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Abstract

The recovery towards a natural state of a restddeidophora mucronata mangrove
ecosystem was investigated by assessing the sedphgsical characteristics, densities,
community composition and diversity of benthic ntaendofauna and meio-endofauna
from a natural, a 10 years reforested, a 5 yedmsested and a degraded (clear felled)
mangrove ecosystem. The natural forest was usedreference (baseline state) while the
degraded site was to provide information on theat$f of mangrove degradation on macro-
endofauna. Samples for sediment physical charatitsriand macro-endofauna were taken
using a 6.4 cm diameter corer while meiofauna amatode samples were taken using a
3.2 cm diameter corer. Nematode extraction was dgneentrifuging using Magnesium
Sulphate (MgSg) solution. There were significant differences (AM& p < 0.05)
between the study sites in Total Organic Matter N)Owith the natural site recording the
highest TOM levels (53.6 %). The 10 years refokssée was characterised by a
significantly higher (72.9 %; ANOVA, p < 0.05) g¢dtay fraction than the other sites. The
natural site recorded significantly higher macrole@iauna densities (27,469 + 11,189 Ind.
/m?) than all the other sites (ANOVA, p < 0.05). Olifp@eta was the dominant macrofauna
taxon in the natural and the 10 years reforesttss,swwhile Polychaeta and Nemertina
dominated the 5 years reforested and the degraidsdaspectively. The natural and the 10
years reforested sites recorded significantly higffeNOVA, p < 0.05) meiofaunand
nematode densities than the 5 years reforestednendegraded sites. Nematoda was the
dominant meiofauna taxon in all the study sitesthBthe natural and the 10 years
reforested sites were characterised by high dessiti the nematode gendrerschellingia

and Pierickia, respectively, while the degraded site was dorathaby the genera
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Metachromadora. The index of Trophic Diversity (ITD) was low idl aites indicating that

all nematode trophic groups were represented imstisimilar proportions in all the sites.
PCA and nMDS analysis together with ANOSIM usingisent physical characteristics
and macro-endofauna taxa composition, respectigdye a clear separation of all the
sites. However, no separation of the natural apdlthyears reforested sites was observed
based on meiofauna and nematofauna community atsgesb This shows that macro-
endofauna is more sensitive to habitat modificatjceend therefore, a better indicator of
ecosystem recovery since the densities and comynaoitnposition are not yet fully
established to the natural state even after 10syefareforestation. Inorder to understand
the main source of organic matter (detritus) sufppgpmeiobenthos re-colonisation of the
reforested sites, a field experiment was donesuigi mangrove leaves, sea grass leaves
and diatoms as different food types. ANOSIM on rfaioa and nematode community
composition gave a clear and significant separgfior 0.5) of mangrove leaf litter from
all the other food types, showing that mangrovélitar is the preferred source of detritus
compared to sea grass and diatoms, for meiofauthénwhe studied mangrove ecosystems.
This study shows that mangrove degradation leadalterations in sediment physical
characteristics, drastic declines in benthic-englmdadensities and changes in community
composition. It is also evident that mangrove dsierganic matter is the preferred source
of detritus and greatly influences recolonisatioh restored mangroves by benthic—
endofauna. It further shows that the reforestedgrame ecosystems are evolving slowly
towards ecosystems that are ecologically similatth® natural forests. However, the
recovery may take more than 10 years before baillg fealised as evidenced by the

differences in TOM, macro-endofauna densities andmunity composition between the
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natural and the 10 years reforested sites. Thdtsesiuthis study have clearly shown that
artificial mangrove reforestation programmes shdaddnitiated, encouraged and increased
since they lead to recovery of the forest as weth& benthic community. This will lead to
sustainability of the economic goods, ecologicalvises and ultimately biodiversity
conservation. From the results of this study, itasommended that alternative building
materials and energy sources like establishmenCasuarina plantations should be
explored to reduce pressure (clear felling) on mawes, which ultimately leads to
deleterious effects in the benthic community. Thsralso need to analyse which aspect of
the benthic community (density, community structarediversity) is the best indicator of

the recovery of the once degraded mangrove eceosyste

Key words: Mangrove ecosystem, macrofauna, meiofauna, nematodes, recolonisation,

ecosystem-restoration
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CHAPTER ONE

Introduction and Literature Review

1.1 Introduction

Mangrove trees are a combination of woody trees smdbs found in the tropics and

subtropics along sheltered coastlines, which fikfuin mangrove habitats. Mangrove

habitats or mangals (=mangroves) are periodicallyndated by sea water with rise in

tides. Therefore, mangrove trees grow in substréitas are more or less permanently
water logged, unstable and anoxic, whose salihigtdates and may be as high as that of
the open sea or even higher. Since mangroves grehaltered tropical depositional and

saline environments, the plants are exposed toesabnditions causing an expenditure of
energy to conserve water (Hogarth, 1999). Therefarangroves and the associated
vascular plants have xeric and halophytic adaptatizhich enable them survive in

anaerobic, saline and frequently waterlogged seasn@®awes, 1997).

According to Lugo and Snedaker (1974), mangrovesbeaclassified as coastal fringes,
overwash islands, riverine, basin, hammock and feeanmunities. Fringing mangroves
occur along protected or sheltered shorelines, evbVverwash mangroves are low
intertidal islands. Riverine mangroves occur alongrs and streams and often extend
some distance inland. Mangrove trees are usualfje$a in riverine forests due to the
availability of freshwater, nutrients and sedime(ttogarth, 1999). Basin mangroves
occur in depressions or basins behind fringing mares or berms, and are connected to
freshwater streams and coastal waters by tidalksreSince they are inland, basin

mangroves tend to be smaller and have a more trfitea due to fluctuations in salinity



and prolonged periods of tidal exposure (Lugo & d&aker 1974). Dwarf mangrove
communities occur where abiotic conditions are sedele to limited exchange of water,
which results in low nutrient levels, increasedisesht salinities due to evaporation and
water logging. Hammock mangroves occur in inlaogital wetlands and are isolated by
freshwater. In sub tropical areas, hammock mangrovay be replaced by salt marshes

due to low temperatures or frost (Lugo & Snedak8r4).

True or exclusive mangroves are those which onbuoe the mangals, or only rarely
elsewhere. Additionally, mangrove associates cosepai large number of plant species
which typically occur on the landward margin of tmangal, and often in non-mangal
habitats like coastal rain forests, salt marshebwtand fresh water swamps. Several
epiphytes like creepers, orchids, ferns which catolerate saline conditions, only grow

high up in the mangrove canopy (Hogarth, 1999).

Globally, mangrove forests cover about 181,00098, B18 km, although restricted to
(sub) tropical coastal areas (Spalding et al., 1989langroves can grow on sand, peat,
rock and coral substrates, though the most luxufiarests are associated with muddy
sediments found in deltaic coasts, lagoons andgaéstuarine environments. Climatic
factors play a critical role in influencing the gld distribution of mangroves, such that
mangroves are almost exclusively tropical. Theioggaphical range or distribution is
limited by temperature and although they can sendir temperatures as low as®,
they are intolerant to frost. Mangroves distribaticorrelates closely with sea surface

temperature such that they are delimited by theewiposition of the 26C isotherm.



Consequently, the number of species tends to dezras this isotherm is approached

(Hogarth, 1999).

Mangroves have been described as both sinks andesoaof nutrients under different
situations. They offer many diverse habitats whidbgether with biochemical
interactions, lead to an effective recycling of ematls and the transformation of
substances. Energy flow through mangrove ecosystsmmiainly through detrital
breakdown by a variety of detritivores and micrbkd@composition pathways. This
makes mangrove ecosystems to play an importaniasotlee interface between land and
the aquatic environment. Thus, any significantratten in the integrity or function of
mangrove forests affects the fauna and flora with@se ecosystems, and also results in a

similar alteration of the adjacent ecosystems (Bixerg et al., 1998; Hogarth, 1999).

Mangroves are among the most productive ecosystrdsprovide a wide range of
goods and services. Mangrove ecosystem goods eugrducts which can be extracted
from mangrove forests for direct or indirect humaiisation. These include seafood,
timber, honey, fuel wood and medicines among othExosystem services are the
processes and conditions through which mangroveystems and the associated fauna
and flora support human needs (Daily, 1997). Thseseices include nutrient recycling,
sediment accretion and moderation of hydrologicalcesses, which are indeed life
supporting functions. Robertson and Alongi (1992pvjple a detailed review of
mangrove ecology, while Snedaker and Snedaker [16B4 a detailed account of

research methods for studying mangrove ecosystems.



1.2 Literature Review

1.2.1 Value of mangrove ecosystems

Mangrove forests are precious resources for malgpkio-economic and ecological uses
and cover vast areas of the world’s coastlinesldFiE999). They provide a nutritional
base for a range of related fauna and a struchasé¢ for microhabitats used by other
communities (Lee, 1998; Macintosh et al., 2002hadecological functions of mangrove
ecosystems include: increasing species richnesforamibdiversity in estuarine and
nearshore areas and acting as nursery groundsifimug marine fauna. Similarly, they
are also characterised by high organic productimh @&t as nutrient traps, a function
which reduces nutrient loads into the ocean wategace fostering the growth of sea
grasses and corals. Additionally, mangroves plagiain shoreline stability by reducing
excessive erosion (Hogarth, 1999; Alongi, 2002)eréhare a variety of traditional
products extracted from mangrove trees. These de¢ltannins used for coating and
preserving wood, nets and other fishing gear amagdyf clothes. Honey and a variety of
traditional medicines are also extracted frémcenia marina in some areas (Alongi,
2002). Similarly, provision of livestock fodder halso been reported in several countries

like Pakistan (Hogarth, 1999).

1.2.2 The mangrove community

A mangrove community not only consists of the adsage of trees which are
physiologically adapted to thriving in saline/brastk water, but also the heterogeneous
community of organisms living in, on or around timangrove trees and within the

substrate. This community depends on the mangmmes tfor attachment, shelter or



nutrients supply (Hogarth, 1999). The mangrove &wommunity can be conveniently
categorised as benthic, nektonic or planktonic ddipg on the areas they customarily
inhabit. Those living on, in or near the sedimentay time during their life history
constitute the benthos. Benthic organisms (= bex)trepresent a major component of the
mangrove environment, and are normally divided itlieee functional groups; the
infauna or endobenthos living within the benthibstsatum, epibenthos living on or near
the surface of the substratum and hyper-benthogyljust above the substratum, but still
being dependent on the substratum for shelter egdirig Benthic organisms can also be
classified based on differences in sizes (MarbR971 Pohle, 2003) as macrobenthos
(=macrofauna; greater than 1mm) and include oligetds, polychaetes, crustaceans and
molluscs. Meiobenthos (=meiofauna) are smaller HEntof intermediate size ranging
between 38 um and 1mm and mainly comprise nematad@éscopepods. This study
focuses on the infaunal macrobenthos (> 1 mm) aeidenthos (between 38 um and
1 mm) of Rhizophora mucronata mangrove ecosystems. In most benthic ecosystem
types, nematodes are the dominant meiofauna grodipeppresent 90 to 95 % of the total
meiobenthos (Giere, 1993). Benthic organisms boEakn organic matter and act as a
food source for many higher trophic levels mainkrtebrate species. They are also
useful as indicators of environmental quality dadheir varying levels of sensitivity to

environmental degradation (Watson, 2003).

1.2.3 Macrofauna of mangrove ecosystems
Mangrove macrofauna are an important and integoahponent of the mangrove

ecosystem (Macintosh, 1984; Ngoile & Shunula, 19@back, 2001) and play a role in



determining the structure and functioning of thesystem (Schrijvers et al., 1995; Lee,
1998). Among the dominant macrofauna in numbersspadies are the crustaceans and
molluscs (epifauna), oligochaetes and polychadatdaupa) which form an important
link between mangrove detritus at the base of tagrove food web and the higher
consumers including birds and commercial fish sgge¢Macintosh, 1984). Macrofauna
modify the physical environment and vegetationatrre of mangroves through feeding
and burrowing activities. Therefore, their diveysitay reflect the status and functioning
of mangrove ecosystems and serve as potentialdidalloindicators of habitat change
(Fratini et al., 2004). Sesarmid crabs and thergpstl molluscTerebralia palustris, are
known to play an important role in mangrove ecamyst through litter degradation,
which initiates and enhances the detrital based fwebs by shredding the litter and
releasing finer faecal material (Lee, 1997; Slinalet1997; Fratini et al., 2004). Through
the burrowing and feeding activities of these largeacro-invertebrates, large
proportions of organic matter production (mangrdgaves) are recycled within the
forest. This initial retention of production redscédal export from the mangroves
(Hogarth, 1999). Other important detritovores ire tmangrove ecosystems include
sipunculids and polychaetes (Schrijvers et al.,5)9%hrimps and penaeid prawns
(Ngoile & Shunula, 1992; Sesakumar et al., 1992) fash, of which the juvenile stages

are prominent detritivores of the aquatic community

1.2.4 Meiofauna of mangrove ecosystems
Meiofauna (=meiobenthos) are an assemblage of mobil hapto-sessile benthic

invertebrates which are distinguished from macrt®s by their small size. The size



boundaries of meiofauna are based on standardisst midth of sieves with 1000 pm
as upper and 42 um as lower limits. Thus all berfduna passing the coarse sieve (1000
pm) but retained by the finer sieve (42 um) dusigying is considered as meiofauna.
However, deep sea meiobenthologists use a lowet im32 um so as to retain the
smallest meiofaunal nematodes (Giere, 1993). Inctiveent study, a size boundary of
1000 pm and 38 um was used, which is the commoseyl size range for studying

meiofauna of mangrove ecosystems (Giere, 1993).

Meiofauna occur in all types of marine sedimentd accupy a wide variety of habitats.
Mangrove meiofaunal groups include; nematodes, dwdiqnid copepods, turbellarians,
gastrotrichs, kinorhynchs, amphipods, isopods asedt larvae among others (Giere,
1993). Nematodes usually dominate all meiofaunapsssnboth in abundance and
biomass, and represent the most frequent metazbmanweiofauna samples, 90 to 95 %
of individuals and 50 to 90 % of biomass are usuaibde up of nematodes (Giere,
1993). All free living nematodes are of meiobentie. In contrast to the macrofauna,
their role in the breakdown of organic material amdhe production of detrital material
is less well understood. However, evidence exi$ttheir importance in recycling of
nutrients hence enriching coastal waters to supmparine benthic production (Fechel,
1970; Chinnadurai & Fernado, 2007). The wide ramjefeeding types found in
meiofaunal groups enables them to occupy sevesphitt levels, which coupled with
their relatively high densities, enhances the floiwenergy in the detrital system (Dye,

1983a). Meiofauna are preyed upon by the juverofea large number of fish species



(Gee, 1989) and benthic macrofauna including shsjmprabs, polychaetes and

gastropods (Olaffson & Moore, 1990).

1.2.5 Benthic fauna and impact assessment
Benthic organisms, especially sediment infauna,ehfor a long time been used as
bioindicators for water and sediment quality conttnd impact assessment because of
their sedentary life styles. Bioindicators are dlembion of organisms which give
information about the environmental state, witheeffvariable being their presence or
absence, population dynamics like abundance, diyeasd age structure. Bioindicators
are essential tools for monitoring the state of aogsystem since they inform managers
and policy makers of the effectiveness of strategieachieving ecosystem sustainability.
They are useful in coastal zone management as rtfey provide early warning of
pollution or degradation of an ecosystem, alertimgnagers on mitigation of impacts
before critical resources are lost. They also helpasses synergistic or additive
relationships among impacts since most coastalystarss are affected by a combination
of impacts (Linton & Warner, 2003). Examination leénthic community structure and
function is a valuable tool for evaluating the citioth of benthic habitats, monitoring
rates of recovery after environmental perturbatiang for providing an early warning of
developing impacts to any ecosystem (Bilyard, 198F3EPA (2002) cites several
advantages of monitoring benthic infauna to deteenthe overall aquatic community
health. These include;

a) Benthic infauna are typically sedentary and aretetfore, likely to respond to

local environmental impacts.



b) Benthic infauna are sensitive to disturbances odbitab such that the
communities respond fairly quickly with changesspecies composition and
abundance.

c) Benthic infauna are important components of thedfahain and often
transports not only nutrients but also toxicantthrest of the system.

d) Monitoring benthic infauna provides dan situ measure of relative biotic
integrity and habitat quality.

e) Among the biota, which is typically investigatedr fonpact assessment,
benthic infauna has the largest supporting database

f) Many benthic organisms are resident year round, naterally abundant,

diverse and most are not fished or intentionallyatged by man.

Due to their association and dependency on themssdary biotope, their high
abundance, their exclusively sessile lifestyles fetagic life stage for dominant taxa)
and short generation periods, meiobenthos (=menafalnave been widely used to
determine the effects of disturbances in aquatisrenments (Coull & Chandler, 1992;
Schratzberger & Warwick, 1998). Their short gerieraperiods, coupled with small
sizes, implies that meiofauna can be maintaineshall volumes of sediment such that
changes in community structure can be analysedant-serm mesocosm experiments
(Warwick, 1988a). A range of literature exists whssesses the effect of disturbances
by different kinds of pollutants on meiofauna (Go&lChandler, 1992; Austen et al.,
1994). Many other studies have focused on the tsffet biological disturbances by

macrofauna on meiobenthos (White et al., 1980;f€daf & Elmgren, 1991; Olaffson et



al., 1993; Schrijvers et al., 1997). The impactsnatcrofauna on meiofauna can be direct
through predation and competition or indirect tlgioburrowing, movement and creation
of sediment biotic structures like tubes. Physhalogical disturbances like burrowing
causes sediment resuspension which leads to sedimstability and changes in
sediment chemistry by affecting the Redox Poteiffalsten et al., 1998). The effects of
physical disturbance depend on the nature of thirdhiance, the disturbance frequency
and intensity. In some microcosm experiments, Szbeager and Warwick (1998) found
that nematode assemblages from sheltered muddyneeti were less resilient to
physical disturbance than those from mobile samdlnsents. These authors also found
that nematodes from muddy sediments showed a grathethige in community

composition with increasing frequency of disturbanc

1.2.6 Methods used to assess effects of disturbameebenthic fauna

Moore and Bett (1989) suggested different attributbmeiofauna communities as tools
for impact assessment such as the density of nejar species composition, abundance
and diversity. Nematodes and copepods are the @mtnmeiofaunal groups and have
mainly been used for impact related studies. Seadlimeganic matter and grain size
control nematode abundance and need to be qudndifieng impact studies, if tangible
conclusions have to be made. Copepods are mordigerie perturbations, especially
those influencing the levels and vertical distribntof sedimentary oxygen. Thus they
are mainly confined to oxic layers of the sedimand are closely associated with

sediment granulometry (Coull & Chandler, 1992).
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In several assessment studies, both trophic diydsie relative composition of feeding
types) and species diversity have been used asatods of disturbance on meiobenthos
in particular nematodes (Olafsson, 1995; Schrijetrsal., 1997; Netto et. al., 1999).
Wieser (1953) classified nematodes into feedingdypased on the morphology of the
buccal cavity. Four feeding types were identifiethickh were categorised into two
groups. Group 1 contains nematodes with an unarouedal cavity while Group 2
contains those nematodes with armed buccal cakdgh group is further divided into
two types; Type 1A contains those species with tinyo buccal cavity and consists of
selective deposit feeders. These nematodes selgctick up small detrital material like
bacteria. Type 1B contains those species with &t unarmed buccal cavities and are
non-selective deposit feeders relying on detritatanal. Type 2A contains herbivorous
nematode species with fixed teeth in the buccatygawhile type 2B includes nematodes
with wide buccal cavities and glands which open iatge teeth, the so called omnivores
or predators. Bongers et al.,, (1991) advanced g® af Maturity Index (MI) for
nematodes as an indicator of enrichment. In thsdesy, nematode families are ordered
on colonizer-persister (cp) scale based on lifeohyscharacteristics. These scales range
from 1-5 with scale 1 representing early colonisenie scale 5 signifies persisters in
undisturbed habitats. The rapid colonisers cp-1 baeteria feeders, enrichment
opportunists, have short generation periods, lagygead volumes, high rates of egg
production and posses high mobility and metabottivity. This class of nematodes
show constant ingestion of sediment biofilm andallguenters a non-feeding, inactive
‘dauerlarva’ which is a survival stage when resesrdecome limited or when the

conditions are stressful. Hence they are, in a wesgjlient to disturbance. There are two
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types of nematode opportunists or colonisers; bBnrent opportunists and general
opportunists. Enrichment opportunists colonise foedriched conditions and are
classified as cp-1 whereas general opportunistsclassified as cp-2. Species in the
higher cp classes have less pronounced productibigyacteristics and bacteria are not
the primary food source. They produce fewer egg$ are the most susceptible to

environmental disturbance.

Pollution induces a shift in nematode communityudurre towards dominance by
opportunistic nematode species. This results tecaedse in Ml due to the disappearance
of taxa higher in the cp scale. Therefore, pollutinay lead to a decrease in nematode
diversity as dominance by opportunistic speciesemses. Several other reviews on
meiofauna and impact assessment exist. RaffadliMason (1981) used the nematode
copepod ratio to asses the impact of pollution @mtluded that the ratio increased with
increasing degree of pollution due to the reductbrthe more sensitive harpacticoid
copepods. Lambshead et al., (1983) used the krdmoé method or the ABC method of
Warwick (1986), which relates abundance to biom#&bkss method is based on the fact
that in undisturbed biotopes, the k-selected spstsa(persisters) account for high
individual biomass though population abundancesigally low. However, in disturbed

areas, communities of r selected generalists (s®og) are numerous with low biomass.

Dye (2006) recorded increased densities of meidiosnh trampled mangrove sediments

compared to natural mangrove sites. This increaas lwmked to increased habitat

complexity due to loss of root mat and increasex feupply from the decomposing root
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material. Benthic organisms may become abundaet dgisturbance through several
mechanisms: Opportunistic species may colonisaligterbed patches, but be replaced
by superior competitors in the later stages of veppor they may respond to increased
resources such as food and space. Meiobenthos ayingrease in abundance as a
result of release from predation, competition ¢ease from the effects of bioturbation by

macrobenthos (Schrijvers et al., 1997).

Benthic macrofauna have also become well estallishe useful bioindicators of

ecological quality in coastal and estuarine envitents. This is because they respond in
a predictable, diverse and rapid manner to a waokhatural and anthropogenic stresses
(Bilyard, 1987; Levin, 2000). Lu et al.,, (2002) docents that reclamation and

restoration activities in estuarine and coastalevgatmay seriously affect the marine
environment, leading to increased water turbidityhanced sediment deposition as well
as disturbance to biological groups. These auttem@rded decreased macrofauna family
numbers and abundance close to a reclaimed rivares which increased away from

the reclaimed area. Community structure of the oizemthos also changed over time
with very few benthic taxa recorded near the rewtsl area. This decrease was linked to
the loss of habitats, increase in suspended pkatgcumatter which may impair the

growth of sessile benthic organisms and burialeritbic organisms which were probably
killed by smothering. The changes in community ctice could also have been due to
interspecific competition as sedimentation mayliiate growth of some tolerant species

and inhibit the intolerant ones.

13



Cardoso et al.,, (2007) studied polychaete assemblagom a eutrophied and
subsequently restored estuary and recorded a ded@finpolychaetes and overall
macrofauna species richness, biomass and a rematehherbivores by carnivores in
the eutrophied estuary. However, after restorapoojects were initiated, the total
biomass and diversity of polychaetes, and overaltnofauna increased indicating that
restoration leads to recovery of degraded ecosystgnimproving habitat conditions for

macrobenthos.

Calabretta and Oviatt (2008) studied the resporiskenthic fauna to anthropogenic
stress (mainly urbanisation and related effectsNamragansett Bay, Rhode Island and
recorded low faunal diversity in sites near distande sources while relatively pristine
sites away from the anthropogenic stressors redondgher faunal diversity. This was
linked to the fact that the species encounteredgecto a disturbance source are usually
few, specialised and highly abundant opportunispecies. However, as the distance
from the disturbance increases, stress decreaseshannumber of species and the

relative abundance increase, ultimately leadindp¢osteady state community.

1.2.7 Mangrove ecosystem degradation and restoratio

Very few mangrove forests are pristine since mast & some degree, affected by
human activities. If exploitation is uncontrolledhe result is usually ecosystem
deterioration followed by loss of biodiversity, tadion in the extent of the exploited
forest and consequently a drastic reduction of résource being exploited (Hogarth,

1999).

14



Mangrove ecosystem services have no direct economlge since they are not
marketable. Therefore, for a long time, the valieanangroves has been perceived in
terms of the goods which can be extracted, mainbpdvproducts. This subjective
perception has caused serious undervaluation ofgro@e ecosystem functions
(Costanza et al., 1997; Barbier & Cox 2002), legdimthe consideration of mangroves
as wastelands with low economic value. This subjegberception is also common in
Kenya among communities living near mangroves, wbosider mangrove forests as
homes for monkeys which destroy their crops. Ineedahuman pressure on mangroves
coupled with the lack of appreciation of the trusdue of mangroves by policy makers,
has led to a threat to mangrove ecosystem congmvafforts, leading to increased

degradation of the ecosystems (Bosire, 2006).

The disappearance of most mangrove ecosystemdritsutdd to population pressure,
wood extraction, coastal industrialisation and arbation, pollution, as well as land use
changes or conversion of mangrove wetlands to aitkes (Field, 1998, 1999; Alongi,
2002; Morrissey et al., 2003). Loss of biodiverg#gynains and will continue to be the
severest impact on mangrove degradation since #nepristine mangroves are species

poor compared to other tropical ecosystems (Alo2@D2).

Along the Kenyan coast, the main causes of mangaegradation has been the
extraction of wood for building materials and aglfwood, which has left some areas
completely bare. However, there has been increaseteness of the true value of

mangrove ecosystems, which has led to renewedt®ftor protect and restore or
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rehabilitate mangrove ecosystems (Kairo, 2001).Gazi Bay, Kenya, restoration
programmes started in 1994 and have proven suctessfevidenced by structural

developments of the mangrove stands (pers. obs).

Ecosystem restoration involves the process of abimgea degraded ecosystem back into
as nearly as possible its original condition (Fiel@98). The most important aspect in
mangrove restoration is to restore ecosystem fomstiwhich involves restoration of the
vegetation structure and faunal community (Fiel@99). Though there are many
mangrove restoration projects worldwide, very feawvén been documented to show
ecosystem recovery of the replanted mangrove mrbgist of the available studies have
been spot checks with no temporal assessments teyndee ecosystem recovery.
Therefore, there is need to define a criteria f@tednining whether mangrove
ecosystems have been restored successfully, whimhlds include vegetation structure

and composition of the associated fauna (Field812999).

Field (1998) gives three main criteria for judgithg success of mangrove rehabilitation
programmes. These include the effectiveness amdegfty of the planting and the rate
of recruitment of flora and fauna (recovery of g&em integrity). Similarly, the Society
of Ecological Restoration International (SER) swgigehat a restored ecosystem should
have certain attributes like similar diversity as@mmunity structure in comparison with
the reference sites, presence of indigenous spepresence of functional groups
necessary for long term stability and the capaaitthe physical environment to sustain

reproducing populations (Maria et al., 2005). Hoarevin most cases of mangrove
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rehabilitation, the recruitment of fauna is rarglyantified. The focus of most restoration
programmes has been to recover the forest, witthe littention paid to the
reestablishment of the ecosystem structure andtiumqField, 1998). Ecological
monitoring of reforested mangrove plantationshsyéfore, of great importance, not only
to evaluate structural developments of the foreahds, but also to understand the
recolonisation patterns of the mangrove associat@th. The reason for this approach is
that mangrove vegetation generates a high habdatplexity which enhances the
diversity of the associated fauna. Overall, biodsitg is important in maintaining genetic
richness, ecological functioning and resiliencdlef ecosystem (Lee, 1998). Mangrove
trees and the different plants of the forest ursderey, combine to generate a particular
benthic environment which interacts with the otbéstic and abiotic components. A
change in one of these basic components instigdiesges in other aspects of the
ecosystem, which ultimately have impacts on thethenfauna (Hogarth, 1999).
Therefore, as a management tool, it is importanirtderstand the effects of mangrove

deforestation and subsequent reforestation oretineafthey support.

1.3 Justification

Very few studies have looked at mangrove benthicrafauna in relation to ecosystem
degradation and restoration in Gazi Bay, Kenya.il8itg, studies dealing with the
effects of mangrove forest clear felling and resion on meiofauna and nematode
community assemblages are completely lacking. Iditiath, the few studies on the
impact of mangrove degradation and restoration aerabenthos, such as Fondo and

Martens (1998), Schrijvers et al., (1995) and Bosiral., (2004) have been sporadic and
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dealt with only one reforestation time regime. Tisidespite restoration efforts having
been started more than 15 years ago (Kairo & Abapd001l). It needs not be
emphasised that benthos form a crucial componentheffunctioning of mangrove
ecosystems and play a pivotal role in mangrove ystes restoration success (Field,
1999). Therefore, benthic infauna should be andlysgether with vegetation structure
inorder to determine the overall mangrove restonaprocess and success. Therefore,
this study is the first to be conducted in Kenyaangroves that compares benthic infauna
community assemblages from natural, 10 years retiedle 5 years reforested and
degradedrhizophora mucronata forest stands. The aim was to investigate theceffef
mangrove ecosystem restoration on the benthic mafamommunity structure. The study
compares forests of different reforestation timgimes and focuses on the infaunal
macrofauna and meiofauna, which had either not bdequately studied, or not studied
at all in the reforeste®. mucronata stands of Gazi Bay. The study further explores the
sediment physical characteristics, which structed influence benthic fauna
recolonisation of mangrove sediments within thelgtsites. Finally, a high number of
replicate samples were investigated per site, apkagnstrategy which allowed full
estimation of the high spatial heterogeneity whgckypical for mangrove forests (Todd,
2001). The study will contribute to the managemgumestion whether reforestation of
clear-cut mangrove areas can lead to complete eegosf ecosystem functions. The
study will also assess the approximate time reduwe recovery by comparing the status

of recovery in 5 and 10 yeaRs mucronata forest stands.
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In addition, a field experiment was conducted imortb understand the drivers (organic
sources) of benthic fauna recolonisation of ref@@smangroves. Several field
colonisation experimental studies utilising mangrdeaf litter exist, and include: Zhou
(2001); Gee and Somerfield (1997) and Somerfieldl.et(1998). On the contrary, there
is no study which has investigated the effect dfedent leaf litter types found in

mangrove ecosystems on meiofauna and nematode igation. Inorder to design

restoration programmes for mangrove ecosystemss issential to understand the
influence that different sources of organic mattave on benthic communities.
Therefore, the field experiments investigated th@omisation responses of total
meiofauna, major meiofauna taxa and nematode conynaasemblages to different
types of food sources (mangrove, sea grass, diataiifferent food quality additions

(fresh versus partially decomposed) and sedimgmt ffine from natural mangrove forest
versus coarse from a degraded forest). In additioese experiments were set up to
understand the actual drivers of meiofauna and temeaecolonisation in the reforested

sites.

1.4 Research Questions

The study addresses the following research questid) Does mangrove clear felling
(degradation) lead to alteration of the sedimenyspal characteristics? (2) Does
mangrove clear felling (degradation) lead to attera of benthos (macrofauna,
meiofauna and nematofauna) density, diversity amdnounity composition? (3) Does

the restoration of th&® mucronata mangrove ecosystem successfully create a benthic
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community assemblage comparable in density, commeomposition and diversity to

that of the original natural mangrove stand?

15

Aim and Obijectives

The overall aim of this study was to provide a stfee explanation of the response of

benthic fauna to mangrove reforestation and thegolonisation patterns in restor&l

mucronata stands of different ages. The specific objectivese;

1.

To determine the effects of mangrove forest dedianlaon the abundance,
community composition and diversity of macro-enddhes, meio-endobenthos

and in particular nematodes.

. To determine macro-endobenthos, meio-endobenthbsgrarticular nematode re-

colonisation patterns of restorBdmucronata ecosystems.

To determine the relationship between the spataétempns in benthos (macro-
endofauna, meio-endofauna and in particular neneatminmunity structure) and
sediment physical characteristics.

To investigate the effect of different types of amg matter sediment type and
diatoms on meiofaunal re-colonisation of mangradireents.

To investigate the effect of food quality (decompor state) on meiofaunal re-

colonisation of mangrove sediments.
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CHAPTER TWO

General Materials and Methods

2.1  Study area: Environmental settings and history
The study was conducted at Gazi Ba§ 28 S and 3930 E; Fig. 2.1a) located at the

southern part of the Kenyan coast about 50 Km fkéombasa.
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Figure 2.1. (a) Map of the Kenyan coast and (b)i Bay, the study areal) Degraded
site, @) Natural site, §) 10 years reforested site al) b years reforested site

(Adopted from Bosire et al., 2004).
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The bay is protected from strong wave energy byQGhale Peninsula to the east and a
fringing coral reef to the south (Tack & Polk, 199%he mangrove forests of Gazi Bay
have been exploited for many years especiallyrfdustrial fuel wood used in the calcium

carbonate industry and brick industries in the E978nd also for building poles (Kairo,

1995, Kairo et al., 2001). This unsustainable exgtion left some areas completely bare.
However, experimental reforestation was startechfd®91 and since then, several sites
have been reforested with different mangrove sga@ng the Kenyan coast (Kairo, 1995,

Kairo et al., 2001).

Four of thoseR. mucronata reforested sites were selected for this studye S$itvas the
degraded forest; site 2 the natural forest; sitee3L0 years reforested and site 4 the 5 years
reforested (Figure 2.1b; Plate. 2.1). The sitesewselected based on accessibility,
similarity in tidal inundation and site history. &lselected natural, 10 years reforested and
degraded (bare) sites were in inundation class d} trerefore, flooded by tidal water
during high spring tides. The 5 years reforestdd sias in inundation class 2 and,

therefore, covered by water during all medium highs (Hogarth, 1999).

The bare site was included so as to provide inftomaon the impact of mangrove
deforestation and associated changes in physiciimeat conditions on macrofauna,
meiofauna and nematofauna community compositiofis $ite had no natural mangrove
regeneration (pers. obs.) and was clear felle®if0s (Kairo et al., 2001). The natural site

acted as a control to identify the degree of reppaéter reforestation.
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Plate 2.1. The forest structure(a) Natural site(b) Degraded sitgc) 5 years

forested site an@l) 10 years reforested site (Photos by Mutua, 2005).

2.2 Sampling design

In each sampling site, three sampling plots of Z5ath were randomly selected. Within
each of these plots, triplicate sediment cores wegken each time for sediment physical
characteristics, macrofauna and meiofauna, givitaja of 9 replicate cores per sampling

site. This sampling strategy allowed for the estiomaof spatial heterogeneity which is
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typical of mangrove forests (Table 2.1). Sedimesmmngles for nematodes were taken

randomly in triplicate from each sampling site dgrithe dry season (July-September) in

September 2004 and the wet season (October-Decegmbieecember 2004. Samples for

sediment physical characteristics, macrofauna aasbfauna were collected during low

spring tide in September 2005.

