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The 1991 Dutch Kenya Expedition 

INTRODUCTION 

It is proposed to the Dutch Foundation for Marine Research SOZ to 
organize an expedition to the Kenyan coastal area in 1991. The exact 
timing of the expedition depends on the availability of the research 
vessel Tyro. Suitable periods would be December-March (May) and/or 
September-December. The aim of the expedition in general is to provide 
basic data on the structure and functioning of marine systems along the 
East-African coast, and, in particular, to evaluate the ecological effects 
of the rivers on these marine systems. As a result of human activities, 
the composition of the riverine water has strongly changed; it is expected 
that this will have profound effects on the coastal ecosystems. 

The continental shelf is limited and the ocean becomes very deep close 
to the Kenyan coast. There is no information on the deeper benthic 
ecosystems near the coast and also with respect to the pelagic domain only 
limited information is available: so far it appears that these areas 
combine a low productivity with a high diversity. In the North, the 
Somalistream causes strong upwelling during summer. The interactions 
between the off-shore and coastal areas and the impact of the monsoon on 
these interactions are unknown. The sedimentology of the East-African 
coastal zone is unknown as well. 

The coastal ecosystems in Kenya consist of: (1) coral reefs (fringing 
reefs) along the entire coastline, with extensive areas of seagrass beds 
on the more sheltered parts of the backreefs and in lagoonal areas; (2) 
mangroves on the shores of the brackish parts of rivers and creeks along 
the coast; also seagrass beds can be found here. 

Wi th the flow of rivers and creeks, material is transported to the 
sea: 
a) nutrients, trace elements and dissolved organic matter. 
b) silt and particulate organic matter 
c) toxic elements 
d) larvae and juvenile stages of organisms 

The influence of this transport on the coastal waters is: 
a) local and regional changes in the pelagic primary production by 
nutrient and silt importation. 
b) changes in the benthic primary production by sedimentation and 
benthic secondary and tertiary metabolism (impact on reefs, enrichment of 
sediments, eutrophication). 
c) ecotoxicological effects (heavy metals and pesticides) 

THE INDIAN OCEAN AND THE EAST AFRICAN COASTAL WATERS 

The Indian ocean has a surface area of approximately 50 million km2 and 
an average depth of 3800 m. A characteristic feature of the hydrography of 
this ocean is the seasonal switch in flow directions caused by the monsoon 
winds. From November until March the NE monsoon wind is blowing, from May 
until September wind direction is SW. 

The water currents in winter and spring have a typically oceanic 
pattern with a north and south equatorial current flowing in a western 
direction in spring and a equatorial counter current flowing to the east. 
In summer, the north-equatorial current changes direction as a result of 
the southwest monsoon, and the flow direction north of the equator becomes 
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east. During the NE monsoon the southequatorial current along the African 
coast feeds both the equatorial counter current and the Agulhas current 
which flows in a southern direction. Along the Kenyan coast the current is 
also in a southern direction, but this is mainly due to the influence of 
the wind and the ocean current is predominantly in a northern direction. 

During the SW monsoon, from May until September, the southequatorial 
current feeds a current in northern direction; this so called Somali 
current has a high flow velocity, up to 200 cm/sec, particularly in the 
upper 200 m of the water column; water transport 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. 

Rainfall is linked with the monsoon winds. Along the Kenyan coast there 
is a short period of rainfall in December, and a longer period in April 
M~. 

THE KENYAN COAST 

The 400 km long Kenyan coast is characterized by the presence of coral 
reefs, mainly fringing reefs. These reefs are highly productive and 
extremely diverse ecosystems. The productivity of these reefs depends to a 
high extent on the symbiosis between corals and algae and an efficient 
recycling within the system. 

Because the tidal amplitude is rather large, approximately 2 m near 
Mombasa, there is an extensive intertidal 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 of seagrasses and 
microscopic benthic algae. 

On many places along the Kenyan coast, substantial seepage of freshwa
ter occurs; as a result brackish water is often found in areas of seagrass 
beds. 

The sys tern of reefs and seagrass beds along the Kenyan coas t is 
interrupted in a number of places. Two large rivers spring flow into the 
Indian ocean: the river Tana in the north and the river Galana-Sabaki 
approximately in the middle; both originate from the vulcanic highlands 
around Mount Kenya and the Aberdare Range. Furthermore, 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. 

The outflow of these rivers strongly fluctuates; many are seasonal in 
nature. During periods of high rainfall the large rivers in particular 
transport huge quantities of silt originating from the interior; once 
transported 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 
an extensive brackish water zone is often found; the residence time of the 
water in these systems generally is short. 

