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NEWSLETTER
~

~ "Dynamics and assessment of
$ Kenyan Mangrove Ecosystems"

Introduction
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n" TS 2-0240-G (GOF)

No.2, May 1991 L_

I

Although somewllat later than planned here it is, the second
neswsletter of the EC-project "Dynamics and Assessment of
Kenyan Mangrove Ecostystems". It i,s filled with the latest findings,
achievements and plans of our colleagues in Kenya, Belgium and
The Netherlands. The opening is for the "Kenyan Belgian cooperation
in Marine-Sciences". In the small office of this project all ins and outs
on logistics and science are coordinated, resulting in opportunities for
residential and visiting scientists to contribute to the mangrove pro
ject. The results of their ~fforts are summarized in their own contribu
tions to this newsletter. In addition you will find information derived
from the annual report of our project. And news about the coming
"Tyro-expedition". Delayed but coming nearer!

Creating opportunities

Setting up sampling programs,
agreeable to around 30 scientist, work
ing in different programs (EC, KBP,
KMFRI), is not an easy task in view of
the limited availability of transport (2
cars and 2 boats). However it seems
that we have overcome the major prob
lems and that all groups are enabled to
go sampling on a regular basis. Within
the framework of the EC project, it
seemed important to obtain, as much
as possible, simultaneously taken sam
ples. Samples of the pelagic system
are now simultaneously taken on a
bimonthly basis by researchers in
volved in measurements of stocks (bio
mass) and fluxes (enrichments, activi-

ties, ... ) of nutrients, phytoplankton,
zooplankton and bacteria.

An integration of the results from
the different groups into a more general
model will hopefully be possible. A
better collaboration is also achieved
between researchers from the Universi
ty of Nairobi and the KMFRI, involved
in population dynamics and feeding
behavior of mangrove fish species.

Another positive point to be men
tioned is the conversion, at KMFRI, of
office space into laboratory. The new
laboratory are to be used in the frame
of the EC project.

K.Delbeke; Kenyan Belgium cooperation in
Marine Science, PIO Box 81651, Mombasa,
Kenya.
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Our fieldwork period from august
'90 till february '91 started with an In
tensive survey of the mangrove swamp.
Guided by local fishermen and wood
cutters we walked through the mud,
climbed over proproots and canoed up
the small Side creeks of Gazi Bay. After
several of these fieldtrips two fieldplots
of 20x20 meter were established. One
with a Rhizophora mucronata vegeta
tion and one with Ceriops taga/. Rhizo
phora vegetations cover over 50% of
the embayment and are daily flooded
by the Incoming waters. Ceriops tagal
is found on the higher elevated areas
and covers up to 10% of the mangrove
bush. The two plots not only differ in
inundation period (level), soil structure
and fauna, but are likely to differ also in
their nutrient economy which is the
central theme of our project. Many of
the specific studies will be carried out
in these plots.

An other result of the intensive
fieldtrips was a more detailed mapping
of the area. With the help of an Ultra
Light aeroplane (Alexis Peltier) large
series of color pictures were taken
perpendicular to the earth surface. A
combination of the photo's and the field
observations makes it possible to gen
erate a vegetation map of the present
situation in Gazi Bay.
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the water level In the Ceriops plot was
measured. With this information it was
possible to calculate the ground level of
the Ceriops plot, which was 278 cm
above datum. So only during spring
tides this plot will be flooded. With the
help of a computer programma it is
possible to calculate the inundation
period for each day. This information is
of importance for the Investigations on
decomposition and litterfall removal by
crabs.

