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Projul: Kenyan del£ and coastal ecosystems 

The main goal is a study of the effects of the monsoonal regime on 

coastal marine systems. In particular the following seasonal effects will be 

considered: (1) the seasonality in productivity ofsurface waters. the 

structure of pelagic and benthic systems and sedimentation and exchange 

processes; (2) inland erosion and erosion ofdegraded mangrove systems 

and increased siltation ofcoastal areas; (3) changes in growth of 

seagrasses and corals due to siltation. increased nutrient levels and 

temperature increases; (and 4) changing inputs ofnutrients. particulate 

matter and inorganic pollutants from (semi-) terrestrial origin. including 

mangrove systems. 

Long-term climatological changes will be considered as well. in particular 

(l) the contribution ofcoastal wetlands to the greenhouse effect through 

the production ofmethane; (2) tracing ofchanges in precipitation over 

the last 10.000 years in coastal sediments; and (3) changes in coral 

growth related to sea-level rise. 
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1PARTICIPANTS AND CLASSIFICATION 

Oid scientists 

C. Heip & M.A Hemminga 

Delta Institute, Vierstraat 28, 4401 EA Yerseke 

tel. 01131 - 1920 

Participants 

Participating institutes and responsible scientists: 

Delta Institute, Yerseke 

C. Heip-

M.A Hemminga - Mangrove studies 

H. Hummel - Ecophysiology 

G.T.Klaver - Geochemistry 

]. Kromkamp - Primary production 

N. Goossen - Microbiology 

Laboratory ofAquatic Ecology, Catholic University, Nijmegen 

G. van der Velde - Corals 

C. den Hartog - Seagrasses 

Geomarine Center. Free University. Amsterdam 

G. Ganssen-

S.R. Troelstra - Benthic forams 

G.]. Boekschoten - Fossil corals 

Netherlands Institute for Sea Research NIOZ. Den Burg. Texel 

R.P.M.. Bak - stony corals 

D. Eisma - sedimentology 

W. Helder - marine chemistry 

PAW.]. de Wilde - benthic metabolism 

Classification 

a.	 Disciplines and subdisciplines: 

marine ecology, biology. geology and chemistry 

b. Areas of application: 

pollution studies; fisheries; coastal zone management 
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2RESEAlCH PlOGlAMUI 

2.1 
IDtrodaClion 

Since the large efforts during the International Indian Ocean Expedition 

(1959-1975) which gave the first general overview ofthe Indian Ocean 

only very limited research has been done along the East-African coast 

except Somalia. On a number ofsystems, such as the benthos, and on a 

number ofdominant processes such as primary production and 

sedimentation nearly nothing is known. 

A number of initiatives are developing both in Europe and the United 

States to develop coastal oceanographic research and put it in the context 

ofglobal change and climate research. In the US a national plan called 

Coastal Ocean Processes is in the making with as scientific goal "to 

obtain a new level ofquantitative understanding ofthe transports, 

transformations and fates ofbiogeochemically important matter on the 

continental margin". In Europe several groups are now discussing new 

programmes such as OMEX (Coastal Margin Exchange) in the 

framework of the IGBP and JGOFS. 

In a report oftheJGOFS Planning Meeting in Paris, 1987 it is stated 

that "the study of fluxes ofcarbon and associated elements in the coastal 

oceans and marginal seas would be a critical requirement for any 

programme dealing with global budgets" and the meeting agreed that the 

following topic should be considered among others: "Temporal and 

spatial variability in primary production, its relation to satellite ocean 

colour measurements and to the balance between the production and 

consumption oforganic matter". 

The magnitude ofthe flux oforganic matter from the coastal zones to 

the open ocean, which may constitute a significant sink ofcarbon, is 

uncertain. This is due to the fact that the contribution of new 

production relative to recycled production has not been thoroughly 

investigated in coastal areas. The order of importance of nutrient supply 

from river discharge, atmospheric input, upwelling, sediment pore waters 

and recycling must be established in order to estimate the relevant 

parameters of the carbon cycle. We do not know to what extent increased 

riverine fluxes oforganic and inorganic carbon could give rise to an 

increased storage capacity ofthe oceans at a medium time scale of a few 

hundred years. 
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The Kenyan coastal area is particularly suited for a study ofsome of these 

problems. The shelf is very narrow. There are important and well 

localized mangrove areas whose contribution to coastal systems can be 

studied. There are two rivers which enter the ocean with important water 

flows at times. Most important perhaps is the strong seasonality induced 

by the monsoon with the development ofvery different ecosystems at the 

same geographical locality. 

2.2 
Goa I. 

The aim of this research programme is to study the effects of the 

monsoonal regime on coastal marine systems. The changing monsoon 

winds cause strong seasonality in precipitation, runoff, river flow and 

coastal and oceanic currents. Among the seasonal effects of these climatic 

changes on coastal ecosystems the following will be considered: 

1) the seasonality in productivity ofsurface waters, the structure of 

pelagic and benthic systems and sedimentation and exchange 

processes; 

2) inland erosion and erosion ofdegraded mangrove systems and 

increased siltation ofcoastal areas; 

3) changes in growth ofseagrasses and corals due to siltation, increased 

nutrient levels and temperature increases; 

4) changing inputs ofnutrients, particulate matter and inorganic 

pollutants from (semi-) terrestrial origin, including mangrove systems. 

The following questions will be addressed: 

1. What is the productivity ofKenyan coastal systems and how doest it 

change with the monsoon? How is the organic material produced 

used in the food web and how is the structure of the pelagic 

ecosystem dependent on season? 

2. Are the expected contrasts in pelagic productivity reflected in changing 

benthic metabolism? Is there export to the deep sea? 

3. Is the productivity ofcoastal waters dependent on export from rivers, 

seagrass and mangrove areas? How does this change with season and 

what is the human impact on these processes? 

4. Is there any long-term effect of changes expected in coral reefand sea

grass fields due to sedimentation patterns? 

S. What methodology can be used in tropical areas to study stress and 

adaptation oforganisms? 

Long-term climatological changes will be considered as well. The 

contribution ofcoastal wetlands to the greenhouse effect through the 
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production ofmainly methane is dependent on climate since their extent 

is mainly governed by rainfall. Measurements of the production of 

greenhouse gases by mangrove and seagrass-systems are scarce in general 

and absent from East Africa. Changes in precipitation over the last 

10,000 years may be traced in the coastal sediments. Changes in coral 

growth related to sea-level rise may also be studied since fossil coral reefs 

abound along the Kenyan coast. 