Table 2.1. A sampling plan showing the number pficates taken for each parameter

investigated.

Sites Natural 10 years 5 years Degraded
Reforested Reforested

3 Plotsper |1 2 3 1 2 3 1 2 3 1 2| 3
site
Total Organic| 3 3 3 3 3 3 3 3 3 3 3| 3
Matter
Granulometry| 3 3 3 3 3 3 3 3 3 3 3 3
Temperature | 3 3 3 3 3 3 3 3 3 3
Macrofauna | 3 3 3 3 3 3 3 3 3 3 3 3
Meiofauna 3 3 3 3 3 3 3 3 3 3 3 3
Nematoda 3  Wetseason | 3 Wet Season None 3 Wet Season

3  Dryseason | 3 Dry Season 3 Dry Season
2.3  Sampling and sample analysis

2.3.1 Environmental characteristics

The grain size and sediment total organic matt€@MJ samples were collected using a

6.4 cm diameter corer up to 10 cm depth. The TOMpdes were kept in a cooler box in
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the field and deep frozen immediately on arrivaltive laboratory to arrest further
microbial activity. The analysis of TOM was done bst, drying the samples in an oven
at 80°C for 24 hours to remove all the moisture. The demms then homogenised and
10 g of the dried sample was ashed at%Déor 6 hours, in a furnace, to obtain the ashed
dry weight (ADW). Ash Free Dry Weight (AFDW) or TOMas then calculated as a

percentage of the original dry weight of the sample

Sediment grain size was analysed using the metlesdribed by Buchanan & Kain
(1971). Sediment interstitial water samples for saeament of salinity and temperature
were randomly taken by digging a hole into the st of 5-10 cm depth in each plot.
Salinity was then measured using an optical refraeter (Atago brand), while
temperature was measured using a glass thermontgsenples for chlorophylk,
nitrogen and carbon were taken using a 3.2 cm egreéo 5 cm depth, sectioned at 1 cm
intervals, kept in a cooler box in the field andretl in a deep freezer (-8€) upon
arrival in the laboratory. Chlorophydl was analysed by calorimetric method. Inorganic
carbon was eliminated from the samples before acgzarbon and nitrogen analysis by
treating the samples with dilute hydrochloric acidfterwards, the amounts of carbon
and nitrogen were analysed using a Carlo Erba eleraealyser, type NA-1500

(Nieuwenhuize & Mass, 1993-2002).
2.3.2 Macrofauna

Sampling for macrobenthos was done during spring tide in September 2005. Three

macrofauna core samples (6.4 cm internal diamétergcm long) were taken at random
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from each plot and immediately fixed in 5 % formalior macrofaunal community
analysis. Samples were sieved on a 0.5 mm sieveav& mm sieve, on top, to trap large
plant debris which were hampering the sorting psecdhe macro-endobenthos retained
on the 0.5 mm sieve were analysed using a disgeetioroscope. The various macrofauna
taxa encountered were identified using Higgins dindel (1992) to class level, and

counted.

2.3.3 Meiofauna

In each of the three plots per site, 3 sedimergsc{8.2 cm internal diameter, 5 cm long)
were taken at random and immediately fixed in 5 @&6mhlin. In the laboratory, the
samples were rinsed using tap water over 1 mm di@wexclude macrofauna and any
debris, and collected on a 38 pm sieve. The fraatgained on the 38 pm sieve was
centrifuged three times at 6000 r.p.m. with MagmesiSulphate (MgSg) of specific
density 1.28, for 10 minutes and each time the rmgpant was collected over 38 um
sieve. The supernatant was then rinsed in tap vea@rstained with Rose Bengal. The
density of MgSQ is higher than that of meiofauna (1.08), which eesuthat the
meiofauna float on the MgSOmaking it easy to decant (Heip et al., 1974, 1985).
Meiofauna were identified and counted under a dissg microscope to higher

taxonomic class level following Higgins and Thi&b02).

2.3.4 Nematodes

Sampling for nematodes was done seasonally betdalgrSeptember (Dry season) in

September and October-December (Wet season) innibere2004. From each of the
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sampling sites, 3 sediment cores (3.2 cm interraheter, 10 cm long) were taken at
random, sectioned at 5 cm intervals and immediatigld in 5 % formalin. In the
laboratory, the samples were rinsed using tap water 1 mm sieve to exclude
macrofauna and any debris and collected on a 38igve. The fraction retained on the
38 um sieve was centrifuged three times at 600@nr.pith MgSQ of specific density
1.28 for 10 minutes. Afterwards the supernatant si@ged over 38 um sieve to extract
nematodes, rinsed with tap water to remove the Mg8@ stained with Rose Bengal.
Then, nematodes were counted under a dissectingosoape and 200 and 100
individuals, picked randomly from the upper (0-5)cand lower (5-10 cm) sections
respectively. Nematodes were fixed by transferringm from formalin to glycerol
through a series of ethanol-glycerol solutions amalinted in glycerine slides (Warwick
et al., 1998). Identification of the nematodes Wase to genera level using the pictorial
keys of Platt and Warwick (1983, 1988) and Warwatlal., (1998). They were assigned
to trophic groups according to the scheme of Wi¢$853). According to this scheme,
group 1 includes nematodes with an unarmed bucaaltycwhile group 2 are the
nematodes whose buccal cavities are armed withoconmore teeth and/or cuticular
ridges, denticles or glands. Group 1A forms thedele deposit feeders with small or no
buccal cavity. They feed on bacteria and smalliglag of detritus from the sediment.
Group 1B includes the non-selective deposit feediegratodes with a wider buccal
cavity and consume detritus complexes including tdva; diatoms, algae and
macromolecules. Group 2A nematodes are the scraperpistrate feeders having
smaller teeth in their buccal cavity. They scraj@ains and algae off the surface of sand

grains or pierce algal cells. Group 2B nematodes ede buccal cavities with glands
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opening in to the teeth and are omnivores or poedafThey have variable feeding
strategies including predation (Moens & Vincx, 1R9bhe length and maximal width of
the nematodes were measured using an image and&@santimet 500), while their

biomass was calculated using Andrassy’s formulad(assy, 1956) given as follows:

g.)l\)
x
o

16 x 100000
Where;
a = the greatest body width
b = body length

16 is a predetermined empirical value

24 Food type, food quality and diatom uptake fielcexperiments

2.4.1 Experimental design

Theinsitu experiments for determining the effect of foodeygiatom uptake, sediment
type and food quality on meiofauna and nematodeloatsation were done at the natural
site. The aim of the experiments was to investi¢tfageeffect of different food types, and
decomposition state (quality), on meiofauna andifipally nematode recolonisation of
mangrove sediments. In addition, the effect of reedit type on recolonisation was also
tested. Therefore, a three factor experimental gdesvas used for the food type
experiment, with experimental treatments (factoepyesented by 2 different food types,
2 sediment types and 4 incubation times. In additibcontrols (field and experimental)
were added. The field controls consisted of meisdagore samples taken from the

experimental site at the beginning of the experimemile the experimental controls

28



contained azoic sediments with no food type addétiorhe food type treatments were
mangrove leaf litter (M) and seagrass leaf litt8). (The control samples were field
controls (FC) and experimental controls (C). Thadficontrol was not included in the
factorial design since it was sampled only oncetltat beginning of the experiment),
while the experimental controls were included siticey were sampled during each
incubation period. The different sediment typesrsedt from the natural forest (N) and
sediment from the degraded forest (D). Each experiat treatment was a combination
of the food type and sediment type. Colonisatioteseof meiofauna and nematode
genera, based on different stages of leaf litterodgosition, were determined by
sampling the experimental treatments over timervale of 1, 14, 30 and 60 days post-
placement. Experimental control treatments comaimio litter additions were included
in the experiment for both natural and degradedcéaganic free sediments. Each

treatment was replicated four times.

A two factor experimental design was used for tbedf quality experiment with
experimental treatments represented by differenhgmeve and sea grass leaf litter
quality and time. The treatments were fresh margréeaves (MF), decomposed
mangrove leaves (MD), fresh sea grass leaves (8dF)dacomposed sea grass leaves

(SD).
In the third experiment:*C labelled diatom treatments were added into ttwcaand

organic free experimental units so as to give &a idf the uptake rates of diatoms by

nematodes.
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2.4.2 Experimental sediment and leaf litter preparéion

Surface sediments were collected up to a depthooh 5rom the natural and degraded
mucronata sites. After collection, the sediments were airedirfor two days and
combusted using a furnace at 8@for 6 hours in order to obtain azoic and orgdree
sediment. Yellowish senescent and ready toRalinucronata leaves were picked from
the study site while sea grass leaves were cotleateng the beach in Gazi Bay.
Senescent mangrove leaves were used instead bfdresn ones because they are the
majority on the forest floor. The sea grass leavese collected from the beach since
these are the materials which are washed into @regmves during tidal flooding. The

leaves were air dried for 1 week and powderedsntall grains using an electric grinder.

For the food quality experiment, some of the groorahgrove and sea grass leaves were
buried in the experimental site for 4 days. Thisswaeant to initiate bacterial
decomposition and was used to test whether prioordposition of detritus has any
effect on meiofauna and nematode genera colonisates. This experiment was
necessitated by the observation that within theratesyl site, mangrove leaves, which
were already decomposing, formed the main orgaratenal deposited by incoming

tides.

2.4.3 Estimation of organic content
Total organic matter (TOM) of naturBl mucronata sediment from the experimental site
was determined by combusting 3 replicate dried’%®dor 24 hours) sediment samples

(20 g) at 60°C for 6 hours. The method described by BuchananKaid (1971) was
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used, which uses the percentage loss of dry weigllat measure of the sediment TOM.
Organic matter levels of mangrove and sea grasedeaere obtained from literature.
These values were used as standards to calcuatartbunt of leaf litter to be added to

the experimental sediments.

2.4.4 Experiment preparation
Medical syringes with a capacity of 70 cc (3 crmakider and 13.5 cm length) were used
as experimental units. Circular windows measuriftgc2n diameter were cut on opposite

sides of each syringe and covered with plastic oe2smm mesh size (Fig. 2.2).

8N

Sediment
surface

— > Windows (2.5 cm

\ diameter)
NEB¥% covered with 2 mm plastic
mesh

70 cc syringe filled

— : with experimental

sediment

Figure. 2.2. Diagram showing the design of the grpental syringe (Adapted from

Zhou, 2001).
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These windows enabled the experimental sedimentexthange water with the
surrounding natural sediment. The windows also ledalneiofauna to colonise the
experimental sediments through horizontal migrafioraddition to vertical movement
from the overlying water column. Azoic and orgafiee experimental sediments (see
earlier) were put into the tubes and leaf littedexdtl on top. The amount added was based
on prior vertical analysis of TOM from the natuRalmucronata sediments where most
organic matter was found to be concentrated oridheés cm. A small amount of moist
experimental sediment was placed on top of therlith prevent the litter from pouring
during transportation to the field, in additionggeventing the litter from being washed
away easily by tidal currents. The syringes werglomly embedded in the sediment and
pushed till the syringe top levelled with the seelnnsurface. Each syringe carried a label
indicating the food type/food quality, sediment éypnd day of sampling for easy
recognition and retrieval during sampling. The 13gas were fastened onto nearby roots
or seedlings using nylon threads to avoid washimgyaby tidal currents. Four syringes
per treatment were retrieved on day 1, day 14,3fagnd day 60 and immediately fixed

in the field with 5 % formalin.

2.4.5 Laboratory sample extraction

In the laboratory, meiofauna samples were rinseadgusp water over a 1 mm sieve to
exclude macrofauna and debris, and retained on |an38ieve. The samples were then
centrifuged three times at 6000 r.p.m with Mg$$§pecific density 1.28) for 10 minutes.
After centrifuging, the supernatant was poured ant®8 pm sieve, rinsed in tap water

and stained with Rose Bengal. Meiofauna were ifledtunder a dissecting microscope
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using Higgins and Thiel (1992) to higher taxononaeel and enumerated. From each
sample, 50 nematodes were randomly picked, tramesfefrom formalin to glycerol

through a series of ethanol-glycerol solutions arainted in glycerine slides according
to Warwick et al. (1998). Nematodes were identifiedler a Leitz compound microscope
to genus level using the pictorial keys of Platl &arwick (1983, 1988) and Warwick et

al. (1998) counted and assigned to trophic grogperding to Wieser (1953).

2.5  3C uptake experiment

2.5.1 Diatom culturing

A culture of the benthic diatom speci€®eminavis robusta, was obtained from the
Laboratory of Parasitology and Aquatic Ecology (RARiversity of Ghent-Belgium).
The diatoms were cultured in plastic bottles fillwdh 200 ml F/2 medium (artificial
seawater with nutrients). To each bottle, 10 i@ solution (0.336 mg>C/100 ml
seawater) was added. To estimate the degree ahement (enrichment factor), diatoms
were also cultured without tH&C solution. After a period of 2 to 3 weeks of ctilig,
the diatoms were collected and rinsed, carefullyemove thé*C labelled medium. The
diatoms were then freeze dried by lyofilisationlt $eystals were removed by rinsing the
diatoms over a filter. Afterwards, the diatoms wkeeze dried again. In this way, only
pure diatoms remained on the filter after rinsifige freeze dried diatoms were weighed
and put in equal proportions in different appensiddr use in the field. Colonisation
syringes were prepared as described earlier. Baoige was filled with azoic inorganic
sediment. On top of each sediment filled syrintj€, enriched diatoms were added.

These syringes were finally embedded (plantedhe iatural mangrove sediments in
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triplicates and retrieved 1, 7, 14, 30 and 60 gm& placement. The syringes were kept
in a cooler box after retrieval in the field andred in a deep freezer in the laboratory
before analysis of the stable isotope contentrdfeoto obtain*C background value for

nematodes, sediment samples were picked from theriexental site, stored in a cooler

box and kept in a deep freezer in the laboratory.

2.5.2 Sample preparation

Before processing the samples for further analysesfrozen samples were diluted with
5 L distilled water and decanted over 38 um siefter adefrosting. The decanting
technique is based on the fact that meiobenthoessalense than the sediment particles.
Therefore, they stay longer in the supernatantr(givg water) making it possible to
separate the meiofauna from the sediment. The tet@n process was repeated 10
times ensuring that most (95 %) of the meiobentliese extracted. The meiobenthos
fraction was then stored in Milli-Q water. From kaample, 40 nematodes were picked
out using a sterilised needle (rinsed with dilutgkbchloric Acid) and washed in Milli-

Q water to rinse off any remaining sediment paetichnd diatoms. The nematodes were
then transferred into 3 x 6 mm aluminium cups comg a drop of Milli-Q water. To
avoid contamination, the aluminium cups were staed50°C for 24 hours before
transferring the nematodes. The aluminium cupsaiointy the nematodes were then
dried at 60°C in an oven for 12 hours. Afterwards the cups weosed and stored in

sterile Multi-well Microtiter plates.
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2.5.3 3C isotope analysis

The aluminium cups containing the nematodes (hemeatalled monsters) were
combusted at 988 so as to transform all organic carbon into cartioride (CQ). The
CO, molecules were then determined using a mass spécitometer. In this process, the
CO, molecules resulting from the oxidation were anadlysvith a continuous flow —
isotope ratio mass spectrometer (Europa Tracermtassye, England) which transforms
CO; into an ion signal. The resulting ion signal iansformed into electrical pulses
which are expressed as Volts and measured in Yfulis (mV). Ratios of*C:**C were
expressed as the relative per ml (%o) differencevbeh the sample and the conventional
standards (Pee Dee Belemnite carbonate). The sotaipes are expressed in deba (
and calculated as follows;

8 2%C = [( Rumonstef Rveps) - 11X 10° %o

With R =*C/*C

RVPDB: 0.0112372

VDPB = Pee Dee Belemnite which is the standardlhighriched reference material.

The treatments are expressed with respect to thidyhenriched reference material. As
most samples are normally less enriched (contaileisg>C), most of the delta values
are negative. The rule is that the lower the dedilae of the sample, the less heavy the
isotopes are in the sample.

The measured °C values §monste) are in fact the resultant of tle"*C value from the

organic materialdyrg) and thed 13C value from the aluminium Cupdip- This is given as

follows:
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dorgX INtENSIty Org. DmonsterX INtENSIty Monster §¢yp X intensity cup

S0...30rg= (OmonsterX INteNsity monster &y, X intensity cup) / intensity org

With intensity = amount of Carbon (ug)

The following values are calculated using the aage delta values:

Carbon isotope-ratio (R)

R = ¢ /1000 +1) X Reps

13C fraction (F)
F=SC/®C+™“C)=R/(R+1)

ExcessC (E)

The incorporation of*C is visualised by the excess relative to the bamkud value for

nematodes (without enriched food).

E = Fotai— Feontrol

With Feontroi= the3C fraction of the nematodes from the natural emrirent.

Total uptake of **C (1)

The incorporation of°C is expressed relative to the total uptake*af, expressed in

pg/sample.

| total— E X |ntens|ty0ta|
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To get an idea about thH&C that was taken up by a nematode, the total uphae
divided by the number of nematodes that were ptesdhe analysed sample.

| nematode= ltotai/ NUMber of nematodes

2.6  Statistical analysis

Data on physical sediment characteristics, macnafameiofauna and nematode genera
were analysed using Plymouth Routines in Multiveriesearch (PRIMER version 5) and
the software program STATISTICA (version 6). Prpadi Component Analysis (PCA)
ordination using Euclidean distance was used tovgbatterns of variation between sites
and between seasons based on physical sedimentactdrastics. Non metric
multidimensional scaling (nMDS) ordination usingaB+Curtis similarity coefficient was
used to show the patterns of (dis)similarities witand between the study sites on one
hand and the (dis)similarities between seasonsirwgltes on the other, in terms of the
macrofauna, meiofauna and nematode community catigpuosData for nMDS analysis
were appropriately transformed when necessary. &sorement of the goodness-of-fit test
(reliability of the analysis) of the nMDS ordinatiavas given by the stress value. A low
stress value (< 0.2) indicates a good ordinatioth wio possibility of a misleading
interpretation. Infact, it shows that the positiafighe points in the nMDS are refined until
they satisfy, as closely as possible, the dissitylaelations between samples (Clarke,
1993). The variability in macrofauna taxa, meiofautexa and nematode genera
community composition among sites and seasons @ssdt using analysis of similarity
(ANOSIM; Clarke and Gorley, 2001). ANOSIM calculat¢he relatedness of samples

(groups) based on a rank similarity matrix andssdito classify samples based on species
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composition. The output is usually an R-value stnat groups which are similar in fauna
taxa composition have an R-value less than 0.5ckos to 0, while groups with different
taxa composition have an R-value above 0.5 anc ¢wd. Species similarity percentages
routine (SIMPER) was used to determine which benfduina taxa contributed most to the
(dis)similarities between sites. Analysis of ralatimultivariate variability within each site
was done using MVDISP (Multivariate Dispersion,nker). This is a multivariate index for
expressing within site variability. The Index of Mwariate Dispersion (IMD) lies between
+1 and -1. It has a value of +1 when all variatwithin sites is lower than variation
between sites, and a value of -1 when variatiohiwisites is larger than variation between
sites (Clarke and Warwick, 2001). Diversity indiceisannon diversity (H’), taxa richness
(S) and taxa rarefaction, (FPSwere calculated using DIVERSE (PRIMER version 5).
Species richness gives the total number of speri¢sxa and is usually influenced by the
sampling effort such that the higher the numbesashples taken, the high the number of
species likely to be encountered. Species rarefaatalculates the number of species
expected in each sample if all samples were ofadstrd size. Shannon diversity index
(H’) assumes that individuals are randomly samfiech an infinitely large population and
that all species are represented in the sampléaded into account richness and evenness

(Maguran, 1988; Clarke and Warwick, 2001).

The differences between sites in environmentalatttaristics, macrofauna taxa, meiofauna
taxa, nematode genera densities and diversity esdicas analysed using ANOVA, with
prior analysis of assumptions using Levens testhimmogeneity of variances and the

correlation between variances and means. In cakesevthe assumptions were fulfilled,
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post hoc analysis was performed using Tukey's HoSamificant Difference (HSD) test.
When assumptions for parametric testing were niitléa, the non-parametric Kruskal-

Wallis test was used. Data were (logx+1) transfarfioe ANOVA when required.

Nematode trophic diversity was expressed by Thexndf Trophic Diversity (ITD)
which was calculated as follows: ITDE6? 6 is the contribution of the density of each
trophic group to the total nematode density. IThges from 0.25 (highest trophic
diversity), where the four trophic guilds accouat 25 % each to 1.0 (lowest trophic
diversity), where one trophic guild accounts fo02® of the nematode density; Heip et
al. (1985). Results for the various aspects studredpresented, in chapters of this thesis

as follows;

Chapter 3: Evidence of recovery of mangrove associated macdnfauna after

reforestation oRhizophora mucronata mangrovean Gazi bay, Kenya.

Chapter 4: Patterns of colonisation of meiobenthos as ancatdr of recovery of

Rhizophora mucronata mangroves in Gazi Bay, Kenya.

Chapter 5: The Spatial and temporal variation of nematofauhaesoovering tropical

mangroves at Gazi Bay, Kenya.

Chapter 6: Meiofaunal response to different food type add#iom azoic sediments in a

tropical mangrove forest.

Chapter 7: Meiofaunal response to different food quality amais to azoic sediments
in a tropical mangrove forest.

Chapter 8: General Discussion, Conclusions and Recommendati
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CHAPTER THREE

Evidence of recovery of mangrove associated Macraoxdofauna
after reforestation of Rhizophora mucronata mangrovein Gazi bay,

Kenya.

3.1 Introduction

Mangrove ecosystems, originally covering vast areésthe world’s (sub) tropical
coastlines, are precious resources for multipleloseconomical and ecological uses
(Alongi, 1997). They provide a structural base farcrohabitat diversity harbouring
diverse associated communities, and a nutritiomakebfor a wide range of fauna (Lee,
1998; Macintosh et al., 2002). In this way mangregesystems increase the biodiversity
of estuarine and nearshore areas and act as narsgfgeding grounds for various marine
fauna (Alongi, 2002). Mangroves are also charasgerby their high organic production as
well as serving as nutrient traps (Alongi, 2002¥uaction which reduces nutrient loads
into the ocean waters hence fostering the growtkeaf grasses and corals. Additionally,
mangroves play a role in shoreline stability byugdg excessive erosion (Hogarth, 1999;
Alongi, 2002). There are a variety of traditionabgucts for local use like tannins, honey,
wood, charcoal, fodder and medicines which are aeidd from mangrove trees

(Ruitenbeek, 1992).

The benthic community is an important and integaahponent of mangroves (Macintosh,
1984; Ngoile & Shunula, 1992; Ronnback, 2001) ataly$ a significant role in the
structure and function of the ecosystem (Schripadral., 1995; Lee, 1998). Among the

dominant macrobenthic taxa in terms of biomass amgnoves are the crabs and molluscs.
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These two groups form an important link between gnawve detritus at the base of the
mangrove food web, and the consumers includingsbadd commercial fish species
(Macintosh, 1984; Bouillon et al.,, 2004). Sesarnoihbs and the gastropod mollusc
(Terebralia palustris) are known to play an important role in litter degdation (Fratini et
al., 2004) in East African mangrove ecosystemdet degradation by initial shredding and
the subsequent release of finer faecal materighias and enhances the detrital based food
webs (Slim et al., 1997). Subsequent degradatiditteif by micro-organisms, contributes
to the high nutrient enrichment in the mangrovesgstem, from which other small
burrowing organisms may benefit (Skov & HartnollQ02). Additionally, burrowing
macrofauna also modify the physical and biogeocbalmature of the sediment which
inturn impacts the vegetation structure (Fratiniabf 2004). Thus the structure and the
diversity of the macro-endofauna communities mdlece the status and functioning of
mangrove forest ecosystems, and serve as potest@bgical indicators of habitat

conditions.

Mangrove forests once occupied 75 % of the tromoalsts worldwide by area. However,
anthropogenic pressures have reduced the globgk ramless than 50 % of their total
original cover (Kairo et al., 2001). The disappeasof much of mangrove ecosystems
can be attributed to population pressure, coastalstrialisation and urbanization, soil and
water pollution, as well as conversion to coastplagulture (Field, 1998,1999; Alongi,
2002; Morrisey et al., 2003;). Along the Kenyan stpanangrove degradation has been
caused by the unrestricted extraction of wood foitding materials and as fuel wood,
which has left some areas completely bare (Ka®85). However, increased awareness of

the true value of mangrove ecosystems has ledntowed efforts to protect and restore or
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rehabilitate them. Experimental mangrove reforemtatlong the Kenyan coast started
between 1991 and 1994 (Kairo, 1995). These regtarptojects have proven successful in
some areas as shown by the vegetation structuvalafaments of the restored mangrove
stands (pers. obs.). However, for reforestatianjegts to be deemed successful, Field
(1998) gives three main criteria for judging thecesess of mangrove rehabilitation
programmes. These include the rate of recruitmdnftlova and fauna (recovery of
ecosystem integrity), the effectiveness of the tohan and the efficiency of rehabilitation.
Additionally, the Society of Ecological Restoratibmernational (SER) suggests that a
restored ecosystem should have certain attribukessimilar diversity and community
structure of the associated fauna and flora, theqgmrce of indigenous species, the presence
of functional groups necessary for long term sigbénd the capacity of the physical
environment to sustain reproducing populationsamgarison with the reference (natural)
sites (Maria et al., 2005). However, in most caseliss on mangrove rehabilitation, the
recruitment of fauna is rarely quantified. The fe@f most reforestation programmes has
been to restore the forests as habitats, witke ligltention and knowledge about the
reestablishment of the ecosystem structure and tiimc(Field, 1999). Therefore,
ecological monitoring of associated fauna of rested mangrove plantations is of great
importance, since mangrove vegetation contributesthie habitat complexity which
enhances the diversity of the associated fauna Bibdiversity is especially important in

maintaining genetic richness, ecological functignemd ecosystem resilience (Lee, 1998).

There are few studies which have investigated nwwggibenthic fauna in relation to
mangrove ecosystem degradation and restoratioraim Bay. These include Bosire et al.

(2004) which found no differences in crab abundamod species diversity between
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natural, 5 years reforested and bare stand® ofucronata, Sonneratia alba andAvicenia
marina. However, the bare sites recorded the lowest tlegsf sediment infauna mainly
oligochaetes and nematodes, while the natural efatested sites recorded the highest
densities with no differences between the sitemil&ily, Fondo and Martens (1998),
studied the effects of mangrove degradation on meegmacrobenthos, and recorded very
low densities in the bare sites compared to tharabsites. Both studies concluded that
mangrove degradation leads to declines in macrbliedensities due to changes in the
sediment physical characteristics. However, thesdiee studies mainly focussed on
mangrove benthic epifauna with little emphasis amofauna, and used only one
reforestation time regime. The current study coregpalifferent reforestation time regimes
and focuses on the endofaunal macrobenthos whitterto had not been adequately
investigated in the reforest®&l mucronata stands. The study further explores the sediment
physical characteristics, which structure and irfice macro-endobenthic recolonisation of
mangrove sediments within the study sites. Final\high number of replicate samples
were investigated per site, a sampling strategychviailowed full estimation of the high

spatial heterogeneity which is typical for mangréweests (Todd, 2001).

3.2  Objectives
The objectives of this study were;
* To determine the sediment physical characteristice different mangrove
forests.
* To determine the effects of mangrove forest dediaaan macro-endofauna

community composition.
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* To determine macro-endobenthic recolonisation pateof restoredR.
mucronata.
» To relate the spatial patterns in macro-endofauomneunity structure to

sediment physical characteristics.

This was done by comparing the macro-endofaunaeadiment physical characteristics in
two reforested areas of different ages (5 and Hisyeld) with those from a natural forest

and a fully degraded (clear felled) site preserimnilar conditions at Gazi bay, Kenya.

3.3  Materials and Methods
The study site, macro-endofauna sampling, laboyatample processing and identification

have been described in Chapter 2 on materials atlloais.

34 Results

3.4.1 Environmental characteristics

Figure 3.1 shows the variation in TOM within thedied sites The natural site showed the
highest mean TOM levels (53.6 % = 6) followed bg D years reforested site (29 % + 6).
The 5 years reforested and the degraded sitesdextdhe lowest levels (17.5 % = 8 and
3.8 % * 1, respectively). TOM was significantlyfdiient between all sites (ANOVA, df =

3, F = 86.36, p < 0.05). Pair wise Tukeys post bomparisons showed that all sites
recorded significantly different TOM levels fromabaother (p < 0.05). Figure 3.2 shows
the grain size distribution within sites. The highesand content was recorded in the
degraded and the 5 years reforested sites (79.31% and 59.4% * 13.7 respectively). The

10 years reforested site recorded the lowest santeit (27.3 % = 9), and consequently
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the highest silt clay fraction (72.9 % + 9) follovdy the natural site (57.3 + 5.5).
Similarly, sand and silt/clay fractions showed #igant differences between sites
(Kruskal-Wallis, df = 3, H = 28.86, p < 0.05). Tlkedifferences in TOM and grain size are
related to the state of the forests since canopgrcplays a crucial role in determining

these parameters.
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Figure 3.1. Variation in TOM (mean £ SD; n = 9) argdhe natural (Nat), 10 years reforested

(Refo10), 5 years reforested (Refo5) and the degrédegr) sites.
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Figure 3.2. Variation in sand and silt/clay n=9)cang the natural (Nat), 10 years reforested (Refo10)

5 years reforested (Refo5) and the degraded (B3&gs).

The variations in temperature and salinity betwe#es are shown in figures 3.3. The
degraded site recorded the highest temperaturéc(33L.4; Fig 3.3a) while the lowest was
recorded from the 10 years reforested site (2C.9+ 0.1). There were significant
differences in temperature between sites (Kruskaligy df = 3, H = 30.44, p < 0.05). The
natural and the 10 years reforested sites recdodesr temperatures than both the 5 years
reforested and the degraded sites. However, nafisam differences were observed
between the natural and the 10 years reforested, fihd between the 5 years reforested
and the degraded sites. The trends in Salinity. &@p), was more or less similar to that of
temperature. The highest Salinity was recordethénSt years reforested site (47 PSU + 1),

while the natural site recorded the lowest (37 RSIUL).

46



35

(2) 1

34+

32t o

31t

Temperature CC)

30

==

281 =

27 : : : :
Nat Refol0 Refo5 Degr

Sites

50

(b)
==
==

44 ¢

42t

==

36}

Salinity (%o)

34 : : : :
Nat Refol0 Refo5 Degr

Sites

Figure 3.3a & b. Variation in (a) temperature abpdalinity (mean + SD, n = 9) among the
natural (Nat), 10 years reforested (Refol0), 5Syeafiorested (Refo5)

and the degraded (Degr) sites.
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Salinity levels were significantly different betwesites (ANOVA, df = 3, F = 217.17, p <
0.05). Tukeys Pair wise post hoc comparisons predsignificant differences in salinity
between the natural and the 10 years reforested sih one hand, and the 5 years

reforested and the degraded sites on the other.

The variations in sediment Chlorophgland C/N ratio are shown in figure 3.4. The natural
site recorded the highest sediment Chlorophy(lFig. 3.4a) and C/N ratio (Fig. 3.4b)
closely followed by the 10 years reforested sitédevine degraded site recorded the lowest
levels of both variables. In all the sites, thehieigt chlorophyla was recorded in the top O-
1 cm sediment section, while C/N ratio showed rféedinces between vertical sections.
These differences in sediment physical characiesisire linked to differences in tree

canopy cover.
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natural (Nat), 10 years reforested (Refol0) andatisyl (Degr) sites.
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The ordination of sites (PCA) based on sedimensjalay characteristics data showed a
clear separation of the 5 years reforested andebeaded sites from both the natural and
the 10 years reforested sites (Fig. 3.5). Princquahponents (PC) 1 and 2 explained
together 99 % of the variability (PC 1; 88 %, PC13; %). On the first principal
component, the natural and the 10 years reforested with the highest TOM and
silt/clay were separated from the 5 years refodeatel the degraded sites having sandier
sediments and low TOM. The separation of sitescalbe second principal component
was less pronounced, and it separated the nafiteairem the 10 years reforested site
based on TOM. The 5 years reforested site showetdad within site variation in abiotic

factors as shown by the scattering of its replgat#hin the plot.
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Figure 3.5. PCA ordination showing the separatibsites based on sediment physical characteristics.
Natural (Nat), 10 years reforested (Refol0), 5 yeaforested (Refo5) and the

degraded (Degr) sites.
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3.4.2 Macrofauna densities and community compositio

A total of 12 macro-endofauna taxa were recordednfiall the sites (Table 3.1). The
natural site recorded all the 12 taxa. The 10 yedHmsested site recorded 10 taxa while the
5 years reforested and the degraded sites recofdtaka each. The highest macro-
endofauna density was recorded in the natural(8i#gt69 + 11,189 Ind./m?2) while the 5
years reforested site recorded the lowest der&iBB0 + 946 Ind./m?2). Oligochaeta was the
most abundant taxon in the natural site (Fig. 3@ the 10 years reforested site (Fig.

3.6b) accounting for 59 % and 60 % of the totalsitezs, respectively.

The taxa Polychaeta and Nemertina were abundaheib years reforested site (Fig. 3.6c)
and the degraded site (Fig. 3.6d) accounting fo8@&nd 79 % of the total densities
respectively. The TOM rich silt/clay sediments melsal the highest macrofauna densities
especially oligochaetes and nematodes. Nemertews $0 prefer sandy sediments while
polychaetes seem to prefer sediments with almastlgayoportions of sand and silt/clay.
Thus the measured sediment physical characteristiitgeence the densities and type of

macrofauna community.
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Table 3.1. Macrofauna taxa densities (Ind?Am$E, n = 9) in the different mangrove

sites.

Macrofauna taxa | Natural 10 years reforested 5 years reforested | Degraded
Oligochaeta 16284+ 9991 | 4617+ 1628 123+ 148 185+ 271
Polychaeta 2346+ 2106 | 1556+ 630 2062+ 557 99+ 85
Nematoda 8099+ 3229 | 1296+ 209 25+ 74 12+ 37
Insect Larvae 123+ 130 111+ 30 111+ 97 679+ 737
Crustacea 235+ 406 12+ 37 37+111 0
Arachnida 25+42 49+ 97 0 37+64
Insecta 62+ 42 25+74 0 12+ 37
Syncarida 160+ 149 0 12+ 37 0

Isopoda 62+ 56 0 0 0
Copepoda 37+37 25+74 0 0
Nemertina 12+21 12+ 37 210+ 263 3877+ 1137
Amphipoda 25+21 25+ 74 0 0

Total £ SD 27469+ 11189 7728+ 2168 2580+ 946 4901+ 2764
Number of taxa 12 10 7 7
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Figure 3.6a-d. Relative contributions (%) of thecneaendofauna taxa to the total

macrofauna densities in the study sites.
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Figure 3.7 show the variation in densities of méawoa and the major macrofauna taxa.
There were significant differences between sitdd@Q¥A, df = 3, F = 26.36, p < 0.05) in
total macrofauna and major macrofauna densities. Mdtural site recorded significantly
higher densities of macro-endofauna (Fig. 3.7ah thlathe other sites (Tukeys HSD, p <
0.05). Similarly, the 10 years reforested site rded significantly higher densities of
macro-endofauna than the 5 years reforested ske(p5). However, both reforested sites

did not show significant differences in macrofaudieasities with the degraded site.

