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Summary of "Ecologische studie van het benthos van de mangro

ves en aanpalende stranden van Gazi Bay, Kenia."

SCHRIJVERS J., 1991.

ECOLOGICAL STUDY OF THE BENTHOS OF THE MANGROVES AND SURROUN

DING BEACHES AT GAZI BAY, KENYA.

1. Introduction

This thesis is part of the Ec-project "Dynamics and Assessment

of the mangrove ecosystem in Kenya" (1989-1992). Its general

aim is to analyse the mangrove ecosystem in all its elements

in order to propose conservation strategies.

To understand the intrinsic ecology of mangrove areas (fig. 1)

and the interaction between mangrove areas and other ecosys

tems, such as oceans and coral-reefs, it is necessary to study

as many compartments of the ecosystem as possible. My contri

bution to this proj ect is the study of the benthos (e. g.

infauna); so far few data exist about the ecology of benthic

communities in the tropics (RUWA, 1990).

The community-ecological picture of the meio- and macrozooben

thos of the mangroves of Gazi Bay, near Mombasa, Kenya, is

presented. Habitats differing according to the type of man

grove vegetation (namely Avicennia, Bruguiera, Ceriops, Rhi

zophora and Sonneratia) and to the sediment in all its charac

teristics (e.g. sandflat-mangrove, inundation, ... ) are inves

tigated.

The abiotic data have been written down as completely as

possible.

Densities, diversities and biomass data of the benthos (e.g.

infauna) have been calculated and, where possible, mathemati

cally processed in order to produce a reliable community

ecological pattern.
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2. study area

The sampling sites are situated at Gazi Bay (at about 50 kms

south of Mombasa) (fig. 2). Twelve sites have been chosen

G1, G2, G3, G4, G5, G6, G7, G8, *G9, *G10, *G11 and *G12 (fig.

3). The sites G3, G4, G5, G6 and G7 are the same as those

studied by VANHOVE (1990). Possible comparisons are evaluated.

They are situated in the mixed mangrove described by GALLIN et

al. (1989) and sampling was carried out on the sediment of 5

mangrove vegetations ( Avicennia marina, Bruguiera gymnorrhi

za, Ceriops tagal, Rhizophora mucronata, Sonneratia alba resp.

G4, G3, G6, G5, G7).

The new sites are G1 and G2 (EC-plots), G8 (near Gazi-beach)

and *G9, *G10, *G11 and *G12 ( without mangrove vegetation).

station G1

station G2

station G3

station G4

station G5

station G6

station G7

station G8

station *G9

station *G10

station *G11

station *G12

Rhizophora mucronata, not cut

Ceriops tagal, not cut

Bruguiera gymnorrhiza, cut

Avicennia marina, cut

Rhizophora mucronata, cut

Ceriops tagal, cut

Sonneratia alba, cut

Sonneratia alba, strongly cut

sand flat

entirely cut mangrove (little beach)

sand flat

sand flat (with seagrass)
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3. Materials and methods

3.1. Abiotic factors

At each site, granulometric variables and the amount of orga

nic material have been determined.

After a preliminary drying at 100°C (to remove peat), the

organic content was measured via the loss of weight during a

600°C combustion.

Instead of a mechanical sieve shaker and a graded series of

standard sieves (BUCHANAN, 1984), a CoulterR LS Particle Size

Analyser was used to define the % of gravel, sand and silt,

the median particle size '. the curtosis and the skewness of the

total sediment.

The interstitial water of the sediment was examined for nu

trient contents (NH4-N, P04-P, N02-N, N03-N and Si), salinity,

temperature, acidity, redox potential and oxygen content.

