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ABSTRACT
Beach meiofauna were chosen as environmental indicatansdstigate the impact of lllovo
sugar by-products effluent. The effluent is pumped through am diameter pipeline into
surf zone at Sezela beach on the coast of KwaZulu-N&mlith Africa. Meiofaunal
communities were considered appropriate indicators as theyreatively stable both
qualitatively and quantitatively on a seasonal and yearéo ly@sis. Most meiofauna also do
not have planktonic stages in their life cycles, respond Isapdpollution due to their fast
generation times, and they are often abundant with high spdigersity in habitats which are
subject to considerable natural physical and chemical fltiehga In this particular study
there was a specific concern about trace amounts of fuirfiutlae effluent. Furfural has been
used as the active ingredient in a product designed to kilkjtie nematodes in crop fields. A

large proportion of the beach meiofauna consists of nematodes

Eight stations were sampled for meiofauna along the hesaat Sezela on 7 different
occasions. Seasonal effects on meiofauna and meiofaegw@lery during the period when
the factory was not pumping effluent to sea was assess®mples were taken on the
following dates: 4 July 2000 (winter); 30 August 2000 (winter); 18eb&er 2000 (spring);
26 January 2001 (summer); 8 March 2001 (summer); 9 April 2001 (autanth@ January
2002 (summer). PRIMER (Plymouth Routines in Multivariate &giohl Research) was used
for statistical analysis and included various univarigigices such as species richness,
species diversity and evenness. These indices were thesexhalsing one-way ANOVA to
determine any significant difference between sites over th@mpling periods and between
the different seasons. Clustering and Ordination multiveasaatlyses were carried out on the
community data and physico/chemical data to determine coityrpatterns and relate them
to the effluent and environmental data. The Nematode/Copsgta was also calculated.
Meiofauna were analysed at major taxa level, as vgelioanematode feeding groups and
harpacticoid copepod and annelid family level, to determfiagalysis to major taxa level is

adequate as an indicator of pollution impact.

The analyses indicated a possible degree of impacttamnst@lose to the effluent discharge
when effluent was being pumped to sea and a recovery wed aiothe station closest to the
discharge when effluent was not being discharged and amalgs conducted to the major
taxonomic rank only. No improved resolution was achieved by singlysome of the
meiofaunal major taxa to family level or different femgligroups. The analysis of the
Nematode/Copepod ratio was shown to correspond with tiievaniate analyses, however,
this ratio could not reveal the severity of the impactrehmth nematodes and harpacticoids

i.e. total meiofauna had been reduced by adverse condifldnes physical and chemical



variables that showed the greatest correlation with #iefaunal community patterns were
sediment grain size, dissolved oxygen and salinity. Theise & very strong positive
correlation between Kjeldahl nitrogen in the interdti@aters and total numbers of
meiofauna. This and the relationship with salinity may haggeasted other possible sources
of influence such as enrichment from the three estuaridgseiarea as well as a storm water
drain located 150m north of the effluent discharge. A awdseffect was observed with
increased meiofauna numbers in autumn, but this was possfhlenced by the periods

when effluent was not being pumped to sea.



PREFACE

The research work described in this dissertation wased out in the School of Biological
and Conservation Sciences, University of Kwa Zulu-NatalfbBo, from July 2000 to
December 2006, under the supervision of Professor John A. Cooke.

These studies represent original work by the author ane hot otherwise been submitted in

any form for any degree or diploma to any tertiary institutWhere use has been made of
the work of others it is duly acknowledged in the text.

Signed: Name: Date:




TABLE OF CONTENTS
Page
ABSTRACT i
PREFACE (Y
TABLE OF CONTENTS \%
ACKNOWLEDGEMENTS viii
1. INTRODUCTION 1
1.1 Meiofauna 1
1.2 Ecology of sandy beach meiofauna 1
1.3 Meiofauna as marine pollution indicators 6
1.4 This study 14
2. MATERIALS AND METHODS 15
2.1 Study Area 15
2.2 Meiofauna sampling and counting techniques 20
2.3 Sampling and analysis of physical and chemical parasnete 23
2.4 Univariate statistical analysis of meiofauna data 24

