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FOREWORD

Althougb the study of the Gazi mangrove ecosystem at the Kenyan coast is only some nine years old, it
can be characterized as stining and varied.
In 1985, the Kenya-Belgium Project in Marine Sciences (KBP) was launched as an active cmperation
between several Belglan oceanographical laboratories of the Free University of Brussels and the
University of Gent on the one hand" and the Kenya Marine and Fisheries Research lnstitute at Mombasa
on the other hand. Ever since the start of the project, it has been financed by the Belgran General Bureau
of Developmental Cooperation (ABOS), with Prof. Dr. P. Polk as intermediary. The main objectives of
the project were (l) to provide basic equipment for qualitative oceanographical researclq (2) to educate
Kenyan oceanographers, and (3) to advise Kenyan oceanographers during their PhD research. It was not
until 1987, however, that the pristine and well accessible mangroves of Gazi Bay, about 60 lon south of
Mombasa, were chosen as one of the important work terrains for the KBp.
As a consequence, the Laboratories of Morphology, Systematics, and Ecology of Plants and Animals
(Marine Biology section) of the University of Gent (represented by Prof. Dr. E. Coppejans, prof. Dr. A.
Coomans and Prof. Dr. M. Vincr, and the Laboratory of Ecology and Sys0anatics of the Free University
of Brussels (represented by Prof. Dr. P. Polk) joined in project 2.0043.85 of the Belgian National Fund
for Scientific Research in order to develop a scientific in-depth study of these Gazi mangroves. This
project of "Floristics, Faunistics, and Ecology of Kenyan Coastal Biotopes" ran fiom 1988 to l99l and
gave a fust insight in the systerratics, inventarisation, autecolory, and spatial and temporal patterns of
primary producers (mangroves, seagrasses, algag and phytoplankton) and of secondary producers
(zooplankton, zooendobenthos, phytal communities, and mangrove oysters). In turn, this project offered
the direct inducement for the pioneering community ecological snrdy of the mangrove meiobenthos and
macrobenthos at Gazi Bay carried out by Drs. S. Vanhove and myself.
The next step was the extension of the structural ecological study to a more procoss-orientated analysis of
the Gazi mangrove ecosystem in order to outline a rational management of Kenyan mangroves in general.
With this in mind, the EC research programme TS2-0240-C (GDF) "Dlrnamics and Assessment of
Kenyan Mangrove Ecosystems" was started within the EC domain of Science and Tecbnology for
Development (DG )ilI), running from the end of 1989 to the end of 1992. Four Belgian oceanographical
laboratories (the Laboratories of Analytical Chemistry and of Ecolory and Systematics of the Free
University of Brussels and the Laboratories of Moqpholory, Systematics, and Ecology of Plants and
Animals (Marine Biology section) of the University of Gent), fwo Duich marine institutes (the Delta
hstitute for Hydrobiological Research at Yerseke and the Laboratory for Aquatic Ecolory of the Catholic
University of Nijmegen), and two Kenyan marine research groups (the Kenya Marine and Fisheries
Research Institute and the Deparhnent of Zoolory of the University of Nairobi) participated as EC
partners with the intention to achieve (l) a descriptiorl an inventarisation, and an estimation of material
and energy fluxes, (2) n integration of this information in a mathenratical model, and (3) the
development of ecological expertise in Kenya. With ttre assistance of both FKFO and EC projects, the
structural ecolory of the Gazi mangroves' endobenthos was firttrer unraveled. In addition, the Delta
Institute for Hydrobiological Research of the Netherlands and the University of Nairobi in Kenya started
the research on resident and natant epibenthos as tertiary producers.

In 1992, a second FKFO project was started. Project G.2000g.g2 "Systematics, Ecology, and
Biogeography of Marine Organisms in the Indian O@an" of the Belglan National Fund for Scientific
Research now also welcomed the Laboratory of Ecolory and Aquaculture of the Catholic University of
Leuven @rof. Dr. F. Ollevier), the Research Cnoup of Txrllog of the University of Limburg (Prof. Dr. E.
Schockae0, and the Laboratory of Analytical Chemistry of the Free University of Brussels (Prof. Dr. F.
Dehairs). The project differed from its predecessor as the result of its extension in two rcearch
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directions. On the one hand, systematic inventarisation and structural, spatial ecological study, ofprimary
producers and tubellarians in particular, were carried out on the Indian Ocean scale. On the other hand"

the basic ecological information of the mangrove benthos at Gan Bay, which had been gathered in
previous proJects, was used to make an in-depth analysis of such dynamical processes as material and
energy pathways, feeding ecology, temporal pattems with secondary production and respiration estimates,
parasitology, decompositional processes, and fluxes among adjacent biotopes. As the Marine Biotogy
section of the University of Gent eventually also joined in the study of the natant epibenthos in terms of
sFuchral patterns, the research reached a stage in which the endobenthos could be unraveled in terms of
its functionality and role in the mangrove ecosystem and its interaction with the epibenthos. The PhD
research that is here presented especially fits in the latter objective (the term 'benthos'therefore always
indicates zoobenthos unless stated otherwise). Since the second FKFO project came to a stop at the end of
1995, however, the presented study intends to be more than a doctoral work. It also wants to be a broader
reflection on the struchral and dynamical endobenthos research in the scientifically most discussed
mangrove bay of eastern Africa.

The evaluation of this research is by no me4ns the final curtain, however. Its findings, for instance, have
just begun to be confirmed in recently published scientific papers. Moreover, this merely foreshadows an

era in which local, Kerryan experts in endo- and epibentholory (Ms. D. Anyona, Ms. E. Fondq 1dr. E.

Kimani, Mrs. A. Muthrunbi, Mr. G. Mwatha, Mr. J. Ntiba, Mr. J. Okondo, Mrs. B. Okoth, Mr. R. Ruwa,

and Mr. E. Wakwabi) carry on the search for knowledge of this important comparhnent in one of their
countr;/'s most valuable ecosyslems, fhe mangroves.
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SAMEI{VATTING

Mangrovewouden kunnen voorkomen in de getijdenzone van tropische gebieden die aan een aantal
basisvoonvaarden voldoen. Die voonvaarden zijn vooral gekoppeld aan een warme watertemperatuur (>
15" C), ondiep water en een bescherming tegen een hevige golfslag zodat een geschikte, slibbige
sedimentsamens0elling ontstaat. Het mangrove-ecosysteem kent zowel een intrinsieke als een extrinsieke
ecologische waarde. Het vormt een bufferzone waar de output van het continent naar de open oceaan aan
belangrijke biogeochemische transformaties ondenvorpen wordt. A regionaal vlak vonnen
mangrovegebieden belangrijke schakels in de koolstof- en stikstofl<ringloop tussen continent etr oceaan.
Ze spelen daarbij een belangrijke rol als bron van nutridnten voor de ondersteuning van de voedselketen
in de eigenlijke kustzone met inbegip van de koraalriffen. Economisch profileert dit ecosysteem zich
voornamelijk als kraamgebied voor mariene en commercieel belangrijke vissen, als produceirt van
mangrovehout en als belangrijke visgrond.

Het is dan ook de alsmaar groeiende bevolking en de e.rmee gepaard gaande mangrovokaalslag, die een
bedreiging vormen voor deze gebieden.

Allerlei procesgerichte fundamentele onderzoeksterreinen die noodzakelijk zijn in de bescherming en het
beheer van mangroYes, werden reeds voorgesteld als noodzakelljk in de bescherming en het beheer van
mangroves. Hiertoe behoren o.a. het onderzoek naar het voedsel dat mangroves bieden aan zwemmende,
epibenthische dieren, die het mangrovegebied opzoeken tijdens vloed, en het aandeel van de bodemdieren
in een geisoleerde denitusvoedselketen van het ecosysteem. h beide domeinen staat het onderzoek van
het endobenthos centraal zowel als voedsel voor hogere trofische niveaus als hun aandeel in de
regeneratie van organisch materiaal in de mangrovebodem. Het is duidelljk dat dit endobenthologisch luik
nood heeft aan meer dan structureel onderzoek. Qynamische processen zoals het zoeken naar de fi:nctie
van dit endobenthos en dus de interactie met het epibenthos, vragen om een experimentele aanpak zoals
het gebruik van kooien.

Het meio- en macrobenthos van mangrovebodems werden tot nu toe echter vooral bestudeerd in het kader
van ruimtehjke en temporele patronen. Slechts 66n studie beschrijft het gebruik van kooien om de
trofische relatie tussen het epi- en endobenthos van mangroves te achterhalen. Kooiexperimenlen werden
echter vooral uitgevoerd in gematigde streken. Een gedetailleerde studie van de historische achtergrond
varl en de waagstelling en hypothesevorming tiidens die kooiexperimenten, leidt echter tot een steeds
weerkerende hiaat. De waagstelling reikt meestal niet verder dan die van de detectie van predatiedn*
door epibenthos op endobenthos. Onvenvachte of ongewone resultaten worden daarbij meestal
stiefmoederlijk behandeld zonder andere interactieve componenten in overweging te nemen. De feite$ke
interactie is nl. een resultaat van specifieke predatorische, voedselcompetitieve, ternporele en ruimtelijke,
proceduregebonden en indirecte, zoals bioturbatiegebonden" effecten. Het is dus zeker nodig om tijdens
de experimentele uiwoering de niet gewilde effecten onder conhole te houden. Tanret noeten zs z;:kel- n
rekening genomen worden tijdens de interpretatie van de experimentele resultaten.
De bedoeling van het voorgestelde onderzoek was de rol van het endobenthos in de mangrovegebieden te
achterhalen door zijn interactig vooral in termen van voedselcompetitie en predatie, met het epibenthos te
onderzoeken. Daarbij werd algemeen aangenomen dat een predatiedruk zou wijzen op h9t belang als
prooi, daar waar een voedselcompetitieve druk eerder de sterke band met het rogeneratiesysteem in de
bodem zou benadrukken. Daarom werd een kooiexperiment gebruikt om het epibentlros volledig te
verwijderen en op die manier de reactie van het endobenthos na te gaan. Rekening houdend met het
voorgaande, dienden de doelstellingen en de concrete uiwoering echter nauwlettend te worden opgest€ld.
Eerst en vooral moest er nagegaan worden of bepaalde endobenthische groopen inderdaad gestructureerd
werden door het epibenthos. Indien die impact bestond, moest njn nrzaak achterhaald worden. Meer
nog, de impact en de drijfreer achter die impact moesten tussen twee verschilleode zones in het
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m:rngrovewoud vergeleken worden. De bekomen informatie moest dan gebruikt worden in een voorlopig
trofodynamisch benthisch schema om op die manier de rol van het endobenthos in Oostafrikaanse
mangrovewouden te onthullen.

De mangroves rond GaaBay, ongev@r 60 km ten zuiden van Mombasa in Kenya, werden uitgekozen als
onderzoeksterein omwille van hun bereikbaarheid en hun t5'pische Oostafrikaanse morfologie. Kooien
met een maaswijdte van 2 mm zorgden voor het uitsluiten van het epibenthos. Temporele en
proceduregebonden effec&en werden opgevangen door de kooibehandeling aan te vullen met
respectievelijk een'niet' behandeling (blank) en een halve' behandeling (halve kooi die identiek is aan de
kooi maar waarvan 66n zijde open is om het epibenthos toch toegang te verlenen). De drie behandelingen
werden verdeeld over drie units (l x I m) en de bekomen negen \,nits'werden gerangschikt volgens een
'randomized block design'. Dat ontwerp znrgde voor een maximale randomizatie en in3erspersie hssen de
units onderling. Gedurende zes maanden tot 66n jaar werden de negen 'units' maandelijks bemonsterd
voor meiobenthos' o|r macrobenthosgegevens en geanalyseerd op omgevingsfactoren. De
meiobenthosgegevens bestonden uit densiteiten van hogere taxa (waaronder vnl. nematoden aangevuld
met oligochaeterg rotiGren, ostracoderq copepoden, polychaeten" hutellarien en anderen). De nematoden
werden geidentificeerd tot op genusniveau en gerangschikt volgens voedingstype. De
macrobenthosgegevens bestonden uit densiteiten van hogere taxa (oligochaeten, polychaeten,
amphipoden, insektelarven, gastropoden" nematoden en ev. cnidarien). Oligochaeten en insektelarven
werden geidentificeerd tot op familieniveau en de polychaeterq amphipoden en nematoden werden op
genusnaam gebracht. De lengte van de amphipoden werd vervolgens gemeten. De omgevingsfactoren
waren onder te brengen in granulometrische gegevens (aandeel van de verschillende korrelgrootten en
mediaarq spreiding en scheefheid van het sediment) en $sicochemische metingen (organisch materiaal,
temperatuur, saliniteit, pH, redox potentiaal, opgeloste zuursto{ concentratie van chlorophyl a en
fucoxanthine). Om een zowel kwalitatief als kwantitatief beeld te krijgen van het aanweirge epibenthos
werden ook lcrabben, gashopoden en heremietslaeeften geidentificeerd en geteld. Het zwemmende deel
van het epibenthos, dat de mangroves opzoekt tijdens vloed, bleefechter een onbekende facror.
De gegevens van het experiment werden statistisch behandeld om per periode en per variabele een
uitspraak te doen omtrent een significant exclusie-effect of proceduregebonden effect. Hiertoe werden
twee ANOVA (variantie analyse) ontwerpen gebruikt. Het 2-wegs factoriele ontwerp beschouwde zowel
de 3 verschillende'exclusie'behandelingen als de verschillende perioderL als onaflrankelijke groepen. Het
gemengde ontwerp echter beschouwde de perioden als groepeq maar dan wel als duidelijk alhankelijk in
de tijd. Een sigrificant exclusie-effect werd aanvaard als voor minstens d6n van beide ANOVA
ontwerpen de gegevens van de blanks en halve kooien onderling niet verschilden maar wel afueken van
de kooiresultaten. Een significant proceduregebonden effect werd aanvaard als voor minslens 6en van
beide ontwerpen de gegevens van de halve en hele kooien onderling niet verschilden maar wel afiveken
van de resultaten in de blanks. De kans dat de statistische analyse geen signilicant effect aantoonde,
terwijl het wel aanwezig was (type II fout), werd acherhaald via poweranalyse.
De controle van alle andere interactieve componenten zorgde ervoor dat het relatieve belang van
epibenthische voedselcompetitie en predatie in de relatie met het endobenthos, getest kon worden. Om
ook de ruimtelijke invloed te bepale4 werd het voorgestelde experiment uitgevoerd in twee verschillende
vegetatiezones van het Gazi mangrovewoud : de hoger gelegen en dichtbegroeide Avicennia marina zone
en de lager gelegen en meer open Ceriops tagal znne.
Dit onderzoek werd automatisch opgesplitst in 4 deelaspecten. Hoofdstgk IV beschrijft het
kooiexperiment voor de exclusie van het epibenthos van de Ceriops tagal mnemet het oog op het nagaan
van zijn interacties met het meiobenthos (in termen van predatie en voedselcompetitie). Er werd een
significant exclusie-effect gevonden in de bovenste sedimentl aag (0-2 cm) vgor het totale meiobenthos,
de nematoden en de oligochae0en tijdens de eertse twee maanden, en voor de copepoden tijdens de laatste



zes maanden van het experiment. De densiteiten van de meest voorkomende predatorische en microalgen-
etende nematoden hadden de neiging te stijgen in de oppervlaktelaag samen met een significante
verhoging van het percentage slibbige denitus en de concentratie van pigmenten. Voedselcompetitie met
het epibenthos leek doonlaggevend in de structurering van de nematodengemeenschap. Dat werd vooral
duidelijk door de ermee gepaard gaande positieve exclusie-effecten op het slibbige debitus, de
pigmentconcentratie en de nematodensamenstelling, en de afivezigheid van enige opwaartse migratie van
nematoden in het kooisediment tijdens het experiment. Hetzelfde kon worden besloten voor de
oligochaeten. De copepoden, daarentegen, werden vooral door predatie gecontroleerd. Die bevindingen
wezen erop dat de meiofaunagemeenschap in het Ceriops tagal sdiment (die voor ongeveer 95 o/o wu
samengesteld uit nematoden en oligochaeten) eerder deel uimaakten van een geisoleerd, detritus-
voedselweb met slechts minieme predator-prooi interacties met het epibenthos.

Hooftlstuk V tracht die stelling over meiofauna/macro-epifauna interacties ook te bevestigen voor de

Avicennia marina zone in hetzelfde gebied. Het exclusie-experiment werd hier dan ook gebruikt voor het
natekken van de dominante biologische interacties die het meiobenthos in dit mangrovewoud
structureren. Significante exclusie-effecten werden aangetoond voor de oligochaeten en voor 66n van de
dominante microalgen-etende nematodengenera (Ethmolaimus). Deze effecten werden bediscussieerd in
het kader van epibenthische samenstelling en densiteiten" van voedingsgedrag, van voedselbronnen en van
de omgevingsvariabelen. Er werd besloten dat het meiobenthos (vooral samengesteld uit nematoden en
oligochaeten) hoofdzakelijk onder invloed staat van voedselcompetitie met het epibenthos. Daarmee

werden de bevindingen voor hetCeriops tagal meiobenthos ook bevestigd voor de Avicennia zone. Het
slibbige detritus en de microalgen konden beschouwd worden als de gemeenschappelijke voedselbron. De
afwezigheid van een effect op de predatorische nematoden toonde aan dat de drijvende lnacht achter een

interne regulatie nog diende gevonden te worden. De impact van het epibenthos op het meiobenthos zou
zelfs gecompliceerd kunnen zijn door een bijkomende interactie met het infaunale macrobenthos.

Daarom beschrijft Hoofdstuk VI het gebruik van het kooiexperiment om de interactie tussen het

epibenthos en het macro-endobenthos van de Avicennia marina zone te onderzoeken. Een significante
stijging van de densiteiten van amphipoden (Grandidierella spec.) en insektelarven (familie
Dolichopodidae) duidde op een positief exclusie-effect, terwijl anlk een effect niet werd waargenomen

voor de oligochaeten (vooral de tubificiden), de polychaeten (Namalyasrls spec.) en de macro-
nematoden (Oncholaimus). Voedselcompetitieve interacties werden gegeven als meest voor de hand
liggende structurerende factor van de amphipodengemeenschap. Die verHaring werd verder ondersleund

door de aanwezigtteid van een elmee gepaard gaand positief exclusie-effect op de densiteit van'
microalgen. Er werd daarom voorgesteld dat de competitie voor microalgen en gesedimenteerd organisch

materiaal (deuitus) als voedsel, de bepalende regulerende factor is die het epibenthos uitoefent op het

macro-endobenthos van dit mangrovesediment. De aanwezigheid van epibenthische predatie kon echter
niet worden uitgesloten. De waag of predatiedruk op het macrobenthos in de bodem van een

Oostafrikaans mangrovewoud volledig afueztgis, bleef daarom nog onbeantwoord.

Hoofdstuk VII wil dan ook de nadruk leggen op de interacties tussen het epibenthos en het macro.

endobenthos van de lager gelegen Ceriops togal zone. De hypothese dat predatiedruk toeneemt bij
afnemende hoogte in het intergetijdengebied, ten koste van de epibenthische competitieve invloed, werd
op die manier getest. Het kooiexperiment werd gebruikt om het epibenthos te verwijderen van de Ceriops

tagal zane. Een significante stijglng van de dominante tubificidenpopulatie en de polychaet Namalycastis

spec. in de kooieq duidde op een positiefexclusie-effect, Epibenthische predatie bleek een iets grotere

invloed te hebben in de Ceriops tagal zone dan in de hoger gelegerr Avicennia marina zone. Toch werd

de voedselcompetitie voor het slibbige detritus nog steeds geaen als de doorslaggevende struchrerende
kracht achter de oligochaeten. Het merendeel van het bestudeerde macro-endobenthos werd daarom ook
eerder beschouwd als een trofisch doodlopend systeem met een slechts minieme trofische interactieve



plaats in het mangrove voedselweb.

Hoofdstuk VIII geeft een qmthese. De gegevens van het meio' en macrobentho s in de Avicennia marina
en de Ceriops tagal zones werden gecombineerd om zo een algemeen overzicht en besluit te geve4 en om
te kunnen beantwoorden aan de doelstellingen die door deze sfudie werden vooropgesteld.
Beide vegetatiezones vertoonden typische mangrovekarakteristiekeq weerspiegeld in een hoog gehalte
aan slibbig denitus en hoge nematodendensiteiten. Bovendien waren beide zones wij hoog in het
intergetijdengebied gelegerl waarvan de hoge anorganische zandfractie, de hoge saliniteit en de
dominante microalgen-etende nematoden een bewijs waren. Het verschil tussen beide zones was
tweeledig. Enerzijds was het een gevolg van het verschil in ligging in het intergetijdengebid gekoppeld
aan Een lichte verandering in de endobenthos- en epibenthosgemeenschap. Anderzljds veroorzaakte de
eerder dunbegroeide en meer open Ceriops vegetatie een lagere hoeveslheid organisch materiaal en gen

hogere microalgendensiteit dan de Avi cennia zone.

Slechts enkele studies vermeldden het voorkomen van proceduregebonden effecten op omgevingsfactoren
en hur impact op de biotische experimentele respons. Onze studie was echter in staat significante
proceduregebonden effecten op macrobenthische oligochas0en eNr meiobenthische nematoden in de
Avicennia marina zone en op macrobenthische nematoden n de Ceriops tagal zone, statistisch te
detecteren. De effecten zouden ev. veroorzaakt kunnen zijn door veranderingen in saliniteit, anorganisch
slib, kooischaduw en vochtigheid. Maar, eerder dan de concrete interpretatie van proceduregebonden
effecten, zorgde de mogelijkheid tot etn statistische detectie van die effecten, voor een grotere
benouwbaarheid van gevonden significante exclusie-effecten.
De interpretatie van die exclusie+ffecten leidde tot de volgende stellingen. De bestudeerde
benthosgemeenschap van het Oostafrikaans hoog gelegen mangrovesodiment was duidelijk befokken in
twee verstrengelde reryclagesys0emen. Die systemen werden duidetijker w:utrgenomen naarmate de
voedselbron beperkt en de voedselaanvoer laag was. Die beperking leidde nI. tot een voedselcompetitie
die sterker werd naarmate meer consumenten aanwezig waren. (l) Het microalgen systeem was
gecentralizeerd rond microalgen als voedsel, en microalgen-etende nematoden, de amphipood
Grandidierel/a spec. en het microalgen-etende epibenthos als consumenten. Dat systeem was het meest
zichtbaar in de Avicennia marina mne. Q) Het dehitus systeem was gecentralizeerd rond het slibbige
detritus als voedsel, en de meio- en macrobenthische oligochaeten en het detritus-etende epibenthos als
consurrenten. Dat systeem was het meest duidelijk in de ceriops tagal zone.
De experimentele resultaten bevestigden duidelijk het bestaan van beide systomen met de amphipoden en
het grootste deel van de nematoden als vooral microalgen-etend" en de oligochaeten als vooral deritus-
etend. Het voedsel was een regulerende factor voor de gemeenschapsstrucfuur van de consumenten"
vooral in die gebieden waar het aanbod beperkt was. Daarenboven werd het duidelijk dat de
voedselcompetitie veel belangrijker was dan de epibenthische predatie in het structureren en reguleren van
de globale endobenthische gemeenschap. Deze studie geeft dan ook een inzicht in de beslissende rol van
het endobenthos in dit Oosta&ikiurnse mangrovewoud als regenerator van mangfovemateriaat en zijn
eerder zwak aandeel in het prooiaanbod voor het demersale en pelagische deel van het mangroveqysteem.

xi



I.INTRODUCTION

A. CHALLENGE

Mangroves are littoral plant fonnations which can frequenfly be found along topical coasflines
that are protected from intensive wave action by coral reefs. They have variously been described as

coastal woodland, mangal, tidal forest or mangrove forest. Mangrove trees belong to many different
genera and families, and are not always closely related phylogenetically. Their common characteristic,
however, is a morphological, physiological, and reproductive adaptation that enables them to grow in an
unstable, diffcult environment (Hutchings & Saenger 1987). The existence of extensive mangrove
communities is dependent on the following basic requirements (Chapman 1977):

(l) warm air and ocaan temperature (> 15 "C)
(2) muddy subsfrate

(3) protection from intensive wave action
(4) salt water
(5) large tidal range on a gently sloping shore
(6) favourable ocean currents

(7) shallow water

Their ecological value is intrinsic as well as extrinsic. They are used as feeding grounds, nursery
areas, and shelters by a variety of animal species (Sasekumar et al. 1992). Moreover, mangrove areas
also function as buffer sites with important biogeochemical transformations and a constant flow of living
and non-living matter in and out the system- As such, they can be regarded as an important link in the flux
befween land and ocean (Hutchings & Saenger 1987).

Exploitation of mangroves has always been successfrrlly managed in the past (Hatsher et al.
1989). For centuries, locals have used mangroves as an important source of different products for their
traditional societies. The most wanted products are fire wood, fuel, charcoal, fbod, timber or consfiuction
material, and tannin or dye (Kokwaro 1986). Mangrove areas are also used for aquaculture and fisheries.
The mangrove ecosystem is an important economic resource for the entire mastal economy of Kenya.
One of the most important direct economic fiurctions of mangroves at the Kenyan coast is the use of the
wood in the production process of the local cement industry. Other economic finctions are the direct use
as fuel wood and building poles by the population living in the direct surroundings of the mangrove areas.
Apart from tourism, the commercial and subsistence fishery iS one of the main sources of employment
and income in the area. This marine stock depends to a large extent on the mangrove ecosystem. Tourists
have not been attracted in great numbers to Kenyan mangrove forests. However, the coastal protection
and the buffer and nutrient source for the coral reefs, means that the indirect value of the mangroves to
the tourist sector is of significance. The presence of these forests assures that the coastal zone maintains
its natural beauty (Hirsh & Mauser, personal communication).

Mangroves, however, are being decimated by an ever increasing population close to the
coastlines (Along 1989). Anthropogenic effects are mainly linked with clear feiling of the forest for
woodchip production, farming, aquaculture, salt mining, tin mining, housing, tourisnl port and airport
facilities, and industrial sites (Hatcher et al. 1989). Kenyan mangrove forests in particular, are
increasingly becoming subject to uncontrolled dumping of domestic and industrial waste (Ruwa & Polk
1986) and to exploitation for salt mining and tourist facilities (personal observation).

Process orientated frrndamental research on mangrove systems has lagged behind thet on coral
reefs. Until the 60s most developed countries considered mangroves as wasteland. More recently,
however, there has been a surge of interest in the factors that control the structure and function of
mangrove ecosystems.



Several key areas of research, most relevant to conservation and imperative for proper management of
mangroves, were reported by Hatcher et al. (1989). Two of them can be considered as a direct
inducement to the present research:

(l) The mangrove forest and its surroundings have always been considered as important feeding
grounds for natant organisms coming from adacent waters (Sasekumar et at. 1992). The endobenthos of
the mangrove floor e.g. is believed to be an important prey item (Chong & Sasekumar l98l; Robertson
1987; Sasekwnr et al. 1992). The relative importance of mangrove areas as feeding grounds, nwsery
areas or shelters in attracting crabs, prawns, shrimps, and fishes still needs firther researclq though.

(2) The fate of the mangrove primary production is another interesting research topic. Part of this
production may be exported to adjacent waters, due to outwelling or migration of natant herbivores and
detritivores (Hemminga et al. 1994; Lee 1995). The other part of the primary production is retained in
the forest and is mediated by the benthos which consists of resident epibenthos, endobenthos, and a
bacterial community. In this retenfion systenr, bacteria, and particulated and dissolved organic matter
(POM and DOM) are closely linked @ao et al. 1994; Middelbwg et a/., submitred personal
communication). They have already been indicated to recycle matter at an enormous rate, implying an
enerry and carbon sink for this system (Alongi 1989). On the other hand, however, the microbial
community may easily be ingested by protozoans, meiofauna, and macrofauna. The lauer might be preyed
upon by visiting organisms, again leading to an energy and carbon transfer. Research on how many
bacteria are consumed by this endobenthos should be stimulated to try and find out if a real carbon sink
exists (Alongi 1989).

The trophodynamics of the endobenthos clearly is a cenfial theme in both key areas. The entire
microbial/meiofaunaVmacrofaunal food chain model could, indeed, be looked upon as a sinlg raising the
following question: to what extent are meiofauna and macrofauna consumed by higher trophic groups or
linked with the carbon system ? It is therefore of vital importance to study the mangrove endobenthic
system (Robertson 1987). The study of the interaction befween the mangrove endobenthos and
epibenthos, in particular, will partly cover both research interests. It will therefore, however, have to go
beyond detailed lists of species and analysis of spatial and temporal pattems. Functional analysis of
interactions between and within benthic groups needs to be approached by means of experimental
techniques such as cages.

Mangrove trophodynamical studies, especially in terms of epibenthos/endobenthos interactions,
are mainly limited to the New World (Florida and the Carribean) (Odum & Heald 1972; Robertson 1987)
and to some parts of the Old World such as South-east Asia (Malley 1978; Leh & Sasekumar 1985;
Robertson 1986; Smith 1987) and Australia (Robertson 1987; Alongi 1989; Robertson & Daniel 1989).
The Indian Ocean mangrove systems, and in particular those of East Africa, have not been studied to the
same extent as those of the other lndo-West Pacific regions. Until recently, literaure on mangrove
benthic systems, as on most tropical benthic studies, was rare, scattered and mainly published by
congresses, and in monographs and journals of developing countries.

B. BENTHIC MANGROVE RESEARCH

l. Meiobenthos

Gerlach (1957) was one of the first to give a syslematic account of the meiobenthos (nematodes)
in a Brasilian mangrove sediment. Only during the last two decades, the meiobenthic ecology of
mangroves received more interest.



Community sfucture, specic composition and diversity were first emphasized in detail by Decraemer &
Coomans (L978) du.ing a Belgian expedition in Austalian mangroves. From then onwards, most of the
attention has been focussed on the spatial and temporal variation of the meiobenthic community struch*e
and composition by means of community analysis techniques. The inlluence of the mangrove forest's
intertidal position and zonation on the meiofauna has been ana$sed in South Africa (Dye & Furstenberg
1978;Dye 1983a,1983b), East Africa (Vanhove et al. 1992; Vanhove 1993; Olafsson 1995; Schrijvers,
in press), Australia (Hodda & Nicholas 1985; Alongi 1987a 1987b; Nicholas et al. l99l; Nicholas &
Stewart 1993), India (Kondalarao & Ramana Murty 1988; Sarma & Wilsanand 1994) and Malaysia
(Sasekumar 1994). Research on seasonal inlluence, mainly in terms of monsoonal rain, is limited to India
(Sultan .Ali et al. 1983; IGishnamurthy et al. 1984), Aushalia (Alongr 1987a; Alongi 1988a; Alongi
1990), and Malaysia (Sasekumu 1994). Okondo (in preparation) are the first to follow the monttrly
meiofaunal variation in an East African mangrove sediment. The role of the meiobenthos in the hophic
and detrital web of mangroves has also gained attention ffishnarnurthy et al. 1984;We & Lasiati
le86).

Only recently, the vertical distribution of the meiobenthos along a sediment depth profile started
getting some more attention (Vanhove et al. 1992; Ansari et at. 1993; Vermeule4 in preparation;
Okondo, in preparation).

Meiobenthic densities in mangroves are now known to be dominated by nematodes and are
considered to be very variable. From the studies investigating nematode assemblage struchre at the genus
or species level, it is clear that no distinct assemblages can be confined to mangrove areas (Olafsson
1995). The important impact of human activities, such as tree felling, on densities and composition has
recently been proved (Schrijvers, in press).

2. Macrobenthos

Although mangrove macrobenthos has been studied more than meiobenthos, it has mainly been
approached in terms of species composition, diversity, and zonation with little quantitative infonnation.
Data are skewed and limited because of research problems such as the choice of study season and site,
and the use of different sieve sizes, different preservation and extaction techniques, varying sample
depths, and different counting techniques. Nevertheless, overall macrobenthic densities are regarded to be
lower in mangroves than on unvegetated flats or reefs (Alongi l9S9).

Like for meiobenthos, ecological studies on the macrobenthos in and on mangrove sediments are
mainly concemed with the community structure and its change in time, space and environment. Literature
ranges from seasonal and monsoonal inlluence (Sasekumar 1974; Kurian 1984; Kumar 1995) to
intertidal gradient (Day 1974; Frith er al. 1976;Fnth 1977; Murty & Balaparameswara l9Z7; Broom
1982; Wells 1983; Kurian 1984; Nateewathana & Tantichodok 1984) and tannin impact @oovachiranon
et al. 1986; Giddins et al. t986).

In general, a distinction can be made between the endo- and epifaunal macrobenthos. It is mainly
the epibenthos (gasropods and crustaceans such as hermit crabs and crabs) and the larger or surface
dwelling endobenthos that have received most of the attention (in Schrijvers et al. 1995).

3. Biological interactions

Research on interactions between the endobenthos (meio- and macrofauna) and the epibenthos
(resident and natant) in mangrove forests, as a next important step in ecological analysis, is scarce. These
are the two main fields:



a) Bioturbation

Epibenthic bioturbation of mangrove sediments is broad and complex. Nevertheless, only the
production of bunows and pellets by crabs and the formation of mounds by thalassanid shrimps together
with the feeding activity of crabs, hennit crabs, and gastropods have been regarded as important in terms
of disturbance (Alongr 1989). This bioturbation modifies the sediment texture and topography directly
(McNae 1968; Malley 1977; Wanen & Underwood 1986) and influences the endobenthic sructure
indirectly (De & Lasiak 1986; Dithnann 1993).

b) Trophic relationships

Since the baseline study of Odum & Heald (1972), fiophic chain models on and especially, in
tropical mangrove sediments have not been studied in more detail. This is also true for ecological
processes in most other soft tropical sediments such as tidal flats (Vargas l9s8).

Epibenthos-microbenthos relationships are mainly concerned wittr the feeding ecology of
molluscs, pelagic and benthic crustaceans (prawns and crabs), and fishes in mangroves. In general, the
microbenthos, i.e. bacteia associated with detritus, fiingi, microalgae, cyanobacteri4 and protozoans
turned out to be more or less important food items for this epibenthos, (Robertson 1987) such as crabs
(Mclntosh 1984; Leh & Sasekumar 1985; fue & Lasiak 1986; Giddins et al. 1986; Robertson 1986;
Dye & Lasiak 1987; Mclntosh 1988; Wolcott & O'Connor 1992), fishes (Ong & Sasekurnar 1984),
gastropods @ranch & Branch 1980; pye & Lasiak 1987) and amphipods @oovachiranonet al.1986).

Epibenthos-endobenthos relationships concentrate especially on meiobenthos and small
macrobenthos (< I mm), although its fiurction remains vague due to taxonomic and manipulative
problems. As in most temperate intertidal studies, the role of the endobenthos as food for the epibenthos
is the central theme. This theme is approached by means of gut analysis (Leh & Sasekumar 1985;Dye &
Lasiak 1986; Dahdouh-Guebas, personal communication), correlations of prey and predator densities
(Mclntyre 1968; Robertson & Drke 1990), observation of feeding behaviour (Mclntosh 1984; Mclntosh
1988), and only one manipulative cage experiment (De & Lasiak 1986). The latter is also the only study
dealing with the impact of the resident mangrove epibenthos. The competitive interaction between fiddler
crabs and meiobenthos in this study is stated to be more important than predation or ingestion. The most
comprehensive literature in tropical benthos, however, is on the natant epifauna visiting Malayan
mangrove forests for food. Penaeid prawns are believed to either ingest smaller benthos non-selectively
(nematodes and protozoans) or use it as a supplementary lirod item (Chong & Sasekumar lggl;
Robertson 1987; Sasekumar et al. 1992). Many fishes are also found to be benthic feeders, preying on
surface feeding crabs, amphipods and polychaetes, and encrusting bivalves as a major lbod source
(Robertson 1987). The role of the infauna as selected fish and prawn fbod, however, is not as clear
(Alongi 1989), and most of this research is carried out in subtidal inlets near the mangrove edge instead
of in the forest itself (Robertson & Duke 1990; Mclntosh 1988; Sasekumar et al. t992). The question:
'Do these natant organisms key-itt on mangrove forest floors as sites of high firod abundance or as sites of
shelter from predators ?', still remains to be answered. This problem has already been studied for salt
marshes (Minello & Zimmermn 1992).

The presence ofa structuring epibenthic force on the endobenthos and the driving force behind
this impact, is far from known for mangrove forest sediments. That knowledge though, could eventually
give an insiSht in the role of the endobenthos in the sediment (Kennedy 1993). Manipulative field
techniques, such as cage experiments, are needed to further unravel these benthic interactive pathways
(Alongi 1989). Before applying these techniques, a comparison between the present concepts and the
methods mainly bonowed from temperate regions has to be made.



C. CAGE DCERIMENTS IN TEMPERATE REGIONS

The detection of biological interactions between epibenthos and endobenthos in emperate

coastal regions has a long tadition. This research made use of a wide range of methods going from direct
field observations and stomach or gut analyses to laboratory, nahual, or field experimental work.

The g1q9,1genJgl ap.proach in benthic ecqlogy was especially stimulated by Platt (1964). Dayton
(1973), Woodin (1974) and Peterson (1979) were the ones to really emphasize causality. They thougbt
correlation (method of agryement) was not sufficient and therefore promoted experimental work to test
hypotheses using the pethod of difference (i.e. analysis of variance). Nowadays, biological experiments

are believed to be indispensable to focus on relatively.simple rycles of causality (Zolman 1993). It soon

became obvious that the exclusion or inclusion of epibenthos via cage experiments was the best way to
tackle the problem of epibenthos/endobenthos interactions.

l. Cage experiments

a) Rocky bottoms

The use of cage manipulative techniques was first reported as far back as 1927 and 1928 by
Blegvad in the Danish Limford. Most of thepioneering usage of cage experiments, hfrever, was applied
on rocky intertidal areas. Relations between macro-epifauna (sessile, surface dwelling, and natant) were
studied in terms of physical or predatory dishrbance and competitive exclusion (Comell 196l; Paine

1966; Connell 1970; Dayton l97l; Paine 1974; Menge & Sutherland 1976).

b) Macrofauna in soft bottoms

It was not until1968 that Naqvi ried to use these cage methods to detect the influence of the
epibenthos on the macro-infauna in soft bottoms. Whereas epibenthic exclusion on rocky shores

promoted some taxa to increase which resulted in the decrease in overall diversity due to competitive

exclusion, the opposite seemed to be tue for soft bottoms. It was believed that epibenthic predation kept
the macro-infaunal densities under its carrying capacity since there was more space and food than in
roclqy habitats. Tests on this predation hypothesis resulted in a wide range of cage experiments in subtidal
regions (Virnstein 1977; Virnstein 1979; Holland et al. 1980; Hurlbery & Oliver 1980; Berge &
Valderhaug 1983; Federle et al. 1983; Hall et al. 1990a: Hines et al. 1990), on intertidal, unvegetated
flats (Reise 1977; Reise 1978; Peterson 1979; Berge & Hesthagen l98l; Scherer & Reise l98l; Woodin
l98l; Kalejta 1993; Kent & Day 1983; Ambrose 1984; Quammen 1984; Fitzhugb & Fleeger 1985; Gee
et al. 1985; Raffaelli & Milne 1987; Raffaelli et al. 1989; Trush et al. 1994). in zones covered by
seagrass (Young et al. I976;Reise 1977; Reise 1978; Nelson l98l; Summerson& Peterson 1984), and
in salt marshes (Vince et al. 1976; Van Dolah 1978; Kneib & Stiven 1982; Ward & Fitzgerald 1983;
Frid & James 1988; Kneib 1988; Haase 1993). Some studies see the increase in predatory infauna after
epibenthic exclusion as an evidence for epibenthic predatory conhol (Commito 1982; Kent & Day 1983;
Ambrose 1984; Gee et aI. 1985; Kennedy 1993). ln most studies, however, the epibenthic structuring
impact on the macro-endobenthos remained a confioversial issue.



c) Meiofauna in soft bottoms

Due to problems of logistics, difficulties in handling and manipulating, the experimental
approact to epibenthos/meiobenthos relationships was.initiated much later (Coull & palrner l9g4). It
soon became clear that meiobenthos, with its short generation time and benthic larval stages, was very
useful in cage experiments (Bell 1980). Although some of the early field experiments on meiobenthos
have to be mentioned @oaden 1962; Nair & Govindarhutty 1972 in Coull & Palrner 1984; Bleakley &
Boaden 1974 n Coull & Palmer 1984), the bulk of meiobenthic studies in the 60s and 70s was mainly
concerned with enumeration, identi{ication, and correlation. A general debate developed. On the one hanj;
meiobenthos was generally believed to play an important role in the nutrient regeneration with;n 6r"
derital foodweb (Gerlach 1978). On the other hand, this meiobenthos was gradualty found to be food for
higher trophic levels suc'h as juvenile fishes, shrimp, crabs, and gastropods especially in muddy habitats
where deposit feeding and predatory macrofauna are most abundant (Robertson & NeweU 1982a; Coull
& Wells 1983; Hicks & Coull 1983; de Morais & Bodiou 1984; Pihl & Rosenberg 1984; Gee 1989).
This debate asked for the detection of a possible epibenthic predatory conhol of the meiobenthos viacage
experiments. Until then, previous theories on meiofaunal poputation control were mainly linked with
intra-meiofaunal predation (Heip & Smol 1975) or with the physical environmenr (Hulings & Crray
t976).

Similar to macro-infaunal studies, these cage experiments were, and still are carried out in a
wide range of coastal habitats such as subtidal flats (Buzas 1978; Olafsson & Moore 1990; Olafsson &
Moore lgg2), intertidal, unvegetated flats"6eise 1979; Sherman & Colll 1980; Berge & Hesthagen
l98l; Scherer & Reise l98l; Warwick et al. 1982, Fitztrugh & Fleeger 1985; Gee et al. I9g5; Geo
1987; Smith & Coull 1987), zones covered by seagrass (Webb & Parsons l99l), and salt marshes @ell
& Coull 1978; Bell 1980; Fleeger et al. 1982; Hoffrnan et al. 1984;Ellis & Coull 1989) Only a limited
number of experimental results did not conceive the epibenthic predation as a structuring force for the
meiobenthic community (Berge & Hesthagen l98l; Fleeger et al. 1982; Gee et al. 1985; Gee l9g7;
Webb & Parsons l99l).

2. Problems

These cage experiments of temperate regions are a simplisti.g app_593ch to tackle the problem of
the complex epibenthos/endobenthos interaction. Most studiH impilasize i.6"a*ory Conrol. Thus, thcy
expect the prey densities to increase after exclusion of large mobile epibent[ic predators. Moreover, t]ey
predict an eventual infaunal predator increase followed by an equilibrium or stabilization.

Nevertheless, many unexpected and counterintuitive results were found (Quammen 1984; Sih et
al. 1985; Service et al. 1992),let alone the unsuccessfrrl experiments which were not published (Hurlberg
& Oliver 1980; Connell 1983; Hurlbert 1984). Profound evaluation does reveal a possible explanation.
Firstly, prey evidence does not automatically lead to frrnctional evidence such as predation pressure on the
prey structure and dynamics (Hall et al. 1990b). Secondly, other interactive components beside predation
might be compensating, skewing or even replacing a possible predation pressure.
Other interactive components could be:

' (l) Specific predatory effects (Young et at. 1976;Virnstein 1977; Woodin 1978)
(2) Competition forfood sources (fophic amensalism)
(3) Temporal and spatial effects (in terms of habitat, seasorL succession phase, and reproduction
cycle) (Holland et al. l9B0; Haase 1993; Kalejta 1993;Trush er at. 1994)
(4) Procedural effects (see later)

, (5) Indirect effects caused by four main factors (Kneib l99l):



- Complex communiS' organization with multitrophic,larvaVadult, and intracompetitive
interactions (Kneib & Stiven 1982; Kent &Day 1983; Kneib 1988; Kneib l99l; Posey

& Hines l99l; Olafsson & Moore 1992; Wootton 1994; Minello & Zimmermaur. 1992).

This approach goes beyond the simple rycles of causality.

- Animals providing e.g. shell refuges (Kuhlmann 199a)

- Plants leading to reduced foraging activity (Vince et al. 1976; Heck & Thoman t98l;
Minello & Zimmerman 1992), but also causing increased refuge possibility and

, augmentation of food supply such as epiphytes for grazers (Kneib l99l)
- Biottubation (see lated

Two of the most conspicuous and frequenfly confounding effects in cage studies will be

explained in more detail:

a) Procedural effects

The building and use of cages for field experiments, au&omatically leads to unwanted

environmental modifications @eterson 1979; Reise 1985; Haiiston 1990; Hall et al. I99Ab, Wilson

l99l) such as sediment and physico-chemical modifications (Vimstein 1977; Hrulberg & Oliver 1980),

algat growth on the cage mesh known as fouling (Reise 1978), and invasion ofjuveniles (Virnstein 1977;

Buzas 1978; Reise 1978; Bell 1980; Kneib 1988).

Yet, Hall et al. (I990b) promote the use of cages as a usefirl and necessary tool provided that
careful considerations are made. The sediment in and outside the cages is to be compared during the

experiment and treatrnent control becomes indispensable (Hulbert 1984; Hairston 1990; Wilson l99l).
A partial cage will control the procedural effects and assures an almost natural epibenthic abundance on

the sediment. Conclusions can only be made when the experimental output is augmented with
observational data, gut contents analysis, or laboratory experiments (Virnstein 1977; Virnsten 1979

Olafsson & Moore 1992).

Enclosues have advantages when focussing on specific predator elfects over short time scales

(Hall et al. 1990c). Abnormal intraspecific interactions, however, may affect normal behaviour when

enclosing very high abundances (Ward & Fitzgerald 1983; Raffaelli et al. 1989; Hall et al. 1990c, Webb

& Parsons l99l). Exclosures, on the other hand, are especially useful rarhen asking for the global

epibenthic impact on an endobenthic community without specifically referring to a predatory hypothesis.

This kind of experiment does make treatment controls a necessity, though (Ilall et al. 1990c).

b) Bioturbational effects

Exclusion or inclusion of the epibenthos during cage experiments may also alter the

bioturbational impact leading to indirect effects. According to the nature of this impact, these indirect
effects might be positive, negative, or neufial

''' Tube stmctures may provide refuge possibilities from predation or facilitate larval settlement and

thereby diminish a possible predatory confol (Woodin 1978; Woodin l98l; Bell & Woodin 1984). This
is especially obvious during cage inclusion Featnents



i Also burrows and mounds, created by several epibenthic animals, migtrt influence the
endobenthic structue. The invasion of bunow associates (Bright 1977), the passive deposition of
meiobenthos in the burrows (DePata & Ixvn 1989), the oxygenation of the sediment surface (Katz
1980), the spatial refuge &om predators (Ilofrnan et al. 1984), and the provision of suitable
microhabitag in sediment depth @itfrnann" in press) result in increases in abundance of some
endobenthic groups around burrows- Nevertheless, infaunal abundances can be reduced in assemblages of
bunowing organisms, an effect often also attributed to bioturbation @ittnann" in press).

" The bioturbational consequences of the epibenthic feeding activity in terms of sediment
disturbance and production of feeding and faecal pellets in particular, are also considered important @ell
& Coull 1978; Reise 1979;Brlll1980; Sherman & Coull 1980; Kneib & Stiven 1982; Hoffnan et al.
1984; Gee et al. 1985; Webb & Parsons 199I; Olafsson & Moore 1990; Olafsson & Elrngren l99l;
Olafsson & Moore 1992). This activity is proved to lead to positive (Bell & Coull 1978; Reise 1979; Gee
et al. 1985; Webb & Parsons l99l; Olafsson & Moore 1992) as well as negative effects (Sherman &
Coull 1980) on meiobenthic taxa.

In general, both bunow and fi:eding activities are believed to increase after inclusion and
decrease or even disappear after exclusion of the epibenthic community. This will eventually lead to
indirect effects on the target endobenthic community.

D. CAGE DGERIMENTS IN SALT MARSHES

Salt marshes are lnown to be the equivalent of mangroves rn temperate regions (figure Ll)
(Adam 1990). A detailod rwiew of the marsh cage studies will give an even better insight in typical
problems conceming both substance and methodology. This might be needed before application on
tropical mangrove forests. Coastal marshes can be defined as areas, vegetated by herbs, grasses, or low
shrubs that border saline watpr bodies. They are exposed to air for the majority of the time though
subjected to periodic flooding as a result offluctuations (tidal or non-tidal) in the level ofthe adjacent
water body (Adam 1990). The tidal pools in the low and high intertidal zones and the channels, ditches,
inlets, and creeks of the low intertidal region of salt marshes can be considered as subtidal.

During high tides and especially when the tide recedes, the natant macrocpifauna increase in
density in salt marshes. Thce animals, mainly larval, juvenile and adult fishes, sluimps, crabs, and
mysids, are believed to use marshes as shelter, nursery, and feeding grounds. At low tide, this natant epi-
and hyperbenthos is restricted to tidal pools, embayments, and creels with concenhated densities (Ward
& Fitzgerald 1983; IGreib 1987). The exposed marsh sediment surface then baomes inhabited by
resident macroepifauna like fiddler crabs, gasfiopods, bivalves, and insects. They are mainly bottom
dwelling deposit feeders (Nichols & Robertson 1979; Weisberg & t otrich 1982; Adam 1990).

As mentioned before, the impact of this epibenthic community (resident and natant) on the marsh
endobenthos has been studied by a limited number of eage experiments (table l.l). These experiments
have mainly been applied on North American marshes urhile only few have been carried out in Europe
(Frid & James 1988; Haase 1993). Most of them hlpothesize an epibenthic predatory impac! expecting a
prey density increase after exclusion and a decrease after inclusion. And again, most studies find
predation/disturbance to be of main importance for regulation of the endobenthic community. As stated
above, a simplistic approach to this biological issue of epibenthos/endobenthos interactions mid,t,
however, have skewed the general experimental output and inlerpretation.
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l. Specific predatory effects

a) Endobenthos

Predation pressure only seemed to have an impact on the most susceptable, available, visible and

therefore vulnerable endobenthic taxa. This includes the epibenthic part of the meiobenttros, mainly
restricted to the top 2 mm such as harpacticoid copepods, nauplii, and polychaetes @ell 1980; Ellis &
Coull 1989). Also for the macro-endobenthos, the surface or subsurface dwelling groups, were the only
groups believed to be affect€d by predation. They are mainly amphipods (Vince et al. 1976; Van Dolah

1978), annelids (Haase 1993), and surface deposit feeding gastropods (Frid & James 1988). It indicates

that otlrer groups (such as the dominant nematodes) will be regulated by other factors.



b) Epibenthos

Only one sfirdy deals with the impact of resident epifauna (Hoffrnan et al. l9B4). Bell (19g0)
even refers to this part of the epibenthos as not that important. It is sfiking that most of the studies that
find the predatory effect to be evidenf use enclosure experiments (Bell & Coull 1978; Ellis & Coull
1989) or specifically exclude certain natant animals, believed or even known to be predators N;111ce et al.
1976;Bell1980; Haase 1993). An overall epibenthic impact viacageexclusion has rarely been srudied.

It is true that the visiting natant epifauna outnumber the resident inhabitants, but an influence on
the underlying sediment by the latter may not be neglected, espe.cially during low tide.

There is indeed evidence that several visiting animals use the marsh surface as feeding ground
(Weisberg & Lotrich 1982; Frid 1988 in Frid & James 1988; Minello & Zimmerman 1992;Mnello et al.
1994), but also as shelter (Minello & Zimmerman 1992). Together with the indirect dishubance by
predation (Kneib 1985), this could indeed provoke the presence ofa predation pressure and explain the
predation hypothesis.

The influence of the resident epifauna is also relevant. On the one hand, this part of the marsh
epifauna acts as a bioturbating agent while feeding and buitding biogenic structures ftunows). This
causes the production of feeding and faecal pellets, an aeration of the top 5 mm, a sediment orygenation
and modification" and a change in nutrient profiles, eventually leading to an endobenthic response @ell et
al. 1978; Katz 1980; Montague 1980; DePatra & Levin 1989). On the other hand, selectivg non-
selective, and even accidental ingestion of meio- and macrobenthos may @cur, though only weak
evidence exists (Teal 1962; Montague 1980; Robertson & Newell 1982b; Reise 1985). Other possible
impacts such as resource competition between the permanent epibenthos and the endobenthos. could be
of equal importance, although they were never mentioned for salt marshes.

2. Resource competition

As mentioned above, the exposed marsh sediment surface becomes inhabited mainly by resident
macro-epifauna like fiddler crabs, gastropods, bivalves, and insects, which are in general bottom dwellng
deposit feeders. Therefore, other possible impacts such as resource competition between this permanent
epibenthos and the endobenthos could be of equal importance. That kind of impact was never mentioned
for salt marshes. The study of Hoffrnan et al. (1984) is the only cage experiment in which resident fiddler
crabs were excluded. Instead of resource competition, predation pressure was put forward as the main
impact since these crabs were believed to ingest the meiobenthos.

IO
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Author (date) Locality Epibenthos Endobenthos Hypothesls Method Evaluatlon

Cage cxperlments in
salt marrhes

Yince et aL(1976)

Bell & Coull (1978)

high & low intertidat
marsh (Massachusetts,

usA)

high marsh substrate in
microecosystems

(usA)

intertidal marsh
(Maryland, USA)

high intertidal marsh
(South Carolina, USA)

intertidal marsh

(Louisiana, USA)

intermediate intertidal
marsh (North Carolina,
usA)

tidal pool in
intcrmediate marsh
(Canada)

low intertidal marsh
(Rhodc Island, USA)

intertidal marsh

@ngland)

intertidal marsh
(Georgie, USA)

lish (diffcrent sizes)

grass shrimp and othdr
large natant forms
(>2 mm)

fish and shrimp

natant macroepifauna
(>2 mm)

natant macroepifauna

fish

sticklebacks

Iiddler crab Uca
pugttar

birds and tidally feeding
natant forms

grass shrimp and fish

epibenthic small

invertebrates (snails,

amphipods)

meiobenthos

amphipod Gammants
spec.

meiobenthos

meiobenthos

macro-endobenthos

(>O.5 mm)

macro<ndobenthos
(> 0.5 mm)

meiobenthos

macro-endobenthos

macro-endobenthos

(> 0,5 mm)

predation pressure

predation pressure

and/or disturbance

predation pressure

because prey evidence

predation pressure
and/or disturbance

regulation

predation pressure

prcdation pressure

regulation

predation pressure

indirect positive cffect

exclusion fences

cage cxclusion and
reintroduction

cage exclusion

cagc exclusion
(2 mesh sizes)

cage exclusion

fish predation pressure =
dominant but not only
regulating factor

macrofaunal control via
prcdation on csp.

nematodes, oligochaetes

and copepods

predation pressura =
major source of
mortality

predation pressure

unexpected result, range
of possible interactions
discussed

unexpected result,
different scenarios discussed

Van Dolah (1978)

Bcll (1980)

Fleeger et al. (1982)

Kncib & Stiven (1982)

Ward & Fitsgerald
(1e83)

HoffmanetaL (1984)

Frid & James (1988)

Kneib (1988)

cage exclusion

cage exclusion predation pressure

cage cxclusion (among predation pressure is
others) only partial answer

cageexclusion/inclusion unknownintcractive
component (unexpected
result)

cageexclusior/inclusion proceduraleffects

I

I

l

l

lrtl
liii

i - ili



Author (date) L,ocality Epibenthos Endobenthos Hypothesis Method Evaluation

Ellis & Coull (1989)

Haase (1993)

intertidaUsubtidal

mudflat (South Carolina,
usA)

tidal pools and ditches in
high marsh (North Sea)

juvenile fish

natant 'predators'
(> I mm)

meiobenthos

macro-endobenthos

(> 5 mm)

regulation

predation pressure

cagecxclusior/inclusion predationpressurc

cage exclusion predation pressure by
shore crab in tidal pools

Cage cxper.iments ln
msngn vcs

Dye & Lasiak (1986)

F Vargas(1988)

mudbank in intermediate fiddler crabs (Jca spec.
mangtovcs
(NE Australia)

intertidal mudflat 'macropredators,
sunounded by
mangroves
(Costa Rica)

tidal flat close to soldier crabs
mangrovcs

QrfE Australia)

Dittman (1993)

meiobenthos

macro-endobenthos

(> 0.5 mm)

meiobenthos and small
macrobenthos (> 0.5
mm)

(diet ?)

predation pressure

rcgulation ?

cage exclusion

cage exclusion

cage exclusion

no predation, maybc
cxploitative competition?

predation pressure =
relatively unimportant

predation

Table I ' I : A review on the use of cage experiments in salt marshes and mangroves in rhe study of endobenthos/epibenthos interactions.



3. Temporal and spatial effects

a) Temporal

Most marsh studies apply a satisfactory temporal control. It is Bell (1980), especially, who
indicates that the lack of any nematode response might be attributed to a sampling interval that is too

long.

b) Spatial

The general gradient hypothesis for rocky bottoms (Connell 1972 in Vimstein 1977) was
formulated by Vimstein (1977) for soft bottoms. He expected predation pressure to reduce in shifting
from subtidal to intertidal zones, causing spatial effects. This was believed to be a logic consequence of a
decreasing inundation time which reduced the foraging time for the natant macro-epifauna. In addition,
OIafsson & Moore (1990) even stressed the absence of any biological control for the endobenthic
structure in intertidal regions due to extreme changes in the abiotic environment. They believe that only in
stable subtidal habitats, biological structuring forces might become more obvious.

Since the bulk of salt marsh studies concentrates on the predatory impact of the natant epifauna,

this intertidal gradient in terms of macro-epifaunal exposure becomes obvious. North American marshes
are much lower and therefore more frequently flooded than those found in Europe (figure l.l) (Reise
1985). Consequently, in contrast with most American studies, Frid & lames (1988) and Haase (1993) did
not detect any evidence of predation pressure on a European intertidal marsh. One study OIiIy reports on
the nekton use (epibenthos and hyperbenthos) of a European salt marsh but deals only with the low
intertidal to subtidal creek communities (Cattrijsse et al. 1994). Studies in the more extensive North
American marshes frequently mention the changing predatory impact along the intertidal gradient (Bell &
Coull 1978; Bell 1980; Fleeger et al. 1982). Nevertheless, Weisberg & Lotrich (1982) stated the
opposite, detecting an increased fish feeding activity at high tides to maximize the intake ofmarsh surface
prey. Whether a reduced impact of the natant epibenthos from low to high marshes is gradually replaced
by a biological control, now provided by the epibenthic residents of the salt marsh, is still not clear.

4. Procedural effects

These effects have already been discussed in detail for temperate cage studies in general. Most
marsh studies report that procedural effects were avoided, although some studies use only a subjective

field comparison of the environment in and outside the cages as procedural control (Kneib & Stiven
1982; ElIis & Coull 1989). Only a number of studies used an accurate control treatment and mention the
presence of artefacts. These artefacts mainly were a change in feeding behaviour of fishes in enclosures
and a larval attraction to cages (Bell 1980; Ward & Fitgerald 1983; Kneib 1988). Control of salinity and

sedimentary modification is rarely detected or even mentioned.