3.2. Biotic factors

3.2.1. Meiobenthos

Only two (Gl & G2) of the twelve stations are investigated for

meiofauna distribution and compared with the five stations of

VANHOVE (1990). According to the method described by McINTYRE

& WARWICK (1984) three standard plastic transparant handcores

(3.6 cm diameter, 30 cm length) were taken for meiofauna to a

depth of 20 cm. Each core was preserved in a hot (60°C) 4%

neutralized formaline solution. Laboratory treatment consisted

of extracting the meiofauna by a combination of sedimentation,

sieving (38J.,£m) and centrifugation and of staining with Rose

Bengal. Major meiofauna taxa were identified and counted under

a stereoscopic microscope.

The nematodes were determined to genus level and mean fresh

and dry weight per individual and total fresh and dry weight

for nematodes in 10 cm 2 was measured. The method used is

described by VANHOVE (1990).
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3.2.2. Macrobenthos

As described by HOLME & McINTYRE (1971), a metal cilinder

(diameter 13 cm and a surface area of 133 cm 2 ) was used to

take three handcores to a depth of 20 cm. The sediment was

preserved in a cold 4% neutralized formaline solution. In the

laboratory the macrofauna was extracted by using two sieves

with a 1 and 2 mm mesh width and by picking out pieces of peat

and roots by hand. The animals were stained with Rose Bengal.

Major macrofauna taxa were identified and counted under a

stereoscopic microscope (WILD, type M3). The Isopoda, Amphipo

da, Tanaidacea, Cumacea and Polychaeta were determined to

family level (even to genus or species).

By determining the mean ash free dry weight for Oligochatea,

Polychaeta, Bivalvia, Gastropoda, Isopoda and Amphipoda (with

a Mettler M3 microbalance) it was possible to find the total

biomass per taxon and per m2 •

3.2.3. Mathematical analysis

Diversity indices were calculated for the meio- and macroben

thos taxa and the nematode genera. We were especially intere

sted in the Shannon-Wiener diversity index H', the simpson

index SI and Pielou's evenness J (HURLBERT, 1971; PEET, 1974).

To find some patterns, interactions and relations between

densities and abiotic factors, we used TWINSPAN (HILL, 1979)

and CA, PCA and DCA (JONGMAN et al., 1987). These mathematical

analyses were done with meio- and macrofauna data in order to

get an idea about community ecology in the studied area.

The Spearman-rank correlation coefficient (SOKAL & ROHLF,

1981) was calculated to determine relationship between biotic

and abiotic variables.
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4. Results

4.1. Abiotic factors

4.1.1. Sediment (table 1)

4.1.1.1. Median

The median (fig. 4) of the total sediment lies between 276 and

544 J.Lm. The stations *G9 and *G11 show the highest median

(quite coarse sediment), the sites G2, G4 and G7, have the

lowest values (rather muddy) and the others lie in between.

4.1.1.2. Particle size percentage

The percentages (fig. 5) of the different particle sizes vary

strongly but sand always forms the biggest part (around 90 %).

4.1. 3. Nutrients

The different sampling sites vary strongly in nutrient con

tent. Only the stations G4, G5, G6, G7 and *G9 are very simi

lar in nutrient concentrations.

4.1.4. Organic material (table 2)

The organic content (f ig . 6) lies between 0 and 22.5 %• In

general, one can state that this percentage is especially

influenced by type and density of mangroves, cutting and

burning effects, influence and closeness of the ocean related

to tides and currents, presence of seagrasses, ... Each station

has to be examined separately for these elements.

4.1.5. Others

Temperature, salinity, pH, oxygen content and redox potential

vary along the different sites. No real patterns are recogni-

5



zable.

4.2. Biotic factors

4.2.1. Meiobenthos

Seventeen taxa are identified and the nematodes constitute the

biggest part followed by copepodes and turbellarians (fig.

7).The total meiobenthos densities (fig. 8) are 3100 and 6101

ind./10 cm 2 for the stations G1 and G2. ~ogether with the data

of VANHOVE (1990) the mean total density becomes 3932 indo per

10 cm 2 •

4.2.2. Nematode community

* Nematoda have densities ranging from 1709 to 5640 indo per

10 cm 2 or from 65% to 97% of the total meiofauna (fig. 9 and

10) .

