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I. BACKXGROUND

The Intergovernmental Oceanographic Commission (IOC), during the
eighth session of its Assembly, received a proposal from the delegation of
Kenya calling for a Co—operative Investigation in the North and Central
‘lestern Indian Ocean. The Assembly recognized that the results of the
carlier International Indian Ocean Expedition (IIOE) had indicated that the
zirculation and associated upwelling processes in the North and Central
Western Indian Océan are of major scientific and economic importance.

The Assembly was informed of various ongoing and planned activities
in the region, particularly surveys of the living resources of the area.
These surveys were to be sponsored by the United Nations Develoument
Programme éUNDP) and managed by the Food and Agriculture Organization
of the UN (FAO). It was also recognized that the countries of the East
African Community (EAC) had already established a mechanism which could
Serve as a nucleus for broad state co-operative oceanographic investiga-
tions of the region.

The Assembly concluded that in this region the effective development
of marine resources, the development of sound environmental forecasting
methods, and the efficient protection of the coastal and open-ocean environ-
ment, all necessitated an improved understanding of the seasonal and long-
term variability of the current system (particularly coastal currents) and
ol upwelling processes., The Commission therefore instructed its Secretary.
jointly with the FAO (IOFC) and the EAC representatives, to investigate
the ways and means by which a co-operative investigation in the area could
be initiated (see IOC resolution VIII-16).

At the suggestion of FAO, the Secretary IOC decided, with the co-
operation of FAO, IAC and Unesco to convene a scientific workshop to evaluate
the needs for scientific studies of the region and, if this evaluation deter-
mined that such studies were warranted, to develop a programme for these studies.

A Steering Committee was formed and this met in the headquarters of
the East African lMarine Fisheries Research Organization (EAMFRO),in Zanzibar
from 29 September to 1 October 1975. The following guidelines for the planning
of the Scientific Yorkshop were adopted: ’ ' '

(i) To maximize the scientific input from, and the interzst of, the
developing countries of the region, a seminar should be held,
followed by a scientific workshop of about 30 persons;

(ii) The workshop should keep in mind the following objectives -~

a) the output of the ‘investigation should provide the countries
of the region with an improved understanding of the ocean—
ography of the area, which they can utilize in their orogram-
me of resource investigition and development;

b) it is essential that the fullest..possible participation
of the countries of .the region is ensured. To this end, .
it is most important that the workshop devote full attention
to the needs of the countries of the region for training
and for the development of the infrastructure which will
be needed to implement future research.
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b

The Steerinz Committee suggested that the worlishion chonld hnve the
followring terms of reference:

(i) to review the existing ''nowledge of the ocean environment
in the area of investigation with specinl reference to the
coastal environment; and to identify gmaps in our mowledme
which need to be filled to ensure an enhanced rational
utilization of the marine resources of the re~ion;

(ii) to identify the requirements of present resource deve’opment
programmes for saceanogzranhic information in the aren;

(1i1) to suggest scientific programmes which can be carried nut

— on a national basis with some mechanism  for exchanse of
information and co-ordination,

- as inter—country programmes based on regional co-speration,

- as ventures between countries from outside ond thoge inside
the region participating in CIHCi/IO.

(iv) to review the existing infrastructures and marine science capa-
bilitiec of the countries of the region and to determine which
programmes can be realistically carried out under preoent
conditions;

(v) to suggest additional programmes which can be carried out in the
future if the marine science capabilities of the countries in the
region are improved through intensified programmes of training
and education which should be an integral part of any CINC'IIO -
programme,

The sponsoring organizations agreed that the seminar and workshop should

be held in the spring of 1976 and it met in fact from 25 larch to 2 April 1976 at
the Unesco Regzional Office for Science and Technology for Africa in Nairobi.

II. RECOITEFNDATIONS ADOPTED BY THE HORKSHOP

Recommendation 1

Considering the importance of informing the scientific community of the
contributions presented at the Seminar,

It is recommended that the paperc pfe sented at the worlishon be nublished as soon
as poasible by the Intergovermmental Oceanographic Commission of Unesco.

Recommeéndation 2

liotint that many papers presented in the Seminar included bibliographies related
to the CIHCWIO reg1nn, whmch would be of great utlllty to +ho o wvho investirate

the rcﬁion, ;

Lo . e e o .
' . . PR ol DEA N
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Ii in recommended thoat the IOC warrange for financial support Tor the micro-
fiim cormrin= of the hiblior~raphies ‘not including those which were included
in the Collected Reprints of the International Indlzn Ocean uxnedltlnn) and

the acquisition of microfilm readers Tor uce by interested institutione of

ihe resion,

-

Recommendation 3

Considering the interest of the countriesc of the resion in the further develonme &
of their narine ccience 1pab111+1e' and their nced for special measures o cuzble
them to particinate mors effective’y in COICTIO activiiies,

It is recorrerded

- thet the I0C, wiih ihe suppori of Unesco, #.0 (Indizn Ocean Wisher; Conmissios )
(I0FC) and 1ie Tast ifrican Commun’ iy promote a mecting of the countrics of
the rezion tod

(i) asrec on the elements of the programme recommended by this oriishop
which can be carried out Wy *he countries of the rerioa wilh the
sapport and assistance of the internntionzl scientific community, and

WL

(ii) estnblich o ieint mechonism to co-ordinate and execute these pnrojects;

ISR SRR

- that this mechanism (when esctablished) set up a "Technical Advisor: Groun"
consigsting of consul tants, who, because of their wide expertise and interes
in the rer~ion, con provide oo nd scientific advice and gu'dance Tor the
cxeccution of the nrogramme; '

~ that the I0C, ite individual Ilember Stales and other intern:tional orsonications
be invited to provide financial and technical support for this "Technical
Advisory Group"; and

- that the mechanism should co-ordinate these efforts of the coun’ries of the
recion with those of scientific institutions outside the resion which ore nlco
conducting resenrch in support of CINCYIO,

nec mmendatlon 4

Recopmizing that the succecs of the CINCWIO programme depends on the success of
o series of both small—scale and large-scale oceanographic investigations which
in turn require the acquisition and effective utilization of ccientific equipment,
the logistic support of research vessels which in some cases will be operating
far from their home ports, and the exchange and rotation of scientific personnel,

It is recommended . .

- that the Member States of IOC, working through the Commission, develop and
imploment programmes of research for the nearshore CIICHIO region which complement
those of the countries 1n the reglon, -

- that they s1m11ar1y develop and 1mpleme~t research programmes for tne deep—
ocean sections of the CINCWIO region and adjacent areas; and ’ :

- that they provide strong support to assist the countries of the region in

developing their programmes of research and 1n 1mprov1nu thelr canabllltles
to conduct such research, and : = '
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— that the countries of the region assist in the implementation of the research
conducted under this programme by, among other things, facilitating,

(i) the shipment into the region of scientific equipment and its transfer
among participating laboratories and vessels,

(ii) the processing of requests for research vessel clearances,
(iii) arrangements for necessary logistic support for research vessels, and

(iv) the processing of visa applications and related formalities for
scientists and technicians.

Recommendation 5

Recognizing that the CINCWIO Programme can benefit from, as well as contribute
to, the IOC Ocean Services programmes such as the Integrated Global Ocean Station
System (IGOSS) and International Oceanographic Data Exchange (IODE);

It is recommended that:

13

~ the regional mechanism for CINCWIO determine the types of IGOSSand IODE
oceanographic services and products which would be most useful to the CINCWIO,

and that the mechanism work closely with the IOC Working Committees for IGOSS
and IODE to arrange for these services and products;

= all vessels participating in CINCWIO provide for their programmes to take
regular BATHY (Bathythermograph) and TESAC (Temperature, Salinity, Currents)
observations and to transmit these observations to shore centres in accordance.

with appropriate IOC operational procedures; and

~ all participants in CINCWIO give special attention to the timely submission
of ROSCOP forms and collected data in accordance with IOC's standard procedures

for international oceanographic data exchange.

Recommendation 6

Nearshore Physical and Chemical OceanoEm

It is recommended that:

A survey of the coastal circulation be undertaken over several years along the
coast of exmstern Africa from latitude 10°S to latitude 11°N.: - ‘

- The work along the coasts of Tanzania and Kenya (Region I) be carried out by
EAMFRO vessels and, EAMFRO persomnel .in oconsultation with, and with the participa-
tion of, oceanographers from IOC Member States. . )

— The work along the coast of Somalia (Region II) be carried out by a Somalian
fisheriesresearch vessel and Somali. scientists, and that, when appropriate,
Somalia invite scientists from other I0C Member States.to participate in this
research. " ' ' o ' '

- The necessary oceanographic.equipment be,furnished, via IOC or.by bilateral
arrangements, to the participating nations in Regions I and II. R
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~ Four wind-recording stations be installed at Obbia, Ras Mabber, Ras Hafun,
and Ras Asir, possibly with the assistance of the World Meteorological
Organization's Voluntary Assistance Programme (WMO/VAP).

-~ IOC invite its Member 3States to arrange for their oceanographers to assist
EAMFRO in implementing its participation in CINCWIO.

- IOC arrange within the next three years for training at a suitable level
in marine science of 25 nationals from the CINCWIO :egion, if possible at
Universities of its Member States.

— Unattended temperature, pressure and current meter moorings be provided and
maintained by IOC Member States to be deployed in Regions I and II.

~ An Oceanographic Support Centre for CINCWIO be established;
Such a centre is considered of vital importance to the entire programme.

During the first two years of its existence, its main functions will be :

Co-ordination and planning of fieldwork

Collection of data

Reduction of data

— Preliminary data analysis

— Dissemination of information

— Training on a technical and basic scientific level.

At an advanced stage this centre is envisaged to grow into a major facility
for support of research and the training of marine scientists of the region.
It is considered essential that the centre has convenient access to a major

harbour facility.

-~ IOC assist in the establishment of national research laboratories in CINCWIO
countries in which such laboratories do not exist in order to facilitate
more effective participation by these countries in CINCWIO.

Recommendation 7

Deep—ocean Physical and Chemical Oceanography

It is recommended that, as a necessary complement to the proposed long—temrm
coastal oceanographic programme, large-scale oceanographic surveys be made

of the productive region south of the equator in the north-east monsoon and

of the Somali current system in the south-~west monsoon., Ideally, these surveys
should occur within the special observing periods of the First GARP Global

Experiment (FGGE), i.e. in early 1979.

Recommendation 8

Geology and Geqphysics‘(in order of. importance)
- p -
Considering the need for the countries of the CINCWIO region to increase their

knowledge of their continental shelves and recognizing the need to improve the
capabilities of these countries to conduct marine geology and geophysics research,
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It is recommended that:

— Broad-scale geological and geophysical surveys be undertaken along the
coasts of Somalia, Kenya, Tanzania and Madagascar, and

— The infrastructure of the oceanographic organizations in the CINCWID countries
encourage competent oceanographic institutions from outside the region to
undertake such surveys and associated training of nationals from the CINCWIO

region.
- B -

Recognizing that substantial capability already exists within the region for
geological and geophysical studies on land;

1t is recommended that:

~ The heavy minerals research project proposed in the report be carried out
by the existing institutions in the region, particularly the pilot processing
plant in Dar-es-Salaam, and

-~ Interested developed countries provide needed laboratory equipment and
overseas training for advanced experts.

-C -

Recognizing that improved knowledge of the nature of the ocean bottom in fishing
areas can be used to improve the efficiency of fishing operations,

It is recommended that fishing boats and research vessels be encouraged to
collect bottom samples which could serve as the basis for improved charts of

bottom materials and geology.

Recommendatiqn;S

Fisheries and Biological Oceanography (each project in this recommendation has
(See Annex)).

been assigned a priority as indicated in the Table

- A -

International

It is recommended that:

1 - A survey be made with a small or medium stern trawler within the latitudes
1°N and 8°S between November and March to estimate pelagic stocks by acoustic
methods and capture; demersal stocks should also be sampled. The region of
biological interest is up to about 50 miles offshore.
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2 = A survey should be made with a large stern trawler using acoustic methods
anc capture in the area of the Somali current from 5°N to Cape Guardafui
and into the Gulf of Aden as far as 47°L for a period of twelve months,
but primarily during the S.UW. monsoon and the two inter-monsoonal periods.