Mangrove primary production

In order to estimate the primary
production (increment of standing crop)
of the mangrove vegetation it was nec
essary to be able to make reliable bio
mass estimations of individual trees. In
close cooperation with the Kenyan
counterpart P. Gwada a series of field
measurements was carried out result
ing in regressions for fresh weight bio
mass versus trunk circumference for C.
tagal and R. mucronata (see figure).
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Ceriops tagal
kg = (circ. at 30cm in mm)231 • e·992

[n=116; R2=O.98]

Rhizophora mucronata
kg = (circ. at 150cm in mm)225 • e·B03

[n=25; R2=O.93]

,0 \00

circumference of trunk (mm)

11)00

Macharia
Rectangle



Leaves, brancrles, trunk and (above)
ground (prop)roots were sampled sepa
rately. The partitioning of the fresh
biomass for the two mangrove species
is as follows:

With the' calculated regressions for
Individual trees it was possible to esti
mate the standing crop in the Ceriops
plot this was done. For subsampling
the 20x20 plot was subdivided in 5x5m
squares. The average standing crop in
the squares was equivalent to 67.3 ±
14.4 tonlha (n=9).

In order to estimate the litterfall a
phenology study was started. 120 bran
ches were tagged and the history of the
number and position of the leaves on
each branch will be followed the com
ing 2 years. In this way it is possible to

Mangrove litter as nutrient source

The average C/N ratio for surface
sediments in Gazi is 40 (Oteko, FAME
thesis, 1987). This indicates either that
other sources (seagrass, phytoplank-

80 ± 10 (20)
71±10(18)
69 ± 5 (20)
40 ± 8 (20)
28 ± 6 (20)

Rhizophora mucronata
Bruguiera gymnorhiza
Ceriops tagal
Xylocarpus granatum
Ayicennia marina

The objective of trlis stUdy is to
investigate the nutritive value of man
grove litter, its decomposition and the
importance of the litter as a source of
nutrients in the ecosystem. The first
step was to analyse the C and N com
position of leaves of the same physio
logical age. The second new leafs on
branches from the different mangroves
of Gazi were collected and dried at
80°C. The samples were taken to Bel
gium for C/N ratio analysis:

R. mUCronata
46.9 :!: 9.8
23.4 :!: 5.4
12.5 ± 2.9
17.2 ± 4.3

C. tagal
32.5 :!: 9.6
22.9:!: 6.7
24.7 ± 8.2
19.9 ± 8.3
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F.J.Slim, P.Gwada; Delta Institute for Hydrobio
logical Research, Vierstraat 28, 4401 EA Yer
seke, The Netherlands and Kenyan Marine and
Fisheries Research Institute, P/O Box 81651,
Mombasa, Kenya.

calculate the (leave)litterfall. Over the ton) are important in supplying organic
period december '90 - march '91 the matter to the sediments, or that N-en
(calculated) litterfall was constant with richment of the fallen leaves occurs
an average of 4.07 ton dry weight per during their decomposition. This will be
ha per year. The above figure shows investigated in further experiments.
the average number of new and lost In situ decomposition experiments
leaves per branch per week. were initiated in October-November

1990. Litterbags with senescent leaves
taken from Ceriops tagal trees were
placed in the Ceriops plot. Dry weight
and C/N ratio samples were taken after
1,3,6,9 and 15 days. A loss of 16% dry

Macharia
Rectangle



weight was observed after 15 days
decomposition.

Also a series of leaves on the tree
were examined. The GIN ratio increas
ed from 69 in young to 219 in senes
cent leaves. This indicates that 69% of
the nitrogen is resorbed by the tree
before the leaves fall.

Further plans include a 3 months in
situ decomposition experiment and
assessment of nitrogen fixation rates by
means of the acetylene reduction tech
nique. With the newly installed gaschro
matograph it is possible to conduct
these experiments at the K.M.F.R.1. In
the same period, decomposition of C.
tagal and R. mucronata leaves will be
studied in vitro. The leaves will be incu
bated in containers filled with estuarine
water of Gazi creek. Water samples will
be taken daily for PON, DOG, N03 ,

N02 and NH4 analysis. At the end of
the incubation, biological nitrogen fixa
tion rates will be measured and leaves
will be dried, weighed and analyzed for
G and N content.

The study of the transfer of G and
N in the foodchain by using natural
stable isotope ratios will become possi
ble at the V.U.B.. A new trapping box,
linking the GIN analyzer to the mass
spectrophotometer, is recently installed.
J. Kazungu of the K.M.F.R.1. will spend
3 months in Brussel to become familiar
with this technique.

