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INTRODUCTION 

The Training Course on Ocean Flux Monitoring in the Indian Ocean was designed to introduce 
scientists of the region to the project on the Joint Global Ocean Flux Study (JGOFS), test the JGOFS 
Core Measurement Protocols whether they would be adaptable for developing countries in the region, 
and acquaint the scientists with current scientific and technical knowledge in marine sciences. 

The two-week course was held in co-operation with the Kenya Marine and Fisheries Research 
Institute (KMFRI) in Mombasa, Kenya, and consisted of lectures, exercises and laboratory work to 
analyze samples and data collected during a half-day research cruise. 

The Course was financially assisted by the German Government through a Trust Fund 
contribution to the Intergovernmental Oceanographic Commission (IOC). Further assistance was 
provided by the IOC Secretariat. 

1. OPENING 

Dr. Ezekiel Okemwa, Director of KMFRI, opened the Training Course on Monday, 15 
November 1993, in Mombasa, Kenya, at the Reef Hotel. The Agenda of the Covrse is in Annex I. 
The opening session was attended by four instructors and thirteen trainees from countries in the Indian 
Ocean, regions of IOCINCWIO and IOCINDIO, and one invited participant from the IOCEA region. 

Dr. Okemwa welcomed instructors and trainees, and encouraged the trainees to actively 
participate in the Course. H e  emphasized that for the success of the Course the trainees should take 
active part in communicating, making contacts, asking questions and learning. Interaction with the 
instructors was an important basis for their role as future core scientists in the region. The trainees 
should keep in mind that the Course was oriented towards providing current advancement in science 
and technology in ocean sciences which would be useful to develop their research facilities and 
projects as well as to participate in future expeditions scheduled in the region. 

Dr. Okemwa then proceeded to discuss the role of ocean flux monitoring for global change 
which could provide us with the means for being able to forecast what is happening in the ocean. H e  
stressed that since very little work has been carried out in the Indian Ocean by local scientists, as 
compared to other oceans, it is time for developing countries in the region to participate in such 
activities. H e  further emphasized that the capacity, research capabilities and human resources, and 
enthusiasm exist in the region, and it just needs to be mobilized to move ahead. Dr. Okemwa cited 
the R.V. TYRO Expedition in 1992 with the Netherlands as an example of international cooperation. 
It was a time when the scientists from developing countries were not just technicians or treated as 
assistants, but as equal partners: a good example of true partnership in science. 

Dr. Okemwa stressed the importance of data quality control and intercalibration exercises. H e  
emphasized the need for constant reviews and communication between researchers and technicians. 

At the close of his talk, Dr. Okemwa deplored the fact that essential equipment is very 
expensive, thereby making it difficult for developing countries to co-operate on an international level. 
It would be a shame if JGOFS failed because developing countries could not afford the equipment. 
H e  asked whether it would be possible to recommend cheaper equipment. Dr. Okemwa also 
recommended having a training course for technicians so that they learn how to handle the equipment 
properly. 

Dr. Kazuhiro Kitazawa thanked, on behalf of IOC, the team of lecturers, led by Professor 
Bernt Zeitzschel of the Institut fiir Meereskunde in Kiel, Germany and K M F R I  for making this 
Training Course possible. H e  briefly introduced IOC, its organizational structure and its role in 
promoting science through international co-ordination. H e  referred to the ongoing co-operation 
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between IGBP-JGOFS and IOC, mainly through the IOC-UNEP-IMO-GIPME Programme. He 
recalled the role of GIPME in developing chemical reference methods through GEMSI, and the 
contribution of this work to the development of the Protocols. 

2. PARTICIPANTS 

Thirteen trainees from eight countries, Tanzania (l), Madagascar (l), Maldives (1). Egypt (l), 
India (2), Nigeria (l), Kenya (5) and Sri Lanka (l), were selected jointly by lecturers and IOC 
Secretariat to attend the Course. 

The team of lecturers consisted of Professor B. Zeitzschel (Germany), Dr. M. Baars (The 
Netherlands), Dr. P. Burkill (UK), Dr. U. Wolf (Germany). The following, some of whom are 
members of the JGOFS Indian Ocean Planning Group (IOPG), acted as part-time lecturers: Dr. T. Al- 
Abdessalaam (Oman), Dr. A. Poisson (France), Dr. S. Amjad (Pakistan), Dr. V. Melnikov (Ukraine), 
Dr. Okemwa (Kenya), Dr. M. J. Ntiba (Kenya), Dr. J. Brock (USA) and Dr. D. Hansel1 (USA). 

All participants are listed in Annex 11. 

3. COURSE PROGRAMME 

The Training Course was for a duration of twelve days, including one weekend. Seven days 
were allocated for lectures with slides and modelling demonstrations through PCs, one day for a 
demonstration cruise aboard a chartered ship, one day for laboratory work at KMFRI, and a one-day 
field excursion. The weekend was set aside for the JGOFS Indian Ocean Planning Group meeting. 