- B -

Inter—-regional

It is recommended that:

3 - BExploratory surveys be made for crustacea and elasmobranchs both in shallow
water (with a 10~14m vessel) and in deep water.

4 - The stocks of certain fishes be assessed for the purposes of further exploi-
tation and of management. Those in the first category (i.e. to be assessed

for further exploitation) are:

(i) Shoaling pelagic species in the Zanzibar Channel;

(ii) Tuna~like fishes off Somalia;

(iii) Stocks exploited by artisanal fisheries off Somalia; and
(iv) Demersal stocks in the Mauritius-Seychelles arc.

Those in the second category (i.e., management) are:

(i) Deep water crustacea;

(ii) Neritic lobsters;

(iii) The multispecies stocks on the reef;

(iv) Turtles (because of lack of enforcement of endangered species

regulations in certain areas); and

(v) Prawns (in certain areas).

5 — The seasonal mcvement of the thermocline and oxygen minimum layer be studied
with respect to both demersal and pelagic fish stocks.

6 - The migratory patterns of tuna and tuna-like fishes be studied within
the coastal and near—coastal regions.

7 — A survey of mangrove trees be made.

B
s

-C -

Local

It is recommended that:

= The circulation within a mangrove swamp be studied in order to understand
better the migration circuits of shrimps.

9 - The dirculation around a reef be studied in order to understand how fish
and crustacea are retained there in the light of suspected upwellings.
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10 - The seasonal distribution of brackish water within coastal waters be
studied and that river flow rates be established to understand the distri-
bution of euryhaline species.

11 — The distribution of fish eggs and larvae within the CINCWIO area be
studied.

12 — A study be made of the possible relationship between dead corals and
ciguatera, particularly as coral may be killed by trawling.

13 - A study be made of the source of clupeid poisoning in Madagascar necause
of the potential danger in human consumption.

14 -~ Steps be taken as soon as possible to initiate and develop the mariculture
of appropriate species in the region as one way of developing and improving
the living resources of the area.

~D -
General

It is recommended that:

15 -

16 ~

17 -

18 -

19 -

Tanks for experimental physiology be established at the CINCWIO Support
Center.

A full bpiological study of certain animals, reef fishes, Carangids,
Sardinella, Scomberomorus, Rastrelliger, Rays and Yellowfin be carried out,
in particular their reproductive status.

Preliminary studies be made of the structure and function of certain
ecosystems, particularly those identified elsewhere in this report.

A centre for taxonomic expertise and curation be established within the
region.

The unpublished information gathered by scientists that have visited the
region briefly should be obtained from them, if possible.
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Recommended Priorities

for Projects in Recommendation 9:
Fisheries and Biological Oceanography

Projects Priority Scientific
Assigned Man/&ear Type of Scientists Required
Required
1 High 2 1 Biologist + 1 Senior
Instrument Specialist
2 High 3 2 Biologists + 1 Senior
Instrument Specialist
3 High 6 Biologist
4 High 8 7 Biologists + 1 Mathematician
5 Low 1 Biologist
6 Low 1 Biologist
7 Medium 1 Forester
8 Medium 2 Biologists with physical
oceanographic training
9 ble dium 2 1" n L 1} " 1
10 LOI'W 1 " " L] 1" "
11 Low 37 Biologist
12 High in 1/12 | Specialist
certain
regions
13 Low ? ?
14 High ? ?
15 High - -
16 High 3 Biologists _
17 Medium 1 Ecologist in a University Dept.
18 High 2 Permanent taxonomist + curator
19 Low - -
Note ¢ It should be assumed in the above Table that one man/year

of ecientific; effort required‘two,man/&ears of assistant
support, except in the cases of Projects 11 and 16, Project
11 will require six man/years and Project 16 ten man/years of
assistant support.
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Recommendation 10

Marine pollution

It is strongly .recommended that the sponsoring agencies of the Woricshop
look seriously into the problem of marine pollution so that at a later
stage of CINCWIO,the national laboratories in the region will be able to
execute jointly some pilot projects on the level of pollutants on the
species which are mcst important to the economy of the areca.

Recommendation 11

Infrastructure and Training and Education

- A -

Recognizing the need that the countries of the CINCWIO region must in
the long term assume the primary responsibility for scientific investigations
related to the development of their resources, for enviroumental forecasting,

for control of marine polluiion, etc.,

It is recommended that the countries of the region bear in mind:

(i) the importance of marine science and technology for their economic
development and for reducing their technplogical dependence by
enabling them to make the proper utilization of their marine resources;

(ii) that marine reseafch is a oomplex activity requiring extremely
careful planning; large investments of funds, human resources and

equipment; and pragmatic continuity;

(iii) that the development of marine sciences in all countries must of
necessity be supported by a national commitment and the assignment
of a high priority in the nation's plans for investment and develop-
ment. In this regard, it is important to recall previous decisions
and recommendations aimed at awakening national consciousness, at all
levels, to the vital importance of marine science to economic develop-
ment and general well-being, and to ensure by means of the communica-
tions media and other forms of education the desired level of public

awareness and commitment, and

(iv) that international assistance be considered supplementary to national
efforts.

It is further recommended that the countrles of the region, with the co-

operation of the 10C, " the other ICSPRO agencies, and interested ICC Member
States, establish a CINCWIO Oceanographic Support Centre within the region
to fulfil the respon81bi11ties outlined for this centre in the body of the

report.

-B -

Noting the need in the CINCWIO region foz the establishment of self-sus—~
taining merine science infrastructures which will meet the countries'
requirements for building their marine research capabilities and for
obtaining expert advice on their utilization and management of marine
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resources,

It _is recopmended theot :

- the IOC and the other ICSPRO agencies co-operate in providing the training
of the personnel necessary for the operation of these infrastructures;

~ the coastal states of the CINCWIO region identify as early as possible,
preferably by early 1977, national institutions and individuals who can

participate in the CINCWIO programme;

UNDP and other funding agencies provide the financial support required
for the travel, living costs, tuition and other expenses related to the
training of nationals from the CINCWIO area;

In addition, that the developed Member States of IOC, particularly those
participating in the CINCWIO, make every effort to provide on a bilateral
or multilateral basis or through international organizations a sufficient
number of training awards (fellowships, assistantships, etc.) to make a
critical impact on the development of marine science capabilities in the
region, specifically that at least 50 training awards be granted over a
period of time in the various disciplines of marine science to meet the
needs outlined by the specialized scientific committees of the CINCWIO

Workshop.

— The countries from outside the region participating in the CINCWIO
consider as a priority item the training of personnel from the CINCWIO
area in their universities and research institutions and aboard their

research vessels;

- Marine scientists from the region be given full opportunity to participate
in the development of the research programmes carried out by the IOC's
Member States in the CINCWIO region and to participate in the analysis
and evaluation of the data collected by these programmes.

Noting that there is an urgent need for training local scientists to take up
the various investigations in physical oceanography and coastal oceanography
of the region and to participate actively in the CINCWIO programmes,

Noting further that several oceanographers will be needed for the various
national oceanographic institutes of the region, which may be established
during the CINCWIO, the First GARP Global Experiment (FGGE) and the Monsoon
Experiment (MONEX) programmes, and

Recognizing that the annual intake for an M. Sc. course in Oceanography should
initially be around six students, with Bachelor's level background in Physics,
Chemistry, Biology, Mathematics, Meteorology or Engineering,
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It is recommended that:

— Unesco support one of the universities of the countries of the CINCWIO
area, which is suitably located and is interested in starting a Master's
Level course in Oceanography, with the staff and facilities necessary
for establishing a curriculum on Oceanography.

— The IOC and its Member States from outside the region participating in
the CINCWIO assist in the strengthening of existing institutions within
the region so that they can be utilized fully on a national or a
regional basis, specificallys

(a) by identifying senior marine scientists and professors on sabbatical
leave capable of working on the problems of the region and of
providing a significant portion of their support during their stay
in the region and

(b) by developing for the CINCWIO region a Voluntary Assistance Programme
(vaP), similar to the one successfully developed by the World
Meteorological Organization, to provide the countries of the region
with basic oceanographic instrumentation and laboratory equipment.

- D -

Noting that it is often possible to make useful measurements of envirommental
variables with sufficient gccuracy for biological and ecological research
using very simple instruments which can be manufactured locally in the

spirit of 'appropriate technology!;

Noting further that this approach, in addition to making it possible to
conduct survey work at many localities simultaneously, minimizes the need
for highly trained technicians, encourages more direct local appreciation
of technological problems, and develops technological self-reliance among
the countries in the region,

It is_recommended that:

~ The countries of the CINCWIO region emphasize this approach both in the
planning and executing of locally-based research programmes and ih the
training of their marine scientists and technicians.

~ The institutions within the region offer all support to visiting scientists
to ensure effective utilization of their expertise.

i
III SUMMARY OF THE PROCEEDINGS

III.A GENERAL

. The meeting was opened on the morning of Thursday 25 March 1976 by
Mr. George E.B. Kitaka, the Chairman of the meeting. . Mr. Kitaka introduced
Chief Olu Ibukun, Head of the Unesco Regional Office for Science and Tech—~
nology for Africa, who welcomed the participants on behalf of Unesco, Chief
Olu Ibukun then introduced the keynote speaker, Mr. Yuda Komora, Permanent
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Secretary of the Ministry of Tourism and Wildlife of the Republic of
Kenya. Mr. Komora welcomed the participants on behalf of the Republic
of Kenya and in his address stressed the importance of this Workshop
and similar activities to the countries of the region. He emphasized
the need for these countries to build their capabilities in the marine
sciences so that they could make the most effective use of the

marine enviromment and its resources.

Following the keynote address, Mr. Kitakxa opened the seminar.
Twenty-five papers were presented during the seminar which continued

until the morning of Saturday 27 March.

The Workshop was opened on the morning of Monday 29 March 1976
by the Chairman, who presented the participants with the terms of refe-
rence which had been prepared by the Steering Committee. These terms of
reference defined the Workshop's tasks as : reviewing the existing knowledge
of the region and identifying gaps in that knowledge; icdentifying require-
ments for oceanographic data and information to fill these gaps and recommend-
ing programmes to meet these requirements; reviewing existing structures
and capabilities of the countries of the region and recommending programmes
to improve them; recommending new programmes which could be carried out in
view of these newly-improved capabilities; assigning priorities for all
of the programme recommendations; and recommending a mechanism for future

programme co-ordination.

The Chairman proposed that, following the Steering Committee
proposal, the Workshop be diviled into three sub-groups to deal with (A)
physical and chemical oceanography, and marine geology and geophysics;

(B) fisheries and biological oceanography; and (C) infrastructure, and
training and education. The participants agreed and selected Prof. Henry
Stommel as convenor of sub-~group (4), Dr. David Cushing as convenor of sub—
group (B) and Prof. Mohammed Hyder as convenor of sub-group (C). Sub~-groups
(4) and (B) met in parallel sessions during the first part of the Workshop.
Short plenary sessions were held every morning and most of the fourth day
vhen the recommendations and reports of sub-groups (4) and (B) were adopted.
Sub-Group (C) met essentially as a committee of the whole during the latter
part of the meeting. The Workshop met in a final plenary session on Friday

2 April 1976, to adopt the recommendations and report of sub-group (C).

The Workshop closed at 12.30 on Friday 2 April 1976.