5. Indirect effects

a) Complex community organization

Multitrophic interactions are rarely taken into account. A restricted number of studies tried to get
some insight in these systems for marsh areas (Kneib & Stiven 1982; Kneib 1988). Their unexpected
results were also explained in terms of possible intracompetitive and larval/adult interactions.
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Intracompetitive interactions in particular, however, are not expected to be important for major toia but
rather on species level @ell 1980).

b) Refuges

Dealing with marshes, the possibility for the vegetation to be a mediating agent becomes more
pronounced. The thick root mat and the above ground vegetation might reduce foraglng activity or
increase refuge possibilities (Vince et al. 1976; Fleeger et al. 1982).

c) Bioturbation

Bioturbational agents have rarely been mentioned as the main epibenthic impact on the

endobenthos. Hoffrnan et al. (1984) observed a negative meiobenthic response to epibenthic inclusion.

They were convinced that the decrease in density due to predation was much stronger than the increase

due to spatial refuge in burrows. The feeding activity of the epibenthos is also frequently mentioned as a

possible explanation for indirect effects after exclusion (Bell & Coull 1978; Bell 1980; Kneib & Stiven
1982; Hoffrnan et al. 1984) Bioturbational effects have already been discussed in detail for temperate

cage studies.

E. CAGE E)GERIMENTS IN MANGROVE FORESTS

Mangroves differ from salt marshes in their domination by trees (Adam 1990). They require

warm air and ocean temperatures (> 15 " C), shallow water, and a protection from strong wave action to
develop appropriate sedimentary conditions (reef$ (Chapman 1977). Mangrove forests are generally

formed in low, mid, and high intertidal zones. Like the marshes, mangroves are inhabited by resident as

well as natant macro-epifauna. The permanent resident forms, however, are much more pronounced than

those in the temperate marshes. They consist of a wide range of crustaceans (brachyurans and anomurans)

and gastropods like deritivores, vegetarians, grazers, and deposit li:eders (Alongi 1989).

In an overview of benthic mangrove research, only one study (Dye & Lasiak 1986) was found to
be dealing with cage experiments in order to detect an epibenthos/endobenthos interaction on the

mangrove forest floor (table 1.1). The experiment was carried out on a flat, closely surrounded by
mangroves. Two other comparable studies were made by Vargas (1988) and Dittmann (1993), although

ttrey were clearly limited to tidal flats rather than real mangrove sediment. De & Lasiak (1986) are the

first to refer to exploitative competition between meiobenthos and Iiddler crabs (Uca spp.) as a driving
structuring force. This reference clearly sheds new light on the interaction concept, though it has to be

considered with caution. The study specifically excluded the genus Uca, concentrated only on the
meiobenthos of the top Zmm, and lacked any temporal control.

It is obvious that benthic mangrove research needs to study the complex epibenthos-endobenthos

interaction on the forest floor in order to elucidate the role of the endobenthos in this soil. As mentioned

above the trophodynamics of the endobenthos is a central theme in important key areas of mangrove

research. The entire infaunal food chain might be a sink for carbon and that then raises the question: to
what extent are these meio' and macrofauna consumed by higher trophic groups or linked with the carbon

sink system ?

Research on temperale and, especially, salt manh regions learns ttrat the best way to answer this
question, is the use of cage experiments. The direct application of the epibenthic predation pressure

hypothesis, however, is too simplistic.

l4



Therefore, the final evaluation of the experimental ouput asls for a much broader approach that takes
other interactive compone,lrts into account. Cage experiments will show if the global endobenthos or
specific endobenthic taxa are regulatd impactrd, and stucnred by the overall epibenthos under
mangroves. An accurate and detailed might even reveal the underlying cause of this impact in
tenns of predation or resouroe competition. This way, ttre global endobenthic role in a mangrove forest
could be clarified in t€rms of enerry transfer to higher trophic levels or linkage with the detital firodweb.
Warwick (1987) found that nernatodes compete with epibenthic shrimps for detrital lbod and therefore
concluded that the energy sink is more pronounced than the enerry transfer up the food chain. It is
diflicult, thouglq to manipulate entire benthic populations and to develop an adequate experimental
design to discem interactions within complex assemblages in nature (Alongl & Tenore I9g5). And in
order to emphasize predation/competition, it is necessary to conhol or avoid the other possible interactive
components, as seen in temperate regions (Kneib t99l).
These components are:

(l) Specific predatory effects
(2) Temporal and spatial effects
(3) Procedural effects
(4) Indirect effects

The objectives of the present research and the implementation of its experimental desigrr" taking
all the previous in account, are stated in the following chapters (II and m).
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n macrofaunal endohhos of an East African mtng.rove forest ?
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2. If this impact enis8, is it caused by predatory or competitive interactions between the eNdobenthos and
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III. IMPLEMENTATION

A. STUDY SITE

GaaBay (4"25'5 and 39"50E) is situated on the Kenyan coas! about 60 km south of Mombasa
and 50 km north of the Tanzanian border (figure X}T{" "ulirtpling 

sites }ry,ere-chosen along the western
creek of the bay in the Gazi mangroves. " Ovr- j;i:''^'

Figure )11, lntup of the western creek of Gazi Bay with indication of the vegetation types and its location at the
Kenyan'coast (drawing by Bruyneel 1995).

The Gazi mangrove forest has a typically East African morpholory that is rather low in height
because of the seasonal rainfall (McNae 1968). Vast mangrove areas in Kenya are mostly associated with
creeks and islands. Gallin et al. (1989) and Beechnan et al. (1990) give detailed accounts of the Gazi
mangrove vegetation. The zonation geatly corresponds to Chapman's description. He gives a clear
outline of the mangrove zonation around Tanga and the Rufiji mouth in northern Tanzania which is
representative for East African r-nangroves (after Walter & Steiner 1936 in Chapman tl77) (frgure {).
The intertidal can go from loWto)righ over:

i : (l) A pioneer zone with Sonneratia alba attheopen coast and,Rhizophora mucronata alongthe
river mouth and upstream. Where the soil is rather sandy and finn, however, both types are
replaced by few frontal isolated lvlc ennia .marind lrees.

| ,'. (z) An Avicennia marina zone,lehind $onneratia albrd, sv1 less muddy soils

i tlr 1f) A Mizophora mucronata zoneup the river

/ " 
. (4) A Ceriops tagal zone with isolated Bruguiera gtmnorrhizatees

i .. (5) A landward belt dominated by Aicennia marina progressively getting smaller and frnallyI i disappearing at the edge of a sandy salina

L]
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Figxe3i2:7-onation of an East African mangrove forest (ofter Walter & Steiner 1936 in Chapman 1977).

Gazi mangroves are riverine rather than basin (TwiUey et aI. 1986} but they are not directly

influenced by freshwater. The two small rivers (Kidogoweni and Mkurumu) are seasonal and seepage is

restricted to a few siles only. The inferior and median parts are inundated at each high tide, the superior

parts only at spring high tide (Gallin et al. 1989). The Gazi forests, as most Kenyan mangroves, are

commercially exploited, but are not used for export (Chapman 1977).

B. GLOBAL EPIBENTHIC IMPACT

L Epibenthos

There are no quantitative studies on the resident bottom dwelling epifauna of Gazi mangroves.

Only some qualitative results and my personal observation can give an insight in their occurrence and

composition (epifauna in general: Ruwa, personal commurication; hermit crabs: Reay & Haig 1990;

crabs: Vannini, personal communication; gastropods: Slim er a/., submitted personal communication;

plates la and lb). The present study is the frst to offer quantitative results of the resident epifauna under

Gazi mangroves. The following quantitative estimation was made near the experinrental sampling sites.

This estimation was established during the low and high waters of both the spring and neap tides:

The slow movins adult and juvenile gasfopods and hermit crabs were counted in three quadrats (0.5 x
0.5 m) around a tree and in *rce similar quadrats in berween the trees (plate lo).

The fast moving adult and juvenile crabs and their burrows were observed and counted in three quadrats

(0.5 x 0.5 m) around a tree and in one quadrat (2 x2 m) in between the bees. The counting only started

after 15 minutes to avoid escape behaviour.

The average of the data gave an overall number of individuals per mz and per species.

Until now, only one study on the natant epifauna (fishes) visiting Gazi mangrove forests has been

published (van der Velde er al. 1995). This study, however, did not emphasize fishes that visit the high

intertidal regions during flood. It therefore leaves this part of the epibenthos as an unknown factor.

2. Endobenthos

The meiobenthos of the Gazi mangrove forest floor has been studied extensively in terms of
nematode taxonomy (Verschelde & Vincx 1993; Verschelde et al. 1995). Its ecology has received some

attention regarding vertical dishibution (Vanhove er a/. 1992, Vanhove 1993; Vermeulen, in
preparation; Okondo, in preparation) and human impact (Schrijvers, in press). Okondo (in preparation)

,, S" ft. first to follow the monthly meiofaunal variation in a Gazi mangrove sediment.
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The only lnown taxonomic and ecological study on mangrove macro-endobenthos in the Gazi area is the

_',g.ne 
by Schrijvers et al. (1995).

' ln the present researcb, the endobsnthos is approached in terms of major meiobenthic taxa and

nematode genera and feeding types (according to Wieser 1953), and of major macrobenthic kxa,

| {. . identified to family or genus level if possible. Walters & Moria4y (1993) advocated the use of amalgam

L:" groups (e.g. ltrgher taxa or firnctional groups), especially if the detailed composition and trophic structure

. of the syslem is not }nown. Only the manipulation of individual species might lead to an incomplete
'. understanding of the community trophic structure (Kneib l99l).

e4--^ -" Meiobenthic samples were obtained by forcing a handcore (3.6 cm diameter; plate ld) in the soil

to a depth of 20 cm and slicing it along a vertical gradient of 0-2,24, 4-10 and lO-rest cm. Each slice

was preserved in a hot (60 "C) 4% formaldehyde solution. Meiofauna were extracted from the sediment

(sieve meshes of 38 pm and 0.5 mm) by means of centrifugation Q734 x g during 3 x 3 minutes) with
MgSOu with a 1.28 density. This method allows for a fast and easy separation of the target fauna from

mangrove roots and deritus. The nematodes and other meiofaunal taxa were counted. The nematodes

were randomly picked out (120 individuals per sampled slice) and identified to genus level. They were

then classified in trophic groups following the commonly used feeding types lA (selective deposit

feeders), 2A (epistratum feeders), lB (non-selective deposit feeders) and 28 (omnivores/predators)

(Wieser 1953).

Macrobenthic samples were obtained by means of a large handcore (12.5 cm diameter; plate ld).
The long handle permitted sampling the sediment of the experimental treatnents (see later) without

disturbing the surrorurding sediment. The core was forced into ttre sediment to a depth of 20 cm and the

sampled soil was then divided in two subsamples (the top 2 cm and the rest). Before sieving, both parts

were preserved in a cold 8 7o neutralized formaldehyde solution. Macrofauna were extracted from the

sediment by sieving with mesh sizes of 0.5, l, and 2 mm. All the taxa (Oligochaeta, Amphipoda, Poly-

chaeta, Insecta larvae, Nematod4 Gastropoda, and Cnidaria) were counted. The oligochaetes and all the

insect larvae were identified to family level and the amphipods, polychaetes, and nematodes to genus

level. Amphipod length (from antennal peduncle to telson) was measured with a camera lucida under a

stereoscopic microscope. The average individual amphipod length per sample was calculated in order to

test for adult invasion or reproduction in the experimental treafrnents (see later).

The detailed profile of the meiobenthos was usefid to control vertical migration movements. The

depth profiles of meio- and macrobenthos were chosen in order to avoid excessive slicing (e.g. upper

mm's) or bulk results (e.g. l0 cm). Excessive slicing gives skewed results in impact studies because it
mainly concentrates on the epibenthic or surface related groups and overestimates predatoldisturbance

effects (Vince er al. 1976; Van Dolah 1978; Bell 1980; Ellis & Coull 1989; Haase 1993). Bullry samples

would result in underestimating possible effects by including deeper layers (Warwick et al. 1990). Only

the upper 2 cm is emphasized, basically because the effect was expected to occur in this area. And

especially for macrobenthos, preliminary counts revealed > 90 yo of the density in this layer.

The lower sieve mesh limit for meiobenthos was chosen to be 38 pm. Studying the dynamics of
nematode populations asks for a minimum mesh size of 40 pm. At certain times > 30 % of the meiofauna

was detected to pass through a 50 pm screen (personal observation). For the macrobenthos, a 0.5 mm

sieve replaced the traditional I mm mesh size (Gee et al. 1985: Dittmann 1995). This mesh was found to

be used in most marsh cage studies on macro-endobenthos (table Ll).
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3. Environmental factors

A 6 cm diameter core sauple was taken to a varying depth of > l0 cm (plate Id). The soil water
in the sample holes was analysed for bulk values of pH, salinity, and dissolved oxygen (DOt respectively
measured with a combind calibrated elec&ode with consolidated cover (in a Jenway 3405
electrochemical analyser), an ATAGO refractometer (0-100 psu), and an elecfiode type 737 Clark
(Jenway). Other measurements were performed on vertical slices of the core (0-2/2-414-10/10-rest cm).
Temperature and redox potential were determined in the three uppermost slices, respectively using a bar
thermometer sensitive to 0.01"C (Jenway) and a combination Hamilton electrode (Jenway). The % of
particulate organic matter (POM) and some granulometric variables were determined for all slices. After
drying at 100 oC, 

the POM was quantified taking in account the loss in weight after a4 hour 600 "C
combustion. The very low carbonate content of the sediment permitted the use of this method A Coultef
LS 100 Particle Size Analyser was used to characterize the granulometry of the sediment. This analysis
was done both before and after a 600 "C combustion. Before gran size analysis, the gravel fraction (> I
mm) was mechanically separated by sieves. It mainly held root material. The median grain size of the
sediment was an important granulometric characteristic. This is a measure for the general grain size
tendency of the sediment, and corresponds to the 50 Yolne of the cumulative disFibution curve (Hokne &
Mclntyre 1984). The lower this mediaq the siltier the sediment (negatively correlated with the % of
mud). A I cm diameter core was used to estimate theo/o of organic carbon in the slices 0-2,24, and 4-10
cm by means of a Carbon-Nitrogen analyserNA 1500 Carlo Erba. The two uppermost slices were analy-
sed for chlorophyll a and fucoxanthin pigment concentration, A Gilson I{PLC-chain was used following
the method of Mantoura & Llewellyn (1983), but the time of the linear gradient elevation and the

isocratic hold were slighfly modified.

4. Exclusion cages

To detect a global epibenthic impact, all epibenthos (> 2 mm), natant as well as resident, was to
be excluded. Exclusion cages were placed and the influence on the meio- and macro-endobenthic structure

and on the environmental factors (as described in the previous chapters) in these constructions, was
followed tlrcugh time. The experiment was carried out over six months to one year (from July 1992 to
July 1993) with a monthly sampling. Coull & Palmer (1984) pointed out that the determination of an

equilibrium in meiobenthic assemblages may, indeed, require months.
The cage (l m') (figure 3.3; plate le) had a lower and upper part. The lower part was composed

of four 0.3 m high, perforated PVC plales which were complelely burid in the sediment to inhibit enhy
to burrowing epibenthos- The upper part was composed of an aluminium frame (0.7 m high) that was
covered by a plastic screen with a 2 mm mesh. The permanent cover was detachable to facilitate
sampling.
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PVO-plater

Figure 3.3: Model of the cage construction used in U" o"G
}:rl"S:Lg comnosed offour 0.3 * hi-ghj*d t m long p€rforared PVC ptates which were completely blriedin the sedrment. The upper part was composedof an aluminium frame (0.2 m high) that was *;#6;;iH;";
with 2 mm mesh. The top was detachable to facilitate sampling (drowiig by Bfieel I99i).

The use of a 2 urm mesh made it possible to non-selectively exclude the epibenthos > 2 m6. The
most conspicuous elfects were believed to result from the removal of the dominani epifauna. A mesh size

lf t z nrm was expected to reduce the exclusion effect (Reise 1977; Reise I97g; Kneib & Stiven lgg1).A screen of < 2 mm might have advanced fouling (procedural effect) The resident lpibenthos was
manually remsyed within the fust five hours of the e:cperimurt.
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Large sesarmid crabs were caugbt using mouse haps. A continuous removal of the juveniles was carried
out during the experiment The cage cover was set in place to avoid imrnigration of resident epifauna
during low tide and of natant epifauna during high tide. Most cages in marsh or previous mangrove
studies were either topless @ell 1980; Fleeger et al. 1982; Diurnann 1993) or were provided with a
flashing border or strip (Iloffinan et al. 1984) or a cover during floodings only (Ward & Fitzgerald
r983).

5. Temporal control

Experiments need proper controls. This consideration is absent in many studies (Kuhlmann
1994), One of these are temporal controls. In experimentations wi*r biological systems, temporal conhols
are required because the natural environment and the biological factors exhibit temporal change (Hurlbert
1984). As mentioned above, the detection of effects is dependent on succession phase, sediment
modification, and season @ell 1980; Be & Lasiak 1986; Holland et al. l9B0). Since a rreatrnent cannot
be confounded with these time related nuisance variables, an 'untreated' treafrnent should be used
(Hurlbert 1984: Tnlman 1993). Imposing no experimental variables allows to follow the natural temporal
variation of the system. In this study, blank and natural sites wift a surface of I m2 (marked with a iope)
were used as temporal controls (plate Ifl.

6. Procedural confrol

Besides 'unfeated'treahnents, controls also have a second function. They need to allow for the
separation of the effects of several aspects of the experimental procedure (= 'caging' in this study) on
environmental and biotic factors (Hurlbert 1984).

Therefore, partial cages were applied. They were identical to fult cages but one of their sides
stayed open to avoid exclusion of epibenthos (plate lg). This method controlled procedural effects such
as fouling of the cage mesh, sedimentary and humidity changes, light/shadow effects and absence of leaf
fall. A lield comparison of these effects in and outside the cages was carried out as an extra procedural
control (Wilson l99l). The possible attraction of epibenthos by the partial cages as a shelter, was also
checked. At least weekly, the number of epifauna was counted in each unit.

7. Replication, randomization and interspersion control

a) Replication

Replication controls the stochastic factor i.e. the among-replicates variability due to aggregation
(Hurlbert 1984). Each of the treatnents (cage, blanlq and partial cage) were therefore appointed to three
units of each I m2- Macrobenthos, meiobenthos, and environmental factors were, however, sampled only
once per month in each unit. The within-unit replication was eliminated to prevent any dishgbance caused
by sampling (Frid & James 1988). I-nfluence on the surrounding sediment in the same unil that was to be
sampled afterwards (e.g. n tenns of meiofaunal refuge), was avoided by frlling the sample holes with
silicon plugs or sediment bags (Marinelli & Coull 1987; Ellis & Coull 1989). Samples were taken in rhe
same unit coordinates for each sampling period and within l0 cm from the cage edles, to avoid potential
effects of the cage structure (Bell & woodin l9g4; Ellis & coull l9g9).
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b) Randomization

Randomization reduces the potential bias of the experimenter in the assignment of teafrnents to
units (Hurlbert 1984). Each of the three treatuents was randomly assigned to tbree units. The result was a

l0 x l0 m square with the nine units I to 2 m apwt:

c) Interspersion

Interspersion controls a regular spatial variation in the properties of the different units and,

ttrereby reduces the probability of chance segregation of teatnents (Hurlbert 1984). The initial similarity
of the units is an important condition for the dependent variables. Rerandomization of the units results in
a maximum interspersion and an optimal randomization/interspersion ratio. And any chance segregation

of the treahrents along a possible spatial gradient (such as the intertidal) will be reduced This study did
go further, however. Three blocls were chose,n. Three different teah€, ts were randonly appointed to
the three units of each block. Possible sogregation was checked for. Reran&mization within each block
produced maximum interspersion. This tpe of field design is knorvn as a landomized block desigp'
(HurlM 19 I 4 : Tnlman I 993).

Itresulted in: EIyl

trEE
trtrtr
tr8tr

mml
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with B = blanh p = partial cagg and C = cagc.
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8. Experimental and statistical desip

This 'randomized block desigts' makes confrol during the experimental execution very reliable,
but it was not used, however, during the statistical analysis. If so, tle analysis would have led to
pseudoreplication because of lack of replication within each unit per month. In addition" blocls were not
believed to be very different since they were perpendicularly positioned on the intertidal gradient which
was believed to be most pronounced. Two other statistical approaches were chosen.

a) Factorial desie!

With this desig the problem of pseudoreplication can be avoided- Sampling in benthic ecology
in fact means, loosing a sample due to its rcamenl These samples can therefore be teated as entities
that not directly represent the unit from which they were taken. That way, monthly samples become
independent samples that have to be teated in a two-way factorial desip (figure 3.4 and tabte 3.1).

Target population

I
Study population

i
Sample

-l
I

Y

P
(p&rtial

N=
cage)
5

-lJ^-:Ft sei3 gE x
ahi;

I
I

N=9

I
2

N=9

rrtl
3456

N=9 N-9 N-9 N-9

g?n$
X F^ '
€e

=> lt groups

2 wayfactoriat design: AxB
A=o<clusionB levels)

B=time(6 lwels)
affects: i. Ucwcar grups (orctusion)

2 bctwccngrorF(dmc)
3. irncrrtiqr

Figrne 3.4: Two way factorial design A x B (N = o,*6e,. of single samples) (afier Zolman 1993).
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df F-ratio

A(exclusion)

B(time)

A(exclusion) x B(time)

(S/AB)error

Total

2

)

l0

36

53

A/ (S/AB)error

B / (SIAB)error

AtB / (S/AB)error

Total # of entities - 54

Total # ofindependent observations = 54

Total degreos offrcedom = 53
'in case of# ofpcri<rds:6

Table 3.1 : The 3 (exclusion) x 6 (time) factorial analysis of variance (ANOVA) table (A xB) (after
Zolman 1993).

Disadvantages to this desrgu:

(l) Time cannot entirety be regarded as an independent variable, since different groups are not
randomly assigned. Samples through time are indeed linked to a certain structure (= the unit).
Q) The statistical generalization (figure 3.5) from the sample entity to the study population is
much weaker than when using a unit as the entity
(3) The factorial design has a tendenry to overdesign and therefore becoming too complex. An
increase of the number of groups (the treatnrent is split in time) will produce an increase in the F-
ratio (A/(S/AB)). This leads to a higher probability in detecting a non-significanr effect.

or total
of vcgclatioa zoc)

* ranO.r" 
Ip€fzse 
I

I r""*-
I 
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(= l0 x l0 m ficld rquac)

*ran* |
eerteaaned 

I f m",-""m
Treahnent over 3 units (l m2)

"r-e"m I
n*unn 

I
| ***' Erc@do I
I gencralhdin I xn 0m) |l-
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ld-,r.!i-6ud"r-l
ldndst2Johc!) |

Figure 3.5: connectim betwee,n ssmFle estimates and tar;;tor totalffiation
via generalizations (after Zolman I 9i 3).
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b) Mixed factPial design

In assumiag the unit as an eirtity, it becomes possible to use the time variable as a repeated

measure within the same subject and srengthens the statistical generalization about the study population.

Moreover, the sensitivity to a treahent effect is higher for the mixed thm for the factorial desig. The F-

ratio for the rreatuent effect is A{S/AB) (for factorial) compared to A(S/A) (for mixed desig!) (figure

3.6 and table3.Z).

Target population

I

*
Study population

I

II
Sample

g;8 
e,!; F9; Fgoo

;
e

C
(cage)
N-3

P
(padial cagp)

N*3

B
(blerk)
N-3

I

2

3 -o\i:tI_6iA
4 P a-o-9

" 9Feovg

6

mixod faclorial dcsip: Ar(SxB)
A=qclrsioo(3lw*)
B =timc(6 la,ck)
S =repliotcs (3l*cb)

cffccts: t. Uarmr goqs (ccfuioa)
2. bawrgroqd (lim)
3. irtcra.ti@

Figure 3.6: Mixed factorial desip A x (B x S) (N = number of single srrmples (after
Zolman 1993).
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df F-ratio

A(exclusion)

(S/A)enor

B(ime)

A(exclusion) x B(time)

Bx(S/A)error

Total

L

6

)

l0

30

53

A/ (S/A)error

B /Bx(S/A)error

AxB /Bx(S/A)enor

Total # of eritities:9
Total # ofindependent observations :9
Total degrecs offreedom = 53
'in case of# ofperiods: $

Table 3.2: The 3 (exclusion) x 6 (tine) mixed factorial analysis of variance (ANOVA) table (A x @xS))
(afterZolman 1993).

Dsadvantages to this design:

(l) The sensitivity to a time effect (and an interaction effect) is higher for the factorial than for
the mixed design. The variability within the exclusion treatnents for the mixed design is taken
over time periods and therefore reduces, due to a better temporal control. The F-ratio for the time
effect is B(S/AB) (for factorial design) compared to B(B x S/A) (for mixed design).
(2) The sample is accepted as representative for the unit, though no replication is carried out.
This pseudoreplication ignores a possible aggregation ofbiotic factors.

9. Algorithm of analysis

The interpretation and evaluation of the experimental output of both designs made it necessary to
consbuct an algorithm as to make final decisions (figure 3.7).In order to meet the three assumptions for
the analysis of variance (ANOVA), the density data were root-root tansfomred and the % values of the
envfuonmental factors were transfonned angularly. Whenever these assumptions were not mef the non-
parametric Kruskal Wallis and Median tests were applied When finding a global 'interaction, or
'exclusion treatuent' effec! detailed comparison between groups was done by a conbast analysis (within
the CSS: Statistica software programme). A significant exclusion effect was accepted if C was
significantly drfferent 0, < 0.05) from both B and p, witt B ald p 5imil6L A significantpiorra*a rfr.t
was accepted if B was significantly different (p < 0.05) from both P and C, with p and C equal.
Moreoveq these effects could only be accepted if they occuned for one or both designs and if the initial
period (before the experiment) showed no effect.
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Figrre_3.7: The algcitbm used to make final decisims (F = factorial d**t f"f = rnixJ Aesign; E = exclusion
effect; Pr = procedural effecD.
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10. Power analYsis

Power is defined as the probability of rejecting the null hypothesis when it is false and therefore
gives an idea of the test sensitivity. The power is (l - B) in ufiich p is gpe II error. This error is more
frequent than tlpe I eror u. A 4 to I ratio of t5'pe II to gpe I error is a reasonable target. This means that
having an a of 0.05 should provide a B of 0.2 or a porrer of 0.8 (80 Y) (zolman I 993).

The determination of power, after an experiment has besn executed (post hoc or a posteriori),
can provide very usefrrl information regmding the importance of non-significant findings. When we are
unable to demonstrat€ an effect i1i5 important to question whether our experimental design had srrfficieirt
power to detect these specific effects (Hall er al. 1990b) or whether the design was too weak to detect
anytlring but large differences (Toft & Shea 1983). Post hoc power analysis can only be meaningfirlly
applied to non-significant results. It should not be usd to justify post hoc elevation of non-significant
data to pseudosignifieance, but rather to direct to a bettpr design for future studies (Andrew & Mapstone
1987).It is a very unexploited technique in ecological research because of the preoccupation with type I
error and a lack of awareness of tlpe II error and its importance (Toft & Shea l9g3).
Four parameters and the power tables provided by Cohen (1977) are needed to calculate the power:

(1) a = significance criterion of tlpe I error
(2)u: degrees of freedom ofthe numerator ofthe interaction F-ratio
(3) n = sample sizn (# of replicates per sample)
(4)f:effectsize

Most studies predict the effect size and wonder if the power of the design was adequate enough to
indicate this effect as significant (Raffaelli & Milne 1987; Raffaelh et al. 1989; Hall et at. 1990c). In this
study, however, no effect size predictions were made. The power values for the actual effect size were
calculated via Cohen tables (1977) and the four parameters:

(l) a :0.05
(2) u: (3 - l) x (# ofperiods - l)
(3) n:3
(4) f : effect size calculated via methods provided by Gray (personal cornmunication) using
MS,ff""t (= A x B), Ms.,,o" (s/AB for factorial and B x (S/A) for mixed design), r, and cohen
tables (1977). The effect sizc is derived from 112. q2 is calculated as follows:

tl": o" sye x (oil * orsles)
with ozo* = MS.,'o,

ots/A : u x (MS"sb"r - MS'J / n.a
with a: # of treafrnent groups (3 x # of periods)

As mentioned before, the sensitivity of the mixed design to an interaction effect is lower than that of the
factorial design- This will be reflected in a higher power value.
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G. CAUSE OF IMPACT

l. Bioturbation

In gelreral, the present does not test explicitely for bioturbational effects. Moreover,
only ferr cage studies in salt marshes mention bioturbation to be of a main importance in the biologicai
interaction (Kneib & Stiven 1982).

Tube structurm are possible refuges that are mainly built by large polychsfes. gimitsr hr!e5
were not fomd in the sedimeirt studied- ffthey were presen! they would have been inhabited by macro.
e,lrdobenthos which was not excluded from the cagos.

Burows possibly have positive efiects on the meiobenthos, but they were found to persist for
years (DePatra & Levin 1989). This study indeed revealed ttrat old biogenic structures persisted
throughout the experiment so that the effect of physical modiEcation and bioturbation could not be
assessed. All samples were taken at about l0 cm from the burrows to avoid skewed density results. In
addition the use of cages small enough to fit between existing burrows was avoided (Dye & Lasiak 19g6).

Disturbance caused by feeding activitv is another possible bioturbational agent. The manual
removal of the epibenthos throughout the experiment and the sanpling activity, however, led to an
artificial distrubance of the sediment. This kind of disturbance mainly affects the upper mm's. That is why
the upper 2 cm was studied as a whole.

2. Predation/competition

This study avoids the wual predation and predation pressure hypothesis of most cage
experiments that deal with the impact of epibenthos on endobenthos.

This research wants to furd the relative importance of predation and/or exploitative competition
as structuring force on the global endo-, meio-, and macrobenthos or specific endobenthic taxa. The
exclusion of all epibenthic animals (> 2 mm) and the follow-up of all endobenthic taxa (> 3g pm), the
control of temporal, procedural, and bioturbational effects, and the minimal refuge and plant conshaints
did indeed avoid most other interactive oompon€,lrts. Only the complex multitrophic, intracompetitive, and
larvaVadult interactions might bring unexpected and unexplicable results. The experimental oueut will
be used as a base for this evaluation. It will, however, be complemented with data on the epibenthic
composition" Ibeding ecolory, and behaviour from literahre, the general tendencies in both meio- and
macrobenfhic densities, the environmental changes throughout the experimenf and the general knowledge
of the trophic community struchre in mangroves.

A possible indication for predatory conhol is a proportionate increase of the prey densities after
exclusion @ell & Coull 1978) although this is not always believed to be true @llis & Coull l9g9). The
detection of a vertical upward migration in the sediment can also be expected when predatory disturbers
are excluded (Dye & Lasiak 19g6; Alongi l9g9).

On the other hand, exploitative competition is only to be expected if food sources are limited and
food 

-zupply 
is low @ranch & Branch 1980; Evans 1983). In that ciase, one can predict to observe a

significant increase in the common Ibod source after exclusion of the epibenthos. Moreover, when this
effect runs parallel wittr that on specific endobenthic taxq an exploitative competition will seem to be
present.
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D. INTERTIDAL GRADIENT EFFECT

Ccrlopr- Rhizophore-
zone zone

Sonneretle-
zone

I

The degree of epibenthic influetr@ js lnoum to be spatially dependent (K?reib I99I). The
interaction between epibenthic and endobenthic commudties might change according to habitat and
intertidal position. The present research and experiment was therefore applied to two diffo*, mangrove
vegetation mnes atGaziBay (figures 3.8 and 3.9).

Figure 3.8: Zonation of an East Afiican magrove forxt (afier ,yaltirn s;rtr;iffipman 1977) aaiindication of the position of the experimental sites in the Avicennia maina and the ceriops tagall vegetatio! zones(arrows).

The ceriops tagal zone covers about 0.5 lan'z. It is a non-exploited and patchy area that borders thewestbank of the western creek of the bay. The study site in this vegetation was situated about 2.g m
aboveMLWS (: inlermediate in the intertidal zone), and inundated only during about 65 % of the high
tides (slira personal comrnunication). The ceriops tagal forestand teamorphJtog,, is quite patchy, low,
and sometimes even sbrubby. The resFicted fresh water supply and the salty soil might be the explanation
for shrubby growth, as this species seems to be most seirsirive to high roil raioityG ia* at. l9g9).It
is used for consbuction materiar, tannins, firewood and charcoal (Kokwaro l9g6i. 

'

The Avieennia marina zone extends over at least 0.5 lon2, has not been denuded and is therefore stillvirgin' h borders the westbank of the western creek of the bay and flanl$ the ceriops tagal vegetation,
separating it from the land. The study site in this vegetation was situated more than 3 m above ML*S(higher than ceriops tagal) and was flooded only during spring tides (slim, personal communication).
The Avicennia marina forest and tree morpholory produce, u a*r", canopy. The forest floor is muddierand richer in dehitus than that of ceriops tagal. Avieennia marinavegetation is used for dyes, tannins,dhow and mast material, and medicines (Kokwaro I9g6).
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Figure 3'9: Map of the western creek of Gazi Bay with indication of the vegetation tj"es ;d the position of the
exPerimental sites in the luce nnia maina and the ceriops tagal zones (arrows).

The differeirce in the intertidal position for both zones makes the Avicennia marina study site
less froquently inundated. It therefore receivcs less natant epibenthic visitors than the Ceriops tagal site.
As merationed abovg this will make it possible to tct the intertidal gradient hl,pothcis (Virnst€in lg77).
It is hypothesized that the relative of predation/competition in the epibenthoVendobenthos
interaction of the mangrove forest will change according to intertidal position and vegetation rype.
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The proposed research automatically led to four connected research topics. These specific topics
were eventually summarized with the aim of providing a general overview and conclusion along with
ansrvers regarding the proposd objectives ofthis study.

Chopter.IZreports on the cage experiment as used to exclude the epibenthos fiom the Ceriops
tagal mangrove sedime;nt in order to study the interactions with the meiobenthos (in terms of predation"
food competitioq and food enhancement). The density of the meiob€nthic taxa and nematode genera and

a broad range of environme'ntal variables were followed in a depth profile over one year of caging. There
was a significant exclusion effect in the upper sediment layer for total meiofaun4 nematodes, and
oligochaetes during the first two months and for copepods during the last six months of caging. The
density of the most common predatory and microalgae feeding nematodes in particutar teNded to increase

in ttr surface layers along with the percent4ge of muddy detriflrs and pigment concentation. Food
competition with the epibenthos seerned to be most important in structuring the nematode community.
This was suggested by the parallel exclusion effect on muddy dehihrs, pigments, and nematode
composition aud the lack of evidence for upward nematode migration in the cage during the experiment.
The same could be concluded for the oligochaetes, whereas copepod densities were believed to be more
controlled by predation. These findings indicated that the meiofaunal cornmunity of the Ceriops tagal
mangrove'sediment (comprising about 95 7o of nematodes and oligochaetes) was part of a rather isolated,
detrital food web with only minor predator-prey interactions with the epibenthos.

Chapter Z attempts to prove the previous statemen! conceming meiofauna/macro-epifauna
interactions, for the Avicennia marina vegetation mne of the same area. The manipulative exclusion
technique was used to trace the dominant biological interactions that structure the meiobenthos of an East
African Auicennia morina mangrove forest The densities of the major meiobenthic taxa and nematode
genera, and a broad range of environmental factors were monitored in a depth profile established during
one year of caging. Significant exclusion effects were indicated for oligochaetes and for one of the
dominant epistrate fbeding nematodes. They are discussed in terms of epibenthic composition and
density, feeding behaviour, food resources, and the abiotic environment. The conclusion is that the
observed meiobenthos (especially oligochaetes and nematodes) is mainly under e:rploitative or resource
competitive inlluence of the epibeirthos, This indeed confirms the findings conceming the Ceriops tagal
meiobenthos of the same region. The common food source was shown to be muddy denitus and
microalgae. The absence of any effect on the predatory nematodes (2B) showed that the driving force for
an internal regulation still had to be found. The impact of epibenthos onmeiofauna might be complicated
by multilevel interactions with the infaunal macrobenthos.

Hence, ChoPa ZI describes the use of the cage exclusion experiment in examining the interacti-
on between the epibenthos (permanent and visiting) and the macro-infauna of the high iab6idel Kenyan
Avicennia marina mangrove sediment. Densities of Oligochaeta (families Tubilicidae and
Enchytraeidae), Amphipoda, Insecta larvag Polychaet4 and macro-Nematoda, and a broad range of
environmental factors were followed over five months of caging. A significant increase of amphipod and
insect larvae densities in the cages indicated a positive exclusion effect, while no zuch effect was observed
for oligochaetes (Tubificidae in particular), polychaetes, and macro-nemalodes. Resource competitive
interactions were a plausible ocplanation for the status of the amphipod conrmunity. This was also
supported by the parallel positive exclusion effect detected for microalgal densities. It is therefore
hypothesized that competition for microalgae and deposited food sources is the deterurining sructuring
force exhibited by the epibenthos on the macrobenthic infauna of this mangrove sediment. The prosence
of epibenthic predatio4 however, cannot be excluded. The question of nrhether predation pressure on the
macrobenthos of the East African mangrove forest floor is entirely absen! still had to be answered.
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Thereforg Chapter WI emphasizes the interactions befween macrobenthic in- and epifauna of
the mid-intertidal Ceriops tagal stand in orderto test the hypothesis thatpredation prcssure increases, at

the expense of a diminishing epibenthic competitive influence, rtren going downward in the int€rtidal

zone. TFre cage experiment was used to exclude permanent and visiting epibenthos. Densities of the
macrobenthic taxa Oligochaeta (families Tubificidae and Enchytraeidae), Amphipoda (Grandidierella

spec. and Ampelisca spec.), Insecta larvae (family Dolichopodidae), Polychaeta (families Nereidae and

Terebellidae), macro-Neuratoda (family Oncholaimidae) and Gastopoda, and a broad range of
environmental factors were followed over five months of caging. A significant increase in the dominant
tubificid population and the polychaete Namalycastis spec. in the c4ges indicated a positive exclusion
effect. Epibenthic predation seemed to be more important inthe Ceriops tagal mangrove forest than in
the high intertidal Avicennia marina zone. Nevertheless, resouroe competition for muddy detritus was

still believed to be the major structuring force for oligochaetes. The bulk of the studied macrobenthic

infauna is therefore suggested to be a tophic dead e,nd and to have only a minor interactive position in the
mangrove foodweb.

Since these four connected research topics stand quite independently, Chapter WII gtrves a

syntlresis. The data for both meio- and macrobentho s tn Avicennia marina and Ceriops tagal zones were
combined in order to reveal answers to the general objectives of this study. This eventually made it
possible to apply the information in constructing a preliminary trophodynarnical benthic scheme and in
tracing the endobenthic role in East African mangrove forests.

Chapters fV, V, VI, and MI have been derived from scientific papers and manuscripts from
which the general and overlapping part and the discussion of Material and Methods have been removed.
These parts have been collectively explained in this chapter. Only those elements that are specific for the
different research topics will be stated separately in the corresponding chapters

Chapter IV is derived from:

Schrijvers f., Okondo J., Steyaert M. & Wnu M. (1995). InJluence of epibenthos on meiobenthos of
the Ceriops tosal mongrove sediment at Gazi Boy, Kenya Marine Ecologt hogress Sefics 128: 247-
259.

Chapter V is taken from:

Schrijvers f., Schallier R, Silence f., Okondo f. & Wnu M. Interadions bdween epibenthos ond
meiobenthos in o high intertidalAvicennia marina mangroveforest submined to Oecologia

Chapter VI used as baseline:

Schriivers I, Fermon, H, & Wns M. Resource compdition bdween macrobenthic epi- and infauna
of a Kenyan Avicennio marina mangroveforest Marine Ecologt hogress Series, in press

Chapter VII is derived from:
Schriivers f., Camargo M., hatiwi R & Wns M. Macrobenthic infauna under a Kenyan Ceriops
tasal mangrove impaded by epibenthos submitted to Morine Biologt
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W. IMI,TIENCE OF EPIBET{THOS ON MEIOBENTIIOS IN THE CEMOre TAGALFOREST

A.INTRODUCTION

The Ceriops tagal mangroves are one of the most adcnsive and economically important
vegetation zones along the coast of Kenya (Kolcrraro 1986). A rational managem€nt of Kenyan

mangfoves can be achieved onb by analysing stuchue, firnction and enerry fluxes of the mangrove

system and its relation with other ecosystems. Ecological studies on the meiobenthos in East African
mangrove syst€ms are few (Dye & Furstenberg 1978;Dye 1983a 1983b; Dye & Lasiak 1986; Vanhove
et al. 1992; Vanhove 1993; Schrijvers, in press). In the present study, the interactions between the

epibenthos (consisting mainly of crabs, gastropds, b€rmit crabs and - to a lesser e:fient - of shrimps and

demersal fishes) and the rneiofarma were ermmined- This could reveal some insight in the role of the

meiobenthos n Ceri ops tagal mngrove soils.

The role of the meiobenthos (mmprising about 90 % of nematodes in general) in the hophic
dpamics of an overall benthic ecosystem has been h1'pothesizdtobe trvofold.
(l) The meiobenthos may play an important role in the dehital food web as a self-contained enerry sink
with an intenral predator regulation (Gerlach 1978; Reise 1979; Heip 1980; Connell 1983; G* et al.
1985; Olafsson & Moore 1992; Alkemade et al. 1993; Giere 1993; Walters & Moriarty 1993). If fhis is

the case, the meiobeirthos depends on, or competes witb" the other benthic subsystuns (such as the

epibenthos) for dehital food.

(2) On the otler hand, sweral tophic linl$ with the epibenthos have been recognizrd mainly in
temperate areas. Predation on meiofauna is either selective or non-selective @ell & Coull 1978; Reise
1979;Tenore & Rice 1980; Gee et al. 1985; Marinelli & Coull 1987; Gee 1989; Hall et at. 1990e;
Mclachlan & Romer 1990; Castel 1992; Olafsson & Moore 1992; Giere 1993).

For mangrove sediments, as for salt marshes, the potential inlluence of the mangrove epibenthos in
struchring the meiofauna is broad. One can expect Orat int€rnally regulated meiofaunal communities are

mainly affected by competition witlr" and fbod enhancement by, the epibenthos (Sultan Ali et aI. 1983;
Dye & Lasiak 1986; Alongi 1989; Tietjen & Alongi 1990; Alongi & Christofrersen 1992), whereas

meiofauna that are constmed by this epibenthos would be more predator conholled (Bell l9S0; Hoffinan
et al. L984; Alongi 1989; Dthnann 1993). Moreover, the physical disturbance and modification of the
mangrove sediment by the epibenthos (mainly through tube digging and tbeding activities) may also be of
importance (Bright 1977;Bell & Coull 1978; Alongi & Tietjen 1980; Bell 1980; Sherman & Coull 1980;
Hoffinan et al. 1984; De & Lasiak 1986; Marinelli & Coull 1987; Alongi 1989; DePatra & kvin 1989;
Dttmann.l993).

B. MATERI,AL AND METHODS

The study arca, the quantification of environmental and biotic factors, the e4perimental ard
statistical desigt, and the statistical analysis have bsen accuratety descriH in Chapt€r Itr
For this subresearch in particular, sev€,n series of samplc were take,n over time in tb three treabnents of
the ceriops ragal experimental site: - period l: before caging (618192) (env/meio)

- period 2: after22cagng daysQtlS/92) (env/meio)
- perid 3: aftrr 52 cagingdays Q7 19 l9Z) (env/meio)

- perid 4: after 8a caging days Q9/t0192) (env)
- period 5: after I I I caging drys (25llll92) (env)
- p€riod 6: after 139 caging days Q3\A|D (env/meio)

- period end: after 358 cagrng gays Qhlil93) (meio)

F-ElL,EFt:
*:
!-sur,;

W&l.,
rS44*i.i
H&i-'i 'r::,

t*



$ffi$a*
d41*n-
iu*"t,
ffisF:'
!*ffi*

ffi-'

ii:_:i!i:

.i,,

5:t''

:ii:l ,

ii -.
x;-:,
i+l:"..

ffi-.
F.'
€!ir;f.l

tr
H+",

ses"
Fels'
&i
ffir,-
%..
:::-,- .

i$r
EF":.
F'
EF
&+-

&9,-
ffi;
lRi&'.
ffi*","

ffi,
ffi:
GNFT'
E*;'_
ffi''
ffii;lw&,.
R.

ffii.
ES,*..

ffii.
Sl*r#.ffi-1
ffitr:'
Rffis-:.'
gnifd -.

ii:r=.ti-!.:r;

Fi"-*r;:,r :

Correlation : Non-paramefic Spearman rank conelation coefficients were calculated (p < 0.05) to

determine a relationship begveen biotic and environmental variables along the depth gradient and along

the horizontal gradi€Nf within the upper layer.

Major meiobenthic ta>€: These biotic factors were analysed using a 3 x 4 x 5 (between groups) factorial

ANOVA desip with treahents (3), slic* (4), and periods (5) as groups. Additionally, a 3 (between

groups) x 5 (within subjects) mixed AIIOVA design was applied with treaments (3) as groups and

periods (5) as subjects repeated over time. The mixed desig analysed only the upper 2 cm layer, since

significant effects were found to be reshicted to this slice.

Environmental factors: Effects on environmental factors were detected using a 3 x 4 x 6 (between groups)

factorial ANOVA desip with teaments (3), slices (4), and perids (6) as groups. In additio4 a 3
(between groups) x 6 (within subjrcts) mixed ANOVA desigr with treatnents (3) as groups and periods

(6) as subjects repeated over time. The mixed design analysed only the upper 2 cm layer.

Nematode genera: Nematode genera were identified only for the cage freatuents of periods I and 3.

Therefore, no Al.lOVA was used but the general evolution of the different genera and feeding t5'pe

densities provided a help during the interpretation.

C. RESULTS

l. Spatial disribution patterns

a) Depthprofile

The ANOVA for the total slice effect indicated a significant b < 0.05) depth gradient in the

sediment for both environmental and biotic factors. Figure 4.1 shows the existence of a prominent

gradient from sandy, well o;qygenated, wann, and pigment-rich surface layers to muddy, less orrygenated,

colder, and pigment-poor deeper layers.

Most meiofauna taxa (e.9. nematodes, oligochaetes and copepods) had signifrcantly higher

densities in the upper layers. On the conhary, the halacaroids did not follow this patlern: they were

significantly more abundant in slice 4-10 cm (figure 4.1). Other meiofauna taxa did not show a prominent

depth pattem.

b) Horizontal pattem in the upper layer

To exclude the overriding vertical pattern, the Spearman rank correlation coefficients were

calculated for all 0-2 cm lryers (table 4.1). A clear division could be made between muddy and sandy

patches. The fonner were positively correlated with defritus and pigments, while the latter were

characterized by higher temperatures. Copepods, kinorhynchs, oligochaetes, and polychaetes occurred in
higher densities in the first habitat. These taxg together with ostracods, also showed a tendency to avoid
high temperatures butpreferredhiS salinities and ctrlorophyll a concentrations.
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Figure 4.1 : Depth profile of some environmental and meiobenthic variables (means of values over
one year) (Ceriops tagal)-
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Table 4.1: Sigrrificant positive and negative Speannan rank conelations (p < 0.05) for sone €ruironnental and
meiobe,nthic vari ables (Cenops tagal).
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2.Epibenthtccomposition

Table 4-2 shoun &e epibenthic species inhabiting the Ceriops tagal fore*, with the densities as

estimated in this study. It is clear that the most abrmdant and the most sedime,nt orientated animats

exhibit the most pronounced impact on the forest floor. This is espocially tnre for the gast:on66 Tere-

bralia palusrns, the fiddler rr'ab Uca lactea annulipes, and the herrritqab Clibanarius longitarsus.
The visiting, natant epifauna (hypobenthos and fishes) have not been ideirtified or quantified,

but its impact is restricted ta 65 % of the high tide periods.

3. Exporimental results

Mean values with indication of standard deviation of the reported variables are shown in figures

4.2,4.5, 4.6,4.7,4.8, and 4.9.

Figure 4.2: Total meiofauna aod ne,matode deirsities (ind./l0cn'z) in the cage, partial cage, and blanck teatuents:
mean values and standard deviations in the two upper layers over time @ = significant exclusion effect with p <
0.05; p1= sigrificant procedural effect lvith p < 0.05) (Ceriops usat).
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epibcnthic

species

Cerithidea

decollata

Terebralia

palustris

Metopograpsus

thuhrhar

Uca lactea

annulipes

Brorm I97l
Mclntosh 1984

Dye &Lasiak 1987

Dye & Lasiak 1987

Slimera/. (zubmiued

pers. comm.)

pers. obs.

Dahdouh-Guebas

(pers. comm.)

kh& Sasekumar

1985

Dahdouh-Guebas (pers.

comm.)

Mclntosh I988

Crane 1975

Mchrtosh 1984

Dye & Lasiak 1986

Wolcott & O'Connor 1992

feeding behaviour

non-selective deposit feeding

(detritus)

non-selective deposit feeding

(inorganic parts, microalgag

bacteria" protozoans)

Ceriops tagallezv*

omnivorous with preference

fo'r mangrove plant matter
(83-97 % of diet) with
brachytnan rernains,

inorganic particles, micro.
algae, diatoms, meiofauna

and insects

omnivorous with preference for
macroalgae and animal iterrs
(sometimes fresh leaves,

seedlings, Ieaf litter and detitus)

selective deposit feeding
(microheterotrophs,

microalgae, detritus)

frequently on tees

sediment dwelling

sediment

dwelling

forest dweller
(tnrnk,

roots, floor)

sediment dweller

averege
density

GndJml

0.5 (adult)

I (uv.)

W*t}.

FS;il
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Clibanarius

longitarsus

visitingfaua ?

(unknown)

Reay&Haigl990 muddydehitus
Gherardi & Varmini 1993 (never leaves)

Vaffdni (pers. comm.)

6 (adulQ

3.5 (uv.)

mangrovemud 12

dweller

herbivorous orcarnivorous? high tidal (only during 6g
% of high tides)

Table 4.2 : Description of pennane,nt and visiting epibentlros excluded from the cages in the studied Ceiops ugal zsne
(in terurs ofaverage densities, feeding behaviour, and habitat).
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a) Biotic factors

Exclusion efecr Exclusion effects were observed for nematode and total meiofauna densities in

slices 0-2 and 24 cm (figure 4.2).It showed an increase of 1.5 to 2x in the c4ges as compared to conhol

Featnents.' The nematode increase in the surface layer of the cage aftrr two months was not accompanied by a

clear decrease in the deeper layers (figure 4.3) which indicated that upward vertical migration could not

explain the observations.

After tbree months and one year, the exclusion effect was no longer detectable, density dilferences

between treatments having fallen back to their original levels.

Concerning nematode feeding guilds two parallel (though non-significant) trends were observed in
the cages over time (figure 4.4). There was a general increase of feeding tpe 2B (omnivoreVpredators) in
slice 0-2 cm at the expense of tlpe 18 (non-selective deposit fbeden) and an ex aequo for tlpe 2A (epishate

feeders). In the deepest layer an opposite change in feeding types occurred with a decrease of 28 and an

increase of lB.

Figure 4.3: Depth profile of the mean nematode density (ind./10 cur) and standard

deviation in the cage over two peri ds (Ceriops tagal) .
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As for the most common nematode gener4 Chromaspirina and Sphaerolaimus (typc 28) and

prycholaimellas and Spirinia (WW 2A) increased conspicuously in the surface layer, whereas Daptonema

(qpe lB) increased inthe deepest layer (table 4.3).

bcfore cagig
slice G2 cm

I
RI

ffi
n

fccding type lA

fe€ding tj"c lB
feeding gF24
fccding typc28

52 daysaffercaging
slie G2 cm

bcfore caging
slice l0 m-rct

52 days aftcrcaging
slice l0 o.rst

Figure 4.4:Mean relative composition (%) of the nematode feeding tpes
(Wieser 1953) ofthe surface (0-2 cur) and deepest layer (l0-rest crn) ofthe
cage over two periods (Ceriops tagal).

slice 0-2 cm slice lO-rest cm

indJl0 cn' period I Perbd 3 pedod I period 3

Chromaspirina

Microlaimus

Daptonema

Ptycholaimellus

Sphaerolaimus

Spirinia

Desmodora

Tercchellingia

2B

2A

IB

2NzB

28

2A

2A

IA

43.4

43.5

154.1

1 58.1

7 t_1

7t.l

t42.3

98.8

294.2

185.5

64.0

t79.1

95.9

r?t.5

179.1

M.8

98.7

246.7

33.0

32.9

16.4

82.3

16.5

95.1

268.8

I16.0

54.5

Table 4.3 : Mean density values (ind./10 cm) of the most oommon nematode geirera of the surface (0-2 cm) and deepest

layer (I0-rest cm) in the cage over two perids (Ceiops taCal).
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As for the other meiofauna to<4 exclusion effects were demonstrated for copepod and oligochaete
densitim in the upper layer (figure 4.5). The oligochaete response was observed as a density increase in the
upper slico of the cage after two montbs (IOx). Copepod densities showed a general decline over one year.

ANOVA showed only a significant exclusion effect during the last half year of caging. The upward trend
during this period was significantty sbonger in cages (4x) than in partial cages and blanks.

a CIigpdde dEnsiry @/10 cd)

52 l39

noberofeJ6 derasgi€

Figne 4.5: Oligochaete and copepod densities (ind./10 cm) in
the cage, partial cage, and blarik treatme,lrts: mean values and
standard deviations in the upper layer over time (E = significmt
exclusion effect with p < 0.05) (Ceriopt tagal).

No effect: No procedural effect could be demonstrated for the patterns in nematode, oligochaete, or
cope@ densities. Neither procedural nor exclusion effects could be detected for polycbaetes, ostracods,
halacaroids, and kinortynchs.
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b) Environmental factors

Exclusion effect: Highly significant exclusion effects (1, < O01) were dsmonstrated for chlorophyll a
and fucoxanthin concentration in the surface layer (figure 4.6).

A significant exclusion etrect (p < 0.05) on o/o of mud before combustion was also notable in slice 0-
2cn(ftgure4.7).

I1g,"" 4.6: Chlmophyll a and fucoxanthin concenhations (ngfg
DWT) in the cage, partial cage, and blank t€auneots: mean
values and standard deviations in the upper layer over time @ =
significant exclusion effect with p < 0.05) (Certops tagal).
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Ltud bdoecombustioa (%)

t:
t!

52 t1 ll!
numbcr ofdays aftcr c-gi.g

Figure 4.7: Mud before combustion (%) in the cage, partial cage,

and blank treatueirts: mean vahre and standard deviations in the
upper layer over time @ = sipificant exclusion effect witb p <
0.05) (Ceriops taga|.

Procdural effect Two variables (figure 4.8) underwent a clear cage construction effect in the upper

slice (0-2 cm). ln confrast with the muddy fraction before combustion, the % of mud after combustion was

in{luenced by the experimental procedure. The evolution of the % of muddy detritus (from 0 to 22 days)

becomes clear in figure 4.9.

Two months later, the blank saliniS, was significant$ higher than the salinity in both other

heaffnents.

No effect: Clear e{fects on % of POM,Yo of C, pH, DOr and other granulometric factors were not
detected.
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a. lvfird aftercombustion (%)
a

a

m

t5

t

1

0

nunbcr of&ys after caging

b. Salinity (pu)

t4llt
nuDer of days afta caging

Figure 4.8: Mud after combustion (o/o) u"A 
"ufi"ity 1prol in tti

cage, partial cage, and blank treatments: mean values and
standard deviations in the upper layer over time (pr = sigrificant
procedural effect with p < 0.05) (Ceiops tagal).

I. Experimental material and methods

The evaluation and discussion of the used material and methods conceming study si3e, quatrtificationof environmental and biotic factors, exPerimental and statistical design, and statistical analysis have beenaccuately expounded in Chapter IIL

2. Spatial dishibution par&enrs

This study shows a correlation of the meiobenthic community structure with physicat gradients in thesediment' This may reflect a tlpical rigrd system of environmental factors regulating infaunal communitystructure in extreme eulisoral habitats (Hulings & Gruy 1976). Bpecia[y-in ;;o*, sediments thepigment gradient is very conspicuous 1989; Ming- yi et al. lgg4).Most meiofama taxa have beenshown to prefer subsurface o2 rich layers-(pye 1983a; Alongi & sasekumar lggz).It is thei.reforo notsurprising that they utt ro*o to be positively conelated to-.n *toistics such as the cblorophyll aconcenhation that are typical for these layers.
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before caging

o.s r.o ro 50 r@ 700

Parlicle Diameler (Pm)

22 days afler caging

Parlicle Diameler (/m)

ooc$5
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Parlicle Diamete.

q)
(')
(t
o
.F

Particle Dimeter (lm)

Legend:
-- - - - before combustion

er combustion

illffiffi (% of mud before combustion) - ("6 of mud after combustion)

= % of muddy detritus

Figure 4.9: Grain size composition (volume %), before and after combustion, of the surface layer in the cage, partial

cage, and blank treatmeirts over two periods (with indication of the % of muddy detritus) (Ceriops tagal).

3. Experimental results

a) Environmental factors

Exclusion effect: Some sediment characteristics (% of mud before combustion) and the pigment

concentration showed an exclusion effect in the oppet layer. In general, there was an evolution in tbe cages to

a muddier and pigme,nt-richer sediment aftsr 22 and 84 days respectivd. The increase of the % of mud was

owing to detritus accumulation since the % of mud after combustion did not show a parallel increase. As the

total organic material (% of POM and C) in the sediment did not change, this defital increase was most

probably restrict€d to the muddy fraction of the detriurs (Iigure a.9).

Effects on the pigment concenhation (chlorophyll a in particular) are correlated with changes in

microalgae and diatoms (Gerdol & Hughes t994a).

Procedural efrect It is obvious that the sediment of the partial cage and cage teatnrents becamemoro

humid through time than that of the blank teatnent as a result of the cage constnrction (table 4.4). This

resulted in lower salinities.

46



after I month
ofcaging

after5 months
ofcaging

evaluation

PP

fouling

shading

sedimentation

moisfure

litterfall

epibeirthos

*

+

f

+

+

+

.L4

J-I

++

+

+

+

OK

* procedural

OK

procedural

+oK

OK

fable 4.4: Qualitative observations (- = absent, * = present and * = intermediate) of possible artefacts in the three

reatnents @, P and C) after one and five montlrs of caging with procedural evaluation (Ceiopt tagal).

b) Nematode and total meiofauna density

An exclusion efflect on nematode and total density was also reported by Dye & Lasiak (1986) (an
increase of 2x to even 5x), by Hoffinan et al. (1984) (lOx) and by Dtunenn (1993) (5x). Bell (1980) found
only an exclusion effect for total meiofauna density.

