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A BST RAC T.

The number and activity of several physiological groups of
heterotrophic bacteria in Gazi Bay, were estimated between
September 1992 and February 1993. The study was done in
three plots made of pure stands of Aviccenia marina, Ceriops
tagal and Rhizophora mucronata trees. Average numbers of
aerobic heterotrophic bacteria in sediments ranged between
7.44 X 107 and 4.70 X 1& cfu/g dwt of sediment. Average
numbers of anaerobic heterotrophic bacteria in sediments
ranged between 2.00 X 1~ and 1.86 X 1~ cfu/g dwt. There
was no significant difference between the three plots with
respect to the numbers of aerobic bacteria in the sediment.
The average number of aerobic heterotrophic bacteria in
water ranged between 8.6 X 104 and 8.90 X 1& cfu/ml of
water. Water in the Rhizophora plot had a significantly
higher population of aerobic heterotrophic bacteria than
water in the other plots. Aerobic heterotrophic bacteria
populations on leaves ranged from 2.00 X 1~ - 9.75 X la
cfu/cm20f leaf area. A. Marina leaves had the highest
number of heterotrophic bacteria while C. tagal leaves had
the least. Numbers of nitrate reducing bacteria in the
sediment ranged from 2.37 X ld - 9.21 X la bacteria
cells/g dwt. The highest numbers of nitrate reducing
bacteria were observed in the Rhizophora plot. The fastest
cellulolytic activity was observed in the Aviccenia plot
where 921. of filter paper dry weight was lost in 28 days.

The ~lowest cellulolytic activity was in the Ceriops plot
where only 11% of filter paper dry weight was lost in 28
days. Rates of acetylene reduction ranged between 0 and
51.474 n moles of C2~jh/g dwt of sediment. The Ceriops
plot showed the lowest rates of nitrogen fixation while the
Rhizophora plot had' the highest.
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Aviccenia marina leaves in their native plot decomposed
faster than either Rhizophora mucronata or Ceriops tagal
leaves in their native plots. Organic matter in the
mangrove swamp sediments ranged from 2.25 - 37.17%, while
water content ranged from 17.48 - 76.36%. The levels of
combined NO; and N0i in sediment pore water ranged between
0.85 and 113.92 ~g/l. Sediment in the Rhizophora plot had
the highest levels of nutrients compared to the other plots.
Characterization of bacteria revealed that, the majority of
the heterotrophic bacteria strains in the mangrove swamp

were Gram positive and spherical in shape.

NB: cfu = colony forming units.

g dwt = gram dry weight.

g wwt = gram wet weight.
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CHAPTER ONE.

1.0 INTRODUCTION AND LITERATURE REVIEW.

1.1 INTRODUCTION.

The te~m mang~ove is used to describe an ecological group of

halophytic species ...,I-)ichbelong to some t...,elve genera in

eIght different families (Lugu and Snedaker, 1974). These

hdlo~hytlC species form evergreen forests on tropical and

subtYOpICal coastlines. They are the tropical equivalent of

salt marshes (Chapman, 1974). Despite their large taxonomic

variability all mangroves exhibit marked sImilarities in

physiological characteristics and morphological adaptations

under similar environmental conditions (Lugo and Snedaker,

1974 ). The unique physiological and morphological

adaptations ...,hich include possession of aerial roots, salt

secreting glands and xerophytic features are well documented

(Beekman et al., 1990; Chapman, 1974; Lugo and Snedaker,

1974).
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Mangroves normally occupy sheltered tyopical and subtYopical

c o as t Li r ie s (Chapman, 1'374). It is common to see mangyove

vegetat ion in

o t t sbor e bays

bays, 1agoons, estuayies and behind sp its,

and islands wheye they aye pyotec.ted from

strong wave action (Chapman, 1'374; Forsberg, 1'374),

Mangroves are the only mayine macyophytes characteyized by

the storage of aey i al biomass in the foym of trees and

shrubs which foym a foyest (Mann, 1'382). Baynes and Hughes

(1982) estimated primary production in mangrove swamps to be

around 350-500 9 C m-2 yr-1. Much of the c ar bon p rociuced is

seldom consumed to any significant degyee because gyazing is

of minor impoytance in mangyove swamps (Mann, 1'382). The

main pyimary consumeys aye a few species of birds, insects,

monkeys and c rab s (Baynes and Hughes, 1'382).

Odum and Heald (1'37~) observed that most of the food chains

in mangyove swamps and near shore coastal waters are

detrltus based. Detritus material formed from decomposition

has a low C:N ratio and seyves as a rich source of nutyients

for organisms in the higher trophic levels in the food

chains. These include various species of fish, crustaceans

and molluscs CBoaden and Seed, 1'385),



3

benefit

in the

from the export of

which are not very productive

an estimated 0.5-2.4 g C ~2 ~l

The nearshore coastal waters

form of detritus (Barnes dnd Hughes, 1982). Indeed

Martosubrato and Naamin <1977 ) observed a positive

carrel at i or i between the extent of mangroves and the size of

fishery yields from adjacent waters.

Decomposition of organic matter in estuarine environments is

essentially vlewed as a microbially mediated process,

although crabs and other macrofauna may assist in physical

breakdown. An estimated 80-90% of carbon mineralized in the

estuarine environment may be oxidized by bacterIa (Mann,

1982). Fungi and actinomycetes also play an important role

1fl cJecompos iL r ori in mangrove

Subramanian, 1988).

areas (Fell and Master, 1984;

The cJiscusslon above shows that the decomposition process in

mangrove swamps is of extreme importance to the coastal

environment. However, indiscriminate exploitation of

mangroves by man has led to a gradual decrease in the total

acreage of mangrove forests in this century (Beekman et al ..

1990; Ruwa, 1992).
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Cutting of mangroves for building poles, clearing of

mangrove areas for salt pans and fish ponds and destruction

caused by oil spills pose a serious threat to the existence

of this unique and important ecosystem (Ruwa, 1992),

Over the past decade public and scientific interest in the

role of mangroves in nature and their value to mankind has

resul ted in an increase in the number of research studies

done on mangroves (Snedaker, 1984) • A lot of information

exists on the mangroves of South East ASIa, Australia, New

Zealand and America (Agate, 1988;
I

Albright, 1975; Alongi,

1988; Chandramohan, 1988). However, there is a scarcity of

Information on the East African mangroves.

Thus, this study seeks to deepen our understanding of the

ecology of the East African mangroves with a specific

reference to the decomposition process in the mangrove swamp

at Gazi Bay, Kenya.
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1.2 LITERATURE REVIEW.

1.2.1 The Geography of Mangroves.

Geographically, extensive mangrove formations are found in

two regions. These are the Indo-Pacific region which

includes the mangroves of South East Asia, Eastern Africa,

Australia and New Zealand, and the New world West African

region which includes the mangroves of the western coast of

Africa and those of the Americas (WaIter and Steiner, 1936).

South East Asia (Indo-Malayan peninsula) holds the most

extensive areas of mangrove forests with 36 species of

mangrove reported (Lugo and Snedaker, 1974). Floristically,

the East African mangroves resemble an impoverished South

East Asian System with only eight mangrove species (Lind and

Morrison, 1974). In America and West Africa, only 10

mangrove species have been reported (Lugo and Snedaker,

1974). Thus, the South East Asian system is the most

complex mangrove formation in the world.
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1.2.2 The Kenyan Mangrove Swamps.

Mang~ove species which have been ~ecognised in Kenya include

Rhizopho~a muc~onata Lam., Ce~iops tagal (Per~.) C.-B.

Robinson, Aviccenia marina CForsk) Vie~h., Sonneratia alba

Srn., Lumintzera racemosa Wild.,Heritiera litto~alis D~yand.

in Ait. , Xylocarpus granatum (Koen) and B~uguie~a

gymno~rh iza (L) Lam. (Lind and Mor~ ison, 1'374; Ruwa, 1'3'32)•

Diffe~ent mangrove species occupy specific zones in the

forest depend ing on the species and ecological conditions

like salinity, nature of substrate and tidal influence. The

Lones may be composed of single species o~ may be a mixtu~e

of several spec ies CBeekman et al., 1990; Ruwa, 1'3'32).

According to G~aham (1929), R. mucronata is the most common

tree in the Kenyan mangrove swamps forming about '301. of the

stock. Howeve~, A. marina is the most widely distributed

species in the East African region because of its ability to

tolerate high ranges of salinity, varied flooding regimes

and substrate types (Ruwa, 1992) . The Kenyan mang~ove

forests cove~ a total area of 52,980 hectares along the

coast (Doute et al., 1981). Extensive a~eas of mangrove

fo~ests occu~ along creeks and around islands.

In the south the mangroves occur at Vanga, Shirazi(Shimoni)

and Gaz i; in the central reg ion in the Mombasa area

especially along Tudo~ C~eek

Kilifi and Mida Creeks.

and its branches, in Mtwapa,
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The most extensive forests however occur in the north on the

ma i nlarrd and around islands of the Lamu archipelago (Fig 1)

CBeekman et al., 1'3'30). The bul k of these mangroves occupy

intertidal areas where underground water discharge occur, as

is evidenced by their location away from the two major

rivers at the coast i.e. Tana and Sabaki

1985 ; Ruwa, 1'3'32)•

(Ruwa and Polk,

1.2.3 Importance of Mangroves.

Mangrove swamps are of extreme importance to the tropical

and subtropical coastlines ecologically and economically.

They play a crucial role in fish production by producing

detritus which enhances offshore productivity and by

providing shelter to juvenile fish alld crustaceans (Beekman

e:;..t,,--......::;a;...;;l., 1'3'30) • In addition, they filter 1and rurro ff and

help in 1and formation. The mangroves absorb floodwater

thereby reducing danger to people and agriculture.

In Bangladesh a flood prone area, the government has planted

25,000 hectares of mangroves to protect

land (Anon, 1'385).

embarkments and new
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Economically, mangroves are a source of food, fuel, wood,

medicine, tannin and dyes. Fish ponds and salt pans are

swamps for fish culture andoften created within mangrove

salt production. Along the coastal towns mangrove poles are

very popular building materials (Beekman et al., 1990; Ruwa,

1992). The great economic value of mangrove products has

resulted in the over-exploitation of mangroves currently

being experienced all over the world.

1.2.4 Decomposition in Mangrove Swamps.

Decomposition is the process where dead organic matter

gradually disintegrates into simpler substances like water,

carbon dioxide and mineral salts (Mason, 1975).

In mangrove forests nearly 50% of the litterfall is carried

away to the coastal waters during the high tide (Rao and

Nair, 1984). The litter that is left behind then undergoes

decomposition during which a succession of decay phases all

of which influence depletion of the litter can be

elucidated.
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Cundell et al., (1979), observed four decay phases during

microbial degradation of mangrove leaves in the Floridan

waters of U.S.A. In the first fourteen days a rapid

leaching of sugars and tannins from the leaves was observed,

which was followed by depletion of sugars and continued

leaching of tannins, together with microbial colonization of

the leaf surfaces in the next fourteen days. The third

phase lasted twenty one days and was characterized by

depletion of tannins and complete colonization of the leaf

surfaces by bacteria, fungi and protists.

Finally the leaves became rich in microbial communities of

cellulolytic bacteria, fungi, meiofauna and protists. The

four phases lasted a total of seventy days after which the

leaves started fragmenting hence increasing the surface area

for further microbial action. Similar accounts of mangrove

litter decomposition were given by

Valiela (1984),

Fenchel ( 1977) and

During the leaching phase the leaves lose soluble organic

compounds like sugars, proteins, amino acids and tannin

which are depleted quickly and are released into the water

to be attacked by bacteria for further mineralization

(Valiela, 1984) • Recalcitrant compounds like celluloses,

compounds like lignins remain resistantwaxes and phenolic

to breakdown.
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Through time the levels of these compounds in the detritus

rises. Ultimately the remaining detritus contains large

concentrations of fulvic and humic acids. These decay

phases are however not unique to mangrove litter and can be

observed in decomposition of organic matter from other

sources cvs i iela, 1984). The decomposability of detritus is

closely linked to the composition of

although the phases for all organic

the source material,

material undergoing

decomposition are much less the same (Valiela, 1984).

As the decomposition process progresses through the various

phases, there is mechanical fragmentation by wave action,

and animal activities like feeding, burrowing and movement.

This helps by reducing the si~es of detrital particles hence

exposing new areas to bacterial attack (Fenchel, 1977).

Woitch ik et al. (1993) observed that Rhizophora leaves

decomposed faster than Ceriops leaves in their native plots.

The decomposition rates of the leaves of both species were

higher during the rainy season. Steinke and Ward (1987)

working in st. Lucia estuary, South Africa found Aviccenia

marina leaves to degrade faster than Bruguiera gymnorrhiza

leaves in their native plots. Albright (1976) reported that

the sediment-watermangrove leaves decompose faster in

interface, than when buried in the mud.
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Thus, in the mangrove swamps, litter decomposition varies

according to season, species and according to 1oc at ion 0f

the litter in the mangrove swamp.

1.2.5 Nutrient Enrichment by Decomposing Leaves.

For any organic materials undergoing decomposition changes

i n the C:N ratio are observed. At first carbohydrates and

hence C is lost during the leaching process but colonization

by the microbial saprophytes enriches the N-content.

Thus, the C:N ratio decreases over time making aged detritus

a suitable food for grazing animals (Odum and de la Cruz,

1967; Mann, 1982).

Fell and Master (1984) found the C:N ratio in senescent

leaves of Rhizophora mangle was 120:1

and 43:1 in partially decomposed leaves.

in senescent leaves

Initially nitrogen

was 0.2-0.41. of the dry weight of

during decomposition to 0.51.

the leaves but increased

nitrogenvia microbial

immobilization. Wo i tchi k e=-t.::.-.---==a:..:l.(1993 ) attributed GO% of

the increase in nitrogen on decomposing leaves in Gazi Bay

during the rainy season to nitrogen fixation by bacteria

occurring on those leaves.
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1.2.6 Decomposers.

In the soil, microorganisms are the primary agents for the

mineralization of organic matter. It is logical therefore to

conclude that the same

(Litchfield,

role

microorganisms 1976) •

is played by marine

The decomposition of

organic matter in estuarine environments is essentially

vlewed as a microbially mediated process, although crabs and

other mac r o f auna may assist in the physical breakdown.

Approximately 80-901. of the carbon mineralized in the

estuarine environment may be oxidized by bacteria (Mann,

1982) •

A subject

relative

of controversy over the years has been the

importance of bacteria and fungi in the

decomposi t ion of organic detritus (Padgett e=..t-=----==a:.,:l.,1985).

Early research emphasized the role of bacteria as principle

decomposers of salt marsh detritus (Buckholder and Bornside,

1957; Odum and de la Cr uz , 1967). Recent findings by

Montagna and Ruber

reaffirmed this view.

(1980) ; Rublee et al ~ (1978) have
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Bacteria have unique properties which explain their dominant

role In primary decomposition of organic detritus in

mangrove forests. These include ability to utilize

dissolved organic and inorganic nutrients, possession of

enzyme systems which enable them to hydrolyse and decompose

plant tissues and possession of ef fic ient systems of

anaerob ic metabolism (Chandramohan, 1984). The role of

fungi as decomposers in anaerobic environments is limited

since they are either rare or inactive under such conditions

of limited oxygen supply (Val iela, 1984).

Decomposition of leaves begins while they are still attached

to the plant. Yeasts and bacterIa are the initial

colonizers, using up sugars exud~d from leaf surfaces (Lee,

1980) • As the leaves senesce the phylloplane (leaf surface)

microflora attack with enzymes such as cutinases, pectinases

and cellulases. Eventually the enzymes penetrate the

cuticle,

walls.

attack middle lamellae and disintegrate cell

Once, on the ground additional organisms attack the

leaves. Initial colonization is by bacteria followed by

fungi, algae, ciliates, flagellates and finally large

grazers. Small crustaceans, nematodes, rotifers and

tubellarians may also be seen colonizing detrital particles

(Barrie s and Hughes, 1982; Kennish, 1986) . Primary

colonizers include members of the genera Pseudomonas and

Bacillus (Chandramohan, 1984).
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These are later followed by filamentous fungi like members

of the genera Cladosporium, Aureobasidium and Alternaria

(Chanuramohan, 1984).

In the mangrove swamp sediment, the surface layer (0-2 cm)

1S well aerated. It is dominated by aerobic

chemoorganotrophic bacteria which make use of the organic

input. These carry out aerobic mineralization using oxygen

as the terminal electron acceptor (Vosjan and Olanczuk-

neyman, 1977) . Aerobic chemolithotrophic bacteria like

Thiobacillus thiooxidarls and Chromatium also occur in

surface sediments and utilize inorganic substrates like H2S

and Nz originating from anaerobic
2.-

to 504

processes within the

sediment, which they oxidize and N03 respectively

(Agate, 1988; Vosjan anLl Olanczuk-neyman, 1977).

The aerobic bacteria hydrolyse organic matter using

extracellular enzymes like proteinases, esterases, p-
ylucosidases, alginases, agarases, dehydrogenases and

amylases degrading particulate organic matter (POM) into

dissolved organic matter (DOM) (Corpe and Winters, 1972;

Kim and ZoBell, 1974; Meyer-Reil, 1984).
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Thus, ae~obic hete~ot~oph bacte~ia a~e able to deg~ade a

wide r ariq e of natu~al subst~ates like suga~s, p~oteins,

celluloses, alginic acid, chitin and 1 i gn in (Aust in, 1988;

Wood, 1965). These ae~obic bacte~ia e.g. Pseudomonas,

M1C~OCOC C us, Coyrnebacte~ium and Lactobacillus occu~ in the

sediments, water column and on the surfaces of dead leaves

and twigs (Mann, 1982).

Some cent imet r es below the sediment surface, conditions

become anaerobic and anae~obic mineralization takes ove~.

Oullgate and facultatIve anae~obic bacte~ia ~eplace obligate

aerobes. Anae~obic bacte~ia e.g. Thiobacillus

denit~ificans, Desulfovib~io and Methanobacterium

use NOj, SO 2-
4 and as te~minal electron acceptors.

Organic molecules can be used as electron acceptors in the

process of fermentation resulting in production of alcohols,

lactate, fatty acids and H2 gas.

The p roduc t s of anae~obic metabolism a~e 1a t e r used by

ae~obic bacteria and are broken down to CO2, ~O and mine~al

salts (Vosjan and Olanczuk-neyman, 1977). Thus, different

niches are c~eated in the environment which are inhabited by

different rn icrob ia l groups (Mann, 1982; Vosjan and Olanczuk-

neyman, 1977).
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Sulphate reduction and methanogenesis are the most common

anaerobic processes associated with mangrove leaves which

have sunk below the sediment surface (Mann, 1982).

1.2.7 Bacterial Abundance.

Fine sediments have been found to harbour large populations

of bacteria when compared to coarse sediments because of

there larger surface area. This is because most bacteria

occur attached to the surface of soi 1 particles (Dale,

19/4).