III.B  SUB-GROUP (A) ~ PHYSICAL AND CHEMICAL. OCEANOGRAPHY. _AND MARINE
GEOLOGY AND GEOPHYSICS

I1I.B (a) Nearshore Physical and Chemical Oceanography

The current system of the north—western Indian Ocean showz a complete
reversal with the change of the monsoon wind system. The physical, chemical
and biological processes inthe near—coastal zone of the eastern African
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countries are stronzly affected by these changes of the atuosvheric and
oceanic circulation systeis. As a conscquence, the nractical usc of the
coastal areas for fisheries, marinc transportation and recrcation is
strongly influenced.

A programne is prooosed, under the ausgnices of the I0Z, to inves-
timate the vroces=es in the coastal zone of easterm Africa in co-opecration
with the Tast Llrican cowwnity, Somalia and other IOC liember States.

In the first phase this programme will be mainly a data collection
programme. Special survey programmes will have to be developed later,

Recommended programmes and priority of execution

This includes a minimal programme to get effective research in the
region underway. Thus all of these should be considered to be of a high
priority.

Lonz~term recording and repeated stations

In order to understand better the seasonal variations of the CINCWIO
coastal area, repeated mcasurements with ships and self-recording instruments
have to be undertaken.,

The proposed measurements off the coasts of Kenya and Tan=zania
(referred to as Region I) are listed in Table 1. There should be five EAMFRO
ship stations in this region (see Fig. 1) in order to provide temperature
and salinity data and samples for biological and chemical analysis. In
shallow water the profiles should be measured to the bottom, in deeper
areas only to intermediate depths. Currents should be measured by means of
Ekman—-type current meters or by parachute drogues. UWind and sea state should
be recorded routinely at every station.

Furthermore, it is strongly recommended that four unattended tempera-
ture-pressure recorders be deployed at the positions indicated in Figure 1.
These instruments are currently not available at the laboratories of the region.
It is recommended that IOC arrange for these laboratories to be provided with
12 instruments (this includes spare instruments). These recorders should be
located at a depth of about 60 metres and can work continuously for up to six
months. They should be deployed, retrieved and maintained by EAMFRO ships.
Wind data which is necessary to complete the analysis of the data sets, is
currently being obtained by a sufficiently dense net of standard meteorological
stations along the coast,

This programme should be executed over approximately the next five years,

The measurements proposed off the coast of Somalia (Region II) are
listed in Table 2. In the initial phase, measurements should include
primarily data on physical parameters and oxygen. Ship stations should be
occupied by a fishery research vessel of the Somali Ministry of Figlieries
three times during the summer monsoon (March-September) along three sections
roughly perpendicular to the coast off Mogadiscio, off Obbia and off Ras
Hafun (see Fig. 1). The distance between adjacent stations along each
section should be ten miles, The northernmost section should consist of
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15 stations, the other sections of 12 stations each. In order to carry out
the proposed oceanographic stations the ship will have to be equipped with
an oceanographic winch, as well as some sampling and analysis equipment.

It is recommended that this equipment be furnished via the IOC.

Furthermore, the installation of three unattended temperature-
pressure recorders and of four current meter moorings is recommended at the
positions indicated in Fig. 1. These instruments and their mooring equipment
should be provided by IOC Member States. The deployment, retrieval and
maintenance of these instruments after their half-y w recording period should
be carried out in co-operation with research vessels of Somalia.

During the South-west Monsoon the core of an intense, low-level jet
is located over northern Somalia. There presently exist no wind~recording
instruments in this area. It is therefore proposed to install, in addition
to the existing meteorological stations in other areas, four stations in
northern Somalia at Obbia, Ras Mabber, Ras Hafun and Ras Asir (Fig. 2).
If the eruipment needed for these stations is not available in Somalia, it
iz recommended that such equipment be provided by the WMO Voluntary Assistance
Programme., In this case, Somalia should install, operate and maintain the

equipment.
Oxygen measurements should be conducted at the four new stations,

Sea state and wind observations should be recorded during the work along
the sections. It is proposed that an attempt be made to measure currents

using parachute drifters or profiling current meters.

Long-shore sampling with ships of opportunity

A tanker XBT prcgramme has already been established within the frame-
work of the Index programme. It would be very useful to augment this programme
by collecting additional surface temperature measurements from merchant ships
which regularly service East African ports. Some of these ships are lnown
to travel along the coast at about 30 miles offshore. Sea surface temperature
measurements in this zone would be particularly useful for upwelling studies.
Following previous positive experience, it is recommended that EAMFRO approach
"Southern Line" to enlist their—co-operation in obtaining the above measure-—

ments,

To obtain meaningful data the ships will have to be equipped with
continuously recording instruments. It is recommended that such instruments
be provided by IOC. It might also be useful to have ships of opportunity

obtain water samples for later analysis ashore. However; no specific
recommendation is made in this respect. EAMFRO offered to collect surface
temperature measurements and to collect waier samples for laboratory analysis

from its vessels operating in the area. .

Special programme

The programme outlined above will not entirely solve the problems
involved in the coastal circulation off eastern Africa. Therefors, it will
be necessary, after the first few years of these programmes, to carry out
special multi-ship surveys in the area (see Fig. 1 ).
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The optimum time for such surveys will be 1979 when a very good
meteorological coverage of the CINCWIO area will be achieved. It is
proposed to carry out two such investigations in coc-ordination with the
work recommended by the deep—ocean physical and chemical oceanography
group. The first should be conducted during the North-east Monsoon off
the coast of Kenya and Tanzania, the second during the South-west lMonsw~on

off the coast of Somalia.

terested scientists are encouraged to formulate their ideas
about such programmes.

Available ship and shore facilities

Discussions indicated that the following ships and shore facilities
might be available over the next few years to implement the research
programmes outlined above:

(a) Ships

1. New EAMFRO ship: EAMFRO has ordered a new stern trawler.
She is 40 metres (122 feet) long with two laboratories
and will be able to accomodate up to eight scientists.

She is expected to be available by May 1977.

2. "Mbudxa";LTanzénia): this is a 26.2 metres (80 feet)
fishing vessel which could be used for the CINCWIO

programme.

3. "Shakwe" (Kenya): this is a 24.7 metres (75 feet)
stern trawler built in 1969 which could be used when
available for the CINCWIO programme.

4. 13.1 metres (40 feet) fibre glass launch : This is now
being built for EAMFRO (Mombasa) and is expected to be

available in June 1976.

(b) Laboratory facilities
1. Zanzibar :  main EAMFRO laboratory.

2. Mombasa : an EAMFRO sub-station is under construction
and will take up operation in September 1976.

3+ Dar—es—Salaam :

i) An EAMFRO sub-station is plamned and construction
is expected to start in July 1976. It will be
operated in co-operation with the University of
Dar-es~Salaam and the Tanzania Fisheries Department.

ii) Marine biology laboratory, University of Dar-cs-
Salaam. Lol
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III.B (b) Deep-ocean Physical and Chemical Oceanography

A large—-scale physical oceanographic survey of each biologically
rroductive region is recommended, in addition to the long-term monitoring
scheme proposed by the sub-group on coastal oceanography. - These surveys
are an eussential step in attempting to understand the physical processes
that determine when and where the productive regions occur.

1. One productive region appears to be off the coasts of Kenya and
Tanzania during the north—east monsoon at the junction of the
south—-going Somali current, the north-going East African coastal
current, and the origin of the Equatorial countercurrent. This
region did not receive much attention from physical oceanographers
during the International Indian Ocean Expedition (I.I.O0.E.). A
physical oceanographic survey should be made during the period
November —Jamuary,of the area between latitudes 1°l and 8°S from

the coast to 47°E, approximately.

2. A survey of the Somali current region si.ould be made during April-
July (four months) in which a number of physical oceanographic
sections are occupied every three weeks, repeated five or six times,
together with current measurements by whatever means available.

To achieve the necessary coverage, as many as three large research
vessels will probably be needed. The sections should be distributed
between latitudes 4°S and 11°N and may need to extend 200 miles
offshore in the northern part.

It is desirable to extend this Somali Current survey, whenever possible,
into the region east of Socotra as a contribution to studies of the near-

surface layer of the Arabian Sea in the South-west monsoon.,

Ideally, these two swveys should be made during late 1978 or 1979,
to take advantage of the enhanced meteorological information that will be
available during FGGE and MONEX, and so as to relate them to the equatorial
current studies which may be conducted at the same time.

If any meridional sections are planned during expeditionary cruises
in the CINCWIO region, planners are invited to consider working on standard
meridians., Longitudes 55°E and 49°E are suggested. In the latter case,
it may be most appropriate to malte a meridional section extending from the
south as far as 2°N, and thence north-west towards the coast of Somalia.

III.B (c) Marine Geologzy and Geophysics

The sub—-group related its discussion of past work, future needs,
and recommendations to perceived economic benefits to coastal states in
the CINCWIO region. These discussions are summarized below. The topics
of the discussion are listed in order of accessibility from shore.

Heavy minerals

Economic deposits of heavy minerals on beaches of the CINCWIO
region appear to be restricted to ilmenite.and rutlle, posslbxy supplemented
by garnet, zircon, kyanite, and mona21te.v No mlnlng is in progress, but
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a pilot processing plant in Dar-es-Salaam has been established as a joint
project of Tanzania and Romania. Some background information is available
within the CINCWIO region regarding the sources, distributions, concentra-
tions, and reserves of heavy minerals, This information should be supple-
mented by new knowledge of geomorphology (streams and both raised and

lowered shorelines), stratigraphy (source rocks, transitional deposits,
peneplantation), and sedimentology (mean times and rates of erosion, transport-
ationad deposition) which should be obtained by the national geological
surveys and universities. It is recommended that direct assays be made of
5-ton samples of natural concentrates of promising heavy mineral deposits.

The CINCWIO coastal states chould ship these samples to Dar-es-Salaam for
processing, since this would be simpler than transporting the procesning plant
throughout the region.

Shore and shelf materials

- Bottom materials

The sea-bed of the continental shelf and the near-shore zone consiut
of mud, sand, coral and rock. Coastal states in other regions have used charts
of the distribution of these materials to improve the efficiency of bottom
trawling for fish, molluscs, and crustaceans. Similarly, the collection of
rocks samples from offshore areas would permit an extension of geological
maps of the land onto the adjacent continental shelf, Such extended maps
would aid exploration for oil, gas, phosphorite, and other hard minerals.
Shells of oysters and other intertidal animals can be radiocarbon dated to
provide information on the past (30,000 years) stand-stills of sea levol to
aid the search for submerged deposits of heavy minerals.

Similarly, coral reefs must be studied more thoroughly in order to
learn more about their species composition and structure, in order to evaluate
their contribution to fisheries of the region. We recommend that fishing
boats, and research vessels be encouraged to retain samples of bottom materials
which they happen to obtain in their trawls or other gear (even on anchors)
and to deliver these samples to nearby marine laboratories. When enough.
samples have been accumulated, geologists from geological surveys or universi-
ties can use these materials as the basis for making charts of bottom
materials and geological maps.

- Sugpended matter

Suspended matter generally consists of both organic and inorganic
components. The organic component includes primarily the carapaces and tissues
of plankton which are especially abundant in areas and times of upwelling;
the inorganic component includes clay and other mineral grains which reach
maximum concentrations in coastal areas of stream outflow after periods of
stream flooding. It is recommended that seasonal distributions and concen-
trations of both kinds of suspended matter (plus nutrients) be measured both
by visiting research vessels and by local research ships. Such information
should be useful in predicting the areas of concentrations of fish.

- 0il and gas

" Previous work by national geological surveys and by oil companies
has shown that large oil and gas deposits are unlikely to occur on the ‘land
areas of the coastal states in the CINCWIO region; only small and difficult-
to-find deposits are likely. In contrast, the strata of the continental
shelf are thicker, more often marine in origin and much more likely to contain
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economic concentrations of oil and gas. O0il companies have obtained the most
information about the structure and stratigraphy of the continental shelf,
but they tend to keep this high-cost information secret. Similar but less
detailed information of the same sort can be obtained by oceanographic
research vessels as a by—-product of reconnaissance studies of the continent-
al margins. Such studies have as their primary purpose obtaining information
on the general structure of the margins which can be used for inferring the
origin and history of continents and ocean basins.