Competition: No quantitative studies on the resident, bottom dwelling epifauna of Gazi mangroves

are found. Some qualitative results and personal observation gtve an insidf in the occulrence and
composition. Only Slim et aL (submitted personal communication) found the gashopod Terebralia palustris
of tlre same Ceriops tagal mne to be represented by 33 llnd.ltr. This is much lower than found in the present
study (65 ind./m). This study gives therefore the first quantitative results of the resident epifauna rmder
Ceriops mangroves of Gazl.. Until noq only one quantitative study on the natant epifauna visiting Gazi
mangrove forests has been published (van der Yelde et al. 1995). This part of the epibenthos is a quite
unknown factor.

The epibenthos in the Ceriops tagal vege/tatton was dominatd by the o;tb (Ica lactea annulipes
(9.5 ind./m'z), the gastropod Terebralia palustris (65 ind./m) and the hermit srab Ctibanarius longitarsus
(12 ind./m) (table 4.2). According to Dye & Lasiak (1986) competition with the nematodes is the driving
force: the dominant epibenthos and pelagic fauna are thought to be important graz.ers on detinrs and the
associated bacteria, protozoans, and fiurgi (Gerlach 1978; Atongi 1989). Stomach content analyses of Uca
polita and Uca vocans and fiddler crabs in general revealed bacteria, microalgae, and protozoans to be the
dominant dietary items (Dye & Lasiak 1986). The diet of gashopods in mangroves is limited to microalgae,
bacteria, and firngi (Branch & Pringle 1987 in Alongi l9S9). As in the present study, caging and e;<clusion of
gastropods has been shown to cause an increase of chlorophyll a in a study of Branch & Branch (1980). The
hermit crab Clibanarius longitarsus mainly feeds on muddy detrinrs (never on leaves) (table 4.2).

Consequently, the exclusion effect as a conspicuous increase of pigment concentration and muddy
detritus could not have been entirely oaused by the cage coilstruction. Moreover, the exclusion effect
(especiaUy for muddy dehitus) was parallel to that on nematodes and total meiofama (i.e. after 52 days of
cagng). Therefore tbe nematodes and the epibenthos in this snrdy are believed to comp€fe for food-
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Predation: Concerning the predation hypothesis, Uca pugnm and juvenile crabs in general have been

shown to ingest nematodes (Bell 1980; Hoffnan et al. \984). Dithann (1993) was convinced that

consumption oi and predation on, the meiofaua by the dominant rrab Mlctyris longicarpas was the

stnrcturing factor

Bul Dye & Lasiak (1986) sbessed that exclusion of predation as a &iving force would lead to an

upward vertical migration of nernatodes. No evidence for this was found in this study, stressing the tack of
predatory control (Alongi 1989).

Bioturbation: A third interaction possibility is disturbance throogh bioturbation (Alongi 1989) by

bunowing (Bright 1977;Dr,Patra& I*vin 1989) orfeeding activities and by the production of fuseudo)fecal

pellets (Sherman & Coull 1980; Hofuar, et al. 1984; Dye & Lasiak 1986; Ditbnann 1993). As mentioned

before, exclusion of biohubational effects was probably not detected in our experiments (Chapterm).

Procedure: In this study, ttre effect of the cage consfruction itself was reflected in a decrease of the

muddy fraction (after combustion) and salinity in the cages and partial cages. The potential effect of these

changes is believed to be marginal as compared to the obvious exclusion effect on nematodes. Bell (1980)

found no experimental effect on the muddy fraction" whereds Vimstein (1977) and Alongi (1989) found an

increase due to water stagnation.

c) Nematode genera comPosition

A disproportionate increase of the nematode genera as found in this study, is not expected when

predation would have been the driving force behind the nematode community. This seems to be an extra

evidence for the lack ofpredation prossure.

Although the overall 2Atype % did not change, the increase of the most common tyryZAnematode

genera (episfatal microalgae feeders) and an overall increase of type 28 (ormivores/predators) in the upper

layer was evident. It was followed by a new equilibrium in nematode density. Epistrate feeders might be

reacting to the microalgal abundance and could be rapidly grazd down by nematode predators that were

partly coming from deeper layers. The presence of type 28 could also be a reason for the decrease of type lB
nematodes which were not or only slightly affected by competition. Thoe findinp support the competition

hypothesis. Unfortunately, we did not compare these data with the evolution of Ii:eding types in partial cage

and blank treatuents. A comparison would probably indicate possible significant exclusion and procedural

effects on genus composition and fophic stnrchre of the nematode community.

Though indicatids for the food competitive process, seem to be presen! some fiends remain unclear.

A reaction to the muddy defitus increase would have led to a positive response of especiatly the lA/lB
feeding types. This was not so. On the other han4 a reaction to the microalgal increase would bave led to a
positive response of 2A genera. Although these genera indeed showed a positive exclusion effecl it was

evidenced only before that on the chloroptryll a concentratlon. Furlher and more detailed research is needed to
confirrr the resource competition with the nernatodes.
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d) OligochaetedensitY

Hoftnan et al. (1984) too found a 4 fold increase of annelids in general while Dtonann (1993)

showed a 5 fold increase of oligochaetes.

Competition: From the five food categories for oligochaetes (Gere & Pfannkuche 1982) the most

important dietary item for interstitial firbificids and enchyraeids is believed to be organic matter enriched

with bacteria rather than microalgae which were found to be most important for nematodes (Gere l97S).

Organic matter is particularly plentifirl in lifioral sands and muds. Indeed; it was this muddy deritus that
showed a conspicuous exclusion effect in the orperiment indicating that the removal of epibenthos turned out
to favour the oligochaetes in terms of competition for food

Predation: Nevedheless, a d.ecrease of predation by crabs (Dittnann 1993) or by juvenile fishes can

also be a possible factor. In temperate regions, there is evide,nce thatyoung demersal fishes (e.g. gobiids) prey

upon oligochaetes (Giere & Pfannkuche 1982). Vimstein (1977) on the other hand showed with a cage

experiment in a tenperate shallow estuarine bottom that the dominant tubificid was largely unaffected by
predation ofcrabs or fishes.

' Bioturbation: It is known that the production of burows and food and fecal pellets by crustaceans

may have a positive efiect on oligochaete numbers (Bell & Coull 1978; Reise & Ax1979; Alongi & Tietjen
1980; Ditrnann 1993). Indee4 the exclusion could possibly lead to a decrease of oligochaetes in the cages.

This kind of effect, howwer, was not observed in this experiment

Procedure: As mentioned above, the two environmental factors influenced by the cage constmction
were o/o of mud (after combustion) (after one month of caging) and salinity (after three months of caging).
The detailed composition of the oligochaete fauna is not known which makes it difficult to analyse the
response to changes in the abiotic environment.

e) Copepod density

Betl (1980), Hoffinan et al. (1984), and Ditbnann (1993) showed a similar exclusion effect on
harpacticoid copepods.

Competition: Concerning competition regulation" onty juvenile crabs were mationed to be possible
competitors of copepods (Bell 1980). Their food is assumed to consist mainly of detritus, but selective
9:aangon single food particles has also besr observed (Marcotte 1984 in Hicks & Corll 1983).

Predation: Reise (1979) and Webb & Parsons (1991) believed that predation has lifflo or no
influence. Still, Hoffinan et al. (1984) and Diumann (1993) proposed that it was mainb predation by
epibenthos (such as crabs) that influenced the copepod numbers. The late efiect in this snrdy (only aftor one
year) accords with the study of Bell (1980) vilro found only an effect on copepods after an exclusion during
nibe months. Hiclcs & Coull (1933) thought that, especially for muddy or dehital subshat4 juvenile fishes are
prinary predalors on harpacticoids. They were also excluded in this exp€riment Hiclss & Coult (1983), Gee
(1989), and Gere (1993) mentioned tha! wlrereas nematodes and oligocha*es are certainly important in
remineralization of organic matt€r and may be food items for epibenthic deposit-feeders, mpepods seern to be
the major taxon in terms of fish food and/or biomass kansfer to tle demersal-pelagic reatn.
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Bioturbation: Sodiment reworking activities (BelI & Coull 1978; Reise 1979; Webb & parsons

l99l; Olafsson & Moore 1992) wrue postulated to be an altemative structuring force. This experiment did

notreveal this kind of effects'

fl Other taxadensities

In contrast with this study rvhere there is no effect on polychaetes, Bell (1980) and Hoffinan et al.
(1984) mentioned a significant increase. The absence of an effect on polychaetes led to ths question whether

oru experime,ntal desip was adequate to d€fect possible efrects in the first place. Therefore, the techniques of
power analysis (Cohen 1977) were employed for a post ftoc deter.mination of the sensitivity of our

experiment The c si8nificance level (0.05), the degrees offreedom of the numerator of the interaction F-ratio
(8), the sample size (3), and the effect size (D pernitt€d to estimate the powo level of 6 Yo (avuagevalue of
facrorial and mixed desip) via power tables provided by Cohen (1977) (table 4.5). Such a lowpower value

was also conunon in subtidal cagtng experiments and it sevoly limits the detection power of effects on poly-
chaetes (Hall et al. 1990c). The same can be concluded for effects on ostracd (13.5 o/o),halacaroid (9 YA,
and kinorhynch (ll W numbers (average value of factorial and mixed design) (tabb a.5).
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Table 4.5 : The power and the e.fiect size (D per meiobenthic taxon with the Interaction'variance OdS"rJ, theterro/
variance (l"IS**) and the estimated magrrih.rde of treatments (r1) ftalcalated via tables and formulas provided by
Cohen 1977) (Ceiops tagal).

g) Conclusion

Exclusion of all epibenthos from a Ceriops tagal mangrove sedimeirt clearly influenced the
nematode, oligochaete, and copqod densities, l.e. the dominantpart of the total meiobenthos. The excluded
permanent epibenthos was dominated by dehitivores. The absence of this epibenthos led to an insease of
muddy detrihrs and microalgae in the surface layer. This was aooompanied by a higher abundance of diatom
feeding nematodes (t"e 2A) and oligochaetes and a subsequent increase of predatory nematodes (bpe 2B).
Eventually, it brorght the syslem to a new equilibrium. The stnrcture of the meiofaunal commrmity is not only
regulated by the physical environmen! but mainly by biological, competitive interactions with the epibenthos.
These findings indicate the meiofaunal community of mangrove sediments to be part of an isolate{ derital
food web \ilith onty minor predator-prey interactions with the epibenthos. In order to finiher genoralize this
state'ment for other zones, the same research was canied outintheAvicenttia marina forest.

50



V. INTLUENCE OF EPIBENTHOS ON MEIOBENTHOS IN TT{E AWCENNIA MAMNA

FOREST

A.INTRODUCTION

The role of the meiobenthos in a Ksnyan Ceriops tagal mangrove vegetation zone was the

subject of Chapter IV. The manipulative exclusion allowed to trace possible interactions

between the epibenthos on the one hand and the total or specific meiofauna on the other hand. It was

expected that isolated and internally regulated meiofarmal communities would be mainly affected by

c#petition with the epibeirthos (Dye & Lasiak 19S6; Alongi l9S9). Meiofarma that are consrmed by

this epibenthos, however, were belioved to be mone predator contolled (Bell 1980; Hofuan et al. 1984;

Alongi 1989; Dittmann 1993). The experimental results indicated the studied meiofaunal community to

be rather part of a defital food web with only minor predator-prey interactions with the epibenthos. This

contrasted with most experiments performed in the int€rtidal zone of t€mperate areas, indicating that

meiofaunal communities are mainly stnrchred by predation and disturbance by the macro-epifauna (Bell

& Coulf 1978; Bpzas 1978; Nichols & Robertson 1979; Reise 1979; Scherer & Reise l98l; Wanvick er

al. 198};Fitzhugh & Fleeger 1985; Smith & Coull 1987; Palmer 1988; Wilson 1991).

The present study attempts to aflirm this statement on meiofarma/macro'epifauna interactions for

the Avicennia marina vegetation zone of the same area. T\e Avicennia marina vegetation zone differs

siguificantly from Ceriops togal.It is situated much highe" in the intertidal zone and flooded only during

spring tide (invaded by less visiting farma). The forest floor is richer in detritus. The forest and he morp-

hology is denser. Moreover, in the epifaunal crab community Uca lactea annulipes (deposit feeding) is

entirely replaced by Sesarma meinerti (vegetarian). The crab &sorma guttatum and the hennit crab

Clibanarius longitarsus are totally absent.

By means of the exclusion experiment, this study attempts to answer the following questions: Is

the epibenthos structurally controlling the meiofauna in an Avicennia marina vegetation znne ? If this

control exists, is it competitive, predatory, or bioturbational ? And to what extent can this control be dis-

tinguished from the one detected for the Ceriops tagal vegetahon zone ?

B. MATERIAL AND METHODS

The study area, the quantification of environmental and biotic factors, the experimental and

statistical design, and the statistical analysis have been accurately described in Chapter III
For this subresearch in palticular, seven series of samples were taken over time in the three teatnrents of
the Avi cenni a marina experimental station:

- period l: before cagtng (618192) (env/meio/nema)

- period 2: after 22 caging days Q8l8l92) (env/meio)

- period 3: after 50 caging days Q5l9/92) (env/meio/nema)

- period 4: after 85 caging days (30/10/92) (env)

- period 5: after I 12 caging days (26111192) (erw)

- period 6: after 139 eagSngdays Q3ll2l92) (env/meio/nema)

- period end: after 35'8 cagng days (3Q17193) (meio/nema)

Major meiobenthic ta:<a: These biotic factors were analysed using a 3 x 5 (betrrsen goups)
factorial ANOVA desigr with treatnirents (3) and periods (5) as groups. Additionally, a 3 (between

groups) x 5 (within subjects) mixed ANOVA desip was applied with teatments (3) as groups and

periods (5) as subjects repeated over time.
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Both designs analysed only the upper 2 cm layer, since significant effects in Chapter fV were found to be

restricted to this slice. Ostracods and kinorhynchs were teated in the nonparmetric Kn$kal Wallis and

Median tests since the ANOVA assrmptions were not mel
Environmental factors: Effects on environme,ntal factors in the upper sediment layer were

detectedusings3x6(betweengroups)factorialANOVAdesipanda3(betrreengouptx6(within
subjects) mixed ANOVA desig with neaments (3) as groups and periods (6) as subjects repeated over

time.
Nematode genera: Significant effects on the nematde genera were analysed via a3 x 4 (between

g.oupt factorial AIIOVA desig and a 3 (betrreen groups) x 4 (within subjects) mixed ANOVA design

with treatments (3) as groups and periods (4) as subjecr repeated over time. The analysis was limited to
the upper sediment laYer.

C. RES{'LTS

l. Meiofaunal comPosition

Figure 5.1 presents the relative abundance of the major meiobeuthic tax4 the nematode feeding

types, and the dominant and significantly affected nematode genera for the blank sites. The dominant
Nematoda (93 W were followed by Oligochaeta Q W, Rotifera (2 Yo), Copepoda (l W, Turbellaria (l
%) and Halacaroidea (l yl.The other taxa were very rare (<,,1 W.Th nematodes consisted mainly of
epistrate feeders (2A) (59 Y") nd omnivores/predators (2B) (29 W. The different lirding qrpes (lA, lB,
2A, and 28) were respectively dominated by the genera Haliplecns (55 W, Daptonema Q8 yr),

Des modora (59 y,) and Chromaspirina (44 Y).

Figup 5.1: Relative abundance (7o) of the major meiob€othic t&ya
and tbe nematode feeding tlpps, and the dominant and signifrcantly
affected geoera in the blaok sita (Avicenniamartna).
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2. Epibenthic composition

Four different resident epibenthic animals have been identified in the studied mangrove zone
(table 5.i). The non-selective deposit Hing gastropds Terebralia palustris and Cerithidea decollata
were dominant It is especially

Terebralia palustris that exhibits a conspicuous influence due to its high abundance and is sediment
dwelling behaviour. The crab Sesarma meinerti, more than Metopograpsus thulathar, is expected to
show a great impact It continuously feeds on lrtl cennia leaves and never occurs on tnrnks or roots.

The visiting natant epifauna (hlperb€ntbos and fishm) have not been identified or quantifid
but are believed not to be abundant in this mangrove zone.

epibenthicspecies author feeding behaviour habitat average density
(indJm,) 

;

""q-rr*" "eer 
t

decollata Mclntosh 1984 feeding (detritus) :

De & Lasiak 1987 
,

Terebralia p- De & Lasiak 1987 non-selective deposit sediment dwelling 36 .

alustris feeding (inorganic parts,

microalgae,

bacteria
protozoans)

Sesamaweinerti Cott 1929 vegetarian sedimentdwelling O.Zs

(l burrowpermJ
Emmerson & M- omnivorous with prefer-
c6vynne 1992 encefor leaves (75% of
Steir*e et al- 1993 die|
Mcheli et al.l99l

Metopograpsus Dahdouh-Guebas @ers. omnivorous with prefer- forest dweller (buntq I
thuluhar comm.) ence for macroalgae and roots, floor)

Mchrtosh 1988 animal items

(sometimes fresh leaves,

seedlings, leaf litter and

detdtus)

herbivorousorcarnivo- hightidal(onlyduing ?

rous ? qpring tides)

Table 5.1: Desoiption of permanent and visiting epibenthos excluded from the cages in the studied Avicennia
marina ?nne (in tenns of average densities, feeding behaviour, and habitat).

F

E

E

F

E'
f
I

visiting farrra (un- ?

known)
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. Experimentalresults

:' Mean values \ilith indication of standard deviation of the reported variables are shown in figures
ls.z, 5.3, 5.4, 5 -5, 5 -6, and 5 -7.

a) Major meiobenthic taxa

Exglusion effect The oligochaete density was subjected to a clear significant exclusion effect

aftpr fle months and one whole year of caging (figure 5.2). The incrrease of the density of this taxon was

about 4 x more for the cages compared to the other treatnents. It was the only biotic exclusion effect on

larger taxadetected in this studY.

Procedural effecr A significant global procedural effect was observed for the nematode density

(frgure 5.2). This density showed an increase of about 2-3 x in the partial cage and cage heatnents as

compared to the blank units after five months.

. No effect: The copepods, polychaet,es, osbacods, halacaroids, turbellarians, and kinorhynchs did
not show any effects for the upper slice. Since the ostracod and kinorhynch densities did not meet the

ANOVA assumptions, they were analysed using the non-parametric Kruskal Wallis and Median tests. The

copepod numbers are presented in figure 5.2.

a Oligocbacrc dsEity (indn 0 q') b. Noatode dasiy (ind-/lo o)

9!D
awba of days afra egitg

te l,9
mbcof dayraftoegiqg

5!tt
nmbaof dayr r$cregirg

c. Oopcpod darity (ird./10 m)

Figure 5.2: Oligochaete, nematode, and copepod de,nsities (ind./10 cml in the cage, partial cage, and blank
treatrn€nts: mean values and standard deviations in the upper slice over time (E = sigrificant exclusio'n effect with p
< 0.05; Pr = significant procedural etrect with p < 0.05) (Avicennia marina).



b) Nematode genera and feeding guilds

Selective (lA) and non-selective (18) deposit Iirders: Neither the feeding guilds as a whole nor

the specific 1A and lB genera showed an effecl Their confiibution to the total nematode density,

however, was only minor (figure 5''l)'

Epistrato feeders (2A) (figure 5.3): The microalgae grezng nematodes as a group indicated a

conspicuous, significant procedrnal effect over the whole experimental period. This coincided with a

similar effect on the global nematode community. It is probably linked with the effect as

detected for the gwaaMicrolaimas and Spilophorella. Microlaimrs is one of the dominant 2A genaa

(figure 5.1). Another dominant 2A ge,nus (Ethmolaimus) (figure 5.1), however, revealed an undertying

important impact It was forcd to undergo a significant (1, < 0.01) exclusion effoct after two montlu of
cag111g.Its density increased particularty in the cage when compared to the others. This followed the same

trond than was found forthe concentration of chloroptryll a'

b. Blrnohinw dssity (ind-llO m')a Bpice fccdcs (2A) (ird/10 m)

.-----tEl-..--.--.->

M

ls

l@

t tt9 ,5q

nubc cf dayr afta egiag

c. lv6mhims dqrity (ind-4o m')

t lt 3tt
mbcof &ys afteregitg

<t Spilopbac[a dcity (ind.n0 m)
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tm

9lt
nmba of &yr a$x cqiry
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l-ud | 

-----1-
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l-- F.ddd :tll--ry I i
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Figure 5.3: Densities (ind./10 cm) of the 2A group and the epistrate feeding gerre;';a Microlaimus, Spibphorella,
and Ethmolaizrs in the cagq partial cage, and blank treatsnents: mean values and standard deviations in the rpper
slioe (0-2 cm) over time (E = significant effeot with p < 0.05; p1= prooedural effect with p < 0.05) (Aicennia
maina).
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'3+ry.r-:a"irts,

(figure 5.4): Neither the fi:eding guild as a whole nor the specific 28

g@qashowed an effecl Nevertheles, this group appeared to be the second most abundant (figure 5.1).

Omnivorcsrlrcdacrs (2ts) @,tl O co)

$13
nqnbcr ofdays aficr cagir€

Figure 5.4: Density (ind"/10 un) of the 2B nenmtode
goup in the cage, partial cage, and blank treaheirts:
mean values and standard deviations in the upper slice (0-
2 cm) overtime (Avicennia marina).
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i c) Environmental factors

Exclusion effecc The median grain size before combustion (negatively correlated with the % of
mud before combustion) undenvent a slight significant exclusion effect after I12 days of caging showing

a 1.5 xdecrease in the cages compared to the partial cage and blank teameirts (figure 5.5). This reveals a

slight increase of the muddy defital fraction since a decrease of the median after combustion was

significantly evidenced for both the cages and partial cages in the same period.

The concentration of chlorophyll a indicated a highly significant tt < 0,01) exclusion effect after 50 days

of cagtrng. The increase was 5 x higher in the cage compared to the other fieahents (figure 5.5).

Procedural effect: As a result of the cage and partial cgge constnrction" the fteated sediment

experienced a salinity decrease reflectsd as a procedural effect after 22 dsys ofcaging (figure 5.6).

Botl statistical desigrs (factorial and mixed) indicated a procedrnal treatuent effect for pE with a more

acidic sediment in tbe blank units tbroughout the experiment (figure 5.6).

The median grain size after combustion (which is in general negatively correlated with the

inorganic muddy fraction) showed a decrease in tbe cages and partial cages as compared to the blanla.

This led to a procedural effect after I 12 days (figure 5.7).

A possible procedural impact on redox potential could not be detected since practical problems

made it impossible to measure this variable duing the first two periods.

No effect: No clear effect on all other factors was detected (including the % of POM and the % of

a lvtredian grain sia bcforc mbustion (prn)

ao

2ZO

l@

t0

u to 6 tr? tt9
number ofdays af,cr caging

?4lo6n2
nobtr of days afrcr caging

b. Clrloophyll a comcotration (rgig DWT)

Figure 5.5: Exclusion dect (E = significant effect wittr p < 0.05)
on environrnental measurerneirts: mean values and standard
deviations in the upper slioe (0-2 cm) over time for the cage,
partial cage, and blank beabents (Avicenniamarina).
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Figure 5.6: Procedural effect (Pr = significant effect with p <
0.05) on physicochemical measurerneirts: mean values and

standard deviations of the upper slice (0-2 crn) over time for the

cage, partial cage, and blank treatmeats (Avicennia marina).

Mcdia graia rizc afta mbrrio fu n)

$a5lD
mbaofdry:aflcegi€

Figure 5.7: Procednral effect (Pr = significant effect with p <
0.05) on granulometric measurements: mem values and standard
deviations in the qper slice (0-2 cn) ov€r time for the cagq
partial cage, and blank treatmens (Avicennia marina).
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D. DISCUSSION

l. Experimental material and methods

The evaluation and discussion of the used material and methods concerning study site,

quantification of environmental and biotic factors, experimental and statistical design, and statistical

analysis have becn accurately expounded in Chapter III.

2. Experimental results

a) Procedural effects

Possible artefacts and procedural effects (Hairston 1990) were taken into account by a detaited
protocol in the field (table 5.2) and by using a randomized block design with procedure mntrols (Hurlbert
1984). The most obvious procedural etrect in this study was displayed by the nematodes. However, this
was probably due to the effect on Spilophorella and Microloimts of which the latrer is one of the
dominant 2A genera.

after l month
ofcaging

efterS months
of caging

evaluation

P

fouling

shading

sedimentation

moisture

litter fall

epibenthos

+

+

+

+

+

+

+

+

+

+

OK

* procedural

OK

OK

OK

+

+

cagng with an evaluation of the procedre ((Avicennia marina).

Only the salinity and the median after combustion undenwent an undertying environmental proce-
dural influence. A decrease of salinity due to the cage construction might have been caused by tb pVC
plates anchoring tlre cage to tlre soil or by sbading effects (cage top). Both kept the sediment less dry as
compared to the blank units. Several sfirdies showed that mud and dehihrs &position can be due to
procedural effects in exclusion cages (Virnsten 1977: Hulberg & Oliver 1980; Woodin l98l; Menge er
al. 1986), probably as a result of increased water stagnation. This effect can possibly attract or repel
certain infaunal species (Ilulberg & Oliver 1980; Heip et at. 1985).In this study, a decrease of the dian
grain size of the inorganic sediment fraction indicated a shift to a slightly siltier condition due to the cage
construction (after I 12 days).
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) Resource comPetition

. No quantitative shrdies on the residenf bouomdwelling epifarma of Gazr mangroves are

available. Only some qualitative results and personal observation grve an insi$t in the occurrence and

composition. This study thus offers the first quantitative results of the resident qifauna under Avicennia

mangroves of Gazr. Until now, only one quantitative study on the natant epifauna visiting Gazi mangroye

forests has been published (van der Velde et al. 1995). This part of the epibenthos therefore remains an

unknoum factor.

The dominant epibenthos of the Avicennia marina mangal forest floor (table 5.I) was found to
comprise nainly detritivorous, non-selective deposit feeding gastropods (Cerithidea decollata and Tere-

bralia palustris), and aLnost occlusivety vegetarian crabs (Sesarma meinerti and Metopograpsus
thuhthar).In the studied are4 these species were represented W 57,36,0.25, and I ind./d respectively.

As mentioned before, the de'mersal and hyperbenthic fauna are not abundant in this mangrove zone. Any
effects of the epibenthos on meiobenthic community struchup (especially oligochaetes and nematodes) are

therefore likely to result mainly from modifications in the food resouroes on which the meiofauna also
depend (Cameron 1966 n Warwick et al. L990). The only comparable study me,ntioning this resource

competition as a possible conffol was conducted by De & Lasiak (19S6).

Also for this study, there is evidence of a competitive rather than a predatory conhol by the
epibenthos. The exclusion effect on oligochaetes respondd with a time lag of about one month, to the
slight increase on muddy dehitus, nonnally fid on by gasEopods and crabs. Gere & Pfannkuche (l9SZ)
indicated this detritus and its associated bacterial mmmrmity to be an important food source for
oligochaetes.

Concerning nematodes, the specific and strong exclusion effect on the dominant epistrate fi:eding
nematode genvs Ethmolaimus coincided with the conspicuous increase of chlorophyll a. As mentioned
above similar exclusion effects on other 2A genera might have been suppressed by a global procedural
effect (figure 5.3). The increase of Ethmolaimus cdrr most probably be ascribed !o the exclusion of
microalgae lirding gashopods. The lack of any effect on other 2A genera was likety due to possible
artefacts and procedural effects during the experiment. They might have compeirsated or mvered an
underlying e><clusion effect. Betrreen 50 and 85 days after caging a sudden decline in the conceirtration of
chlorophyll a and the density of Ethmolaimus to their former level was observed.

c) Predation

Does this mean that epibenthic predation exhibits no regulating effect on the studied meiofarmal
community at all ?

Until now, most comparable studies (Bell 1980; Hoftnan et al. L984;Ditunann 1993) mentioned
the meiobenthic stnrcture to be mainly influenced by predation frour the macro-epifauna. No evidence for
this, howwer, is provided here. Although the oligochaete cornmunity experienced a global increase due to
exclusion, this is believed not to be caused by the absence of predation. Oligochaefes were mentioned by
Giere (1993) to be prey of small fishes. Asthe Aicennia marina zone is situated in the upper int€rtidal
zone and not &equently flooded, the impact of these animals is not believed to be of major importance.
Moreover, the observed densities of demersal and hlperbenthic animals appeared to be very low during
high tide (personal observation). The more abundant resident epibenthie animsts have not ben reported to
feed on oligochaetc (table 5.1).

The low hyperbenthic and demersal impact might also be an explanation for the lack of auy e{fect
on copepods. Indee4 this was precisely the sole taxon beliwed to be under predatory influence in Chapter
ry.
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It is the motility, visibility, and epibenthic lifestyle in muddy sediments (Gere 1993; Nelson & Coull
1989) that makes copepods a selective prey of sb,rimp @eise 1979; Piht & Rosenberg l9B4; Ge et al.
l9S5) andjuvenilefishes (Gee 1989; Nelson & Coull 1989).

Passive or active predation on nematodes would lead to a global errclusion effect Qloffinan er a/.

1984; Bell & Coull 1978; Dthnann 1993). Any disproportionate increase in some genera would indicate a

rather competitive release (Grassle & Sander 1973 n Hall et al. l99l). The procedural effect on
nematodes was indeed a combination of procodural and exclusion effece on different genera or groups of
genera. This makes the predatory influence to be of minor importance for nematodes as well.

d) No effect

Besides copepods, polychaetes, kinorlqmchs, halacaroids, turbellarians and oshacods did not
show any effect either. The a significance level (0.05), the degrees of frredom of the numerator of the
interaction F-ratio (8), the sample size (3), and the effect size (f) resulted in power levels of B yo for
turbellarians,T.5 yo for polychaetes and ostracods, andT % for halacaroids (average pow€r for factorial
and mixed design) (Ilall et al. 1990c). The effct size per taxon was calculated via the AN0VA-variances,
the number of degrees of freedom (8), of interaction groups (15) and of replicates within a group (3) (table
5.3). The power levels point to the chance of avoiding a type II error (l-B) and were calculated via the
power table provided by Cohen (1977) (Chapter III). The power could not be calculated for copepods and
kinorhyrchs because these taxa were analysed via nonparametric tests. The low level for polychae3es
could possibly explain an undelectable predatory influence. Olafsson & Moore (1990) stated that poly-
chaetes are mainly preyed on by larger animals. This could indicate that effects become perceptable only
after separate exclusion ofthe larger epibenthos.

MS"r"a MS.r-, q"

Turbellaria

Polychaeta

Ostracoda

Halacaroidea

factorial

mixd

facorial

mixed

factorial

mixed

factorial

mixd

0.615209

0.615209

0.105525

0.105525

0.070451

0.072451

0.424692

0.424692

o.479607

0.488495

0.13592s

0.151205

0.t l95l I

0.1 18765

0.596024

0.5727n

0.01

0.05

0.0008

0.05

0.001I

0.07

0. t01

0.229

0.05

0.229

0.05

0.274

0.143

0.204

0.02

0.04

6 o/o

l0 o/o

5%

rc%

5%

l0 o/o

6o/o

8%

Table 5.3 : The power and th" eff"ct s,rze (D p€r taxon
(MS.J and the estimated magnitude of treatnents (qz) (calcatated via tables 

""d formiii provided by Cohen
I 9 77) (Avicennia marina).
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Conclusion

One can concftrde that this study indicates that the Avicennia marina meiobenthos is mainly

r exploitative or resouce competitive influence of the epibenthos (for detrihs and microalgae). This

also concluded for the Ceriops ragal meiobenfhos of the same region (Chapter IV). The use of tbe

imeiobenthos as pr€y for epibenthic predators, howwer, is not touched upon. A sligfit predation prcssure,

u*friUir"a by natant epibenthic predators, might be pres€nt, albeit covered by the shonger food competitive

forces caused by the resident epifauna'

Consequently, it can be stated that the role of the meiobenthos in these East African mangrove

sediments is main$ situated in an isolate4 deuital andmicroalgal fircd web with onlyminor enerryfluxes

to the epibenthos. The absence of any effoct on tbe predatory nematodes (2B) shows that the driving force

for an internat regulation still has to be found. The impact of epibenthos on meiofauna might indeed be

firrther complicated by multilevel interaotions with the infaunal macrobenthos.
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.VT. UVTT,UENCE OF EPIBENTHOS ON MACR,OBENTHOS IN TIIE AWCENNA MARIIU

FOREST

A.INTRODUCTION

Exclusion experiments are a valuable tool to detect the influence of epibenthic animals on

maproendobenthic communities. Most studies have been conductd in temperate int€rtidal, soft, and

unvegetared areas @eise 1977; Reise 1978; Scheru & Reise l98l; Kent & Day 1983; Ambrose 1984;

Fitzhugb &Fleruger 1985; Rafraelh et al. 1989; Trush et al- 1994), soft seagrass covered coastal zones

(young et al. 1976; Reise 1977; Reise 1978; Nelson 1981; Summerson & Peterson 1984), or salt

marshes (Vince et al. 1976;' Van Dolah 1978; Kneib & Stiven 1982; Ward & Fitzgerald 1983; Frid &

James 1988; Kneib 1988; Haase 1993). ln general, predation was acceptd as the obvious epibenthic

inlluence on the macro and meiofauna. About half of the shrdies e<cluding large epibenthic predalors,

mentionod an at leasttwofold increase in total eidobenthic prey abundance (Reise 1985).

Mangrove areas are soft vegetation-coverd zones characteristic for tropical coasts. Thvy are

frequently mentioned to be intensively used by epibenthic animals as feeding grounds, nursery areas, and

shelters (Hutchings & Saenger 1987). In order to assess the importance of the endobenthic mmmunity

under the mangrove treos as a {bod source, exclusion experiments were conducted in a KenyanAvicennia

marina stand. Detcction of epibenthic predation in such I high intertidd zone would indicate the

mangrove forest floor, and not only tbe creeks and flats surrounding it, to be of importance as feeding

ground for the ePibenthos.

The few exclusion studies that have been conducted in mangroves mainly focussed on the

meiobenthos (Dye & Lasiak 1986; Alongi 1989; Ditbnann 1993; Chapters [V and \O leaving the

macrobenthos as an interesting endobenthic category to be studied.

When dealing with high intertidal Avicennia sediments, the impact of the pennanent epibenthos

can be expected to be more important than that of the visiting fauna. These resident organisms are mainly

leaf shredders and selective or non-selective deposit lbeders (crabs and gastropods). It is hlpchesized

that exclusion of the epibenthos would therefore rather result in:
(l) kaf accumulation, favouring infaunal leaf shredders

(2) Accumulation of detritus, bacteria, protozoans, and mimoalgae favouring infaunal deposit

feeders

B. MATERTAL AND METHODS

The study area, the quantification of environmental and biotic factors, the experimental and

statistical desigrq and the statistical analysis have been accurately descriH in Chapter III.
For this subresearch in particular, six series of samples were taken over time in the three teame, ts of the

Avi c enni a m ari n a experimental site:

- period l: before caging (618192) (env/macro)

- period 2: aftsr 22 cagjngdays (2818192) (env/macrd
- period 3: after 50 caging days Q5t9l92) (env/macro)
- period 4: after 85 caging days (30/10/92) (env/macro)

- period 5: after I 12 caging days (26111192) (env/macro)

- period 6: after 139 caging days (23112192) (env/macro)
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Maciobeirthic taxa: Thsse biotic factors were analysed using a 1 x 6 (betrreen goupt factorial

ANOVA design with heatnen* (3) and periods (6) as groups. Additionally, a 3 (between groups) x 6

(within subjects) mixed ANOVA design was applied with treamene (3) as groups and periods (6) as

subjects rerytrdover time. Only the vpper 2 on layer was analysed.

Since the oligochaete families Tubificidae and Enclrytraeidae did not meet the ANOVA

assumptions, the non-parametric Iftuskal Wallis and Median tests were used.

At one occasion, the I*ast $ignificant Dffererce te'st (LSD) (Sokal & Rohlf 1995) was used in order to

detect initial rnit differences for amphipods'

Environmental factors: Effects on environmental factors of the upp€r sediment layer were

detectedusinga3x6(betweengorlps)factorialAI{OVAdesignanda3(betweengroups)x6(within
subjeots) mixed AI.IOVA desigr with treatnents (3) as groups and periods (6) as subjects repeated over

time.

C. RESI.JLTS

l. Endobenthic comPosition

The endobenthos was composed of the following taxa:

Oligochaeta: families Tubificidae (mainly Ainudrilus spec.) and Enchynaeidae (mainly

Marionina spec.) (Erseus, personal communication)

lnsect larvae: mainly family Dolichopodidae (Goddeeris, personal communication)

Amphipoda: family Grandidierellidae (Grandidierella spe€.) (De Grave, personal

communication)

Polychaeta: families Nereidae (Namalycasrri spec.) and Opheliidae (Armondic spec.) (Day

1967)

Nematoda: famity Oncholaimidae (mainly Oncholaimus spec.) (Platt& Warwick 1988)

Gastropoda

Cnidaria

While comparisons between temperate and ropical regions usually reveal a higher beirthic diversity in the

latter, the number of taxa in this mangrove study was low. This probably reflects the high intertidal

position of the sampling sitg resulting in extreme anaerobic conditions with abrupt changes in salinity,

temperature, redo:q and DO2 $ietjen & Alongi 1990).

The overall macrobenthic density was 23361 ind./m'. Figure 6.1 shows the relative abundance

(average of all blank units over all periods) of the macrobenthic ta:<a. It is clear that the oligochaetes (78

% tubificids and22 % enchytraeids) made up the largest part of the macrobenthic infauna (94Vr). Within
the remaining 6 Yo, the amphipod Grandidierella spu,. (56 yl dominated. It was follouned by the

polychaete gerns Namalycas,fis spec. (21 yo), gasfopds (10.7 yo), macrobenthic nernatodes (7 yo),

insect larvae (5 Yo), and cnidarians (W "/A.The potychaete Armandia spoc. was formd only in the

sedime,nt of a single cage unit aft€r I 12 days.
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81ni6ci&c trEnclytrcidac f o0m

EAtrphipoda APdy&e Elca*opoda
NIN@ioda Dlrstatare lftiddia

Figrne 6.1: Relative abundance (%) of the major
macrobnthic infaunal taxa and oligochsete farnilies
(average of blank sites over all p€riods) (Avicennia

maina).

2. Epibenthic composition (see table 5.1)

3. Experimental results

a) Biotic factors

Exclusioq effgct Cage amphipod densities exceeded those of partial cage and blank sediment

from the 85th daD, of the oryeriment onwards (with a factor of 4 to 5). This increase was confirrned by an

overall significant exclusion effect (figure 6.2). The average individual amphipod length did not differ
significantly among teatnents (figure 6.2).

The density of insect larvae increased significantly after 85 days. A significant orclusion effect

was detected after 85 and 139 days, cage densities reaching 5 to 6 x higher levels than in the other

frteahnents (figure 6.3).
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Figure 6.2: Aophipod density (ind-/m'z) and average individual
amphipod length (mm) in the cage, partial cagg and blank
treatments: mean values and standard deviations in the upper
slice (0-2 cm) over time @ = significant exclusion effect with p .
0.05) (Av i ee nn i a n arina) .

Figure 6.3: Insect lanae density (ind"/h) in the cage, partial
oage, and blank heatmellts: meao values ad standard deviations
in the upper slice (0-2 cm) over time (E = significant exclusion
efect with p < 0.05) (Aieennia marina).
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(ind./m) in the cage, partial cage, and blank Featnents: mean
values and standard deviations in the upper slice (0-2 cm) over
time (h = procedural effect with p < 0.05) (Avicennia marina).

Procedural effecfi Already aftEr 22 days, a significant procedural effect was delected for
oligochaete densities' This effrct was repeated aftfi 2 months. The cage and partial cage densities slightly
surpassed the blank deirsity (figve 6.a).

Table 6-l shows the results of the Knskal Wallis and Median tests on fhe Tubificidae and
Enchytraeidae densities for periods l, 2, and 5. Both tests did not detect any effect Nevertheless, the
Median test was suggestive of a procedural effect for the Tubificidae after ll2 agngdays: a significant
difference (P < 0'05) was observed between the blank and partial cage teatnrent wtrich was not detected
before this period. As the oligochaetes made up 94 % of ttrc total macro-infaunal density, nends in the
total community were inextricably linked with oligochaete trends (figrre 6.a).

No effecf Neither procedural nor exclusion effects were detected for polychaetes (figure 6.5),
macro-nematodes (figure 6.5), gastropods or cnidarians.
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Figure 6.4: Oligochaete and total macrobenthic densities
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Table 6.1 : Densities (ind.rtn), standard deviations, and resrlts of the statistical Kruskal Wallis and Median tests for
the oligochaete families Tubificidae and EnchyFaeidae over threc p€riods @ = blatk, C = cage and P = partial

cage) (Avicennia marina).
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Figrne 6.5: Polychaete and nematode densities (ind;hr) in the
cage, partial caBe, and blaok teabents: mean values and
standard deviations in the upper slice (0-2 om) over time
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Figure 6.6: Exclusion effect @ = signif;cant effect with p < 0.05) ou
environmental factors: mean values and standard deviatims in tlrc
upper slice (0-2 crr) over time for the cage, partial cage, and blank
treahe,nts (Avi ce nnia maina).
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ib;mvronmentd factors

Exclusion effect A highly significant exclusion effect after 50 and 85 days of caging was

demonsfated for the concenfiation of chlorophyll a. It showed an increase of about 5 x in the cage as

compared to the other treahents (figure 6'6)'

Also, the median grain size before combustion (negatively corelated with the % of mud before

combustion) underwent a significant exclusion effect after l12 days of caging showing a 1.5 x decrease

in the cages compared to the partial cage andblank treatnents (figure 6.6). This effect was not found for

the median after combustion and was therefore related to the muddy detritus fraction.
procedural effecc As a result of the cage and partial cage construction, the sediment underwent a

salinity decrease afut 22 days of caging (figue 6'7)'

ANOVA indicated a procedural treafinent effect for pE with a more acidic sediment in the blank

unis tlroughoutthe experiment (figure 6'7).

The median grain size after combustion (which is in general negatively correlated with the

inorganic muddy fraction) showed a decrease in the cages and partial cages as compared to the blanks.

This led to a procedural effect after 112 days (figure 6.8).

A possible impact on the redox potential could not be de8ected since practical

froblems made it impossible to measure this variable during the first two periods.

No effect No clear effect was detected for all other variables (including the % of POM).
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Figure 6.7: Procedural effect @r = sigrrificant efect witt p .
0.05) on salinity and pH: mean values and standard deviations in
the upper slice (0-2 cm) over time for the cage, partial cage, and
blank treatnents (Avicennia marina).
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Figure 6.8: Prooedural effect (Pr = significant effect with p <
0.05) on median after combustion: mean values and $andard
deviations in the upper slice (0-2 cm) over time for the cage,
partial cage, and blark treafnmts (Avicennia marina).



D. DISCUSSION

l. Experimental material and methods

The evaluation and discussion of the used material and methods study site,
quantification of environmental and biotic factors, experimental and statistical desigrr, and statistical
analysis have been accurately expounded in Chapter ltr.

2. Experimental results

a) Environmental factors

Microalgae: The clear exclusion effect on the chlorophyll a concentration is correlated with the
density of microalgae in the sediment (Admiraal 1977; Gerdol& Hughes 1994a). The increase possibly
results from the exclusion of the microalgae feeding epibeirtbos (see table 5.1). Microalgal growttr can
also be a response to a release of nubients from previously deposited mud. This was, however. not
evident from our study.

Sediment te4ure and dehitus: Several studies showed that mud and detritus deposition can be
due to procedural effects in exclusion cages (Vimstein 1977;Hulberg & Oliver 1980; Woodin lggl;
Menge et al. I986),probably as a result of increased water stagnation, This effect can possibly atg,act or
repel certain infaunal species (Hulberg & Oliver 1980, Heip et al. 1985).In this study, a decrease of the
median grain size of the inorganic sediment fraction indicated a shift to a slightly siltier condition due to
the cage construction (after l12 days).

The exclusion effect on the median grain size before combustion (which is negatively mrrelated
with the percentage of mud before combustion) suggests, however, the muddy detritus to be marginally
in{luenced by the exclusion.

Physicochemical factors: It is obvious that the sediment of the cage and partial cage treatrnents
became more humid tbtough time than that of the blank treatnent as a result of cage construction (pVC
plates and cover) (see table 5.2). This resulted in lower salinities.

b) Biotic factors

Amphipod density: Gut contont analysis of several individuals (N=10) of Grandidierella spa,.
revealed detritus and small leaf particles, originating from the mangrove sedimen! to be dominant in the
diet' The mangrove amphipod Parhyale hawaiensis was shown to consume large quantities of
decomposing mangrove leaves (Poovachiranon et at. 1986). In general, crabs, u*phipoOr, capitellid
polychaetes, and isopods seem to be breaking down mangrove leaves in small particles, egestrng it as
plant detritus which thus becomes a food source for other species @oovachiranon et al- l9g6;Camilleri
te92).

- No microalgae were observed in the stomach of Grandidierella s4rx',. Gerdol & Hugbes (1994b)
found that microalgae were not detectable in the gut of Corophium wlutator,although this amphipod
was shown to ingest 4000 cells/tr and to significanfly reduce diatom densities. Moreoveq pinckney &
sandulli (1990) refer to diatoms as an important food source for many amphipods.

7l



The exclusion effect on this genus can possibly be related to three types of interactions:

(l) Predation on amphipods: Stomach analysis of the permanent epibenthos rwealed little

predatory evidence (see table 5.1). Possible predation by the visiting fauna might have been minor

compared with the competitive influence of the permanent epifauna.

(2) Competition for leaf material: The amphipod gut content analysis and the findings of
poovachiranon et al. (1986) and Camilleri (1992) suggest rcource competition for leaves to be an

acceptable explanation. The exclusion of Sesarma meinerti,vrhichmainly feeds on mangrcve leaves (see

table 5.1), could have been the direct inducement. On the other hand, Camilleri (1989) argued that this

resource competition for leaves and leaf particles may be facilitated by the availability of different parti-

cle sizes. Sesarma meinerti takes urhole leaves and large particles rfrile small sbredders like amphipods

are restricted to rather small particles. Moreover, the role of direct bacterial decomposition of the leaves

could also have gained in importance (Robertson & Daniel 1989)-

(3) Competition for microalgae and deposited food: The excluded epibeirthos was dominated by

deposit and microalgae fi:eders (see table 5. t). In spite of tlre absence ofmicroalgae in their stomachs, the

exclusion effect on amphipods was detected one month after the clear exclusion effect on the

concentration of chlorophyll a. As soon as amphipd cage densities increaso4 the microalgal peak started

to decrease back to its former level. Also the indirect exclusion effect on muddy derins ran parallel with

that on amphipods and the amphipods stomach contained a clear deftital fraction.

This kind of competition is believed to be the determining factor.

. lnsrct larvae density: According to OMeara (1g76),marine insect larvae are basically omnivores

(mainly browsers and filter firders). The resource competition hlpothesis (as discussed for amphipods)

would be supported if most insect larvae found were browsers abrading solid material and manipulating

and breaking down leaf and detritus particles. Most of the larvae in this study, however, belonged to the

family of the Dolichopodidae (Goddeeris, personal communication) which are predaceous and are

frequently found in damp soil, sand, and rotting wood in the intertidal zone (Smith 1989). Examination of
gut contents of the Dolichopodidae found in this study revealed a lot of oligochaete setae.

O'Meara (1976) mentioned fishes and other insects to be the main predators on insect larvae.

Still, no larvivorous fishes have been described for the studied area (Mees, personal communication).

Oligochaete and total densities: Both densities were closely linked since oligochaetes made up the

largest part of the total infaunal macrobenthos.

Procedural effects on oligochaetes have been documented before and aro thought to be a result of
sediment modification caused by the cage construction (Hulberg & Oliver 1980; Hatl et al. 1990a).11rc

procedural effect in our study could possibly be linked with changes of e,lrvironmental factors due to cage

eonstruction:

(l) Salinity: This factor has been stated to be crucial in deterrrining oligochaete distribution
(Giere 1980; Giere & Pfannkuche 1982). This holds especially for salinity of tropical, intertidal areas

where 40 psu is the upper tolerance limit for oligochaetes (Gere & Pfannkuche 1982).

(2) pH: Tolerance experiments (Giere 1977 n Giere & Pfannhrche 1982) showed that extrerne

alkalinities (exceeding 9) in combination with high salinities and temperatures could cause a deterioration

of viability in interstitial tubificids. No such conditions were found in this experiment.

(3) Ligftt intensity: The shadow caused by the constnrction cover could possibly have induced an

upward vertical migration of littoral, negatively phototactic oligochaetes (Giere & Pfannkuche 1982).

(4) Mud: The decreased gain sizr coutd have influeirced habitat selection. This is, however,

more relwant in mesopsammic fomrs for wtrich interstitial space is a crucial condition for life (Giere &
Pfannkuche 1982).
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Nevertheless, most studies on oligochaete densities in temperate areas found
successful orclusion effects. These effects were usually concluded to be a result of predation exclusion
(Reise 1977; Reise 1978; Kneib & Stiven 1982, Cornell 1983; Ctee, et al. 1985). The only experimenkl

studies dealing with oligochaetes of mangrove sediments are those presented in Chapters fV and V,
indicating that meiobenthic oligochaetes are influenced by competition with the deposit feeding
epibenthos rather than by predation. The slight increase of the oligochaete deirsity in the cage after ll2
days (which was not statistically evidenced) could as well be a response to the indirect exclusion effect on

the muddy detitus. The most important dietary item for interstitid tubificids and enchynaeids is believed
to be organic matter (dehitus) enriched with bacteria (Gere & Pfannkuche 1982).

Polychaete and nematode densities: As found for meiobenthic polychaeles rn a Ceriops tagal and

an Avicennia marina mangrove sediment (Chapter IV and V), macro-polychaetes did not show an

exclusion effect. Howwer, in other experimental studies in seagrass beds (Reise 1978; Reise 1979) and
in mudflats @eise 1978) polychaetes reacted positively to epibeirthic exclusion.

Some studies have shoum the number of meiobenthic nematodes to double in the cage sediment
in contrast with the control cages after two months of epibenthic exclusion @eise 1979; Chapter M. The
macro-nematodes in our study all belonged to the family sf Onqhslaimidae. These are believed to be

scavengers with a very broad diet that stimulate bacterial and firngal metabolism by decomposing organic
matter (Lopez et al. 1979; Jensen 1987). This alternative feeding behaviour could possibly have kept this
group from being influenced by resource competition.

The absence of significant effects for polychaetes and nematodes possibly results from the

efficiency of the experimental desrg to de0ect effecg. The c significance level (0.05), the degrees of
freedom of the numerator of the interaction F-ratio (10), the sample size (3), and the effect size (f)
resulted in power levels of 8 Yo for polychaetes and 5 o/o for nematodes (average power for factorial and

mixed design) $lall et al. 1990e). The effect size (Q per taxon (table 6.2) was calculated via the

ANoVA-variances, the number of degrees of freedom (10), of interaction groups (18), and of replicates

within a group (3). The power levels point to the chance of avoiding a type II error (l-B) and were

calculated via the power table provided by Cohen (1977). The low levels could possibly result in an

undetectable infl uence.

design MS*r.a MS""-" qt

Polychaeta

Nematoda

factorial

mixed

factorial

mixed

3.48393

3.48393

r.98072

1.98072

2.506394

2.845246

1.930757

2.60t394

o.o7

0.04

0.005

0.04

0.274

0.05

0.05

0.05

tr%

5 o/o

5%

5%

Table 6.2: The power and the efect size (f per macrobenthic taxon with the 'interaction' variance (MS"6), the

'error' variance (MS"r*) and the estimated magritude of teatrnents (rf) (calcttlated via tables and formulqs
provided by Cohen I 977) (Avicennia maina).
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c) Conclusion

Oligochaete, potychaet€, and macro-nematode densities were not positively affected after

epibenthic exclusion. The positive orclusion effect on the amphipod community soerns to point to a

resouroe competition with the dominant epibenthos for microalgae, muddy deritus and possibly, for

leavos. No driving force for the conspicuous positive exclusion effect on insect larvae could be found.

However, in this case !oo, predatory srclusion is believed to be unimportant.

Therefore, the predation hlpothesis is thought to be minor as an interaction between the

epibenthos and macrobenthic infauna rmder the studredAvicennia marina stand A resource competitive

effect of the permanent epibenthos is formd to be more conspicuous. The question vrhether epibenthic

predation on endobenthos of this high int€rtidal mangrove forest floor is absent remains to be answered.
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\4I. INILTIENCE OF EPIBENTIIOS ON MACROBEI{TIIOS IN TIIE CEMOPS TAGAL
FOREST

A.INTRODUCTTON

Studies on trophic relationships in mangroves general$ assume larval, jwenile, and adult stages

of shrimp, penaeid prawns, and fishc to be predaton on zooplankton and meio- and macrobenthic food
sources (anrong which small benthic crustaceans and worms) @oovachiranon et al. 1986; Sasekumar er
al. 1992). Beside food, mangals are also believed to offer shelter and aursery sites to the visiting
epibenthos (Hutchings & Saenger 1987). However, spatial partitioniag in the epibenthic disribution
(over mudflats, irlets or creels, seagrass beds, subtidal adjacent waters, and mangrove forest floors) in
terrns of feeding is pronounced. Sasekumar et al. (1992) even beliwed the mangrove forest itself to be
invaded for shelter rafher than for food during higb tides, leaving only &e surrormding aroas as feeding
grounds.

In general, cage exclusion studies in the tropics e4pectd predation pressure to be dominant in
structuring the endobenthos (Vargas 1988 for macrobenthos; Dttmann 1993 formeiobeirthos). Chapter
VI, however, reported the macrobenthic infauna of a high ntertidalAvcennia marina mangrove floor to
be sfuctured by an exploitative competition with the permanent epibenthos rather than by predation from
the epibenthos coming from adjacent rilaters. The question rryhether predation pressure on the nacroben-
thos of this East African mangrove forest floor is entirely absen! p6ains to be answered. Moreover,
Virnstein (1977) mentioned a possible gradient of increasing prdation fre6 high to low intertidal zones

in temperate regions due to increasing density of visiting predators.

A parallel research was therefore canied out in a mid-intertidal Ceriops tagal foratof the same
region. This Ceriops tagal vegetation zone differed significaotb framAvicennia marina. Because of its
intertidal position it was more frequently flooded (65 % of the high tides) and therefore invaded by more
visiting fauna. The forest floor was poorer in deritus and the forest and tree morphology was more shrub
like. In the permanent epifaunal community, the crab Sesarma meinerti was absent and replaced by the
hennit crab Clibanarius longitarsus and the qabs (Jca lactea annulipes and Sesarma guttatum.
Moreover, the infaunal composition was slightly dilferent. The cage experiment was now usd to exclude
the permanent and visiting epibenthos from the Ceriops tagal forestfloor. The detailed macrobenthic
response was predicted to offer some insight in the role of the infaunal in the decomposition
and interactive pathways of mangroves (Kennedy 1993).

B. MATERI,AL AND METHODS

The study are4 the quantification of environmental and biotic factors, the experirnental and
statistical desrgg and the statistical analysis have been accurately described in Chaptr III.
For this subresearch in particular, six series of samples were taken over time in the tbree treahrents of the
Ceriops ragal experimental site:

- perid l: before caging (618192) (env/macro)

- period 2: afts 22 cagng days (28/8/92) (env/macro)
- period 3: after S2cagngdays Q7l9l92) (env/macro)
- perid 4: after 84 caging drys Q9ll0l92) (env/macro)
- period 5: after I I I caging days Q5llll92) (env/macro)
- period 6: after 139 caging days (23112/92) (env/macro)
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Macrobenthic taxa: Thee biotic factors were analysed using a3 x 6 (between goups) factorial

ANOVA desrgn with treafnents (3) and Periods (6) as groups. Additionally, a 3 (between groups) x 6
(withi" zubjece) mixd desig was applied with treamenb (3) as groups and periods (6) as subjects

repatdover time. Only the upper 2 cm layer was analysed.

Environmeirtal factors: Effects on environmental factors of the upper sediment layer were

detectedusinga3x6(befireengouPs)factorialAlfOVAdesiganda3(betrveengroups)x6(within
subjects) mixd ANOVA design with reatnents (3) as groups and periods (6) as subjects repeated over

dme. Since some e,nvironrhental factors (e.g. skewness before mmbustion, % of POM, and% of total

carbon) did not meet the AI.IOVA assumptions, the non-parametric Kruskal Wallis and Median tests

were rrsed.

C. RESULTS

l. Endobenthic composition

The overall macrobenthic density was 23058 ind./m'. It consisted mainly of oligochaetes (94 %o)

in turn dominated by the fanily Tubificidae (98.4 yo). The family Enchyraeidae comprised onty 1.6 % of
the oligochaete density (figure 7.1). Ahnost half of the rest 6 Yo was composed of polychaetes (47 y")

with the family Terebellidae Q3 yA and the nereid Namalycastis spec. (14 7o). These polychaeies were

followed by the macro-nematode Oncholaimus spec. (21.5 7o), gastropods (17 Yr), and amphipods (I3
7o) dominated by Grandidierella spec. (making up I 1.5 7o) \ 'ith a small fraction of Ampelisca spec. The

insect larvae (mainly represented by the family Dolichopodidae) made up only about 1.5 o/o of this rest

fraction (or 0.08 o/o of the total macrobenthic infauna).
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2. Epibenthic composition (see table 4-2)

3. Experimental results

a) Biotic factors

Exclusion effecc A clear exclusion effect was observed for the oligochaete family Tubificidae

after three and four months of caging (figure 7.2). Densities nipled in the cage sediment in contrast with

the other treaturents. The family of Ench5rtraeidae was not affected by the (figure 7.2). The

polychaetes too showed a significant higher density in the cage than in the partial cage and blank units

after five montls, althougb this exclusion efrect was not as conspicuous as for oligochaetes (figure 7.3).

This effect, horvever, was mainly due to a very clear orclusion effect on Namalycasfs spec. from the

52nd day after the start of the experiment onwards (figure 7.3). The terebellids, being the dominant poty-

chaetes (figure 7.1), were not affected. The amphipods (mainb consisting of Grandidierella ry.) were

statistically evidenced to undergo an exclusion effect aftor one month (figure 7.4). This effecg however,

was questionable, since the density of the cage sediment befone the start of the experiment was already

significantly higher than that of the other freatnents (LSD p < 0.05).

a. Tubificidsc &nsity (id-/m)

zI 52 t4 l|r
nutbcr ofdays eftcr caging

b. Bnchytzci&c &nsity Gnd./n?