Though Nematoda is a typical meiofauna group (<rfrB), this taxon occurred in very
high densities in the macrofauna fraction (> 0.5)naspecially in the natural site. This
occurrence was linked to the relatively large sizethe nematodes that were retained on the
0.5 mm macrofauna sieve. Figure 3.7b shows totarof@na densities with nematodes

excluded, illustrating that macrofauna densitiesengtill much higher at the natural site.
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Total Macrofauna (Ind. / m2) x 10°
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Figure 3.7a-f. The density (Mean +SE; n = 9) ofN&crofauna (b) Macrofauna excluding nematode®(gochaeta (d) Polychaeta (e)

Nematoda and (f) Nemertina in the natural (Nab)yé&ars reforested (Refol0), 5 years reforestetb@r@nd degraded

(Degr)sites.
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The natural and the 10 years reforested sitesratsmded significantly higher Oligochaeta
densities (Fig. 3.7c) than the 5 years reforesteltitlae degraded sites (Kruskal-Wallis, df =
3, H=29.71, p < 0.05). The lack of significantfeliences between the natural and the 10
years reforested sites in Oligochaeta densitiesduago the high variation of this taxon in

the natural site.

Polychaeta densities were on average highest inaheal and both reforested sites, while
the degraded site recorded the lowest (Fig. 3Hd)vever, the variability within sites was

so high that no significant differences were obsérvetween sites.

Nematodes (Fig. 3.7e) occurred in very high dessitn the natural site, with relatively
lower densities recorded in the 10 years reforesited They sporadically occurred in both
the 5 years reforested and the degraded sites.iteensf Nematoda were significantly
different between all sites (ANOVA, df = 3, F = 104p < 0.05) except for the 5 years

reforested and the degraded sites.

Densities of Nemertines were highest in the degtaite (Fig. 3.7f), with lower densities
recorded in the 5 years reforested site and evechnawer densities in the 10 years
reforested and the natural sites. There were higlggificant differences in densities of
this taxon between the degraded site and all theraites (Kruskal-Wallis, df = 3, H =
10.35, p < 0.05). The observed patterns of macdof@onna and the major taxa distribution
point to a link between sediment type, organic eraleévels and the macro-endofauna

densities.
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An nMDS analysis showed that the four sites ar&diht in terms of macro-endofauna
community composition (Fig. 3.8ANOSIM pair wise comparisons further confirmed that

all sites were significantly different (Global RO=724; Table 3.2).

Stress: 0.1
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Figure 3.8nMDS (\ transformed) on macro-endofauna community at hitgoeon level
showing affinities between the 9 replicates from mlatural, reforested 10 yrs,

reforested 5 yrs and the degraded sites.

Table 3.2Pair wise ANOSIM comparisons between the naturaktNLO years reforested
(Refol0), 5 years reforested (Refo5) and the degréidegr) sites based on

macro-endofauna community (Global R: 0.724).

Groups R-Value
Nat, Refol0 0.671
Nat, Refo5 0.957
Nat, Degr 0.909
Refol10, Refo5 0.796
Refol0, Degr 0.803
Refo5, Degr 0.614
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Similarity Percentage analysis (SIMPER, Similagfishowed that the taxa Oligochaeta,
Nematoda, and to a lesser extent Polychaeta wesgomsible for the high average
similarity (71 %) observed within the natural sitdhe high similarity (79 %) observed
within the 10 years reforested site was mainly &ixigld by Oligochaeta while Polychaeta
was the major taxon responsible for the similaktighin the 5 years reforested site.
Nemertina and Insect larvae accounted for the aiityl (though low) observed within the

degraded site (Table 3.3).

Table 3.3. Relative percentage contribution (SIMPERnNacro-endofauna taxa 20 %)
to similarities within the study sites. Natural (NalO years reforested

(Refol0), 5 years reforested (Refo5) and degrabDedr].

Sites Average | Macrofauna Taxa % contribution
Sim. (%) | Oligochaeta Nematoda| Polychaetd Nemertina| Insect Larvae
Nat 71 45 36 14
Refol0 79 49 23 25
Refo5 54 86 54
Degr 49 7 55 32

The macrofauna taxa responsible for the obsen&sindilarities between sites were mainly
Oligochaeta, Nematoda, Polychaeta and Nemertina.digsimilarities between sites were
very high (> 60 %) except for the natural and 1@rgaeforested sites (Table 3.4). These
observations show that the taxa Oligochaeta andai®ta dominated the organically rich
and silty/clay sediments in the natural and theydérs reforested sites. Nemertines were

abundant in the organically poor and sandy sedisnearthe degraded site.
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Table 3.4. Relative percentage contribution (SIMPERnNacro-endofauna taxa to
dissimilarities between sites. Natural (Nat), 1Grgereforested (Refol0), 5

years reforested (Refo5) and degraded (Degr).

Average
Sites Dissimilarities (%) Macrofauna taxa % contribution
Nat, Refol10 | 39 Nematoda (30), Oligochaeta (30), Polychaeta (11)
Nat, Refo5 76 Oligochaeta (41), Nematoda (32), Polychaeta (8)
Refol0, Refo§ 62 Oligochaeta (44), Nematoda (24), Polychaeta (12)
Nat, Degr 87 Oligochaeta (33), Nematoda (26), Nemertina (15)
Refo10, Degr | 80 Oligochaeta (30), Nemertina (24), Nematoda (R@)ychaeta (15
Refob, Degr | 74 Nemertina (39), Polychaeta (29), Insect Lari#g (

Analysis of relative multivariate variability withieach site was done using MVDISP
(Multivariate Dispersion, PRIMER). This is a mulivate index for expressing within site
variability. MDISP showed that the 10 years reftedssite was the least variable in macro-
endofauna community, with an Index of Multivaridespersion (IMD) of 0.517. The

natural site recorded an intermediate IMD valu®.865, while the 5 years reforested and
degraded sites were the most heterogeneous eaosyistéerms of macrofauna community

composition (IMD = 1.3 each).

3.4.3 Macrofauna diversity
Taxa richness was significantly different betwesess(ANOVA, df = 3, F = 15, p < 0.05).
The natural site recorded significantly higher taichness (S), than all the other sites

(Tukey HSD, p < 0.05). Similarly, the 10 years rekied site recorded significantly higher
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taxa richness than the 5 years reforested siteeff tlSD, p < 0.05), showing that the age
of reforestation influenced the number of taxa leasing the forests. However, the

degraded site was not significantly different fréime 5 years reforested site. The natural
and 10 years reforested sites recorded signifigdmgher Shannon diversity index than the
5 years reforested and degraded sites (Kruskalyalf = 3, H = 9.42, p < 0.05).

Similarly, both the natural and the 10 years reftae sites recorded significantly higher
taxa rarefaction (Tukey HSD, p < 0.05) compareth® 5 years reforested and degraded
sites (Table 3.5). These patterns of diversitydasdiare linked to the densities of the major

taxa recorded from each site since both indicesigtdy influenced by the sample size.

Table 3.5. Macrofauna taxa diversity measures (me@D; n = 9) in the study sites.

Diversity measures
Sites S ESo H'(loge)
Natural 59+15 39+06 09+0.1
10 years reforested 43+1.2 39+09 10zx0.1
5 years reforested 26+x1.1 25+11 06x04
Degraded 3.0+£0.7 28+0.7 05x04

3.5 Discussion

Some previous studies have already documentediffieeedt community patterns of the
benthos in natural, reforested and degraded maagrov Gazi bay. Bosire et al. (2004)
found similar crab species diversity and abunddm@teeen natural, 5 years reforested and

bare sites oRhizophora mucronata, Sonneratia alba and Avicenia marina. However, the
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densities of sediment infauna were found to beetkfit among the natural, 5 years
reforested and bare sites of the three mangroveiespeThe bare sites had the lowest
densities of sediment infauna whereas the natitelrscorded the highest, exceptAn

marina where the 5 years reforested site had the highessities. Crona and Ronnback
(2005) found different shrimp densities betweerurad} replanted and degraded siteSof

alba in Gazi Bay. Additionally, Fondo and Martens (1998searched on the effects of
mangrove deforestation on macrobenthic densitiesdigparing macrobenthic densities
from deforested and natural mangrove areas. Thaytifted 13 classes of macrobenthos
and recorded higher densities of epifauna in therahmangrove area. These findings are
similar to the results of the current study whigtarded 12 taxa with the natural site

recording the highest densities of macrofauna.

However, all the previous mentioned studies wergethaon a relatively small number of
replicates per site (max 3), suggesting a riskufaterestimation of the present small scale
patchiness typical for mangrove sediments (Tod@120The studies also considered only
one reforestation time regime. Furthermore, charagtion of relevant environmental
conditions should increase our insight on the somimy factors responsible for the

differences in communities between reforested atdral sites.

Most of the measured sediment physical charadtsidtiring this study did not only show
differences between the forested and the degratis] But also among the reforested sites
depending on the age of reforestation. The nasnlstill differed especially in terms of
higher organic matter content and pigment concgotsfrom the 10 years reforested site.

This 10 years reforested site was characterisetidyighest silt/clay content, while the 5
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years reforested site shared lower TOM, coarseimssds and higher salinity and
temperature with the degraded site. The differemntadt/clay content between the natural
and the 10 years reforested sites could be linkegte root network which plays a crucial
role in slowing down tidal currents. Reduction iofat currents leads to less resuspension
and reduction in tidal erosion of fine sediment enals from the mangroves. Wave
attenuation and the reduction of orbital water min waves within mangroves have been
shown to be greater the closer the mangrove treew a&ach other (Wolanski et al., 1992).
The root network in the 10 years reforested site alaserved to be more dense than in the
natural site which is dominated by mature treesrttabig prop roots. These large sized
prop roots, in the natural site, may not form dicieint trapping system compared to the
smaller and dense root network observed in theeHdsyreforested site. This may explain

the observed differences in silt/clay content betwthe two sites.

The high levels of TOM in the natural site compat@dhe 10 years reforested site can be
related to the high levels of peat which has acdated over the years and the continuous
supply of organic matter from falling mangrove leavit was observed that the samples
from the natural site usually contained a sectibnr@lecomposed detrital material at the
bottom of the core. Additionally, although youngngeove trees may be more leafy than
the older ones hence dropping more leaves on téotbst floor, the observed dense aerial
root network in the 10 years reforested site probabps the leaves, preventing them from
being buried in the sediments. The lower TOM levetorded from the 10 years and the 5
years reforested sites compared to the naturalaiste shows the effect of forest age on
TOM, with the older natural forest recording highBDM levels. Indeed, Bosire et al.

(2004) and Schrijvers et al. (1995) recorded simitands in organic matter content in
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natural, reforested and denuded mangrove sitesud2ehmangrove sites are usually more
exposed due to lack of canopy cover, which makemtless efficient in slowing down
incoming and outgoing tides. This leads to sedinmeatispension and erosion of detrital

material by tidal currents, resulting in coarseatisents and less organic matter.

The lower temperature recorded in the 10 yeargesfed site compared to the natural site
may be related to the canopy aerial structure.al$ wbserved that the 10 years reforested
site formed a continuous canopy landscape as #es twere of similar height. This
continuous canopy ensures effective shading of gbdiments from solar radiation.
However, in the natural site, gaps in the canopyewevident due to smothering of
undergrowth by the big mature trees. These can@mps @llowed penetration of solar
radiation on to the sediment surface leading tatiretly higher temperatures in the natural
site. Similarly, evaporation from the degraded t&l5 years reforested sites is expected to
be high due to lack of or reduced canopy covers Tiresponsible for the high temperature

and salinity recorded from these sites.

Sediment chlorophylla concentration is an indication of sediment phykogton and
bacterial abundance, while C/N ratio indicates tgritional value of TOM and the
associated microbial communities. The relativelgleo conditions in the natural and the
10 years reforested sites due to canopy cover, @sediment phytoplankton and other
microbial growth. These sedimentary phytoplanktard anicrobial communities are
responsible for the observed high chloroptg/land C/N ratio observed in these sites.

However, canopy removal exposes the mangrove setBnte intense solar radiation
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which leads to increased sediment temperature aimitg. This may not be favourable for
sediment phytoplankton and microbial community glowThis explains the low
Chlorophylla and C/N ratio recorded from the degraded site. él@r, exposed sediments
receive abundant solar radiation which may fadditthe growth of interstitial diatoms.
This may explain the relatively higher chlrecorded in the upper (0-1 cm) section than in

the lower sections in the degraded site.

A total of 12 macro-endobenthic taxa were recomi@ihg this study. This number of taxa
is close to that recorded in previous studies cotatlin the same area (16 taxa, Schrijvers
et al., 1995; 13 taxa, Fondo & Martens, 1998; ka3 t8osire et al., 2004). The density and
number of macro-endofauna taxa were higher in #taral site than in all the other sites.
This trend is similar to that recorded by Bosirale{2004), where natur&®. mucronata, S.
alba and A. marina sites recorded the highest sediment infauna dessibmpared to the
reforested and degraded sites. The total numbéaxaf and average densities of macro-
endofauna in the 10 years reforested site washadgr than in the 5 years reforested and
degraded sites. This shows that the restoratioth@fmangrove forests has led to the
recolonisation of sediment associated macro-endafawhich may suggest ecosystem
function recovery. However, this recolonisationmsedo be forest age dependent and may
take longer than 10 years for a complete similawiyh the natural ecosystem to be
achieved. A gradual change in the macrofaunal epgacommunity structure with forest
age has also been reported from the Ranong manfpmast of Thailand (Macintosh et al.,
2002), and from Matang mangroves in Malaysia (Sasek & Chong, 1998).
Additionally, Morrisey et al. (2003) observed swgtal differences in the abundance and

composition of benthic fauna between young (3-1&geand old (> 60 years) mangrove
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forests. These differences were linked to higheyaoic matter content and leaf litter

concentration with increasing forest age, whicsinsilar to the results in this study.

Macrofauna patterns may vary in relation to sedingeain size and organic matter content
(Hwey-Lian, 1995; Netto & Galluci, 2003). Their fimgs of high macrofauna densities in
sites with high organic matter content are simitathe observations of the current study
since organic matter content was high in the nataurd the 10 years reforested sites, which
also recorded the highest macro-endofauna densitiesscomplex prop root system in the
forested mangrove sites, combined with the avditgluf leaf litter and detritus, provides
enhanced resource availability for benthic faunzeemlly for nematodes and oligochaetes.
However, mangrove derived detritus has been shove tof low nutritional value due to
their high tannin content (Alongi, 1987) and higiNCratio (Skov & Hartnoll, 2002).
Therefore, it seems that the food provision by mewe detritus is mainly indirect via the
detrital food web where detrivores like oligochaettnd nematodes may feed on the
microflora associated with decomposing detrital eriat (Skilletter, 2000; Netto &

Galluci, 2003).

Infact, according to Bouillon et al., (2004) sowoaf nutrients, especially carbon and
nitrogen, for invertebrate communities in intertid@angroves, do not only include local
inputs from mangroves as litterfall or as part bé tsediment organic pool, but also
microbiota associated with detritus, a variety piflera and tidally imported sources like
phytoplankton and seagrass derived organic ma#dditionally, even after intense
microbial decomposition, mangrove and marsh derdkeiitus are refractory to digestion

and poor in nutrients compared to phytoplankton¢roghytobenthos and macroalgae
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(Alongi, 1987). However, the microhabitats and s$xatss created by the large amounts of
detritus in different degrees of decomposition @anple in the nutrition of benthic fauna.
This nutritional input mainly comes from the sudabiofilm which includes bacteria,
microalgae, protozoa and fungi (Gwyther, 2003). iiddally, bacteria produce a heavy
slimy layer on leaf litter during the initial stagyef decomposition. This slimy layer acts as
a matrix for accumulation of detritus, algae andgal spores and ultimately the benthic
fauna for which these materials are a prime foade®(Fell et al., 1975; Moens & Vincx,

1997).

Physical environmental characteristics like sedimemperature, salinity and pH have also
been shown to influence the abundance of mangramhiz fauna (Tietjen, 1968;
McLachlan, 1978; Ingole & Parulekar, 1998). Degrhdeangrove areas are usually
exposed to solar radiation due to lack of canopyecorThis exposure increases sediment
temperature, which consequently reduces sedimetdrvweantent and increases salinity.
These changes, in sediment characteristics, nefjatimpact on the benthic fauna by
increasing environmental stress (Sasekumar, 19%Kposure also leads to desiccation
which kills or limits the growth of microflora, remmes water from floral cell cytoplasm in
addition to changing the chemical status of organmaterials, which are important media
for microbial growth (Mfilinge et al., 2002). Thisxplains the low densities on macro-
endobenthos recorded in the 5 years reforestedegrded sites, which are more exposed

and recorded the highest temperature and salinity.

The taxon Polychaeta dominated the 5 years retatesite which recorded a slightly

higher sand fraction than silt/clay compared to 10eyears reforested and natural sites.
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Hwey-Lian (1995) recorded high densities of Polythafrom a subtropical mangrove in
Taiwan characterised by a low silt/clay fractiort Ibieh in organic matter. These more
favourable sediment conditions for polychaetes migktion of mangrove sediments, may
explain the dominance of polychaetes in the 5 yeafsrested site, which recorded
relatively higher sand than silt/clay and also treédy high organic matter content.
Additionally, the dominance of polychaetes in thgears reforested site may also be due to
faunal succession during the recolonisation procées dominance by Polychaeta was

also due to the low abundance of oligochaetes dedoin the 5 years reforested site.

Nemertines were abundant in the degraded site waisb recorded the highest sand
content and lowest TOM in association with the laxfkvegetation. Most interstitial
nemertines have been recorded from intertidal afdidal zones subject to considerable
current action, which facilitates sedimentationrefatively coarse sand and shell ash.
Nemertines also prefer areas with low organic mattesilt (Higgins & Thiel, 1992). The
physical conditions of the degraded site concuh it habitat preferences for nemertines,

thus explaining the high densities recorded there.

Ecosystem restoration studies on created and tedresalt marshes, which are the
temperate equivalents of mangroves in the tropiage received much attention compared
to mangroves worldwide. Minello and Zimmerman (1992corded higher organic matter
levels in natural salt marshes compared to restoned, which positively correlated with
the density of sediment infauna and decapod createc Hampel et al. (2003) showed
clear differences in nekton community compositi@pecies abundance, biomass and

detritus between a natural and 10 years old rabtsedt marsh in the Westerschelde
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estuary. Similarly, Moseman et al. (2004) recordegher macrofaunal densities and
species richness in a natural salt marsh comparadl® month old restored salt marsh in
California. These differences were linked to diéfeces in salinity and organic matter
content, which influenced the general successianfafina. These results from salt marsh
restoration studies concur with the results of twerent study since the natural site
recorded the highest TOM and also the highest termsid taxa richness of macro-
endobenthos. The results further support the faadt the restored mangrove forests have
not yet attained a macro-endofauna community ardimsmnt physical characteristics
similar to the natural forest. This means that eatter 10 yrs, the reforested site has not
yet developed the optimum characteristics of amhtmangrove. The results have further
shown the importance of mangrove sediment physicaracteristics like organic matter
and grain size in influencing the recolonisationl dxence recovery of mangrove and salt

marsh ecosystems’ benthic communities.

3.6  Conclusions

The results of this study have shown that mangrevesystem degradation leads to
detrimental changes in sediment physical charaties] with consequent declines in

macro-endobenthic densities and changes in madobenthic community structure. It is

also clear that the restored mangrove forests eaduglly tending towards becoming

ecologically similar to the natural forests. Howewhis may take longer than 10 years as
shown by the differences in sediment charactesistitacro-endofauna densities as well as
community composition between the natural and tleérested mangrove areas.

Additionally, this study has contributed informatidhat may assist in dealing with
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guestions on mangrove management and restoratika, whether young restored
mangrove forests are ecologically similar to ndtares and how long restored mangroves

may take to become similar to the natural ones.
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CHAPTER FOUR

Patterns of colonisation of meiobenthos as an inditor of recovery of
reforested Rhizophora mucronata mangroves in Gazi Bay, Kenya.

4.1 Introduction

Meiobenthos or benthic meiofauna are defined orethatological basis as all sediment
dwelling metazoans which are retained on a 38 pewesiVincx, 1996). They are
ubiquitous in most marine ecosystems from estuddethe hydrothermal vents in the
deep sea. Their abundance and species composigocoatrolled by several physical
factors including sediment particle size, tempemtand salinity, in addition to
biochemical conditions related to organic mattgguinand oxygen availability (Giere,
1993). The role of meiofauna in carbon flows thiotige benthic food web, occurring in
tidal mud flats and estuaries among other zondsmihe marine biotope, is still a matter
of debate (Bouillon et. al., 2004; Urban-MalingaMoens, 2006; Van Oevelen et. al,
2006). Some studies suggest that they may playn@oriant role in trophic processes
such as the breakdown of mangrove plant materidetatus and its mineralisation by
micro-organisms (De Mesel, et al., 2003; Riera &bt 2003; Chinnadurai & Fernado,

2007).

According to Tietjen and Alongi (1990) and CoulPgB), meiofauna may stimulate
bacterial growth and hence contribute to nutrieeriggation in several ways such as (i)
mechanical breakdown of detrital particles whichkesa them more susceptible to
increased bacterial action, (ii) excreting nutréemthich are used by the microbial

community, (iii) production of slime and mucus tla#racts and sustains bacterial growth
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and (iv) sediment bioturbation where meiofaunaaactertical conveyors of biochemical
substances within sediments and between the setdinar overlying waters. The
grazing on bacteria by meiofauna may also keep thertheir exponential phase of
growth. The wide range of feeding types found inafainal groups enables them to
occupy several trophic levels. This, coupled whkit relatively high densities, might
enhance the flow of energy in the detrital systége( 1983). Meiofauna are preyed
upon by the juveniles of a large number of fishcg and benthic macrofauna like
shrimps, crabs, polychaetes and gastropods (Otaf§sdMoore, 1990; Vincx, 1996).
Many meiofaunal predators show an obligatory meio& feeding stage where copepods

appear to be the major meiofauna prey items (G289)1

According to Gwyther (2003), fallen leaves in mangr forests provide new patches of
phytal habitat on the sediment surface, which ghesian opportunity to investigate
successional, trophic and taxonomic aspects @r l@ssemblages as the fallen leaves
decay. Particulate food resources for meiofaunaleat litter comprise the surface
biofilm, which comprises of bacteria, microalgaeotpzoa and fungi (Skilletter, 2000;
Netto & Galluci, 2003). Ecological studies on themmunity structure of the meiofauna
of mangrove leaf litter in north-eastern Malayslowed that the meiofauna climax
community was not influenced by the species of margyleaf, although the community
changed during the process of litter decay. Howetrex shift in species composition
over time was a reflection of meiofauna successichanges associated with ageing
leaves (Gee & Sommerfield, 1997). Free living mamematodes are the most dominant

group among the meiofauna of marine environmenter€31993; Vincx, 1996). Their
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great abundance, adaptation to a wide range oftdtaband diverse morphological

features suggest that nematodes play a majorndderithic ecosystems (Giere, 1993).

Mangrove forests and their associated soft-sedsnareé common coastal habitats in
tropical and warm subtropical latitudes. The mayoof mangrove forests are within the
vicinity of coastal cities or other large humantlsetents, which makes disturbances
from human activities to be considered as majotofacthat modify the structure of
mangrove communities (Kairo & Abuodha, 2001; AlgngD02). The need for fast
economic development has led many countries to imggdestroy mangrove forests.
Impacts related to eutrophication, unplanned cbad@velopment, unsustainable
exploitation of mangrove resources and aquacukweefrequent along the tropical and
subtropical coastlines (Netto & Galluci, 2003). Sorof these activities involve

cutting/and or clear felling of the mangrove tres/ing some areas completely bare.

Although meiofauna are threatened by mangrove dagjen, which leads to loss of their
habitat, very few studies have focused on theierab$ages especially in degraded and
restored mangrove forests, despite the criticak rtley play as part of marine
biodiversity. Most studies have focused on macnéhuassemblages (Ruwa, 1988;
Fondo & Martens, 1998; Sasekumar & Chong, 1998jtheamore, only a few studies
have focused on mangrove restoration and meiofaveeblonisation of restored

mangrove ecosystems which include Khalil (2001).

An important step for a comprehensive understandinthe effects of habitat loss or

restoration on the functioning of mangrove ecoswystds the knowledge of faunal
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diversity. It need not be emphasised that meioberdhd macrobenthic assemblages
form a crucial component of the functioning of meowg ecosystems and, therefore,
should be analysed together with vegetation stractn order to determine the overall
mangrove restoration process and success (Fie@®)1%he few studies that have been
undertaken in relation to mangrove degradation andforestation along the Kenyan
coast have mainly concentrated on the macrobemitsemblages (Fondo & Martens,

1998; Bosire et. al., 2004).

Ecological studies on Kenyan mangrove meiobenthhesatgso very few and include
studies by Vanhove et. al. (1992) and Schrijveral e§1995, 1997). Similarly, studies
dealing with the effects of mangrove ecosystem aldmion and restoration on
meiobenthos community structure are completelyitagkTherefore, this study is the
first along the Kenyan coast, which compares meimiacommunity assemblages from a
natural, a 10 years reforested, a 5 years refarestd a degradehizophora mucronata
forests. Additionally, the macrofauna community b#&so been analysed from the same
study sites (Chapter 3) in order to contribute he management question whether
reforestation of clear-cut mangrove areas can bee dand a complete recovery of

ecosystem functions be attained.

4.2  Objectives
The objectives of this study were;
* To determine the effect of mangrove forest degradafclear felling) on

meiobenthos densities, community composition amdrdity
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* To investigate meiobenthos recolonisation patterihsestoredR. mucronata
forests
* To relate the spatial patterns in meiobenthos commystructure to sediment
physical characteristics
This was achieved by comparing the meiobenthos fnemreforested areas of different

ages (5 and 10 years old) with those from a nafarast and a fully degraded site.

4.3  Materials and Methods
The study site, meiobenthos sampling procedureor#bry sample processing and

identification have been described in detail in @ka2 on materials and methods.

4.4  Results

4.4.1 Meiobenthos densities and community composin

A total of 15 meiofauna taxa were recorded in fadl sites. The natural and the 10 years
reforested sites recorded 9 meiofauna taxa eache wWre 5 years reforested and the
degraded sites recorded 7 and 8 taxa, respectiMelynatoda was the dominant taxon in
all the study sites accounting for over 90 % of tittal meiofauna densities (Table 4.1).
The 10 years reforested site recorded the highegtfauna densities averaging 1379 *
369 Ind. /10 crfy while the degraded site recorded the lowest tlens(356 + 248 Ind.

/10 cnf).
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Table 4.1. Densities (mean + SE; n = 9) of meiofataxa (Ind. /10 cA) in the natural,

10 years reforested, 5 years reforested and dedjsdids.

Natural 10 years reforested 5 years reforested] Degded
Nematoda 1142 £ 61 1320 + 285 788 £ 213 320 £ 24
Oligochaeta 43 +24 52 +32 34 +H
Polychaeta 21 21 3+2 +1
Nemertina 0 0 1+1 27 £ 10
Bivalvia 1+1 0 0 0
Gastropoda 1+£1 0 0 0
Amphipoda 0 1+1 0 0
Copepoda 13+12 2 0 1+1
Copepod nauplii 0 0 0 1+1
Foraminifera 0 1 0 0
Cladocera 0 1+1 0 0
Insecta 1+1 1+1 1+1 i
Insect Larvae 1+1 1+1 1x1 1+x1
Arachnida 0 0 1+1 0
Crustacea 1+1 0 0 0
Mean + SD 1201 +123| 1379+130 796 £ 275 356 + 67
% Nematoda 95 96 99 90
No. of taxa 9 9 7 8
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The variation in total meiofauna densities anddbasities of the major meiofauna taxa
are shown in figure 4.1. The natural site recondatively lower densities of meiofauna
(1201 + 197 Ind. /10 cfirthan the 10 years reforested site (Fig. 4.1atalTmeiofauna
densities showed significant differences betwetss JANOVA, df = 3, F = 17.64, p <
0.05). However, Tukeys HSD post hoc comparisonsvetdano significant differences (p

< 0.05) between the natural site, the 10 yeargesfed and the 5 years reforested sites.
The degraded site recorded significantly lower dessthan the natural and the 10 years
reforested sites (p < 0.05), but not different frima 5 years reforested site. The lack of
significant differences between the 5 years reteresite and all the other sites was due

to the high variation in meiofauna densities reedrth this site.

Similarly, nematode densities (Fig. 4.1b) were Bgjhin the 10 years reforested site
(1320 + 341 Ind. /10 cfn and lowest in the degraded site (320 + 243 140. ¢nf).
Again, the natural site recorded lower nematodesities (1142 + 196 Ind. /10 énthan

the 10 years reforested site. There were signifiddferences between sites in nematode
densities (ANOVA, df = 3, F= 17.44, p < 0.05). Sanito total meiofauna densities,
Tukeys HSD post hoc comparisons showed no significhfferences between the
natural, the 10 years reforested and the 5 yeéosested sites, while the degraded site
recorded significantly lower nematode densitiesntltae natural and the 10 years
reforested sites (p < .05), but not different frima 5 years reforested site. Just like total
meiofauna densities, the lack of significant défeces between the 5 years reforested site
and all the other sites was due to the high vamat nematode densities recorded in this
site. The observed trends in the densities of raaitd and nematodes between sites

reflect the differences in sediment physical chiarastics. The silty/clay sediments rich
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in TOM recorded the highest densities of meiofaand in particular nematodes. This
shows that sediment characteristics could be piggirole in influencing meiofauna, and

in particular, nematodes recolonisation of the mawg ecosystems.

The densities of oligochaetes (Fig. 4.1c) were ésgin the 10 years reforested site (52 +
28 Ind. /10 crf), while the 5 years reforested site recorded theest (3 + 6 Ind. /10
cnt?). The natural site recorded 43 + 26 Ind. /10°cffhe relative abundance of
oligochaetes was 4 % in both the natural and the/elds reforested sites. Both the
natural and the 10 years reforested sites recosiguaificantly higher Oligochaeta
densities than the 5 years reforested and the dedsites (ANOVA, df = 3, F = 22.31,
p < 0.05). The high densities of oligochaetes m nlatural and the 10 years reforested
sites could be related to the high relative prapo# of silt/clay and high TOM recorded

in these two sites.

Nemertines (Fig. 4.1d) were abundant in the degtaite (27 + 23 Ind. /10 cf)) while
the 5 years reforested site recorded very low diess{l + 1 Ind. /10 cf). They were
absent in the natural and the 10 years reforested. SNemertina was the second
dominant taxon in the degraded site accountin@f® of the total meiofauna densities.
Their relative abundance in the 5 years reforesitedwas, however, very low (< 0.5 %).
Nemertines have been shown to prefer sandy sedirhentng low organic matter, which

were characteristic of the degraded site.

The highest density of copepods (Fig. 4.1e) wesrded in the natural site (13 = 18 Ind.

/ 10 cnf), where they contributed only 1 % of the total ofi@iina densities. The 10 years

77



reforested site recorded very low densities (3 tadt / 10 cni), while they were only

occasionally present in the degraded site (1 +d2 Ar10 cni) and absent in the 5 years
reforested site. Though copepods have been linkeshindy sediments which are well
aerated, the degraded and 5 years reforested tesded the lowest densities,

suggesting that other factors could be influent¢ivagr distribution in the studied sites.
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Figure 4.1a-e. Densities (Mean £ SD, n = 9) ofMa)ofauna (b) Nematoda (c) Oligochaeta (d) Nemarand (e) Copepoda in the

natural (Nat), 10 years reforested (Refo10), 5geafiorested (Refo5) and degraded (Degr) sites.
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Non-Metric Multidimensional Scaling (hnMDS) on medofa densities and community
composition showed no separation between the nandathe 10 years reforested sites
(Fig. 4.2). However, the 5 years reforested and dbgraded sites formed separate

clusters.

Stress: 0.11
[ | A Nat
[ |
.. ' o V¥ Refol0
mE u ®
\ / A ®
VA B Refo5
Vvv o o o
AA "o ®
v @® Degr

Figure 4.2. nMDS on (Logx+1) meiofauna communityadghowing grouping of sites.
Natural site (Nat), 10 years reforested site (R@fpb years reforested site

(Refo5) and degraded site (Degr).

This pattern was further confirmed by ANOSIM paisgvcomparisons (Table 4.2) which
showed no significant differences between the ahtamd the 10 years reforested sites (R
= -0.062) while all the other pairwise comparisgase significant differences (R > 0.5).
SIMPER analysis gave very high average similari#ge30 %) within all sites. The taxa
Nematoda, Oligochaeta and Nemertina were respendisl the high similarities

observed within sites (Table 4.3). Additionallyetdissimilarities observed between sites
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were mainly contributed by the taxa Copepoda, @hgeta, Nemertina and to a lesser

extent Nematoda (Table 4.4).

Table 4.2. Pairwise ANOSIM comparisons betweersitessed on meiofauna community

composition (Global R: 0.522).

Table 4.3.

Pairwise comparisons R Value
Natural vs. 10 years reforested -0.062
Natural vs. 5 years reforested 0.648
Natural vs. Degraded 0.704
10 years reforested vs. 5 years reforested 0.676
10 years reforested vs. Degraded 0.707
5 years reforested vs. Degraded 0.675

Meiofauna taxa percentage contributBiMPER) to similarities within sites.

Average Meiofauna taxa contribution
Sites Similarity | Nematoda | Oligochaeta | CopepodaPolychaeta | Nemertina
Natural 83 61 27 8
10 years reforested 82 62 28 4
5 years reforested 78 87 8
Degraded 72 63 29
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Table 4.4. SIMPER lists showing the meiofauna f@et@entage contribution to

dissimilarities between sites. Natural site (Nalf) years reforested site

(Refo10), 5 years reforested site (Refo5) and dleglaite (Degr).

Sites Average Meiofauna Taxa contribution to between sites similaties
Dissimilarity

Nat vs. Refol0 17 Copepoda (31), Oligochaeta (18)

Nat vs. Refo5 30 Oligochaeta (40), Copepoda (23)

Refol10 vs. Refo5 30 Oligochaeta (43), Copepoda (13),

Nat vs. Degr 43 Nemertina (28), Oligochaeta (2@mdtoda (16), Copepoda (1
Refol0 vs. Degr| 43 Nemertina (28), Oligochaeta,(Riématoda (17)

Refo5 vs. Degr 37 Nemertina (36), Nematoda (17),

Analysis of relative multivariate dispersion (MDISRvhich is a measure of within site

variability, showed that the natural and the 10rye@forested sites were the least

variable with Indices of Multivariate DispersiorMD) of 0.737 and 0.752, respectively.