2.5 Multivariate statistical analysis of meiofaunal data 25



Vi

2.5.1 Overview of analysis

2.5.2 Similarity matrix and ANOSIM
2.5.3 Cluster and MDS Ordinations
2.5.4 SIMPER analysis

2.5.5 BIO-ENV

2.5.6 Nematode/Copepod ratio

2.5.7 Correlation analysis

1. RESULTS
3.1 One-way ANOVA for univariate indices
3.2 Analysis of Similarity (ANOSIM)

3.3 Cluster, MDS ordination and SIMPER analysis ofremicated

data sets for the"@April 2001 and 2 January 2002

3.4 Analysis of all data sets for seven sampling times
3.5 The Nematode/Copepod ratio

3.6 Physical and Chemical assessment of the environment

4. DISCUSSION

25

25

26

28

28

29

29

30

30

35

35

45

53

56

58



5. REFERENCES

APPENDIX 1

APPENDIX 2

vii

66

74

81



viii

ACKNOWLEDGEMENTS

I would like to thank my supervisor, Professor J.A. Coakd Dr A.D. Connell for their
support, guidance and advice they provided throughout this dtweyuld also like to thank
Arjoon Singh for help with the photography and map work and thex@ldior Scientific and
Industrial Research for the financial support they gauhis project.



1 INTRODUCTION

1.1 M elofauna

The study of meiofauna started many years before thenwiofauna (or meiobenthos) was
proposed and the earliest meiofauna studies focused on tlogetig and description of new
taxa (Higgins & Thiel, 1988). It was in the 1920s that s@enfirst started to seriously study
the animals that live in the interstitial water found marine, estuarine and freshwater
sediments (Swedmark, 1964). The term ‘meiobenthos’ wesdinted and defined in 1942 by
Mare in her account of the benthos of muddy substrateslyfidath, England (Coull &
Giere, 1988; Dye & Furstenburg, 1981). The term ‘meiofauna’ izvetkbrfrom the Greek
meio meaning ‘smaller’ and refers to the fauna that arelemgilan the lower size limit for
macrofauna (which has been defined as animals retainedLanma sieve). This group was
therefore, originally defined by size and included animalsnetaon a 0.045 mm sieve but
smaller than 1.0 mm in body length (Dye & Furstenburg, 198dgiHs & Thiel, 1988). The
term is now more restricted to benthos (animals on or theasea floor) and phytal fauna
(animals living on plants), but not for planktonic organismhkich are treated as a separate
category (Hulings & Gray, 1971). The meiofauna are not a homogerexological group
and occupy a wide diversity of habitats from freshwater aoime environments, from high
on the beach to the bottom of the deepest oceans and tHeymdan the finest muds to the
coarsest shell gravels. Other meiofaunal habitats inclated vegetation, moss, macroalgal
fronds and various animal structures such as coral e®viworm tubes and echinoderm
spines.

The intertidal beach meiofauna are the main focus of ghisly, where animal size is
determined by the fact that they live in the interstisphces between the particles of the
substrate. Most casual observers are unaware of the erigiethe meiofauna although they
form common animal communities which inhabit beaches througtimait world. The
meiofauna of beaches includes species belonging to the Nematatieellaria, Annelida,
Kinorhyncha, Rotifera, Gastrotricha, Acarina (mitegydigrada and Crustacea (Nicholas &
Hodda, 1999). Mclintyre (1971) uses the term ‘permanent menfoerspecies belonging to
the meiofauna during the whole of their life cycle. The afaina also includes a large
number of temporary members, including larvae and jueerstages of species that, as
adults, belong to the macrofauna.

Originally the terms macrofauna and meiofauna were consideseglist arbitrary size
divisions of the metazoan benthos determined by differeleating methods. On sandy
beaches however meiofauna differ from macrofauna not onlyerbsizalso in the ecological
niche it occupies. Meiofaunal communities are usually nmohe diverse than macrofauna
and they are controlled by different environmental factorghbli exposed beaches with
coarse sediment tend to have abundant meiofauna and ssadsatr macrofauna populations
(Hooge, 1999; McLachlan, 1977) as meiofauna are less sensitivedter exposure to strong
wave action and coarser substrata than the macrofsaota¢hlanet al.,1981; Rodriguezt
al., 2003). The macrofauna and the meiofauna of sandy beaches carmnseatwo separate
faunal communities which have little overlap or exchangenefgy ( McLachlan, 1977 and
McLachlan & Erasmus, 1983).

