gradient is found at the western sicle but in the

eastern side the gradient is weak showing a well mixed water (see

Profiles 32.2, g3.4). At the deepest level of the Gulf it is unclerlain

by water of salinity above 33.5 per mille.

1. The high salinity water occurs along the west coast. It is belier.ed that

this high saline water comes from the south china Sea extending and

climbing up the slope of the west coast, which is indicatecl by high salinity :

andincreasingoftemperatureastheycIimbupnearthesurface.This

water mass move upward the slope as it approaches the upper part of the 
,

Gulf of Thailancl (see Fig. 1; 8, 9, L6, 12,24,25,32, profiles 2.1, 15.1,

23.1 and 31.1).

2- The low salinity and temperature is found off ttre east coast to the area of

Cape Camau. Because the excessive precipitation on this side in the south

west monsoon period and the accumulation of freshwater runoff from

Cambodia. This less saline and cooler water extends from the surface to

about 20 meter clepth, (see Fig. l,Z, g,10, 16, lZ,,lg, 24, ZS, 26,and,3Z).

Below that layer, the salinity increases abruptly, which is the properties of

the water from South China Sea.

3. Low surface temperature in the upper part of the gulf near prachuap

Khirikhan corresponds to high salinity which is an indication of upwelling
as illustrated in Fig. 1, g, r2,25, profiles 2.r, rs.r,23.1 and 31.1.

4. A well mixed water occurs near the east coast and in the middle region of
the gulf, (see Profiles 2.7,2.2,I5.1, 1S.2, 25.1,2J.2,31.1, 31.2, Fig. g,16,
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24, 32). But near the west coast and the lower part of the gulf a steep

vertical gradient of temperature is shown. Thermocline layer slopes down

from west to east with warmer layer water above.
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r.2 MARINE SEDIMENTS

IN THE NHATRANG AREA

by

Nguyen-Ngoc-THACII

Oceanographic Institute

Nhatrang, South yietnam

INTRODUCTION

The study area, Iocated at Central Vietnam, extends for approximativel_v-

30 km. along the coast and 18 km. offshore. Concave seaward, the Nhatrang Beach is

continuous over a distance of about 6 km, Northward, the DongDe Beach is more

concave but shorter. Draining from mountainous r€gions, the Song Cai and Cua Be

rivers supply abundantly terrigeneous materials during rainy season. Seawarcl, the Hon

Lon island divides the Nhatrang bay into a northern part and a southern part. Besides

the Hon Lon island, a great number of smaller islands spread orzer the study area.

Among them should be mentioned the Hon Mieu, Hon Tam, Hon Mot, Hon Mun. Hon

Ho, Hon Dung.

The Prevailing winds are from southwest during Summer (Februarv to
september). In other months, they blow in the opposite direction.

From geological standpoint, the coastal region compribed between the Song

Cai and Cua Be rivers is a plain formed by quaternary alluvium (r'ig. z). Northward

and southward, the mountains are formed respectively by dacite and granite. With

regard to the small islands such as the Hon Mieu, Hon Tam, Hon Mot, Hon Mun,
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they are of rhyolitic formation. Rhyolite also occurs partly the Hon Lon island, on an

elongated band' Granites are reported to be common in the remaining part of this
island and in Hon Ho, Hon Dung. The highest rnoultains are the Le Ton<tu' (Oag

meters), 'Hon Lon' (482 meters) and 'Hon Kho' (326 meters).

METHODS OF STUDY

115 sediment samples have been collected by means of a clam-shell snapper

which was used since this study was concerned with the nature and areal distribution

of ntarine sediments (nig. s). with regard to the beach sands, they were obtai,ed

from the beach foreshore about 5 feet above mean lorver low water. l l samples were

taken along the Nhatrang beach and 6 along the DongDe beach by pressing a small
glass sample jar into the sand surface.

In order to studlr ths grain-size distribution pattern, mechanical analyses

have been performed- 'fhe samples were wet sieved through a 62-micron mesh sieve

to separate sand from silt and clay. The pipette nrethod was used to analyse the rnud

fraction while the sand fraction was dried, weighed and then dry sieved. The results

of sieving were combined with the pipette analysis data to obtain the fjnal weight
percentages.

The grain - size is expressed by O which is deduced from the diameter d

by the relation:

-v)
O= - log, d

WENTWORTH' s scale is used for size-classification.

Ihe calcium carbonate content was estimated gasometrically. It is deduce6

from the volume of carbon dioxide driven off by action of hydrochloric acid on calcium
carbonate present in the sediment.

d=2
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CaCO, + ZHC1 __-rCaCl, + CO,--" + HzO

If rn grammes of sediment are used for analysis and V is the. volume of
carbon dioxide measured, the calcium carbonate content wilr be:

caco, ./. - o.n + (r)

BEACH SANDS

The Nhatrang beach in covered by medium sand: median diameters vary
from 0.22 @ to 2.r2 o around, an average of r.4z a.For the DongDe beach,theyare
within a range of 2 a to 2.65 a with an average of 2.40 a. This shows the pre_

dominance of fine sand on the DongDe beach. Variations of median diameters along
the beach are slight.

Beach sand are deposits which median diameters range from 0 to 3G
Earlier reports concerning beach sands of different countries show the same results.

These beach sands are well-sorted with the phi standard Deviations ranging
from 0.25 to 1 .25. Using a diagram with the Phi Median Diameter plotted Oxagainst
and the Phi standard Deviation against oy, we found the best sorting for sands of
Median Diameters around. 2 A.

The Phi Skewness Measure is almost negative. In other words, the modal
group lies to the fine side of the median diameter. Sometimes skewness is positive

but deviates slightly from O.

There is a striking difference between the calcareous matter amount in
these 2 beaches' The Nhatrang beach sands exhibit an extremely low content of CaCo,
(less than'2/.)' on the contrary, the DongDe beach sands are of biogenicorigin: they
are highly calcareous with CaCO, content reaching T0'1,. Their calcareous matters are
contributed by the dead corals in DongDe.
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MARINE SEDIMENTS

Based on the grain-size distribution pattern, the surface sediments of

Nhatrang Bay can be classified into 3 types G'ig. +) ,

(t) sand

b) mud

(g) sediments associated with the Coral Bank.

l. The sand belt

Sandy sediment covers most of the northern part of Nhatrang bay and

occurs for about 15 km. from shoreline and along the Nhatrang and DongDe beaches-

The continuous stretch running from Cua Be estuary to Ke Ga point is named offshore

sand belt to distinguish it from the proper sand belt located at the north of Hon Lon

$aod.

2. The mud belt

Silt covers the widest part, forms the southern, eastern and northernmost

boundaries of the study area. The proportion of sand in these marine deposits is very

low, compared to that of the sand belt. Coarse shells and shell fragments were rarely

found: CaCO, contents are less than 30 l.

3. Sediments associated with the Coral Bank

. Around the Coral Bank, marine deposit consists mostly of corals, skeieton

debris, plant fragments and is very unsuitable for sample collection.

Gravels and fine sands are also present but only in minor quantities. The

coral debris exhibit a large range of coarseness. Calcareous matter amounts exceed7}l..

CALCAREOUS MATTER

The calcareous material is present in all sediment of the study area. Its

, amount varies from less than 10 '/. to more than 90 Z.
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The most important carb.-,nates in marine secliments are:

calcite CaCO..
')

aragonite CaCO,

-- dolomite Mg,Ca (COr),

However, the emphasis should be placecl upon the percentage of carbonate rather tharr

upon the character of calcareous material.

The results calculated from the relation (t) ur" higher than the calciuin

carbonate content because the carbon dioxide can be generated by action of hydrochloric

acid on other carbonates such as dolomite, magnesite, siderite. Fortunately, CaCO,

cohstitutes more than 90'/, of total carbonate in rnost evironment sediments. On the

other hand, the reaction used for CaCO, content estimation was realized at ordinary

temperature-no heating-hence the actions of Mg++, Fe*f are negligible.

The calcareous matter has many origins: detrital, authigenic or biogenic.

In the study area, the main source of calcareous material is thought to arise from

the biogenic origin.
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1.3 TIDAL PREDICTION BY A COMPUTER

Lt. Cdr. Thanom Charoenlaph R.T.N.

Hydrographic Department, Royal Thai Navy

and

2nd-Lt. Krisda Kiangsiri

Data Processing Center, Supreme Command Head euaters

Abstract

In 1952 the Hydrograbhic Department, Rolal Tlui Naoy, purclnsed a standard.

predicting nuichine from the tigi srientifi.c Instrument coneany Limited, France.

since then the tidat frediction by the harmonic method in Thailand had started. Notoadays

most of the tidal trtstitutes haue dneloped their fredictions done by tneans of computer

The tidal predictiug machine is rarely used'in the standard utorh, or q.tcitted to be

tidal

Wlwn the Thai Mili.tary Supreme Comruond Head euarters established. the

Data Processing Cmter, the lrydrographtc Department took cltance to deuelop the tidal
prediction to be dorc by means of computer,

Fortran IV was selected as the program language. The mathematicil model

was deriued from p. Schurman's formula for tidol prediction and it was intbnded to keep

the program os simple as possible

the Keluin

The computer finished the prediction which was prniousry spent 2-3 weeks by

machine in only half an hour with better accuracy. .Howeuer, the programs

some rueahness ulich must be improued for better performances, less redundancy

and ntore efficiency in /trocesstng in the futttre.

still haue
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HISTORY

The Hydrographic Department, Royal rhai Navy has been the authority
tn predicting of tides 1n the Thai Waters for over 20 years. At the beginning, the
prediction was only done for one station, for the purpose of servmg the ships pass
the Bangkok Bar.

Before 1952 the U.S. Hydrographic Department was contracted to do these
computations. In 1 952 The Hydrographic Department of Thailand bought standard
tidal prediqting machine of 30 components from the LEge Scientific Instrument
Company Limited, France.

started tn Thailand.

increased from time to time in order to serve the needs of public and military.

At the present time, it is armost impossibre to have predictions of
24 to 28 stations compreted in time due to the speed of the machine.

W'e have learned that nowadays most of the tidal institutes already
their predictions to be done by means of computer. The standard tidal Predicting
machine 1S rare to be found tn uses. As of 9s2, perhaps

Thailand
institute

1S the only one for whom the predicting machine IS still serving.

When the Military Supreme Command Head euarters established the Data
Processing Center with IBM 360140 computer, the Hydrographic Department took
that opportunity to ask for the cooperation in

prediction to be done by means of computer.

starting the development the

By the end of that year the tidal prediction was really
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After 4 months of analysis and programming, we got the first correct

results. However we knew that there still be a lot of things neecled to be sturlied and

corrected in order to get better results in the futu-re.

The tidal predicting rnachine is still used from time to time in the purpose

of checking the outputs and maintaining the condition of the machine itself.

MATHEMATICAL PROCEDURE

' lhe

6 = H6+ X f,, H,, cos [u,r, * (v"+r),, - r'o]

tierght of tide at any time as given by Paul Schur-u.r(t)

N

n=1

in which,

h is the height of tide at any time

H0 is the mean height of water level above datum used for prediction. Fcr

places on the open coast, the mean water levei is identical with mean

sea level but the upper portions of tidal river that have an appreciable

slope or in the gulf, the mean water level may somewhat be different

from the mean sea level.

Hn is the mean amplitude of any constituent. It is a harmonic constant,

determined by a tidal analysis. Each place will have its own set of

harmonic constants Hn and Kr, : once determined will be available for

all times, except that they may be slightly modified from better series

of observations or by changing in the physical conditions.

(t) Paul schurman, tularunl of Harmoni,c Analysis and predi.ction of rides, special

Publication No.98, u.s. coast and Geodetic survey washington, D.c., 195g,317 pp.
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fn is the node factor for reducing the meair amplitude to be true amplitude

for year of prediction.

an represents the angular speed of any constituent per unit time. In
prediction of tides, an are usually given in degrees per mean solar hours.

(Vo+u)o is the value of equilibrium argument of a constituent at the initial

instant from which the varue of this reckoned, i.e., when t=0.

K'r, is the modified epoch any constitqent.

N is the number of constituents.

t is the time expressed in mean solar hour.

PROGRAMMING TASKS

One can also program a computer to "think" lik" a human being to a certain

degree; therefore, a program cannot be developed to be capable equally to man's

instinct to perform' There would be some exceptional steps in a certain task, which

has some sort of "ill" .hrructeristics, that cannot be prevented from the existence of

uncertainty. On the other hand, there are all sorts of errors resulting from man's

performances which can be completely eliminated by the computer's preciseness. Hence,

it all depends on man's decision whether which kind of tasks are to rely on a computer

and which type of computer would be suitable.

When first started, it was not to our realization how complicated the

programming task of this computation could get; therefore, correction has been made

whenever a problem occurred. It took a Iittle than a month to finish up a program

for calculating the hourly values of astronomical tide.

This program simply reads data input from cards, processes then prints

the output values, daily. It does not account for any error which may occur from

9t
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the input data, since there is no logical way of detecting the relationships of associated

corresponding data, under the provided circumstances.

It is more desirable to leave this workable program alone and write a new

one to compute and search for the time and height of high and low nater.

This other program is still in the process of being modified. It uses the.

same logic as of the first program, plus several more functions and routines._ Even

though the program is not in "good" condition, it has been working quite satisfactorily

to a certain extent. More testing conditional routines are needed in attempting to

have this program work at near perfection.

It was idtended to keep programming as simple as possibie, i.e., a set of
instructions performs one or two things at the most. The efficiency has not been

concerned as yet. Thus, the existence of awkwardness is undenyable.

FORTRAN IV was selected as the most suitable language upon the facility

availability.Themathematical model used, d,erived from Schurman(') r n be writtenas

tr = tto+f, f;H; cos (ait + *;), where

n

i=1

h is the height of tide at time t,

- H0 is the mean height of water level above datum at the location,

fi is the factor for reducing mean amplitude to year of prediction,

Hi mean amplitude of constituent A;

(ait + *i) is the phase shift of constituent A1 w/r time t.

. The input of fi, Hi and oc i are readjusted per period of 4 mqnths in order

to minimize the errors occurring due to prolonged duration of time.

b) See page 90
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Descriptions, input/output samples, Iogic flow charts and listings of the
programs are presented. (see appendices)

PROGRAM DESCRIPTION

The following program steps are for describing the subsequential program-
ming logic of the first program.

REF: APPENDIX C.

1) Read in the number of station (s) (f up to 9).

il Read in the number of.constituents and Ho.

3) print the title page.

d Read in the first set of data input: Hi , f; ,oc; and a;.

5) initialize value for the number of days per month.

6) Test if new set of fi and i are to be read in.

il Read in the station name, year of pred.iction and month for page

8) Test end of page.

g) Calculate the hourly values.

10) print the hourly values.

' Y) Function DEGCON converts degree to radian (tmiting from 0 to 2)

z) Subroutine vasrr resets the hourly values to be truncated, rounded
off or equal to 0 the truncated value + .5.

program.

REF: APPENDIX D.

1) Similar to (t) of the first program.

The following steps describe the programming steps of the second

93



2) Read in station name? year of prediction. Ancl the number of con-

stituents and Ho.

3) Similar to (g) of the first program.

4) Data initializations.

s), o) Similar to (s,o) of the first program.

il Similar to (g) of the first program.

8) Searching for interval which high tide might exist.

9) Set the time accordingly with the step (8) above.

10) Calculating and searching for the maximum height.

U), 1Z), 1g) Simitar to (8,9,10) above but for the minimum of tide height-

14) Ca[ subroutine VASET.

15) Output routine.

A) Subroutine NEGCSE calculates time to the nearest minutes, reset the

intlex when maximum or minimum found in the previous day.

B) Similar to Z.of. the first program.

C) Print heading.

D) Similar to X of the first program.

CONCLUSION

These two programs have their weaknesses which can be improved for

better performances, less redundancy and more efficiency in processing.

There is an extension to this project; that is to write a program for the

harmonic analysis. It is still questionable whether the core ,storage available is large

enough to hold the program. In case it is feasible, special tricks and techniques will
be required. Hence, in computerizing the whole system of the astronomical tirle predic-

tion, much more time and more understanding of the problem (s) will be needed.
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c

1O2 LIH = l
Go ro 12 o0ol23o0

z LtM = 28 00012600
Gu ro 6 oo0l25oo

4 LIH = jO 00012600
Gu TU I O00I27oo

6 t-trl = lt Oool2soo
B Gu ro t rz, t2tL2tr2rl0r t2tr2trz,L2.l2r r0r t2,Lz.l2r,II 333i;;BBlc DO 7 l=l,NOCONS

READ llr52ot F(It,aLp(It ooolfloo
7 CIJNT INUE o0o l32oo

JJ=o OOOl3loO
***+{'++*'t***'3****:}**+*:}**'}r****+**********+*r*****++*)t*+t*++}t***,}"--.-:??ll1:o

LZ DO 9 I=trLlr.t
KCOUNI = l*3-2 OOOl35Oo
LCOUTTT = KCOUNT 00011600

surHt t, = suMH(25t oool3Too
oo . rI ,J=2026 oool3Soo

suMH( J, =o.o oool39oo
Do 15 K=lrNocoNs oool4ooo

AA =ANG(K,+(JJ.J-.i+AL,(K, 333ii:33AA = DEGCCN (AAt 
oOOI43OOsuMH( J) = 

'UflH(Jt+ 
H(xr*FtKr*cos{aar oool440015 coNt rruE oool45ooSUMH(JI = SUHH(JI + HcoNSTll C0NTINUE 

,,vv,tJ, 00014600
000 14700
oooI4800*:t***+*f*l++a'*:i**rtta***+*t:t,i*,1**t'l**,t*t*it*,1*****:tt*t+**tt**trt{,*+r*.*)*+**+

OO 2l tS fO FIND HAxlHUr'l LEvEL OF CAILY TIOE' SUBINTERVALLING lO ItHESooOt4eooIF NECESSARY' 
oool5ooo

i

(
I

_lL
-r-

i

I

I

i

7

c
C

c
c
c

I

+
I

$
II

1

5ooo oo 2L rA=2.25 ooul5loo
CU = IA OOOI52OO

rF (suHH(ra, .Gr. sunH( ra_lt I Go To 20 3331il33Go r(] 2l . ^_ ^ oool55oo20 IF (suMH( IAt .GI. Sur.th( IA+ltt GO TO 22 00015600GO TO 2t
22 BACK = JJ +lA-2 OOOT5TOO

IACK = -JJ +IA-2 oool5soo
ISUN = 14 OOOT59OO

OO 2l 16=119 00016000
uu = rB 00016100

FILR(IaI =o.o 00016200
FILI-{IBr =o.o 00016300

tF ( IBUN.EQ. 16l GO IO 2( 00016400
IACKI= IACK + Du/lo. 00016500

Do 25 IC=lrNoCoNS 00016600. AREA = ANG( ICI*IACKI+ ALP( IC' 333i:T33SuB. = UEGCUN( AREa, 00016900F ILRI IB l = F rLR ( IBt +hr IC,rF ( ICr *cos( suBl ooorTooo?5 CONIINUE
FILR{ IBt = FILR ( IBt + HCoNSI o0olTloo

IF (Io .EO. lt co ru 24 00017200
000 I 7300IF (F ILR(I8I .GT. FILRI IB-II I GO TO 2' OOOIT4OO
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HIGH(IOTKCOUNTT= FILR( IB-II OOOIT5OOIIIr{E(IOTKCOUNTt=(CU-2t*l0O+60r((OU-t.tttA., OOOIT600KCoUNT=KCoUNT+l OOOIZTOO
GO To 2I oOOl.TsOO24 8ACKI= 8ACK. - DU/IO. OOOIT9OODO 27 ID=IrNOC0NS OOOISOOO

AREA = ANG{IDI*BACKI.+ ALp(IDl OOOIBIOO
5U8 = 0EGCON"{IREAI 0OOIO2OOfILLtiBr = FtLL(I8r+H( IDt*F( IOt*COS(SU8t ooots30027 CONTINUE oool84ooFILL( I8l = FILL( Ist + hCONSI o00 I 8500lF (I8 .GT. lt GU TO 28 ooot66ooIF (FILR(IBI.cT. FILL(I8I| GO rO 30 ooo18?ootF (FILL( IBt .Lr. SUr,tH( IAt I GO tO 32 oootSsoo

IBUN = 16 OOOIS9OO
GO Tt) 23 OOO19OOO28 tF (FILL( I8t .cr. FILL( I8-1t I GO TO 23 ooorglooIF IIO.EQ" i.AND. (COUilT.EO. l, co To 2l oootg2oo

HIGH(!O'KCOUNr, - FILL( IB-lt OOOI93OOIrInE(IosKcouilrl-(cu-31*lool60-(60t(tDU-l.t/lo.rt oootg+ooKCOUIUT:XCOUNT+l OOOI95OOIF (IrIHE(IO,KCOUNT-1' .GE" Ol GO TO 2l ooolg5ooxCOul{T-xGoU}iT-l OOOIeTOOIrInE{Ior(couNrl - 6o-(60*((ou-l.tlLo.tt oootgsoo
CALT NEGCSE (KCOUNT, IOTFTLLT ITIIT€,HIGHI OOOT99OOxG0uilr - Ir3-2 OOO2OOOO

IIInE(IOTKCOUI{TI - 0 OOO2OIOO
HIGHI IO'KCOUNTI sO.O OOO2O2OO34 c0 To 2l ooo2o3oo30 IF (FtLntIBt "GT. SUXH(t/rrt co To 23 ooo2o+oo?2 HIG}i(IOTKC0UNTI = SUIH(IA, OOO2O5OO

ITIXEIIO,XCOUIiTI - (IA-2lrl0O OOO2O5OOKCOUNI-KCOUNT+I OOO2OZOO@ TO 2t ooozosoo23 CoNTlr{uE ooo2ogoo2l COtlTILu€ oOO2tOoO

,r.os..s *r*..-r::::ll3o
' DO 3I IS FOR SETRCHING LOYEST LEVEL OF DAITY TIOE OIYIOTI'G rHE HOI'R trt'Io, TO IilTERYAI IF N€EDEO. OOO2I2O{'' oooel3006000 OO 3l IA.2r25 OOO2I(OO

CU - IA OoO2lrOOIF (Su,{H(IAt .Lr. sunH(Il-llt co To {o (xro2t6oo
@ TO 3t ooo2lToo{O IF (SU|{H(IAt .LI. SUHh(tA+ltt cO ro 42 OOO2IEOOc0 TO 3t ooo2t900.r2 I BUN - 1.4 OOO22OOO

TACK - JJ +IA-2 OOO22LOO
EACK - JJ +IA-2 OOO22ZOO0O J3 l8=lr9 OOO223OOOU -I8

FrLn(r8r -0.o 333r:;33
F IL( I I Bt =0.O OOOZZ6OO
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FILrat IBt - FILR(IBr+H( ICt.F( ICt*COS(SUBt35 CONTINUE

IF (I8UN .EO. I6I GO TO 44
IAC(2= TACK + OUl[0.

r)O 35 IC-t,t{OCOtts
AR EI aNGl.IC I +tACx2r at-P I ICt
SUB = I]EGCUN ( AREA I

FIrR( r8f FILR( lBl + 9166151IF ( t8 .EQ. I I GrJ IO {{

ooo22 700
oo022 800
0002 2900
o0023000
ooo2i 100
0002 3200
ooo2 3 300
0002 1400
ooo 2 3 500
000 23600
oo023 700
ooo23 800
0002 3900
o0024000 t3
o002{ lo0
oo0 24200
00O2/.300
oo02{400
00024 500
00024600
oo 02 4 700
oo02{800
ooo2{ 900
ooo2 50 00
oo025 100
o4o25200
ooo25 300
o0025400
oo025 500
ooo 2 5600
ooo2 5 700
0002 5800
00 02 5900
o00 260 0 0
oo026 I o0
000 26200
000 26300
oo026(00
o00 26 500
00026600
ooo26 700
00026800
ooo2 6900
0002 70 00
00027 loo
ooo2 72 00
0002 7 300
0002 7(00
aa*a*+al
0002 7 500
0002 7600
000 2 7700
o00 27800
00027900

IF {FILR( IBI .LT. FILR( I8-II I GO IU ]3ALOPIIOTLCOUNTt = FItR(I8-lt
JTILE ( IO, LCUUNL= (CU-2 t * lOOo60a( ( DU_l. I t tA.,LC0Ut'lI=LCUUt\T+l

IF ( JTII{EI IO,LCUUNT-II .GE. o, Go ro ll
LCUUNI = LCOUNT

JIIHtI IOTLCOUI+fl = 60-{60*( l0u-r.t/l0.tr
CALL NTGCSE ILCI]UNT, IO,FILL, JTIt{E.AL0rt

LCUUNI I t3-2
JI lr{E ( lurLC0UNIl = o
ALUh( IO,LCUUNT I o.o

5\ GO to 3l
5U If IFILR(I8I .tt. sut{H( IA I I co r0 33,2 ALor( torL COUNtf - SUrH( IAt

JT IHE ( IOTLCOUt{T l= ( I A-2 t r 100
LCUUNT=LCOUNI+I

GU TO 3I
-i3 COt{t INUE
-ll CutrIItruE

JJ. JJ+24
9 CONIIITUE

cr:r'3r*tr+:ita'a*t*:r*a,la*.r+*+++*r:r,ita.3t*r:t**t|i+*ra*********r.a*ata++a,t*+*a
2OOI FURHAI (. . t
30OO FURI{A I

GO IO 3I
44 BACK2- sACl( - DUllO.

DO 37 IO=l rtrocoNS
AR€A = ANG( lO , +8ACl(20 At-p ( IO f
SUts = 0EGc0N( AR€At

flLL{ lBt = FILL(t8l+H( IDr+F(lDt*CUS(,SUB,37 Cu'\IINUE
F ILL ( I8I F ILL ( IB' + HCONSIIr (1ts .cr. l, Gu r(] 48

tr (F ILR( t8 t .LT. FILL(I8'I GO TO 5C,IF (FILL(I8I .GT. SUHH( tAI I GO IO 52
I tsUN l6
GU TO 33

48 IF IFILL(IB' "Lr. FILLT t8-lrt c0 r0 l3IT I IO "EQ. I " 
AN0. LC0Utrt .EQ. l, co To 3r

ALoli( I0rLcuuNTt - FIt-L( I8 -tt

.21 I{r4X
3002 FoRr{AI ('+rrl3xrI{r4xrF(.ll
3OO4 FURITAI (r.rr3OXrl4r4Xrf4.l,

D-Ii

JI Il,!E ( tO,LCOUNI l= (CU-3 l. IOO+60- ( 6cr ( ( OU_ t . I I tO., ILCUUNr=ICOUNI+l

( 10"qX, 12.7X.2 I 14 | 4X1F(. I r 5X I r lvXr2 I I4, (XrF4. t r 5Xl r 9XrrF(.lr5Xll
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-1O06 FORHAI l. +. r57Xr t\rt X.F4.Ll
-loo8 FoRt{AT (.+.,7rrx;rrirrxrrrr.ii ooo2soool0lo FoRelAI (.+.rloox,I4,;i,;;:i1 OOOZsIOOfOI2 FORHAT (.+.rll7x,I4;<x,rc:i; OOOZS2Oo
.10 14 FuRr{Af l.o. t4xtl.l OOo2B3ooc.*t.**'.r;;;;t.:-;-..**+*...,...*++....+*r*r8****rrrr+.**,.*r*****.._....:::::::o

,e cll.rfol:?,ro,eor e2re0re0r s2,so.so,szreoreo,e2,eo,, I I
OO {l KA=!. r 93 r 3

IOAIE = TOAIE+l
IF (KA .EQ. II GO TOIF (KA.TQ.37I GO TOIt (KA .EQ. 73t Go TO

GO TO 72
70 PRINI 560

CALL PRIHOG
72 IF ((A .Gr. 84t Gu TU 9{

ooo 2 8 500
0002 8600
ooo2 8?OO
0002 8 800
0002 890Q
00029000
oo029100
ooo2e200
000 29 300
ooo29{oo
o0029 500

ooo 30000
ooo30 loo
o0030200
00 0 30 300
000 30400
ooo30 500
ooo 3o 600
000 30 700
00030 800
000 30 900
0003 lo00
o0031 100
o00 3 I 200
000:l1300
o003 1400
0003 I 5oO
oo0 3 I 600
oo0 3 I 700
o00 3 r 800
ooo 3 I 900
o0032000
o00f2 100
o0032200
000 32 300
000 32400

t_
t+

r

PRINr sooo'r91rr'rrrr{E(l'(ArrHIgr!l'KATTJTInE(l,KAr,ALUrr(r,-^,:BB:;|BBr ,l]llElz,*ai,ricri'rilll,Jrrlri(2,iii,ii6rrz,xar 
ooozesoo,u, r*rNr 2oor,rrrHrrr,xai;;;;;;il*o,,JrrHE(3;iAi;;i;rr3,KAr oo02eeoo

?0
70
70

PR INT
PR INT
PRTNT
PRINT
PR INI
PR INt

li
iF
iF
IF
Ir-
IF

( HIGH( I,KAll 
' 
.NE.o.o r

I aLOr{ ( I, KA+l I .NE.O.O I
( HIGH(2,KAll I .NE.O.O I
( ALor( 2,KA+l I .NE.O.O'
( hIGH(3, KAll t.Nt.o.ol
(ALUlr( 3rKA+I t.NL.O.O I

:992, I I I nE( I,KA+ l ,'HIGHl lrKA+1 I
1994, lI illE( I, rA+l 1,11sr, lrKA+ l'
1999' IIIHE( 2,(a+li,HIcH( z,ra.ii3008,JrME( 2,KA+It eALot( 2rKA+ II
J919, I I I HE( 3, (A+11 ,1115n, 3r KA+ I I
30 I2' Jf JHE( 3, KA+l t TALOX( 3rKA+l I

1992. I TIrlEl lrKA+2t,HIGH( I,KA+2t
:991,1I! rE( lrKA+2r,ALo1( 1,xa+ii
J999, ITI r{E( 2.KA+2t, HIGH( 2, KA+ri
3O08 r JTIfiE ( 2.KA+2 LALOI( z. xa.zi
1919, IIrr{E( 3,(A+2r,HrGH( 3,xa+ii30r2, JrIiE( 3rKA+2r rator( arxl.ii

Jgo2,I T I 11E( I, KA) ,HI GH( I, KAI
3OO4, JT I t{E ( I rKAI,ALOt( I rKAI
?996, r T I HE( 2,KA | , HtGH( 2, xA I3008, JT tl'tE ( 2, KA t , aLOH( 2, KA,
?9ro, I T Ilt€ ( 3, KA 

' 
, HI GH( 3, KA I

30 12, JT I t{E (3, KA 
' 

, ALOH( 3, KA t

PR INT 2OOI
iF
IF
IF
IF
IF
IF
Gu tO {l

94 PRINI ]OI4T IDATE

( HIGir ( I I KA+21 .NE.O.O I
( ALOH ( I , KA+2 , .trE.O.O t(HIGH( 2 tKA+21 .N5.O.o t
( ALOf ( 2,KA+2' .Nt.o.o r
I HI GH ( 1 tKA+2, . NE.O.0 t
( ALOr,t ( I, KA+2, .t\E.O.O I

t,{
PRINT
PR INI
PR INI
PRINT
PR INI
PR INI

IF (HIGH(I.rKA
IF (ALOH( I.KA
IF (HIGH(2,KA
iF aALO| (2,KA
IF {HIGH(3,KA
IF (ALUr(3,KA
GO I0 96

4I CUNTINUT
90 KKK =O

lO=IO+l

I .NE.O.O I
,.t!E.o.0l
) .tiE.o.O,
I .NE.o.o I
).NE.o.ot
, . NE.0.0,

PR It\I
PR INT
PR INT
PRIITT
PR INT
PRtttl

5 C0NTINUE ooo32500ct* r * * * t t I t t + I * ** * * * * * * * t* '. * * + * +. *. t ** . i r t * 'r + *t *:r * *.:t.....r.t ri..... .. - -.::l::::o
srop coNIINUt ooo327ooErro ooo328oo

000 32 900
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SU0ROUIINt l{EGCSE IKLCO, lOOrFl,NOIr{E,fi lDt
COMHON /HONLHI/LHI
DIt{tNSlON F I { iO, rlttlTH€( I,931 ,HlO( 3r93t

r(KK = o
IKH=IOD
lF,(Lht .F0. Il IKt{=lUC-l
KIr=KLco-t CIF (tyoTHE( IKHTKNI .NE. O, cO TU llO
KN=KN- I

^KK=KKK+IIF (KKK .EQ. 3I Gtj To\I Io
Go ro Ll2
NOIHE ( I KH,KN+l I =2tOO+NOIHE t IUD,KLCOt
hlD( I Kf{ rKN+ I I =H lUl lODr xLCO I
RE I URN
EtY D

SUERUUIINE VASET
Cu,.rl^4ot{ aHI ( 3r93l rALO( lr93l
DO 5l lK = l,l
0O 5t IL = lr93
iF (AHI (tK,ILt .Ea. O.Ct C0 ro 70
IH: AhI (IK,ILI
,1 = AHI (IK,lLl -lH
IF (H .LT. OI GO IO 80
aHl (IKTIL) = Ix+9.5
ll- (H.LI..3l AHI (lK'ltl = lH
IF (H.Gt..7l Artl (lK,lLt = IH+t
Gu I0 70

AHi(IKrlLl = IH-.5
If (H .GI. -.31 AHI ( IK' IL I = IH
iF (H .LI. -.7) AHI ( IK' Il-I =IH-l
iF (ALU (IK,ILI .EQ. O.OI GO TO 5I
IH = ALO (IK,lL)
H = ALC (IK'lLl -lH
IF (H .LI. O) GO TO 82
ALO ( lKr ILI = IH+0.5
IF (H .LI..3l ALO ( IK, ILI = IH
iF (H.GT..7l ALO (Ix'ILl = IH+l
CU TO 5I
ALO(lKrILl = IH - .5
IF (H .GI. -.3) ALO( lK' lLl = IH
lF (H .LI. -.71 ALO(IKrIL, = IH - 1
CON I Il\rUE
REIURN
END

SUBRIJUI INE PRIHUG
cur'thoN
TURMAT (

IURMA T (

FURMAT (

I-URMAT (

FURI!1AI (

FURHAl (

T URI"iAI (

ooooo loo
ooooo200
o0000 300

OOOOO..OO
o0000 500
00000600
ooo00700
o0000 800

I
L

A
I t2

l to

82

5I

lo lo
Lo3 2
l0 34
2000
2002
200.t
20 06

00000900
o000 I 000
0000 t lo0
0000 I 200
oo00 I 300
0000 I 400
0000 1 500
oooo 1600
0000 I 700
o000 I 800
0000leoo
oooo200c
oooo2 I o0
oooo2 200
0OOo2 ilOO
oooo2400
ooo02 500
00002600
00002700
000 02800
oooo2900
0Q003000
00003 I oo
00 00 3200
00003 300
00003400
00 00 3 500
00003600
oooo3 700
00003 800
oooo 1900
o0004000
ooo0+ I oo
ooQo(200
0000r300
0000{400
00004500
00004600
o0 00r700
ooo04800
0000{e00
oooo50 00
00005 100

g
80

70

/CUNIRL/ II\. .,_jXlroATt: II|IE HIGH II|(E LOt{.t.+.r57Xrrlltl E HIGH IIHE LUti.t.+..IOOXr'III'1E HIGH IIHE LUII.'I//I
' o t t 25x, I JANUAR Y i r 36Xr, FEER g4gy. r JTXr . liiARCH., I t I I
t o' t25x t t Ai']R IL' r(0X r . ilaY, rrigx r. JUNt . t I / I I
' O. 126x 1. JUL Y r r40X, . AU(;tJS I. r 35X1 . SEpf EHBER., ///,.o, r25xt.ucTUtJtR I t 35X1.NOVt MEtt{. r35.X1.OECEl{gER. tllll
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1.4 TNTERMEDIATE WATERS NORTH OF NEW_GUINEA

by

H. ROTSCHI, C. COL.IN, C. HENIN, C. OUDOT

Centre ORSTOM of Noum6a (New-Caleclonia)

Abstract

T'lte Cromuell cu.rrent gains its rnain hydrological properties north of New-

Gu.i'trca, in subswrfuce. There, the uertical distribution of oxygen at lS4" E i.ndicates that

three uater masses purticiltate to the jormation of the xt,bxqface usaters located at a depth

greater than 200 m attd uith a thermosteyic anomaly srnaller than 300 cilt.