A.F.Woitchik, J.Kazungu, R.G.Rao, F.Dehairs;
Free University of Brussel, Pleinlaaan 2, B
1050 Brussel, Belgium

Meiobenthos

In September 1990, meiobenthos
as well as macrobenthos samples have
been taken at the two EG-plots in the
Rhizophora and Ceriops mangle in
Gazi. Extra sediment was collected in
order to determine the chlorophyll con
centration and the nutrients from the
interstitial water.

The separation of the animals from
the sediment was a very time consum
ing activity because of the extreme
large amount of detritus which was not
eliminated by the classical methods of
centrifugation and decantation. The
refore, we advise to take this aspect
certainly into account when future ben
thic investigations will be carried out.
The faunal assemblages (we only in
vestigated the "infauna" of the sediment
and not the "surface-dwellers" such as
the decapods, which are the topic of A.
Oluoch (Nairobi University)) are quite
different for both sites. The Ceriops plot
contains very low densities of melO
fauna (100 ind./10 cm2

). The Rhizop
hora plot is much richer with 300 indi
viduals per 10 cm2

. Similar differences
arerpresent for macrofauna: 300 ind./m2

in the Ceriops plot versus 2000 ind./m2

in the Rhizophora plot. These meio
fauna data are much lower than those
of the "disturbed" Rhizophora and
Ceriops vegetations of the area investi
gated in 1989 (Vanhove, 1990), which
is located at the west part of the creek,
close to the fisherman harbor. In gen
eral, there is an indication that the
macro-infauna is not very rich in terms
of densities in the mangrove plots,
although we think that the epifauna
(small shrimps, decapods, ... ) reach
high numbers at the moments when the
sediment is covered with water.

The relationship between the abio
tic characteristics and the faunal as
semblages (species composition) to
gether with the determination of the
biomass of the animals will be exam
ined in the near future. This part of the
project will be finished in September
1991. Future investigations will focus
on the effects of the bioturbating activi
ties of the decapods on the benthic
primary and secondary production (bio
mass).

M.Vincx, J.Schrijvers, DVan Gansbeke; Inst. of
Zoology, Marine Biology section, K.L. Lede
ganckstraat 35, B 9000 Gent, Belgium.
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Zooplankton

From the beginning of February '90
three stations, ranging from the mouth
of the bay (1) till the small creek inside
the mangrove swamp (3), are sampled
at Gazi. Five minute trawls with a 335
micrometer mesh size plankton net and
200-liter quantities of water filtered over
55 micrometer yield the zooplankton
samples. In the laboratory the samples
are sorted out with the help of a micro
scope. The three sites show a differ
ence in zooplankton abundance, bio
mass (water displacement volume) and
diversity. Brachyuran zoea were abun
dant at station 3 during the first
months. These organisms are relatively
large, wich explains the fact that station
3 had the highest biomass in this pe
riod. However, higher number of zoo
plankton organisms were found at the
other stations. The time series and the
situation of the sampling stations from
inside the mangrove up till the mouth of
the bay will make the data set a very
interesting one to look for seasonal
variation and spatial distribution.

E.Okemwa, M.Osore, J. Mwaluma (annual
report); Kenyan Marine and Fisheries Research
Institute, PIO Box 81651, Mombasa, Kenya.

Fish

Fortnightly sampling is being car
ried out now for several months al
ready. The fishing is done at different
bendings of the main creek by hand
with the use of Seine nets. The catches
are fixed with 10% formaldehyde and
are variable in number. Besides spe
cies composition and length measure
ments also the stomach contents are
examined. All the fish are juveniles, be
longing to over 27 species and 20 dif
ferent families. Gerres avena (Gerreu
dae) was the most common species
found. The open sea fish Caranx
sexfasciatus (Carangidae) was present
as very young individuals.

Wakwabi (annual report); Kenyan Marine and
Fisheries Research Institute, PIO Box 81651,
Mombasa, Kenya.

Caranx sexfasciatus

Visit of the Tyro

Valuable information concerning the
functioning of the mangrove ecosystem
at Gazi Bay is also expected from the
coupling of the EC-project with the
Indian Ocean Expedition, which is orga
nized by the Netherlands Marine Re
search Foundation.