Much has yet to be learned about the source beds, reservoir beds,
structural traps, and thickness of strata beneath the continental shelves
in the CINCWIO region. Therefore, we recommend that the coastal states of
the CINCWIO region actively encourage visits of oceanographic research ships
to conduct geophysical studies of the continental shelves. In this way the
coastal states concerned will not only learn more about their continental
shelves, but will also have maximum opportunity to help plan the cruises
and to secure the geophysical (seismic, magnetic and gravity) training for
their scientists that is expensive and difficult to obtain otherwise.

- Barthquake positioning

The interest of the countries of the region in potential damage by
earthquakes has led in recent years to the planning of seismograph networls
in the region. These networks can be supplemented by surface-suspended
and bottom~-mounted seismographs placed on the continental shelves by ocean-
ographic research vessels., We recommend that IOC Member States operating
vessels which visit the region be encouraged to assisl in the placing of
seismographs on the shelves. The data collected can be co—-ordinated with
those of the land-based seismographs which have been established by national
geological surveys and universities.

~ Manganese nodules

Large deposits of Nanganese Nodules have been lccated in the past
only in areas where detrital and biogenic sediments are deposited slowly
or not at all. The deep~ocean floor off east Africa is not such a region
because the total thickness of the sediments on the oceanic basement
probably exceeds 10 km. No optimism should therefore be held for economic
return from the mining of manganese nodules immediately off these coasts.

- Internatlonal co-Operatlon

The conduct of the types of marine geologloal and geophysical
programmes recommended:above would be greatly aided if permission for
research vessels to work on the continental shelf were provided expedltlously‘
by coastal states in the CINCWIO region. This would facilitate close co-
operation in the plannlng of cruises” and- would assist" in making the most
effectlve arrangements for the t“aining of sc1entists from the reglon.

II1.C SUB-GROUP. ( _; FISHERIES AN'.D BIOLOGICAL OCEANOGRAPHY '

The Biological Group divided 1ts work 1nto two’ fields of concen-
tration : ecosystems and resources. Within each field, the Group: considered
different offshore ureas - reefs, pelagic areas etc. The follow1ng report
is dlvlded accordlngly-,.“f’ © 5 - Dot
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III.C (a) Ecosystems in the CINCWIO region

I1I.¢ (a) i) Coral Reefs

1: Lagoon Areas and Boat Channels

The maximum depth in this zone is two to three metres at high tide.
The substrates are varied and may consist of sand, dead coral, living coral,
angiosperms - turtle grass and, most important, encrusting algae. Important
fish in these areas are Siganus, Mugil, Lethrinids, Lutianids, Mullidae,
parrct fishes and wrasses. Amongst invertebrates the Octopus and Panulirus
ornatus are important.

The zone has already been heavily exploited by traditional fisheries,
utilizing traps, seines and a slight handline effort. With the exception of
Siganus oramin, the Lethrinids and Lutianids, the biology of the fish
from this area is not well known. The zone may be important as a nursery
ground for juveniles of reef and outer reef species.

2 : Reefs

Reef surfaces are frequently exposed at low tides. Reef fronts extend
to the lower 1limit of growth at approximately 15 metres. Substrates consist
of Scleractinian coral massifs of various structures depending on species,
with small sandy patches. The reef surfaces are frequently covered with algee
and reef fronts often with encrusting algae. Important fish are Lethrinids,
300102818 spp., Scarids, Lutianids, Caesio spp., Caranglds, Acanthurids, the
spiny lobster Panulirus longipes, and P. ornatus.

This zone is also heavily exploited at present by traditional gear,
with handlines, seines and traps belng important. Scaridae, Scolopsis and
Lethrinids are important but little is known of their biology. Approximate
yields are presently about 4-5 tons/km and this. may be at or near the upper
limit.

3 : Shelf

This area extends from the foot of the reef slope, usually over an
area of coral rubble of varying degree of 'roughness!, to the shoulder of the
continental shelf at a depth of 80-120 m. The width if variable depending
on the gradient. Substrates vary from very rough folded bottoms to fine sand
and may be bare or covered with sponges, Alcyonaria, Gorgonians and Hydroids.
Important fishes in this zona are : Lutianids, Serranids, Sharks, Denticids,
Carangids, Naso. (exploited. by traps in Mauritius)and Caesio spp. (unexploited

in Mauritius),

The larger specles in thls zone are awailable tq lines and are under—

- exploited. . They differ from the shallow waxer species and may have juveniles
which do not utilize shallow water nursery grounds. Some knowledge of the
biology and population is available. Several species in this area are toxic.
Approximate yields.wty. vary betweenthree and 20- tons/km - The awerage for the
North Kenya Banks JB approximately 8 “tons/kme

43 oastal Palgggc Stocks

| Coaetal pelagic stocks in the coral reef area, deflned for CINCWIO
purposes to extend from 4°N of the equator to 2095 of the equator. include
small schoollng-pelagic species (e.g. Clupeoids, maokerele and small horse-

K
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mackerel species) and larger mainly schooling species {e.g. Scombroids,
Carangids, Barracuda).

4.3 : Bmall schooling species

The main groups are roundherrings (Dussumieria; and Etrumeus to
the north of 4°S) and sardines (Sardinells, Herklotsichthys and others of
es*tuaries, e.,g. Hilss, Pellona). The main species are Sardinella gibbosa,
S. albella, S. sirm. S. longiceps, characteristic of upwelling areas, is
not known south of Mombasa (J.at. 4°S). Herklotsichthys spp. are important
in local fisheries of the Seychelles and Eagt Africa. Scombroids -~ mackerels
(Rastrelliger; Scomber) are found to the north of the equator and south of
Madagascar. Carangids - Scads (Decepterus, Selar, Atule; Trachurus sp.)
can be found outside the equatorial region. Leiognathids - pony fishes
(Gazza, Secutor and Leiognathus) exist in the region as well.

43b : Larger schooling species

The larger pelagic species include mainly Scomberomorus SPDe »
barracuda spp., Rachycentron, laxger carangids and many others.

5'3 Tecapod Crstacea, Moiluscs and Holothurians

The spiny lobsters constitute the most important Crustacea within
the coral reefs. The species which one can name within the reef areas of
the CINCWIO region are Panulirus ornatus, P. longipes, P, vensicolor, and
P._penicillatus. Of these four species, P. ornatus, P. longipes and P.
vensicolor account for most of the catches c¢f lobsters from Madagascar,
NMozambique, Tanzania, Kenya and Somalia. P, penicillatus is the important
species in Mauritius. In the Gulf of Aden, P, homarus is the dominant

species,

Typlioal producstion figures available for yearly catches of lobsters
in the region are as follows:

Country ___Catch - Year
Mozambique (Mo figures) o
Tanzania 26;7vmetric ton%v 1971
Kenya | 57 metric tons’ 1975
Somalia - | (No figures)

S. Yemen (No figures) .
Madagascar 132 metric tons | . 1975 -
Mauritius 20 metric tons
Seychelles " ‘(Noifigu?QQ) P

" '* " The major molluscan compbnantsfwithin the ireef areas are the shells
which are of value-as ‘curios ‘such’as Cypraea spp., Cassius : 8ppi; -and Tridachna
gigas.
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Of the many species of holothurian lmnown to occur in the area,
HIolothuria scabra is of commercial value. Sun-dried sea cucumber is
being exported from Tanzania. The export figures are given in the annual
reports of the FAO Fisheries Division.

III.C (a) ii) : Coral Free Areas/Inter—Reef Area

The area is considered to be represented by trawlable grounds,
excluding the estuarine environment.

Such ground is found in the central areas of the oceani: banks,
the North MHadagascar Banlk, the North Kenya Banks, the Zanzibar and Mafia
Channels, the Somali Coast and the Gulf of Aden. Substrates usually
consist of sand and coral rubble in various proportions, but some sandy
mud areas are found in Madagascar and N. Somalia. Usually the substrates
become softer with depth.

1 : I'rom the surfaceto 20 metres

The most important groups in this layer are Rays and Sharks fished
by longlines and gill nets on the eastern African coast and Oceanic Banks.
Hemipetrus is common in trawl catches throughout the CINCWIO area. Other
groups of minor importance are Trichiurus Carangidae, Sphyraenidae and Mullidae.

2 ¢ From 20 to 100 metres

South of the equator, the densities of larger species are low,
although stocks worth exploiting exist off Madagascar. The most important
species are Mullidae, Nemipterus and Saurida spp. Trawling near rough
ground may produce Lutianida and Serranids. Also important are Sparids.

The Sparids, Lethrinids and Serranids are important to trawl fisheries in
the north of the CINCWIO region. Approximately 1000 tons was talken from the
Gulfl of Aden/Somalia during trawling in this zone in 1975.

3 : Depths greater than 100 metres

: At depths greater than 100 m, the population changes. The area

is exploitable by trawls throughout the CINCWIO region, and by lines in

the southern part of the area. The most important groups to trawl fisheries
are Pristipomoides spp., Sparids, Carangids and Saurida spp. and Sharks;

to line fishing - Pristipomoides, Epinephelids, Etelids, Polysteganus spp.
and Sharks; to gill net fishing - Squalids (around Mauritius}.

The fish are little known and at present are exploited in only a
few parts of the CINCWIO region, (e.g., trawling off the -Somali coast, line
fishing off Manritius and the Comoros) »

III.C (a) iii) : Mangrove Swamps

Within the CINICWIO region, mangrove vegetation extends along the
coasts of Mozambique, Tanzania, Kenya and the southern part of Somalia.
Madagascar also has mangrove forests in the northern part of its west
and east coasts. MacNae (1974) has given a general account of the mangrove
forests and fisheries .of the Indian-Ocean. A detailed survey of a mangrove
area near Nar—es-Salaam was also carried out by McCusker (Ph.D. Thesis?f

The main resources of mangrove forests are timber and bark, fish
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(such as mullets), oysters, and mangrove crab., These forests also serve

as nursery areas for penaeid shrimp., Timber from mangrove forests is

being utiligze.] for constructional purposes and also as firewood. Production
of prawns from mangrove wrea is estimated by MacNae to be 2300 tons per year
in Mozambique and 4300 tons per year in Madagascar. Landings of mangrove
crabs in Madagascar have been estimated to be 380 metric tons per year and

in Kenya from 15 +to 20 metric ‘tons,

11I. ¢ (a) iv) Somali Upweliing Region

1 ¢ Pelagic Stocks

Regions of upwelling and areas influenced by upwelled waters include
the eastern section of the Gulf of Aden and the east coast of Somalia
from Ras Asir south to about 4°N (i.e. non—coralline zone). The pelagic
stocks in these areas include epi-pelagic fishes, meso~ and bathy-~pelagic
resources and others. The production potentials of these stoclks remain
unknown. The following groups may be considered of potential commercial

importance.

a :_Epi-pelagic Stocks

The species occurring in this region are : Clupeoids (round herrings,
Dussumeria acuta, Etrumeus teres); sardines (Sardinella longiceps; S. sim,
S. gibbosa, S. albella and S, melanura being of lessexr importance);
anchovies (Engraulis japonicus, Stolephorus spp.), scombroZds ; (Rastrelliger
kangurta, Scomber japonicus) and Carangids-scads (Decapterus spp. ~ D._dayi,
D. urraides, D. macrosoma, Selar crumenopthalmus, Trachurus spp.

During the North Arabian Sea Survey of the R/V Fridtjof MNansen,
small sohooling epi-pelagic fish concentrations were located north of Ras
Binnah (Somalia). Echo-recordings of sardines and horse~mackerels covers
an area of approximately 100 sgnare nautical miles, between the 30 metre and
500 metre contours. In the res\*of the northern part of the CINCWIO region
small pelagic fish were found scatiered in a number of localities.,

Catches of sardines, anchovies, mackerels and horse-mackerels are
taken seasonally (October-March) off the north coast of Somalia in the lamp
and tuna bait fisheries. Catches reportedly range up to 30 tcns per set.