The Course began with general introductory lectures aimed towards providing the trainees with 
useful information concerning existing international and regional programmes, their structure and 
aims, as well as with information about past international expeditions and findings. The lecturers then 
progressed to more detailed information on specific scientific topics. These lectures included a 
description of the methods and equipment used for experiments and sampling. Finally, each of the 
trainees studied the protocols line by line with the instructors, in order to make sure that the trainees 
had understood both the terminology used and the procedures described in the protocols and examine 
whether recommended procedures are adaptable at their institutions. At the end of the Course the 
trainees were asked to provide some information concerning marine research in their respective 
countries which is summarized in Annex 111. They were also requested to comment on the effectivity 
of the Course and applicability of the protocols for their own work. 

3.1 LECTURES 

Professor Bernt Zeitzschel, the Course Director, opened the Training Course by an 
introduction on the objectives of the Course: concepts of JGOFS, the JGOFS Core Measurement 
Protocols, the JGOFS Indian Ocean Planning Group and described the plan of the 1994-1996 Process 
Study. He invited the trainees to attend as observers the JGOFS Indian Ocean Planning Group meeting 
which was scheduled to take place over the coming weekend. 

After this brief general introduction on JGOFS Professor Zeitzschel explained how human 
actions affect climate, how greenhouse gases contribute to global warming and disturb the balance. 
Study of the oceans is important because they have the capacity to store tremendous amounts of 
carbon. As a result of increased carbon emission the natural exchange of carbon dioxide between the 
atmosphere and the ocean is disturbed. Comprehensive research with global views needs to be 
implemented in carefully selected areas of the ocean. Two ongoing scientific programmes were set-up 
to do just that. One is JGOFS, which investigates the carbon cycle and the other is the World Ocean 
Circulation Experiment (WOCE), which is concerned with global ocean circulation. 
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Professor Zeitzschel explained the connections and administrative links between certain 
oceanographic organizations and committees related to the Joint Global Ocean Flux Study. He further 
explained that JGOFS is concerned with studying CO, circulation - what goes up, down and back out. 

He emphasized the role of phytoplankton as an important component in this process. He stressed the 
necessity to study the different types of phytoplanktons and their role. 

The aim of JGOFS is to monitor the carbon cycle internationally through: 

(i) Time Series Stations: measurements at specific sites to find out variability over time; 

(ii) Global Survey: in co-operation with certain cruise tracks of WOCE chosen along 
which physical and CO, measurements are carried out; 

(iii) Process Studies: to identify and measure essential factors which influence the carbon 
budget. 

Professor Zeitzschel briefly sketched the principal goals of JGOFS, the philosophy of JGOFS 
and introduced the JGOFS Core Measurement Protocols. Then he explained about a multi-national 
Pilot Study which took place in 1989 in the eastern North Atlantic Ocean, and presented some results 
from that project. This project was a good example of interdisciplinary and international work carried 
out from sea and air. 

Professor Zeitzschel specifically stressed the role of the Indian Ocean in climate change. He 
mentioned some of the features that play a major role in this region according to different climatic 
conditions: the NE monsoon, the S W  monsoon and the inter-monsoon periods. The wind causes 
upwelling. It is important to study its effect on the surfacing of phytoplankton. The sedimentary record 
shows an extremely high rate of carbon over a vast area of the Arabian Sea. Another contributing 
factor is the dust particles that are blown in from Arabia, which, because they contain nutrients, e.g., 
iron, fertilize the region. 

After introducing the JGOFS Implementation Plan (ref JGOFS Report No. 9) and briefly 
describing two projects: Cruise of R.V. TYRO and the North Arabian Sea Environment and 
Ecosystem Research (NASEER), Professor Zeitzschel then explained about the Indian Ocean Planning 
Group (IOPG): what it does and what it would like to do in future. IOPG will be concentrating on 
a transect that coincides with a WOCE transect. Additional sophisticated moorings are to be deployed 
and possibly left for a year or more. There are two main areas of study: coastal and open ocean. Up 
to three research vessels will be involved. Some will carry out regular grid type measurements. Some 
will be using the Lagrangian approach (drifting experiments) . In addition, a plane out of Oman will 
be used to measure ocean colour at different wave lengths. The main objectives during the cruises will 
be benthic studies and bio-geochemical processes of top layer (1000m) affecting the carbon cycle. 
Special attention will be paid to the oxygen minimum zone which is characteristic for the Arabian Sea. 
Ship time will be a total of 15-17 months, 15-16 legs of a month’s duration, with thirty scientists on 
board for each leg. The main research areas will be oligotrophic and eutrophic. 

Professor Zeitzschel also spoke about the results of previous expeditions. He mentioned the 
German Expedition of 1987 with R.V. METEOR and spoke of drift experiments in the open Arabian 
Sea. 