Originally it was planned to start the
expedition already in October 1991, but
due to the Gulf war it is postponed for
about half a year to April 1992 - March
1993. One part of the expedition pro
gramme concerns the effects of the
monsoon on coastal ecosystems in
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Kenya Both offshore studies on board
of the Dutch research vessel "Tyro",
and studies of the coastal fnnge (man
grove, seagrass and coral reef ecosys
tems), using a land-based camp, are
planned. The Tyro will cover three
transects perpendicular to the coast,
and one of these will have Its stanlrlg
pOint near Gazi In addition, the land
based crew will carry out Its research In
Gazl Bay, in collaboratIon with scien
tists Involved Irl the EC-mangrove pro
Ject Topics that will be studied JOintly
Include

-the sediment and plankton transpon
In undisturbed and exploited pans of
the mangrove,
- food chains In the coastal fnnge
(usmg stable isotopes),

- emission of greenhouse gases by
the mangrove sedlmellts,
- the function of the extenSive sea
grass meadows In the bay as nutn
ent and seston traps between man
grove and coral reefs.

Financing of the land-based pan of
the Kenya expedition IS not yet fully
secure Hopefully this matter will be
solved soon. The Jrltegratlon between
the EC-project and the expedition,
including a land-based programme, no
doubt will be scientifically profitable to
both projects I

MHemminga, Delta Institute for Hydroblo1oglcal
Research, Vierstraat 28, 4401 EA Yerseke nw
Netherlands
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Detail of vegetation map. Showing a
small side creek with typical zonation
pattern in mangrove vegetation. Note
the cleaned areas Just along the creek,

Avicennia marina; Bi:':!
creek fringing forest with high trees,
circa 350 m2

Mixed forest; §
dense vegetation of Rhizophora
mucronata and Brugeiria gymnorhiza ,
circa 795 m2

Ceriops tagal; 1«]
mono-species stand of small trees,
circa 590 m2

Avicennia marina; D
open vegetation of shrubs on sandy
soil, circa 1550 m2 = MAIN CREEK

cleaned area; ..
due to selective cutting of R.
mucronata, bare muddy ground, circa
35 m2

bare grounds; 0
hypersaline bare grounds

SAND BANK

50 m
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in such a way that they can be proces
sed by a computer model (Geographic
Information System). In addition, the
biomass of some selected vegetation
types of seagrasses and macro-algae
will be determined, and samples for
nutrient determinations in the plant
material will be collected.

The duration of the fieldwork at
Gazi Bay will be approximately 3
months. Chemical analyzes and data
processing will be done in the Nether
lands in cooperation with the Delta
Institute for Hydrobiological Research.

P.H. van Avesaath, G van der Velde; Labora
tory ot Aquatic Ecology, catholic University of
Nijmegen, Toernooiveld, 6525 ED Nijmegen,
The Netherlands.

The microalgae of Gazi Creek

During the former years research
ers of our laboratory studied the
species composition, zonation and
phytosociology of the mangal and the
seagrass vegetation in Gazi Bay. The
epiphytic macroalgal vegetation on
pneumatophores and rhizophores has
also been studied in detail.

Up to now nothing is known about
the microflora, although it might be
important in some specific biotopes.
These microalgae are present in the
water body as phytoplankton. on the
substrate as phytobenthon and on &
around the seagrasses as epi- and
periphyton.
The phytoplankton will be studied with
the help of samples taken by a phyto
plankton net (# 25 j.lm) in the tidal
channel (at low as well as at high tide)
and in the lagoon. If possible a year
cycle would be studied with the help of
a Kenyan counterpart. The phytoben
thon will be sampled as well on the
tidal flats (sandy and muddy substra
tes) as on the bottom of the tidal
channel (especially upstream where the
substrate is not shifted at each tide.
Sampling will start during our stay in

September 1991. The epi- and peri
phyton of the seagrasses will be
studied by sampling seagrass leaves of
the different species in different stations
(tidal channel, intertidal pools, sublit
toral).