The increase in bacterial numbers with decrease in grain

size maybe ~elated to the

particle surfaces or to

nutrient absorption on

the greater proportion

the

of

particulate organic matter in the fine sediments. Indeed, a

significant negative correlation has been observed between

bacterial abundance and both carbon and organic nitrogen

content of sediment particles (Rublee, 1982),

Early attempts to determine bacterial numbers in the

seawater relied on culturing water samples on agar plates

and counting resultant colonies. However, the diversity of

bacterial types in the sea is so great that anyone culture

technique will

(Mm'·ita, 1977).

leave out a number of bacterial types
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Dale (1'374), obtained 1cJ to 1010 cells gl dwt of sediment

particles in an estuary in Nova Scotia. Rublee and Dornseif

(1978), while working in a salt marsh obtained an average

population of 8.39 X 1 09 cell s cm3 0 f sediment samples.

Along i (1988) while working on surface sediments of a

mangrove swamp in Australia observed bacteria numbers

averag ing 1. 1 X 1011 cells/g dwt of sediment. All these

workers used the direct count method.

Bacteria populations in the water column are usually less

than bacteria populations observed in sediments. Fenchel

(1984) reported a population of between 610 cells

per ml in offshore water samples, while Morita (1977) and

Seiburth (1976) reported populations of between

cells per ml of water.

Coastal waters which are more productive than offshore

waters were reported to have around 3 cells per ml

(Fenchel, 1984; Rubl ee, 1982). Palumbo and Ferguson (1978)

found estuarine waters to have bacteria populations of

between 106 -ld cells per ml, which were 1000 times less

than the population of bacteria they found in sediments of

the same estuary.
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1.2.8 Heterotrophic Bacteria in the Mangrove Swamps.

The mangrove swamps have many bacteria which have the

ability to hydrolyse and decompose carbohydrates, proteins

and other organic compounds. These are the heterotrophic

bacteria which are unable to manufacture their own organic

carbon. The heterotrophic bacteria are thus equipped with

different metabolic mechanisms for attacking the various

substrates they encounter

(Chandramohan, 1988).

in their environment

There are two groups of heterotrophic bacteria associated

with the uti 1iz at ion of organ ic carbon in the mangrove

environment. These are the aerobic heterotrophic bacteria

and 'the anaerobic heterotrophic bacteria. The former use

oxygen as thei r terminal electron acceptor during the

process 0 f respiration, and are found in the sediments,

water column and on the surfaces of dead

(Mann,1982).

organic matter

Among the aerobic bacteria are the facultative aerobes

which can do with or without oxygen as a terminal electron

acceptor.

environment

These use oxygen when it is present in the

and in its absence they use another electron

acceptor mostly nitrate ions (Chandramohan, 1988).
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The obllgate anaer-obic bacter-ia do not r-equire oxygen as an

electr-on acceptor- and ther-efor-e car-r-y out their- metabolism

in the absence of oxygen. Such bacter-ia include the

sulphate reducers and the methanogenic bacteria. These use

su Iphate ions and CO2 respectively as electron acceptors

(Bot o , 1988; Chandramohan, 1988) • The suI fate reducing

bacterium Desulfovibrio desulfuricans is an obligate

anaerobe which converts lignin and cellulose

gr-ay fibrous sed iment (Subraman ian, 1988)

in wood into a

1.2.8.1 Saccharolytic Bacteria.

Sacchar-olytic bacteria are heterotrophic bacteria which

hydr-olyse carbohydrates like sugars, cellulose, alginic acid

and lignin and they are prevalent in the mangrove swamps.

Cellulose is the most abundant carbohydrate in nature and

its rate of degradation is very slow compared to other

substrates. The mineralization of cellulose is dependant

upon the rate at which

(Colwell et al., 1975) •

it can be hydrolysed to glucose

Cellulose decomposing bacteria

which have been isolated from sea water and sediments

include members of the genera Cytophaga, Sporocytophaga,

Microccus and Pseudomonas (Chandramohan, 1984).
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Most of the cellulolytic bacteria are strict aerobes, have a

glidin9 movement and grow at mesophilic

(Schneider and Rheinheimer, 1988). Cellulose decomposers do

not occur in isolation and can be found together with other

bacteria which are able to hydrolyse other substrates like

starch, sugars, agar, lignin, chitin and alginic acid (Wood,

1955). Some anaerobes like Desulfovibrio desulfuricans and

some species of the genus Clostridium can hydrolyse

cellulose and they

(Subramanian, 1988).

have been reported in mangrove swamps

1.2.8.2 Proteolytic Bacteria.

These are heterotrophic bacteria which have enzyme systems

that enable them to hydrolyse proteins and protein

der ivat ives. These bacteria hydrolyse substrates like

gelatin, casein, peptides, polypeptides, amino acids, urea

and thio compounds.

Proteolysis leads to the formation of ammonia and ammonium

compounds (Wood, 1965) • Most of the ammonia is 1ater

converted into nitrates in the upper layers of the sediments

(Chandramohan, 1988). Members of the genera Pseudomonas and

Corynebacterium have been identified as proteolytic bacteria

(Wood, 1955).
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1.2.8.3 Nitrate Reducing Bacteria.

Nitrate reducing bac ter ia heterotrophic facultative

aerobes wh ich use nitrate ions as terminal electron

acceptors in the absence of oxygen. In so doing they reduce

the nitrates to other nitrogen oxides or nitrogen

(Chandramohan, 1988).

NItrate reduction is energetically superior to other

anaerobic processes like fermentation, sulfate reduction and

carbon dioxide reduction (Chandramohan, 1988), The nitrate

reducer s have the enzyme nitrate reductase on their

membranes for catalyzing the reduction. In the process a

biological reductant is essential; a role usually played by

organlc compounds, since most of the nitrate reducers are

heterotrophic. In this case,

serve as the

organic

reductants

mater ial from

mangrove litter during nitrate

reduction, donating the electrons which are accepted by

nitrate ions leading to their reduction (Chandramohan,

1988).

During nitrate reduction there is complete oxidation of the

organic substrate to carbon dioxide and water, while nitrate

i s dissimilated

nitrogen gas.

to nitrite which is further reduced to
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Other bacteria may in the process of dissimilating nitrate

reduce it to ammonia hence denitrification fails to occur

(NedweI L, 1973) . Bacillus licheniformis, Aeromonas and

Klebsiella are examples of heterotrophic nitrate reducing

bacteria found in the mangrove environment (Chandramohan,

1988).

Other nitrate reducers which are not heterotrophic exist.

These include the chemolithotrophic Thiobacillus

denitrificans which is an autotroph using reduced suI fur

compounds like hydrogen sulfide as electron donors instead

of organic compounds. However, these do not participate in

the hydrolysis of organic matter hence are not important in

decompos it ion.

Very few studies into the extent of nitrate reduction in

natural samples have been done around the world. Srensen

(1978) amended sediments from Limfjorden in Northern Denmark

with 1~ labelled nitrate and showed that reduction to

ammonia occurred at a rate ranging from 0.12-0.75 ,Amoles N

cm-3d-I• Similar results were obtained by Koike and Hattori

(1978) for mar ine sed iments.
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1.2.8.4 SuI fate Reducing Bacteria.

Sulfate reducing bacteria are heterotrophic obligate

anaerobes which use sulfate ions as electron the acceptors

instead of oxygen. In so doing they reduce sulfate ions to

sulfides using either lactate, malate or ethanol as electron

donors which are themselves oxidized to acetate and carbon

dioxide.

Sulfate reducing bacteria are obligate anaerobes and most of

their activity is restricted to the bottom layers of the

sediment s where conditions are conducive to their

proliferation (Chandramohan, 1988) . The products of their

mineralization diffuse to the surface layers where they are

further mineralized by aerobic heterotrophic bacteria to

carbon dioxide and water.

isolated in mangrove swamps

Sulfate reducing bacteria

include members of the genera

Desulfovibrio and Desulfotomaculum (Chandramohan, 1988) .

Sulfate reduction to sulfide requires a large supply of

organ ic carbon as energy source, with up to 6 moles of

organic carbon being utilized for each mole of sulfate

reduced. Indeed, most workers regard this as the major

pathway through which organic matter is ut i1ized in

anaerobic soils (Bo t o , 1988).



Vosjan and Olanczuk-neyman (1977), reported that more than

501. of mineral izat ion in the sediments of salt marshes is

c arr i ed out via suI fate reduction, which is partly due to

the abundance of suI fur in seawater.

1.2.8.5 Nitrogen rixing Bacteria.

Most of the nitrogen fixers in nature are heterotrophic

bacteria which use atmospheric nitrogen as a nitrogen source

and organic compounds as a carbon source. In the marine

env1r onment nitrogen fixation is also carried out by

autotrophic bacteria and algae. Free living heterotrophic

nitrogen fixing bacteria belong to the families

Azotobacteriaceae, Enterobacteriaceae and Bacillaceae.

Photosynthetic nitrogen fixers include members of the

families Thiorhodaceae, Athiorhodaceae Chlorobacteriaceae

and Cyanobacteria (Chandramohan, 1984) • Since mangrove

sediments are anaerobic, most of the earlier researchers

lsolated anaerobic diazotrophs giving the wrong impression

by the anaerobic bacteria. However,

these swamps is done

recent findings have

that most of the nitrogen fixation in

shown that most of the nitrogen fixation is by aerobic or

microaerophilic organisms e.g Azotobacter, photosynthetic

bacteria and cyanobacteria (Chandramohan, 1988; Potts,

1984).



A few anaerob ic bacteria such as the sulphate reducers

DesuIfovibrio and Clostridium fix atmospheric nitrogen in

the mangrove swamps (Chandramohan, 1988; Potts, 1984).

1.2.9 Nitrogen Fixation in Mangrove SWAmps.

Most of the research on mangrove microbiology has been done

in South East Asia, Australia, New Zealand and America.

Significant nitrogen fixation has been recorded in mangrove

swamps in these areas.

Zuberer .and 5 i1ver (1978), reported that more nitrogen

fixation occurred closer to mangrove roots and in sediments

associated wi th roots than in root free sediments. They

attributed this to the rhizosphere effect of the roots which

releases exudat es into the sediments thus stimulating

that nitrogen fixation

and activity.

is species

They also observedbact er ia1 mu 1tip 1 icat ion

specific and was

influenced by 1ight, suggest ing the role of cyanobacteria

and photosynthet ic bacteria in the process. In their

experiment, they observed nitrogen fixation in the range of

0.01-1.84 wet weight/h, in plant free

sediment s.



Hicks and Silvester (1984) working in New Zealand, recorded

a high correlation between nitrogen fixation and the dry

weight of decomposing particulate organic matter in the

surface sediments of a mangrove swamp. Acetylene reduction

activity was higher under aerobic conditions than under

anaerobic conditions. This served to prove further that

aerobic diazotrophs play a more significant role in the

nitrogen fixation in the mangrove swamps. Further

experiments carried out on decomposing leaves collected from

the surface of sediments during the study showed a mean

acetylene reduction activity of 32.4 nmole C2H+ /g dwt

litter/h.

Woitchik et al. (1993), recorded acetylene reduction rates

of up to 300 nmole C2H. /g dwt litter/h, on Ceriops leaves

and up to 1200 nmole C2~ /g dwt litter/h on Rhizophora

leaves in Gazi Bay. The leaves had been left to decompose in

their native plots for 1 month. The highest rates of

nitrogen fixation on the leaves were observed during the

rainy season.

1.2.10 Nutriant Leval. In "-"grove Swaaps.

The major nutrients which have a direct influence on the

microbial population in a mangrove swamp include sulfates,

nitrates,

content.

phosphates, organic matter and sediment water
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Of these, nitrates and phosphates are the most limiting in

the marine environment. Seawater contains large

concentrations of suI fates, hence this nutrient is never

limiting in any marine ecosystem (Subramanian, 1988).

1.2.10.1 Organic matter.

Mangrove swamp sediments are rich in organic mater ial

(Heald , 1971). Most of this organic matter results from

fallen mangrove leaves and twigs while a small proportion of

it is formed from dead animals, fungi and algae

(Subramanian, 1988).

The bulk" of organic matter is usually suspended in the water

column and reaches the mangrove sediments by sedimentation.

This is a very pronounced process in the shallow waters

character ist ic of mangrove swamps (Chapman, 1976) •

Allochthonous sources which contribute very little organic

matt ar include terrestrial runoff and inflowing tidal

currents from adjacent coastlines (Subramanian, 1988).

1.2.10.2 Nitrates.

Nitrogen enters the mangrove swamps via rainfall,

terrestr ial runoff, tidal currents from the sea, human

act 1 V 1 t, i es like industrial and sewage release into coastal
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areas, nitrogen fixation and through mineralization of

organic matter. Mineralization and nitrogen fixation are

the most import ant, while the other processes

overall nitrogen content

have little

the mangroveimpact on the of

swamps (Chandramohan, 1988). Mangrove swamps sediments

usually contain an average of 50 ~g N03-N/I of pore water

(Chandramohan, 1988).

Processes like, tidal export, leaching, volatilization, and

den1tr i f i cat i ort remove nitrogen from the mangrove swamps.

In sandy mangrove soils free exchange between the

interstitial waters and tidal waters may occur resulting in

lass 0 f inorganic nitrogen, while in clay soils which are

less permeable lack of nutrient exchange results in nutrient

conservation (Chandramohan, 1988).

In anaerobic sediments, denitrification predominates leading

to a lowering of the nitrate levels of the sediments. At

the surface of the sediments where the substrate is more

aerated ammonia and nitrites are usually oxidized to

nitrates (Subramanian, 1988). Thus, nitrate levels in the

swamp rely on the balance of the processes of nitrogen input

and nit rogen output.
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CHAPTER TWO.

2.0 OBJECTIVES AND THE STUDY AREA.

2.1. OBJECTIVES OF STUDY.

Considerable research work has been done on the Kenyan

mangrove swamps (Graham, 1929; Kokwaro, 1980; Ruwa, 1990;

Ruwa 1992). Recently, more research aimed at understanding

the dynamics of the Kenyan mangrove ecosystem has been going

on at Gazi Bay. These studies focused on

composition,

c ompos it, ion,

zonation, 1 itter fa 1 1 , macro- and

vegetation

meiofaunal

prospec t s.

tidal cycles, nutrient cycles and regeneration

Most of the research was being done by officers

uf Kenya Marine and Fisheries Research Institute

CK.M.F.R.U, European Economic Community (E.E.C), Kenya

SomeBelgium Program (KBP), and the University of Nairobi.

of the research findings are contained in the final report

on the Dynamics and Assessment of the Kenyan mangrove

Ecosystem (noTS2-024-C (GDF)) published in April 1993 by the

Netherlands-Belgium Kenya mangrove ecosystem project.
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However, the area of microbiology has been ignored in

stud ies done on the Kenyan mangrove ecosystem. The only

study that looked at microbiological processes was done by

Woitchik .:.e...::t_...:a~l.(1993) at Gazi Bay and it focused on the

decomposition process in the Ceriops and Rhizophora areas of

the Gazi mangrove swamp. The study also focused on the

influence of nitrogen fixation on nutrient build up on the

decomposing

were used

leaves. In the experiment oven dried leaves

and 50t. of the build up o f nit rog en on the

uecomposing leaves was attributed to nitrogen fixation.

This study attempts to enhance our knowledge of the

deLom~osition processes at Gazi Bay. The mangrove species

Aviccenia marina which has the widest vertical distribution

ln Gazi Bay has been included in the study alongside the

other two species previously studied by Woitchik

et al., (1993) • The rate of nitrogen fixation in mangrove

sediments has been estimated and heterotrophic bacteria

in the mangrove swamp havenumbers in different localities

been determined. The concentrations of some organic and

inorganic nutrients

also been studied.

in the mangrove swamp sediments have
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Thus, this study was designed to achieve the

objectives:-

(i) To estimate the population densities and

following

distyibution of the main gyOUPS of decomposing

bac.teyia in the mangyove swamp.

(ii) To deteymine and compaye the decomposition yates of

leaves that belong to diffeyent mangyove species.

(iii) To deteymine the activity of nityogen fixeys in the

mangyove swamp sediment.

( i v : To deteymine the levels of some oyganic and

inoyyanic. nutrients in th~ mangyove sediment.

(v) To isolate and chayacteyize the dominant

bacteyia ln the mangyove swamp.

2.2 STUDY AREA.

The study was cayyied out in the mangyove swamp

in Kinondo Location of Kwale Distyict.

at Gazi Bay

2.2.1 Locat ion.

Gaz i Bay is Ioc ated 50 km south of Mombasa on the Kenyan

south coast (390 30' E; tf 24' S) (Suyvey of Kenya, 1957) (Fig

1). The Gazi Bay (Maftaha Bay) mangyove swamp coveys an ayea

of 15 km2 of which 5.51 knf is covered by mangyoves and

seagyasses (Woitchik et al •• 1993).



Fig 1. A map of the Kenyan coastline showing the location
of mangroves in the shaded areas (after Isaac and Isaac,
1968).
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Gaz i Bay is protected from strong waves by the presence of

the Chale peninsula to the east and a coast fringing coral

reef to the south (Fig 2). The two rivers, Kidogoweni and

Mkurumudz i supply fresh water which mixes with saline water

from the sea thus, creating conditions which enhance

mangrove growth (Woitchik et al., 1993),

2.2.2 Climate.

The rainfall in Gazi is bimodal as is the case in most areas

along the Kenyan coast. The long rains are experienced

bet•...•een March and June, while the short rains come between

November and December. The total annual rainfall in the

area ranges between 800-1500 mm (Ruwa , 1992). The long

rains are a result of the South East Monsoon winds while the

short rains are experienced during the North East Monsoon

winds. The temperatur~s in Gazi range between

20°C and 32°C (Ruwa, 1992) and the humidity is around 951.

due to the close proximity of Gazi area to the sea (Kwale

District Development Plan, 1987-1993).



Fig 2. A map of Gazi Bay and its surroundings.
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2.2.3 Vegetation.

The mang~ove swamp at Gazi Bay is typical of East Af~ican

mang~oves. The swamp is poor in species composition and

contains species like Aviccenia ma~ina, Cer iODS tagal ,

Rhizopho~a muc~onata, Lumntzera ~acemosa, Xyloca~pus

granatum. He~itierra littoralis and BruQuiera Qymno~~hiza

(Beekman e=-=t_...;:;;a..:::;l~.,1990; Ruwa, 1992) • A. marina has the

widest vertical dist~ibution in Gazi Bay occurring at

the lowe~ and uppe~ sho~es (Ruwa, 1992).

both

Zonation studies have shown S. alba to be the most seawa~d

species occu~~ing ~ight next to the mean low wate~ neap

(MLWN) tide This species

and finally A.

is ~eplaced by R.level.

mucron ata, ,;:C:...,:.'-----=t:.,;a=Q..::a::..;l:..marina as one moves

landwa~d (Ruwa, 1992; Beekman et al •, 1990) • On the

oute~most landward parts of the A. ma~ina zone conspicuous

fringes of L. ~acemosa may be encountered (Beekman et al.,

1990).