. . -  

During the Training Course, Professor Zeitzschel gave several other talks on various topics. 
One of them was a lecture on phytoplankton: sampling equipment and research. He spoke of the 
conditions which would make sampling difficult. He discussed, in detail, the chapters related 
phytoplankton in the Protocols. 
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Dr. Okemwa followed with his introduction: "The Contribution of Kenya to Global Change 
Research" by pointing out that every country has different developmental problems, making it difficult 
to co-ordinate programmes and projects. Research in Kenya focusses on sustainable exploitation and 
conservation of its aquatic resources, both in marine and fresh water. Research programmes are 
diverse and include: 

fisheries research: 
stock assessment of fishery stocks; 
biology and ecology of coral fishes; 

aquaculture : 
culture of edible organisms; 
culture of fleshy algae; 
biotechnology research to improve breeding stocks; 

environmental and ecology research: 
ecological studies in estuaries, mangrove forests, seagrass beds and living coral beds; 
study of the productivity of coastal marine waters; 
study of nutrient release and distribution in coastal waters; 
study of pollution in coastal marine waters; 
study of patterns of water circulations in marine waters; 
investigation of erosion and deposition of sediments in coastal marine waters; 

oceanography (physical, chemical and biological): 
development of numerical analyses, quantitative budgets and numerical simulation 
models of oceanographic and ecosystem processes in the marine ti opics; 
defining key events, communities and processes which regulate the structure, 
productivity, connectivity and dynamics of Gazi Bay marine ecosystems through 
measurement, analysis and modelling; 
development of the best possible technological base, analytical tools and information 
resources to aid in the conservation, development and management of tropical marine 
ecos ys tems ; 

marine geology 

natural products research: 
- the extracts of active ingredients from various marine organisms and identify which 

the toxicity of extracts of active ingredients from various marine organisms; 
are good sources of various pharmaceutical and nutritional active ingredients; 

ways to improve the quality of extracts of active ingredients; 
- 

food science and technology: 
the problem of fish spoilage and find ways to reduce it; 

marine bacteriology. 

The objective of biological oceanography is to measure, budget and ultimately model fluxes, 
sources and sinks of carbon and coupled nutrients (N, P, trace elements) in tropical shelf and ocean 
ecosystems. Research is the product of interaction between KMFRI, national universities in Kenya, 
the Kenya Wildlife Service and National Museums of Kenya. 

The important concepts and issues here are the ecological impacts (sensitivities) of specific 
ecosystems - their natural adaptation strategies, and socio-economic impacts - agriculture, human 
settlements. Important oceanographic parameters are: temperature, salinity, siltation, sea level rise. 
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Meteorological parameters are: air temperature, barometric pressure, wind speed and direction, 
rainfall and humidity. 

The Kenya Government encourages bilateral and multilateral co-operation in marine research 
with countries that undertake marine research. Such co-operation not only minimizes duplication of 
efforts, but is also instrumental in training upcoming Kenyan scientists when they work with specialists 
to gain experience in various disciplines. 

Among the numerous relevant marine science activities in the last 3 - 6 years are: 

(0 
(ii) 

Kenya - Belgium Marine Sciences Research Project 
Regional Cooperation in Scientific Information Exchange in the Western Indian Ocean 

EEC Mangrove Project 
Kenya - Dutch Expedition 
Coastal and Marine Research in Africa (COMARAF) 
Eastern African Action Plan (UNEP - OCA/PAC) 
Global Sea Level Observing System (GLOSS) 
SAREC (Swedish Agency for Research Co-operation with Developing Countries) and IOC- 
SAREC Marine Coastal Management Programme. 
US AID-Coral Reef Monitoring Programme 
IOCINCWIO Programmes. 

(RECOSCIX -WIO) 

Because of its relevance to the present Training Course, Dr. Okemwa explained details about 
the Kenya-Dutch Expedition which began in June 1992. The expedition programme was concerned 
with the effects of the monsoon on coastal ecosystems in Kenya. Offshore studies onboard the Dutch 
R.V. TYRO and studies of the coastal fringe using a land-based camp were carriec' out. R.V. TYRO 
covered three transects perpendicular to the coast and one of these had its starting point near Gazi. 
Topics that were studied jointly with scientists involved in the EEC-Mangrove Project included the 
following : 

(i) 
(ii) 
(iii) 

sediment and plankton transport in undisturbed and exploited parts of the mangrove, 
food chains in coastal fringe (using stable isotopes), 
emission of greenhouse gases by the mangrove sediments, 
the function of the extensive seagrass meadows in the bay nutrient and seston traps 
between mangrove and coral reefs. 

Five topics related to global ocean flux studies were covered: 

(i) 
(ii) 
(iii) 
(iv) 
(v) 

coastal ecosystem studies off Kenya, 
coral reef research centered in the Seychelles, 
late quaternary productivity and dynamics of the oxygen minimum zone near Pakistan, 
palaeo-ecology in relation to the Somali and Omani monsoon and upwelling systems, 
productivity of the Somali and Omani upwelling systems. 