52'4ilt
nuobcr ofdays aftcr ceging

Figure 7.2: Tubificid and enchytraeid de,nsities (indJml in the
cage, partial cage, and blarik treatne,nts: mean values and

standard deviations in the upper slice (0-2 cn) over time @ =
significant exclusion effect with p < 0.05) (Ceiops tagaA.
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Figure 7.3: Total polychaete and Namalycastis spec. densities
(rnd./mJ in the cage, partial cage, and blank treatmeats: mean
values and standard deviations in the upper slice (0-2 cm) over
time @ = sipificant exclusion effect with p < 0.05) (Ceriops
tagal).

Arnphipod d€Nsitt (ind-/m)

zt 52 Ar t|t
numbcr of days aflcr cagiag

Figure 7.4: Amphipod demity (ind./n) in the cage, partial cagq
and blank teahents: mean values and standard deviations in the
upper slioe (G2 cn) over time @ = sipificant exclusion effect
withp <0.05) (Ceiops ngal).
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Procedural effect Onty the macro-nematode density showed a conspicuous and sigrrificant

procedural effect after one month (figure 7.5). The density of this group seemed to be suppressed by the

cage and partialcage constuction.

No effect: Neither tbe insect larvae nor the gastropods indicated to be affected by the experiment.

l"facrencdratode derity (mdrf )

o z2 52 s lll t39

numbr ofdays altc cagirg

Figure 7.5; Macro-nematode density (ind./m) in the cage, partial
cage, and blank treatments: mean values and standard deviations
in the upper slice (G2 cm) over time @r = significant procedural
effect with p < 0.05) (Ceiops tagal).

b) Environmental factors

Exclusion effect: Both pigments, chlorophyll a and fucoxanthin" showed quite a parallel course
during the experiment with a hiSly significant (p < 0.01) exclusion effect after 84 and tll days of
caglng (figure 7.6) Both cage concentrations increased to a level of about 4 x that of the other two treat-
ments. These conceirtrations again decreased at the end of the experiment (after 139 days).

After one month already, a significant exclusion effect became clear for the % of muddy deritus
(= % of mud before mmbustion - % of mud after combustion). It doubled in the cage as compared with
blank and partial cage (figure 7.7). This effect, however, disappeared again after the second month.

Procedural effect: From the 84th day of caging onwards, the salinity of the cage and partial cage
sediment started to decrease compared with that of the blank units (figure 7.8).
In contrast with the muddy detrital fractiog the % of mud after combustion was inlluenced bv the
experimental procedure after ZTdeys (figure 7.S).

No effect clear effecs on the % of PoM, o/o of C, pH, Dor, temperature, and other
granulometric factors were not detected.
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Figue 7.6: Exclusion effect (E = significant effect with p < 0.05)
on the pigmerrt concentrations: mean values and standard
deviations in the upper slice (0-2 cm) over time for the cage,
partial cage, urd blank teatnents (Ceriops tagal).
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tgt|r
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Figue 7.7: Exclusion effect @ = significant effect with p < 0.05)
on the % of muddy detritus: mean values and staridard deviations
in the upper slice (0-2 cm) over time for the cage, partial cage,
andblank beahents (Ceriops agal).
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I

Figue 7.8: Procedural effect (Pr = significant effect with p <
0.05) on envirorunental factors: mean values and standard
deviations in the upper slice (0-2 crn) over time for the cage,
partial cage, ard blank teatmeirts (Ceriops tagal).

D. DISCUSSION

l. Experimental mat€rial and methods

The evaluation and discussion of the used material and metbods concenring sudy site,
quantification of environrental and biotic factors, experimental and statistical fuign, and statistical
analysis havebeen aocurately in Chapto IIL
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2. Experimeirtal results

a) Procedural effects

Only the salinity and the % of inorganic mud underwent an underlying abiotic procedural impact.

A salinity decrsase due to the cage construction migbt have been caused by the PVC plates anchoring the

cage to the soil or by shading effects. Both kept the sediment less dry in comparison with the blank units

(see table 4.4). However, a stronger increase in inorganic mud in the blanks than in the other treatnents

was not expected. On the contrary, several shrdies indicated a mud and dehihrs deposition in the cages

owing to increased water stagnation (Virnstein 1977;Hulbag& Oliver 1980; Woodin l98l; Menge er

al. 1986).

The only biotic procedural effect in this study was displayed by the macro'nematodes. This

response, however, could not be linkd with procedwal change of inorganic mud. The inorganic muddy

fraction showed onb an increase from 12 to 22 % which is not expected to have an influence on the

nematode composition. This is especially tnre for macro-nematodes.

b) Oligochaeta

The most obvious and major positive exclusion effect was shovm by the oligochaetes (especially

the tubificids). Their cage density was more than double compared to that of the other treatmints after

three and fow montls of caging. The same experiment already indicated the meiobenthic oligochaetes to

show an even sbonger qrclusion effect aftertwo months (Chapter tV).
Few studies on epibenthic-endobenthic interactions in the tropics have dealt with effects on

macrobenthos (Vargas 1988; Dittnann 1993; Chapter VI). Vargas (1988) and Dittnnann (1993)

explicitely pointed to the general lack of a macrobenthic response. Many comparable studies in 0emperate

regions found specific oligochaete or annelid responses to be linked with a predatory absence (Reise

1977; Reise 1978; Bell 1980; Kneib & Stiven 1982; Connell 1983; Kent &Day 1983; Hoffrnan et al.

1984; Fitztrugb & Fleeger 1985; Gee et al. 1985).

Table 4.2, howwer, already indicated the lack of permanaf epibenthic predators (such as

camivorous crabs) in the studied vegetation zone. Omnivores or odd-job predators are believed to be able

to swallow oligochaetes onb by chance. This was indicated for Linorina littorea (Reise 1985), Con-

cerning the visiting epibe,nthos (hperbenthos and fishes), Giere & Pfannkuctre (1982) and Gere (1993)

described oligochaetes as possible fbod foryoung demersal fishes (e.9. gobiids), shone crabs, and shrimps

in temperate regions. In topical mangrove studies, however, the importance of this taxon in tenns of food
in inlets, cr@ks, and mudflats has not been mentioned (Vargas 1988; Sasekumu et al. 1992). Also, Vim-
stein (1977) indicat€d that the tubificids, although dominant, were not affect€d by predation of crabs or
fishes in a temperate shallow estuarine bottom.

An exploitative competition between epibenthos and infauna is expected onty if food sourcos are

linited and Iircd supply is low @vans 1983). As a matter of facg the deposit firding natup of most of
the permanent epibenthos (see table 4.2) is believed to keep this food limitd and low. Moreover,

Mclntosh (1988) mentioned that fiddler and sesarmid crabs of salt marshes are food-limited themselves.

It was therefore predicted for this study that a significant food increase would be observed after

epibenthic exclusion.

An important food source, the muddy detrihrs, ind€ed showd this positive exclusisn efrecl This
detritus is thougbt to be produced by sloppy feeding and faecal pellets ofshredders such as crabs loading

to an accumulation of smaller ftetween 0.45 and 350 pm) POM fractions (Camilleri 1992).
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It might be that the uptake of the muddy derital fractions (< 63 pm) by both oligochaetes and epibenthos
leads to a resource competition. Oligochaetes are frequeirfly indicated to be macrofaunal deposit feeders

living on denitus associated with bacteria and firngi (Gere & Pfannkuche 1982; Reise 1985; Hedlund &
Augustsson 1995). The positive macro-oligochaete response came one month after that of the meio-
oligochaetes (Chapter ID. The earlier meiofaunal rgponse could be due to a higher p/B ratio and
turnover rato @ell 1980).

The chloroplryll a and fucoxanthin concentrations underwent this positive exclusion effect as

well. This can be correlated with an increase in the microalgal and diatom food sources (Admiraal et ot.
1983; Burford et al. 1994; Gerdol & Hughes 1994a) as observed after gastropod exclusion in salt
marshes (Paoe et al. 1979). Although Gere (1975) described microalgae (especialty diatoms) to be less
important in the diet of oligochaetes, a parallel, positively atrect€d hend became clear between the
pigment concentations and the oligochaete abundance in this study.

In general, oligochaetes seem to take over the role of &e most important dmitivores during the
exclusion. These deritivores are believed to belong mainty to the permanent epibenthos (see table 4.2).

c) Polychaeta

The positive exclusion elfect on the polychaete Namalycastis spec. might be an indication of
resource competition as well. As is fhe case for most Indian mangrove polychaetes (Kumar 1995), this
group too seems to be detritivorous. Fauchald & Jumars (1979) mentioned nereids with eversible pharynx
and jaws but without paragnaths, as found in this study, to be mainly tireaing on plant food, deritus, and
microalgae.

The salt marsh polychaete lfamalycastis abiuma, however, was observed not to feed on detritus
and algae but rather on decaying wood on the surface (Rasmussen 1994). This could point to a higlrer
vulnerability to predation. Virnstein (1979) found that the polychaete Nereis succinea underwent a
positive exclusion effect after one exclusion month due to the absence of predators. Two facts, however,
might not support the predatory impact:
- Dittmann (1993) did not observe a significant increase in polychaetes after epibeirthic exclusion. She,
however, worked on an unvegetated mudflat surrounded by mangroves. Data from studies under the
mangroves themselves are not known.
- The dominant polychaete family Terebellidae is deposit firding and therefore lives near the sediment
surface. Still, it was not a{fected by exclusion.

This could have been caused however, by a protective hrbe. Tubes were indeed reported to beefficient in
avoiding predation on amphipods. Furthermore, the dominance of ts€bsllids could have been caused by
this protective advantage (Nelson 1979).

Only an insight in the Iirding behaviour of Namalycasfis spec. in this study might reveal a more
reliable interpretation of the experimental outcome.

In general, polychaetes are believed to be of more relevance than oligoohaetm as a hophic
compone,nt in marine biota (Giere & Pfannkuche 1982).

d)Amphipoda

Grandidierel/a spec. showed only a slight increase in the cage after one montb. Moreover, tlis
happened before the increase in cblorophyll a and mud,ily detritus. Muddy detrihrs and microalgae migbt
not be an important Iircd source for these animals after all. Poovachiranon et al. (1986) and Camilleri
(1992) suggcted leaves to be directly {ed on by mangrove amphipods. Since these leavc did not really
accumulate in the cages (see tabte 4.4), the lack of an effect could be explainable.
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e) Insecta larvae

In this study, th€ insect larvae (mainlyrepresentd bythe familyDolichopodidae) didnotrespond

to the significant orclusion effect of tb€ir firbificid pr€y. A positive o<clusion effect on the insect larvae of
Avicennia marina (Chapter VD midtt not have been a response to a food increase (believed to be

oligochaeta as observed during gut anatysis). Yasuda (1995) rather found that the developmeirtal time

from first instar to adult emergence decreased with increasing prey densities. Thus, this cannot be

reflected as a larval density increase. Moreover, OMeara (1976) and Szekely & Bamberger (1992)
indicated insect larvae to be stnrctured by preddon. The more terrestrial Avicennia marina vegetation

zone is believed to be more unds influence of insects rryhich are possible predators on the insect larvae.

This could be a reason for the larvae to stay rmaffected inthe Ceriops tagal er:ea. A powerlevel of 19 %
(average value for factorial and mixed design), however, points to a quite higb t)"e II error (Cohen 1977

table 7.1). This means that the non-significant ouQut might be false.

f) GastroPoda

The absence of any signifioant effect on the gastropods in otn shtdy night be attributed to a

statistically undetectable influence. A power level of 14 Yo is quite weak for avoiding a type II enor (l-p)
(Cohen 197 7 ; table 7 .l).
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Table 7.1 : The power and the efect size (f per macrobenthic taron with the tnteraction'varimce (MS6J, the

'error' variance (MS*.*), and the estimated magritude of teaheots (r1) @alcttlated via tabbs and formulas
provided by Cohen 1977) (Ceriops tagal).

g) Conclusion

The dominant part (about 93 y") of the macrobenthic infauna (tubificid oligochaetes and
polychaete Namalyastis spec.) rurder ttr mid-intertidal Ceriops tagal memrgrova shoured a positive
epibenthic exclusion effect On the other hand, the polychaefe family Terebelidae, the amphipods, the
insect lawae, and the gastopds were not alfected by epibenthic exclusion The predatory impact of the
visiting epibenthos is,thought to be mone important as structuring force for the Certops tagalthanfor the
Avicennia marina zone of the same regron. It is, however, still believed to be minor compared to the
exploitative competition with tlrc p€rmanent epibenthos for muddy debitus and microalgae. Oligochaetes

seem to take over the role of the most important detritivores during orclusion. The macrobentbic infana
are to be situated as a trophic dead end in the mangrove soil and are \ryothesizd tD have only a minor
role as interactive or non-interactive compon€Nrt in the mangrove foodweb.
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VIIL SYNTIIESIS

A. NON.MANIPTJLATED SITUATION

Both vegetation mna (Avicennta marina and Ceriops tagaQwere non€ryloited and sinrated

along the westbank of the westein creek of Gazi Bay. However, whereas Avicennia msrina wars

inundated only during the high water of the spring tides, Ceriops tagal was flooded during about65 Yo

of all high water periods (Slim" personal communication). This was a result of the difference in heigbt

above MLWS (t 3 m and" 2.8 m respectively). Moreover, the Avicennia marina forest and tree

morphologr fonned a higber and more dense canopy than that associated with Ceriops tagal. T\elafter
was more patchy, Iow and sometimes even shrub like. The resfricted fresh water supply and the salty soil

might be an explanation for the sbnrb growth as this species seerns to be most sensitive to high soil
salinity (Gallin et al. 1989).

Consequently, both sites showd a different environmeirtal character linked with a speific
benthic community. The non-manipulated characler of the studied sediments is discussed with data from

the top 2 cm of the sedimenl averaged over all blanls for all perids.

l. Environment

The perceirtage of mud and organic matter in the soil is associated with slow moving water It is
therefore linkd with geomorphology, tidep, roots, hees, and the age and maurity of the mangroves

(Frith er al. 1976). Mangrove sediments in general contain a high content of mud and organic matter

trapped by roots and stems (McNae 1968). The sites studied in this research showed a quite high (30 %

for Avicennia marina and 20 Y, for Ceriops tagal respectively) nud content mailb consisting of
muddy detritus (figure 8.1). The average mud content of 25 different Zanabaian mangrove sites was

only about 12 % (l-60 7o) (Olafsson 1995). Still, the values in the present study are lower than those

found by Scbrijvers et al. (1995) for the Gan area. This difference migbt be due to an increasing organic
content with increasing sediment depth (see figure 4.1). Since the present study concentrated on the top
2 cm, whereas Scluijvers et al. (1995) considered a20 cm sedimentcore, relativelylowvalues were

estimated. The retention of mud and PO,M by stems and roots of the mangrove forest is beliwed to be

less pronounced wtren going from low to ligh intertidal zones (McNae 1968). Since both zones we{€

situated quite higb intertitlally, the inorganic part of the studied sediirents was conspicuousty sandy (S7

and 86 Tofar Avicennia marina andCeriops tagal resp*tively) (figrre 8.1). The average proportiol of
sand for tk 25 mangrove stations n 7-anzibu was only about 34 % (l-79 7o) (Olaftson 1995). The

muddy consistency of both sites in this study, and of Avicennia marina in particular (personal

observation), is therefore believed to be rather due to the higb detital content (2 I and 9 Yo fq Avicmnia
marina and Ceriops ngal respwtwely). The concenFation of chlorophyll a (1674 and 3139 ng/g DWT
for Avicennia marina md Ceriops tagal resptively) (table 8.1) was quite similar to that in the top 2
cm of mangrove sediments in India and Australia (Alongi 1989). In general, mangroye chlorophyll a
concentrations are thougbt to be limited due to shading produced by the forest canopy (Robertson 1987;

Alongi 1989). Also the inhibition of the diatom and microalgal growth by the sedimentary dissolved
carbon could be a causal factor (Alongi 1989). The higher salinities (47-49 psu) for tbe studied sites as

compared to lower stations of the sanre region (Schrijvers et al. 1995) are supposed to be due !o a longa
desiccation following a less frequent inundation (table 8.1).

The difference in int€rtidal heigbt between the Aicennia marina and Ceriops tagal znewas
predictd to be reflectd in a higher inorganic and oganic muddy &action" a higber POM fractioq and a

lower salinity and temperanre for the lower intertidal Ceriops tagal site.
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The microalgal density (chlorophyll a concentration) was not e4pected to c,hange among the studied
intertidal zones in line with the comparisons betrn'een low and high intertidal Alstalian mangroves
(Alongi t988a)' Howwer, besides a different tidal heigbt tbe tree and forest morpholory of both zones
also contrastBd" The less dense,low and sometimes wen sbrub lite Ceriops tagal vegdation caused a
better light penehation and a sbonger desiccation than that found in the Avicennta marina forest.
Wbereas the inorganic mud fraction indeed increased towards the lower Ceriops zone, the organic
fractions clearly decreased (figure 8.1). The op€n canopy additionally avoided a pronouced decr'ase in
salinity and temperature. The twofold increase in the cllorophyll a concontation (1614 nd3l39 nglg
DWT for r4vl cennia and Ceriops respectively) was thougbt to be linked with a less heavy shading under
the Ceriops tagal c'anqy (table 8. 1). In addition, the lower POM content could possibly have resulted in
a lower concenhation of dissolved organic matter (DOM), weakening the inhibition of diatom and
microalgal growth (Alongi 1989).

Environmental variable Avicennia marina Ceiops tagal
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Table 8.1: Environmental factors in both studid zones.

2. Meiobenthos

The total rneiofaunal density in the top layer (0-2 cm) was similar in bo{h zones (983 and 1023
ind./10 cm2 for Aicennia marina and, Ceriops tagal resprtvely). The neuratode dominance
(respectively 93 and 83 % of the total density) was also found for other mangrove shrdies in Aushalia
(Hodda & Nicholas 1985; Nicholas et al. l99l), India (Sarma & Wilsanand lgg4),South A&ica (Dye
1983a 1983b) and East Africa (Vanhove et al. 1992; Olafsson 1995; Scnrijvers, in press; table 8.2).
Besides nertatodes, also oligochretes, hrbellarians, copollods, rotifers, osfiacods, and naplii were
numerically important for boft zones (> | Yo of the total meiofauna) (figrre S.2). Other mangrove
studies fudeed mention oligochaetes to be one of the more abundant meiofaunal taxa (Ilodda & Nicholas
1985; Olafsson 1995). The ro.le of the meiobenthic oligoehaetes in mangroves was put forward as one of
deposit feeding and bronning and of acting as prcy for polychaetes and tutellarians (Mclntyre 196g).
The first ecological shdy on turbellarians fiom tropical coasts in the sor*hern b€misphere reportd a
turbellarian proportion of 3-l I Ynnear mangrcves (Dimann l99l). This was indicatod to be lower than
the overall world value (7-25 yo) and totatly insigtrificant against tbe 90 % dominance as reportod in an
Australian mangrove shrdy (Alongi 1987a).It was beliwed that the e,rtraction tec,hniquc in most shrdies
underestimates the turbllarian densities (Alongi 1989).
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s. before combustion

Avianiamiaa Cuiop tagal
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Figure 8. l: Proportions (volume %) of the grain fractions in the
upper layer (0-2 cm) of the studied sedimerts (before and after
combustion)

Anyway, the muddy character of mangroves was mentioned as a factor in the promotion of theturbellarian presence ttrat might be of importance in establishing internal predatory links @thnannI99l)' only the Avicennia mqrina meiobenthic community consisted of more than I % of copepods
being lower than the oligochaete proportion (fig*e 8.2). similarly, only minor copepod densities wererecorded by most other mangrove studies (Dye 1983a, l9g3b; Hodda & Nicholas lgg5; Alongi lggla1987b)' However, in a study by Kondalarao & Ramana Murty (1988), copepods made up about 5 % ofthe total mangrove meiofarura. They were even estimated to be the second most abundant major
meiofaunal taxon in Z-anabananmangroves (Olafsson I 995).

The nematode community of both zones consisted of more than 50 yo of genaalrctonging to the2A feeding type (epishate or epigrowth fbeders) (figure 8.2). This was not expected since some detailednematode studies in Aushalian mangroves reported a dominance (50-60 y0 otdeposit feeding genera(lA and lB) and an equal proportion of about 25 % consisting of epistrate feeding andpredatory/omnivorous genera respectively (Alongr 1987b; warwick lggT; Nichol as et al.lggl). onlyNicholas & stewart (1993) reported proportions of 75 Yo consisting of epishate feeders followed bydeposit feeders (25 "/") and omnivore/predators Q.4 %). Deposit feeding nematodes are supposed tohave an important role in the deritat decompositioq stimulating bacterial activity (odum & Heald1972) alttrough this role has lately been questioned for mangrove ietritus (Tietjen & Alongi 1990). An
increasing 2A density was reported only aiong a decreasing int"rtiaa height (Nicholas et al. l99l) or an
increasing sand gradient (Kennedy 1993). The dominanc-e of epistrate feeders in mangrove sediments
has recently been linked with a sandy environment (otafsson rg9sl.
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Location Mean total Mean Second most Number of Dominant nematode Dominant Author
melofaunal nematode Important taxa other taxa feeding type nematode genera
density proportion (>5%)
(lnd./tOcm1) (%)

Gazi, East Africa 1976-6707 95 copepods 3 Vanhove et al. 1992
low/mid intertidal (0-20 cm) turbellarians

1'11[1

different mangrove vegetations oligochaetes
polychaetes
ostracods
rotifers

!
Zanzibar, East Africa 205-S263 64-99 copepods 8 2A Microlaimus Olafsson 1995
low/midlhigh intertidal (O-S cm) oligochaetes Spirinia
different mangrove vegetations polychaetes Desmodora

Iturbellarians Metachromadora
kinorhynchs
chironomids

Gazi, East Africa 1439-6101 79-92 turbellarians II 2B/2A when sandy sandy: Schrijvers, in press
low/mid intertidal (0-20 cm) oligochaetes IAll B when more muddy Chromadora
Ceriops and Rhizophora mangroves copepods Metachromadora
denuded and virgin ostracods Microlaimus

00 polychaetes
00

more muddy :
Metalinhomoeus
Molgolaimus
Terschellingia

Gazi, East Africa this study

Ceriops tagal mangroves
1023 83 ostracods 8 2A Daptonema
(0-2 cm) nauplii Ptycholaimellus

'\oligochaetes Desmodora
rotifers Terschellingia ,

Linhomoeus
Spirinia

Avicennia marina mangroves
Sphaerolaimus

93 copepods 8 2A Desmodora
983 turbellarians Microlaimus
(0-2 cm) oligochaetes Ethmolaimus

rotifers Chromaspirina
Metachromadora
Haliplectus

Table 8.2: A review of studies on the meiobenthos in East African mangrove sediments,
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Nematode feeding type
(aJter Wieser 1953)

Avicenniamarina Ceriaps tagal

lA (selective deposit feeders)

I B (non-selective deposit fbeders)

24' (epistrate fbeders)

28 (omnivores/predators)

Haliplectus

Desmodora

Ethmolaimus
Microlaimus

Chromaspirina
Metachromadora

Tercchellingia

Linhomoeus

Ptycholaimellus

Desmodora

Daptonema

Spirinia

Sphaerolaimus

;ltJff:J[1Tn'-:"**nematodes*ou 
(' j .

This is a possible explanation for the 2A dominance in our higher intertidal stations which were indicated tobe rather sandy' As mentioned before, the microalgal availabiiity was not conspicuously higher than that forother mangrove sediments' In general, the fircd availability for meiofauna (especially poM, bacteri a and/ormicrophytobenthos) is said to have a supporting and only minor struch'ing role whereas environmentalparameters are thought to be more important for meiofarural dispersion (Ansari et at. 1993). The mostconrmon nematode genera (> 5 % of the total nematode density) for both zones are indicated in table g.3.
No real differences between both zones were observed for the total meiofaunal, tlre nematode or the24 group densities' The total meiofaunal density variation along an rntertidal gradient in an Indianmangrove sediment was explained by an overall positive correlation between meiofauna and the poM

fraction (sarma & wilsanand lgg4). However, a reaction of the nematodes i"-rrr" t*a"availability wouldpredict an increase in the 2A group in the ceriops tagal zonecontaining a higher microalgal density (table8'l)' This was not observed (figure 8.2). It might again point to the physical environment rather than thefood availability as a struchring force for the meiofaunal community. The increase in the relative numericalimportance of deposit lbeders (lA + lB :36 %) attheexpense 
"r"*"i""*JpJ"t^- tu rafor ceriopstagal in contrast tith Avicennia marina cannot be explained in terms of fbod sources either (figure g.2).

This trend is generally believed to occur when goin! to a sediment which is richer in muddy deritus(Kennedy 1994),which is not so for the ceriops tagar soir (figure s. r).
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Figure 8.2: Relative abundances of the major meiobenthic taxa (> lYo

of the total density) and the nematode feeding types in the upper layer
(0-2 cm) of the studied sediments.

3. Macrobenthos

The similar total macro-endobenthic densities of 23361 and 23058 ind./m'z for Avicennia marina

and Ceriops tagal rcspe*tively (in 0-2 cm), are much higher than reported for most other studies (table 8.4).

This considerable difference is due to varying sampling and counting techniques. Most studies used a sieve

mesh size of I mm or only counted those animals which are visible witbout magnification. By doing so, taxa

such as polychaetes, oligochaetes, nemerteans, sipunculids, isopods, amphipods, and cirripeds were easily

underestimated while emphasis was rather laid on infaunal burrowing crabs, thalassinid shrimp, and surface

dwelling gastropds and crustaceans. However, these latter taxa were considered to be epifaunal in our
study. In additioq a 0.5 mm sieve mesh was used and counting was caried out under magnification.

Moreover, oligochaetes were regarded to be macrobenthos when retained in this sieve mesh. Comparing our
densities with a similar study (with a sieve mesh of I mm) in the same region, it becomes clear that most of
the macrobenthic animals in the present study occur within the 0.5-l mm range (speciatly oligochaetes)

(Schrijvers et al. 1995). Though 85 % ofthe tropical benthic density consists ofpolychaeles (Longhurst &
Pauly 1987), oligochaetes become more important in mangrove sediments.
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Figure 8.3: Relative abundances of all macro-endobenthic taxa in
the upper layer (0-2 cm) of the studied sediments

Organically enriched fne to medium sands and mud around and under mangroves are especially attractive
(Giere & Pfannkuche 1982; Diaz & Erseus 1994; Schrijvers et al. 1995; Erseus, personal communication).

Primarily for macro-oligochaetes, detritus is the decisive factor because the particle size, and thus the
interstitial pores, have no influence (Giere & Pfannkuche 1982). An oligochaete dominance (94 %) in the
studied mangrove soil, characteridby sandy but deritus rich sedimbnts, is therefore evident (figure 8.3).
The role of the meiobenthic oligochaetes in mangrove sediments as mentioned before (Mclntlre 1968)
might be generalized for the entire oligochaete community. The slightly higher density of oligochaetes in the
Avicennia zone migbt be due to the positive correlation with organic matter (figure 8.3).

The macro-endobenthic community overall had a low diversity with a monotonous composition of
mainly oligochaetes (families Tubificidae and Enchynaeidae), polychaetes (Namalycastis spec. and family
Terebellidae), and amphipods (Grandidierella spec. and Ampelisca spec.). This muld possibly have been
caused by the high intertidal position of the sampling site resulting in exheme anaerobic conditiors with
abrupt changes in salinity, temperature, redox, and DO2 as found for mangrove nernatode communities
(Tietjen & Alongi 1990; Olafsson 1995). Such a low diversity was also found for sediments of other
mangroves (Kumar 1995) and of salt marshes (Haase 1993). Most macrobenthic representatives in our
study were found to be debitivorous and therefore well adapted to the detrital mangrove habitat. The sanre

was reported for an Indian mangrove soil (Kumar 1995). An increase in the number of polychaete and
amphipod families towards the lower Ceriops zone was clear (figure 8.3).
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While the absolute and relative amphipod densities decrease, the monospogific Grandidierella spec,.

community of Avicennia is replaced by a mixed Grandidierelta speo.lAmpelisea aff. stenopus community
in Ceriops. The trend was observed to continue when going to an even lower interti dal Rhizophora
mucronata zone. In tlat area, Grandidierella spoc. disappears entirely and is replaced by Anpelisca aff.
stenopus alone (Schrijvers et al. 1995). The absolute and relative density and diversity increase in
polychaetes, when going fromAvicenniato Ceriops (figure 8.3) and firrther to Rhizophora (Schnjvers et al.
1995), is noticeable. The dominance of the terebellids n the Ceriops tagal zone might be related with the
higher microalgal abundance (table 8.1) (Fauchald & Junars lg7g).

Habitat Total (ind.fn ) Author

Selangor, MalaYsia

Momrmbere EsfuarY,

Mozambique

Surin Island, Thailand

Phuket Island, Thailand

Kuala Lumpur, Malaysia

Northwest Cape, Westem

Australia

Cochin Estuary, India

Ka Yao Thai, Thailand

Cochin Estuary, India

Gazi Bay, Kenya

Gazi Bay. Kenya

Low intertidal mangrovos

Infauna

Low intertidal mangroves

Low intertidal mangroves

Md intertidal mangroves

High intertidal mangroves

Low intertidat mangroves

Mid intertidal mangroves

High intertidal mangrovcs

Mudflat near mangroves

Aicennia forest

Mizophora forest

Low intertidal mangroves

Low intertidal mangroves

Mid intertidal mangroves

High intertidal mangroves

Mangroves

Low to mid in0ertidal

mangroves

Mid to high intertidal

58'72

420

49
t07
142-178

8970

26'4.r25

2305423360

Sasekumar (l 974)

Day (1974)

Firth et al. (1976)

Frith (1977)

Broom (1982)

Wells (1983)

Kurian (1984)

Nateewathana&
Tantichodok (1984)

Kumar(1995)

Schrijvers et a/. (I 995)

Schrijvcrs (this study)

Spring

Aufumn

AII

Spring

Premonsoon

Monsoon

AII

AI

Prcmonsoon

All

t37

t'70

4

l0
28

80

218

r29

3U

257
473

Table 8.4: A review of studies on the macrobenthos in and on mangrove 
"eaim"nt"

4. Epibentho

As generally reported for IndoWest Pacific mangrovc forests, the epibenthos in the mangrove sites
studied, mainly consisted of a large number of residents such as crabs, helmit crabs and gastropods. The
resident epibenthic community showed a composition that is 6'pical for an East African high intertidal
mangrove zone (table 8.5) @mmerson & McGwynne 1992; Michehet al.l99l; Steinke et al. 1993).

The important resident leaf shredding ctab Sesarma meinerti of theAvicennia z,one (Emmerson &
McGwynne 1992; Steinke et al. 1993) is entirely replaced by the leaf shredding gastropd Terebralia
palustris ntheCeriops tagal znne.
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Sesarma guttatum also feeds on leaves and other plant parts in the Ceriops tagal forat although its
contribution is supposed to be minor. T\e Sesarma meinerti density in southern African Avicennia forests
was estimated to be about 4 ind.lmz @mmerson & McGwynne 1992) which is higher than reported for this
study. The epibenthic deposit feeding guld' n Avicenma is compo sd of Cerithidea decollata, Terebralia
palustris andMetopograpsus thuhthar. The same guild consists of Clibanorius longitarsus, Ceithidea
decollata,MetoPograpsus thulathar andUca lactea annulipes ntbe Ceriops zone (tables 8.5 and 8.6).

It is obvious that the most abundant and most sediment-orientat,ed epifauna have the most
pronounced impact on the forest floor. The visiting and natant organisms are unlnown but are nevertheless
expected to be less important rn the Avicennia thaur' in the Ceriops forest due to a different inundation
frequency. For the resident epifauna, Terebralia palustris, (Jca lactea annulipes and, Clibanarius
longitarsus are most pronounced n the Ceriops forest while Terebralia palustris and Sesarma meinerti
are prominentnthe Avicennia forest (tables 8.5 and 8.6).

Epibenthic specier Avicmniamsrina Ceriops tagal-t-

I

il
65

rare

57

36
'i'

I

t2

?

i-

I

I

Ceithidea decollala

Terebralia palustris

Sesarma guttatum

Sesarma meinerti

M e top o grap su s t hulofiar

Uca lactea annulipes

- ' '.1,.

Clibanarius lgtimanus

visiting fauna (unknown)

0.25

I burrow per m2

I (adult) 0.5 (adult)

I (juv.)

6 (adult)

3.5 (uv,)

Table 8.5: Estimates of the densities (ind./m) of the different epibenthic species occuring in both studied mnes.

I

I

t
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epibeuthic sPocies author feeding behaviour habitat this study
(see also table 8-5)

Cerithidea decollata

Terebralia Palustis

Sesarma grttalum

Sesarma meinerti

M e rop o gr ap sus thulathar

Uca lactea annulipes

C li b anarius lon gi larsus

visiting fauna (unknown)

Brown l97l
Mckrtosh 1984
Dye&Lasiak 1987

Dye&Iasiak 1987

SIim e/ a/. (unpublished)
pers. obs.

Dahdouh-Gucbas er aL
(pers. comm.)
kh & Sasekumar 1985

Cott 1929

Emmerson &
McGwynne 1992
Steinke etal.1993
Micheli et al. l99l

Dahdouh4uebas et al.
(pers. comm.)
Mclntosh 1988

Crane 1975
Robcrtson et al. 1980
Mclntosh 1984
Dyc&Lasiak 1986
Wolcott & O'Connor
t992

Rcay&llaig 1990
Gherardi & Vannini
1993

non-selective deposit
Ii:eding (detitus)

non-selecfiye deposit
feed ing (inorganic parts,
microalgae, bacteria,
protozoans)

Ceriops tagal laves

omnivorous with
preference for mangrove
plant matter (83-97 Yo of
diet) with brachyuran
remains, inorganic
particles, microalgae,
diatoms, meiofauna and
insects

vegetarian

omnivorous with
preference for leaves (1 5yo
of diet)

omnivorous with
preference for macroalgac
and animal items
(sometimes fresh lcaves,
seedlings, leaf litter and
detritus)

selective dcposit fceding
(microhetcrohophs,

microalgac. detritus)

frequcntly on trces

forest dweller (trunk,
roots, floor)

Aicennia marina and
Ceiops tagal

Aicmnia marina and
Ceriops tagal

sediment dwelling

sediment dwelling Ceriops tagal

sedirnent dwetling Aicennia maina

Avicennia marina and
Ceriops tagal

muddy detritus (never mangrove mud
lcaves) dweller

scdimcnt dwellcr Cerops tagal

C*iops tagal

Vannini (pcrs. comm.)

? herbivorous or camivorous during high tidcs, only during spring
tides for Avicennia
marina;oriy duing
65 % ofhigh tides for
Ceriops tagal

Table 8.6l?*F
(in terms offeeding behaviour and habitat)
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5. Summary

The studied Avicennia marina as well as the Ceriops tagal vegetation zones showed typical
mangrove characteristics reflected by high muddy detritus and POM fractions and high nematode and

oligochaete densities. Moreover, both sites are typical high intertidal mangrove areas showing high
inorganic sandy fractions and a high salinity. The dominance of epigrowth feeding nematode genera is

linked with the exceptionally high sandy fraction.

The difference between the Avicennia marina and the Ceriops tagal sdiments is twofold. On the
one hand, it is a consequence of the different tidal height leading to a higher inorganic sand fraction, a lower
endobenthic diversity and a change in the epifaunal community towards the higherr4icennia marina zone.
On the other hand, the less dense and more open Ceriops tagal forest canopy causes a lower derital
content and a higher pigment concenfation as compared to those of the Avicennia marina forest. Both
zones are inhabited by a typical East African resident epibenthic community consisting of a leaf shredding
and a deposit feeding guild.

B. PROCEDURAL EFFECTS

In order to confrol the experimental procedure and to separate the effects ofseveral aspects ofthis
procedure on environmental and biotic factors, partial cages were used. They were identical to full cages

but had one side open to avoid the exclusion of epibenthos. An observational field comparison of these
effects was carried out as an extra conhol in and outside the cages. In many other comparable studies this
subjective field comparison (Virnsten 1977 Hwlberg & Oliver 1980; Kneib & Stiven 1982; Ellis & Coull
1989) or the short term experiment (Bell & Woodin 1984) were thought to be sufficient for conholling or
avoiding procedural impacts. This frequently led to vague interpretations, though.

Chapters [V, V, VI, and VII mentioned several environmental and biotic factors as significantly
influenced by the experimental procedure. Summarizing these effects gives the opportuniq'to link them
with certain experimental constructions.

l. Environmental factors

a) Lower part of the cage construction

The lower part of the cage consisted of four 30 cm high perforated PVC plates which were
completely buried in the sediment to anchor the cage to the soil. This lower part avoided the immigration of
bunowing epibenthos. The plates were perforated in order to permit a natural, horizontal wa[er flow.

Placement: The initial placement and burying of the lower cage wall in the sediment did not cause a
major dishrbance. It was gradually pushed down into man-made grooves between the roots, without
influencing the caged area.

Salinitv: The rmderground part is believed to have increased tre humidity of the cage sediment,
eventually leading to a lower salinity in the partial cage and cage sediment. The perforations were able to
reduce, but not eliminate, this effect. Several aspects support this explanation:

(l) The field tables (table 8.7) for both zones indeed report an increase in the humidity in the caged

sediment
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(2) Comparing the humidity change and the salinity gaphs (figure 8.4) of both zones, clearly
reflects a more conspicuous effect for the Ceriops tagal site. An artefact during the experimental

execution could explain this, i.e. most plates of the Ceriops cages were not perforated which led to

a reduced waler flow and a weaker desiccation during low water.

(3) The weaker but significant salinity decrease for the Avicennia cages (figure 8.4) occurred much

earlier than in the Ceriops constuctions (figure 8.4). The first samples after placing the cage in the

Avicennia site were taken during receding water of a spring tide. Since this high intertidal zone is

only flooded during spring tides, this might have led to the local and early effect (table 8.7).

Many other studies, however, applied a c^ge with a solid bottom (10-30 cm hig[ wittrout perforations)

which was buried in the sediment and where no salinity detections were reported (Fleeger et al. 1982;Dye

& Lasiak 1986; Ellis & Coull 1989). The use of an underground mesh extension (Bell 1980; Kneib &
Stiven 1982; HoIAnan et al. 1984; Kneib 1988) could be the solution for this artefact. Large mesh sizes

right, however, reduce cage stability and epibenthic exclusion.

b) Upper part of the cage construction

The upper part consisted of an aluminium frame (70 cm high) that was covered by a plastic screen

with a 2 mm mesh size. These walls prevented the invasion of resident and visiting epifauna.

Curent flow: The inducement of a physical structure (such as a cage) is believed to change

sedimentation and erosion agents. In general, an increased water stagnation leads to a higher mud

deposition [Vimstein 1977; Virnstein 1978; Hwlberg & Oliver 1980). Although the field tables (table 8.7)

do not show procedural effects in terms of sedimentatiorg grain size measurements did detect an inorganic

mud change in both zones. A decrease in the median of the inorganic sediment fraction (after combustion)

reflects an increase in the inorganic mud in the cage and partial cage constructions n Avicennia maina
(figu.e 8.5). That increase was to be expected. The early, abrupt and opposite procedwal effect in the

Ceriops zone, however, might be due to a rather blank artefact (Iigure 8.5).

Many studies did not report on procedural sedimentary effects (Bell 1980; Kneib & Stiven 1982;

Hofhnan et aI. 1984; Dye & Lasiak 1986; Ellis & Coull 1989). Moreover, the choice of a high marsh site

was generally believed to reduce these effects significantly. Artefacts are only expected to be numerous

near open mud flats or high energy beaches with great sediment transport (Bell 1980; Kneib & Stiven

1982). Still, the observed sedimentary modification in our mangrove experiment suggests that an

insuffrcient control treatnent or a subjective observation in the field might result in inaccurate detections of
these common cage artefacts.

Fouling: Fouling exists in the growth of organisms (such as algae) on the cage wall impeding the

normal current flow and leading to a juvenile attraction (settlement change) and a local food and nutrient

level augmentation (Woodin 1974; Reise 1978; Vimstein 1978; Frid & James 1988). In our study, the

fouling agents were aocurately followed throughout the experiment but no modification of the cage wall

was observed (table 8.7). A screen of <2 mm might have advanced fouling. However, many other studies

using a smaller mesh were not hindered by fouling (Kneib & Stiven 1982; Fleeger et al. 1982:Dye &
Lasiak 1986). It is the juvenile attraction in particular, that frequently complicates the interpretation of
experimental results (Virnstein 1977;Bvas 1978; Reise 1978; Vimstein 1978; Belt I980; Kneib 1988).

The retained larvae and juveniles may prey on, or competre with, other (adul| organisms. In our shrdy,

juveniles of crabs and gastropods were continous removed from the cages.
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Shelter atnacfion: Several studies have reported on a possible unnatwal movement, recruiftnent, or

colonization into cages by macrofauna.

These animals were believed to use the cages as artificial reef structures (Vimstein 1978; Bell

1980). This artefact did not occur, however, in the present study. The mesh size of 2 mm was much too

small to pennit epifaunal immigration into the cages. The open side of the partial cages could have been

used as shelter enfrance, though. Even then" field counts of epifauna on partial cage and blank sediment did

not detect any differences (table 8.7). Moreover, the shelter atfaction is especially evident on intertidal and

subtidal mudflats where no natural structures are present (Virnstein 1978). This is not true for mangroves.

Shading: see Cover

c) Cover

A permanent cover (2 mm mesh) prevented invasion of resident and visiting epibenthos and

avoided leaf accumulation in the cages. This cover was detachable to facilitate sampling Many other

studies were mainly concemed with the impact of the natant organisms and therefore used open cages with
walls higher than high water levels or covered the cage only during floodings (Bell 1980; Kneib & Stiven

1982; Fleeger et al. 1982; Ward & Fitzgerald 1983; Hoftnan et al. 1984, Ellis & Coull 1989). In general,

the impact of resident epifauna was not considered to be important (Bell 1980) and was therefore only
sporadically hindered using flashing (Hoffinan et al. 1984). The problem of leaf accumulation in the cage,

however, becomes especially evident in mangroves where cage covers then become a necessity (De &
Lasiak 1986).

Shading: Besides the buried cage part, the shade of the cage walls and cover might also have

caused a humidity increase and a salinity decrease in the cage soil. This shading was slightly less

pronounced in the partial cages due to one open side (table 8.7). Nevertheless, the influence of shading is

believed to be of minor importance in detecting the different procedural impacts on salinity for both zones

(figure 8.4). A different, natural shading, linked with the canopy density, already existed.

Leaf fall: Natural leaf fall is expected to be partly exported by the tides and partly retained by

epibenthos. The use of a cover totally eliminated leaf fall on the cage sediment. This was even more

pronounced by removing the fallen leaves from the cover in order to avoid leaching in the cage. From the

moment the cages were placed, the leaf fall was considered none. The retention of the leaves, initially
trapped in the cage, replaced the amount of leaves that would have been taken by epibenthos without the

cage. The situation in the partial cage treafrnents could more or less be considered natural (table 8.7).
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*
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2.Biotic factors

a) Nematodes

The increase in the meiobenthic nematodes of Avicennia marina in the cage and partial cage
sediment after five months of caging is mainly linked with the procedural effect on some 2A genera (figwe
8.6). The salinity change tnAvicennia marina could not have caused this effect, however. It was showing
after one caglng month already. Consequently, the time lag of biotic response would be too long ( 
months). A positive response to the inorganic mud deposition was not expected. As mentioned in the
previous chapter, the 2A group is positively related with the sandy fraction. A mud deposition might,
however, be accompanied by a passive meiofaunal deposition. Tidal suspension, transport and deposition
of meiofauna due to mechanical obstructions such as cages, have been reported by a number of workers
(We & Lasiak 1986). It seems unlikely, however, that deposition alone could account for the substantial
increase in meiofaunal abundance recorded here.

The macrobenthic nematodes (Oncholaimus spec.) of Ceriops tagal rurderwent a procedural effect
after I month of caging (figure 8.6). The procedural effect on salinity occurred much later. The procedural
effect on the inorganic mud fraction ran parallel with that on nematodes. An increase in both mud (g to 20
%) nd nematodes (400 to 600 ind./m) in the blank sediment during the frst 22 days of the experiment
was not observed in the cages and partial cages. Causality between both factors, however, is not evident
due to the overall sandy character of the sediment and to the abrupt and fast change. An inninsic blanti
artefact could be the reason for this result.

b) Oligochaetes

The macrobenthic oligochaetes of Avicennia marina underwent a significant procedural effect with
an increase in densiry in the cage and partial cage units after three montls of caging (figure 8.7). Chapter
VI already discussed possible underlying environmental changes such as salinity, pH, light intensity, or
mud deposition. Moreover, the oligochaete movement inside and the migration in and out the cages could
lead to misinterpretations of the experiment results (Frid & James 1988; Hall et al. 1990b; Wilson l99l).
This impact was not specifically controlled in this study.

The slight increase in the oligochaete densify in the cage after I 12 days (*trich was not statistically
evidenced) might, however, be regarded as an underlying exclusion effect (figure 8.7).

3. Summary

Only ferv studies reported procedural effects on environmental factors and their possible impact on
biotic experimental responses (Ward & Fitzgerald 1983; Frid & James 1988; Kneib 1988). This srudy,
however, was able to statistically detect a significant procedural effect on macrobenthic oligochaetes and
meiobenthic nematodes tnthe Avicennia marina zone and on macrobenthic nematodes nthe Ceriops tagat
zone. These effects might have been caused by the environmental procedural effects on salinity, inorganic
mud, shading, and humidity. More than finding procedural causality, the statistical detection of procedural
impacts as such, makes the detection of exclusion effects much more reliable.
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Figre 8.6: Prwe&ral effects on ttn mstode deruities during
the cnperiment in bdh strdid zmes (schematic re,presentation)
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Figgre 8.7: Proccdrrsl cffed os the mncrobenfhic oligochaete
esir during toEeriment intheAvicennia marlna zwe(B=
bld; P *putial cqgc; C = cage).
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C. COMPETITION

chapters fv, v, vI, and vII mentioned several endobenthic taxa as
exclusion of epibenthic food competitors. Summarizing these effects reveals
competitive systems.

l. Microalgal competitive qystem

a) Avicennia marina (figrre 8.8a)

positively affected by the
two different exploitative

Microalgae: A shong increase in the concentration of chlorophyll a (from about 2000 to about
6000 nglg DIW) is most probably linked with the exclusion of the epibenthic gastropods (Terebralia
palustris and Cerithidea decollata). Chlorophyll a can be regarded as a measursfor the microalgal and
diatom density in the sediment (Admiraal 1977; Burford et al. 1994; Gerdol & Hughes tll+a). .,n"
gastropod epifauna of the studied zone graze on these microalgae as well as on bacteria and fungi (Branch
& Pringle 1987 in Alongi 1989; Dye & Lasiak 1987). Several other studies found a characteristic
microalgal increase after exclusion of tlregashopod community (Fenchel & Kofoed lg76; Nicotri lg77;
Paceet al. 1979;Branch & Branch 1980; Connor et al. I9g2).

Nematodes: Thougb the overall nematode density is affected by a procedural effect, one of the
dominant 24 nematode genera (Ethmolaim,rs) underwent a clear positive exclusion effect after two months
(from about 100 to about 500 ind./10 cmr).

Predation pressure on the nematodes would have led to a proportionate increase in all genera after
predatory exclusion (Hofnnan et al. 1984; Bell & Coull 1978; Dtnnann lgg3). The selection of the
nematodes as pr€y is suppressed by a lower availability, a smaller body size, and a weaker escape
behaviour into the water column as is usually found for copepods (Warwick 1987; Ellis & Coull l9g9). In
general, nematodes are less important in gut analyses fhan copepods, though this might be due to the lack
of an exoskele0on and to faster digestion (Warwick l9g7).

Exploitative competition for benthic microalgae is given as a more plausible explanation for the
disproportionate impact on nematodes after epibenthic removal. A strong link between nematodes and
microalgae was already illushated in an Indian mangrove sediment. It was assumed ttrat nematodes depend,
energetically rather than numerically, on the autotrophic production of diatoms since the production of
aerobic and heterotrophic bacteria appeared to be unimportant in the turnover of carbon (Sultan Ali et al.
1983). The significant increase in a dominant 24 genus is likely to be a response to the microalgal density
increase. Epistrate feeding nematodes almost exclusively feed on microalgae (bacteria are much less
important) and need high algal food concentrations. They have already been reported to positively react to
algal density peaks (Admiraal et al. 1983). T1rre Ethmolainus density peak coincides exactly with the
chlorophyll a peak. The procedural effect on other 2A genera (such as Spilophorella andMi*olaimus)
might mask an underlying exclusion effect due to a shong artefact in the experiment. The cause of this
artefact could not be traced ttrough it might point to a passive resuspension (Chapter VIIB).

A comparable study in a salt marsh did not detect an exclusion effect on nematodes (Bell 1980).
Predation pressue was thought to be present though not detectable due to a depth refuge, to specific
predatory interactions, or to too long sampling intervars. From our firyrings, however, it is evident that this
lack of effect might be ascriM to the insulficient exclusion of resident epifauna competing for food with
the nematodes.
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A peak density of Ethmolaimus was observed leading to density stabilization at the pre-
experimental level (100 ind./10 cmz). Internal predation or possible intracompetitive forces might have

caused this sudden decline.

Amphipods: The amphipd Grandidierella spec. underwent a positive exclusion effect with a

density increasing towards an asymptotic level (from about 1000 to about 2000 ind./m).
Some marsh studies have described a predatory influence of natant epibenthos on amphipods (,/nce et al.

1976;Yan Dolah 1978). However, the exclusion of resident crabs on a tropical mangrove flat did not
indicate a predatory effect on the amphipods (Dittrnann 1993). In our study, no amphipod prey evidence
(table 8.6) and no possible prey size selectivity (Chapter VI) was observed. These factors led us to believe

that a structuring force other than predation was acting on the amphipod community.

Again, exploitative competition is a plausible explanation for the behaviour of the amphipod
Grandidierella sper', after exclusion. Although several mangrove studies describe amphipods as either leaf
shredding or detritivorous (Kostalos & Seymow 1976; Boonruang 1978; Poovachiranon et al. L986;
Camilleri 1989; Camillei 1992), microalgae and diatoms might also be an important food enrichment
(Hargrave 1970; Pinckney & Sandulli 1990). Although tbese microalgae may be heavily ingested, they are

not always visible in the gut tract (Gerdol & Hughes 1994b). In this study, the exclusion effect on
Grandidierella sp*. was observed one month after the incline in the concentration of chlorophyll a.

Moreover, the asymptotic increase in the amphipod genus was followed by a sudden decline in chlorophyll
a and the 2A nematode genus Ethmolaimus. Whereas detritus, snnall leaf particles and whole leaves,

possibly culhring a microalgal growtla might be of importance to the amphipods, it is believed that 2A
nematodes and Grandidierella spec. are rather involved in a food competitive system around the limited
microalgal community in this vegetation zone.

b) Ceriops tagal (frgwe 8.8b)

Microalgae: The increase in the concentration of chlorophyll a (from about 4000 to about 10000

nglg DWT) in the Ceriop,s zone is gradual and peaks only after foru months of caging. The high pigment
concentration and the late and gradual positive exclusion effect, as compared with that of the Avicennia
zone, is probably due to the open vegetation and the difference in epifaunal composition. The gastropod

Terebralia palustris which is the most important microalgae feeder rn Avicennia, primarily feeds on
Ceriops leaves in this zone. The only possible microalgae feeding candidates n Ceriops tagal are therefore

the gastropod Cerithidea decollata,the crabs Uca lactea annulipes andMetopograpsus thukuhar, and the
hermit crab Clibanarius longitarsas. However, these epifaunal species are not very abundant. The most
abundant animals such as Uca and Cerithidea prefer bacteria to microalgae (Dye & Lasiak 1986; pye &
Lasiak 1987). Moreover, Cerithidea and Metopograp,srs are frequently found on the trees exhibiting no
heavy impact on the sediment (table 8.6).

Nematodes: The significant exclusion effect on the total nematode density (from about 1000 to
about 2000 ind./10 cm2) occurred before the significant increase in the chlorophyll a concenfation (after
two months of caging). In this mangrove zone, exploitative competition for microalgae is therefore not
evident. A fast positive response of nematodes after a specific Uca exclusion was also reported by Dye &
Lasiak (1986). Sincn Uca predation pressure was not believed to be important (the Uca flotation feeding
technique avoids ingestion oflarger particles such as nematodes), other reasons for their results have been

mentioned. Inhibited Uca foragtrng and thus the increase in sediment stability could possibly have led to a
vertical upward migration of nematodes in the soil.
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Moreover, the increase nthe Uca foo4 dehitus and bacieria in particular, was believed to have stimulated
the total meiofauna and nematode conrmunity via exploitative competition. ln Australian studies ,rprriunf
mangrove nematodes are mentioned to be dominated by selective deposit fi:eders, which have * *po*i
role in the decomposition of detritus and the stimulation of bacterial production (odum a u"uti lgii:Alongi 1987b' warwick 1987; Nicholas et al. l99l). However, in this study, the dominance of 2A
nematode genera (about 50 % of the total nematodes) indicates that oligochaetes are the important
detritivores' An effect on the entire nematode community, in terms of food competition with the epibenthos,
is tlerefore predicted only to be mediated by microalgal density changes. As a matter of fact, the significant
increase in nematodes (and thus 2A generain particular), d;g the first two months, might be a reactionto the weak and non-significant microalgal stimulation. This is similar to what has been found for the 24genus Ethmolaimus tn Avicennia marina. After this period however, the concentration of chlorophyll asurpassed 6000 nglg DwT, a level above which no {bod limitation is probably occurring. The driving
competitive force behind nematodes inthe Avicennia marina zone is then probably replaced by another,
maybe more physical, sfuchring force. Complex interactions (intemal predation and intracompetitive orlarval-adult interactions) within the infauna are also important in structuring soft bottom marine
communities (Ambrose 1984). An infaunal predation might point to the nematode decline. The onlypredatory infaunal organisms in this study are believed to be the 2B nematode genera (both meio- andmacrobenthic)' Although they are numerically not dominant, they were shown to ue able to play animportant role in the carbon flow model and small food web. A significant proportion of their diet wasreported to consist of metazoans (Kennedy lgg4). However, these multil"u"i int ru"tions have beenfrequently stated as not existent in tropical tidal flats and especially not in mangrove sediments due to a lowendobenthic diversity.

Amphipods: No exclusion effects were detected for the amphipod community consisting ofGrandidierella spec'' and Ampelisca spec. Moreover, the low amphipod density w:rs unexpected sincemicroalgal food concentrations were noticeably high. Again, this might be explained by other unknownphysical or complex biological interactions causing the amphipod commrurity to be kept under its foodcarrying capacity. Amphipod variations are therefore proUaUty not induced by the same microalgal
competitive system as the one described for Avicennia marina. This, however, does not reject theamphipods' important role in, and shong liaison with, the microalgat system. The sFong decline in
microalgae after 5 months of caging is probably linked with a not regislered nahral variation.

2. Detrital competitive system

a) Avicennia marina (figure 8.8c)

Muddv dehitus: The significant decrease in the median grain size (before combustion) after 4months reflected a very slight increase in the muddy detritus. This positive exclusion effect was lale andvery weak (a muddy derital proportion of about 13 % n the cages against about l0 % in the other
treatments)' The only abundant epibenthic animals feeding on this fraction are the gastropods ceithidea
decollata and Terebralia palustris (which does not feed on Avicennia leaves). These gastropods exhibit
rather non-selective deposit feeding behaviour and do not, therefore, specifically select the muddy deritus(table 8'6). It is therefore clear that the observed evolution of the muddy detritus in the cages is not
influenced by the absence of epibenthos but rather mediated by a nahpal variation.
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Oligochaetes: For the oligochaete densities also, the positive exclusion effect occurred quite late
and was only reached gradually. The slight non-significant positive effect on the macrobenthic oligochaetes
was covered by a much stronger procedural effect. The most important dietary item for interstitial tubificids
and enchytraeids is organic matter and detritus associated with bacteria and firngi (Giere 1975; Giere &
Pfannkuche 1982; Reise 1985; Gere 1993; Hedlund & Augustsson 1995). Microalgae are not important as

food for tubificids but migbt be grazd upon by smaller enchyraeids (Giere lgTS). However, a detrital
competitive system befween the oligochaetes and the epibenthos seems to be revealed only slightly at the
end of the experiment. It is probably suppressed by the high initial amount of muddy detritus (about 30 %)
and the low presence of detritus feeding epifauna. This keeps the oligochaetes in ther4vi eennia marina soll
from being food limited. However, the involvement ln, and the monopolization o{ the derital
decomposition by oligochaetes in this zone seems to be obvious. The natural decrease in muddy defitus in
the cages, which was not induced by epibenthic exclusion, seems to be caused by the oligochaete increase,
feeding on this derital pool. In Aicennia marina, the muddy detrital pool is therefore believed to be
controlled by its oligochaete consruners. However, this is only speculative since it is based on a method of
agteement among the non-manipulated variations of defitus and the meio- and macrobenthic oligochaete
densities.

b) Ceriops tagal (figare8.8d)

Muddy deritus: The muddy detrital fraction of the cage sediment increased after one month of
cagrng (from about l0 to about 25 %) in contrast with the stable and lower proportion of the blank
sediments (about 9 %). The detritus is produced by either 'sloppy' fi:eding or by faecal pellets of leaf
shredders such as the gastropod Terebralia palustris and the crabs Sesarma guttatum andMetopograpsus
thukuhar (table 8.6). The mangrove leaves are thereby transformed to smaller POM fractions (0.45-350
pm) (Camillei 1992). This deritus is then ingested by selective and non-selective deposit feeders such as

the epifaunal crab Uca lactea annulipes, the hermit crab Clibanarius longitarsas and the gastropod
Cerithidea decollata (table 8.5). An increase in this small detrital fraction is therefore probably due to the
exclusion of these detritivores. Moreover, other mangrove studies mentioned Uca to be food limited leading
to a strong pressure on the amount of detritus (Mclntosh 1988; Camilleri 1989).

Oligochaetes: Both meio- and macrobenthic oligochaetes indicated a positive exclusion effect.
Whereas the meiobenthic part showed a peak density with a decline (from about 5 to 20 and back to 5
ind./10 cm2), the macrobenthic oligochaetes increased to an exceptionally high level (from about 2500 to
about 45000 ind./m).

A reaction to predatory exclusion was not thought to be the driving force behind the impact on
oligochaetes in this high intertidal tropical regron. Firstly, the resident and perma*,nt epifauna were not
described as carnivorous (table 8.6). If they would have been found to be predatory in nahre, a relation
would have been expected with an omnivorous or odd-job predatory behaviour @eise 1985). Firstly, other
studies were not convinced that predation by resident crabs is the stnrcturing factor for oligochaetes @e &
Lasiak 1986; Dthnann 1993). Secondly, though oligochaetes have been mentioned as the common food
source for young demersal fistq shore crabs, shrimps, and birds of temperate regions (Giere & Pfannkuche
1982; Giere 1993), a lot of studies that predicted a predation pressure by natant organisms on oligochaetes,
did uot detect effects after exclusion (Virnstein 1977;Fleeger et at. 1982; Iftreib & Stiven 1982; Ward &
Fitzgerald 1983; Frid & James l9S8). For bopical regions too, no predation pressure on oligochaetes by
natant epibenthos was reported (Vargas 1988; Sasekumar et al. lggl).