The zonation patte~n of Gazi Bay mangroves is typical of

East Af~ican C~eek mang~oves. Other mangrove species like

B. gymnorrhiza. H. litto~alis and X. Q~anatum do not fo~m

pu~e stands and may be found mixed with othe~ mang~ove

species in transition areas (Beekman et al., 1990),
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Non-mangrove vegetation observed in Gaz i Bay includes

several halophytes like Sesuvium portulacastrum L. ,

Sariiconia herbacea L., and Fimbristylis polytrichoides

(Rezt) Vahl. These normally grow between sparsely populated

Aviccenia vegetation (Beekman et al., 1990).

2.2.4 The Fauna of 6azi Bay.

The dominant animals on the Gazi mangrove forest floar are

crabs mostly of the genera Uca (fiddler crabs), Sesarma.

Dernadus (Hermit crab) and Thalamita (Ruwa, 1990; Slim et

~, 1993). The gastropod Terebrelia palustris is also

common on the forest floor.

The role and distribution of each of the animal species have

been explained by Ruwa (1990) and Slim et al. (1993). Other

macrofauna observed in Gaz i Bay include the edible oyster

(Cr ossos t. rea cuc ull at a) and the barnacles which are found

attached on the surfaces of the most seaward mangrove

species =Sc...::._--=a:..,:l:..:b=-a::::.and R. mucronata (Ruwa , 1990) . Indeed the

heavy felling of these two mangrove species for their

excellent poles results in considerable loss of the edible

oyster.
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2.2.5 Anthropological ~actors in Gazi Bay.

Gazi is a sma 1 1 village with two streets and about 100

homesteads. The lives of the people of Gazi are mostly

sustained by the sea

the people

and the neighbouring mangrove swamp.

Most 0 f in Gazi and its surroundings are

fishermen. Fin fish, lobsters, shell fish,

sea cucumbers are caught throughout the

caught in Gazi are sold as far as Mombasa.

tigershells and

year. The fish

The Kenya Marine

and Fisheries Research Institute is currently constructing

an artificial oyster farm along the Gazi creek (Plate 1).

Cutting of mangroves for building poles and fuelwood is also

a common occupation for the people of Gazi. Cutting is done

at low tide and the poles are transported to the harbour in

canoes at high tide (Plate 2).

There is very little commerc ial agriculture going on at

Gazi , Most of the area around Gazi Bay is a coconut

plantation owned by Msambweni Development Farm, while the

villagers grow a few food crops like cassava and peas.

Recently a tourist hotel was established on Chale Island.
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Plate 1. Part of the Oyster farm used by K.M.F.R.I for
artificial cultivation of edible oysters.



Plate 2. Mangrove poles awaiting
in Gazi Bay.

collection at the beach
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2.2.6 The Extent of Research in Gazi Bay.

Gazi Bay has attracted a lot of researchers because of its

easy accessibility from Mombasa. Ruwa (1992); Beekman et

&. (1990) did
Woitchik et al.

source, while

vegetation and zonation studies in the area.

(1993) studied mangrove litter as a nutrient

Ruwa (1990) studied the distribution of

macrofauna in the area. Litterfall studies for Ceriops and

Rhizophora species were done by Slim and Gwada (1993).

Currently a lot of research activity is going on in Gazi and

more information on various topics will soon be out.

2.3 SAMPLING STATIONS.

Three sampling stations were selected in the Gazi mangrove

swamp, depending on the dominant species of mangrove trees

in the area namely, Rhizophora mucronata. Ceriops tagal and

Aviccenia marina. These three make the bulk of the trees at

the swamp covering about 801. of the area. They form pure

stands from which the study sites were chosen. At each

study site a plot was delineated, measuring 20 m X 20 m in

area and a rope was used to mark the plot. The plots were

then named the Rhizophora plot, the Ceriops plot and the

Aviccenia plot. The position of the sampling stations in the

swamp are shown in Figure 2.



41

2.3.1 The Rhizophora plot.

The plot lies next to the low water mark, just after

Sonneratia alba which lies right next to the ocean. The

Rhizophora trees are tall measuring about 20 metres in

height. The plot is always submerged under water every high

tide and its muddy black soils are always water-logged. A

high prop root density is characteristic of the

the soils usually have very little decomposing

plot and

litter

evident on the surface (Plate 3).

2.3.2 The Ceriops plot.

The plot 1 ies at about mid- tide level in the swamp and is

also inundated every high tide. The plot has a sandy

sediment in its border with the Aviccenia-Ceriops mixed

stand, wh iIe on the lower side where the plot borders the

Rhizophora-Bruguiera mixed stand the sediment is muddy. The

trees measure about 1.5 - 2.5 metres (Plate 4).

2.3.3 The Aviccenia plot.

The plot is comprised of giant Aviccenia marina trees

measuring about 5-10 metres. It occurs next to the extreme

high water mark, where it borders tropical forests and

coconut trees.



Plate 3. The Rhizophora plot during low tide.
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Plate 4. The Ceriops plot during low tide.



The plot is usually inundated once every 15 days during the

high spring tide. The sediment in this plot is light grey

In appearance. Many A. marina seedlings and decomposing

leaves could be seen on the surface of the sediment (Plate

5),
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Plate 5. The Aviccenia plot during low tide revealing the
large number of pneumatophores and Aviccenia mdrlna seedlings.
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CHAPTER THREE.

3. 0 I1ATERIALS AND METHODS.

3.1 SAMPLING.

(i). Sediment samples for enumeration of bacteria and for

estimation of nitrogen fixation were collected in triplicate

using a plastic corer, diameter 1.5 cm , to a depth of 1 cm.

The samples were collected from different parts of the plots

and they were put into sterile bottles for onward transport

to the laboratory. Sampling was always at low tide and the

samples were not pooled.

(ii). Water samples from each plot were collected in

triplicate by placing plastic containers tied to roots in

different parts of the plot. At high tide water collected

in these containers and during sampling <low tide), the

water was transferred to sterile sample bottles.

(iii). Leaves were plucked off from mangrove plants using

sterile forceps and were put into sterile petri-dishes. In

every plot, senescent leaves which were judged to be near

abscission were collected from plants situated in different

parts of the plot. The petri-dishes were sealed with a

cellotape to prevent contamination.
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(iv). Sediment samples for analysis of organic matter, water

content, and nitrate-nitrite concentration were collected in

i~iplicate from a quadrat measuring 30 cm X 30 cm to a depth

of 1 cm. Large quantities of sediments were required for

this experiment. The sediment was usually scrapped off the

surface using a scoop and was packed into clean (new) nylon

bags which were tightly closed to prevent entry or loss of

water.

3.2 ENUMERATION OF BACTERIA.

3.2.1 Aerobic Heterotrophic Bacteria in the Sediment.

A weighed sediment sample (1 g) was diluted serially in

Sterile seawater to 10~ with vigorous shaking at each

dilution to ensure mixing. Then

withdrawn from dilutions 10-4, 10-5

0.05 ml

and 10-6
samples were

using sterile

pipettes and were transferred onto seawater nutrient agar

(Labm) plates where they were spread using a sterilized bent

glass rod. The plates were then incubated at 2~ C for three

days, after which the colonies on the plates were counted

using a colony counter (Gallenkamp). Plate counts between

20 and 300 colonies were used for calculations.
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3.2.2 Aerobic Heterotrophic Bacteria in Water.

Bacteria suspensions in water samples were serially diluted

in ster iIe

d i 1ut ions

seawater to

10-3, 164 and

Then, 0.05 ml samples

were then transferred

from

on to

seawater nutrient agar plates. The sample was spread on the

agar surface and incubated at 2~C for 5 days.

The resul tant colonies were enumerated using a colony

counter (Gallenkamp). Plate counts between 20 and 300

colonies were used for calculatlons.

3.2.3 Anaerobic Heterotrophic Bacteria in Sediment.

Sediment samples weighing

sterile seawater to 10-b•

from dilutions 10-4 and 10-5

1 g were serially diluted with

Then 0.05 ml of diluted sample

were transferred and spread on

seawater nutrient agar plates. The plates were incubated in

an anaerobic jar at 2"J'l C. Anaerobic conditions were

achieved by burning candles in the jar to consume the air

after which the jar was purged with nitrogen gas. A

methylene blue strip was earlier on placed in the jar as a

visible check on anaerobic conditions. The jar was always

closed tightly to keep the conditions anaerobic.



49

3.2.4 Aerobic Heterotrophic Bacteria on Senescent L.~v •••

A leaf was spread out in a sterile petri-dish, and then a

cJpiece was cut from the leaf using sterile forceps, a

sterile Rule, and a sterile blade. The piece of leaf was

further chopped into

tube containing 9 ml

smaller bits and

of ster iIe sea

was put into a test

water. These were

shaken vigorously for about 3 minutes since bacteria do not

come off easily from leaf surfaces, and were then serially

diluted to 10-2• Then, 0.05 ml samples from dilutions 1<~1

and 162 were plated on nutrient agar plates and incubated

for 5 days at 27°C. Resultant colonies were counted using a

colony counter (Gallenkamp).

3.2.5 Nitrat. R.ducing Bacteria in the Sedi ••nt.
The population of nitrate reducing bacteria was estimated

using the MPN method (Colwell et al., 1975) • Sed iment

samples were serially diluted with sterile seawater to

103• Then O. 1 ml sampl es from d iIut ions 101, 1(52 and n3
were inoculated into test-tubes containing nitrate broth as

in Colwell et al. (1975). The tubes were incubated at

3~C for 3 days and were tested for nitrate reduction using

sulfalinic acid and ~-naphthalmine solutions as described by

Kerr (1985). The numbers of nitrate reducers were then

interpreted using MPN tables (Refai, 1979).
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3.2.6 Activity of Cellulolytic Microorganisms.

Filter papers (Whatman No 1) were weighed and then placed

into carefully labelled litterbags of mesh size 1 mm. Eight

sets of 5 litterbags were placed in each plot.

The fi1ter papers in the litterbags were then left to

decompose afterwhich the litterbags were retrieved from the

plots at given intervals. They were taken to the laboratory

where the filter papers were removed and carefully washed to

remove sand and arlimals attached to them. The filter papers

were then dr ied to constant weight in an oven at 10~ C.

Percentage weight loss from filter papers was taken as the

measure of cellulose decomposition and it was calculated as

follows.

FWB - FWA X 100.
FWB.

Where: FWB is filter paper weight before decomposition.

FWA is filter paper weight after decomposition.

3.2.7 Nitrogenase Activity in the sediment.

The rate of nitrogen fixation in each plot was estimated by

the acetylene reduction method (Drevon, 1983; Hardy et al.,

1968 ; Hardy and Holsten, 1977; Knowles, 1980; Postgate,

1972) •
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One gram of a wet sediment sample was placed in a 10 ml

serum bottle which was then tightly sealed using a rubber

stopper and special aluminium cap. Then, 1 ml of acetylene

was introduced into the bottles using special glass syringes

which are fixed to a needle and the samples were incubated

for 30 minutes at room temperature.

After incubation 100 ~l of gas were retrieved from the

bottle after careful mixing using a syringe. The gas

samples were then analyzed on a Gas Chromatograph (GC)

(Varian 3300) using a flame ionization detector (Drevon,

1983; Hardy and Holsten, 1977). A Pora Pak R column was

used and its temperature was set at 50°C. The flow rate of

nitrogen the carrier gas was 30 ml/minute. Three sediment

samples from each plot were analysed for acetylene reduction

activity. Control incubation bottles containing sediment

samples from the three plots but, without acetylene were

used for detecting endogenous ethylene.

The gas phase from from each bottle was sampled at regular

intervals gas chromatographic analysis. The ethylene

concentration in each sample bottle was calculated using a

standard of known ethylene concentration. A graph of time

against C2Hiconcentration was then drawn for each sample and

the gradient was taken as the rate of acetylene reduction

(Knowles, 1980).
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3.3 DECOMPOSITION Or MANGROVE LITTER.

Over 200 senescent leaves observed to be near abscission

were picked from each of the three species. For each

species, the leaves were split into two groups, a reference

group and an experimental group (Fell and Master, 1984),

The reference group was used to predict the dry weight of

leaves in the experimental group. The reference group were

split into eight sets, whose fresh weight were taken. These

were then dried separately in an oven at 10~C to a constant

weight. The values were then used to calculate the

relationship between dry weight and fresh weight of leaves

for each spec ies. Once known, the relationship was used to

predict the initial dry weight of leaves in the experimental

group.

Fresh senesc ent leaves of known weight were placed in

litterbags. For every species there were 8 sets of 5

litterbags placed in their native plots. The bags were

firmly tied to roots so as to float during high tide and to

lie on the sediment surface at low tide. One set of

litterbags was then retrieved from each plot everyone or

two weeks until all the litterbags had been completed. The

retrieved leaves were taken to the laboratory where they

were washed carefully and oven dried to a constant weight.



Decomposition was estimated as percentage dry weight loss.

The percentage dry weight loss from leaves was calculated as

follows.

PDWB - DWA X 100.
PDWB

Where: PDWB is predicted dry weight before incubation.

DWA is dry weight after incubation.

3.4 NUTRIENT ANALYSIS OF MANGROVE SEDIMENT.

3.4.1 Concentrations of Combined NO; and NO 2 in the
Sediment.

Sediment samples were squeezed using a vacuum filter pump

and the pore water was collected in clean plastic bottles.

The water was then analyzed for levels of combined nitrates

and nitrites in the Autoanalyzer (Technicon, New York,

U.S.A) which uses the Cadmium reduction method described in

Golt erman et al • ( 1978) • Standards were prepared by

dissolving in deionized water so as to have

concentrations between 0-5 ~g/l. Resultant peaks for the

standards were used to draw a regression graph of

concentration against peak heights.
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From this graph the concentration of combined

nitrate/nitrite in the sample could be obtained by reading

from the peak he ight for that sample. Mangrove sediment

samples have low nitrite concentration in their sediments.

The n i t r rt es are very unstable and are quickly converted to

nitrates or gaseous nitrogen by various biological processes

(Chandramohan, 1988). Thus, in this study due to frequent

delays experienced in nutrient analysis caused by the large

amount of work that had to be accompl ished, it was dec.ided

that the nitrates and nitrites be analyzed together.

3.4.2 Water Content in the Sediment.

Three sed iment samp 1es from each plot were weighed, oven

dried at 10sO C and their percentage water content

calculated as detailed in AlIen et a1. (1974),

3.4.3 Organic Matter Content in the Sediment.

Sediment samples (3 g) dried at lOS> C from each plot were,

ignited in a muffle furnace at 45cP C as described in AlIen

et al. (1974). After ignition the sediments were allowed to

cool in a desiccator and then weighed. The amount of

organic mdtter present in each sample was calculated

percentage of the dry weight (All en et al., 1974).
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3.5 CHARACTERIZATION OF BACTERIA ISOLATES.
3.3.1 Isolation of Pur. Cultur.s.

The dominant colonies obtained from each plot during

enumeration were picked and streaked across nutrient agar

plate so as to get pure cultures using an inoculation loop.

Streaking was repeated until it

colonies on the plates were pure

was evident that the

cultures (Kerr, 1985) •

These isolates were then subjected to morphological

examination, physical and biochemical tests with the aim of

characterizing them.

3.5.2 Colony Charact.ristics.

Three day old colonies were observed for the following

features; colour, elevation, margin type, and colony shape.

Isolates were tested for growth on nutrient agar plates

prepared with 01., 101., 151., 201. and 241. NaCI (Kerr, 1985).

The various salt concentrations stated above were obtained

by dissolving 0 g,

distilled water and

10 g, 15 g, 20 g and 24 g of NaCl in

diluting the solution to 100 ml. The

salt solutions were then used to prepare the media with the

respective salt concentrations.
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Each isolate was streaked across the media with various salt

concentrations and the cu Itures were incubated at 2~ C for

48 h. Plates were then observed for growth of the various

cultures.

3.5.4 pH Rang. of Growth.

Isolates were tested for growth on nutrient agar adjusted to

pH 4.5, 6.3 and 9.0. The original pH for seawater nutrient

agar was 6.3, while pH 9.0 was obtained by adding 10 ml of

IM Na2C~~into 100 ml of the seawater nutrient agar.

Medi.a with pH 4.5 was obtained by adding 0.25 ml of 51.

sulphuric acid to 100 ml of seawater nutrient agar.

3.5.~ era. Stain.

Gram staining of 48h old cultures was done as described by

Kerr (1985).

3.5.6 C.ll Siz••

The length for rods and diameter for cocci bacteria were

measured from smears of 48h old cultures using stage and

ocular micrometers (01ympus) under oi 1 immersion (Kerr,

1985) •
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3.5.7 Spor. Staining.

Staining for endospores was done on one week old colonies of

all rod shaped bacteria as in Kerr (1985),

3.5.8 l1otility.

Tests for motility were done by observing 48h old broth

cultures using the hanging drop technique under the compound

light microscope (Olympus) (Kerr, 1985).

Pure cultures of the isolates were tested for their ability

to ferment xylose, maltose, glucose, lactose and mannitol to

produce ac id and/or gas. Isolates were inocul ated into

carbohydrate media containing the above sugars. In all

tests, 0.002% of methyl red was added as an indicator.

Cultures that were able to ferment any of the sugars to

produce acid turned the indicator from red to yellow. Any

gas produced was trapped in Durham's tubes (Kerr, 1985).



3.5.10 Starch Hydrolysis.

To test for their ability to degrade starch, isolates were

grown on nutrient agar containing 1% starch for 3 days at

2~C. The cultures were tested for starch hydrolysis using

a dilute iodine solution. Where the isolates had hydrolysed

starch clear zones were observed, while a dark blue colour

was evident where starch had not been hydrolysed (Kerr,

1985).

3.5.11 a.latin Hydrolysis.

Pure cultures were grown on gelatin nutrient agar plates

prepared by adding 2% gelatin solution onto nutrient agar

before autoclaving. The cultures were incubated for 3 days

after which they were tested for ability to hydrolyse

gelatin using a saturated ammonium sui fate solution (Kerr,

1985). Clear zones were observed where the isolates had

hydrolysed gelatin, while a white precipitate was evident

where the isolates had not hydrolysed gelatin.

A filter paper was impregnated with freshly prepared Kovak's

Oxidase reagent (n,n,n'n'-tetramethyl-p-phenylene diamine

dihydrochloride) in a petri-dish.
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With the help of a platinum loop each organism was smeared

on a filter paper. Colonies which developed purple colour

within 10 - 60 seconds were oxidase positive (Kerr, 1985).

3.5.13 Cat.l ••• Activity.

The act i v i t Y 0 f

tested by add ing

hydrogen perox ide

the enzyme catalase in each colony was

a portion of the pure isolate to 3%

solution on a slide and observing for

effervescence (Kerr, 1985).

3.:5.14 Nitr.t. R.duct•••.

The ability of each isolate to reduce nitrate was tested by

growing the isolate on nitrate broth and testing for

presence of nitrites using sulfalinic acid and

~-naphthalamine solutions as described by Colwell et al.