Two interesti features in these areas the presence of so-called
anti-tropical speclesn%e g. Engraulis and Etrumeus) which are now known ‘o
enter the trOploal zone and the location at depth (200 m) of various so-called

epi-pelagic species (e.g. Scomber, Trachurus ‘and Decapterus BDPe ) e

1.b ¢ Meso- and Bathy-pelagic Resources 5;@,w_‘__.-ﬁd

On the same survey, scatterlng layers of meso/%athy—pelaglc fish
werefound throughout . the North Arabian’ Sea. These layers were recorded at
depths of between 100 ‘and 500 metres during the day, but migration into surface
waters was evident at dusk. In the CINCWIO region, survey .results indicate
that mesopelagic fish form dense schools or layers in daytlme. Larger concen-
trations have been 1ocated off the north—east coaat of Somalla, in the western

Gulf of Aden and in the Gulf of Gman
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Samples from the layers were dominated either by lantern fish
(Myctophidae) or cardinal fish (Apogonidae : Synagrops adeni); many
other groups were also represented.

Catches with a mid-water trawl ranged up to 5000 kilograms, with
catch rates of up to ten tons per +trawi hour. The production potentials

of these resources remain unknown.
1.c : Others

Other, apparently larger—volume, pelagic resources in the upwelling
zone include the red oceanic swimming crab (Charbdis edwardsi); the mantis

shrimp (Oratosquilla investigatoris) and porcupine fish (Diodon). These

species have been located in large swarms or schools, both inshore a.nd off-
shore, but their value as protein resources is in doubt.

In addition, dolphins, whales (Cetacea.) and marine turtles are season-
ally common in the upwelling region. Turtles, particularly the green turtle
(Chelonia mydas), have been intensively exploited for export on feeding
grounds off the north-east coast of Somalia. The status of the stock is not
known, but recent data indicate that the turtle stocks of the countries of
the Western Indian Ocean are not isolated. Therefore, international co-opera-
tion in conservation of green turtles is essential, :

111.C (a) v) Daewgeangg'

The pelagic oceanic ecosystem is oharacterized by the presence of
a predominance of organisms which complete their life cycles in the high
seas. These organisms do not require a substrate and are not directly influ—
enced by land masses (e.g. reduced salinities in estuaries resulting from

land run—offs).

While the geographioal boundaxy of the pelagic oceanic regime can be
placed at the margin of the shelves of continents and oceanic islands, it

should be siressed that many pelagic species spend considerable periods in
coastal watora, i.e. :lnshore of the continental or ocea.nic island ehelvea. ‘

111.C-(Db) Roaouroes's of tho Eoogcstems
II1.C (b) 1) sw~

1 cogtal Pelg:lo stouks
1.a H Prodnction' o

The total annual prodnotion is not’ known. " In areas 'qdmmiﬂm'
fished, ca'tchos have -been- reported-as- followa: o R
Zanzi 1 fighe;

1 Catoh/Night Veesels
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The mean catch/night per vessel (1963~ 1966) was 1.8 metric tons
of sardines and .other small schocling pelagic fish., The composition of
catches has been recorded as follows:

Group Composition
Z E weiét 5

Clupeoids 61
Mackerel (Rastreiliger) 10
Carangids 8 -
Leiognathids 14

Others ‘ I

erdlngs of one 50 ton dipnet off Dar-es-Salaam in 1965 was 224,000

pounds and the compos:Lt:Lon (by weight) was Sardinella, 66%; Rastrelliger
(plus small carangids), 26%; and other fish, 6. Clupeoid catches in
Mauritius have been reported at 35 tons per annum, with no indication of fur-
ther production potential. In other areas thers is no data available on

production,

1.b ¢ Production potentials

Production might be increased in all areas where at present there
is fishing activity (except Mauritius). Fisheries might also be developed
along the north-east ocoast of Madagascar, in Safala Bay (Mozambique) and
on the North XKenya Banks, There are no estimates of standing stocks in
the north and only very prelmlna.ry surveys (both fishing and acoustic)

have been carried out.

Future assessment surveys should be carried out ir the Safala Bay
area, in the.Mafia and Zanzibar channels, and on the North Kenya Banks.,

lec : Biology

The biology of even the more important commercial species in this region
is still vemy poorly known. . Some data on size, on age and growth, and on
spawning seasons are available for erklos:.ch-tm Bpp., and some Sardinella.
spp. for the Zanzibar ohannel area.. ' S i

Preliminaxy data on some 1arger netritic pelagic fish, notably ba.rra.cuda
larger carangids and ficomberomorus spp. are also .available.. ,

Py e

IIL.C (b): u) co' _of the &

13 neognoa Crustgea B T S R P T BV N
~ The, maaor group. -of. cmstacea in the coral-free area are the penaelds
which are ah tin" ‘the" ogfaghriné 'gion ‘ihere’ th,e bottom ‘s mudmr. v Ihe ,
species of com ‘rcihl :|.mpt‘.u:'1:an(:’ef in. 'the CINGWIO reéi ‘are’ §" naeus
P. monodnn, P.. cus‘,f?“"-\‘:i 80185 énag
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In areas of sandy bottoms the sand lobster (Thenus orientalis),
the portunid crab (Portunus pelagicus) and P.sanguinolentus are
of importance. In Mauritius, there is a possibility of developing a
fishery for the crab Ranina ranina which is known to oocur at depths
greater than 20 metres.

Production figures for prawns in the various regions are:

Country Annual Catch Year
Mozambique 3,300 metrioc tons 1973
Tangzania, 364.3 metric toms 1971
Kenya 149 metric tons 1975
Somalia ENO Tiguve:)

South Yemen No figures)
Madagascar 4,900 metric tons 1972
Mauritius No figures
Seychelles No figures

IIT.C. (b) iii) Somali Upwelling

It would be useful in assessing the resources of the region if
surveys could be made in the following areas:

1. In the area 1°N to 8°S, up to 50 miles offshore during the
north-~east monsoon from November to March. A 50 m stern
trawler, capable of acoustic survey and capture, should be used.

2. In the Somali current in the area between 5°N and Cape Guardafui
extending into the Gulf of Aden as far as 4T°E for a period
of twelve months. A 70m siern trawler, capable of acoustic
survey and capture should be used.

In the Somali extenalon survey, echo aounder records of fish abundance should
be preserved. Zooplankton observations might be taken if the Ind.:.an Ocean -
Biological Centre, Cochin, is prepared to oount them.

ITI.¢ (b) iv) Deep-Ocean Regions -
The pelagic fishexy rescurces of ccmercial importance in the
CINCWIO region can be separated intfo:several ‘categories,  These are (1)

subsurface tunas, (2) surface tunas, (3) billflahas, (4) squids and
cuttle fish, (5) sharks and (6) dolphin fishy' £ _ =S

'I‘he la.rger tunae 1n the Inclitm Ocea.n ha.ve hoen hmestgd’u{th Jong-

11rie gear. since. the. early 1950'9, ’;_,.,Beuaed, on a. recant ana;lyszs f .;longhne
rie tehir ., of, thl princ:.pal

fmhing data, the flsnex'y ,J:,.Sz;r) ropo ie . b in
tuna speciea at max:lmum .Bus ainabla yia:\.d“levels_v
:{ ellowfin tu ¢

40,000 metris tons for southem bluefin tuna of a substant:.al i
increase in the longline catch thrmu;h increased fishing does not appear

to be hOpef‘ul.
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In the CINCWIO region, several species of tuna occur in surface
waters and can be taken with surface fishing gear, pole and line with live
bait, purse seine, gill net and troll gear. Species which may be of commer—
cial importance include yellowfin tuna, skipjack tuna, frigate tuna and
Izawakawa. At present a small pole and line fishing industry exists in
Iladagascar for skipjaclk tuna and yellowfin tuna.

The present Indian Ocean catches of skipjack tuna and surface caught
yellowfin tuna are 40,000 -45.000 metric tons and 10,000-15,000 metric tons
respectively. The potential yield for shkipjacl: tuna for the entire Indian
Occan ic ostimated to Le 360,000 metric tons. The potential yield for
surface~caught yellowfin tuna is unknowm.

Among the several species of other small tunas and tuna-like fishes
present in the CINCWIO region, the species belonging to the genera of Auxis,
Duthynnus, Scomberomorus and Acanthocybium represent resources which
could be developed commercially.

The bullfishes are taken predominantly with longline gear. The
annual catch in the Indian Ocean in recent years has been less than 6,800
metric tons. Although stock assessment studies for the several species of
billfishes are lacking, the general view in that increased production through

increased effort is nol likely.

Other species and groups which need to be studied to determine if
they could be commercially developed in the CINCWIO region include squids
and cuttle fish, dolphin fish (Coryphaena hipparas) and sharks. Very little
is Imowm of the hiology and stock size of these organisms in the Indian Ocean.
llowever, their importance in other oceans indicates they should also be
studied in the CIICYIO region.

III.C (c) Resources, Lvaluation and Improvement

III.¢ (e¢) i) Exploration
(a) Crustacea

A. A trawl survey for shrimps off mangrove areas should be
made; a preliminary examination of old hydrographic
charts and surveys might prove useful.

B. A trawl survey for deep ﬁaﬁer stoclks should be made
along the coast.

(b) Skipjack P S
As a fishery is deweloping in the Madagascar, Seychelles,
Comoro "area, an exploratory survey might not be needed.
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III.C (c) ii) Statistics

As Dr.S. Bannerji (IOFC) has recently toured the area on a mission
of statistics improvement, there is no need for the problem to be examined

further.

I11.C. (c) iii) Fish Population Assessment

Three problems were raised:

(a)

(b)

(e)

Can Schaefer-like models be used in multi-species fisheries?
In the last two years, attempts have been made to do this

in ICNAF and a number of papers on the subject have been
published.

In the Gulf of Thailand multi-species fisheries are effectively
treated as a single stock of biomass; however, there are signs
that a change in species composition has occurred.

In the management of shrimp populations, reference was made

to the fishery in the Gulf of Mexico. It is necessary to
distinguish penaeids from the deep water animals. Branding and
laser methods were discussed, in addition to Sphyrion tags;

the possibility of using experimental facilities were also raised.

Resources were classed as exploited and underexploiteds

- BExploited resources

(i)

(i)

(iii)

(iv)

(v)

Deep water crustacea in Somzlia and N. Kenya; but some
exploration may be needed at greater depths

Neritic lobster stocks

The multi-species reef fisheries should not in general be
further explcited

Billfishes and tuna-like fishes, which are probably fully
exploited ‘ ' ‘

Flasmobranch resources.

- Underexploited resources

(1)
(ii)
(iii)
(iv)

Shoaling pelagic species in the Zanzibar Channel
_Tuna—iiké-fiQHés.bffvthe‘honth coast of Somalia
Artisanal fisheries off Somalia

Thna;like fighes in the whole Indian Ocean if the Japaness,
. Koreans and Taiwanesecontinue to withdraw from the area.
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IIT.C (c) iv) Aquaculture

Aquaculture is in an early stage of development in this region
and steps are being taken to initiate culturing of oysters (Crossostrea
cucculata) in Dar-es—Salaam and Mombasa. A survey conducted by a Japanese
Shrimp Culture Nission has indicated suitable localities for the establ ishment

of prawn culture in Tanzania coastai waters.

I17.C¢ (c) v) Taxonomy

In tropical waters the taxonomic problems are formidable:

(a) Part of the R/V Fridtjov Nansen cruise collectiorn has been
identified by specialists in the Federal Republic of Germany and
in the United Kingdom; the collection of identified material

will be deposited in the region.

(v) The‘R/V Professor Mesyatsev collections will be treated in a
gimilar way.

(c) Taxonomic and curating skills should be é=veloped in the
CINCWIO region; some taxonomists are willing to travel to

help with tb-~ :.oblem.