The mangrove ecosystem,characteristic of these silty brackish transiti 
on zones, mainly consists of woody plant species associated with a 
characteristic fauna and flora. The salinity gradient resulting from the 
mixing of outflowing river water and the incoming sea water, regulates the 
presence of the various mangrove plant species. The system is an open one, 
with input of nutrients from the land and export of organic material to 
the sea. This organic material originates from a complex detrital food 
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chain and is an important source of energy for numerous brackish and 
marine organisms (oysters and other bivalves, peneid shrimps and crabs, 
mullets and other fish species). Mangroves are nursery areas for several 
commercially exploited species. 

SUBPROJECTS 

The list of research proposals given below is of a preliminary character; 
extension with other projects still is possible. 

Subproject I: Basic data on chemical and biological variables in the 
coastal waters of Kenya and the adjacent offshore area and on the 
functioning of the marine system. 

During the various subprojects basic data on the sediments, the 
chemical and biological variables of the coastal waters and the adjacent 
off-sQore areas as well as data on the major processes (primary producti 
on, grazing, sedimentation, benthic metabolism) will be collected. 
Obtaining these data is very important as this coastal area is rarely 
visited; close collaboration with Kenyan investigators with respect to 
this part of the program is therefore necessary. 

I.A. The coastal waters and the adjacent off-shore systems. 

1.A.l. Plankton. 

The very high diversity and the low productivity of tropical pelagic 
systems are well known. With respect to the coastal waters of Kenya, 
however, hardly any data are available; a comparison between the coastal 
waters which are influenced by the land and the pelagic system which is 
determined by the Somali current, has never been made. A comparison with 
the upwelling area which develops when the Somali current turns away from 
the Somali coast north of Kenya during the SW-monsoon, is another 
possibility. In order to establish the factors that determine the expected 
low productivity in the coastal waters of Kenya, experiments might be set 
up in which nutrients are added to plankton cultures. Along the transects 
not only phytoplankton and zooplankton biomass will be determined, but 
also primary production and grazing; furthermore, vertical migration of 
the zooplankton will be studied and an attempt will be made to study the 
balance between primary and secondary production. 

1. A. 2. Benthos . 

The interactions between coastal systems such as intertidal areas, 
mangroves, coral reefs and the nearby off-shore system, are particularly 
important for areas with a limited shelf such as the East-African coast. 
To obtain information on these relations, the following measurements 
should be carried out along two or tree transects perpendicular to the 
coast, in the depth range from 10-200-(1000) m: chlorophyll, primary 
production and suspended matter (seston, POC) in the water column, rate of 
sedimentation and deposition of organic material on the bottom, analysis 
of the benthic community (box-core, beam trawl), metabolic activity of the 
benthic system (bell-jar, bottom lander) with measurements of oxygen 
profiles in the sediments and nutrient exchange between bottom and water. 

I.B. Soil sediment: composition, distribution. 

Investigations into the the composition and the distribution of soil 
sediments will be carried out. Hardly anything is known on sediments 
until now. The program will be focussed on the shelf and the adjacent 
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slope. In combination with other projects in this area (river plumes, 
benthic fauna) this will give an impression of recent and past sedimenta
tion. 

Logistics: the above-mentioned measurements will be carried out along 
transects perpendicular to the coast. Three transects are minimally 
required; one of these should start from the mouth of one of the big 
rivers, one from a "healthy" mangrove area and one from a coastal area not 
influenced by freshwater. 

Investigators:	 Section Primary production DIHO: 1 participant 
Dept. of Geology and Geochemistry NIOZ 
Dept. of Chemistry NIOZ 
Dept. of Benthic Systems NIOZ: 3 participants 
Lab. Ecology and Systematics VUBrussel: 3 participants 
Chemical analysis: Dutch and Kenyan investigators 
Fauna-analysis: Dept. of Marine Biology, State University 
Gent, Belgium: 1 participant 

SUbproject II: Nutrientdynamics in tropical seagrassbeds along the coast 
of Kenya, influenced by sediment loading of the Sabaki river 

The Sabaki river discharges north of Malindi a quantity of fresh water 
varying between 20 and 5000 m3 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 sil t plume flows into southernly directions , 
over Malindi reef, up to Watamu and Mida creek. 