In conclusion, Dr. Okemwa talked briefly about the future of marine scientific research in 
Kenya. Given the present situation, co-operation with various countries undertaking marine research 
for the purpose of exchanging expertise will be necessary. Physical and topograQhica1 maps using 
remote sensing would be useful. There is also a need for specialized short-term and long-term training 
to develop the capacities of Kenyan scientists. Efforts are needed to strengthen regional co-operation 
in the fields of marine research and monitoring marine phenomena throughout the region. For a 
comprehensive understanding of the Indian Ocean, studies in the Arabian Sea are important. Input 
of information from international scientific communities is also valuable. Dr. Okemwa concluded that 
it is important that developing countries actively participate in international co-operative research 
projects such as JGOFS. Only then can an international programme be truly successful. 
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Dr. Martien Baars of the Netherlands Institute for Sea Research, introduced various co- 
operative projects with regional scientists: "Partners in Science". 

During 1992, the Netherlands Indian Ocean Programmme (NIOP) carried out field 
programmes. Funded and co-ordinated by NIOP a series of cruises were carried out in the Arabian 
Sea aboard R.V. TYRO. Two of the five NIOP projects involved coastal studies - Project A: Study 
of Monsoons and Coastal Ecosystems in Kenya, was undertaken in co-operation with KMFRI and 
Project B: Study of Monsoons and Pelagic Systems. Project C: traced the seasonal upwelling, 
concentrated on the upwelling centres off Somalia and Yemen. The hydrographic conditions at the 
beginning of the upwelling season were studied. For this purpose, moored sediment traps were 
installed. A bottom lander was also deployed at a depth of 1,600 meters to record velocity, direction, 
temperature and salinity, and turbidity of the bottom current. The main aim of Project C was to 
achieve further understanding of records of past monsoon intensity through stcdy of present-day 
upwelling. Vertical flux and sediment rate should be determined from the seasonal dynamics of bio- 
geochemical components throughout the water column and at the sediment-water interface. The focus 
of Project D: Geological Study of the Arabian Sea, was carried out on the sedimentary record over 
the last several hundred thousand years with the aim of reconstructing the dynamics of the oxygen 
minimum zone and changes in climate. The project was conducted in co-operation with the National 
Institute of Oceanography, Karachi, Pakistan. Project E: focused on the biology of oceanic reefs was 
carried out in co-operation with the Seychelles. 

Dr. Baars participated in the Dutch-Kenyan cruise that was part of Project A which Dr. 
Okemwa had already described in his talk. He explained the objectives, some of the difficulties and 
the results of that cruise. He emphasized that NIOP has played a pilot role in the international JGOFS 
activities planned for the northwest Indian Ocean. There are plans for a 1996-1997 proposed Dutch 
GLOBEC IO study to investigate zooplankton transported by ocean currents. The second phase of 
NIOP might take place in 1996/1997, or 1997/1998. Dr. Baars concluded his talk and showed slides 
taken during the cruise of the R.V. TYRO Expedition. 

On various occasions during the Training Course, Dr. Baars intervened in several other topics. 
He explained about equipment and methods necessary to collect and study zooplankton. Then he 
introduced the trainees to the protocols chapter on zooplankton to make sure that he had covered 
everything that was necessary for them to understand and be able to make use of the information 
contained in that chapter. 

During the Training Course, Dr. Uli Wolf lectured on the following topics: 

Physical oceanography: coastal upwelling, Ekman spiral, wind drift; Ekman pumping; mixed 
layer dynamics (seasonal variability of mixed layer depthhutrient 
supply) ; 

Ecosystem modelling: Why modelling? Understanding complex processes; fill gaps in time 
and space. 

Methods: Eularian differential equations; numerical solutions; Euler's method; 
midpoint method (Simpson); Runge-Kutta method; 

Practical training on PCs: step-size dependence of numerical solutions; using a state-of-the-art 
model and learning about the importance of initial conditions. 

Dr. Peter Burkill of the Plymouth Marine Laboratory, United Kingdom, explained the core 
measurement protocols and, together with the trainees, examined the chapters pertaining to bacteria 
and cyanobacteria point for point. First he showed overheads with pictures of stained bacteria. As an 
author of JGOFS protocols on microzooplankton biomass and grazing, Dr. Burkill explained in detail 
these measurements. He emphasized the importance of the microbial loop for the remineralization of 
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nutrients and thus for the regenerated production in the ocean. One major possibility for measuring 
primary production is to determine oxygen concentration during incubation experiments. This method 
does not require expensive equipment. Dr. Burkill demonstrated how to measure oxygen using the 
Winkler method. H e  specifically mentioned necessary precautions to be taken and explained possible 
sources for errors for measurements. 

The guest lecturers who attended the Indian Ocean Planning Group Meeting gave talks on the 
following topics: 

Dr. V. Melnikov presented results from the vast set of zooplankton data collected by Russian 
scientists over the last decades in the Indian Ocean. H e  offered to submit this data set to the JGOFS 
office in order to make the database available to everyone. In addition, he presented an "Expert 
System" on zooplankton specification designed for students as a PC-based programme originally 
developed in Sevastopol. 

Dr. S. Amjad gave a detailed talk on the Pakastani-US time series investigation in the northern 
Arabian Sea and the NASEER programme in which he acts as principal investigator. H e  emphasized 
that this programme is set up similarly to a JGOFS time series station in terms of monthly cruises, 
but with a reduced set of measurements. During each cruise several key sites of the northern Arabian 
Sea are visited. This will help to provide a profound data set for this region. 