* Patterns of length distribution of Nematoda seem more signi

ficant in depth profiles (VANHOVE, 1990) than is the case with

the horizontal variation.

* The average biomass per individual and the total biomass do

not show a clear pattern for the horizontal distribution in

the mangrove region either.

* For the nematode composition (which is only examined for

Rhizophora (G2) and Ceriops (G1)), a great difference exists

in diversity on the basis of the number of the genera : stati

on G1 has 31 genera with an H' of 4.43 whereas G2 consists of

19 genera with an H' of 4.34.

* For both siEes the feeding categories which are present can

clearly be related to available food and kind of sediment.

The biggest part of the nematodes in station G1 consists of

epistrate feeders followed by omnivore/predators. Station G2

is especially characterized by selective and non-selective

deposit feeders (about the same density) (fig. 11).
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4.2.3. Macrobenthos

The total macrobenthos ~ensities (fig. 12) for the stations G1

to *G12 vary between 265 and 6025 ind./m2 • Eighteen taxa are

distinguished.

The Mollusca are represented between 0 (G5) and 2250 ind./m 2

(G3), the Crustacea between 0 (*G9) and 1125 ind./m 2 (*G12)

and the Annelida show for all stations rather high values

(especially for G2, G4, *G10 and *G12 with resp. 2300, 1850,

1602 and 1450 ind./m2 ). station *G12 has a conspiscuously high

number of Nemertini whereas the stations G2, G5, G7, *G9 and

*G12 have many macro-Nematoda.

As far as the families of polychaetes are concerned, the large

presence of the Nereidae is remarkable.

The Amphipoda and Isopoda are, in contrast to what the litera

ture indicates, not that frequent (2 and 3 families respecti

vely). We used FAUCHALD & JUMARS (1979) and FAUCHALD (1977) to

study the Polychaeta systematically and autecologically.

With the necessary caution the difference in diversity (fig.

13) of the macrobenthos will, in contrast to what is said

about the Nematoda, prove to be the result of a different

distribution of the individuals over the taxa (this seems,

however, to be logical as large taxa are being used to calcu

late the diversity indices). The H' values of the stations

stay in between 1.65 and 3.35 with a mean value of 2.6.

Concerning biomass, conclusions are difficult to make because

we had to decide on a standard mean weight. The figures are

only estimations of the standing stock biomasses and are shown

in figure 14.

4.3. Mathematical analysis

4.3.1. Meiobenthos (fig. 15, 16, 17, 18 and 19)

Multivariate analysis of the data points to a similarity of

7
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belong together because

mud and organic materi

between vegetation and

the Rhizophora regions on the basis of the high number of

Nematoda and the muddy sediment. The Ceriops regions on the

contrary show a less strong relationship except because of the

low number of Polychaeta and the absence of Kinorhyncha. The

Sonneratia station discerns itself from the rest. Although all

this points to a strong influence of the nature of the type of

mangrove vegetation, Avicennia and Bruguiera in the meiofauna

composition resemble each other well as does the sediment.

Conclusion : the sediment lies at the basis of the determi

nations of the meiofauna communities.

4.3.2. Macrobenthos (fig. 20, 21, 22, 23, 24 and 25)

The mathematical analysis of the densities of the large taxa

shows the following patterns

* The stations of Avicennia and Bruguiera and the completely

cut beach (which used to be overgrown with a mixed mangal as

well) show a lot of polychaetes and molluscs and are at the

same time sandy.

* The Rhizophora and ceriops regions

of the great quantity of oligochaetes,

al. Here a close relation appears

sediment.

* The Sonneratia sites and the two sampled sand flats are all

quite sandy and correspond reasonably well as far as composi

tion is concerned. Only the number of crustaceans divides them

into Sonneratia and sand flat.

* The sand flat with puddles and seagrass closest to the ocean

clearly discerns itself from all other stations.