Seagrasses are rooting in intertidal and subtidal sediments, which in 
Kenya may be terrigeneous (river input) or calcigeneous (decomposition of 
coral reefs). Depending on sediment composition, the nutrient dynamics 
will function along different pathways. The calcareous sediments will 
absorb phosphates, presumably leading to P-limitation during seagrass 
growth. The terrestrial sediments which are assumed to be rich in N- and 
P-nutrients (eutrophication), may stimulate seagrass growth. The silt 
plume from the Sabaki river should have a significant effect on producti 
on/decomposition characteristics of the seagrass populations. 

These hypotheses will be investigated during the Kenya expedition in a 
preliminary way (More advanced studies will be dedicated to process rates 
and other funcitonal questions in 1992 and years later on). 

During the expedition several aspects will be studied: 

1.	 Gross mapping of the distribution of seagrass beds along the coast of 
Kenya, from Malindi to Mida Creek. Satellite images and aerial 
photographs may offer valuable information besides the ground truth 
data. 

Along selected	 transects research will be focussed on: 

2.	 Sediment characteristics (terrigeneous, calcigeneous). 
3.	 Heavy metal concentrations in sediment and seagrass. Biomonitoring of 

anthropogenic pollution (Nairobi discharges on the Sabaki river a.o.). 
4.	 Quantification of dissolved nutrient pools in sediment, water and 

seagrass (nutrient budget).
5.	 Quantification of particulate organic carbon (POC) and decomposition

products of organic material in sediment and water. 
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6.	 Biomass distribution of above- and belowground seagrass material along 
transects. 

7.	 Measurements of primary production - and decomposition rates (leaf 
marking; O2 electrodes in bell jars; litter bags). Several series of 
continuous measurements during 1-2 days or 1 week. 

8.	 Qualitative description of the effects of sediment deposition in 
seagrassbeds - e.g. increased turbidity, increased macroalgae, 
dominance of soft corals etc. 

Period: 4-6 weeks 
Participants to the project: 
P.H. Nienhuis (DIHO) 
M.A. Hemminga (DIHO) 
M.M. van Katwijk (KUN) 
G. v.d. Velde (KUN)
 
technical assistent (DIHO, KUN)
 
Kenyan investigators
 

Subproject III: Grazing and naturaL breakdown of coraL reefs 

The health and stability of coral reefs is threatened worldwide by 
human activities. Eutrophication of coastal waters, pollution by silt, oil 
and poisonous chemical subs tances , fishery (especially when dynami te is 
used) and damage resulting from diving tourism, disturb the natural 
balance between growth of the reef by corals, crust-forming algae, sponges 
etc. and erosion caused by boring and grazing animals and plants. 

Adequate management of the reef system requires insight into the 
factors which maintain the balance in an undisturbed situation. Knowledge 
of the natural vulnerability and the carrying capacity of the reef 
ecosystem is a prerequisite to explain and predict the consequences of 
disturbances caused by man. 

Primary production and its use by consumers are the basis of every 
ecosystem. On coral reefs, unicellular algae (zooxanthellae) and free
living and endolithic algae are the primary producers. The most important 
grazing animals are large herbivorous fish species and sea-urchins. Among 
these are species, such as the parrot fish, which cause erosion of the 
reef as they eat both the algae and the substratum; these animals 
therefore hold a key position in the process of growth and erosion of the 
reef. 

Quantification of grazing behaviour of the parrot fish and of sea 
urchins is the aim of the present research project. The following 
questions will be investigated: 

-How much time is spent on grazing by the various species of herbivores? 
how much primary production and how much substratum is eaten per unit of 
time? 

-What is the proportion of living coral in the diet of the grazers? 
-In what numbers are they found in the undisturbed situation? Is there 
evidence of niche differentiation within the community? 

Methods: direct observation and registration of animal behaviour (Focal 
Animal Sampling) with the aid of an underwater eventrecorder (this 
apparatus allows registration of up to 30000 events with an accuracy of 
0.1 sec). Study of stomach contents. Countings in PQ's and along transects 
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Participants: J.J. Videler (State University, Groningen) 
J.M. van Rooij (State University, Groningen) 

Project IV: Coral reefs: condition and composition of corals; influence 
ofriver sediment. 

North of Malindi the Sabaki River flows into the Indian Ocean. The 
yearly sediment load of this river has increased since 1960 about 
hundredfold since 1960. This caused a decline and loss of condition of the 
coral reefs south of the river mouth, which were the first in Africa, to 
be declared 'Marine National Parks' (1968). 

The coral reefs are characterized by a high species richness; 54 genera 
of stone corals (Scleractinia) are known from this area (Lemmens & 
Smeets, 1987). 