(1975); Kerr (1985), A violet or maroon colour is the

positive test for reduction of nitrate to nitrite.

For test-tubes which gave a negative reaction zinc powder

was added. If the colour failed to develop after the

addition of zinc powder, then the isolates had reduced the

nitrate to either ammonia or gaseous nitrogen. Where the

maroon colour developed after addition of zinc powder the

isolates had not reduced the nitrate.
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3.5.1S Haemolysis.

All bacteria isolates were tested for ability to haemolyse

red blood cells by growing them in blood agar (GIBCO) and

observing for zones of clearing around the bacteria colonies

(Kerr, 1985).

3.5.16 Cttllulose Hydrolysis.

All the isolates were grown on the cellulose medium

described by (Schneider and Rheinheimer, 1988), where pieces

of cellulose filter paper was the only carbon source

provided. As a source of nitrogen, KNOa and N~CI were added

to the medium. All colonies that were able to grow on this

medium were judged to be cellulose hydrolysers.

3.5.17 Ur •• Hydrolysis.

Colonies were tested for urease

incorporated with urea (Kerr, 1985).

activity using media

Phenol red was used as

an indicator and turned from yellow to pink where urea was

hydrolysed. Urea was filter-sterilized and was added to the

rest of the media when the temperature

4~C

had cooled to about



61

3.6 RAIN~ALL DATA.

Daily rainfall figures observed during the sampling period

for the nearest weather station, Msambweni Agricultural

Office (Ref No. 9439014) were obtained from the

Meteorological Department.

km south of Gazi Bay.

The weather station lies about 5

3.7 DATA ANALYSIS.

The data collected was analyzed using the SPSS computer

package as two factor anovar with replication. Where there

was a significant difference the LSD (Least Significant

Difference) test was done to compare the means.

Bar and line graphs were used to present trends of various

parameters during the sampling period and where necessary

correlation between variables was computed.
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CHAPTER FOUR.

4.0 RESULTS.

4. 1 ENUI1ERATION OF" BACTER IA.

4.1.1 Aerobic Heterotrophic eacter ia in the SediMent.

The average number of aerobic heterotroph bacteria in

~diment collected in the Rhizophora plot ranged between

1.09 X 107 and 2.10 X 169c fu/g dwt. The number of aerobic

heterotrophic bacteria/g dwt of sediment in the Aviccenia

plot ranged from 1.38 X 107-2.18 X Id' cfu/g dwt, while in

the sediment collected from the Ceriops plot bacteria

numbersranged from 7.44 X 106- 4.70 X 1c1 c fu/g dwt (Tabl e

5),

The numbers of aerobic heterotrophic bacteria observed

during the sampl ing per iod are presented in Fig 3. Higher

numbersof bacteria were observed in October, November and

early December in all the three plots. On 19th January all

the plots recorded their lowest numbers of aerobic

heterotrophic bacteria.



Fig 3. Average number of aerobic heterotrophic bacteria
(cfu/g dwt) in sediment collected from Gazi Bay between
October 1992 and February 1993.
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Analysis of variance showed no significant difference in the

numbers of aerobic heterotrophic bac t er ia among the three

plot s. Huwever, there was a significant d i f f erer ic e between

the populations of aerobic heterotrophic bacteria observed

on different sampling dates (F = 3.051; P < 0.001).

4.1.2 Aerobic Heterotrophic Bacteria in Water.

Average number of aerobic heterotrophic bacteria observed in

water from each plot during the sampling period are given in

Table 2. During neap tides the water never reached the

Aviccenia plot, hence the blanks given on certain sampling

d at es 1 Cd'" thlS plot. The number of aerobic heterotrophlc

bacteria in the water collected in the Aviccenia plot varied

from 5.84 X 105- 6.8 X

plot had between 4.13

1& c fu/ml. The water in the Ceriops

X 104 and 2.59 X 10'cfu/ml, while

water in the Rhizophora plot

8.90 X lOG cfu/ml of water.

had between 3.43 X 105 and

Figure 4 shows the numbers of aerobic heterotrophic bacteria

i n water coli ec ted from each plot during the sampling

period. Water from the Rhizophora plot revealed high

numbers of aerobic heterotrophic

sampling dates.

bacteria for most of the



Fig 4. Average number of aerobic heterotrophic bacteria
(cfu/ml) in water collected from Gazi Bay between October
1992 and February 1993.
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After October, water from all the three plots revealed

relatively low numbers of aerobic heterotrophic bacteria.

On the rh of December and the 19h of January neap tides

were experienced while the 2Sh of January 1993 was one day

to spring tides, hence water did not reach the Aviccenia

plot. Thus, no data was collected from the Aviccenia plot

on these three dates.

4.1.3 Anaerobic Heterotrophic Bacteria in the Sediment.

The number of anaerobic heterotrophic bacteria in the

8.20 X 1cf - 1.44sediment in the Aviccenia plot ranged

X 108 cfu/g dwt. In the Ceriops

from

plot, the anaerobic

heterotrophic bacteria population was between

7.45 X 106 and 1.82 X 1& cfu/g dwt of sediment (Table 3).

The number of anaerobic heterotrophic bacteria in the

Rhizophora plot ranged between 8.53 X 1cf and 1.74 X 108

cfu/g dwt of sediment. Higher numbers of anaerobic

heterotrophic bacteria were observed in the sediment

collected from the Aviccenia plot, than in the other two

plots. Sediment from all the three plots had their highest

number of anaerobic heterotrophic bacteria between October

and early December.



Fig 5. Average number of anaerobic heterotrophic bacteria
(cfu/g dwt) observed in sediment in Gazi Bay on different
sampling dates.
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From mid- December to February relatively low numbers of

anaerobic heterotrophic

sampling dates (Fig 5).

bacteria were recorded on all the

Statistical analysis revealed that, there was no significant

difference between the three plots with respect to the

populations of anaerobic heterotrophic bacteria. However,

the populations of anaerobic bacteria recorded in different

sampling dates differed significantly

0.001).

(F = 8.120; P <

4.-1.4 Aerobic Heterotrophic Bacteria on Leaves.

The number of aerobic heterotrophic bacteria on senescent

leaves of the three mangrove species ranged from 2.0 X 1a-
9.73 X 105 c fu/cJ of leaf surface (Table 4). The Aviccenia

marina leaves had aerobic bacteria population ranging from

5:23 X 16 to 2.10 X 10 cfu/cm of leaf.

Numbers of aerobic heterotrophic bacteria on Ceriops tagal

leaves ranged from 2.0 X 102-1.39 X la cfu/cm2 while on

Rhizophora mucronata leaves the numbers ranged

1~-1.42 X 1d cfu/cm2 of leaf surface.

from 4.0 X



Ceriops tagal leaves had relatively low numbers of aerobic

heterotrophic bacteria on their surfaces compared to the

other mangrove species that were studied. There was a

significant difference between the three mangrove speciess

with respect to the populations of aerobic heterotrophic

bacteria (F = 51.922; P < 0.001).

4.1.5 Nitrate Reducing Bacteria in the Sediment.

Average number of nitrate reducing bacteria in the sediments

at Gazi Bay ranged between 2.37 x 102 and 9.21 x 1cf

bacteria/g dwt of sediment (Table 5).

The population of nitrate reducing bacteria in the

Rhizophora plot ranged from 5.00 x 9.21 x
bacteria/g dwt, while the population in the Aviccenia plot

ranged from 2.37 X 102-4.33 X 10' bacteria/g dwt of

Ceriops plot varied between 8.99 x and 9.21 X

sediment. Numbers of nitrate reducing bacteria in

bacteria/g dwt of sediment. Figure 5 shows numbers of

nitrate reducing bacteria recorded

sampling period.

in each plot during the
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Fig 6. Average number of nitrate reducing bacteria (cells/
g dwt) in sediment in Gazi Bay in the period between October
1992 and February 1993.
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In the Rhizophora plot the numbers of nitrate reducing

bacteria were high in October, they decreased from November

to December and were high again from January to February.

The same trend was observed for the populations of nit~ate

~educing bacte~ia in the Aviccenia and Ce~iops plots. The

population of nit~ate reducing bacteria observed in the

Rhizopho~a plot was highe~ than in the othe~ plots

of the sampling dates.

fo~ most

4.1.6 Activity of Cellulolytic Microoganisms.

Cell ul ose dec ompos it i or. was faste~ in the Aviccenia plot

whe~e 90l. of the filter papey- d~y weight was lost in 28

days. In the Rhizophoy-a plot the filter papers lost about

721. of their dy-y weight in the same duration while not more

than 201. dry weight was lost from filter papers in the

Ce~iops plot (Table 5). Thus, the cellulose decomposition

c.uy-ve foy- the Aviccenia plot rises faster than the curves

fay- the othey- two plots. Th is is an indication of a high

ac t i v i t Y 0 f

plot (Fig 7).

cellulolytic microorganisms in the Aviccenia



Fig 7. Cellulose decomposition in Gazi Bay expressed as
percentage dry weight loss from filter papers.



72

120 ~-----------------------------------------.

80

100

.
VJ
VJ
o......•

~60
01.•....•
(l)-,;;

~O
n:l
+-'
C
(l)

Us,
(l)o,

20

0
0 4 12 20 28 34 69

Duration (days)

-+- Aviccenia -+- Ceriops -B-- Rhizophora

Fig 7



73

4.2 ACETYLENE REDUCTION ACTIVITY IN THE SEDIMENT IN GAZI
BAY.

The rate of acetylene reduction observed in the sediment in

the Rhizophora plot ranged between 0 and 51.474 nmole of

C2H(g dwt/h, while in the Aviccenia sediments the range was

between 0.410 and 15.174 nmole C2M(g dwt/h. The rate of

nitrogen fixation in the Ceriops plot was lower than in the

other plo ts ran gin g bet wee nO. 007 - 1. 287 nmol e C 2 HI g dw

sediment/h (Table 7).

For all the sampling dates which were on spring tides except

11th of February 1993, nitrogen fixation rate was higher in

the Aviccenia plot than in the Rhizophora plot. During neap

tides the Rhizophora plot had higher rates of nitrogen

fixation than the Aviccenia plot. The Ceriops plot did not

show any consistent pattern of nitrogen fixation in response

to the spring-neap tide cycle.

Trends of nitrogen fixation in each plot (Fig 8) show that

all the plots experienced their highest rates of nitrogen

fixation on ~h of December among the sampling dates. There

was a significant difference between the plots with respect

to the rate of nitrogen fixation (F = 13.533; p < 0.001).



Fig 8. Rates of acetylene reduction activity (nmole C2~/g
dwt/h) in sediment associated with Aviccenia. Ceriops and
Rhizophora plots during the study period. ~



74

60

"!
\
11
)

11 50
~
\

f
~o

!40
0ec
v

),
11~
> 30~
11
U

•
C
0
"11 20
u,
11

•\.
~
~ 10..•
),
11
D
u
~

0
Oet13 Oet27 Nov1 Dee7 Dee15 Jan19 Jan26 Feb11

Date of Sampling (1992/93)

_ Avieeenia _ Ceriops ~ .~ Rhlzophoro

Fig 8



75

4.3 LEAF DECOMPOSITION.

Figure 9 shows the rate of decomposition of each leaf

species in its native plot. The Aviccenia leaves in their

native plot decomposed faster than either the Ceriops or

Rhizophora leaves in their native plots. The Rhizophora

leaves showed the second fastest rate of decomposition while

the Ceriops plot showed the slowest rate loosing 321. and 221.

dry weight in 12 days respectively (Table 12).

The leaching phase during decomposition is represented by

the logarithmic (rising) section of the curve which lasted

for 12 days in the Aviccenia

Ceriops and Rhizophora plots.

curves entered the plateau

plot, and 20 days in the

After the leaching phase the

phase when all the curves

flattened out.

shaped.

All the curves derived from the data were 5-



Fig 9. Decomposition of leaves in Gazi Bay expressed as
percentage dry weight loss in a given period of time.
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4.4 NUTRIENT ANALYSIS.

4.4.1 Concentrations of Combined N03 and NO 2 in the

Sediment.

The Rhizophora plot had a concentration of total

N~- and NC1- nitrogen ranging between 1.15-113.92 ~g-N/l of

pore water, while the concentration of total N~ and NO 2 in

the Aviccenia plot ranged from 1.43 to 53.39 ~gN/l. The

combined N0i and N0iconcentrations in the Ceriops plot

ranged between 1.31 and 59. 47 ~g. Nil (Tabl e 9).

The highest concentration

all the three plots was

of total NDj and NO 2 nitrogen in

recorded in December (Fig 11).

There was a significant difference in the concentration of

combined nitrates and nitrites

during the sampling period (F

recorded in the three

= 9.573; p < 0.001) .

plots

The

highest concentration of combined nitrates and nitrites was

observed in the Rhizophora plot while the Aviccenia plot had

the least



Fig 10. Concentrations of combined nitrates and nitrites
<}J..g--.Jlitre) in sediment collected in Gazi Bay in different
sampling dates.
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4.4.2 Water Content in the Sediment at Gazi Bay.

The Rhizophora plot had high water content varying from 69-

701.. Sediment in the Aviccenia plot had between 38 and 451.

water while sediment in the Ceriops plot had between 25 and

321. water (Table 10) . Analysis of variance revealed a

significant difference in the water content in sediments

from the three plots ( 203.06; p < 0.001).

was no significant difference in the water

However, there

content of the

sediment observed in different sampling dates ( Fig. 11)



Fig 11. Percentage water content in sediment collected in
Gazi Bay in the period between October 1992 and February
1993.
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4.4.3 Organic Matter in the Sediment.

Sediment in the Rhizophora plot had the highest levels of

organic matter ranging from 25.34-37.171.. Organic matter

observed in the sediment in the Aviccenia plot varied

between 0.47 and 11.871., while the sediment from the Ceriops

plot had the lowest levels of organic matter which ranged

from 3.53-8.01. (Table 11). Figure 12 shows the distribution

of organic matter in sediments in individual plot during the

sampling period. The difference between plots was

pronounced and the Rhizophora plot had significantly higher

levels of organic matter than the other plots at P < 0.001.



Fig 12. Percentage organic matter in sediment collected in
Gazi Bay in different sampling dates.
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4.5 CHARACTERIZATION OF BACTERIA ISOLATES.

The physical, morphological and biochemical characteristics

uf uacterId isolated from each plot were determlned so as to

compare the strains recovered from the three plots.

4.5.1 Characteristics of Bacteria Strains Isolated in the
Aviccenia Plot.

Eight

plot.

dominant strains were isolated from the Aviccenia

Strains AI, A2 and A3 were isolated from sediments,

wh 11 e AW 1 , AW2 and AW3 were isolated from water collected

in the plot. The dominant strains isolated from Aviccenia

marina 'leaves were ALl and AL2.

Tabl e summarises results on the characterization of

All the isolated coloniesstrains isolated from this plot.

were circular in shape and had an entire margin. The

sediment and water in the Aviccenia plot were dominated by

The two strainsboth Gram negative and Gram positive rods.

isolated from leaves were both Gram negative and spherical

in shape. All strains from the Aviccenia plot were able to

grow in media which had between o and 241. NaCl salt

concentration.
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The eight strains also grew very well in media of pH ranging

from 5.3-9.0, but only Al and AW3 grew at pH 4.5.

Many of the strains were oxidase and catalase positive

(Tab 1e i i ,

the strains

strains AWl,

while only Al could hydrolyse starch. None of

from the plot could reduce nitrate, while

AW2, ALl and AL2 could all hydrolyse gelatin.

None uf the bacterla isolated from this plot were able to

ferment Xylose while only strain AW2 could ferment glucose.

Tao le 1

in all

shows that strains ALl and AL2 resemble each other

characteristics except that the former ferments

lactose ylelding acid

ae id.

and gas while the latter yields only
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Table 1 .
Characteristics of bacteria isolated fran tre Aviccenia plot.

Colmy GLwth Cell prccerties Bioch3nical prrrerties Carbohydrate fermentation Cellulose
characteristics conditions uti1izatim

Strain Colcor Elev. Marg. Slape pH Salt G"an Slape Size fvbti- Ure- Oxi- NO Cata- Amy- Gela- Xylo. Glueo. Malt. Mann. Lact.
range range stain (im) 1ity ase dase ~u- lase lase tinase

ctase G A G A G A G A G A

A1 Crean Conv. U.ndu. Cire. 4.5-9 0-15% -ye Ra:ls 0.286 +ve -ye +ve -ye -ye -ye -ye - - - - + "+ - - - - -ye

?2 BrThr~Flat" ::nt. Cire. 6.3-9 0.24% +ve Cocci 0.286 +ve -ye +ve -ye +ve +ve -ye - - - - - - - - - - -ye

A3 I3rc:w1 Flat Ent. Cire. 6.3-9 0-24% +ve Ra:ls 0.286 -ye -ye +ve -ye +ve -ye -ye - - - - - - - - - - -ye
AW1 BrcJ...nRais. Ent. Cire. 6.3-9 0-24% -ye Ra:ls 0.858 -ye -ye +ve -ye +ve -ye +ve - - - - - - - - - + +Ye
!Wl2. f3ro...n Flat Ent. Cire. 6.3-9 0-24% +ve Ra:ls 0.572 -ye +ve +ve -ye +ve -ye +ve - - - + - - + + - + -ye

#~"

00 Crean Rais. Ent. Cire. 6.3-9 0-24% +ve Cocci 0.286 +ve -ye +ve -ye +ve -ye +ve - - - - - + - - - - -ye
AL1 Crean Flat Ent. Cire. 6.3-9 0-24% +ve Cocci 0.286 -ye -ye -ye -ye +ve -ye +ve - - - - - - - - + + +Ye
AL2 Crean Flat Ent. Cire. 6.3-9 0-24% +ve Cocci 0.286 -ye -ye -ye -ye +ve -ye +ve - - - - - - - + - + +ve

W"ere: +ve = positive reactim; -ye = negative reaction; + = presence of a parareter; - = absence of a parareter; G = gas; A = acid;
Cire. = cireular; Rais. = raised; Cm¥:= cmvex; Marg. = margin; Elev. = elevation; Undu. = undulate; Ent. = entire; Xylo. = xylose;

Gluco. = glucose; Malt. = maltose; Mann. = mannitol erd Lact. = lactose.
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4.5.2 ChaYacteyistics of Bacteyia StYains Isolated in the
Ceyiops Plot.

Seven dominant strains of bacteria were isolated in the

Ceriops plot. Strains Cl, C2 and C3 were predominant in

sedlments, CWl and CW2 were predominant in water and Cll and

Cl2 were predominant on leaves.

Table 2 shows the characteristics of bacteria strains

isolated from the plot.

variable margin types.

All the colonies were circular with

Gram positive and Gram negative rods

were the most common types of bacteria. Most of the

colonies isolated in this plot could not grow on media with

NaCl salt concentration above 201.. Biochemical tests show

that only C2 and CW2 were oxidase positive, while strain Cll

was the only catalase negative isolate. Most of the strains

in the Ceriops plot

hydrolyse starch.

were able to ferment glucose and



87
Table 2..

Olaracteristics of bacteria isolated fran tre Ceriops plot.