2.3 
ApplicatioDl 

The Kenyan coast is ofimponance to the economy of the country, 

especially by rapidly increasing tourism. The natural values are 

outstanding: the intenidal areas are wintering grounds for palearctic birds 

and local populations ofseveral sea tunles, including the leatherback, 

and the dugong are present. A number of marine parks has been created 

and are well managed. These parks generate revenue for the local 

population and the country. 

Human impact on the coast is rapidly increasing. Overflshing on the 

coral reefs (parrot fish and especially triggemsh) has lead to extension of 

sea urchins (Echinometra mathn) that predate on the living coral and 

enhance erosion of the ree£ The close proximity of touristical infra

structure leads directly and indirectly to increased human pressure 

through an increase in fisheries and exploitation ofcorals and shellfish 

for ornamental purposes. 

Another threat may be increasing phosphate levels due to pollution. Even 

small increases in phosphate may inhibit growth because polyphosphates 

compete with calcium carbonate in the formation ofaragonite. Inhibited 

growth may reduce the ability to cope with rising sea levels. Also 

climatological changes are imponant since water temperatures are very 

high and it has been shown recendy that exposure to water temperatures 

over 30°C for several months may lead to expulsion of the zooxanthellae 

from the corals, hence to bleaching, reduced growth and eventually 

death. The extent of bleaching in Kenyan waters is unknown. 

Deforestation and cattle ranching in the interior ofKenya has lead to an 

imponant increase of the sediment load of the rivers. The effects of 

sedimentation ofsilt on the reefs are especially visible in an extension of 

the seagrass-beds (Giesen & van der Kerkhof, 1984) and a reduction of 

the corals (Blom et aL, 1985; Van Katwijk et aL, 1989). Effects on the 

productivity of the coastal waters have not been studied yet. Such effects 

may be 'positive' as well as 'negative': impon of nutrients and oligo

elements may increase productivity but the increased extinction may 

decrease it. 
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Despite the presence ofseveral marine parks and reserves research on the 

coral reefs is still fragmentary. This is panly due to the poor accessibility 

ofsome areas and logistical problems. The presence ofa research vessel 

gives a unique opponunity to visit poorly known areas, especially in the 

nonh of the country. 

The mangroves are under increasing human pressure as well, as a 

consequence ofdirect wood exploitation. The wood is used for the 

production of tannins, as fire wood and for the construction ofhouses: 

there exists a centuries old trade betWeen Lamu and Jemen for this 

material. In some cases mangroves have been cut for tourist development 

and ponds for aquaculture (e.g. in a FAO-sponsored project) 

Pollution problems exist along the Kenyan coast and are mainly caused 

by oil. The largest creeks in the country are the two creeks surrounding 

the fossil coral island on which Mombasa, the largest harbour ofEast 

Africa, is build. Both the Kilindili and Tudor creek are used for the 

discharge ofdomestic and industrial waste. 

2.4 
International cooperation 

The SOZ project will be a major effon coinciding with Dynamics and 
Assessmmtthat staned in 1990, a three years project of the Commission 

of the European Communities on Kenya mangrove ecosystems'. This is a 

cooperative project between the Delta Institute, the Catholic University 

ofNijmegen and a number ofBelgian universities coordinated by the 

Free University of Brussels, the Kenyan universities ofNairobi and the 

Kenyan Marine and Fisheries Institute in Mombasa. This CEC-project 

results from the current Kenyan-Belgian Cooperation in Marine Sciences 

project running since 1985. The advantage of this project is that a 

scientific and logistic base in Kenya exists and that a number ofscientists 

ofNairobi and Mombasa are linked with the project. A number of 

Dutch and Belgian scientists and a guest house are present in Mombasa 

and will suppon the CEC and the SOZ-project. 

The imponant added value of the SOZ-project for Kenyan scientists is 

the increased knowledge on basic companments of Kenya's coastal 

ecosystems which are hitheno unknown. The expedition wil1 mean for 

Kenyan scientists that they get access to a modern oceanographic vessel 

and its application for the study ofenvironmental issues. The expedition 

is planned to be a pan ofa five year cooperation programme between the 

Netherlands and Kenya in which training and follow-up of the 

expedition are essential elements. 
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2.5 
Monloonl, curentl and .pwellins 

A characteristic feature of the hydrography ofthe Indian Ocean is the 

seasonal switch in flow directions caused by the monsoon winds (Fig. 1). 

These winds are influenced by the low pressure Inter-tropical 

Convergence Zone (lTCZ). The ITCZ moves to the north during the 

northern hemisphere summer due to the low pressure belt then existing 

on the Asian continent. From November until March the NE monsoon 

(NEM) is blowing, from May until September the wind direction is 

southwest to southeast (SEM). 

The Indian Ocean basin can be divided into northern and southern 
sectors with 100 S as the dividing line. At this latitude a subsurface 

salinity minimum exists that extends from north ofMadagascar to south 

of}ava. To the north is the high salinity, high nutrient, low oxygen water 

of the monsoon gyre, to the south is the high salinity, low nutrient, high 

oxygen water ofthe subtropical gyre. The permanently west-flowing 

South Equatorial Current at 60 S to 200 S is partly diverted along the 

eastern Madagascar coast becoming the Madagascar current. On 

approaching the mainland the SEC splits to form two coastal currents: 
the East African Coastal Current (EACC) to the north and the 

Mozambique Current to the south. 

During the SEM, the EACC has a high flow velocity, up to 200 em/sec, 

particularly in the upper 200 m of the water column; watertransport may 

be up to 65 million m3/s. This current causes an upwelling along the 

Somali coast which is among the most extensive ones in the world, and 

occurs in early summer. Upwelling is not restricted to the Somali coast 

and Ekman-type upwelling along the Arabian coast is also very extensive. 
According to CZCS images a maximum in surface chlorophyll is found 

there in August-September. Another more irregular upwelling occurs near 
the northern Kenyan coast and CZCS images showed a maximum 

chlorophyll content there in January, during the NE monsoon, which 

may be associated with river runoff after the long rains. This also 

happens during the NE monsoon at the northern ends of the Arabian 

Sea and Bay ofBengal. 

In the Somali region the primary productivity during the NEM is 

roughly equivalent to that of the Sargasso Sea, while during the SEM 

areas ofupwelling had rates of primary production among the highest in 

the world's ocean. Seasonal contrasts in primary production as based on 

the depth of the euphotic zone are predicted to occur in the area, which 

however was one ofthe few areas umsampled during the Indian Ocean 

Expedition during May-October. Pannikar (1970) shows abundant 

copepod biomass extending along the Somalic coast in April-October. 
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However, during the NEM increased copepod abundance is found 

southwards, along the Kenyan coast. Again river runoff may be suspected 

to be at the origin ofthis enhanced production. 