Dr. J. Brock emphasized the importance of remote sensing, especially of ocean colour - and 
temperature measurements, for JGOFS and its activities in the Arabian Sea. H e  presented specific 
bio-geochemical provinces of the area derived from satellite images. These results are very helpful 
for cruise planning purposes in this region. H e  also showed results of a General Circulation Model 
(GCM) of the Indian Ocean using a time-accelerated video presentation of the temperature field and 
the stream function. This demonstrated that GCMs have improved greatly in the last years and 
provide an impressive simulation of the circulation patterns due to monsoonal forcing. 

Dr. D. Hansel1 spoke of the US-JGOFS time series at Bermuda and its role in JGOFS 
Protocols. Most of the chapters in the protocol handbook were derived from procedures used at the 
Bermuda Biological Station. In a second talk he lectures on the history of DOC and DON 
measurements. As new methods and procedures were developed during the last decade, the results 
from different laboratories showed different results at the beginning. Recent findii2s prove that these 
differences were due to incorrect methodology which set the relative importance of DOC/DON in the 
marine carbon cycle. 

Dr. A. Poisson pointed out the role of the carbonate system in the ocean in relation to 
atmospheric CO,. H e  discussed the four variables (TCO,, pCO,, Ph and Alkalinity) determining the 
marine carbonate system. H e  presented some results from French cruises in the Indian Ocean and 
encouraged the audience to take these important JGOFS measurements more strongly into account. 

Dr. T. AI-Abdessalaam presented results of studies on micronekton and mesopelagic fish in 
waters off Oman. Though not a JGOFS objective, Ichthyoplankton studies, particularly with regards 
to the responses and adaptations of Ichthyoplankton to environmental changes, may offer some 
understanding on the dynamics of environment/climate changes. Effort to photograph specimens and 
prepare identification manuals should be attempted, wherever possible, as this information is 
particularly lacking in the Indian Ocean. Among the list of specific needs of information addressed 
in the proposal of the Global Ocean Ecosystem Dynamics (GLOBEC) is the need to determine the role 
of coastal and open sea upwelling in the Arabian Sea area. 

Dr. Micheni J. Ntiba described trawl fishing surveys as an ecosystem monitoring strategy in 
marine waters. H e  spoke of how these surveys might be used to determine the distribution, abundance 
and population structure of marine resources and to monitor changes from year to year. Scientists in 
the region should come up with a joint multidisciplinary research prograxxme aimed at the 



IOC Training Course Report No. 26 
page 8 

conservation and management of the coastal resources of the Indian Ocean in which equipment, 
method of data collection and analysis are standardized. 

3.2 DEMONSTRATION CRUISE 

Due to the large number of trainees and instructors and the limitation of the chartered vessel, 
the demonstration cruise was divided into two groups: one group went out in the morning and the 
other group in the afternoon. 

During the cruise from Mtwapa Creek harbour out to a water depth of more than 400m, water 
samples were collected for analysis in the KMFRI laboratories the following day. Besides a 
demonstration of a CTD measurement with a portable apparatus, several nutrient samples from a bottle 
cast above and below the thermocline were collected. In addition, two vertical hauls with different 
plankton nets were undertaken (mesh sizes: 20pm and 200pm). Samples were stored in polyethyline 
bottles for further chemical analysis in the laboratory. 

While the first group was on the demonstration cruise, the second group had a walking tour 
of the mangroves guided by a member of KMFRI who introduced particular features of the mangrove 
ecosystems in the area. 

3.3 LABORATORY WORK 

The day following the demonstration cruise was set aside for laboratory work at KMFRI. 
Analyses in the laboratory of material collected during the cruise were carried out under the guidance 
of Dr. Wolf and Dr. Baars. While Dr. Wolf demonstrated chemical nutrient analysis and chlorophyll 
determination the other half of the group determined the species composition with microscopes under 
the guidance of Dr. Baars. 

4. CONCLUSIONS 

One day before the closure of the training course, the instructors asked the trainees to prepare 
for the following day some examples of field experiments, taking into consideration their country’s 
research conditions, as well as what they had learned during the training course. On the closing day 
many of the trainees presented their idea of possible field experiments that could be applied in their 
respective countries. 

This was followed by concluding discussions which involved asking the trainees to give their 
opinion concerning the success of the course, and say whether - after having been introduced to the 
JGOFS core measurements - they thought that the core measurement protocols would be useful for, 
and/or applicable to, their work at home. There were many and varied comments on the core 
measurement protocols. Some thought it a useful document for finding out what methods or techniques 
are currently used. As these are standardized measurements, comparison is possible. Some of the 
methods are familiar and some are new. Though some of the techniques were not new they were 
presented from a different perspective and were therefore thought-provoking . Concern was voiced 
about the fact that the protocols seem to proceed on the assumption that laboratories everywhere are 
all the same and that measurements can be carried out using the methods described. This is not 
necessarily true for developing countries. 