:1

I
I
I

!

105



In this study, several elements confirm a shong oligcchaete competitive system arorurd the

common detrital food source. In the frst place, the average nahral muddy detrital content of the Ceriops

tagal sediment is low (about 9 %). Lrke oligochaetes, several deposit feeding crabs (such as Uca) and

gastropods (such as Cerithidea) also feed on detritus associated with bacteria, fungi, and protozoans (Dye

& Lasiak 1986; Branch & Pringle 1987 in Alongi 1989; table 8.6). The oligochaetes and the deposit

feeding epibenthos do not only depend on the same food but are also both lbod limited too. In salt marshes

and mangroves, the deposit feeding epifaunal Zittorina, Sesarma, and Uca were reported to be food limited

(Genoni 1985; Mclntosh 1988; Camilleri 1989). An artificial increase in the derims was only answered by

a moderate increase in the Uca density. This automatically pointed to an exploitative competition from
other consumers (Genoni 1985). Also oligochaete populations were observed to be food limited. Although,
at first sight, they all seem to be ingesting the same food, an underlying trophic specialization could

biologically accomodate the oligochaete community (Giere 1975).

Therefore, thts Ceriops tagal sdiment is believed to contain a competitive system for detritgs. An
increase in the muddy detritus is answered by an increase in the meiobenthic and macrobenthic oligochaetes

which eventually leads to a sudden decline in the meio-oligochaetes and the muddy deritus. The positive
exclusion effect on meio- and macrobenthic oligochaetes occured respectively one and two months after

the muddy detrital increase. The faster response of the meiobenthic animals might be linked with a higher

turnover rate and P/B ratio (Bell 1980; Vargas 1988). Competition between meio- and macrobenthic

oligochaetes for detrih$ promotes the larger oligochaetes at the expense of the meiobenthic fraction. In

excluding the abundant deposit feeding epifauna, the macrobenthic oligochaetes eventually take over this

role. This derital competitive system thus confirms the important role of oligochaeles in the detrital

decomposition and the natural variation as found tn Avicennia marina. The oligochaete community in
Ceriops tagal is believed to be controlled by its limited detrital food source whereas the opposite was

suggested for the Avicennia vegetation zone.

3. Summary

The studied East African high intertidal mangrove benthic community is involved in two

intermixed decompositional systems. These systems become more obvious when fbod sources are limited
and food supply is low, leading to lbod competition (Evans 1983). Exploitative competition will get even

stronger when consumers are abundant, food limited and therefore fbod struchued. Deposit fbeding

communities, as opposed to suspension feeders, are mainly sfuchred according to Ibod competition since

their densities and species composition remain relatively stable through space and time (l-evinton 1972).

\{ rgi zrn *,,"",*,, **"Jf,;';j,,y;J;, ;J #,Jur!; as rood, and the 2A nemarodes,

Grandidierella speo., and the microalgal deposit feeding epibenthos as oonsumers. The fate of the

considerable microalgal production in sediments, especially in the bopics, has long been an unanswered

question. A relatively small fraction was reported as food for macrobenthic deposit feeders (e.g.

amphipods). However, it is generally accepted now that the meiofauna could also be major conslmers of
edaphic microalgae (Montagna 1984). This indeed makes the proposed competitive system plausible.
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:'- Applied to Avicennia:
- Low chlorophyll a concentration and pronounced microalgae feeding epibenthic community
- Strong and fast increase in chlorophyil a after epibenthic exclusion
- Positive reaction of the densities of 2A nematode genera and of
Grandidierella sp*,.
- Decline in the chlorophyll a concenhation and the 2A nematode densiw

the amphipod genus

- Higher density level of Grandidierella
epibenthos

Applied to Ceriops:

- Higher chlorophyll a concentration and less pronounced microalgae feeding epibenthic
community

- Strong but slow and gradual increase in chlorophyll a after epibenthic exclusion
- Initial positive reaction of the density of 2.A. nematode genera up to a certain ctrlorophyll a level
- No Grandidierella spec. response

(2) The derital system centers around the muddy dehitus as food, and the oligochaetes (meio- and
macrobenthic) and the denital deposit feeding epibenthos as consumers. Meiofauna are known to affect the
availability and usage of detritus by macrofauna (Alongi & Tenore 1985). The competition berween
meiobenthos and macrobenthos for food and space as possible force behind this inlluence, has largely been
ignored, however. This is, in part, due to the inherent difficulties to demonstrate competition" especially for
food, in nature.

Applied to Avicennia'.
- High detrital content and very small detritus feeding epibenthic community
- No response of muddy detritus to epibenthic exclusion
- Non-manipulated increase in oligochaete densities coinciding with a decrease rn muddv defitus
fraction

Applied to Ceriops:

- Lower detrital content and pronounced detritus fi:eding epibenthic community
- strong and fast increase in muddy deritus after epibenthic exclusion
- Positive reaction of the meiobenthic oligochaete densities (with time lag)
- Positive reaction of the macrobenthic oligochaete densities (with time lag)
- Decline in the muddy detrital content and the meiobenthic oligochaele density
- Higher density level of the macrobenthic oligochaetes taking over the role of ttre detritus fe"ding
epibenthos

These results clearly confimr the existence of the trvo fbod systems, with the amphipod
Grandidierella spi{,. and the bulk of the nematodes predominantly feeding on microalgag and the
oligochaetes specifically feeding on debitus. This food seems to be structuring and regulating the
endobenthic community, especially in those regions where it is limited.

spec. taking over the role of the microalgae feeding
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Figure 8.8: The two decompositional sy$ems lhked with mioroalgae and mtddy detritus and their evolution during the
exclusion experiment in both studied zones (schematic representation) 1* = positive and sigrificant exclusion effect).
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D. PREDATION

Chapters fV, V, VI, and VII mention only copepods, insect lawae, and the polychaete

Namalycastis spec. to be regulated by an epibenthic predation.

l. CoPePoda

a)Prey evidence

In general, benthic copepods (harpacticoids) form an important prey for several natant organisms.

Especially juvenile fishes prey on copepods (Hicks & Coull 1983; Coull & Palmer 1984;Warwick 1987;

Gee 1989; Nelson & Coull 1989). The earliest evidence for this interaction was given by Smidt (1954) (in

Coull & Palmer 1984). Although thought to be less important than fishes (Reise 1979), shrimps were

reported to feed on harpacficoids too (Reise 1979; Pihl & Rosenberg 1984; Gee et al. 1985). The transfer

to the resident epibenthic reakn" as in marshes and mangroves, is not so evident. Some resident crabs are

thought to ingest copepods (Hoffrnan et al. 1984; Ditbnann 1993). The flotation feeding technique of
several crabs (i.e. fiddler crabs), however, avoids the uptake of larger particles such as microalgae and

meiobenthos (We & Lasiak 1986; Dye & Lasiak 1987).

The resident, deposit feeding epifauna in the studied area use this flotation technique (Uca spec.,

Sesarma guttatun) or nonselectively 'ingest' or'grazn on' the sediment (gastropods) (table 8.6). A specific

uptake of copepods, if present at all, is therefore believed to be due to natant, visiting organisms which

possibly lead to an intertidal impact gradient (Virnstein 1977).

b) Functional, predatory evidence

Though prey evidence is not necessarily causing predation prsssure, harpacticoids were frequently

found to be numerically stimulated after exclusion of predatory epibenthos (Bell & Coull 1978; Bell 1980;

Fleeger et al. 1982; Hicks & Coull 1983; Ellis & Coull 1989). In this study, the benthic copepods have

undergone a significanf but very weak exclusion impact after one year of caging nthe Ceriops tagal zone

(figure 8.9). We are also inclined to assigrr this impact to natant predatory forces. The absence of a similar

effect in the Avicennia marina zone could indeed point to the intertidal gradient (figure 8.9) (Virnstein

1977). This upper intertidal zone is less frequently flooded. Moreover, during high water at spring tide, the

observed densities of epibenthos, visiting the Avicennia marina zone, werg quite low (personal

observation). Also for temperate salt marshes, there was a lack of evidence for predatory confrol of the

harpacticoid community in upper regions (Fleeger et al. 1982). The increase in the total copepod dursity in
the lower intertidal Ceriops tagal zone especially during the last half year of caging, was similar to that
found in experiments by Bell (1980). Predation was the driving force behind this late effect.

c) Prey selectivity

Why are the copepods the only meiobenthic taxon affected by predation in this study ?

Copepods are generally stated to be the major meiobenthic taxon in terms of food and/or biomass transfer

to the demersaVpelagic realm (Hiclcs & Coull 1983). Selective predation on copepods was reported by

several salt marsh cage studies (Bell & Coull 1978, Fleeger et al. 1982; Ellis & Coutl l9S9). One of the

reasons for this prey selectivity is the moro pronounced availability and vulnerability of copepods, due to

their high mobility, activity, and visibility (Warwick 1987; Nelson & Coull 1989; McCall & Fleeger 1993).
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This is especially tnre for muddy sediments in which copepods tend to become surface dwelling (Nelson &

Coull 1989; Giere 1993). Sandy communities were found to be less or not at all affected by predation

(Reise 1979; Webb & Parsons l99l). The rather sandy character of the studied zones could therefore be a

reason for the overall weak impact. This was additionally reflected upon, due to a lack of surface

accumulation in the vertical gradient of the copepod community in the Ceriops tagal sdiment (Chapter

N).
Other possible forces behind the selection of prey were mentioned to be those based on size and

emergence behaviour (Warwick 1987; McCall 1992). The selection of copepods as prey due to their larger

size would predict an even stronger predatory impact on oligochaetes and polychaetes for this study. But

that did not happen. The higher emergence behaviour of copepods might advance predation efficiency, if
the predators are not biting into the sediment but rather striking at objects in the water column. An upward

migration of copepods and the presence of natant predators during high water would result in an ideal

predator-prey interaction. Harris (1972) (in Hicks & Coull 1983) found no significant change in vertical

copepod disribution at different stages of the tide. This coutd be due though, to the sample site on a beach

that was always saturated by water. However, harpacticoids in general are thought to migrate down at ebb

and upwards at flood (Mcldchlan et al- 1977 in Hicla & Coull 1983).

The positive exclusion effect on copepods in a mangrove study by Dye & Lasiali (1986) was

thought to be caused by a fbod competitive interaction between these copepods and the fiddler crabs-

Juvenile crabs in particular, are possible competitors with copepods @ell 1980). Their common food

consists of defitus and single particles such as diatoms and fiurgi (Hicks & Coull 1983). The impact of
juvenile crabs in this study is minimal since the immigration in the cages during the experiment was partly

compensated by a continual removal. Consequently, possible food competition is believed to be minor

compared to the predatory structuring impact exhibited on the harpacticoids.
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Figure 8.9: Evolution of the copepd densities during the

experiment in both studied zones (schematic representation) @ =
blank; P = padial cage; C = cage).

2. Polychaeta

a) Competition

Namalycastis spec. is a nereid polychaete genus with an eversible pharynx and jaws but without

paragnaths. Nereids are generally described as omnivores although most species have a relatively limiled

diet, consisting of deritus, algae and diatoms (Fauchald & Jumars 1979). Few are carnivorous and some

are real omnivores. T\eNamalycastrs spec. in this study is considered as detritivorous. Mostpolyctraetes in

mangrove sediments were described as detritivorous (Kumar 1995) andNamalycastis abiuma, a common

polychaete from salt marshes, was observed to feed on decaying wood on the surface (Rasmussen 1994).

This feeding behaviour and the lack of an exclusion effect inz{vr cennia marina (figure 8.1l), miSbt refer to

a polychaete role within the described detrital competitive syst€m of Ceriops tagal. Howaner, food

competition might play a minor role in struchring the polychaete community and explaining the positive

response in the Ceriops tagal forest (figure 8.10). It is certainly not the driving force, however, since

macrobenthic oligochaetes are so abundant that it is hard to believe that they would not be oulcompeting

the polychaetes.
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b) Predation

Most cage exclusion studies in temperate intertidal regions predicted and confirmed natant

epibenthic predators to exhibit a structuring force on the polychaete community. These polychaetes were

mainly surface dwelling deposit feeders @eise 1978; Reise 1979; Vimsten 1979:' Haase 1993). Resident

crabs are not affecting polychaete communities in mangrove sediments (Dttrnann 1993). Both natant and

resident epibenthos did, however, influence the structure of meiobenthic polychaetes in salt marshes (Bell

& Coull 1978; Bell 1980; Hoffinan et al. 1984)-

In this study, the macrobenthic, surface deposit feeding polychaete NamalycastTs spec. has

undergone a positive exclusion effect in Ceriops tagal (figure 8.10). Here too, predation is believed to be

the underlying stucturing force. A surface dwelling polychaete is more vulnerable to predation. Though the

terebellids are also surface deposit fi:eding (Fauchald & Jumars 1979), their protective tube might be a way

to avoid predation. This protection was also observed as an advantage for amphipods (Nelson 1979). It

could explain the dominance of the Terebellidae in the polychaete mmmunity of Ceriops tagal. T'be

absence of any exclusion effect on the monospeific Namalycastis spec. community in the Avicennia

marina sediment (figure S.l0) might be linked with the intertidal predation gradient as already mentioned

for the copePod regulation.

3. Summary

The quite sandy character of both zones and the low copepod density made it difficult to detect a

structuring force on this community. However, predation pressure, exhibited by natant organisms on

harpacticoids, is present and increases from high to low intertidal zones. This is also confirmed for the

polychaete Namalycastir spec. It is therefore possible to predict that this predation pressure will become

more pronounced in low intertidal zones such as Rhizophora mucronala which are more frequently flooded

and contain more mud. It might even affect other and more abundant endobenthic taxa in those zones.

For the high intertidal zones studied it is clear, however, that exploitative competition is much

more decisive in regulating and structuring the endobenthic community, than epibenthic predation.
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Figure 8. l0: Evolution of the Namalycarlir spec. density during

the experiment in both studied zones (schematic representation)

(B = blank; P = partial cage; C = cage).

E. CONCLUSION

l. General trophodynamics of mangroves

a) Strategies

Before going into specific pathways it is necessary to give an outline of hvo different

trophodynamical mangrove strategies that occur in the New World and the Old World respectively.

New World: The earliest and most extensive research on mangrove hophodynamics has been

carried out in Florida and the Canibean region. These mangroves are generally characterized by the

unimportant role of leaf consuming crabs in the initial processing of litter.

For riverine and fringing mangrove forests (Odum & Heald 1972;Lugo & Snedaker 1974; Cundell

et al. 1979; Flores-Verdu1o et al. 1987; Robertson 1987), this involves a large (> 80 o/o) outwelling of

litter fall, phytoplankton, benthic algae, and seagrasses to the subtidal estuary. Only there will

fragmentation of the material be canied out by crabs or smaller dehitivores such as amphipods'

Consequently, the importance of liuer processing by invertebrates decreases with tidal height Processing,

thereby, initiates a subtidal decomposition made up from bacterial, frrngal, and saprophytic decay, and a

utilization and reutilization by invertebrates via pellet production.
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Finally, these animals themselves are a source of enerry transfer to the carnivores. The nearshore, estuarine

secondary production is based on only half of the total outwelled matter. The other part is exported much

further fiom the estuary'

Basin mangroves (Twilley 1985; Twilley et al. 1986) are characterizedby a low water turnover.

The minor role of crabs and the low outwelling lead to a local decomposition which is primarily effected by

direct bacterial and firngal action leading to the export of dissolved organic matter and leachates.

Otd World: The previous model has also been applied to mangrove systerns of the Indo-West

pacific region. However, the importance of sediment dwelling and leaf consuming crabs on the mangrove

forest floor in these systems is much grcater,leading to different trophodynamical channels.

Several studies on the activity of sesarmid crabs in southeast Asian riverine and fringing

mangroves have been conducted (Malley 1978;l*h & Sasekumar 1985; Robertson 1986; Smith 1987; Lee

lggt). In general, these crabs take about 25-30% of the arurual leaf fall with a removal of 9 % and 20-30

%for lowlmtd and high intertidal regtons respectively'

The importance of epibenthos such as sesarmid crabs and gasbopods in litter retention is even

more pronounced in Australian mangrove systems (Giddins et al. 1986; Robertson 1986; Robertson 1987;

Smirh 1987; Alongi 1989; Camilleri 1989; Robertson & Daniel t989; Camilleri 1992; Micheli 1993).

These leaf consumers were reported to retain about 33-70 % of annual leaf fall leading to a very low litter

accumulation.

Little is known of benthic mangrove trophodynamics of southern and eastern Africa (Micheli et al.

I 99 I ; Steink e et al. 1993; Slim et al., submitted personal communication). It is evident however, that the

presence of the numerically dominant sesarmid crabs and leaf eating gastropods (as in this study) points to

,h. ,u*" retention system. k e.g. the Avicennis forests of southern Africa, the leaves are predominantly

eaten by the crab Sesarma meinerti. About 50 % of the leaves have been reported to be removed by this

crab (Emmerson & McGwynne lg92). Gut contents revealed that these leaves make up about 75 % of the

crab's diet (Steinke et al. 1993).

For Indo-West Pacific areas, it is generally held that (Robertson 1987; Robertson & Daniel 1989):

(l) an increase in the turnover rate of the leaves will make them less available to higher consumers

(2) leaf retention will increase with decreasing tidal export

(3) primary and secondary production are more tightly coupled in space as well as in time

(4) litter processing by resident mangrove invertebrates will increase with tidal height

b) Pathways of a mangrove-estuarine system involving crabs (figure 8.1l)

Herbivory: The above-ground herbivory consists mainly of leaf damage by insects and crabs

thereby leading to a direct consumption of the primary production. Only 2 % of the leaves are processed via

rhis direct pathway (Robertson & Drtke 1987). For mangroves, the enerry and material dominantly flows

through the decomposition pathways rather than through a typical plant/herbivore/camivore food chain-

This was also reported for other important fiopical systems such as open savannahs and fiopical

rainforests.

Source of deritus: The mangrove standing stock consists of 22-50 % of wood (detritus, branches,

trunks, and above-ground dead parts) and of50-78 % oflitter (leaves, stipules, propagules, and trvigs)' The

amount of below-ground biomass (roots) is unknown. Litter fall and deritus are mainly composed of

autochthonous mangrove material. The leaves frequently make up more than 50 % (98 To of all leaves

eventually reach the forest floor) coupled with branches, propagules, and trvigs. In some forests, a high

biomass of dead wood is maintained (Robertson 1987).
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It is further supplemented by benthic algae and epiphytes on logs, branches, lower trunks, and prop roots

(Hoffman & Dawes 1980). The contribution of benthic microalgae is small since shadi.g is severe under

most forest canopies. Zero net algal primary production was estimated for low, mid and high intertidal

mangrove zones in Australia in conhast with unshaded intertidal flats (Robertson 1987; Alongi 1989). The

allochthonous contribution to the litter accumulation mainly originates from deposited phytoplankton and

seagrasses (Hofftnan & Dawes 1980). It is obvious that the amount of detritus geatly exceeds that which is

consumed by herbivores in mangroves.

Detrital export: The way and the amount of leat litter, detritus, and DOM export from mangroves

is still an open question. The migration of animals feeding in or near mangroves during part of their life

cycle, contributes to this export. This was reported for penaeid prawns (Staples 1980 in Robertson 1987).

The most important loss, however, is thought to be attributed to the direct transport known as 'outwelling'
(Hemminga et aI. 1994 for Gai; ltr 1995 for review). Van der Valk & Attiwill (1984) reported that about

40 % of the mangrove litter was exported each summer. Root litter was not believed to be exported.

Recently, the confibution of DOM to outwelling has gained in importance possibly leading to even higher

export amounts (Lee 1995). The dynamics of the defital movement is complex and dependent on estuarine

geomorphology, tidal flu>q and type of detritus (e.g. buoyancy). Leaves were found to be exported much

firther than refractory detritus.

Leaf shredding: Whole leaves, the most important part of the litter fall, can be subject to direct

microbially affected processes. However, most freshly fallen leaves and propagules are first processed by
large organisms such as crabs. These leaf shredders thereby initialize the deeomposition process before the

litter is removed by tides. They were estimated to eat > 50 % of the retained leaves (Robertson & Daniel
1989). Leaf shredding by crabs fiansforms the litter in three ways. The largest part of the processed leaves

is directly consumed (86 %) and transformed into faecal pellets. These pellets contain POM fiactions
(between 100 and 1600 pm) (Malley 1978). Dwing this consumption, 'sloppy' feeding also produces small

fractions which are lost to the shredder. However, the remaining pafi (14 %) of the leaves is first plastered

to the burrow walls. Aging of this material will lead to a decrease in tannin and flavolan concentrations

eventually leading to a preferred consumption. Only a small fraction of the buried litter gets lost to the food
web (Robertson & Daniel 1989). Besides crabs, other possible leaf shredders are gastropods, juvenile

crabs, isopods, amphipods, insects, shrimps, and capitellid polychaetes @oonruang 1978; Bwver et al.
1979; Poovachiranon et al. 1986:' Robertson & Drke 1990; Robertson & Daniel 1989; Camilleri 1992;
Proflitt et al. 1993 for Gazi: Slim er a/., submitted personal communication). Most of them must consume
additional food (such as bacteria and other invertebrates) in order to maintain their minimum nitrogen
requirements (Giddins et al. 1986; Robertson 1986). Sesarmid crabs were indeed observed to be partly
carnivorous (Mclntosh I 984).

Detrital prmessine: The presence of POM in the mangrove soil is therefore mainly derived from
the activity of these leaf shredders. The POM pool is, however, also replenished by microalgal
accumulation and via DOM transformation (Camilleri & Ribi 1986). The POM fractions vary from coarse
(about 1.5 mm) to fine (< 600 pm). In general, the most abundant fraction is smaller than 84 pm whereas
only l-4 % of the sediments are composed of 84 pm - I mm POM particles (Camilleri 1992). Also
dissolved organic matter (DOM) is believed to be an important'detrital'element comprising leachates and
lignocellulosic components such as tannins, flavolans, and phenolics. Bacterial attack is able to transform
this DOM into POM leading to an altemative pathway (Benner et at. 1986 in Alongi 1989; Camilleri &
Ribi 1986).
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Whole litter, POM, and DOM are gradually reworked by bacteria (for Gazi: Rao er al. 1994:
Middelburg et a/., submitted personal communication). The formation of small POM fractions facilitates

bacterial production and thereby reduces the decomposition time by 60 % (Lugo & Snedaker 1974;

Robertson & Daniel 1989). The microbial community eventually channels the majority of ttre primary
production before making it available to higher consumers @obertson l9S7). The fate of the high bacterial
productivity itself is questionable (Alongi 1988a, 1988b). However, the structuring regulation of the
bacterial community is believed to be mainly a result of the nutrient conditions and other environmental

factors whereas predatory inlluence is of minor importance. This predatory impact might get more
pronounced in aerobic layers where more benthic organisms are available. Nevertheless, the role of bacteria
in mangrove soils can be seen in terms of prey for invertebrates or of nutrient regeneration (Alongi 1988b).

Detritivores: Several selective and non-selective deposit feeders use the mangrove deritus as their
dominant diet. This detritivorous community consists of endobenthos such as amphipods, nematodes,

copepods, isopods, oligochaetes, polychaetes, and sipunculids @oovachiranon et al. 1986; Mclntosh
1988), resident as well as natant epibenthos such as ocypodid crabs, gasftopods, hermit crabs, shrimps,
prawr, and fishes (Mclntosh 1988; Vannini, personal communication) and zooplanlton (Poovachiranon el
al. 1986). The ingestion, digestion, and excretion of the detitus stimulates the derital processing and

accelerates the mineralization as mentioned previously. This then promotes bacterial production and

enriches the food by decreasing the CAI ratio and accumulating N, P, and trace metals (Websler & Benlield
1986).

Secondary production values for meio- and macrofauna of mangroves remain questionable since
most studies have used P/B ratios from subtidal temperate regions (Suttan Ali et al. 1983; Mclntosh
1984). No valid estimates of secondary production in mangrove sediments have been reported until now.
However, tropical species are generally reported to have a greater activity, faster growth rates, shorter life
spans, higher mortality rates, and a gleater production per unit biomass (Alongi 1989).

Predation: Even if secondary producers did reflect a small biomass and low productivity, they still
might be an important food source for carnivores (Evans 1983). Predation is believed to be twofold.
Infaunal predation has not been mentioned for mangrove sediments but predaceous macroinfauna and
meiofauna (such as annelids, turbellarians, copepods, and nauplii) were reported to be important in
temperate sediments (Kennedy 1993). Epibenthic predation is regarded to be the most important predatory
pathway in mangroves. These epibenthic predators could be large tenestrial carnivores (monkeys,

raccoons,...), resident epibenthic predators and omnivores (sesarmid crabs,...), and aquatic, visiting
epibenthic predators (larvae, juveniles and adults of shrimp, prawns, fislq crabs, large zooplankters,...)
(Evans 1983). The swimming crab Scylla serrata was indeed observed to be an important predator in some
mangroves (Hill 1979).

2. Benthic trophodynamics applied to the studied East African mangroves

a) Avicennia marina (figure 8.12)

The litter fall in this zone is dominated by Avicennia marina leaves. The most important
epibenthic leaf shredder is the crab Sesarma meinerri (Cott 1929; Emmerson & McGwynne 1992;Micheli
et al. l99l: Steinke et al. 1993;table 8.6). This crab might, however, be assisted in this activity by the less
abundant uab Metopograpsus thulahar (Mclntosh 1988; Dahdouh-Guebas, personal mmmunication).
Terebralia palustris has not been reported to feed on Avicennia leaves (Slim el a/., submitted personal
communication).
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The bulk of the invertebrates is involved in the derital food chain. In the epibenthos, the

gastropods Terebralia palustris and Cerithidea decollata are non-selectively feeding on detritus and

grazlrrrgon the microalgal sediment film (Brown l97l; Mclntosh 1984; Dye & Lasiak 1987; table 8.6). The

endobenthos falls apart in two main groups: the detritus feeding oligochaetes (tubificids and enchytraeids),

polychaetes (Namalycasti spec.), nematodes, copepods, and the predominantly microalgae feeding

amphipods (Grandidterella spec.) and 24 nematodes. Only a small part of the nematodes (l I %) feeds on

detritus.
Predatory regulation is believed to be mainly infaunal. Gut analyses of the insect larvae family

Dolichopodidae revealed oligochaetes to be the main prey item whereas 28 nematodes and, possibly,

turbellarians might be involved in an inrameiofaunal predation. Epibenthic predation pressure by Sesarma

meinerti, Metopograpsus thulathar, insects, and natanl visiting organisms was shown to be non-existent.

However, this does not mean that epibenthic predation on the endobenthos is entirely absent.

The benthic fophodynamical model of the Avicennia marina vegetation zone is derims based

with a competitive syst,em centered around the microalgae as a result of their low production under the

dense forest canopy. The rerycling pathway, in terms of food competition and internal predation, is strong.

This isolated endobenthic system reduces the transfer and export pathways from the mangrove floor to
adjacent waters, consing of outwelling,larval transport, and visiting predators. This suppressed fransfer is

probably linked to the higher intertidal position which in itself leads to a reduced tidal flux.

b) Ceriops tagal (figure 8.13)

The Ceriops leaves seem to be the main contributors to the litter fall though no data is available to

confirm ttus (Slim er a/., submitted personal communication). The leaf shredding snall Terebralia palustris
was observed to be the exclusive consumer of the litter in this mangrove stand (Slim et a/., submitted

personal communication). Sesarmo guttatum and Metopograpsus thukuhar are expected to be of only
minor importance in this leaf shredding (Leh & Sasekumar 1985; Mclntosh 1988; Dahdouh-Guebas,

personal communication; table 8.6).

The bulk of the epibenthos (the non-selective deposit feeding gastropod Cerithidea decollata and

the selective deposit feeding crabs Uca lactea annulipes, Sesarma guttatum andMetopograpsus thulafiar
and hermit crab Clibanarius longitarsrs) primarily ingests detritus (table 8.6). Microalgae are also, albeit

to a lesser extent, gr:u;ed upon by Uca lactea annulipes and Sesarma guttatum. Cerithidea decollata can

be considered as fi:eding on both detritus and microalgae. The endobenthic community mainly consists of
the detritivorous oligochaetes (tubificids and enchytraeids), polychaetes (Namalycdrt.t spec. and family
Terebellidae), nematodes and copepods, and the microalgae grazing amphipods (genus Grandidierella
spec.) and 2A nematodes.

Also here, the infaunal predation is expected to be taken care of by the dolichopodid insect larvae

feeding on oligochaetes, and the 28 nematodes and the turbellarians ingesting meiofauna. The epibenthic

predatory impact is shown to be somehow more pronounced than that found in Avicennia marina. Tlne

visiting, natant predators in particular were found to regulate the copepod and Namalycasfis spec.

populations to some extent.

The benthic trophodynamical system of this Ceriops tagal mangrove zone is also detritus based. In

this case, the lower amount of muddy detritus, possibly due to the less dense forest canopy and the high

abundance of deritus feeding epibenthos, leads to competition with oligochaetes for the common detrital

food source. The rerycling pathway in terms of food competition and,internal predation is strong. However,

the transfer and export pathways from the mangrove floor to adjacent walers, made up of outwelling, larval

transporf and visiting predators, are less weak than these for Avicennia marina. This more pronounced

transfer is probably linked with the lower intertidal position which results in a higher tidal flux.
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Figure 8.12: tteliminarl benthic trophodynarnics applied to an East A.Aican Avicennia marina mangrove vegetauon

zone using data gathered in this study.
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s\ Generalintron

The main objective of the proposed study was to gain an understanding of the role of the

endobenthos of an East African mangrove sediment as a carbon sink in the soil or as an enerry hansfer to

iirfrr trophic levels. This objective was achieved by analysing the regulation of the endobenthic

community stnrcture in tenns of competitive systems within the community and of predatory impacts from

outside the communitY'

Predation: The studied mangroye vegetation zones can both be considered as high intertidal.

Epibenthic predatory regulation was found 1e !'s minimal since it was mainly linkd with natant organisms

coming from adjacent waters. This predation pressure was mainly evideirt for some rare taxa such as

copepods and the polycbaets Namalycastis spec. It is only delecte4 althougb still weakly, nthe Ceriops

zone. The lower position of Ceriops tagal probabty causes this higher natant predatory inlluence.

Exploitative competition: An indication of a {bod competition among benthic organisms, points to

a strong involvement in the regeneration of material in the soil. However, this competition is only evideirt

when food is limited.

The status of the shrdied mangrove zones gave the ideal opportunity to find two competitive

systems. Avicennia marina re,flected a typical mangrove system with a high muddy detrital content and a

low microalgal density. Epibenthic exclusion therefore rmcovered an exploitative competitive system

centered around benthic microalgae and diatoms. Ceriops tagal,however, had a considerably lower muddy

detritus proportion but a higber microalgal concentration. Exclusion of epibenthos was therefore able to

reveal an exploitative qystem with the denitus as common fbod source. Thae systems confirm a shong

involvement of the majority of the endobenthos in an isolated decompositional pathway in the mangrove

sediment. It points to a carbon sink with only minor energJ fluxes to higher trophic levels.

This study, therefore, gives an iosight into the decisive role ofthe endobenthos as regenerators of
mangrove material and its rather weak contribution to the prey for the mangrove demersal or pelagic reahn.
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* Freouentlyused tenns

macrobenthos/macrofarma: animal community in the sediment with size range > 0.5 mm

endobenthoVinfauna: animal cornmunity living in the sedime,nt

epibenthos/epifauna: animal community living on or in contact with the bottom

hyperbsnthos: animal community living in close contact with the bottom (lowest I m of water column)

rosident enibenthos: animal community staying in the sardied zone (during flood and ebb)

natant. visitine epib€trthos: animal community visting the studied zone during flood (also consisting of
hyperbenthos)

macroendobenthos: macrobenthic community living in the bottom

macro-epibenthoJmacro-epifauna: macrobenthic part of tbe epibenthos (to differentiate from the
endobenthos)

macro-polychaetes: macrobenthic polychaetes

macro'nernatodes: macrobenthic nematodes

macro'oligochaetes: macrobenthic oligochaetes

meio-polychaetes: meiobenthic polychaetes

meio-nematodes (= nematodes): meiobenthic nematodes

meiooligochaetes: meiobeirthic oligochaetes

microbenthos: organisms ofmicroscopic size living in the bottom
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2.79
7.58

53.00

std

2.16
3.87
4.48
4.48
1.1?
0.65

41.39
14.90
1.04
0.92
0.24
0.25
0.76
1.62
0.72
2.62

10.40
1.11
0.00
0.00

nean

9.83
18.?5
81.17
73.49
9.01
8.?6

245.93
290.87

2.70
1.16

-1.50
-1.32
6.71

6.85
51.67

17.33

0,00
0.00

std

6.09
6.03
1.57
0.87
7.24
5.19

28.34
35.94
0.40
0.55
0.08
0.15
1.74

0.72
2.6?

10.40

0.00
0.00

18.97
18.43
82.11
n.53
2.25
4.04

206.33
269.07

3.23
1.42

-1.51
-1.36
4.69
4.06
6.85

51.67

15.93
13.03
83.40
85.83
0.67
3.14

189.50
289.00

3.73
2.72

-1.69
-1.58
5.04
6.35
5.87

54.00

11.00
19.80
0.00
0.00

15.36
22.29
80.86
73.20
3.78
4.51

245.20
249.60

2.45
0.86

-1.40
-1.23
5.05

11.31 am
A

1?.79
22.73
83.22
72.60
3.99
4.67

281.00
285.80

3.27
0.68

-1.59
-1.20
9.11

9.00
20.40
0.00
0.00

17.33
20.87
0.00
0.00

7.09
48.00

32.00

7.58
53.00

9.00

0.00
0.00

0.00
0.00



cerfops 0-2 ell 2-4 all

11\
blenco 28-8-92 28-8-92period 2

11.25 am 9.55 am 11.10 am 11.25 am 9.55 am 10.10 am
A B C mean std A B C meen std

X nuf IIfter 19.91 27.18 19.68 22.26 13.71 22.96 22.13 19.60 4.18X nuf before 3.95 16.91 23.50 14.79 8.12 14.65 27.94 16.79 19.79 5.83

1

X slInd IIfter 79.37 80.97 80.14 80.16 0.65 83.97 76.50 77.73 79.40 3.27X slInd before 79.31 68.16 47.15 64.87 13.33 80.63 68.51 79.35 76.16 5.44X coarse sand IIfter o.n 2.12 0.18 1.01 0.82 2.32 0.54 0.14 1.00 0.95 iX coarse SlInd before 3.95 4.66 2.35 3.65 0.97 4.n 3.55 3.88 4.05 0.49

lmedfan IIfter 143.80 217.40 145.20 168.80 34.37 197.20 132.80 141.50 157.17 28.53 ' Imedfan before 256.80 161.50 208.00 208.77 38.91 311.70 196.10 279.50 262.43 48.71 Ikurtosfs IIfter 3.29 -0.07 3.82 2.35 1.n 3.53 2.63 2.97 3.04 0.37kurtosfs before 1.43 3.03 0.53 1.66 1.03 1.98 -0.01 1.45 1.14 0.84skewness after -1.59 -0.91 -1.n -1.41 0.36 -1.58 -1.42 -1.63 -1.54 0.09skewness before -1.33 -1.34 -1.07 -1.25 0.12 -1.50 -0.91 -1.36 -1.26 0.25POM (X) 3.81 2.21 3.35 3.12 0.67 5.75 2.57 5.05 4.46 1.36total carbon (X) 2.02 1.07 0.75 1.28 0.54 2.20 , .79 2.14 2.04 0.18pH .6.01 6.13 6.09 6.08 0.05 6.01 6.13 6.09 6.08 0.05salfnfty (ppt) 42.00 39.00 43.00 41.33 1. 70 42.00 39.00 43.00 41.33 1.70redox (mY)
14.00 14.00 14.33 0.47 15.00 14.00dfssolved oxywen (mg/l) 15.00 14.00 14.33 0.47t~rature ( C) 34.30 29.90 28.20 30.80 2.57 32.00 28.10 26.20 28.77 2.41Chloroph~ll a (ng/g OWl) 6102.96 6295.84 6199.40 96.44 1369.38 1369.38 0.00fucoxant fne (ng/g OWT) 1830.89 1467.56 1649.23 181.66 404.93 404.93 0.00

Cerfaps 4-10 ell 10-rest ellblenco 28-8-92 28-8-92period 2
11.25 IIm 9.55 em 10.10 8l1l 11.25 am 9.55 am 10.10 amA B C melln std A B C mean std

X nuf IIfter 17.78 24.85 15.15 19.26 4.10 24.28 16.22 25.38 21.96 4.08 I
j!X nuf before 15.53 15.48 17.96 16.32 1.16 19.41 23.54 23.79 22.25 2.01X sand after 81.07 74.74 84.11 79.97 3.90 71.38 81.04 73.82 75.41 4.10X sand before so.n 80.06 78.94 79.91 0.73 76.34 n.42 n.58 73.78 1.81X coarse sand after 1.15 0.68 0.74 0.86 0.21 2.34 2.74 0.80 1.96 0.84X coarse sand before 3.75 4.46 3.10 3.77 0.56 4.25 4.04 3.63 3.97 0.26medfan after 177.90 125.20 178.40 160.50 24.96 168.60 210.30 148.30 175.73 25.81

I
medf an before 285.80 248.30 257.90 264.00 15.91 294.40 234.20 244.00 257.53 26.37kurtosfs after 2.83 2.21 4.03 3.02 0.76 0.94 2.45 1.71 1.70 0.62kurtosfs before 1.99 1.86 1.47 1.77 0.22 1.30 0.65 0.66 0.87 0.30skewness after -1.45 -1.30 -1.n -1.49 0.17 -1.05 -1.35 -1.19 -1.20 0.12 /.skewness before -1.50 -1.48 -1.36 -1.45 0.06 -1.40 -1.14 -1.16 -1.23 0.12POM (X) 5.37 3.12 3.27 3.92 1.03 5.35 4.46 4.79 4.87 0.37totlll clIrbon (X) 3.64 2.14 6.35 4.04 1.74pH 6.01 6.13 6.09 6.08 0.05 6.01 6.13 6.09 6.08 0.05salfnt ty (ppt) 42.00 39.00 43.00 41.33 1. 70 42.00 39.00 43.00 41.33 1.70redox .(mY)

15.00dfssolved oxy¥en (mg/l) 14.00 14.00 14.33 0.47 15.00 14.00 14.00 14.33 0.47t~rature ( C) 28.30 26.00 24.90 26.40 1.42
chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant fne (ng/g OWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



cerfops 0-2 ca 2-4 cablenco 27-9-92 27-9-92period 3
8.58 am 9.02 am 10.02 am 8.58 am 9.02 am 10.02 am

A B C mean std A B C mean std
X na.Jd after 5.04 18.69 8.80 10.84 17.72 18.81 12.21 16.25 2.89 I:X na.Jd before 23.04 30.32 24.81 26.06 3.10 23.98 26.70 22.80 24.49 1.63" sand after 81. 12 78.64 87.84 82.53 3.89 78.40 78.42 85.69 80.84 3.43X sand before 71.17 65.73 71.18 69.36 2.57 71.48 68.99 73.85 71.44 1.98X coarse sand after 3.48 2.67 3.36 3.17 0.36 3.88 2.n 2.10 2.92 0.73" coarse sand before 5.09 3.95 4.01 4.35 0.52 4.54 4.31 3.35 4.07 0.52median after 301.70 189.00 2n.60 256.10 48.46 280.30 194.10 228.70 234.37 35.42median before 282.00 189.70 236.60 236.10 37.68 276.20 217.20 228.80 240.73 25.52kurtosis after 2.66 1.95 5.44 3.35 1.51 1.89 1.89 4.08 2.62 1.03kurtosis before 0.55 '0.06 0.47 0.32 0.27 0.64 0.27 0.81 0.57 0.22skewness after '1.54 '1.22 -1.89 -1.55 0.27 -1.36 -1.24 -1.71 -1.43 0.20skewness before -1.19 -0.88 ·1.09 -1.05 0.13 -1.18 -1.02 -1.17 -1.12 0.07PCJ4 (X) 10.68 10.21 4.93 8.60 2.61 12.39 -2.19 4.39 4.86 5.96total carbon (X) 1.31 0.71 14.39 5.47 6.31 1.89 1.25 2.12 1.75 0.37pH 6.79 6.18 6.45 6.47 0.25 6.79 6.18 6.45 6.47 0.25salinity (ppt) 39.00 45.00 46.00 43.33 3.09 39.00 45.00 46.00 43.33 3.09redox (mY) 101.00 167.00 n.oo 115.00 38.05 87.00 173.00 45.00 101.67 53.27dissolved oxy¥en (mg/l) 30.00 18.00 13.00 20.33 7.13 30.00 18.00 13.00 20.33 7.13t~rature ( C) 27.30 27.00 28.70 27.67 0.74 27.00 26.80 28.20 27.33 0.62chlorophhll a (ng/g OWl) 3437.93 5511.16 6973.74 5307.61 1450.65 886.98 1012.60 0.00 633.19 450.66fucoxant ine (ng/g OWl) 1015.33 1023.42 2092.12 1376.96 505.71 0.00 0.00 0.00 0.00 0.00

Ceriopa 4-10 ell 10-rest CllIblenco 27-9-92 27-9-92period 3
8.58 am 9.02 am . 10.02 am 8.58 am 9.02 am 10.10 amA B C mean std A B C mean std

X na.Jd after 16.67 10.23 13.64 13.51 2.63 12.17 7.60 11.84 10.54 2.08X na.Jd before 26.85 18.87 20.07 21.93 3.51 21.16 22.36 27.61 23.71 2.80" sand after 80.36 86.74 84.12 83.74 2.62 84.51 88.43 85.61 86.18 1.65X sand before 69.40 n.18 76.51 74.36 3.52 75.05 73.81 70.34 73.07 1.99X coarse sand after 2.97 3.03 2.24 2.75 0.36 3.32 3.97 2.55 3.28 0.58 I!X coarse sand before 3.75 3.95 3.42 3.71 0.22 3.79 3.83 2.05 3.22 0.83median after 240.80 260.40 213.60 238.27 19.19 225.50 264.50 196.80 228.93 27.74median before 220.90 238.40 245.20 234.83 10.24 241.20 223.40 166.00 210.20 32.09 !kurtosfs after 2.23 4.07 3.54 3.28 0.78 3.50 5.32 4.05 4.29 0.76kurtosis before 0.22 1.41 1.05 0.89 0.50 0.92 0.71 0.23 0.62 0.29skewness after -1.38 -1.63 -1582.00 -528.34 745.05 -1.49 -1. 75 -1.57 -1.60 0.11skewness before -1.01 -1.30 -1.25 -1.18 0.12 -1.22 -1.15 -0.91 -1.09 0.13PCJ4 (X) 7.66 3.74 4.34 5.25 1.72 5.79 3.59 3.97 4.45 0.96total carbon (X) 2.02 1.41 3.32 2.25 0.80pH 6.79 6.18 6.45 6.47 0.25 6.79 6.18 6.45 6.47 0.25salfn; ty (ppt) 39.00 45.00 46.00 43.33 3.09 39.00 45.00 46.00 43.33 3.09redox (mV) 61.00 178.00 60.00 99.67 55.39dissolved oxywen (mg/l) 30.00 18.00 13.00 20.33 7.13 30.00 18.00 13.00 20.33 7.13t~ratur~ ( C) 26.80 26.80 27.10 26.90 0.14
ChlorOph~lJl a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant ine (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11



· . ,,'~
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Ceriops 0-2 an 2-4 cablanco 29-10-92 29-10-92period 4
10.29 am 11.11 12.44 am 10.29 am 11.11 12.44 amam am

A B C mean std A B C mean std
%rrud after 7.04 5.97 5.37 6.13 9.24 7.88 8.70 8.61 0.56%rrud before 20.05 16.09 10.66 15.60 3.85 9.02 20.16 12.80 13.99 4.63" sand after 89.15 89.07 89.98 89.40 0.41 87.50 88.83 89.19 88.51 0.73%sand before 76.19 79.96 84.73 80.29 3.49 83.31 75.70 82.92 80.64 3.50X coarse sand after 3.81 4.96 4.65 4.47 0.49 3.26 3.29 2.11 2.89 0.55X coarse sand before 3.76 3.95 4.61 4.11 0.36 6.n 4.14 4.28 5.06 1.21median after 259.30 301.70 290.00 283.67 17.88 235.80 224.00 218.20 226.00 7.32median before 250.10 270.40 323.50 281.33 30.95 379.70 252.60 310.40 314.23 51.96kurtosis after 6.05 5.95 6.80 6.26 0.38 5.15 5.23 5.92 5.43 0.34kurtosis before 0.70 1.38 3.11 1.73 1.01 3.58 0.62 2.41 2.20 1.22skewness after -1.87 -1.83 -1.93 -1.88 0.04 -1. 79 -1.65 -1.86 -1.76 0.08skewness before -1.18 -1.33 -1.69 -1.40 0.21 -1.86 -1.14 -1.59 -1.53 0.30POM (X) 3.09 1.95 2.22 2.42 0.49 5.34 3.22 5.19 4.58 0.97

I!
total carbon (X) 0.92 1.19 1.24 1.12 0.14 1.62 2.52 2.22 2.12 0.37pH 6.08 6.18 6.04 6.10 0.06 6.08 6.18 6.04 6.10 0.06salinity (ppt) 48.00 51.00 51.00 50.00 1.41 48.00 51.00 51.00 50.00 1.41redox (mV) -17.00 -17.00 75.00 13.67 43.37 -12.00 -42.00 -110.00 -54.67 41.00dissolved oxyven (mg/l)

34.60 34.10 34.40 34.37 0.21 32.70 32.30 32.30 32.43 0.19 I:
teq:lerature ( C)
chlorOph~ll a (ng/g OWl) 367.13 2211.50 2945.85 1841.49 1084.78 617.28 468.70 419.n 501.90 84.00fucoxant lne (ng/g OWl) 708.35 632.99 698.88 680.07 33.52 165.18 0.00 82.59 82.59

III
cerfops 4-10 ell 10-rest Cl!blenco 29-10-92 29-10-92period 4

10.29 am 11.11 12.44 am 10.29 am 11.11 12.44 amam amA B C mean std A B C mean std
Xirud after 9.46 9.57 8.57 9.20 0.45 10.58 9.86 8.79 9.74 0.74Xrrud before 16.05 14.05 13.02 14.37 1.26 21.76 18.83 13.19 17.93 3.56X sand after n.13 87.71 89.47 84.n 5.45 85.64 87.25 87.90 86.93 0.95%sand before 78.67 81.25 82.92 80.95 1.75 72.94 n.20 82.54 n.56 3.93X coarse sand after 3.41 2.n 1.96 2.70 0.59 3.78 2.89 2.31 2.99 0.60X coarse sand before 5.28 4.70 4.06 4.68 0.50 5.30 3.97 4.27 4.51 0.57median after 265.20 228.40 241.00 244.87 15.27 288.00 238.40 257.60 261.33 20.42median before 332.70 314.80 298.90 315.47 13.81 306.80 274.60 312.80 298.07 16.nkurtosis after 4.73 4.55 6.02 5.10 0.65 4.28 4.34 5.29 4.64 0.46kurtosls before 1.46 2.32 2.59 2.12 0.48 0.52 1.10 2.n 1.44 0.93skewness after -1.78 -1.62 -1.92 -1.n 0.12 -1. 78 -1.61 -1.90 -1.76 0.12skewness before -1.43 -1.60 -1.61 -1.55 0.08 -1.18 -1.30 -1.67 -1.38 0.21POM (X) 6.10 3.52 4.00 4.54 1.12 9.75 7.32 4.36 7.14 2.20total carbon (X) 1.75 3.19 2.36 2.43 0.59pH 6.08 6.18 6.04 6.10 0.06 6.08 6.18 6.04 6.10 0.06salinity (ppt) 48.00 51.00 51.00 50.00 1.41 48.00 51.00 51.00 50.00 1.41redox (mV) -121.00 -30.00 -115.00 -88.67 41.56dl ssolved oXrier1 (mg/l)

29.70 29.90 30.40 30.00 0.29
11

teq:lereture ( C)
chlorOph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant ine (ng/g OWl)' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

:\ I,
I,
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ceriops 0-2 an 2-4 anblaneo 25-11-92 25-11-92period 5
11.41 am 11.22 am 9.28 am 11.41 am 11.22 am 9.28 am

A B C mean std A B C mean std
" nuf after 2.88 5.14 1.78 3.27 2.73 3.67 2.58 2.99 0.48X nuf before 1.11 2.32 0.70 1.38 0.69 2.02 2.52 0.91 1.82 0.67X sand after 95.48 93.92 98.22 95.87 1.78 93.83 94.20 97.20 95.08 1.51X sand before 91.93 96.82 94.59 94.45 2.00 95.39 97.25 94.44 95.69 1.17X coarse sand after 1.64 0.94 0.00 0.86 0.67 3.44 2.13 0.22 1.93 1.32" coarse sand before 6.96 0.86 4.71 4.18 2.52 2.59 0.23 4.65 2.49 1.81

'\ '
median after 147.90 76.82 189.80 138.17 46.63 207.90 134.20 160.00 167.37 30.54 - ,median before 306.90 154.30 321.20 260.80 75.53 198.10 137.80 308.60 214.83 70.73 , ,kurtosls after 0.09 -o.n 7.20 2.19 3.56 0.73 -0.23 5.95 2.15 2.72kurtosls before 5.81 3.47 4.28 4.52 0.97 4.40 4.04 1.95 3.46 1.08skewness after -0.85 -0.39 -2.24 -1.16 0.79 -1.12 -0.73 -2.12 -1.33 0.58skewness before -1.90 -1.53 -1.84 -1.76 0.16 -1. 73 -1.70 -1.44 -1.62 0.13POM (X) 3.60 2.20 2.67 2.82 0.58 4.83 3.49 5.64 4.65 0.89total carbon (X) 4.78 0.69 0.89 2.12 1.88 2.04 1.59 2.66 2.10 0.44pH 6.37 6.32 6.22 6.30 0.06 6.37 6.32 6.22 6.30 0.06salinity (ppt) 49.00 47.00 48.00 48.00 0.82 49.00 47.00 48.00 48.00 0.82redox (mY) 92.00 103.00 -20.00 58.33 55.57 -2.00 3.00 -25.00 -8.00 12.19dissolved oxYWen (mg/l) 7.00 22.00 6.00 11.67 7.32 7.00 22.00 6.00 11.67 7.32t~rature ( C) 34.90 33.10 28.70 32.23 2.60 33.40 30.60 28.60 30.87 1.97ChlorOph~ll a (ng/g OWT) 2176.53 2416.08 3287.35 2626.65 4n.31 0.00 0.00 0.00 0.00 0.00fucoxant lne (ng/g OWT) 529.24 739.96 955.85 741.68 174.17 0.00 0.00 198.54 66.18 93.59

Ceriops 4-'0 ell 'O-rest ellblaneo 25-"-92 25-"-90period 5
11.41 am 11.22 am 9.28 am 11.41 am 11.22 am 9.28 amA B C mean std A B C mean std

" nu:! after, 2.17 4.10 1.95 2.74 0.97 3.16 5.23 2.37 3.59 1.21X nu:! before 3.19 3.49 0.95 2.54 1.13 3.53 1.23 1.66 2.14 1.00X sand after 95.00 93.56 97.97 95.51 1.84 93.63 92.01 97.58 94.41 2.34X sand before 96.41 84.59 94.59 91.86 5.20 96.00 95.11 95.27 95.46 0.39X coarse sand after 2.83 2.33 0.08 1.75 1.20 3.21 2.76 0.05 2.01 1.40X coarse sand before 0.40 0.47 4.46 1.78 1.90 0.47 3.66 3.07 2.40 1.39median after 216.20 141.10 182.40 179.90 30.71 183.90 162.80 176.30 174.33 8.73median before 126.60 139.40 319.60 195.20 88.12 119.60 305.00 242.70 222.43 n.03kurtosis after 1.92 -0.02 4.59 2.16 1.89 0.45 -0.27 5.32 1.83 2.48kurtosls before 2.00 3.17 4.29 3.15 0.94 1.26 4.28 1.09 2.21 1.46skewness,after -1.38 -0.82 -1.86 -1.36 0.42 -0.97 -0.81 -2.00 -1.26 0.53 lskewness before -1.30 -1.63 -1.86 -1.60 0.23 -1.10 -1.80 -1.22 -1.38 0.31POM (X) 5.01 4.n 3.99 4.59 0.44 7.83 8.07 4.17 6.69 1.78total carbon (X) 0.59 1.41 1.57 1.19 0.43pH 6.37 6.32 6.22 6.30 0.06 6.37 6.32 6.22 6.30 0.06salinity (ppt) 49.00 47.00 48.00 48.00 0.82 49.00 47.00 48.00 48.00 0.82redox (mV) -20.00 -12.00 -25.00 -19.00 5.35

1I
dissolved oxYVen (mg/l) 7.00 22.00 6.00 11.67 7.32 7.00 22.00 6.00 11.67 7.32t~rature ( C) 30.30 28.90 28.30 29.17 0.84
chloroph~ll a (ng/9 DWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant ine (ng/g OWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I

1I



Cerfops 0-2 at 2-4 cablenco 23-12-92 23-12-92period 6
11.05 am 10.45 am 9.15 am 11.05 am 10.45 am 9.15 am

11 iA B C mean std A B C mean std , ,

0.40 0.92 0.41 0.87 0.73 0.23 I" mud after 0.49 0.30 0.42
" mud before 1.03 0.95 0.89 0.96 0.06 0.95 1.29 0.82 1.02 0.20X sand after 96.33 92.36 94.77 94.49 1.63 96.73 93.81 96.64 95.73 1.36

\ :X sand before 93.71 92.97 94.40 93.69 0.58 94.02 93.98 94.82 94.27 0.39X coarse sand after 3.18 7.34 4.81 5.11 1. 71 2.35 5.78 2.49 3.54 1.58" coarse sand before 5.26 6.08 4.71 5.35 0.56 5.03 4.73 4.36 4.71 0.27median after 305.30 395.90 326.80 342.67 38.65 259.10 344.20 231.30 278.20 48.03median before 327.40 353.50 312.40 331.10 16.98 330.40 301.70 306.40 312.83 12.57kurtosis after 7.78 5.83 6.10 6.57 0.86 6.24 5.56 5.56 5.79 0.32kurtosis before 5.20 3.56 3.86 4.21 0.72 4.15 2.66 5.01 3.94 0.97skewness after -1.89 -1.74 -1.75 -1. 79 0.07 -1.85 -1.69 '1.67 -1.74 0.08skewness before -2.02 '1.74 -1.76 -1.84 0.13 -1.81 -1.57 -1.89 -1.76 0.13POM (X) 1.66 1.40 3.35 2.14 0.86 4.49 3.18 5.94 4.54 1.13total carbon (X) 0.57 0.65 1.50 0.91 0.42 1.95 1.11 2.08 1.71 0.43pH 5.56 5.15 5.05 5.25 0.22 5.56 5.15 5.05 5.25 0.22salinity (ppt) 49.00 45.00 52.50 48.83 3.06 49.00 45.00 52.50 48.83 3.06redox (mY) 140.00 119.00 128.00 129.00 8.60 96.00 68.00 85.00 83.00 11.52dissolved oxvyen (mg/l) 6.00 7.00 6.00 6.33 0.47 6.00 7.00 6.00 6.33 0.47t~rature ( C) 33.40 31.10 28.40 30.97 2.04 30.70 29.80 27.80 29.43 1.21Chloroph~ll a (ng/g OWl) 161.94 381.58 2365.56 969.69 991.09 0.00 0.00 0.00 0.00 0.00fueoxant ine (ng/g OWl) 1203.55 489.92 1396.52 1030.00 389.93 0.00 0.00 0.00 0.00 0.00

ceriape 4-10 ClI 10-rest ClI ~bl8nCO Z3-12-92 Z3-12-92period 6
11.05 am 10.45 am 9.15 am 11.05 am 10.45 am 9.15 amA B C mean std A B C mean std

X IIaId after 0.77 0.59 0.82 0.73 0.10 0.91 1.02 0.97 0.97 0.04X IIaId before 2.39 1.35 1.44 1.73 0.47 2.71 2.73 2.55 2.66 0.08X sand after 93.58 93.51 97.13 94.74 1.69 94.32 94.32 96.41 95.02 0.99

I i
" sand before 92.82 91.70 94.29 92.94 1.06 92.62 92.11 94.03 92.92 0.81X coarse sand after 5.65 5.90 2.05 4.53 1.76 4.77 4.66 2.62 4.02 0.99" coarse sand before 4.79 6.95 4.27 5.34 1.16 4.67 5.16 3.42 4.42 0.73median after 353.00 340.40 255.60 316.33 43.25 363.70 324.40 266.80 318.30 39.79 Imedian before 301.30 354.30 317.10 324.23 22.22 285.30 315.10 269.10 289.83 19.05 illkurtosfs after 5.98 5.12 5.84 5;65 0.38 4.74 5.24 4.77 4.92 0.23kurtosis before 1.65 3.01 3.80 2.82 0.89 0.98 1.52 1.24 1.25 0.22skewness after ·'.94 -1.70 -1.86 -1.83 0.10 -1.90 -1.89 -1.79 -1.86 0.05skewness before -1.44 -1.70 -1.86 -1.67 0.17 -1.28 -1.43 -1.35 -1.35 0.06POM (X) 4.69 3.68 5.81 4.73 0.B7 . 10.35 7.76 10.30 9.47 1.21total carbon (X) 1.95 1.29 1.62 0.33pH 5.56 5.15 5.05 5.25 0.22 5.56 5.15 5.05 5.25 0.22sal fnity (ppt) 49.00 45.00 52.50 48.83 3.06 49_00 45.00 52.50 48.83 3.06redox (mY) 57.00 68.00 50.00 58.33 7.41dissolved ox'!¥en (mg/l) 6.00 7.00 6.00 6.33 0.47 6.00 7.00 6.00 6.33 0.47t~rature ( C) 28.90 29.80 27.50 28.73 0.95
Chloroph~ll a (ng/g OWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1

1

fucoxant ine (ng/g OWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Cerfops 0-2 ca 2-4 capertfal cage 6-8-92 6-8-92period 1
12.08 am 11.10 am 2.15 pm 12.08 am 11.10 am 2.15 pmA B C mean std A B C mean std

X nu:! after 5.14 8.65 1.76 5.18 4.18 4.18 9.51 5.96 2.51X nu:I before 2.66 27.83 4.03 11.51 11.56 4.70 4.70 12.51 7.30 3.68X sand after 85.63 89.75 90.22 88.53 2.06 83.67 89.56 87.15 86.79 2.42X sand before 64.27 67.15 82.53 71.32 8.02 72.05 72.76 81.95 75.59 4.51X coarse sand after 1.76 1.50 8.02 3.76 3.01 12.15 1. 17 3.34 5.55 4.75

\I
X coarse sand before 4.03 5.02 13.44 7.50 4.22 23.25 5.17 5.54 11.32 8.44median after 303.80 331.20 233.30 289.43 41.24 255.90 300.70 255.10 270.57 21.31median before 151.30 221.30 279.20 217.27 52.29 275.30 255.30 352.60 294.40 41.96kurtosls after 3.96 3.68 5.87 4.50 0.97 3.14 4.14 4.56 3.95 0.59kurtosfs before -0.43 -0.24 2.35 0.56 1.27 0.34 0.33 2.92 1.20 1.22skewness after -1.60 -1.62 -1.86 -1.69 0.12 -1.50 -1.67 -1. 70 -1.62 0.09skewness before -0.71 -0.85 -1.58 -LOS 0.38 -1.13 -1.07 -1.73 -1.31 0.30PC»4 (X) 1.86 1.38 2.93 2.06 0.65 5.61 2.12 4.32 4.02 1.44

\
total carbon (X)

5.39 5.10 5.76 0.74pH 6.79 6.79 5.39 5.10 5.76 0.74 I:sal fnfty (ppt) 48.00 58.00 59.00 55.00 4.97 48.00 58.00 59.00 55.00 4.97redox (mv)
dfssolved oxy¥en (mg/l) 11.00 27.00 24.00 20.67 6.94tllll1)erature ( C) 24.00 21.70 23.90 23.20 1.06 24.00 20.90 23.60 22.83 1.38chlorOph~ll a (ng/9 OUT) 6064.47 3211.70 3225.05 4167.07 1341.67 370.94 896.59 0.00 422.51 367.84

'\ i
fucoxant ine (ng/9 OUT) 1819.34 900.44 993.15 1237.64 413.06 0.00 160.94 0.00 53.65 75.87 . !