In 1982/1983 an investigation on the possible causes of the decline in 
coral growth in the area has been carried out by the Laboratory of 
Aquatic Ecology, Catholic University of Nijmegen. 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 condition of the coral 
reefs seemed to be negatively correlated with the terrigenous silt 
concentrations in water and sediment (Van Katwijk et al., 1989). 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 
part of the reef complex, south of the river mouth, and in the south, near 
Mida Creek. The terrigenous sediment near Mida Creek certainly does not 
originate from the creek itself. In northern directions sedimentation of 
river silt from the Sabaki River extends to Ras Mgomeni. Little is known 
of this area. 

Proposed research 

Description of the coral reefs: a. identification of Scleractinia as 
much as possible to the species level (collecting material), soft corals, 
presence (collecting material for later identification if agreement from 
the Kenyan authorities is obtained); b. Coverage and c. condition of the 
corals. Locations should correspond to a selection of the localities 
visited in 1983. Methods (and some personnel will be the same as in 1983, 
so that results on coral cover and condition can be compoared between 1983 
and 1991. 

Determination of the amount of terrigenous material on these locations. 
Bottom samples, sea water samples and cores will be investigated with 
respect to particle size distribution, organic and carbonate fraction. 
These parameters will be correlated with the characteristics of the coral 
reef system (species, coverage, condition parameters and changes over the 
last 8 years). 

3. In cooperation with the investigators of project V and a hydrologist 
investigations will be carried out on current patterns and sediment 
movements in the area. The hypothesis is that sediment from the Sabaki 
River moves along the coast southward and is resuspended at Mida Creek 
due to very strong tidal currents there. 

4. Figure 1 shows that the 100 m and 200 m depth lines at the Sabaki 
river mouth are located more seaward than near other places along the 
coast. A similar line pattern is shown near the mouth of the Tana River. 
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These undeep parts near the river mouths must be the result of sedimenta
tion of river sediment during long periods. Cores will be taken in 
cooperation with investigators of project I in order to determine the 
particle size dis tribution and composi tion of the various layers and to 
date them, which provides insight in the origin of the undeep parts near 
Malindi and in the sedimentation rate over the years. Cores in transects 
from 6 m deep can also provide insight in the sedimentation rate on the 
various locations along the whole coastline near the Sabaki River. North 
of Ras Mgomeni no sedimentation from the Sabaki River is demonstrated, 
possibly due	 to direct sedimentation towards 6 8 m depth (pers. comm. K. 
Kairu). Along the rocky coast the water becomes very deep over a short 
distance. 

Plankton and benthos communities in this area can be compared with 
those in areas, which are not located in the neighbourhood of a large 
river. On a few locations north of the Sabaki River mouth coral reefs 
have also to be described together with measurements on abiotic factors 
(see also text in 1 and 2). During an extensive part of the year (during 
the South West Monsoon) the Sabaki River water is flowing in a northern 
direction. There are well developed coral reefs present near Ras Ngomeni 
(pers. obs. M. van Katwijk). 

Participants 

M.M. van Katwijk (KUN) 
G. van der Velde (KUN) 
M. Borel Best	 (RMNH) 
K. Kairu (KMFRI, Mombasa) 
E. Martens (Univ. Nairobi)
 
Hydro/geologist (bij NIOZ, RUU
 
(Expert on benthos)
 

Subproject V: The infLuence of the rivers Tana and Sabaki on the Kenyan 
coastaL waters. 

The composition of the plumes of the Tana and the Sabaki will be 
'---'" investigated; concentrations and composition of silt and nutrients 

(nitrogen, phosphorus, silicium) and some trace elements will be determi
ned. The data will be correlated with measurements of primary production 
on the same locations. It will be investigated if there is a correlation 
between the concentrations of nutrients and silt and gradients in primary 
production; furthermore, the primary production in these areas will be 
compared to the primary production in the Indian Ocean outside the plume 
areas. Using bioassays, it will be attempted to determine the factors 
which limit growth of the phytoplankton. 

Participants:	 Section Primary production DIHO
 
Sediment characteristics: NIOZ
 
geochemist DIHO/NIOZ
 

Subproject VI: Exchange between Tudor-creek and the Indian Ocean. 

Within the CEC-project (see addendum 1) much attention is focussed on 
Tudor-creek; this large creek is also the subject of investigations 
carried out by the KMFRI in Mombasa and, furthermore, is studied within 
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the framework of the Kenyan-Belgian Cooperation in Marine Sciences 
Program. The exchange of this creek with the Indian Ocean will be 
investigated in a comparable manner as proposed for the river Sabaki, but 
in addition to nutrients, also biological markers, plankton and heavy 
metals will be studied. By carrying out flux measurements and collection 
of other relevant data, the input and output of the mangrove system will 
be determined. 