The high productivity of the surface waters during the NEM in Somalia 

is not reflected in higher organic matter in the sediments. This is because 

the shelfis narrow and offshore currents are strong. The organic matter is 

probably not recycled but transported into the interior of the 

northwestern basin and deposited at depth. Whether this also happens in 

Kenya is unknown. 

2.6 
Keoya delf ecosystems 

The annual migration ofthe Inter-Tropical Convergence Zone gives rise 

to the northeast and the southeast monsoon in East Africa (Fig. 2). Only 

off the Somali coast is the easterly air movement during the SE monsoon 

overridden by a westerly flow towards the Asian continent. Along the 

Kenyan coast the NEM season lies between November and March, the 

SEM season between April and October. The SE monsoons are 
characterized by high cloud, rain, wind energy and decreased 

temperatures and light. During the NE monsoons the situation is 

reversed. 

Due to the currents the major downwelling area and associated low 

nutrient waters are along Tanzania and southern Kenya. Downwelling 

occurs throughout the year but is strongest during SEM when the 

current speeds are greatest. Upwelling occurs along northern Somalia 

during SEM but breaks down during NEM as the current direction 

switches. During NEM currents leave the coast from northern Kenya 

where upwelling may occur. 

The differences in currents, up and downwelling, water temperatures and 

nutrients cause a north-south dichotomy between ecosystems along the 

coast. The southern section (fanzania-Kenya) is dominated by coral reefs 

and benthic productivity associated with low-nutrient water. The 

northern sector (Somalia) has cooler nutrient-rich water and a greater 

predominance ofplanktonic productivity. 

The coastal ecosystems in Kenya consist of. (l) a shallow shelf area (2) 

coral reefs (fringing reefs) along the entire coastline, with extensive areas 

ofseagrass beds on the more sheltered parts of the backreefs and in 

lagoonal areas; (3) mangroves on the shores of the brackish parts of rivers 

and creeks along the coast; also seagrass beds can be found here. 

The continental shelf is limited and the ocean becomes very deep close to 

the Kenyan coast. There is no information on the benthic ecosystems 
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beyond the reefS and also with respect to the pelagic domain only limited 

information is available: the classical picture is that these areas combine a 

low productivity with a high diversity but as mentioned there is evidence 

of upwelling and higher productivity in nonhern Kenya during winter. 

The interactions between the ofT-shore and coastal areas and the impact 

of the monsoon on these interactions are unknown. How much material 

is introduced into the ocean and where it goes is unknown. The 

sedimentology of the Kenyan coastal zone is unknown. 

Because the tidal amplitude is rather large, approximately 4 m near 

Mombasa, there is an extensive intenidal zone between the reefS and the 

coast on many places; the substrate in this zone mainly consists of 

carbonate sands derived from eroding reefS. The productivity of these 

back-reefS is determined predominantly by the presence ofseagrasses and 

microscopic benthic algae. On many places along the Kenyan coast, 

substantial seepage offreshwater occurs; as a result brackish water is often 

found in areas ofseagrass beds. 

The system of reefS and seagrass beds along the Kenyan coast is interrup

ted in a number ofplaces. Two large rivers debouch into the Indian 

Ocean: the river T ana in the nonh and the river Galana-Sabaki 

approximatdy in the middle pan; both spring from the vulcanic 

highlands around Mount Kenya and the Aberdare Range. Funhermore, 

many smaller rivers from the neighbouring highlands run through the 

fossil coral beds which are present on many places along the coast, 

forming creeks with extensive mangrove growth. This is for instance the 

case near Lamu, Katungu, Kilifi, Mtwapa, Mombasa, Gazi and Shimoni. 

Along the Kenyan coast the long rains normally occur in April and May 

whereas the shon rains occur in October and November, at times of 

intermonsoon. During the rainy months terrigenous material enters the 

Indian Ocean (Fig. 3). Both large rivers in panicular transpon huge 

quantities ofsilt originating from the interior; once transponed to the 

sea, the silt is spread along vast stretches of the coast and in the Indian 

ocean. In the estuaries and in the smaller creeks a extensive brackishwater 

zone is often found; the residence time of the water in these systems is 

generally low. 

The mangrove ecosystem, characteristic of these silty brackish transition 

zones, mainly consists ofwoody plants associated with a characteristic 

fauna and flora. The salinity gradient resulting from the mixing of 

oudlowing river water and the incoming sea water, regulates the presence 

of the various mangrove species. The system is an open one, with input 

of nutrients from the land and expon of organic material to the sea. This 

organic material originates from a complex detrital food chain and is an 

important source ofenergy for numerous brackish and marine organisms 
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(oysters and other bivalves, peneid shrimps and crabs, mullets and other 

fish species). Mangroves are nursery areas for several commercially 

exploited species. 
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3USEARCH PROJECTS AND METHODS! 

3.1 
Exprdilion plan 

The research vessel Tyrowill be in the Indian Ocean during nearly one 

year. The vessel will be visiting the Kenyan coast for three weeks in 

December 1991 and June 1992. 

Three transects perpendicular to the coast are proposed (see map): 

1) Gazi transect 

2) Sabaki transect 

3) Kiunga transect 

During the Training Programme a fourth transect near Mombasa can be 

added. 

The Gazi transect in the south will provide the link with the land-based 

mangrove studies. Gazi is also well south of the South-Equatorial 

Counter Current, in an area where neither upwelling nor significant river 

input exists. The Sabaki transect covers the mouth of the Sabaki river, 

one of the two main Kenyan rivers. This transect provides the link with 

the land-based coral reefstudies. The Kiunga transect is in the nonh of 

the country, in an unexplored area where the shelf is rather broad and 

where upwelling exists at times. 

At each transect three stations (with depths probably 100, 1000, 2000 

m) will be studied. At each station a standard set ofoceanographical 

parameters will be determined using the CTD/Rosette sampler with 

Niskin bottles at different depths. Light intensiry, chlorophyll and 

oxygen measurements are necessary as well. It is proposed to attempt 

current measurements using proming current meters. In addition 

installation of three current meter moorings is proposed. These 

instruments should be deployed at a depth of 50 m and work 

continuously for seven months, in between the two Tyro cruises. 

The state variables and the principal rates necessary to obtain an 

adequate and comprehensive picture of the pelagic system will be 

measured. This comprises nutrients, the microbial food web, 

phytoplankton and primary production, zooplankton and grazing. 