1.2  Ecology of sandy beach meiofauna

The major process controlling the habitat of beach manafathe interstitial climate, is the
filtration of sea water through the sand. This is deiteech both by the wave action and by
sediment properties (Brown & McLachlan, 1990). Progressiogn fsteep reflective to flat

dissipative beaches, the filtered volumes can range fronolle8g than 1 irm™ day’, while



the residence times of this water in the interstitiablsean vary over the range 1 hour to more
than 100 days (McLachlaet al.,1985). In summary, coarse-grained, steep reflective beaches
have large volumes of sea water flushing rapidly througmthile fine grained, flat
dissipative beaches receive less water, which percdlataggh the substrate more slowly.

The water input concentrates organic material in the aadds a chemical extreme, organic
input can exceed oxygen supply and the sediment becomes deoxygdeaétahing strong
chemical gradients where three vertical layers can limglisshed. There is an oxygenated
layer at the surface where elements such as nitrogen amdisafur in their oxidised states
(NO;, SQy). Below this is a transition zone, where the changeover ofmnsoxidising to
reducing conditions and oxygen levels are reduced causing redatesicf N and S (NH
H,S). The third layer is characterised by toxic reduceshpounds. These three layers can
appear as yellow, grey and black sand respectively, thek bdolour being due to iron
sulphides. Interstitial fauna are concentrated in the &yerl and anaerobic microbial
processes predominate at depth. Towards the physical extveater and oxygen inputs
exceed organic input and the interstices remain operghsshergy capillaries (McLachlat

al., 1979a). McLachlan (1980) proposed a simple rating systehefoning sandy beaches in
relation to exposure. The parameters on which this inddased are: wave action, sand
particle size and beach slope, sediment oxidation ddptédacing layers and macrofauna
burrows. Table 1.1 shows how scores are obtained from the vaaoameters and then a
rating of exposure for a particular beach from 0 to 20 cambbsned with O being the least
exposed and 20 the most extreme of exposure.



Table 1.1

Rating scheme for assessing the degree of exposure of baadies (from McLachlan,
1980)

Parameter Rating score

Wave action:  Practically absent 0
Variable, light to modtravave height seldom exceeds 0.5m 1
Continuous, moderate, wavghteeldom exceeds 1m 2
Continuous, heavy, wave hiaigbstly exceeds 1m 3
Continuous, extreme, wavgiaiever less than 1.5m 4

Surf zone width: Very wide, waves first break on bars 0
Moderate, waves usualgakr50-150m from shore 1
Narrow, large waves krea beach 2
% very fine sand: >5% 0
(63-125m) 1-5% 1
<1% 2
Median particle Slope of intertidal zone
Diameter m) >1/10 1/10-1/15 1/15-1/285-1/50 <1/50
>710 (>08" 5 6 7 7 7
500-710 (1.0-0%) 4 5 6 7 7
350-450 (1.5-1<) 3 4 5 6 7
250-350 (2.0-1%) 2 3 4 5 6
180-250 (2.5-20) 1 2 3 4 5
180 (>20) 0 0 1 2 3
Depth of reducing layers (cm): 0-10 0
10-25 1
25-50 2
50 - 80 3
>80 4
Stable macrofaunal burrows: Present 0
Absent 1
Highest exposure 20
Lowest exposure 0

On the basis of total score beaches may be rated asesepcategories as shown in Table 1.2:

! Particle size is often classified according to the Werth scale, in phi units, whete= -log. diameter
(mm).



Table 1.2
Exposure categories of beaches rated according to tote §om Table 1.1. (from
McLachlan, 1980)

Score Beach type Description

1-5 Very sheltered Virtyado wave action; shallow reduced layers;
abundant macrofaunal burrows
6—-10 Sheltered tittlave action; reduced layers present;
usually some macrofaunal burrows
11-15 Exposed Modeateeavy wave action; reduced layers
deep if present; usually no macrofaunal burrows
16 — 20 Very exposed Heavy water no reduced layers;

macrofauna only of tough motile forms

This rating scale should be workable under most conditibely to occur on sandy beaches.
It cannot, however, replace the experienced eye and ielegderather to assist in obtaining
uniformity in exposure ratings between different paftfie world (McLachlan, 1980).