'\
ICertopa 4-10 ca 10-rest caperttal cage 6-8-92 6-8-92pertod 1

12.08 am 11.10 am 2.15 pm 12.08 am 11.10 am 2.15 pmA B C mean std A B C mean std
X nu:I after 13.58 11.30 10.45 11.78 1.32 12.03 12.65 13.63 12.77 0.66X nu:I before 24.58 24.54 20.72 23.28 1.81 31.71 26.66 20.82 26.40 4.45X sand ~fter 82.86 85.22 86.29 84.79 1.43 87.38 84.03 84.05 85.15 1.57X sand before 70.41 71.21 74.54 72.05 1.79 65.02 67.94 73.77 68.91 3.64X coarse sand after 3.56 3.48 3.26 3.43 0.13 0.59 3.32 2.32 2.08 1.13" coarse sand before 5.00 4.25 4.74 4.66 0.31 3.27 5.40 5.41 4.69 1.01median after 248.60 259.10 272.80 260.17 9.91 242.50 244.70 228.30 238.50 7.27median before 296.40 227.20 287.70 270.43 30.78 192.20 264.30 306.20 254.23 47.08kurtosfs after 2.80 3.45 4.35 3.53 0.64 2.98 3.63 3.30 3.30 0.26kurtosfs before 0.21 0.20 0.87 0.43 0.32 -0.42 0.03 0.80 0.14 0.51

\ I
skewness after -1.42 -1.48 -1.75 -1.55 0.14 -1.40 -1.60 -1.51 -1.50 0.08skewness before -1.09 -1.03 -1.27 -1.13 0.10 -0.81 -1.01 -1.27 -1.03 0.19PC»4 (X) 5.26 3.09 4.32 4.22 0.89 4.52 5.18 6.20 5.30 0.69total carbon (X)
pH 6.79 5.39 5.10 5.76 0.74 6.79 5.39 5.10 5.76 0.74salfnity (ppt) 48.00 58.00 59.00 55.00 4.97 48.00 58.00 59.00 55.00 4.97redox (mv)
dfssolved oxy¥en (mg/l)

23.20 19.60 22.40 21.73 1.54

I!I
temperature ( C)
chloroph~ll a (ng/9 OUT) 0.00 0.00. 0.00 0;00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant fne (ng/g OUT) 0.00 0.00 ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

l



Cerfops 0-2 CIII 2-4 CIIIpertf•• cage 28-8-92 28-8-92perfod 2
10.55 am 11.45 am 8.50 am 10.55 am 11.45 am 8.50 amA B C mean std A B C mean std

X IlUd after 6.16 4.18 6.86 5.73 8.97 6.81 8.12 7.97 0.89X IlUd before 19.19 11.37 10.26 13.61 3.97 14.78 22.39 20.94 19.37 3.30X sand after 89.39 89.01 92.18 90.19 1.41 87.05 87.66 88.62 87.78 0.65X sand before 76.22 80.18 82.03 79.48 2.42 80.44 70.62 75.05 75.37 4.02X coarse sand after 4.45 6.81 4.09 5.12 1.21 3.98 5.53 3.26 4.26 0.95X coarse sand before 4.59 8.45 7.69 6.91 1.67 4.78 6.99 4.01 5.26 1.26median after 315.00 406.50 301.80 341.10 46.56 279.50 353.90 2n.00 301.80 36.97median before 279.10 414.00 325.00 339.37 56.00 313.50 304.90 266.00 294.80 20.67

11: I
kurtosis after 5.86 6.86 4.40 5.70 1.01 5.04 4.93 5.31 5.09 0.16kurtosis before 0.84 2.95 3.89 2.56 1.28 1.83 0.34 0.62 0.93 0.65skewness efter -1.88 -2.06 -1.60 -1.85 0.19 -1.91 -1.80 -1.80 -1.84 0.05skewness before -1.22 -1.78 -1.79 -1.60 0.27 -1.53 -1.12 -1.17 -1.28 0.18 lPOM (X) 1.97 0.87 2.11 1.65 0.55 9.27 1.85 4.03 5.05 3.11total carbon (X) 0.64 0.65 0.65 0.00 4.23 1.83 1.33 2.46 1.27pt! "6.04 6.01 6.24 6.10 0.10 6.04 6.01 6.24 6.10 0.10sal inity (ppt) 40.00 42.00 35.50 39.17 2.72 40.00 42.00 35.50 39.17 2.nredox (mY)
dissolved oxy~en (mg/l) 15.00 18.00 14.00 15.67 1.70
t~rature ( C) 26.70 31.90 24.10 27.57 3.24 25.90 29.90 23.90 26.57 2.49Chloroph~ll a (ng/g OWl) 2760.59 5788.38 2203.64 3584.20 1575.09 0.00 526.12 3929.85 1485.32 1741.83fucoxant ine (ng/g own 1010.83 1736.51 1015.90 1254.41 340.90 0.00 0.00 1566.39 522.13 738.40

ceriops 4-10 ell 10-rest ellpertiel cege 28-8-92 28-8-92period 2
10.55 am 11.45 am 8.50 am 10.55 am " I11.45 am 8.50 amA B C mean std A B C mean std I!X IlUd after 15.02 8.88 9.61 11.17 2.74 12.33 10.61 11.49 11.48 0.70X IlUd before 21.31 22.75 17.81 20.62 2.07 39.50 25.68 16.76 27.31 9.36X sand after 81.43 86.52 85.84 84.60 2.26 84.43 86.14 84.72 85.10 0.75X sand before 73.24 71.43 76.83 73.83 2.24 57.07 69.96 n.07 68.03 8.28X coarse sand after 3.55 4.60 4.55 4.23 0.48 3.24 3.25 3.79 3.43 0.26X coarse sand before 5.46 5.82 5.36 5.55 0.20 3.43 4.36 6.17 4.65 1.14median after 238.30 306.40 321.10 288.60 36.07 244.30 271.70 292.20 269.40 19.62medi an before 322.30 2n.90 316.70 305.63 19.74 124.00 237.20 353.00 238.07 93.49kurtosls after 2.48 4.47 4.64 3.86 0.98 2.58 3.97 3.60 3.38 0.59kurtosls before 0.71 0.43 1.23 0.79 0.33 -0.86 0.61 1.65 0.47 1.03skewness after -1.38 -1.n -1.86 -1.65 0.20 -1.52 -1.66 -1.65 -1.61 0.06skewness before -1.25 -1.12 -1.37 -1.25 0.10 -0.52 -1.14 -1.49 -1.05 0.40POM (X) 9.64 3.37 6.39 6.47 2.56 8.16 5.91 7.59 7.22 0.95total carbon (X) 16.94 1.75 3.71 7.47 6.75

pH 6.04 6.01 6.24 6.10 0.10 6.04 6.01 6.24 6.10 0.10
11

salinity (ppt) 40.00 42.00 35.50 39.17 2.72 40.00 42.00 35.50 39.17 2.72redox (lilY) rdissolved 0xnen (mg/l)
24.60 27.50 24.30 25.47 1.44t~rature ( C)

Chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant Ine (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



.<'........,~.\..~
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Ceriops 0-2 ell 2-4 ellperUal cege 27-9-92 27-9-92period 3
8.30 em 8.42 em 10.25 am 8.30 em 8.42 am 10.25 amA B C mean std A B C mean std

Ill!" nu:! after 14.87 12.09 17.22 14.73 12.33 11.82 14.69 12.95 1.25" nu:! before 56.20 60.00 30.96 49.05 12.89 26.93 54.95 25.96 35.95 13.44" sand after 82.55 84.47 80.03 82.35 1.82 84.25 85.50 82.27 84.01 1.33X sand before 42.12 39.18 65.31 48.87 11.69 69.51 43.87 69.34 60.91 12.05X coarse sand after 2.58 3.44 2.75 2.92 0.37 3.42 2.68 3.04 3.05 0.30X coarse sand before 1.68 0.82 3.73 2.08 1.22 3.56 1.18 4.70 3.15 1.47

1"1

medfan after 210.90 221.70 230.40 221.00 7.98 328.40 216.20 265.20 269.93 45.93median before 42.18 37.93 195.10 91.74 73.11 223.00 47.18 265.30 178.49 94.44kurtosls after 2.99 3.32 2.33 2.88 0.41 2.91 3.48 2.86 3.08 0.28kurtosfs before -0.95 -0.59 -0.19 -0.57 0.31 0.32 -0.87 0.27 -0.09 0.55skewness after -1.43 -1.43 -1.38 -1.41 0.02 -1.57 -1.43 -1.52 -1.51 0.06skewness before -0.08 -0.11 -0.87 -0.35 0.37 -1.04 -0.14 -1.09 -0.76 0.44POM (X) 5.57 5.04 10.08 6.90 2.26 3.97 3.79 7.38 5.05 1.65total carbon (X) 0.83 0.44 1.48 0.92 0.43 2.06 0.54 2.22 1.61 0.76pH 6.31 6.55 6.42 6.43 0.10 6.31 6.55 6.42 6.43 0.10salinity (ppt) 36.00 43.00 36.00 38.33 3.30 36.00 43.00 36.00 38.33 3.30redox (mV) 117.00 114.00 132.00 121.00 7.87 103.00 78.00 150.00 110.33 29.85dissolved oxyven (mg/l) 22.00 19.00 14.00 18.33 3.30
t~rature ( C) 27.30 27.00 32.20 28.83 2.38 26.70 26.80 31.00 28.17 2.00Chloroph~ll a (ng/g OWT) 2931.28 4579.99 6732.65 4747.97 1556.44 0.00 976.05 0.00 325.35 460.11fucoxant fne (ng/g OWl) 720.81 1583.74 2019.79 1441.45 539.77 0.00 225.12 0.00 75.04 106.12

terfClp8 4-10 ell 10-rest ellpertfel cage 27-9-92 27-9-92perfod 3
8.30 am 8.42 am 10.25 am 8.30 am 8.42 am 10.25 amA B C mean std A B C mean std

X nu:! after 14.21 11.13 12.77 12.70 1.26 10.08 9.62 38.85 19.52 13.67X nu:! before 26.74 56.39 28.05 37.06 13.68 23.09 49.71 9.25 27.35 16.79X sand after 81.05 85.86 83.67 83.53 1.97 85.55 82.62 60.22 76.13 11.31X sand before 69.66 42.33 68.71 60.23 12.67 72.74 48.72 85.58 69.01 15.28

, 11

X coarse sand after 4.74 3.01 3.56 3.77 0.72 4.37 7.76 0.93 4.35 2.79X coarse sand before 3.60 1.28 3.24 2.71 1.02 4.17 1.56 5.17 3.63 1.52median after 279.60 228.80 262.10 256.83 21.07 276.20 339.80 112.40 242.80 95.79medfan before 202.10 42.81 192.90 145.94 73.02 255.50 64.00 265.60 195.03 92.75kurtosfs after 2.40 3.52 3.19 3.03 0.47 3.93 3.69 -0.36 2.42 1.97kurtosfs before ·0.29 -0.90 0.12 -0.16 0.52 0.48 -0.78 3.83 1.17 1.95

'1:
1

skewness after -1.37 -1.45 -1.55 -1.46 0.07 -1.58 -1.58 -0.64 -1.27 0.44skewness before -1.01 -0.04 -0.96 -0.67 0.44 -1.13 -0.78 -1.52 -1. 14 0.30POM (X> 4.91 3.07 5.37 4.45 0.99 5.04 2.19 3.76 3.67 1. 17 :1total carbon (X> 2.25 1.69 2.54 2.16 0.35
~l;nity (ppt)

6.31 6.55 6.42 6.43 0.10 6.31 6.55 6.42 6.43 0.1036.00 43.00 36.00 38.33 3.30 36.00 43.00 36.00 38.33 3.30redox (mY) 93.00 33.00 85.00 70.33 26.60dissolved oxYVen (mg/l)
26.70 26.80 27.90 27.13 0.54teq:lerature ( C)

Chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant Ine (ng/g OWT) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



" . ,... :~

cerfops 0-2 CIB 2-4 CIBpertfal cage 29-10-92 29-10-92perfod 4
10.08 am 10.53 am 1.07 pm 10.08 am 10.53 am 1.07 pmA B C mean std A B C mean std

" lIUCl after 7.26 4.79 9.12 7.06 8.42 8.59 10.20 9.07 0.80

1
1" lIUCl before 22.74 21.54 15.19 19.82 3.31 40.86 23.27 14.65 26.26 10.91X send after 88.52 89.69 88.58 88.93 0.54 87.98 87.42 86.63 87.34 0.55" sand before 73.09 74.18 80.56 75.94 3.29 57.22 71.78 80.n 69.91 9.68X coarse sand after 4.22 5.52 2.30 4.01 1.32 3.60 3.99 3.17 3.59 0.33" coarse sand before 4.17 4.28 4.25 4.23 0.05 1.92 4.95 4.63 3.83 1.36medfan after 277.80 322.70 224.30 . 274.93 40.22 245.00 236.30 252.20 244.50 6.50median before 244.80 236.60 292.70 258.03 24.74 95.02 249.40 321.60 222.01 94.51kurtosfs after 4.84 5.37 5.42 5.21 0.26 4.22 4.42 4.43 4.36 0.10kurtosis before 0.34 0.48 1.65 0.82 0.59 -o.n 0.20 1.89 0.46 1.08skewness after -1.65 -1.68 -1.76 -1. 70 0.05 -1.46 -1.49 -1.69 -1.55 0.10skewness before -1.04 -1.05 -1.40 -1.16 0.17 -0.45 -1.03 -1.53 -1.00 0.44POM (X) 3.13 1.22 4.27 2.87 1.26 5.59 3.07 4.27 4.31 1.03total carbon (X) 1.54 0.67 1.28 1.16 0.36 2.31 1.34 1.87 1.84 0.40-"pH I • 6.26 6.36 6.31 0.05 6.26 6.36 6.31 0.05sal n1 ty (ppt) 42.00 42.00 42.00 0.00 42.00 42.00 42.00 0.00redox (mV) -48.00 13.00 -60.00 -31.67 31.96 -53.00 -59.00 -40.00 -50.67 7.93dissolved oxyyen (mg/l) 42.00 16.00 29.00 13.00 42.00 16.00 29.00 13.00 \'' Itemperature ( C) 31.70 35.50 36.10 34.43 1.95 30.80 33.50 34.60 32.97 1.60Chloroph~ll a (ng/g OWT) 2864.07 3333.68 892.49 2363.41 1057.62 698.60 698.60 0.00 I·fucoxant Ine (ng/g own 977.56 1137.41 578.64 897.87 234.97 127.48 202.54 165.01 37.53

!j;
,

Ceriops 4-10 ClI 10-rest ClIpertial cage 29-10-92 29-10-92period 4
10.08 am 10.53 am 1.07 pm 10.08 am 10.53 am 1.07 pmA B C mean std A B c mean std

X lIUCl after 9.32 9.71 10.11 9.71 0.32 9.62 11.73 10.40 10.58 0.87X lIUCl before ~6.43 31.66 17.95 25.35 5.65 31.29 18.68 20.22 23.40 5.62X sand after 86.47 86.81 86.76 86.68 0.15 87.47 86.50 87.28 87.08 0.42X sand before 69.34 65.44 79.44 71.41 5.90 65.96 76.57 75.61 n.71 4.79X coarse sand after 4.21 3.48 3.13 3.61 0.45 2.91 1.87 2.52 2.43 0.43

11

X coarse sand before 4.23 2.90 4.61 3.91 0.73 2.75 4.75 4.17 3.89 0.84median after 288.80 223.10 260.70 257.53 26.92 249.90 203.20 244.90 232.67 20.94median before 237.40 153.40 303.10 231.30 61.27 179.00 301.60 291.20 257.27 55.51kurtosis after 4.22 4.16 4.35 4.24 0.08 4.46 4.21 4.47 4.38 0.12kurtosfs before -0.04 -0.39 1.20 0.26 0.68 -0.35 1.17 1.03 0.62 0.69skewness after -1.63 -1.46 -1.68 -1.59 0.09 -1.62 -1.62 -1.65 -1.63 0.01skewness before -0.94 -0.76 -1.34 -1.01 0.24 -0.79 -1.35 -1.31 -1.15 0.25POM (X) 4.95 2.85 5.70 4.50 1.21 5.56 9.09 5.20 6.62 1. 76total carbon (X) 2.10 2.10 2.56 2.25 0.22pH 6.26 6.36 6.31 0.05salinity (ppt) 42.00 42.00 42.00 0.00redox (mY) -92.00 -100.00 -37.00 -76.33 28.00dissolved ox~ (mg/l) 42.00 16.00 29.00 13.00tetJ1)erature ( C) 29.60 30.60 32.20 30.80 1.07
chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant lne (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

:\ I
I!



~
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l:erfops 0-2 ell 2-4 ellpertial cage 25-11-92 25-"-92period 5
8.43 am 12.05 am 10.30 am8.43 am 12.05 am 10.30 am

A B C mean std A B C mean std
;11" nu:! after 2.11 2.11 0.94 1.72 3.19 1.07 1.20 1.82 0.97" rrud before 1.07 0.83 1.34 1.08 0.21 0.93 1.18 0.88 1.00 0.13 ,Xsand after 97.04 95.48 96.26 96.26 0.64 95.72 92.05 94.79 94.19 1.56 iX sand before 93.73 92.41 94.09 93.41 0.72 91.90 93.71 94.32 93.31 1.03Xcoarse sand after 0.85 2.41 2.80 2.02 0.84 1.08 6.88 4.01 3.99 2.37" coarse sand before 5.20 6.76 4.57 5.51 0.92 7.17 5.11 4.80 5.69 1.05medfan after 162.00 226.70 290.00 226.23 52.26 152.20 343.90 272.00 256.03 79.07median before 320.10 406.30 273.30 333.23 55.09 401.40 313.50 326.80 347.23 38.68kurtosis after 4.65 4.49 6.73 5.29 1.02 2.63 5.16 5.87 4.55 1.39kurtosfs before 2.22 3.37 0.90 2.16 1.01 3.86 1.15 2.24 2.42 1.12skewness after ~1.72 -1. 75 -2.02 -1.83 0.14 -1.47 -1.82 -1.91 - 1.74 0.19skewness before -1.49 -1.83 -1.21 -1.51 0.25 -1.93 -1.30 -1.58 -1.60 0.26POM (X) 2.61 0.90 2.46 1.99 0.77 6.33 1.62 4.41 4.12 1.93total carbon (X) 1.18 0.49 1.12 0.93 0.31 3.41 0.76 1.34 1.84 1.14pH 6.32 6.56 6.46 6.45 0.10 6.32 6.56 6.46 6.45 0.10salinf ty (ppt) 37.00 41.00 37.50 38.50 1.78 37.00 41.00 37.50 38.50 1.78redox (mV) 20.00 -73.00 -30.00 -27.67 38.00 -39.00 -79.00 -107.00 -75.00 27.90dissolved oxygen (mg/l) 2.00 14.00 21.00 12.33 7.85 2.00 14.00 21.00 12.33 7.85temperature (OC) 28.70 31.50 30.60 30.27 1.17 28.50 30.90 29.80 29.73 0.98Chloroph~ll a (ns/g OWl) 1647.98 3877.64 557.51 2027.71 1381.78 760.40 760.40 0.00fucoxant ine (ns/9 OWl) 781.74 1197.26 0.00 659.67 496.34 0.00 185.56 92.78 92.78

ceriopa 4-10 ca 10-rest capertial cage 25-11-92 25-11-92period 5
8.43 am 10.30 am

1
1II

12.05 am 8.43 am 12.05 am 10.30 amA B C mean std A B C mean std
X nu:! after 3.13 1.29 1.21 1.88 0.89 3.01 1.85 1.97 2.28 0.52Xnu:! before .1.55 3.29 1.27 2.04 0.89 1.74 1.92 1.63 1.76 0.12" send after 95.92 91.95 94.76 94.21 1.67 96.01 95.23 94.73 95.32 0.53

\; I

Xsend before 92.34 92.07 94.03 92.81 0.87 93.60 93.39 93.21 93.40 0.16Xcoarse send after 0.95 6.76 4.03 3.91 2.37 0.98 2.93 3.30 2.40 1.02X coarse sand before 6.11 4.64 4.70 5.15 0.68 4.76 4.69 5.16 4.87 0.21median after 124.60 327.40 305.20 252.40 90.82 136.30 265.30 291.80 231.13 67.92 Imedfan before 380.40 204.20 323.70 302.77 73.44 299.20 295.10 327.60 307.30 14.45 Ikurtosfs after 1.99 3.69 6.56 4.08 1.89 2.67 4.57 4.67 3.97 0.92kurtosfs before 3.36 -0.08 1.63 1.64 1.40 2.09 1.90 1.43 1.81 0.28skewness after -1.23 -1.63 -2.08 -1.65 0.35 -1.39 -1.83 -1.93 -1.72 0.24skewness before -1.83 -0.90 -1.45 -1.39 0.38 -1.51 -1.47 -1.41 -1.46 0.04POM (X) 4.48 2.99 3.64 3.70 0.61 5.15 6;27 8.73 6.72 1.50total carbon CX) ·2.76 1.62 1.87 2.08 0.49pH 6.32 6.56 6.46 6.45 0.10sal fnity (ppt) 37.00 41.00 37.50 38.50 1.78redox (mY) -61.00 -129.00 -178.00 -122.67 47.97dissolved oxygen (mg/l) 2.00 14.00 21.00 12.33 7.85temperature (GC) 28.30 29.90 29.20 29.13 0.65
chlorOph~ll a (ns/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant ine (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00





Cerfops 0-2 ell 2-4 ClIlage 6-8-92 6-8-92perfod 1
1.00 pm 1.21 1.50 pm 1.00 pm 1.21 1.50 pmpm pm

A B C mean std A B C mean std
" nut after 11.73 4.01 5.59 7.11 14.46 5.92 8.43 9.60 3.58" nut before 16.74 15.93 32.32 21.66 7.54 15.76 35.03 35.22 28.67 9.13" sand after 84.54 84.95 90.08 86.52 2.52 83.06 87.61 87.69 86.12 2.16" sand before 77.00 79.80 66.73 74.51 5.62 78.45 62.44 62.46 67.78 7.54 I;" coarse sand after 3.73 11.04 4;33 6.37 3.31 2.48 6.47 3.88 4.28 1.65" coarse sand before 6.26 4.27 0.95 3.83 2.19 5.79 2.53 2.32 3.55 1.59median after 246.90 391.80 326.80 321.83 59.26 191.00 333.20 260.50 261.57 58.06medi an before 347.30 308.80 136.50 264.20 91.66 334.30 147.20 125.00 202.17 93.87Iturtosls after 3.70 6.61 6.07 5.46 1.26 3.22 5.73 5.19 4.71 1.08Iturtosis before 1.39 1.59 -0.12 0.95 0.76 1.65 -0.54 -0.53 0.19 1.03sltewness after -1.58 -1.97 -1.89 -1.81 0.17 -1.48 -1.86 -1. 77 -1.70 0.16sltewness before -1.45 -1.44 -0.81 -1.24 0.30 -1.50 -0.65 -0.53 -0.89 0.43POM (X) 1.55 1.17 1.77 1.50 0.25 3.18 3.56 2.67 3.13 0.36total carbon (X)
pH 6.48 6.77 4.55 5.93 0.99 6.48 6.77 4.55 5.93 0.99salinity (ppt) 47.00 48.00 58.00 51.00 4.97 47.00 48.00 58.00 51.00 4.97redox (mV)

I1I

dissolved oxyven (mg/l) 9.00 23.00 11.00 14.33 6.18
t~rature ( C) 24.60 23.20 23.20 23.67 0.66 24.30 23.00 23.00 23.43 0.61Chloroph~ll a (ng/g OWl) 2m.43 3618.38 3737.87 3376.56 429.26 0.00 m.34 658.27 477.87 341.27fucoxant Ine (ng/g OWl) 967.60 8n.96 742.44 861.00 92.31 0.00 0.00 167.18 55.73 78.81 I,
ceriops 4-10 ClI 10-rest ellcege 6-8-92 6-8-92period 1

1.00 pm 1.21 1.50 pmpm 1.00 pm 1.21 pm 1.50 pmA B C mean std A B C mean std
X nut after 20.24 7.48 13.86 6.38 9.83 10.69 13.97 11.50 1. 78X IllJd before 20.51 38.43 29.47 8.96 19.98 32.51 37.09 29.86 7.23X sand after 78.24 87.09 82.66 4.42 85.66 85.65 82.19 84.50 1.63X sand before 74.71 59.40 67.06 7.65 74.90 64.73 60.41 66.68 6.07" coarse sand after 1.52 5.43 3.48 1.96 4.51 3.66 3.84 4.00 0.37X coarse sand before 4.78 2.17 3.48 1.31 5.12 2.76 2.50 3.46 1.18median after 161.80 322.20 242.00 80.20 308.30 305.00 256.40 289.90 23.73median before 299.70 123.80 211. 75 87.95 315.90 162.80 114.50 197.73 85.85Iturtosfs after 2.44 4.57 3.51 1.06 4.82 4.28 3.08 4.06 0.73 I'Iturtosls before 0.74 -0.73 0.01 0.74 1.08 -0.27 -0.54 0.09 0.71 : Isltewness after -1.32 -1. 70 -1.51 0.19 -1.92 -1.80 -1.56 -1.76 0.15 , 'skewness before -1.27 -0.58 -0.93 0.34 -1.36 -0.81 -0.65 -0.94 0.30POM (X) 8.13 3.51 10.65 7.43 2.96 7.62 8.49 6.06 7.39 1.00total carbon (X)
pH 6.48 6.77 6.63 0.15 6.48 6.77 4.55 5.93 0.99sallnfty (ppt) 47.00 48.00 47.50 0.50 47.00 48.00 58.00 51.00 4.97redox (mY) .
dissolved oxygen (mg/l)

23.70 22.10 0.80t~rature (OC) 22.90
chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00fucoxant Ine (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

,11

I;
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1.17
8.62
0.95
8.41
1.74
0.23

45.81
62.n

0.30
0.49
0.54
0.27
0.40
0.37
0.14
0.41

1.07
3051.15

636.15

9.47
36.09
83.67
60.62
6.86
3.29

318.73
145.29

3.80
-0.56
-1.27
-0.75
3.62
2.10
6.05

38.50

25.13
2248.65
538.51

44

24.10
6562.33
1431.90

8.30 am
C

8.68
43.27
82.34
53.50
8.98
3.23

375.00
95.18
3.81

-0.98
-1.64
-0.38
3.22

5.92
39.00

2-4 an
28-8-92

24.70
0.00
0.00

9.20 am
B

11.12
41.02
84.17
55.93
4.71
3.05

262.80
106.90

3.44
-0.84
-0.50
-0.84
3.48
1.73
6.00

38.00

26.60
183.63
183.63

10.30 am
A

8.61
23.97
84.49
72.43
6.90
3.60

318.40
233.80

4.17
0.13

-1.66
-1.03
4.17
2.47
6.24

38.50

std

10.52
2.86
9.32
1.32
1.20

43.51
95.47

1.89
0.71
0.26
0.37
0.66
0.12
0.14
0.41

0.47
1.54

382.86
114.86

mean

8.76
35.32
83.35
60.49
7.89
4.19

344.87
165.12

4.47
-0.39
-1.67
-0.66
2.67
1.56
6.05

38.50

15.33
25.57

5903.36
1n1.01

8.30 am
C

13.35
39.67
80.62
56.59
6.03
3.74

293.50
113.30

2.74
-0.82
-1.41
-0.50
2.82
1.68
5.92

39.00

15.00
24.10

6170.17
1851.05

0-2 an
28-8-92

9.20 am
B

9.19
45.46
82.13
51.54
8.68
3.00

341.20
83.06
3.56

-0.97
-1.57
-0.30
3.39
1.44
6.00

38.00

15.00
24.90

61n.99
1853.41

10.30 am
A

3.73
20.82
87.31
73.35
8.96
5.83

399.90
299.00

7.09
0.61

-2.02
-1.17
1.80

6.24
38.50

16.00
27.70

5361.93
1608.58

cerfaps
cage
perfod 2

X nud after
Xnud before
X sand after
Xsand before
X coarse sand after
X coarse sand before
median after
median before
kurtosfs after
Icurtosfs before
slcewness after
skewness before
POM (X)
total carbon (X)
pH
salinity (ppt)
redox (mv)
dfssolved oxygen (mg/l)
temperature (OC)
chlorophyll a (ng/g OWT)
fucoxanthfne (ng/g OWl)

;1i@,QijU;.iiU lllSA $ 4 :Z_Z 41 a a . .

cerlops
cage
period 2

X nud after
X nud before
X sand after
X sand before
X coarse sand after
X coarse sand before
median after
median before
Icurtosfs after
kurtosfs before
skewness after
slcewness before
POM (X)
total carbon (X)
pH
salinity (ppt)
redox (mv)
dissolved oxyven (mg/l)
temperature ( C)
chlorophyll a (ng/9 OWl)
fucoxanthine (ng/9 OWl)

10.30 am
A

10.52
16.07
85.74
80.83
3.70
3.55

265.60
274.60

4.17
1.83

-1.65
-1.47
3.64
1.47
6.24

38.50

24.90
0.00
0.00

9.20 am
B

11.26
17.64
82.33
78.02
6.41
4.34

309.50
276.50

3.25
1.34

-1.56
-1.37
2.60
2.06
6.00

38.00

24.70
0.00
0.00

4-10 aa
28-8-92

8.30 am
C

9.70
30.38
84.34
66.26
5.96
3.36

323.90
185.10

4.27
-0.25
-1.73
-0.83
3.71
0.96
5.29

39.00

24.50
0.00
0.00

mean

10.49
21.36
84.14
75.04
5.36
3.75

299.67
245.40

3.90
0.97

-1.65
-1.22
3.32
1.50
5.84

38.50

24.70
0.00
0.00

std

0.64
6.41
1.40
6.31
1.19
0.42

24.80
42.65
0.46
0.89
0.07
0.28
0.51
0.45
0.40
0.41

0.16
0.00
0.00

10.30 am
A

9.20
28.n
87.31
75.63
3.49
4.40

285.10
276.80

5.09
1.11

-1.86
- -1.29

5.09

6.24
38.50

0.00
0.00

9.20 am
B

12.87
28.71
83.71
67.52
3.42

·3.n
279.60
222.20

3.30
0.04

-1.60
-0.97
5.42

6.00
38.00

0.00
0.00

10-rest aa
28-8-92

8.30 am
C

11.31
24.95
83.66
71.54
5.03
3.51

306.10
222.60

3.61
0.40

-1.64
-1.07
3.05

5.92
39.00

0.00
0.00

mean

11.13
27.48
84.89
71.56
3.98
3.89

290.27
240.53

4.00
0.52

-1. 70
-1.11
4.52

6.05
38.50

0.00
0.00

std

1.50
1.79
1.71
3.31
0.74
0.37

11.42
25.64
0.78
0.44
0.11
0.13
1.05

0.14
0.41

0.00
0.00



cerfaps 0-2 al 2-4 alcage 27-9-92 27-9-92period 3
9.25 am 9.48 am 10.43 am 9.25 am 9.48 am 10.43 am

A B C mean std A B C mean std
" mud after 9.64 13.42 17.22 13.43 10.00 10.86 15.65 12.17 2.49" mud before 45.25 28.69 42.10 38.68 7.18 29.99 22.45 38.48 30.31 6.55X sand after 83.08 79.70 79.06 80.61 1.76 82.12 83.42 79.69 81.74 1.55" sand before 52.73 67.48 55.51 58.57 6.40 76.66 73.63 59.06 69.78 7.68X coarse sand after 7.28 6.88 3.n 5.96 1.59 7.88 5.72 4.66 6.09 1.34" COarse sand before 2.02 3.83 2.39 2.75 0.78 3.35 3.92 2.46 3.24 0.60median after 312.20 281.60 215.00 269.60 40.58 286.60 328.90 230.30 281.93 40.39median before n.87 209.00 102.20 129.69 56.95 168.60 246.80 125.80 180.40 50.10kurtosis after 3.15 2.90 2.37 2.81 0.33 3.83 3.56 2.52 3.31 0.57kurtosfs before -0.66 0.11 -o.n -0.42 0.38 -0.20 0.81 -0.63 -0.00 0.60

I
skewness after -1.43 -1.54 -1.34 -1.44 0.08 -1.56 -1.70 -1.38 -1.55 0.13skewness before -0.36 -0.95 -0.53 -0.62 0.25 -0.80 -1.22 -0.63 -0.88 0.25POM (X) 3.69 6.17 11.01 6.96 3.04 2.43 3.54 6.68 4.22 1.80 Itotal carbon (X) 1.88 1.58 0.90 1.45 0.41 1.78 3.08 1.35 2.07 0.74pH 6.34 6.54 6.25 6.38 0.12 6.34 6.54 6.25 6.38 0.12salfni ty (ppt) 38.00 36.00 37.00 37.00 0.82 38.00 36.00 37.00 37.00 0.82redox (mY) 143.00 144.00 62.00 116.33 38.42 145.00 130.00 127.00 134.00 7.87dissolved oxyven (mg/l) 11.00 8.00 12.00 10.33 1.70 0.00 0.00 0.00

'\ \,1

temperature ( C) 27.80 29.60 27.60 28.33 0.90 27.40 28.50 27.30 27.73 0.54Chloroph~ll a (ng/g OWT) m1.26 6298.62 5573.20 6534.36 896.66 0.00 515.53 1213.85 576.46 497.42fucoxant ine (ng/g own 2319.38 1889.59 1671.96 1960.31 269.00 0.00 0.00 260.08 86.69 122.60

cerlopa 4-10 ca 10-rest cacage 27-9-92 27-9-92 iperiod 3
. I9.25 am 9.48 am 10.43 am 9.25 am 9.48 am 10.43 amA B C mean std A B C mean std

" muc:I after 9.22 10.36 13.93 11.17 2.01 9.39 12.68 11.41 11.16 1.35X mud before 18.98 44.49 34.97 32.81 10.53 20.69 31.97 42.58 31.75 8.94X sand after 86.62 83.16 81.68 83.82 2.07 88.56 n.21 84.20 83.32 4.67X .and before 76.97 53.13 62.53 64.21 9.80 75.04 65.01 36.33 58.79 16.40X coarse sand after 4.16 6.48 4.39 5.01 1.04 2.05 10.11 4.39 5.52 3.39X COarse sand before 4.05 2.38 2.50 2.98 0.76 4.27 3.02 1.09 2.79 1.31median after 2"79.40 315.80 245.60 280.27 28.67 252.50 281.80 256.00 263.43 13.07medfan before 258.60 91.74 127.10 159.15 71.79 261.10 164.10 87.26 170.82 71.13kurtosfs after 4.48 3.79 3.13 3.80 0.55 5.55 2.79 3.81 4.05 1.14kurtosfs before 1.45 -0.92 -0.28 0.08 1.00 0.99 -0.27 -0.47 0.08 0.64skewness after -1.70 -1.66 -1.53 -1.63 0.07 -1.92 -1.42 -1.60 -1.65 0.21skewness before -1.38 -0.38 -0.70 -0.82 0.41 -1.25 -0.76 -0.50 -0.84 0.31POM (X) 4.50 6.69 4.79 5.33 0.97 4.18 4.40 2.61 3.73 0.80total carbon (X) 1.09 1.65 3.31 2.02 0.94pH 6.34 6.54 6.25 6.38 0.12 6.34 6.54 6.25 6.38 0.12

1
1

sal inity (ppt) 38.00 36.00 37.00 37.00 0.82 38.00 36.00 37.00 37.00 0.82redox (mY) 137.00 92.00 67.00 98.67 28.96dissolved oXYVen (mg/l)
27.10 27.30 26.80 27.07 0.21temperature ( C)

Chloroph~ll a (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Ifueoxant ine (ng/g OWl) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I1 i I!



Cerfops 0-2 ell 2-4 Clllcage 29-10-92 29-10-92period 4
12.11 am 11.48 am 1.30 pm 12.11 am 11.48 am 1.30 pmA B C mean std A B C mean std

%nu:! after 6.46 4.98 5.13 5.52 10.76 9.45 8.81 9.67 0.81%nu:! before 13.00 13.66 18.02 14.89 2.23 11.80 12.97 18.77 14.51 3.05%sand after 89.77 91.19 90.57 90.51 0.58 87.31 88.85 88.66 88.27 0.69%sand before 81.97 82.16 78.32 80.82 1.77 83.09 82.98 77.66 81.24 2.53%coarse sand after 3.77 3.83 4.30 3.97 0.24 1.93 1.70 2.53 2.05 0.35%coarse sand before 5.03 4.18 3.66 4.29 0.56 5.11 4.05 3.57 4.24 0.64median after 256.60 310.40 289.10 285.37 22.12 206.30 200.60 222.40 209.77 9.23median before 318.20 294.20 255.00 289.13 26.05 337.80 295.80 246.30 293.30 37.40

I:kurtosls after 5.95 7.22 5.84 6.33 0.63 5.26 5.95 5.24 5.48 0.33kurtosls before 2.21 2.08 1.15 1.81 0.47 2.84 2.42 0.99 2.09 0.79slcewness after -1.78 -2.01 -1.72 -1.83 0.12 -1.83 -1.83 -1.64 -1.76 0.09slcewness before -1.55 -1.48 -1.26 -1.43 0.12 -1.73 -1.60 -1.22 -1.52 0.22POM (%) 3.31 1.63 1.76 2.23 0.76 9.08 4.61 3.43 5.71 2.43total carbon (%) 1.85 1.19 0.87 1.30 0.41 3.85 1.90 1.18 2.31 1.13pH 36•28 6.44 6.58 6.43 0.12 6.28 6.44 6.58 6.43 0.12salinity (ppt) 5.50 37.50 45.00 39.33 4.09 35.50 37.50 45.00 39.33 4.09redox (mY) -47.00 -47.00 36.00 -19.33 39.13 -23.00 -80.00 -85.00 -62.67 28.12dissolved oxYWen (mg/l) 5.00 10.00 18.00 11.00 5.35 5.00 10.00 18.00 11.00 5.35teq:lerature ( C) 33.70 34.90 32.90 33.83 0.82 32.50 33.70 32.00 32.73 0.71Chloroph~ll a (ng/g OWl) 10000.00 4628.37 7314.19 2685.82 0.00 1790.30 895.15 895.15fucoxant Ine (ng/g OWl) 658.92 3000.00 3000.00 2219.64 1103.60 0.00 0.00 169.28 56.43 79.80

cerfops 4-10 CII 10-rest CIIcage 29-10-92 29-10-92
:1 !period 4

12.11 am 11.48 am 1.30 pm 12.11 am 11.48 am 1.30 pmA B C mean std A B C mean std
X nu:! after 8.13 8.88 8.71 8.57 0.32 10.14 10.53 9.71 10.13 0.33X nu:! before 17.94 12.26 24.19 18.13 4.87 12.71 13.56 25.32 17.20 5.75X sand after 88.87 88.95 87.97 88.60 0.44 87.69 87.11 87.26 87.35 0.25X sand before 77.67 83.19 71.96 77.61 4.58 82.63 81.15 71.08 78.29 5.13X coarse sand after 3:00 2.17 3.32 2.83 0.48 2.17 2.36 3.03 2.52 0.37X coarse sand before 4.93 4.55 3.85 4.44 0.45 4.67 5.29 3.60 4.52 0.70median after 258.10 232.90 260.40 250.47 12.46 243.50 253.00 282.60 259.70 16.65median before 300.50 334.70 246.80 294.00 36.18 324.60 360.00 245.90 310.17 47.69kurtosls after 5.64 5.42 4.82 5.29 0.35 4.98 4.67 4.64 4.76 0.15Icurtosls before 1.12 2.98 0.33 1.48 1.11 2.92 2.70 0.32 1.98 1.18skewness after -1.85 -1.79 -1.67 -1.77 0.08 -1.81 -1.79 -1. 77 -1.79 0.02skewness before -1.34 -1.75 -1.08 -1.39 0.28 -1.74 -1. 75 -1.11 -1.53 0.30POM (X) 4.46 2.80 3.43 3.56 0.68 8.48 5.61 6.90 7.00 1.17 ltotal carbon (X) 6.86 2.55 2.32 3.91 2.09 , ,
pH 6.28 6.44 6.58 6.43 0.12 ,
salinity (ppt) 35.50 37.50 45.00 39.33 4.09redox (mY) -37.00 -98.00 -142.00 -92.33 43.05

\ I

dlssolvedoxywen (mg/l) 5.00 10.00 18.00 . 11.00 5.35teq:lerature ( C) 30.40 30.90 29.70 30.33 . 0.49
chloroph~ll a (ng/g OWl) .
fucoxant lne (ng/g OWl)



cerfops 0-2 c:. 2-4 CIlleege 25-11-92 25-11-92perfod 5
I9.09 am 11.05 am 9.57 am 9.09 am 11.05 am 9.57 am lA B C mean std A B C mean std

Xnud after 2.29 2.34 2.49 2.37 1.87 1.97 2.17 2.00 0.12Xnud before 1.69 1.08 0.59 1.12 0.45 2.27 1.30 0.84 1.47 0.60
I'

Xsand after 91.87 92.47 92.77 92.37 0.37 92.33 92.72 92.94 92.66 0.25 ..Xsand before 97.33 92.99 88.03 92.78 3.80 97.43 95.42 93.17 95.34 1.74 ' IXcoarse sand after 5.84 5.19 4.74 5.26 0.45 5.60 5.31 4.89 5.27 0.29Xcoarse sand before 0.98 5.93 11.38 6.10 4.25 0.30 3.28 5.99 3.19 2.32median after 259.50 258.30 207.10 241.63 24.42 317.60 287.30 252.40 285.77 26.64median before 1n.40 313.50 376.60 287.50 85.37 128.80 225.50 308.10 220.80 73.27kurtosls after -0.13 0.17 -0.33 -0.10 0.21 1.63 0.70 0.22 0.85 0.58kurtosls before 4.66 3.93 5.16 4.59 0.50 3.79 4.32 5.28 4.47 0.62skewness after -0.91 -1.02 -0.78 -0.90 0.10 -1.44 -1.20 -1.03 -1.22 0.17skewness before -1.65 -1.65 -1.78 -1.69 0.06 -1.56 -1.59 -1.74 -1.63 0.08POM (X) 2.02 3.53 1.08 2.21 1.01 4.07 3.15 2.36 3.19 0.70total carbon (X) 1.91 1.23 1.17 1.44 0.34 1.00 0.89 1.11 1.00 0.09
~lfnitY (ppt)

6.39 6.43 6.34 6.39 0.04 6.39 6.43 6.34 6.39 0.0435.00 35.00 36.00 35.33 0.47 35.00 35.00 36.00 35.33 0.47redox (mY) -17.00 -83.00 -31.00 -43.67 28.39 -25.00 -75 .00 -64.00 -54.67 21.45dissolved ox~en (mg/l) 7.00 10.00 4.00 7.00 2.45 7.00 10.00 4.00 7.00 2.45t~rature ( C) 28.60 34.50 2.8.20 30.43 2.88 28.40 32.40 28.00 29.60 1.99Chloroph~ll a (ng/g OWl) 10000.00 10000.00 10000.00 10000.00 0.00 3208.05 964.97 1754.38 1975.80 929.02fucoxant ine (ng/g OWl) 3000.00 3000.00 3000.00 3000.00 0.00 993.05 144.83 297.53 478.47 369.16

ceriops 4-10 c:. 10-rest ellcage 25-11-92 25-11-92perfod 5
9.09 am 11.05 am 9.57 am 9.09 am 11.05 am 9.57 amA B C mean std A B C mean std

Xnud after 1.61 1.67 2.33 1.87 0.33 1.34 3.26 6.05 3.55 1.93" nud before 1.75 1.90 1.24 1.63 0.28 . 2.44 1.99 1.24 1.89 0.49
;1 ;

Xsand after 93.58 93.50 93.11 93.40 0.21 92.80 91.87 91.50 92.06 0.55" sand before 98.24 96.09 95.37 96.57 1.22 97.35 96.04 95.54 96.31 0.76Xcoarse sand after 4.81 4.83 4.56 4.73 0.12 5.86 4.87 2.45 4.39 1.43" coarse sand before 0.01 2.01 3.39 1.80 1.39 0.21 1.97 3.22 1.80 1.23median after 319.30 315.10 284.60 306.33 15.46 358.50 320.40 116.10 265.00 106.43
\

med! an before 169.70 182.80 257.50 203.33 38.67 172.10 221.70 264.50 219.43 37.76kurtos;s after 3.14 2.64 1.57 2.45 0.65 2.97 1.62 -0.58 1.34 1.46 '!IIkurtosls before 4.09 3.16 4.96 4.07 0.74 3.00 2.59 3.74 3.11 0.47skewness after -1.74 -1.64 -1.42 -1.60 0.13 -1.74 -1.50 -0.60 -1.28 0.49skewness before -1.76 -1.45 -1.74 -1.65 0.14 -1.61 -1.48 -1.62 -1.57 0.07POM (X) 3.76 5.24 2.50 3.83 1.12 6.39 5.11 5.51 5.67 0.53total carbon (X) 2.34 1.63 1.90 1.96 0.29
1

1

pH 6.39 6.43 6.34 6.39 0.04salinity (ppt) 35.00 35.00 36.00 35.33 0.47redox (mV) -59.00 -34.00 -43.00 -45.33 10.34dissolved oXYien (mg/l) 7.00 10.00 4.00 7.00 2.45
t~rature ( C) 28.40 29.40 28.00 28.60 0.59
chlorOph~ll a (ng/g OWl)
fucoxant ine (ng/g OWl)



........ _.._._----------------.....,.--...........~----.
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Avfc:ennfa perfod 1 ~riod 2 illblenco 6-8-92 8-8-92

\'

0-2 c:.
11.40 am 12.25 am 2.35 pm2.00 pm 2.40 pm 3.45 pm

A B C mean std A B C mean std
,X nu:! after 6.13 7.69 10.15 7.99 1.65 5.82 8.99 5.n 6.86 1.51X nu:! before 31.03 33.87 41.12 35.34 4.25 51.95 44.20 39.66 45.27 5.07X sand after 89.40 88.66 84.44 87.50 2.18 73.75 86.01 88.59 82.78 6.47

!\
X sand before 65.98 63.13 56.83 61.98 3.82 47.78 53.80 58.63 53.40 4.44 IX coarse sand after 4.47 3.65 5.41 4.51 0.72 20.43 5.00 5.64 10.36 7.13X coarse sand before 2.99 3.00 2.05 2.68 0.45 0.27 2.00 1.71 1.33 0.76median after 345.00 307.00 360.00 337.33 22.31 373.00 359.00 378.00 370.00 8.04median before 215.00 175.00 133.00 174.33 33.48 57.00 91.00 118.00 88.67 24.96kurtosis after 6.83 5.n 4.76 5.77 0.85 4.13 4.90 7.30 5.44 1.35 lkurtosis before -0.45 -0.60 -0.98 -0.68 0.22 -0.87 -0.91 -0.67 -0.82 0.10skewness after -2.15 -1.99 -2.04 -2.06 0.07 -1.63 -1.94 -2.25 -1.94 0.25 Iskewness before -0.81 -0.70 -0.50 -0.67 0.13 -0.19 -0.41 -0.53 -0.38 0.14POM (X) 3.60 5.27 4.40 4.42 0.68 4.52 4.18 4.03 4.24 0.20total carbon (X) 3.79 5.44 2.06 3.76 1.38 2.33 2.92 1.40 2.22 0.63muddy detritus (X) 24.90 26.18 30.97 27.35 2.61 46.13 35.21 33.89 38.41 5.49pH 6.35 6.45 6.46 6.42 0.05 6.04 5.95 5.93 5.97 0.05salinity (ppt) 49.00 46.00 55.00 50.00 3.74 49.00 55.00 55.00 53.00 2.83redox (mY)
dissolved oxYWen (mg/l) 7.00 13.00 19.00 13.00 4.90 18.00 15.00 14.00 15.67 1.70tetrperature ( C) 27.60 28.10 27.20 27.63 0.37 28.80 29.50 30.80 29.70 0.83chloroph~ll a (ng/g OWl) 2549.36 2335.30 1079.59 1988.08 648.32 1986.56 2184.43 922.18 1697.72 554.31fucoxant ine (ng/g OWl) 723.18 645.04 291.51 553.24 187.80 710.35 861.52 400.01 657.29 192.11

Avfc:ennia ~rfod 3 ~riod 4blanco -9-92 0-10-920-2 c:.
11.30 am 12.25 am 12.35 am 10.17 am 10.47 am 11.52 amA B C mean std A B C mean std I:X nu:! after ' 8.24 11.12 11.65 10.34 1.50 6.10 6.25 6.75 6.37 0.28X nu:! before 28.71 17.42 27.85 24.66 5.13 25.59 24.88 23.51 24.66 0.86 illX sand after 86495 81.89 82.98 83.94 2.17 90.28 90.90 89.12 90.10 0.74X sand before 67.05 75.98 67.07 70.03 4.20 71.46 n.01 73.71 n.39 0.96X coarse sand after 4.81 6.99 5.37 5.72 0.92 3.62 2.85 4.13 3.53 0.53X coarse sand before 4.24 6.60 5.08 5.31 0.98 2.95 3.11 2.78 2.95 0.13median after 341.00 361.00 346.00 349.33 8.50 320.00 292.00 324.00 312.00 14.24median before 237.00 357.00 278.00 290.67 49.80 216.00 218.00 215.00 216.33 1.25kurtosfs after 5.39 3.47 3.73 4.20 0.85 7.37 7.18 6.95 7.17 0.17

\

kurtosis before -0.43 1.46 -0.14 0.30 0.83 0.09 0.09 0.37 0.18 0.13skewness after -1.98 -1.71 -1.78 -1.82 0.11 -2.21 -2.15 -2.21 -2.19 0.03skewness before -0.87 -1.49 -0.99 -1.12 0.27 -0.99 -1.00 -1.05 -1.01 0.03POM (X) 5.60 2.71 5.67 4.66 1.38 3.89 5.20 7.12 5.40 1.33

'I!
total carbon (X) 2.20 1.73 3.73 2.55 0.85 2.31 2.44 1.61 2.12 0.36muddy detritus (X) 20.47 6.30 16.20 14.32 5.94 19.49 18.63 16.76 18.29 1.14pH 6.43 6.57 6.35 6.45 0.09 6.11 6.25 6.11 6.16 0.07salinfty (ppt) 60.00 60.00 57.00 59.00 1.41 57.00 47.00 59.00 54.33 5.25redox (mY) 254.00 313.00 2n.00 279.67 24.69 51.00 21.00 76.00 49.33 22.48dissolved oxywen (mg/l) 9.00 13.00 7.00 9.67 2.49
t~rature ( C) 30.50 31.30 34.80 32.20 1.87 32.80 33.40 30.20 32.13 1.39ChloroPh~ll a (ng/g OWT) 1387.48 408.31 1199.49 998.43 424.27 824.60 1170.32 3991.17 1995.36 1418.29fueoxant ine (ng/g OWl) 453.96 837.20 499.00 596.72 171.04 745.22 334.38 2049.83 1043.14 731.33



Avfcerrtfa ~riod 5 ~riod 6blenc:o -"-92 -12-920-2 aI

10.35 am 9.50 am 8.35 am9.10 am 9.54 am 11.07 am

Iljl
A B C mean std A B C mean std

X nuc:l after 6.18 9.55 7.87 1.69 6.58 5.19 5.91 5.89 0.57X nuc:l before 17.46 23.15 20.31 2.85 18.75 17.40 16.29 17.48 1.01X sand after 90.76 85.61 88.19 2.58 88.22 91.55 90.34 90.04 1.38X sand before 78.55 72.83 75.69 2.86 76.87 79.93 81.32 79.37 1.86X coarse sand after 3.06 4.84 3.95 0.89 5.20 3.26 3.75 4.07 0.82

illl
X coarse sand before 3.99 4.02 4.00 0.01 4.38 2.67 2.39 3.15 0.88median after 345.00 388.00 366.50 21.50 369.00 319.00 328.00 338.67 21.76median before 268.00 223.00 245.50 22.50 277.00 245.00 237.00 253.00 17.28kurtosis after 7.32 5.00 6.16 1.16 5.97 6.42 5.71 6.03 0.29kurtos fa before 1.16 0.32 0.74 0.42 1.07 1.55 1.81 1.48 0.31skewness after -2.27 -2.10 -2.19 0.09 -2.03 -1.94 -1.89 -1.95 0.06skewness before -1.26 -0.99 -1.13 0.14 -1.27 -1.36 -1.38 -1.34 0.05POM (X) 5.00 7.17 6.09 1.09 6.00 6.00 7.00 6.33 0.47total carbon (X) 1.35 1.30 3.67 2.11 1.11 1.45 2.14 3.76 2.45 0.97llIJdcly detri tus (X) 11.28 13.60 12.44 1.16 12.17 12.21 10.38 11.59 0.85pH 6.41 6.55 6.50 6.49 0.06 5.48 5.47 5.56 5.50 0.04salinity (ppt) 41.00 38.00 40.00 39.67 1.25 46.00 20.50 51.00 39.17 13.36redox (mV) 90.00 90.00 79.00 86.33 5.19 150.00 147.00 147.00 148.00 1.41dissolved oxyven (mg/l) 10.00 11.00 6.00 9.00 2.16 13.00 9.00 11.00 11.00 1.63t~rature ( C) 28.10 30.50 32.70 30.43 1.88 28.30 27.70 27.30 27.77 0.41chloroph~ll a (ng/g D~T) 2064.66 1368.28 2766.11 2066.35 570.66 1762.91 1333.33 801.42 1299.22 393.27fucoxant ine (ng/g own 718.97 658.91 1260.50 879.46 270.55 0.00 0.00 0.00 0.00 0.00

Avfcerrtfa perfod , ;rfod 2~rtfal cage 6-8-92 -8-92-2 aI
1.40 pm 2.30 pm 4.00 pm 11.30 am 12.00 am 2.50 pmA B C mean std A B C mean std

X nuc:l after 7.49 7.13 8.41 7.68 0.54 11.66 19.90 23.02 18.19 4.79X nuc:l before 48.11 43.34 40.89 44.11 3.00 37.96 33.62 35.89 35.82 1.77X sand after 85.01 92.20 57.42 78.21 14.99 84.75 77.38 75.87 79.33 3.88

,11

X sand before 49.47 52.44 55.79 52.57 2.58 58.95 62.26 60.93 60.71 1.36X coarse sand after 7.50 0.67 34.17 14.11 14.45 3.59 2.72 1.11 2.47 1.03X coarse sand before 2.42 4.22 3.32 3.32 0.73 3.09 4.12 3.18 3.46 0.47median after 370.00 349.00 319.00 346.00 20.93 301.00 212.00 153.00 222.00 60.83medi an before 75.00 122.00 131.00 109.33 24.55 145.00 208.00 159.00 170.67 27.01kurtosis after 5.94 5.42 5.40 5.59 0.25 3.93 1.99 1.80 2.57 0.96kurtosis before -1.18 -1.13 -1.01 -1.11 0.07 -0.80 -0.52 -0.67 -0.66 0.11skewness after -2.12 -2.03 -1.97 -2.04 0.06 -1.80 -1.36 -1.24 -1.47 0.24skewness before -0.26 -0.41 -0.46 -0.38 0.08 -0.55 -0.77 -0.62 -0.65 0.09

I
POM (X) 6.06 6.10 6.21 6.12 0.06 5.61 7~08 6.90 6.53 0.65total carbon <X) 3.33 2.94 3.26 3.18 0.17muddy detritus (X) 40.62 36.21 32.48 3.33 26.30 13.72 12.87 17.63 6.14pH 6.47 6.37 6.66 6.50 0.12 6.07 6.05 6.28 6.13 0.10sal inity (ppt) 48.00 46.00 46.00 46.67 0.94 47.00 46.00 41.00 44.67 2.62redox (mV)
dissolved oxYVen (mg/l) 18.00 20.00 17.00 18.33 1.25 18.00 20.00 19.00 1.00t~rature ( C) 29.60 27.60 27.00 28.07 1.11 29.10 27.50 27.80 28.13 0.69ChlorOph~ll a (ng/g DWl) 2840.01 1608.17 1741.26 2063.15 552.01 3402.53 3374.75 2426.65 3067.98 453.63fucoxant ine (ng/g OWl) 771.98 805.78 480.16 685.97 146.18 1034.43 1825.50 1205.84 1355.26 339.80



Avfcerrlfa ~riod 3 ~riod 4
~rtfal cage -9-92 0-10-92

! I-2 ell

10.00 am 10.30 am 12.13 pm11.20 am 11.45 am 2.20 pm
A 8 C mean std A 8 C mean std