Colmy ChJNth Cell prcoerties 3ia::renical prcoerties .. 'Cartxhydtate~fefTi'entatiO'l ~llul!re
characteristics cmditims r:util iiatim

Strain CoICllrElev. t41rgin Sha~ pH Salt G"an Sha~ Size ~til ity Urease OAidase~ Cata- Amy- Cela- Xylo. Gluco. t411t. Marln.Lact.
range range stain (un) u- lase lase tinase

ctase G A G A G A G A G A

C1 Crean Flat Erose Cire. 6.3-9 0-10% -ye R!xJs 0.572 tve tve -ye -ye +ve +ve -ye - - - t - t - t - - -'te
,

C2 BrMl Flat Entire Cire. 6.3-9 0-24% +ve R!xJs 0.286 -ye -ye +ve -ye +ve +ve +ve - - - t - - - - - - -ye

C3 Wlite Rais. Entire Cire. 6.3-9 0-20% -ye R!xJs 0.286 +ve -ye -ye -ye tve +ve tve - t - + - + - + - - fIR

CW1 Crean Flat Erose Cire. 4.5- 0-20"k +ve Cocci 0.286 +ve -ye -ye -ye +ve +ve tve - - - + - + - - - - -~
6.3

~ BrCJvo.KlFlat Curled Cire. 6.3-9 10-20% +ve R!xJs 0.429 tve -ye tve -ye -ye tve +ve - - - - - - - - - - -\E

CL1 Yellc:wFlat Lhdu. Cire. 6.3-9 0-10"k +ve Rods 0.143 -ye -ye -ye +ve tve -ye -ye - t - t - t - t - t -~

CL2 Pink Rais. Entire Cire. 4.5-9 0-24% +ve Cocci 0.286 -ye -ye -ye tve tve tve -ye - - - t - t - - - - t\€

Wlere: tve = positive reactim; -ye = negative reactim; + = presence of a parcrreter; - = absence of a parareter; G = gas; A = acid; Elev. = elewatim;

Circ. = circular; l1ldu = undulate; Xylo = xylose; Gluco.. = glucose; Malt. = naltose; Mann. = :nannitol; Lact. = lactose; Rais. = raised.
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4.5.3 Characteristics of Bacteria Strains Isolated in the

Rhizophora Plot.

dominant strains were isolated from the Rhizophora

plot. Strains Rl and R2 were dominant in sediment, RW1 and

RW2 dominated in water, while RL1, RL2, RL3 and RL4

dominateo on Rhizophora mucronata leaves.

Table 3 shows the characteristics of bacteria strains

Isolated from the RhIzophora plot. Most of the strains were

Gr aru po s. i t a v e COCCI. All the i so lates grew well In medid of

pH ranylng from 6.3-9.0. Only a few could grow at pH 4.5.

Most of the colonIes gr~w poorly on media with more than 15%

salt concentration. StraIns R2, RW2, RL2, RL3 and RL4 were

oxidase positive, while strains R2 and RL1 were the only

catalase negative isolates. All the colonies could

hydrolyse gelatin, while only strains R, RW, RL and RL could

hydrolyse starch.

Fermentation tests showed that strain R1 could ferment all

the sugars producing acid and gas except for mannItol whIch

it fermented to yield acid only. Strain RWl also fermented

all the sugars producing acid but not gas. Strains RL1 and

t.he sugars.



Table 3.

O1aracteristicts of bacteria isolated in tre ~izophora plot.
89

Colmy ((u.M Cell prooerties Biccrenical Properties Carbohydrate fermentatim CelluloseO1aracteristics cmditims utilizatim
Strain Colcer Elev. t11rg. Slape P1 Salt G"crn Slape Size MJtil ity urease Oxidase ~ Cata- Amy- Gela- Xylo. Gluco. t11lt.t11nn. Lact.

rcnge range stain (im) _ u- lase lase tinase
ctase G A G A G A G A G A

R1 Brc:w1 Rais. Ent. Irre. 6.3-9 0-15% +Ye Cocci 0.286 -ve -ye -ye +ve +Ye +Ye +Ye + + + + + + - + + + -ye

1<2 Crean Ccnv. Ent. Cire. 6.3-9 0-10"h +Ye. Cocci .0•.143 +.ve -ye +ve -ye -ye +Ye +ve - - - + - - - - - - -ye

RvJ1 Brc:w1 Flat Ent. Irre. 6.3-9 0-20% +Ye Cccci 0.572 +ve -ye -ye +ve +Ye +Ye +Ye - + - + - + - + - + -ye

~ BrCWl Rais. Lhlu. Irre. 6.3-9 0-20"h +ve Reds ..0.429 +Ye -ye +ve -ye +Ye +Ye +Ye - + - - - + - - - - +Ye

RL1 Crean Flat Ent. Cire. 4.5-9 0-15% +Ye Reds 0.572 +Ye -ye ·-ve -ye -ye -ye +Ye - - - - - - - - - - +ve

RL2 Yello.vCmv. Ent. Cire. 4.5-9 0-24% +ve Cocci 0.572 -ye +ve +ve +ve +Ye -ye +Ye - + - - - - - - - - -ye

RL3 BrCWl Rais. Undu. Cire. 6.3-9 0-24% +ve Cocci 0.286 -ye -ye +Ye -ye +Ye -ye +ve - - - - - - - - - - -ye

RL4 Brc:w1 Rais. Ent. Cire. 4.5-9 0-24% +Ye Rcds 0.429 .-ye -ye +ve -ye +ve -ye +Ye - - - - - + - - - - -Ye

~here: +ve = positive reactim; -ye = negative reaction: + = presence of a parcrneter; - = absence of a parcrneter; G = gas; A = acid; Cire. = cireular;
Rais. = raised; Irre. = irregular; Undu. = undulate; Elev. = elevatim; CulV. = cmvex; Xylo. = xylose; Gluco. = glucose; Mann. = mannitol;
i'lBlt.:= maltose; Lact. = lactose and Ent. = entire
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4.6 RAINFALL EXPERIENCED AROUND GAZI BAY.

Table 4. Daily yainfall (mm) data foy the peyiod between

Septembey 1992 and Febyuayy 1993 f r om Msambweni DistYict

Agy icultuyal Office (Ref. No. 9439014) situated about 5 km

south of Gazi Bay. (Souyce: Kenya Meteoyological

Depaytment).

Day Sept Oct Nov Dec Jan Feb

1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 19.5 10.0 0.0 0.0
3 5.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 8.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0
El 2.0 0.0 0.0 12.0 2.0 0.0
7 8.0 0.0 0.0 0.0 0.0 0.0
8 6.0 0.0 27.0 0.0 0.0 0.0
9 19.0 0.0 0.0 10.0 0.0 0.0
10 5.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 27.0 0.0 0.0 0.0
12 2.5 0.0 0.0 0.0 27.0 0.0
13 20.0 0.0 0.0 8.0 0.0 0.0
14 0.0 0.0 0.0 0.0 27.0 0.0
15 0.0 0.0 13.0 2.0 0.0 0.0
16 20.0 0.0 0.0 0.0 25.0 0.0
17 0.0 0.0 0.0 6.0 5.0 0.0
18 10.0 0.0 12.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0
20 26.0 0.0 0.0 0.0 2.0 0.0
21 0.0 0.0 0.0 0.0 0.0 0.0
22 5.0 2.0 13.0 0.0 0.0 0.0
23 0.0 0.0 0.0 13.0 0.0 0.0
24 5.0 4.0 0.0 0.0 0.0 0.0
25 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 5.0 0.0 0.0 0.0 0.0
27 0.0 11.0 0.0 0.0 0.0 0.0
28 0.0 14.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0
Total 113.5 36.0 111.5 69.0 88.0 0.0
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The month of Septembe~ expe~ienced the highest ~ainfall

amount totaling 133.5 ml and had the highest numbe~ of rainy

days, while the month of February experienced no rainfall at

all. In the five month within which the study was conducted

a total of 438 mm of ~ainfall was recorded.
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CHAPTER FIVE:

5.0 DISCUSSION.

5.1 BACTERIA POPULATIONS IN GAZI BAY.

5.1.1 Aerobic Heterotrophic Bacteria in the Sediment.

The number of aerobic heterotrophic bacteria in the mangrove

sediment at Gazi Bay ranged between 7.44 X 1d and 4.70 X

lOB c fu I g dwt (Table There was no significant

difference between the three plots with respect to the

number of aerobic heterotrophic bacteria in the sediment.

This implies that the Rhizophora, Ceriops and Aviccenia

zones in Gaz i Bay had almost the same numbers of aerobic

heterotrophic bacteria.

Alongi (1988) observed that the average number of bacteria

in a mangrove swamp in Australia was around 1. 1 X

cells/g dwt of

an average of

sed~ment, while Boto et al.

7.3-49.0 X 1010 bacteria

(1989) observed

cells/g dwt of

sediment.



Rublee and Do rriseif

g3

(1978) count ed bacteria in sediment

collected from a salt marsh and observed an average of 8.39

X 109 bacteria cells/crr?of sediment. All these studies

were conducted using the direct count method.

The direct count method usually gives values 100-1000 times

moy-e than the plate count method (Mwatha, 1991). This is

because the plate count method enumerates only the viable

aey-obic heterotrophic while the uiY-ect count

rnethud includes othey- groups of bactey-ia such as the

an ae robes alld photosynthetic bactey-ia. The diY-ect count

method also includes dead bacteria cells.

usually gives

Another reason

why the plate count method lower values of

bacteria numbers compared to the direct count method is that

there is a great diversity of bacteria in the sea.

Therefore, any culture technique will leave out a number of

bacterial types (Morita, 1977). Thus, the number of aerobic

heterotrophic bacteria observed in Gazi Bay during this

study are comparable with those by Alongi (1988) and Boto ~

&. (1989) if the differences caused by the methods are

accounted for.
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Although several studies on bacteria numbers and bacterial

act i v i t Y in mangrove swamps have been conducted, the only

study that attempted to look at the zonation of bacter ia

populations in the swamps was done by Alongi ( 1988) •

However, the study focused only on the zonation of the total

number of bacteria and did not consider zonation of

specific physiological groups.

The fact that there was no significant difference between

the Avicceniat Ceriops and Rhizophora plots in Gazi Bay

indicates that there is no zonation in the mangrove swamp

wi1;h respect to the numbers of aerobic heterotrophic

bac t er i a. Most studies done in temperate areas

consistent zonation patterns with respect to

revealed no

bacteria

numbers in salt marsh areas (Alongi, 1988) • However,

studies done in Australian mangrove swamps revealed that the

number of bacteria differed significantly between the

different intertidal zones.

Alongi (1988) studied zonation of bacteria numbers in

several estuaries and observed a decrease in the number of

bacteria with elevation. However, there were differences

the Lonation patterns of bacteria numbers in the

estuaries studied.
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In the Morgan/McIvor estuary bacteria numbers were not

slgnificantly different between the mid-intertidal and the

low-intertidal zones; and between the mid-intertidal and

high-intertidal zones. However, there was a significant

difference between the high-intertidal and 1ow-intert idal

zones (Alongi, 1988).

ThlS situation was observed both in summer and in winter.

In the Lockhard estuary a different zonation pattern was

observed. In winter the zonation pattern for bacteria

number's in the sediment was CLow = mid > high), while in

summer It changed to CLow < Mid High) CAlongi, 1988).

The above studies show different zonation patterns for total

bac t er a a counts in the two estuaries. In the Lockhard

estuary seasonal changes influence the zonation pattern

while in the Morgan/McIvor estuary the zonation pattern was

the same for both winter and summer. In- the study at Gazi

Bay there was no zonation pattern observed with respect to

the number of aerobic heterotrophic bacteria. When the data

for each sampling date was analyzed separately as a single

f ac t or en o v ar ; st ill there was no sigrl1ficant difference

o~seyved between the plots on any of the sampling dates.



Thus, the Rhizophora plot (low-intertidal), the Ceriops plot

(mid-intertidal) and the Aviccenia plot (high-intertidal)

were not significantly different from each oth2r with

respect to the number of aerobic heterotrophic bacteria.

The fact that no zonation of aerobic heterotrophic bacteria

was observed in Gazi Bay could mean that other physiological

groups of bacteria might have caused the zonation patterns

observed by Alongi (1988).

Several workers in mangrove areas have correlated bacteria

numbers to organic carbon and grain size of the sediment.

Alongl (1988) observed a positive correlation between

bacteria numbers and the level of organic carbon (r = 0.91;

P = 0.001) • Rublee ( 1982) also observed a significant

correlation between bacteria numbers and the level of

organic carbon present in the sediment. Rublee ( 1982)

observed a negative correlation between bacteria numbers and

the grain size of the sediment but, Alongi (1988) observed a

positive correlation for the same variables in a mangrove

sediment (r = 0.75; P 0.01).
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In the study at Gazi Bay aerobic bacteria numbers did not

correlate with the organic matter content of the sediment.

The sediment in the Rhizophora plot had very high levels

organic matter (25-38%) compared to either the Ceriops or

Aviccenia plots (3-11.5%). Thus, the relatively low number

of aerobic heterotrophic bacteria observed in the plot is

surprising considering the correlation that most workers

have observed between bacteria numbers and organic matter

content in sediments.

As stated before, there were significant differences in the

number of aerobic heterotrophic bacteria observed in

different sampling dates. No single fac tor could be

advanced to explain these differences. However, it is

presumed that the interaction between the amount of

rainfall, hydrographic factors (spring-neap tide cycle) and

physico-chemical changes in the sediment were responsible.

It is futile to attribute the differences on any single

f ac t or. Thus, it is my contention that seasonal variation

of bacteria numbers in the mangrove swamps should be studied

separately.
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~.1.2An••robic ~t.rotrophic B.ct.ri. in th. S.di ••nt.

In Gazi Bay, the number of anaerobic heterotrophic bacteria

ranged from 2.00 X 1~ -1.82 X 108 cfu/g dwt of sediment.

There was no significant difference between the three plots

with respect to the number of anaerobic heterotrophic

bacteria when the data collected on different sampling dates

was analyzed together. However, when data for each sampling

date was analyzed separately significant differences were

evident on the 27~ of October and 15~ of December. The F-

value. for the former was 10.25, which was significant at

p.( 0.05 while, the F-value for the latter date was 29.320

at P ( 0.001.

Thus, on these two sampling dates there was a zonation trend

evident with respect to the number of anaerobic

heterotrophic bacteria in the sediment at Gazi Bay. When

the means were compared it was evident that on both dates

Aviccenia had higher numbers of anaerobes compared to both

the Ceriops and Rhizophora plots i.e Aviccenia > Rhizophora

= Ceriops.



99

From the above observations it is evident that there is

zonation of anaerobic bacteria in Gazi Bay on certain

sampling dates and not in others. Most of the times the

number of anaerobic bacteria in sediment samples from the

three zones were almost the same. At certain times (i.e.

27~ October and l~h December) there was a zonation pattern

where higher numbers of anaerobes were observed in the

Aviccenia zone compared to the Ceriops and Rhizophora zones.

On the two dates when zonation was observed there were

spring tides which were preceded by some rainfall (Table 4).

Thus, the plot

time, it was

was flushed with tidal water and at the same

washed by rain water. This might have

decreased oxygen concentration through a raise in the amount

of pore water in the sediment. This could have led to the

high number of anaerobes observed on these dates in the

Aviccenia plot.

Little research has been done on anaerobic bacteria in other

parts of the world. Most studies have concentrated on

aerobic bacteria and total bacteria counts which unlike

anaerobes do not require special growth conditions. Zuberer

and Silver (1978), observed 8.6 X 10' cfu of anaerobic

bacteria/g dwt of sediment collected from the Rhizophora

zone of a mangrove swamp in Florida.
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ZoBell and Morita (1977) reported an average of

105 anaerobic bacteria cfu/ml in deep sea sediments, while

Campbell et al. (1988), reported around 1.95 X 1~ anaerobic

bacteria cfu/g of surface agricultural soil. Anaerobic

bacteria numbers observed in Gazi Bay compare well with

those observed by Zuberer and Silver (1978), but are la-
1~ times higher than those observed in agricultural soils.

Boto et al. (1989) describes mangrove sediment to be

chemically reducing (Eh = +163 to +322 mV), because they

have less oxygen tension compared to agricultural soils

which have redox potentials of above +322 mV. This may be

responsible for the higher number of anaerobic bacteria

observed in the mangrove sediment in Gazi Bay

the population of anaerobic bacteria

agricultural soils by Campbell et al. (1988).

compared to

observed in

One observation which cannot be ignored is the fact that the

number of aerobic heterotrophic bacteria and that of the

anaerobes in each of the three plots were almost the same.

On some dates the number of anaerobes observed in some plots

were higher than the aerobes, although this was not common.

For instance, on 27~ October 1992 the population of

anaerobic heterotrophic bacteria observed in the Aviccenia

plot was 1.36 X lOB cfu/g dwt, while that of aerobic

heterotrophic bacteria was 1.20 X lOB cfu/g dwt of sediment

(Tables 5 & 7).
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Zuber~r and SlIver (1978) made a similar observation. They

found that, the number of aerobic heterotrophic and

ana~rUUlC heterotrophic bacteria in sediment collected in a

Rh izophora zone was 2.5 X 107 and 8.5 X 1<f c fu/g dw t of

sediment respectively. They concluded that since mangrove

.sediments are chemically reducing most of the bacteria are

facultative anaerobes. The same reason can be advanced to

explain the observation made in Gazi where the number of

aerobic and anaerobic heterotrophic bacteria were almost the

same on most sampling dates.

Indeed, the range of r~ductIor1 p o t e n t a e I (+153-+322 mV:'

observed by Alongi (1988) on surfacE=> sediment in mangrove

is the most suitable for facultative anaerobic

bacteria which use Fe3\ M 4t
n , NO 3- and O2 as term inal el ec trori

acceptors (Boto, 1984).

There was a significant difference between the sampling

dates with respect to the number of anaerobic heterotrophic

bacteria in the sediment. Low numbers were evident in

November and from mid-December to February. It is not clear

what caused the low numbers of anaerobes on the said dates

but, most probably the rainfall amount received might have

interacted with the tidal cycle to bring about changes in

oxygen lev~ls In the sediment. Thi~ could have affected the

population of anaerobes.



Howevey-, f rorn

10?

the data available it is not easy to explain

how all this could have happened. It is they-efoy-e suggested

that a fuy-theY- investigation into these tactol'"s and theiy-

influence on the population of anaey-obic

done.

bactey-ia should be

5.1.3 Aerobic Heterotrophic Bacteria in water.

The numbey- of aey-obic hetey-oty-ophic bactey-ia in watey-

collected fy-om the thY-ee plots y-anged between 8.5 x 104 and

8.9 x cfu/ml of watey- CT ab le G) • They-e was a

signi ficant di ffey-ence betweerl the thY-ee plots with y-espect

to the numbey- of aey-obic hetey-oty-ophic bactey-ia obsey-ved in

WeltoY- (F = 12.108; P < 0.001).

diffey-ence between the numbey-

They-e was also a significant

of aey-obic bactey-ia obsey-ved

in watey- on the diffey-ent sampling dates.