Conclusion : the type of vegetation is not really the decisive

factor in determining the pattern. The separation between sand

flat and mangrove on the other hand is striking.
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5. Discussion

5.1. Meiobenthos

The compared literature is mainly based on data from Australia

(HODDA & NICHOLAS, 1985 and 1987; ALONGI, 1987; NICHOLAS et

al.,1991), Cuba (LALANA-RUEDA & GOSSELCK, 1986) and South

Africa (DYE, 1983 and 1983b). A discussion of our data toge

ther with the literature and VANHOVE (1990) (data from Kenya)

shows the following :

* There is a large difference between the densities of Gaz i

and those of the literature (especially because of the number

of nematodes). The reason for this could be more related to

the method used, e.g. different methods of counting, different

depth of sampling, inaccurate methods,... Environmental fac

tors, however, can not be excluded.

* For the biomass the same applies as for the densities (only

the nematodes are measured).

* It is striking that it is not so much the kind of vegetation

that influences the communities but that 'quantity' of vegeta

tion or other factors, which directly or indirectly constitute

the basis of the sediment, are determining.

5.2. Macrobenthos

The literature which is used here is the following WADE

(1972), MAURER & VARGAS (1984), GUELORGET et al. (1990),

LALANA-RUEDA & GOSSELCK (1986), ALONGI (1989 and 1990) and

WARWICK & RUSWAHYUNI (1987).

Discussion of our data in relation to the literature :

* The density of the macrobenthos of Gazi is much higher than

those found in the literature. As is true for the meiobenthos

this could be especially caused by methodical differences such

as the mesh size, the way of counting, ... Here again, however,

environmental factors are not to be excluded.

* For the biomass the same patterns occur (which is expected

because of the method used). These data do correspond with

9



certain literature data which points to the fact that the

animals in Gazi are much smaller than those in other areas.

* In comparison with the estuary or lagune areas it is stri

king that the richness (densities and biomass) is smaller than

that of the Gazi-mangroves. within the Gazi-stations themsel

ves this already becomes clear.

* As was true for the meiobenthos the influence of the vegeta

tion is not the decisive factor in determining the community

ecology.
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Tables and figures

Table 1 Abiotic results : sediment characteristics for the

twelve stations (median in ~m).

Table 2 Abiotic results : quantity of organic material in

the sediment (%) for the twelve stations.

Figure 1 Components within the mangrove ecosystem and in

trinsic relations (ODUM, 1971).

Figure 2 Map of Kenya with close-up of the Kenyan coast

(COPPEJANS & BEECKMAN, 1989).

Figure 3 Detail of Gazi Bay with indication of the twelve

stations examined (from photographs, SLIM, 1991).

Figure 4 Abiotic results : the median particle size (~m) for

the twelve stations.

Figure 5 Abiotic results : particle size percentages (%) for

the twelve stations.

Figure 6 Abiotic results : quantity of organic material in

the sediment (%) for the twelve stations.

Figure 7 Meiobenthos: densities (ind.j10cm2 ) per taxon for

the stations G1 and G2.

Figure 8 Meiobenthos: total densities (ind.j10cm2 ) for the

station G1 and G2 ( + the stations of VANHOVE,

1990) •

Figure 9 Meiobenthos total densities (ind.j10cm2 ) of

nematodes for the station G1 and G2 ( + the stati

ons of VANHOVE, 1990).

Figure 10 Meiobenthos: percentages of nematode densities in

total meiobenthos for the stations G1 and G2 ( +

the stations of VANHOVE, 1990).·

Figure 11 Meiobenthos: the feeding categories (WIESER,

1953) of the most abundant nematode genera for the

stations G1 and G2.

Figure 12 Macrobenthos: total densities (ind.jm2 ) for the

twelve stations.

Figure 13 Macrobenthos: diversity (H') for the twelve

stations in relation to evenness (J) and richness

(Hmax) .
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Figure 14

Figure 15

Figure 16

Figure 17

Macrobenthos: total biomass (mg/m 2 ) (dry = dark,

ash free = light) for the twelve stations.