Exposed sandy shores are usually characterised by benth@lgae and phytoplankton as
the main primary producers, while attached macroalgae maissing. In addition to
microalgae, the food web is based on dissolved and particutzdeic matter as detritus and
carrion, with the latter being of relatively minor imgorte (Brown & McLachlan, 1990). A
study carried out on a beach on the west coast of Sdutta Ay Koop & Griffiths (1982)
revealed that bacteria accounted for around 87% of the apmeiction, with meiofauna
and macrofauna making up 10 and 3% respectively. Despite Hee law contribution to the
productivity of the beach as a whole the macro- and meiefaare of key functional
importance in the initial process of fixing particulatgamic material and making it available
for mineralization by bacteria in the interstitial envire@mh(Gheskieret al.,2006). With the
normal rate of organic loading in nature the beach argo@munities remain in equilibrium
with the supply of material from the ocean. If the organiding into the surf is increased
then a new point of equilibrium may be reached with a hidgialogical activity. This
additional organic loading could come either from rivers argpage of ground water after
rains or from an organic pollution source such as an efflpgeline. The ecosystem can
absorb a considerable load of organic material but the suppkygen is usually the limiting
condition (Rodriguez, 2003). Beaches can become overloaded ngihio material, with
subsequent breakdown of aerobic processes, and the onseenblsc conditions. Many
meiofaunal species graze directly on bacterial populatimagjtaining the bacteria in a state
of active growth and thus contribute significantly to theaoig decomposition process. If
pollutants prove not only to affect the species compositiothe@fmeiofauna, but also to



reduce the metabolic rate of the meiofauna, one result bauédlong-term accumulation of
organic and toxic materials (Tietjen, 1982).

Kwa Zulu-Natal (KZN) south-coast beaches experience heavy aeti@ characterized by
plunging waves, which break on the beach. At the low water thade beaches drop steeply
into gullies, which are bordered by offshore bars. Theenheights may exceed 2 m and the
beaches can be described as dangerous for swimminge{2y1981). Meiofauna are well
represented on all KZN beaches and very high biomasssvalag be obtained from some of
the seemingly most inhospitable beaches. Ocean beachestedifiedarge waves, remain
much less frequently studied than bay and estuarine lzeaitherelatively small waves. This
is most likely due to the substantial logistical difficest associated with studying high-energy
beaches (McLachlan & Erasmus, 1983; Nicholas & Hodda, 1999).

Meiofauna are considered temporary if they are laneajest of macrofaunal forms. In finer
sediments and more sheltered areas, temporary meiofaagabe particularly abundant
during certain seasons but in more dynamic situations, wdlkthe meiofauna are truly
interstitial, temporary forms are usually rare. Tlenthant taxa of sandy beach meiofauna
are nematodes and harpacticoid copepods, where nematodey usprasent the greatest
number of species, whereas harpacticoid copepods selaamiore than 5 to 10 species on
any one beach. Other important groups include turbellar@iggchaetes, mystacocarids,
gastrotrichs, ostracods, acarina and tardigradesvB& McLachlan, 1990).

Meiofauna, particularly harpacticoid copepods, are sigamfi bioindicators of ecological
disturbance. Despite numerous uncertainties which reimathe autecology and feeding
habits of many species, harpacticoid copepods can be dividegeveral ecological groups.
Sandy, muddy, phytophilous (living on plant surfaces) and ewygwide range of
habitats) species can be distinguished (Bodin, 1988). Among sgatyes there are
epipsammic types which generally remain at the surfAdbeosand, endopsammic types,
whose appendages have strong spines which allow them to digytththe sand by shifting
the grains, and mesopsammic (interstitial) types, hvlaie vermiform (long and slender),
have simplified appendages and carry reduced numbers of &msing them to move
between sand grains (usually in coarser sands) withouheey to shift the grains (Bodin,
1988). Interstitial meiofauna are near the lower limits of bsidg for metazoans and have
reduced cell numbers and display simple organisatidrsezes may be reduced to as little as
0.2 mm total length. As a result of low cell nhumbers, g@mproduction is low and
consequently few eggs are carried by female harpactigoigerry (carrying eggs below the
abdomen) which aids in their interstitial life style (Bro&micLachlan, 1990). Some species
are characteristic of estuarine muds, and tolerate Ibatgr salinity (euryhaline) and higher
organic matter content which commonly occurs in estuariggophilous species usually live
among algae or are linked to the presence of strandeé algd plant detritus. So called
eurytopous species can develop in most habitat types.arkeyenerally euryhaline (tolerate
a range of salinities), eurythermal (tolerate a rarfgeroperatures) and are tolerant to the
higher silt/clay fraction and to higher organic matter enh{Bodin, 1988). The interstitial
mesopsammic forms are found on coarser sands e.g. onfeache