III.Cc (c) vi) Data Collections

There is an assemblage of unpublished information in the log books
and records of transient scientific visitors. Bibliographies (of published
material) should be used to obtain access to this materisl. A certain number

of internal reports should also be made available.

Facilities should be made available for the storage of data at the
CINCWIO Oceanographic Support Centre (see IIL.D (b) boloSf?

III.C¢ () 1ological Oceanography

The Group decided that if +ae obaectlvaa of the CINCHIO programme are
to be achieved in so far as fisheries are concerned, the follow1n6 questions
must be. askod of the blological "eanographsrax ‘

1. - Is potential p‘uuuctxon in- the Somali uyunlling area dlverted in the
. -food chain %o Tecources difflcult to use? S A v

‘We should establish flrst uhethor suoh a djvorsion oocura and if 1t
does what the mature of the dJ"nrsion is. - ,

2. What is the nigration clrcuit of shr:mpe in estuarles, mangrove swlmps,
o reefa and in daep uater’ Jfﬁﬂwk'. iy : v

1’

F;'He ehould survqyanhrmp resources ﬁrat and :lnvestigate the blology
sacond. ' ﬂ

3. What is the relationship between the. frdnging reefs and the mangrove
swamps? For exasple : the reefs are broken by fresh water, but they

protect the shore,
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4. Does the seasonal movement of the thermocline on the shelf affect
the distribution of fishes there?

5« What is the seasonal distribution of brackish water?

6. %What is the seasonal movement of the oxygen minimun layer above the
shelfl and in the deep ocean?

7. What ic the repro.luctive status of ishes in the area by ..rca and
season?

0. What is the distribution of eggs and larvae by area and scason?

9. Vhat is the migratory pattern of the billfishes and the shoaling
tuna-like fishes?

10. On which species gshould biological study be concentrated?
11. How can the structure and function of certain ecosystems be defined?
12. Do dcad corals (perhaps killed by trawlers) generate fish toxins?

13. UWhat causes clupeoid poisoning?

III.D SUB-GROUP (C) - INFRASTRUCTURE, AND TRAINING AND EDUCATION

III.D (a) Philosophy

The Chairman of the Sub-group - Professor liohammed Hyder ~ presented
his views on the basic philosophy behind the development of marine science
in the region. The group connurred strongly with the major points put forward
and decided to adopt these as a basis for their future discussion and the

preparation of appropriate recommenlstic i,

‘ The activities of CINCWIO should have a very.important impact on the
exploitation of the Indian Ocean by the countries of the region, by leading

to an understanding of the exploitation potential of the North and Central
Vestern Indian Ocean, At this stage of our-‘development, .none of the coastal
states in the CINCWIO region can'afford to direct scarce manpower resources
towards an act1v1ty that is likely to lead onlyr to a satisfaction of national
and ‘international’ scientific ‘palates. The dichotomy -between :the International
scientist (seeking a global interpretation of ‘bceanographic.phenomena) and the
regional sc1entist (seeking a scientific understanding of his area -~ initially,
at any rate, as‘a basis‘for+improving the:economic ‘and: gocial well-being of his
fellow countrymen through the- exploltat*on of ‘such: resources as-exist: is

at thla Juncture more llkely hypot‘etlcul than real.

s |
Sui

‘ The countrles bo derlng on the Ncrth and Centraleestern Indlan Ocean
are firstly inter:sted in obta1n1ng food and secondly in extracting a form
of livelihoodi’ The'traditional pattern: among :thei coastal.peoples of the area
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have been fishing and farming. The seasonal monsoon rains have been periods
of low fishing and intensified farming activity and the dry seasons have

seen a reversal in this pattern. By and large both these zctivities hav.:
been at a subsistence level. Since political independence the nations!
efforts to raise the fishing activity to higher economic ievels has demons-—
trated only too lamentably the lack of modern gear, manpower and technological

and financial resources.

If the coastal states in th= CINCWIO region wish to exploit the
resources of the Indian Ocean for the ecoiiomic benefit of their people,
sooner or later they will have to develop the competence to evaluate the
potential of these resources and to exploit them effectively and rotionally.
The corecllary to this is obvious: ‘the coastal states of the region should be
the ones to ronceive and encourage regional co-operative programmes, such

as CINCWIO,

CINCWIO will provide the coastal states of the region with an oppor-
tunity to accomplish the following:

(a) to learn to ask the right scientific questions, the answers
to which are relevant in both the formulation of exploitation

practices and in asking yet further questions;

(b) to learn to plan the kind of co-operative scientific invecti-
gations which should continue with an increasing local
contribution;

(¢) to learn to analyse and evaluate the resulting daia which
can be transmitted with reasonable confidence to exploitation
agencies for their use; and

(d) to make the maximum use of CINCWIO in order to acquire at least
some of the technical manpower resources necessary for mounting a
programme such as CINCWIO;

After discussion of these points; the Group decided to:

(i) talke i:tock of the resident cbmpetenée and of the training
facilities available in the area;

(ii) assess, in practical terms, the level of competence needed
for local staff in order to participate in CINCWIO;

(iii) determine how to train suitable manpower and s£renéthen existing
institutions;

(iv) determlne how the. CINCUIO research programme can ‘be used to train
- the necessary ‘gtaff.’

It was émﬁhaEEZéd??héﬁﬂi§el§baé§ai%éfépéézbf@hé_g;ﬁcﬁIO'reéion (1) neea
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local scientists to provide a backbone of contimuity in accumulating
observations at various points, and {ii) need to develop a capability
of manufacture, utilize and maintain simplified oceanographic tools
and equipment which can be used in making observations.

In order to develop a series of recommendations on the training
and education aspects of the CINCWIO programme, the Group first prepared
twa. information tables. The first (Table 3) summarizes the facilities
which are available within the coastal states of the region to support
the CINCWIO research programme. The second (Table 4) summarizes the manpower
¥osources currently available within the coastal statés of “the region in
those disciplines that are relevant to the CINCWIO research programme.

Sub-group (C) also considered reports from sub-groups (4) and (B)
on their estimates of manpower and facilities needed by the coastal states
of the regionto implement the CINCWIC programme. Sub-group A
physical and chemical oceanography) indicated that the following numbers
and types of personnel would be required over the next two or three years
to carry out the near—coastal physical and chemical oceagrography programme

>

recommended for Regions I and II:

(i) Five physical oceanographers (one senior Ph.D. in dynamical
oceanography, one M.3c,, and two junior oceanographers,
possibly gradate atudeh.a).

(ii) Four sea-going marine technicians (two electronics, two
mechanical).

(ii1) Six land-based technicians who would work at sea 30% of
their time (three electronics, three mechanical).

(iv) Three data~processing staff (one with computer—programming
experience, two general).

(v) One general office assistant.
(vi) One librarian/clerk
(vii) Tvo or three secretaries.

Sub—group (A) (marine geology and geophysics) provided the following
analysis of the manpower and resources in the region relative to the programme

it had recommendeds

1. Heavy minorals

(a) Some local manpower resources are available in Kenya and Tanzania.
The University of Dar-es-Salaam can offer training facilities for
other coastal states in the OINOHIO region.

(b) Advanced overseas training should be arranged for about four
‘ postgraduates (for four to six monihs).

(c) Laboratory oquipnont worth about $US 40,000 which had been
ordered through Unesco was not delivered due to lack of funds,
It is requested that IOC seek funds for the acquisition of this
equipment & efther through the ICSPRO agencies or IOC Member

States. .
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2. Shore and shelf mpterials

Geological surveys or universities in the countries of the region
could provide all of the necessary manpower.

3. 0il and gas

(a) Research in this area could best be carried out by research
vessels from outside the region. These vessels should be
well-equipped for geophysical studles, including bottom
sampling.

(b) Training opportunities should be provided aboard such vessels
for about 30 local trainees. This could be accomplished by
a single research programme of three to four months during
which seven or eight locai *rainees would be trained on each

three-week cruise.

(¢) Local scientists should also have an opportunity to participate
in the evaluation of cruise results at institutions abroad.

4. Earthquake positioning

Training in this field should be combined with the training outlined
under paragraph (3) above. Geologists and/br geophysicists who are at
present available in the coastal states of the CINCWIO region, could be
trained in the operation of seismographic equipment aboard research vessels.

III.D (b) An Oceanographic Support Centre for CINCWIO

The recommendations herein envision a greatly expanded programme
of data collection in the coastal areas of eastern Africa. A diverse
suite of measurements will be made over a large geographical area under
widely differing conditions by individual groups with differing technical
capabilities, It is essential therefore that there be active central
co-ordination so that the limited resources of people and equipment can
be used to maximum efficlency. The establishment of an Oceanographic
Suppart Centre is considered essential to the CINCWIO programme. The
work of the Centre should be exclusively mission-oriented (over the first
. several years at 1east) and is conceived as the minimal structure consistent
with the task at hand. The energy and drive of individuals involved will
determine the success of the whole programme. This small group of indivi-
duals should be identified in the immediate future g0 that the recommended

programmes can be initiated.

- The functiona of the Centre fall naturally into seven groupings,
all related to the necessity of early implementation of the CINCWIO
programme recommendationss

Co-ordination,
Operations Support,
Data Collection,

- Data Reduction,
Data Analysis,
Discemination, and



IOC ‘lorkshop Report No. 7.
page 34

Co—-ordination

Hany different collection platforms will be used - from
committed national research vessels, to ships—of-opportunity, +to
unattended instruments and moorings. ‘The relative importance of the
different measurements and plaiTorms will change with the seasons,
The Centre will be the only source of information on tihie timetables
of the various participants and hence should be respcnsiblec for
developing opportunities and for influencing schedules for maximum

resulte.

Operations Support

The Support Centre should be responsible for instrument repair
and calibration using both it: own facilities and those of co-operating
national laboratories and workshops. It should be responsible also for
intercalibration of all measurements. This is crucial because of the
number of participants groups, the areal overlap of their responsibilities
and the variety of techniques which they will be using. The Centre should
provide a central supply point for equipment and materials on a permanent
or interim basis. Thus, small bottles, data forms, chemical reagents
and standards would be supplied where necessary. Ixchange o» loan of
equipment between +the participating nutions would be arranged through
the Centre. Supply of permanent equipment (e.g, wind and temperature
recorders  through the assistance of the IOC, etc) would be canvassed

by the Centre.

Data Collection

3ince the technical capacities of the collaborating nations cover
a wide range, the Centre will fulfil an active support function. This
should include the organization and instrumentation of ships-of-opportunity
for collection of surface data and the processing of samples collected
by the ships of participating nations when the latter are not themselves
in a position to perform theanalyses.’

Data Reduction

- This should involve the digitalization of analogue records;
exercising of quality control on physical, chemical and biological measure-
ments; preparation of distribution maps; - and the inventoring and storage
of the data in standard formats. ' R ‘ S

Data Anglysls

- Data should be integrated at the descriptive level and the different
measurements inter-related with a view to: idant1£ying meohanlstic relatlon—?

ships,
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Dissemination

The Centre should bear the responsibility of disseminating all the
CINCWIO data both in the standard I0C formats and in special combinations
or Torms at the request of individual investigators or nations. Thus the
preliminary results of routine surveys would be circulated to interested
parties with as little delay as possible, with formal annual data reports
and summaries being made available to the world at large.

The Centre should also prepare and distribute an informal newsletter
summarizing recent developments in the programme and providing information
as to planned activities and future opportunities for research, trainiag

and education.

Training

This is the most important long-term activity of the Centre. The
Centre's initial organization should maximize the educational opportunities
at all levels for scientists, technicians and students of the countrirs of
the CINCWIO region. Illany individuals should be able to gain field experience
by participating in the extensive research programme proposed. Such
participation should be actively encouraged, both on a national and an
international basis.

The Centre should be able to provide additional opportunities for
training within its programme for laboratory analyses, equipment maintenance,
data analysis and dissemination etc. During the early stages of the Centre's
development, some outside maintenance may be necessary for these programmes.
Such assistance should be provided by resident and/br visiting scientists
primarily at the Centre itself or at academic institutions in the region.
Additional training should be offered by academic institutions in other
interested countries.