Besides organic material, also silt is transported in a mangrove 
sys tem; probably, the mangrove functions as a sink of sil t. When a 
mangrove deteriorates, the soil will erode, coinciding with loss of 
sediment. A comparison of flux measurements between a healthy and a 
deteriorated mangrove therefore is valuable: this can be achieved by 
studying the Tudor-creek in combination with the mouth of the river 
Sabaki. 

Participants:	 Section Primary production DIHO 
geochemist DIHO/VUB 
Dept. of Geology and Geochemistry NIOZ 

Subproject VII: Pollution effects. 

The effects of pollution on mangrove systems will be investigated by 
comparison of the mangrove system of the Tudor-creek, which is polluted by 
industrial and domestic waste, and the Gazi- or Mida-creek, which are not 
polluted. Levels of heavy metals and pesticides in sediment and biota will 
be compared; furthermore, the genetic variability of the benthic populati 
ons will be investigated. 

Participants:	 H. Hummel, DIHO 
J. Nieuwenhuize, DIHO 

Subproject VIII: Paleoceanography and paleoclimatology. 

In a number of sediment cores taken in adjacent deep ocean areas, 
indicators used in the field of palaeoceanography and palaeoclimatology 
will be studied (minerals, isotopes, microfauna and microflora). The 
results will be used to determine climatic changes in the recent geologi
cal past. The results of this study can be connected with comparable 
studies carried out on Mount Kenya, and with investigations on the erosion 
of vulcanic minerals in the riftvalley. 

Participants:	 Dept. of Geology and Geochemistry, NIOZ 
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IMPORTANCE OF THE EXPEDITION 

Since the large efforts during the International Indian Ocean Expediti 
on (1959-1975) which gave the first general overview of the Indian Ocean 
there is only limited research going on along the East-African coast. On 
a number of systems, such as the benthos, and on a number of dominant 
processes such as primary production and sedimentation nearly nothing is 
known. 

The Kenyan coast is of extreme importance to the economy of the 
country, especially by rapidly increasing tourism. The natural values are 
outstanding: the intertidal areas are wintering grounds for palearctic 
birds and local populations of several sea turtles, 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. Overfishing on the 
coral reefs (parrot fish and especially triggerfish) has lead to extension 
of sea urchins (Echinometra mathei) that predate on the living coral and 
enhance erosion of the reef. The close proximity of touristical infra
structure leads directly and indirectly to increased human pressure 
through an increase in fisheries and exploitation of corals and shellfish 
for ornamental purposes. 

Deforestation and cattle ranching in the interior of Kenya has lead to 
an important increase of the sediment load of the rivers. The effects of 
sedimentation of silt 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': import of nutrients and 
oligo-elements may increase productivity but the increased extinction may 
decrease it. 

Despite the presence of several marine parks and reserves research on 
the coral reefs is still fragmentary. This is partly due to the poor 
accessibility of some areas and logistical problems. The presence of a 
research vessel gives a unique opportunity to visit poorly known areas, 
especially in the extreme north of the country. 

The mangrove are under increasing human pressure as well, as a 
consequence of direct wood exploitation. The wood is used for the 
production of tannins, as fire wood and for the construction of houses: 
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 an FAO-sponsored project!) 

The largest creeks in the country are the two creeks surrounding the 
fossil coral island on which Mombasa, the largest harbour of East Africa, 
is build. Both the Kilindili and Tudor creek are used for the discharge 
of domestic and industrial waste. 

The SOZ project will be a major effort ending a three years project of 
the Commission of the European Communities 'Study and management of Kenya 
mangrove ecosystems' starting end 1989. This is a cooperative project 
between the Delta Institute, the Catholic University of Nijmegen and a 
number of Belgian universities coordinated by the Free University of 
Brussels, the Kenyan universities of Nairobi and the Kenyan Marine and 
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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 of scientists for Nairobi and Mombasa are 
linked with the project. A number of Belgian scientists and a 'Belgian 
House' are present in Mombasa and will support the CEC and the SOZ
project. 

The important added value of the SOZ-project for Kenyan scientists is 
the increased knowledge on basic compartments of Kenay's coastal ecosys
tems which are hitherto unknown. The expedition will mean for Kenyan 
scientists that they get access to a modern oceanographic vessel and its 
application for the study of environmental issues. 

LOGISTICS 

The period has to be chosen after concertation and in agreement with 
other planned activities in the Indian Ocean in 1991. If two seasons can 
be compared all time schedules are to be doubled: possibly the period 
February-May 1991 may then be optimal. 