At each station two or three box-cores will be collected from which 

subsamples will be taken for faunal analysis. At these stations the NIOZ 
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benthic lander and the benthic bottom profilers will be deployed. With 

these instruments sediment profiles, community respiration, fluxes of 

nutrients and other chemical components will be measured. 

The study must be supplemented with the relevant remote sensing data. 

The land-based research comprises 3 projects which focus on fluxes of 

nutrients and particulate matter from mangrove systems, on the ecology 

ofseagrasses and coral reefs, and on variations in the ecophysiology of 

coastal organisms, respectively. The investigations will be concentrated 

on two coastal sites, the area between Malindi and Mida Creek, and Gazi 

Bay. To carry out the research, we propose to establish a land-based camp 

in Mombasa, which is situated in between both research sites. This 

location has the advantage of the presence of local laboratory facilities at 

the Kenyan Marine and Fisheries Research Institute in Mombasa, and 

facilitates the participation of Kenyan scientists in the projects. 

The majority of the research topics proposed can be carried out during 

one period in Kenya. This limits the number of Dutch land-based 

investigators in December 1991 and June 1992 period to approximately 

20. Two or three scientists of the land-based crew, probably in the second 

period Oune 1992) should join the Tyro crew for a 2-3 days trip to the 

coral reef area north of Lamu. It is impossible to reach that area by car. 

the area is biogeographically diverging and completely unknown. 

3.2 
Ship-bued rnearc~ 

Proj~ct I: Effiets ofthe monsoon on th~ ~cosysums ofth~ Kmyan sh~1f. 

Chief-scientist: C. Heip 

lA.I. Gm"al 
The current systems on the Kenyan continental shelf completely reverse 

with the change in direction of the monsoon. Physical, chemical and 

biological processes will be strongly affected by these changes. The 

variability of the hydrographic features during the early stages ofthe two 

monsoon regimes will be studied. Specifically the project considers 

1) temperature, salinity, density and oxygen concentration 

2) current variability in reponse to wind changes 

3) influence of the Tana and Sabaki plumes on hydrography of the shelf 

No wind measurements are made in Ungwana Bay and north ofLamu. It 

is proposed to install in addition to the two existing metereological 

stations at Mombasa and Malindi two stations at Gazi and Kiunga with 

the aid ofWMONAP (Voluntary Aid Programme). 
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The dispersal ofsuspended matter supplied by the major rivers will be 

studied in both seasons. Turbidity and total concentration of suspended 

matter will be measured and the composition of the suspended matter 

will be determined by 5EM Microprobe analysis. 

The dispersal ofsuspended matter supplied by the major rivers will be 

studied in both seasons. Turbidity and total concentration of suspended 

matter will be measured and the composition of the suspended matter 

will be determined by 5EM Microprobe analysis. 

IA2. Plankton 
Primary production will be measured along the three transects. The 

growth limiting factor in both seasons will be studied. Nutrient 

availability will be assessed by nutrient uptake assays. including the 

measurement of nitrogen fIxation. The physiology of the phytoplankton 

populations at different depths will be studied by measuring 

photosynthesis using both the oxygen technique and the 14C technique. 

The distribution of14C and 355-504 in the different macromolecular 

pools will be followed in order to study C-turnover and net protein 

synthesis as a measure ofgrowth. An estimate of the rate of new to 

regenerated production will be made using 15N measurements. 

The imponance of the microbial foodweb will be studied. Estimates of 

bacterial growth will be made in different water masses. The pan of the 

primary produced material that will enter microbial populations directly 

will be determined. The control of bacterial populations by heterotrophic 

nanoflagellates. protozoa and ciliates by grazing will be measured by 

direct counting and labeling ofbacteria with a radioactive marker. 

Grazing on algae and how it determines phytoplankton population size 

and nutrient turnover will be estimated by determining the standing 

stock ofzooplankton. Direct measurement of grazing is also envisaged. 

An inventory ofdominant species will be made. 

The pelagic systems will be studied on each station by the following 

analyses and measurements: 

·venica1 distribution of nutrients. chlorophyll and oxygen; 

• photosynthetic measurements using the oxygen technique on 
concentrated samples and the 14C technique; 

• nutrient uptake measurements using concentrated samples of nitrogen. 

possibly phosphorus and iron. Also 14C-methylammonium can be 

used as an ammonia analog; 

• nitrogen fixation measuring acetylene reduction by gas chromato

graphy; 

• measurement of new production by incorporation of15N-nitrate and 
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15N-ammonium (planned); 

• assimilation of14C-C02 and 355-504 to determine C-turnover. 

carbohydrate to protein ratios and net protein synthesis during the 

photo- and scotophase; 

• bacterial activity using 3H-thymidine incorporation; 

• grazing of bacteria by protozoa. ciliates and heterotrophic flagellates by 

labeling bacteria; 

• estimates ofpopulation sizes ofpicoplankton. bacteria. ciliates and 

protozoa. phytoplankton. nanoflagellates and zooplankton; 

• grazing by zooplankton; 

lA.3. Bmthos 

The rate ofsedimentation and deposition oforganic material on the 

bottom will be studied by analysis of the benthic community (box-core. 

beam trawl). metabolic activity of the benthic system (bell-jar. bottom 
lander) with measurements ofoxygen profiles in the sediments and 

nutrient exchange between bottom and water. For these experiments the 

benthic lander and the benthic bottom profiler will be used. 

The structure of the benthic communities will be studied by determi

ning biomass. densities and species composition ofmeio- and 

macrofauna. 

lB. S~dimmts 

lB.J. Composition and distribution. 

In combination with the studies of the benthic system bottom sediment 

will be analysed for sediment structure as analysed by X-ray radiography 

and description of macroscopic features. layering. colour and texture. 

The sediments will be scanned for major elements. Grainsize ofselected 

samples will be determined and panicles identified by microscope 

(binocular and SEM). X-ray diffraction on selected samples will be 

carried out and the deposition rate of muddy deposits will be determined 

with 210Pb and fall-out isotopes. 

lB.2. Past andpr~smts~dimmtdistribution along th~ Kmyan coast 

Sediments in the western Indian Ocean have been little studied. 

Preliminary investigations of the lithology and composition of the 

sediments are presented by the International Indian Ocean Expedition. A 

few samples taken along the shore off Somali and Kenya consist of 

calcarous sands. 