South of the equotor, ruith a core on tlu 160 cllt surface, there is a loorly
oxyger,tated water with u concentratioyt lowe,r tltan 3.0 mtll; its salinity aaries betueen

35'7 1"" and 34-9 1"" and it deriues froru the oxygevt minittruru formed off the perwcoast.

North of 2 N, a ruater, the salinity of Lohich is loruer thatt 34.6 1.", has an ,xygen

concentratiort smaller than 2.0 mtlt; its core, ott the 135 cllt isanosteric surface, is deeper

than that of the north Pacific interntediate'water whiclt is tocat)a on the 160-120 cilt
isanosteric srtrface; it deriues from the txygen mintnumt formecl off the lorgz and central

America coast' At the eqtwtor and betuteen these tuo nirima, a utater relatiuely richer in

orytgen is found; it has an oxygsn contetd greuter than s.4 nillt, its salinity is close to

35.0 1"" and it originates in the Coral sca.

The oxygett distribwtiott on tlta 160 ctlt i.sanosteyic su,rface, in the lotuer part

o1 tlu Cromwell cu'rrent, on the 125 cUt xtrface in the txygelt minimtm tuater of Central

tl2

i

I
I

I
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i

l,
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America and on the 100 cilt xaface near the core of the Antarctic intermediate uater, is
highly influenced by the currents such as tluy were measured dtrecily and computed from
tlu density distributioru.

Introduction

since the region of New-Guinea id the meeting place of the westward
currents and the zone of. formation of the eastward flows of the equatorial
Pacific, it has a speciar importance on the pacific dy,amics and

hydrology. cruises of the Ryofu-Maru (Masuzawa: 1g67, 196g, tgzo,
Akamatsu and sawara 1969) have studied it every year since 1967 arong

the meridian 137 E and several Russian and Japanese cruises have been

devoted to its description. Nevertheress, the distribution and density of
observations between 140'E and lsboE was inadequate, to permit a good

and detailed understanding of the water masses, of their movements and
of the time variations which can occur due to the wefl known seasonar

changes in the surface circulation and in the meteororogicar conditions in
the western equatorial pacific.

Figure I

Two cruises of the N.o. coRIoLIS, research vasser of the "centre

oRSToM de Nounr6a", New-caredonia, Foc 1 (January-February 1gz1)

and FoQ 2 (June-Jury 1971) have thus been devoted to the study of this
region (r'lg. t). They include four equatorial cross-sections, 1g0-300
miles spaced, with hydrological observations and current measurements
at stations distant of 30 miles.

The water masses

Results of observations show that at subsurface, due to the presence
of waters of different origins (Mu.u**u , op. cit.)and like what has been

r t3



Figure 2

Figure 3

found at 170"8, further east (Rotsch i et al., rgz3L the hydrological struc-

ture is fairly complicated. This shows well on the salinity distribution

where the north Pacific intermediate low salinity water and the subtropical

south Pacific high salinity water are easily identified Gig. z), north of

2 N, between 200m and 300m and south of the equator at 200m respec-

tively. But because the oxygen content of the various sources of water

is more contrasted than their salinity and nutrient salts content, the

hydrological structure is more clearly seen on the oxygen distribution

(rig. g) which can be used with success in the analysis of the different

water masses.

Former studies at 170 E (cotin and Rotschi 1970) having shown

that the water circulation below the surface layer, in the equatorial

region,is close to geostrophic, it appears justified to make an isentropic

analysis of the distribution of the most significant hydrological properties

along some isanosteric surfaces of special interest. Isanosteric surfaces

160 cllt ba.+ eli, tzl ctlt(za.g slt) and 100 cut OT.1 slt] have

been chosen to study the distribution of oxygen. In the equatorial central

Pacific, the former, used by Tsuchiya (rgog) is located in the lower part

of the cromwell current. The second is specific, in the northern pacific,

of the north Pacific intermediate water (Reid 1965) and, according to

Masuzawa (tgzo), is characterized, in the western pacific, by a vertical

salinity rnaximum between the north pacific intermediate water and the

Antarctic intermediate water and by a vertical oxygen minimum origi-

nating along the coast of central America. The last one is close to the

density at which is found the Antarctic intermediate water (lohnson lgzzl.

lt4
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Figure 4

Water masges at 160 cl/t.

In June-July r9l r, the meridional sections of oxygen against thermos-

teric anomaly show that at 160 cl/t three different water masses are

encountered. south of the equator, at I54 E, there is water with an oxygen

content lowerthan 3.0 ml/l and a salinity close to Js."01.. (rk.4). west

of 154 E its core lies at a smaller density; this water which is fairey
abundant at 154 E, almost absentat 14s 30E and totally absentat 142 30E

gets lighter westwards. on surfaces with a higher thermosteric anomaly

of the order of zl0 cllt it still shows at 145 30E but apparently not at

L42 3oE. Thus it dilutes with adjacent water westwards and this indicates

a general westward displacement. South of the equator the only possible

source for such a water is the oxygen minimum off peru the core of

which, according to Tsuchiya (rgos) flows westwards south of the

equator, on the 160 cl/t isanosteric surface.

North of the Peru water and right at the equator there is a water

characterized by a lateral and vertical oxygen maximum with a concen-

tration greater than 3.4 ml/I. It has a salinity near BS.o'1.. and is more

abundant at 145 30E than at 1s4"E. Thus, it is likely to move eastwards.

Tsuchiya bp.ci) and Rotschi and wauthv (tgog) have shown that this

is coral sea water entering the region mostly through the vitiaz straight,

flowing along the northern coast of New-Guinea and taken eastwards at
the equator by the Cromwell current.

Further north, the water has a row oxygen content and sarinity.

It is water of the northern hemisphere oxygen minimum (Mu.oru*u , Lg6z),

the core of which is found near the l2s cllt isanosteric surface (Reid,

1965) and which shows during the cruise Foc 2 (June-July tg1l) at

130-140 cl/t.

I t9



Figure 5 The oxygen distribution and the acceleration potentiar hig.s) on

the isanosteric surface 160 cl/t in June and July 1971 clearly confirm the

existence of the three water masses defined above and of their displace.

ments indicated by the vertical distributions. The core of the coral sea

water appears south of b s with an oxygen content higher flran 3.g0

ml/l. It extends to the north-west, along the northern coast of New

Guinea where the geostrophic currents are westwards. Having reached

the equator it turns eastwards with the lower part of the cromwell
current. During this displacement its oxygen content is slowly reduced

by lateral mixing with less oxygenated adjacent waters. At 4s , 1s4 E

the core of the Peru water is seen with an oxygen content rower than

2.80 ml/l. It is associated with a westward geostrophic current. Further

west it mixes with coral sea water. To the north it returns eastwards

as a mixture.

A tongue of oxygen content lower than 1.g0 ml/l extends in the
northern hemisphere at a latitude which varies with longitude. In the west
of the region under study it seems associated to a westward geostrophic

flow. The water located south, with an oxygen content lower than 3.0 ml/l
has a. eastward geostrophic frow. This poorly oxygenated water of the
northern hemisphere minimum, formed off the central America coast is
thus likely to move westwards as weil as eastwards. Moving westwards,
it is part of a west flow evidenced at 170 E during ahnost all the cruises
of the N.o. corioris (Magnier et ar., rg.,l), located at about 3 N, north
of the northern deep extension of the cromweil current, and having an
oxygen content lower than ever founcl earlier at this latitude i, the central
Pacific. when it moves eastwards it berongs to the lower part of the
north equatorial countercurrent (Tsuchiya of.ciil and was formerry within
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FOC 1

January - February l97l

0" ml/l - 160 cl,/t

145' E 150'E 155'E

NEW GUINEA
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Fig. 5 oxygen distribution on the 160 cl/t isanosteric surfuce and maingeostrophic flows
in June-July l97l.
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the lower layers of the southern portion of the north equatorial current
(Masuru*a 1962).

compared to the clistributions indicatecr by Tsuchiya (op.cit), in
June-July 1971 the Peru water had a greater westward extension. The
coral sea water was more extended to the north, particularry in the 

"

solorno, sea and it was ress diluted arong the equator. But rsuchiya
confirms the existence, north of the soromon islands, of a cyclonic gyre
transporting poorry oxygenated water westrvards in its northern portion
and eastwards in its southern one.

Water masses at 120 cllt.

At 720 cr/t, the peru water has almost entirery disappeared south

of the equator G'ig. a). Nevertheless, besides a sright minimum at 4 s,
154 E, it is welr identified by a, oxygen minimum, at the equator, berow
the coral sea water- There, the oxygen concentration is lower than 2.6

ml/l, and the salinity of the order of 34.7:/"". The eastern origin of
this water is crearlv shown by Reid (rgos), Ruat (tgog), Hisard and
nual (tgzo) and it is confirmed by its westward erosion and disappearance

at 74230E' It is the trace of the equatorial intermediatecurrentfound at
170 E to flow westwards, below the cromwell current, from a depth or
about 300m down (Rual, 1969).

North and south of the equator, both sides of the oxygen minimum,
there is water with a higher oxygen content. The vertical distribution at
145 30E G'ig. s) shows that south of the equator, it is corar sea water
evidently more abundant at 145 30E and 142 30E than at r[g};at 154 E
it does not seem to be present. This indicates that the eastward extensio*

t23



Figure 6

of this water might be temporarily hindered by an opposing westward

flow- North of the equator a tongue with an oxygen content higher than

3.2 mlll at 142 30E is seen to extend westwards and to disappear at

154 E. The only possible source for such a water is also the coral sea

water and the eastward erosion of this tongue suggests an eastward

displacement.

North of 2 N there is poorly oxygenated water of the central

America minimum, the core of which is at a higher thermosteric anomaly,

between L40 cl/t and 130 cl/t, whereas the vertical salinity maximum

noted by Masuzawa et al., (t920) is readily found on this surface (rig. +).

The oxygen distribution has a complicated structure suggesting on also

conrplicated pattern of water displacements and mixing.

T'e dvnamic topography of the rz0 crlt surface (tr'is. o) ao""

somewhat contradict the oxygen districution .on it and is not entirely il
agreement with the above suggestions. I, particular, the equatorial low

oxygen content tongue, trace of the equatorial intermediate current is

associated to an eastward flow. since in January-February of the same

year the geostrophic flow was westv,ards, consistent with the oxygbn

distribution' rve ca-n think that in the westhern pacific the isanosteric

surface 120 clf t, near the limit between the eastward cromwel current

and the westward equatorial intermediate current, is found sometimes

in one of these currents, sometimes in the other; circulation on it is
transient and can contradict the observed distributions.

As uoted above, south of the equator, there is a westward
geostrophic current opposing the eastwarcr progression of the corar sea

124



F iqure 7

water. North of the equator, in the central America water, the pattern

of geostrophic circulation is complex, ason the 160 cl/t surface, but the

southern portion of this water'is clearly integrated to the lower part of

the north equatorial countercurrent.

Reid (op. cif.) shows on the l2E cllt isanosteric surface, north of

New Guinea, between about the equator and 3 N, an anticycronic cell

extending from 130 E to 155 E which is consistent with the above

results.

'W-ater 
masses at 100 cUt.

The depth of the 100 cllt isanosteric surtace is greater than 500m.

The oxygen distribution G'ig. z) indicates that the three water masses

found above are still present at that depth. Nevertheless, there are rlo

conclusive indications of the crossing of the equator by the coral sea

water. At the equator and 154 E, there is an oxygen maximum between

a well marked northern minimum and a less extended southern one; this

maximum could correspond to an eastward transport which would imply

that in June-July 1971 the cromwell current was extending to a depth

of more than 500m.

The oxygen distribution north of the equator with several cores

of low concentration reflects that found above and is an indication that

the pattern of circulation both vertical and horizontal might be complicated.

Nevertheless, the dynamic topography shows a flow mostly

westwards, south of 1'S, in the Coral sea water and in the oxygen

minimum of eastern origin. At the equator, the flow is eastwards and

I
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Figure 8

confirms that the Cromwell current at that time reached an unusual

great depth. The westward flow north of the equator is the deep

prolongation of the current found above.

Time changes of the hydrology at intermediate depths.

The cruise Foc 1 made in January-February of the same year

shows the same water masses participating to the hydrology at inter-

mediate depths north of New-Guinea. Nevertheless their distribution

varies greatly from one season to another as does the circulation at

these depths. For instance, on the 160 cl/t isanosteric surface, the coral

sea water which has a greater northward extension in January-February

does not have an eastward equatorial extension (n'ig.g). This is due to the

fact that in January-February the current at the equator is westwards,

whereas in June-July, it is eastwards. similarly the peru water is less

abundant at 155 E in January-February than in June-July. The

observed weakening, at the beginning of the year, of the north equatorial

countercurrent (Kendall lg10, wyrtki and Kendall 1967) might be

connected to an increase of the observed oxygen content in the minimum

of the central America water.

on the 720 cllt isanosteric surlace, it was noted above that in

June-July the oxygen distribution at the equator contradicted the

geostrophic circulation. In January-February on the contrary the well

marked equatorial oxygen minimum is associated to a westrvard current

and the lowest concentration is lower than in June_July. Consequently,

there are clear hydrological indications that the depth of the lower Iimit
of the cromwell current fluctuates greatly with time since in January-

t28
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February it was smalhr than that of the 160 cl/t, whereas in June-July

it was greater than that of the 120 cllt. Important fluctuations can

thus affect both the hydrology and the dynamics of the intermediate

waters north of New-Guinea.

Summary and conclusions

In January-February and Ju,e-July 1921 two cruises of the research

vessel Coriolis of the Centre oRSToM de Norulea were devotecl to the

study of the hyclrology, dynamics and procluctivity of the waters north

of New-Guinea, betrn een 155 E and 142 E. They shorved that at

intermediate depths, between the isanosteric surfaces L60 cllt(approximate

depth 300m) and 100 cl/t (approximate depth s00m) thr"" warer masses

were present, better characterizecl by their oxygen content 
titun 

uy trr"i,
.

salinity. The coral sea water has the highest original oxygen content,

over 3.80 ml/l, decreasing northwards and eastwards, mostly in the

lower part of the cromwell current, but also in the lower part of the

southern portion of the north equatorial countercurrent. The peru water

reaches the region from the east with a core lower than but close to

3.00 ml/I. The northern hemisphere minimum, originating off central

America has a concentration lower than 2.0 mlll and Jlows eastwards

with the lower part of the north equatorial countercurrent as well as

westrvard with a westward narrow current found also elsewhere (Magnier

et at., 1973).
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The geographical distribution of these water masses varies in time

just like the distribution in space (case of the Cromwell current ancl of

the equatorial interrnediate current) or in time (case of the norrlr

equatorial countercurrent) of the currents varies.

Finally there is agreement between the hydrological situation, the

geostrophic circulation, and the observed currents (Cotin et at., lg?4)

except in some cases where transient situations were met.
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1.5 UPPER WATERS NORTH OF NEW GUINEA IN I97T

by

C. COLIN, J.R. DONGUY, C. HENIN, C. OUDOT and B. fVaUtgy (")

Abstract

'l'tuo cntises haae been carricd owt by O.R.S.T'.O.NI Oceanographic Diaision

o.f Noruncu (NeLu Caledonia), aboartt R.V. "Coriolis", to shtd.y tlte equntorial area uorth

of Nen ()ttineu, in relation tuith meteoyological situation : FOC 1 (Jarumry-Febrwary

197il fuiring tlze NIV Monsot;n and FOC 2 (lune-July 1g7il detring the SE trade

tr,it'tds. Hydt'ological conditious are quite different during these tu,o periods uccording to

the wind systems.

Tlrc NIV ivlonsoott generates an eastward xtrface circulation, specially along

the coast u'ltenatlinduced upwelling giues risetohigh fertility. On tlrc other hund, d.uring

the SE trade wivtds, the general rnotion is westruard for surface waters ; yet tlte

Equatorial North Cownter-Current is strengthened.

In subxtrface, westuard spreading, of " surth pacific swbt'ropical surface

utater clmracter'i.sed. by its maximurt satinity core and loru oxygen. content, along uith

feuding of Cromwell Cwrrent wtth Coral Sea water, are best eui.denced during FOC Z.

Frorn ltotlt. cruises it uppears that ferttlity along the north coast of New

Guinea and in Bismark -\ea is higher tlmn what is encormteretl offshore.

Introduction

Oceanographers from O.R.S.T.O.M. Center, Noumea, New Caledonia,

have already devoted many years to study the equatorial currents system

(") Centre ORSTOM, Noumea (New Caledonia)
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Figure 1

in western Pacific; BORA and CYCLONE cruises atong 170"E have shown

that the hydrological conditions at the equator are highly variable in

connection with the currents, in particular the counter-currents (t); hence,

it was thought that the area north of Nerv Guinea from where these

counter-currents flowing east through the Pacific originate, should be

worth studying (z), (S), (+) o. cruising.

In summer the convergence of the NE and SE trade rvinds is north

of the equator so that north of New Guinea we have SE winds; in winter

the monsoon disturbs this situation in the rvestern part, the corlvergence

is shifted south ancl we have NW wincls north of New Guinea, bringing

much rain.

From tlvice-daily rneteorological observations charts, averagecl

direction and speed of the wind in Manus Island were obtained for ten-

days periods, including calm-days. These results are shown in Fig. 1,

from April 1969 to September 1971; the SE trades blow through that

area from May 1o october, then the NW monsoon is present from

November to April; hence the cruises schedule: the first cruise Foc I
during Januar5,, 216 February, the second cruise Foc z, during June

and July.

Both cruises had lbur legs along 154 E, 14g E, and 142"E from

the coast of New Guinea to 4 N-Stations u'ere half a degree apart, except

for Foc 1 legs along 154'E and 146 E where the interval was one

clegree (r'ig. s). At each station a hydrological cast was perfornred (along

with current measurements) at 24 levels to 1.000 m. At each level, tem-

perature, salinity, oxyty and nutrierrts were measured.
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Figure 2

Figure 3

South Pacific Subtropical Water Spreading

During sE trades the Equatorial current (B.c) t fuli1. grorv,, bei,g

unimpeded except at its bordering with the North Equatorial counter-

current (tl.p.c.c.), in contrast u,ith the NW monsoon time when the

opposing New Guinea coastal current fu.c.c.c.) flowing east develops.

This is best evidenced by a comparison between the two cruises for

salinity (r'ig. z) because the E.c. brings there salty water from the east

where south Pacific subtropical water (s.p.s.w.) saHnity maximum

predominates. During Foc 1, salinity higher than 35,20 /". cannot be

found west of 150 E but reaches at least to 142 30 E cluring Foc 2. The

35,50 /" " line does not reach the equator during Foc 1 when it extends

north well beyond during FoC 2, illustrating the fact that the Equatorial

undercurrent (E.u., or crornwelr current) is fed with salty southern

water in these months. The more than 35,50 /.. layer is thicker during

Foc 2 than during Foc 1 ; however the low salinity brought by NW

monsoon is still noticeable at the surface during FOC 2.

The relationship between currents and physical or chemical

properties of the carried water will be analysed on horizontal distributio,s

at the sea surface and at 100 m tbr the surface layer, and on 300 ancl

200 cllt isanosteric levels for the subsurface layer (Approxirnatively and

respectively 200 m and 250 m in depth).

Surface layer

At the surface, the current vectors drawn at each station in Fig. 3

show that the E.C. is stronger in June_Jutv G.OC Z) when SE rrades

are well settled, than in January-February (roc r) when Nw monsoon
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Figure 4

F'igure 5

blows, inducing N.G.C.C. which, flowing east, cleflects the E.C. to the
north ; the C.C.E.N. is in turn deflectecl to the north b). the E.C and
rveaker during FOC l.

The surface salinitl' may look a littre paradoxical si,ce it is higher,
as a ,t'hole, during FoC 1 than during FoC 2, btrt we can see tha.
these distributions are transient ; during Foc 1, low salinity by acrvection
from the west or by locar rain, is slorvly overflowing higrrer salinitl.
formerly established here b}, summer f.irne ancl left behind; cluring FOC
2 high sali,ity of upweiled water fi-om beneath is just appearing at
154 E at the equator in the process of overconring lov,, salinitv frorrr
rvinter time.

At 100 m depth G.ig. a) the E.C is strengthenerl cluring FOC 1,

being impeded at the surface by the NW mousooll; holever salinity
over the whore area is lower trran duri,g Foc 2 and the negative
westward gradient is stronger than d,ring FoC 2. In rnonsoon time the
N.G.C.C. induces a coastal upwelling characterized b5, 2o increased
salinity.

Subsurface layer

salinitv analvsis on the 300 cl/t level (r.is. s) shorvs ,re E.c at
its best, during trades time (Foc z), with varues higher tha, 35,60 /""
over the area south oI the equat.r ad particurarly in Bismarck sea;
during monsoon time, the E.c has disappeared, a,owing the eastward
circulation to lower the salinity (Cromwell Current as well as N.G.C.C.,
albeit weak the latter be at that clepth).

IJelorv the salinity maximunr, water carried from the east b1. the
E'c is charactefized by oxyty rower than that of corar sea water
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Figure fi

Figure 7

Figure 8

(c.s.w.) which occupies the southern part of Bismarck sea. A conrparison

between oxyty sections of the two cruises shows equally vzelr the diffe-
rence in strength of the E.C for the two seasons (fig. O), ox1,ty lower
than 3 ml/l is iounrl at least to 145 E cluring Foc 2, rvrre. it reaches
only 150 E during FOC 1.

oxyty on the 200 crlt surface (pig. z) illustrates the spreading of
these low values ad is worth of some conrments. -_rhe core of trie
cromwell current i.s knorn n through trre entire pacific t. have a higher
oxyty than surroundi,g rvaters; irere we can see the rrery prace rvhere
this feature is taggecl by c-s.vy. which is feeding the E.u. alr the year
round; the feeding place should be further west, at reast cluring Foc 2

rvhere c.s.w. is spreadi,g rvestward alorg the coast m,re than cruring
FOC I where it is inrpeded by the N.G.C.C., weak but still ,oticeable at
142 30 D.

Effects of circulation on potential fertility

Phosplute distribution at the surface for the two cruises (r..is. s)

comparecl with salinity distribution (Fig. 3) shows clearly that potential
fertiliti, in equatorial area is direcfly related to salinity.

During FOC 2 ,,," .u,., see at 154 E rich ancl salt1, water from
beneath welling up to the surface uncler trades and slowll, replacing
poorer and fresher r,vater of the past monsoon time.

During Foc 1, we have just the opposite situation : slow overcom-
ing of that rich a,rl salty water of trades tirne by a poorer and fresher
water flowing from the west, clri'en by the *ronsoorl. Right along the
N'G' coast lorv sari,ity is not reratecr to row phospirate; trris can be

associated with coastal enrichment by upr,r,,elri,g i,duced by the N.G.c.c.
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Figure 9 This process is clearly seen on nutrients sections at 146 E for Foc l
(ris g) r'u'here rve have iscrines sloping up towards the coast i, the

0-200 r,, Iayer, in relation with current to the east. These nntrients
sections illustrate als, the convergence situation at the equator rvhere

the poor surface la}.g1 i. r,ery thick, down to 100 m, ancl the vertical
gradient for nutrients in the core of cromwell current u,hich refutes the

explanation of the oxygen homogeneity by turbulent mixing.

Discussion

we have estabrished that changes in the rr-r,clrorogr- of the area are

the responses to the arternatio, of provailing rvincls, thro,gh inducecl

currents.

The E.c generatecl by s.E. trades is founrl in the rvhole 0_250 nr

Iayer in June-Jury (p'oc z). when the rnonsoon starts, the trades

fainting out, the E.c pcrsists by inertia, but it is restrainecr at the surface

by NW wind, shifted to the north of the equator by N.G.c.c. ancl impeded

at depth by. the u.c., so that its maximunr speecr depth is 100m for that
season. The backwards circulation to the east, north of N.G, consists

permanently of c.c.E.N for the surface a,d E.u. for the subsurface rvith
c.c.E.N gathering strength in rrades time and N.G.c.c. joinin.g in
monsoon time.

In subsurface, hydrorogical characteristics south of the equator are

the result of an equilibriurn between s.p.s.w., salty ancr oxygen depleted,

brought from the east by E.c, and c.s.w, slightry fresher and more
oxygenated, florving west along the coast through Bismarck sea, then

feeding the E.u. which carries it east. As soon as the E.c wearrens

before disappearing, in subsurface the equ,ibrium is upset and extreme

t45
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s.P.s.w. characteristics soon become blunted ancl replaced by those of

C.S.W, hence the response of hydrologl, to circulation changes is quick

in subsurface; but it is not so at the surface.

In the surface layer during Foc 2 rve srrould have a higher salinity

associated with a strong E.C; this is true at 100 m but not at the surface

ll'here almost the entire area is covered with less than 35 /". water.

Desalting of surface water in occidentai Equatorial pacific is brought by

the monsoon by advection (N.G.c.c.) as weil as by local rain; NW wincl

induces convergence of snrface rvaters at the equator, so desaltect layer

is thick; farther io the east at 1z0oE sarinity lower than 34,69 /". has

been found in April 1967, brought to the equator frorn the low salinity

c.c.E.N by surfrice convergence induced by west wind 1); that lou,

salinity water, if carried west at one knot by the E.c, woulcl enter tlre
area north of New Guinea in June. So, the E.c which reappears at the

surface when the s.E. trades blow anen,, rvill carry frorn the east rather

desalted surface water for sorne months and there is some lag before

salty water from beneath begins to flow away the thick ctesalted surface

layer out of the equator, as it can be seen at 154 E during Foc 2.

In the same manner, desarted water from the cerebes sea, carried

io tirt' east by counter-currents, lags behind the setting up of the monsoon

as it ca, be seen during Foc l rvhere quite liigh salinity of the past

seasor] is still present in the eastern part of the area.

Conclusion

These tlvc, '-ruises north of New Guinea rrave given detairs on

the building u, ,f EjU hydrological characteristics:

- the feeding a-li trre /e?r round by highly oxygenatecl C.S.W.

1
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- the invohrement of salty s.p.s.w, in this feeding in summertime.

These details sustain the interpretation given earlier to explain

the hydrological strncture of E.U. observed at 170 E.

The continuity between the E.u. and the N.E.c.c. is corroborated,

as well as the strenghtheni,g of the ratter in summer time.

In the surface layer, the setting up of the h1d161sgical features

characterizing each season lags behid the changes of winds, when

the response in subsurfacer is rather quick.

North of New Guinea there is alr trre year rouncl a goocr Jxrtential

fertility' either froru equatorial upwelring in trades tirne, or from

coastal upwelling in monsoon time.
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1.6 EQUATORIAL CURRENTS SYSTE}I NORTH OF NEW GUINEA

by

C. COLIN, F. JARRIGE, F. ROUGERIE, P. RUAL

Sumrnary

Eight trans-equ;rtorial cross sections giving zonal and,meridional components
of currents north of New--Guinea were carried out during tire cruises FoC I and
FOtl 2 (January-Februar_u.and JLrne-Julv ig7i) of the R/V CORIOLIS r:f rhe Centre

oRSToN{ of Noumea' The equatorial currents system is described during two co,-
trasted wind regimes and comments are made on space-time variations of tire mairr
water drifts.

1. - Introduction

Following cletailed st*ciies at 170 E (MacNrcR et ai., 1973) the equatorial
zoue located trorth of New-Guinea has been investigated iu 1971 by the R/v C6RISLIS
of the Cetttre oRSToM of Noumea during two different seasonal cruises, FoC 1 ancl
Foc 2' WYRTKI (rgot) described the peculiar nature of this zo,e where equatorial
currents end ancl where are forrnecl two main currents: the north equatorial counter-
current and the equatorial under-current (cromwell curre,t). Russian (ronr and al.,
1966) and Japanese (ruesuzew A, 1g6il studies have confirmed the hydrological
complexity of the region and pointed out the irnportairce of time-repeated investigations.
The main aim of the Foc cruises was to specify mechanisms by which the cromwell
current 'gains some of its hydrological characteristics observed at 170 E (Rorscut nr
al" 1972) and to estimate the response of the superficial clrift to the variations of the
wind-regime.

rhe high density of the cur.ent meas,l€ments in the first 500 meters has
perttril'ted to precise the horizontal and vertical strnctures of the equatorial currents
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system between the north coast of Nerrr,-Guinea and 5'N. In addition to these mea-

sttrements, hydrological and physico-chemical parameters have been studied and results
of these measurements have been usecl in otirers papers.

2. - Methodology

All current measurements were made with three self-recording Hydro-
Products current meters, model 501 B; they were attached to the hydrological cable
and lowered down from the ship ; meas'.lrements were made every 20 m from the
surface to 500 rn and every 40 m from 500 m to i500 in; at each level, measurements
of the speed and of the direction of the current were macle every g seconds d*ring 4

minutes. only the average of those 4 minutes time series were considered.

Before loweriug the current meters, 100 m of cable were paid out and the
ship manoeuvred to obtain the lowest cable angle with vertical. once this equilibration

was found, the course and speed of the ship were maintainecl throughout the current
measurements,

The accuracy, at the surface is, + 10 for direction and + 
10 cm/s for

velocity' For deeper recordings, it is + 5' for direction and the velocity accuracy
remains unchanged because the great length of the cable dampens all short-terms
movetnents like waves and swell. The depth of each current meter is assumed to be
the length of the cable corrected for the wire angle ancl for the length paid out. The
great number of hydrological stations carried out in the same zone and under similar
conditions indicates that this method introduces into the depth evaluations an error of
overestimation not exceeding Z'f,.

In fine' current measurement obtained at each level is evaluated relatively
to a given reference (soom for the eight trans-equatorial cross sections presented in
this paper ) by vectorial difference.

)
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3. - Meteorological features

Because its position at the west border of south east Asia, Nes,-Guinea is

under a monsoon regime, specially in northern winter when high pressure are fornred

over the asiatic continent and low pressure over Australia. Between the high and the

low, the monsoon develops; in full monsoon regime the pressure distribution is

stationary and winds have a high constancy, specially over the sea. However the

wind force is generally small, except in storms and typhoons observed north of

Australia and over the Coral Sea.

In the course of December the monsoon crosses the equator as a north wind

and south of it turns to the east, where it appears as the northwest monsoon, as

observed during the FOC 1 cruise. From April the equatorial pressure trough moves

quickly to the north and lies at the equator. The southeast trade again reach 5 S and

grows stronger until July. North of the equator the northeast wind system collapses

in May and the south monsoon succeeds over the whole of southeast Asia and reaches

its full development in July and August. During these months the low pressure is

over Asia .rrd tlr" high over Australia. Over the open sea north of Nerv-Guinea trade

winds of force 4 are often exceeded as during the FOC 2 cruise. From October the

equatorial trough begins to move rapidly southwards again and lies along a line from

the center of the Bay of Bengal to the north coast of New-Guinea. Southeast trade

winds weaken and begin to gradually collapse in Novernber in a zone north of 5 S.

The diagram 1 summarizes the wind conditions observed from November

1970 to November 1971 at Manus island, located off the New-Guinea coast at y'S

and 147'E.

This variation of the attnospheric circulation finds its parallel in a corres-
ponding variation of the oceanic surface drift, with however a delayed time response-

I
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4. - Results

u) Currents :

The four trans-equatorial cross sections made during each FOC cruise

present a structure chiefly characterized by the prevalence of zonal flows because the

meridional cotnponents of the observed flows are generally weaker than the zonal

components and their variability from a section to one another is more important.

During FOC 1 cruise (January-February 1971) there was, at the equator

a superposition of opposecl flows : near the surface, the water ran eastwards with an
5

average speed of 20 cmfs; below, between 30 m ancl 1S0 nr clepth, there was an

important core of westrvard flow, the speed of which was 50 cm/s. This current,

named the equatorial current, reached the surface north of the equator. Its velocity

core situated near 100 m clepth rvas spreading rouglily of two degrees on both sides of

the eqr"tator and hacl svrifter observed speed at 146 E ancl 142"30E (Fig. 1a ancl Ib);

in fact that acceleration could be the result of the water stream narrowing between

the coast and the south limit of the north equatorial counter current. Along the New-

Guinea coast, the New-Guinea current ran sountheastwards with a maximum thickness

not more than 200m. This coastal current can be linked with the equatorial superficial

east flow like in figure 2a or be parted from it by a thin west flow like in figure 1a.

Further east, the New-Guinea current moved off the equator towards the Coral sea,

whereas at 154'E the equatorial superficial east flow kept-close to the equator Gig.

id). In the first 200 m, the boundary between the equatorial current and the north

equatorial counter current was well marked by an inversion along a vertical line located

between 3 and 4 N of the meridional velocity gradient. North of this latitude the flow

ran uniformly eastwards in the whole water column. At the equator and below 150 m

the flow ran also eastward.s and was characterized, between 200 m and, zsl m by

a core where the speed exceeded 40 cm/s. This flow is the equatorial undercurrent

extending across the Pacific ocean to the Galapagos islands. The lower boundary of
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this current was, at the r.'ery equator, close to 300 rn depth. Deeper there is a westwarrl
flow: the intermediate equatorial current (HlSeRo, RUAL, 1920). Both si<les of the

equator, the equatorial undercurrent 'was connected rvith two deep extensirurs goipg

beyond 500 m depth, characteristics of which haye been summarized in table 1.

Table I

Longitude

Equatorial undercurrent

lower limit (at the equator)

North extension

South extension

146It 150 E

320nr 320m

poorly North of 2"N

defined

142 30 E

-i00nr

North of 3 N

154 E

300m

*
between I N

4N

South of 0 30S non South of 2 S between 2 30S

c
and 3 30Sexistent

During FOC 2 crttise (June-July 7g7t), the circulation recordecl in the

superficiai layers was somewhat different since the equatorial surface east flow hacl

disappeared' In substtrface, the equatorial undercurrent had roughly the same features

than in January, but its link with the north equatorial counter current seemed stronger-

Below 300 m, the deep extension of the equatorial undercurrent was baly 6"11r"0,

except at 154 E (fis. za).

b) Seasonal rrariations: -

r) zonar components. From January to June, the main change in
surface circulation is the quasi-disappearance of the New-Guinea current, only weakly
remaining as a thin eastward flow close to the coast at 146 E (rig. zu). In the other
three cross sections of Foc 2, the surface is occupiecl by a westward flow spreading
from the soutrr of the zone to approximatively 2 N. This water is the upper part of
the equatorial current, the velocity core of which always found south of the equator, is
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either close to the surface (rig. zc and 2d) or in depth (pie. zaand 2b). This current
is existing do'r,nwards to 400 m and is thus more developped than in January.

In June the southern limit of the north equatorial counter current is nearer
to the equator than in January; its velocity core can exceed 60 cm/s as shown in
figure 2a, 2b, 2c- Thus, in the south east trade winds season, it seems that the
growth of the equatorial current has involved an equivalent strengthening of the north
equatorial counter current. In January, the later, being poorly fed by the equatorial
current, also weakens and has a minimal flow.