However, the 5 years reforested and the degradesl showed the highest within site

variability (IMD = 1.11 and 1.4, respectively). ™eehigh IMD values recorded for the 5

years reforested and degraded sites show that theee sites were the most

heterogeneous interms of meiofauna densities amidncamity composition.

4.4.2 Meiofauna diversity measures

Meiofauna taxa richness was highest in the 10 yedosested site (4.6 + 1.1) and lowest

in the 5 years reforested site (3.3 £ 0.9). Thee&ry reforested site also recorded the

lowest Shannon diversity index and taxa rarefactiod + 0.3 and 0.1 + 0), respectively
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(Table 4.5). Since Shannon diversity index is iefloed by species dominance (Maguran,
1991), the natural, the 10 years reforested and thears reforested sites recorded low
indices due to the dominance by nematodes. Howedee, to the lower relative
abundance of nematodes recorded in the degradedSiannon diversity index was
highest here. There were no significant differenbesveen sites in meiofauna taxa
richness, while significant differences in taxaefaction (Kruskal-Wallis, df = 3, H =

16.43, p < 0.05) and the Shannon Wiener diversithex (Kruskal-Wallis, df = 3, H

18.72, p < 0.05) were recorded.

Table 4.5. Meiofauna community diversity measuresgn + SD, n=9) in the natural, 10

years reforested, 5 years reforested and degragsd s

Sites S ES H’ loge

Natural 44+14 22+060.2+0.1

10 years reforested | 4.6 £ 1.1 20+£0.20.2+£0.1

5 years reforested | 3.3+0.9 14+030.1+0

Degraded 39+1.1 25+0304+0.2

4.5  Discussion
There is limited quantitative information published meiofauna of mangrove habitats in
Kenya (Person. obs.). Studies on the distributfomeiofauna in mangrove sediments have

been documented from various parts of the worldh sag Australia (Hodda & Nicholas,
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1985; Alongi, 1987; Gwyther, 2003), Tanzania (Gdaff et al., 2000), S.E. India
(Chinnadurai & Fernado, 2007), and Brazil (NettoG&lluci, 2003). Along the Kenyan
coast, Vanhove et al. (1992) investigated the eartdistribution of meiofauna from
sediments of five mangrove speciés/ienia marina, Bruguiera gymnorrhiza, Ceriops
tagal, Rhizophora mucronata and Sonneratia alba) from Gazi Bay, Kenya, and identified a
total of 17 meiofauna taxa. The highest densiteioed in sediments &. gymnorrhiza
(6707 Ind./10 crf) followed byR. mucronata (3998 Ind./10 crf), A. marina (3442 Ind./10
cnt), S alba (2889 Ind./10 crf) and C. tagal (1976 Ind./10 cr), with nematodes
accounting for 95 % of the total densities. Sedinmgranulometry and oxygen conditions
were the major factors influencing meiofauna dsttion. Schrijvers et al. (1995) looked at
the human impact on meiofauna in partially impactédtagal and R. mucronata
mangroves in Gazi Bay, Kenya. In their study, intpdcsites showed lower densities of
meiofauna and nematodes, in particular. This deeregas linked to the loss of both
organic matter and muddy sediments due to theiofpaf mangroves, which increases
tidal currents and sediment erosion. Exclusion erpmts by Schrijvers et al. (1997)
showed that meiobenthos, especially Oligochaeta Madhatoda, were influenced by
resource competition with the epibenthos. The nemitios and epibenthos shared the

same food source comprising of muddy detritus amtaalgae.

Only Mwojoria (2007) studied benthic meiofauna @storedS. alba mangrove forests in
Gazi Bay despite restoration programmes havingdostarted 15 years ago. His study
found no differences in meiofauna densities betwbematural and reforested sites. Thus,

this study forms the first account of meiofaunagstoredR. mucronata mangrove forests
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along the Kenyan coast. The results of the presemty show a clear separation of the
restored R. mucronata forest stands of different ages (5 and 10 yedbssed on

environmental characteristics and also on the raeitd taxa densities and community
composition. The differences in meiofauna commumhiggween the natural and the 10
years reforested sites are not pronounced despde differences in environmental
characteristics (especially TOM) that are still gmnet. This shows that meiofauna are

controlled by a complex of factors within the sealmangrove environment.

Overall, 15 meiofauna taxa were recorded with thieimal and the 10 years reforested sites
recording 9 taxa each, while the degraded and tsyedorested sites recorded 8 and 7
taxa, respectively. The total number of taxa reedrds similar to that observed by
Vanhove et al. (1992), Schrijvers et al. (1997)fr® mucronata sites and Mwojoria
(2007) fromS. alba sites in Gazi Bay. However, the total density aefisfauna from the
current study is different from those of earliardés from Gazi Bay. Vanhove et al. (1992)
and Schrijvers et al. (1997) recorded much highensdies of meiofauna fronik.
mucronata sites (3998 and 6101 Ind./10 Tnrespectively), while Mwojoria (2007)
recorded almost similar densities of between 1516 /74 fromS. alba sites, compared
to the current study (1339 ind/10 mFrom South Indian mangroves, Chinnadurai and
Fernado, (2007) recorded far much lower meiofawssities (max 474 Ind./10 &rfrom

R. apiculata, while Netto and Galluci, (2003) recorded a maximof 1586 Ind./10 cf

from Brazilian mangroves.
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The differences in meiofauna densities betweerpthsent and earlier studies from Gazi
Bay can be related to the inundation class or tigaght of the study sites. The earlier
study sites were located in inundation class 1Jenthie sites in the current study were
located in inundation class 4. Mangroves in inuitatlass 4 are covered by tidal water
during high spring tides only, while those in inatidn class 1 are covered by water during
all high tides (Hogarth, 1999). This means that gnaves in inundation class 4 are
exposed for longer periods, while those in inuratatilass 1 are covered by water during
all tidal cycles. Tidal level plays a crucial rale benthic community dynamics since it
determines the duration of high temperature andequently salinity stress during low
tides’ exposure. Indeed, Sasekumar (1994) recoattethcrease in meiofauna densities
with decreasing tidal height in Malaysia, whichlimked to minimal environmental stress
since air exposure is reduced. Additionally, Aloi$®87) recorded decreased nematode
densities with increased tidal height in mangrauedts in Australia. The differences were
linked to differences in physical and chemical dastsuch as sediment granulometry,

soluble tannins, temperature, disturbance and mi@rfood resources.

Nematoda was the most abundant taxon in the custady accounting for over 90 % of
total densities in all the sites. Dominance by Newa has also been reported in earlier
surveys of East African (Vanhove et al., 1992; $abrs et. al., 1997; Olaffson et al.,
2000; Mwojoria, 2007), Indian (Sasekumar, 1994;@hdurai & Fernado, 2007), and
South African mangroves (Dye, 1983a; Hodda & Nielspl1985). The natural and the 10
years reforested sites having silty sedimentsfgsitition > 50 %) in the present study, also

recorded the highest TOM content and the highessities of meiobenthos, especially
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Nematoda. This shows that sediment type and sedimf@M levels influence the
meiofauna distribution patterns observed. Gier898) noted that nematode community
composition and diversity, are largely determingdsbdiment structure and probably by
the level of silt fraction, which limits their bigpical range. Sediments rich in TOM were
recorded in the natural and the 10 years reforeste with a complex system of
pneumatophores. The complex system of pneumatophondese sites, coupled with the
availability of leaf litter and detritus provides @nhanced food source for benthic fauna.
Netto and Galluci, (2003) noted that sediment gsire and organic matter content may
play a vital role in determining the patterns ofiof@una distribution. This influence may
act through the availability of food resources the detrital food web, where sediment
infauna feed on the microflora associated with dgmasing detrital material (Skilletter &
Warren, 2000). Additionally, Gwyther (2003), docurteethat the microhabitats created by
the large amounts of detritus in different stagedezomposition harbours biofilms. These
biofilms include bacteria, microalgae, protozoa dndgi which form food for benthic
fauna. This explains the high densities of meioéauecorded in the natural and the 10
years reforested sites which recorded high TOMIgwehich could be providing several

opportunities for meiofauna colonisation.

Exposure due to lack of mangrove canopy cover asge environmental stress to benthic
fauna (Sasekumar, 1994). Increased sediment gadind temperature may also negatively
affect benthic microphytobenthos which act as fsodrces for benthic fauna (Ingole &

Parulekar, 1998). The high temperature and sglieitorded in the degraded site suggests
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that environmental stress was high, which in comem with the lower TOM content

explains the low densities of meiofauna recordeithéndegraded site.

Nemertines were abundant in the degraded site walisb recorded the highest sand
content and the lowest TOM levels. Most interdtiN@mertines have been recorded from
intertidal and subtidal zones subject to considerabrrent action which facilitates erosion
of fine sediments leaving relatively coarse saneimirtines also show preference to areas
having low organic matter and/or low silt conteHiggins & Thiel, 1992). This explains
the high densities of Nemertines recorded in thgratied site. It also shows that Nemertina

is a taxon adapted to stressful environments.

Copepods occurred in very low densities in the entrrstudy with a maximum of 13
Ind./10 cnf in the natural site. These low densities can ketae to sediment type since
copepods are mostly correlated with coarser sedsnehich are more oxygenated than
silty/clay sediments (Giere, 1993). Similarly, W8e<et al. (1974), stated that copepods
especially Harpacticoid copepods are the most semsneiobenthic taxon to decreased
oxygen levels. Copepods are usually restrictech&dxygen rich zones and tend to be
found on or just beneath the surface of muds. Hewaetlieir biotope extends deeper within
sands and gravel to the level of the permanentrwatde (Wells, 1992). Although the
degraded site had the highest sand content, itdedovery low Copepoda densities. This
mainly shows that temperature and salinity stresstd exposure, did not favour Copepoda
colonisation. Studies by Schrijvers et. al., (1985R. mucronata forests of Gazi Bay,

however recorded much higher Copepoda densities (8@ + 38 Ind. /10 cA). These
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sites were, however, located closer to the low miatel hence are permanently wet. But
in the current study, sampling sites were locateder to the high water mark where
exposure is prolonged hence environmental stresiglisdue to increased temperature and

salinity.

Unlike Nemertines which are purely confined to thegraded and the 5 years reforested
sites, oligochaetes were recorded in all the siiés higher densities in the natural and the
10 years reforested sites. Mutua et al. (submit@dd recorded the same trend of
oligochaetes in the macrofaunal size group. Themence of oligochaetes in the degraded
and the 5 years reforested sites shows that tk@ntes resilient to environmental stress.
However, it remains to be investigated whethergiecies found in the natural and the 10
years reforested sites are the same as those fr@megraded and the 5 years reforested

sites.

Although the 10 years reforested site shows a armileiofauna community structure with
the natural site, the two sites still differ inrtesy of TOM and sediment type. The 10 years
reforested site has not yet developed physicalaceristics of a natural mangrove habitat.
This was also reflected in the macrofauna commustitycture but not in the meiofauna.
These differences were not only caused by botlodfigetes and polychaetes, but also by
the large sized nematodes which were much moredamtiin the natural site compared to
the 10 years reforested site in the macrofauna daes. The 10 years reforested site
recorded a more diverse meiofauna community thanmn#tural site as evidenced by the

relatively higher taxa richness. This could beeaetihg the fact that the natural site has
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already reached the climax community, while the years reforested site being a
developing system, still has its community growiag new habitat conditions become
available. Contrally, the degraded site recordéigher Shannon Diversity Index than all
the other sites. This is because of the high dessif meiofauna and the higher dominance

by Nematoda in these sites compared to the degsitied

4.6  Conclusions

This study has added onto the existing informatonmangrove meiofauna community
assemblages along the Kenyan coast. It also pevdsyv information on meiofauna
assemblages from restorBdmucronata mangroves, which hitherto was lacking. It shows
that degradation of mangrove forests leads to prafochanges in the habitat conditions.
These habitat changes lead to a strongly impoweisheiofauna community in terms of
density and community composition. Despite the slegovery of the habitat 10 years after
restoration, as shown by depletion in the fine pigarich sediment fraction and
macrofauna, the meiofauna densities and communayposition have mainly re-
established. It is also evident that recovery ef tieiofauna community and in particular
nematodes takes place between 5 and 10 yearsaoésedtion. However, some taxa like
Oligochaeta only re-appear in naturally high deéesiafter more than 5 years following
reforestation. This shows that complete recoverganfsystem functions of the studiid
mucronata forests may take more than 10 years, though hacakystems aspects were
investigated. This was also supported by the diffees in sediment physical

characteristics.
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CHAPTER FIVE
The spatial and temporal variation of nematofauna brecovering tropical

mangroves at Gazi Bay, Kenya.

51 Introduction

Mangroves are precious resources for multiple secanomic and ecological uses. In
the recent past, there has been a significant dgweint in mangrove research, covering
structure and function (Bosire et al., 2003, 20Pd05; Bouillon et al., 2002; 2004;

Mwashote & Jumba, 2002). This has provided a morapcehensive understanding of
this ecosystem. However, increased economic dewwdofs, witnessed in many

countries, have led to massive destruction of tivisé ecosystems. Mostly, mangrove
destruction is through eutrophication, unplannedstal developments, unsustainable
exploitation and conversion for aquaculture. Thasévities are frequent along the

tropical and subtropical coastlines (Kairo & Abuadi?2001; Netto & Galluci, 2003).

Degradation of the floral component of mangrovesgstems leads to direct impacts on
the faunal structure and function (Fondo & Martet398; Bosire et al., 2004; Mutua et
al., unpublished). Among the marine benthos, Nedwmts a good taxon for use as
ecological indicators for benthic environments (@ttberger at. al., 2000). The reason
for this is that they are the most abundant meitthemgroup and that small sample sizes
can give enough animals for making concrete sdientbnclusions. Nematodes also
have a ubiquitous distribution, high diversity, ghgeneration periods and continuous
reproduction. They are also restricted to the sedimthroughout life and have a wide

range of adaptations, which enables them explbitittaral habitats (Higgins & Thiel,

91



1992; Kennedy & Jacobi, 1999). These traits ensluaé the state and composition of
nematode assemblages may be used to reflect tleeaddiealth of the benthos (Kennedy
& Jacobi, 1999). Moreover, Platt and Warwick (1980gue that any general assessment

of the ecology of intertidal habitats is incompléthe nematofauna is not considered.

Nematodes are the most ubiquitous, abundant arefsgivmarine metazoan group in
mangrove sediments (Alongi et al., 1992). AccordimdPlatt and Warwick (1980), they
are of major energetic importance, form a significpart of the diet of many other
organisms, play vital roles in facilitating decorsfiion as well as influencing the
stability of sedimentary environments, and are midé indicators of environmental
conditions. Their diverse morphologies and adamtato a wide variety of habitats
makes them major players in the benthic ecosys@erd¢, 1993). Differences in benthic
physico-chemical characteristics including tempegtdepth, mean grain size, salinity,
mangrove forest productivity and food availabildgn be possible determinants of the
development of different nematode communities amarangrove fringed estuaries
(Alongi, 1987; Alongi & Sasekumar, 1992). Thougtdisgent granulometry is mainly
influenced by physical factors, macrofaunal bio&tidn and disturbances due to feeding
and locomotion can modify sediment structure legdin patchy distribution of

meiobenthos and in particular nematodes (Giere3)199

Nematodes dominate the mangrove meiofauna, andat¢sgonomic descriptions have

been made of mangrove nematodes from many patteafiorld especially in Australia

by Nicholas et al. (1991), Brazil by Netto and @ail(2003) and in India by Sasekumar
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(1994) and Chinnadurai and Fernado (2007). HowekerWestern Indian Ocean region,
which includes the East African mangrove ecosystémas received minimal coverage in
meiobenthic and in particular nematofauna reseahttmhough mangrove meiobenthic
fauna have been documented along the Kenyan doastxample, by Vanhove et al.
(1992) and Schrijvers et al. (1995, 1997), onlydss by Muthumbi (1994) and
Mwojoria (2007) have researched on nematodes allo@g<enyan coast. In addition,
only Mwojoria (2007) has documented the nematodmnsonities associated with

degraded and restor&lalba in Gazi bay.

Therefore, no studies have related changes in me@atommunities tdR. mucronata
mangrove degradation and restoration, despite re¢gin efforts having been started
more than 15 yrs ago (Kairo & Abuodha, 2001). Ovilyojoria (2007) studied nematode
distribution in natural, reforested and degrad®dalba forests. His study recorded
relatively higher nematode densities from refor@&ealba compared to the natural site,
though no significant differences between the twesswere found. The other few
studies on the impact of mangrove degradation astbration on benthos such as Fondo
and Martens (1998), Schrijvers et al. (1995) andifgoet al. (2004) have mainly focused
on the macrobenthic assemblages in relation to maegdegradation and restoration.
This is despite the understanding that nematodeggse a large fraction of marine
benthic communities. They also form a crucial conmga of the functioning of
mangrove ecosystems and play a pivotal role in muaegecosystem restoration success
(Field, 1999). Therefore, to better understand dffects of mangrove habitat loss and

restoration, studies on the nematofaunal diversitthese ecosystems are very crucial.
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Therefore, this study is the first to be condudtedenyan mangroves that attempts to
compare nematode community assemblages from natli@alyears reforested and
degradedRhizophora mucronata forest stands, with a view to shed light on thea$ of
mangrove ecosystem degradation and restoratioregratode community structure. The
study tried to answer the following questions: @pes mangrove clear felling
(degradation) lead to alteration of nematode dgnaitd community composition?
(2) Did the restoration of the. mucronata mangrove ecosystem successfully create after
10 years, a nematode community assemblage comepaiabldensity, community
composition, diversity and biomass to that of thigioal natural mangrove stand? And

(3) to what extent do nematode communities showms®d variations?

5.2 Materials and Methods

5.2.1 Sampling and Sample processing
The detailed field sampling, laboratory sample pssing and nematode identification

procedures are also described in Chapter 2 on imiatand methods.

53 Results.

5.3.1 Environmental characteristics

The spatial and temporal variations in sedimentsmay characteristics are shown in
figures 5.1. Fig. 5.1a shows the spatial and tealpwariations in TOM. Two-Way
ANOVA showed significant differences between site3OM (ANOVA,; F = 856. 63, df =
2, p < 0.05). However, there was neither any sedgsbfierences within sites observed nor

was the interaction between seasons and sitedisagri The wet and dry seasons within
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the natural site recorded significantly higher msadiment TOM (48.1 % + 6.6 and 48.4
% = 5.4 respectively) than all the other sites. Tdweest TOM levels (3.3 % £ 0.7 and 2.8
% + 0.4) were recorded from the degraded site dutioth wet and dry seasons
respectively. This trend in TOM shows the effecfast age and clear felling on TOM.
The natural mangroves being the oldest and notdétegehave accumulated peat over time
while the degraded site is not replenished with T@llitter fall hence the low TOM

levels.

The variations in sand between sites and betwessoese are shown in Fig. 5.1b. There
were significant differences between sites, betwseasons within sites and the
interaction between seasons and sites in sandrtdBNOVA; F = 185.36, df = 2, p <

0.05; F=8.29, df = 1, p < 0.05; F = 7.37, df #2,0.05 respectively). The degraded site
recorded significantly sandier sediments (81.6 §2tand 78.7 = 1.8) during the dry and

wet seasons, respectively, than the natural andiGhears reforested sites.
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Figure. 5.1a-e. Spatio-Temporal variations in (&M, (b) Sand, (c) Silt/Clay, (d) Salinity and (egrmperature in the study sites.
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site.
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However, only the natural site recorded significaaasonal differences in sand content
where the dry season recorded significantly lovegdscontent (19.2 % + 3.6) than the wet

season (39.1 + 9.8) and than all the other sitesq®5).

The proportion of silt/clay was significantly difent between sites, between seasons and
the interaction between seasons and sites wasiglsificant (ANOVA,; F = 185.36, df = 2,

p <0.05; F=28.29, df =1, p<0.05 F=7.37=2, p <0.05, respectively). Both the
natural and the 10 years reforested sites recaumificantly higher silt/clay content (p <
0.05) during both seasons than the degraded sig @-1c). Significant seasonal
differences in silt/clay within sites were recordedhin the natural site, where the dry
season recorded significantly higher silt/clay fi@t (80 % + 3.6) than the wet season
(60.9 % £ 9.8). The high sand content during thé season in the natural site shows that
surface runoff probably deposited sediments highaind from the surrounding terrestrial
systems. The wet and dry seasons within the dedraitie recorded the lowest silt/clay

content (21.3 % + 1.8 and 18.4 % * 6.2 respectjvely

The level of salinity was significantly differenetween sites, between seasons and the
interaction between sites and seasons was alsibicagih (ANOVA; F = 120.25, df = 2,

p <0.05 F=1084, df =1, p <0.05 F=8.81=P, p < 0.05, respectively). The
degraded site recorded significantly higher salifi < 0.05) during both dry and wet
seasons (46 £ 1 and 43.4 £ 1.5 PSU, respectivebn the natural and the 10 years
reforested sites, which recorded the lowest sgliahitring the wet season (30 + 2.1 and

32 + 1 PSU, respectively). Seasonal salinity déifees were recorded from both the
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natural and the 10 years reforested sites, wheredtir season recorded significantly
higher salinity (p < 0.05) that the wet season .(FBdld). There were significant
differences in temperature (Fig. 5.1e) betweers sited the interaction between seasons
and sites (ANOVA; F = 36.95; df = 2, p < 0.05; B85, df = 2, p < 0.05, respectively).
However, no significant differences between seaswitisin sites were observed. The
degraded site recorded significantly higher temipees (34°C + 1 and 31.3 + 1.4)
during the dry and wet seasons respectively (p08)Gthan the natural and the 10 years

reforested sites.

The ordination of sites and seasons within sitesetbaon sediment physical
characteristics data is shown in Fig. 5.2, and €tbw clear separation of the degraded
site from both the natural and the 10 years refedesites. Principal components (PC) 1
and 2 explained 99 % of the variability (PC 1, 96PR& 2, 3 %). On the first principal
component, the natural and the 10 years reforested, with the highest TOM and
silt/clay, were separated from the degraded sitgnigasandier sediments and low TOM.
The separation of sites along the second prinagoahponent was less pronounced,
though it separated the wet and dry seasons witleimatural and the 10 years reforested
sites, based on salinity and silt/clay fractione PCA output is in line with the ANOVA
results which showed significant seasonal diffeesno sand, silt/clay and salinity only
in the natural site. The degraded site having mogg cover, experiences increased tidal

erosion which reduces TOM and the silt/clay fractio
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5.3.2 Major nematode genera

Total nematode densities are shown in Fig 5.3. ITdensities showed significant
differences between sites (ANOVA; F = 17, df = 2¢®.05). The natural and the 10
years reforested sites recorded significantly higtlensities than the degraded site.
However, no seasonal differences were observedinvghes. The high densities of
nematodes in the natural and 10 years reforested shows the influence of food

availability (TOM) and sediment type (silt/clay) onematodes colonisation of

mangroves.
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Figure 5.3. Spatial and temporal variations in ek densities. WNat; Wet season
Natural site, DNat; Dry season Natural site, WR8fdd/et season 10 years
reforested site; DRefol0; Dry season 10 years esfed site, WDegr; Wet

season Degraded site and DDegr; Dry season Degsitded
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Figures 5.4a-f shows the densities of the majoratede genera. Out of all the nematode
genera identified and countedigrschellingia (Fig. 5.4a) accounted for 22 % of the
overall total density. It was the dominant genusbath the natural and the 10 years
reforested sites, accounting for 25 % and 26 % hef total density, respectively.
However, Terschellingia was totally absent from the degraded site. Dessitdf
Terschellingia were significantly different between sites (ANOVRA= 245.3,df =2, p <
0.05) even though neither seasonal differences wareerved in densities of
Terschellingia within all sites nor was the interaction betweesasons and sites

significant.

The genudierickia (Fig. 5.4b) accounted for 11 % of the overall dgng he densities
were highest in the 10 years reforested site, witeaecounted for 21 % of the total
density. The natural site recorded intermediatesities with a relative abundance of 5
%. However, significantly lower densities Bierickia (ANOVA; F = 82.57, df = 2, p <
0.05) were recorded in the degraded site, whesedbunted for only 0.4 % of the total
density. No seasonal differences within sites webserved, while the interaction

between seasons and sites was also not significant.

The overall relative density ¢tdaliplectus (Fig. 5.4c) was 4 %. The natural site recorded
a relative density of 5 %, while the 10 years re$bed and the degraded sites recorded
relative densities of 4 % and 2 % respectively. Gbgraded site recorded significantly
lower densities oHaliplectus (ANOVA; F = 67.86, p < 0.05) than both the natuaat

the 10 years reforested sites. Only the degraded shiowed significant seasonal
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differences in densities dfaliplectus, with the dry season recording significantly lower
densities than the wet season (ANOVA,; F = 24.6%, @05). The observed significant
differences between sites were caused by the ealyelow densities ofHaliplectus

recorded during the dry season within the degraited

The generdrefusialaimus contributed a relative abundance of 4 % to the aldensity.

In the natural site, it contributed 5 %, while het10 years reforested site, it accounted
for 4 % of the total density. Norefusialaimus was recorded in the degraded site, which
was responsible for the observed significant diffiees between sites (ANOVA; F =
92.13, df = 2, p < 0.05). Neither were seasondéhces in densities dtrefusialaimus

recorded nor was the interaction between seasaehsi@s significant (Fig. 5.4d).

The density ofMetachromadora (Fig. 5.4e) was highest in the degraded site witere
accounted for 24 % of the total density. Howevartdrms of the overall densities, it
recorded a relative abundance of only 4 %. Theites®f this genus were very low in
the natural and the 10 years reforested sites,emedaitive abundances of 2 % and 0.5 %,
respectively, were recorded. Due to the great tiarnian densities oMetachromadora,
especially in the degraded site during the dry@easo significant differences between

sites and between seasons within sites were olakerve

The genusAnoplostoma (Fig. 5.4f) recorded an overall relative abundaot8 %, with

the degraded site recording the highest relativesitie of 14 %. The natural and the 10

years reforested sites recorded relative densfié&% and < 1 %, respectively. The 10
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years reforested site recorded significantly lodemsities oAnoplostoma (ANOVA; F =
3.97, df = 2, p < 0.05) compared to the natural #rel degraded sites. No seasonal
differences in the densities @fhoplostoma were observed. The observed differences
between sites in the dominant nematode generacmslyy linked to the differences in
sediment physical characteristics. The organiaatly and silty sediments recorded high

densities of the major genera especially the @¢teedersTerschellingia andPierickia.
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Figure. 5.4a-f. Spatial and temporal variation imerical abundance of the major nematode generdg(schellingia, (b) Pierickia,
(c) Haliplectus, (d) Trefusialaimus, (e) Metachromadora and (f) Anoplostoma. WNat; Wet season Natural site, DNat;
Dry season Natural site, WRefgl®Wet season 10 years reforested site; DRefol10;sBagon 10 years reforested site,
WDegr; Wet season Degraded site and DDegr; DryoseBgegraded site.
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5.3.3 Nematode community assemblages

The nematode genera identified during the studyshosvn in Appendix 1. A total of 76
genera, belonging to 24 families were identifiedt Of these, 62 genera belonging to 23
families were recorded from the 10 years reforesit] while 60 genera belonging to 23
families were recorded from the natural site. Tlegrdded site recorded 33 genera
belonging to 18 familiesTerschellingia was the most abundant genus in the natural site
contributing 25 % of the total nematode densit&milarly, Terschellingia together with
Pierickia were the dominant genera in the 10 years refateste, contributing 26 % and
21 % of the total densities, respectively. The dwnt genera in the degraded sitere
Metachromadora and Anoplostoma, which contributed 24 % and 14 % of the total

densities, respectively.

The dominant families in the natural site were lomoeidae (31 %) and Desmodoridae
(14 %). Linhomoeidae (32 %) and Comesomatidae (36w#re the most abundant

families in the 10 years reforested site, while idedoridae (29 %), Cyatholaimidae (15
%) and Anoplostomatidae (14 %) contributed the ésghrelative densities in the

degraded sites. The number of genera is linkedhéosediment physical characteristics
with the detritus rich (high TOM) and silty sedinerfirom the natural and the 10 years
reforested sites recording the highest number nége The more stressful environment

in the degraded site recorded the lowest numbeewfatode genera.
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An nMDS analysis (Fig. 5.5) on nematode generaileasand community composition
produced two clear clusters. The natural and theelis reforested sites formed one

cluster which was separated from the degraded Hibevever, no clear separation of

seasons within sites was observed.
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Figure. 5.5. Nematode genera community assemblage: Outputoatmetric Multi
Dimensional Scaling (hMDS) on square root tramefx nematode
genera densities data showing affinities betwetss sind between seasons
within sites, WNat; Wet season Natural site, DNl season Natural site,
WRefol0; Wet season 10 years Reforested site; ORefdry season 10

years Reforested site, WDegr; Wet season Degrate@rsd DDegr; Dry

season Degraded site.
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ANOSIM further confirmed the spatial patterns witlthe nMDS with the natural site
being very similar to the 10 years reforested isitspective of the season (R < 0.5) for
all pair wise comparisons. The degraded site wagsifgiantly different from both the
natural and the 10 years reforested sites in a@baes (R > 0.5) for all pair wise
comparisons. In addition, ANOSIM showed no sigaifit seasonal differences within
sites (R = -0.111, 0.111 and 0.444) for the natuted 10 years reforested and the
degraded sites seasonal pair wise comparisonseateggly. The degraded site also
showed the highest index of multivariate dispergidr2 and 1.7 for the wet and dry

seasons, respectively, indicating that it's witkite variability was very high.

SIMPER analysis showed that the gend@msischellingia, Pierickia and Haliplectus
(Table 5.1) were among the genera responsiblenfohtgh similarity observed in both
the natural and the 10 years reforested sites. Jdeera Paracanthonchus and
Metachromadora contributed to the similarity observed within tdegraded site. The
degraded site recorded the lowest similarity whishows that there was high
heterogeneity in nematode community compositionis as confirmed by MDISP
analysis which showed the highest index of multatar dispersion (IMD = 1.6)
compared to the natural and the 10 years reforestiesl which recorded an IMD of 0.7,
each. The observed differences between the degsiigeaind both the natural and the 10
years reforested sites were mainly explained bygtresralerschellingia, Pierickia, and
Trefusialaimus among others (Table 5.2). The degraded site reddiaelowest densities

of these genera.
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Table 5.1. SIMPER listshowing the contribution percentages of the top fiematode

genera to similarities within sites. Average similais shown in parenthesis.

Sites % Contribution
Natural site Terschellingia (12)
(64) Haliplectus (7)
Trefusialaimus (6)
Pierickia (6)

Metalinhomoeus  (5)
10 years reforested site | Terschellingia (15)

(65) Pierickia (11)
Halalaimus (6)
Haliplectus (5)
Hopperia (5)
Degraded site Paracanthonchus (18)
(45) Metachromadora (15)
Anoplostoma (14)
Theristus (12)
Viscosia (9)

Table 5.2. SIMPEHSsts, showing the percentage contributions ofttpefive nematode
genera to dissimilarities between sites.

Sites % Contribution
Natural and 10 years Reforested | Pierickia (5 %)
(40) Terschellingia (5 %)
Soirinia (4 %)

Anoplostoma (3 %)
Trissonchulus (3 %)

Natural and Degraded Terschellingia (10 %)
(74) Trefusialaimus (5 %)
Metalinhomoeus (4 %)
Pierickia (4 %)

Oxystomina (4 %)
10 years Reforested and Degraded| Terschellingia (11 %)
(78) Pierickia (8 %)
Paralinhomoeus (4 %)
Trefusialaimus (4 %)
Metachromadora (4 %)
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5.3.4 Nematode genera diversity

Nematode genus richness (S) ranged from 36 + OtBeématural site to 15 + 5 in the
degraded site (Fig. 5.6a). Similarly, genera rateda (Fig. 5.6b) was highest in the
natural site (34 + 7) and lowest in the degradesl (45 + 5). The natural and the 10 years
reforested sites recorded higher Shannon Diverkilex (3 £+ 0.2 and 3 + 0.4,
respectively), than the degraded site (2 £ 0.4y #6¢c). The degraded site recorded
significantly lower genus richness (ANOVA; F = 49,8df = 2, p < 0.05), taxa
rarefaction (ANOVA; F = 41.07, df = 2, p < 0.05)dashannon diversity index (F =
12.25, df = 2, p < 0.05) than both the natural #red10 years reforested sites. However,
only the 10 years reforested site recorded seadtiffatences, with the wet season
recording significantly higher genera richness (B9, df = 1, p < 0.05), genera
rarefaction (F = 8.37, df = 1, p < 0.05) and Shandiversity index (F =9.29,df =1, p <
0.05) than the dry season. This could be relatetecignificant seasonal differences in
sand and silt/clay. The allochthonous input ofrst@raters during the wet season brought

in more sand which availed more habitat conditimnsliverse nematode genera.
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Figure. 5.6a-c. Spatial and temporal variationgahnematode genus richness (S), (b) taxa rarefa(tS0) and (c) Shannon
diversity index (H’' Log). WNat; Wet season Natural site, DNat; Dry seaNatural site, WRefol,0Wet season 10
years reforested site; DRefol0; Dry season 10 yeéfosested site, WDegr; Wet season Degraded std®egr; Dry

season Degraded site.
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5.3.5 Nematode ecological feeding groups
All the four ecological feeding groups describgdWieser (1953), were recorded in all

the sampling sites and during all the seasons &13.
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Figure 5.7. Relative abundance (mean + SD; n =f3)Vieser's feeding groupstA;
Selective deposit feeder$B; Non-selective deposit feedei®4; Epistrate
feeders an®B; Omnivores or Predators. WNat; Wet season Natitel
DNat; Dry season Natural site, WRefol0; Wet seaHdryears reforested
site; DRefo10; Dry season 10 years reforested ¥iBegr; Wet season

Degraded site and DDegr; Dry season Degraded site.

Selective deposit feeders (group 1A) dominatednidweiral and the 10 years reforested
sites. This group recorded significant differentetween sites in relative abundance

(ANOVA; F = 55.53, df = 2, p < 0.05), with the negband the 10 years reforested sites
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recording significantly higher relative abundandeselective deposit feeders than the
degraded site. Significant seasonal differenceselective deposit feeders were only
observed in the degraded site (ANOVA; F = 12.8557df, p < 0.05), where the wet
season recorded a higher relative abundance. Nectise deposit feeders (group 1B)
were recorded in similar relative abundances betvggies and between seasons within
sites. Consequently, there were no significantedfifices between sites and between

seasons within sites.

Epistrate feeders (2A), were significantly differéetween sites (ANOVA; F = 8.64, df

= 2, p < 0.05), with the degraded site recordirgggaificantly higher relative abundance
of epistrate feeders than the natural and the Hdsyeeforested sites. No significant
seasonal differences in epistrate feeders weredasevithin sites. However, a relatively

higher relative abundance of this group was reabdlging the wet season than during
the dry season in the degraded site. Similarlygrifecantly higher relative abundance of
omnivores/predators (group 2B) was recorded indégraded site (ANOVA; F = 18.23,

df = 2, p < 0.05) compared to the natural and thgedars reforested sites. No significant
seasonal differences in omnivores/predators re&adivundances were observed within
sites. However, a relatively higher relative aburgda of omnivores/predators was

recorded during the dry season than during these@$on in the degraded site.