Recent work shows that after the last glacial period. precipitation in 

Eastern Africa was extremely high resulting in numerous floodings of the 

river Nile. The discharge of the river Nile was at that time so high, that a 

fresh-water layer developed in the Eastern Mediterranean. This caused 

water stratification. anoxic bottom water conditions and even deposition 

of organic rich layers (so called sapropels) in the Eastern Mediterranean. 
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The T ana and Sabaki rivers have been bringing sediments from the 

Kenyan Highlands towards the Indian Ocean for millions ofyears. The 

high precipitation after the last glacial in East Africa must have resulted 

in high discharges of these rivers to the sea. To document the higher 

discharge the sediments will be dated by oxygen isotope stratigraphy and 

14C AMS datings on forams. Cores with higher sedimentation rates will 

be studied in more detail (oxygen and carbon isotopes) to determine 

climatic changes in the recent geological past. The results will be 
compared with comparable studies carried out on MountKenya, and 

with investigations on the erosion ofvolcanic minerals in the rift valley. 

Finally the chemical composition of the sediments will be determined to 

quantify the relative contribution oflithogenous, biogenous, anthigenic, 

dissolution residue and hydrothermal phases to the chemical composition 

ofthe sediment. With these analyses origin and source ofsediments can 

be determined. 

1 C. L~ls ofpotmtialpoUutants in Kmyan wat~ 

Marine pollution research and monitoring is a priority area in the 

KMFRI programmes necessary for pollution management and decision 

making. Until now pollution studies have been concentrated in the 

vicinity of Mombasa harbour and nearby creeks where oil spills have 

occurred and which are suspected to be contaminated by municipal 

sewage. The influx of fresh water into creeks around Mombasa island, 

particularly during the rainy season, has been shown to result in higher 

nutrient levels and probably also pesticide residues. The monsoon may 

therefore result in pulses ofpollutants entering the ocean. 

Although pollution studies are not part of the Tyro programme samples 

will be collected in order to investigate the distribution and levels of 

hydrocarbon pollutants and trace (heavy) metals in the water and the 

sediments. The analysis will be done by the KMFRI scientists. 

3.2 
Land·bascd rcscare. 

Proj~et 2. Fluxes ofnutrimts andparticulau matt~r b~tw~m mangrov~s and 
adjacmt ~cosystnns 

Chief-scientist: M. Hemminga 

Going from the coast in a seaward direction, a number ofcharacteristic 

ecosystems can be found successively along the Kenyan coast: a zone with 

mangroves is followed by a zone with seagrass vegetations in backreef 

lagoons; these lagoons are bordered by a belt ofcoral reefs; beyond the 
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coral reefs the open ocean begins. In the project presented here, the 

relation between the mangrove system and adjacent seagrass meadows 

and coastal waters (in terms of nutrient- and sedimentfluxes and fluxes of 

paniculate organic material) is the central theme. The project consists of 

four subprojects which are described in separate annexes. 

The first subproject focusses on the difference in sediment fluxes going to 

and from mangroves in exploited and undisturbed situations. In the 

second subproject the role ofseagrass meadows in backreeflagoons as 

traps ofpaniculate material and nutrients between mangrove and ocean 

will be investigated. The third subproject will concentrate on the 

contribution ofmangrove-derived paniculate organic material to the 

seston and bonom sediments of the coastal area. Finally, in the founh 

subproject, primary production of the mangrove and the loss ofcarbon 

and nitrogen to the atmosphere as alternative to aquatic outwelling will 

be studied. 

Presently, a research project which focusses on the ecological functioning 

of mangroves as part of the coastal ecosystem in Kenya is in progress. 

This project is financially supponed by the E.C. Kenyan, Dutch and 

Belgian research panies are panicipating in it. The field work for this 

mangrove project is carried out in Gazi Bay, 50 km south of Mombasa. 

We intend to connect the project presented here with the E.C. mangrove 

project, as this would be scientifically advantageous to both project. The 

research work therefore should be concentrated in Gazi Bay. 

Collaboration with scientists panicipating in the E.C. mangrove project 

(Kenyan. Dutch and Belgian) is integrated in the research programme 

presented here. 

Sllbproj~et 1: S~dimmt andplankton transport in natural healthy mangrov~ 

and in decaying mangrove 

D. Eisma (NIOZ). P. Waywiya (KMFRI), M. Osore (KMFRI) 

Although much work has been done in mangroves. little has been done 

on sediment transpon, on accumulation -or equilibrium- in a healthy 

stable mangrove. and on erosion in a decaying mangrove. To understand 

this, tidal stations (25 hours) will be occupied at the entrance and inside 

the channels ofa not-disturbed pan ofmangroves in Gazi Bay and in a 

heavily exploited pan. A minimum of three stations will be occupied 

simultaneously in each of the two areas. At each station at least one self

registering current meter (speed and direction) will be placed and at the 

same time suspended maner samples are collected at least every halfhour 

from the surface and the bonom water. At the same time also a 

temperature-salinity profUe will be measured with ponable TS-meters 

and a turbidity profile with a ponable turbidity meter. If the water depth 

is more than a few meters and density stratification is present, two 

SOZ 16 Indian Ocean Programme 



current meters will be placed at the same station to measure the surface 

water and bottom water separately. The measurements will be made in 

each of the two areas for at least one week, which means that at least 3 to 

4 times a full tide can be measured (which is the maximum that can be 

done during one week, considering that each tide takes 2S hours). 

Simultaneously, phytQ- and zooplankton will be collected. 

Subproject 2: Seagrass vegetations in bacltreefl4goons as nutrient and seston 
traps between mangrove and ocean 
MA Hemminga (DIHO)
 

Seagrass leaves are capable ofcapturing nutrients from the ambient water.
 

In addition, the seagrass canopy tends to trap seston particles from the
 

watercolumn. Leaf uptake and sedimentation probably are essential for
 

the persistence ofseagrass vegetations: a number ofprocesses lead to
 

nutrient losses from the seagrass beds (e.g., export of leaf material with
 

currents, leaching processes, denitrification); obviously the continued
 

existence ofseagrass beds depends on mechanisms effecting a continuous
 

replenishment of nutrients; uptake ofnutrients by the leaves, and
 

sedimentation, together with N2-fOOltion, are the processes responsible
 

for counterbalancing these nutrient losses.
 

Their relative importance is unknown: combined measurements of these
 

processes have not been carried out in any seagrass system. From an
 

analysis of literature data, however, leaf uptake emerges as a proces of
 

potentially major importance (Hemminga et al., submitted)
 

The position ofextensive seagrass vegetations between mangroves and
 

coral reefs, and the processes associated with seagrass canopies mentioned
 

above, imply that these systems may function as a trap which reduces the
 

extent of the fluxes ofseston and nutrients between mangrove and ocean.
 