Trainees declared that the course had been useful because it provided valuable information and 
insight into advanced knowledge, procedures and techniques in the field of marine science. It also 
provided a possibility to meet and discuss co-operation among instructors and the trainees. Although 
lectures and demonstration of modelling through PCs were well prepared, trainees expressed their 
views that more laboratory experiments and field work should be carried out. They pointed out that 
the duration of the two-week course was too short. 
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5. CLOSURE 

In his closing remarks, Professor Zeitzschel thanked Dr. Okemwa and KMFRI staff for the 
local organization and hospitality. He congratulated the participants for successfully completing the 
Course. He also expressed his sincere thanks to all the lecturers for their work and to all the trainees 
for their friendly co-operation. He hoped that the knowledge they had acquired during this Course 
would be useful and helpful in their future work at home. 

The Training Course was closed on 26 November 1994 at 16.00 hours. 
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NATIONAL REPORTS 

TANZANIA (J . F. MACHIWA) 

Institutions concerned with marine research are: the University of Dar es Salaam (Dept. of 
Zoology and Marine Biology, and the Institute of Marine Science - based in Zanzibar Island), 
Tanzania Fisheries Research Institute, and the Kunduchi Fisheries Training and Research Institute. 
Research activities are .presently conducted at the Institute of Marine Sciences in Zanzibar. Ongoing 
research activities include: 

Nutrient dynamics in inshore waters of Zanzibar. Mainly C, N, P fluxes from a 
mangrove ecosystem and processes controlling nutrient abundance/distribution; 
Hydrodynamics in the inshore waters of Zanzibar. Mainly current patterns; 
Marine geology; 
Nitrogen fixation in relation to phytoplankton blooms; 
Leaf litter transport and degradation: from a mangrove ecosystem; 
Fisheries biology: study of important commercial/food fish of Tanzania; 

Envisaged research activities (1994) include: 

Phytoplankton systematics around Zanzibar; 
Phytoplankton production (using 14C) in relation to nutrients; 
Zooplankton studies; 
Biogeochemistry of C and S in the waters and sediments off the Zanzibar coast; 

MADAGASCAR (N. T. RAZAKAFONIAINA) 

The institution which carries out marine research in Madagascar is known as Centre National 
de Recherches Oceanographiques. Most of the research is conducted in the northwest coast of 
Madagascar, especially around Nosy-Be Island. Research is focussed on coastal zone development and 
management. 13 scientists are actively involved in research concerning monitoring and managing the 
coastal zone. They also conduct research in marine biology, fisheries and oceanography. 

Summary of research activities 

The Department of Marine Biology works on sea-cucumber behavior, the biology of tuna, and 
the mangrove ecosystem. 

The Department of Fishery conducts research on shrimp and tuna fishery for the purpose of 
managing the stock. It also deals with the socio-economic impacts on the coastal zone of traditional 
fishery. 

The Department of Physical and Chemical Oceanography is involved in a marine pollution 
project, sea-level measurements, and the physical environment of tuna. 

Unfortunately, as Madagascar is such a small island there are not enough scientists working 
on oceanography, especially on physical and chemical oceanography. However, marine scientists work 
together and conduct research mainly in biology and fishery in the coastal zone. Madagascar would 
welcome regional or international cooperation on projects involving the marine environment. 
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MALDIVES (M. FAIZ) 

The Marine Research Section was established in 1985 under the Ministry of Fisheries and 
Agriculture which is now the Ministry of Fisheries and Agriculture. The main functions of the section 
were to coordinate and carry out research projects and programmes in the field of marine science and 
advise the government on taking proper managemental decisions on marine-related matters. The work 
and projects that are carried out by the section can be divided into two major fields. They are: projects 
carried out in fisheries-related matters and projects which are carried out on environment-related 
matters. Since its establishment in 1985 the section has carried out a number of very important 
research projects in both these fields. Because of the lack of skilled professionals in the field of marine 
science in the country the section has to employ or seek help of lots of foreign experts to run its 
project. Therefore, the section has given and gives a very high priority to training its staff. 

Some of the important projects that the Marine Research Section has carried out to the date 
are: 

- A Bait fish project which was carried out from 1986 to 1988, which looked into the 
behavior and abundance of the bait fish which are vital to the tuna fisheries of t h e 
country. 

A coral and sand mining study which was carried out from 1987 to 1989 lookedinto 
the impact coral and sand mining might have on the marine environment and the 
fisheries of the country. 

- A reef fish research and resources survey which was conducted from 1987 to 1991 
(two phases) which looked into the possibilities of exploiting the country’s reef fish 
resource which was neglected in the past. 

- A tuna stock assessment project which was initiated in 1986 and is still ongoing which 
tries to look into the behavior of the country’s vital tuna fishery. 

A remote sensing project which was carried out in 1987 which looked into some 
inshore oceanography. 

- A COT survey which looked into the impact on the country’s marine environment due 
to a sudden outburst of crown of thorns starfish population in the country. 

- A tuna tagging programme which was carried out from 1990 to 1991 with the aim of 
studying the migration and the biological behavior of the tuna stock of the country. 
A second tuna tagging programme is being carried out at the moment. 