In subsurface, the equatorial undercurrent flow is scarcely altered by the
reversing of the wind and its speed and depth features are roughly the same through
the seasons' However its links with the north equatorial counter current are stronger
in June: both currents are hardly separated and the equatorial undercurrent seems to
be underlf ing part of the north equatorial counter current. one can assume that
farther west both flows are mingred (gunxow and ar., 1960), assumption in
accordance with the main features of their waters. on the contrary of what was
shown in January, it is difficult in June to precise the lower limit of the equatorial
undercurrent and to describe its deep extensions; only in the figure 2d, one can see

two deep east flows, north of 3 N and between the equator and 3'S.
' il meridionar components. The equatoriar circulation system being

essentially zonal' north-south components have weak intensities and show important
space-time variations ; along the cross sections, the reversal, of these components
makes the sequential analysis difficult.

During Foc 1 cruise, superficial waters were roughly drifting northwards,
that motion being cancered near the New-.Guinea coast, except at 146 E (r.is. ru).
At that season' there seemed to be no direct correlation between zonal andmeridional

r58

I

ii
,l



components of the surface flows. At the level of its velocity core, near 100 m dept6,
the equatorial current was preferentiallv drifting northrvarcls with a meridional speecl

not exceeding 20 cm/s. In subsurface layers, motions were more complicated at the
equatorial undercurrent velocity core level, the meridional component was northwards
at L42 30, southwards at r46'E, northwards at 150'E and non existent at 154 E. That
alternation suggests that, in its eastwards movement, the equatorial undercurrent
could follorv a sinusoidal trajectory with an axis a little north of the equator. Belorv
300 m, meridionar components were quasi inexistent and only at 150"E (Fig. 1..), th"
intermediate equatorial current seemed to have a rveak southward drift-

During FoC 2 cruise, the north-south components of the flow were str,nger
and less erratic than during Foc 1, and particularly north of the equator where the
north equatorial counter current had a well pronounced northwarcl drift at I49 E and

154"E (Fig. zc' and zd')- south of the equator, surface waters berongrng to the
equatorial current had often, from one cross section to another, components of opposite

direction, but deeper the drift was preferentiall5. northwards.

In subsurface, the equatorial undercurrent velocity core, clefined by the 40

cm/s isotach, was at 1 N. Its meridional drift was rnore homogeneous and was

southward for the four cross sections and this can explain that it.s southern boundary

had moved from 1S to 3 S between l4Z30E and 154E. On the three western cross

sections nothing can be said about meridional componenrc below 300 m; however at
rsa'B (rig' td') the two deep extensions of the equatorial undercurrent have a weak
northward and southward component respectively north and south of the equator.

5. - Conclusion

In situ records made during the year 1971 north of Nerv-Guinea allou. to
describe the currents system and the wind driven circulation fluctuations during two
opposite wind situations' It appears in fact that the influence of the wincl regime not

'I
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only exerts oll the coastal New-Guinea current, l:ut also disturbs the great nceanic
drifts like the equatorial current and the north equatorial counter current. Howel,er-,
the equatorial undercurrent variations do not seem to be directly linked to variations
of the surface hyclroclimatic regime.
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r.? WATER MASSES AND CURRENTS IN THE SOUTH CHINA SEA AND

THEIR SEASONAL CHANGES

by

MICHITAKA UDA AND TORU NAKAO

Faculty of Marine Science and Technology, Tokai Universitl,,

Shimizu,'shizuoka_Ken, Japan

Introduction

In the past, nrany oceanographic studies have been conducted in the south

china sea and the resurts have been pubrished (e.g. M.ucla, 1941). Thus K. wvrtki
(lgot) and E.c. LaFond (rgog) reported the resurts of NAGA Expecrition.

Many other resurts from csK program are on "-fhe Kuroshio", trre first
csK symposium vorume edited by J.c. Marr (tg70), "Kuroshio" by H. stommel ancr

K' Yoshida hszil, and "The Kuroshio II", the second csK symposium volume edited

by K. Sugawara \tgZil.

However, our basic knowledge of the hydrograph]. jn the South China Sea

remains poor yet particularly during srlrnmer and winter monsoon seasons. From this
point of view the authors present this paper for comparing the changes of water

masses and currents in two seasons of summer and winter monsoons in the sea-region

in question, aiming at tbe development of fisheries oceanography there.

Using the data from cruises of Hakuyo Maru, November zB,lg41 to January
20, 1941and August 20-October 19, lg4}, Toyama Maru, August ll_October 22,
194L, Yoko Maru, october 12-December 3, rg42, S.F. Baird, December 1,194g to

August 28, 7949, and orlick, January l7-october 22,1960, and other data of GSK
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ranging from 1965 to 196B, they drew maps of the distributions of water temperature,
salinity, trausparency and color of the sea, dynamic anomaly AD, maximum aud
minitnnnr in salinity, and the minimunr in dissolved oxJrgen for two seasons of summer
and winter rlonsoons.

Results and discussions

Currents

F'ig' 1 and Fig' 2 sltow the difference in pattern of currents between the
two seasotts' 'lhus in the northern sllmmer, Fig. 1. when southwest monsoon prevails,
northerly Mottsoou currents are dominant in the middle part of the sotith china Sea

and Java Sea and inflow of oceanic r,vater is strong through celebes sea and plores

sea' while the water of Soutl-r china sea flows out through raiwan strait and Luzon
Strait. (nig. t, Z, S)

' on tlte contrary in winter (pis. z) respondilg to the Northeast monsoon
along the Asiatic continent and suncla Islancls southerry flow of water prevails to
cause a cyclonic pattern of surface water movement against an anticyclonic circulation
pattern in summer.

As for the exchange of water with the outer ocean, in winter inflow of
oceanic water is strong through raiwan Strait and Luzon Str-ait and outflow from the
South china sea is strong through Flores Sea and to less but considerable degree
through Celebes Sea. (See Fig. 2,9, l0)

A conspicuous cold cyclonic eddy as evidenced off south vietnam and upwellings
(Fig. s, 4, s, 6, z)

A conspicuous cord cycronic eddy with upwelred water as a back-eddy was
found in the northeast offing of South vietna,r characterized by low temperature,
tmnsparent and high salinity water. obviously this eddy is caused as a combiued
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effect of the Monsoou current ancl topography (orographic effect) ,rd nray influence
on the fisheries productivity varying year by year responding to the strength of the
sumrner monsoon.

In winter, trend of upwelling in the broad area in the midclle part of the

south china Sea is seen corresponding to the cyclonic pattern of current north of
Borneo and Palawan Islands (See Fig. Z, g, 10, ll, l2).

From the distribution of oxygen-minimum in waters west of Luzon-palawan

Islands, 1.7-2.0 mlfr at depths 100--900 m in summer and r.s-z.o ml/t in at depths
200-800 rn in winter, upuzelling is evidenced in the north of palawan Island especially
in summer. (See Fig. 13, 14).

Water mass distrjbution (Figs. f , Z)

As dominant coastal water mass areas the following can be mentionecl :

c, the area of offing of Hong Kong, c2 the inner part of rongking Bay, c, offing of
South vietnam having its origin mainiy in Mekong River, cn Gulf of Thailand System,
c5 offing northwest of Borneo and sarawaku and cu Java sea System with the
southern part of Makassar Strait.

Another separate coastal water mass area C7 is in the west offing of. Luzon
Island' These waters are characterized by low transparency and low salinity parti-
cLrlarly for continental coastar waters c such as c, , cl c. , c4, c. and c6, some of
which are generally locatecl in the estuaries along the equatorial rainy zone in the
Austral-Asian Mediterranean Sea.

on the other hand the areas of transparent and high salinity water masses
vary seasonally under the influence of the changes of water flow from ancl to the
outer ocean' Thus salinity-maximum .nop" (Figr. 15 a, b 16 a, b) indicate the extension
of the saline branch of the North Pacific central water aud the increase of salinity
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from summer with values 34.4-34.9"1"at depths 50-300 m to winter with values

34.6-34.9 f" at depths 50-300 m, while the salinity-minimum rnaps (rigu. tz a,tt

18 a,b) show the mixed extension of the North Pacific Subarctic Intermediate Water

witlr salinitv of- 34.41" at depths 200 600 m in sunrmer and with salinity of 34.4-J4.6 /,.
at depths 100-900 m in a winrer.

This fact indicates a stronger inflorv of the Intermediate Water in summer.

Finally the authors point to the importance of further studies of the water

exchange through Malacca Strait and other straits between the South China Sea ancl

the Austral-Asiatic Mediterranean Sea and the Indian Ocean.

Furthermore the authors_ r,ourd like to add the followings;

(t) Our hydrographical results, particularly the cyclonic eddy in summer"

may contribute to the fisheries production in future.

b) The coastal water zones, c, - c, , are feared to become polluted in

tuture.

(S) Chmatic change, particularly of Monsoons in winter and summer, may

reflect in the fluctuation of oceanographic conclitions and fisheries

which should be studied intensively in futtre.
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1.8 Thermohaline Diversity of the Japan Sea

by

O. I. Mamayevo

Abstract

Sltannon's diaersity index H (X,Y), or etdropy, tuas opptied to the aoltmetric
'l'-s di.agrants of ilrc Japan sea, presented in the pafer of M. yasui et at (rsoil.
Narnely, biaartate distributiorts for four seasons for the entire lapan Sea ruere selccted for
thi's ptt'rrtose' Besides H &,Y), whi.ch is the entropy for the jot,t systern (x is ttze systant

aaryi*g with. resoect to sali,ity only, y usith respect to temperature only), ualues H (x)
and H (Y), as well as other diaersity pararaters, uere carcurated.

It was found that tlzermohaline diuersity H (X, y) of the lapan sea is quite
small (ruan' aalwe of 1.3 bitil tuhich ts due to th.e extremc lntnogenei.ty of thc sea tn

salinity and temperatwre. From utnter to azhrmn there is a gradwal increase of H $, X)
from 7, 1 to 1,6 bits, due to tlu summer heattng This tncrease actual@ lneans .loss of
tlu Japan Sea.

The thermirchaline redundancy of tlw Japan sea appear to be sufficiently hi.glt
(near to 70"1 ).

Introduction

' In the present work the question is considered of the possibility of applica-

tion of the shannon's index, known from the information theory,
n

H (X) = -X p; Iog, p;,
i=r 0)

*
Department of Oceanology, Moscow State University, Moscow, USSR

At present : Ioc Secretariat, uNESCo, place cre Fontenoy, paris, France
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which serves as a measure of information, or uncertainty (diversity) of the statistical

system and which represents its entropy,** to th" temperature-salinity relations of

the World Ocean, particularly to the volumetric and statistical T-S diagrams.

In formula (t) X a"notes sonte system which can assume urajority of

states *; (i= l, ),....,n), F1=n1-probability of the event x; where n1 is the number of
N

nn
occurrences of event xi and N = X ni, X P; = 1

i=[ i=l

We shall assume here that the reader is familiar with the main properties

of the function I{ (Shannon and Weaver, 1949), namely:

1. H = 0 if and only if all value" of Fi but one (and in this case being

unity) are zero.

2. H*u" = logrn whenPr = pz =...=pn = li inthiscase H isa
monotonic increasiug function of n.

3. Any tendency towards equalization of probabilities F, Fr,...,t, lead to

the increase of H.

. H is additive function (enffopies are summed when systems are united).

Apptication to T-S di"go*".

Let us consider a T-S diagram, properly divided into classes by temperature

and salinity, bearing quantitative characteristics of the waters (volume, frequency etc)

belonging to each of the T-S classes. Snch kind of a T-S diagram, divided into

classes filled with numerical characteristics referred to, obviously represents joint

system by two variables-temperature and salinity.

i6*
more precisely, entropy with a negative sign, or negentropy

(Brillouin, 1956, p. 16l).
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Having recalculated the above quantitative characteristics into probabi-

lities, we obtain bivariate frequenc-r, table, or probability distribution, rvith temperature

and salinity as the two variates.

It is known, that the entropy of the joint event (complex system) is defined

b], the expanded formula (1), namely:

nm
H (x.y) --- X X pij logrp;1 (z)

i=l j=l

where n and m are the number of states of systems X and Y, respectively (n.m is the

number of possible states of the system); i-. . i" tfr" probabilitl, of the joint occurrencelJ

of the evenr x. and_-^, -^l *..J event -v..

For the T-s diagram referred to, formula (z) is interpreted as follorvs:

X - the system varying only with respect to salinity and assuming stateg

xi (i = I, 2,........, n);

Y - the system varying onry with respect to temperature and assuming
states ,j (j = 1, 2,.....,m)i

P' - probability of occurrence of a definite class of 'I'-s cliagram

measured in some *ay (fr"quency, percentage of total volume, etc).

'L'he value H (x, Y) will'be denoted in this context as tlurmolaline diacrsity
as well us "entropy."

we wilr assume further that the systems x and y are dependent ; being

applied to the T-S diagram this statement points on the existence of relation 1. =f (S)

or' in other terms, means that the values of temperatures cannot generally change

without corresponding change of salinity (one of the particular cases - the pripciple of

conservation of stratification).

r 9l
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J'n this case we then will have the entropies or diversities of the systems

X and Y as foilowing:

u(x)=-XXp1;rog,
nIn

mn

m

| ",j'J

.r'l

(s)

(+)s(v)--X XpillogrXpii,
Jl

(tr,e

H(x,y):n(x)+u(y) (s)

sign of equality corresponds to the inrlependent systems, when p;1 = pi pj).

The quantities H k) ana n (v) represent in this case the diversity by

salinity and diversity by temperature correspondingly. It follows from the formula (3)

that H (x) ao"" not account for the probabilities of separate classes within each

isohaline 'stripe (i. e., differences due to temperatures ,are not taken into account), and

when calculating g (x) the summary values of probabilities for eacir of such st.ipes

are taken.

Formula (4) t"p.esents tire same, but with respect to the temperature.

ApplS'ipg forutulae (r) - (+) to statistical T-S diagram, we shall .present the results

of calculations on the ,example of volumetric T-S diagrarns of the Japan sea,

'presented in the pdper of M. Yasui et at OSOZ). Namely, 6ivariate disrributions of

volume for four seasons for the entire Japan Sea were selected for this purpose Gigs.
5a - 5d in the paper by M. Yasui et ul. In this case of Japan Sea we deal with

,potential temperature (d) chiorinitv bt) diagrams).

The results of the calculation oJ the characteristics of thermohaline

diversit'y 'are presented in Table l, .explanations ,to which (numbered .according t()

the columns of the Table) are following I
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l.'Number of occupied classes- for the Japan Sea, classes 1c x 0. l /".
are considered in the range - f a T < 28oC, lg < Cl < 1g.3o/."

(cf. also ltem 2 belorn).

2. Total number of occurrence of volumes in all classes, in nnits 102knr3.

In recalculating into probabilities (X 
I ,t.l = 1.000) the latter were round"d to 10 

3

rJ
and those classes having values below 10-3 were casted arvay for the purpose of
simplicity (say, 33 classes out of total 51 have been retained in winter diagram etc).

. 3. ltlaximal entropy H*u* = logrn is the value which would be observecl

if the probabilities were the same for each class.

4. Entropy (diversity by temperature and salinity) of the joint system in

bits (per chosen unit of volume), calculated with the aid of five decimal tables of the

function-Pl ogzP and rounded to 10-3.

5. Entropy (diversity) of the system with respect to temperature alone.

6. Entropy (diversity) of the sJzStern with respect to salinity alone.

7. Conditional entropy

tt*(v) = - ; i ,,; rog, p; (j), (a)
ij

where

P; (;) = Pij

J' o..u 'lJj

is the

the

O
la

the details of

tliat Y assurnes the value yj under condition that X

t4
4

c-o
V)
?1

3he

r+

EDT(\r 
:

a

k)

Shannon and Wiever 1949, or Brillouin,

this value defines mean entropy (mean

the distribution by salinitr, (X) l. known

(UmfSCO) for providing these tables.

already

1e56).

diversity)

kixea).
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Also

u (x,y) = u (x) + u* (v) (s)

8. conditionar entropv defining mean diversity of data by sarinity (x)
rvith known temperature (y) :

H(x,y) =H(v) +Hr(x) (g)

9. Relative entropy

H =H (X, y)

H,no*

I o. Redundancy (Shannun and Wiever, 1949)

R=1-H(&")
H*u*

(ro)

(rr)

Discussion

Examining Table 1, ge can come to the following very preliminary con-

clusions regarding the thermohaline diversity of the Japan sea.

1. The entropy of statistical distribution, or diversity, of Japan Sea waters

eems to be a very small quantity. From the oceanographic point of view this coulcl

be explained by the extreme thermohaline homogenuity of the Japan sea.

2. Diversity with respect to temperature, H fu) ancl H, (y) i" in general

high'er than diversity with respect to salinity, H (x) ancl H, (x). rni. seem obvious.

3. ,seasonal changes of entropy are also very smail and are charac-

terized by small increase fronr winter to summer. This increase of the entropy

characterizes the loss of information on the thermohaline state of the sea (wider scatter

of volumetric values among the classes of the T-S diagram). Th" snrallness of the

seasonal changes of the entropy from the oceanographic point of view could be

I
I
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explained b]' the fact that seasonal changes of the tenrperature and salinit). in the

Japan Sea are confined only to the upper layer of about 200 m thickness u,hereas

the tlepth of the sea (in the ceritral basin) haS the order of 3500 rn. In other words,

the Japan Sea in general is very stable in thermohalinity: Yasui ef a/ point out that

84'1, of the entire volume of Japan Sea waterS have characteristics between 0' and 1"C

and between 18.8 and 18.9'/". chloriniry.

4. The gain of entropy, refei'red to above, could be put in conformity with

equally insignificant seasonal heating of the Japan Sea from winter to autumn. For

the comparison in Table 2 are presentdd nrean-weighted valuds of temperafure (a) and

Iable 2

liean Values of tdnrpetnhie *nd chkiriiiity $ the ehtiro .Iapan Sea

Winter Spring Sunrifler Autumn

0 c 1.09 1.16 1..43 1.44

r..
ct 1". 18.'85 18.8s 18.84 18,85

From this table we can see that the mean temperature slightlv chlrnges

duiihg thb year, whbreaS ttre nieair silinity practicaily rerniinS ctxs&int.

5. ttre thermohaline redundancy (column 10, Table 1) is near to 1O'1,,

whiCfr could be ieganletl as quite a high value." Relatively high fedundahcy of T-S

chhiicteristics foi thb entirb J+pan Sea is tlue to its relative homogehuity as fompared

to the siiifdte Waters, which have much rnore 'fride spectnilh of chiracteristics. This

mhtfdr mi!'ht be etpressetl as follows : any additional observations oii the disffibution

oI temperaturb hnd salinit-v through the depth of thd entire Japan Sea will not

r98

chlorinito (Ct) Uv seasons (the.e values htrve been calculated frorn the volumetric

diagrams of Yasui et ail.



contribute much to

0.1" x 0.t"/." class.

the information alreacrl, con{.ainecl i, the volumetric diagrarn of the

6' Fi,ally the figure J is presertecl which shows the comparison of the
entropies of statistical distributi'n of the Japan sea waters with the mean temperatures
by seasons' Despite the fact thal these values are calculated inclependently, one can
see obvious correlation betrveen them (dashed lines are not regression lines, but are
plottert as illustrative).

The application of shannon's entropr, (of statistical distribution) in the
T s analysis might provicle additional quanr.itative paranret,ers of ocea* water
ilrasses.

References

tsrillouin L" 1956' science (ilxd Infur?notion Theory.Academic press [nc., New york.

shannon c- and r[. weaver 1949. Tht Mathenmticar T,heory of conuru,nicariotr.. The
University of Illinois press, Urbana.

Yasui M.,T. Yasuoka, K. Tanioka and O. Shiota. 1962

Japan Sea (t) Water characteristics

vol. 19, n 2.

Oceanographic Stuclies of the

Oceanograp;hical X4agazine,I ll.tt

l

**J

r97



l

2.0

6'c

'1.5

1,o
1.o 1.5

Fig. I (cf. text)

H (x,v) i H (v) 2'o

..:.i

r--. L:--

IiI=:
-:t-,..-l----
,--:-i.-.- _

..r- i--t

--,t.---

r9B

I



:

l'9 Cvclonic Cold Eddies along the Edge of the Kuroshio Current in Relation to

the Genesis and passage of Cyelones.

I. WATERS NORTH OF TAIWAN

b).

MICHITAKA UDA AND AKIRA KISHI

Facurty of Marine Science and rechnology, Tokai university

Shimizu, Shizuoka-Ken, Japan

Introduction

Along the line of the recent world program, Air Mass Transformation

Experiment, AMTEX, of Grobal Atmospheric Research. project, GARp, the present

studv was initiated as the extension of the previous sturlies by uaa (tg+r, 1943a,

1943b,1957).

Thus the authors, based upon the cSK (rgos rgog) and other Japanese
data (tggZ ancl 1939), constructed the distribution maps of rvater temperature and
salinity at the surface and at a depth of 50 m, and arso the map of Tw, water
tempetature, minus Ta, the air temperature near the surface, in the southern waters
of the East china Sea and studied them in the light of the records of the .qenesis
of extratropical cyclones in winterspring and those of tropical cyclones in summer
and their passages.

Results and discussion

t. Winter (taUte r)

A cold water mass withsalinity lowerthan 34.3 f .. isclearly noticedinthe
north of raiwan' A domain of maximum A T=Tw-Ta is found near the water mass

r99
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to its east-southeast (Fig- .t, 2, 3, .4. Table 1). The d,rrnain just corresponds to the
frontal zote of the Kurositio Current constitutes the area where cl.clones are rrften
generated and over. which they find their paths as seen in Fig. 1.

z. Summer ('raut" z)

Beside the cold back-eddy northeast of raiwan another cold eddy is
remarkable to trre rvest of okinawa aro,g r25'E near the sherf-edge arong the
Kttroshio current as discerned from the 50m deptli temperature clistribution map of
Fig' 5' o, (rgos). In 1966 a similar pattern of cold water mass is seen, one to the
north ,f Taiwan and another west of okinawa at trre embayment of continentar
shelf-edge (pig' z.). Again, in the summer of. 1g67 (Flg. a) coia back-eddies are
discerned' uaa (rgat) has already found this type of cold eclcly frorn his survey during
June-July, 1939 (Figs. 9, l0) in the northeast of Taiwan separated from the east
lying Kuroshio warm water mass with a sharp temperature gradient as large as st.

3. Spring a.nd Fall ('faUte t)

. In both spring and fall similar isolated cold water masses were ascertai,ed-
Thus in the observations in November 1962, (Fig. 11) April_i\4ay of 196g and April_
May of 1969 (Fig' 12, 13,14,) cold water masses were found in the northern whters
of Taiwan withAr maximum clomains to theireast, andin July 1g32the.cold back-
eddy was fou,tr to extend in a range of s0-60 sea-mires northeast of raiwan.

summarizing, a cord back-eddy persists through the year north of Taiwan
near tire boundary' between the Kuroshio warm, high salinity water and the northern
cool' lorv salinity continental shelf- water, in other words at the confruence of the corcl
intrnsion from the ,orth toward the northern part of Tairvan and the northward
200
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flowing Kuroshio Current. It is also certain that another low salinity cokl ed6y exists
along 125 E west of Okinawa near the shelf-edge.

orrr major interest is in the great zonal area with high AT=T,w-Ta of
northeast of fairvan along the continental shelf-edge where the value of AT=Tw-Ta
often exceeds 10 c as seen in Fig. 4. It is remarkable that tropical cyclones in summer
and extratropical cyclones, the "Taiwan Depression" caned "Tui*un Boro" in Japanese,
in winter to spring are generated preferentially in this area and the paths of cyclones

run over this area away from the cold water areas. Seemingly a strong heat transfer
and evaporation from the water surface of the sea favor the formation of the cyclone
and breed the formed cyclone to pass over the area.

The authors would add that the waters around the cold eddies referred to
above give favorable fishing and spawning grounds to scombroid and other species of
fishes and stress the importance of further studies in this key area.
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Yflater Temperature at -0 m

Table I

'fmax. 'l'nrin.

zo.zz (i) zt.6o ("c)

lY'ater Temperature at 50 m

Year

1966

1967

1967

r969

1966

L697

1967

1969

Salinity

Year

1966

7967

t967

1969

Month

Jan.-Mav

Jan.-M2y

Nov.

Apr.-May

Jan.-Mav

Jan.-May

Nov.

Apr.-May

at 0m

Month

Jan.-May

Jan.-Mav

Nov.

Apr.-May

Dist.

a5 (sm)

57

59

81

Dist.

la (sm)

45

50

73

Grad.

1.04/1Osm

0.74

0.25

0.28

1.02

0.92

0.97

1.36

Grad.

0.26/1Osm

0.11

0.10

0.12

0.08

0.22

0.06

0.18

25.4A

26.00

27.20

26.72

24.48

25.12

24.34

34.76

34.98

34.96

34.96

34.82

34.95

34.81

27.20

24.50

24.90

17.99

18.97

19.89

20.25

34.29

34.45

34.11

34.40

34.16

34.49

34.45

I

80

60

54

30

Smax. Smin.

s4.BZ( 1.") 34.51('/"")

Salinity at 50 m

1966

1967

1967

1969

Jan.-May

Jan.-May

Nov.

Apr.-May.

67

30

72

20

ztJ2



Temperature Anomaly

Year Month

1966 Jan.-May

1967 Jan.-May

1967 Nov.

1669 Apr.-May

Water Temperature at

Year Month

1965 Jul.-Sept.

1966 Jul.-Sepr.

1967 Aug.- Sept.

ig6S Aug.-Sept.

ATmax-

,7.1 ('C)

+J.J

+6.0

+3.5

0m

Tmax.

29.06 ('C)

28.r4

27.00

ATmin.

-3.56 ("C)

- l.l
-1.62

-1.9

Table 2

Tmin.

26.64 ('C)

24.81

24.40

33.23

Dt no
JJ. I .)

33.21

Grad.

1.15/1Osm

0.82

1.27

0.30

Grad.

0.29/10srn

0.67

0.43

0.59

1.20

t.54

0.82

Grad.

0.45/1Osm

0.42

0.29

0.39

Dist.

93 (srn)

57

60

180

Dist.

84 (snr)

50

60

I

I

I

I

I

I

I

i

i

,

96

30

50

90

Water Temperature at 50 m

1965 Jul.-Sept. 28.12

1966 Jul.-Sept. 27.89

1967 Aug.-Sept. 29.41

1968 Aug.-Sept. 25.19

22.45

24.30

21.70

17.80

Smax. Smin.

s4.os ( 1"") 32.74( 1"")

Salinity at 0 m

Year Month

1965 Jul.-Sept.

1966 Jul.-Sept.

1967 Aug.-Sept.

1968 Aug.-Sept.

34.71

34.58

34.56

Dist.

30 (sm)

35

29

35

203 l
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Salinity

1965

1966

7967

1968

at 50m

, Jul.-Sept.

' Jul.-Sept.

Aug.-Sept.

Aug. -Sept.

Temperature Anomaly

Year Month

1965 Jul.-Sept-

1966 Jul.-Sept.

1967 Aug.-Sept.

1968 Aug.*Sept

34.51

34.67

34.79

ATmax.

+0.06 ('c)

+1.5

33.97

33.89

34.7 4

ATmin.

-3.05('c)

-1.2

Il4

:ll

Dist.

60(sm)

JJ

Grad.

(t.52/10s ;

0.82

0.8:l

53 0.10

0.14

4.02

1

\
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2.1 PEYTOPLANtrTON IN TEE.iSEA AREA OF TUE SOUTEEAST ASIA

by

RYNZO MARUMO

(O.*r, Research Institute, University of Tokyo)

l. Introduction

The present paper deals with the standing crop and community of
phytoplankton on the basis of results obtained on the Cruise of Hakuho Maru (KH-
72-i which was carried out in the philippine Sea, Celebes Sea, Sulu Sea, South

China Sea and Indian'O.*n (tZ'S) from May to August, fSZZ,(fig. t).

2. Method

Phytoplankton samples were collected by two kinds of methods, Norpac

net (ls cm in mouth diameter and 0.1 mm in mesh aperture) and van Dorn sampler.

In the first method the net was hauled from the depth of 1s0 m to the surface and

samples were used for species identification. In the second method s00 ml of sea,,
water obtained from various depths down to 300 m were filtered through Millipore

filter HA (o.as p i, porosity). This filter was dried and made transparent by
cargille's oil B and prepared to the permanent slide. For diatoms, cell bearing
pigments (tiuiog ceil) and cell bearing no pigments (deaa ceu) were separately counted.
F<ir coccolithophorids, the relative abirndance was only compared.

B. Eydrography (figs. z_S)

The distribution of water temperature and salinity along section II from
the 'Philippine Sea to the south china Sea through the celebes sea and sulu Sea and

along section III in the South china Sea is shown in Figs. 2-s. i
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(f) Geographicat distribution of chlorophyll a (f,lg. O)

Chlorophyll a content 
r'was 

the largest in the Sulu Sea and next to it in
, - 

:.the Celebes Sea. The content in the Sulu Sea is lornparable to that of the oyashio

The maximum occurs in, the subsurface rayer between s0 and. zs m
slightty shallower than:in diatoins,. ,1 :. . . .

ziz:;

' -. ] .b) Vertical distributionat pattern of phytoplankton groups G,ig. Z)

.i' i .r:1.

maximum in the ZS--100-m
.la],,er,

show the maximum,
being few in layers

.. i
shallower and deeper than this. Dead cells

m ,t!re samg lav91 a9 jf. livins cetts but it is distributed:; fairly uniformly in the

living cells is considered to be supported
whole layer. The subsurface maximum of

limited byby the high population which habitat is the downward
,pen9lration 

of solar

transport of nutrient salts, while the relatively gentle vertical
radiation and the upward

distribution of dead cells will be by vertical mi,xinS and s]nkins-
Ohwada kgzil, however, reported that dead cells appear in the deeper layer than in
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(.) Coccolithophorids

Minute coccolithophorid cells are numerously found at most stations,

though the cell was not quantitatively cotrnted. The maximum appears between 50

and 100 m. The cellnumber exceeded 2,000lt in 75 m at st. 23.

(a) Bhe-green algae

Trichodesmiutn thiebautii is the most predominant and T. erythraeum

is next to it and oscillatoria sp. is very few. The habitat of these species is peculiar

compared with that of other phytoplankton groups ; it is concentrated in the upper

50 m and decreases remarkably with depth below this layer,

(e) Other phytoplankton

In addition to phvtoplankton groups mentioned above, rlinoflagellates
(mostly Ceratium) were found in small numbers in water samples and in fairly large

numbersin net samples (Tabte l). In thisstudy, fragile organisms such as p-flagellates

on which recently the importance as primary producers has been remarkably

empasized were not counted, because these are easily broken or shrinked in the

preservative solution such as formalin.

(l) Distribution of diatonrs

(u) Geographical distribution (Tubl" 1, Fig. g)

The number of diatom species identified is large, 4: --s4,at sts. g,rz and

23 in coastal water such as the celebes Sea and sulu Sea, and small, z__32, in
oceanic water such as the Philippine Sea, South China Sea and Indiaa Oeean (.I.aUte f ).

The maximum of diatom celr number appeared in one of 50, 25 and 100_m

layers throughout sampling stations, though their vertical pattern was quite different

23t



station by station. The cell exceeded 10,000/l in three layers, namely in 50 m at st.

4' 75 m at st' 19 ancl 50 m at st. 24. In these samples Nitzschia sp. was always the

most dominant component.

The cell number amounted to 3,000/l in the surface layer at st. 24. such
a high standing crop is considered to have been made by the sufficient supply of
nutrient salts up to the surface layer by upwelling, judging from the distribution of
water temperature (TaUte Z) and salinity (taUt" g).

(U) Vertical distribution (Iiabt" 2, Figs. 9 and 10)

The number of diatom species is the largest in the 50--lS0m layer,
and becomes fewer in layers shallower than 30 m and deeper than 200 m (raute z).
Such a tendency corresponds well to the vertical distribution of cell number.

At st' 5, the maximum standing crop of total diatoms was found in 50 m.

chaetoceros atlantictts v. neapolitana and, Rhizosolenia stytiformis inhabited between 50

and 100 m, while Thalassiothrix delicatula, Thalassionema nitzschioides and Nitzschia sp.

were widely distributed down to 200 m(pie. g). At st. 19, however, the total diatoms

showed the maximum in 75 m and the distribution of each of five important species

resembles very well, being concentratecl in 25 m (nig. to). At st. 24, many diulo*
species mostly belonging to Choetocerrs were found in the surface layer with a large
standing crop, but Nitzschia sp. occurred only in 100 m.

(a) Disrriburion of silicofragerates (Figs. tl and 12)

The vertical distribution of silicoflagellate cell number is very similar at
each station and the cell number in the maximum layer is in the range from z6/l to
43611 throughout all of 13 stations and the average is 2BS/l (nig. rr). Dictyocha fibula
was the most abundant and Mesocena polymorpha was next to it. The vertical distribution
of these species at st. 59 was shown in Fig. 12.

232

l



a;

+J
a
.+J
(o

Eo
+J
.o

-o
q-
o
g
o
+J

!
L
+)
a
-o

rd
o
P
I
OJ

Or

;
t!

z
F

(n
JEtoao- u)

ILU=Ec\zz.x.=
l-tla

.v>ZZ.JF

trJ\JEFZ.

-=ooz.z.
o=t!LuJ

u)o(Jo<./)-
d.ooa<.D()
JcI)LUt!NJN

TfTT
(J-(J(Jd.FZ.

co <-/)

(--)(JiF-.

t O
F-{

O
-t

o
--t

O

J

J)
lrJ
(J

o
O

o
O
c!

O(=
-i

EO

323



r_{
I

f'\ Z.r<
-F-vu)

Jr!

! (-/) lr, E t-
uJ ur o (J .t+
()O.JLUF
I)FZ.
O.JFU)X

d.^a-Lrtu)

_) lf\ LU )(JOAA:tr
o-oaau)o

OA<J)I!NJJN

----(-)d.FF7

t;

.+-)
a

+,
(o

E
o
P
(U

'o
q-
o
g
o
+J
=-o
t-
.+J

1'

(o
()
+J
r-
oj

o

cr)

lL

<;;;;(JtrFF7

)
-JJ
UJo

O
-t

O

oo
t\r\

o'otoc)ri
EO

234



lJJoo{
-l

lr,l
FA
F.{

tr\
C\J
FI

arrt
F-t ;

(U
+-,
.U

(u
Ol
(d

(+-
o
(J

IA

(+-
o
co
+)
J
-o
!-
{-)
rn

o

o)
tL

ac!
Fl

rr
r{
r{

a
Fl
ri

IJ\
OFt

c\ LA

a o c./)
tf\

00

o

a

=Y-

c)
O
GT

a

l'.\al
=a

a

o

a

rl

J
J
J
tt(J

a

a
a

a

a

<J

F

J
J
tlJ
(9

J
ll- r-1ot(J C\J

r--
JI

235

I

I

I
I

i

l

i

{

0
(],,7a



M

0

CELL/ L

Dr 010 7A2 n3

100

200 STITcoFLAGELLATA (S)

Sr, 59, S, CHlrun Srn

: DIcTYocHA FIBULA

: lvhsocerun poLyMoRpHA

KH-72-t

Dr

Ilp

300

iLrg

F'ig. 12. vertical distribution of silicoflagellates at st. 59.



N

350

l0

25

?0

15

t0

c

0

a)

I00

150
S

105 110 115 120 125 110 135 1rr00E

Fig. .l3. Distribution (0 m) of Trichodesmium th 1 ii.

tol-to4

A

Tntcriooesntun Tt esaurr r

Klt-72-7, SuRrncr

r t lererur/l

CO 0-10

to2-tol

to4-to5

Q ro-ro2

3

A

o
rl

,)P
A

A

A

A

llnv

6

Q

Jur-v

A

A

Juri r o

o
d

C> a
s)

s)

A

A
d

DCX C=>
S

2 I9e

A

AAA A o oo o

23,?

n
AV

o
rl



trttt

ll++t

ll+t+

l++l+

+tt++

++tl

l+t+

llttt

+

+

+

$

.+

c\l

cr)

+++

+++

+

+

CD

O)
rr)

(o

++++- CY)

5N
(!€q c'-

Fl

l+++O)

rtf

tri
H
fr
F.tz
trre

ra
H
()
rq
Aa
zo
Er
Hz
Fl&o
E{
).
p,

trl
F)
m

F{

It

+

++

i
0)

or

cd
U)

r<

a
(d

"d

!()

(-)
(!
o.
L

z
p

E
(.)