The generdlerschellingia and Pierickia were the dominant selective and non-selective
deposit feeders in the natural and the 10 yearsrested sites. The genera
Paracanthonchus and Metachromadora dominated the epistrate and omnivore/predator

trophic groups respectively in the degraded sith(@ 5.4).
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Table 5.3. Nematode genera percentage contribtdgitvieser’s feeding groups. WNat;

Wet season Natural site, DNat; Dry season Natutal $VRefolO; Wet

season 10 years reforested site; DRefol0; Dry seB3gears reforested site,

WDegr; Wet season Degraded site and DDegr; DryoseBggraded site.

Seasons and

Trophic groups

Sites 1A 1B 2A 2B
WNat Terschellingia (18) | Metalinhomoeus (5) | Microlaimus (6) | Trissonchulus  (6)
Haliplectus ) Pierickia (4) | Spilophorella (4) | Sphaerolaimus  (4)
Trefusialaimus (6) Anoplostoma (3) | Astomonema (3) | Sgmophoranema (4)
DNat Terschellingia (29) | Pierickia (5) | Spirinia (12) | Trissonchulus 4)
Trefusialaimus (5) Anoplostoma (4) | Spilophorella (5) | Sphaerolaimus )
Oxystomina (5) Metalinhomoeus (3) | Microlaimus (3) | Metachromadora (2)
WRefol0 Terschellingia (20) | Pierickia (15) | Hopperia (5) | Sohaerolaimus )
Trefusialaimus (6) | Paralinhomoeus (3) | Trissonchulus (3) | Sphonolaimus )
Haliplectus (5) Metalinhomoeus (2) | Neochromadora  (3) | Halichoanolaimus (1)
DRefol0 Terschellingia (30) | Pierickia (26) | Spilophorella (5) | Sohaerolaimus (4)
Leptosomatum  (4) Paralinhomoeus (4) | Pseudochromadora (3) | Sphonolaimus (2
Haliplectus (4) | Metalinhomoeus (1) | Hopperia (2)| Halichoanolaimus (2)
WDegr Trefusia (5) | Anoplostoma (10) | Paracanthonchus (17) | Metachromadora (16)
Haliplectus (4) | Theristus (5) | Microlaimus (11)| Viscosia (6)
Molgolaimus  (3) Pierickia (0.5) | Hopperia (5) | Syringolaimus 3)
DDegr Halalaimus (1) Anoplostoma  (17) | Paracanthonchus (12) | Metachromadora (34)
Oxystomina (0.4) Theristus (4) | Trissonchulus (9) | Viscosia (12)
Pierickia (0.3) | Microlaimus (2) | Syringolaimus 3)
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5.3.6 Nematodes’ Index of Trophic Diversity (ITD)

ITD ranged from a high of 0.34 £ 0.25 in the nakwite during the wet season, to a low
of 0.33 £ 0.41 in the degraded site during theslrgson (Fig. 5.8). The index of trophic
diversity did not show any significant differencbstween sites neither were there
significant differences between seasons withirssitde highest ITD (0.25) implies that
all nematode trophic guilds are equally represe(2&d) in the total nematode density,
whereas the lowest ITD (1) implies that one nematindphic guild accounts for 100 %
of the nematode density (Heip et al., 1985). Tlweegfthe results obtained show that all
feeding groups were more or less equally repredeintall the study sites, despite the

dominance of some groups in some sites.
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Figure 5.8. Variations in Index of Trophic Divess{tnean = SD; n = 3). WNat; Wet
season Natural site, DNat; Dry season Natural ¥fieefo10; Wet season 10
years reforested site; DRefol10; Dry season 10 yedosested site, WDegr;

Wet season Degraded site and DDegr; Dry seasoraBegjsite.
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5.3.7 Nematode Biomass
Nematode biomass was highest in the 10 years stéutesite (2289 + 454 pg/10 &m
and lowest in the degraded site (245 + 66). Therahsite recorded a relatively lower

biomass 1944 + 1552 pg/10 ©rthan the 10 years reforested site (Fig. 5.9).
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Figure 5.9.Total biomass of nematodes from the natural (N#t)years reforested

(Refo10) and degraded (Degr) sites.
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Both the natural and the 10 years reforested sgtmsrded significantly higher nematode
biomass than the degraded site (ANOVA; F = 9.39=d, p = 0.05). The observed
differences between sites in nematode biomassimaked to the observed nematode
densities which were significantly low in the dedgd site. The relatively higher biomass
recorded from the 10 years reforested site compireéde natural site, was due to the
larger nematodes and densities especially of thewusgePierickia (Family

Comesomatidae).

The biomass of the main nematode genera is showkigure 5.10, while Table 5.5
shows the relative contribution of nematode gersrad corresponding families to the
total biomass. Biomass in the 10 years reforestiedvgas mainly contributed by the
family Comesomatidae (41 %) and Linhomoeidae (27. %dese families were
represented by the gend?aerickia (37 %) andTerschellingia (19 %), respectivelyThe
families Linhomoeidae (23 %) and Ironidae (23 %f)tabuted the highest biomass in the
natural site. These families were represented bygimeralerschellingia (15 %) and
Trissonchulus (23 %). Biomass in the degraded site was mainiytrdmuted by the
families Desmodoridae (51 %) and Ironidae (15 %)edSe families were represented by
the generaMetachromadora (51 %) which contributed most of the biomass, and

Trissonchulus (14 %), respectively.
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Figure 5.10Individual biomass of nematode generaR@yickia (b) Terschellingia (c) Trissonchulus and (d)Metachromadora from

the natural (Nat), 10 years reforested (RefoHdd degraded (Degr) sites.
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Table 5.4Nematode biomass: percentage contribution of nfajoilies and

corresponding genera from the study sites.

Site Family and Corresponding genus

Natural Linhomoeidae (23) Tershellingia (15)
Ironidae (23) Trissonchulus (23)
Desmodoridae (11mpirinia (20)
Trefusiidae (11) Trefusialaimus (12)
Comesomatidae  (10) Pierickia 9)
Oxystominidae (9) Oxystomina (8)

10 years Reforested Comesomatidae (41) Pierickia (37)
Linhomoeidae (27) Terschellingia (29)
Anoplostomatidae (8) Anoplostoma (8)
Sphaerolaimidae  (5) Sphaerolaimus (5)
Ironidae (4) Trissonchulus 4)

Degraded Desmodoridae (51) Metachromadora  (51)
Ironidae (15) Trissonchulus (14)
Anoplostomatidae (10) Anoplostoma (20)

Cyatholaimidae (8) Paracanthonchus (8)
Oncholaimidae (6) Viscosia (6)

5.3.8 Vertical distribution

The vertical distribution of nematode densitiessiown in Figure 5.11. The overall
densities of nematodes in the upper section (0-Bvesne 1350 + 662 Ind. /10 é&in the
natural site, 1220 + 537 Ind. /10 €in the 10 years reforested site and 292 + 128én t

degraded site. The densities were relatively lovwhie lower section (5-10 cm), being
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highest in the natural site 523 + 265. The 10 yesfrested site recorded 387 + 242 Ind.

/10 cnf, whilethe degraded site recorded the lowest densities BZ6Ind. /10 crh
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Figure 5.11. Densities of nematodes within the ugPe5 cm) and lower (5-10 cm)
vertical sections in the natural, 10 years refaesind degraded sites.
NatU, Natural site Upper section; NatL, Naturalesitower section;
RefolOU, 10 years Reforested site Upper sectiorfpI®&, 10 years
Reforested site Lower section; DegrU, Degraded Wipper section and

DegrL, Degraded site Lower section.
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The differences in nematode densities between piperuand the lower sections were
only significant in the natural site (ANOVA; F = 28 df = 5, p < 0.05). The 10 years
reforested and the degraded sites recorded vehyJaigations in nematode densities in
the upper section, which explains the lack of gigamnt differences between the upper

and lower sections in these sites.

Figure 5.12 shows the vertical variation in deesitof the major nematode genera. The
genusTerschellingia (Fig. 5.12a) was dominant in both the upper ardidver sections
of the natural site, contributing 14 % and 10 %ldf total densities, respectively. The
dominant genera in the upper section of the 10syesHorested site weierickia (Fig.
5.12b) andlerschellingia, contributing relative densities of 17 % and 16réspectively.
However, in the lower section of the 10 years rested siteTerschellingia contributed 9

% while Pierickia accounted for only 4 % to the total density. Tipper section of the
degraded site was characterised by the geéviamchromadora (Fig. 5.12c) which
contributed 18 % of the total density. On the othend, the genuanoplostoma (Fig.
5.12d) was dominant in the lower section, contiilyt relative abundance of 7 %. All

the above major genera did not show significanticedrdifferences within sites.
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site Lower section; DegrU, Degraded site Upperise@nd DegrL, Degraded site Lower section.
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An nMDS on log(x+1) transformed vertical distritarti of nematode community
composition data, showed a separation between piperuand lower sections in the

natural and the 10 years reforested sites (Fi@)5.1

2D stress: 0.13 | Sites and Depth
A O A NatU
[ | A NatL
A v RefolOU
véﬁ = o v Refol0L
2NN B = B DegrU
vV v n 0O DegrL
AY AV o
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Figure 5.13. Nematode genera assemblages: OutpMBDS on (Logx+1)
transformed data (n = 6) showing affinities betw#®n upper (0-5 cm) and
lower (5-10 cm) sections from the natural, 10 yemforested and the
degraded sites (NatU, Natural site Upper secticati NNatural site Lower
section; Refol0U, 10 years Reforested site Uppatiose Refol0L, 10 years
Reforested site Lower section; DegrU, Degraded Sipper section and

DegrL, Degraded site Lower section).
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This trend was further supported by ANOSIM (Glolkal= 0.589), with pair wise

comparisons indicating a significant separatiomken the upper and the lower sections
in the natural and in the 10 years reforested (ftes 0.5 and 0.502, respectively).
However, no clear vertical differences were obsgrnvethe degraded site (R = 0.041).
The variation between sites in nematode commurityposition was re-emphasised
within the vertical nMDS plot, with pair wise ANO@8Icomparisons showing significant

differences between the upper and lower sectiontheénnatural and in the 10 years

reforested sites on one hand, and both sectioiheidegraded site (R > 0.7).

SIMPER analysis for similarities within sites, stemlvthat the generderschellingia,
Haliplectus andPierickia, were dominant in the upper section of the natunal the 10
years reforested sites. The lower sections of the sites were characterised by
Terschellingia and Pierickia. In the degraded siteParacanthonchus and Theristus
dominated the upper section, whiMetachromadora and Anoplostoma were the
dominant genera in the lower section (Table 5T lower section in the natural and the
10 years reforested sites, as well as the uppeldawer sections in the degraded site,
recorded very low within section similarities (< 86). This is an indication of high
variability in nematode community assemblagBsis variability wasfurther shown by
MDISP, which gave very high indices of multivariatispersion (IMD > 1) within these

sections.

SIMPER analysis for dissimilarities between seciwithin sites (Table 5.7), showed the

highest dissimilarity in the degraded site (59 %)he natural and 10 years reforested
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sites recorded relatively lower dissimilarities (&3and 54 %, respectively). The genera
Halalaimus, Oxystomina and Spilophorella were among the genera responsible for the
observed dissimilarity between the upper and logemtions in the natural and the 10

years reforested sites. The gen8yeingolaimus and Metachromadora contributed most

to the dissimilarities though not significant beemesections in the degraded site.

Table 5.5. SIMPER lists, showing the percentagérimrtions of the top 5 genera to the
similarities within sections. The percentage averagnilarities within the

upper and lower sections respectively are showraienthesis.

Sites Upper Section (0-5cm) Lower Section (5-10cm)
Natural Terschellingia (7 Terschellingia (20)
(67, 47) Haliplectus (6) Pierickia (10)
Trefusialaimus (6) Trissonchulus (20)
Oxystomina (6) Metalinhomoeus  (8)

Spilophorella (6) Sphonolaimus (7)
10 years Reforested | Terschellingia 9) Terschellingia (22)

(63, 49) Pierickia (8) Pierickia (15)
Halalaimus (7) Sphonolaimus (20)
Haliplectus @) Halichoanolaimus (8)
Sphaerolaimus (6) Metalinhomoeus  (5)
Degraded Paracanthonchus (18) Metachromadora (25)
(48, 35) Theristus (15) Anoplostoma (20)
Metachromadora (14) Paracanthonchus (17)
Anoplostoma (12) Viscosia (16)
Viscosia (9) Microlaimus (7)
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Table 5.6 SIMPER lists, showing the percentage contributiointhe top 5 genera to the
dissimilarities between sections within the sangpBbites. Average percentage

dissimilarity is shown in parenthesis.

Sites and Sections % Contribution
Natural Upper section Halalaimus 4)
Vs. Oxystomina (4)
Natural Lower section Anoplostoma (4)
(53) Paralinhomoeus (4)

Soilophorela 4)
10 years Reforested Upper section Spilophorella (5)

Vs. Halalaimus (4)

10 years Reforested Lower section Haliplectus (4)
(54) Trefusialaimus  (4)
Sohaerolaimus  (4)
Degraded Upper section Syringolaimus  (7)

Vs. Metachromadora (7)

Degraded Lower section Anoplostoma (6)
(59) Paracanthonchus (6)

Theristus (6)
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5.4  Discussion

5.4.1 Spatial variation

Mangroves are an important resource both ecoldgieald socio-ecomically because of
the services and goods they provide. Along the ldargoast, mangroves have been clear
cut in the past, to provide goods such as fuel waratibuilding materials, leading to loss
of ecosystem services (Kairo & Abuodha, 2001). Reftation efforts have been initiated
in order to remedy the effects of forest loss. Manimg studies on the recovery of these
restored mangrove forests have mainly focused geta&on structure. However, little is
known about the ecological recovery of the refa@smmangroves along the Kenyan
coast. One of the main aspects of the evaluatiorthef success of an ecological
restoration project, is to see how far all ecosystemponents have re-established, and
to what extent their functions have been put ic@léEllison, 2000). In this respect, only
the study by Mwojoria (2007) has documented the tnaimindant and species rich
metazoan taxon, the nematode communities, in dedradd reforestefl alba mangrove
sediments in Kenya. Similarly, information on neouk colonisation of reforested
mangrove ecosystems on a global scale is alsoarademost studies have dealt with
macrofauna and meiofauna up to higher taxa levekaliK 2001; Bosire et al., 2004).
Therefore these results form the first account efhatodes associated with mangrove
sediments in natural, reforested and degraRednucronata mangroves. It provides
information on the impact of mangrove degradation subsequent reforestation on

nematode colonisation in previously deforestedssite
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The results of this study show that nematodes @my diverse within the studied
mangrove sediments, with a total of 76 genera lgghgnto 24 families that were
recorded. Mwojoria (2007) recorded 72 genera betmntp 24 families, with densities
ranging from 1638 to 1292 Ind. /108rftom S. alba mangroves in Gazi Bay, which is
similar to the results of the current study (132@.1 10cri). The total density of
nematodes and number of genera recorded are atdlarsio those reported from other
mangroves in India (Chinnadurai & Fernado, 20073zB (Netto & Galluci, 2003) and
Zanzibar (Ndaro & Olafsson, 1999). The density @fatodes was not different between
the natural and the 10 years reforested sitesjtdeabp different levels of TOM recorded
in both areas. It has already been shown in Ch&ptkat these differences in TOM are
related to the forest age in addition to the amtivand behaviour of burrowing
macrobenthos mainly crabs and the forest’s roowvaort The similarities between the
natural and the 10 years reforested sites in tefrMm&matode densities, can be linked to
the fact that the supply of fresh organic matesimifood for the benthos, as reflected in
chl. a concentrations and C/N ratio’s is more or lessaéquboth the reforested and the
natural sites. In addition, reforestation usuallifera sediment physico-chemical
conditions (Bosire et al., 2003) and is assumediltonately restore the functional

importance of nutrient fluxes among other functions

This study further shows that the 10 years referksdite is similar in nematode
community assemblage to the natural site, butwleare very much different from the
degraded site. Significant differences in physsmdiment characteristics and nematode

community between the natural and the 10 yeargestied sites on one hand, and the

127



degraded site on the other were observed. Thiglsaa indication of the effect of human
activities (clear felling) on the structure, fumeti and biodiversity of mangrove
ecosystems. Mangrove clear felling removes vegetatover exposing the sediment to
tidal erosion which leads to removal of the fineliseents and detritus, since these are
easily resuspended by tidal currents. The densenetowork in the natural and the 10
years reforested sites ensures that tidal cur@mtsslowed down and resuspension is
reduced (Wolanski et al., 1992), leading to fingisent and organic matter deposition.
Fine sediments, rich in detritus, form the food b@nthic fauna directly or indirectly by
providing the medium which supports microphytobestigrowth, and in this way, forms
essential food materials for benthic fauna (Snelgret al., 1997). Sediments, which are
rich in mud and detritus, are characterised by mghofaunal and, in particular, high

nematode densities (Pavlyuk, 2004; Chinnadurai Ba&eo, 2007).

In the present study, the percentage of silt/alagtion was highest in the natural and the
10 years reforested sites, which also recordecdhitjieest density, genera richness (S),
genera rarefaction (Eand Shannon diversity (H’) of nematodes. The dempoot
system in these sites, coupled with the availgbitit detritus mainly derived from
mangrove leaf litter, provides a suitable microkatbifor the nematodes. Mangrove
derived detritus has been shown to be of low notd value (Bosire et al., 2005; Alongi
& Christoffersen, 1992) and repellant to nematodérisation due to high tannin
content (Alongi, 1987). However, nematodes may etecsubstances which stimulate
soil micro-organisms, and produce exoenzymes winitiate decomposition of complex

molecules from mangrove detritus (Ruess et. aD12@&kschmitt et al., 1999). These
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substances would promote the establishment andtigr@iiacterial populations that take
over organic matter decomposition, ensuring thah mematodes and bacteria feed on
the nutritious ‘soup’ of dissolved organic matt®xQM) and particulate organic matter

(POM) released (Snelgrove et al., 1997; Riemannefitke, 2002).

The bacterial biomass associated with detritus nmybe sufficient to meet detritivores’
carbon and energy requirements (Blum et al., 1988yever, the presence of fungi, in
substantial proportions in the detritus, increabesmicrobial detrital biomass sufficient
to provide detritivores with their nutritional reéggments (Blum et al., 1988; Snelgrove et
al., 1997). This is in addition to the mangroveivka detritus whose nutritional value is

increased through microbial decomposition (Skov &tHoll, 2002).

Total canopy removal by clear-felling, exposes mawng sediments to intense solar
radiation, which leads to increased interstitiatevaemperature and salinity. Bosire et al.
(2003, 2004) recorded significantly higher intdiatiwater temperature and salinity in
degradedR. mucronata sites compared to natural and reforested sites. ifitreased

temperature and salinity impacts negatively on lleathic fauna due to increased
environmental stress (Sasekumar, 1994). Salinip affects the osmoregulation in
meiofaunal species and hence could be a commuegulator by determining the
physiological activity of marine organisms (Ingo& Parulekar, 1998). Increased
sediment temperature leads to desiccation, whitth & limits growth of microflora,

removes water from plant cell cytoplasm and charteschemical status of organic

materials which are important media for microbiedwgth (Mfilinge et al., 2002). Sjoling
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et al. (2005) recorded fewer bacterial species fuiegraded mangrove systems compared
to relatively undisturbed systems in Kisakasakajzaaia. Higher bacterial diversity in
the sediments of undisturbed mangroves may pravides diverse functional pathways
for microbial nutrient cycling and, possibly a mastble ecosystem compared to the
degraded sites. The lower Redox Potential and argaatter that were recorded in the
above study, from deforested mangrove areas, sttmtvsemoval of mangroves and the
consequent lack of roots, which promote oxidatiorsédiments, decreases the oxygen
and organic matter input into the sediments. Téasl$ to the disturbance of the vital root
microbe interactions as well as the microbial feceb (Holguin et al., 2001). Studies by
Sjoling et al., (2005) indicate that low Redox i in degraded mangrove sediments
due to lack of oxygen and ultimately accumulatidnooganic matter, also leads to
increased anoxicity and high sulphide concentratidihis creates inhospitable habitats
for most benthic fauna and ultimately leads to ingshed faunal abundances. This
probably explains the low densities of benthic fawecorded from the degraded site in

the current study.

The high levels of TOM in the natural and the 1@rgereforested sites is associated with
high levels of detritus and associated micro-orgi@asi This explains the high relative
abundance of deposit feeders recorded in these it degraded site, which recorded
the highest sand content, showed the highest piopoof epistrate feeders. The
dominance of epistrate feeders in sandy sedima#®lso been recorded in other studies
(Ndaro & Olafsson, 1999; Chinnadurai & Fernado 2003ediment granulometry

influences the distribution of nematodes indiredily controlling the interstitial spaces

130



and directly through individual grain surface aredsch relate to biofilms and bacterial

colonisation.

Generally, epistrate feeders dominate in largaingsize sediments whose interstitial
spaces favours the growth of microphytobenthos|endeposit feeders dominate in fine
sediments having high levels of detritus mater@ie(e, 1993). The low proportion of
deposit feeders in the degraded site can also jplaie&d by the lack of detrital material
and the coarser sediment. In addition, the site rdsorded very low TOM levels due to
lack of canopy cover. The lack of canopy cover msethat light was not limiting, a
situation which favours the establishment of mitrgpbenthic communities like
diatoms, which forms food for epistrate feederse $hasonal differences observed in the
relative abundance of selective deposit feedetBardegraded site were probably caused
by the input of allochthonous detrital materialatingh terrestrial runoff during the wet
season. This input of allochthonous material mayeharovided the nematodes with a
diverse food source from which to select from. Tdek of significant differences in the
relative abundance of the feeding groups betweemdtural and the 10 years reforested
sites indicates that mangrove reforestation isrmégtg the once degraded systems to the
natural state within 10 years. This is through miow of microhabitats which are

supporting similar trophic groups to the naturaitsyn.

Additionally, the Index of Trophic Diversity (ITDyas high in the natural site but not

different from the 10 years reforested site. THisves that in both systems, the four

trophic groups were equally represented. In additio mangrove detritus, the high
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Chlorophylla and finer sediments in the natural and the 10syesforested sites could
point to a rich microphytobenthic community which assumed to form food for the
deposit feeders (Moens & Vincx, 1996). The geMetachromadora was dominant in
density and biomass in the degraded site which r@sorded the highest sand content.
Studies by Schratzberger et al. (2004) as welhaset of Long and Othman (2005) have
also documented high densities Mletachromadora in sandy sediments. Similarly,
Mwojoria (2007) also recorded high densitiesvigtachromadora from degraded. alba

in Gazi Bay. These high densities were relatedhto dbility of this genus to burrow
hence has a better competitive ability especiallgaarch of food.Metachromadora is
also known to be eurytolerant to fluctuating enmim@ntal conditions, hence its high
abundance in the exposed degraded site. Theyabilithis genus to survive tough

environmental conditions and exposure to sunshiag aiso be linked to its thick cuticle

Though the natural site recorded numerically highemsities of nematodes than the 10
years reforested site, total nematode biomass vgiehin the 10 years reforested site
compared to the former. This is attributed to tleaug Pierickia which recorded the
highest mean biomass within the study sites. Tesus also recorded the highest
density in the 10 years reforested site. The deglaite recorded the lowest biomass
since it also recorded the lowest densities. Thgratked site was also a stressful
environment for faunal colonisation as shown by tber TOM, high interstitial
temperature and salinity. According to Vanaverbekeal. (2003), smaller species of
nematodes seem to be resilient to disturbances di@iment removal, sediment
resuspension and changes in overlying water cwrdrterefore, the lower individual

biomass recorded in the degraded site could alge b@en due to small sized nematodes,
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which have adapted to frequent tidal sediment pEnuson occasioned by canopy
removal. The root network in both the natural anel 10 years reforested sites ensures
minimal disturbance, which promotes sediment stglals well as ensuring colonisation

by diverse nematode genera in high densities.

Due to limited information on the changes in bemtfauna in relation to mangrove
restoration, a parallel is drawn with salt marsivagch are the temperate equivalents of
mangrove ecosystems in the tropics. Salt marshss,like mangroves, fulfill several
fundamental ecological functions like nutrient estpto adjacent waters, filtering
pollutants, prevention of shoreline erosion anehgcas nurseries for a variety of fish and
macro-crustaceans among other fauna (Odum, 1980)hd recent past, salt marsh
creation and recreation has received global atteritr mitigating wetland habitat losses
due to agricultural and/or urban land reclamatiod dike constructions. Natural and
newly created marshes do not always representasirhdbitat values for nekton and

other estuarine organisms (Zedler, 1996).

Studies by Hampel et al.,, (2003) found no cleafed#hces in species composition,
density of major species of macro-crustaceans amwvitommental characteristics, but
recorded differences in nekton community structbiremass, species abundance, current
regimes and detritus, between a natural and 10syelar restored salt marsh in the
Westerschelde estuary. In addition, Minello and denman (1992jound thatorganic
matter was higher in natural salt marshes thanestored marshes and correlated

positively with the density of infauna and decapodstaceans. Moseman et al. (2004),
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recorded similar macrofaunal densities and spebseess between a restored salt marsh
(19 months) and a natural marsh in California, whagrcent organic matter positively
correlated with insect densities. His study conetudhat salinity and organic matter

influenced the general succession of infauna.

Talley and Levin (1999)bserved increasing similarity between a createbaanatural
salt marsh based on macrofauna assemblages amuicongatter content over time. In
this study, a 16 month old marsh exhibited the dargdissimilarity with the natural
marsh. However, a 6 years and a 10 years old mecsinded the highest similarity with
the natural marshes. Organic matter correlated tipelyi with macrofauna taxa
abundance and diversity in the created marshesg:aitmg that detritus and live roots
may provide food for deposit feeders, retain sodisture and provide refuge from
predators. These results from salt marshes restorate in line with the findings of the
current study, since the natural and the 10 yesficrasted sites, which were rich in
organic matter, also recorded the highest densigesera diversity and biomass of
nematodes. The findings also support the fact tatigh nematode densities may be
similar between the natural and the 10 years rsfedeR. mucronata ecosystems,
differences in physico-chemical characteristicghef substrate still exist. The differences
in sediment characteristics may explain the obserdifferences in nematode
communities between the degraded site and bothaheal and the 10 years reforested
sites. The studies further emphasise the importariceediments’ physico-chemical
characteristics like organic matter in faunal c@dation and hence recovery of restored

mangroves and salt marsh ecosystems. In contrélsé tmacrofauna, the meiofauna and
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nematode community assemblages are not differéntelba the natural and the 10 years
reforested sites. This shows that the differents®ived in physico-chemical parameters
between the natural and the 10 years reforested site no longer important at the

meiofauna and nematode community level.

5.4.2 Vertical distribution

No earlier studies have documented the verticafibligion of nematode genera from
Kenyan mangrove ecosystems. Only Vanhove et aR2)l¥vestigated the vertical
distribution of meiofauna at higher taxa level iffetent mangrove species in Gazi bay,
where no clear relationships between meiofaunaitienand depth, except Bruguiera
gymnorrhiza sites were observed. However, Dye (1983a, 1983mMd a clear vertical
distribution of nematode densities from Mngazantary, South Africa, which was
linked to depth decreases in oxygen, food mateaatsincreased Redox Potential. Due
to progressive mineralisation, organic matter deses with depth and the concentration
of Hydrogen Sulphide (#8) increases while sediments get more anaerobaordimg to
Hodda and Nicholas, (1985), as depth increasesatogi®s are limited by reduced food
availability and the degree of reduction with deg#uthumbi (1994) investigated the
vertical migration of free living marine nematodesm Ceriops tagal mangroves in Gazi
Bay. Her study found that the upper layers (0-5hae higher nematode densities than
lower sections (5-10cm) which decreases during fiole though still higher than the
deeper layers. The study further found that neneatgbcies respond differently to tidal

variations with some migrating downwards and othgreards with ebbing tide. These
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differences are probably related to differencesthair abilities to survive exposed

conditions.

In the current study, nMDS on nematode densitiescammunity assemblage’s vertical
distribution, did show a clear separation betwed®n upper and the lower sections in
nematode community composition in the natural amel 10 years reforested sites.
However, no vertical differences were observedhm degraded site. The separation of
the upper and the lower sections in the naturaltaedlO years reforested sites can be
attributed to the high levels of chlorophgland lower C/N ratio recorded from the upper

section, which means that food availability in tipper section was high.

Other studies have documented differences in nefeatiensities between upper and
lower sediment sections (Alongi, 1987; Nicholaglet1991), which were linked to food
and oxygen availability. The upper sections areallgurich in TOM derived from
mangrove leaf litter, and are relatively well aethtThis ensures that aerobic breakdown
of organic matter and, consequently, nutrientsassdeis efficient. Bioturbation was
notably high in the natural and the 10 years refeck sites as evidenced by the presence
of numerous crab burrows (personal observationgs&tburrows ensure that the surface
sediment layers are effectively aerated, a sitnatibich enhances aerobic decomposition
of detrital material buried in the upper layerstbé sediments. Although no vertical
profiles of TOM, Oxygen and Redox potential wereaswed in the current study,

Hodda et al. (1985) showed that the decrease isetiparameters with depth usually
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influences the vertical distribution of nematod&milar findings have also been

documented by Dye (1983a, 1983b), Alongi, (198NX&holas et al., (1991).

The genusTerschellingia is known to be a low oxygen consumer and is dontifia
muddy sediments rich in organic matter (Schratzire® Warwick, 1998a, 1998b).
Therefore, its dominance in both the upper anddiver sections in the natural and the
10 years reforested sites reflect its ability tglex organically rich but oxygen poor
habitats. Similarly, lack of vertical profiles Trerschellingia has also been reported from
Australian mangroves by Nicholas et al., (1991)he TgeneraParacanthonchus and
Metachromadora were dominant in the upper and lower sectiongpaetsvely, in the
degraded site. Being an epistrate feeder, the dome of Paracanthonchus in the
surface layers could be related to the availabibfy microphytobenthos especially
diatoms. Olafsson and Elmgren, (1997) recordeceas®d densities éfaracanthonchus

in sediment surface layers after a phytoplankt@momol. This occurrence was linked to
increased reproduction of this genus which was wtted by settling phytodetritus.
Metachromadora on the other hand is an omnivore/predator and e shown to
burrow deeper especially in sandy sediments herse ahbetter competitive ability

especially in search of food (Long & Othman, 2005).

5.4.3 Seasonal variation
Seasonal variations of plant and animal populatiagsthe rule in nature and several
abiotic and biotic variables may account for thengeral variation in benthos.

Temperature and food availability have been citetha main factors explaining seasonal
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changes in the abundance of benthos (Olaffson &gem 1997). The absence of
seasonal differences within sites in nematode tleasiand community composition in
the present study, may be explained by the ladeagonal trends in TOM (an indicator
of food availability) and temperature which are kictors influencing nematode
densities in mangrove sediments. Although sandsdtidlay showed significant seasonal
variation in the natural site, they never influethcematode densities. Lack of seasonal
trends in nematode densities have been documerded rhangroves in South Africa
(Dye, 1983b). However, the genttaliplectus showed significant differences between
seasons in the degraded site, with higher densgiesrded during the wet season. This
difference may be linked to organic matter inpubnir terrestrial runoff from the
surrounding farmlands which flooded this site dgrithe rainy season (personal
observation). This genus is a selective depostteiebence may have been responding to

the availability of diverse detrital material thghuflood waters.

The significantly higher sand content recordedhia hatural site during the wet season
could be linked to surface runoff from surroundergas. Coral blocks harvesting was
observed in the surrounding areas of the natutal Jiherefore, the resulting small
particles could have been washed by surface rumafér hence leading to the higher

sand content.
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5.5  Conclusions

The findings of the current study show that mangraeforestation facilitates and

influences nematode colonisation of the once degrashangroves. This is through
alteration of the physico-chemical conditions of gediments by making organic matter
available as mangrove leaf litter. Decomposing mawvwg litter attracts bacteria, fungi

and other microphytobenthos which have been suggéstprovide food to benthic fauna
especially nematodes. Reforestation also reducdsnest resuspension through the
trapping ability of the established vegetation réfsy ensuring accumulation of silt/clay
sediments which are favourable for benthic faunargsation. The established canopy
cover also reduces surface sediments temperatdrelamately salinity through shading.

This reduces environmental stress and, thereforepueages faunal colonisation. The
study also shows that mangrove clear-felling ingpaematode colonisation due to the
resulting unfavourable conditions due to canopyaesh Although both the natural and

the 10 years reforested sites showed no signifidéférences in nematode densities,
community structure and the diversity indices, P@Ased on sediment physical

characteristics indicated clear differences betwe#h sites especially in TOM.

The nematode community from the degraded sitefisrdnt and impoverished in terms
of densities and diversity compared to the nataral the 10 years reforested site. The
reforested site is highly similar to the naturateafl0 years in terms of nematode
densities, biomass, community composition and ftoptomposition. The genera
Terschellingia and Pierickia are typical of the natural and the 10 years reteck sites

and hence describe a mature nematode community.
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Thus the findings show that mangrove reforestatiaulifies sediment conditions leading
to recovery of the systems ecological functions lilaunal colonisation. However,
recovery to the natural state in all aspects mkg taore than ten years. These findings
further support mangrove reforestation effortshas provides continuity of the systems
ecological functions, which will ensure that th&esustainability of ecological services,

economic benefits and ultimately biodiversity canaéon.
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CHAPTER SIX

Meiofaunal response to different food type additios to azoic

sediments in a tropical mangrove forest.

6.1 Introduction

Meiofauna, particularly nematodes, occur on allsstatta in the marine environment and
the dynamic nature of phytal meiofauna assemblhges been shown on mangrove leaf
litter by Gee and Sommerfield (1997), Zhou (20049l &wyther (2003). According to
Findlay and Tenore (1982), detritus forms a majoergy source for many marine
benthic systems where detritally enriched maringtaes support a high abundance and
diversity of meiofauna. Tietjen and Alongi (199@ve shown that although the nitrogen
content of detrital material could be the best measf its nutritional quality, mangrove
leaf litter contains polyphenols like tannins, whimay lead to complex relationships
between the tannins, nitrogen content and age eod#tritus. The interaction between
these components influences the utilisation of mavey detritus by meiofauna and, in
particular, nematodes. According to Fell et al.789 mangrove leaves on the forest floor
undergo an initial rapid leaching of dissolved migamatter (DOM). This leaching is
followed by a slow decomposition of the remainirgtigulate organic matter (POM),
facilitated by bacterial and fungal communitiese$& microflora condition the leaf litter
for various invertebrate groups which utilise itfasd. Gwyther (2003) indicated that
particulate food sources for meiofauna on leag¢ditomprise the surface biofilm, which
includes bacteria, microalgae, protozoa and fukgshnamurthy et al. (1984) recorded

all types of nematode feeding groups on decayinggnve leaves, an indication that
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decaying litter consists of a variety of materialsich can be used as food by meiofauna
and, in particular, nematodes. Gee and Sommer{iE3d7) showed that under similar
sediment composition, salinity and tidal inundatitdre initial chemical composition of
mangrove leaves from different species, was resplenfor the observed differences in
meiofaunal communities during the decompositioncpss. These authors also showed
that there exists a succession of meiofaunal corntresnduring mangrove leaf litter

decomposition process.