Such a phenomenon would be of considerable ecological interest.
 

The research concentrates on two questions:
 

1) What is the relative importance ofleaf uptake, sedimentation and N2


fixation for nutrient input into the seagrass meadow ofa backreeflagoon?
 

Backreef lagoons and other permanently submersed locations near Gazi
 

Bay are dominated by dense stands of the seagrass Thal4ssodmdron 
ciliatum, and the investigations will be carried out in plots of these 

vegetations. Leaf uptake will be measured in experimental chambers, 

using added lSN03 and lSNH4 as (stable) tracers. In addition, convential 

analyses of nutrients will be carried out. N2-fixation will be determined 

using the acetylene-reduction technique. Measurement ofN2-fixation is 

an important component of the EC-mangrove project and will be in 

operation during the SO&Kenya expedition. Sedimentation will be 

measured over the period December 1991- June 1992, using coloured 
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panieulates applied in permanent plots. The study will be completed by 

in situ measurements ofabove-ground production of Thalassodmdron, in 

order to determine nutrient requirements for growth. 

2) Does leaf uptake and sedimentation in backreef lagoons result in 

measurable decreases ofdissolved nutrients and seston? 

To answer this question, the tidal water mass flowing to or from the 

mangrove will be sampled when it passes the seagrass vegetations. 

Samples will be taken on several water depths, and analysed for seston 

content and nutrient concentrations 

Subproject 3: Isotope composition ofmangroves and ofseston in tidal cu"ents 
between mangrove and ocean 
G. Klaver (DIHO) 

In order to understand the influence ofthe Kenyan coastal ecosystems on 

each other, we propose to study the transfer oforganic matter from one 

system to the adjacent system with the stable carbon isotope technique. 

Stable isotopes are very useful for studies ofecosystems if there are two 

dominant isotopically distinct sources ofcarbon. Mangroves and 

seagrasses have d l3C-values of -27 and -10%,respectively, while the 

standard error in determining the dBC-value is about 0.1-0.3 %. It is 
also possible to use the isotope ratios in organisms to trace the origin of 

carbon actually assimilated into body tissues. They give no information 

on individual organisms consumed, but on the organic matter 

assimilated over several days, weeks or months. In determining the origin 

ofanimal organic matter, trophic levels must be taken into account: 

carbon isotope ratios ofanimals are an average of 1%. more positive than 

that of their food. 

During ebb and flood tides, outcoming and incoming water in 

mangroves, in backreeflagoons with seagrass vegetations and near coral 

reefs will be sampled for paniculate matter (with a portable continuous 

centrifuge). In addition, in each system animals will be sampled for the 

isotope studies. Botom sediment samples in the coastal area surrounding 

the mangrove will be taken to assess the contribution ofoutwelling 

mangrove organic matter to sediment composition. 

Subproject 4: The impact ofshon-term andseasonalprecipitation patterns 
on thefUnctioning ofmangrove ecosystems 
J. de Leeuw (DIHO) 

Mangrove ecosystems along the Kenyan coast are subjected to a seasonal 

tropical climate. Seasonal and shon term precipitation patterns may alter 
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soil salinity and probably influence the functioning (production. 

decomposition) of intenidal mangrove ecosystems. The exact impact of 

precipitation on production and decomposition processes in mangrove 

ecosystems is unknown. 

Production 
Ball & Farquhar (1984a) investigated the response of mangrove species to 

seasonal fluctuations in soil salinity in a number of physiological studies. 

In Venezuela Smith et al. (1989) studied dry and wet season plant-water 

relations and gas exchange under field conditions. There is however no 

year round picture of plant water relations and gas exchange for a 

mangrove ecosystem. The physiological response of mangrove species to 

shon term salinity fluctuations has been studied by Ball & Farquhar 

(1984b); the CO2 assimilation rate of Avicmnia marinll decreased at 

higher salinities but recovered upon return to the original lower salinities. 

They concluded that Avicmnia is adapted to transient salinities. 

However. the ecological significance of this adaptive mechanism is not 

clear. since there has been no field monitoring ofsoil and plant 

characteristics. 

The research concentrates on the following questions: 

1) How do plant water relations and gas exchange in mangroves change 

over the year. in panicular in relation to the dry and wet season 
alternation? 

2) What is the impact ofshon-term precipitation patterns on the plant 

water relations and production of mangroves? 

The research will be carried out in a number of plots at different tidal 

elevations. During the two research campaigns soil salinity. soil water

potential. plant-water relations and C02exchange of individual leaves 

will be intensively monitored. The possibility ofyear round monitoring 

ofsoil water salinity and plant water relations will be discussed with the 

Kenyan counterparts. 
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Subproject 5: Fluxes ofgaseous C- and N-compounds to the atmosphere 
G. Klaver (DIHO) 

Several gasses are released as the result ofdecomposition processes in tidal 

wetlands. Among these CO2, CH. and N20 are greenhowe gasses which 

are rapidly increasing in the atmosphere. N20 is not only a greenhouse 

gas but it destroys the ozone layer as well. The sources and sinks of the 

above gasses are reasonably known. but the individual contribution of 

each source to the global emisions can only be estimated. For instance 

the estimates for the emission of methane from natural wetlands vary 
almost an order of magnitude. The estimates can be improved by 

increasing the number ofgas-flux measurements. 

The research has two objectives: 

1) To estimate the annual production of the above-mentioned gasses. 

2) What is the impact ofshort-term and seasonal precipitation and 

inundation patterns on decomposition processes as measured by the 

release of CH•• N20 and CO2? 

In Gazi Bay a number ofsites will be selected. During the expedition the 

release ofgasses will be intensively monitored to document the variation 

in gasfluxes due to flooding and precipitation. Gas fluxes will be 

estimated using chambers connected to a gasmonitor. Outside the 

expedition periods. sampling is planned on a monthly basis: cooperation 

with investigators involved in the E.C. project is foreseen in this respect; 

gas samples will be taken from the chambers with pre-vacumerized tubes 

and later be analyzed with a Gc. In addition soil salinity. nitrate 

concentration of the flooding water and organic carbon content of the 

soil. 

Project 3: Ecology ofseagrassbeds and coral reefi in relation to sediment 
Ioadingftom Sabaki river 
Chiefscientist: 

The Sabaki river discharges north of Malindi a quantity of fresh water 

varying betWeen 20 and 5000m3 s-l in the Indian Ocean. Enormous 

amounts of sediment are carried by the river and deposited in the coastal 

area. During the NE monsoon the silt plume flows into southernly 

directions. over Malindi reef, up to Watamu and Mida creek. 