()
C)

o()
(.)

c)

ao
o.

cda

q
Sq\qS

f:\ '$ \S .:{ :s SrtN*Es
I Si.-{:8
EoSs
\:\JS s.s:\XNS.EkSSc
t S.S f;*\lqr.€E\\=(\d
=(tr

S
SBSq\S* s'8s $s

=$at
5s\sR s:s
x ss .s
a* ss -NoN'a.s3 S6A(
a\

Q

U)
rI]
o
r4
p.{
q

r{
(,
Fl

z
ft1
rq
&(,

I
14
D
rl
ca

Ho
oz

I

234



rlt++

Ittl+

t+l++

+l+++

tl+t+

llt++

rlltt

ll+11 t++,t

+l+r+

lt+tl

+t!l

Irt,t

+

+

++ll

l+++

l++ll

ll++!

lllt.t

s
Gpo

+

l++++

+++t+

I + "+ + + .+ I ;+ + +

lltrt

16
o

do()

C)

'oG,
F.

\JR*ss\l

$
qs
stt

sEs

B
t3

a.
\t6\) i5

5g \.
\J3

q.3
1a ciss

16
Sa.
S'4

a4
G\$()o
\)
Bs()()Q()()

\3 t4sts iE3BOstPBcdded
s
\\
nq

sSSNEHS S
'S S 'iq 'S v)A€SSS

\J$
^sbo
sqicdndsiE

239

)



++lt+

++itl

+++++

rrtl+

r++l+

+t+t

ll+t+

l11l

++++

I | .+ 
I

+ '+ + + +

l+t1t

lltlt

+

+

+

tlll

+ll+

+ .+ + + I

+

+ +

+

++l

++t

o
P
CI,

a

t++++

tll++

+.+++l

++++t

'()o

tlttt

o
c

o()

o
!
(g
t-

$
bO

()
\
$x

o

Ss
b-c-N

3S Ss N'\r,sEs.is\ ss'€f
Sd
!-

X'F
-s.sa

QO()

v)v)q;s

ESPS$s€$ss
Fs:sa3
SS u, I,s s :s .F s}..sFSS

()U J ,j.-jddL;

|7j

240

I

I

f

I

I

i

I

I

I

I
lr

ii

ti
I
lt

li
ti
ll

ti

lt
il

il

lr

l.

ll
i

t,
It,

i

ll'

i'
j,

l

i

l

't



++ttl

+lltl

+tltt

+ttt+

ltt+. 
1

+++++

+++++

+l++l

+lt+l

+

.!
:

I

+l+

+t+

ltt++

l+ttt

++t

rlt

l+t

E

#(!
!a

+

+

+

+ +

+

rtr+l

+++t

+l+ t+

I

o)

o()

0)
6(!
F

s
v)o
3 's' .3nis=.}SP
-,S

3.s
b.3 .;ts\sEssts

st)
\S\\.

*\qE Si* *NS 8 N
SBNt,*e<qN8.sttsS.S s fi.N'8 S

BS s- } S sdd,$Ed t

a

3
\6\r,s ii s€ E$SFNS-c'

s.
c!\
ra
a
()

.q)dLiddE

24t

j

l

l

lrttt

l

I



l+lr+

{t+tt

[+++t

+lt++

l+t

+li++

lll+l

l+14l

lll4l

lllft

I

+t+++

ll+++

+r{.++

++++t

+l+++

'+ I + + |

lgrtl

+t+++l+++++++tI
(\,

0
+

+

+

+++t

+l++

I I +. I I

fl+tt

C

'U(u
a

!co(J

o
-C,
t

,Bs
tt.Sh

:s E $ F SS =E SSS$i ssr:t s$ss rSE EBS.SE EEB$E
\\'sD\q)\

:Q

qqqq,;dqq&d

s
..ql'a

* s:3;8t
Sts\.ss\

i\oos6.eo
SN
i

o.qo< qo<

242



ro(\r

i+
6r

c\r(a

t\r+

(o
.t.

r$
to

t\(\t

t-

:

fttt+lt

l+

l+

Ir

Iltl+

+ltlt

Ittt+

ttltt

lltl+

[++++

tl

l++++

lrtl+

+o
e
cl

{n

Lttt+

+t+++

r+t++,t+

+

+II

.o
o
d€
tro

C)

OJ

,o
clF

a
rq
()
E1
&a
EoF
a
ho
oz

Fr$Ees

({(

.B
NsstXEa4S..oNi.i.s *E.t\tt!*:\fB.S.S€N $s soNFS'X i! .S

NNq
$O<4re\sE=:r&8

a"

s
.SSNA

EESa
FssEs sE'I* *s€fr68t

s)()- -r\.Ft

2ltg

ltttl

+t,



r+llf

,+lll

t+rlt

l+t

+ ++tt++

lt+t

++tt+

I

li

I

I

I

I

I

I
I

I

I

i

i

i

i,

l

I

I,

I

I

i

i

l.

l.

i

tr

t:

il

ij:

i;i

it
.li,

li
lt
I

ti

lt

ll,

il

ti

li
t:

i

I

i

I

I

I

i

i

i

I

t-

++tlt

++ltt

ll++t

l+t+l

ll++l

+

+

o
I(!
(n

+

+.

+

+

+++ +++++

t. I t + | + + + + .+

+

+

+

'oo)

tr
!

o(-)

q,
p
G,
F.

l+l

+ltIltl

tl++t

S

s sH'H $s s .ES:S'St.x.s. s \.Fs's
s

\0
li\)

Ss
N!

E$

,:
tsclS

^$ssSssi 's 'a
I^.* sX{ sIltls\s.s
(
a

dddd<.>
\
\!\qjqidEci

244



l++ttl+t+t+lt++

l+tlt

+++

ttt

ltt+

ttl+t

+

+

l++it

+++t+

o
I
GI
Ia

+

+

+

++tI+

+

+

+

+

+

l+tt+

+++++

t+t+t

l'++++

I .l I + I

+l++

tlt

+

+ l+ttt

rJo

€
troo

o
-o(!

s
SSqss sd,s tsI s s-S 3s,ss_G-qP B SSS

S():Sq-.s
NXNs.$ s s s

$sssR \t
po
a)5\

t't
s)q.

8

lro
h
R

\J

.\! 3stEES\
- ''\ .v,

3?s)3Sssss
p
\s

.(l\.Jo'oddddddddo

245

l+ttt

t



| .+ + + + I :

r++t++=

+ + lo

lo

.$
C\

t\

$

I

lt+t++

+ttt++

lr+++t

lltl+t

l++t+t

o
c,!a

$

t-z
EIaa

'1'
tU

EIo()

q)

&
G,

F.

U)
rq
H()
Hp{
a
14
F

S*I
:S FlES I*() F :\-/_s .: :<,

i. I :9 -jN}E Rslsvsd-sg'
a

aa

8F-s \,,,
F

o-a-&v,

i\e
q.

'r46
,S :E

$$\:-a- ef,

\t.s-
e

tz
14o
H&
A<

S

\3.,t

24A

+



..'

H

--Fl

<>

CV'

oo6l

u)
H

oar<

u)
f.-

ro

(Y)

N

o
Fi

F,l
I

6t
c-

I

m
N

E
(\,

c\l
c\r

o
N

c-
FI

(o
il

O)

(o

ro

$

U;

a

d

&.o

t)c
€)

,;
&
€)
c)(,aa

o
6
'tr

o
q)
()
ql

'tr
(0
q)eo
d

o

>.
c)

(!,

c)
&.h

q)

&
€B
F.

c\

tj
c)

(\,
tt)

L'o
o

orr

'o{)
(,€

E

0)
l<
c)
B

oo
ro

a}r
o)
P
d

o
o.

(!a

.:

N
\$
S E q..: N.6a r'6

'N'$a$$-6$:.s.S,:{3 u)

ll..--s's-.\-
-tl
\S

tri ,cci cd € *:

V)

b

t
\
tl
n.
()
ea

3v.6S's*S
s gS€

$ss.ssx
--a

I

oa
tf

247

I



it

AI

F{

'-l

F{

(\I

{'

C\t

.o1

CO

N

to

o

rt?t-

tr)

c4

(J

ta-t!'
Sg'>i. .s 3 s

:.EsR$
EBv s.g

dO

B-Scooddd

c)

(J

()
!(!,

248

aO-c\Im

C! C\ cr)

F{

H r-t q\

OF{F{
c\t

o

*-{

t3\
_\)

s
(S

*.

\o
CJ

()

u, .33s3
sNS'-$c4ss N 6

:

Q()()()

S
Ssv,saFE.3 - R st,s.ssj3$Bsss

.

i

ddddd

I

I

C!



$ro

6l

oto

o

to
F-

oro

o
co

oq\

F{

(u

=€
()

0)
.o
(d(-

m

F{

.q

@

(o

.+

(a

C\r

'-{

.{.

6r)

'rl

nt(\t

;

6r) F{

Ft

c\t

H

r<

;

c\t

:srlsl,
S 'ss
$\J.S .4

\€'ra +:sot3sv)E
CJ.^S.s
E s,SEE Hsf;i$

a4

R
T\
s)t $E INFS NiE*SEi'tis\E
StsENS-SBE$*.tSr .5 t.d€Su

8

()

tl v2

S.SqS t:s S Ss $ s sd3 $ &.s P

3

\o
eikadctddd

215

et C\l



.<.

.<r.

l-oFi

'-{ cA F- rr) $

6r c! @

rl1 cD 6t
aro 6t

o.o (\t

oo

rot-

O)6t

6)

O)6l

6)

c-

t\

Ol

c\ i (O 3 N

HSI

o
A
(!

lr

t\o
oz

{'Bqs
REss

$ :tss ss s stsE ( €s.sss

<4

Ss
rY.5 \sts.s
h.d

a
frl
ot{
p<
(n

oF,{.:
a

I

I
I

E

rc)

r-4

ca

CY)

o
ro

o
co

N

o

iC\I

250



(S) Distribution of blue-green algae

(a) Trictndesmium thiebautii (Figs. t3 and 14)

This species is the most predorninant in the pelagic blue green algae
in the Pacific ocean (Nagasawa ancr Marumo, rg6z; Marumo, 1gz4). It occurred
almost at all stations except the Philippine Sea anrl Indian ocean (rig. ta). The
absence in the Philippine sea may be owing to the early sampling season such as

May when Trichodesmium does not yet flourishly propagate. The maximum filament
number was 56,000/t in ttre surface layer at st. 22 in the Sulu Sea. The inhabiting
layer is always restricted to the shallow water, but it .goes down little cleeper in the

South China Sea (pig. ta).

(n) trichodesmium erythraewm (pis. ts)

i The distributional pattern of this species resembles that of 7.. thiebawtii,

but the filament number is about one order lower than that of T. thiebauti; (rig. ts).
The highest standing crop was 55,000/r at a sration and 2r,000/r at st. 23 in the
Sulu Sea and 10,000 ll at a station in the Indian Ocean.

Red tide mainly formed by this species was observed in three regions,
namely near Port Darwin, south of Timor and east of Sumatra. In the last region
the red tide covered about 20-km area, though the distribution was restricted to the
surface skin layer.

(c) Oscillatoria sp. (nig. to)

oscillatoria sp. was found onry in sma, areas of the sulu sea and
celebes sea which waters are of neritic characteristic. The filament number was the
highest' 5'L00/1at a station in the sulu sea and ress than 1,000/l at other stations.

The pre-stage of red tide phenomenon formed by this arga together with
T' thiebautii was observed twice, near Palawan Isrand and east of North Borneo.
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This condition is different from the case of T. erythraeum red. tide mentioned above;
oscillatoria sp- secretes mucous substances in abundance around its trichome, and
consequently, the water rich in this alga seems to be remarkably sticky.

(o) Distribution of T'richodesmium and chlorophyll a in the South China

Sea (Figs. t7--ts)

On the tlistribution of. T. thiebcutii and 7. erythraewn along Section II in
the South China Sea, the high standing crop over 500 filaments/l of the former

species and over 100 filaments/l of the latter one occurred at sts. 43, 59 and 63
(pig. rz).

The chlorophyll a content in the south china Sea was 250--s00 pg/ms

in the upper 100-m layer, being comparable to that in the Kuroshio water (Kawarada

and Sano, 197il- At all stations, chlorophyll a was rich in the surface layer and

decreased to the minimum around 20 m and it again increased to the maximum

between 75 m snd 100 m (p'ig. ra). The high content of chlorophyll a was observed

in the surface layer at sts. 43, 59 and 63, just as in filament numbers. It is reasonably
resulted from the comparison between Figs. 18 and 19 that chlorophyll a in the

surface layer and the subsurface maximum layer is supported mainly by Trtchodes-

miu.m, and diatoms and other phytoplankton groups, respectively, as schematicaly
shown in Fig. 19.
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2.2 SEASONAL YARIATION OF SOME PLANKTONIC

ORGANISMS IN TIIE BAY OF NHATRANG

by
l

NGUYEN THIJONG DAO AND LE THI NGOC.ANH

Introduction

Nhatrang Bay is located on the east side of the Indo-Chinese Peninsula,

at 12 N latitude and 109E Longitude. The weather.qf this region is in{fue4ceri by the

tropical monsoon, andthe seasons are divided into tro: thedry season from January

to August and the rainy season from September to Decernber.

It receives the waters of the cai river in the north and of the cua Be

river in the south.

The study on the seasonal variation of the plankton biomasses had been

carried out by Dawydoff (tgso), Yamashita (rgsz-fgss) and Shirota (tgoO). Shirota

hacl also reported the local distribution of the plankton biomasses at the estuary and

in the open sea.

This paper deals with the preliminary study of the plankton biomass and

the seasonal variation in quantity of the dominant planktonic organisms.

The samplings were taken horizontally on the surface layer twice a month

in the period running from July 1920 to June 1921 at the b different stations:

station I in the estuary, stations II, III, IV in the bay of Nhatrang, station V farthest

frorn the estuary.
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Jdpanese made nyron plankton nets No xx 13 and No GG s6 were used.

The Surface temperature was rearl each time on a normal merc*ric

thermometer graduated in 0.1 C.

The salinity u,as obtained b1, AgNo, method.

The pldnkton bioniass was mslsured by volume 'mt/nai) and the number

of plankton species was counted on the stried slide. The transparency was measured

ra ith a Secchi disk.

sarinity (s"r..), ,n" *.::::";:iT::::ffi::'-, rrom z6z6in ,anuary

to 33.67 in March;r;at;station:II f.rom 22.07 in December to 33,96 in Juty, at statio.

IIIlfrorn 27:41in December to 33.58 in July, at station IV from zT.gZ in Novembef,to

33.69 in July, and at station v from 3i.50 in November to 34.05 in July.

The salinity decreases in the rainy season. The greatest variation was

found at station I and the smallest at station V.

Water temperature: The lowest temperature were observed at the beginning of'the

dry season from January to Febru ary (zg-zd'c) and the highest in June (zg-zg.s"c).

Transparency: The degrees of transparency found at station I ranged from L.25 m

in December to 4.0 m in May, at station II from 2.s m in January to 9.s m in May,
at station III from 5.5 m in January to 17.5m in June, at station IV from 3.25 m in
January to 14.5 in June, and at station v from 6.2s inJanuary to 24.s in June.

Plankton observations: Both phytoplankton volume and zooplankton increase at all
5 stations in the rainy season and decline in the dry season.
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l. Phytoplankton population :

Diatoms contribute 801 oI the phytoulankton found in the Bay of Nhatrang.

The nrost common and/or dorninant genera are Clmctoca'os, Bacter'iastrufit, 'I'halassiothrix,

R hi zo s o leni.o, S k el et one.ma, Heniau,lus and C o scinodi scus.

Dinoflagellates represent 10-15 f ttf the popalation. 'fhe most commgn

genera are Cuatium and Peridinium.

Specimens of all of these genera occur at all 5 stations. all the year round.

Their numbers generally increase in the rainy ,season zrs showed in the figures 1-5.

However, Cociruodisans, which is 'abundant at station I, is .scarcer at the stations far

from the estual5i, and Skeletonerua disappears in the dry season. .. i

The volume .of phytoplankton increases at all stations in the rainy season,

though the biornass at station V is.usually smaller than at these other stations. The

highest phytopfankton. biomasses found at the stations I, II. III, I\r, V are respectively

9.57 ml/M3 in November, 18.5b in October, 14.55 in Novernber. 15.96 in January and

7.93 in December k'is. t-S).

Generally, the phytoplankton populations increase in the rainy season

belqeen 
9Sp"Uery and Januar{r but_ the biomasses at statio4s I, I{:.1II, IV decrease

suddenly in December when the salinity falls below Zg" I ..

Chaetoceros, Bacteriastruru, and Thalassiothtix are dominant all the year

roufld- They develop exclusively,in the rainy season mostly in the estuary and ih
the bay, where the densities may reach 106 to l0? cells/M3. However, in a period of

abundance between ,Ogtober and January, the cell numberc inexplicably decreased

suddenlv in December,' mosJ remarkabll. at station I, quite .gbviously at stations ll,III,- 
J:

IV, onl1, slightly at stations V.

, Rhi;zosolutla is frequent all the year round though in ,los. density, its cell

numhers in the rainy season reaching about 10" cellsfM'.
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Hemiaulus is likewise common in the rainy season, its cell numbers reached53l0 cells/M

sheretonema is abundant only in the rainy season, in number ur) i to, 106lJ --- --
cells/M , it seerns to be scarcer in the stations f.rther from the estuary.

Cocinodiscus is frequent at station I, and becomes dense in the rainy season,

with the highest recorded cell' number of. 256,000 cells/M' in D"."rber. It is scarcer

further from the estuary. a4d almost absent at station V. . 
:

il Zooplankton population:

' The most 'comrnon or abundant groups:,in zooplankton organisms are

Coiefoda, Oikopleura. Chaetognatha and Zoea larva. However, the a4ount of volume of

zooplankton is not":mainly built up by these abundant groups. This,quantity increases

in the rainy season, mainly from September to November in a range lower than that

of phytoplankton and !t9 maximum reaches in the period of abundance of phyto-

pfankton. The highest biomass of zooplankton found at station I is t.0e ryl/Ms in
October, at station II is 1.39 in November, at station III is 1.2S in Novemberr: at

station Iv !s 0.7! in,]rfovembel, at station v is r.15 in Novernbbr. 
l

The main groups dominant in abundance are Oikopleura and Copepoda.

Their numbers generally present two peaks in the year, one in the rainy season and

a lower one in the dry season. except at station III, where the latter group is abundant

only in the rainy s.gaon.

The highesi'deisities'of. oikoltcura found at thesers stations ratges,rfrom

100tro 470 individouts/M3,(f.is. o- to).

clmetognath.s are hot abundant in the Bay of ,Nhatrang, though they are
commonly seen, the highest density found is 75 indiv./M:J.
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Zoea latva appear abundant at station I with the highest densities of. 562

7wt3 ln september and sz indiv./M3 in May. They are scarce and poor at the

other stations, chiefly at station V.

Summary

In the rainy season the water temperature falls to its lowest value and

the'water from Cua' Be river pours into regions under investigation, inducing a

decline of salinity and of transparency. Correlated with these changes, the total

plankton biomass, as well as the numbers of individual species, increases considerably,

' The river.water, evidently influences the biological conditions of.the bay,

proriotions"the development of the plankton populations to the maximal abundance-

The plankton' biomass at station V, the farthest from the estuary, is always lourer

than at the stations nearer the estuary.

Although. the decreased salinity could be directly responsible for the

increased density of plankton in the Bay of Nhatrang during the rainy season, but it
seems not a favourable condition intervening in the abundance of the plankton popula-

tions, except for some plankton groups which like Coscinodiscus and, Zoea larva might

be favoured by low salinity condition.

' During the period of maximal development, in December, the net plankton

biomass, as well as the cell number of dominant species, decreases suddenly and

simultaneously at stations I, II, III, IV, where the salinity is reduced below ZZ'-Zgf ,.,
and.slighJl5r.station'Vwherethesalinityisonlyslightlyreduced.

In the dry season, though the density of phytoprankton organisms is
reduced to a minimum; the dominant zooplankters such as Copepoda and Oikopleura

reach a second peak of abundance, especially at stations I, II and tV Gn the bay)

indiv

L
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(Fig. ti, z, and,9)- possibly, in the Bay of Nhatrang. zooplankters graze not onry on
phytoplankton but arso on suspended organic particles. To test this hypothesls, a
study of the composition of river water entering the Bay of Nhatrang wourd be
needed.

cocittodiscus and zoea larva are abundant in the estuary but are scarcer in
the stations far from the estuary and nearry absent at station v.

'fhe above considerations indicate the fo[owing concrusions:

Diatoms are the main group of phytoplankton in the Bay of Nhatrang, the
dominant genera comprising ahaetoceros, Bacteriastrwn, Thalassiothrix, l?hizosolenia,

skeletonema and coscinodiscus. The pfesence of dinoflagellates has also been noted,

but they occur in,onry negrigibre numbers. copepods and oihopreura,aredorninant ail
the year round.

The biomasses of phytoplankton and of zooplankton, as well as the cell
numbers of the dominant species, reach their maxima in the rainy season.

Evidently' water from cua Be river bfnss to the, bay the essential nutrients
for the growth of plankton

, Howev, er, the reduc[ion of salinity below

growth of diatoms (Choetoruror, Thalassiothrix,

consequently to reduce the phytoplankton biomass.

27 -28 f .. seems to, inhibit the

Bacteriastruty.t, Sheletonema) and

April 1973

Laboratory of plankton

Oceanographic Institute

Nhatrang-Vietnam
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. 2.I ZOOPLANKTON DISTRIBUTION

Off Mindoro Island and Balayan Bay, Luzon Island,

Philippines-South China Sea

by

Jose A. Ordonez, Rizalina M. Legasto & Nicanor Metrillo

Bureau of Fisheries

Intramuros. Manila

L Introduction

The purpose of the survey cruise made on board the RESEARCHER of

the Bureau of Fisheries, was to undertake experimental otter trawl fishing in Balayan

Bay and longline fishing at CSK stations which are known paths of tuna and to

conduct oceanographic and biological observations.

During this survey cruise, fifteen (rs) csr stations and two (z) Master

stations (e e g) were occupied in a period of seven (Z) aay" from 31 March 1921 to

7 April 1971. During this period 34 plankton samples using the NoRpAc net, lZ
samples using the stramine larvae net and 12 samples using the nylon net were

collected, thus giving a total of 63 plankton samples.

IL Materials & Method

Three (3) plankton nets were used in the collection of zooplankton samples

in almost all the stations covered by the survey cruise. These are the Norpac net,

the stramine larval net and the oblique tow net (fi"h eggs and fish larvae net). Ihe
Norpac net is the standard quantitative net adopted by the conference on pacific

Oceanograptry $eU. 1956) and used principally for collecting zooplankton. Its length

is 180 cm. with a mouth diameter of 45 cm. The stramine net is used in collecting

)
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fish eggs and fish larvae and floating organisms. It is towed just below the surface

of the water- It is also considered an effective and efficient gear for inventory purposes

of the total fish larvae ccncentration in the area. Eight to ninety per cent of fish

Iarvae was gathered by this net.

For the Norpac net, vertical plankton hauls were made from a depth of

150 meters to the surface. The 'stramine net was lowered at the surface of the

water just enough to collect some surrounding and floating organisms. An oblique

tow was made with the nylon net (fish eggs and larval net) at a depth of 10-20

fathoms. A 30-minute towing time was used for both stramine and nylon nets at the

speed of 3 knots.

A'flow meter used to calibrate the volume of water that was filtered was

mounted at the opening of the net. All the plankton samples collected were properly

labelled and. preserved' in 4l formalin. With the airl of a graduated cylinder,'the net

displacement method was used for measuring plankton volume. The "short-cut

method" was used in order to get the quantitative amount of zooplankton by

percentage composition of the entire plankton volume.

Discussion of result

After the plankton volume was determined, the sorting of tirn eggs and

fish larvae followed. Then the identification of the fish larvae was clone. The

percentage of fish larvae by families is shown in Figure I.

After removing the fish eggs and fish larvae, the quantitative analysis of

the zooplankton was performed from the rernaining plankton samples. A total of 200

organisms was counted and identified from each station. The identification was

limited to family but some organisms were identified to species. The zooplankton

2ao



components were divided into g major groups. The percentage composition of zoo_
plankton distribution in each station is shown in Table I. The percentage composition
of the rnajor groups of zooplankton for the whole area was computed and shown in
Figure 2' The percentage distribution of the plankton samples for copepods and
crustaceans is shown in Figure 3 while that for chaetognaths and mollusks is shown
in Figure 4.

The zooprankton sampres were composed mainly of the foilowing : copepods
(coloour, Eucalanus, Rhincaranus, Euchaeta, candacia, Labidocera, oncea, coryca*s,
Temora, safherina and copiltd.; crustacean larvae (phylliopoda , Euad,ne, pseud,oconclwcia,

Mysis, amphipod, Isopoda, penaeus nauplius, Lucifet,, euphasiids and megalop);
coelenterates (medusae, Diphyes, Leriope, Agraura, Abytopsis) ; annelid ; chaetognaths
$aeittd ; echinoderm rarrae; moilusks (creseis, perycepod, Limacina) ; tunicates
Gatpa, Doliolium, Oikopleuril; and fish eggs and fish larvae.

Among the groups mentioned, the Chaetognaths, copepods and crustaceans

predominated.

The highest plankton volume (ozo *t) was recordecl at Station 9 (nine

miles off Maricaban Island just at the entrance to the Balayan nay). rnis was followed
bir Stations 2 and 3 shown in Figures 5 & 6 of the cruise tract with values of 57 ml
and 46 ml, respectivell,.

The minimal plankton volume was found ln Shtion 6.

Figure 6 shows the cruise tract of the trip & Table II shows the station

number & their coordinates.

Fish Larvac and Composition

Fish larvae were observed to be present in great number in almost all the

stations occupied, showing that the area itself abound i, fishes, mostll, of the

28t



comnlercial species, as found by the identification and classification of the larvae and
young fish that were collected.

'l'he larval samples were identified, sorted and recorded as to family and
some to species' The following families were represented: Engraulidae, Clupeidae,

Mullidae, Triglidae, Serranidae, Monacanthidae, ophirliideae. Mugilidae, Bothidae, Sphy-
raenidae. Gobiidae, Leiognathidae, Apogonidae, Exocoetidae, scombridae, Myctophidae,
Trichiuridae, scorpionidae, Istiophoridae, Gonostomidae, Atherinidae, Belonidae,
Gadidae, Stromatidae, Ereotridae. Thunnidae and syngnathidae.

The highest concentrations of fish larvae listed in order rvere fourid located

at the following stations : R71-5/3 (zas tis}r larvae) 8.5 miles off Ilin Is., west coast

of Mindoro ; RZl-Sltz (OSa fisn larvae) inside the Balayan Bay; R7t_S/a (SSZ tisfr
larvae) northeast of Busuanga Is. near nortiern palawan.

Minimal counts of fish larvae were observed at the following stations;
R71-5/A (SS fisn larvae) in central Manila Bay; R71_s/B (11 fish larvae) north of
Lubang Is., R7l-5/O (S fish larvae) West of Lubang Is.; and lastly, RTI.-S/4& Slts
inside the Balayan Bay.
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Station

1

3

4

5.
6

7

8

9

10

11

.r! 12

13

15

Master A.
.

Master B'

Table II - Station number & the Coordinates

Latitude

12 39.3

L2 l0

t2 lt

I.ongitude

120 00

120 55
a1

1201L.5
Ot

119 11.512 07.5

13 50

t4 145

12 07.5

13 34.5

r19 54.8
Ot

ttg 29.0
ot

119 11.5

120 25

al

t20 46.3i3 46.3

73 42.5

13 46.5

120 5l
ot

t20 54.3
ot

t20 52.3

120 50.3

ot

120 41.8

Ot

120 26.0

13 53

13 50

t4 28.7

14 50

As regards the commercial fishes, the tuna larvae dominated with 378 fish

larvae mostly of. Auxis 
"pp. 

(gSg larvae) : Thunnus albacares (13 larvae) ; and Katsu-

wonus pelanris (6larvae). Those larvae were taken at station R71-5/3 near Ilin Island,

west of Mindoro. The Carangidae (349 lurua") *"u* the next family represented.

The larvae were collected from stations R71-514,5/3, antl S/t witfrin the vicinity of

Busuanga Island. This group was followetl by Serranidae (302 lan ae), which was

represented in all stations occupied. The anchovies were abundant in*station R7l-5112

near the coastal area in Balayan Bay. The family Gobiidae with 200 larvae occupies

244
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the fifth position which was slightly ahead of that unidentified family with a total

count of 107 larvae from all of the stations accomplished.

Of the non-commercial fishes, the lantern fishes (Myctophidae) got the

highest number of larvae. It was followed by the genus Bregmace.ros.

All in all, 3248 fish larvae and fish were collected aut of the 12 stations

accomplished G0'/ larvae were being identified) while 20/, remained unidentified.

Fish Fggs Density

A very low concentration of fish eggs was observed at almost all stations

occupied, thus giving only a total of 69 fish eggs which were taken from stations

R77-519, R71-5/10 and R71 '5115 compared to rhat of the fish larvae which were

presenf at all stations occupied.

Conclusion

The area off Mindoro and Balayan Bay, Luzon philippines has a high

concentration of zooplankton. The majority of plankton animals were copepods,

chaetognaths and crustaceans which are the primary food of most pelagic fishes.

The presence of a high concentration of fish eggs, larvae and juvenile

fishes in the plankton samples. led us to recognize that the same area or adjacent

region is the spawning ground of fish such as Thunnidae, Carangiclae, Serranidae,

Mullidae, etc' The hydrographic conditions are being analyzed in order to determine

the specific spawning area of the region.

References

'' Hallgrimsson rngvar 1958 : A short-cut Method of Estimating Zo,planktop

Composition at Sea, RIT Fiskideildar 2 (U), O pp
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FIGIIRE 1

PERCENTAGE COII\POSITION OF FISH LARVAE
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FIGURE-V
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2.4 THE DISTRIBUTION OF PLANKTONIC HYPERIIDS
(cRUSTACEA, AMPITIPoDA) IN THE SoUfH CHINA SEA AND THE

RELATIONSHIP TO TIIE DISTRIBUTION IN TEE GULF OF THAILAND

by

SURAPHOL SUDARA

Dept. of Marine Science

Chulalongkorn University

Bangkok, Thailand.

Introduction

The planktonic amphipods upon which this study is based were obtained

from the Naga Expedition. 1959-61. This expedition was an oceanographic inves-
tigation of the marine biota and its environment in the Gulf of Thailaud and the part

of the South China Sea Iying to the east of South vietnam. The expedition was

sponsorecl by the governments of the United States of America, South Vietnam, and

Thailand.

Among the marine pranrrtonic crustacea, thq.amphipocls frequentty pioy un

important role in thc economy of the. sea. In general, they rank third in numerical
abundance; they are far exceeded by the <opepods and euphausiicls (Bo*nran,

1960: 343). Many authors have pointed out that in the cool-water regious, 6#
pelagic amphipods sometimes appear extremely abundant (Edward, 1g6g:167, Bate and
Westwood, 1868 : 526; Norman, 1909 : 26, Ritchie, l9l3 : 39g, Behning, 1939 : 3b6),
but in the tropical and subtropical regions they are not usually found in large numbers
(Bo*man, i960 : 343).

Although extensive and valuable reports have been published on the

hyperiids collected by various oceanographic expeditions, only few of these reports are
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for the collections frorn some part of thesestudy.areas (colosi, r9rg, Fage, 1960, and
shih 1969)' All of the earlier w,orks beginning with Aristotle s 'De Animalibus
Historiae"' have been summarized and revised by Bovallius (iggza, lggzb, lggg, 1gg0)
and stebbing (tsaa). since then, some froups have been revised agai, e.g., vosserer
(tgot), srephenseir (1gt8, 7924, Tgzs). Bowman (tgss), rage (rooo), vinogradov
(rgoo), Shih (1969), but systematic problems still remain.

wyrtki (tgor), based on oceanographic observations made prior to the
Naga Expedition, described the physical oceanography of the southeast Asian waters.
There is a semi-closed circulation within the china sea itself, forming one or two
eddies (Wyrtki. 1961, plates tb Zb 4b Sb, 6b,).

Brinton (rgos) divided the area of investigation off the eastern c,ast of
South vietnatn in the south china sea into 3 areas. The first area is the narrow
shelf region extending from Nhatrang Bay northward to 1z N.. at the mouth of the
Gulf of Tonkin' The second area is the broad Sunda Shelf region, contiguous wit5 the
Gulf of Thailand' The third area is the deep oceanic basin of the South China sea
bounded at its eastern edge by a broad submarine plain from which rise numerous
atolls and reefs.

He also pointed out that the abun<lance of zooplankton in the Gulf of
Thailand may be appropriately discussed in relation to coastal regions. These are the
regions of high plankton production, directly influencecl by the seasonal reversal of the
monsoon winds by tidal mixing, and by land drainage. The first region is the
shallorv northern part of the Gurf north.of Koh chang, 1z'15'N., in the eastern Gulf
an Koh Rad, 11'45'N. in the western Gulf. The second region is the coastal area of
the western part of the Gulf, to a distance of about 70 miles from shore. The third
region is the area along the eastern margin of the Gulf, which encompasses coastal

waters of southeastern Thailand, Cambodia, and the southwestern part of vietnam.
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LaFond (tgog) has given the major resurts in physical oceanography of the
five cruises in the South crri,a sea of the Naga Expedition. He has given trre

general regime of water motion and thermai structure, and its ..,ariation with the
changes in the meteorological regime. The Naga data add much detail to observations
of these parameters by wyrtki (rgor) in the south china Sea.

The objectives of this research are restricted to three parts:

' To investigate the distribution of the hyperiids in these areas with
references to some physical oceanographic conditions.

z- To observe the seasonar variations of their distributron.

3' To investigate the relationship between the oceanic form in the- So'th
china sea and the shaflow water form in the Gulf of rhailand.

The success of this i,vestigation was due to the hetp and guidance of Dr.
A'H' Banner' zoology Department, university of Hawaii for which the author is very
grateful.

The Naga Expedition was conducted from october 1959 to February 1961.

Biological samples were collected during five cruises in the Gulf of Thailand and five
in the western portion of the south china sea in the area adjacent to south vietnam.
The plankton samples used for this study were obtained from the samples collected
by using a plankton net of r-meter mouth diameter, 0.65 mm. mesh aperture width,
with flow meter mounted in the mouth. The tows were made obliquely to a depth of
about 150 meters, or within I0 meters of the bottom where the depth of water was

less than 150 meters.
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With tire aid of Folsom s plankton splitter, the volume of nrost of tire

plankton samples collected was divided into one lialf for sorting of the hyperiid
amphipods. In some cases they were sorted from the whole sample or from a smaller

fraction, as small as t/8 of the sarnple.