The CINICWIO training programme should initially be aimed. at improving
the overall capability of the countries in the region to participate in
CINCWIO research, This can be achieved through well-planned collaboration
between the Centre and the Universities and other educational institutions
in the region. In this collaboration the Centre should fulfil a function
similar to that of a marine research field station., That is, it should
provide field experience and other on-the-job training to complement the
academic education of scientists and technicians at all levels.

The facilities to be available at the Centre must enable it to fulfil
the functions outlined above. While it would be ill-advised to duplicate
capabilities already existing in the local participating nations, the Centre
should possess the following!

1 Dquipment repair and calibration facilities, i.e., small well-equipped
machine and electironic shops.

2. A laboratory for biological and chemical analysis. Initially, this
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should contain equipment for the measurement of salinity and
basic nutrients., As it develops it can expand to include
more advanced instrumentation for analysis of additional
nutrients and for analysis of pollutants in economically
important marine organisms.

3, Offices for data reduction, drafting etc.
4. Ar=as for storage of equipment and data.

5. A library - either convenient access to a nation:cl library
or a collection of relevant books and journals.

6. Conference room and classroom facilities for meetings,
discussions and training courses.

It was reiterated that the Centre should be established as soon
as possible, that it should be small and mission-oriented, and that
it should have sufficient backing from the participating neations to
make it a major source of initiative for the on-~going activities Jf the
programme. It can be anticipated that the Centre could grow and develop
with the programme and become a major facility farsupport oceanographic
rescarch in the Western Indian Ocean. However, the immediate requirements
is for the establishment of a small, active group. 3Success of the CINCUWIO
programme is contingent upon this,



TABLE 1 : PROGRAMMES IN TANZANIA AND XENYA COASTAL AREAS (REGION I)

Variables Locations Depth range Frequency flethod
:Tbmperature ?8223;12281) Surface to bottom 1/month Ship station
4 positions
(see fig. 1) Surface to 60 m 1/hour Unattended temperzture-pressure
recorders
Salinity 5 stations Surface to bottom 1/month Ship station
' Conductivity
" Wind At all meteorological stations along the coast and at all ship stations
| Gurrent 3 stations Surfac: to bottom 1/month Ekman current meters/parachute drogues
Oxygen 5 stations Surface to bottom 1 /month Titrations
| Vertical .
Zooplankton 5 stations Euphotic zone 1/bonth Volumetric
Phosphates 5 stations Surface to bottom 1/month Colorimetric
- {Silicates 5 stations Surface to bottom 1/month Colorimetric
Nitrates 5 stations Surface to bottom 1/month Colorimetric
Ammonia 5 stations Surface to bottom 1/month Colorimetric
Turbidity - 5 stations Surface to bottom 1/month Secchi Disc/Turbidity meter

L€ aFed
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liotes on Table 1 :

This programme should be conducted by EAMFRO over a five—year
period with the cooperation of institutions in the coastal
countries. IOC should be a major sponsor of this programme
and should assist in providing necessary equipment and other
scientific and technical assistance.

It is reccmmended that action be initialed as soon as possible
to ensure that this programme becomes fully operational by late

1977.



TABLE 2 =

PROGRAIRES I SOMALI VGOASTAL AREAS {REGICK IT)

Turbidity

~ Variables Location Depth range Frequency Method
Temperature Along 3 Surface to 3 times during summer Ship Station
- Sectlons off bottom monsoon (March-Sept)
Hogadiscio,
Obbia, Ras
Hafun
- (see Fig. 1)
3 positions Surface to 1/hour Unattended temperature-pressure
(see Fig. 1) 40 m. recorders
| Salinity alongb3 SurtTace to 3 times during summer Ship station conductivity
' sections bottom monsoon {llarch-Sept)
- (see tempe-
rature)
Wind At all existing mete~rological stations along the coast; at the proposed stations
at Obbia, Ras Mabber, Ras Hafun and Ras Asir; and on all ship stations (see Fig. 2)
Current evéntually during exe-| 0-100m 3 times during summer Profiling current meter/
cution of series monsoon parachute drogues
4 positions (see
Fig. 1) 100~1000m 1/hour moored current meters
| Oxygen (same as (same as (same as salinity) Ship station
salinity) salinity) Oxygen sonde
Chlorophyll
Vertical (2 programme to collect these chemical measurements
"Zohplankton should be implemented at a later date as the
Phosphates institutions in the region develop their capabilities
Silicates in this rezpect)
Nitrates
Ammonia

6§ a3ed
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Notes on Table 2 @

1.

2.

This programme should be initiated in March 1977 by the Somali
Fisheries Ministry (S.M.F.), The IOC should support this
program:e strongly, particularly by providing scientific and
technical equipment and advice. The programme should begin
gradually and build slowly.

Because more development is required in this region, it was
considered premature to limit this programme to a set time

period.



“““““““““““““““““ T“““‘*“““"‘“""T‘"‘"“‘"*‘“""‘===?=======*===?===========T=================7
- “MAURITIUS MADAGASCAR TANZANTA IENYA SOMALIA TAMFRO '
F == = , = ZIZmmzooo=asy ===::==============k=================+========:==1t=::===::=::==: B T T e Y
Laboratory Equipment Marine Harine [larine none ncne Phrsical Qcea-
o : Chemistry Biology, Biology, nography,
Physical Physical Fisheries
Oceanography, Oceanography
Fisheries
Field Equipment “Harine Physical Bottom none none Sampling
ST ‘biology, Oceancgraphic S amplers, equipment
- Chemical . and Marine Planizton for physica:
analysis ‘ Biological water oceanography
"~ sampling, samplers, and
G.E.K. etc. figheries
Research vessels (a) 26 m (a) 11 m 26.2 24.7 m Fishery (a) 32.2m
s I combinaticn tvawler; fishing stern research (118 £t)
. fishery vessel (b) 14.5 m sessel trawvler vessel iid%l
(b) 10 m trawler; rawier
inshore boat (c) 63.5m (b) 40 m
: ’ (122 1)
skip for
physical ;tern
trawler on
oceano- order
graphy
| Other boats small boats none {a) 10 m in~- none none (a) 10 m
available boarad launch in
for lagoon beat Zanzibar
work (b) ¢ m out- (b) 13.1 m
board launch for
boat Ii-mbasa
on order

Ly a3ed
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TABLF 3 continued

FAURITIUS

LIADAGASCAR

TANZANTIA

KENYA

- TANFRO - -

 SOMALIA.
a . N e

Construction

planned 1977/78

8

Nosy=-bé
Tuléar

Large aquar-
ium with

running water

None

none

for PO RS
Mombasa .-t . =

Laboratory Facili-
ties

A laboratory
planned for
1977/78 will
include wet and
dry labs, and
hatcheries

Tuléar
Nosy-Bé
lajunga
‘Tanana-—
rive

Three

laboratories

One

Laboratory |

St e kYo o

none

§a§ Zanzibar ©f .

o |V<.:.—:-_~‘ Tamrs .‘—a.::a-*"."ﬂ‘n‘ff. .2 é:..,
T S N avpaas

ned for . |-
Dar—es~- "}

Libraries

(a) Univ. of
lauritius

(b) Huseum

(¢) Limited
facilities
at Ministry
of Fishe-
ries

(a)
(b)

~ rive

(c)

Nosy-2é-
good

Tanana~

Tuléar-
limited

(a) Universi-

(b) Fisheries
Ins. Lab.

" Nairobi -

Fisheries .

Department |

Piéhhe& 54

pact of
National
Library;

b) Planned - |
©oat
. ¥ombasa.

Special Zouipment

none

(a)
(v)

Decca Hi
Fix
Spectro-
photomew
ter
Salino-
neter

Spectrophoto-
-meter

Salinometer
Scuba g.ar

none

. _nome

+ ... meter . .

(a) Spectrb—lé

, rhometer - | iﬂ
,(b) Autoanaiyflbéiﬁf;

zer

(c) Salino—

. , ?==?1:?“f
" (a) Zanzibar o
(b) one planned} "

Moubasa |
One plan<: | -~




TABLE 3 continued

JAURT. TUS

P-652
(b) NCR=2

(b) BM 360140.3

(c) NCR .....1

versity -
“athematics
Department

ADAGASCAR TANZAITIA KTNYA SOFFALIA TAITR0
?>ﬁéta'Co}1ecfion none ag'Tulear Limited none none none
and Storage b) Nosy Bé facilities
_ for data
storage
 Fuseums and
Collections Port Louis none none Nairobi none Zanzibar
.} ¥aintenance and ga) Boats—y-s (a) Boats- (a) Boats- (o) Boats— (2) Boats- (a) Boats-
,¥Repairv3f Boats b) Slectro- Yes yes _Yes Yes res
T§p¢ Bequipment ?;:it;d (b) Blectro- (b) Tlectro- [b) Electro- | (b) Zlectro- | (b) Slectro-
' “ o nics-none nics— nics - nics - nics -
(¢) Optical- none none none yes
yes (c) Iliecha-
nical
equip-
) ment -
) yes
Computers (a) Olivetti (2) B 1130...2 | One at Uni- none none (a) Olivetti

P-101

(b) Olivetti
P-604

¢y aded

doyssao;; DOI

‘O 3J049};
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TABLE 4 : LIST OF AVAILABLD ZXPZRIISD

AND TRAINEDS IN MARINE SCIENCES IN THE COUNTRIES Of THE CINCWIO REGION

T ZUNITIUS TADAGASCAR TANZANTE SOHALIA TR0 (FAC)
i Univer—  Other ' Univer-  Other Univer— Other ‘Univer-: Other l;Un:i.ve:\-' Other |
L sity tosity sity ' ; :
PHYSICAL g;;.)egis l llone None : None 3+ 1? None i None . .:2
i ; : :
OCEZANOGRAPHY L :
AND YARINE | yo. of {
IT=0ROLOCY Trainees . - T
No. of
CHZICAL Experts | None None | lNone None | Nome None None” . “"None|
t ! + T ;
NO. Of i . i i - B O SO
OCTANOGRAPHY | trainees i | e
—— z ; T
0. © ‘ » ; o ! - None:-. .2 imclu= -
Experts Hone : 6 3 i : } None: " ding one g
; ~ Oceanogra~-
, i ) rhez |
IISHERIES ; T
No. of i ! ; -
"*rainees 2 : 60 3 12
' T ; !
. No. of _
CONSZRVATION | gyperts None . None None None | None None i Hone None :
AND . ; ' - } . . J—
No. of : : ; '.
POLLUTION Prainees § . L
No. of ? g
BIOLOGICAL | Experts | None None 7 None ! None None | Nome
No. of ; |
OCEANOGRAPHY Prainees None 4 None - i -
No. of : o §
TARTIE Experts None Hone ? None ; None : None
Z0LOGY No. of » Nome | 2 !
1 ‘Prainees : '
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liotes on Table 4 :

1. A question mark indicates that there was some reason to believe that
the country indicated did have people in that area listed, but that
no definitive information was available.

2. A blank space indicates that no information was availabie for this
category.




IOC Vorkshop Report lo. 7
page 46

IV. LIST OF PARTICIPANTS

Dr. Abdullah Shekh Ali
National University
P.0. Box 801
Mogadiscio,

SOMALIA

IIr. Samuel Allela

Senior Research Officer,

East African Marine Fisherics
Research Organization (ZAMFRO),
P.0. Box 81651

llombasa

KENYA (observer)

Mr, D.J. Ardill
Fisheries Division
Ministry of Fisheries
Port Louis

MAURITIUS

Dr. Lars Erik Ase

Kenya Science Teachers' College
P.0O. Box 305%

Nairobi

KENYA (observer)

Dr. L. Birkett

Indian Ocean Programme
FAO ‘
Rome

I ALY

lir. Louis B. Brown
International Liaison Officer
Division of QOcean Sciences
National Science Foundation
1800 G. Street N,Y.
ilashington D.C.