The main purpose of this study is a
taxonomic one: drawing up a species
list of unicellular algae in the different
biotopes mentioned above, and assign
them a relative abundance. According
to the species richness the subject will
be carried out completely or only partly.
Identification will be done in Ghent,
where a specialized taxonomic library is
present as well as a scanning electron
microscope which might be necessary
for the identification of the diatoms
and/or dinoflagallates. Thesis promotor
/co-.promotor are Dr. E.' Coppejans &
Dr. W. Vijverman.

Dr. E. Coppejans, Mr. Marc Van Zele; Lab
voor Mort. Syst. & Eco!. van de Planten, Rijks
Universiteit Gent, Ledeganckstraat 35, 3000
Gent, Belgium.

Phytoplankton

Water samples are currently taken
at the three sample sites in Gazi for
species composition and chlorophyll
content. Also in situ measurements of
primary production are carried out.
Winkler titration is used in combination
with light and dark bottle incubation at
surface and 2 meter depth. Over twenty
species are identified. Chlorophyll
concentrations tend to be lower and of
greater constancy near the open sea
and highest in the inner mangrove
station. Higher values for primary pro
duction are found towards the open
sea.

P.Wawiye (annual report); Kenyan Marine and
Fisheries Research Institute, P/O Box 81651,
Mombasa, Kenya.
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Bacteriology

At the Kenyan Marine and Fisheries
Research Institute the project "Funda
mental and applied bacteriology in
tropical marine waters" is in progress.
Although not carried out within the
framework of the EC-project, the results
certainly can be linked to this project.
The study of bacterial populations, their
activity and the pool of organic matter
in ecosystems are extremely important
from a pollution and public health
points of view, especially in regions
with increasing tourist industry. Kenya
needs more information on the status
of the marine waters. The quality of the
waters can be assessed using chemi
cal, biological or bacteriological meth
ods, each of which yield specific infor
mation. In this project bacteriological
methods are used in order to assess
the extent of pollution along the Kenyan
coast. Indicator organisms (pathogenic
bacteria) are being used to determine
the seriousness of faecal contamination
and to assess the health risk involved
when using the water for swimming,
fishing and other human activities.

Gazi Bay is situated in a sparsely
popUlated area with no industrial activi
ties, so it can be used as unpolluted
reference site in the research. The
aims of the project are:

- to determine the load of organic
matter and the activities of the micro
bial community in the water,
- to enumerate the marine pathogen
ic microbial community.

Sampling was done at four points once
a week in Tudor creek (Mombasa) and
at four points every two weeks in Gazi
creek. The organic matter and activity
of the heterotrophic bacteria were de
termined by estimating the biological
oxygen demand in 5 days (BODS) with
the Winkler method. Although the re
sults indicate more activity in Tudor we
found that both figures were low as
compared to those registered in other
areas. For enumeration of pathogenic
bacteria the membrane filtration tech-

nique was chosen. Escherichia coil.
total coliforms and StaphylOCOCCI were
enumerated The number of E.COlf and
total coliforms was higher In Tudor than
in Gazi. Both sites met the EC guide
line for waterquallty.

JWIJnant. SMwangl MOwlli, Kenyan Manne
and Fisheries Research Institute. PO Box
81651 Mombasa. Kenya

Seagrasses

In September 1991 the Catholic
University of Nijmegen will start its
fieldwork in the mangrove ecosystem
project. This work will be carried out by
Drs. P.H. van Avesaath under supervi
sion of Prof. Dr. G. van der Velde.

The study in question has the aim
to gain more insight into the species
composition, distribution, biomass and
production of the seagrass- and macro
algae communities of the two major
creeks that form part of the mang rove
ecosystem in Gazi Bay.

The vegetation of the seagrasses
and macroalgae of the two creeks will
be mapped. Along with the description
of the species composition of the vege
tations, a number of abiotic parameters
such as the structure of the sediment,
and the visibility, temperature and nutri
ent content of the water layer will be
measured. The survey will be carried
out using an echosounder. In this way
a combined depth-vegetation map can
be produced. The data will be collected
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