- A coral reef research project which began in 1987 and is still underway which studies 
the country’s coral environment. 

Apart from the above-mentioned projects numerous research projects have been carried out 
and are still underway in the section. A number of projects on both fisheries and environment-related 
topics are planned to be carried out in the near future. 

EGYPT (F.K. AWAD) 

The distribution of trace metals in different polluted zones of the river was analyzed - as part 
of a large study on river management in the river Nile - to evaluate the impact of various types of 
effluents (industrial waste, domestic sewage and agricultural run-off). The work involves detailed 
study of the distribution of trace metals in bottom water and sediments to investigate the exchange 
processes between bottom water and the sediment. The physicaVchemica1 parameters which include 
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pH, carbonate, bicarbonate, temperature, phosphate, dissolved oxygen, transparency, total dissolved 
solid and suspended matter were determined to study their effects on the distribution of trace metals 
in the bottom water. The geology of the Nile must also be considered in the present work. 

Construction of the Aswan D a m  for the purpose of keeping Nile water in order to regulate 
Nile water discharge and hydroelectric power has serious side effects which must be carefully studied. 
There are future plans to study the effect of rising sea-level and building of the Aswan D a m  on the 
geochemical cycle of trace metals and nutrient salts in the coastal regions of the Mediterranean Sea 
and the two branches of the River Nile. It will also be necessary to study the changes in sediment 
supply, texture, long shore sediment transport and the variation in the equilibrium between metals in 
bottom water and sediments. 

INDIA (R. BHUSHAN, V.N. SANJEEVAN) 

There are various institutions that are involved in JGOFS work in India. They are: The 
National Institute of Oceanography (NIO) in Goa, the National Chemical Laboratory (NCL) in Pune 
and the Physical Research Laboratory (PRL) in Ahmedabad. In addition there is the nodal agency: the 
Department of Ocean Development (DOD) in N e w  Delhi. Broadly their objectives are to study the 
role of the Arabian Sea in CO2 air-sea exchange, estimate primary and new production, ascertain the 
burial rates of carbon and other biogenic elements in the margins and deep regions, and study the role 
of continental margins in the removal/supply of material to the Arabian Sea. PRL contributes towards 
achieving these objectives by conducting studies on radionuclides in the water column of the Arabian 
Sea, by studying trace gases in the tropical Indian Ocean, and through studying palaeoceanography 
of the Arabian Sea. 

NIGERIA (E.O. OYEWO) 

In Nigeria there is the Nigerian Institute for Oceanography and Marine Research (NIOMR), 
and the Institute of Oceanography at the University of Calabar. Apart from these, some Nigerian 
universities -especially those of Port Harcourt and Lagos - also engage in research activities in marine 
environments. 

NIOMR has many departments. The Chemical Oceanography division is involved in 
monitoring basic physical oceanographic parameters of Nigerian coastal waters. There is also a project 
on marine pollution monitoring, research and evaluation. Work is being done on a project to research 
the sources, distribution and biological effects of heavy metals in the Lagos Lagoon complex. The 
Marine Geology and Geophysics division has done a lot of work on heavy mineral resources in 
Nigerian coastal waters and on coastal erosion along Nigeria’s coast. It has been found, for example, 
that Victoria beach in Lagos is one of the fastest eroding beaches in the world. The. Fisheries 
Technology division works mainly on fish processing and preservation techniques and the development 
of new products. 

In 1989 there was a joint regional program, the first joint oceanographic cruise in West Africa. 
A Nigerian vessel was used but there were participants from the entire West African subregion. The 
planning and execution of the cruise was a West African, particularly Nigeriar, matter. Another 
avenue of cooperation in the subregion is through the COMARAF (Coastal and Marine Research in 
Africa) project in which Nigeria participates actively. 

KENYA 

PHYSICAL OCEANOGRAPHY (M.O. ODIDO, M.M. NGULI) 

Most physical oceanography work at K M F R I  has been restricted to the creeks and nearshore 
waters due to lack of an ocean-going research vessel. Current physical oceanography in the region is 
under two programs. One began in 1992 and is a study of Tudor Creek undertaken with assistance 
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from SAREC (Swedish Agency for Research Cooperation with Developing Countries). The study is 
part of a postgraduate program for 2 oceanographers from KMFFU at Gothenburg University in 
Sweden. With the equipment provided, some studies will also be undertaken in Gazi Bay. The other 
is Kenya-Dutch cooperation in marine science. In addition to these two programs, sea-level 
measurements are carried out in Kilindini port for a TOGA (Tropical Oceans and Global Atmosphere) 
project. 

Farther offshore, several international cruises have provided local scientists with opportunities 
to study the deeper waters. A meteorological station has existed in Mombasa for some time. They 
have time series data dating back several decades and collected at Mombasa. They also have weather 
reports from ships since 1975. Some of these data have already been analyzed - particularly the waves, 
atmospheric pressure and temperature data. 