U.SeA.

lir, Vladimir Chorikov

lMarine Enginecer

Hydrographic Office of the UGSR
Wasilevsky

Ostrov

11 Linea, Leningrad.

USSR .

Dr. V, G. Cilel

Department of Geology
University of Dar—es—Sala-m
P.0. Box 35091
Dar-es—Salaam

TANZANIA

Dr. David Cushing
(Convenor, Sub-group (B))
Fisheries Laboratory
Ministry of Agriculture,
Fisheries and Food
Lowestoft

Suffolk

U.K.

Mr. René Cuzon du Rest

I0C Assistant Secretary

for Training, Education and
Mutual Assistance (TEMA)
Intergovernmental Oceanographic
Commission

UNESCO

T, Place de Fontenoy

75700 Paris

FRANCE

Dr. l. Diing

Prof, of Physical Oceanography
Rosenstiel School of lMarine
and Atmospheric Science
University of [iiami

4600 Rickenbacker Causeway
Florida 33149

UaSehs

Dr. H.J. Duyverman
Associate Lxpert

Department of Geol.ogy
University of Dar—es-Salaam
P.0.Box 35091

Dar-es—5alaam

TANZANTIA



Dr.J. Edmond

Massachusetts Institute of
Technolugzy

Cambridge

lMass. 02139

U.3.A.

br. K.O, Emery

Woods Hole Oceanogranhic
Institution

‘ioods Hole

Ilass. 02543

U.3.A.

Dr. B.N. FMiljushkin
Shirshov Institute of
Oceanology of the Academy
of Sciences

Letnaya 1
IMoscow J-38
USSR

Mr. J. I"indlater

Bast African lleteorological
Department

P.0.Box 30259

Nairobi

KENYA

Prof. ii, Hyder

(Convenor, Sub-group (C))
University of Nairobi
P.0. Box 30197

Nairobi

K]L‘NY:AL

Chief O0lu Ibukun

Director

Unesco Regional Office of
Science and Technology for
Afr.ca

P.0. Box 30592

Nairobi-.:

KENYA

Prof. S5.K. Imbamba
Professor

Department of Botany
University of Nairobi
P.0. Box 30197
Nairobi

KENYA

Dr. W. Eifion Jones

Senior Lecturer in Marine
Biology o
Marine Science Laboratories
University College of North lales
Menai Bridge, Anglesey, ilales
U.K.
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Dr. V.P. Kahr

Unesco Regional Oflice

for Science and Technology
for Africa

P,0. Box 30592

Nairobi

KENYA

¥ir. P.N. Kamande
Assistant Director of
FPisheries

Ministry of Tourism and
Wildlife

Figsheries Department
P.0. Box 40241

Nairobi

KENYA

lr. Andrew B.C. Killango
Research Officer (OceanOgrapher)
East African liarine fisheries
Research Organization (EANFRO)
Bast African Community

P.0. Box 668

Zanzibvar

TANZANIA (obszrver)

lr. George E.B. Kitaka
(Chairman)

Bast African llarine Fisheries
Research Organization (EAMFRO)
P.0. Box 668

Zanzibar
TANZANIA

lr, V. Konnov
Shirshov Institute of )
Oceanology of the A-wademy of

- Sciences

Letnaya 1
Moscow J-38
USSR

Mr. G.F, Losse

Consultant

North Arabian Sea Survey
Institute of ilarine Rasearch
Bergen

NORWAY

Dr. D.W. Moore

Associate Professor of
Theoretical Oceanography
Physical Oceanographic =
Laboratory '

Nova University

8000 N,:Ocean Drive
Dania

Florida, 33004

U.5.A.
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Miss Shakuntala Moorjani
Lecturer in Botany
Botany Department
University of Nairobi
P.0, Box 30197

Nairobi

KENYA

Dr, Selim Morcos

Division of Marine Sciences
Unesco

T Place de Fontenoy

75700 Paris

FRANCE

Mr. R.E. Morris

Director (special duties)
E.A M,F.R.0,

P,0. Box 81651

Mombasa

KENYA

Prof. A.S. Msangi

Head

Department of Zoology
University of Dar-es-Salaam
P.0. Box 35064
Dar—es-~Salaam

TANZANIA

Dr. Valle J. Nauta
Associate Expert in
Environmental Sciences
UNESCO Regional Office of
Science and Technology for
Africa

P.0. Box 30592

Nairobi

KENYA

Mr. L.B. Nhwani
Research Officer
East African Marine Fisheries

Research Organization = . ».—

PO, Box 81651 .
Mombasa
KENYA

Mr. Norbert Odero

Director of Fisheries
Fisher:es Department
Minisfry of Tourism and
Hildltfe T
P.O. Box 40241 .
Nairobi e

KENYA

P

Mr, E.Plalkhin
Institute of Oceanology
of the Academy of Sciences

Letnaya 1
Hoscow J-38
USSR

. Bernard Piton

Office de la Recherche
Scientifique et Tecknique
d'Outre-Mer (ORSTOM)

24 Rue Bayard

75008 Paris

lir. A. Ralison
Chef,
Service des Péches Maritimes

B.P. 291
Tananarive
ladagascar

Mr. E.IMl, Rifat
Coordinator

Red Sea and Gulf of Aden
Programme (ALECSO)

Arab League Educational,
Cultural and Scientific
Organization,

10 Tahrir Street

Dokzi, Giza

Cairo

EGYPT

r. Muridi Ali Salah
Chairman

National Committee on the
Marine Environment
Ministry of Fisheries and
Marine Transport
Mogadiscio

SOMALIA.

Dr. C. Sanke. cankutty

Zoology Department :
University of Dar—es-Salaam
P.0. Box 35064 - L :
Dar-es-Salaam . -
Tanzania

Dr.' Fs' Schott
Department of lMathematics

University ef British Columbia

Vancouver 8
C.ARAD_“'_E E S AN s



lIr. llarl: Sercbrennikov
United Nations Environment
Programme (UNCP)

Gigiri

P.0. Box 305%2

Nairobi

KEITY A

1r; R.5. Shomura
Director
Honolulu Laborator,

South-west IPisheries Center

NI

NOAA

P.0. Box 3830
Honolulu, Ilawai
U, 5. fle

DI‘ L] D [} A . Shubn il‘ZOV

Al1-Union Research Institute of
Ilarine Fisheries and Oceanography

(VITIRO)

V. Kasnoselskaya 17
Ifoscow B 140

USSR

Dr. A. Shribhidhadh
Indian Ocean Programme
I'isheries Department
FAO

Rome

ITALY

Prof. Henry Stommel
(convenor, Sub--group (4))
llassachusetts Ingtitute .
Technology

54-1416 Cambridge

llass. 02139

U. S.A.

Dr. J.C. Swallow
(scientific Co-~ordinator)

Institute of Oceanographic

Sciences
Brook Noad
Tormley
Godalming
Surrey

. UK. g "
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Dr. J. Tarbit
Research Officer
E.A.MLTF.R.O,
P.0. Box 6568
Zanzibar
TANZANIA

New address:

Fisheries Department
Ministry of Agriculture
Ilahe

SEYCHELLES

Dr. G. Tomczal:

Fishery Resources Officer
(Oceanography)

Fishery Resources and
Environment Division

FPAO

Rome

I

Dr. V.V.R. V&rad«.‘lCha.ri
Deputy Director
National Institute of
Oceanography

N.I.O0. Post Office
Dona Paula

Goa

INDIA

Dr. T. Uyatt

IPisheries Laboratory
Ministry of Agricul ture
FPisheries and IPood
Lowestoft

Suffolk

U. K.
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V. LIST OF PAPERS PRESENTED OR DISTRIBUTEL

Introduction to the oceanography of the area — Professor Henry Stommel

Notes on the climatologzy of Tastern Africa and the !/est Indian Occan -
Yir. John Findlater

Air/sea interaction in the CINCWIQ area — Dr. B.N. Filjushkin
Equatorial currents cof the Yestern Indian Ocean - Dr., John C. Swallow

tlestern Boundary Currents including the upwelling systems - Dr. llalter
0. Diing

Theoretical models of the Indian Ocean circulation with reference to
the study area - Dr. D.il, Hoore

The oceanography of the East African Coast - Ilr. A. ‘inters
(presented by Dr. D. Cushing)

General problems and investigations in India in the field of coastal
oceanography - Dr. V,V.R. Varadachari

Aspects of coastal geolozy - Dr. V. Cilek
Review of marine geology off North—eastern Africa - Dr. K.O. Emery
Chemistry of surface wators in upwelling areas - Dr. John I, Edmond

Production regimes in the tropical and sub-tropical Indian Ocean -
Dr. T, Yyatt

Coastal pelagic fishes - Dr. D.A. Shubnikov

Pelagic fishes and fisheries of the Indian Ocean - Hr. Richard S. Shomura
and Dr. Richard N. Uchida (presented by Mr. Shomura)

Recent trends in demersal fisheries in the CINCYIO area - Dr. John Tarbit

Present state of our knowledge of dccapod crustaceans from the North and
Central Yestern Indian Ocean -~ Dr. J. Sankarankutty

Coral reef ecology and conservation «~ Dr, R.L. Jachowski
(not presented) : }

Pollution problems -~ Dr. G. Tomczak

llarine science training and education in Eastern Africa - Professor !lohammed

Hyder.
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ALECSO
BATHY
CCOP (of ESCAP)

CCOP/SOPAC (of ESCAP)

CICAR (of IOC)
cIicwIo (of IOC)

EAC
EAMFO

ESCAP (ex ECAVFE)
FAO

FGCE

GARP

GFCM (of FAO)
ICNAF

ICSEM

ICSPRO

IDOE
16oss (of I0C/AmMO)
IIOE (of IOC)

I0C
1I0DE (of IOC)

" I0FC (of FAO)

HMONEX

NIO (India)
NMFS amng
noaa (Usa
ORSTOM

ROSCOP

TEMA (IOC)
TESAC
UNDP

UNEP
UNESCO

VAP
VNIRO

WO
XBT

VIi. LIST OF ACRONYMS AND ABBREVATIONS

Arab League REducational, Cultural and Scientific Organization
Bathythermograph '

Committee for Co-ordination of Joint Prospecting for Ilineral
Resources in Asian Offshore Areas

Committee for Co-ordination of Joint Prospecting for Mineral
Resources in South Pacific Offshore Areas

Co—-operative Investigations of the Caribbean and Adjacent
Regions

Co-operative Investigations in the North and Central

tlestern Indian Ocean

East African Community

East African Marine Fisheries Research Organization

Tconomic and Social Commission for Asia and the Pacific

Food and Agriculture Organization of the United Nations

First GARP Global Experiment (of WNMO/ICSU)

Global Atmospheric Research Programme (of WNMO/ICSU)

General Fisheries Council for the Mediterranean

International Commission ror the Northwest Atlantic Fisheries
International Commission for the Scientific Exploration of the

Hediterranean
Inter~secretariat Committee on Scientific Programmes Relating

to Oceanography

International Decade of Ocean Exploration
Integrated Global Ocean Station System
International Indian Ocean Expedition

Intergovernmental Oceanographic Commission
International Oceanographic Data Ixchange
Indian Ocean Fishery Commission

lonsoon Experiment

National Institute or Oceanography, Goa

National Marine Fisheries Service

Narional Oceanic and Atmospheric Administration
Office de la Recherche scientifique et techniqie
Outre Mer

Report of Observations/Bamples collected by Oceanographic
Programmes .

Training, Education and Mutual Assistance
Temperature, Salinity and Currents report

United Nations Development Programme

United Nations Environment Programme

United Nations. Educational, Scientific and Cultural
Organization

Yoluntary Assistance Programme

All1-Union Research Institute of Marine Fisheries and Oceanography,

Moscow
World Meteorological Organization

Expendable bathythermograph

{i

-
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