It is Impoy-tant to note that watey- entey-ed the Aviccenia

plot only duy-ing high spring tides. This happened once

15 days, while the Ceriops and Rhizophora wey-e

inundated every high tide i.e. twice a day. Thus in the

period between successive spy-ing tides bacteria in the watey-

column did not participate in any microbial processes in the

AVlccenla plot since welter did not y-each the plot.
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The number of aerobic heterotrophic bacteria observed in

water were 10-100 times less than those observed in the

sediment. This maybe a result of a higher concentration of

nutrients in the sediment compared to the water column.

During the study the concentration of combined nitrates and

nitrites in the sediment ranged from 1.15-113.92 Ug N/I.

On the other hand, Kazungu e~t_....:a=:::.=l.(1993) observed nitrate

concentrations ranging between 0.05 and 0.3 Ug Nil, while

nitrites ranged from 0.05-0.2 Ug Nil in water samples

collected in Gazi Bay.

the two

Thus, there is a relatively low

concentration of nutrients in the water column

compared to the sediment surface. Other nutrients like

phosphates and

distribution.

organic carbon might also show a similar

This is because in mangrove swamps there is

always a net sedimentation of particulate organic matter

from the water column onto the sediment surface (Chapman,

1976) . Thus, the higher number of aerobic heterotrophic

bacteria in the sediment when compared to those observed in

water samples maybe explained by the high concentration of

nutrients in the former.

Considerable research has been done on bacterial population

in the water column in the marine environment. Fenchel
(1984) observed 3 X 106 bacteria cells/ml in coastal waters

using the direct count method.
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Rublee (1982); Palumbo and Ferguson (1978) observed

104 -!Cl bacteria cells/ml of seawater. Considering the

fact that the direct count method was used by these workers,

the values obtained in their studies are relatively lower

than the number

Gaz i ,

of bacteria observed during this study in

This could possibly

(1984) ; Rub 1ee (1982);

result from the fact that Fenchel

Palumbo and Ferguson (1978) were

ma in 1y coun tin g bacteria on the surface of the water. The

study in Gazi Bay dealt with the bacteria population in the

watel' near the sediment surface. The depth of the water

va rr i ed from ankle deep in the Aviccenia plot to about 2 m

in the Rhizophora plot.

Thus, tidal waters might have resuspended fine sediment

particles and bacteria from the sediment surface hence

raising the number of bac ter ia in the water that lies

immediately above the sediment surface. This was reflected

in the high particle density observed in the water samples

that were collected. Wiebe (1979) observed that

resuspending of sediment and bacterial particles was a

common occurrence in coastal waters.

The study in Gazi Bay shows that there were more aerobic

heterotrophic bacteria in water collected in the Rhizophora

plot compared to either the Ceriops or Aviccenia plots.
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The high number of aerobic heterotrophic bacteria in water

collected in the Rhizophora plot which lies close to the sea

suggests that suspenion is felt more in this plot. This is

probably a result of the fact that tidal water enters the

Rhizophora plot before it reaches either the Ceriops and

Aviccenia plots. Thus, the tidal water entered the

Rhizophora plot with more force, causing more turbulence and

suspenion of bacteria and sediment particles. When the tidal

water finally reached the Ceriops and Aviccenia plots it may

have lost most of its initial force thus, it was not able to

upset the sediment very much.

The number of nitrate reducing bacteria observed in Gazi Bay

ranged between 2.37 X 102 and 9.21 X 103 bacteria cells/g

dwt of sediment (Table 8). There was a significant

difference between the plots with respect to the population

of nitrate reducing bacteria (F = 20.445; P < 0.001).

A comparison of the three study sites revealed that the

number of nitrate reducing bacteria in the Rhizophora plot

was significantly different from those in the Ceriops and

Aviccenia plot. However, the number of nitrate reducing

bacteria in the Aviccenia and Ceriops plots were not

significantly different i.e (Rhizophora > Ceriops =

Aviccenia).



Relatively few studies have been done on the number of

nitrate reducing bacteria. Most researchers have preferred

to measure their activity by estimating the rate of nitrate

reduction using l~ labelled nitrates. However, ZoBell and

Morita (1977) counted nitrate reducing bacteria in deep sea

sediments in the Philippine trench and observed 1d -1d1
cells/ml using the MPN method. Thus, the number of nitrate

reducing bacteria observed during this study in Gazi Bay

were almost 1000 times less than the observations made by

ZoBell and Morita (1977).

The lower number of nitrate reducers observed in Gazi Bay

could have resulted from the fact that being in the

intertidal areas mangrove sediments are subjected to regular

exposure to air. Thus, conditions are likely to be less

reducing than they are at the bottom of the ocean. Due to

the great depth involved, diffusion of oxygen to the bottom

sediments in the ocean is most certainly limited. This

makes the conditions at the bottom of the ocean more

favourable for proliferation of anaerobic bacteria e.g the

nitrate reducers, than in mangrove swamps.

A significant correlation was observed between the number of

nitrate reducing bacteria and the concentrations of combined

N~- and NO; in the Rhizophora and Ceriops plots at p < 0.05

(r = 0.681 and -0.516 respectively>. Correlation

coefficient for the Aviccenia plot was not significant.
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The fact that correlation between the number of nitrate

reducing bacteria and combined nitrates and nitrites in the

Aviccenia plot was not significant could be explained by the

duration of exposure to air experienced by this plot.

Since the plot experiences the longest duration of exposure,

the nitrate reducers on the sediment surface may receive

enough oxygen the atmosphere and thus rarely use

nitrates as electron acceptors.

However, in the Ceriops and Rhizophora plots which are

inundated every high tide, it IS possible that there is more

use of the nitrates as terminal electron acceptors. Th is is

because the two plots which are flooded by tidal waters more

01ten are lIkely to have less oxygen. However, there are no

other studies which support or contradict this observation.

The zonation of nitrate reducing bacteria in the sediment in

numbers of nitrate reducing bacteria,

had the highest

compared to the

Gazi Bay indicate that the Aviccenia zone

Ceriops and Rhizophora plots. There are no previous studies

done on zonation of nitrate reducing bacteria in any

mangrove ecosystem. However, the nitrate reducing bacteria

which are anaerobes, are controlled by the redox pot ent ial

of the sediment and the presence of nitrate ions

(Chandramohan, 1988).
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These two factors might be responsible for

nitrate reducing bacteria observed in Gazi

the zonation of

Bay. The mean

levels of combined nitrate and nitrites were significantly

higher i.p +. he Rh*zophora

the Ceriops

sediment (30.53 Ug N03 and NO{

(17.63 Ug N03 and N0l.- NI I) and

ND3 and NO.2,- Nil) • Thus, the

Nil) tha~ in

Avicce~ p Lot s (16.59 Ug

relatively higher concentration of combined nitrates and

nitrites in the Rhizophora plot could have been responsible

for the higher numbers of nitrate reducing bacteria in the

plot.

Datd on reduction potential in the mangrove sediment in Gazi

is not available. However, the average particle SIze in the

Rhlzophora sediment was observed to be around 56 Um, while

in the Ceriops plot it was 256 um (Slim and Gwada 1993). No

figures are available for grain size in the Aviccenia plot.

However in this study, a relatively high percentage water

content was observed "i n the Rhizophora sediment (more than

701.) while the water content in sediment collected from the

Ceriops and Aviccenia plot did not exceed 451.0 Thus, there

was very little pore space left for air in the Rhizophora

plot hence, the conditions were likely to be more reducing

than in the other plots.
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This is because aeration and moisture are inversely related

(AIexander, 1977). This might explain further the high

number of nitrate reducing bacteria which were observed in

this plot compared to the Aviccenia and Ceriops plots.

~.1.5 ~yobic Heterotrophic Bacteria on Leave ••

The number 0f

surfaces ranged

aerobic heterotrophic bacteria on leaf

from 2.00 X 102-9.73 X 1~5cfu/cm2 of leaf

(Table 9). Analysis of variance revealed a significant

difference between the three types of leaves with respect to

the number of aerobic heterotrophic bacteria on their

surfaces (F = 61.922; P < 0.001). A comparison of the means

revealed that the population of aerobic heterotrophic

bacteria on Aviccenia leaves was significantly higher than

the population on Rhizophora and Ceriops leaves. However,

Rhizophora and Ceriops leaves were not

different with respect to the number

signi ficantly

of aerobic

heterotrophic bacteria i.e Aviccenia > Ceriops = Rhizophora.

Most studies on bacteria populations in the coastal

environment have concentrated on bacteria in the sediment

and water column. Thus, there was not a single study on

bacteria numbers on leaf surfaces. Colonization of leaves

by bacteria and fungi

to the mother plant.

starts while they are still attached
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Lee (1980) yepoY"ted that bacteY"ia and fungi attack leaf

suY"faces and utilize sugays exuded fY"om the leaves. The

high numbeY" of ae rob ic heteY"otYophic bacteyia obseyved in

Aviccenia maY"ina leaves is most pyobably a function of the

nutyitive value of the leaf.

Woitchik e~t~~a~l~.(1993) obseyved A. mayina leaves to have a

C:N yatio of 88 ± 6 while Rhizophora mucyonata and Ceriops

tagal leaves had C:N ratios of 193 ± 45 and 218 ± 26

yespectively. Thus, A. mayina leaves weye the most

nutritious while R. mucyonata and C. taqal leaves weye of

compayable nutritive value. Thus, it is possible that the

high number of aerobic heterotrophic bacteyia obseyved on A.

marina leaves was a result of the low C:N yatio which makes

the leaves moye appealing to the bacteria. On the other

hand the high C:N ratios obseyved in Rhizophora and Ceriops

leaves weye yeflected in the lowey numbey of bacteria

obseyved on theiy suyfaces.
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5.2 DECOMPOSITION IN GAll BAY.

5.2.1 Cellulose Decomposition.

The Aviccenia plot had the highest rate of cellulose

decomposition compared to the Rhizophora and Ceriops plots

(Fig 7). Filter papers incubated in the Aviccenia plot lost

921. of their dry weight within 28 days. In the Rhizophora

plot filter papers lost 801. while in the Ceriops plot they

lost less than 201. of their dry weight in 59 days.

Brinsofl (1977) used filter paper as an index for c e lIu lose

decomposition in an alluvial swamp forest. The fastest

cellulose decomposition was observed in the river where 901.

of filter paper dry weight was lost in 15 weeks.

Filter papers which were

251. of dry weight

placed

in 15

on the forest f1oor lost

about weeks, while those in the

Levee lost less than 201. dry weight in 24 weeks.

Th is 1ed to the conclusion that, the high rate of cellulose

decomposition in the river was the result of the high

moisture content at that site. Cellulose decomposition was

slow on the Levee which was relatively dry for most of the

experiment period.



Brinson (1977) also correlated monthly cellulose

decomposition

temperatures

rates

and

to monthly minimum and maximum

obtained significant c or re lat ion

coefficient (r = 0.85 and 0.84 respectively; P < 0.05).

These observations led to the conclusion that the

differences in rate of cellulose decomposition were mostly a

result of di fferences in microbial activity between the

three sites which are influenced by moisture and temperature

t Bv i n ssori , 1977).

In the study at Gazi Bay, the differences in cellulose

decomposition observed were also probably a result of

The fastest cellulosedifferences in microbial activity.

decomposition was in the Aviccenia plot which was exposed to

air for the longest duration. The Rhizophora and Ceriops

were inundated twice every day and hence, filter papers in

those plots were moistened more often. However, the two

plots had lower rates of cellulose decomposition than the

Aviccenia plot (Fig 7). Thus, in Gazi Bay, exposure to air

seems to accelerate cellulose decomposition.
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Schneider and Rheinheimer (1988) observed that most of the

cellulose decomposers known are strict aerobes. Thus, a

hlgh oxygen tension is essential for their activity and

proliferation. Therefore, in the Aviccenia plot which was

exposed more often oxygen tensions were probably high enough

to facilitate the activity of cellulose decomposers hence

the high rate of cellulose decomposition observed in the

plot.

As a result of a longer duration of exposure, the

temperatures in the Aviccenia plot were probably higher than

ln the other two plots due to heating from the sun, thus

further favouring bacterial activity. Thus, temperature and

exposure could have combined to bring the cellulose

decomposition rates observed in Gazi Bay.

Another factor that could have led to the differences in the

rates of cellulose decomposition are the strains of bacteria

present in each plot. Strains AWl from the water column and

AL2 and AL3 from leaves in the Aviccenia plot were able to

Brow on cellulose media (Tab 1e 12). On the other hand,

strains C2 and CL2; RW1 and RW2 from the Ceriops and

Rhlzophora plots respectively were also able

cellulose media (Table 13 and 14).

to grow on
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Thus, the Aviccenia plot had more bacteria able to grow on

cellulose media compared to the other plots. However, this

should be treated wi th caution since only the dominant

strains were recovered from each plot wh i1e the colonies

which were present in low numbers were left out. It is

possible that some of these colonies which were not

characterized could hydrolyse cellulose.

Since

also

the mangrove

possible that

sediment is chemically reducing it is

some of the cellulose decomposers are

obllgate anaerobes like Clostridium and Desulfovibrio

desul furicans (Agate, 1988) • The anaerobic bacteria

observed in Gazi Bay were also not characterized since

spec ial growth conditions are necessary for their continued

cuI t ivat ion. Thus, differences in cellulose decomposition

in the three plots could also have resulted from differences

in strains of anaerobic heterotrophic bacteria.

Fungi are present in mangrove swamps and have been reported

to part ic ipate in decomposi t ion (Fell and Master, 1984). It

is possible that, fungi could also have caused the high rate

of decomposition in the Aviccenia plot whose surface

sediment are exposed more often.



This is because the sediment surface in the Aviccenia plot

which was exposed for a longer duration may have had enough

oxygen to support fungal activity. This is one area that

needs to be looked into in order to get a clearer picture of

events in the mangrove swamps.

Environmental factors like temperature and oxygen

availability are likely to influence the speed of cellulose

decomposition by each of the strains in the field. However,

characterization of bacteria strains isolated from each plot

reveal that the strains differed in their physical and

biochemical properties. Thus, the strains in the Aviccenia

plot could probably be the most active cellulose decomposers

followed by those in the Rhizophora plot and finally the

strains in the Ceriops plot.

Nitrogen levels in the sediment do not seem to influence the

decomposition of cellulose in three plots. The highest

N~-/NOi levels were observed in

9) but decomposition rates were

the Rhizophora plot (Table

faster in the Aviccenia

plot. Activity of nitrogen fixers does not influence

cellulose decomposition either.
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5.2.2 Leaf Decomposition.

Aviccenia marina leaves decomposed faster than either

Rhizophora mucronata or Ceriops tagal leaves in their native

plot s. The leaching phase of decomposition lasted for only

12 days in the case of Aviccenia leaves. In that duration

nearly 441. of leaf dry weight was lost. The leaching phase

in the case of Rhizophora and Ceriops leaves lasted for 20

days. The dry weight loss observed from Rhizophora and

Ceriops leaves was 521. and 431. respectively

There were more substances leached from

(Fig. g).

the Rhizophora

leaves than from either Aviccenia and Ceriops leaves. This

indicates that there were more soluble substances in

Rhizophora leaves compared to the other two species. This

could be due to the presence of high levels of tannins

present in Rhizophora tissue (Bot o et al., 1989; WaIter and

Steiner,1935)

Steinke and Ward (1987) studied mangrove leaf decomposition

in St. Lucia estuary, South Africa. They observed that ~

marina leaves decomposed faster than Bruguiera gymnorrhiza

leaves both in the warm and cool seasons. In the warm

season, A. marina leaves lost 551. of their dry weight in 2

months, while B. gymnorrhiza leaves lost around 201. of their

dry weight in the upper shore.
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In the lower shore, the decomposition rates of both species

increased. A. marina leaves lost nearly 80Y. of their dry

weight while B. gymnorrhiza lost only 45Y. in the same

duration. Steinke and Ward (1987) attributed the faster

decomposition rate observed in the lower shore to the fact

that the litter was always moistened hence enhancing

colonization and decomposition by bacteria.

Wo i t c h 1k et al . (1993) studied the decomposition of

Rhizophora mucronata and Ceriops tagal leaves in Gazi Bay.

In their experiment oven dried leaves were used. The rate

of leaf decomposition was faster in the Rhizophora plot than

in the Ceriops plot. These are the same plots that were

used in this study. Rhizophora mucronata leaves lost nearly

BOY. of their dry weight in 20 days, while Ceriops tagal

leaves lost 55Y. in the same duration (Woitchik et aI . ,

1'3'33) • The rates of leaf decomposition observed by Woitchik

et al.---- (1993) was almost twice as high as the rate observed

during this study in the two plots. The difference may have

resulted due to the use of oven dried leaves by Woitchik et

&. (1993) in their experiment. The drying of the leaves

could have altered the leaf texture thus, making them easier

for microbial degradation. The senescent leaves used in

this study were placed in the field without any interference

totheir texture.
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It is the~efore possible that, they p~oved to be ha~de~ fo~

the mic~oo~ganisms to attack and decompose. On the othe~

hand, these ~ep~esent the actual conditions in the field

whe~e leaves fall to the g~ound without being oven d~ied.

Steinke and Ward (1987) observed differences in

decomposition rates of leaves according to species, location

on the shore and season. The study in Gazi Bay did not look

at the seasonal effect but the site and species we~e seen to

Influence decomposition of the leaves. Steinke and Wa~d

(1987), obse~ved that leaves on the lowe~ shore decomposed

faste~ than in the uppe~ shore. The ~eve~se was observed in

Gazi. The decomposition of filte~ paper which was made of

uniform mate~ial indicates that decomposition is

the Aviccenia (upper shore) plot.

faster in

Aviccenia marina leaves in their native plot also decomposed

relatively faster than Rhizophora mucronata in their native

plot. Both plots are exposed at low tide but, the Aviccenia

plot experiences the longest duration of exposure to air

since water reaches the plot only during high spring tide.

Thus, in Gazi Bay exposure to air appears to accelerate

decomposition. Hesse (1961) observed that decomposition

rates were accelerated when drying of so11s was followed by

rewetting.
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This situation is true of the Aviccenia plot in Gazi Bay

where long periods of drying are followed by rewetting

during spring tides. Lugo and Snedaker (1974) reported

that exposure to air increased oxygen supply to the surface

sediment in mangrove swamp hence enhancing decomposition.

However, there are other factors that might have influenced

the decomposition of leaves in Gazi Bay. These are, the

tree species, the bacteria population on lea f surfaces,

activity of cellulose decomposers and the strains of

heterotrophic bacteria in the plot.