The energy supply for benthic consumers originata®s a diversity of sources with the
relative importance of different sources varyingatsglly and temporally (Peterson,
1999). Carbon isotope analysis has been used ilogical studies to determine the
sources of the organic matter used by heterotroptganisms based on the principle that
‘you are what you eat’ (Boschker & Middelburg, 2D0Phe naturaf®C isotope value is
used frequently to investigate food webs for @& isarker for the food that is assimilated
by a consumer. The use of natural stable isotopfysia provides insights on the source
of organic matter that is actually assimilated owdong period of time, and is based on
the close relationship between the stable isotopeposition of a consumer and its food
(Riera et al., 1996). The isotopic ratios C, N &nich producers and consumers of organic
matter are useful in describing the organic matter and food web relationships in

estuaries and coastal benthic communities (Pet&ddowarth, 1987).

Enrichment experiments are other techniques usetetaify the importance of a specific

labelled potential food source. In this way, cidgiof diatoms or bacteria are grown in a
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medium enriched with®C, >N or another stable isotope label. By offering thiselled

food source over a certain period of time to poe&ntonsumers, the uptake and
assimilation of the food can be measured and fatbwver time. This approach is used
here to identify the importance of diatoms as alfeource for nematodes in mangrove

sediments.

Several field colonisation experimental studiedigiig mangrove leaf litter have been
done. These include: Zhou (2001) who looked atrésponses of meiofauna taxa and
nematode species to decaying mangrove leaf IB@mmerfield et al. (1998) who looked
at the relationships between meiofaunal communéieas mangrove leaf litter diversity
and Gee and Sommerfield (1997) who investigatecetfeets of mangrove diversity and
leaf litter decay on meiofaunal diversity. Howevéhere is no study which has
investigated the effect of different leaf littepgs in mangrove ecosystems on meiofauna
and nematode colonisation. In order to design rastm programmes for mangrove
ecosystems, it is essential to understand theendle that different sources of organic

matter have on benthic communities.

The response to different food type and sedimeditiads was assessed irRhizophora
mucronata mangrove forest. The experiments were performaddsn September and
October 2005. This experiment was aimed at invastig the recolonisation responses of
total meiofauna, major meiofauna taxa and nematoomunity assemblages in
different types of food sources (mangrove, seasgmiatoms), and sediment type (fine

from natural mangrove forest versus coarse fronegratled forest). In an earlier study
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(Mutua et al., unpublished; Chapter 4), meiofaupastties and nematode community
assemblages were found to differ between a natumhl 10 years reforested sites on one
hand and a 5 years reforested and a degrRBdeuicronata sites on the other. The four
types of forests were also found to differ in aigidactors such as total organic matter
(TOM), sediment granulometry, temperature and gglifhis experiment was therefore
set up to understand the actual drivers of meiataand nematode re-colonisation in the
reforested sites. Four main research questions werée answered through this

experiment:

* Does the availability of food (organic matter) affemeiofauna re-
colonisation of mangroves?

* Does the type of organic matter (mangroves versas gsasses) affect
meiofauna re-colonisation of mangroves?

* Does the type of sediment (fine versus coarse)ctaffeeiofauna re-
colonisation of mangroves?

* Do diatoms form an important food source for nemeso within

mangrove sediments?

6.2 Materials and methods

6.2.1 Study Site

The colonisation experiments were carried out inziGBay-Kenya in a natural

Rhizophora mucronata forest. An area of approximately 5¢ mas demarcated in which
the experimental syringes were placed. This sits wl@gsen for the experiment since

some other work was going on looking at the spaigdterns of macrofauna, meiofauna
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and nematode community structure. The data obtdnoed this experiment will thus be
useful in interpreting the observed spatial patierfhe detailed experimental design,
experimental material preparation and laboratorglysis are given in Chapter 2 on

materials and methods.

6.3 Results

6.3.1 Effect of food type on meiofauna re-colonis@an

Thirteen meiofauna taxa were recorded. Seven tax& wecorded from the sea grass
leaves, while the experimental control and mangiteages recorded 5 and 4 meiofauna
taxa respectively. The field controls recorded nmmeiofauna taxa. Nematoda was the
most abundant taxon in relative abundance in athpsas over all sampling days.

Nematodes accounted for 99 % of the total meiofalersities in the field control, 95 %

in the experimental control and 93 % in both semsgrand mangrove leaf litter units.

Oligochaeta was the second most abundant taxomiaitag for 5 % of the total densities

in the sea grass leaf litter, 3 % in the experimlecdntrol and mangrove leaf litter; and 1
% in the field control. The relative abundance opepods was very low in the field

control (< 1 %), but recorded relative abundandek @ in the experimental control, sea
grass and mangrove leaf litter. Halacaroidea oeduimm relatively high numbers in the

mangrove leaf litter treatment accounting for 2 £the total meiofauna densities.

Figure 6.1 shows the results from the food typespared to the field control for the

natural sediments. Meiofauna colonised all the Bxpntal units 1 day post placement

(Fig. 6.1a).
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Figure 6.1. Colonisation rates expressed as desgitiean +SD) of (a) Meiofauna
and (b) Nematodes during the experimental perieygd FC, field control;

C, experimental control; S, sea grass leaf littet 1, mangrove leaf litter.
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The re-colonisation rate was higher in the orgdlyi@riched syringes (maximum 307 *
160 Ind. /7 crf) compared to the organic free control (128 + 7&. T cnf). However,
compared to the field control, meiofauna initialercolonised the different food types in
very low numbers. The highest recolonisation ofafeaina on day 1 was recorded from
the mangrove leaf litter treatment (307 + 160 Iffdcnt) which was still much less than
the densities from the field control (1209 + 198.1f7 cnf). The slow rate of meiofauna
re-colonisation of the experimental controls corepato the mangrove leaf litter
treatments shows the importance of food (organitter)an meiofaunal colonisation of
mangrove sediments. Meiofauna densities increasgdgldthe course of the experiment
especially in the mangrove leaf litter treatmerite Tncrease in the experimental control
was up to day 14 after which densities remainedsingonstant. Meiofauna densities
from the sea grass treatment remained below thiogse the field control through out the
experiment. The density of meiofauna from the mawngieaf litter surpassed those from
the field control on day 30 (2071 + 958 Ind. /7%;mand the densities remained higher
than in the field control from day 30 up to the eridhe experiment, although a decline

was observed between days 30 and 60.

Since nematodes (Fig. 6.1b) were the dominant taxall the experimental units, they
were responsible for the observed patterns ofdted meiofauna. The highest nematode
density was recorded in the mangrove leaf litteattment on day 30, which surpassed
that recorded from the field control (2017 + 966l.I1i7 cnf). The densities remained
higher than in the field control from day 30 upth@ end of the experiment, although a
decline was observed between days 30 and 60. Treewds in meiofauna and nematode

densities with time in the mangrove leaf litteratraent coincides with the low CN ratio
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recorded on days 30 and 60 (Fig. 6.2a & 6.2b). GiWratio reflects a high nutritional
value of the detritus. Therefore, this shows tHtre80 days, mangrove leaves created
better habitat conditions thereby enabling themstgpport higher meiofauna and

nematode densities.
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Figure 6.2. Variation in CN ratio with time (days)(a) the mangrove leaf litter and (b)

sea grass leaf litter.
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6.3.2 Effect of food type on meiofauna densities én community
composition

Two-Way ANOVA was used to investigate the effedt$ond type (mangrove, sea grass
and experimental control) and time (1, 14, 30 afddays) on total meiofauna and
nematode densities. As shown in Table éh&ye were overall significant differences in
total meiofauna (ANOVA; df = 2, F = 19.511, p < B)0and nematode densities
(ANOVA,; df = 2, F = 14.712, p < 0.05) between foypes. However, Tukey HSD test
showed no significant differences between food sype day 1 (Fig. 6.3a). On days 14,
30 and 60 (Figs. 6.3b, 6.3c & 6.3d), the mangroeaf llitter treatment recorded
significantly higher meiofauna and nematode dessithan the sea grass leaf litter and
the experimental control treatments (ANOVA; Tukey<p0.05). The fact that the
mangrove leaf litter recorded significant differeaawith the other treatments over time
indicates that mangrove leaf litter exerted a gremfluence on meiofauna and nematode

colonisation of the food types with time.

Table 6.1. Out put of Two-Way ANOVA showing theests of food type, time and the

interactions between food type and time

Variable Comparisons df F p

Log Total| Food Type 2 19.511 0.000

Meiofauna Time 3 22.546 0.000
Food Type * Time | 6 1.179 0.3504

Log Nematoda | Food Type 2 14.712 0.000
Time 3 26.595 0.000
Food Type * Time | 6 1.503 0.219
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An nMDS analysis (Fig. 6.4) and ANOSIM (Table 6.@) meiofauna community

composition from the different food type treatmeintduding the experimental and field

controls was performed for each experimental dagisdely.
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Figure. 6.4. nMDS ordination plot (non transforntizda) of meiofauna community

assemblage from the different food types on expamial on (a) day 1 (b)

day 14 (c) day 30 and (d) day 60.
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Table 6.2. ANOSIM output showing pair wise compamis between food types on each
experimental day. Global R is shown in parenthegsle * shows the

significant comparisons.

Pairwise Experimental Days

comparisons | Day 1 (0.701) Day 14 (0.557) Day 30 (0.552) Day(6(b49)
FCand C 1* 0.593* 1* 0.963*
FCand S 1* 1* 0.519* 0.667*

FC and M 1* 0.519* 0.111 0.037

Cand S 0.111 0 0.148 0.074
Cand M 0.333 0.185 0.963* 1*

Sand M 0.704* 1* 0.667* 0.778*

The results, showed a separation and significdfgrdnces (ANOSIM; R > 0.5) between
the mangroves and sea grass leaf litter on daygl §4a) and day 14 (Fig. 6.4b). The
field control formed a distinct cluster and recardggnificant differences from all the
food types on days 1 and 14 (ANOSIM; R > 0.5). @y 80 (Fig. 6.4c) and day 60 (Fig.
6.4d), the mangrove leaf litter treatment was sdpdr from both the experimental
control and sea grass leaf litter (ANOSIM; R > 0.But not from the field control
(ANOSIM; R < 0.5). The lack of significant differees between the field control and
mangrove leaf litter treatment on days 30 and 60 Ime with ANOVA results for total
meiofauna densities which showed no significarfedéinces between the two treatments
on these days. It also shows that after 30 days plasement, the mangrove leaves
created habitat conditions which supported similagiofauna communities to the

surrounding sediments (field control).
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6.3.3 Effect of time within food types on meiofaunaensities and

community composition.

Figure 6.5 shows the changes with time in meiofaamé nematode densities within the
different food type treatments. There were sigaific time effects within the
experimental control and mangrove leaf litter tneatts in total meiofauna (ANOVA,; df
= 3, F = 22.546, p < 0.05) and nematode densiO\VA, df = 3, F = 26.595, p <

0.05).

Within the experimental control treatments (Figda), only day 1 recorded significantly
lower meiofauna and nematode densities comparethys 14, 30 and 60 (ANOVA;
Tukeys, p < 0.05). The sea grass treatment (Fatp) ecorded no significant time effects
(ANOVA,; Tukey, p > 0.05), between the different dajhis might be partly due to the
high variations observed on days 30 and 60. Expariah days 1 and 14 within the
mangrove leaf litter treatment (Fig. 6.5c) recordgghificantly lower meiofauna and
nematode densities than days 30 and 60. Day 1 ralsorded significantly lower
meiofauna and nematode densities than day 14 (ANONKey, p < 0.05). However,
days 30 ad 60 recorded similar meiofauna and netealensities (ANOVA; Tukey. p >
0.05). No significant interaction effect betweermdotype and time in meiofauna and

nematode densities was recorded.
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over the experimental period (days).
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The sea grass and experimental controls recordgaifisantly lower densities of
meiofauna (ANOVA, df = 12, F = 11.32, p < 0.05) ar@imatodes (ANOVA, df = 12, F
=11.85, p < 0.05) on all days {78 and 747 Ind. / 7 cinrespectively) compared to the
field control (1209 and 1192 Ind. / 7mHowever, on day 30 and day 60, the mangrove
leaf litter recorded relatively higher, but not rsigcantly different meiofauna and
nematode densities than the field control. Thisnghthat after 30 days, the mangrove

leaf litter supported the same densities of meiodaand nematodes as the field control.

An nMDS analysis (Fig. 6.6) and ANOSIM (Table 6.8) meiofauna community
composition over time for each food type (sea grammgrove leaves and experimental
controls) separately, showed an overall significarmte effect within all food type
treatments (ANOSIM; R > 0.5). Within the experim@ntontrols, day 1 was separated
from days 30 and 60 (Fig 6.6a). The sea grasditeaftreatment showed a separation of
day 1 from all the other days (Fig. 6.6b), and ddyfrom day 60 (ANOSIM; R > 0.5).
Within the mangrove leaf litter treatment, day 1sveeparated from all the other days,
while day 14 was separated from days 30 and 6Q @&r). This pattern was further

shown by ANOSIM (R > 0.5) for all pair wise compsmns.

The field control which was included in all threaéyses showed differences with all the
days within the experimental controls and sea gteesstments (ANOSIM; R > 0.5).
However, within the mangrove leaf litter treatmemt)y days 1 and 14 were separated

from the field controls, with ANOSIM recording sifjpoant differences (R > 0.5).
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Table 6.3. ANOSIM output showing pair wise compamis between experimental days

within food types. Global R in parenthestsle (*) shows the significant

comparisons.
Pairwise Food Types
Comparisons C (0.516%) S (0.63%) M (0.492%)
FC and Day 1 1* 1* 1*
FC and Day 14 0.593* 1* 0.519*
FC and Day 30 1* 0.519* 0.111
FC and Day 60 0.963* 0.667* 0.037
Day 1 and Day 14 0.333 0.778* 0.926*
Day 1 and Day 30 0.481* 0.852* 1*
Day 1 and Day 60 0.667* 0.926* 1*
Day 14 and Day 30| 0.148 0.259 0.667*
Day 14 and Day 60| 0.148 0.519* 0.667*
Day 30 and Day 60| 0.37 0.333 0.074

6.3.4 Effect of food type on meiofauna diversity

Meiofauna diversity indices from the different fodgbes and experimental days are
shown in Figure 6.7. Over the entire experimentiqa, the highest meiofauna taxa
richness (S) (Fig. 6.7a) and Shannon diversityxng) (Fig. 6.7b) were recorded from
mangrove leaf litter treatment (6.3 = 1.8 and @:3B27), while the field control recorded

the lowest (3 + 1 and 0.07 + 0.03).
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The field control recorded significantly lower tastehness (ANOVA, df = 3, F = 5.742,
p < 0.05) and Shannon diversity index (ANOVA, dB8~ = 3.43, p < 0.05) compared to
all the food type treatments. However, post hodyaisgshowed that only the mangrove
leaves treatment recorded significantly higher r@ioa taxa richness and Shannon
diversity Index (ANOVA, Tukeys HSD, p < 0.05) th#me field control over the entire

experimental period.

There were significant differences in meiofaunateghness (ANOVA,; df = 2, F = 9.24,
p < 0.05) and Shannon Diversity index (ANOVA; dB=F = 8.1564, p < 0.05) between
the different food types, on one hand, and the mxyatal control, on the other. A
significant food type effect was recorded on dayv@@ere the mangrove leaf litter
recorded significantly higher meiofauna taxa rids@ANOVA; Tukey’s HSD, p < 0.05)
than the experimental control. In addition, onle tmangrove leaf litter recorded a
significant temporal effect in meiofauna taxa riebs, where day 1 recorded a
significantly lower meiofauna taxa richness tharysd80 and 60 (ANOVA; Tukey’'s
HSD, p < 0.05). However, both mangrove and seasdesf litter treatments recorded
significant temporal effects in Shannon diversitydex, with day 1 recording a
significantly higher index than days 14 and 30ha tea grass leaf litter, and than days
14, 30 and 60 in the mangrove litter treatment (MMQTukey’'s HSD, p < 0.05). The
fact that mangrove leaf litter recorded the hightagh richness and Shannon diversity
index indicates that mangrove leaf litter attracheohore diverse meiofauna community
compared to the sea grass and experimental canfileésobserved significant differences

between food types show that meiofauna taxa regsbddferently to the various food
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type additions. The increase in meiofauna taxangeh with time in the mangrove leaf
litter probably reflects the changes in the chemisind the microbial community
associated with decomposing leaf litter. These gbarncreated more diverse habitats

thereby attracting more meiofauna taxa with time.

6.3.5 Effect of food type on nematode community agposition

A total of 85 nematode genera were recorded duhagentire experimental period. The
experimental controls recorded 65 genera, the sxss deaf litter 50 genera, mangrove
leaf litter 47 genera and the field controls 30 egan The relative abundances of the
dominant genera in each food type treatments avenrshin Table 6.4. Over the entire
experimental period, the gené€Faeristus, Dichromadora, and Diplolaimelloides mainly
characterised the nematode community within thegrae leaf litter treatment. The sea
grass leaf litter was dominated by the geri2eamolaimus, Theristus and Terschellingia
during the course of the experiment. The experialerdntrols were dominated by the
generaTlerschellingia, Viscosia andHalalaimus while Terschellingia andPierickia were

the dominant genera in the field controls.
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Table 6.4 Overall relative abundance tife dominant nematode generag %) in each
food type treatment. FC; field controls, C; expemt controls, M; mangrove

leaves, S; sea grass leaves.

Treatments | Dominant nematode genera abundance per treatment

FC Terschellingia (25), Pierickia (9), Spirinia (6), Sohaerolaimus (5)

C Terschellingia (13), Viscosia (11), Halalaimus (6), Daptonema (6),
Dichromadora (5), Haliplectus (5)

M Theristus (12), Dichromadora (11), Diplolaimelloides (9),
Daptonema (8), Haliplectus (7), Terschellingia (7)

S Desmolaimus (14), Theristus (12), Terschellingia (7), Haliplectus
(6), Daptonema (5)

nMDS analysis (Fig. 6.8) and ANOSIM on nematode itmmity composition comparing
the effect of the different food types includinge theld and experimental controls, was
performed for each day separately. The ordinatiaply for day 1 (Fig. 6.8a) showed a
separation of the field controls from all the falyges, and the sea grass leaf litter from
the experimental control and mangrove leaf lit@n. day 14 (Fig. 6.8b), the mangroves
and sea grass treatments were separated from #emhand from the field controls. All
the treatments were separated from each othemramdthe field controls on day 30 (Fig.
6.8c). On day 60 (Fig. 6.8d), no separation betweed types was observed though one
replicate of the experimental control was separdteth the other treatments. These
NMDS patterns were further shown by ANOSIM (Tabl&)6wnhich produced overall
significant differences (ANOSIM, Global R = 0.87%da 1) on days 1 and 30

respectively. These separations show that therdiffefood types supported different
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nematode communities which could be linked to thenges in habitat conditions with

time.
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Figure. 6.8. nMDS ordination plot (non-transfornuzda) of nematode community

assemblages from the different food types on d@jsi, (b) 14, (c) 30 and

(d) 60.
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Table 6.5. Results of ANOSIM global and pair-wisst$ using Bray-Curtis similarity,
showing the effect of food type (treatment) on ner@de community structure

during the experimental period. * represents sigaift differences.

Pairwise Day 1 Day 14 Day 30 Day 60
comparisons (R=0.875) (R=0.396) | (R=1) (R=0)
FC&C 1* 0.25 1* 0.25
FC &M 1* 1* 1* 0
FC&S 1* 1* 1* 0.5*
C&M 0 0 1* -0.25
C&S 0.5* -0.25 1* 0.25
M&S 1* 0.5* 1* -0.25

The observed dissimilarity between the field conémad all the food types on day 1 was
attributed to the high abundance of the geherschellingia in the field control (Table
6.6). Similarly, the observed dissimilarity betweée field control, the sea grass and the
experimental controls on day 30 was attributedh® high abundance of the genus
Terschellingia in the field controls whereas the relative abumeanf this genus was
much lower in the sea grass and experimental dotngatments. The geneferistus
and Diplolaimelloides were responsible for the observed dissimilaritiestwieen
mangrove leaf litter and all the other treatmentsuding the field control on day 30. The
mangrove leaf litter recorded the highest densify tloe generaTheristus and
Diplolaimelloides on day 30 (640 and 485 Ind. / 7 Tmespectively) whereas

Terschellingia was only present in very low numbers (63 Ind. /7)cm
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Table 6.6. SIMPER list showing the three main gamentributing to the Bray-Curtis

dissimilarity (%) between food types on each day.fiEld control; C,

experiment controls; M, mangrove leaf litter and& grass leaf litter.

Treatments Day 1 Day 14 Day 30 Day 60

compared

FCandC Terschellingia (23) Terschellingia (20) | Terschellingia  (23) Terschellingia (15)
Pierickia C)] Viscosia (10)| Pierickia (10) | Pierickia (8)
Sirinia 5) Pierickia (8) | Spirinia (6) Molgolaimus 5)

FC and M Terschellingia (25) | Terschellingia (17) | Theristus (15) | Terschellingia  (10)
Pierickia (8) | Dichromadora (8) | Diplolaimelloides (13) | Dichromadora (8)
Sirinia (5) | Pierickia (7) | Terschellingia  (13) | Paracanthonchus (6)

FCand S Terschellingia (24) | Terschellingia (23) | Terschelingia (23) | Terschellingia (17)
Pierickia (9) | Pierickia (9) | Pierickia (8) | Desmolaimus 9
Sirinia (5) | Spirinia (6) | Theristus (8) | Pierickia (6)

Cand M Oxystomina (9) | Viscosia (15) | Theristus (23) | Dichromadora  (8)
Terschellingia (7) | Haliplectus (13) | Diplolaimelloides (17) | Terschellingia @)
Pierickia (5) | Dichromadora (11) | Dichromadora (8) | Paracanthonchus (7)

CandS Diplolaimelloides (12) | Viscosia (20) | Theristus (26) | Desmolaimus  (15)
Camacolaimus  (12) | Desmolaimus (7) | Terschellingia  (8) Terschellingia  (18)
Terschellingia (9) | Terschellingia (6) | Dichromadora (5) Mol golaimus (6)

Mand S Oxystomina (10) | Haliplectus  (18) | Diplolaimelloides (20) | Desmolaimus (10)
Diplolaimelloides (9) | Dichromadora (15) | Theristus (16) | Dichromadora (10)

Camacolaimus 9)

Theristus

(10)

Dichromadora (8)

Diplolaimelloides (7)

6.3.6 Effect of time within food types on nematodeommunity composition

In order to investigate nematode community sucoessithin food types over the entire

experimental period, nematode community assemblagese compared between

experimental days for each food type (Fig. 6.9).
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In each of these analyses, the field control wae aicluded. The experimental control
(Fig 6.9a) did not show any overall significant moral effect (ANOSIM, Global R <
0.5). Within the mangrove leaf litter treatment,yda was significantly separated
(ANOSIM, R > 0.5) from all the other experimentayd (Fig. 6.9b). The sea grass leaf
litter treatment recorded significant temporal eféeexcept for between day 14 and day
60 (Fig. 6.9c). The field controls were separatedifdays 1, 14 and 30 in the mangrove
leaf litter, with days 1 and 30 in the experimeantrols and with all the experimental
days in the sea grass leaf litter. These tempdfatts were confirmed by ANOSIM
(Global R = 0.65 and 0.86) for the mangrove and gesss leaf litter treatments
respectively (Table 6.7). This temporal effect emratode community assemblage is an
indication of nematode community succession prgbablthe chemistry of the leaf litter
changes with decomposition. The lack of significtamie effects within the experimental
controls shows that food availability is essenfiat the development of a diverse

nematode community in mangrove sediments.
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Table 6.7. Results of ANOSIM global and pair-wissts using Bray-Curtis similarity,
showing the effect of time on nematode communitycstire in each food

type. Global R is shown in parenthesis while * sh@ignificant comparisons.

Food Types
Pairwise
Comparisons | C (R =0.186) | M (R = 0.65) S (R=0.86)
FC&1 1* 1* 1*
FC & 14 0.25 1* 1*
FC & 30 1* 1* 1*
FC & 60 0.25 0 0.5*
1&14 -0.25 1* 1*
1&30 0 1* 1*
1& 60 0.25 1* 1*
14 &30 0 0.5* 0.75*
14 & 60 -0.5 0 0
30 & 60 0 0 0.5*

Table 6.8 shows the nematode genera successioim wibh food type and experimental
controls during the experimental period. The genBiahromadora, Haliplectus,
Theristus and Terschellingia mainly characterised experimental days 1, 14, 30 &b
respectively, within the mangrove leaf litter treant. The sea grass leaf litter was
characterised by the gen&amacolaimus, Daptonema, Theristus andDesmolaimus. The
experimental control was dominated Hwlalaimus, Dichromadora and Terschellingia
while Terschellingia and Pierickia were the dominant genera in the field controlse Th

fact that different nematode genera were dominantach experimental day from each
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food type treatment is a reflection of nematode momity succession with time. This

could be as a result of changes in the chemistljoamicrobial communities and hence

habitat conditions as decomposition progressed.

Table 6.8. SIMPER lists showing the percentagerdariton of three main genera

characterising each experimental day within eacl type.

Food Species contribution

type Day 1 Day 14 Day 30 Day 60

FC Terschellingia (42) | Terschellingia (42) | Terschellingia (42) | Terschellingia (42)
Pierickia (17) | Pierickia (17)| Pierickia (17)| Pierickia a7
Trissonchulus (6) | Trissonchulus (6) | Trissonchulus (6) | Trissonchulus (6)

C Halalaimus (23) | Dichromadora  (43) | Terschellingia (28) | Terschellingia (33)
Leptolaimus (23) | Procamacolaimus (21) | Daptonema (11) | Leptolaimus (33)
Dichromadora (15) | Terschellingia  (14) | Leptolaimus (11) | Camacolaimus (33)

M Dichromadora  (15) | Haliplectus (25) | Theristus (34)| Terschdlingia (22)
Pierickia (15) | Dichromadora (21) | Diplolaimelloides (22) | Dichromadora (16)
Halalaimus (10) | Daptonema (20) | Dichromadora (10)| Halalaimus (12)

S Camacolaimus (28) | Daptonema (30) | Theristus (50)| Desmolaimus  (32)
Diplolaimelloides (23) | Desmolaimus (27) | Dichromadora  (19) | Theristus (18)
Dichromadora (13) | Terschellingia (13) | Haliplectus (11) | Terschellingia  (9)

Similarly, several nematode genera were responddiehe observed dissimilarities

between days within food types (Table 6.9). Theegeitheristus, Terschellingia and

Diplolaimelloides mainly contributed to

the observed dissimilaritidsetween

experimental days in the mangrove leaf litter. Tmsimilarities between experimental

days in the sea grass leaf litter were mainly laitad to the genefesmolaimus and

Theristus. The genuJerschellingia recorded the highest densities in the field cdratnal
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was responsible for the dissimilarities between ftekel control and all the food types

over the entire experimental period.

Table 6.9. SIMPER lists showing the three main gementributing to the Bray-Curtis

dissimilarity (%) between experimental days withach food type.

Days Species contribution
C M S
1&14 Viscosia (23) | Haliplectus (16) Desmolaimus  (11)
Terschellingia (7) | Dichromadora (14) Daptonema (9)
Halalaimus (6) | Theristus (10) | Terschellingia  (8)
1&30 Terschellingia (8) | Theristus (22) | Theristus (32)
Trefusialaimus (6) | Diplolaimelloides (17) Haliplectus (8)
Desmolaimus  (5) | Dichromadora (8) Dichromadora (6)
1&60 Terschellingia (14) | Terschelingia (12) Desmolaimus  (21)
Molgolaimus (12) | Dichromadora (9) Theristus (7)
Haliplectus  (4) Paracanthonchus  (8) Terschellingia  (7)
14 &30 Viscosia (22) | Theristus (19) | Theristus (25)
Terschellingia (7) Diplolaimelloides (18) | Terschellingia  (6)
Halalaimus  (6) Leptolaimus (5) Desmolaimus (6)
14 & 60 Viscosia (15) | Paracanthonchus (9) Desmolaimus (18)
Terschellingia (11) | Diplolaimelloides (8) Theristus (8)
Molgolaimus (9) | Terschdlingia (7) Haliplectus (7)
30 & 60 Terschellingia (13) | Theristus (19) | Desmolaimus (20)
Molgolaimus (12) | Diplolaimelloides (10) Terschellingia (7
Haliplectus (4) | Terschelingia (6) Theristus @)
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6.3.7 Effect of food type on nematode community diversity

Both the field and experimental controls recordss Highest nematode taxa richness (21
and 21.8, respectively; Fig. 6.10a) and also tighdst Shannon diversity index (2.7 and
2.8, respectively; Fig. 6.10b). The sea grass lié@f recorded the lowest nematode
genera richness and Shannon diversity index (17244tand 2.5 + 0.32, respectively).
Overall, a significant food type effect was obserme both nematode genera richness
(ANOVA,; df = 3, F = 2.86, p < 0.05) and Shannonedsity index (ANOVA,; df =3, F =
3.28, p < 0.05). However, only day 1 recorded afoge effect in Shannon diversity
index, with the sea grass leaf litter recordinggaiicantly lower index than all the other
food types (ANOVA; Tukey's HSD, p < 0.05). This nmeathat after 1 day post
placement, the colonisation by nematode commurutiekfferent food types was similar
and that only the densities of the different gen@ia@y have changed with time. No
significant differences in diversity indices weeeorded between the field control and all
the food type treatments (ANOVA, p > 0.05). Sinlyamo significant time effect was
observed in nematode genera richness (S) and Shalversity index (H’) within all the
food types. This lack of time effect in the divéysindices shows that the pioneer
nematode colonisers persisted from day 1 up to6@ay each food type treatment and
that only the relative densities may have changga time. The high nematode diversity
recorded in the experimental control can be linkedthe fact that these treatments
contained no food additions, meaning that nonehef iematode genera was able to

dominate the experimental controls as food wadilugi
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with time (days). FC; field control, C; experimentantrol, S; sea grass leaf

litter and M; mangrove leaf litter.
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6.3.8 Effect of food type on nematode community tgghic structure

Nematode trophic structure was based on WieseB83)l classification scheme. The
averaged trophic structure composition (Fig. 6stigws differences related to food type.
Selective deposit feeders (1A) dominated the fiatdl experimental controls. This
feeding guild was mainly represented by the geranschellingia. Non-selective deposit

feeders (1B) dominated the mangrove and sea graaf lltter. The genera

Diplolaimelloides, Desmolaimus and Theristus were the characteristic non-selective

deposit feeders within the mangrove and sea geasditter treatments.

. BE B -

Figure. 6.110verall averaged relative abundance (%) of nematagdic groups in the
experimental control (C), mangrove (M), and seagI®) treatments over

the entire experimental period against the fieldtiad (FC).
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Figure 6.12 shows the succession in the relativmddnce of nematode trophic groups
within each food type. Epistrate feeders (2A) wabbendant on days 1 and 14 whereas
selective deposit feeders (1A) dominated days 8068nwithin the experimental controls
(Fig. 6.12a). Selective deposit feeders (1A) andstegie feeders (2A) dominated
mangrove and sea grass leaf litter treatments cagpky on day 1. These trophic groups
were replaced by non-selective deposit feeders @) the remaining days of the
experiment within both food types (Figs. 6.12b &2%&). These findings show that by the
end of the experiment, only the experimental cdstrecorded similar dominant feeding
group (1A) to the field control. The leaf litter giions of mangroves and sea grasses
sustained more non-selective deposit feeders (1&n fday 14 to day 60. These
differences in trophic structure between the fiebttrol and both the mangrove and sea
grass leaf litter treatments could be linked to #wailability of detrital material and
possibly the microbial community associated witbataposing organic matter. The non-
selective deposit feeders utilised both the le#drlidetritus and the microbial biomass

associated with it.
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Figure 6.12Variation inrelative abundance of nematode trophic groups tvith in (a) experiment control (b) mangrove leaaed
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6.3.9 °C uptake experiment

Mean 8*°C values of -34.5 + 3.9 (Fig. 6.13) were recordexnf the natural sediments.
This value was less enriched compared to the dmt®iC from all experimental
enriched units. The highest averadi values for the diatoms were recorded on day 7 (-
13.5 £ 4.1) and day 30 (-12.9 £ 3). A significaeptetion was recorded between day 30
and day 60 (ANOVA, df =5, F = 3.34, p = 0.04). Tlgb the natural sediments recorded
a more depletedC value, it was not significantly different frometidiatomss*>C for all

incubation times.
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Figure 6.13. Variation ia'*C (Mean # SE, n = 3) from the natural sediment

(Background) and from the labelled diatoms overakperimental period.
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The specific uptake d**C by nematodes (Fig. 6.14) showed very high vditghiithin
experimental days especially on days 1 and 14 ewtaly 60 recorded the lowest specific
uptake. The large variations within days led tdklat significant time effects in specific

uptake o®*C by nematodes.
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Figure 6.14. Variation in specific uptake 6f°C (Mean + SE, n = 3) over the

experimental period.

176



The low rates of3C uptake by nematodes correspond to the low dessifi nematodes
recorded from the diatom food type treatment (Bi@5). This probably is an indication

that diatoms do not form an important food itemhiitthe studied mangroves.
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Figure 6.15. Densities of nematodes (mean + SD3pfrom the diatom treatment over

the experimental period compared to the field @rfEC).
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6.3.10 Effect of sediment type on meiofauna col@ation and densities

The degraded sediment treated with mangrove lesa@sded a faster meiofauna and
nematode colonisation rates than the natural sediniée densities of meiofauna (Fig.
6.16a) and nematodes (Fig. 6.16b) in the degraéddment treated with mangrove
leaves surpassed those from the field control fkay 14, while the densities were
higher than in the field control between day 14 day 30 in the mangrove leaves treated
with natural sediment. Meiofauna and nematode teadrom the experimental control
treated with natural and degraded sediments nexpassed those from the field control
through out the experimental period. Three-Way AMOM able 6.10) testing for the
effect of food availability (mangrove leaves vergxgerimental control), the effect of
time, the effect of sediment type (natural finesusr degraded coarse) and all possible
interaction effects between a combination of theedhfactors, showed no significant
differences between sediment types in total merdalANOVA; df = 1, F = 0.001, p >
0.05) and nematode densities (ANOVA, df = 1, F¥08, p > 0.05). However, an overall
significant food availability effect in meiofaunANOVA, df = 1, F = 61.39, p < 0.05)

and nematode densities (ANOVA, df = 1, F = 43.18,(05) was observed.
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Table 6.10. Out put of Three-Way ANOVA showing #feects of sediment type, food

availability, time and the corresponding interacteffects. * represents

significant effects (p < 0.05).