The hyperiid amohipods available from the Naga sample are so extensive

that it is not practicable to 
,include here all of them. Accordingl5r, from each of these

four divisions, at least one family has been selected for this present study. Six fami-

Iies Scinidae Cvstisomatidae, Vibiliidae, Paraphronimidae, phronimidae and oxycep-

halidae rvere selected. Most of these families have been selected on the basis of the

number of species represented in the family, or because that family presents some

problems which need to be solved.l

From the Naga sarnples examined, onry 2 genera out of 3. Acantho.sciru

and Scina are represented, with one species of Acanthoscina and 15 species of Scina-

In this present study three new .specieg l,d onq new variety, ail of genus scina, are
.i::r.tf, :_; t;i i-, rr.,. 'l :.: ", , . {.i.

found, but the descriptions will not be included in this paper.

All species of this family were found onry in the region of the deep

South China Sea basin. Besides those which were considered as rare, all except one

species S' uttcipes, ranged southward to the southem topographical limit of the deep

ba3i1' S, uncip'es was found in the central and northern portions of the studied area

of the deep b4sin.

'Ihe distributional patterns of all species found from the Naga samples

exarnined can be distinguished into the following groups:

I
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1. Common

S. borealis '

2. Not common. but present all year round

A. acanthodes

S. marginata :

S.natu.:,-

S. tullbergi

S. curuidactyla

S. stenopus

J. stmths

S. sabmarginata

S. rattrayi

3. Not common, aird not present all year round

S. uncipes S. domasii

S. rattrayi var. nov. No.3 S. sp. nov. No. 4

Rare, (1-4 specimens) present only below the surface layer4.

S. incerta

S. sp. nov. No.l

S. sp. nov. No. 2

, t,?Sll{,,c:stisomatidac

Onll' one. specimenl.of Cyslisoma fabricii,hadbeen found in the Naga samples

examined. It was from the surface, layer of the. deep South China Sea basin.

Family Yibiliidae

Only one genus, Vibilia; was collected during the Naga Expedition, it is
. represented by 7- species. Vibilia uiatrix is the only species which was found throughout

the year in th'e Gulf of Thailand and during some periods in the South China Sea.

The remaining, except one, V. chtmi. were the offshore oceanic species of the deep

South China Sea basin, but 2 of these species, V. pyripes and V. stebbingi, were also

257

i!



found overlying offshore part of the Sunda Shelf during the northeast monsoon period-

V. cltuni was found along the coast, in the deep basin, and over the Sunda Shelf . The

distributional patterns of all these species found can be distinguished into the following

gToups:

I. Present both in the Gulf of Thailand and in the south china Sea

1. common in the Gulf, but not common in the South china sea

V. uiatrir

II. Present only in the South China Sea

1. Common

V. armata I/. wolterecki

V. stebbingi

r.l

2. Not common, but present all year round

V. chuni V. pyripes

V. gibbosa

.t
Family paraphronimidae

: Both species of ::Paraphro,nima were found from the Naga samfles examined._

in the deep South China Sea basin. P. gracilis was very common in the area, while

P. crassipes was found at few scattered localities all year round.
' .,:

Family phronimidae

Both genera of this family were found represented in the Naga samples,

examined,-.of which l.,species belongs to the genus Phroniryella (p) and 4 species

belong to thegenus Phronima (pil. pn. soli.taria is a widely distributed species which

was found throughout the year both in the Gulf of Thailand and in the South China
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Sea, while Ph. pacifica, the South China Sea species, was transported to the west

coast of the opening of the Gulf prior to the southwest monsoon period. P. elongata

is a common species of the South China Sea, which is distributed widely over the

deep basin, overlying the Sunda Shelf. and along the coast line. Ph. sedentana is'the

offshore species of the deep South China Sea basin which occurred throughout the year,

ranging constantly to the southern limit of the deep basin while Ph. curatpes and Ph.

Paci.fi.ca also overlying the offshore portion of the Sunda Shelf. The distributional pat-

terns of all the species found can be distinguished into the following groups :

I' Present both in the Gulf of rhailand and in the South china Sea

1. Common in both areas

Plt. solitorta

2. Not common in the Gulf, but common in the South China Sea

Ph. pucifica

II. Present only in the South China Sea

l. Common

P. elongata Ph. sedentaria

Ph. curaipes

t'amily Oxycephalidae

Out of the 10 genera of this family, 16 species (includes one new species)

from 8 genera were found in the N4ga samples examined. of these, z species,

Cranocephalu.s sp. nov. No. 5 and Tullbergella cusltidata, are the neritic species which

were found in the Gulf of Thailand, over the Sunda Shelf, and in the shallow water

along the coast of the South China Sea. Another 4 species, Glossocephalus milne-

edwards'i, Streetsia porcella, Rhnbdosoma whitei, and Oxycephalus clausi, were found not

only in the Gulf of Thailand but also over the Sunda Shelf, along the coast, and in
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the deep basin of the South Chiua Sea, The remaining are the offshore oceanic

species which were usually found in the deep South China Sea basin, of which

Streetsia steenstrupi also spread over the pffqhore portion of the Sunda Shelf ancl

invaded ,the outer portion of the Gulf in certain seasons, and the other 3 species

Cranocephalus scleroticu,s, Leptocetis tenwirostris and Oxycephaluspiscatat, were

sometimes found overlying the offshore p,ortion of the Shelf. The distributional patterns

of all. species found can be distinguished into the following groups:

I. Presenr both in the Gutf of Thailand and in the South china sea

1. Common in both areas

Rhnbd,osoma uhitoi.

2. Common in the Gulf, but not comrnop in the.gout! Chlna Sea

Glossocephalus milne - edwardsi

Tullbugella cuspidata i 
:

3. Not common in the Gulf, but common in the South china sea

streetsia forcella ,,., , -

4. Not common in both areas

Cranocefhalu.s sp. nov, No. 5

Oxycephalus clausi

Streetsia steenstrubi

Present 91ly in the South glri"l.Sea

Leptocotis tenuirostris ': ' ' Rhabdosona minl,or

2. Not common, but present all year rourid

Cranocephalus sclerotictts Streetsia challengui.

Streetsia rnindanaonis Oxycephalus pi,scator

3. .Rare, (t-4 .p*.i*ens) present only in the surface layer

Calamorhynchus fellucidus Rhabdosoma armatu,m

O xycephalus latirostris

II
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Discussioli

'llrere are fewer species of these 6 ianrilies irr the Guif of 'I'hzriland [h:rir

in tlte SoLrih China Sea, and all species preseut iir the Gulf are also present in the

Soirttr Chiua Sea- Those rvhich were founclin th: Guli shoued some counectious ivitlr

the populations oirtside the Gulf, bu'r some of them shorved lhat they alstr maintailecl

their populations by circulatirrg in the Gulf, follorving tiie pattenr oi water circulation

wirich was worked out by Robinson (tgog , 34) fronr the Naga's data.

To judge from thr:ir distributiorral 1:attenrs, it is evi6ept that soine

portions of the populations of Glossoccphttlws ndln,:-eclruurtlsi. |'ullbu.gelkt t:u,spitlatir,

Cranocephahts sp. nov' No. 5, atd Oxycephalus clau,si, wei:e transportecl out of the Gulf,

while Streetsiu porcella found in the South Cirina Sea was brougfit deep into tle Gulf,

and Phrotritrtu Dactfico, and Streetsia steenstrufii rvere carriecl tr.r the outer portion 9f the

Gulf.

lVlost of the species u,hich were found oni1. in tire Soutir China Sea u,ere

found in the areas of the deep South China Sea l;asiu, u,itir tlieir southerl rangcs to
the topographical limit of the deep basin, or slightly overlying the eclge of the Sunda

Shelf during some periods. ltibilta chuni and Plrottimellu elongata were found along

the coast, over the Sunda Shelf, and in the arera of the cleep basin. Vibitia stebhirtgi

was found overlying the offshore part of the Sunda Shelf. Scirur urtcipru.s was found

only in the central and northern portion of the studiecl area in the cleep basin.

Ferv species were rare, only I to 4 specimens were found in the samples

examined. Some of these species were found only when the depth of haul was below

the surface layer (below 150 m.). Since orrll, .l statiorrs fronr the whole expedition

w-hich were taketl from such rlepth, tlris might be thc reasoil for not finclilg more

specinrens of these species.
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Conclusion and Summary

Most of the species found of the six families studiecl. .sciniclite, C],stisoma-

tidae, Vibiliiclae, Paraphronimitlae, Phronimidae, and Oxycephalidae, were reirresentecl

r-rnly in the South China Sea, while the rest were representecl both in the Gulf of

Thailand and the Soutir China Sea. None was founcl oirly in rhe Gulf of Thailand.

Those species which rvere found in the Gulf sho\a'ecl sorne t:ttnnection rvith the

populations outside of the Gulf, but some of them were shown to maintain their

populations inside the Gulf. Certain species u,ere brought fronr the Sotrth China Sea

into the Gulf, or to tite opening of the Gulf. Most species which were found only in

the South China Sea distributerl only in the area of the cleep South Chila Sea basil,

the rest distributed along the coast or overlying part of the Sunda Sttelf. Certair

species were rare, and solne were found onl1.' lrom the sarnples below the surface

layer ,rf water (below 150 m.).

,
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2.5 PHYTOPLANKTON AND CIRCULATION NORTH OF NEW GUINEA

IN SUMMER 19?1

by

BRUNO WAUTHYX

Abstract

Phytoplunkton biomass was measured as " actit)e chlorophyll a" along ruitlt

detritus of phytat origitt as "plueopi{ments by ttw fluorescence melmcl. 
-Saruples 

roere

taken frotn hydrological samplers. Botlt chlorophyll a and phaeofigntents uertical

distributio,s shoru a clear stratification urith a utell-marked deep maxinrum.

Tlrc relations of this strutification ruith density, production and uertical

circulatiort are discussed. Nitrite accumulation in the pycnocline is presented ald its possible

corucectioit tuith the mineralization of organic matter emphasized.

Introduction

During FOC 2cruise (June_July 1921) north of New Guinea by ORSTOM

Noumea Center oceanographers, photosynthetic pigments were measured. The cruise

had four legs along meridians, (ts4"E, 149 E, 14s 30E 142'30E,) from the coast of
N'G' to 4 N, with stations half a degree apart. The method was the fluorometric

determination according to Strickland aud ParsonS (1) with a few modifications :

Millipore filters H.A. 0,45 p were used instead of glass fiber filters, acetone extraction

volume was 5 ml, grinding lasted one minute, centrifugation was 3.000-4.000 g for 15

minutes; the TURNER fluorometer was fitted with u "high sensitivity door", a F4

T4-BL lamp, a red sensitive photomultiplier R 136 replacing the standard one, and

corning glass filters, cs-5-60 for excitation and cs-2-64 for emission.

Centre O.R.S.T.O.M. Noum6a (New Caledonia)

.l

l
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Calibration was made with terrestrial plant pigments and the nraximum

acidification ratio obtained on healthy surface phytoplanl<ton in upwelling area cluring

the cruise was 2, 6. Sensitivity was very high and although the sample volume was

kept dou,n to 100 ml, neutral density filters had to be used for some samples. The

rnethod is quick and reliable and thus rve have been able to carry out a chloroRhyll a and

hydrological Niskin samplers at each of the ten upper level at every station phaeopig-

ments rlleasurement on subsamples taken clirectly from 0 to 200 m. The -rriginality

of these measurernents lies in their high number ahd tr.reir direct relerrance to the

physical and chemical properties of the r,vater sampled. The total amonnt to more than

700 samples ineasured for the four transects.

TIIE AREA. CRUISED is shown in Fig. 1. 'fhe current \.ector measured

at the sea surface is drawn at each station; all these vectors give a good picture of

the strfuce circulation in the equatorial area for the region at that time of the year ;

the rnost conspicuous is the Equatorial Current rvhich flows rvest at the equator,

betr,veeu the line of islands (Neou Irelan<l, Admiralty Islands, Ninigo Group) and

2*3 N; north of 2-3 N is the lriorth .Equatorial Counter.-Crrrent florvilg east.

'fhe circulation in the Bismark sea proper seems rather sluggish with a possible

clocku,ise whirling of the E.C. past Manus Island.

The 0-50m column chlorophyll a has been chosen as a crude index of

productivity; the variability is rather importanf; the higher values are found near the

N.G- coast aud inside the islands I..n, u, well as in the north of Coral sea ; the lower

values are found off shore with the exception of the more than 10 mg/m2 band at the

equator in the eastern part; this band is associated with upwelled water and consistent

with the surface divergence of the currents along 154 E at the equator. The high

values close to the coast of N.G. could e related with a local upwellihg induced by

the east flow of the whirling of E.C. and/or with the fertilizers brought at sea by

rivers and land run-of{.
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CHL a DISTRIBUTTON (rig. z)

Chl a vertical distribution is characterized b1, the presence of a subsurface

maximurn at all stations, except those ciose to the N.G. coast, so that for the sake

of convenience, we may distinguisir three layers.

1/The surface layer, above the tnaxima, is typically poor off shore (less than 0,10

rng/m") and richer in the inland Bismark sea with high values near N.G. coast (nrore

.1.

than 0,40 mg/m ). 'ifre poor off shore rvaters have a thermosteric anomaly higher

than 600 cllt.

ZlThe maximurn layar may be clefined as the nrr-rre than 0,20 mg/m'i .lrl u layer;

the values of the maxima are variable; except for near-shore or inland gi";ark seu

area, tlte layer is generally under the compensation depth defineci by the sursaturation

values for oxyty; at 154 E and 149 E, we still have at thc eqnat<lr part of the

maximum layer above the compensation depth, but this part is sn:all at 145 30 E ancl

almost ni1 at 142"30'F.. The thickness of the layer is variable, but its linrits 0,20
3

mg/m isolines) follow very well the 500 ancl 580 cl/t lines. The lov,zer limit of the

layer ma5, be as deep as 160m at st. 74 or as shallow as 100rn at st. 70 and 27.

3/The bottom layer: under the maximum layer the chl a gradient seems to fit in
rather well with the rlensity gradient as shown by tl-re 0,10 mg/m3 isoline.

pHAEOpicMENTS DTSTRTBUTTON (rig. s)

Phaeopigments distribution matches practically in all respects tlie chlorophyll

a one. However the ntaximum layer is deeper and the maxima are higher than for chl

a-. But for a few surface samples, phaeopigments content is usually higher than

corresponding chl a content. The bulk of phaeopigments may be seen to Iay under

the compensation depth and isolines to follow pycnoclines (o.rnor" precisely haloclines).

Salinity of poor surface water is less than 34;5 /,. and the maximum layer salinity is
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between 35,0 and 3s,4'1". . Nitrite distribution (0,5 mmol Nor/m3 drawn in Fig. 3)

seems to be linked with phaeopigments distribution

Discussion

In the western intertropical area, heating from the sun, clesalting by the

rain, and mixing by the wind, join to produce a very ligh surface rayer; beneath, ries

the maximum salinity layer; the density gradient which results is very steep and the
stability very high; the surface layer is thus isolated from the layer below. phyto-

plankton developing in the well lightecl surface layer will consume very quickly all the

nutrients available since there is no or little renewal of nutrients from the rich layer

below; so, the surface layer is generally very poor off shore, lar from the fertilizing
effect of land run-off and river clischarges.

Circulation can promote phytoplankton production by bringing up into he
photic zone rich water from below; this process is called up-welling and we can see

an occurence at the equator, 154"E where dense, salty subsurface water (5s0 cl7t,

more than 35"/". S) is brought to the surface by divergence of the surface current,
contrasting with the poor off shore surface water typically more than 600 cl/t and

less than s4,s"f ". S) Fis. 1.2.3).

The rnaximum layer is much of a pazzle. The relevance to phytoplankton

cells count is not clear. Although identification and count of cells made for the cruise
(cf' Desrosiares (2) ) do indicate the predominance of coccolithophorids and a maxinium
of the dominant species usually at 80m, the number of cells would give account of
only a few tenths of the chl a found. So, apparently, either ratios of cell carbon to chl
a can very in the water coluinn or the method used for cletermining dominant taxa
is inadequate.
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The association between the depths at which chl a maxima accur and the

depths of pycnoclines has been attributed (s) to the distribution of nutrients near

pycnoclines: plant cells of the chl a maximum are trapping nutrients diffusing into

the nutrient-poor surface water. Thus nutrient limitation of phyto-cells growing in

nutrient-poor water could decrease near pycnoclines. If this explanation can hold for

the depth of occurrence of the top of the maximum layer it does not do sg for the

bottom: the depth of the lower limit of the maximum layer should not depend on

nutrients which are no more limiting there, but rather on available light and therefore

be more or less constant for a given area; we have seen that, on the contrary, the

lower limit fluctuates much in depth and actualll, follows isanosteres.

Another often put forward reason for a variable depth of the maxima is

that the depth to which phyto-cells can reproduce must be regulated by subsurface

light intensity and cellular capacity to aclapt to low light intensities; indeed, the

taxonomical work (Z) fta" provided a crude clistinction between surface taxa (0-80m),

medium depth taxa (aO-tzO*), and deep taxa (80-160m), but not with such clear-cut

results as presence of deep taxa at st. 24,160m and absence at st. T0 and zT.

Moreover it would be left to us to explain why....taxa do follow isopocnes.

So, it appears that taxonomical or physiological reasons cannot explain

satisfactorily the discrepancy between stations as far as maximum chl a depth is

concerned.

The chl a maximum del th relatively to compensation depth casts some

doubt on the "in situ" production to give account of the bulk of phaeopigments; most

of these phaeopigments should result from the grazing of cells produced when the

water was in a better position for photosynthesis; The linking of phaeopigments with

nitrite considered as a further step in the clegradation of organic material would favour

the idea of an already long history for that production.
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We are left now with the picture of phytal cells and detritus passively

wandering, carried along by a distinctive rvater for a long time; that is not to be

wondered at..-.....it is exactly the definition of phytoplankton !

The distinctive water is shorvn to have a salinity between 35,0 and 35,4" f ".

with a thermosteric anomaly between 500 and 580 cl/t. This water may be found at

the equator between 1SO"E and 170 E when upwelling'is active (a) tn this salty, rich

and dense upwelled water rising at the surface to replace desalted, poor, and light water

driven aside from the equator by eastern wind, a high primary production starts and

builds up as long as this dense water remains in the euphotic layer. Later, upwelled water

is continucusly driven away from the equator at a distance north and south where the

active divergence disappears ancl there, this water, carrying its plankton and dissolved

organic matter recently produced, sinks under the lateral light rvaters and spreacls into

the top of thermocline. Then, cells could be grazed, producing phaeopigments and

organic detritus, the mineralization of which coulcl follow. with the noticeable step of

nitrite accumulating in a layer. Ultimately this water could return to the equator to

feed the upwelling, thus closing a production-grazing-mineralization-upwelling cycle-

This vertical and meridian circulation model is consistent with our observations at

170"E. Of course, the maximum pigment layer so built would have been brought from

the east into the New Guinea area by Equatorial Current.

Conclusion

This cruise has shown that north of New Guinea in the eqatorial zone,

photosynthetic pigments distribution seems closely associated to a distinctive water,
presumably upwelled water, the distribution of which results from the vertical.

meridian and zonal circulation. Although the importance of the pliysiological condition

of the cells, in connection with external factors such as light, temperature and
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nutrients, cannot be overlooked, it is clear that phytoplankton is first of all passively

following water in the intricacy of its displacements. Understanding of the long left

asicle surface water circulation is thus a prerequisite to any theory of the clistribution

of pirytoplankton in the ecean.
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2.6 PREDOMINANCE DES COCCOLITIIOPHORIDES

DANS LE PHYTOPLANCTON AU NORD DE LA

NoUYELLE-GUINEE (IurN-ruTLI,pT TgzI )

(oourruaNcE oF coccolrrgopHoRrDs rN THE pHyropLANKToN oF THE

wESTERN EeLTAToRTAL pACIFIC wATERS rN JUNE Jury rgzr)

par

ROGER OBSROSTBRBS

Abstract

The present paper stresses the importance of Coccolithophorids in the flankton

of a little stwdied area: the eEatortal pacific ocean, north of New Gwinea.

500 ml samples from 35 statiotts ruere collected at fiae depths @, 40, g0,

120 and 160 tn) and preserued ruitlt 5 ml potash neutralized formalin; examinatiott,

identification and counting of the phytoplankton organisms were perfornted in the laboratory

some nunths later with an inuerted microscope wsing two seditnentation cells, one for
macrophytoplankton", the other for "microphytoplankton,

In offshore waters, macrophytoplankton, essentially large Diatoms and Dino-

flagellates, was insignificant, while microphytoplanktonuas almost solely Coccotithophorids;

no relatton between organisrtt distribution and hydrology has been clearly established,

h1uteuer, as a whole, Coccolithophorid popwlation in thnt region did shotu uariows uertical

distributions according to species. Iu. coastal waters, phytoptankton Llas more abrmdant and

its floristtc composition different.

As tax,onomy and identificatiotc of Coccolithophorids has to rely upon electron

rnicrrtscopy, which is avt elaborate and costly techniqwe, an od,d,ress is tnade htere in faaor
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o.f a catalogue tlrarun ap utith boih electron und opticul lthotograptts, entphastzi,g .feattr.rcs
wh.iclt can be seett through a good optical trit:roscofiit.

Introduction

Depuis Ia communication pr6sent6e ir Cambridge en 1962 par Mrne

GAARDER, a I'occasion du symposium sur la rnicropal6ontoiogie des s6dinrelts marins
(caaRoBR,lgll0, qui exposait ies donn6es acquises e cette date sur la distribution
des Coccolithophorides dans les oc6ans, de nouvelles contributions i la connaissance de

la biog6ographie de ce groupe dans I'oc6an Pacificlue sont parues. {.in 6chantillonnage

lAche, rnais couvrant 1'ensemble de I'oc6an, a permisn McINI'l'yRE et al. (tgzo) ae

determiner une r6partition zonale, liee i la temp6ratirre, relative arrx principales espdces ;

OKADA (tgzo) et OKADA et HoNJo (tgzo) ont publie I erucle quatitative er quantirarive

de quatre sections du Pacifique nord et 6quatorial ; USCHAKOVA (lg7l), MICHBL cr

at' hgzi et DESROSIERES (1971) ont anaiys6 des recoltes pro\zenant d'aires plus

limitees du Pacifique central.

Le pr6sent article fait ressortir I'importance des Coccolithophorid6s clans

le phytoplanctotl apparent d'une r6gion i ce jour peu explor6e : le pacifique equatorial
au nord de la Nouvelle-Guinee.

Materiel et Methode

35 stations onf 6te occup6es, du ?5 Juin au 24 juillet 1g21, selon l'itin6raire
repr6sent6 i Ia Fig. t. A chaque station, cing echantillons de S00ml d'eau de mer ont
et6 r6colt6s aux profondeurs nominales de 0 m, 40 rn, g0 m, r20m, et 160 m, et fix6s
par 5 ml d'une solution de formol du commerce neutralis6 i la potasse, de faqon i
conserver le phytoplancton dans un milieu formol6 ir l/,, llgbrement alcalin.

L 6tude au laboratoire a et6 conduite selon la m6thode d6crite par

DESROSIEREs (tgzr), qui consiste essentiellerrent en deux examens successifs du
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m6me echantillon au microscope inverc6, dans deux cellules de s6dimentation diff6rentes,

adapt6es I'une i l'observation I un grossissement rnoyen (objectif I0 x) qui convienL

i l'6tude du "ntacrophytoplancton", I'a.,tre i I'obsen ation i un fort grossissement et

surtout avec un pouvoir s6parateur 6leve (objectif 100x, ouverture num6rique aussi

grande que possible) necessaires i I anayse du "microphytoplancton" ; l'objectif utilise

dans ce dernier cas est le "planapochromat, 100x, 1, 3 N.A., i immersion de Zeiss.

Macrophytoplancton

Les grandes Diatom6es et les grands Dinoflagelles constituent I esseptiel du
"macrophytoplancton", d6fini par le grossissement peu 6lev6 que requiert son observation.

II apparait tris clairsem6 au nord de la Nouvelle-Guin6e: en tout et pour tout, quatre

especes de Diatom6es, Plunktoniella sol,Clintacodiunt frauenfeldiaruan Gossleriella tropica

et Thalassiothri.r sp., ont 6t6 observ6es, i raison de quelques unit6s par litre, aux

stations p6lagiques, encore que seule P. soi puisse 6tre colsicl6r6e comme courante, e,

figurant sous cette trds faible densite, dans la plupart des echantillons. La liste des

espdces de Dinoflagell6s rencontr6s, fond commun de tous les phytoplanctons tropicaux,

est longue, mais le nombre d'individus de chacune, observ6s gd et lh, reste insignifiant-

Jamais abondant (quelques cellules par litre), l6trange flageile (?) Danasphaera indi.ca

est pr6sent dans toute la r6gion 6tudiee. Aprds les indications fournies par BELyAEVA
(rgzr), KAWARAD A et at. (rgos), KOLBE (rgsa) et DESR0SIERES (1969), les

observations pr6sent6es ici confirment la pauvret6 du nord de la Nouvelle-Guin6e en

macrophytoplancton.

Les trois stations les plus proches des c6tes ont 6t6 qualifi6es de "n6ritiques"

I cause de leurs caract6ristiques florales : apparition d'autres espdces de Diatom6es
(Rhizosolenia bergomi.i et Thalassiothrix frauenfeldii) et d'une Cyanophyc6 e Trichodes-

mium sp).
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Microphytoplancton

Definition

Est d6sign6e sous l'appellation cle "microphytoplancton", la fraction clu

phytoplancton dont I observation et !'anal5rss n6cessitent un fort grossissement (de

I'ordre de 1000x) et surtout un objectif dou6 d'un pouvoir s6farateur eleve; il s'agit,

de fagon approximative et 6videmment conventionnelle, d'organismes rnesurant moins

de 20 microns: les microflagell6s nus, qui ne supportent pas la fixation, 6tant 6limines,

le microphytoplancton apparait constitu6, dans le cas de la pr6sente 6tude, uniquement

de Coccolithophorid6s. Dans certaines circonstances (neSROStpRES, 1971) rle petites
/'

Diatomdes (Pennees) et de petits P6ridiniens peuvent venir s -r, ajouter.

Remarques pr6liminaires sur la d6terrnination et taxonomie cles

Coccolithophorid6s

A part pour quelques pionniers particuli0rement habiles ou inspir6s, stimulcs

peut-6tre par ladifficult6 du probldme, tels que LOHMANN, SCHILLER, et KAMP I NER,

le groupe des Coccolithophorid6s est rest6, pour nombre de phytoplanctonologistes, un

monde i peu prds inexplor6, faute de moyens de <i6tection et d'observation suffisamment

puissants. En effet, si la limite extr6me de r6solution cles rneilleurs systdmes opticlues

peut th6oriquelnent atteindre 0, 2 micron, le pouvoir s6parateur utile, pour des raisons

diverses, se situe en fait plutdt vers 1, vcire2 microns. Or I'identification taxonomique

pr6cise des Coccolithophorid6s se fait sur des caractdres morphologiques de dimensions

nettement inf6rieures i cette limite pratique. L'apparition de la microscopie 6lectronique,

qui s est empar6e de ce sujet de choix, a op6rb une vdritable mutation. Elle a permis

d'6claircir bien des situations en pr6cisant la ddfinition de nombreuses espdces, en en

cr6ant quelques nouvelles et en effectuant aussi eertains regroupements. Cependant,

alors qu'il a entrain6 l'6tude structurale des coccolithes vers des sommets de raffinement,
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Iemploi du microscope 6lectronique (M.E.) a laiss6 quelque pell sur sa faim I'oc6a-

nographe qui ne possdde qu'un microscope optique (u.O.), et ,e lui a pas renrlu

parfaitemertt le service .1u'il puuuuit en attendre. Dans le meilleur 6es cas, les auteurs
jttxtaposent' les deux diagnoses (tvt.o. 

"t M.o.) et les deux scries de clich6s cor-
respondants, mais auc\e 6tude u est conduite dans le

\
utilisable par le chercheur\.qui ne dispose que d'un X4.O,

souci d dtre directement

Se irouvant dans cette

situation, I auteur est amen6 i faire le remarques et srggestiorrs suivantes :

I[ se[rble qtr uir taxott qui a 6t6 observ6, d6crit et nornrn(.: i I'aide d ur
M'E' peut ensuite dtre reconnu, par le m6me chercheur, au M.O. C est de cette

experience qu il faut imp6raiivement faire profiter les chercheurs saulement "opticiens,"

ert entreprenant i leur intention la confection d'un catalogue-guicle, qui centiendrait

clcs ohotograpiries (N{.E- et surtout M.o.) mais qui, avent tout et syst6matiquement,

attirerait' I attention sur des caractlres, d.es aspects typiques, sur des allurer; o* cles

t'raits pariicLtliers, m6ine sans valeui' taxonomique sensu stricto, mais en fait distinctifs,
qui seraient perceptibles au M.O. et d6duits de I'obseryation et de I'analyse au M.E.
Ce catalogue de "descriptions c<,rlpar6es" 6viterait les tatonnernents et les impr6cisions-
et' aussi, inverseinent, certaines affirmations hAtive.s et p6rernptoires - dans les
d6i'ermirta[ions' Aucune biogeographie, aucune 6tude dcologique ne peut 6tre abord6e qui
ne repose sur des identifications solides.

Dans ie pr6sent travail, cleux espdces ponrtant bien typees sous le M.o.,
n onf pLt dtre identifi6es avec certitude, illustranl le profond hiatus qui s6pare les deux
techniques d observation :

I'. "Coccolitltrts rrcteori', La seuie clescriplion de cette espgce, A ma con-
naissance, apparait darts la l6gencle cl'une illustration trls sch6matique de SCHILLER
(tgso): cesl p:lrtant i cette e;pdce que j'attribue un Coccolithophorid6 cle surf.ace trds
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courant, pr6sentant des coccolithes si embrassants que deux ou trois suffisent i enrober

toute la coccosphdre, faute de pouvoir le rattacher i une quelconque des espdces

pourtant si mdticuleusemettt d6crites et repr6sent6es grAce au M.E.; n'ayant rencontr6

atrcun sp6cimen ri rapporter d tlmbellosphuera teruti.s, j'ai pourtant encore dout6 de

I exactitucle de cette d6terminafion, mais aucune repr6sentation de [J. tepui., nu n 'u

convainctr et je me suis r6sign6 i conserver I'identification C. meteori et it constater

l'absence d,'(J. teytwis dans la r6gion 6tudi6e.

2. -' "cyclococcolithus fragilis". L'espdce la plus abondante du mat6riel

recolt6 atr uorcl de la Nouvelle-Guin6e n'u p.,6tre d6termini,e avec certitude. II s'agit

d une petite forme dont le diamdtre varie de 5 i 8 microrr", qo'uprds HASLE (rgoo),

qui a insis[6 sur I'impossibilit6 des distinctions sp6cifiques i I'int6rieur cle certains

groupenrents, j'assimile d un "C. fragilis" de petite taille.

Les Coccolithophorid6s au nord de ia Nouvelle-Guinec

I-es Coccolithophorid6s constituent la plus grande partie du phytoplanction

recense au nord de la Nouvelle-Guin6e. Ils sont pr6sents i torrtes les stations et toutes

les profondeurs et atteignent une fois, i B0 m, la clensite de 27 900 cellules par litre.

Les variations en densit6 et en caract6ristiques floristiques peuvent 6tre iniportantes

d'une station i I autre. sans que pour autant, sur une aire aussi r6duite, puissent

€tre mises en 6vidence. ni aires de richesse particulidre, ni distribution g6ographique

rles espdces. L'hydrologie trds complexe de ce[te zone de renverse du systdme des

couranis et contre-courants 6quatoriaux . zone sujette, qui pluq est. r\ u1 balancement

saisonnier cons6cutif au r6gime des moussons (oopaN'f, 1961; "Morskoi atlas", I953)
,

n a pu' non plus, 6tre 6clair6e par la localisation d'espdces indicatrices de masses d'eau.

En cons6quence, il a et6 estim6 pr6f6rable de traiter statistiquement I ensemble des

r6sultats des num6rations phytoplanctontques et cle caract6riser l'ensernble de la r6gion

6tudi6e par une valeur moyenne et un intervalle de confiance sur cette moyenne pour
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chacun des taxa repertori6s en chacune des profondeurs 6chantillonnees. Ce mode de

traitement des r6sultats des num6rations fait ressortir une r6partition bathym6trique

des espdces particulidrement claire et cl'autant plus strre qu'elle est etablie A partir

d'un grand nombre de valeurs (32 donn6es pour chaque niveau, les stations i caractere

n6ritique ayant 6t6 6limin6es des calculs).

Les r6sultats sont r6sum6s sur la Fig. 2, sur laquelle est report6e la

distribution des sept principales esplces, avec.pour chaque profondeur, Ia moyenne des

densit6s par litre et l'intervalle de confiance d g5'1, sur cette moyenne. Coccolithu,s

meteori et Umbellosphaera ir'regu,laris sont des espdces netlement superficielles ;

Gephyrocapsa oceanica et Urnbilicostthaera sibogae, ayec un maximum i 80 m et des

densit6s non n6gligeables en surface et i 40 m, sont subsuperficielles. Cyclococcolithus

fragilis est l'espdce deloin la plus abondante ; elle a son maximum i 80 m. Deux espdces

sont nettement profondesl Deutschlandia anthos et Deutschlandia sp. A, cette dernidre

6tant peut-dtre une vari6t6 de Florisphaera profundrz, espdce nouvellement cr66e par

oKADA et HONJO (tgZS).

La disparit6 d'uue station i I'autre, manifest6e par I'amplitude des interval-

les de confiance, confirme les observations de OKADA et HONJO (tgZO) sur les eaux

de surface ue la m6me r6gion ; les densit6s moyennes trouv6es par ces auteurs sont du

m6me ordre que celles vui sont pr6sent6es ici (quelques centaines i quelques milliers

de cellules par litre).

A titre subsidiaire, la Fig. 3 fait apparattre la composition specifique

relative, en chacune des profondeurs 6chantillonn6es, pour permettre d 6ventuelles

comparaisons avec les auteurs qui ont adopt6 ce mode de reprisentation.

La r6partition bathym6trique rencontr6e des diff6rentes espdces coincide

assez bien avec les quelques donn6es ant6rieures en particulier celles de ,HASLE

(tgsg 
"t 1960) et de oKADA et HoNJo (rgzs).
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2.7 TBE ESTIMATION OF PHYTOPLANKTON PRODUCTION IN THE

GULF OF THAILAND FROM CHLOROPHYLL, OXYGEN

DETEBMINATION AND LIGHT DATA,

AMPAN LURSINSAP

&

MANOP CHAROENRUAY

Abstract

fhe organic production beneath a unit of sea strface may be estimated

from the chlorophyll content or oxygen determination of the water, the total daily

solar radiaiion reaching the sea surface, and the extinction coefficient of visible light

in the water column.

A mean value of 3.7 mg C assimilated/hour/mg/ chlorophyll was obtained

from the expression of Ryther and Yentsch, 1957 and from data present in the

literature. The relationsip was determined between photosynthetic rate at light

saturation and chlorophyli content in natural populations.

. A well-developed subsurface chlorophyll a maximum is presented at the

depth where the surface -light is reduced to 321in 197i and is presented at 3.2/, in

1972. It appears that a photosynthetically active phytoplankton community is adapted

to low light intensity and the highest production is at the 32'/ level in 1971 and also

at the same depth in 1972,

Introduction

The Marine Fisheries Laboratory has launched a program of primary

productivity assessment unit since 1968. Progress by, the results from the investigations

I

i

I

t
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in l97l-72 are of considerable importance for understanding the processes going on in

nature.

Generally, when primary production measurement are made in the Gulf of

Thailand, the selection of sampling depth is based on the rather arbitary definition of

a euphotic zone, that is the region extending from the surface to a depth where it is

shallower than ll of surface light level for the depth of part of thl working area in

the Gulf of Thailand from the shallow area to the deepest area is about S meters to

57 meters.