From the study in Gaz i Bay, it was observed that the number

of aerobic heterotrophic bacteria was significantly higher

on A. marina leaves than on R. mucronata and C. tagal

leaves. Thus, since decomposition of leaves start while the

leaves are still attached to the plant, the chance is that

the A. marina leaves fell into the sediment while at a more

advanced stage in decomposition than the leaves for the

other two species. This is supported by the observation

that senescent Aviccenia leaves had many darkened spots and

holes on their surface while senescent Rhizophora and

Ceriops leaves were uniformly brown and intact. The leaves

foY" the 1at ter staY"ted tuY"ning dark a f t ev staying f OY

several weeks in the field.
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The leaf chemical composition of A. marina leaves (C:N = 88

± 5) makes them more nutritious than Rhizophora and Ceriops

(Woitchik et aI . , 1993) . This might have enhanced

colonization of Aviccenia leaves by microorganism when the

leaves were placed in the field. The Rhizophora ~nd Ceriops

leaves with higher C:N ratios (193 ± 45 and 218 ± 25

respectIvely) were thus less favourable to microorganisms as

nutrient sources. This is another factor that could have

contrIbuted to the faster decomposition of Aviccenia leaves.

The higher activity of cellulose decomposers observed in the

Aviccenia plot can also explain the high rate of leaf

d e'compos it ion in the plot. The bulk of plant material is

composed

leaves in

of cellulose and cellulose derivatives. Thus,

the Aviccenia plot may have been attacked by

cellulose decomposers destroying cell walls thus, making it

easier for the soluble substances within the cells to be

leached. The activity of cellulose decomposers in the

Rhizophora plot was higher than in the Ceriops plot (Fig 7).

Th is is reflected in the higher rate of decomposition of

Rhizophora leaves compared to Ceriops leaves. Microbial

cellulases are of utmost importance in plant tissue

decomposition (Lugo and Snedaker, 1974).
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The styains of heteyotyophic bacteyia that occuy in each

plot might also contyibute to the diffeyences in yates of

decomposition obseyved in the plots. This is ye flec ted in

the fact that the dominant styains in each plot had

diffeyent physical and biochemical chayacteyistics (Tables

1, 2 and 3), The cellulose utilization expeyiment shows

that bacteyia styains ALl, AL2 and AWl in the Aviccenia

plot, weye able to use cellulose as a caybon souyce. ALl

and AL2 weye both isolated fyom leaves while AWl was

isolated fyom watey. None of the styains that weye dominant

in the sediment could utilize cellulose as a substyate.

Howe ve r , it is possible that the bacteyia styains f r orn

leaves and watey could have been transfeyyed to the

sediment. Cellulose hydyolysing bacteyia could also have

been pyesent in the sediment in low numbeys. Thus, this

data alone cannot explain the high activity of cellulose

decomposeys obseyved in the Aviccenia plot.

StYains ALl and AL2 both of which weye cellulolytic could

have contyibuted to the highey yate of Aviccenia leaf

decomposition. The two styains weye dominant on Aviccenia

mayina leaves thus, much of the cellulose on the leaves may

have been hydyolysed while the leaf was still on the mothey

plant.

leaves

These styains aye cayyied to the sediment when the

fall and may assist in fuythey cellulose

decomposition.
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In the Ceriops and Rhizophora plots the strains C3 and CL2;

RW2 and RLl respectively were able to grow on cellulose

media. Thus, each species had one strain on the leaves

which could utilize cellulose. This, might explain the

slower rate of decomposition of leaves belonging to the two

species compared to A. marina leaves.

Thus, the rate of decomposition in the mangrove swamp could

have been influenced by the bacteria population on leaf

surfaces, leaf chemistry, duration of exposure (oxygen

tension), activity of microorganisms and the strains of

bacteria involved in the process.

3.3 ACETYLENE REDUCTION RATES.

The rates of acetylene reduction detected in the mangrove

sediment in Gazi Bay ranged

dwlht (Table 11). There

from 0.00-51.47 nmole C2~ Ig

was a significant difference

between the three study sites with respect to the rate of

acetylene reduction (F = 13.533; P < 0.001).

A comparison of mean rates of acetylene reduction in the

three plots revealed that, the Rhizophora

significantly different from the Ceriops plot.

plot was
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However, the Ceriops and Aviccenia plot; and Aviccenia and

Rhizophora plots were not significantly different from each

other with respect to rate of acetylene reduction. The

correlation coefficient between acetylene reduction and the

levels of

significant.

combined nitrates and nitrites was not

Correlation between organic matter content of the sediment

and acetylene reduction in each plot was al••o not

significant. However, other workers in the mangrove

environment observed a significant positive correlation

between nitrogenase activity and the amount of organic

carbon present in the sediment (Hicks and Silvester,

Potts, 1984; Zuberer and Silver, 1978).

1984;

Various studies have been done focusing on nitrogen fixation

in mangrove swamps. Zuberer and Silver (1978) observed

fixation rates ranging between 0.01 and 1.84 nmole C2~ /g

wet weight/h in root free mangrove sediment in Florida, USA.

On a wet weight basis, the rates of acetylene reduction in

Gaz i Bay

sediment/h.

ranged between 0.00

Thus, the values

and 12.59 /g

obtained in this study are

higher than those reported by Zuberer and Silver (1978).
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been due to differences in
environmental conditions in the field since Zuberer and

Silver (1978) carried out their study in Florida, USA where

the weather and even mangrove species may be different from

the weather and mangrove species in Gazi.

There are no studies done, describing zonation of nitrogen

fixation in the mangrove swamp. The only study that came

close to describing zonation of nitrogen fixation in the

mangrove environment was done by Woitchik et al. (1993).

While studying leaf decomposition in Gazi Bay, they observed

that, the rate of nitrogen fixation on decomposing

Rhizophora mucronata leaves was as high as 1200

nmole C2H(g dwt of litter/h. On the other hand, the rate

of nitrogen fixation on decomposing Ceriops leaves in their

native plot was as high as 300 nmole C2H(g

Aviccenia plot was not included in the study.

dwt/h. The

The values

obtained by Woitchik et al. (1993) are many times higher

than the rates of nitrogen fixation obtained in this study.
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The rate of nitrogen fixation on decomposing leaves is

always higher than that of ~he sediment (Potts, 1984). This

might be due to the presence of readily available organic

matter on the decomposing leaves which serve as a source of

energy for the nitrogen fixers ( Hicks and Silvester, 1984).

However, the difference in the rates of acetylene reduction

between the Rhizophora and Ceriops zones observed by

Woitchik et al. (1993), reflect the observations made in

this study. The mean rate of acetylene reduction in the

Rhizophora plot was almost ten times higher than in the

Ceriops plot.

Two factors seem to influence the rate of nitrogen fixation

in the mangrove swamp at Gazi Bay. These are, the organic

matter content of the sediment and the spring-neap tide

cycle. The highest nitrogenase activity was observed in the

Rhizophora plot, where the organic matter content was also

high (25-38%). The Ceriops plot on the other hand showed

relatively low rates of nitrogenase activity and relatively

low levels of organic matter (5.84%). Thus, the difference

in the rate of nitrogenase activity observed between the

Rhizophora and Ceriops plot is most likely the result of the

big difference in the organic matter present in their

sediment.
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The organic matter content in the sediment in the Aviccenia

(8.73/.) and Ceriops (5.84/.) plots was not signi ficantly

different. This may be the reason why the two plots were

not significantly different

acetylene.

with respect to the rate of

The data on acetylene reduction seems to indicate that the

spring-neap tide cycle also exerted some influence on the

nitrogen fixation in the Aviccenia and Rhizophora plot.

Higher activity of nitrogenase was observed in the

Aviccenia plot during spring tides compared to Rhizophora

plot. During neap tides the reverse seems to occur.

Except for 11th February 1993, all the rates of acetylene

reduction observed during spring tides were higher in the

Aviccenia plot than in the Rhizophora plot (Table 11). Thus,

the spring-neap tide cycle might have been responsible for

the lack of

with respect

a significant difference between the two plots

to the rate of acetylene reduction. This was

despite the fact that the Rhizophora plot had higher

of organic matter.

levels
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During spring tides the Aviccenia plot is inundated for the

first time in 15 days. It is possible that the rewetting of

the sediment in the plot may enhance the activity of

nitrogen fixers by altering physical andlor chemical

conditions of the substrate.

Nutrients like ammonia, nitrates and nitrite levels may

accumulate in the Aviccenia plot in the period between

successive spring tide due to accumulation of decomposing

litter.

tides

It has previously been observed that during low

nutrient levels rise in the sediment due to

evaporat ion (Kazungu pers. c omrn r , On the other hand,

Kariuki (1992) reported that the level of nitrogen in water

samples in Lake Naivasha was low (2.20 mg NIl) in the dry

season when the lake level was low. However, in the rainy

season the lake level rose and the concentration of nitrogen

also rose to 5.30 mg NIl. This was attributed to the

drawdown phenomenon whereby, nitrogen which had accumulated

on the lake shores during the period when the lake level was

low, was transferred to the water when the lake level rose.

A similar situation may be existing in the Aviccenia plot in

Gaz i , In the period between successive spring tides, water

does not enter the plot. Thus, decomposing leaves aye left

on the sediment surface where their decomposition ensures

release of ammonium compounds into the sediment.
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The ammonium compounds might raise the concentration of

fixed nitrogen in the sediment which might subsequently

suppress the activity of the enzyme nitrogenase.

During high spring tides, water enters the plot and "draws

down" the nutrients with it as it recedes. This might cause

the high rates of nitrogen fixation observed in the plots

during spring tides. As the water recedes some of the fixed

nitrogen collected in the Aviccenia and Ceriops plot may be

deposited in the Rhizophora plot.

Thus, the the level of fixed nitrogen in the plot might

raise, thereby inhibiting nitrogenase activity as observed

in the Rhizophora plot during most spring tides. However,

these conclusions about how the spring-neap tide cycle may

influence nitrogen fixation in mangrove swamps should be

taken with caution. Environmental factors 1 i ke pH,

salinity, temperature, amount of rainfall,

and the level of organic matter may vary

oxygen tension

in different

sampling dates.

oxygen tension

Some of these factors like pH, salinity and

in the sediment are affected by the tides

(Agate, 1988) . These might affect the rate of nitrogen

fixation in the mangrove

number of nitrogen fixers

swamp by either affecting

or affecting the activity

the

of

nitrogenase enzyme.



Thus, for a clear understanding of the reason why the

acetylene reduction activity in the plots fluctuated as

observed, a thorough investigation needs to be done on all

the factors at the same time.

Apart from the heterotrophic nitrogen fixing bacteria, other

groups of nitrogen fixers have been reported in mangrove

sediment. These include, the Cyanobacteria like

Oscillatoria, Microcoleus and Phormidium;

bacteria like Chromatium and the anaerobic

the phototrophic

nitrogen fixers

(Potts, 1984). The latter includes members of the genera

Desulfovibrio and Desulfotomaculum (Chandramohan, 1988).

In the mangrove sediment, the phototrophic and anaerobic

nitrogen fixers actually play a very limited role in the

Hicksoverall process of nitrogen fixation (Potts, 1984),

and Silvester (1984), observed that nitrogen fixation in

mangrove sediment was not significantly affected by the

availability of light. In their experiment, they observed

that sediment incubated in presence of light fixed 5.1 ~mole

Cz~m2/h, while those incubated in the dark fixed 5.2 ~mole

Cz ~m /h.

dependent

This indicated that the contribution by light-

Cyanobacteria or phototrophic bacteria was not

significant.
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Hicks and

ac t i v i t Y

Silvester (1984) also observed that nitrogenase

in the mangrove sediment was actually depressed

from to 1.8 umole ~4/J /h under

anaerobic conditions. From this, they concluded that the

most of nitrogen fixation in mangrove swamps is done by

aerobic heterotrophic bacteria. It is possible that the

same situation prevails in Gazi Bay.

5.4 NUTRIENT LEVELS IN SAZI BAY.

5.4.1 Concentrat ion of Combined Nd3 and NO 2 in 1;he

sediment.

There was a significant difference between the three plots

with respect to the levels of combined nitrates and nitrites

(F = 9.573; p < 0.001). Correlation analysis between

nitrogen fixation and the concentrations of combined

nitrates and nitrites revealed no significant correlation in

all the three plots.

Various researchers have studied nutrlent levels in wetland

ecosystems. Studies on total nitrogen, NOj, NO 2 and NH3

all over thelevels have been done in several estuaries

world (Cerco, 1981; Kazungu et al., 1985; Kazungu .et al.,

1993; Nedwell, 1973).
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Cerco (1981 ), observed that, concentrations of combined

nitrates and nitrites ranged from 0.35-0.4 ~g NIl of water,

in St James river in Virginia, USA. Kazungu et al. (1985)

observed that the concentrations of nitrates in Tudor creek,

Kenya, ranged between 0.2 and 22.5 ~g NIl in water samples.

In Gazi Bay, Kazungu et al. (1993), observed nitrate

from 0.05-0.30 ~g N~ NIl in waterconcentrations ranging

samples. The concentrations of nitrites in the same period

were 0.05-0.2 wg N~- NIl. It is evident that, most of the

researchers concentrated their work in the water column,

thus very

sediments

1 ittle information on nutrient levels in the

is available. However, mangrove sediments are

reported to have an average of 50 ~g Noj Nil (Chandramohan,

1988). The mean values of combined nitrates and nitrites

obtained in this study are almost 2-2.5 times lower than the

mean value given by Chandramohan (1988). However, sampling

was done for only half the year and we therefore cannot

conclude that this is always the case in Gazi Bay.
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The peak levels of combined nitYates and nitrites occuryed a

week latey than the peak foy nityogen fixation in all the

thYee plots (Fig 8 & 10). Non-symbiotic nityogen fixation

is generally low and the nitrogen fixed usually yemains

locked up in bacteyial cells until the cells die and become

mineyalized. The resultant ammonium compounds can the be

nityified into nitYates and nitrites. Thus, the one week

lag peyiod seems to be the time required foy the death and

mineyalization of non-symbiotic nityogen fixeys and

subsequent nityification of ammonium compounds to nityites

and finally nitYates by nityifying bacteyia.

Rheinheimey (1977); CeYco, (1981) yepoyted that nltYates in

estuarine seuiments including those in mangyove swamp aye

foymed thyough the process of nityification. Ceyco (1981)

obseyved that, the numbey of ammonia and nitrite oxidizeys

in bottom sediment in St. James yiveY ranged between 1~ and

MPN/ml. Thus, n i t v i f i c at i on is common in estuayine

s.u r f ec e sediment CCharrd ramob en , 1988).

owr i ob ser v at ions in Gaz i Bay.

This confiYms ouy

The Rhizophoya plot had a significantly highey yate of

nityogen fixation than the Ceyiops plot. This might explain

the high levels of

i n the f orme r,

combined nitrates and nitrites observed
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The rates of nitrogen fixation between the Ceriops and

Aviccenia plot were not significantly different. This was

.refl ected in the fact that there was no significant

difference between the two plots with respect to the levels

of combined nitrates and nitrites. Thus, the levels of

nitrates and nitrites in each plot seem to be influenced by

the processes of nitrogen fixation followed by

nit r ificat ion.

However, the levels of nitrates and nitrites in any system

are affected by other processes like denitrification,

assimilation by plants and microorganisms and the rate of

nitrification (Chandramohan, 1988) • Thus, it is difficult

to conclude how each of the above factors influenced the

levels of combined nitrates and nitrites in the sediment in

Gazi Bay.

5.4.2 Percentage Lavela of Organic Mattar and Water
sediment.

in the

The forces that influence the dynamics of bacteria

populations in soil and the effects of these populations on

their environment are governed by the physical and chemical

properties of the soil (Alexander, 1977),
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The clay fraction of the soil is the most influential in

terms of microbial effects followed by the silt and sand

fractions in that order.

The organic matter content in the sediment in the mangrove

swamp at Gazi Bay ranged from 3.53-37.171. (Table 15). The

amount of organic matter in the Rhizophora zone was

significantly higher than the level of organic matter in the

Ceriops and Aviccenia zones. However, the =eriops and

Aviccenia zones were not significantly different

other with respect to the levels of organic

from each

matter i.e

Rhi~ophora > Ceriops = Aviccenia. The average water content

in the Rhizophora, Ceriops and Aviccenia plots was 72.841.,

29.951. and 41.191. respectively. Analysis of variance showed

that the three plots were significantly different (F =
203.06; P < 0.001) with respect to the levels of water in

the sediments.

Slim and Gwada (1993) studied the levels of organic carbon

carbon was 15.611. and

same plots.

1.641. for the

The level of organic

Rhizophora and Ceriops

and nitrogen in the

plots respectlvely. On the other hand, the levels of

organic nitrogen were 0.8321. and 0.0881. for the Rhizophora

and Ceriops plots respectively.

studied.

The Aviccenia plot was not
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The levels of organic matter in the Rhizophora and Ceriops

plots observed in the current study agree with the

observations made by Slim and Gwada (1993). This is despite

the fact that in their experiment only the organic carbon

and organic

measured.

nitrogen fract ion of organic matter were

In this study, the organic matter content of sediment in the

Rhizophora plot was almost seven times higher than in the

Ceriops plot and five times higher than in the Aviccenia

plot. There was no significant difference between the level

of organic matter in Ceriops and Aviccenia plot.

The distribution of organic matter in Gazi Bay seems to be

influenced by the grain size of the sediment. Average grain

and Gwada, 1993) .

the Ceriops

A negative

size in the Rhizophora plot

plot it was 256 um (SI im

was 56 ~m and in

correlation exists between organic carbon and the grain size

of the sediment (Alexander, 1977; Alongi, 1988), Thus, the

higher organic matter content observed in

is a result

the Rhizophora

of the smallerplot compared to Ceriops plot

grain size of sediment particles in the former.
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There is no data on the size of sediment grains in the

Aviccenia plot but, field observations showed that the lower

reaches of the Aviccenia

reaches were muddy. Thus,

plot

the

were sandy while the upper

Aviccenia zone in Gazi Bay

can be divided into a sandy Aviccenia and a muddy Aviccenia

areas. The reverse situation is observed in the Ceriops

plot where the lower reaches of the plot are muddy and

contain as much organic matter as is present in the muddy

Aviccenia area.

On the other hand the upper reaches of the Ceriops plot were

sandy. Thus, the Ceriops zone in Gaz i Bay can also be

distinguished into a sandy Ceriops zone and a muddy Ceriops

zone. This situation was probably the reason why there was

no significant difference between the Aviccenia and Ceriops

plots with respect

sediment.

to the amount of organic matter in the

Another factor which cannot be ignored is that of

sedimentation of

overlaying water

particulate organic matter (POM) from

in the swamp. Chapman (1976) noted that

the high density of plants and pneumatophores in mangrove

swamps enhances the sedimentation of organic matter

overlaying water.

from
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1~?

likely that the highest rate of

sedimentation was in the Rhizophora plot compared to either

Aviccenia or Ceriops plot. This is because seawater

carrying particulate organic matter passes the Rhizophora

plot before reaching the other two plots. Thus,

prop root denslty in the Rhizophora plot (Plate 3)

the high

is likely

to enhance the sedimentation of most of the load being

carried by the seawater. This might have contributed to the

high levels of organic matter in the plot. This is

supported by the fact that most of the litterbags in the

plot were seen to be buried under mud after two to three

weeks in the field.