Variable Comparisons df F p

Log Total | Sediment Type 1 0.001 | 0.975072

Meiofauna | Food availability 1 61.398| 0.000000*
Time 3 38.135| 0.000000*
Time x Food availability 3 2.403 | 0.085784
Time x Sediment type 3 0.901 | 0.451511
Food availability x Sediment type | 1 0.393 | 0.534936
Time x Food x Sediment type 3 1.537 | 0.223754

Log Sediment Type 1 0.105 | 0.747563

Nematoda Food availability 1 43.186| 0.000000*
Time 3 47.373| 0.000000*
Time x Food availability 3 2.224 | 0.07756
Time x Sediment type 3 1.235 | 0.313202
Food availability x Sediment type | 1 0.230 | 0.634724
Time x Food x Sediment type 3 1.855 | 0.157095
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Figure 6.17 shows the densities of meiofauna anthtedes from each sediment type on
each experimental day. No food availability effeets recorded on day 1 (Fig. 6.17a) and
day 14 (Fig 6.17b) (ANOVA; Tukey's HSD, p > 0.05)owever, on day 30 (Fig 6.17c)
and day 60 (Fig. 6.17d), the mangrove leaves tleaith natural and degraded sediments
recorded significantly higher meiofauna and nematddnsities than the experimental
controls (ANOVA; Tukey's HSD, p < 0.05). This comfis the earlier results on the
effect of food type, that food availability is essal for meiofauna colonisation of
mangrove sediments. All possible interaction effebetween time, food type and

sediment type were not significant.
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6.3.11 Effect of sediment type on meiofauna community congsition

The effect of sediment type on meiofauna commuetyposition is shown in the nMDS
analysis (Fig. 6.18a-d) and ANOSIM (Table 6.11)tlBanalyses showed no significant
sediment effects (ANOSIM; R < 0.5) on meiofauna oamity composition on all days
in the mangrove leaf litter treatments. Similathge experimental controls never recorded
any significant sediment effect (ANOSIM; R < 0.5) day 1 (Fig 6.18a), day 14 (Fig.
6.18b) and day 30 (Fig 6.18c). However, the expenita controls treated with degraded
and natural sediments were separated on day 60 §Fi§d) and recorded significant
sediment differences (ANOSIM; R > 0.5). Significeobd availability effects within
sediment treatments were also observed on days@®@ for the natural sediment and

on days 1, 30 and 60 for the degraded sedimenitezds (ANOSIM; R > 0.5).
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Figure 6.18. nMDS showing the affinities betweea different sediment treatments

within each food type on (a) day 1, (b) day 14,d&y 30 and (d) day 60.
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Table 6.11. ANOSIM output showing pair wise companis between sediment
treatments on each experimental day. Global Ragstin parenthesis while
(*) shows the significant sediment effects and fogak interactions within

the sediment treatments.

Pairwise Experimental Days

Comparisons | Day 1(0.343) | Day 14(0.065) | Day 30(0.509) | Day 60(0.747)
CN and CD 0.259 0.296 0.037 0.556*

CN and MN 0.333 0.185 0.963* 1*

CN and MD 0.259 0.185 1* 0.926*

CD and MN 0.778* 0.259 0.667* 1*

CD and MD 0.556* 0.185 0.593* 1*

MN and MD 0.037 0.111 0.333 0.185

ANOVA and nMDS were also performed on the mangréeaves and experimental
controls treated with natural and degraded sedsnemeparately, in order to see the
changes in meiofauna densities and community comnposover time within the
different sediment treatments. There was a sigmifictime effect within sediment
treatments in meiofauna (ANOVA, df = 3, F = 38.1p5 0.05) and nematode densities
(ANOVA,; df = 3, F = 47.373, p < 0.05). Generallyaydl recorded significantly lower
meiofauna and nematode densities (Fig. 6.19a &% .ttfan all the other days (ANOVA,
Tukeys HSD, p < 0.05) in the mangrove and experiaiaontrol treatments. An nMDS
analysis (Fig. 6.20) and ANOSIM on meiofauna comityumssemblage also gave
significant time effects within sediment treatmefitsn both experimental controls and
mangrove leaf litter treatments. Within the expental controls, day 1 was separated

from all the other days irrespective of the sedittgpe (Fig. 6.20a). Similarly, within
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the mangrove leaf litter treatment (Fig. 6.20b)y dawas separated from all the other
days, while day 14 was separated from day 30 agd@arrespective of the sediment

type. These patterns were confirmed by ANOSIM; R for all pairwise comparisons.
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Figure 6.19. Effect of time (days) within sedimenéatments on meiofauna and
nematode densities from (a) experimental conttmisr@angrove leaf litter
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6.4. Discussion

The results have shown that meiofaunal re-coltioisaof mangrove sediments is
affected by the availability of food since in theegence of OM (as mangrove leaves)
much higher densities were recorded compared to dRperimental controls.
Additionally, meiofaunal re-colonisation and nentEocommunity structure, within
mangroves, is affected by the type of food sincengmave leaves produced a much
higher re-colonisation intensity than sea grassveea Meiofauna and nematode
community composition also changed over time, whishpossibly related to the
decomposition process and the associated microfltratype of sediment seems to have
a minor or no effect on meiofauna re-colonisatidnlevdiatoms do not seem to form an
important food source for nematodes within mangregdiments as shown by the low

nematode densities adtfC uptake rates.

There is scarcity of information on the influencedifferent detrital materials found
within mangrove benthic ecosystems on meiofaunaddmnce and nematode community
composition. Furthermore, no known field experinsehive looked at meiofaunal re-
colonisation of different types of detritus withimangrove ecosystems. The only
available information on field colonisation expeeints are based on single sources of
organic matter. These include: Gwyther (2003) Whapked at meiofauna assemblages
from Avicenia marina leaf litter in a temperate mangrove forest in Seedstern
Australia, Zhou (2001) which investigated the cadation of different concentrations of
Kandelia candel mangrove leaves by meiofauna in Hong Kong, and @ed
Sommerfield (1997) which investigated the effedtsnangrove diversity on meiofaunal

colonisation from a Malaysian mangrove. Therefthes field experiment is the first to

188



investigate the influence of different sources efritus in addition to the influence of
sediment composition on meiofauna and nematode comtyrstructure within mangrove

ecosystems.

In this study, it is shown that meiofauna and newatre-colonisation of mangrove
sediments is dependent on food type (detritus spuand that the preference for
mangrove detritus by meiofauna is greater tharséargrass and diatoms. The study also
shows that there is a succession of different nedeagienera during the incubation of the

experimental material, which is in parallel witlettiecomposition of the leaf litter.

The fact that meiofauna re-colonised the experialerdntrols devoid of organic matter
one day post placement, indicates that meiofaunapycany available space even in the
absence of food. However, meiofauna densities wittiie experimental controls
remained low through out the experimental peridtese low densities recorded from the
experimental controls compared to the field contmall mangrove leaf litter treatments
shows that organic matter plays an important raleirifluencing meiofaunal re-

colonisation within mangrove benthic ecosystems.

The rapid colonisation of the experimental treatt®eone day post placement ranks
among the fastest re-colonisation rates reportednfeiofauna in field experimental
studies. In similar experimental studies, Zhou @@Q0Orecorded meiofaunal re-
colonisation 1 day post placement, while Mirto &wahovaro (2004) and De Troch et al.

(2005) recorded meiofaunal re-colonisation aftdags.
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6.4.1 The impact of mangrove leaves on meiofaunalonisation

The densities of meiofauna in the mangrove leanesteed treatments were higher than
in the experimental controls, and increased witheti This implies that decomposition
enhanced the nutritional value of the detritus ébgrattracting more meiofauna and
specifically nematodes. Studies by Lugo and SneddiBy4) and Lee (1995) show that
macrophyte decomposition and detritus recyclingimmortant in mangrove ecosystems,
and contribute much of the nutrients for grazerd &iter feeders, in addition to

providing diverse habitats for colonisation by eafauna.

Although meiofauna colonisation was observed 1 g@agt placement, the rate of
colonisation of mangrove leaf litter was initiaBljow and densities remained lower than
in the field controls. This shows that there wasnge lag before meiofauna could re-
colonise the mangrove leaf litter and attain simd@nsities as in the field controls.
Studies by Alongi (1987), show that mangrove defigelyphenic acids mainly tannins,
correlate negatively with meiofauna in mangroveeiitidal zones as they reduce the
palatability of mangrove detritus. This author alsecorded limited growth of
Terschellingia longicaudata on Rhizophora stylosa detritus, which recorded the highest
concentration of tannins comparedAwdcenia marina. According to Zucker (1983) and
Robbins et al. (1987), hydrolysable tannins im@artoxious taste on detritus, increase
the acidity of plant materials, and precipitatenplproteins and gastrointestinal enzymes.
Thus, these substances interfere with the feedirgethic herbivores and detritovores.
Additionally, according to Robertson (1988) andtjgle and Alongi (1990), there is

usually a rapid loss of tannins during the initialys of mangrove litter decay. The above
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findings support the results of this study in thia¢ low densities of meiofauna and
nematodes recorded on day 1 could have been dugtteannin content of the mangrove
litter. However, as the level of tannins decreas@t decomposition, meiofauna and in
particular nematode densities increased takingradga of the increased palatability of
the detritus. This effect of tannins may also expllie low meiofauna taxa richness
recorded on day 1 and the dominance by selectipesitefeeding nematodes recorded
from the mangrove leaf litter. It is possible thlaé nematodes which re-colonised the
mangrove leaf litter on day 1 probably selectedrttieroflora associated with leaf litter
but avoided the mangrove detritus due to its heymin content. Similarly, Gee and
Sommerfield (1997) showed that meiofaunal commudgyelopment may be affected
and controlled by the changes in leaf litter chémisluring decomposition and the
subsequent successional development of the micaoftommunity. Based on these
earlier studies, it is evident that the mangrovaf lgter became more attractive to
meiofauna as tannin concentration decreased wigh disccomposition process. This
increased attractiveness can be supported by ttreak= in CN ratio with time which
was recorded from the mangrove leaf litter. A loN @tio means that the nutritional
value of the detritus increases as the nitrogetecoms high (Skov & Hartnoll, 2002) and
becomes more conducive as a food source or hébiteenthic organisms. The observed
decrease in CN ratio further explains the obseimerkase in meiofauna and nematode

densities with time.
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6.4.2 The effect of mangrove leaves’ decompositiom meiofauna

The densities of meiofauna and nematodes increfasedday 1 up to the end of the
experiment within the mangrove leaf litter treattsetdowever, the densities remained
almost constant after day 14 within the experimentatrol and sea grass leaf litter
treatments. This increase in meiofauna densitiéls tivhe indicates that the attractiveness
of mangrove leaf litter to meiofauna and nematodeseased as decomposition
progressed. According to Heip et al. (1985), mein&play an important role in the
decomposition process in temperate salt-marsh #mer dittoral macrophyte systems.
This role is either directly by ingesting decompasiplant material, or indirectly by
stimulating the growth of bacteria and fungi thrbugazing or nutrient enrichment of the
microhabitat. Similarly, De Mesel et al. (2003) gagted based on experiments that
meiofauna especially nematodes enhance organicematecomposition through
stimulation of microbial community. This stimulatienay be through bioturbation which
results in increased oxygen and nutrients, secreio nutrient rich compounds like
mucus, and grazing which keeps the bacterial contgnactive and remineralising
nutrients. These authors also argue that even thmiigroorganisms may not provide the
primary sources of carbon and energy to detritayofeey may be the major source of
essential nutrients like fatty acids, amino acgtierols, vitamins and other growth factors.
Blum et al. (1988) and Robertson (1988) have alsxws that bacterial abundance on
decomposindrhizophora leaves increases with the decomposition procedditidnally,
Fell et. al. (1975) indicates that bacteria on lgsgr produce a slimy layer during the
initial stages of decomposition. This slimy layetsaas a matrix for accumulation of

detritus, algae and fungal spores and subsequmaeilyfauna which utilises these trapped
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materials as a prime food source. According to Riemand Helmke (2002), nematodes
are believed to release hydrolytic enzymes in muetigch together with bacterial
enzymes, breakdown chemical compounds like sugaese hydrolysed compounds can
be directly consumed by the nematodes yieldingaaextitrients directly from the detritus.
Therefore, the decrease in tannin concentratianstimulation of microbial growth and
the possible release of mucus by nematodes with, taxplains the observed increase in
meiofauna and nematode densities with time. Tiis ekplains the observed differences

between day 1 and the other experimental daysmilld mangrove leaf litter.

The nematode community structure recorded frormthagrove leaf litter showed a link
with time and consequently with leaf litter decorsgion. This was indicated by changes
in the dominant nematode genera and trophic streionith time. These changes in
nematode community structure and trophic groupsaas®ciated with changes in leaf
litter chemistry and/or microphyte community cokation during the decomposition of
mangrove leaves. Studies by Moens et al. (2005 Isgnown that free living aquatic
nematodes produce mucus from ventral and caudadiglan which microbial growth has
been observed. This has been interpreted as a Iistituateraction, in which nematodes
may feed on the micro-organisms that colonise theus rich tracks. With the help of a
field experiment using different species of mangrdeaves, Gee and Sommerfield
(1997) also found that the development of the nedeatommunity is characterised by
subtle shifts in the species composition colonidimg leaves. These authors proposed
that the observed changes in the meiofauna andtodenaommunities as decomposition

progressed, may be linked to successional changde ichemistry and hence microflora
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of the leaf litter. Therefore, the changes in thangrove leaf litter chemistry and the
associated microbial growth as the detritus decamgoexplains the changes observed in
nematode community assemblage with time. Infaet,GN ratio of the mangrove leaves
decreased with time showing that the nutritionalugaof the litter increased as
decomposition progressed. Increased nutritionalievadf the detritus availed more
diverse microhabitats which led to the observedngba in nematode community

composition.

Nematode genera composition was different betwbenekperimental controls and the
mangrove leaf litter. These differences especialtyday 30 were linked to the rapid
increase in the densities of the genBrplolaimelloides and Theristus in the mangrove

leaf litter. These genera were rare in the expeariaiecontrols. The density increase of
these two genera could be linked to microbial ghoat decomposing mangrove litter,
and their presence could have also stimulated talcggowth through mucus production,
which inturn enhanced mangrove leaf litter breakadoWwhe microbes and detritus thus
produced provided a source of food for these gemdrnah are non-selective deposit
feeders within mangrove ecosystems. The dominagcthdse two genera within the
mangrove leaf litter also explains the low Shandwersity index (H’) recorded from the

mangrove leaf litter compared to the experimentaitiols. Gwyther (2003) recorded a
low nematode Shannon diversity index from Barwomgnaves-Australia which was

linked to dominance by the gentispyloides.

The dominance of the epistrate feed@chromadora on day 1, the selective deposit

feeder Haliplectus on day 14 and the non-selective deposit feeddesistus and
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Diplolaimelloides on day 30 in the mangrove leaf litter shows thateé was a succession
in nematode trophic groups. This shift in nemattdehic structure with time may be
reflecting the changes in food resources availableematodes within decomposing
mangrove leaf litter. According to Ashton et al999®), the initial leaching of dissolved
organic matter (DOM) from mangrove leaf litter @dléwed by a slow decomposition of
the remaining particulate organic matter (POM) factbria and fungal communities,
which develop rapidly on the leaves. Gwyther (200Byerved that particulate food
sources on leaf litter are composed of the surfsioflm which includes bacteria,
microalgae, protozoans and fungi. Therefore, theulteg mangrove detritus and
associated microflora provided the food requiredlbgosit feeders which dominated the
mangrove leaf litter treatment. Similarly, the pbksincrease in microbial biomass and
diversity with mangrove leaf litter decompositioraynexplain the shift in nematode
feeding groups from selective deposit feeders gnldato non- selective deposit feeders
(1B) on day 30. The dominance by deposit feedettsinvimangrove leaf litter during this
experiment is similar to findings from other stuglfeom Malaysian mangroves (Gee &
Somerfield, 1997) and from temperate Barwon Rivangnoves-Victoria, SE Australia
(Gwyther, 2003). The results of the current studgvs that deposit feeding nematodes
(1A & 1B) form the pioneer colonisers and probatblg main feeding groups associated

with mangrove leaf litter.

By comparing the age dRhizophora stylosa and Avicenia marina leaves with the
population growth of two nematode species, Tiejed Alongi (1990) recorded very low
densities ofMonhystera and Chromadorina (< 5 Ind. / leaf). These low numbers led to

the conclusion that nematodes were unable to stimudacterial abundance hence may
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not play a major role in cycling of organic mattertropical mangrove forests. On the
contrary, this experiment recorded much higher faeima and nematode densities (2442
and 2274 Ind. / 7 chirespectively) and 901 Ind. / 7 érior the dominant genugheristus
within the mangrove leaf litter. Thus if the derestof meiofauna and nematodes is a
reflection of their role in cycling of organic matt then the high densities recorded
during this experiment show that meiofauna and ifipaly nematodes play an

important role in detritus cycling in tropical maoge ecosystems.

6.4.3  The effect of diatoms on nematode colonisatio

Previous studies have shown that diatoms and otheno-algae provide an important
food source for many shallow water nematodes (M@&eNsncx, 1997; Gwyther, 2003).
However, this study shows that diatoms are notrtiaén food source for mangrove
nematodes colonising azoic and organic free sedsnerhis is because nematode
densities remained too low over the whole periothefre-colonisation experiment when
diatoms were offered as a food source comparedthier gootential food sources.
Secondly, it is also evident from the IB#°C that diatoms do not form the main food
source for benthic nematodes, since no signifiahfferences were found with the
background values. Riera et al. (1999) recorifé@ values of -14.4 for benthic diatoms
from a Spartina anglica salt marsh while the value for nematodes was ely2. This
value was so depleted that microphytobenthos weeg rout as a major food source for
nematodes in this system. The value for non-eadchematodes from mangrove
sediments as recorded in this study was even |dvaa.5), already indicating that

diatoms are not a major food item for the nematadebe studied mangrove systems.
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The large range i6"*C suggests a high diversity of food sources fomamatodes. This
diversity could also be explained by the fact thatematode community consists of a
mixture of species from different feeding guildsdiRR et al., 1999). Also, the low uptake
by the nematodes of carbon H€ labelled diatoms in the enriched experiment is no
unusual. Olaffson et al. (1999) recorded only @84f 5°C label stored in meiobenthic
tissue 1 month after incubation with labellgki etonema costatum. Similarly, Urban—
Malinga and Moens (2006) showed that meiobenthosrporate 0.48 % of average daily
losses, with nematodes contributing for only 0.5%he total meiobenthic uptake. From
Antarctic sediments, Moens et. al. (2007) obsered 0.0028 % to 0.023 % of the
added™C was present in nematode biomass after 16 dayseTéarlier studies and the
current results point to the fact that diatoms @b form an important food source for

nematodes in natural mangrove sediments.

6.4.4 The importance of sediment type for meiofauneolonisation

Though no significant sediment effect was observetiveen the mangrove leaf litter
treated with fine sediments from the natural andre® sediments from the degraded
forests, the degraded sediment recorded relatikigiier densities of meiofauna and
nematodes (1574 and 1473 Ind. /7> amspectively) compared to the natural sediment
(1152 and 1075 Ind. /7 @nover the entire experimental period. The laclsediment
effects may have been due to the high variatiom@iofauna and nematode densities.
However, the fact that the degraded sediment redorélatively higher densities though
not significant than the natural sediments impliest sediment type has little or no

influence on meiofauna colonisation in mangrove$ts.
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6.5  Conclusions

The results have shown that meiofaunal re-colomisabf mangrove sediments is
influenced by the presence and type of organicenatidditionally, mangrove detritus is
the main source of food either directly or indikgcwithin mangrove ecosystems.
Nematoda is the dominant taxon within mangrove rmedis and that the density of
meiofauna increases with mangrove leaf litter dgmmsition. The succession in
nematode community assemblage and trophic groupgnvihe mangrove leaf litter is an
indication of the changes in the utilisation of theer as a source of food or a habitat by
nematode genera. These changes reflect the chemthesleaf litter chemistry as shown
by the changes in CN ratio, and/or microbial comityurThis experiment confirms the
earlier studies which recorded differences in naioh densities and nematode genera
assemblages between degraded and foreRteghucronata mangrove ecosystems. It
ascertains that the differences observed are asudt of differences in organic matter

levels and that this organic matter is mainly dedirom mangrove leaves.
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CHAPTER SEVEN

Meiofaunal response to different food quality additons to azoic

sediments in a tropical mangrove.

7.1 Introduction

The same experiment as for the food type effectrepsated with an extra factor of food
type freshness (quality) was added. The experimsatl fresh mangrove and sea grass
leaves as well as partially decomposed leaves yg decomposed). According to Fell et
al. (1975), fallen mangrove leaves on the foresirflundergo an initial rapid leaching of
dissolved organic matter (DOM). This leaching ifdwed by a slow decomposition of
the remaining particulate organic matter (POM),ilifated by bacterial and fungal
communities. These microflora condition the ledtfeti for various invertebrate groups
which utilise it as food. These microflora conditithe leaf litter which is utilised by
various invertebrate groups as food. It has beewstby Gwyther (2003) that particulate
food sources for meiofauna on leaf litter compttise surface biofilm comprising of
bacteria, microalgae, protozoa and fungi. The dgiterof food sources available on
decomposing leaves was also shown by Krishnamwethsl. (1984) who recorded all
types of nematode feeding groups on decaying maedeaves. This was an indication
that decaying litter consists of a variety of matsr which can be used as food by

meiofauna and in particular nematodes.
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This food quality field experiment was necessitdbgydthe observation that within the
degraded site, mangrove leaves, which were alregtpmposing, formed the main
organic material deposited by incoming tides. Sahéhe ground mangrove and sea
grass leaves were buried in the experimental sitel fdays. This was meant to initiate
bacterial decomposition and was used to test whett@ decomposition of detritus has

any effect on meiofauna and nematode genera cakwmsrates.

Therefore, the experiment was designed to testhen¢hese already decomposing leaves
would attract meiofauna in a similar way to thesfreleaves found in the natural

mangrove forest sediments. This experiment wagdedito answer the question; Does
the state of decomposition of organic matter (fraistt 4 days decomposed mangrove and

sea grass detritus) influence meiofauna re-coltinis@f mangrove sediments?

7.2 Results

7.2.1 Effect of food quality on meiofauna colonigeon

In this experiment, a total of 8 meiofauna taxaewercorded from all treatments over the
entire experimental period. The decomposed maegieaves recorded all the 8

meiofauna taxa while the fresh mangrove leaves oedprded 5 meiofauna taxa. The
decomposed and fresh sea grass leaves recorded % @eiofauna taxa, respectively.

The field and experiment controls recorded 4 amalxd, respectively. Nematoda was the
most abundant taxon accounting for a relative abooe of over 98 % in each treatment.
Mangrove leaves were the preferred food type byfaana, with the decomposed leaves

recording the highest densities of meiofauna amdatedes (maximum 3985 + 2595 and
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3955 +2597 Ind. / 7 crh respectively). The decomposed sea grass leavesdesl the
lowest densities (maximum 607 + 16 and 596 + 16 IfAdcnf, respectively). Figure 7.1
shows the colonisation rates where meiofauna (Figla) and particularly nematodes

(Fig. 7.1b), colonised all treatments 1 day poateiment.
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Figure 7.1 Colonisation rates of (a) meiofauna and (b) nenegatlring the entire
experimental period (days). FC, field control; Mfangrove fresh leaves;
MD, mangrove decomposed leaves; SF, sea grassiéaasts and SD,

sea grass decomposed leaves.
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The initial meiofauna re-colonisation was, howeweryery low densities (max. 207 Ind.
/7 cnf) from the decomposed mangrove leaves comparduktfield control (1890 Ind.
/7 cnf). Total meiofauna and nematode densities surpabsse from the field control
on day 30 and day 60 in the decomposed and fresignmee leaves treatments
respectively. However, meiofauna and nematode tlemsirom the sea grass leaves
treatments never surpassed those from the fieldralorThe peak in meiofauna and
nematode densities was recorded on day 30 (398®% and 3955 + 2597 Ind. / 7 €m
respectively) in the decomposed mangrove leave®arthy 60 (2059 + 355 and 2014 +
367 Ind. / 7 crfy respectively) in the fresh mangrove leaves. Rerisation by
meiofauna and nematodes of the fresh mangrove degiwewed an increasing trend,
while in the decomposed mangrove leaves, meiofaamé nematode colonisation
drastically decreased after day 30, to densitiesvbéhose from the field control. This
probably indicates that the food/habitat conditiamshin the decomposed mangrove
leaves became limiting after 30 days post placent@mtthe contrary, the food conditions
provided by the fresh mangrove leaves were stildogive for meiofauna up to and may

be beyond 60 days of the experiment.
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71.2.2

Effect of food quality on meiofauna densis and community composition

Three Way ANOVA (Table 7.1) gave no overall foodaljty effects on meiofauna

(ANOVA,; df = 1, F = 0.009, p > 0.05) and nematodmsities (ANOVA; df = 1, F =

0.001, p > 0.05).

Table 7.1. Out put of Three-Way ANOVA showing ttiteets of food quality, food

type, time and the corresponding interaction effetshows the significant

comparisons.

Variable Comparisons df F p

Log  Total| Food Quality 1 0.009 | 0.926556

Meiofauna | Food type 1 50.576/ 0.000000*
Time 3 50.307| 0.000000*
Time x Food quality 3 2.856 | 0.052495
Time x Food type 3 4.423 | 0.010369*
Food quality x food type 1 1.593 | 0.216076
Time x Food quality x Food type | 3 9.666 | 0.000108*

Log Food Quality 1 0.001 | 0.970513

Nematoda Food type 1 49.450| 0.000000*
Time 3 51.367| 0.000000*
Time x Food quality 3 2.946 | 0.047670
Time x Food type 3 4.362 | 0.011018*
Food quality x Food type 1 1.703 | 0.201203
Time x Food quality x Food type | 3 9.639 | 0.000110*
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Similarly, Tukey's HSD test gave no significant ébquality effects (ANOVA; Tukeys
HSD, p > 0.05) for the mangrove leaves on day §.(Fi2a), day 14 (Fig. 7.2b) and day
30 (Fig. 7.2c). However, on day 60 (Fig 7.2d), fresh mangrove leaves recorded
significantly higher meiofauna and nematode dessitihan the decomposed leaves
(ANOVA; Tukey's HSD, p < 0.05). The fresh sea grésaves recorded significantly
lower meiofauna and nematode densities than thendeesed leaves on days 14, while
on day 30, the decomposed sea grass leaves recsigieficantly lower densities than
the fresh leaves (ANOVA; Tukey's HSD, p < 0.05)gdficant food type effects in
meiofauna (ANOVA; df = 1, F = 50.576, p < 0.05) amematode densities (ANOVA; df

=1, F =49.45, p < 0.05) were however re-emphdsisthin the food quality treatments.
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14, (c) day 30 and (d) day 60.
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An nMDS analysis (Fig. 7.3) and ANOSIM (Table 7.@) meiofauna community
composition comparing food quality on each day sspéy, showed a clustering of all
food quality treatments on day 1, while the fietthttols were clearly separated from all
the treatments (Fig. 7.3a). This trend was rea#fairhy ANOSIM which gave significant
differences between the field control and all thieeo food quality treatments (R > 0.5).
The separation of all food quality treatments fritra field controls on day 1 shows that
the treatments (detritus) attracted a differentafaina community compared to the field
controls. On day 14 (Fig. 7.3b) the field contralere also separated from all the food
quality treatments, while only the seagrass leahesved significant food quality effects
(ANOSIM, R > 0.5). On day 30 (Fig. 7.3c), signifitfood quality effects (ANOSIM, R
> 0.5) were also recorded for the sea grass leagasnent, which were also separated

from the field controls.

The mangrove leaves showed significant food qudiifierences (ANOSIM, R > 0.5) in
meiofauna community composition on day 60 only (Hdd). Significant food type
effects were also evident within the food qualitS ordination plot on days 14, 30
and 60 (ANOSIM, R > 0.5) especially between thestrenangrove and sea grass leaf

litter.
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Table 7.2. ANOSIM pair wise comparisons betweerdfqoality treatments on each
experimental day. FC; Field control, C; Experiméntontrols, MD;
Mangrove decomposed leaves, MF; Mangrove Frestetea®D: Sea grass
decomposed leaves and SF; Sea grass fresh ledobsl @ in parentheses

while * denotes significant comparisons.

Pairwise Experimental Day

comparisons | Day 1 Day 14 Day 30 Day 60
R =0.437 R =0.63 R =0.646 R =541

FCand C 1 0.852* 1* 1*

FC and MD 1 1* 0.333 0.852*

FC and MF 1 0.778* 0.259 0.074

FC and SD 1* 1* 1* 1*

FC and SF 1* 1* 1* 0.778*

Cand MD 0.037 0.111 0.852* 0.185

C and MF 0.037 0.037 0.815* 1*

C and SD 0.111 0.148 0.259 0.333

C and SF 0.037 0.519* 0.037 0.074

MD and MF 0.037 0.444 0.259 0.889*

MD and SD 0.037 0.037 0.926* 0.148

MD and SF 0.259 0.963* 0.741* 0.222

MF and SD 0.037 0.074 1* 1*

MF and SF 0.074 1* 0.593* 0.741*

SD and SF 0 1* 0.704* 0.333
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7.2.3 Effect of time within food quality treatments on meofauna densities and

community composition

Figure 7.4 shows the effects of time within foodalify treatments on meiofauna. There
were overall significant time effects within theotb quality treatments in meiofauna
(ANOVA,; df = 3, F = 50.307, p < 0.05) and nemataimsities (ANOVA; df = 3, F =
51.367, p < 0.05). Both fresh and decomposed margraod sea grass leaves recorded
significantly higher meiofauna and nematode dessitn days 30 and 60 (ANOVA;

Tukeys HSD, p < 0.05) compared to day 1 (Figs. &4a4b).

Similarly, nMDS analysis and ANOSIM on meiofaunarcounity composition for each
food treatment separately showed significant tirfieces (ANOSIM, R > 0.5) between
day 1 and days 30 and 60 within the mangrove lemeasment. The field control showed
significant differences (ANOSIM, R > 0.5) with boftesh and decomposed mangrove
leaves treatments on days 1 and 14 and with oelyddtomposed mangrove leaves on
day 60 (Fig. 7.5a). The sea grass leaves (Fig.) GBbwed significant time effects
between day 1 and days 14, 30 and 60 (ANOSIM, R5» While all experimental days
were significantly different from the field contristespective of the quality (ANOSIM, R
> 0.5). These nMDS patterns show that after 60 ,dayly the fresh mangrove leaves

could support a similar meiofauna community to tfahe field control.
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7.2.4 Effect of food quality on nematode communitassemblage

Table 7.3 shows the dominant nematode genera ratdrdm each treatment. A total of
90 nematode genera were recorded over the entiperimental period from all
treatments. The decomposed mangrove leaves recé@iegtnera; the fresh sea grass
leaves 55 genera, the decomposed sea grass leaygnéra and the fresh mangrove
leaves 51 genera. The field controls recordeddivest (28) nematode genera. The genus
Diplolaimelloides was dominant in the fresh mangrove and sea gemzed, while
Daptonema dominated the decomposed mangrove and sea geasssl@erschellingia

was the dominant genera in the field controls.

Table 7.3Overall relative abundance tifedominant nematode genera (> 5 %) in each
food quality treatment. FC; field controls, MFe$h mangrove leaves, MD;
decomposed mangrove leaves SF; fresh sea grass laagt SD; decomposed

sea grass leaves.

Treatments | Dominant nematode genera abundance pergatment

FC Terschellingia (24 %),Haliplectus (11 %),Halalaimus (10 %)
MF Diplolaimelloides (50 %),Daptonema (9 %), Haliplectus (7 %)
MD Daptonema (25 %),Diplolaimelloides (10 %), Terschellingia (8 %),

Soilophorella (8 %),Halalaimus (5 %), Microlaimus (5 %)

SF Diplolaimelloides (19 %),Daptonema (14 %), Theristus (6 %),
Haliplectus (6 %), Terschellingia (6 %),Halalaimus (6 %),
Soilophorela (5 %)

SD Daptonema (16 %),Spilophorella (12 %),Haliplectus (8 %),
Terschellingia (6 %), Diplolaimelloides (5 %)
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An nMDS analysis (Fig. 7.6) and ANOSIM (Table 7sthpwed no significant differences
in nematode community assemblages between both dre$ decomposed mangrove and
sea grass leaves (ANOSIM; R < 0.5) on day 1 (Figa)/. However, significant
differences in nematode community assemblages (ANO® > 0.5) were recorded
between the fresh and decomposed mangrove leavdayohd (Fig. 7.6b), day 30 (Fig.
7.6¢) and day 60 (Fig. 7.6d). The fresh and deceegsea grass leaves only showed
significant differences in nematode community asdages on day 30 (ANOSIM, R >
0.5). The field control recorded significant difeces in nematode community
assemblages with all the food quality treatmentalbexperimental days (ANOSIM, R >

0.5).
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Table 7.4Results of One-Way ANOSIM on nematode genera (GIBlba parenthesis)
using Bray-Curtis similarity between food qualitgatments during the entire
experimental period (Asterix (*) denotes signifitalifferences, R>0.5). FC;
field controls, MF; fresh mangrove leaves, MD; deposed mangrove

leaves, SF; fresh sea grass leaves and SD; decethpes grass leaves.