Mathematical analysis meiobenthos : TWINSPAN

dendrogram for the taxa Oligochaeta, Cumacea,

Copepoda, Turbellaria, Polychaeta, Kinorhyncha,

Ostracoda and Gastrotricha.

Mathematical analysis meiobenthos : TWINSPAN

dendrogram for the 17 examined taxa.

Mathematical analysis meiobenthos PCA "species

scores".

Figure 18 Mathematical analysis meiobenthos

scores".

PCA "sample

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

Mathematical analysis meiobenthos : PCA "biplot

scores of environmental variables".

Mathematical analysis macrobenthos TWINSPAN

dendrogram for all the taxa examined (also fami

lies) .

Mathematical analysis macrobenthos : TWINSPAN

dendrogram for the taxa Mollusca, Crustacea,

Oligochaeta, Polychaeta and the rest.

Mathematical analysis macrobenthos : TWINSPAN

dendrogram for the polychaete families.

Mathematical analysis macrobenthos : CA "sample

scores".

Figure 24

Figure 25

Mathematical analysis macrobenthos

scores".

Mathematical analysis macrobenthos

scores of environmental variables".
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Gl G2 G3 G4 G5 G6 G7 G8 ·G9 ·Gl0 ·G11 'G12

\I, silt 3.35 11 .27 0.39 6.96 4.22 2.52 3.78 2.37 0.32 3.3 0.78 0.8<\

\ sand 93.2 85.51 97.82 85.37 87.75 92.3 90.93 84.42 93.87 79.83 87.42 94.46

% grave 1
3.45 3.22 1. 79 7.67 8.03 5.18 5.29 13.21 5.81 16.87 11.8 4.7

median 369.8 276.4 409.1 287.7 357.1 357.7 281. 2 366.5 518.7 334.9 544.5 312. ')

skewness -2.562 -1.556 -2.299 -2.071 -1.536 -2.244 -1.738 -1.687 -3.402 -2.113 -4.763 -1.62

curto"is 11. 4 3 3.252 19.46 6.569 4.592 9.804 7.223 6.057 34.46 8.553 40.82 10.04

Table 1 Abiotic results : sediment characteristics for the

twelve stations (median in I'm).

GI G2 G3 G4 G5 G6 G7 G8 ·G9 ·Gl0 ·G11 'G 12

befol">
combustion 17.9607 7.6766 17.6915 21.709 12.6966 14.6135 7.8283 18.483 14.1983 14.4323 17.7907 18.9882

af~",r

con,bus t j 011 14.4739 5.9514 17.5519 21.2519 11.8024 14.1622 7.2507 18.2425 14.1983 13.5033 17.7907 18.7099

org.m'lt. 3.4868 1.7252 0.1396 0.4571 0.8942 0.4513 0.5776 0.2405 0 0.929 0 0.2783

'\> ol'g. ma+:. 19.41 22.47 0.79 2.11 7.04 3.09 7.38 1. 30 0.00 6.44 0.00 1.47

Table 2 Abiotic results : quantity of organic material in

the sediment (%) for the twelve stations.



l1ANGROVES - PRIMARY PRODUKTION
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BENTHIC FAUNA

- SPECIES DISTRIBUTION

- BIOMASS ESTIMATION

- SECONDARY PRODUCTION

ZOOPLANKTON

- SPECIES DISTRIBUTION

- BIOMASS ESTIMATION
- PRIMARY PRODUCTION

BENTHIC MICROALGAE - DISTRIBUTION
SEAGRASSES - BIOMASS ESTIMATION

- LITTER DECOMPOSITION RATE
- NITROGEN FIXATION

MANGROVE ALGAE ~ND SEAGRASS LITTER
+ BACTERIA AND FUNGI

INDUSTRIAL AND DOMESTIC
WASTE DISPOSAL

LAND RUN-OFF

Fiqure 1 : Coaponente within the aanqrove ecosyetea and in

trinsic relations (ODUM, 1971).
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Figure 2 Hap of Kenya with close-up of the Kenyan coast