X rrud after 7.23 12.60 18.58 12.80 4.64 7.31 7.50 7.01 7.27 0.20X rrud before 33.19 25.00 20.80 26.33 5.14 25.65 29.73 22.54 25.97 2.94X sand lIfter 88.57 83.74 77.96 83.42 4.34 88.84 88.58 89.42 88.95 0.35X Sllnd before 63.22 70.95 74.08 69.42 4.56 70.12 66.56 74.35 70.34 3.18X cOllrse sand lIfter 4.20 3.66 3.46 3.77 0.31 3.85 3.92 3.57 3.78 0.15X coarse SlInd before 3.59 4.05 5.12 4.25 0.64 4.23 3.71 3.11 3.68 0.46medllln after 381.00 277.00 227.00 295.00 64.15 325.00 320.00 308.00 317.67 7.13medllln before 192.00 266.00 324.00 260.67 54.02 257.00 214.00 240.00 237.00 17.68kurtosis after 6.21 3.39 1.84 3.81 1.81 6.50 6.19 6.40 6.36 0.13kurtosls before -0.57 0.04 1.02 0.16 0.65 0.07 -0.39 0.48 0.05 0.36skewness after -2.15 -1.66 1.83 -0.66 1.77 -2.14 -2.10 -2.07 -2.10 0.03skewness before -o.n -1.03 -1.83 -1.19 0.47 -1.00 -0.81 -1.14 -0.98 0.14PCJt (X) 4.85 4.21 4.19 4.42 0.31 5.57 6.31 5.10 5.66 0.50totlll clIrbon (X) 1.93 4.47 2.89 3.10 1.05 3.87 2.12 2.59 2.86 0.74muddy detritus (X) 25.96 12.40 2.22 13.53 9.n 18.34 22.23 15.53 18.70 2.75pH 6;22 6.52 6.63 6.46 0.17 6.11 6.29 6.13 6.18 0.08salinity (ppt) 58.00 53.00 56.00 55.67 2.05 57.00 44.00 44.00 48.33 6.13redox (mV) 257.00 142.00 286.00 228.33 62.18 51.00 44.00 7.00 34.00 19.30dissolved oxyven (mg/l) 5.00 8.00 6.50 1.50 15.00 17.00 16.00 1.00t~rature ( C) 29.80 29.70 30.20 29.90 0.22 32.80 33.00 32.50 32.77 0.21Chloroph~ll a (ng/g OWl) 0.00 1114.23 3939.60 1684.61 1658.13 2213.76 2187.36 2479.72 2293.61 132.04fucoxllnt Ine (ng/g OWl) 0.00 475.57 1694.92 n3.50 713.81 1189.02 983.95 1677.42 1283.46 290.88

Avfcerrlfa ~fod5 ~rfod 6 '/ ~! I~rtf.l cage -11-92 -12-92-2 ell
8.43 lIm 9.30 lIm 11.28 am 7.45 am 10.10 am 9.08 amA 8 C mean std A 8 C mean std

" mud after 11.51 16.61 5.65 11.26 4.48 8.04 6.97 6.26 7.09 0.73 i I" rrud before 16.73 24.27 16.04 19.01 3.73 21.01 15.71 15.53 17.42 2.54X Sllnd lIfter 86.92 82.40 91.18 86.83 3.58 86.63 87.26 89.91 87.93 1.42" sand before 78.63 71.70 79.99 76.77 3.63 74.12 79.52 80.52 78.05 2.81X cOllrse Sllnd lIfter 1.57 0.99 3.17 1.91 0.92 5.33 5.77 3.83 4.98 0.83X·collrse Sllnd before 4.64 4.03 3.97 4.21 0.30 4.87 4.77 3.95 4.53 0.41medilln after 218.00 192.00 335.00 248.33 62.20 367.00 367;00 333.00 355.67 16.03medllln before 302.00 253.00 282.00 279.00 20.12 291.00 301.00 272.00 288.00 12.03kurtosis lIfter 4.75 3.08 7.20 5.01 1.69 6.62 5.36 5.24 5.74 0.62kurtosis before 1.18 0.17 1.45 0.93 0.55 2.64 2.04 1.88 2.19 0.33skewness lIfter -1.85 -1.62 -2.14 -1.87 0.21 . -2.03 -1.93 -1.82 -1.93 0.09skewness before -1.28 -1.05 -1.34 -1.22 0.12 -1.55 -1.43 -1.35 -1.44 0.08POM (X) 3.44 4.81 4.13 0.69 6.00 7.00 7.00 6.67 0.47totlll carbon (X) 2.40 2.78 3.98 3.05 0.67 2.40 4.41 4.40 3.74 0.95muddy detritus (X) 5.22 7.66 10.39 7.76 2.11 12.97 8.74 9.27 10.33 1.88pHl' 6.81 6.86 6.69 6.79 0.07 5.75 5.57 5.54 5.62 0.09Sll mfty (ppt) 37.00 38.00 39.00 38.00 0.82 35.00 36.00 44.00 38.33 4.03redox (rnV) 67.00 48.00 32.00 49.00 14.31 215.00 245.00 270.00 243.33 22.48dissolved oxrven (mg/l) 0.12 0.11 0.06 0.10 0.03 7.00 12.00 17.00 12.00 4.08t~rllture ( C) 27.80 28.70 32.10 29.53 1.85 26.70 27.90 27.20 27.27 0.49chloroph~ll 1I (ng/g OWl) 2709.62 3165.29 3155.45 3010.12 212.52 1692.50 948.22 696.39 1112.37 422.90
I'

fucoxant ine (ng/g OWl) 1387.08 1254.11 1420.13 1353.77 71.75 0.00 0.00 0.00 0.00 0.00



Avfcennfa period 1 ;riod 2 '\ j

OTe=- 6-8-92 8-8-92

11
3.30 pm 3.15 pm 4.20 pm 2.00 pm 0.35 pm 3.05 pm

A 8 C mean std A 8 C mean std
X mud after 6.05 7.47 9.46 7.66 1.40 5.88 11.21 14.46 10.52 3.54X mud before 40.91 32.23 41.42 38.19 4.22 47.99 44.58 36.18 42.92 4.96X sand after 88.17 84.04 84.57 85.59 1.83 88.78 84.66 81.50 84.98 2.98X sand before 55.64 64.02 55.69 58.45 3.94 52.62 53.98 60.54 55.71 3.46X coarse sand after 5.78 8.49 5.97 6.75 1.24 5.34 4.13 4.04 4.50 0.59X coarse sand before 3.45 3.75 2.89 3.36 0.36 -0.61 1.44 3.28 1.37 1.59median after 378.00 401.00 352.00 3n.00 20.02 353.00 307.00 265.00 308.33 35.94median before 147.00 235.00 130.10 170.70 45.99 .81.00 89.00 156.00 108.67 33.63kurtosls after 6.75 5.31 4.71 5.59 0.86 6.93 3.88 2.66 4.49 1.80kurtosls before -1.06 -0.57 -1.04 -0.89 0.23 -0.85 -0.80 -0.73 -0.79 0.05skewness after -2.18 -2.00 -1.94 '2.04 0.10 -2.15 -1.76 -1.50 -1.80 0.27skewness before -0.46 -0.80 -0.46 -0.57 0.16 -0.34 -0.41 -0.61 -0.45 0.11POM (X) 5.64 5.47 5.21 5.44 0.18 4.67 4.66 9.03 6.12 2.06total carbon (X) 1.46 1.90 5.05 2.80 1.60muddy detritus (X) 34.86 24.76 31.96 30.53 4.25 42.11 33.37 21.72 32.40 8.35 lpH 6.61 6.63 6.62 0.01 6.02 6.00 6.54 6.19 0.25sallnlty (ppt) 50.00 58.00 54.00 4.00 45.00 43.00 44.50 44.17 0.85redox (mY)
dissolved oxrwen (mg/l) 17.00 15.00 23.00 18.33 3.40 13.00 20.00 16.50 3.50teftl'erature ( C) 29.10 28.10 26.50 27.90 1.07 30.50 31.50 32.51 31.50 0.82chlorOph~ll a (ng/g OWl) 3680.89 1767.45 1683.90 23n.41 922.33 1297.88 0.00 3924.38 1740.75 1632.44fueoxant lne (ng/g OWl) 1206.66 767.12 935.33 969.70 181.08 687.78 0.00 1035.57 574.45 430.30

Avfcennfa ~riod 3 ;rfod 4
~e=-

-9-92 0-10-92
12.00 am 12.15 am 2.30 pm 11.39 am 11.20 am 12.27 am

" !A 8 C mean std A 8 C mean std
X mud after 11.43 21.11 9.76 14.10 5.00 5.52 7.68 6.60 1.08

11

X mud before 20.42 22.06 40.80 27.76 9.24 25.n 32.n 29.27 3.50XSlllnd IlIfter 82.96 75.84 86.25 81.68 4.34 89.65 88.54 89.10 0.56X sand before 73.98 n.80 56.04 67.61 8.19 71.03 64.02 67.52 3.51X cOlllrse sand after . 5.61 3.05 3.99 4.22 1.06 4.83 3.78 4.30 0.53X cOlllrse sand before 5.60 5.14 3.16 4.63 1.06 3.20 3.21 3.20 0.01median after 361.00 206.00 308.00 291.67 64.32 350.00 364.00 305.00 339.67 25.17medl an before 332.00 330.00 120.00 260.67 99.47 225.00 219.00 175.00 206.33 22.29kurtosls after 3.75 1.65 4.79 3.40 1.31 7.28 7.91 5.87 7.02 0.85kurtoals before 0.99 0.67 -0.95 0.24 0.85 0.24 0.10 -0.57 -0.08 0.35skewness after -1.n -1.27 -1.91 -1.65 0.27 -2.24 -2.33 -2.01 -2.19 0.13skewness before -1.36 -1.29 -0.45 '1.03 0.41 -0.98 -0.97 -0.69 -0.88 0.13POM (X) 4.15 4.11 7.67 5.31 1.67 5.68 5.02 6.69 5.80 0.69totllll cllIrbon (X) 3.27 1.65 0.90 1.94 0.99 3.36 3.06 5.96 4.13 1.30muddy detritus (X) 8.99 0.95 31.04 13.66 12.72 20.25 25.09 22.67 2.42
~llnlty (ppt)

6.69 6.n 6.47 6.64 0.13 6.18 6.43 6.36 6.32 0.1151.00 53.00 58.00 54.00 2.94 40.50 42.00 42.50 41.67 0.85redox (mY) 253.00 268.00 257.00 259.33 6.34 38.00 59.00 66.00 54.33 11.90dissolved oxyyen (mg/l) 9.00 7.00 8.00 1.00 60.00 7.00 33.50 26.50 i i
teftl'erature ( C) 34.30 31.50 30.60 32.13 1.58 34.60 32.10 31.30 32.67 1.41ehloroph~U a (ng/g own 6121.26 6565.55 4855.21 5847.34 724.61 5049.82 1873 •.62 6737.86 4553.n 2016.56 !fueoxant ine (ng/g OWl) 1391.98 1402.08 936.22 1243.43 217.27 1609.74 449.15 2926.99 1661.96 1012.25

·.....



~:'It!"'" .. ,.

~.
~~ ..

Avic:enni. ~riod 5 ~riod 6
~c. 6-11-92 -12-92

10.36 am 10.15 am 11.48 am 8.10 am 10.50 am 9.30 amA B C mean std A B C mean std
X mud after 10.74 7.65 20.36 12.92 5.41 5.78 5.24 6.83 5.95 0.66X mud before 30.48 28.30 20.37 26.38 4.34 13.50 16.03 12.36 13.96 1.53X sand after 85.78 87.86 n.50 83.71 4.47 89.60 90.71 87.56 89.29 1.30X sand before 66.38 68.28 n.20 70.62 4.72 81.78 80.68 82.66 81.71 0.81X coarse sand after 3.48 4.49 2.14 3.37 0.96 4.62 4.05 5.61 4.76 0.64 ! ;X coarse sand before 3.14 3.42 2.43 3.00 0.42 4.72 3.29 4.98 4.33 0.74medfan after 2n.OO 334.00 189.00 266.67 59.65 346.00 359.00 379.00 361.33 13.57medfan before 191.00 204.00 91.00 162.00 50.48 296.00 250.00 314.00 286.67 26.95kurtosfs after 4.33 5.63 1.90 3.95 1.55 5.33 6.26 4.75 5.45 0.62

I,!
Icurtosfs before -0.36 -0.13 -0.87 -0.45 0.31 2.66 1.94 2.94 2.51 0.42skewness after -1.83 -2.01 -1.36 -1. 73 0.27 -1.81 -1.98 -1.83 -1.87 0.08skewness before -0.78 -0.86 -0.37 -0.67 0.21 -1.51 -1.39 -1.55 -1.48 0.07POM (X) 7.00 6.00 8.00 7.00 0.82total carbon (X) 3.64 1.91 11.80 5.78 4.31 4.61 2.71 2.10 3.14 1.07IIK.Idcly det r ftus (") 19.74 20.65 0.01 13.47 9.52 7.n 10.79 5.53 8.01 2.16pH 6.62 6.68 6.72 6.67 0.04 5.73 5.58 5.52 5.61 0.09

11

sal fnfty (ppt) 38.00 37.00 38.00 37.67 0.47 21.00 47.50 21.00 29.83 12.49redox (mV) 14.00 34.00 14.00 20.67 9.43 148.00 169.00 129.00 148.67 16.34dfssolved oxy~en (mg/l) 12.00 6.00 5.00 7.67 3.09 18.00 13.00 12.00 14.33 2.62temperature ( C) 30.30 29.40 32.50 30.73 1.30 27.00 29.70 27.30 28.00 1.21Chloroph~ll a (ng/g OWl) 1436.38 1553.15 3494.98 2161.50 944.11 917.69 2236.79 554.58 1236.35 722.78fucoxant fne (ng/g OWl) n9.34 552.68 2353.67 1211.90 810.57 0.00 0.00 0.00 0.00 0.00





Cerlops 0-2 ell 2-4 ClIbl8nCO 28-8-92 28-8-92

1
1

period 2

fnd./10 cm' 11.25 am 9.55 am 11.10 am 11.25 am 9.55 am 10.10 amA B C mean std A B C mean std
A""",lpoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Blvelvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ciliata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 6.88 0.00 7.86 4.91 3.50 2.95 3.93 0.00 2.29 1.67Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroldea 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00

11

Insecta larvae 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00Klnorhyncha 3.93 0.00 11.79 5.24 4.90 0.00 4.91 0.00 1.64 2.32Naupl I 81.54 9.82 24.56 38.64 30.93 17.68 19.65 12.77 16.70 2.89Nemetoda 1140.64 244.63 1233.00 872.76 445.75 108.07 860.64 405.76 458.16 309.46Olfgoehaeta 24.56 4.91 19.65 16.37 8.35 2.95 10.81 14.74 9.50 4.90Ostracoda 64.84 0.00 85.47 50.11 36.42 0.00 67.79 0.00 22.60 31.96POlrChaeta 0.00 0.98 0.98 0.65 0.46 0.98 1.96 0.00 0.98 0.80Rot fera 18.67 5.89 9.82 11.46 5.34 0.98 10.81 5.89 5.89 4.01

I
Tardlyrada 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00Turbe larla 41.26 0.00 9.82 17.03 17.60 0.00 21.61 4.91 8.84 9.25 ITotal 1382.33 268.21 1404.93 1018.49 530.61 133.62 1002.12 444.08 526.60 359.33

ceriops 4-10 ell 10-rest ellbl8nCO 28-8-92 28-8-92period 2

ind./10 cm' 11.25 am 9.55 am 10.10 am 11.25 am 9.55 am 10.10 amA B C mean std A B C mean std"'"'*' Ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I'Bivalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CIl lata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.98 2.95 0.98 1.64 0.93 0.98 0.00 0.00 0.33 0.46Decapode larvae 0.00 0.00 ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacl!roldea 0.00 0.98 0.00 0.33 0.46 0.00 2.95 0.00 0.98 1.39Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Klnorhyncha 0.98 0.00 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00Naupl I 38.32 26.53 9.82 24.89 11.69 67.79 18.67 18.67 35.04 23.16Nemetoda 118.88 157.19 166.04 147.37 20.47 68.77 35.37 35.37 46.50 15.75Ollgochaeta 2.95 0.00 1.96 1.64 1.23 0.98 0.00 0.00 0.33 0.46Ostracoda 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.33 0.46

11

POlrchaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 10.81 18.67 0.98 10.15 7.23 7.86 7.86 5.89 7.20 0.93Tardlyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ... 0.00
Total 172.91 206.32 179.79 186.34 14.40 147.37 64.84 59.93 90.71 40.11

I! I



cerfops 0-2 at 2-4 CllIbl8nCO 27-9-92 27-9-92period 3

fnd./10 cm' 8.58 am 9.02 am 10.02 am 8.58 am 9.02 am 10.02 amA B C mean std A B C mean std
~ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH fata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.98 0.00 3.93 1.64 1.67 0.98 0.00 0.00 0.33 0.46Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I!
Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.98 0.00 0.33 0.46 0.00 0.98 0.00 0.33 0.46Insecta larvae 0.00 0.98 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00

11

Kfnorhyncha 6.88 0.98 9.82 5.89 3.68 0.00 0.00 0.00 0.00 0.00Naupl f 7.86 10.81 6.88 8.51 1.67 6.88 7.86 7.86 7.53 0.46Nematoda 5n.78 566.88 547.23 562.30 10.92 132.63 264.28 266.25 221.06 62.53Olfgochaeta 17.68 4.91 4.91 9.17 6.02 1.96 5.89 3.93 3.93 1.60

!
Ostracoda 30.46 36.35 0.00 22.27 15.93 0.00 1.96 0.00 0.65 0.93POlrchaeta 0.00 0.98 0.98 0.65 0.46 0.00 0.00 0.98 0.33 0.46Rot fera 1.96 16.70 0.98 6.55 7.19 7.86 5.89 5.89 6.55 0.93Tardfyrada 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00

I
Turbe larfa 7.86 0.98 6.88 5.24 3.04 0.98 0.98 0.00 0.65 0.46
Total 646.46 642.53 581.62 623.54 29.68 151.30 287.86 284.92 241.36 63.69

cerfops 4-10 at 10-rest atbl8f1CO 27-9-92 27-9-92period 3

fnd./10 cm- 8.58 am 9.02 am 10.02 am 8.58 am 9.02 am 10.10 amA B C mean std A B C mean std
A"1'hfpocla 0.00 0.00 0.00 0.00 0.00 o.oci 0.00 0.00 0.00 0.00Bfvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cf l fata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00 1.96 0.98 0.00 0.98 0.80Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 G.OO 0.00 0.00 0.00 0.00Halacaroldea 0.98 0.00 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Kfnorhrcha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Naupl f 1.96 0.98 0.98 1.31 0.46 2.95 3.93 0.00 2.29 1.67 !~
Nematoda 123.79 198.46 267.23 196.49 58.58 48.14 59.93 60.91 56.33 5.80Olfgochaeta 1.96 0.00 3.93 1.96 1.60 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00polrchaeta 0.00 0.00 0.98 0.33 0.46 0.98 0.98 0.00 0.65 0.46

I
Rot fera 4.91 4.91 1.96 3.93 1.39 1.96 0.98 0.98 1.31 0.46Tardfyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe larfa 3.93 0.00 0.00 1.31 1.85 0.00 0.00 0.00 0.00 0.00
Total 137.55 204.35 275.09 205.66 56.16 56.00 66.81 61.90 61.57 4.42



ceriops 0-2 ell 2-4 Clll

'I:blMCO 23-12-92 23-12-92period 6
! :

ind./10 cm' 11.05 am 10.45 am 9.15 am 11.05 am 10.45 am 9.15 am
A B C mean std A B C mean std

A~lpoda 1.96 0.00 2.95 1.64 1.23 0.00 0.00 0.98 0.33 0.46Blvalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH iata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 4.91 1.64 2.32 0.00 0.98 1.96 0.98 0.80Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroidea 0.00 0.98 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00Insecta larvae 2.95 0.00 3.93 2.29 1.67 0.00 0.00 0.98 0.33 0.46Klnorhrcha 0.00 0.98 2.95 1.31 1.23 0.00 0.00 0.00 0.00 0.00Naupl I 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Nematoda 601.27 918.61 362.53 627.47 227.n 312.42 711.31 185.69 403.14 223.97Oligoehaeta 1.96 21.61 12.n 12.12 8.04 2.95 20.63 9.82 11.13 7.28Ostracoda 12.n 21.61 93.33 42.57 36.07 0.00 1.96 1.96 1.31 0.93polrchaeta 0.00 0.98 0.00 0.33 0.46 1.96 0.00 0.98 0.98 0.80Rot fera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Tardiyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 5.89 13.75 9.82 9.82 3.21 0.98 2.95 1.96 1.96 0.80
\Total 626.81 980.50 493.20 700.17 205.59 318.32 737.83 204.35 420.17 229.39

cerlops 4-10 CII 10-rest cabllh:o 23-12-92 23-12-92period 6

100./10 cm' 11.05 am 10.45 am 9.15 am 11.05 am 10.45 am 9.15 amA B C mean std A B C mean std I:~ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Blvalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cll lata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1
1

Copepoda 0.00 0.00 1.96 0.65 0.93 0.00 1.96 0.98 0.98 0.80Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00HaLacaroldea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Kinorhrcha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Naupl i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nematoda 107.09 119.86 200.42 142.46 41.32 79.58 29.47 114.95 74.67 35.07Ollgochaeta 0.00 0.00 2.95 0.98 1.39 0.00 0.00 0.98 0.33 0.46Ostracoda 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00polrchaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Tardlyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 0.98 0.00 1.96 0.98 0.80 0.00 0.00 0.00 0.00 0.00
Total 108.07 119.86 208.28 145.41 44.72 79.58 31.44 116.91 75.98 34.99

iI



Ceriops 0-2 ell 2-4 cablanco 30-7-93 30-7-93period end

ind./10 cm! 11.45 am 1.00 pm 12.20 am 11.45 am 1.00 pm 12.20 am

11

A B C mean std A B C mean std
~ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00'CHfata 0.00 2.95 13.75 5.57 5.91 0.98 0.00 0.98 0.65 0.46Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Insecta larvae 0.00 0.98 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00Kfnorhyncha 0.00 5.89 4.91 3.60 2.58 0.00 0.00 0.00 0.00 0.00Naupl f 0.98 2.95 1.96 1.96 0.80 0.00 0.00 0.00 0.00 0.00Nematoda 1876.51 1110.19 1365.63 1450.78 318.59 520.71 412.64 697.55 543.63 117.44Olfgochaeta 0.98 0.00 0.00 0.33 0.46 0.98 0.98 2.95 1.64 0.93Ostracoda 0.00 10.81 10.81 7.20 5.09 0.00 0.00 0.98 0.33 0.46potrChaeta 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Rot fen 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.98 0.65 0.46Tardiyrada 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Turbe larfa 0.00 5.89 5.89 3.93 2.78 0.00 0.98 1.96 0.98 0.80

11
Total 1878.48 1141.63 1406.89 1475.67 304.72 522.67 415.58 705.41 547.89 119.66

teriops 4-10 ell 10-rest cablanco 30-7-93 30-7-93period end

ind./10 cm! 11.45 am 1.00 pm 12.20 am 11.45 am 1.00 pm 12.20 amA B C mean std A B C mean std
A~ipoda 0.00 0.00 0.00 0.00 0.00· 0.00Bivalvfa 0.00 0.00 0.00 0.00 0.00 0.00CH fata 0.00 0.00 0.00 0.00 0.00 0.00

·11

Cladoe_ra 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 1.96 1.96 0.00 1.96 1.96 0.00Decapoda larvae ~.oo 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.00 0.00 1.96 1.96 0.00Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00Kfnorhrcha 0.00 0.00 0.00 0.00 0.00 0.00Naupl f 5.89 5.89 0.00 0.00 0.00 0.00Nematoda 365.48 365.48 0.00 117.90 117.90 0.00Ol fgochaeta 1.96 1.96 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00polnhaeta 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 5.89 5.89 0.00 31.44 31.44 0.00'Tardiyrada 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 1.96 1.96 0.00 0.00 0.00 0.00
Total 383.16 383.16 180.62 153.26 153.26 72.25

,~ 1\ !i
, I



cerlops 0-2 ell 2-4 ellpertlel cage 6-15-92 6-8-92period 1

Ind./10cml 12.08 am 11.10 am 2.15 pm 12.08 am 11.10 am 2.15 pm
A B C mean std A B C mean std

AJl1:lh ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bivalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ciliata 26.53 3.93 5.89 12.12 10.22 4.91 0.98 1.96 2.62 1.67Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 18.67 23.58 0.00 14.08 10.16 3.93 7.86 8.84 6.88 2.12Deeapoda larvae 0.98 0.00 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00 lGastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroldea 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00

'I:Insecta larvae 0.00 0.98 0.98 0.65 0.46 0.00 0.00 0.00 0.00 0.00Kinorh¥"cha 23.58 27.51 10.81 20.63 7.13 0.00 0.00 0.00 0.00 0.00Naupli, 289.82 271.15 34.39 198.45 116.26 37.33 53.05 36.35 42.25 7.65Nematoda 1175.00 930.37 750.58 951.98 173.94 432.29 926.47 598.32 652.36 205.33Olfgochaeta 5.89 0.00 3.93 3.27 2.45 3.93 7.86 4.91 5.57 1.67OStracoda 99.23 89.40 34.39 74.34 28.53 0.98 1.96 8.84 3.93 3.50POl"fthaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 52.07 68.77 4.91 41.92 27.04 138.53 63.86 25.54 75.98 46.91Tardiyrada 7.86 0.00 0.98 2.95 3.50 0.98 0.00 0.00 0.33 0.46Turbe laria 33.40 38.32 9.82 27.18 12.44 0.98 1.96 0.00 0.98 0.80
Total 1733.02 1454.01 857.67 1348.23 365.10 623.87 1064.01 684.78 790.89 194.72

cerlops 4-10 CII 10-rest ClI

11

pertiel cage 6-8-92 6-8-92period 1

ind./10cml 12.08 am 11.10 am 2.15 am 1.00 pm 1.21 pm 1.50 pmA B C mean std A B C mean std
AJl1:lh Ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Blvalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cll iata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.98 0.98 0.65 0.46 2.95 0.98 3.93 2.62 1.23Oeeapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Haleceroldea 3.93 1.96 3.93 3.27 0.93 0.98 0.00 5.89 2.29 2.58Insecta larvae 0.00 2.95 0.00 0.98 1.39 0.00 0.00 0.00 0.00 0.00Klnorhyncha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I,Neupl i 15.n 21.61 19.65 18.99 2.45 28.49 0.00 42.25 23.58 17.59Nematoda 69.76 216.14 57.97 114.62 71.95 25.54 46.18 64.84 45.52 16.05all gocheeta 0.98 5.89 0.98 2.62 2.32 0.00 0.00 0.00 0.00 0.00 I,OStrecoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00POlrchaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Rot fera 8.84 1.96 6.88 5.89 2.89 12.77 4.91 18.67 12.12 5.63Tardiyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 0.98 0.00 0.98 0.65 0.46 0.00 0.00 0.00 0.00 0.00
Totel 100.21 251.51 91.37 147.70 73.50 70.74 52.07 137.55 86.78 36.69



! ,

111,

!ceriops 0-2 ell 2-4 ellpertisl c:ege 28-8-92 28-8-92

, I:
period 2

Ind./120cml 10.55 am 11.45 am 8.50 am 10.55 am 11.45 am 8.50 amA B C mean std A B C mean std
AJ!1'h fpoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH fata 10.81 4.91 2.95 6.22 3.34 0.98 3.93 0.00 1.64 1.67Cladocere 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 25.54 7.86 4.91 12.n 9.11 0.98 3.93 1.96 2.29 1.23Oeeapoda larvae 4.91 0.00 1.96 2.29 2.02 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.00 0.00 0.00 0.00 0.00 5.89 0.00 1.96 2.78Insecta larvae 0.00 0.98 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00IClnorh¥"Cha 13.75 22.60 22.60 19.65 4.17 0.00 0.00 0.00 0.00 0.00Nauplf, 5.89 5.89 3.93 5.24 0.93 0.00 0.98 0.00 0.33 0.46Nematoda 1178.96 1287.03 1595.53 1353.84 176.50 161.12 418.53 650.39 410.02 199.83Olfgoehaeta 27.51 27.51 32.42 29.15 2.32 5.89 3.93 12.n 7.53 3.79Ostracoda 92.35 114.95 72.70 93.33 17.26 0.98 1.96 2.95 1.96 0.80Polychaeta 1.96 0.00 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Rotlfere 1.96 7.86 0.98 3.60 3.04 0.98 7.86 4.91 4.58 2.82Tardfyrada 0.00 0.98 0.00 0.33 0.46 0.00 0.98 0.00 0.33 0.46Turbe larfa 26.53 3.93 11.79 14.08 9.37 0.98 3.93 11.79 5.57 4.56
Total 1390.19 1484.51 1749.n 1541.49 152.23 171.93 451.93 684.78 436.22 209.66 \!
ceri~ 4-10 ell 10-rest ell

I1I
pertisI c:ege 28-8-92 28-8-92period 2

Ind./10cml 10.55 am 11.45 am 8.50 am 10.55 am 11.45 am 8.50 amA B C mean std A B C mean std
AJ!1'h Ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Blvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH fata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.98 0.98 0.98 0.98 0.00 0.98 0.00 0.98 0.65 0.46Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 16.70 0.98 0.00 5.89 7.65 7.86 O~OO 0.00 2.62 3.71Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00lCinorhyncha 0.00 0.00 ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Naupl f ·0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Nematoda 145.41 127~72 354.67 209.27 103.07 51.09 26.53 131.65 69.76 44.90Olfgochaeta 0.98 0.98 3.93 1.96 1.39 0.00 0.00 0.00 0.00 0.00Oatraeoda 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00pOlrehaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 0.98 1.96 1.96 1.64 0.46 0.98 0.98 0.00 0.65 0.46Tardlyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe lar;a 0.98 0.00 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00
Total 166.04 132.63 364.50 221.06 102.34 60.91 27.51 132.63 73.69 43.86



CeriCJPS O-Z ClI Z-4 ClIpertial cege Z7-9-92 Z7-9-9Zperiod 3

ind./10eml 8.30 am 8.42 am 10.25 am 8.30 am 8.42 am 10.25 am
A B C mean std A B C mean std

~ipocla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH fata 19.65 15.72 1.96 12.44 7.58 0.00 3.93 0.00 1.31 1.85Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.98 1.96 0.98 1.31 0.46 0.98 0.00 0.00 0.33 0.46Decapoda larvae 1.96 0.00 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.00 0.00 0.00 0.00 0.98 0.98 0.00 0.65 0.46Insecta larvae 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Kfnorhreha 12.77 8.84 7.86 9.82 2.12 0.00 0.98 0.00 0.33 0.46Naupl f 1.96 0.98 0.98 1.31 0.46 0.98 0.00 0.00 0.33 0.46Nematoda 1176.01 719.17 785.97 893.72 201.47 214.18 657.27 206.32 359.26 210.75Oligochaeta 23.58 6.88 7.86 12.77 7.65 14.74 2.95 0.98 6.22 6.07Ostraeoda 58.95 130.67 33.40 74.34 41.17 0.98 4.91 1.96 2.62 1.67POlrchaeta 0.98 0.00 0.00 0.33 0.46 0.00 0.00 0.00 0.00 0.00

\I
Rot fen 4.91 11.79 9.82 8.84 2.89 0.98 2.95 5.89 3.27 2.02Tardffrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe larfa 11. 79 10.81 0.98 7.86 4.88 1.96 0.98 0.00 0.98 0.80

1313.56 908.78 849.83 1024.06 206.12 235.79 674.95 375.30
,Total

215.16 212.05
1

1

,

Cerfops 4-10 ell 10-rest Cl!pertfel cage Z7-9-92 Z7-9-92period 3

fnd./10em l 8.30 am 8.42 am 10.25 am 8.30 am 8.42 am 10.25' am !A B C mean std A B C mean std :1
Amphipocla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00en iate 0.00 1.96 0.00 0.65 0.93 0.98 0.98 0.00 0.65 0.46Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00 0.98 0.98 0.00 0.65 0.46Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halaearoidea 3.93 0.00 3.93 2.62 1.85 1.96 1.96 0.00 1.31 0.93Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00KfnorhFha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Naupl i 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Nematoda 27.51 150.32 48.14 75.32 53.69 16.70 146.39 0.00 54.36 65.43Olillochaeta 1.96 0.98 0.00 0.98 0.80 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 2.95 0.00 0.98 1.39polrehaeta 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.33 0.46Rot fera 0.00 4.91 3.93 2.95 2.12 0.98 2.95 0.00 1.31 1.23Tardifrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe larfa 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00
Total 33.40 158.18 58.95 83.51 53.82 22.60 156.21 0.00 59.60 68.93

11

'11



teriops 0-2 c:. 2-4 CIIlpertfal cage 23-12-92 23-12-92perfod 6

Ind.110cm" 8.50 am 9.30 am 10.25 am 8.50 am 9.30 am 10.25 amA B C mean std A B C mean std
A~lpod8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Sivalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

\!
CH lata 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.98 0.33 0.46Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Decapoeta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroldea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I,Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Klnorhyncha 0.98 1.96 0.98 1.31 0.46 0.00 0.00 0.00 0.00 0.00Naupl I 0.00 1.96 0.98 0.98 0.80 0.00 0.00 0.00 0.00 0.00Nematoda 648.43 1562.12 1041.41 1083.99 374.23 461.76 550.18 1257.56 756.50 356.14Olfgochaeta 2.95 1.96 0.98 1.96 0.80 1.96 0.00 0.98 0.98 0.80Ostracoda 3.93 5.89 1.96 3.93 1.60 1.96 0.00 0.00 0.65 0.93polrChaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11

Rot fera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.96 0.65 0.93Tardlrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe larla 1.96 0.98 3.93 2.29 1.23 0.00 0.00 0.00 0.00 0.00
Total 658.25 1574.89 1052.22 1095.12 375.44 465.69 550.18 1261.49 759.12 356.90

terfops 4-10 c:. 10-rest c:.pertfal cage 23-12-92 23-12-92perfod 6

Ind.110cm" 8.50 am 9.30 am 10.25 am 8.50 am 9.30 am 10.25 amA B C mean std A B C mean std
~Ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Slvalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cll lata 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Decapoeta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroldea 1.96 0.00 1.96 1.31 0.93 1.96 0.00 0.00 0.65 0.93 lInsecta larvae 1.96 0.00 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Klnorhyncha 1.96 0.00 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Naupll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nematoda 196.49 294.74 237.76 243.00 40.28 64.84 94.32 80.56 79.91 12.04

l;
Ollgochlieta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00pOllfhaeta . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 0.00 3.93 7.86 3.93 3.21 1.96 13.75 11.79 9.17 5.16Tard'frada .0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00Turbe larla 0.00 1.96 0.00 0.65 0.93 0.00 0.00 0.00 0.00 0.00
Total 202.39 302.60 249.55 251.51 40.93 68.77 108.07 92.35 89.73 16.15 ,

:1



Cerfops 0-2 ell 2-4 anpertfal cage 30-7-93 30-7-93perfod end

Ind.110cml 12.15 am 12.30 am 12.55 am 12.15 am 12.30 am 12.55 am
\ \A B C mean std A B C mean std , ,

A~lpoda 2.95 2.95 0.00 1.96 1.39 0.00 0.00 0.00 0.00 0.00Blvalvla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cl l lata 2.95 0.00 0.98 1.31 1.23 0.00 0.00 0.98 0.33 0.46Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 4.91 1.64 2.32 0.00 0.00 0.00 0.00 0.00Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11

Halacaroldea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Kfnorhrcha 0.98 2.95 11.79 5.24 4.70 0.00 0.00 0.00 0.00 0.00Nauplf 2.95 0.00 109.05 37.33 50.73 0.00 0.00 0.00 0.00 0.00Nematoda 1670.19 2603.54 1807.74 2027.16 411.41 1070.89 530.53 1287.03 962.82 318.15Ol fgochaeta 0.00 2.95 0.98 1.31 1.23 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 3.93 21.61 8.51 9.40 0.00 0.98 0.00 0.33 0.46pOlychaeta 0.00 1.96 0.98 0.98 0.80 0.00 0.00 0.00 0.00 0.00Rot fen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.96 0.65 0.93Tardlfrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Turbe larla 2.95 1.96 5.89 3.60 1.67 0.00 1.96 0.00 0.65 0.93
Total 1682.97 2620.24 1963.95 2089.05 392.73 1070.89 533.48 1290.96 965.11 318.16

I,cerfops 4-10 ell 10-rest ell Ipartfal cage 30-7-93 30-7-93perfod end

fnd./10cm l 12.15 am 12.30 am 12.55 am 12.15 am 12.30 am 12.55 amA B C mean std A B C mean std
A!I1'hfpoda 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvfa 0.00 0.00 0.00 0.00 0.00 0.00

I:Cf l fata 0.00 0.00 0.00 0.00 0.00 0.00Cladoeera 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00 0.00Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00Hilacarofdea 5.89 5.89 0.00 0.00 0.00 0.00Insecta larvae 0.98 0.98 0.00 0.00 0.00 0.00Kinorhrcha 0.00 0.00 0.00 0.00 0.00 0.00Nauplf 1.96 1.96 0.00 1.96 1.96 0.00

JI
Nematoda 440,15 440.15 0.00 92.35 92.35 0.00oIt gochaeta 0.00 0.00 0.00 0.00 0.00 0.00Ostracoda 0.98 0.98 0.00 0.00 0.00 0.00Polychaeta 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 13.75 13.75 0.00 15.72 15.72 0.00Tardffrada 0.00 0.00 0.00 0.00 0.00 0.00Turbe larfa 0.00 0.00 0.00 0.00 0.00 0.00
Total 463.72 463.72 218.60 110.04 110.04 51.87

I:



ceriape 0-2 aI 2-4 aIcage 6-8-92 6-8-92period 1

ind./10cm' 1.00 pm 1.21 pm 1.50 pm 1.00 pm 1.21 pm 1.50 pm
A B C mean std A B C mean std

I'_ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bivalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ciliata 0.98 0.00 0.98 0.65 0.46 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.98 0.33 0.46Copepoda 29.47 3.93 24.56 19.32 11.07 0.00 0.98 55.02 18.67 25.71Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

II!
Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacaroidea 0.98 0.98 0.00 0.65 0.46 0.00 0.00 0.00 0.00 0.00Insecta larvae 0.98 0.98 0.00 0.65 0.46 0.00 0.00 0.00 0.00 0.00Kinorhyncha 14.74 19.65 5.89 13.43 5.69 0.00 0.00 0.00 0.00 0.00Naupl i 166.04 0.98 201.41 122.81 87.35 42.25 30.46 99.23 57.31 30.03Nematoda 984.43 1513.00 1048.29 1181.91 235.56 821.34 260.35 611.09 564.26 231.40Olfgochaeta 5.89 0.00 0.98 2.29 2.58 9.82 0.98 0.00 3.60 4.42OStracoda 79.58 59.93 56.98 65.50 10.03 0.00 0.00 0.00 0.00 0.00polychaeta 2.95 0.00 0.98 1.31 1.23 0.00 2.95 0.00 0.98 1.39Rot fera 1.96 16.70 0.00 6.22 7.45 0.98 0.00 0.00 0.33 0.46Tardiyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Turbe laria 27.51 3.93 0.00 10.48 12.15 0.00 0.00 0.00 0.00 0.00
Total 1315.52 1620.09 1342.05 1425.89 137.75 874.40 295.72 767.31 645.81 251.38

ceriape 4-10 aI 10-rest aI t
cage 6-8-92 6-8-92period 1

ind.110cm' 1.00 pm 1.21 pm 1.50 pm 1.00 pm 1.21 pm 1.50 pmA B C mean std A B C mean std
_ipoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bivelvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CH iata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 5.89 1.96 2.78 0.00 0.00 0.98 0.33 0.46Copepoda 0.98 0.00 2.95 1.31 1.23 4.91 5.89 0.98 3.93 2.12Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Malacaroidea 0.00 0.00 0.98 0.33 0.46 0.00 0.98 0.00 0.33 0.46Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Kinorhyncha 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00Naupl i 0.00 0.00 10.81 3.60 5.09 16.70 0.98 24.56 14.08 9.80Nematoda 86.46 110.04 119.86 105.45 14.02 14.74 45.19 40.28 33.40 13.35Oligochaeta 2.95 0.98 2.95 2.29 0.93 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00polnhaeta 0.00 0.00 4.91 1.64 2.32 0.00 0.00 0.00 0.00 0.00Rot fera 0.98 0.00 0.00 0.33 0.46 1.96 0.98 0.00 0.98 0.80Tardiyrada 0.00 0.00 1.96 0.65 0.93 0.00 0.00 0.00 0.00 0.00Turbe laria 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 91.37 111.02 153.26 118.55 25.82 38.32 54.04 66.81 53.05 11.65



eer-fops 0-2 a. 2-4 CIllcetJe 28-8-92 28-8-92per-fod 2

ind.1120cm· 10.30 am 9.20 am 8.30 am 10.30 am 9.20 am 8.30 am

11
A B C mean std A B C mean std

An.,tt ipoda 1.96 0.00 1.96 1.31 0.93 0.00 0.00 0.00 0.00 0.00Bivalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cfliata 0.98 2.95 0.98 1.64 0.93 1.96 0.00 0.00 0.65 0.93Cladocer-a 0.00 0.00 3.93 1.31 1.85 0.00 0.00 0.00 0.00 0.00 iCopepoda 14.74 3.93 4.91 7.86 4.88 1.96 1.96 0.00 1.31 0.93
\ I1

Decapoda lar-vae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastr-opoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Insecta larvae 2.95 0.00 0.00 0.98 1.39 0.00 0.00 0.00 0.00 0.00Kfnorhrcha 27.51 23.58 6.88 19.32 8.94 0.00 0.00 0.98 0.33 0.46 i,Nauplf 23.58 10.81 10.81 15.06 6.02 0.98 0.98 0.98 0.98 0.00Nematoda 1765.49 1908.93 1315.52 1663.32 252.80 393.97 742.74 525.62 554.11 143.81Ollllochaeta 7.86 1.96 13.75 7.86 4.81 3.93 0.98 7.86 4.26 2.82OStracoda 173.90 67.79 62.88 101.52 51.22 3.93 0.00 0.98 1.64 1.67polrchaeta 3.93 0.00 0.98 1.64 1.67 2.95 0.00 1.96 1.64 1.23Rot fera 0.00 0.00 0.00 0.00 0.00 10.81 8.84 0.00 6.55 4.70Tardfyrada 3.93 0.00 0.98 1.64 1.67 0.00 0.00 0.00 0.00 0.00Turbe larfa 46.18 8.84 2.95 19.32 19.14 14.74 5.89 0.00 6.88 6.06
Total 2073.01 2028.79 1426.54 1842.78 294.88 435.23 761.41 538.39 578.35 136.13

terlaps 4-10 ca 10-rest cacege 28-8-92 28-8-92period 2

Ind./10cm· 10.30 am 9.20 am 8.30 am 10.30 am 9.20 am 8.30 amA B C mean std A B C mean std
~fpoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cfl fata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1
1

Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 1.96 0.00 0.00 0.65 0.93 0.00 0.98 0.00 0.33 0.46Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacarofdea 0.00 1.96 0.00 0.65 0.93 0.98 0.00 0.00 0.33 0.46Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00KfnorhrCha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I I
Naupll 47.16 0.00 0.00 15.72 22.23 0.98 0.00 0.00 0.33 0.46Nematoda 93.33 650.39 282.95 342.23 231.25 38.32 269.20 180.77 162.76 95.11Ol flIochaeta 0.98 2.95 1.96 1.96 0.80 0.00 0.00 0.00 0.00 0.00OStracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

l
polrchaeta 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.33 0.46Rot fera ·7.86 13.75 0.00 7.20 5.63 10.81 24.56 7.86 14.41 7.28Tardfyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria ·0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 151.30 669.06 284.92 368.43 219.47 51.09 295.72 188.63 178.48 100.13
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Avicennia ~riod endblenco 0-1-93
0-2 Cl!

Incl./10 cm l 12.50 am 12.40 am 1 ,
A B C mean std :1 i!

I~ipocla 0.00 0.00 0.00 0.00
Blvalvla 0.00 0.00 0.00 0.00
Ciliata 0.00 0.00 0.00 0.00
Cladoeera 0.00 0.00 0.00 0.00
Copepoda 0.00 0.00 0.00 0.00
Oecapoda larvae 0.00 0.00 0.00 0.00
Gastropoda 0.00 0.00 0.00 0.00
Halacaroldea 9.00 11.00 10.00 1.00
Insecta larvae 1.00 19.00 10.00 9.00
Kfnorhyncha 0.00 0.00 0.00 0.00
Naupll 0.00 0.00 0.00 0.00
Nematoda 1191.00 1n9.00 1760.00 31.00
Ollllochaete 11.00 9.00 10.00 1.00

11

Ostracoda 0.00 0.00 0.00 0.00
polrihaeta 0.00 0.00 0.00 0.00
Rot fera 11.00 19.00 15.00 4.00
TlrdlYr8da 0.00 0.00 0.00 0.00
Turbe larle 0.00 0.00 0.00 0.00
Total 1823.00 1187.00 1805.00 851.01

Avfcer'I'Iia period 1 ;riod 2~rtfal cage 6-8-92 -8-92-2 ell

I:Incl./10cml 1.40 pm 2.30 pm 4.00 pm 11.30 am 12.00 zm 2.50 pmA B C mean std A B C mean std
A~ipocla 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bfvalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ciliata 0.00 0.00 3.93 1.31 1.85 0.00 0.98 0.00 0.33 0.46 li!Cladoeere . 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 9.83 17.69 0.98 9.50 6.83 1.97 0.00 0.98 0.98 0.80Decapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Gastropoda 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.33 0.46Halacaroidea 0.98 1.97 5.90 2.95 2.12 8.85 6.88 2.95 6.23 2.45Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 1.97 0.98 0.98 0.80Kinorhyneha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.33 0.46Neupl f 61.93 106.16 58.89 75.66 21.60 2.95 0.00 0.98 1.31 1.23Nematoda 1008.56 1437.15 1418.43 1308.05 212.44 1923.73 646.81 971.20 1180.58 541.92Olillocheeta 27.52 38.34 13.76 26.54 10.06 12.78 21.63 14.75 16.39 3.79Ostracoda 0.98 0.98 0.00 0.65 0.46 0.00 0.98 0.00 0.33 0.46POlrchaeta 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00Rot fera 0.00 16.71 10.81 9.17 6.92 9.83 0.98 0.98 3.93 4.17Tardlyrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 47.18 33.42 40.30 40.30 5.62 14.75 4.92 3.93 7.87 4.88

IIITotal 1156.98 1652.42 1613.98 1474.46 225.04 1975.84 685.15 998.71 1219.90 549.64



"

Avfcennfa ~r-iod 3 ~r-fod 6
~r-tfal cege -9-92 -12-92-2 CIa

lnd./10cmt 11.20 am 11.45 am 2.20 pm 7.45 am 10.10 am 9.08 amA B C mean std A B C mean std
~lpoda 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.67 0.94Bfvalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cf l iata 0.00 3.93 6.88 3.60 2.82 1.00 0.00 0.00 0.33 0.47Cladocer-a 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

\ \

Copepoda 0.00 6.88 0.00 2.29 3.24 4.00 0.00 19.00 7.67 8.18Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastr-opoda 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.33 0.47Halacar-oidea 0.00 1.97 4.92 2.30 2.02 8.00 49.00 0.00 19.00 21.46Insecta larvae 8.85 0.98 2.95 4.26 3.34 4.00 0.00 0.00 1.33 1.89Kfnorhyncha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nauplfl 0.00 0.98 0.00 0.33 0.46 7.00 0.00 0.00 2.33 3.30Nematoda 2338.56 1446.98 1938.48 1908.01 364.62 2134.00 1271.00 1999.00 1801.33 379.03
I

Ol fgochaeta 25.56 23.59 19.66 22.94 2.45 1.00 0.00 0.00 0.33 0.47Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I[
Polycha.ta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot fera 4.92 12.78 2.95 6.88 4.25 12.00 0.00 19.00 10.33 7.85 I ,Tardfrada 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe laria 40.30 14.75 13.76 22.94 12.28 21.00 0.00 79.00 33.33 33.41 ,
Total 2418.19 1512.84 1989.60 1973.54 369.78 2195.00 1320.00 2116.00 1877.00 395.18

Avfcennfa ;r-fod end
~r-tfal cage -7-93

-2 CIa

ind./10cmt 1.20 pm 12.45 am 12.00 am
A B C mean std

A~fpoda 0.00 0.00 0.00 0.00 0.00Bivalvfa 0.00 0.00 0.00 0.00 0.00Cflfata 0.00 1.00 9.00 3.33 4.03Cladocera 0.00 0.00 0.00 0.00 0.00Copepoda 0.00 0.00 0.00 0.00 0.00Oecapoda larvae 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.00 0.00 0.00Halacarofdea 9.00 0.00 1.00 3.33 4.03Insecta lar-vae 19.00 0.00 0.00 6.33 8.96

\ \

Kfnorhyncha 0.00 0.00 0.00 0.00 0.00Naupl f 0.00 0.00 0.00 0.00 0.00Nematoda 3150.00 3548.00 4501.00 3733.00 566.84Olfgochaeta 0.00 0.00 0.00 0.00 0.00Ostracoda 0.00 0.00 0.00 0.00 0.00
POlychaeta 0.00 11.00 0.00 3.67 5.19Rot fera 0.00 19.00 21.00 13.33 9.46
Tardirada 0.00 0.00 0.00 0.00 0.00

I
Turbe larfa 0.00 9.00 1.00 3.33 4.03
Total 3178.00 3588.00 4533.00 3766.33 567.37 I!

l

I
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Avicennfa period 1
~riod 2 :1 !

O~ClI
6-8-92 8-8-92

I

ind./10cml 3.30 pm 3.15 pm 4.20 pm 2.00 pm 12.35 am 3.05 pmA B C mean std A B e mean std
A~fpoda 0.00 0.98 0.98 0.65 0.46 0.00 0.00 0.00 0.00 0.00Bivalvia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00ef l fata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.93 1.31 1.85

\ :Cllldocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 8.84 36.35 23.58 22.92 11.24 0.00 2.95 2.95 1.97 1.39Oecapoda larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Gastropoda 0.00 0.00 0.98 0.33 0.46 0.00 0.00 0.00 0.00 0.00

III
Halacarofdea 4.91 2.95 0.98 2.95 1.60 0.98 0.98 2.95 1.64 0.93Insecta larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Kfnorhrcha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Naupl i 62.88 242.67 57.97 121.17 85.93 0.00 0.00 0.00 0.00 0.00NeIIl8toda 1910.90 1072.85 939.24 1307.66 430.03 1065.98 852.78 578.67 832.48 199.46alfgochaeta 12.77 22.60 6.88 14.08 6.48 35.37 36.35 16.70 29.47 9.04Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.96 0.65 0.92pOlTchaeta 0.00 0.00 0.98 0.33 0.46 0.00 0.98 0.00 0.33 0.46Rot fere 3.93 6.88 0.98 3.93 2.41 7.86 34.39 13.75 18.67 11.38Tardffrllda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe leria 19.65 23.58 13.75 18.99 4.04 9.82 16.70 2.95 9.82 5.61
Total 2023.88 1408.86 1046.32 1493.02 403.50 1120.01 945.13 623.86 896.33 205.47

Avfcen'lfa ~fod3 ~riod 6:rCll -9-92 -12-92

fnd./10cm l 12.00 pm 12.15 am 2.30 pm 8.10 am 10.50 am 9.30 am ,.A B C mean std A B e mean std
A~lpode 6.88 0.00 0.00 2.29 3.24 0.00 0.00 0.00 !0.00 0.00Blvalvfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CIl fete 0.00 0.98 1.96 0.98 0.80 0.00 0.00 0.00 0.00 0.00Cladocera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Copepoda 2.95 0.00 0.98 1.31 1.23 1.00 9.00 0.00 3.33 4.03Oecapode larvae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

I IGastropoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halacerofdea 0.00 3.93 0.98 1.64 1.67 0.00 10~00 0.00 3.33 4.71 lInsecta larvae 3.93 2.95 4.91 3.93 0.80 0.00 0.00 0.00 0.00 0.00Kinorhyncha 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Neupli1 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 3.33 4.71NeIIl8tode 1256.58 1194.68 1302.75 1251.34 44.27 1209.00 1682.00 1159.00 1350.00 235.65

11

al fgochaete 31.44 5.89 10.81 16.05 11.07 9.00 59.00 22.00 30.00 21.18Ostracoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Pol¥chaete 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rot1fere 1.96 0.98 1.96 1.63 0.46 0.00 0.00 0.00 0.00 0.00Terdifrlda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Turbe larla 21.61 9.82 4.91 12.11 7.01 19.00 0.00 31.00 16.67 12.76
Total 1325.35 1219.23 1329.26 1291.28 50.97 1238.00 1770.00 1212.00 1406.67 257.13



I:
Avic:ennia ;rtod end
g~ClI 0-7-93

Ind./10cm' 1.35 pm 12.30 am 11.30 am

illA B C mean std
Aq)/lipoda 0.00 0.00 0.00 0.00 0.00Bivalvia 0.00 0.00 0.00 0.00 0.00ct l iata 1.00 0.00 8.00 3.00 3.56Cladocera 0.00 0.00 0.00 0.00 0.00

1 :
Copepoda 32.00 0.00 1.00 11.00 14.85DKaPoda larvae 0.00 0.00 0.00 0.00 0.00

I
Gastropoda 0.00 0.00 0.00 0.00 0.00Halacaroidea .0.00 29.00 2.00 10.33 13.22Insecta larvae 11.00 18.00 10.00 13.00 3.56
Kinorhyncha 0.00 0.00 0.00 0.00 0.00Naupl i 0.00 0.00 0.00 0.00 0.00Nematoda 4102.00 6548.00 3811.00 4820.33 1227.41Ol igochaeta 30.00 80.00 10.00 40.00 29.44Ostracoda 0.00 0.00 0.00 0.00 0.00
Polrchaeta 0.00 0.00 0.00 0.00 0.00Rot fera 0.00 49.00 0.00 16.33 23.10Tardifrada 0.00 0.00 9.00 3.00 4.24Turbe laria 0.00 0.00 0.00 0.00 0.00
Total 4176.00 6724.00 3851.00 4917.00 1284.61

Il



ceriops 0-2 CII 2-4 CIa
C8ge 6-8-92 6-8-92period 1

ind./10 cmt A B C mean std A B C mean std
Adoncholail1KJs 30.76 15.13 20.36 22.08 6.50 0.00 0.00 21.84 7.28 10.30
Ano~lostOlll8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bat ylafl1KJs 41.02 0.00 20.36 20.46 16.75 0.00 0.00 0.00 0.00 0.00B.londira 0.00 0.00 0.00 0.00 0.00 10.94 0.00 0.00 3.65 5.16Camecolail1KJS 0.00 15.13 0.00 5.04 7.13 0.00 0.00 10.92 3.64 5.15Chromadora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromadorfta .0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromaspirina 92.29 30.26 0.00 40.65 38.41 43.75 64.56 10.92 39.75 22.09Cyatholafmid8e 0.00 0.00 10.16 3.39 4.80 0.00 0.00 0.00 0.00 0.00Dlptonema 194.84 166.43 91.60 150.96 43.54 0.00 0.00 32.76 10.92 15.44

11

Desmodora 92.29 196.69 142.49 143.62 42.63 32.81 46.13 54.60 44.51 8.97Dorylllimidle 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Dorylaimopsis 10.25 0.00 10.18 6.81 4.82 0.00 0.00 0.00 0.00 0.00Ethmolainus 0.00 0.00 0.00 0.00 0.00 10.94 0.00 0.00 3.65 5.16Eubostrichus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00HIllla;nus 20.51 15.13 0.00 11.88 8.68 10.94 9.23 0.00 6.72 4.81

I11

Halichoanolail1KJs 0.00 0.00 0.00 0.00 0.00 32.81 55.35 10.92 33.03 18.14Haliplectus 51.27 0.00 0.00 17.09 24.17 65.63 18.45 10.92 31.67 24.21Leptonemelll 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Limomoeus 10.25 136.17 132.31 92.91 58.47 10.94 18.45 185.63 71.67 60.64Lfnhyatera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Metachromadora 10.25 0.00 0.00 3.42 4.63 0.00 0.00 10.92 3.64 5.15M.tadesmolai .....s 0.00 0.00 10.16 3.39 4.60 0.00 0.00 0.00 0.00 0.00Metal fnhomoeus 0.00 15.13 122.13 45.75 54.36 0.00 9.23 87.36 32.20 39.19Mfcrolafnus 71.78 15.13 30.53 39.15 23.92 240.64 18.45 32.76 97.26 101.54M~olainus 0.00 15.13 30.53 15.22 12.46 10.94 0.00 0.00 3.65 5.16M ~tere 0.00 0.00 0.00 0.00 0.00 0.00 9.23 10.92 6.72 4.80Neoc romadora 0.00 15.13 10.18 8.44 6.30 0.00 0.00 0.00 0.00 0.00OcIontophora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.92 3.64 5.15Oxystomina 0.00 0.00 0.00 0.00 0.00 65.63 0.00 0.00 21.88 30.94Paracllnthonchus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Plrll inhomoeus 0.00 0.00 0.00 0.00 0.00 0.00 18.45 0.00 6.15 8.70Plramonhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Plradontophora 0.00 15.13 20.36 11.63 6.63 0.00 9.23 10.92 6.72 4.80Plectus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00P~nema 0.00 0.00 0.00 0.00 0.00 0.00 9.23 0.00 3.08 4.35Prochromadorella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Pt~hollimellus 143.56 272.34 81.42 165.77 79.51 328.14 415.15 163.80 302.36 104.22SI tieria .0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Sigmophorllneme 10.25 0.00 30.53 13.59 12.69 0.00 0.00 0.00 0.00 0.00s~onOlllil1KJS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00S aerolllil1KJS 51.27 30.26 111.95 64.49 34.64 0.00 0.00 0.00 0.00 0.00Spilophorella 30.76 45.39 0.00 25.36 18.92 0.00 0.00 0.00 0.00 0.00Spirinill 41.02 196.69 10.18 82.63 81.63 0.00 516.63 67.36 201.33 225.79Synonchiella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

11

Syrfngola iI1KJS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.92 3.64 5.15Terschell ingia 10.25 242.06 81.42 111.25 96.97 21.88 221.41 43.68 95.66 89.37Theristus 10.25 75.65 30.53 38.81 27.33 65.63 36.90 131.04 77.86 39.39unknown 61.53 0.00 50.89 37.47 26.85 32.81 36.90 109.20 59.64 35.09
984.40 iTotal 1513.00 1048.31 1181.90 235.57 984.43 1513.00 1048.31 1181.91 235.56

"11
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Ceriops 4-10 CII 10-rest ancage 6-8-92 6-8-92period 1

I;incl./10 an' A B C mean std A B C mean std
Adoncholaimus 0.00 15.93 0.00 5.31 7.51 0.00 0.00 0.00 0.00 0.00