Pair wise Experimental days

comparisons
Day 1 Day 14 Day 30 Day 60
(R=0.72) | (R=0.59) | (R=0.86) | (R=0.81)

FC and MD 1* 1* 0.5* 1*

FC and MF 1* 1* 1* 1*

FC and SD 1* 1* 1* 1*

FC and SF 1* 1* 1* 0.5*

MD and MF -0.75 1* 0.5* 1*

SD and SF -0.5 0.25 0.75* 0.25

SIMPER analysis (Table 7.5) showed that the didanty between the fresh and the
decomposed mangrove leaves on days 14 and 30 wab/ mantributed by the genus
Daptonema while the genu®iplolaimelloides contributed to the dissimilarities on day
60. The fresh mangrove leaves treatment recordedighest density ddaptonema (101

Ind. /7cnf) on day 14, while the decomposed mangrove leagesrded the highest
density (1237 Ind. /7 cfhon day 30. The fresh mangrove leaves treatmeorded the

highest density oDiplolaimelloides (1193 Ind. /7 cf) on day 60. The dissimilarities
between the sea grass leaves treatments on daye8® attributed to the genera

Daptonema, which was dominant in the fresh sea grass le@fnd. /7 crfi) on day 30.
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The dissimilarities between the field control amathbfresh and decomposed sea grass
leaves over the entire experimental period werdagxgd by differences in abundances
of the genusTerschellingia. Similarly, the dissimilarities between the fieddntrol and
mangrove leaves on days 1 and 14 were explaingdebgenuderschellingia. However,
the generdaptonema and Diplolaimelloides contributed to the discrimination between
the field control and the mangrove leaves on day8le the generderschellingia and
Diplolaimelloides were responsible for the differences on day 6@ génudDaptonema
recorded the highest density (1237 Ind. /7)cin the decomposed mangrove leaves,
while Diplolaimelloides recorded densities of 837 and 1193 Ind. /7 omdays 30 and
60 in the fresh mangrove leaves. Niplolaimelloides was recorded in the field control,
while Daptonema only recorded 3 Ind. /7 dnThe field controls recorded the highest
density of the genu3erschellingia (439 Ind. /7 crf) compared to all the other food
quality treatments. These differences in the dontineematode genera between the
different treatments point to the fact that thegvided different habitat conditions/food

for the nematodes.
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Table 7.5. SIMPER lists showing the four main gar@mntributing to the Bray-Curtis

dissimilarity (%) between treatments on each expental day. FC; field

controls, MF; fresh mangrove leaves, MD; decompasadgrove leaves, SF;

fresh sea grass leaves and SD; decomposed sedegrass

Treatments Species contribution

compared Day 1 Day 14 Day 30 Day 60

FC and MD Terschellingia  (24) | Terschellingia (25) | Daptonema (28) | Terschellingia  (19)
Haliplectus (10) | Halalaimus (10) | Diplolaimelloides (10) | Haliplectus 9)
Halalaimus (9) | Haliplectus (7) | Terschellingia (5) | Spilophorella (9)
Soilophorella (8) | Spilophorella (6) | Spilophorella (5) | Halalaimus (9)

FC and MF Terschellingia  (24) | Terschellingia (22) | Diplolaimelloides (33) | Diplolaimelloides (43)
Haliplectus (10) | Halalaimus (9) | Terschellingia (16) | Terschellingia (12)
Halalaimus (10) | Spilophorella (9) | Halalaimus (7) | Halalaimus (6)
Soilophorella (8) | Haliplectus (6) | Spilophorella (6) | Spilophorella 4)

FC and SD Terschellingia  (24) | Terschellingia (24) | Terschellingia  (23) | Terschellingia (23)
Haliplectus (10) | Halalaimus (10) | Haliplectus (11) | Haliplectus (20)
Halalaimus (10) | Haliplectus (7) | Halalaimus (10) | Halalaimus (8)
Soilophorella (9) | Spilophorella  (7) | Spilophorella (8) | Spilophorella (7

FC and SF Terschellingia  (24) | Terschellingia (23) | Terschellingia (24) | Terschellingia  (21)
Haliplectus (10) | Haliplectus (11) | Haliplectus (10) | Diplolaimelloides (13)
Halalaimus (10) | Halalaimus (10) | Spilophorella (9) | Halalaimus (8)
Soilophorella (9) | Spilophorella  (9) | Halalaimus (7) | Spilophorella (8)

MD and MF Soilophorella (16) | Daptonema (12) | Daptonema (28) | Diplolaimelloides (53)
Halalaimus (5) | Microlaimus  (11) | Diplolaimelloides (14) | Terschellingia (5)
Haliplectus (5) | Silophorella  (9) | Terschellingia (7) | Haliplectus 4)
Subsphaerolaimus (4) | Eumorpholaimus (7) | Spilophorella (6) | Daptonema 4)

SD and SF Actinonema (13)| Haliplectus (17) | Daptonema (12) | Diplolaimelloides (26)
Soilophorella (10) | Spilophorella (13) | Halalaimus (11) | Haliplectus (8)
Bathylaimus (7) | Daptonema (7) | Sabatieria (5) | Theristus (6)
Theristus (6) | Terschellingia (6) | Microlaimus (5) | Terschellingia (5)
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7.2.5 Effect of time within food quality treatments on nematode community

composition

The ordinations of nematode communities’ data withe are shown in Figure 7.7.

Nematode community assemblages showed signifidaatges with time within food

quality treatments.
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Figure 7.7. nMDS on nematode genera community dssgm from the different
food quality treatments showing the affinities betw time; (a) MF, (b)
MD (c) SF and (d) SD on all experimental days. f€d controls, MF;
fresh mangrove leaves, MD; decomposed mangrovese&F; fresh sea

grass leaves and SD; decomposed seagrass leaves.
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The fresh mangrove leaves (Fig. 7.7a) showed stgmnif time differences in nematode
community assemblage between all days except betwdsys 30 and 60. The
decomposed mangrove leaves (Fig. 7.7b) showedfis@mii time effects in nematode
community assemblage between all the experimenggls.dOnly day 1 recorded
significant time effects with days 30 and 60 in fresh sea grass leaves (Fig. 7.7¢),
while all experimental days showed significant eliéfinces in nematode community
assemblage in the decomposed sea grass leaves/ (Fiy. These time effects within
food quality treatments were confirmed by ANOSIMIdal R > 0.5; Table 7.6). The
observed significant time effects in nematode comtyuassemblages between all days
in the decomposed mangrove and sea grass leaamergs shows that these leaves
probably offered a more diverse habitat for re-n@ation by nematodes compared to the
fresh leaves. The lack of significant differencedween day 30 and 60 in the fresh
mangrove leaves confirms the earlier results od tgpe effects, which showed that after

30 days of the experiment, no new genera re-cadrtise mangrove leaves.

The field controls showed significant differencesnematode community assemblage
with all experimental days in the fresh and decosepomangrove leaves and in the
decomposed sea grass leaves (ANOSIM; B.5; Table 7.6). However, the fresh sea
grass leaves did not record a significantly difféneematode community assemblage on
day 60 from the field control (ANOSIM, R < 0.5). 8$e differences between the field
control and experimental days within each food ifpatreatment in nematode

community assemblage, shows that leaf litter aolditprovided new and different

habitats for nematode genera colonisation comparéte natural mangrove sediments.
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Table 7.6 Results of ANOSIM on nematode community using B&aytis similarity
between experimental days within each food qualigatment. Global R
values are shown in parenthesis while * denotesifsignt comparisons (R >
0.5). FC; field control, MF; fresh mangrove leavedD; decomposed

mangrove leaves, SF; fresh sea grass leaves andegsDmposed sea grass

leaves.
Comparisons MF MD SF SD
(R=0.86) |(R=0.84) (R = 0.55) (R =0.91)

FC and Day 1 1* 1* 1* 1*
FC and Day 14 1* 1* 1* 1*
FC and Day 30 1* 0.5* 1* 1*
FC and Day 60 1* 1* 0.25 1*
Day 1 and Day 14 1* 0.5* 0 1*
Day 1 and Day 30 | 1* 1* 1* 0.75*
Day 1 and Day 60 1* 1* 1* 1*
Day 14 and Day 30 | 1* 1* 0 1*
Day 14 and Day 60 | 1* 1* 0.25 0.5*
Day 30 and Day 60 |-0.25 1* -0.5 1*
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SIMPER analysis (Table 7.7) showed that differeetnatode genera characterised
experimental days within each food quality treatin@ime fresh mangrove leaves were
characterised by the geneSailophorella, Daptonema and Diplolaimelloides while the
generaSpilophorella, Daptonema and Terschellingia were the dominant genera in the
decomposed mangrove leaves during the course of ettperiment. The genera
Haliplectus, Daptonema and Theristus characterised the fresh sea grass leaves, while
Terschellingia, Haliplectus and Daptonema characterised the decomposed sea grass

leaves over the experimental period.

Similarly, different nematode genera contributedh® observed dissimilarities between
experimental days within each food quality treattee(lable 7.8). The differences
between days within both fresh mangrove and sesdeaves were contributed by the
generaDaptonema and Diplolaimelloides, while the generadaliplectus, Daptonema,
Microlaimus and Spilophorella explained most of the differences between expetiate

days within the decomposed mangrove and sea gragss.
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Table 7.7 SIMPER lists showing the two main nematode genendributing to the

Bray-Curtis similarity (%) within each food qualibn each experimental day.

FC; field control, MF; fresh mangrove leaves, MBEcdmposed mangrove

leaves, SF; fresh sea grass leaves and SD; decedhpeagrass leaves.

Treatment | Nematode genera contribution
Day 1 Day 14 Day 30 Day 60
FC Terschellingia (37)
Halalaimus (14)
MF Soilophorella  (26) | Daptonema (21) | Diplolaimelloides(89) | Diplolaimelloides(71)
Terschellingia (11) | Microlaimus (17) | Terschellingia (4) | Paralinhomoeus (9)
MD Soilophorella  (21) | Spilophorella (36) | Daptonema (48) | Terschellingia (18)
Haliplectus (16) | Haliplectus (36)| Terschellingia (9) | Paralinhomoeus (18)
SF Haliplectus  (10) | Daptonema (23) | Daptonema (15) | Theristus (23)
Soilophorella  (9) | Subsphaerolaimus(19) | Halalaimus (14) | Daptonema (23)
SD Terschellingia (12) | Haliplectus (31)| Terschellingia (25) | Daptonema (24)
Soilophorella  (12) | Spilophorella (28) | Spilophorella (24) | Spilophorella (9
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Table 7.8 SIMPER lists showing the four main genera contiimito the Bray-Curtis

dissimilarity (%) between experimental days witlidod quality treatments.

MF; fresh mangrove leaves, MD; decomposed mandgeaxes, SF; fresh sea

grass leaves and SD; decomposed seagrass leaves.

Pairwise Nematode genera contribution to dissimilarity
MF MD SF SD

comparisons

land 14 Daptonema (12) | Haliplectus (22) | Subsphaerolaimus (5) | Haliplectus a7
Microlaimus (12) | Spilophorella (13)| Terschellingia (4) | Spilophorella (12)
Haliplectus (9) | Diplolaimelloides (8) | Deontolaimus (4) | Daptonema (6)
Eumorpholaimus (7) | Terschellingia (6) | Spirinia (4)| Terschellingia (6)

1and 30 Diplolaimelloides(66) | Daptonema (31) | Daptonema (8) | Daptonema (15)
Daptonema (11) | Diplolaimelloides(11) | Halalaimus (8) | Terschellingia  (14)
Haliplectus (6) | Terschellingia (8) | Sabatieria (5) | Spilophorella (6)
Microlaimus (2)| Spilophorella (6) | Microlaimus (4)| Actinonema (6)

1 and 60 Diplolaimelloides (60) | Microlaimus (10) | Diplolaimelloides(14) | Daptonema (23)
Paralinhomoeus  (6) | Terschellingia (9) | Daptonema (8) | Paracanthonchus (8)
Terschellingia (6) | Paralinhomoeus (8) | Theristus (6) | Spilophorella (6)
Haliplectus (5) | Pseudochromadora(7) | Haliplectus (6)| Diplolaimelloides (6)

14 and 30 Diplolaimelloides (52) | Daptonema (32) | Daptonema (8) | Haliplectus (19)
Daptonema (9) | Diplolaimelloides 11) | Halalaimus (7) | Spilophorella (9)
Haliplectus (5) | Terschellingia (7)| Microlaimus (5) | Daptonema (6)
Microlaimus (4)| Halalaimus (6) | Sabatieria (5)| Terschellingia (6)

14 and 60 Diplolaimelloides (55) | Spilophorella (10) | Diplolaimelloides(15) | Daptonema a7
Terschellingia (5) | Microlaimus (10)| Theristus (8)| Haliplectus (10)
Paralinhomoeus (4) | Haliplectus (8)| Daptonema (7)| Paracanthonchus (7)
Microlaimus (3)| Paralinhomoeus (8) | Haliplectus (7)| Pseudochromadora(4)

30 and 60 Diplolaimelloides (35) | Daptonema (31) | Diplolaimelloides(11) | Daptonema a7
Daptonema (10)| Diplolaimelloides(11) | Haliplectus (6) | Paracanthonchus (8)
Paralinhomoeus (8) | Spilophorella (7) | Theristus (6) | Terschellingia (5)
Terschellingia (8) | Terschellingia (6) | Terschellingia (5) | Diplolaimelloides (5)
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7.2.6 Effect of food quality on nematode community divergy

Figure 7.8 shows the changes in nematode gendmaess (Fig. 7.8a) and Shannon
diversity index (Fig. 7.8b) with time. Over the ieat experimental period, the
decomposed seagrass leaves recorded the highestagengenera richness and Shannon
diversity index (20 = 2 and 2.6 + 0.1, respectiyelyhile the fresh mangrove leaves
recorded the lowest nematode genera richness ath8h diversity index (16 + 6 and 2
+ 0.8). However, no significant effect of food qgtyalwas observed in nematode genera
richness (S) and Shannon diversity index (H’) dneaperimental days (ANOVA, p >
0.05). Similarly, no significant time effect wassaloved in all the food quality treatments
(ANOVA, p > 0.05), neither was the interaction beem food qualities and time
significant. Additionally, the field control showew significant differences in nematode
genera richness and Shannon diversity with alftlod quality treatments on each of the
experimental days, and with time in each of thedfa@uality treatments (ANOVA,
Tukeys HSD, p > 0.05). This shows that the qualftthe mangrove and sea grass leaves
had no influence on the number of nematode geresalanising the leaves on any
experimental day. The lack of significant differeadetween the field control and all the
food quality treatments shows that the nematodergecolonising the experimental units

were from the surrounding mangrove sediments.
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7.2.7 Effect of food quality on nematode trophictsucture

The quality of food showed an effect on nematodedifegg groups over the entire

experimental period (Fig. 7.9). Non-selective dépteeders (1B) were the dominant

feeding group in the fresh mangrove and seagrased$e(55 % and 39 %, respectively).

Epistrate feeders (2A) dominated the decomposedyroaes and seagrass leaves (34 %

and 33 %, respectively).
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Figure 7.10 shows the succession in nematode togluups with time within the
different food quality treatments. Epistrate fesd@A) were the dominant feeding group
on day 1, while non-selective deposit feeders ([d@yinated the fresh mangrove leaves
treatment from day 14 up to day 60 (Fig. 7.10a)le@we deposit feeders (1A)
dominated the decomposed mangrove leaves on dayhife non-selective deposit
feeders (1B) and epistrate feeders (2A) were timairnknt feeding groups on days 30 and
60 (Fig 7.10b). Epistrate feeders were most abundanday 1 in the fresh sea grass
leaves, while non selective deposit feeders chaiget! days 30 and 60 (Fig 7.10c). The
decomposed seagrass leaves recorded more epfsedtrs on day 1, selective deposit
feeders on day 14 and non selective deposit feemterday 60 (Fig 7.10d). Selective
deposit feeders (1A) were the dominant feeding grouhe field control (49%). This
succession in nematode feeding groups with timevshihat there are changes in the
habitat conditions provided by the different foodality treatments as decomposition

progresses.
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7.3 Discussion

The differences in meiofauna and nematode densiggseen the fresh and decomposed
mangrove leaves were not pronounced. Infact, tfeetedf food type was re-emphasised
in the analysis on food quality in the mangrovesésa Similarly, nematode communities
between the fresh and decomposed mangrove leavesalg® not different. Though no
significant differences between food quality wasewed, the decomposed mangrove
leaves recorded higher densities of meiofauna anthtodes compared to the fresh ones.
This was however up to day 30 when the fresh margeaves attracted higher densities
of meiofauna and nematodes than the decompose@sledihe experiment further
reemphasizes that meiofauna and nematode re-calmmsof mangrove sediments is
dependent on food type (detritus source) and tieapteference for mangrove detritus by
meiofauna is greater than for sea grass. The stisdyshows that there is a succession of
different nematode genera during the incubatiothefexperimental material as shown

by the different trophic groups recorded.

The lack of significant differences between theslrand decomposed leaves means that
the decomposition state of mangrove leaves maynflaence meiofauna and nematode
colonisation. However, this could have been duiéoshort duration (4 days) the leaves
were decomposed at the start of the experiment daggbburied in the sediment.
Therefore, more work needs to be done especiallgi®nimg mangrove leaves which

have been decomposed for a longer period of time.
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7.4 Conclusions

From the results obtained, meiofaunal colonisaibmangrove sediments is influenced
by the presence and type of organic matter, andntaagrove detritus is the preferred
source of organic matter within mangrove sedimenke quality of mangrove detritus
may not have a great impact on meiofauna and nel@asscolonisation rates. Nematoda
is the dominant taxon within mangrove sediments thatl the density of meiofauna and
nematodes increases with mangrove leaf litter deosition. The succession in
nematode community assemblage and trophic groupgnvihe mangrove leaf litter is an
indication of the changes in the utilisation of theer as a source of food or a habitat by
nematode genera. These changes reflect the chemthesleaf litter chemistry as shown
by the changes in CN ratio, and/or microbial comityurThis experiment confirms the
earlier studies which recorded differences in nmaioh densities and nematode genera
assemblages between degraded and foreRteghucronata mangrove ecosystems. It
ascertains that the differences observed are asudt of differences in organic matter

levels and that this organic matter is mainly dedirom mangrove leaves.
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CHAPTER EIGHT

General Discussion, Conclusions and Recommendations

8.1  General Discussion

8.1.1 Sediment physical characteristics

The measured sediment physical characteristicaalinly show differences between the
forested and the degraded sites, but also amongthested sites depending on the age of
the forest. The high organic matter content (Bid) in the natural site compared to the 10
years reforested site is as a result of undecondposganic matter which has accumulated
over the years. The lower TOM levels recorded fithin 10 and 5 years reforested sites
compared to the natural site shows the effect @fstoage on TOM, with the older natural
forest recording higher TOM levels. Denuded (defted) mangrove areas are more
exposed to wave energy due to lack of vegetatimercavhich makes them less efficient in
slowing down incoming and outgoing tides. This k&alincreased sediment resuspension
and erosion of detrital material by tidal curret¢sding to reduced organic matter content

of the sediments.

The differences in silt/clay (Fig. 3.2) content \beén the natural and the 10 years
reforested sites is linked to the root network whieduces the energy of tidal currents and
hence resuspension of fine sediment materials (Wg&laet al., 1992). The 10 years

reforested site had a denser root network thandhgral site which is dominated by mature
trees having big prop roots. The degraded sitarigckediment holding structures recorded

the highest sand content.
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The continuous tree canopy observed in the 10 yesdHmsested site ensures effective
shading of the sediments from solar radiation. H@wrgein the natural site, canopy gaps
were evident due to smothering of undergrowth leyliiy mature trees. These canopy gaps
allowed penetration of solar radiation on to thdiment surface leading to relatively
higher temperatures in the natural site comparetiddlO years reforested site. Similarly,
lack of or reduced canopy cover in the degradedthad years reforested sites results in
high evaporation, which explains the high tempemtand salinity recorded from these
sites. Similarly, the cooler conditions in the matiand the 10 years reforested sites due to
canopy cover promotes sediment phytoplankton ahéromicrobial growth, which are
responsible for the observed high chlorophylland CN ratio observed in these sites.
However, the exposure of sediments in the degradddhe 5 years reforested sites due to
canopy removal, leads to increased temperaturesality. This high temperature and
salinity may not be favourable for microphytobeatbommunity growth and explains the

low Chlorophylla and CN ratio recorded from the degraded site.

8.1.2 Macrofauna

A total of 12 macro-endobenthic taxa (Table 3.1yeveecorded during this study. The
density and number of macro-endofauna taxa weigebtgn the natural site and lowest in
the 5 years reforested and the degraded site Btk Galluci (2003) have shown that the
patterns of macrofauna densities and communitynasisge in mangroves vary in relation
to sediment grain size and organic matter contesitth organic rich silty sediments
recording the highest macrofauna densities. Theptaprop root system in the forested
mangrove sites, combined with the availability e&fl litter, provides enhanced resource

availability for benthic fauna especially for neodés and oligochaetes. However, the
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degraded and the 5 years reforested sites whidrded organic matter poor and sandier
sediments recorded the lowest macrofauna densiiditionally, sediment temperature,
salinity and pH also influence the abundance of gmare benthic fauna (Ingole &
Parulekar, 1998). Sediment exposure in deforestadgnove areas increases sediment
temperature, which consequently reduces sedimetdrvweantent and increases salinity.
These changes increase environmental stress omethinic fauna (Sasekumar, 1994)
which kills or limits the growth of microflora inddition to changing the chemical status of
organic materials, which are important media focnatial growth (Mfilinge et al., 2002).
This explains the low densities on macro-endobentiegcorded in the 5 years reforested
and degraded sites, which are more exposed anddeztahe highest temperature and
salinity. The total number of taxa and average itiessof macro-endofauna in the 10 years
reforested site was also higher than in the 5 yediosested and degraded sites. This shows
that the restoration of the mangrove forests hdstdéethe recolonisation of sediment
associated macro-endofauna, which may suggest geosyfunction recovery. However,
this re-colonisation seems to be forest age deperashel may take longer than 10 years for

a complete recovery to the natural ecosystem gidie achieved.

8.1.3 Meiofauna

Overall, 15 meiofauna taxa were recorded duringctireent study (Table 4.1). The natural
and the 10 years reforested sites recorded 9 &otg @hile the degraded and the 5 years
reforested sites recorded 8 and 7 taxa, respegtiVee natural and the 10 years reforested
sites which recorded the highest silt/clay contgsilt fraction > 50 %) and TOM also

recorded the highest densities of meiobenthos &sdjyeblematoda. The complex system
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of pneumatophores in the natural and the 10 yatws, £oupled with the availability of

leaf litter provides an enhanced food source ariitdtafor benthic fauna. Sediment type
and organic matter may also influence meiofaunauttjin the availability of food resources
via the detrital food web, where sediment infaueedfon the microflora associated with
decomposing detrital material (Skilletter & Warre?Q00). These microflora include

bacteria, microalgae, protozoa and fungi (GwytBe03). This explains the high densities
of meiofauna recorded in the natural and the 1@syeHorested sites which recorded high
TOM levels. The high TOM levels ensure that thesesprovide several opportunities for

meiofauna colonisation interms of food and hahitats

There have been no studies on the benthic meiofaurestored Kenyan mangrove forests
although restoration started 15 years ago. Thus $hidy is the first to document
meiofaunal community assemblages in restored mardarests along the Kenyan coast.
The study shows a clear separation of the restereducronata forest stands of different

ages (5 and 10 years), based on the meiofaunatemaunity composition. However, the
differences in meiofauna community assemblages detvithe natural and the 10 years
reforested sites are not significant despite tifier@nces in environmental characteristics
(such as TOM). This shows that the differences @M[ salinity and temperature may
have no effect on the meiobenthos community contipasbetween the two sites, and that
meiofauna may be controlled a complex of parameleis also evident that meiofauna re-

establish between 5-10 years of reforestation.
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8.1.4 Nematofauna

Nematodes are very diverse within the studied narmgsediments, with a total of 76
genera belonging to 24 families that were recor@gpendix 1). The nematode density
(Fig. 5.3) and community composition (Fig. 5.5) wad different between the natural
and the 10 years reforested sites, despite thereliff levels of TOM recorded in both
areas. These similarities between the natural badl0 years reforested sites can be
linked to the fact that the supply of fresh orgamaterial as food for the benthos, as
reflected in chla concentrations and CN ratio’s (Fig. 3.4a&b), isrenor less equal in
both the 10 years reforested and the natural Sites.differences between the degraded
site and both the natural and the 10 years refdestes indicate the effect of human
activities (mangrove clear felling) on the struetuiunction and biodiversity of mangrove
ecosystems. Mangrove clear felling removes vegetatover exposing the sediments to
tidal erosion which results to removal of the fsetiments and detritus, since these are
easily resuspended by tidal currents. The densemnetwork in the natural and the 10
years reforested sites ensures that tidal cur@msslowed down and resuspension is
reduced (Wolanski et al., 1992), leading to finedisent and organic matter

accumulation.

The high levels of TOM in the natural and the 1@rgereforested sites is also associated
with high levels of detritus and associated micrgamisms. This is responsible for the
high relative abundance of deposit feeders recordéukese sites (Fig. 5.7). However, the
degraded site which recorded the highest sand mhrsisowed the highest proportion of

epistrate feeders. Generally, epistrate feedersactaise larger grain size sediments
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which favour the growth of microphytobenthos, whileposit feeders dominate in fine
sediments having high levels of detritus matet@ike(e, 1993). Additionally, the natural
site recorded the highest Index of Trophic Divgr¢iTD) but not different from the 10

years reforested site. This shows that in bothesyst the four trophic groups were

represented in equal proportions.

The genusTerschellingia is a low oxygen consumer and is usually abundamhuddy
sediments rich in organic matter (Schratzberger &wick, 1998a, 1998b). Therefore,
its dominance in both the upper and the lower gestin the natural and the 10 years
reforested sites (Fig. 5.12) show its potentiagxploit organically rich but oxygen poor
habitats. The gener@aracanthonchus being an epistrate feeder, was abundant in the
degraded site and could be related to the avathalmf microphytobenthos especially
diatoms Metachromadora on the other hand is an omnivore/predator andbbas shown

to burrow deeper especially in sandy sediments dhéras a better competitive ability

especially in search of food (Long & Othman, 2005).

8.1.5 Effect of food type and quality field experirants

The field experiments have shown that food avditgband the type of food (organic
matter) affects meiofaunal colonisation of mangrosediments since organically
enriched sediments recorded much higher densitepared to the experimental
controls. Additionally, mangrove leaves are thegred detrital source within mangrove
sediments as shown by the much higher colonisatiensity than in the sea grass leaves

and the diatom treatments (Fig. 6.1). The typeediment seems to have a minor or no
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effect on meiofauna colonisation (Fig. 6.16), whiletoms do not seem to form an
important food source for nematodes within mangrsgdiments as shown by the low
83C uptake rates (Fig. 6.14) and low densities of atedes in the diatom treatments

(Fig. 6.15).

The study also shows that there is a successiodifffrent nematode genera and
nematode feeding groups during the incubation ef ¢kperimental material, which

coincides with the decomposition of the leaf litt€ee and Sommerfield (1997) showed
that meiofaunal community development is affected eontrolled by the changes in leaf
litter chemistry during decomposition and the sgeat successional development of
the microflora community. Therefore, decompositionay have increased the

attractiveness of mangrove leaves, which can bpastgd by the decrease in CN ratio
with time. A low CN ratio means increased nutriabnalue of detritus as the nitrogen
content is high (Skov & Hartnoll, 2002). This makas detritus become progressively
more conducive as a food source or habitat fortherdrganisms and notably diverse

nematode genera.

8.2  General conclusions
The current study has shown that;
 Mangrove ecosystem degradation leads to profounainggs in the habitat
conditions in terms of sediment physical charasties. These habitat changes lead
to a strongly impoverished macrofauna, meiofaund @@matode community in

terms of density, community composition and diugrsi
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Mangrove reforestation modifies sediment conditigegling to partial recovery

of the ecological functions such as faunal coldiosa This is through alteration

of the physico-chemical conditions of the sedimdmtsmaking organic matter
available as mangrove leaf litter. Decomposing mawe leaf litter attracts
bacteria, fungi and other microphytobenthos whiakienbeen shown to provide
food to benthic fauna.

Reforestation also reduces sediment resuspensioagth the trapping ability of
the established vegetation, thereby ensuring aclation of silt/clay sediments
which are favourable for benthic fauna colonisatidime established canopy
cover also reduces surface sediments temperatdrelamately salinity through
shading. This reduces environmental stress andeftiter encourages faunal
colonisation.

Restored mangrove forests are gradually tendingaitdsy becoming ecologically
similar to the natural forests. However, this maletlonger than 10 years as shown
by the differences in sediment characteristics e & macro-endofauna densities
and community composition between the natural arde¢forested mangrove areas.
Despite the slow recovery of the habitat 10 yedisr aestoration, as shown by
depletion in the fine organic rich sediment frastemd macrofauna, the meiofauna
as well as nematode densities and community coiiposhave mainly re-
established. This shows that meiofauna and nematodenunity recolonisation
takes place between 5-10 years post reforestation.

The generderschellingia andPierickia are typical of the natural and the 10 years

reforested sites and hence characterise a mataratoge community, while the
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generaParacanthonchus and Metachromadora are characteristic of deforested
mangrove areas.

Deposit feeding nematodes are dominant in silty @mganically rich sediments,
while epistrate feeders and omnivore/predatorsdareinant in deforested areas
having sandy and organically depleted sediments.

Meiofauna and in particular nematode community weciation of mangrove
sediments is influenced by the presence and typergdinic matter, and that
mangrove detritus is the preferred source of orgamnatter within mangrove
sediments.

Nematoda is the dominant meiofauna taxon within gnave sediments and that
the density of meiofauna and nematodes increast#s mangrove leaf litter
decomposition.

The succession in nematode community assemblagesr@vhic groups within
mangrove leaf litter is an indication of the changethe leaf litter chemistry and
microbial community associated with decomposing gnave litter.

The differences observed between the forested landiégraded mangrove sites
benthic fauna densities and community compositioa as a result of the
differences in organic matter levels and this orgamatter is mainly derived from
mangrove leaves.

Additionally, this study has contributed informatithat may assist in dealing with
guestions of mangrove management and restoratlk@nwhether young restored
mangrove forests are ecologically similar to ndtar@es and how long restored

mangroves may take to become similar to the natunas.
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8.3

The findings further support artificial mangroveéarestation/regeneration efforts
as they restore ecological functions, which ensustainability of ecological

services, economic benefits and ultimately biodiitgrconservation.

Recommendations

Mangrove ecosystem degradation in particular delling should be discouraged
since it leads to deleterious changes in habitatditons for benthos. This
ultimately leads to loss of biodiversity. Changashiodiversity may negatively
affect trophic linkages within mangrove ecosystems.

Artificial mangrove reforestation programmes shobédinitiated, encouraged and
increased since they lead to recovery of the ferast the benthic community.
There is need for further research to ascertairchvhenthic community component
(macrofauna, meiofauna or nematofauna) is the beditator of ecosystem
recovery.

Additionally, there is need to further analyse whiaspect of the benthic
community (density, community structure or diveysis the best for showing the
recovery of the once degraded mangrove ecosystem.

Policies governing mangrove ecosystem service#apbn should be put in place

and or enforced to ensure sustainability of theue=e.
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Appendices.

Appendix 1.0ccurrence, distribution and relative abundanceeofatode genera and

families from the natural (Nat), the 10 years refted (Refol0) and the
degraded (Degr) siteShaded figures show the dominanty%) genera and

families from each site.

% Contribution per

% Contribution per

Family Genera Genera Family
Nat Refol0 Degr| Nat Refol0 Degr
Aegialoalaimidae Aegialoalaimus 0.1 0.0 0.0 01 0.0 0.0
Anoplostomatidae Anoplostoma 3.4 04 13.6| 3.4 04 13.6
Chromadoridae  Spilophorella 4.1 3.9 0.7
Neochromadora 1.0 1.1 0.2
Actinonema 0.5 0.4 0.1
Ptychollaimellus 0.1 0.2 0.0
Soiliphera 0.1 0.0 0.0
Seineridora 0.0 0.0 0.2
Prochromadorella 0.1 0.0 0.0/ 5.9 5.6 1.3
Comesomatidae Pierickia 4.7 21.0 0.4
Hopperia 0.4 3.4 3.0
Sabatieria 0.9 0.7 0.0
Vasostoma 0.2 0.2 0.3
Actarjania 0.0 0.1 0.0
Paracomesoma 0.0 0.1 0.0/ 6.1 255 36
Cyatholaimidae = Paracanthonchus 0.2 0.3 144
Paracyatholaimus 0.6 0.0 0.1
Longicyatholaimus 0.1 0.2 0.0
Metacyatholaimus 0.1 0.0 0.0
Metacylicolaimus 0.0 0.1 0.0 1.0 0.5 145
Desmodoridae Metachromadora 2.2 05 242
Spirinia 6.4 0.3 2.3
Pseudochromadora 1.8 2.9 0.1
S gmophoranema 2.2 0.1 0.4
Desmodora 0.7 0.1 0.0
Molgolaimus 0.2 0.0 1.7] 135 3.9 28.7
Desmoscolicidae Desmoscolex 0.0 0.1 0.0
Quadricoma 0.0 0.1 0.0/ 0.0 0.2 0.0
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% Contribution per

% Contribution per

Family Genera Genera Family
Nat Refol0 Degr| Nat Refol0 Degr
Diplopeltidae Southernidla 0.2 0.3 0.0
Araeolaimus 0.1 0.2 0.6
Diplopeltula 0.2 0.0 0.0
Campylaimus 0.0 0.0 0.0| 0.6 0.6 0.6
Enchelidiidae Belbolla 0.5 0.5 0.0
Polygastrophora 0.3 0.1 0.0
Eurystomina 0.0 0.2 0.0/ 0.8 08 0.0
Haliplectidae Haliplectus 4.8 4.3 21| 4.8 4.3 2.1
Ironidae Trissonchulus 4.5 1.7 4.7
Syringolaimus 0.2 0.3 3.4
Thalassironus 0.0 0.1 0.0
Pheronus 0.1 0.0 0.0
Dolicholaimus 0.1 0.0 0.0| 4.9 2.2 8.1
Leptolaimidae Onchium 0.5 0.7 1.7
Deontolaimus 0.0 0.7 0.8
Antomicron 0.1 0.0 0.0
Camacolaimus 0.0 0.0 0.0| 0.6 1.4 2.5
Leptosomatidae  Leptosomatum 1.2 2.6 02| 1.2 2.6 0.2
Linhomoeidae Terschellingia 24.5 25.6 0.0
Metalinhomoeus 4.0 1.6 0.0
Paralinhomoeus 1.4 3.6 0.0
Eumor pholaimus 0.7 1.0 0.0
Linhomoeus 0.5 0.0 0.0
Desmolaimus 0.0 0.2 0.0
Eleutherolaimus 0.1 0.1 0.0
Megadesmolaimus 0.0 0.0 0.0f 31.1 32.2 0.0
Microlaimidae Microlaimus 4.0 0.9 6.8
Calomicrolaimus 0.0 0.1 0.0/ 4.0 1.0 6.8
Oncholaimidae Viscosia 0.5 0.3 8.2
Metoncholaimus 0.0 0.0 0.2| 0.5 0.3 8.5
Oxystominidae Halalaimus 2.3 3.9 1.0
Oxystomina 4.0 1.9 0.2
Weiseria 0.0 0.1 0.0| 6.4 5.9 1.3
Phanodermatidae Phanoderma 0.1 0.0 0.0/ 0.1 0.0 0.0
Selachnematidae Halichoanolaimus 0.5 1.6 0.7
Gammanema 0.0 0.0 0.5
Richtersia 0.0 0.1 0.0/ 0.5 1.7 1.3
Siphonolaimidae  Sphonolaimus 2.3 2.3 0.2
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% Contribution per

% Contribution per

Family Genera Genera Family
Nat Refol0 Degr| Nat Refol0 Degr

Astomonema 15 0.0 0.0 3.8 2.3 0.2
Sphaerolaimidae  Sphaerolaimus 3.6 3.4 0.1

Subsphaerolaimus 0.1 0.1 0.0

Doliolaimus 0.0 0.1 0.0| 3.7 36 0.1
Trefusiidae Trefusialaimus 5.2 3.7 0.0

Trefusia 0.2 0.2 26| 54 39 26
Tripyloididae Bathylaimus 0.1 0.0 0.0

Tripyloides 0.0 0.0 0.0] 0.1 0.0 0.0
Xyalidae Theristus 0.6 0.5 4.1

Daptonema 1.1 0.5 0.0| 1.7 1.0 4.1
24 Families 76 Genera 100 100 100 100 100 100
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