In situations that phytoplankton populations are patchynessly distributed

with depth, an absolute value of daily photosynthesis by the entire phytoplankton

population may be obtained from the expression of Ryther and yentsch, 1957 as

t=[xp(sat) (r)

where

P = photosynthesis of the phytoplankton population in mg carbonf m2 f day,

R = relative photosynthesis from Figure t (broken line) from the appro-

. priate value of surface radiation,

K = extinction coefficient, per meter, as measured, 
'

p (sat) = photosynthesis of a sample of the popuration at rg,000 rux, as

measured in mg carbon/-3/hou..

Results and Discussion

A graph was constructed, reproduced here as the broken line in Fig. 1,

showing the daily relative photosynthesis (R) beneath a unit of sea surface and at the
depths where the surface light intensity is reduced by specified amounts. The value

for photosynthesis when divided by the extinction coefficient of the visible in the
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water column in meter (K), gives photosynthesis per cubic meter per hour at light

saturation. The solid lines show daily photosynthesis per cubic meter (the left-hanrl

ordinate in Fig. 1) which are related to photosynthesis per cubic meter per hour at

light saturation at the sea surface (I.) and at the depth where the surface light

intensity is reduced to 501, 30'f , and 70/, respectively. Daily photosynthesis beneath

a square meter of sea surface could be calculated by graphic integration of the values

so obtained for each depth by means of the "light and dark bottle" technique.

The chlorophyll a. maximum observed at the depth where the surface light

is reduced to 32'f , is most likely a result of phytoplankton growth there (lgZf ) a

large part of the chlorophyll a, increase may be result from adaptation to low light,

but it s maximum at 3.2% level in 1922 (nig. a and 5). Maximum chlorophyll

concentration were generally two times those in surface waters. Processes that explail

chiorophyll maxima in other area has involved consideration of cell sinking from above

and subsequent concentration at depth (And"r.on, 1969, Riley, Stommel and Bumpus

1949).

Photosynthesis exhibited a peak in the maximum tayer (32'l light level) see

Fig' 4 at same depth as that chlorophyll a. From the data presented i1 Fig. 4, the

contribution of oxygen by photosynthesis at chlorophyll a maximum is approximately

-t4'50 ml' liter ^ in 1971. The peak for photosynthesis in lgZZ is maximum at 32/,

light level and the chlorophyll maximum observed at depth of J.Z"/,level is most likely

a result of phytoplankton growth there G'ig. S)

The relationship between photosynthesis and chlorophyll at right saturation

Photosynthesis measurements were made under 180 watts of fluorescent

illumination in an incubator cooled by running sea water. photosynthesis was deter-

mined from the difference in dissolved oxygen concentration (winkler method).
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The five cruises, during February 1971 to September lgzz, covered large

area in the Gutl of Thailand extending from the east to the West coast is more than

180 nautical miles' chlorophyll was determinecl by filtering l-9 litres of sea water

through a millipore filter and extract the pigrnents with gOf acetope. Light absorption

<rf the acetone extract was measurecl in a Beckman Moclel Dll-z spectrophotometer

the chlorophyll a, chlorophyll 5 aud chlorophyll c were calculated by using the equa-

tion given by Richard and Thomson (tgSZ).

Measurements were made in February, July, and september, Lgz7. The

mean ratio (photosynthesis: chlorophyll) ancl standard deviation of approximately

three cruises, 1?5 measurements at'the sea surface (Io) and at the depths where the

surface light intensit), i"."un.ed to r0,/,3.2/, and,lf respectively, as shown in Table

1' Although relative values tended to be lowest in February, (t.ssgz). being higher in

september (+'tsos) and highest in July (s.azgs), which is rainy season, and temperature

has no effect on the production. In the Table 1, the ratios complied are in such close

agreement that the mean from all sources has been taken as a working. value, which

is approxinratety 3.7 mg carbon/hour/mg chlorophyll.

The correlation regression for chlorophyll.a to gross photosynthesis is 0.gg,

the chlorophyll a seems good correlated to the gross photosynthesis in 1921 (rig. z),
the reason that explain chlorophyll and photosynthesis maxima at the same area in
1971 and the value of correlation regression of them is 0.gg have been considered
that it seems correlated to phytoplankton photosynthesis but it seems not quite cor-
ralated to the photos-rnthesis in 1972 because the maxima areas of them are different
(nig. r and S).
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The estimation of production from chlorophyll and light data

It may be estimated the production of phytoplankton population, chlorophyll

contents and extinction coefficient by assuming that 3.7 milligram carbon are assimi-

lated per hour at light saturated for each milligram of phytoplankton chlorophyll,

Equation (t) may be written

P=SxCxe.z (z\r -Kl

where

C = mB chlorophyll/rrr' in u sample of a patchynessly distributed population

Some productiort values are obtained from in situ "light and dark bottle"

oxygen experiments (Yentsch, Ryther & Yentsch, lg57) are given in Table 2 Also

included in Table 2 arc data of chlorophyll, and extinction coefficient, measured of

estimated as indicated in the Table.

Ihe vertical distributions of chlorophyll a, photosynthesis, dissolved oxygen

and ternperature at light saturation at the sea surface and at the depths where the

surface light intensity is reduced to 32/,, L0/,, :l.z/, and l/, respectively which shown

in Figure 4 and 5. The correlation between gross photosynthesis anrl chlorophyll a

were showed in Figure Z QgZl:) and shown in Figure g (tgZZ).

Furthermore, the mean relative productivity at right saturation which were

calculated from the Equation (1) is also g.7. The calculated prorluctivity values were

reported in Table 2, besides those were obtained from the in situ measurements. The

highest productivity is in July 1971 ; l00.sz -gc.,r-t. day and also in July lgzz;
3_3

100.35 mgc.m- . day. being lower in september; 23.82 mgc.rn ". aay (tgzt) ana
-3 /- ^-- \ -37t.74 mgc. m ". day b.glil, and the lowest is in February 1g71 : s3.15 mgc. m ,.

,tlay ancl in Dec.-Jan . igzz; s5.01 ,gc.--3. day. The sea srrface productivity or at

the light saturation productivity is highest in July also oth in 1971 and l9?2; 10Z.62
_3

mgC.m-". day and 97.49 mgC.m -J . day respectively, being iower in September;
-r375.48 mgc.m'-. day (.lglil and 21.51 mgc.m-". day (tgz2), and the lowest in

February 1971 ; 61.50 mgC..-'. du, and in Dec.-Jan. LSTZ: 60.47 mgC. m-3 day.
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The contour line of gross photosynthesis beneath a cubic meter per hour for each cruise
(tgzr) were shown in Fig. o, z, B, and the average gross photosynthesis in Lgzt

shown in Fig. 9.A daily photosynthesis under a water column OgZt, Z2) were shown

in Fig. 15 and 16 respectively. *

Summary

Water temperature, water transparency, rate of photosynthesis and chlo-

rophyll pigment analysis of the water in the Gulf of Thailand were measured for
period of February, July, september, lgzl and January, April, July, september in

1972. Twenty two stations were established in the collection of water samples for
this study. The water temperature in the Gulf of Thailand rangecl frorn 26.01 C to
31.01C in 1971 and ranged from24.93Cto 30.20C in 1972. The extinction coefficient

ranged from 0.052 to 0.575 per meter in 1971 and ranged from 0.051 to 0.652 per

meter in 7972,

The average rates of photosynthesis were most productive in July; 0.100__3..\_3gC.m . day (1971) and 0.100gC.m ". clay hgZil being lower in September;0.024
-3,jgc.m-". day (rgzr) and 0.022 gc.m-'. day Oslil, and lowest in February; 0.053
-3 _3gC.m . day (t97t)andin January;0.055 gC.m-".day hglil (tuUie Z). The highest

photosynthesis was at 321 of surface light intensity level and lowest at ll light level
(Fig. a, S) Uotfr in 1971 and 1912.

In 1971, the most productive area was on the inner Gulf, 23.7s mgc.m-3.

hr, and in L972, the most productive area was on the west coast, 1g.93 mlc.m-3.
hr- Other area that being lower productive was on the inner part of the Gulf (fig. *
and 14). This dues to the nutrient from water runoff from river.

The average chlorophyll a concentration were higfest at BZ,/ light level;
-30.75 mg chl.a.m. " (rgzr) and at s.z /, tight levet ; 0.g0 mg chl. a. ,n-3 (1922), and

the lowest at sea surface (fOOl tgfrt level), 0.44 mg Chl.a.m-3 (fg?f) and 0.51 mg
c-

Chl.a.m ltgZD, but the other peak of chlorophyll a concentration at 1/ light level

was an accumulation of plants being sunk.
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Table I

The ratio of photosynthesis at light satnration to chrorophy[

(mg carbon/hour/mg chlorophy[) in

phytoplankton population

Cruise Light

intensity

4t,

Extinction

No. Temp. coefficient

Measuremenr ("C) per meter

(r)

R

Mean std.

dev.

22

22

t2

1t

22

22

1

2

r00

t0

3.2

I

100

10

3.2

I

t00

10

3.2

I

27.38

27.23

26.98

27.3r

28.26

28.11

27.81

28.05

29.21

29.10

28.83

28.65

0.126 1.5387 r.1236

0.184 5.4295 2.8125

0.t42 4.1303 1.6485

9

I

J 22

2t

11

2

Mean

3j4V

3.7 1.86



Table 2

comparison of experimented pr.oductivity measurertents chlorohy[

contents, and extinction coefficient, lg7l.72

Extinction

coefficient Chlorophyll P5oductlgn

Production

Cruise at

per meter (,rg.*-3) (mg c.,r-3. day) light saturation
,-3
(mg C.m . day)(r)

I

(t-tg Feb, r9z1)

0-zl Jul, 19zl)

J

L7-Zg Sept, 1971)

4

(Dec.-Jan. 1972)

5 01139

(Mar.-Apr.1972)

6

0:126 1.a444 53.1461

0.184 0.7887 100.5718

61.4954

:

t07.6203

75.4852

60.4:123

68.1023

97.4880

71.5065

2

0.L42 0.6595 , 73.5246.

0.132 0.4623 55.0125

0.5569 .62.1507

0.215 0.9117 100.3477

Oun.-luly 1972;

(September 1972)

7 0.126 0.644{) 71.7430
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3.1 A preliminary report on a bottom trawl survey

of the north shelf region of the South China Sea,

March, l97Z to March, lg?8.

by
. 

R.M. CHILVERS

Fisheries Research Division

Agriculture & Fisheries Department

Hong Kong

Abstract

Mean dato Jronr s cntises atnducteri ott fow' tiltpt,oxirtrieb, urtt,rtrb, spacecr

tronsects, extending from 37-27s rn betuecn longitudes lrlo ,? j ffoI,:, _shou: tlrut the

ouer-all gross catch rolt: u,us urt,tt lortt at T8 Kglltr.. In genatnl, catcl r.atcs increosed utitlt

increas'i.ng defth although tttis relationslilt trtrts ufsct at tlnst: stutions r.olet., ,1roor, o,
Monacartthus s?f. u'ere encou,ntered. The cclibte componcnt of ttrc gross cotclt (tuer*ged

40 Kslhr oaer the utlnle dei;th rangc and 48.6 Kglhr oi;er llte r.rutge to 1g0nt exptoited

commerciolly. In. uieu' of tlrc lttrge gross catches nrucle of dttftlts greatet. iltuu this, it is
suggested that trawling fleets slzould expan,tl their arett ol' exploitation to i*clwcle these

tleeper waters since lattdings o/ Ilesearclt Vessel totclrcs made in Hortg Kong lwue indicated

that there is a seasonal demand for hither-to mfaruiliar species, nany of tuhiclt luuc been

fou'nd to be directly suitable for hwman consumption. It is estimoted ttnt the total poteltial

commucial nrcan catch rate would fu of tfu order of 70 Kglhr. The unfamiliar deep uater

species landed by the Reseorch Vessel are at fresent utilisect only for bait aruilor fee; for
aquaculture concerns, but an assured constant supply of swth species might stimulate either

the domestic consuntption of a wider aariety of fish than ot rtresent, oy tht establishmert
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of fish rueul piuttt, since Hong Kong irnpmts tlu latter product ds un odditirte to rnittrul

.feed.

Introduction

Although the Research Vessel 'Cape St. Mar], has been used to conduct

several oceanographic and fishing surveys of the South China Sea since her acquisition

by the Government of Hong Kong in 1960, very few reports detailing the results of

the fishing surveys have been published. Lester (rgoz), Menasveta (rgzo) and Shindo

Oglil have rnade sotne reference to catcir data collected during cruises carried out

between 1961 aurl 1964; Lester (tgOS) and Lee (in press) have rrtilized collected

material to describe the diet of different commercial fish species. This is in contrast

to the weli documented oceanographic rvork carried out on board (see Chan, Lg?g:

Williarnson, 1970; wails. 1971 a ancl b; lgzz a and b and in press) and has arisen

in part ihrough lhe rlifficulties associated with the processing of the large volumes

of data collected.

Commercially, landings of fresh nrarine fish sold through the Hong Kgng

Fish Marketiug Organization (f'UO) have unrlergone their greatest rate of increase

since 1966, when they totalled 46,361 metric tons, to reach a maximum in 1970 of

77,399 metric ions. Since 1970 landings have fallen slightl-v; by l.B/, in 1921 to 20,100

metric tons and again by O.5'/ in tg72 to 69,736 metric tons (data from cyclostyled

FMO annual statistical summaries). Both the rise and fall occurrecl at a time when

the overall size of the commercial fleet was decreasing, as the following data relating

to the total numbers of trawlers, long liners, gill netters and purse seiners indicate :

the estimated nurnber in septernber, 196,5 was ? ,g44; the numbers ascertained by

direct count in February 1967,1969 ancl 1973 were 6,523,5,893 and 5,011respectively.

Moderu hulled vessels however, rvere introduced to Hong Kong in l96b (Stather, l9Z1)

and nol total 169' gradually replacing sailing craft of native design. In the absence
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of catch and effort data it is not possible therefore to relate the changes in catch to

the decline in the fleet size, since it is unlikely that the fishing ability of the vessels

comprising the fleet has remained uuchanged. The fleet is capable of exploiting

grounds extending from the Gulf of Tong King in the west to Swatow in the east.

Recent work by Lee (pers. comm.) indicates that the rnajor trawling effort is now

concentrated between longitudes 111"E (off Hainan Island) and 117'E, slightly to the

east of Swatow, out to a depth of approximately 164 r, (90 fm). Over the period

1968-1972, trawler landings accounted for 59-68 I by weight of the fresh nrarine

fish sold through FMO.

Against this background a series of bottom trawling surveys of the north

shelf of the South China Sea was initiated in March 1g72, following a preliminary

exploratory and shake-down cruise in late 1971, to assess the presenc state of the

traw-lable demersal resoLlrce and to explore the unexploited deeper area at the edge 
'-lt

the shelf. 'lhis report presents the preliminary results of these suryey cruises with

particular reference to the datzr derived from deep water tows conducted between

depths of approxirnately 180 and 275 m.

Gear and ltlethod

The Research Vessel "Cape St. Mary" has been previously described by

Mitchell and McConnett (tgSg) and although-slightly modified since, her salient

features remain the same, namely: LoA of 35.2 rr, (ttz ft); gross tonnage of 23g;

powered by a National diesel clelivering 385 h.p. at 170 r.p.m. tsasically, she is a

North Sea side-trawler with a hydraulically operated winch holding 900 m (SOO fm)

of 6.35 c* (Z.S ins) steel warp on each barrel.

A modifiecl Granion trarvl net with a head rope length of.29.3 n, (gO lt),
ground rope length of 46.1 * (tSf ft) and stretched corl end uresh size of 51 mnr

{Z lns ) *u" used throughout the survey period '.vith large doors and sweep wires of
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O+ m (g5 fm) length. This is the standard gear used since 1963 anrl was retained to

enable direct comparisons to be made between the catch data of the present ancl past

surveys.

Based on the results of the preliminarl. cruise in October/November, l92l,

five survey cruises were planned over a l2-month period. Each survey was conducted

on a grid of preselected stations arranged along four transects, referred t6 as A, B,C

and D lines, theoretically spaced at intervals of 1,609 km (tOO mis), running ar

approximately right angles to the general slope of the shelf i.e. very approximately

in a north-westerly, southeasterly direction (fig. t). Aii cruises r*,ere carrietl out in

two parts with a return to Hong Kong for re-victualling, re-icing and sale of fish at

the conclusion of fishing on eitlter A and B, or C and D transects. An occasions, bacl

weather and sea conditions also forced the vessel to seek shelter in Hong Kong-

Seven stations were fished on each transect between the following depth ranges:

3z-5s m (zo - go tr), ss-75 n., ( 3o- 40 fm), Ts - gt ,] (40-50 fm), 91 _ 1i0 m
(SO-OO fm); and as close as possible to the following depths 137 m (ZS f-), 1g3 m
(fOO t*) ancl 275 rn (tSO tm). Each station is denoted by the alphabetic prefix

referring to the transect, and a numeric suffix from 1-7 referring to the above depths.

respectively. Thus, the stations extend from A1 centred on 20"41'N, 111"2g'E, the

shallowest station in the west, r-o DZ centred on 21o36.5'N, l l6'55'E, the deepest

station in the east (Fig. t).

Areas shallower than 37 m could not be fished due to political considerations

and the "Cape St. Mary" dicl not approach closer than 32 t<m (ZO n. ml) to the coast

except in Hong Kong territorial waters where an additional station, CO,, was fished

at approximately ZE n (ta frn).

It was pranned to carry out three one hour tows at a trawling speed of 3
knots at each station on each cruise, commencing shortly after sunrise to complete.
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one station well before noon and to use the less productive mid-day period to steam

to the next station, which was usually compieted before sunset. In general, this plan

was adhered to but on occasions torn nets or crossed warps and heavy seas delayed

proceedings and it was not always possible to complete the three tows at each station-

Tows which -$rere completed with an undamaged net or with only minor tears in the

wings or belly are referred to as successful in Table 1 and it is only the data from

these which are considered in any detail.

The catches from each tow were sorted and identified as tar as possible

(usually at least to genus) and the gross weight of each taxon obtained. Either all

individuals or a weighed random subsample of the commercial and potentially com-

mercial taxa were measured and subsamples of the measured fish sexed and their

degree of rnaturity assessed.

Cruiae data

A summary of the pertinent information relating to each cruise is set out

in Table 1. As planned, five cruises were carried out heavy seas and strong winds

restricted fishing during Cruise 7210 to the three shallowest stations on A, B, and C

transects and to stations D1-5. Full information relating to the cmise is set out in

Table 1 but in further tabulations the data from stations D4 and D5 for this cruise

have been ignored and data from all five cruises utilized only for stations 1-3 on

each transect i.e. to a depth of approximately 90 m. Beyond this depth, the data are

derived from the four cruises ?zos, Tz\s, 2207 and zJ02 i.e. March/April, May/June,

September and February/March respectively

Gross Catch

fable I shows that a number of unsuccessful tows were made during each

cruise. reducing the gross catch rates by hetween three ancl six percent from those of
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Table I

Summary of bottom trawl survey cruise data from

the north ehelf of the South China Sea over the

twelve month period lllarch, lg72 to March, 1973

Cruise No

7203 7205 7207 7270 7302

161111172 23ly 172 rlrxl7z 22lxrl?2 13ltu73

2llrvl?2 2tlvrl7z 2slrxl7z 17lxrrl?z elilt173

22.r:t 22.5 20.0 16.0 19.0

14.5 14.5 15 5 7.5 14.5

87. r0 88.0s 89.0:i 44.75 90.00

88 89 90 45 90

Bz 83 86* $ BZ

Total

100

66.s

398.93

402

38r

Date of first tou,

Date of last torv

Days at sea

Days fishing

Hours fishing

Total no. of tows

No. of successful tows

'fotal gross catch

(m tons)

Gross catch in success-

ful tows (m tons)

Gross catch rate frorn

total hrs. fishing

(tcg/trr)

Gross catch rate in

successful tows

(tg/t r)

*

**
includes one tow of 53 mins. at D4

mean values

5.39 7.51 7.45 2.3E 5.33 28.06

5.35 7.45 7.42 2.36 5.31 27.89

61.9 85.3 83.7 53.2 59.2 68.7
tf,*

65.2 89.8 86.4 54.9
rij}

61.0 71.5
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the successful tows. Considering the latter, the gross catch rates made during eac6

cruise are very lou' and underwent a regular fluctuation over the survey period to
give a tneau value of only 71.5 kg per hour. This value howeuer, is depressed by the
poor catch rate shown for Cruise 7210, caused by the iack of data from the cleeper

stations' rhis is apparent frorn inspection of Table 2, the first section of which

deinonstrates that, iu general, greater gross catches are made at the greater depths.

This generalization however, is not apparently true for transect A where soure of the

greatest gross catches per tow (maximum 1.24 m tons) were made during Cruises

7205 & 7207 (Mav/June and September) at Stations A1, A3 and A4. irlonacanilrus

modesttt's comprised the greatest part of such catches. Similarly at station D1 during

Cruise 7210 (November/December) one tow produced 0.7 ur tons of Monacanilrus

sulcatus' These catches are so relatively disproportionate to those made for other taxa

that they heavily weight the mean gross catch rates upwards, obsuring the general

relationship Nevertheless, the grand mean of zg.z kg/hr shown in Table 2 gives a
better indication of the overall mean gross catch rate obtained during the survey since

it is derived from equally weighted temporar anrl spatial observati,ns.

Edible Catch

Table 2 also shows the mean catch rates of eclible fish at each station.
'Ihe species and genera or families included in this categor) are presented i, Table

3 which is based on the taxa used by the Fish Marketing organization to report

landings sold in Hong Kong, plus certain genera not namecl in the FMO statistics but

included in the group 'mixed fish'. A very different distribution from that observed

for the gross catch rates is apparent, with the maximum catches per hour occurring
at A4,85, c4 and D3, (although the values at Al and Dl are the largest on their
respective transects they have not been considered here due to the reasons giu.n ubor"),
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and the nrinima at the deep water stations 6 or 7 on each transect i.e. at depths

greater than 180 m. These latter catch rates are in marked contrast to those of the

gross rates and represent a low percentage of them, indicating a considerable change

in the faunistic composition on the edge of the continental slope. Since there is no

commercial fishing carried out at these depths the species are, in many cases,

completely unknown to the flong Kong fish market

Returning hou'ever, to the stations at which the maximum mean edible

catches were made, the catches per hour of the four major edible taxa taken at each

of these stations during any cruise are shown in Table 4. The table demonstrates

that at least at these stations the major part of the edible catch is composed, on

average, of only a limited number of the taxa named in Table 3. It may be seen

that there are considerable differences in their catch rates at each station from cruise

to cruise i.e- seasonal differences, and in consequence the predominant taxon changes

seasonally at any station. In the table, the mean values shown for each taxon are

column means and there is a discrepancy of 0.2 kg between their sum and the rnean

of the 'total' colurnn for station .A4 due to the method of rounding off.

The grand mean of 40.4 kg per hour (Tubtu 2) represents a biased estimate

proportional to the mean standing crop of 'edible' fish present on the shelf between

depths of approximately 40 arrd 275 m. The bias is due to the differences in area

existing between the various depth ranges fished ancl is weighted towards the deeper,

apparently less productive stations The commercial fleet however, fishes down to a
maximum of 764 m i.e. to the series of number 5 stations, and the mean catch rate

of edible fish to this depth is estimated as 48.6 kg/hr. It is noteworthy that the pro-
portion of edible fish in the mean gross catch is very constant between the number 2

and 5 series of stations, fluctuating ar,und a mean value of Ts.B/.
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Table i|

The crders, families genera and species included in the category 5 edible fish in Table 2.

Order

Edible genera or species

caught during the survey

cruises.

Clupeiformes

Scopeliformes

Si].uriforrnes

Anguilliformes

Perciformes

Clupeidae

Clupeidae

Dussumieriidae

Engraulidae

Chirocentridae

Synodontidae

Synodontidae

Plotosidae

Sphyraenidae

Mugilidae

Polynemidae

Syrranidae

Sardines (G)

Other Fishes (M)

Round Herrings (F)

Anchovies (F)

Other Fishes (M)

Lizardfishes (G)

Other Fishes (M)

Other Fishes (M)

Conger-pike Eels (G)

Other Fishes (M)

Other Fishes (M)

Other Fishes (M)

Groupers (F)

Sordinella spp.

Other Clupeids

Dussunieria spp.

Engraulids

Chirocentru.s spp.

Saurida spp.

Trachinoceplwlus myops

Plotosus anguillaris

Muraenesox spp.

Sphyraena spp-

Mungil spp.

Polynemus spp.

Epinephelus areolatws

Epinephelus awoara

Epinephelus brunnans

Ep inephelus diacantltus

Epinephelus latifasciatus

Epinephehts sp.

Trisotropis dermopterus

PI ectropontus \eopardus

Glaucosoma burge.ri

Therapon spp.

Glaucosomidae

Theraponidae

other Fishes (M)

Orher Fishes (M)

FMO categories: S =
SpeCies, G=genus,F=

family, O=order, M=

rnixed.

Family
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Family

FMO categories: S =

species G=genus,F=

famil'.,, O=order, M=

mixed.

Order

Priacanthidae

Carangidae

Lutjanidae

Nemipteridae

Pomadasyidae

Banjosidae

Pentapodidae

Lethrinidae

Sparidae

tsig-eyes (G)

Scads (G)

Crevalles (G)

Other Fishes (U)

Red Snapper (S)

Snappers (F)

Yellow Betly (S)

Meion Coat (S)

Golden Thread (S)

bther Fisher (tvt)

Other Fishes (U)

Gingko (S)

Other Fishe. (tvt)

Breams (F)

Edible genera or species

caught during the survey

cruises.

Pri a cant hu s macr ac ant hus

Priacanthus tayenus

Decapteru,s spp.

Caranx equula

Caranx spp. and

Atropus otropus

S e I ar c ntmeno p ht halmu s

Seriola nigrofasciutu

Lutjanu,s sanguineus

Lutjanu.s lineolatus

Lutjanus seltae

Lutjanus uitta

Pristipomoides typus

langll calnolaDrum

Nernipterus bathybius

Nemipterus japontcus

Nemipterus drgatus

Plectorhyncltas spp.

P ar apr i sti p oma tr i li neatwyt

Ponrudasys spp.

Banjos banjos

Gywnocraniws griseus

Lethrinus rwbulosus

Taiu.s ttuntfrons

Argyrops sphtifer
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Family

FMO categories: S =
species.G=genuS,F=

family, O=order,M=

mixed.

Leiognathidae

Gerridae

Sciaenidae

Mullidae

Acanthuridae

Stromateidae

Nomeidae

dae

Order

Tetraodon-

tiformes

Selachii

Scombridae

Orectolobidae

Triakidae

Carcharhynidae

Other Fishes (M)

Other Fishes (M)

Croakers (F)

Red Goatfish (S)

Other Fishes (M)

Horse-heads (G)

Other Fishes (M)

Melon Seed (S)

Pomfrets (F)

Fork-tail (S)

Mackerels (G)

Other Fishes (M)

Sharks (o)

Sharks (O)

Sharks (O)

Sharks (O)

Edible genera or species

caught during the survey

cruises.

I Eaynnis cardinolis

Chrysophrys major

Leiognathus spp.

Gerres spp.

Sciaenids

Upeneus tnoluccensis

Upeneus bensasi

Parupercus spp.

Branchiostegus spp.

Priotrurus microlebi dotus

Psenopsis anomala

Stromateoides spp.

Formio ntger

Psenes indicus

Scomberomorus spp.

Pneumat o phorus j aponi cus

Sarda orientalis

Rastrelliger kanagurta

Trichiurus spp.Trichiuridae Other Fishes (M)

Monacanthidae Other Fishes (M) Monacantlru.s spp.

Heterodontidae Heterodonhts zebra

Stegostomo fasciatum

Mustelus spp.

Carcharlrynu.s spp.

378



Deep Water Stations

Since many of the species taken from the deep water statiorrs below 180

m were unknown on the Hong Kong fish market it is not strictly accurate to record

as edible only those species common,to both the shallow and deep water stations.

Accordingly, the mean catches per hour from these stations are presented in Table 4

categorized as edible 'other commercial', 'potentially comrnercial' and trash. The 'edible'

correspond with those shown in Table 3; the 'other commercial' refer to taxa which

are occasionally found on the Fish Marketing Organization markets and which are

usually included in the FMO category and mixed fish: they include certain edible

species and those used as bait oa feed for aquaculture concerns; the potentially

commercial category refers to those species not found on the markets, certain of

which could be utilized directly as- a source of human protein : others might be utilized

as feed or as bait, thereby indirectly adtling to human protein intake. The sum of

these categories at each station, which could be classed as the total potential com-

mercial catch, gave an overall mean catch rate of 70 kgfhr, which by reference to

Table 2 will be seen to exceed the mean edible (i.e. commercial) catch rates taken

at any depth and is very close to the mean gross catch rates recorded.

Hong Kong imports fish and blood meal as additives to animal foodstuffs.

During the calendar year 7972, imports of fish meal amounted to 2,127 m tons valued

at HK$2.6 mill. (Hong Kong 1973). The demonstrated presence of what are, by Hong

Kong standards, large populations of unexploited resources at the edge of the con-

tinental slope might possibly stimulate investment in fish meal plant if a constant

supply of raw material was assured. At the deepest stations fished on A and B

transects the Inean catch per cruise never fell below 100 kg per hour and on C

transect only did so during cruise 2203, reaching approximately g9 kg/hr.
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Table 2 demonstrates that the mean survey catch at A, B and c7 con_

siderably exceeded 100 kg as it did at .{6 and 86. Such a supply is therefore, fairly
well assured and if Hong Kong trawlers could be stimulated in the first instance to

gear themselves for deep u'ater fishing the results would be vnry worthwhile in the

long term. In the shorl term, Research Vessel landings of certain of these deep water

forms have demonstrated, after sorne initial hesitancy, that the market will accept

strange species and that they will sell. Experience on board the vessel has also shown

that many are acceptable cooked either in Cantonese or European style and the pro-

vision of what should be, in the first instance, cheaper types of fish on the markets

mlght induce the local houservife to purchase specimens from a u,icier range of taxo-

nomic families than she does at present.
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3.2 studv on the BiologT of Psenopsis anomala (remminct and schelger)

with a Note on its Fisheries in Eong Kong

by

R.P. CHUNG

A study has been nade of tlu distrtbution, growth, reproducti.on and surufual

of Psenopsis anomala (Temminck and Schelgeil in the northern part of the Sofih Chino

Sea. Stttdies om age coruposi,tion i'ndi.cate that ilw'South'Chtru Sea population consists of

.three age grou|s, only two of which contribute significantly to the fishuy. Research oessel

trawltng records indicate that tlte species is concentrated in depths from 60 to B0 metres

between longitudes 115" and 116" E. The theoretical maximum tmgtlshaae beenestimated

'as 272 mm and 235 mm for mnles and females, with growth expressible by the eqwtions

w = 1.1s0 x 10- 
5L3'140 

for mares & w = 0.918 x 10- 
5.L3'188 

for fetures

respectiaely. Indiaiduals mature early, utith lengths at first matwitl of 143 mm for
males & 168 mm for females. Auaitable data indicates that the spawni.ng p*iod fatls
.between Decembu and September, with the peak of spawni.ng occurring in February anil

March and a possible minor peak in Septemba. Stomachs of the species hnue beur found

lo be heauily infested with trematodes. Unidentified soft bodied organisrns Qossibly salps,

'ctenaphores & jelly fishes ) forrn the major food items of the species, but substantial

'numbus of amphipods & copepods are also ingested. Auailable data suggests that the

species feeds dttring d,aytight hours but the possibitity of another ni.ght-tinu feeding

'cannot be discounted. The species feeds all the year round, although lowu feeding

.intensities haue been odseraed in winter.

On the northern shelf of the South Chi,na Sea, in addition to being caught by

Hong Kong fisherman, tlrc species is also exptoited by the Chinese fteet. for uhich no
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catch statistics are auailablc. A potedial qnntal yield of the species, based on catclus in

7955, amounted to 1"200 metric tons, with the Hong Kong fleet landing approximately

two-third of the total qunntity. Seasonal uari.ation in catches of tlw species has been noted..

with landings ri.sing to a feak in August, but reaching minimum in May. The fact that

P. anomala has a relathtety short li.fe with only tuto age groups contribu,ti.ng significantty

to tlu fishery. exposes tla population to fluctuotio,n .dependent on the success of a single

1ea7, clags. Thc oery substantial qunntities of imenites of this speci,es landed by the Hong

Kong flwt might, therefore, euentutlly prooe to be detrimental to the suraiaal of the stock-
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3.3 The reproduction, growth, and survivar of u/tenezts *tol*ccensis

(Bleeker) in relation to the commercial fishery in Hong Kong

by

C.K.C. LEE

Fisheries Research Division,

Agriculture & Fisheries Department, Hong Kong

Abstract

Iauestigations irt' tlrc northern part of the Soutli Chiru Seu slnru lhat (ipene*s

moluccettsis is mainly ctistributed in 55-110 m ruateys. Its spawni*g se(tso, h.G,
Ivlarclt to September, rutth a lteak in May. The growth rate of juuenite fistt is rapitl.

fi'emales grou faster than males. Thz common sizes larulerl by trawlers dztring tg67-6g
were 12-17 cmfor males arul 13-21 cm for females. Spawning annuli arc forrued ort

scales, which are usetl for age detenniication. The commort age-groups lartdecl are 0 to 4,

with the ruajority i.n age groubs I and 2. l'he fecundity-length relation is .f = 20r)40
(1-11.4il, 

where f = ntfinber of eggs and 1 = fork tength in centirnetres. T'he rueight-

length relatiotts are tr|t = 0.0146 /3'0szs for mnles otttl lV = 0.0126 ,3'rt2t; for ferrutles,

where W = bod! wei'ght in grommrs. The annual swraiual rate of the stoch is estimated

at 14-17"1 lrom age group 2 onr.oards. It is concluded. that catch and effort statistics are

urgently reqwired for a /troper assessment of the stock.
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3..I AN ANALYSIS OF THE GUT CONTENTS OF TIIE INDO_PACIFIC

MACKEREL LARVAE

by

SUNEE SUVAPEPUN

, Marine F'isheries

Laboratory, Bangkok

Abstract

The Jood ingested by the Intlo-Pacific macherel, Rastrelli,ger neglectws (van...._
Karnpeil post. luruae utas studied lrom 398 larual specimer.ts collected from the western

coasi oJ'the Gulf o/ Tlmitond irt March, 1971. Copepods in uarior,rs deuelopmetdal stagei

coutfrisecl the major food itents ol the laraae toitlt. tlrc stzes range front 2 to 4 rnnt., and

thrt rliutrntt Thulassiosira sp. were predominant in tlv gztts of laraae 4.1-S.S nnn long.

't!rc 
feedir'tg ittcidence of the mackerel lttruae obseraed was aery htgh; 'l'ltere was a stight

differen.ce of feeding inctdence of the laruae by the tinte of towing.

Introduction

The experimettt on artificial fertilization of the Indo- Pacific nrackerel

Itastrelliger neglectus (Van Kampen) was successfully carried out recently (Boonprakob

and Dhebtaranon, tgli a); however, the attempt to rare the larvae beyondtheyolksac

stage has not yet been successful. The reared larvae *ere fed first with cultured

diatorns with the sizc ranging from 5 to 10 microns; unfortunately the post larv?e

could not feed on those microorganisms satisfactority. Uay (fOZO) notect that the

greatest difficulty encountered in rearing of marine fishes through the larval stage

was to provide a suitable food for the early stage larvae. The literature on rearing of

marine fishes larvae are scattered in several languages. Wtay Gltiil gave a good
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review on the feeding of larvae under laboratorl, condition, surnmarizing work which

was undertaken fronr 1878 through 1969 with a valuable list of food types usedinthe

experiments and a general cliscussion on the major food types. Morris (tgSS) discussed

the size range of the food of earl-v larval stages of urarine fishes that feecl almost

exclusively upon inriertebrates whose sizes ranging from 40 to 50 microns. The food

and feeding habits of the lurvae of various species of fishes at Madras rvere reported

by Vijayaraghavan (fgSZ). This study was based on the analysis of the stomaclr

contents of post larvae collected from the sea as u,ell as on the feeding experiments

on post larvae reared in the laboratory. But for the Rastrelliger larvae in the Indo-

Pacific seas, very few studies have been reported so far. Kuthalingam (t9ir6) gave

some observations on the food and feeding habit of tlie larvae of Indian mackerel

(Rastrelliget' hamgwrta,/, while no account on the foocl of post larvae of Rastrelliger

neglectus has been made.