,11
A~lostoma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bat ylsimus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Belondfra 49.84 0.00 0.00 16.61 23.49 656.29 0.00 0.00 218.76 309.38C8IlllIcolafmus 0.00 0.00 11.91 3.97 5.61 0.00 0.00 0.00 0.00 0.00ChrOlllldora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromeclorfta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.83 10.28 14.53ChrOllllspfrfna 0.00 111.48 11.91 41.13 49.98 0.00 70.37 123.33 64.57 50.52Cyatholafmfdae 37.38 0.00 23.82 20.40 15.45 0.00 0.00 0.00 0.00 0.00Daptonema 0.00 47.78 11.91 19.90 20.31 0.00 0.00 61.66 20.55 29.07Desmodora 0.00 31.85 59.56 30.47 24.33 0.00 140.74 30.83 57.19 60.40Dorylaimfdae 0.00 0.00 83.39 27.80 39.31 0.00 0.00 154.16 51.39 72.67DorylafJ!lOP8fs 0.00 15.93 0.00 5.31 7.51 0.00 0.00 0.00 0.00 0.00EthmolafllMS 174.46 15.93 0.00 63.46 78.76 82.04 0.00 30.83 37.62 33.84Elbostrfchus 12.46 0.00 11.91 8.12 5.75 0.00 0.00 0.00 0.00 0.00HalalafllMS 24.92 0.00 0.00 8.31 11.75 0.00 0.00 0.00 0.00 0.00Halfchoanolafmus 37.38 31.85 0.00 23.08 16.47 0.00 35.19 0.00 11.73 16.59Hal fplectus 161.99 334.45 71.47 189.30 109.08 0.00 281.49 30.83 104.11 126.06Leptonemella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Lfnhomoeus 0.00 47.78 71.47 39.75 29.72 0.00 0.00 0.00 0.00 0.00Lfnhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Metachromadora 12.46 15.93 11.91 13.43 1.78 0.00 0.00 30.83 10.28 14.53Metadesmolafmus 12.46 0.00 0.00 4.15 5.87 0.00 0.00 0.00 0.00 0.00Metal fnhomoeus 0.00 127.41 35.74 54.38 53.66 0.00 70.37 30.83 33.73 28.80MfcrolafllMS 186.92 143.34 71.47 133.91 47.60 82.04 316.67 154.16 184.29 98.13M~olafmus 0.00 0.00 11.91 3.97 5.61 0.00 0.00 0.00 0.00 0.00M ~tera 0.00 270.75 23.82 98.19 122.41 0.00 35.19 0.00 11. 73 16.59Neoc: romadora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Odontophora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oxystomfna 112.15 0.00 11.91 41.35 50.30 0.00 35.19 30.83 22.01 15.66Paracanthonchus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Paral inhomoeus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Psramonhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I;Paradontophora ·0.00 0.00 11.91 3.97 5.61 0.00 0.00 0.00 0.00 0.00Plectus 37.38 0.00 0.00 12.46 17.62 164.07 0.00 0.00 54.69 n.34Ponponema 0.00 0.00 0.00 0.00 0.00 0.00 0.00 92.50 30.83 43.60Proc:hroniedorells" 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.83 10.28 14.53Pt~holafmellus 12.46 47.78 11.91 24.05 16.78 0.00 0;00 61.66 20.55 29.07Sa tferis 0.00 0.00 11.91 3.97 5.61 0.00 0.00 0.00 0.00 0.00Sf.,nophoranema 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00s~onolafmus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 . !
S aerolaimus 0.00 15.93 11.91 9.28 6.76 0.00 0.00 0.00 0.00 0.00Spf lophorella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Spfrfnfa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 30.83 10.28 14.53Synonch fella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Syrfngolafmus 0.00 79.63 23.82 34.48 33.37 0.00 211.12 0.00 70.37 99.52TerschelUngfs 0.00 63.71 71.47 45.06 32.02 0.00 0.00 30.83 10.28 14.53rherfstus 62.31 47.78 297.81 135.97 114.59 0.00 140.74 30.83 57.19 60.40I.rIknown 49.84 47.78 83.39 60.34 16.32 0.00 175.93 61.66 79.20 72.89
Total 984.41 1513.02 1048.24 1181.89 235.59 984.44 1513.00 1048.26 1181.90 235.57



ceriops 0-2 aI 2-4 ClI Icege 27-9-92 27-9-92period 3

fnd./10 cml A B C mean std A B C mean std
AdoncholafllMl 113.24 69.76 34.95 72.65 32.03 142.65 18.74 0.00 53.80 63.29

1\ I
A:J:lostoma 0.00 17.44 0.00 5.81 8.22 0.00 0.00 0.00 0.00 0.00Bat ylafll'lJs 22.65 104.65 104.84 n.38 38.70 0.00 0.00 0.00 0.00 0.00Belondfra 0.00 0.00 0.00 0.00 0.00 57.06 0.00 0.00 19.02 26.90Camacolafll'lJS 0.00 34.88 17.47 17.45 14.24 0.00 0.00 19.38 6.46 9.14Chromadora 0.00 0.00 17.47 5.82 8.24 0.00 0.00 0.00 0.00 0.00Chromadorfta 0.00 0.00 17.47 5.82 8.24 0.00 0.00 0.00 0.00 0.00chromaspfrfna 158.53 279.06 401.90 279.83 99.36 85.59 187.40 251.90 174.96 68.46Cyatholafmfdae 0.00 0.00 17.47 5.82 8.24 0.00 0.00 0.00 0.00 0.00Daptonetllll 45.29 69.76 69.90 61.65 11.57 0.00 18.74 0.00 6.25 8.83

.\ 1
Desmodora 203.83 191.85 139.79 178.49 27.80 85.59 431.02 96.88 204.50 160.24Dorylafmfdae 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oorylafmopsfs 22.65 17.44 34.95 25.01 7.34 0.00 0.00 0.00 0.00 0.00Ethmolafll'lJS 0.00 34.88 0.00 11.63 16.44 114.12 18.74 38.75 57.20 41.07Eubostrfchus 0.00 87.21 17.47 34.89 37.67 0.00 0.00 19.38 6.46 9.14Halalafll'lJS 45.29 174.41 17.47 79.06 68.37 0.00 18.74 0.00 6.25 8.83HaltchoanolatllMl 0.00 17.44 17.47 11.64 8.23 28.53 0.00 19.38 15.97 11.89Hal fplactus 0.00 0.00 0.00 0.00 0.00 342.36 112.44 135.64 196.81 103.35Leptonemella 0.00 0.00 0.00 0.00 0.00 0.00 18.74 0.00 6.25 8.83Lfmomoeus 0.00 0.00 87.37 29.12 41.19 0.00 37.48 96.88 44.79 39.89Lfnhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Metachromadora 45.29 34.88 52.42 44.20 7.20 0.00 0.00 0.00 0.00 0.00Metadesmolaimus 0.00 0.00 0.00 0.00 0.00 85.59 18.74 0.00 34.78 36.74Metal fnhomoeus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 174.39 58.13 82.21Mfcrolafll'lJS 362.36 174.41 52.42 196.40 127.48 485.01 281.10 736.32 500.81 186.18Mo~o lafIl'lJS 90.59 0.00 0.00 30.20 42.70 0.00 0.00 0.00 0.00 0.00Mo ~t.ra 181.18 17.44 69.90 89.51 68.27 28.53 18.74 19.38 22.22 4.47Neoc romadora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

lOclontophora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oxystomfna 0.00 17.44 0.00 5.81 8.22 0.00 18.74 38.75 19.16 15.82Paracanthonchus 0.00 0.00 34.95 11.65 16.48 0.00 0.00 0.00 0.00 0.00Paral fnhomoeus 0.00 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00Paramonhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Paradontophora 90.59 0.00 17.47 36.02 39.24 28~53 37.48 0.00 22.00 15.98Plectus 22.65 0.00 0.00 7.55 10.68 28.53 0.00 0.00 9.51 13.45Pomponema 45~29 0.00 17.47 20.92 18.65 0.00 0.00 19.38 6.46 9.14Prochromadorella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Pt~holafmellUs 181.18 34.88 314.53 176.86 114.21 0.00 37.48 19.38 18.95 15.30Sa tferia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Sfgmophoranema 45.29 0.00 0.00 15.10 21.35 0.00 0.00 0.00 0.00 0.00s~onolafmus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00S aerolafll'lJS 158.53 87.21 52.42 99.39 44.17 0.00 37.48 0.00 12.49 17.67Spf lophorella 181.18 34.88 0.00 72.02 78.49 28.53 0.00 0.00 9.51 13.45

1,1

Spfrtnfa 0.00 156.97 174.74 110.57 78.52 57.06 187.40 38.75 94.40 66.18Synonchfella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Syrlnvolafmus 22.65 17.44 0.00 13.36 9.69 0.00 18.74 19.38 12.71 8.99Terschell fogfa 22.65 17.44 104.84 48.31 40.03 0.00 0.00 n.51 25.84 36.54 I
i.Therfstus 45.29 17.44 17.47 26.73 13.12 142.65 112.44 n.51 110.87 26.62unk.nown 90.59 52.32 52.42 65.11 18.02 456.48 131.18 58.13 215.26 173.15

Total 2196.79 1761.53 1957.04 1971.79 178.00 2196.81 1761.56 1957.07 1971.81 178.00





Avicennia period 1 period 1
0-2 ell 6-8-92 6-8-92ind.nO CJIZ bhn:o cage

A B C mean std A B C mean std
AdoncholailM.lS 6.08 0.00 10.97 5.68 4.49 79.63 52.34 15.92 49.29 26.10BathylaflM.lS 0.00 0.00 0.00 0.00 0.00 53.08 0.00 7.96 20.35 23.37Belonclfra 12.15 1.55 0.00 4.57 5.40 0.00 13.09 7.96 7.01 5.38C...colafnus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Chromaspfrlna 66.84 1.55 54.86 41.08 28.38 451.21 39.26 47.75 179.40 192.23

I'
Daptonema 0.00 0.00 10.97 3.66 5.17 0.00 52.34 23.87 25.40 21.40Desmoclora 206.59 52.60 285.25 181.48 96.62 822.79 601.93 517.25 647.32 128.80 , .Diplolaimelloides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Dorylafmopsfs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ethrnola ilM.lS 18.23 6.19 32.91 19.11 10.93 132.71 26.17 87.53 82.14 43.66Elbostrichus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.87 7.96 11.25Greeffiella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00HalalailM.lS 0.00 0.00 0.00 0.00 0.00 79.63 0.00 0.00 26.54 37.54HalichoanolailM.lS 0.00 0.00 0.00 0.00 0.00 26.54 13.09 7.96 15.86 7.84Haliplectus 12.15 10.83 98.74 40.57 41.13 0.00 0.00 47.75 15.92 22.51LfnhOlllOeus 0.00 1.55 0.00 0.52 0.73 0.00 0.00 7.96 2.65 3.75Metachromaclora 12.15 0.00 32.91 15.02 13.59 106.17 52.34 55.70 71.40 24.62MetacratholailM.lS 6.08 18.57 21.94 15.53 6.82 0.00 0.00 0.00 0.00 0.00Meta l nhOlllOeus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.96 2.65 3.75MicrolailM.lS 6.08 0.00 10.97 5.68 4.49 53.08 65.43 7.96 42.16 24.70Monhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nemanema 0.00 0.00 10.97 3.66 5.17 0.00 0.00 0.00 0.00 0.00NeochrCllll8dora 0.00 0.00 21.94 7.31 10.34 0.00 0.00 0.00 0.00 0.00oncholaimellus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00oncholailM.lS 48.61 13.92 32.91 31.82 14.18 0.00 0.00 0.00 0.00 0.00Paracanthonchus 24.30 20.11 0.00 14.81 10.61 0.00 0.00 7.96 2.65 3.75Paradesmoclora 18.23 0.00 10.97 9.73 7.49 0.00 39.26 7.96 15.74 16.94

I1I

Ptycholaimellus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rhabditis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Sigmophoranema 115.45 0.00 98.74 71.39 50.94 26.54 78.51 23.87 42.98 25.15SphaerolallM.1S 0.00 0.00 10.97 3.66 5.17 0.00 0.00 0.00 0.00 0.00 I·Spi lophorella 6.08 0.00 0.00 2.03 2.86 26.54 26.17 0.00 17.57 12.43 !Spirinia 0.00 1.55 0.00 0.52 0.73 0.00 0.00 23.87 7.96 11.25SyringolailM.lS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Terschellingis 0.00 1.55 10.97 4.17 4.85 26.54 0.00 0.00 8.85 12.51Theristus 0.00 0.00 0.00 0.00 0.00 26.54 13.09 0.00 . 13.21 10.84Thoracostoina 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.96 2.65 3.751A 12.15 12.38 120.68 48.40 51.11 106.17 0.00 71.62 59.26 44.211B 0.00 0.00 10.97 3.66 5.17 79.63 65.43 39.79 61.61 16.492A 285.58 100.57 383.99 256.71 117.49 1035.13 758.95 668.44 820.84 155.96 l2B 249.12 15.47 241.36 168.65 108.36 690.08 235.54 151.19 358.94 236.67parasitic 12.15 1.55 0.00 4.57 5.40 0.00 13.09 7.96 7.01 5.38 . i

Total 1118.00 259.93 1514.00 963.98 523.43 3822.00 2146.00 1878.00 2615.33 860.23







Avfctn'lfe ~rfod 6 ~riod 60-2 ell -12-92 -12-92fnd.nO cat blMCO cage
I

A B C mean std A B C mean std
11Adoncholaimus 0.00 0.00 0.00 0.00 0.00 13.63 0.00 0.00 4.54 6.438athylainaJs 0.00 24.17 0.00 8.06 11.39 68.16 93.52 49.16 70.28 18.17Beloncli ... 0.00 0.00 0.00 0.00 0.00 .0.00 0.00 0.00 0.00 0.00C8lIl8colainaJs 0.00 0.00 0.00 0.00 0.00 0.00 37.41 12.29 16.57 15.57ChrOlll8spirina 154.29 n.52 15.93 80.91 56.79 81.79 205.75 36.87 108.14 71.42Daptonem8 0.00 24.17 0.00 8.06 11.39 0.00 0.00 0.00 0.00 0.00Desmodora n.14 229.64 n.39 128.06 71.83 163.59 505.02 405.53 358.05 143.38 I'Diplolalmelloldes 0.00 0.00 6.83 2.28 3.22 0.00 0.00 0.00 0.00 0.00 ,Dorylalmopsls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 24.58 8.19 11.59Ethmolainus 0.00 132.95 15.93 49.63 59.27 95.43 37.41 86.02 72.95 25.42Eubostrf chus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Greeffiella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halalalnus 0.00 0.00 0.00 0.00 0.00 13.63 0.00 12.29 8.64 6.13Halichoanolainus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Haliplectus 12.86 0.00 2.28 5.04 5.60 27.26 0.00 36.87 21.38 15.62Linhomoeus 0.00 0.00 0.00 0.00 0.00 0.00 18.70 12.29 10.33 7.76MetachrOlll8dora 0.00 84.60 11.38 32.00 37.49 81.79 280.57 49.16 137.17 102.27Metacyatholaimus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Metal nhomoeus 0.00 0.00 0.00 0.00 0.00 13.63 0.00 0.00 4.54 6.43Mlcrolalnus 0.00 48.34 2.28 16.87 22.27 40.90 56.11 36.87 44.63 8.29Monhystera 0.00 0.00 4.55 1.52 2.15 0.00 0.00 0.00 0.00 0.00Nemanema 0.00 0.00 0.00 0.00 0.00 27.26 0.00 0.00 9.09 12.85NeochrOlll8dora 0.00 0.00 0.00 0.00 0.00 13.63 0.00 0.00 4.54 6.43oncholalmellus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oncholainus 0.00 12.09 4.55 5.55 4.98 81.79 18.70 24.58 41.69 28.46Paracanthonchus 12.86 0.00 0.00 4.29 6.06 0.00 18.70 0.00 6.23 8.82Paradesmodora 0.00 24.17 0.00 8.06 11.39 27.26 0.00 0.00 9.09 12.85Ptycholalmellus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Rhabditis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00s=oranem8 0.00 0.00 0.00 0.00 0.00 27.26 0.00 0.00 9.09 12.85S aerolainus 0.00 12.09 4.55 5.55 4.98 54.53 93.52 12.29 53.45 33.17Spl lophorella 0.00 0.00 0.00 0.00 0.00 27.26 74.82 24.58 42.22 23.08Splrlnla 0.00 0.00 4.55 1.52 2.15 13.63 37.41 12.29 21.11 11.54syrf1'90la inaJS 0.00 24.17 0.00 8.06 11.39 0.00 0.00 0.00 0.00 0.00Terschelllngia 12.86 12.09 20.49 15.14 3.79 149.95 93.52 12.29 85.26 56.50Therlstus 0.00 0.00 2.28 0.76 1.07 0.00 56.11 0.00 18.70 26.45Thoracostoma 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001A 25.71 12.09 22.76 20.19 5.85 218.11 93.52 61.44 124.36 67.581B 0.00 48.34 13.66 20.67 20.35 81.79 149.64 49.16 93.53 41.85lA 90.00 435.10 100.16 208.42 160.34 381.70 748.18 602.15 577.35 150.642B 154.29 205.47 36.42 132.06 70.78 340.80 598.55 122.89 354.08 194.41 I· I

parasitic 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 540.00 1402.00 346.00 762.67 458.96 2044.83 3217.18 1683.58 2315.19 654.63

\1



AvicetY1fe ;rfod end ;riod end I:0-2 Cl! -1-93 0-1-93fnd.nO atI cage pertiel cage
A B C mean std A B C mean std

Adoncholafnus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Bathylefnus 99.21 80.24 89.72 9.49 120.21 45.18 56.54 74.00 33.05Belondfra 0.00 0.00 0.00 0.00 0.00 0.00 113.08 37.69 53.30C8lIl8colefnus 0.00 0.00 0.00 0.00 0.00 90.36 0.00 30.12 42.60ChrOlll8splrfna 248.02 240.71 244.37 3.66 200.45 135.55 339.23 225.08 84.96Daptonema 0.00 0.00 0.00 0.00 40.09 45.18 0.00 28.42 20.21Desmodora 694.47 882.61 788.54 94.07 400.91 451.82 621.92 491.55 94.50Dlplolafmellofdes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Dorylafmopsls 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
\ !

Ethmolalnus 297.63 240.71 269.17 28.46 240.55 316.27 508.85 355.22 112.94E\bostrfchus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 nGreefffella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Halalafnus 0.00 240.71 120.36 120.36 40.09 45.18 0.00 28.42 20.21Halfchoanolafnus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Hallplectus 198.42 160.48 179.45 18.97 0.00 271.09 0.00 90.36 127.79Lfnhomoeus 148.81 80.24 114.53 34.29 0.00 45.18 0.00 15.06 21.30MetachrOlll8dora 347.23 641.90 494.57 147.33 200.45 90.36 169.62 153.48 46.37Metelletholafnus 0.00 0.00 0.00 0.00 40.09 0.00 56.54 32.21 23.74Metal nhomoeus 0.00 80.24 40.12 40.12 40.09 90.36 56.54 62.33 20.93
IMfcrolefnus 992.10 1123.33 1057.71 65.61 320.73 903.64 1017.69 747.35 305.24Monhystera 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Nemaneme 0.00 80.24 40.12 40.12 0.00 0.00 0.00 0.00 0.00NeochrOlll8dora 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oncholaimellus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oncholainus 0.00 0.00 0.00 0.00 0.00 90.36 0.00 30.12 42.60Paracanthonchus 0.00 0.00 0.00 0.00 0.00 0.00 56.54 18.85 26.65Paradesmoc:lore 0.00 160.48 80.24 80.24 80.18 180.73 0.00 86.97 73.94Ptycholaimellus 0.00 0.00 0.00 0.00 0.00 45.18 0.00 15.06 21.30Rhabditis 0.00 80.24 40.12 40.12 0.00 O~OO 0.00 0.00 0.00 I!Sfgmophoreneme 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Spheerolainus 148.81 0.00 74.41 74.41 40.09 90.36 113.08 81.18 30.50 ISpHophorella 496.05 240.71 368.38 127.67 280.64 271.09 395.n 315.83 56.66spirlnfa 0.00 0.00 0.00 0.00 80.18 0.00 226.15 102.11 93.62SyrlngolallmJs 347.23 401.19 374.21 26.98 240.55 180.73 113.08 178.12 52.07Terschelllngia 0.00 1684.99 842.49 842.49 n1.64 0.00 565.38 429.01 309.99Therlstus 0.00 0.00 0.00 0.00 0.00 90.36 0.00 30.12 42.60ThoracostOlll8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001A 198.42 2246.65 1222.53 1024.12 761. 73 316.27 565.38 547.79 182.281B 99.21 160.48 129.84 30.63 200.45 271.09 113.08 194.87 64.63lA 2629.06 2n8.08 2678.57 49.51 1443.27 2213.91 2883.46 2180.21 588.442B 1091.31 1283.80 1187.55 96.25 681.55 587.36 735.00 667.97 61.03parasitic 0.00 0.00 0.00 0.00 0.00 0.00 113.08 37.69 53.30

Total 8036.00 12838.00 6958.00 5296.23 6174.00 6867.64 8820.00 7287.21 1120.23

11'1



Ii
Ceriops period 1 ;riod 2 ~riod 3blenco 6-8-92 -8-92 7-9-920-2 CIl

8.58 am 9.02 am 10.02 am11.31 am11.38 am2.30 pm 11.25 am9.55 am 11.10 am
A B C mean std A B C mean std A B C mean std

ol igochaeta
163 81 81 67 0 0 326 109 154 244 244 0 163 115

\ 1

Enchytraeldae 0
Tublfieldae 4971 2689 3015 3558 1008 18335 13364 33900 21866 8748 22084 20943 26158 23062 2239Polychaeta

0 0 0 0 0 0 0 0 0 0 0 0 0 0Armandta spec. 0
Namelycastts spec. 733 407 489 543 139 0 652 326 326 266 81 0 0 27 38Terebellldae 0 0 407 136 192 326 0 1385 570 591 1304 326 2852 1494 1040An1Jhipoda

81 244 407 244 133 0 0 81 27 38 163 0 326 163 133Grandldlerella spec.
Aq:Ielisca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0GastropOda 163 326 489 326 133 244 489 326 353 102 407 326 570 435 102Insecta larvae 0 81 0 27 38 0 0 0 0 0 0 0 0 0 0Nematoda
Oneholaimus spec. 815 0 407 407 333 570 244 1059 625 335 244 81 815 380 314Cnidarta

Total 12549 7416 9697 9887 2100 38137 28766 73422 46775 19227 48405 43434 60058 50632 6967 i

\ j

Cerfops ~rfod 4 ~riod 5 ~riod 6blenco -10-92 -"-92 -'2-920-2 CIl
10.29 am11.11 am12.44 am 11.41 am11.22 am9.28 am 11.05 am10.45 am9.15 am \A B C mean std A B C mean std A B C mean std

\ I
Oligochaeta

Enchytraeldae 0 163 0 54 77 0 0 326 109 154 0 4726 0 1575 2228Tublftctdee 6764 13446 40989 20400 14813 4075 16054 33329 17819 12008 34633 47672 41315 41207 5323Polychaeta
Armandla spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Namelycastis spec. 0 0 163 54 77 0 0 81 27 38 163 81 163 136 38Terebell idae 407 0 815 407 333 0 163 244 136 102 81 81 81 81 0Amphipoda

0 81 244 109 102Grandldierella spec. 0 163 489 217 203 326 244 0 190 139

11

Aq:Iellsca spec. 0 0 163 54 77 0 0 0 0 0 0 0 0 0 0Gastropoda 163 163 81 136 38 81 0 244 109 102 0 0 244 81 115Insecta larvae 0 0 0 0 0 163 0 0 54 77 0 0 81 27 38Nematoda
Oneholat"",s spec. 0 0 407 136 192 0 81 81 54 38 163 407 163 244 115Cnidaria

Total 14505 27544 85239 42429 30735 8393 32840 69267 36833 25011 70570 106018 83609 86733 14639



Cerfaps perfod 1 ;rfod 2 ~riod 3~rtfal cage 6-8-92 8-8-92 1-9-92-2 CII
12.08 am11.10 am2.15 pm 10.55 am11.45 amS.50 am 8.30 am 8.42 am 10.25 amA B C mean std A B C mean std A B C mean std

Oligoehaeta
0 163 0 54 77 0 326 81 136 139 652 81 0 244 290

1\1

Enchytraefdae
Tubfffcfdae 1222 244 3667 1711 1439 8556 19069 17928 15184 4710 8068 17357 15320 13582 3987Polychaeta

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Armanclfa spec.
Namelycastfs spec. 0 326 244 190 139 244 81 896 407 352 0 163 326 163 133

:\'1
TerebeII fdae 0 0 0 0 0 570 0 163 244 240 244 163 407 272 102Aqlhfpoda

163 163 326 217 77 0 0 0 0 0 163 0 81 81 67
Granclfdferella spec.
Aq)el fsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0GIstropOda 0 570 0 190 269 0 326 81 136 139 0 0 81 27 38Insecta larvae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Nematoda
Oncholafmus spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cnidarfa

Total 2771 2363 8475 4536 2790 18743 39278 38219 32080 9441 18254 35530 32352 28712 7508

Cerfopa ~rfod 4 ~rfod 5 ~rjod 6~rtfal cage -10-92 -11-92 -12-92-2 CII
10.08 am10.53 am1.07 pm 8.43 am 12.05 am10.30 am 9.23 am 11.27 am10.00 amA B C mean std A B C mean std A B C mean std

Olfgochaeta
Enchytraefdae 407 570 0 326 240 489 163 244 299 139 1548 1141 1059 1250 214Tubfffcfdae 11490 18987 20128 16868 3831 11979 3586 16787 10784 5455 38626 32026 26566 32406 4931Polychaete

0 0Armanclf a spec. 0 0 0 0 0 0 0 0 0 0 0 0 0Nemalycastfs spec. 0 81 163 81 67 163 81 244 . 163 67 0 81 81 54 38Terebell idae 0 163 244 136 102 0 81 0 27 38 163 0 0 54 77

\11

Aqlhfpodl
81 27 38 1222Granclfdlerella spec. 0 0 407 81 570 480 407 81 0 163 176Aq)el fsca spec. ·0 0 0 0 0 0 0 0 0 0 81 0 0 27 38Gastropoda .733 81 0 272 328 326 244 0 190 139 81 81 81 81 0Insecta larvae 0 0 0 0 0 0 81 0 27 38 0 0 0 0 0Nematoda

Ii I
Onchollfmus spec. 326 0 81 136 139 0 81 0 27 38 163 570 163 299 192Cnfdarfa

Total 24854 39849 41152 35285 7395 28033 9045 34715 23931 10873 81897 67311 55658 68289 10735



\ \

Cerfops perfod 1 ~riod 2 ~riod 3
\ :~C11

6-8-92 8-8-92 7-9-92

1.00 pm 1.21 pm 1.50 pm 10.30 am9.20 am 8.30 am 9.25 am 9.48 am 10.43 am
A B C mean std A B C mean std A B C mean std

Oligochaeta
81 0 27 38 407 0 81 163 176 489 407 0 299 214Enchytraeidae 0

Tubificidae 1467 2037 163 1222 784 16461 11164 6030 11218 4258 35285 38463 18172 30640 8911Polychaeta
0 0 0 0 0 0 0 0 0 0 0 0 0 0Armandia spec. 0

Namelycastis spec. 163 163 81 136 38 489 407 244 380 102 407 489 326 407 67Terebellldae 0 0 0 0 0 244 0 0 81 115 326 163 81 190 102AJ!1)h ipoda
326 896 1548 924 499 326 1222 407 652 405 244 163 81 163 67Grandidierella spec.

~llsca spec. 0 81 81 54 38 0 0 0 0 0 0 0 0 0 0Gastropoda 570 815 0 462 341 489 81 163 244 176 326 244 0 190 139Insecta larvae 0 81 0 27 38 0 0 0 0 0 0 0 0 0 0Nematoda
Oncholaimus spec. 0 81 0 27 38 81 0 0 27 38 0 163 163 109 77

\ \

Cnldarfa

Total 4482 7497 3749 5243 1622 36426 25669 13690 25262 9286 73830 79779 37485 63698 18694

Cerfops ~riod 4 ~rfod 5 ~riod 6
~C11

-10-92 -11-92 -12-92
12.11 am11.48 am1.30 pm 9.09 am 11.05 am9.57 am 8.50 am 9.30 am 10.25 am

I11
A B C mean std A B C .mean std A B C mean std

Ol igochaeta

Ii
Enchytraeldae 0 733 244 326 305 570 652 978 733 176 1467 896 733 1032 314Tublffcfdae 45308 47835 4m3 46965 1172 44901 48161 52480 48514 3104 35448 29907 44982 36779 6226Polychaeta
Armandla spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Namelycastis spec. 652 163 407 407 200 163 244 163 190 38 244 896 326 489 290Terebell idee 0 0 0 0 0 0 0 0 0 0 81 0 244 109 102A~lpoda

0 0 0 0 81 0 81Grandldierella spec. 0 54 38 0 0 0 0 0~lIsca spec. 81 0 0 27 38 0 0 0 e 0 0 0 0 0 0Gastropoda 244 0 0 81 115 489 815 1059 788 234 163 163 0 109 77Insecta larvae . 81 0 0 27 38 81 81 0 54 38 0 0 163 54 77Nematoda
Oncholaimus spec. 0 407 0 136 192 163 163 81 136 38 244 326 489 353 102Cnidarla

Total 92410 97869 96810 95696 2364 92165 99173 108545 99961 6710 74889 63888 93225 77334 12101



,
\ I'Avicennia period 1 ~riod 2 ~rfod 3 ,Iblanco 6-8-92 8-8-92 -9-920-2 aI

Ind./m! 2.00 pm 2.40 pm 3.45 pm 11.40 am12.25 am2.35 pm 11.30 am12.25 am12.35 amA 8 C mean std A B C mean std A B C mean std

:1
Ol fgochaeta 20244 11301 16911 16152 3690 2276 81 0 786 1054 12683 8943 2520 8049 4197Polychaeta

Armandfa spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Nemalycastfs spec. 1382 1707 569 1220 479 0 81 0 27 38 325 325 0 217 153Terebellfdae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Aq:lhfpoda
1707 650 0 786 704 1138 0 0 379 537 6016 1220 0 2412 2597

Grandfdferella spec.
Aq)el fsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Gastropoda 163 325 894 461 314 0 0 0 0 0 0 0 650 217 307Insecta larvae 0 81 163 81 66 0 81 0 27 38 0 81 163 81 66Nemlltoda
Oncholafmus spec. 325 0 81 136 138 0 0 81 27 38 0 0 0 0 0Cnfdarfa 0 0 0 0 0 0 0 0 0 0 81 0 0 27 38

Total 23821 14065 18618 18835 3986 3415 244 81 1247 1534 19106 10569 3333 11003 6446
Aq:lhfpod length (nm) 4 3 3 0 3 3 0 4 4 4 0 ;

'I!
Avicennia ;rfod 4 ~riod 5 ~rfod 6blanco 0-10-92 -11-92 -12-920-2 aI

fnd./m! 10.17 am10.47 am11.52 am 9.10 am 9.54 am 11.07 am 10.35 am9.50 am 8.35 am

11\1
A B C mean std A B C mean std A B C mean std

Ol fgochaeta 813 45122 30894 25610 18471 41951 40813 29919 37561 5424 63089 35285 30244 42873 14443Polychaeta
Armandfa spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Namalycastfs spec. 0 325 0 108 153 244 407 163 271 101 81 0 81 54 38Terebell fdae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

:I
Aq:lhfpoda

488 81 190 213 1951 244Grandfdferella spec. 0 0 732 868 813 1057 0 623 452Aq)elfsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Gastropoda 0 0 0 0 0 81 81 244 136 n 81 244 163 163 66Insecta larvae 0 0 81 27 38 81 81 244 136 77 244 0 81 108 101Nematoda
Oncholafmus spec. 0 0 407 136 192 407 81 163 217 138 244 81 81 136 77Cnldarla '0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 813 45935 31463 26070 18812 44715 41707 30732 39051 6010 64553 36667 30650 43957 14769
Aq:lhfpod length (nm) 5 6 6 0 4 3 4 0 3 5 4 1



Avfcen'\fe Period 1 ~riod 2 ~riod 3
~rtfel cage 6-8-92 8-8-92 -9-92-2 ell

Ind./mf 1.40 pm 2.30 pm 4.00 pm 11.30 am12.00 am2.50 pm 11.20 am11.45 am2.20 pm
A 8 C mean std A 8 C mean std A B C mean std

Ol ;gochaeta 38699 18862 24472 27344 8349 5772 5366 2846 4661 1295 3902 13008 8455 8455 3717Polychaeta
0 0 0 0 0 0 0 0 0 0 0 0 0 0Armandfa spec. 0

Namalycastfs spec. 3415 813 325 1518 1356 81 81 569 244 230 325 244 285 285 33Terebellfdae 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I,A~fpoda

2358 569 2520 1816 884 244 894 650 596 268 813 1220 1016 1016 166Grandfdierella spec.
I I 'An1'el fsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Gastropoda 81 325 81 163 115 81 81 81 81 0 0 0 0 0 0Insecta larvae 163 244 163 190 38 0 0 0 0 0 81 0 41 41 33Nematoda

Oncholafmus spec. 407 244 0 217 167 81 0 0 27 38 0 0 0 0 0Cnfderfa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 45122 21057 27561 31247 10164 6260 6423 4146 5610 1037 5122 14472 9797 9797 3817 : I
A~fpod length (nm) 4 3 3 3 0 3 5 4 4 6 3 5 4 1

I11

Avfc:ennie ~riod 4 ~riod 5 ~riod 6~rtfel cage -10-92 6-11-92 -12-92·2 ell

Ind./mf 10.00 am10.30 am12.13 pm 8.43 am 9.30 am 11.28 am 7.45 am 10.10 am9.08 amA B C mean std A B C mean std A B C mean std
Ollgochaeta 60569 46585 72114 59756 10438 38699 87480 47642 57940 21204 41382 18943 52683 37669 14022Polycl'taeta '

Armendfa spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Namelycastis spec. 325 407 81 271 138 163 1463 0 542 655 325 1057 0 461 442Terebell fdee 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~;poda
Grandidferella spec. 650 0 0 217 307 81 407 81 190 153 163 0 0 54 77~l fsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Gastropoda 81 0 81 54 38 0 0 163 54 77 0 0 81 27 38Insecta larvae 0 0 0 0 0 81 0 0 27 38 407 0 0 136 192Nematoda

'I ;"Oncholallll.lS spec. 569 407 244 407 133 81 976 81 379 422 163 569 163 298 192Cnldarla 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 'I,Total 62195 47398 72520 60705 10310 39106 90325 47967 59133 22351 42439 20569 52927 38645 13480
A~;pod length (nm) 4 4 0 4 3 4 3 0 3 3 0

I
I

\ I



III
l

1

1

Avfcemfe perfod 1 ;riod 2 ~riod 3 I

l~ClI
6-8-92 -8-92 -9-92 . ,

lrld./m2 3.30 pm 3.15 pm 4.20 pm 2.00 pm 0.35 pm 3.05 pm
std

12.00 am12.15 am2.30 pmA B C mean std A B C mean A B C mean std
Ollgochaeta 19593 23821 8130 17182 6629 11382 5203 8293 8293 2523 17073 11545 14309 2764Polychaeta

0 0 0 0 0 0 0 0 0 0 0 0 0 0Armencll a sl;M!c.
Namelycastls spec. 1707 2439 1382 1843 442 81 0 81 54 38 163 163 163 0Terebell Idee 0 0 0 0 0 0 0 0 0 0 0 0 0 0Aqmlpode

2764 4878 0 2547 1997 163 1545 813 840 565 0 2358 1179 1179
Grenclldlerelle spec.
Ampellsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0GastropOda 163 325 0 163 133 0 0 0 0 0 244 0 122 122Insecta larvae 325 163 163 217 77 163 0 81 81 66 81 163 122 41Nematoda
Oncholafmus spec. 244 407 0 217 167 81 0 0 27 38 0 163 81 81Cnfdarfa 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 24797 32033 9675 22168 9315 11870 6748 9268 9295 2091 17561 14390 15976 1585
A~fpod length (RIll) 3 3 3 0 2 4 3 3 1 5 5 0

;11
Avfcemfe ;rfod 4 ~rfod 5 ~riod 6
~ClI

0-10-92 6-11-92 -12-92

. fncl./m2 11.39 am11.20 am12.27 am 10.36 am10.15 am11.48 am 8.10 am 10.50 am9.30 amA B C mean std A B C mean std A B C mean std
Ol igocheeta 48618 63171 47073 52954 7252 72114 44553 102358 73008 23607 58780 98862 40894 66179 24236 ,1 iPolychaeta

0 0 0 0 163 0Armanclla spec. 0 0 54 77 0 0 0 0 0Namalycastfs spec. 813 244 1057 705 341 650 813 1138 867 203 1057 325 813 732 304Terebellldee 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0~fpoda
1951 1707 0 1220 868 3252 1870 1382 2168Granclldferella spec. 792 4065 732 1382 2060 1443Ampelfsca spec. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0GastropOda .244 325 2033 867 825 325 1138 813 759 334 325 1626 2846 1599 1029Insecta larvae 163 81 1626 623 710 569 2846 244 1220 1157 650 407 732 596 138Nematoda

Oncholafmus spec. 0 244 0 81 115 325 488 244 352 101 650 732 163 515 251Cnldarfa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 51789 65772 51789 56450 6592 m98 51707 106179 78428 22250 65528 102683 46829 71680 23213
~fpod length (rim) 6 5 6 6 5 5 5 0 5 5 5 5 0



I,

Avicenda per-iod 1 Avic:erl'lia per-iod 1 AviceIY1ia per-iod 1
\blanc:o per-tial cage cage

0-2 ca 0-2 ca 0-2 ell

\IA B avg std A B avg std
A B avg std

Tubificidae 15547 10532 13040 2508 Tubificidae 36648 15485 26067 10582 Tubificidae 19593 21248 20421 828
Enchytr-aeidae 4696 768 2732 1964 Enchytraeidae 2051 3376 2714 663 Enchytraeidae 0 2572 1286 1286

Avi c:erI'Iia per-iod 2 AviceIY1ia per-iod 2 AviceIY1ia per-iod 2

\ '
blanc:o per-tial cage cage
0-2 ca 0-2 ca 0-2 an

A B avg std A B avg std
A B avg std

Tubificfdae 758 0 379 379 Tubificidae 2840 2725 2783 58 Tubif i c idae 11262 2232 6747 4515
Enchytraeidae 1518 81 800 719 Enchytraeidae 2932 2640 2786 146 Enchytraeidae 125 2971 1548 1423

AviceIY1ia per-fod 5 AviceIY1ia per-iod 5 AviCen'\ia per-iod 5
blanco per-tial cage cage

\ 10-2 ca 0-2 ca 0-2 ca
A B avg std A B avg std

A B avg std
Tubificidae 36329 27525 31927 4402 Tubificidae 38699 59223 48961 10262 Tubificidae 62522 41879 52201 10322
Enchytneidae 5621 13287 9454 3833 Enchytraeidae 0 28255 14128 14128 Enchytraeidae 9591 2673 6132 3459

.1,

I:



-_.------- --

HIGIfWATER KllINDINI . lOW WATER JULY. 1992

t... lit. r_ ,.. t .., ".. I ... ....
..... .. ,... ..... .. ,... ..

Wed. 1 0443 3.0 1656 3.7 Sp. Wed. 1 1030 0.5 2316 0.2

Tbu. 2 0526 3.2 1739 3.7 Thu. 2 1116 0.4 235& 0.2

Fri. 3 0&09 3.2 1122 3.6 Fri. 3 1201 0.4

SlI. 4 0&52 3.3 1905 3:4 Sa•. 4 0036 0.2 1248 0.5

SIJl. 5 0737 3.3 1951 3.2 SIJl. 5 0118 0.3 1337 0.6

Mon. & 0825 3.2 2040 2.9 Mon. 6 0201 0.5 1431 0.8

Tur. 7 0919 3.1 2137 2.6 Tut. 7 0247 0.7 1533 1.0

Wed. 8 1023 2.9 2249 2.4 Wed. 8 0340 0.9 1649 1.1

Thu. 9 1131 2.9 Np. Thu. 9 0446 1.1 1820 1.2

Fri. 10 0018 2.3 1257 2.9 Fri. 10 Q6!l5 1.2 1941 1.1

SlI. 11 0142 2.3 1'05 3.0 Sal. 11 0723 1.1 2042 0.9

SIJl. 12 0246 2.4 1458 3.1 SIJl. 12 0825 1.0 2128 0.1

Mon. 13 0:134 2.6 1542 3.2 ~Ion. 13 .0915 0.9 2206 0.6

Tut. 14 0413 2.7 1619 3.2 Tut. 14 0956 0.6 2239 0.5 0

Wed. 15 0447 2.8 1652 3.3 Wed. 15 1033 0.1 2310 0.5

Thu. lE 051!1 2.9 1723 3.3 Sp. Thu. 16 ·1106 D.; 2338 0.4

Fri. 17 0548 3.0 1752 3.3 Fri. 11 1138 0.6

SlI. 18 0617 3.0 1820 3.2 SlI. 18 0006 DJ 1209 0.7

Sun. 19 DUG 3.0 1849 3.1 Sun. 19 .0034 OS 1241 0.7

~'.on. 20 0717 3:0 1920 3.0 ~Ion. 20 0102 0.5 1315 0.8

Tut. 21 0751 2.9 1554 2.8 TUf. 21 0131 0.6 1352 0.9

Vied. 22 0830 2.9 2034 2.6 Wed. 22 0204 0.6 1437 1.\

Thu. 23 0919 2.8 212& 2.3 Tllu. 23 0243 0.9 1535 1.2

Fri. 24 1024 2.7 2243 2.1 Np. Fri. 24 0333 1.0 1658 1.3

SI\. 25 1151 2.7 Sll. 25 0446 1.2 1843 1.2

Sun. 26 0032 2.1 1319 2.9 Sun. 26 0620 1.1 2003 1.0

Mon. i7 0202 2.3 1425 3.1 Mon. 21 0143 1.0 2059 0.1

TUf. 28 0302 2.5 1518 3.4 Tue. 28 0846 0.5 2143 0.4

Wed. 'i9 0349 2.8 1&04 3.6 Wed. 29 0937 C.S 2223 0.2 •
Thu. 30 0432 3.1 1647 3.7 Thu. 30 1024 O.j 2301 0.1

Fri. 31 0513 3.3 1728 ' 3.1 Sp. F.i. 31 1108 C.• 2JJ8 0.0

13
j4

HIGH WATER KILlNDlli1 AUGUST 19~2 lOW WATER

TiM. lh. T. ",. Tim, "'
,... III

..... o.. ,.... t_"'. ....
SI\. 1 0552 J.5 1807 J.7 S~! I : 150 ·
Sun. 2 0632 3.5 1841 3.5 SUtl. 2 0015 · , 1233 0.2.. .:

Mon. 3 0712 3.5 1926 3.2 ~bn J OOS3 l' • 1317 0.4· '

Tut. e 0754 3.3 2008 2.9 TU! ~ !!130 c; 1403 0.6

Wed. 5 0840 3.1 2054 2.6 \\!~. 5 0210 C.S 1454 0.9

Thu. 6 0935 2.9 2155 2.2 Thu. S 0254 C.S 1601 1.1

Fti. 7 1050 2.7 2335 2.0 Np. Fri. 1 0351 1 ! 1740 1.3

Sal. 8 1231 2.6
Sa:. 8 0521 U 1921 1.2

SIJl. 9 0130 2.1 1355 2.1 ~. 9 0707 1" 2034 1.0..
Mon. \0 0240 2.3 ,.51 2.9 'boo ID 0820 11 21\8 l!.8

Tut. 11 0325 2.5 1533 3.0 lut 11 0909 C.~ 2152 0.7

Wed. 12 0400 2.7 1&0& 3.1 '.!d 12 0947 LE 222\ 0.5

Tha. 13 DUO 2.9 163& 3.2 -~~. 13 1020 Of 22.. 0.4 0

Fri. 14 0457 3.0 1703 3.J Ill.' 1~ 1050 0.5 1314 0.4

SlI. 15 0524 3.1 1730 3.3 Sp. 51... 15 1111 O! 2338 0.3

SIJl. 16 0550 3.2 175& 3.3 S:I':. 16 1\46 r: 5

Mon. 17 0&16 3.2 1822 3.2 ~bn. 17 0003 CI3 1216 0.5

Tut. 18 0&44 3.2 1851 3.0 Tut. 18 0029 0: 1247 0.6

Wed. 19 0715 3.\ . 1922 2.8 Wed. \9 00S6 O~ 1321 0.7

Thu. 20 0750 3.0 1957 2.6
Th~, 2~' 0125 0.5 1401 O.S

fri. 21 0834 2.9 20U 2.3 Lt•. 21 02011 DE 1.\53 1.1

SlI. 22 0935 2.7 2157 2.1 :.a: . n 02~5 1" 1611 1.3

Sun. 23 1111 2.& Np. ~. 23 0356 lJ 1813 1.3

Jo\:)lI. 24 000' 2.0 1300 2.7 '.~~. 24 0554 12 "45 1.0

Tut. 25 0150 2.3 1412 3.0 lut. 25 01J~ l,e 2041 0.7

Wed. 26 0241 2.6 1505 3.3 Wt~. 26 0831 or 2124 ~.l

Thu. 27 0J33 3.0 1550 3.5 Th~ 21 om ijt '2202 C.2

fti. 28 0413 3.3 1131 3.1 tn. 2e \10'\2 O~ 2231 U.C: •
$al. 29 DU2 3.& 1709 3.7 Sal. 29 1054 B 2313 O.G

Sun. 3D 8530 3.7 1747 3.6 Sun. 3D 1134 0.0 2348 0.0

Mon. 31 8.D7 3.7 1124 3.4 Sp. Iobn. 31 1214 01

15
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HIGH WATER KIUIIOINI SEPTEMBER. 1992 LOW WATER

r_ Ill. h". .... T_ Ill. T_ ....
..... .. p,. . ..... •. ..... ..

Tue. 1 D5U 3.6 1901 :;.2 Tilt. 1 0023 0.1 125. 0.3

Wed. 2 0723 3.4 1938 2.8 IVrd. 2 0059 0.3 1335 0.5

Thu. 3 OBOe 3.2 2020 2.5 Thu. 3 0135 0.6 :1421 0.8

Fri. • 0851 2.8 2113 2.2 Fri. • 0215 0.9 1519 1.1

SIt. 5 0959 2.6 2257 2.0 Np. SlI. 5 0301 1.2 155. 1.•

Sill. 6 1157 2.• ~. 6 0440 I .• 1859 1.3

MolL 7 0114 2.1 1335 2.5 '.Ion. 7 0654 1.4 2009 1.1

Till. I 0221 2.3 143\ 2.7
.ur. 8 0808 1.2 205\ 0.9

w.d. 9 0302 2.6 15\0 2.9 ;rd. 9 0854 1.0 2m '0.7

ThI. 10 0334 2.8 1542 3.0 'U. 10 0929 0.8 2151 0.6

Fri. 11 0401 3.0 1610 3.2 '1. 11 09st 0.6 22;7 0.5

Sel. 12 DUI 3.2 1637 3.2 SII'. 12 1027 0.5 2241 0.4 0

Sell. 13 0454 3.3 1704 3.3 Sp. SuII. 13 1055 0.4 2308 0.3

Mon. I. 0520 3.4 1730 3.2 ~". 14 1j~ 0.3 2330 0.3

Tue. 15 0547 3.4 1758 3.1 lur. 15 1153 0.4 2358 0.4

Wed. 16 OilS 3.4 1827 3.0 Wrd. 16 1'124 0.4

Thu. 17 0541 3.3 1159 2.8 lhu. 17 0023 0.5 1259 0.6

Fri. 18 0721 3.2 1936 2.6 Fri. 18 0054 0.6 1339 0.8

Sel. \9 Dl05 3.0 2025 t3 Sit. 19 0131 0.8 1430 1.0

Sell. 20 DlDI 2.7 2145 2.1 ~~.". .20 0219 1.0 154& 1.2

Mon. 21 1043 2.6 2357 2.2 Np. ·':-n. 21 0339 1.3 1743 1.3

Tur. 22 1237 2.7 .e. 22 0547 1.3 1915 1.0

Wed. 23 0130 2.5 1352 2.9 i.,d. 23 0724 1.1 2011 0.8

Thu. 24 0221 2.9 1445 3.2 'hu. 24 0121 0.7 205. 0.5

Fri. 25 0310 3.2 1530 3.4 Fri. 25 0914 0.4 2133 0.3

SIt. 2S 0350 3.5 1610 3.5 511. 26 0957 0.2 2210 0:1 •
~. 27 0421 3.8 1648 3.5 5,,,,. 27 1037 0.0 2245 0.1

Mon. 28 0505 3.9 1726 3.4 Sp. ~lJn. 28 1116 0.0 2320 0.1

Tur. 29 0542 J.a 1802 3.3 lur. 29 1154 0.1 2355 0.2

Wed. 3D 0618 3.7 1138 3.0 \'''t~ 30 1232 0.3

17
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HIGH WATER KIlINOINI OCTOBER. 1992 LOW WATER

,•. Ill. liMe "'- TitM ". T_ III

"'. •. .... .. ..... .. p... "'.
Thu. 1 0&54 3.5 1915 2.8 Thv. 1· DOn 0.4 1312 0.5

Fri. 2 0732 3.2 1158 2.5 Hi. 2 0105 0.7 1354 O.S

Sel. 3 .114 2.8 2041 2.3 SlI. 3 0145 1.0 14.46 1.1

Sell. 4 1112 2.5 2223 2.1 S;lfI. 4 0235 1.3 !l02 1.3

Mon. 5 1058 2.3 Hp· L\:Ir.. 5 0403 1.5 1751 1.4

Tue. 6 D032 2.2 1249 2.4 Tur. 6 0&20 1.5 1111 1.2

Wed. , ',42 2.4 1352 2.5 Wed. 1 0731 1.3 ZOOS 1.0

Thu. 8 1224 2.7 143. 2.7 Thu. 6 OilS I. I 2040 0.9

Fri. 9 UIi7 -2.9 1501 2.9 Fti. 9 0901 0.9 21" 0.7

SIl. ID 1327 3.\ ml 3.0 Sel. 10 0933 0.7 2139 0.6

Sell. 11 .Ui 3.3 tlDB 3.\ ~. \I 1003 0.5 2201 0.5 0
Mon. 12 8423 3.• 1131 3.\ Mon. 12 1033 0.4 2233 0.4

Tue. 13 Mil 3.5 1707 3.1 Tue. 13 1103 0.3 %300 0.4

Wed. 14 liU 3.6 1738 3.0 Sp. Yit4. 14 1134 0.3 2321 0.4

Thu. IS 0552 3.5 ,,\I 2.9 Thu. 15 1201 0.4

0fri. 16 112& 3.4 1147 2.8 Fti. 16 0000 0.5 1245 0.5

SII. 17 1714 3.3 1121 2.6 SlI. 17 OOJI 0.7 ml 0.7

Sell. " 17&0 3.0 20Z5 2.4 SwI. 18 0111 0.9 1420 0.9

Moo. 19 0151 2.8 2148 2.3 ~". 19 0214 1.1 1531 1.1

Till. 20 1022 2.6 %331 2.4 iilt. 20 11340 1.3 1705 . 1.1

Wed. 21 12" 2.6 Hp. "'rd. 21 0531 1.3 1131 1.0

TM. 22 ..51 2.7 m3 2.8 -hu. 22 OlD7 1.0 un 0.8

Fti. 23 1117 3.0 142D 3.0 In. 23 DIDI 0.7 2D21 0.6

SIl. 24 nac 3.4 1507 3.1 SI:. 24 Oasl 0.4 210J 0.'

$vii. 25 0321 3.6 lUo 3.2 ~. 2S 0141 0.2 2142 0.3 •
Mon. 26 8411 3.8 1121 3.2 Mon. 26 1022 0.1 22%0 0.2

T•• 27 HQ 3.1 1707 3.2 Sp. Tut.. 27 1100 . 0.1 2251 0.3

Wild. 21 .&2. U 1744 3.1 W.d. 28 1138 0.2 2332 O.t

1n. 21 "" 3.& U21 2.9 Tllli. 29 U15 0.3

fri. 30 1131 3.4 1IS1 2.7 Fri. 30 DDD7 0.5 1253 0.5

SII. 31 17.7 32. ,.40 2.6 ill. 31 0045 D•• 1333 DJ

19 20



HIGH WATER KllINOlN' NOVEMBER. 1992 LOW WATER,- Ilt. 1... .... ,- .... ,iM, NI..... •. ,... .... ... ...... ".

SurI. 1 0146 2.9 2029 2.4 Sun. 1 0125 1.0 1411 10
Mon. 2 0833 2.6 2140 2.3 Mon. 2 021. i.3 1513 1.2
Tue. 3 0942 2.4 2316 2.3 Np• . Tue. 3 0325 1.5 .1630 i 3
Wed. .. 1123 2.3 Wed. 4 0511 1.5 1155 1.3
Thu. 5 0038 2.5 1248 2.4 ,Thu. 5 0645 1.4 1900 I.l
Fri. 6 0132 .2.7 1345 2.5 Fri. 6 0744 1.2 1941 10
SI!. 1 0213 2.9 1.29 2.6 SlI. 7 0828 1.0 2025 C6

•• B 02.9 3.1 1506 2.7 SurI. 8 0905 0.1 2100 C i
Mon. 9 0322 3.3 1541 2.8 Mon. 9 0939 0.5 2132 C5
Tue. ID 0354 3.4 1616 2.9 Tut. 10 IOU 0.4 2204 C:.5 0
Wed. 11 0427 3.6 1650 2.9 Sp. Wed. It 1047 0.3 2231 ~5

Tha. 11 0501 3.6 172& 2.9 Tha. 12 1122 0.3 2312 (1.5
Fri. 13 0537 3.6 1103 2.9 Fri. 13 1151 0.3 2349 CS
Sll. 1. 0615 3.5 1144 2.8 Sat. 14 1237 0.4

•• 15 0656 3.3 19JO 2.1 •• 15 0030 0.1 1321 CO.S

Mon. 16 0743 3.1 2026 2.6 Mon. 16 0118 0.8 1410 c •

Tue. 11 0841 2.9 2136 2.6 Tue. 11 0216 1.0 1509 n
Wed. 18 0956 2.6 2300 2.6 Wed. 18 0334 1.2 lE22 ; J
Thu. 19 1126 2.5 Np. Thu. 19 0511 1.2 1141 .-·11

Fri. 20 0021 2.8 1250 2.6 Fri. 20 0642 1.0 1850 G9
Sll. 21 0126 3.1 1355 2.7 Silo 21 0750 0.8 1948 ~.7

Su<l. 22 0219 3.3 1448 2.8 Su<l. 22 0844 0.6 2031 C.S
Mon. 23 0305 3.5 1534 2.9 "Ion. 23 0929 0.4 2120 (;5
Tut. 2' 0348 3.6 1616 2.9 Tue. 24 '1010 0.2 2201 ". . •...
Wed. 25 0427 . ~ 1&55 2.9 Np. 'Wed. 25 1049 0.2 2240 ~.-J .•

Tha. 26 0504 3.6 1732 2.9 Thu. 26 1125 C.2 2311 ~.. :
Fli. 17 0539 3.5 '809 2.9 Fri. 27 1200 0.3 2353 C.:
SIl. 28 0614 . 3.3 1845 t.6 SIt. a 1235 O.~

Su<l. 29 0641 3.1 n22 v Sun. 29 0030 O.i 1310 E
Mon. 30 0122 H 2003 2.6 Mon. 30 0109 0.9 1347 U

21 22

H'GH WATER ICllIHO'NI DECEMBER. 1992 L(ll\' Vil-TER

,.... .... ~.... ... 1... Ilt. 1_, "'..... ... l ...· .. ..... .. ,--.
Tue. 1 08CO 2.1 2052 •.5 Tal. 0151 1.1 1'28 :;.i
Wld. 2 0841 2.5 2153 2.4 l\'.d. 2 0243 1.3 1516 1.1
Tbu. 3 0549 2.3 2308 2.5 Np. Thu. 3 0353 .. 16l! ' .1.~ ..t

Fri. 4 1115 2.2 Fri. .; 0523 I." 1132 1.2
SIt. S 01/22 2.6 1241 2.2 Sll. 5 0648 1.3 1141 I.l
SiJI. 6 0122 2.8 13.6 t3 • Sun. 6 0150 1.1 t!J1 1.0
Man. 7 0210 3.0 1437 2.5 Mon. 1 ! 0839 . 0.6 202. ~. 5

Tue. 8 0252 3.2 1520 2.6 Tue. e .0920 0.6 2105 n-
~.I

Wed. 9 0332 3." 1600 . 2.1 Wed. S 0958 0.4 2145 05 0
Thu. ID 0411 3.5 1639 2.9 Tbu. 10 1035' 02 2224 C~

Fri. 11 0.49 3.6 1711 2.9 Fri. 11 1lt2 0.2 2304 Co':

SIt. 12 0528 3.6 1757 J.D Sp. Sal. 12 1149 0.1 2345 rI':

•• 13· 0608 3.6 1139 3.0 SiJI. 13 1227 0.2

Mon. 14 0649 3.4 1123 3.0 Mon. 14 0028 0.5 . 1308 o~

Tat. 15 0734 3.2 iOl2 2.9 Tat. 15 0116 0.6 1351 C.5

Wed. 16 0824 2.9 2109 2.E "'ed. 16 0209 0.8 1440 H

Thu. 17 0925 2.6 2218 2.8 Thu. 11 nu 1.0 1537 i).e
Fri. " 1043 2.' 2338 2.8 Fri. le 0'31 1.1 16(7 1~

·Sal. 19 121. 2.3 Np. Sli. 19 .otU n 1801 .;. ...
SlM. 20 0055 2.9 1336 2.3 Surl. 20 013. C.9 152!1 ".:

Moll. 21 0200 3.1 ,.38 2.5 "lor.. 21 0135 C.1 20211 ~.~

Tue. 22 0252 3.2 1528 2.6 Tur. 22 0923 OS 2110 ~ ~

Wed. 23 0337 3.' 1610 2.1 Wed. 23 i003 0.3 2153 a
Thu. 24 0.17 3.4 U.I 2.8 Tha. 24 1040 0.3 2231 t ~ •
Fti. 25 0453 3.4 1722 2.9 Sp. Fri. 25 \tU 11.2 2301 t.:
Sat. 2& 0521 3.4 1755 2.9 SlI. 26 l1U 0.2 23(2 il.S

s.. 27 0557 3.3 lUI 2.9 Sun. 27 1214 0.3

Moll. 28 0827 3.2 1857 2.9 Mon. 28 0015 U 12'4 O.
T... 29 0157 3.0 1U9 2.8 lUl. 29 0049 0.1 1313 0.5

WtcI. 30 0721 2.8 2005 2.1 Wed. 30 0124 0.9 13'5 ' .1J.1

nu. 31 D8D3 2.6 2D48 2.6 Tbu. 31 020. 1.0 1415 Of
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