The r.v. Tyro will transport laboratory containers for the coastal 
studies to Mombasa where they may be landed and transported to the 
required locations. Suitable locations are a.o. Malindi, Mombasa, Daini 
Beach. In inaccessible areas work from the ship with zodiacs will have to 
be considered. 

The Tyro will cruise during a minimum of two days per location the 
plumes of the Tana and Sabaki rivers and the exchanges between Tudor-creek 
and the ocean in Mombasa. Also a smalller, unimpacted creek (Gazi, Mida) 
will have to be studied. At least three transects from the coast to 200 m 
(1000 m) depth for benthic-pelagic and sedimentological studies. The 
absolute minimum duration for the Tyro is fourteen days but if more 
general coastal work between the transects has to be done, the minimum is 
about twenty days. 
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Addendwn 1: Information on the CEC-project 'Dynamics and Assessment of 
Kenyan Mangrove Ecosystems' 

Aim of the Research 

Introduction 

Mangrove ecosystems are the characteristic littoral plant assemblages 
of tropical and subtropical sheltered coastlines (Saenger et al. ,1983). 
They play an important role in fish production, coastal stabilization and 
in the maintenance of critical habitats for many common, threatened and 
endangered species. Mangrove areas provide numerous commercial products 
and generate economic opportunities in many countries (Saenger et al., 
1983). The association of coastal lagoons and mangrove forests along the 
Kenyan coast constitutes a unique environment sustaining enhanced 
biomasses of several commercial fish, shellfish and crustacean species 
when compared to coastal and open sea environments. This uniqueness is due 
to the fact that such lagoons provide natural shelter, characteristic 
physico-chemical conditions and an abundance of nutrients supplied by the 
mangrove ecosystem. However, besides their utilisation as a source of 
food, fuel and wood for the local population, these coastal lagoons are 
under increasing pressure as disposal sites for human and industrial waste 
(Oteko, 1987). 

Aim of the research 

The final aim of the project is to provide a firm and sustainable basis 
for rational management of the mangrove ecosystems in Kenya by: 
a) gathering of basic knowledge on the mangrove ecosystem: 

- assessment and quantification of its structure 
- estimation of the magnitude of energy and matter flow 

through the system and its exchanges with the ocean 
b) integration of this basic knowledge in a mathematical model of the 
mangrove ecosystem applicable on PC. 
c) development of ecological expertise in Kenya through constant 
partnership between Kenyan and Belgian and Dutch universities and research 
institutes. 

The practical application of ecological knowledge will be implemented 
in a first approach in an oyster cultivation project. 

Innovation of this proposal 

An interdisciplinary approach is fundamental when the complex behaviour 
of ecological systems is to be understood and man's impact is to be 
evaluated. The present proposal concerns on the one hand two Kenyan 
university laboratories and the Kenyan Institute for Marine and Fisheries 
Research and, on the other hand, two Belgian unversities, a Dutch 
university and the Dutch Delta Institute for Hydrobiological Research. 
The scientists involved are physicists, mathematicians, chemists and 
biologists and a close partnership between European and African scientists 
and institutes is prominent in all the parts of the project. 

Benefits expected 

1) This interdisciplinary project will significantly increase our 
knowledge of one of the most important tropical marine ecosystems. 
2) Since this knowledge will be generated from a project involving 
cooperation between European and African scientist in all parts of the 
project it will also provide a basis for rational management of these 
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systems. 
3) The sustained partnership between European and African scientists and 
universities and institutes should significantly improve the research 
possibilities for Kenyan scientists in Kenya 

General Description of the Research 

The different components of the mangrove ecosystem together with 
their interrelationships are shown in fig. 1 based on a diagram by Odum 
(1971) . The contribution of each group cooperating in the proposal is 
indicated by a number. The detailed description of each contribution is 
given in annex. 

The general functioning of the system is best described by the 
quantitatively important processes involved in the formation and subse
quent utilisation of organic matter. Formation of organic matter is 
through primary production by large, vascular plants (mangroves, seagras
ses) and phytoplankton. Organic matter formed by higher plants is partly 
utilised directly (mainly by man) but mostly remineralised gradually in a 
detritus food chain operating both on land (burial of mangrove litter) and 
in the creek system (where it is linked primarily with sediments (bacteri 
a, benthos, fish and birds)). Phytoplanktonic primary production is 
grazed directly by zooplankton and larval fish and shrimps and is also 
used by benthic filter feeders (e.g. oysters). 

When the basic structure of the system is quantitatively understood a 
mathematical model of the mangrove ecosystem will be an important tool for 
further scientific understanding and rational management of the system. 