The present study is conducted to learn the types of food ingested by the

Indo-Pacific mackerel larvae, based on the anall,sis of their gut contents, with the

ainr of applying this knowleclge to rearing of these mackerel larvae under laboratory

condition.

Material and Methods

A total of 398 larvae were exalnined for food organisms. Santples were

collected in March 1971 by a series plankton tows rnade by the Pelagic Fisheries

Investigations Unit, whose research projects include the study of the diel vertical

distribution of the mackerel post-larvae. The larvae were collected at assigned stations

in the waters off Prachuabkirikan Provirrce on the west coast of the Gulf of Thailand.

A detailed description regarding the methods employed in processing samples was

given by Boonprakob and Dhebtaranon (t972 b).
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The larvae were cleared with gS'/. glyceriHe for at least 24 hours (r,ern"r,
1959)' The total length of each larva was measured after clearing; the larvae were
separatecl into half -rnillimeter le'gth groups. In our specinrens, rrowever, the materials
in the intestine was not visible through the surrounding tissue, even if they w-ere
immersed in glycerine for rlays. However, the food particles courd be seen onry by
dissecting'otrt the digestive tract and teasing it apart on a microscopic slide. The gut
contents u'ere stained with one percent methylene blue in lacto-phenol to obtain better
,isibility' The contents then could be indentified as completely as practicable, and the
number and lengths of the organisnrs presented were recorded using 100 and 400 x
magnification.

The incidence of feeding

Digestion of most of the food items found in the guts of nrackerel larvae
was quite complete' Identification could only be clone either on those body parts of
the food material such as chitinous exoskeleton of crustacea .r from the emptly frustule
of diatoms' It is difficult to determine the feeding inciclence of mackerel lar'ae in the
present study; this is due to digested materials in the guts of all larvae observed and
to the inability to see the food items through the surrounding tissue a.s in those
anchoby larvae examined by Berner ( tgSg) and in herring l4r^vae 6y Bj@ke (f gZf ).
on the assu'mption that the feeding larvae were those that consumed food even if the
food material in the gut was completely digesterl with some trace of food remaining
for identification' the incidence of feeding of the Indo-pacific mackerel larvae obseryed
was remarkably high' of the 398 larvae examinerl, 274 or s3 / showed the evidence
of feeding' The feeding incidence of larvae of different size groups is shown in Table 4.
The greater percentage of feeding was found in the larvae ranging from 3.6_4 mm in
body lerrgth, and the least in those 2.6 - 3 mrn long. Howe'er, the number of feeding
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larvae sampled at different periods were scatterea (latte g). The feeding incidence

does not differ appreciabtry among larvae of various size groups. Mackerel larvae

catrght at 72.29 hrs, however, had a lolger feeding incidence than those caught at

6'50 hrs and 8.34 hrs. There seemed to be a slight clifference of feeding incidence

by the time of towing.

C,omposition of the diet

It was observed that the post larvae started feeding as soon as they were 2
mm long, and that the post larvae were typical plankton feeders. The composition of
food items found irr the guts of the mackerel larvae used in this study is presented in
Table 1' Table 2 shows that the food ingested by the post-iarvae covers a great size
range' Copepods in various developntental stages were the major food items of the
larvae 2-4 mm in body length while the diatoms T-halassiosiru sp. was found to be

the largest number in the guts of larvae 4.1-5.5 mm long. Most of the diatorns fou'rj
in the guts of the mackerel post larvae were either rod shape or cells which are united
into ir':regular colony or rong chain. The post larvae 3-4 rnm in body lenggr arso

ingested Cirripede larvae although copepods still formed the major proportion of the
food items' one Sagitta with nine eggs and a few species of diatoms were found
within the gut content of one post-larvae 11 mm long obtainecl in the morning
surface haul.

There was no trace of food in the anterior part of the gut or aesophagus

of all larvae exantined. The food particles were present both in the rniddle and
posterior portion of the guts. Digestion of food in the middle portion was as complete
as the posterior portion.

Conclusions and Discussion'

It rnay be conclude then, that the Indo-Pacific nrackerel larvae are omni-
vorous and crustacea larvae, mainly copepod nauplii, are considered to be one of the
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most important'of their food items. , R. kanagw,fa (Russel), which has a very close

taxonomic relationship to R. neglecfus, is found to be strictly herbivorous, as it feeds

on:diatoms and,algae (Krrth"lirrgum. 1956). The difference in niche between the

larvae of these trvo species may be affected Lry some different characters related to

feeding.

The diatoms used as food rearing R. neglectas post larvae should be those

species either having cells connected-into long chain or rod shape, or the colonial

species such as Thalassiosira swbtilis, of which cells embedded in irreguar gelatinous

masses. .A.s diatorns comprised only a srnall percentage of the food composition of the

post 'larvae, their nutritive significance is probably of little importance, however. this

is difficult to assess. It is likely that srnall noncolonial diatoms or hlgae, or the unchain

species could not be ingested by the mackerel larvae due to the absence of gill-rakers

which are not fuly developed in the earl-v post yolk-sec larvae. The 2 rnnt larvae

has two teeth on the mandible and the other two on the upper jaw. The number of

teeth increased to four upper and six lower teeth by 4 mm stage (Matsui, 1970). They

may be able to catch and swaliow some of microorganisrns presented in the water of

wltich the sizes of the organisms are not larger than what they can take ilto their

mouths but large enough to be retained by the teetl-r of the consumers.

Many scientists (Bhattacharyya, 1957; Blaxter, 1965; Bj}ke 1971; Bainbridge

and Forsyth. 1971) pointed out that herring larvae shorved preference of the foocl

consumed. Taste and texture and not the size of the prey are known to influence the

selection of food by herring larvae. Blaxter and Hollidav (tgSS) suggested thar

herring selected food by eye regatdless of size, shape or colour. but they selected

food by tactile and chemical. Food of unsuitable consistency or taste would be rejected-

Shelbourne {tgss) discussed the phenomenon of food selection by plaice post larvae*
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with special reference to the part that vulnerability may play in limiting the number

of species of prey available as food. Sherman and Hoqey (igZt) suggested that

herring larvae are also opportunistic, taking food organisms within a wide range of

size as they become available in the plankton. Within the period of their collections,

ttie larvae appeared to be selective for prey size only in their earliest stagees of

development, when relatively large zooplanhters.were available. The results of the

present work cannot concludt as to whether there is some selection of food by the

rnackerel post larvae; but indicate that copepocls natrplii play an important part of the

food items.

Previous authors (L"bour, 1921; shelbourne, g53 Bhattacharyya, 1957;

Berner, 1959) found that the feeding incidence among rnarine fish larvae is extremely

low. The result of the present observation differed considerably from those of the

previous authors mentioned, but agreed rvith Vijayaraghavan (lgSZ) who studiee on the

feeding habits of the post larvae of various species of fishes at Madras. He found

that 46 percent of Engraulis grayi post larvae had food in the guts, and 70 percent of

them at 9 to 16 mm long were feeding, and that the feeding incidence of Stololtlnnts

tri latvaewere 74/, Recently. Bj/ke (tgZt) found food in 51 percent of the Norwegian

herring larvae examined. however, he assumed that larval food was abundant during

the period of their investigation. Sherman and Honey (f gZt) in observing the seasonal

variation in the food, of larval herring found that, the.difference in the incidence

of feeding among the seasons was significant; feeding decreased from autumn to
rvinter and increased in spring. The percentage of larvae feeding in all seasons

observed were above 51 /. The feeding incidence of rnarine fish larvae found by

recent authors was found to be higher than those of the previous authors.
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Table I The percentage of food compositions in the guts of the

Indo-Pacific mackerel post-larvae

Length of mackerel larvae ln mm
F-ood itern

2-2.5 2.6-3 3.1-3.5 3.6-4 4.1_4.5 4.6_5 5.1_5.5

Phytoplankton

Bacteriastrum sp.

Chaetoceros sp.

Hemiaulus hauckii

Leptocylindrus sp.

Navicula spp.

Nitzachia spp.

fhalassiosira sp.

Thalassiothrix spp.

Zooplankton

Copepod nauplii

Copepod copepodites

Cirripede larvae

Crustacea nauplii

' Euphausiid nauplii

Crustacea (unident)

Unident. eggs

11.1

10

11.I

1 1.1

2r,

JJ.J

30 11.1

2t)

5.1

q40

5.5

16.6

50.0

5.5

11.0

11.1

30.4

3.4

43.5

2.7

75.2

2

2

81

(;

24.4

4.9

48.8

4.9

2.4

7.3

7.3

10.5

36.9

10.5

31.6

5.3

4.3

Table 2 Size of food ingested by the Indo-pacific mackerel post larvae
group sl ze

mlcron Major food items

2.0-2.5

2.6-3.0

3.1-3.5

3.6-4.0

4.1-4.5

4.6- 5.0

5.1-5,5

14-150

17 -140

17-140

lL-175

10-150

10-190

10-200

Copepod nauplii

Copepod copepodites

Copepod copepodites

Copepod nauplii

Thalassiosira sp.

Thalassiosira sp.

Thalassiosira sp.

Measured along longest axis.

hood
mm
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Table 3 Comparison of feeding incidence among seven size groups

of larral mackerel sampled at different time and depth

Depth of caught (rn)

Time of caught

'fotal number of Number of larvae

larr.ae feediug

5-10 O-ir 0-5 5-10 0-5 0-5

8.50 8.34 12.29 6.50 8.34 tz.zg

Percentage of

larvae feeding

5-10 0 -5 0-5

6.50 8.34 t2.29

2.0-2.5

2.6-3.0

3.1- 3.5

3.6 - 4.0

4.7-4.5

4.6-5.0

5.1-5.5

110

J

57

20

|-,
L\)

iI
J

60

43

l1

(;

2

1

2

398

10

34

8

2

66

i
36

74

7

ri)

1

2

1i

I
'!

1

28

21

ir

6

2

1

2

274

2 1

60.0

JJ.J

63.2

70.0

53.8

45.4

JJ..)

46.6

48.8

.15.,1

100

100

100

100

53.7

20.0

32.3

50.0

50.0

50.0

Total

Table 4 Incidence of feeding of mackerer larvae collected in the waters

of the western coast of the Gulf of Thailand, 1971
r-:"i r

of larvae Total number

(*'n)

Length Number of

Iarvae feeding

Percentage of

larvae feeding

2.0-2.5

2.6-3.0

31.-3.5

3.6-4.0

4.t-4.5

4.6-5.0

5.1-5.5

180

80

76

28

15

l2

7

96

JJ

45

21

I
6

4

214

5s.3

47.2

s9.2

75.0

60.0

50.0

57.1

53.7
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3.5 ADDITIONAL PAPER TO THE IDENTIFICATION OF

NEMIPTERUS SPP IN TTIAILAND

by

Thosaporn Wongratana

Fisheries Biologist, Ivlarine Fisheries Laboratory,

Department of Fisheries; Bangkok, Thailand

Abstract

I'his paper is the further rewlt of the stdy of nemipterid lispes (pisces :

Nanipteridad in order to futfill the need of the knotuledge, tuhich other species are also

ocured in the area. In the forrwr fafer, the son'u author described lj different
Nemipterws species and art unidenti-fied lne. Itt this second paper of ilrc series tailt be

fottrtd the' descriptiortsof tlzeotlur fourneruly recot'derl species four Thailand: N. metopias
(Rleekeil, N.. bathlbius Snyder, N. balinensis (Bleeteed ancl N. celebicus (Bieeker. A
species u;hich was recorded as the unidentified species by the same author in that f,eaious
paper is here redescribed as N. torubuloides (Bleehei With the aboae .four recenily found
sfecies, tht total number of the threadfin breams known form Thaland beco,tes sixteen.
The artificial hey for all of thent is also hcrein prouidcd tutth iluir distributtons.

Introduction

In any study of the Thai-Nenipterus nrany questions will taxonomically
arise' Most of these have been able to answer satisfactory at the present time ; except
very few of them will need further investigations and additional materials or literatures.
The author hopes to be able to come back to a study of these unanswered questions
at some later date.

In the former paper of the Thai Nenipterus of wongratana which was
published in Proc' 2nd csK. symposium igzzl, in which rz different species were
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recorded, one of them was compiled and otre was unidentified. Some rnore materials,

have since come to hand, that it seems timely to bring up again our knowledge of

this interesting group. In the present article it is the author's wish to make available

for the biologist of this group the further results of the systematic study of the new

materials representing the four newly recorded species for Thailand and a re-description

of the unidentified species. This new collpction adds many new facts to the Nemipterus

of Thailand. As there are many species, other than those recorded from Thailand. have

been already investigated in the neighboured waters, it is therefore anticipated that

they might also occured rn Thai-waters more or less in a certain seasoll and area.

In this report. a new key to the 16 species: Nemipterus nematophoru.s (Blee-

ker), N. japonicws (Bloch), N.mesoprioru (Bleeker), N. rwrnurels (tsleeker), N. rnetopias

(Bleeker), N. bathybiu.s Snyder, Ii. bali.ywnsis (Bleeker) , N. tolu (Cuvier and Valencien-

nes), N. oueniitles (Popta), N. peronii (Cuvier and Valenciennes), N. delagoae J.L.B.

Smith, rV. celebicws (Bleeker), N. marginalas (Cuvier and Valenciennes), N. bleekeri

(Day), N. hexodon (Quoy and Gaimard), N. tambulotdr.s (Bleeker), is given, followecl

with their distributions in the parenthesises. On this account, it has not been possible

to include all the realistic distributions of each fish. Therefore, the geographical

distributions given for each species were constructed from those of investigated

specimens and from the literatures where the distributions -or the illustrations were

sufficient through and accurate to enable the author to identify the species with

assurance. Finally, each of the newly recorded or redescribed species is discussed

separatly together with its illustration. All of the studied specimens are representatively

kept at the Reference Collection of the Marine Fisheries Laboratory, Bangkok.

It is noticeable that ou. knowledge of the nemipterid fishes in the Thai-
watgrs or habitually in the Indo-West Pacific is as yet still very scantly and that a

critical examination of the type specirnens will be necessary to obtain certainly
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regarding their identities and synonyms. As the author will personally not be able to

do this work in the near future. It may be very useful to pubiish lrere the additional

paper to his previous work, accumulated while study the existing descriptions, though

incomplete, it may be of value to other stuclents of this genus. And, it is the author's

hope that the arrangements adopted though it may hereafter be subject to revision,

will fulfill the primary object to which this series is directed, namely that of overcorn-

ing hesitation about devoting study to these beautiful Nemipterus. For the literature

cited or references, it is nou, underway togather all possible information pertaining to

Nernip!erus.

In this rvork durittg the participation iir the Fish 'faxonomy Serninar at

Phuket, Thailand, the author has received the ver1, courteous cooporation of Dr. David

Eggleston of tlre Marine Department, Fisheries Research Division. Wellington, New

Zealand, who kindll, handled several interesting forms to the author ancl it is a great

honor.of tire author to acknowledge hini with many thanks.

Material and methods

During the course of the Seminar on Fish Taxononry in Soltheast Asia,

treid at the Phuket Marine Biological Center, Phuket province; on the Andaman coast

of Thailand; which was organizd by FAO and DANIDA under the cooperation of

the' Fisheries Department of Thailand from;6''November to 8 f)ecember lg\2. 'the

authbr had the opportunity to participate and engage the work on several families of

marine 'fishes, including the Nernipteridae. At that tirne, several dozens of fresh

Nendptents specimens had been purchased from the local fish rnarket in the middle of
the town and some other specimens were caught by other broad bottom trawls of the

R.V. Pramong 3. All of the interesting specimens were studied and identified. Most

of which had been previously recorded by the author in his 'Identification of

Nemipterus in Thailand.l'Th" rest of them were many specimens of Ne.miptcrus nrctofias,
(Bleeked and four specimens of N. barine.rsis- (Bleeker).

4lJ2
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Later, on 18th and 30th Aprii 1,973, five,and ,fifteen specimens of N:

celebicrls (gteeker) and N. bathybiws Snyder rvere respectivell, collected frorn the

landing place of the Fish Nlarket Organization in Bangkok. 
l

In connection with the study of the interpelvic scales, the old collection of

th.e previous study in the Reference Collection of the Marine F'isheries Laboratory

together with the newly obtained examples are based in the work.

1,
All the measurements and counts of the boby parts and scales used-@f159

descriptions and identifications follow the form used by the'same author in his previous

study of the Nemipterus, unless noted otherwise.

This work was begun during the course of the Seminar on Fish Taxonomy

and completed by the middle of May 1973.

It is seemly worthwhile to note here that besides the seyeral external

distinctive features of which the same author has taxonomically discussed as the

taxonomic criteria in the former work, he resently found out that the interpelvic scale

also shows more or less a useful character in distinguishing or separating the species

into grdups. In using this category one ought to remember that there is some slight

chhnges in the length and shape of this scale during the growth of the fish. Normally,

the said scale is scarcely and comparatively longer or slenderer in much bigger fish.

The investigations also show that there is nd variation among sexs. By using this

character as a principal identification, all the Thai-nemiptericl fishes. except N. bolinensis

and N. oueri.ides, can be separated into tirree (at ledst two) species groups. Those

Nemi.pterus which have sharply or slenderly pointed interpelvic scals are N. delagoae,

N. totlu, N./teronii and some individuals of N. celebicu.s;the obtusely rounded interpelvic

scaled species are found among N. bleekeri, N. mesofrion and, N. tumbulotdes,' the rest

are N. hexodert; N. ntetof;tas, N. rnarginutzls, N. batl2y6irrt, N. japonicus; N. nenwtolthory.s,
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N. nenur,nts and N. celehicus, have moderate point in the said scale. The differences

of the length and shape of the interpelvic scale of the above mentioned species are

shown in plate 1 and 2.

Key to the sixteen species of Nemipterus known from Thai-Waters

1. Upper caudal rays with filamentous prolongation . Z

Upper caudal rays pointed or sharply pointed. 
* 

6
{*rii,
2. First two dorsal spines together, and produced into a very long filament.

N. nenrutopho,rus

(Di.tribution : ranging from Andaman sea, Sunda Islands South China Sea

to Philippines.)

Dorsal spines normal.

3. Canines anteriorly in upper jaw only, lower uniform rrilliform. Dorsal base

with a longitudinal yellow band broadest posteriorly, anal with 'two or

several yellow streaks; a brilliant spot on shoulder 4

Canines anteriorly in both jaws. Dorsal base and shoulder without vivicl

markings, anal with or without a median longitudinal yellow spots. S

4. Anal with several irregular or wavy longitudinal yellou, streaks, shoulder

spot and caudal filament yellow.

Head 3.1 - 3.5. First dorsal spine little longer than suborbital clepth, or

more than vertical diameter oJ eye.

N. japonicus
{(

In using this table one ought to think that in some individuals, belonging to

species of the foregoing group, the caudal filament may be broken. It is
therefore adyisible to consult the group under 2 in the case of doubt.

3
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5

(Distribution: r'ery widely ranging fr,m East coast of Africa Red Sea

through Indian ocean and Archipelago, Sunda Islands to East and South
China Sea.)

Anal with z pare yeilow streaks, shourder spot and caudar filament rosy red.
Head 3.4-3.7. First dorsal spi,e somewhat shorter than eye diameter or
suborbital depth.

If. mesoprion

(Distribution: ranging from Andaman sea through straits 'f Malacca and
Gulf of Thailand.)

Anal with a media, longiturii,ar yelrow spots, a red spot between tips of
first and second dorsar spine, preorbitar without briliant yeilow patch, belry
silvery white Pectoral 3.s-4, half length or snout shorter than head, its tip
reaching to above anus or beyond. Suborbital 1.4 - 2.3 in vertical eye
diameters

N. nemt{rus

(Distribution: ranging from East coast of Africa, Andaman Sea, Straits
of Malacca, Gulf of Thailand, Vietnam to philippines.)

Anal with a median longitudinal yeilow spots, red spot between tips of first
two dorsal spines absent, preorbitar with a very weil incrined bright yelrow
patch, occupies the space between anterior part of maxillary and lower
border of eye, bellv bright yellow. pectoral 4.-4.s, little Ionger than head
without snout, its tip not quite reaching to above anus. suborbitar r.3_2.
in vertical eye diameter.

(Figure t) N. metopias

: ranging from Seychelles, Ceylon, India, Andaman Sea to

/

(Distribution

Philippines.)
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6.

Anal without markings red spot betwd€n tips of first two dorsal spines

absent, prcrrrbital without brilliant yellow patch, belly couspicuously bright

yellow.

Pectoral 3.3-3.6, less than half length of snout shorter than heacl, its tip

reaching a short distance to above anal origin. Suborbital 2.2-3. in vertical

eye diameter.

(Figure z) N. bathybius

(Distribution : ranging from Kagoshima in Japan, philippines to South

China Sea and Thailand.)

Suborbital depth very narrow more than thrice in vertical eye diameter.

Lower margin of eye far below horizontal through upper corner of pectorals.

Gill rakers 11-12. A large yellow spot on sides behind upper pectoral axil

usually present.

(Figure s) N. ballitrcnsis

(Distribrtion : ranging from Phuket Island in Anclaman sea, Baii to Luzon

in Philippines.)

Suborbital usually less than tu,ice in vertical eye diameLer. 
* 

Lower margin

of eye above pectoral axil- Gill rakers 6-9. No yellow spot as above. I
Dorsal spines much longer than rays, very slender; interspinous membranes

distinctly antl deeply notched.

N. toht

(Distribution : very widery ranging from Red sea to Andaman sea and

sunda Islands southwards to New Guinea and eueensland, and northwards

to Formosa.)

Dorsal spines more or less subequal with rays, membranes not notched. g

Being not consulted with mucrr smalrer fishes, because they are apparentry
almost alike.

I

*
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' 8', Body rnostly uniforrn, roslz with 9 very obscure s4ddle blotches -:_on, ,back ;

belly silvery. g

' ' Body rvith longitudinal .yello*, bands or streaks; sometimes Jrellorv band

I along etlge of bell1,. : 10

" 9.' Fifth ancl sixth dorsal spine longest. Conical teeth in front of lower jaw.
,i

Suborbital when produced reaching one scale before dorsal origin. N. oaeniides

(Distribution: ranging from Sunda Islands, Gulf of rhailand to philippines.)

Fourth and fifth clorsal spine longest. Both jaws with front canine teeth.

Suborbital when produced reaching anterior part of clorsal fin. n. iteronii

(Distributio, , ranging from Andaman Sea through sunda Shelf .eastwards

. to New Guinea, southwards to North ancl Nortlieast Australia and northwards

to Philippines.)

' 10, 'Five distinctly or slightly curt,ed greenish-yellorv longitudinal streaks belorv

lateral line; anal with 3 longituclinal yellorv streaks; tip cf upper caudal

lobe pale rosy. Depth 3.2-3.9. N. delagoae

(Distribrtion : ranging from East coast of Africaithrough Tropical Indian

Ocean and Archipelago'anil Andaman Sea.) :',

A reddish yellow median lateral band on sicles just belou, lateral line, anal

with two yellow streaks, upper caudal rays yellow. Depth g.4-3.s.'

(Figure 4) N. celebicus

(Distribution: very widely ranging froni Red Sea, Tropical Indian ocean,

south china Sea to East Indies and Louisiade Archiperago.)

Two to eight straight Iateral yellow band or streaks on sides; base of anal

with or without.a single yellow streak; tip of upper caudal lobe yellow or

sulphur yellow. Depth varies 3.0-3.2. 
11

i
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l1' Two longitudinal yellow bands below lateral line, brilliant shoulder spot
absent, anal uniform milky white.

Five or seven yellow streaks along back and sides or below, shoulder spot
present or absent, dorsal and anal each with a basal yellow streak. 13

12. Dorsal and anal fin high, spines frexible, crorsar spines increasing in rength
posteriorly. Head very bruntly short 3.2-g.s in length, hind preopercular

edge serrate- Dorsal without basal band, beily silvery. only upper jaw with
canines front. N. marginatus

(Distribution : ranging from Bengal, Andaman Sea, Straits of Malacca,
Gulf of rhailad, Tokin Bay to prrilippines and very far east to santa craze
Islands.)

Dorsal and anal fin low. spines strong, dorsar spines subequar in length.
Head pointed B.-g.z in rength, precpercular ecrge entire posteriorly. Dorsal
fin with a basar yelrow streak, bright yeilow band al.ong edge of beily: Jaws
with canines at front. N. bleekeri 

*

(Distribution : ranging from Madras, ceylon through Straits of Malacca,

Gulf of Thailand and Vietnam.)

13' Sides with seven narrowly yellow longitudinal ,streaks, a brilliant shoulder
spot. Head 3.1-3.3 in length. Jaws with canines at front.

N. hexodon

(Distribution : very widely ranging from Zanzibar on East coast of Africa,
Ceylon, Andaman Sea through Straits of Malacca, Suncla Islands, South
china sea and Philippines, eastwards to New Guinea and southwards to
Timor Tea.)

{e

In some cases, when consulted with the descriptirrns given by Bleeker
Qglo-lz) together with his figure and Fowler (rgsg), this fish is closely
related to D. isacanthus Bleeker.

408



sides with five very well defined and straight yellow streaks, no spot on

shoulder. Head 3.3-3.7 in length. only upper jaw with 6-g canines at

front.

(Figure 5) M. tarnbuloides

(Distribution : ranging from Andaman Islands to sunda Islands, South

China Sea and Philippines.)

Nemipterus metopias (gteeter)

(Figure 1)

Dentex metopias Bleeker, Acta Soc. Sci. Indo-Neerl., vol. 2, Achtste Bijdr, vischfauna

Ambonia, p- 51, 1857; Bleeker, Atlas Ichtn., vol. z, pl. 320, fig. s, lg1}-?6:.Bleeker,

ibid., vol. 8, p. 87, 1876-77.

synagris rnetopias Gunther, cat. Fishes British Mus., val. 1, p. sz6, lgsg; Fowler,

Bull. 100 U.S. Nat. Mus., vol. \2, p. 89, 1933.

Nemipterws metopias Jordan and seale, Bull. u.S. Bur. Fisheries, vol. 26, p. 22, L90z;

weber and de Beaufort; Fishes Indo-Australian Archipelago, vol. z, p. 365, 1g36;

Smith and Smith, Fishes Seychelles, p. Zg, pl. 95, B, 1963.

Description.- (Based on 174-282 mm. examples excluding caudal filament). Head

a;;per profile curved down at above nostrils to snout tip. Depth of head at

hind preopercular edge equal to its length without operculum. Body comparatively

slender, depth 3.9 to 4.4 in much smaller fish, or equal to half length of snout shorter

than head' Least depth of caudal peduncle more or less equal to snout or sometirnes

a little shorter. Eye 3.5-3.g, about equar to snout in young to 1.2 in it with age.

Snout little pointed, 3.1-3.3 in head or equal to horizontal diarneter of eye. lnterorbital

nearly level' Jaws equal. Cleft of mouth sornewhat below eye and level with or

slightly above pectoral axil. Hind extremity of maxillary extending vertically to
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anterior fifth 'orsixth of eye. " Outer row of -'teeth,.somewhat enlarged and conic,

inner villiform in band at least anteriorly; upper jau, r,r,ith 6 pointcd canines at front,

and 9-12 smaller ones on outer edge of mandibular symphysis. Suborbital bluntly

round, slightli' emarginate above hind part of maxillary, Ionger than broad in young

but shorter in'larger fish; its depth twice eye diameter in young to 1.3 with age-

Hind border of suborbital oblique. forming more or less straight line, which. when

produced, reaching the rlorsal profile six scales before origin of dorsal. Hincl margin

of preoperculum finely serrate, naked flange in scaly part twice when young and 1.2

in largest fish.

Dorsal and anal moderately high, round posteriorly, spines rather strong-

Dorsal ra1's X, 9; spines gradually and slightly increasing in length posteriorly, last

spine 7'8-8'5 in length' rays hislgr than spines. Anal III, T; lower than soft clorsaf ,

first spine Iittle shorter than half length of the second, anterior ray longest, the last

ray snmetimes little produce{, pectoral 1, 151 broadly falcate, 4._4.s in length, not
quite reaching to above anus or only to below eigth or ninth dorsa! spine or little
longer than head without snout. Pelvigs lI, 5 i filst ray little produced and extending

to behind anus in young but never to !t with age. caudal lobes pointed, upper ending

in a short filament' Gill rakers 6-7 (mostly 7), very short tubercles and spinescent-

Scalqs above lateral line to middle of spinous dorsal 3t, below to anal origin ll-11+,
about 46-47 pores in lateral line.

Live colour -

Top of head and back rargery rosy withput colour bands or markings;
horizontally below eye leve.l rosy silvery. Z_g narrorvly yeilowish longitudinal streaks
on sides along each series of scale row from below lateral line and just behincl head
to caudal peduncle' the lower ones less distinct. Broad yellow paired bands beginning

4lo
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at isthmus extending along edge of .abdomen and -anal to lower rudimentary caudal

rays, leaving middle of belly silvery-white. Maxillary and cheek rosy. Mandible and

chin silvery. Upper part of preopercle and opercle - tinged with golden reflections,

Inside of gill opening whitish. A very conspicuous greenish yellow patch or bar.from

below eye, where it is broadest, passing obliquely through preorbital to anterior part of

maxillary. A smaller one from hind nortril horizontally through middle of eye anrl ends

on posterior eye margin. Most part of dorsal fin dull greenish yellow, edge of spinous

portion red, of soft portion yellow, both with a continuous narrowly submarginal

blue band i an inconspicuous basal longituclinal blue band of which sometimes breaking

into elongated spots may be present. Anal uniform milky white, with a longituilinal

yellow streak, usually breaking into series of quadrangular spots on membrane

(suggest that of N. nemtuu,s but slightly less prominent). Pelvics hyaline with axillary

scale and base of fin yellow. Pectoral pale rosy with yellowish upper and inner axil.

Caudal rosy, middle rays of lower lobe tinged with pale yellowish, inner edge reddish,

filamentous prolongation yellow.

Remarks.

Key of Fowler (fgSS), he states "Anai without yellow band." Bleeker

hgZO-ZZ) gives picture of this fish with no band or any marking on anal fin. Later

in 1936 Smith and Smith give an outstanding colour picture of this fish with a row of

yellow spots on this fin. The upper caudal lobe of which ending in a short filament,

evidently broken in most of the marketing specimen.

The fish is known by its srender body; apparently, largely unicoloured

body, bright rosy in life; preorbital and suborbital with a conspicuously large patch

of sulphur yellow. otherwise resembling crosery to N. nemal.,ts.

' ly'' metoptas is somewhat abundant in the sea of Phuket Island and its
vicinities' In November and December 1972 several hundreds of specimens were seen
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from time to tirne by some ichthyologists rvho participated and interested in :fishes

during the Seminar. It has never been found elsewhere in the Thai-water, no single

specimen was collected during the author engaged in the other broad trawl surveys in

the Gulf of Thailand and off the East coast of the Malay peninsula in the years

1966-1967 or even later.

Nemipterus bathybius Snyder

(Figure z)

Nmipterus bathybius Snyder, proc. U.S. Nat. Mus., vol, 40, p. 532, 1911.

Er,tthyoptuoma bathybius'Jordan and ftompson, proc. u.s. Nat. Mus., vor. 41, p. 566,

fig. 6, 1912.

Enthyopteroma betfubius Snyder, proc. u.S. Nat. Mus., vor. 42, p. 415, iglz.
synagris bathybus Fowrer, Buil. 100, u.s. Nat. Mus., vol. 72, p;100, 1933.

Description.- (Based on 132-205 mm. exampres, excluding caudar filament). Head

3'-3'2' uppper profile more or less straight above eye and curved do,i,n at above
nostrils to snout tip. Depth of head measured in vertical through hind border of
preopercle Iittle longer than head without opercle or equal head without snout. Depth
3'4-3'7 or half length of opercle shorter than head. Least depth of caudal peduncle
about equal to snout. vertical eye diamete, s.z io 3.6 in bigger fish. Snout 3.s to
3'9 in smaller fish' Interorbital rather flat in small individual but notably convex in
bigger one. Jaws equal. Cleft of mouth opposit lower margin of eye. Maxillary
reaching to vertical through anterior part of pupil or nearl5, 5s. Villiforrn teeth in
broad bands in jaws, larger and simpry conic raterary; 5-s canines at . upper jaw
symphysis; anterior outer row at maudible wilh z-12 smaller canines, well developed
even in smalrer fish. suborbitar bone with posterior angre obtusely rounded, a com_
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paratively distinctive notch above hind end of maxillary, somewhat longer than broad;

its greatest depth 3 in eye in young and 2.2 with age. Posterior border of preopercle

very finely serrate with a slight gash above angle, lower entire; naked limb 1.3 to

1.6 in srnaller fish.

Fins very high or long, pointed behind I spines rather slender and flexible.

Dorsal ray X, 9 ; first dorsal spine little shorter than the second, spines very gradually

increasing in length pcsteriorly, last spine 6.8 to 8 in very young fish in length; soft

dostal higher, the fifth, sixth or seventh the longest. Anal lII, 7 ; similar to clorsal

but rnuch lower than it, spines strong, first spine only scarcely longer than half length

of the second or nearly so. Pectoral 1, 15-16, falcate, 3.3-3.6 in length, about one

third eye diameter shorter than head, its extremely posterior end reaching midway

between anus and anal origin or little beyond. Pelvics I, 5; first ray greatly produced

and reaching much beyond anus or sometimes to anterior anal rays. Caudal of medium

size, uppermtrst rays considerably produced into a very long filament. Gill rakers

7-8, short tubercles and spinescent. Scales above lateral line to middle of spinous

dorsal 3}, beiow to anal origin 10-10+, about 4T-49 pores in lateral line.

Live colour:- *

Head and back at level above lower margin of eye bright rosy, rose silvery
on sides, below distinctly contrasted silvery white, a small region below suprascapula

with silvery reflex. Body with two or three short longitudinal yellow stripes below

lateral line, interspaces rosy silvery and broader. First yellow stripe from below

origin of lateral line running straight and crossing the lateral line at anterior portion

of caudal peduncle to upper caudal base. Second, sometirnes present, shortest, occupied

only middle part and along the intersection of fourth and fifth longitudinal scale rows

below the lateral line. Third, from a short distance behind pectoral base where it is
broadest and terminating before narrowest part of caudal peduncle. Belly with a
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broad pair of bright yellow band on each side from isthmus along edge of abdomen

and anal to lower rudimentary caudal rays, leaving a narrow mid-ventral line silvery
white' Iris largely yellowish pink. A small space between nostrils and front eye

border yellowish' Middle part of scaly portion of preopercle and opercle, each with
a large pale yellow blotch. Inside of gill opening mostly bright orange. Dorsal more
or less foggy or smoky with yellowish, entire edge narrowly yellow, submarginal
part bluish' Anal uniform milky white. Pelvics hyaline or second and third rays
yellowish, axillary scale and base of fin cadmium yelrow. pectorar pare rosy, base

of fin yellow' caudal rosy, several upper caudal rays and especially its extremely
long filament yellow.