There was a significant correlation between the levels of

organic matter and water content of the sediment in each

plot (r = 0.837, 0.887 and 0.615 for the Rhizophora, Ceriops

and Aviccenia plots respectively; P < 0.05). Thus, in the

Rhizophora plot, the percentage organic matter content was

high and subsequently the water content of sediment was also

high. On the other hand, the Ceriops plot, with a lower

organic

content.

matter content also had a lower percentage water
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5.5 CHARACTERISTICS O~ BACTERIA ISOLATED ~ROM GAZI BAY.

Characteristics of dominant heterotrophic bacteria isolated

from Gazi Bay using nutrient agar are given in Tables 1 ,2

and 3. The possible identities of the isolates were

determined using various identification keys and tables

(Austin, 1988; Kerr , 1985; Starr et al., 1981),

5.5.1 Gram Positive Cocci (A2, AW3, ALl, AL2, Ri, R2,

RL2, RL3, CWi and CL2).

RWi,

Majority of the heterotrophic bacteria isolated in Gazi Bay

fell into this group. All the gram positive spherical

shaped bacteria except strains RL2 and RW1 were small in

size (diametre ~ 0.285 pm).

About half of the isolates were oxidase negative except,

strains A2, AW3, RL2, R2 and RL3 which were oxidase positive

(Tables 1 2 and 3). On the other hand, strains R1, R2,

RW1, CL2 and CWl could ferment glucose. St r a i n R 1 c ou 1 d

ferment glucose producing acid and gas while the rest

yielded only acid. The ability to ferment glucose is a key

factor in distinguishing between strains of gram positive

cocci (Schleifer et al., 1981).
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Thus, the eleven strains were split into those strains which

could ferment glucose (Rl, R2, RW1, CL2 and CW1) and those

which could not (A2, AW3, ALl, AL2, RL2 and RL3) . The

genera Micrococcus, Staphylococcus and Streptococcus are the

main gram positive cocci present in the environment

(Mitruka, 1975). The three genera are usually distinguished

on the basis of ability to ferment glucose. Staphylococcus

and Streptococcus strains usually ferment glucose but

Micrococcus species are unable to ferment glucose(Schleifer

e=-t.::....---=a:.;l_., 1981 )• Thus, those strains which were unable to

ferment glucose closely resembled members of the genus

Micrococcus.

All the eleven strains except R2 were catalase positive.

Hill (1981) and Mitruka (1975) reported that members 0 f the

genus Streptococcus are the only Gram positive coccoid

bacteria that lac k catalase. However,

reported

confused with Streptococcus (Hill, 1981).

some catalase

which may be

Therefore, the

negative Micrococcus have been

ability to ferment glucose by strain R2 distinguishes this

strain from any Micrococcus spp that may be catalase

positive. Thus, strain R2 closely resembled members of the

genus Streptococcus. The other strains (Rl, RW1, CL2 and

CW1) which could ferment glucose and were catalase positive

closely resemble staphylococcus (Kerr, 1985).
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However, further studies are necessary before the true

identity of these strains can be established. The genera

Staphylococcus and Micrococcus have been reported in the

marine environment (Chandramohan, 1988; Bottler, 1977) while

the genus Streptococcus has not been reported in the marine

environment.

The eleven strains could have played various roles in the

decomposition of mangrove litter. All the strains except A2

and CL2 could have assisted in protein hydrolysis as they

were able to hydrolyse gelatin (Tables 1 2 and '3).

Strain A2, CW1, CL2, RW1, R1 and R2 which could hydrolyse

starch probably participate in decomposition of

carbohydrates present in the litter.

Strains ALl, AL2 and CL2 could all grow on cellulose media

and probably participate in cellulose decomposition

swamp. Cellulose forms the bulk of plant material

in the

hence

these three strains may have an important role to play in

the process of decomposition. Indeed, strains ALl and AL2

which were dominant in Aviccenia marina leaves could

probably have been responsible for the high rate of

decomposition of A. marina leaves observed in Gazi Bay.
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5.5.2 Gram Positive Rods (A3, AW2, CL1, RL4, RL1, RW2 and

CW2).

The Gram positive rod shaped bacteria were second in

abundance in Gazi Bay. All the strains lacked spores. All

the strains except RL1 and CW2 were catalase positive.

Strains RW2 and AW2 could ferment xylose and lactose

respectively. Strain RL1 and CW2 which are catalase

negative closely resemble Lactobacillus (Barksdale, 1981),

but both strains were motile and failed to ferment glucose.

All known species of Lactobacillus can ferment glucose and

lac k motility (Barksdale, 1981). There are some catalase

negative mutants in the Genus Corynebacterium (Barksdale,

1981). However, identification of the Gram positive rod

shaped bacteria could not be established. More advanced

techniques of identification are necessary before these

strains can be assigned to any of the known genera.

Subsequently, the Gram positive non-spore forming rod shaped

bacteria isolated in Gazi Bay could either belong to the

genus Corynebacterium, Propionibcterium. Brevibacterium,

Cellulomonas, Norcadia, Mycobacterium or Microbacterium.

All these genera are Gram positive non-spore forming rod

shaped bacteria which are sometimes referred to as the

c o r yrre f o r n, bacteria (Barksdale, 1981 ; Goodfellow and

M inn ikin, 1981).
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Seveyal yoles could pyobably be played by the seven stYains

of Gram positive non-spore forming rod shaped bacteria

isolated in Gazi Bay. Strains C2, CW2, CLl and RW2 could

hydrolyse starch and pyobably assited in the decomposition

of carbohydYates. StYains AW2, C2, RLl, CW2, RL4 and RW2

could hydrolyse gelatin and pyobably participate in protein

hydrolysis. Strains RLl and RW2 could grow on cellulose

media and may be impoytant in decomposition of cell ul ose

which makes up the bulk of plant material.

5.5.3 Gram Negative Rods (AWl, Ai, Cl and C3).

Only fouy stYains of Gram negative yod shaped bacteyia weye

isolated in Gazi Bay. Strains Cl and C3 were both oxidase

negative, while AWl and Al weye oxidase positive. StYain

AWl could hydyolyse gelatin and closely resembles the genus

Pseudomonas (Key y , 1985) although it was non-motile and

could not reduce nitYates.

Strain Al failed to hydyolyse gelatin and resembles members

of the genus Alcal igenes (Ke rr , 1985), but did not show an

alkaline reaction with Simmon's Citrate Agar.
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Strains Cl and C3 were both oxidase positive, motile and

could ferment glucose and closely resemble members of the

genus Proteus (Kerr, 1985), but could not reduce nitrates.

At this stage it is futile to allocate the Gram negative rod

shaped strains to any specific genus as additional tests

need to be done.

The four strains of Gram negative rod shaped bacteria could

play several roles in decomposition in the mangrove swamp.

Strains Cl and C3 which hydrolysed starch probably takes

part in carbohydrate decomposition. Strains C3 and AWl

which could hydrolyse gelatin and Cl which could hydrolyse

urea probably take part in protein hydrolysis. Strains C3

and AWl showed cellulolytic activity and were probably

important in decompOSItion of cellulose present in mangrove

litter.

5.5.4 Effect of Bacterial
Rates.

Characteristics on Decomposition

The majority of heterotrophic bacteria in the mangrove swamp

at Gazi Bay were Gram positive spherical shaped bacteria.

These were followed in predominance by the Gram positive rod

shaped bacteria. Thus, the decomposition process in the

mangrove swamp may

bacteria isolates.

largely be due to these two groups of
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Most of the strains isolated from Gazi Bay were catalase

positive (Table 1, 2 and 3) suggesting that they were either

aerobic or facultative anaerobes. Thus, they could use

oxygen as their terminal electron acceptor without suffering

the adverse effects of hydrogen peroxide.

Important characteristics studied which

decomposition in the swamp include, cellulose

relate to

utilization,

starch hydrolysis and gelatin hydrolysis. Cellulose and

starch form a large part of the plant cell constituents.

Thus, the presence of bacteria strains which can hydrolyse

these substrates may point at the relative utilization of

those substrates in the three plots in the mangrove swamp.

The strains in the Ceriops plot except Cl could all

hydrolyse starch. However, starch utilization does not seem

to be important in influencing decomposition. This is

because, the Ceriops plot which had more starch hydrolysing

bacteria (Tables 1, 2 and 3), had the lowest rates of

cellulose and leaf decomposition compared to the Aviccenia

and Rhizophora plots.

utilize cellulose may

The ability by some strains

have caused the differences

to

in

decomposition rates observed in Gazi Bay. The Aviccenia

plot which had 3 strains (ALl, AL2 and AL3) that were able

to grow on cellulose media also had the higher rates of leaf

and cellulose decomposition.
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The Rhizophora and Ceriops plots each had two strains that

could grow on cellulose media and these may partly be

responsible for the lower rates of leaf and cellulose

decomposition observed in the two plots.

5.6 SUMMARY.

The study in Gazi Bay, revealed that the numbers of aerobic

heterotrophic bacteria in the Aviccenia, Ceriops and

Rhizophora plots were not significantly different during the

experiment period. The numbers of anaerobic heterotrophic

bacteria were significantly

dates but not in others.

different in certain sampling

The numbers of aerobic

heterotrophic bacteria observed in water collected from the

Rhizophora plot, were significantly higher than those

Numbers ofobserved in the Ceriops and Aviccenia plots.

nitrate reducing bacteria in the sediment were also

significantly higher in the Rhizophora plot compared to the

other two plots. The Rhizophora plot had the highest rate

of nitrogen fixation, while the Ceriops plot had the lowest.

Cellulose and leaf decomposition was faster in the Aviccenia

plot,

order.

followed by the Rhizophora and Ceriops plots in that
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The differences in decomposition rates observed in the three

plots are not due to size of the bacteria population, but

may be due to an interaction of several factors. The most

important factors seem to be, the activity of the

heterotrophic bacteria, environmental factors especially

aeration (exposure) and the species diversity of the

bacteria involved.

Majority of the bacteria involved ln decomposition in Gazi

Bay were Gram positive cocci. The leaf texture and bacteria

population on the leaf surface may also have contributed to

the differences in leaf decomposition rates.

5.7 RECOMMENDATIONS.

From the current study, it is recommended that:

1. Bacteria strains in the mangrove swamps should be

isolated and identified

techniques

accurately

like numerical

using modern

iden t i ficat ion

chemotaxonomy.

taxonomy and

This is important but could not be achieved

in this study as it was beyond the scope of this work.

2. The role of fungi and possibly actinomycetes in

decomposition of mangrove litter should also be investigated

since a number of fungal colonies were observed in the media

during this study.
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3. The process of nitrogen fixation in the East African

The strains ofmangroves needs thorough investigation.

bacteria involved need to be isolated and identified and the

effect of the spring-neap tide cycle on the rate of nitrogen

fixation be thoroughly investigated.

4. The effect of seasonal variation on the following

variables should be studied.

(i)

(i i )

Decomposition of leaves of different mangrove species.

Bacteria numbeys.

(iii) Nutrient levels.

(iv) Rate of nitrogen fixation.

5. Decomposition experiments need to be done on othey

mangrove species like Bruguiera gymnorrhiza and Sonneratia

alba which form a sizable pyoportion of the mangroves in

Gazi and on the Kenyan coast.
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APPENDIX I.
TAble 5. Average number of aerobic heterotrophic bacteria (cfu/g dwt
sediment) in the Aviccenia, Ceriops and Rhizophora plot in Gazi Bay.

P L 0 T S

Date Av i cc en i e Ceriops Rhizophora

27-10-92 1.20 X 108 4.70 X 108 1.40 X 108

01-11-92 7.98 X 107 5.79 X 107 1.16 X 108

07-12-92 2.18 X 108 4.78 X 107 2.01 X 108

15-12-92 2.14 X 107 1.59 X 107 4.77 X HF

19-01-93 1.38 X 107 7.44 X 106 1.69 X 107

26-01-93 2.16 X 107 4.37 X 107 3.91 X 107

11-02-93 3.73 X 107 1.38 X 107 1.09 X 107

26-02-93 1.08 X 108 1.92 X 107 4.22 X 107
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TAbl. 6. Average number of aerobic heterotrophic bacteria (ctu/m}> in
water collected from the Aviccenia, Ceriops and Rhizophora plots in Gazi
Bay.

P L 0 T S

Date Aviccenia Ceriops Rhi eopho re

13-10-92 5.84 X 10/5 2.78 X 10/5 8.90 X 106

27-10-92 6.80 X 106 2.33 X 106 7.23 X 106

07-12-92 - 6.10 X 104 8.67 X 105

15-12-92 6.67 X 105 2.59 X 106 1.40 X 106

19-01-93 - 7.60 X 105 8.83 X 106

26-01-93 - 2.90 X 1105 7.15 X 105

11-02-93 8.47 X 105 4.13 X 104 3.43 X 105
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T~bl.7. Average number of anaerobic heterotrophic bacteria (cfu/g

dwt) in sediment in the Aviccenia, Ceriops and Rhizophora plots in Gazi

Bay.

P L 0 T S

Date A'viccel1ia Ceriops Rhizophora

13-10-92 1.44 X 108 1.82 X 108 1.74 X 108

2-7-10-92 1.36 X 108 3.43 X 1137 2.28 X 107

01-11-92 2.77 X 107 1.513X 107 2.32 X 107

07-12-92 1.19 X 108 1.97 X 107 6.11 X 107

15-12-92 3.08 X 107 2.00 X 106 8.80 X 1136

19-01-93 1.38 X 107 7.45 X 106 1.69 X 107

26-01-93 1.00 X 1137 1.132 X 1137 1.135 X 107

11-02-93 8.20 X 106 1.01 X 1137 8.53 X 106
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B. Average number of aerobic . l.heterotrophlc (etu/cm) on leaves

belonging to Avieeenia marina, Ceriops tagal and Rhizophora mueronata in

Gazi Bay.

._-
LEA V E S

Date Aviccenia Cadops Rhizophora
. -- -

13-10-92 9.29 X 103 2.00 X 102 2.96 X 10·

27-10-92 6.89 X 103 1.39 X 103 1.73 X 103

01-11-92 2.10 X IOS 2.00 X 102 4.00 X 102

07-12-92 1.03 X 10· 2.00 X 102 1.21 X 10·

15-12-92 1.09 X 10· 5.73 X 102 3.32 X 10·

19-01-93 9.73 X 10S 5.33 X 102 1.42 X 105

,

11-02-93 6.23 X 103 2.67 X 102 7.53 X 103

->---- ._-
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Tilbl. 9. Average number of nitrate reducing bacteYia (cells/g dwt) in

sediment in Gazi Bay.

----
P L 0 T 5

Date Aviccenia Ceriops , RhizophoY'a

13-10-92 4.33 X 103 3.89 X 103 8.83 X 103

I

I
I
I

9.50 X 10327-10-92 3.90 X 103 1.70 X 10 J I
I
I
I

01-11-92 2.37 X 102 1.74 X 103

I
5.00 X 102

103 102
I

4.94 X 10307-12-92 2.18 X 8.99 X I

I .
2.42 X 103 1.38 X 103

,
6.93 X 10215-12-92

26-01-93 4.20 X 103 3.61 X 103 9.21 X If1

11-02-93 3.70 X 103 3.32 X 103 7.06 X la
~,,,~~
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TAbl. 10. Decomposition of cellulose in the Aviccenia, Ceriops and

Rhizophora plots in Gazi Bay expressed as i. dry weight loss from filt&r

papers.

P L 0 T 5

Duration Aviccenia Ceriops Rhizophora
(days)

0 0 0 0

4 12 s 12

12 39 ! 10 23

20 62 20 30

28 92 11 72
I

34 81 16 65 I
I

69 98 16 74
------
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TAble 11. Aver-age r-ates of acetylene r-eduction activity <nmole C2H./g

dwt/h) in sediment collected in the Aviccenia, Cer-iops and Rhizophor-a

plots in Gazi Bay.

P L 0 T S

Date Av icoen i e Ceriops Rhizophora

13-10-929 3.808 0.925 3.687

27-10-92Q 1.434 0.861 0.000

01-11-92bn 2.176 1.103 2.292

07-12-92n 15.174 1.287 51. 472

15-12-929 2.731 0.701 1.016

19-01-93n 0.410 0.836 3.653

26-01-931:>101 0.671 0.007 1.961

11-02-938 0.450 0.220 2.198

where:

a = spring tide; n = neap tide; ba = one day to spring tide

and bn = two days to neap tide.
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T.bl. 12. Decomposition of Aviccenia. CeYiops and Rhizophora leaves in

their native plots expressed as percentage dry weight 1055 in a given

period of time.

-
P L 0 T S

Duration Aviccenia Ceriops Rhizophora

(days)

0 0 0 0

4 12 2 10

12 44 22 32

20 43 43 52

28 49 42 51

34 46 26 54

47 58 49 57

69 - 46 59
-- -.--- -
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Tilbla 13. ConcentTat ions of combined Noj and NO i (J{g-NIl) in

sediment collected from the Aviccenia, Ceriops and Rhizophora plots.

P L 0 T s -----1
=

Date Aviccenia Ceriops Rhizophora

13-10-92 6.58 5.10 5.76

07-12-92 19.09 29.02 69.54

15-12-92 53.39 69.48 113.92
-

19-01-93 15.86 5.35 8.18

26-01-93 15.49 5.81 6.86

11-02-93 4.30 6.64 8.30

22-02-93 1.43 1.31 1.15
- -------- ------------ ------------- -----------
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TAbl. 14. Percentage water content recorded in the sediment collected

fro~ the Aviccenia, Ceriops and Rhizophora plots in Gazi Bay.

- - - ..._----
I

P L 0 T S I
Date Aviccenia Ceriops Rhizophora

13-10-92 44.60% 32.95% 72.69%

27-10-92 38.68% 32.40% 74.70%

01-11-92 38.76% 34.67% 74.27%

07-12-92 42.10% 25.67% 73.69%

15-12-92 44.67% 27.98% 69.37%

19-01-93 40.10Y. 27.40Y. 76.36Y.

11-02-93 39.56% 28.78% 68.85Y.
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Tabl. 1~. Percentage organic matter in sediment in the Aviccenia

Ceriops and Rhizophora plots at Gazi Bay.

P L 0 T S

Date. Aviccenia Ceyiops RhizophoYd
,

-

13-10-92 9.18~ 6.75~ 29.95~

27-10-92 6.47~ 5.60~ 34.60~

01-11-92 I 11.87'l. 8.57~ 37.I7'l.

07-12-92 8.06~ 3.53~ 28.14~

15-12-92 9.29~ 5.60~ 25.34~

19-01-93 8.27~ 5.53~ 35.92~

11-02-93 7.97'l. 5.23~ 25.37'l.

A _IVE