Cooperating Partners in the Project
 

The Primary Production:
 

- mangroves: Dr. F.M. Muthuri, Dept Botany, University of Nairobi, Kenya
 
(annex 2)
 
- sea-grasses: Prof.Dr.P.Nienhuis, Delta Institute, Yerseke, The Nether

lands, Prof.Dr.C.den Hartog, University of Nijmegen, The Netherlands and
 
Dr. E. Coppejans, Dept Botany, State University of Gent, Belgium (annex
 
1bis and annex 6) .
 
- algae: Dr. E. Coppejans, Dept Botany, University of Gent, Belgium (annex
 
6).
 
- phytoplankton: Dr. N. Daro, Lab. Anim.Ecol.Syst., Free University of
 
Brussels, Belgium (annex 4)
 

The Utilisation of Organic Matter
 

In the water column:
 

- secundary (zooplankton) and tertiary (fish) production in lagoonal
 
waters: Dr.N.Daro, Lab.Anim.Ecol.Syst., Free University of Brussels,
 
Belgium (annex 4), Mr. E. Okemwa, Kenya Marine and Fisheries Institute,
 
Mombasa and Dr. O. Haemerlynck, Mar.Biol.Sect., State University of Gent,
 
Belgium
 

In sediments:
 
- the decomposition and utilisation of mangrove litter: Dr. F. Dehairs,
 
Lab.Analyt.Chem., Free University of Brussels, Belgium, Mr. J. Kazungu,
 
Kenya Marine and Fisheries Research Institute, Mombasa and Dr. M.
 
Hemminga, Delta Institute, Yerseke, The Netherlands (annex 1 and annex 3)
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- the role of benthos: Prof. Dr. V. J accarini , Department of Zoology,
University of Nairobi, Kenya, Prof.Dr.C.Heip, Delta Institute, Yerseke, 
The Netherlands and Dr. M. Vincx, Mar.Biol.Sect., State Univ. Ghent, 
Belgium (annex 1). 

Application 

- Oyster cultures in the mangrove creeks: Prof.Dr.P.Polk, Lab.Anim.E

col.Syst., Free University of Brussels, Belgium and Mr. R.K. Ruwa, Kenya
 
Marine and Fisheries Research Institute, Mombasa (annex 5)
 

A General Model for the Mangrove Systems
 

- Development of a basic model describing the interrelationships between
 
the different components of the mangrove systems which will be designed
 
for use on PC: Dr. P. Herman, Delta Institute, Yerseke, The Netherlands
 
with a Kenyan Scientist from the Kenya Marine Fisheries and Research
 
Institute, Mombasa, Kenya (annex 1).
 

Dutch Participation
 

The Delta Institute and the Catholic University of Nijmegen participate in
 
the project on four levels:
 
- role of benthos (see annex 1) (Prof.Dr. C. Heip) (in collaboration with
 
Dr. M. Vincx, State University of Gent, Belgium)
 
- the fate of mangrove litter fall (Dr. M . Hemminga)
 
- seagrasses (see annex 6) (Prof.Dr. P. Nienhuis)(in collaboration with
 
Prof.Dr.C.den Hartog, Catholic University of Nijmegen, The Netherlands and
 
Dr. E. Coppejans, State University of Gent, Belgium).
 
- The Delta Institute will also take responsability for the integration of
 
results in a mathematical model of mangrove systems (Dr. P. Herman).
 

General description of the Dutch research
 

- The role of benthos:
 

In the first phase species composition, abundance and biomass of large 
taxonomic groups of both the macro- and the meiofauna will be determined 
along transects in the intertidal mangrove areas and in the seagrass 
fields in creeks (see also annex 1). These data will be related to the 
characteristics of the sedimentary environment, including, if relevant, 
pollution by heavy metals and pesticides. In the second phase the life 
cycle of dominant species will be studied and an estimate of benthic 
metabolism will be made, focusing on in situ mineralisation of organic 
matter. 

- The fate of mangrove litter: 

Additional to other studies the Delta Institute will concentrate its 
efforts on the transport of litter in the system (from the mangrove to the 
creeks and the ocean). The use of detritus will be evaluated by measuring 
the gradients in quantity and quality of Particulate and Dissolved Organic 
Carbon (POC and DOC) in sediment cores from these different habitats and 
by studying the quality of the material in bioassays using growth of 
benthic target species. 