(COPPEJANS & BEECKMAN. 1989).
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Figure 4 Abiotic results : the median particle size <~m) for

the twelve stations.
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Figure 6 Abiotic results : quantity of organic material in

the sediment <\) for the twelve stations.



station G1 station G2 ststlon G7 station G8

station G3 ststlon *G9

stallon G4 station GS
station *G10 station *G11

stallon G6

Figure 5

Italian *G12

Abiotic results : particle size percentages <%, for

the twelve stations.

o %slib

o %zand

~ %grlnt



station G1

Cni Kino
Turb

Tard Siva
Hala Nau

Oligo Cope Clad Amph
Gastr Poly Ostr Isop Call

o ~=il-

50

100

150

ind./10cm2

200

ind./1OCm2

200 station G2

150

100

50

I
Cni Kino

Turb
Oligo Cope Clad Amph Tard Siva

Gastr Poly Ostr Isop Call Hala Nau

Figure 7 Meiobenthos: densities (ind./l0cm2 ) per taxon for

the stations Gl and G2.
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Figure 8 Meiobenthos: total densities (ind./10cm2 ) for the

station G1 and G2 ( + the stations of VANHOVE,

1990).

Figure 9 : Meiobenthos : tdtal densities (ind./10cm 2 ) of

nematodes for the station G1 and G2 ( + the stati

ons of VANHOVE, 1990).
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Figure 10 Meiobenthos : percentages of nematode densities in

total meiobenthos for the stations G1 and G2 ( +

the stations of VANHOVE, 1990).
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Figure 11 Meiobenthos: the feeding categories (WIESER,

1953) of the most abundant nematode genera for the

stations G1 and G2.



ind./m2

6000

5000

4000

3000

2000

1000

o
G1 G3 G5 G7 *G9 *G11

G2 G4 G6 G8 *G10 *G12

• Moll D Crus r ····· ..···1 Annel D Rest
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Figure 15 Mathematical analysis meiobenthos : TWINSPAN

dendrogram for the taxa Oligochaeta, Cumacea,
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Figure 16 Mathematical analysis meiobenthos : TWINSPAN

dendrogram for the 17 examined taxa.
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Figure 19 Mathematical analysis meiobenthos : PCA "biplot

scores of environmental variables".

S!

..~ :.:-- _ - _-- _---- -: _ _----_ - __ _-_ _--_ _- _.- __ ...

61 (I SS sa

Figure 18 Mathematical analysis meiobenthos

scores".

PCA ·sample

I!&!IUU
rard1111( V ILlsrODDl

Cllduu
O!iiUlJ( lColluu

lInd

II.dl

11011
r••p (fI%;lii'

hli

lSl

IDU
1St••

lPOtI

11031

.._---_ _----_.._..__.._------ _--.._.._-------:---------- _--------_ _.._- - _--_ _----

16rh
nOr,

ISm

l'llrun

11I;UUJ---_ - ----_ --: -- _ ---_ .. _ -------- --_ - - --..-- --- -- _- ----_ ...
'"UU11

hrb1111( 10,:I11U
ICo:luu

IJiuu11

IllalWI

Figure 17 Mathematical analysis meiobenthos

scores".

PCA "species

Macharia
Rectangle



.. , ,r---------'-----------, cin'1

..... 2

GI

G3

°G10

I
otig 1

IItlIlil

nemIIl

G2 G5 Ga

G4 G7 G9
I

G6

I
°G12 "G11

Figure 20 Mathematical analysis macrobenthos : TWINSPAN

dendrogram for all the taxa examined (also fami-

lies) •
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Figure 21 Mathematical analysis macrobenthos : TWINSPAN

dendrogram for the taxa Mollusca, Crustacea,

Oligochaeta, Polychaeta and the rest.
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