The Malindi-Watamu reef complex is part ofa fringing reef along the 

coast ofKenya. Limited coral growth occurs in the lagoons. which are 

dominated by seagrasses. The backreef lagoons are dominated by seagrass 

meadows. which function as traps for silt and particulate organic matter 

from the rivers. Several aspects of the ecology of coral reefs and adjoining 
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Seagrasses are rooting phanerogams. growing in intenidal and subtidal 

sediments. which in Kenya may be terrigeneous (river input) or 

calcigeneous (decomposition ofcoral reefS) or consist ofa mixture of 

both sediment types. Depending on the composition of the sediment. 

the nutrient dynamics of the seagrass meadow will be directed along 

different pathways. Theoretically the calcareous sediments will absorb 

phosphates. which might presumably lead to P-limitation during seagrass 

growth. The terrestrial sediments. on the contrary. which are assumed to 

be rich in N- and P-nutrients (eutrophication from the rivers). may 

stimulate seagrass growth. The silt plume of the Sabaki river should not 

only have a significant effect on the nutrient supply of the seagrasses and 

hence on their productivity. but the silt load may also influence the 

underwater light climate negatively. 

The seagrass beds along the coast ofKenya belong to the western fringe 

of the Indo-Pacific distribution area. in which the Indonesian archipelago 

constitutes the central area. A restricted number of species (ca. 12) occur 

allover the Indo-Pacific. but comparable functional data are lacking. The 

ecology ofIndonesian seagrass communities. especially focussed on the 

nutrient dynamics. is the subject ofa running Ph.D. thesis (P. 

Erftemeijer; 1990-1993). The idea is to compare the functioning of 

Indonesian seagrass beds with the functioning of the Kenyan seagrass 

beds. To that purpose a preliminary program will be executed during the 

1991/1992 Kenya expedition. More advanced studies will be dedicated 

to process rates and other functional questions in later years (e.g. 

WOTRO funding). 

During the four weeks of the expedition several aspects of the seagrass 

vegetation will be studied: 

a. Gross mapping of the distribution ofseagrass beds along the coast of 

Kenya, from Malindi to Mida Creek. Sattelite images and aerial 

photographs may offer valuable information. besides ground truth 

data. 

Along selected transects research will be focussed on: 

b. Sediment characteristics of the seagrass communities (grain size 

distribution. silt percentage. carbonate content. clay mineral content). 

c. Quantification ofdissolved nutrient pools (NH4.N03.P04) in 

sediment. pore water. open water column and seagrass material. both 
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alive and decomposing. 

d. Quantification ofdissolved and paniculate organic carbon (and 

organic fractions as pan ofthe decomposing seagrass) in sediment 

and water. 

e. Biomass distribution of above- and below-ground seagrass material 

along transects perpendicular to the coastline. 

£ Measurements ofabove-ground primary production by the leaf

marking method. 

g. Qualitative description of the effects ofsediment deposition in seagrass 

beds (e.g presumed increased turbidity, increased macro-algal 

dominance). 

Subproject 7: Influence ofthe Sabaki riwr on conditilm and composition of 
corals and changes since 1983. 
G. van der Velde (KUN),;K. Kairu,]. Mutare, D. Munya and]. 

Kazungu (KMFRI) 

Corals are good indicators ofenvironmental disturbance. In recent years 

both scientific research and incidental observations have shown that 

Kenyan coral reefs are under stress. Sediment loading, human 

exploitation and sewage disposal have been cited as possible causes. 

In 1983 the condition, species composition and coverage ofcorals 

together with a number of abiotic parameters have been studied by the 

Laboratory ofAquatic Ecology of the University of Nijmegen. This study 

was carried out in the area that streches from Malindi to Mida Creek, 35 

km south of the Sabaki river mouth. Pan of the proposed research will be 

carried out in the same area at a selection of localities visited in 1983 

using the same methods. In this way a unique chance exists of recording 

changes over 9 years. 

A second objective is to correlate the data on coral composition and 

condition with data on sediment transpon and distribution and to data 

on species composition and distribution ofalgae. Comparisons between 

sea-grass communities and coral communities will be made, with 

emphasis on sediment influences. 

The Malindi-Watamu reefcomplex is pan ofa fringing reef along the 

Kenyan coast (see figs 4-5). Limited coral growth occurs in the lagoons 

that have been worn into the reef flats and on slopes between the 

terraces. Just 5 km nonh ofMalindi the Sabaki river flows into the 

Indian Ocean. The yearly sediment load of this river has increased about 

hundredfold since 1%0 (Watermeyer d aL, 1981). Inshore currents are 

directed southward during peak discharge ofthe Sabaki river. Therefore, 

the area south of the river mouth is most heavily loaded with sediments. 
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About 30 km south of the river mouth lies Mida Creek. The catchment 

area ofMida Creek is approximately 200 km2, which is less than 1 % of 

the Sabaki river. The sandy soils inland absorb most of the rain, so there 

is little runoff. 

In January-April 1983 a study on the possible causes of the decline in 

coral growth has been made (Giesen & Van de Kerckhof, 1984). 

Condition, species composition and coverage of corals and a number of 

abiotic parameters have been mapped to 30 km south of the river mouth. 

The coral reefs have a high species richness, with 54 genera ofstony 

corals. Three coral assemblages can be distinguished: 

1. The branching Acroporll assemblage in turbulent waters 

2. The massive Porites assemblage in shallow, calmer waters 

3. The foliate PllChyseris assemblage on deeper slopes >20 m. 

The condition of the corals was found to be negatively correlated with 

terrigenous silt amounts in water and sea bottom (Van Katwijk et Ill, 
submitted). It is remarkable that the silt concentrations and the 

correlated reef condition did not show a simple decline with increasing 

distance from the river mouth. The highest terrigenous silt influence was 

found in the northern pan of the reef complex, south of the river mouth, 

and in the south near Mida Creek (see figs 6-7). The terrigenous 

sediment near Mida Creek certainly does not originate from the creek 

itsel£ 

The research centers on the following questions: 

1. To what extent has coral condition changed over nine years? Do the 

changes differ according to locality? Do changes in condition coincide 

with changes in coral composition, soft coral cover, total coverage or 

changes in the abiotic environment? Can the changes be attributed to 

the increased sediment loading or other river influences (nutrients, 

insecticides)? 

2. To what extent have species composition and coral coverage changed 

in the past nine years and to what factors can this be attributed? 

3. What is the correlation between coral condition and composition in 

1992 and terrigenous sediment amounts in sea water and bottom, 

other river influences and plankton, benthos, sea-urchins, starfish 

etc.? 