- The role of sea-grasses: 

Production and decomposition of sea-grasses will be studied by direct 
measuring of growth, and by measurements of oxygen production and 
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respiration in the field using enclosures. The distribution of the 
different sea-grass species in mangrove creeks and along the Kenyan coast 
will be investigated (see annex 6). 

- A Mathematical Model of the Mangrove Ecosystem: 

Based on exis ting modular models from Lake Grevelingen and the Wadden 
Sea in the Netherlands it is feasible to construct a simple but robust 
model of the mangrove ecosys tem in which only the basic processes are 
represented. Such a model can serve as a tool for further scientific 
study and also as a basis for rational management of mangrove areas. 
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Addendum 2: Proposal to a study of the upwelling in Somalia and/or the 
pelagic ecosystem of the Kenyan coast. 
N.	 Daro, Vrije Universiteit Brussel 

The Somali Current and the upwelling of Somalia are seasonal occurances 
of the Northwester Indian Ocean and exist from April to September with a 
maximal intensity around July strong associated with the South West 
monsoon. 

The Somali current carrying equatorial waters with low salinity turns 
away from the coast at about 4-5°N which induces upwelling of cold deep 
water (17-22°C) rich in nutrients (10 ~g at 1- 1 Nitrate). 

The center of the upwelling is situated at 5°N and 47°E near the coast 
of Somalia in July. 

Phytoplankton at this time is dominated by 2 species of Diatoms and 
about 7 species of Copepods, a very low diversity for tropical waters, but 
characteristic of productive environments with strong seasonal variations 
of the environmental factors Zooplankton biomassa reach about 7 g dry 
weight/m2 , it means about 3 gC/m2 • 

The biomasses is about 6 times higher than in the surrounding areas of 
the Indian Ocean, with most of the biomass in the upper mixed layer and a 
dominance very large animals. 
All this data were got from Smith (1982). 

The last expedition in the upwelling of Somalia was performed in 1979, 
and present such interesting result that should be done again. 
From the data presented in the Smith paper (1982) this upwelling seems to 
be one of the most interesting and productive of the world. On the other 
hand such a study represents a beautiful occasion for the surrounding 
countries of East Africa. 

Indeed, a belgian team of marine scientist has at this moment a 
development project in marine sciences in Mombasa (Kenya), where about 20 
kenyan scientists of high level are involved. The experiment conducted for 
now 4 years got such successful results that the belgian government think 
to enlarge this same experiment to other east african countries (Ethiopy, 
Somalie, Tanzany, Seychelles, Madagascar, Mosambic) in the next years. 

Our proposal is that the best of the east african scientists trained 
in the next 2 years should be selected to particpate to such an expediti 
on, as a part of their master degree thesis, or even Ph.D. thesis. 
This proposal has two parts: 

a.	 A personal participation of myself as zooplankton grazing specialist, 
where ideally, as research objective a study should occur during the 
upwelling (in July) and at another time (not from April to July), or 
only in July with different stations in and outside the upwelling. 

b.	 A participation of east african scientists from different disciplines 
selected after one or two years training, who could work on board 
together with scientists of their own specialty, so that this expediti 
on should represent the consecration of intensive training. 

My	 own proposal, in very short is the following: 
Study of the grazing behavior of the dominant Copepods, using a 14C_ 
method, in order to detect eventual day-night feeding rhythms. 
Sampling of zooplankton at different depths to detect eventual day
night vertical migrations. 
To get an idea of the importance of grazing on the phytoplankton, 
eventually make budgets primary production-secondary production. 
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Near the proposal of the study of an upwelling, belgian dutch and kenyan 
scientists are already involved in a mangrove ecosystem study at the 
kenyan coast. 

My own participation, in collaboration with Dr. Tackx, Mr. Okemwa and Miss 
Revis in this project is the study of the relations Phytoplankton, seston 
and zooplankton. 

If an expedition could be organized along the Kenyan coast we would 
like to participate as a team in order to follow the more pelagic 
environment. Tropical pelagic waters are indeed characterized by a very 
low productivity and a very high diversity of organisms. It would be 
interesting to follow the evolution from pelagic poor environments to the 
coastal high productive systems (mangrove ecosystems, creeks) at the 
kenyan coast. Ideally the 3 systems; upwelling, pelagic and coastal system 
should be studied at the same time in order to characterize the functio
ning of these three different ecosystems. 

The sampling scheme should occur along transects from the ocean to the 
coast, where nutrients primary production, phytoplankton and seston 
countings, chlorophyll and particulate organic carbon measurements, 
zooplankton countings and grazing measurements could be performed, this 2 
times, one during the North-East monsoon (December-February) another 
during the South-East monsoon (April, May, June) 
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