Remarks:- N' bathybius is not included in weber and de Beaufort's, the fishes of
the Indo-Australian Archipelago. This fish is the latest record of Nemipterars species
known fronr Thailand with questionable locality, though likely of the Kagosirima in
Japan where the type and following specimens were found or of Batangas in
Philippines by the recorels of Snyder (tgf f), Jordan and Thompson (tgtz) and Fowler
(tggs) respectively. The author, however, have seen many specimens in Hong Kong
in october 1970' After comparing the several preserved specimens of N. bathybius
from the later deposited at the Reference collection of the Marine Fisheries Laboratory,
Bangkok and those from Thailand, the author came to the concrusion, that they do
not differ' The form of the suborbital and fins are the same in both and the number
of canine teeth in both jaws are equally variable. The author can hardly believe and
think this fish is caught in the Gurf of Tha,and. As he has spent armost a year
round in 1966 - 1967 for the experimental trawling in there; the result is partly
appeared i, his "check list of the fishes caught during the trawl surveys in the Gulf
of Thailand and off the East coast of the Malay peninsula,,, and he found no single
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specimen of. N. bathybius. It is more probable, that they have been caught out of

Thai-water, in central South China Sea or further north due to the expansion of the

Thai fisheries vessels in that area and the fish are brought back to market in Bangkok.

It is also still very doubttul that the fish also occures and being caught in Indian

Ocean, because most of the presently collected specimens were taken between

N. delagoae, specimen of which is only obtainable frorn Andaman Sea. Or do they

were sorted and mixed with each other before marketing at the Fish Marke t Organiza-

tion in Bangkok?

N- bathybius is closely related to N. flaaiaentris (Steindachner) of Indian

Ocean and South China Sea, except that the former has no broad bright greenish

yellow lateral band on dorsal basally and the absence of subbasal longitudinal narrow

yellow band or any other marking on anal fin.

Nemipterus balinensis (Bleeker)

(pigure g)

Dentex bali.nensis Bleeker, Nat. Tijds. Ned.-Ind., vol. 72, p.1s5, 1g5g_59; Bleeker,

Atlas Ichth., vol. 8, p. 95, pl. 322, fig. 4. lgZ6-ZT.

synagris balinensis Fowrer, Bull. 100, u.s. Nat. Mus. , vor rz, p. 103, 1933.

Nemibterus balinensis weber and de Beaufort, Fishes Indo-Australian Archipelago, vol.
7, p.375, 1936,

Description:-

(Based on 67-131 mm exampres). Head 3.2-8.3 somewhat pointed, upper
profile smoothly and evenly curved. Depth of head at hind preopercular edge equal
to its length without opercle Depth 3.8 to 4.3 in very young fish or about half length
of opercle shorter than head. Narrowest depth of caudal peduncle equal to vertical
diameter of eye' Eye large 2.7-3. Snout 4.g-4.4 and much less than interorbital
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width in very young fish or equal to it in biggest example. Interorbital flat. Mouth

comparatively oblique, gape considerable above lower eye margin but little above

pectoral, upper axil of which also much above lower eye margin. Hincl extremity of

maxillary reaclting anterior sixth of eye. Teeth villiform in band anteriorly in jaws;

thc outer row enlarged, those on lower more prominent than those on upper jaw; 6

canine teetlt on maxillary symphysis, 1o*e. jaw with 8 conical teeth at front, the

latter rnore or less flared outward in the 131 mm specimen. Suborbital considerably

narrow, much longer than broad, comparatively much small in very young fishes

Gz-zt mm) and about one fifth of vertical eye diameter in 131 mm; irregularly

curved belorv, slightly emarginate above hind part of maxillary; finely striated.

Preopercular edge very minutely serrate posteriorly, its naked flange z.L or more in
scaly part in much younger fish.

Dorsal and anal moderately high, somewhat rounded behind, spines little
flexible' Dorsal rays X, 9 ; first few anterior spines shortest, few later little longer,

the following ones very scarcely decreasing in length posteriorly; rays about equal in
high to spines, posteriormost ones scarcely longer. Anal III, 7 ; first spine compa-

ratively much longer than half length of the second, Iength of which slightly shorter
than the third; first ray longest and longer than third spine, middle rays being
shortest' Pectoral 1, 15i little falcate, very slightly shorter than head without opercle;

its hindmost extremity reaching to below space between eighth and ninth dorsal spines.
Pelvics 1, 5; of moderate length, somewhat longer than pectorals, first ray produced

into a short filament and reaching midway between anus and anal origin (The position
on anus of the 131 rnm specin:en is probable abnormally praced a little foreward than
other usual specinrens, see figure l3). cauclal lobes pointed without filamentous pro-
longatiotr' Gill rakers on lo,'er branch of first gill arch of the examined specimens
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7L-72, (Figure 6) their shapes more or less finger-like, spinescent.

lateral line to middle of spinous dorsar 3t, below to anal origin 11,

lateral line.

Scales above

about 47 in

Live colour:-

Pale silvery rosy on top of head, back and upper sides, lower part of body

silvery. With two to three pale yellowish bands horizontally along series of scales

on sides. First running below lateral line and crossing it at front portion of caudal

peduncle; second from behind pectoral base to caudal fin and touching lateral line

inferiorly, between which is a silvery reflecting stripe (this is more prominent in very
young fishes). Third, very indistinct, from below pectoral base to lower part of
caudal peduncle. ' Along edge of belly to rudimentary caudal fin with yellowish

silvery reflection. Sides on shoulder part just behind upper corner of pectoral base or

'at the beginning of the second yellow band with a more or less distinct golden yellow

spot; this spot always present even in much sn-rall fishes. Tips of upper and lower

lips reddish. Iris yellowish or orangish above. Nostrils greenish. Opercle largely
silvery. Dorsal largely transparent pink; terminally edged with greenish yellow, this,

broader but less distinct in young; its entire base with an ill defined greenish yellow

streak' Anal uniform milky white without markings. Pelvics clear; first, second and

third ray pale pink; base of fin with a very pale yellow tint, bordered posteriorly

with whitish. Pectorals rosy. Middle part of each caudal lobe yellowish, leaving the
rest of fin rosy; in much smaller fish (67-71 mm) only posterior half of upper caudal

lobe yellowish.

Remarks:- Here described from only 4 following specimens, collected at phuket

Island, Andaman coast of Thailand.

131 mm totar rength, at phuket fisrr market, 7 November, rgzz. 62, zo
and 71 mm totar length, by trawling of R.v. pramong 3, off Rawai
beach, phuket, depth about. 2l> m,22 Novemb er lg12.

l
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Its shallow and thin suborbital together with its comparatively large eye

and a yellow spot on sides at just behind upper corner o'f pectorals make the fish
easily noticable when seen among the common Nemipterus of the phuket area.

Furthermore, the number of gill rakers on lower branch of first gill arch is 11-12
comparably distinguishing with 6-9 in all of other species, their shapes are very much

longer than broad instead of palmate shape, but also spinescent (Figure 6). Bleeker

described D. balinensis with produced caudal lobes, this, Iater copied by Fowler; but

TVeber and de Beaufort after seeing the types, 151 mm, in Leiden Museum, they only

note that caudal is fork. All ofrthe studied specimens from Thailand also show on

filament on caudal fin, or it may be broken.

It seems reasonable to note here that the yellow band on base of dorsal

fin and a yellow spot riear base of.pectorals have not been included in any detail of
Bleeker and Fowler oq other previous authors beyond rhai-waters.

Fowler (tgss) includes S. balinensoides Popta, as the synonym of this
species and states with reference to Bleeker (iAZO) that among the East Indian species,

this has the shallowest preorbital- This is quite true when the present fish is
proportionally compared with other fifteen species of Thai-waters. However, Weber

and de Beaufortin their Fishes of the Indo-Australian Archipelago, vo;.7,1931, when

they compared all available details of the types of both species, separated N. balinensoides

as an other valid species by the smaller eye, shallower suborbital, less steep hind

suborbital edge antl much shorter pectoral fins.

As far as the specimens were only occationally secured from various places

by some previous ichthyologists, it seems to be very rare and being among the small

Nerui\tuus- Its longest recorded length is not exceeding 151 mm.

Nemipterus celebicus Bleeker

higure a)

Dentex celebicus Bleeker, NaL Tijds. Ned.-Ind. , vor z, p. 24s,1g54; Atlas Ichth., vor.
8, p. 88, pl. 332, f.ig. Z, lgZ6-ZZ.
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Synagris celebicus Gunther, cat. Fishes British Mus., vol. 1, p. JZZ,lgs9; Fowler,

Bull. 100, U.S. Nat. Mus. , vol. 12, p. 93, 1933.

Nernipterus celebicus Weber and de Beaufort, Fishes Indo-Australian Archipelago, vol.

7, p' 362,1936; Hardenberg, Treubia, vol. 16, p. 31I, 193g; Fowler, Hong Kong

Naturalist, vol 10, p. 42, 1g40.

Description:- (Based on 150-19b mm examples). I{ead rather short 3.4-g.5, with
moderately curved upper profile. Depth of head 4.1 to 4.4 in smaller fish or about

half length of snout shorter than head. Depth of body equal to head length or only
scarcely shorter than it in young. Least depth of caudal peduncle equal postorbital
part of head. Eye relatively small, its vertical diameter 4. to 4.2 in big fish. Snout
pointed, 3'-3.2, little shorter than postorbital part of head. Interorbital low, nearly
level at all ages, 1.5-1-7 in eye. Gape of mouth much below eye particularly in Iarger

fish' Maxillary reaching beyond front eye margin or quite to below front edge of
pupil. Teeth villiform in band anteriorly in jaws; the outer row enlarged, g_10

prominent canines in upper jaw symphysis, none on lower. Suborbital obtuse, much

shorter than broad in proportion, without notch at above maxillary end, with obli-
quely fine striae; its depth of adult fish 0.9 to 1.3 in eye in young; its straight hind
border which when produced reaching dorsal profile five to six scales before dorsal

origin' Preopercular margin minutely serrate posteriorly, below entire; greatest depth

of naked flange 1.4-L.Z in scaly portion.

Fin spines more or ress rigid, anar spines strong. Dorsar rays x, 9; spines
slightly increasing in length posteriorly; soft dorsal rittle higher than spinous part,
somewhat rounded behind. Anal III, 7; lower than that of dorsal, Iittle point, first
spine short and not longer than half length of the seconcl, middle rays scarcely shorter
than others. Pectorar I, 14-1s; moderately long and falcate, about half rength of
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snout shorter than head, its hindmost extremity reaching a short distance behind

anus vertically. Pelvics I, 5; first ray little produced and reaching to midway

between anus and anal origin or to anal origin. Caudal lobe not much falcate, without

filamentous prolongation. Gill rakers on lower portion of first gill arch Z-8, short

tubercles and spinescent. Scales above lateral line to middle spinous dorsal 3*, below

70, 44-46 pores in lateral line.

Live colour:- Most part of head and entire upper portion of back rosy, below yellow-

ish silvery, a small region below origin of lateral'line with silvery reflex. Sometimes

an ill defined yellow streak along back between laterai line and dorsal profile-

A reddish yellow median lateral band about wide as pupil runing below lateral line

from head and crossing the lateral line on anterior part of caudal peduncle to upper

caudal base where it united with the upper one, this band bordered above and below

by pinkish stripes with pearl reflections. A reddish shoulder spot present. A trace

of additional but very broad yellow band from pectoral base to lower part of cauclal

peduncle covered three scales rows middlely and fading out inferiorly. A paired of

very pale yellow band beginning at origin of anal fin and passing along scale rows at

base of anal fin to lower rudimentary caudal rays. Head with a golden yellow band

from anterior prerrbital margin to Iower eye edge bordered above by a silver blue

band. A pale yellow band from behind eye, Iaterally through,postorbital part of head,

to shoulder spot. Opercle largely blotched with yellow sheen. Iris exclusively pale

yellow' Lips silvery pink. Inside of opercle yellow submarginally; greater area

orange' Dorsal largely pale yellow with deep red spinous dorsal margin and yellow

soft rayed margin, entire base of fin greyish blue. The pale yellow hue-like band

on dorsal fin more distinctive superiorly, fading out interiorly, and d'eviding into three

or four narrowly yellow streaks posteriorly, the upper branches or streaks relatively
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longer; interspaces bruish' Anar' milky wite, whith two weu defined longitudinar
bands as broad as their interspaces. Pelvics with first two rays pinkish, inner rays
hyaline; axillary scale and base of fin yetlow. Pectoral pale rosy, inner axil inferiorly
yellowish' caudar bright rosy, its middre rays pare yeilowish, uppermost rays ye10wish,

Remarks:

According to Breeker (tasa and tgz6-2il, Fowler (rggg, compled), weber
ane de Beaufort (tgso) who have examined the type of Dentex celebicus Bleeker from
Dutch East Indias in the Amsterdam Museum and Hardenuerg (rggg) who made the
description from a fish from pelabuan Ratu (Wijnkoaps bay, South coast of Java),
this fish is known by the yellow bands on clorsal and anar, also median lateral band,
caudal not prolong into filament and mandibular tip with six d"istant canines in front
and continued on the sides with a single row of about nine curved caninoid teeth.
Unlike original descriptions of Bleeker and other following authors, five present
specimens of this fish from Thailand show a small red spot on shoulder and there is
no traces of canine teeth at front of lower jaw. This -character difference (canine teeth),
probably caused by the rate of growth. Nevertheless, the present specimens of the
author are only slightly smaller than the type of Bleeker (rgz mm) but much shorter
than Hardenberg specimen (30 c*, tail damaged). However, the present exampres
agree very crosery in most of the biometric description given by Hardenberg.

In colour appearance and teeth formation, N. celebicus markedly shares
the characteristics with ,J/. mesopsion and appears to be rerated to it. But, N. cerebicus 

_may be easily distinguished from the ratter by the absence of caudal filament, rela-
tively smailer eye, shortdr,pervic fins, hind preopercurar edge without gasp above its
rounded angre, no short pinkish s,very streak behind shourder spot and the middre
caudal rays not contrasted yellow when fresh.

l

l
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(Figure s)

Eentei tambulotdes Bleeker, Nat. Tijds. Necl.-Ind., vol. 4, p. 46s, lB53; Bleeker, Atlas

Ichth.,ivol. 8, p.92, pl.3ZB, fig. 1, 18Z6-ZZ.

synagris tambuloides Fowler, Bull. 100 u.s. Nat. Mus., vol. 12, p. 105, 1933.

Nemipterus tambuloid,es Weber and de Beaufort, Fishes Indo-Australian Archipelago,

vol.7, p.374, 1936; Herre, Nbtes Fish. Zool. Mus. stanf. univ., p.362,'1936.

Nemipterus sp. wongratana, contr. 13, Mar. Fish. Lab., Bangkok, p. 39, 196g

(species no. 166); wongratana, Proc. 2nd csK symposium, Tokyo, p. 465, fig. Lz,

1972.

Description:-: (Based on 185-283 mm examples). Head 3.3. 3.2, moderately short,

comparatively long in young; upper profile gently curved, more or less straight above

eye. Depth of head 1.1-1.2 in its length. Depth of body 3.4-3.2. Narrowest depth

of caudal peduncle equal to snout length. Vertical diameter of eye 3.4 to 4.1 in very

larg'e fish." Snout pointed, slightly'iurved above, equal to or scarcely longer than

postorbital part of head. Interorbital low. Mouth moderately oblique, lower jaw

slightly longer. Gape of mouth much below eye and somewhat above pectoral base.

Maxillary ibaching to below anterior fifth of eye or only to its front border. Teeth in

both jaws in villiform bands, broadest anteriorly: outer row enlarged those in' to*.i
jaw mostly conic; 6'8 rather large canines anteriorly in upper jaw only. Suborbital ,

1-3.to .2. in eye, obtusely rounded, slightly concave above hind end of maxillaryr zrs

broad. ag long. in most specimens. Hind preopercular edge minutely serrate, flange

with parallel marginal vennules, its greatest depth 1.g to,twice in scaly part.

than the second, sixth or seventh spine somewhat longest ; soft dorsal slightly higher
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than spinous dorsal, first ray shortest, the following ones gradually and slightly
increasing in length, posterior ones longest and forming pointed lobe. Anal III, Z;
spines rigid, first spine little longer than half length of second one; fin somewhat

concave below; anterior and posterior rays longest, last anal ray subequal to that of
dorsal. Pectoral 1, 15; Iong and falcate, about half pupil shorter than head, its
posterior tip reaching above anal origin or midway between it and anus. ventral I,
5 ; first ray reaching to a short distance behind anus or slightly before anal origin.

Caudal lobes terminating in sharp points, upper longer, no filamentous ray. Gill rakers

6-7 (rarely 8), short, spinescent tubercles. Scales above lateral line transversely to

middle of spinous dorsal 3#, tt below to anal origin, about 4Z-.4g in lateral line.

Live colour:-

All the colouration is very brilliant. Most part of head and back rosy, side

paler, passing to silvery white below. Body with 5 bright and well defined sulphur

yellow longitudinal streaks, each running straight along intersections of scale rows and

e much narrower than interspaces. other very much paler streaks may bc present on

sides below level of pectoral fin. First streak shortest, running aboye lateral line and

abruptly ending below last dorsal ray; second longest, from snout through eye,

postorbital part of head, crossing lateral line below end of first streak to upper part

of caudal fin base; thir{, also short, from behind head to front half of caudal peduncle;

fourth and fifth from inner pectoral fin base along sides to caudal fin base and

touching lateral line inferiorly. Belly with a bright sulphur yellow band on each side

from isthmus and throat to lower rudimentary caudal rays, this band sharply contrasting

with silvery reflections on abdomen and sides. Head scattered with 3-4 yellow spots,

posterior edge of eye surrounded with yellowish hue. Two short yellow bars from

below eye' one obliquely through preorbital and the other on suborbital bones. upper
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lip marginally and anteriorly -yelrow, chin with a yellow spot at its extreme, tip.
Inside of gill opening orange. Dorsal largely rosy, edged sulphur yellow, inframarginal

streak bluish grey; entire base with a bright sulphur yellow streak, the posterior of

which always fading out in young example; sometimes (only big exanrples), traces of

indistinct yellowish hues like stripes on upper half of fin just below infrarnarginal

streak' Anal uniform milky white, with a basal sulphur yellow streak similar to the

one on dorsal fin. Pelvic spine and first ray bluish grey, rest of fin pale yellowish;

its base and the scaly axillary process yellow. Pectoral pale rosy, axil yellowish

superiorly. caudal bright rosy, extreme tip of upper lobe sulphur yellow.

E5'- of this species, the most strinkingly coloured of the group know from
'Ihailand, it was first described by Bleeker in 1853 from only a single specimen of

164 mm long, caught at Java; later he again recorded its occurance in his Atlas Ichth.

vol. B, p. 92, (Jszo-zz) from Java and celebes (eaajoa). The type specimens were

said by Weber and de Beaufort (tgso) to have been lost because the fish does not

appear in the list of the sale of Bleeker's collection after his death. It was not e

reportecl elsewhere until the record of Herre (rggo), who collected and listed a 109mm

specimen from Southern coast of Luzon. This specimen is now deposited at the

Standford Uni',,ersity Museum.

In the author's previous article on Nemiptenzs he overlooked Fowler's (tggg)
|r

mistakes of S. tambuloides fior the depth of suborbital bone, of which in Fowler's

key to this species, Fowler gives r* in eye but in the description it is r*; Fowler

further describes (deduced from Bleeker's figure of. D. tambuloides) this fish with
short filamentous upper caudal robe. According to weber and de Beaufort (1931; also

x
The same mistake can also be found in Fowler's s. nematopus

( = N. myrgifldtus). 4'
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compiled from Bleeker), they only note that suborbital is slightly less than vertical

diameter of eye; but caudal lobes pointed. Therefore, these were the reasons that

confused Wongratana hgZil and made him-failed in the identification. In this addi-

tional paper, the author has certainly little doubt that his previously unidentified species

resembles and agrees respectively in the most respects with D. tarnbwlotde.s of Bleeker

{tgSS), except that. Bleeker and others did not characterize the present species

with a basaly longitudinal yellow streak on dorsal fin. Bleeker's original figure of

D. tamhuloides also shown a very short and thin upper caudal filament, which is

absolutely absent in all specimens from Thailand. Nevertheless, when regarding to the

basal yellow streak on dorsal fin of this fish, this coloured characteristic is very easy

to overlook, especially when that fin is not fully erected. This is because the streak

is at the most very restrictly closed to the base of the fin when it is compared with

that of other species. In atldition, it is reasonable that the small size fishes of 164 mm

of Bleeker and the only 109 mm of Herre have rnuch iess prominent or not developed

the yellow streak- Unfortunately, the author could find no specimen of less than 185

mm in length for closed examination; he, therefore, retained it with N. tarnbuloides

(Bleeker).

During the course of the FAO/DANIDA Seminar on Fish Taxonomy in

Southeast Asia held at the Phuket Marine Biological Center, Phuket, Thailand, on 6

November to 8 December 7972, this fish was discussed to be a new species and

therefore it was temporarily named N. pentalineata by the present author.

As far as the author continuously encountered the work on Nemipterus of.

Thailand, the present species is noted by him as very abundant species of the Gulf

of Thailand, South China Sea and the Andaman Sea, especially in deeper waters.

It is landed in rather large quantities together with other common species throughout

the year.
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Fig. I

Fig. 2

Nemiptents trrctopias (Bteeker). Actual length (excluding filament) 239 mm.

Nernifiteru,s bathybius (Snyder). Actual length (excluding filament)8188 mm

Fig. 3 Nemipterws balit'tensis (Bleeker)' Actual length 131 mm'
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Fig' 4 Neruipterws cerebicws (Breetrer). Actual rength r70 nr,r

Fig' 5 Nemipterus tamburoides (gleet<er). Actual length 224 mnr

Fig' 6 Diagrammatic illustration of gill rakers of a. hypothetical iremipterid, 231 mnr

in total length, and b. Nentipterws balinensis 131 mm in total length-
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4. Philippine Estuarine Research - I
ON THE EYDRO-BIOI,OGICAL AND FISHERIES SURYEY OF

SORSOGON BAY, LIJZON ISLAND

By
elF**

J.A. ORDONEZ , F.M. ARCE , R.A. GANADEN
*;r

AND N. METRILLO, JR.

Introduction

This survey was carried out in connection with the controversy on the

banning of trawl fishing in Sorsogon Bay.

on January 14, lgzz, Resolution No. 24 was unanimously approved by the

provincial board entreating the President of the Philippines to declare Sorsogon Bay

including the municipal waters of Magallanes, as a conservation area, banning trawls

and other apparently destructive fishing methods. The Governor of the province

ordered the apprehension of fishermen engaged in such fishing activities. As to trawl

fishing the Governor averred that such fishing operation destroys the bottom marine

life of the bay causing the fishery resources to be depleted to the detriment of the

small fishermen.

A team of biologists from the Philippine Fisheries Commission (now Bureau

of Fisheries) *as sent to Sorsogon to conduct a survey to look on the relevance of

the proposed conservation measure as embodied in the above-cited Resolution. The

survey was conducted from April 18 to 28, 7gT2.

,(

*{.
of the Bureau of Fisheries

now with the Philippine Atomic Research Center
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Sorsogon Bay is a small shallow bay of atxrut 120 sq. km, about one fifth
the area of Manila Bay. The mouth opens to a narrow channel leading out to
Ticao Pass.

The bay has,a mean depth of 5 fathoms. From the deepest part of the

bay at 10 fathoms on the southwestern side there is a gradual shoaling of the generally

muddy bottom towards the head of the bay.

The various river systems arou.nd the bay drain floodwaters during heavy

downpour, thus contributing to the enrichment of the bay water. The high rate of

siltation however has been responsible for the bay to become shallower and shallower.

Bottom sampling conducted during the survey showed thick layers of very

soft :nud or accumulated silt.

Materials and Methods

The hydro-biological survey work was conducted on board the fiberglass

boat of the Juban Oyster Demonstration Farm of the Philippine Fisheries Commission.

All in all 25 stations were occupied in the bay.

At each station, water temperature readings, surface water sampling for

salinity determination, water transparency or visibility determination, plankton collec-

tions and bottom sampling were made. A reversing thermometer was used for obtaining

temperature readings. For salinity determination the sample bottles were simply

dipped in the water for collecting the samples.

An all-white Secchi's disc was used for determining the transparency of

the water. A Maru-toku Type B net was used for collecting plankton, fish eggs and

fish larvae. A vertical haul was made in each station. At selected stations horizontal

tows for 10 minutes each tow rvere made to collect fish eggs and fish .larvae.
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An Ekman-Berge':drdlge was used for iaking bottom samples to aet"r-ine

bottom nature and benthos concentration. I ' .:

In the biological part of the work market samples were collected to study

the fishes and minor sea products landed. The basic biological analyses made were

on length and weight measurements, sex and sexual maturity. , '

Four trawling experiments were conducted in Sorsogon Bay on board a

commercial baby trawler. The baby trawler was a 3S-foot banca with bamboo

outriggers. It was powered by a 10-H.P. gasoline engine. The dragging speed was

from 1 to 2 knots. The opening of the trawl net was 6 meters wide. The towing

warp was 22 feet and the mesh size of the cod-end or bag was 1* inches. (A .-)
stretch.

Market surveys were made every morning in Sorsogon town market to

determine the kinds of fish landed, current market price and methods of marketing.

Fish samples were bought for laboratory analyses.

Results

1. HYDROGRAPHY

Figure 1 shows the distribution of surface temperature conditions in

Sorsogon Bay. There are three major water masses inside the bay - a \ryarm mass in

the southeastern side, a cold mass in the center extending to the northeastern side

and a similarly cold mass in the western side Lxtending to the mouth of the bay to

the narrow channel.

Salinity reading inside the Bay is low as shown in Figure 2. The pattern

of salinity distribution appears to follow that of the temperature distribution.

2. PLANKTON

' Figure 3 shows the distribution of zooplankton concentration in Sorsogon
,

,. .:Bay in mlf m'.

J

437



Plankton conceqtratign is.frlghe-st in the wgslern side of thg Bpy especially

near the mouth of the bay. A value of 8 ml and above up to lg ml/mz has been

observed near Dibughan Island. In the northwestern part of the bay a concentration

of 8 ml up tq 12 mlf mz has been noted. The area is quite large, about l/6 of the

entire bay. The area northeast of Sablayan Island also shows a concentration of B ml
,

up to 72 mllm" of plankton.

- The eastern side of the bay shows concentration of less than 8 mlf m2.

, ''Figure 4 shows the distribution of fish egg concentration. in Sorsogon

Bay in number per square meter. It will be noted that the main area of concentra-

tion is in the center of the Bay with concentration values from 50 to above 500
,2

eggs/m-. The eastern side has a concentration from 50 to 100 "gg./-'. The other
,

parts of the bay have concentration less than 50 eggs/m

Fish larvae distribution gives a different picture. Figure 5 shows that the

highest concentration of fish larvae is found in the eastern side of the Bay with values
,

ranging from 30 to above 50 fish larvaefm". Preliminary analyses of the fish larvae

showed that they belong to families Gobiidae, Myctophidae, Bregmacerotidae, Ser-

ranidae, Scombridae, Gadidae, Clupeidae, in the order of abundance.

3. BENTHOS

Figure 6 shows the benthos or bottom fauna biomass distribution in

Sorsogon Bay in g^/^2. The highest biomass concentration is found in the,

northeastern side of the bay just off Sorsogon town, with values ranging from 100

grams to over 600 gm/mz. Other areas of biomass concentration but of much lesser

degrees are in the northwestern side off Castilla town with values ranging from 50
2

to above 200 gm/m and in the areas southeast of Sablayan Island with values rang-

ing from 100 and above g^l^2.
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As to population density Gig. Z), the eastern side,' northwestern side and

the southeastern side predominate in terms of number of individual bottom animals/
Z9

m . The densitf in the eastern side reaches up to 900 individuals/m' while in the

northwestern and southeastern sides the densities reach up to 700 individuals/mz.

4. TRAWLING EXPERIMENTS

Two areas were chosen for the trawling experiments in Sorsogon Bay.

One area was off Bucalbucalan in the northwestern side of the bay near Castilla.

The other area was off Casiburan Island in the northeastern part of the bay near

Sorsogon town. Two drags of 30 minutes each were made in each area, one at

daytime and one at night.

Table 1 shows the result of the trawling experiments in these two areas,

comparing the catch per hour between day and night trawling and between 2 different

'depth ranges. Deeper Bucalbucalan area showed higher catch per hour than shallower

Casiburan area during the daytime draggings. The Bucalbubalan drag yielded 9.4

kglht catch while the Casiburan drag yielded 4.4 kglhr. catch. The results also show

that the Bucalbucalan area has a higher catch rate than the Casiburan area during

the night draggings, being 16.8 and 10.8 kg/iq. , respectively.

The histograms on Figures 8 to 11 show the percentage composition by

weight (in tg) of trawl catches in the two areas. A comparison of the catch composi-

tion between the two areas shows that the blue crabs ( Neptunus pelagicu/ s1 Kasag

and the little green crabs (Thalamitd predominated more in the Bucalbucalan area

than in the casiburan area, and more especially so during the night dragging.

In trawling at day time in Bucalbucalan area, the slipmouths (Letognathus

*pp.) ot sapsap, more specifically Leiognathus splendens and I. ruconius predorninated

the catch. The other fishes predominating were asu-os or Sillago, Apogon sp. and

Jlatfishes or dapa.
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In the Casiburan area the slipmoutts'predominated during the ,night drag-

ging but the day haul showed that lizardf ish $aurida tumbil) or Kalaso predominated

the catch. Other groups- showing predominance were the grunts ( Pomadasys argyreus)

or agoot, Apogon sp., gobies or talimusak, shrimps, and the San Francisco or Clwrybdis.

5. FISH BIOLOGY

Biological investigations on fishes caught during the trawling experiments

in Sqrsogon Bay involved length and weight measurements and sex and maturity

determinations. Fishes which are dominant in the catch were biologically examined.

Length frequency distributions in per cent of the different fish species are

represented in Figures 12 to 15.

Leiognathus splendens- Sizes ranged from 26 mm to 96 mm with a mean

length of 63 mm off Bucalbucalan and from 46 mm to 92 mm with a mean length

of 64 mm of{ Casiburan Ialand (fig. tZ). Examination of the gonads showed that

they were still immature (stages I to III). Smaller fishes with lengths ranging from

16 mm to 30 mm were just past their post-larval stage.

Lei.ogruthus ruconius- Length ranges fuom 24 mm to 68 mm with a mean

length of 48 mm off Bucalbucalan and from 36 mm to 74 mm with a mean length

of 48 mm off Casiburan Island G'ig. tS). Immature ones were found in the 30-45

mm group and mature ones are from 50 to 70 mm. Two distinct groups were found

in the stock.

Leiognathus bindus - In both areas (Fig. 14) bngth ranges from 32 mm

to 64 rnm but their mean lengths differ by 1 mm. All of the stock was immature.

The stock of. Iziognatluas seems to be larger off Casiburan Island than off

Bucalbucalan.

Pomadasys argyreus- Larger specimens with a mean length of 85 mm were

found off Casiburan Island G'ig. fS) but they were still immature, stages I and II.

The smallest specimen measured was 46 mm.
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Among the other fishes caught, the ambassids (Ambassis sp.) and the
theraponids '(Therapon spp.) were already mature. The rest were small and immature.

The blue crabs, Neptunas beragicus, which were predominantry caught in
both areas were gravid. Males were dominant.

6. MARKET SURVEYS, FISHING ACTIVITIES AND INTERVIEWS

The most common fishes observed in the market were bolinau (sfulephorus

tpp')' bulunyong (Drssumieriasp.) burau (Rastrelliger sp.), sapsap (Leiognathu.s sp.) and
dsu-os Sillago sp.). La.ge quantities of. kasag or alimasag (Neptunus pelagicus) different
kinds of pasayan (Penaeus spp.) and shells were landed daily. Batoko (Atrino 

"p,) was
abundant. Bugitis (venus sp.), piyong (Arca sp.), punao (circe sp), batotiy or bloody
clan (Arca sp.) ancl Halaan (eaphia litteratil were also abundant and commonly sold.

AII these fishes, crabs, shrimps and shells were sold.either by piece or by
bunch ot tumpok- Price per bunch or turupok ranged from f, 0.50 to f 1.00 and the
prices of the others depend on the size.

The pelagic fish species like the balinau and. burau were not caught in
sorsogon Bay but in the areas off Magallanes, while some were caught from the pio
Duran area.

Trawl catches were observed to be sord in the fish market. The bigger
fishes like torcillo (sphyraena ietlil, goatfish or soramulyete QJpenpides sulfureuil, asu-os
or whiting 9itlago sihamil, etc. were separated from the main catch. The rest of the
catch was composed mainly'of very small fishes (considered as trashfishes) which
were still being sold in tumpoks.

The trashfish was composed mainly of small gobies, grunts, and slipmouths.
The gobies were mostly small fishes, while the grunts and slipmouths were the small
and immature ones also.

During the survey, fishing activities were also observed and unit counts of
gear in operation were noted.
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A total of 28 units of fish corrals (baklail was counted. These were

observed in the eastern side of the bay, east and west of Sablayan Island and in the

southern side of the channel leading out towards Magallanes.

Some baby trawlers (katadkail, gill netters Qankd and crablift net 6intol)

fishermen were observed operating in the Bay. Some fishermen were observed gathering

baloko in the shallow areas of the eastern side of Sablayan Island. Sakag or push net

fishermen were also observed fishing in the mangrove swamps off Juban.

From the surveys and interviews conducted by Bureau of Fisheries extension

workers, data and information were gathered from four fishing municipalities around

Sorsogon Bay and shown in Table 2. The estimated catch in kilograms per day per

year was based from average of 17 actual fishing days per month.

It may be seen that in Casiguran, the average daily catch was some two

kilos/fisherman or one kilo per gear. In Juban. it was about one kilogram/day per

fisherman gear. In Sorsogon, it was also about one kilogramlday. The catch of the

baby trawl does not even allow a kilogram per fisherman. In Castilla, however, it
was also one kilogram per gear but aborrt 10 kilos per fisherman in view of the

effective use of crab lift nets. This year is however only seasonal. Considering that

the area of the bay is 120 sq km the average production was 20 t<gll<mzlaay. This

appears to be very low if compared to other fishing areas as Manila Bay or Malampaya

Sound.

Likewise, the production of I to 2 kg/fisherman is equivalent to sqme 365

to 730 kgf manlyear. The poor average per gear in the country is 700-g00kg/year,

although, the better approximate would be some 1000 kilos/year/fisherman. This

shows how overfished Sorsogon Bay is. The 545 fishermen who caught some 2,414.5

kg/day averaged only about 4 k1/day.

t
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In view of the above, it is very clear that the bay is biologically overfished

and should be regulated. The baby trawl has a great catching power which is de-

structive to the young fishes in the bay. The trawling experiments shows a catch of

from 4 to 16 kg/hour.

Remarks and Recommendations

The hydro-biological observations made during the survey present only the

existing conditions at that particular time. The results of the observations were not

sufficient to be used as basis for whatever regulatory measures are contemplated to

be enforced to conserve the fishery and marine resources in sorsogon Bay.

The results of the trawling experiments conducted show that small

immature fishes are taken aside frorn tlre big rnature ones. Not all the small. {ishes

are immature. There are small-sized fish species which are naturally small and do

-not attain further increase in size.

There is a need for a continuous study of the bay to provide more data

;and information on the changes in conditions in space and time.

Reliable catch statistics are needed for the proper evaluation of the

Iishery resources.

It is therefore recommended that:

(a) a program of regular hydro-biological observation and study be

.conducted every three months from one to two years, and

(U) a continuing program on the assessment of fish stocks be carried

"out in the bay, so that proper management and development of the resources can be

dmplemented.
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