CHEMICAL OCEANOGRAPHY (B.O. OHOWA) 

Studies include: the role of riverine sediments deposited in the estuarine zone in nutrient 
cycling in the nearshore water of the Indian Ocean; nitrogen fixation studies; inter-linkages between 
Eastern African coastal ecosystems. 

MARINE GEOLOGY (K.K. KAIRU, W. SHIMBIRA) 

This department currently focusses its research efforts on the landjocean interaction process, 
especially in relation to the relative change in sea level and its influence on the process of coastal 
erosion. Work on this project involves making an inventory of coastal erosion problems. With 
increased staff, studies were extended to cover sedimentology and the role of rivers in coastal sediment 
budgets. Meanwhile a sub-project has been initiated. Its aim is to study the susceptibility of the 
different shore types to erosion. It makes use of available data, bases in the Institute and local 
laboratories. Field work is carried out wherever data is absent or lacking in detail. 

In addition, the department contributes to interdisciplinary research projects, e.g. the EEC 
project on the inter-linkages of East African coastal ecosystems. The joint project intends to study 
nutrient cycling within the mangrove ecosystems. The biological component of the study on inter- 
linkages between 3 coastal biotopes involves phytoplankton studies aimed at determining seasonal 
variation of phytoplankton production and nutrient uptake within the mangroves, seagrass and coral 
reef biotopes for the purpose of evaluating the role phytoplankton plays in nutrient fluxes between the 
3 biotopes. There are also zooplankton studies aimed at determining the seasonal variation in 
zooplankton biomass in the 3 biotopes. And finally, there are studies on fish in the 3 biotopes to 
investigate fish migrations between the biotopes and the reasons for these migrations. 

SRI LANKA (E.M.S. WIJERATNE) 

The National Aquatic Resources Agency (NARA) is the only institute dealing with marine 
research in Sri Lanka. It has 7 different divisions involved with different fields of marine research and 
surveys: 

Marine Biology Research Division (MBRD): deals with fishery biology, specific fish 
research studies, coral reefs, correlation studies between fish and oceanography, 
meteorological conditions, zooplankton and phytoplankton studies in coastal water 
bodies. 

National Hydrographic Office (NHO): is responsible for conducting hydrographic 
surveys and producing charts and other nautical publications pertaining to coastal 
water bodies and the sea around Sri Lanka; 
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Oceanography Division: is responsible for the oceanographic (physical, chemical, 
biological) studies and surveys in coastal water bodies and around Sri Lanka. 

Environmental Studies Division (ESD): is responsible for studies of pollution and 
water quality in coastal water bodies and around Sri Lanka; 

Inland Aquatic Resources Division (IARD): study of fishery biology in inland water 
bodies, e.g. ,lakes, rivers; 

Aquaculture Division: carries out shrimp culture research studies, seagrass studies, 
Artemia culture studies; 
Institute of Post Harvest Technology (IPHT): carries out fish food quality assessments, 
processing, and harvest technological research. 
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COMARAF 

CTD 

DOD 

EEC 

ESD 

GCM 

GIPME 

GLOBEC 

GLOSS 

IARD 

IGBP 

IOC 

IOCEA 

IOCINCWIO 

IOCINDIO 

IOPG 

IMO 

IPHT 

JGOFS 

KMFRI 

MBRD 

NARA 

ANNEX IV 

LIST OF ACRONYMS 

Regional Project for Research & Training on Coastal Marine Systems in 
Africa 

Caribbean Trust Fund 

German Oceanographic Data Centre 

Experimental Ecosystem Control 

Environmental Studies Division 

General Circulation Model 

Global Investigation of Pollution in the Maritime Environment 

Global Ocean Ecosystems Dynamics 

Global Sea-Level Observing System 

Inland Aquatic Resources Division 

International Biosphere Programme - A Study of Global Change 

Intergovernmental Oceanographic Commission 

IOC Regional Committee for the Central Eastern Atlantic 

IOC Regional Committee for the Co-operative Investigation in the North and 
Central Western Indian Ocean 

IOC Regional Committee for the Central Indian Ocean 

Indian Ocean Planning Group 

International Maritime Organization 

Institute of Post Harvest Technology 

Joint Global Ocean Flux Study 

Kenya Marine and Fisheries Research Institute 

Marine Biology Research Division 

National Aquatic Resources Agency 
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NASEER 

NCL 

NHO 

NI0 

NIOMR 

NIOP 

OCA/PAC 

PRL 

REcoscIx-wIo 

TOGA 

SAREC 

UNEP 

USAID 

WOCE 

North Arabian Sea Environment and Ecosystem Research 

National Chemical Laboratory 

National Hydrographic Office 

National Institute of Oceanography 

Nigerian Institute for Oceanography and Marine Research 

Netherlands Indian Ocean Programmme 

Oceans and Coastal Area Programme Activity Centre 

Physical Research Laboratory 

Regional Co-operation in Scientific Information Exchange in the Western 
Indian Ocean 

Tropical Oceans and Global Atmosphere 

Swedish Agency for Research Co-operation with Developing Countries 

United Nations Environment Programme 

United States Agency for International Development 

World Ocean Circulation Experiment 
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