4. How large is the terrigenous fraction in sea-water and bottom? Are 

there changes in the terrigenous sediment amounts in sea water and 

bottom over the past nine years? 

5. What is the species composition and distribution of algae (including 

reef-building calcareous algae)? How is the algal community related to 

coral composition and sediment influences? 

6. Has the vicinity ofseagrass beds a (positive) influence on the coral 
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community? Are seagrass beds capable oftrapping sediments to such 

an extent that nearby coral colonies experience a diminished sediment 

load? 

Methods
 

Locations will correspond to a selection ofthe localities visited in 1983.
 

It is proposed that locations nos. 1, 2. 3.5.7.8.9. 12. 14. 15.26.29.
 

30.31.32.33.37.38 and two locations nonh of the Sabaki river mouth 

will be investigated (see figure). The locations will be investigated using 

the combined line transect method panly based on the line transect 

methods as described by Loya (1978). This method was also used in 

1983. A line transect method is preferred over exaetlaccurate cover 

estimating (i.t. Braun-Blanquet) because of the large coral colonies and 

large scale coral patterns and mosaics that characterize the Malindi

Watamu reefs. Exact cover estimates would allow only one or two 

locations to be investigated. The proposed method differs from Loya's 

line transect method in the additional recording ofcondition and size of 

the individual colonies. 

At each location three reieves will be made. After surveillance of 

approximately 400x400 m the three releves will be chosen in such a way 

to represent the coral community of the location as well as possible. Areas 

with little or no presence ofcoral will not be considered. Per releve five 

lines of 10 metres length each will be draped over the coral colonies. 

Taxon and line intervals of the individual colonies will be recorded as 

well as the line intervals of intervening coral-free substrate (sand. rubble 

or rocky substrate). Coral abundance (per species) and various types of 

substratum are calculated as the sum of their line intervals. which is 

correlated with cover (Greig-Smith. 1964). 

Conditions will be assessed by the presence and degree ofsigns of injury. 

Various signs will be recorded; algal coating (with identification of the 

algae). bleaching and mechanical damage. The degree ofinjury wit be 

measured by classification in categories ofinjured surface compared to 

total colony surface (0-25.25-50.50-75 and 75-100 % injured surface). 

Per location the injury rate can be calculated by dividing the number of 

injured colonies by the total number of recorded colonies at that station. 

At each location sea-bottom grab samples will be collected from the 

topmost 10 cm to measure the terrigenous fraction. nutrient contents 

and when possible heavy metals and other pollutants. Sea water samples 

will be taken at the start and the end of the visit ofeach location. In this 

way tidal influences will be diminished to some extent: a visit will take 3

4 hours. Measurements of nutrient contents. salinity and when possible 

PCB·s. pesticides and heavy metals will be done. Also the terrigenous 
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suspended matter contents will be measured and the sea water analysed. 

Project 4: Ecophysiology and Pollution
 
Chiefscientist: H. Hummel (DIHO)
 

Subproject 9 : Ecophysiological stress parameters in biota and their relation 
with environmentalfactors andpolJution in Kenyan estuaries and coastal 
areas 

The aim of this project is to study adaptation to the extremely high 

temperatures in Kenyan waters and how this interacts with resistance to 

additional stressors, i.e. reduced salinity during the rainy season, 

dessication or pollution. Biota may be stressed in extreme environments, 

in such a way that an extra stressor will yield strong aberrations from 

normal functioning or death, and by that a disturbance of the ecosystem 

may be the result. However, the resistance to additional stress may be 

larger than in temperate regions. 

The applicability of the classical methods as developed in temperate areas 

to study stress in tropical areas will be a major question in the project. 

Among the standard ecophysiological stress parameters in phytoplankton 

(P) and macrobenthos (M) one may cite:
 

1) condition (M),
 

2) cell volume (valve length and diameter) (P),
 

3) clearance rate (M), as the prime indicator ofchanges in the 'Scope for
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growth', 

4) survival after desiccation (M) 

5) biochemical composition: 

- glycogen content (M); 

- free amino acid composition (M), e.g.Taurine/Glycine; 

- carbohydrate/protein ratio (P) 

6) metallothioneins (P, M) and cellular amino acids (P) as indicators of 

adaptive response to metal pollution. 

The basic programme should be carried out during the two monsoons, 

i.e. December and May-June. By measuring the reaction oforganisms to 

strong fluctuations, e.g. discharge of (polluted) fresh water, the sensitivity 

of the system will be assessed in the polluted Tudor Creek and the non 

polluted Gazi Creek. 

Dynamics ofphytoplankton, nutrients and trace metals (incl. heavy 

metals) will be followed in 200-1 microcosms during 1 week at 1 

mesohaline station per creek, if necessary after addition of nutrients. 

Changes in metal speciation, primarily caused by exudates of the 

phytoplankton, will be followed using polarographic techniques in 

conjunction with ion-exchange colums. Cellular metal contents and 

adaptive responses (cell volume, carbohydrate/protein ratios, free amino 

acid ratios, metallothioneins) are monitored. 

The sensitivity to stress of the dominant mttcrobmthic species and the 

economically important oyster Crassostrea cucculata will be tested by 

keeping them in open air (at constant temperature) until 50 % has died. 

Differences in sensitivity will then appear. Stress parameters and the 

biochemical and genetic constitution of the surviving animals will be 

measured at intervals of 2 days and related to those not treated. Specific 

stress parameters to be measured are free amino acids, glycogen content, 

condition, metallothioneins, clearance rate and survival after desiccation. 

The clearance rate is measured for animals re-immersed in water with 

aknown food concentration (after an acclimatization period of 1 day), 

Some macrobenthic oysters (Crassostrea cucculata) will be hung in the 

phytoplankton microcosms to see whether and how much metals are 

taken up, giving an indication of bio-concentration and bio

accumulation of metals in the food chain. 
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Fig. 1. Current patterns (solid lines) and wind directions (dashed lines) during (a) 
the SE and (b) the NE monsoons in the East African region. 
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Fig. 3. Average monthly discharge from Kenyan Rivers Tana (1948 to 1979) and 
Sabaki (1952 to 1979). (Tana River Development Authority). 
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Fig. 2. Meteorological parameters in Mombasa. 
a: ail temperature and solar radiation 
b: rainfall, wind run and wave height 
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Fig. 4. Malindi-Watamu reef complex. 
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Fig. 6. Terrigenous sediment influence parameters <stations fig. 5). 
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Fig. 7. Combined coral response parameters (stations fig. 5) 
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