Most studies of meiofaunal feeding have been conducted lalibeatory. These studies were
reviewed by Coull (1988). Tubellaria prey on other meiofaund @igochaetes feed on
detritus and bacteria. Nematodes suspected of feeding ogridaotcause of their narrow
tubular bucal morphology ingested more bacteria than diatoms wken gichoice, and
those nematodes suspected of feeding on diatoms becausengf &ishwuccal cavity armed
with small or moderately sized teeth, ingested moréoiia than bacteria (Coull, 1988).
Nematodes and copepods are known to extrude mucus to trapricbaatel the
bacterial/mucus mixture is ingested. Meiofauna-macrofantegaictions are apparently absent
from coarse-grained exposed beaches but occur more fthguen more fine grained
sheltered shores (Brown & McLachlan, 1990). The most extengork on trophic level and



biological interactions has been done by Reise (1985) on theflagsdf the Wadden Sea.
These were fine grained sands and Reise found markextsetif macrofaunal predation on
meiofauna and of macrofaunal burrows with the irrigation ostément and its subsequent
effects on the meiofauna.

Reise (1985) showed that numerous small fish and inverteliratesne active predators at
high tide. Three predators he investigated were a gdblidPomatoschistys juvenile shore
crabs Carcinug, and brown shrimpdrangor). These predators sort the surface sand and
remove juvenile macrofauna and meiofauna mainly from theltgm of the sediment.
Juvenile crabs significantly reduced the numbers of nenmtddeellaria and harpacticoid
copepods in surface sediments. Experimentally excludingraflators from the sediment
using mesh cages, he found nematode numbers doubled after dmtbsmThe caging
experiments had less of an affect on nematodes howeveonharenile macrofauna where
total abundance of juvenile polychaetes and cockles weretifoes higher in the cages as
opposed to the control sites. He considered the smalbe@leeper vertical distribution of
meiofauna to be protection mechanisms shielding them frodatioe by macrofauna.

Reise (1985) also demonstrated several effects of macréfawumaws and feeding actions on
the sediments, which promote meiofauna community developmereased numbers of
meiofauna around macrofaunal burrows resulted from irogatnd oxygenation, but further
to this, excretory or secretory products from the maecnwh may enhance bacterial growth,
which in turn promoted meiofauna. This activity might alesuit in the release of nutrients
and promote better diatom growth on the sediment, theraoypabviding more available
food for the meiofauna. Meiofauna are known as important cosrsuof primary production
(De Trochet al.,2006).

Reise (1985) demonstrated significant effects of burrows oluthgorm, Arenicolg on the
meiofauna, the presence of which generally increased aosialf densities. However deposit
feeders such a&renicola, Callianassand others, ingest sediment containing meiofauna and
thus feed directly on the latter. In summary there is atithrge gap in knowledge on the
meiofaunal food web and meiofauna-macrofauna interactionsoarse high energy sandy
shores and further studies are needed on this aspect of unailoézology (Rodrigueet al.,
2003; Menn, 2002 and Moremb al.,2006).

1.3 Meofaunaaspollution indicators

Biological indicators are biological variables which can bedu® make judgements of the
effects of a pollutant on the environment. Bioindicatoraaigms can be used for the
identification and qualitative and quantitative determinatdnpollutants and have been
classified as being sensitive or accumulative (Conti &oBetti, 2001). Sensitive biomonitors
may be of the observational type based on morphological chactgesges in abundance or
behaviour of organisms related to environmental variablespased on chemical or
physiological changes such as alterations in the activitdiftdrent enzyme systems or
processes such as photosynthetic or respiratory agtivitihe accumulative type, have the
ability to store contaminants in their tissues andusex for the integrative measurement of
such contaminants in the environment through bioaccumuldtiom the surrounding
environment (Conti & Cecchetti, 2001). Corgttal. (1999) describe a bioindicator as ideally
needing to fulfil certain requirements such as: playingr@ortant role in the functioning of
the ecosysytem; being widely distributed, common and easyrpls; being relatively robust
so as not to be killed at very low levels of pollutantsjenaneasurable responses such as
pollutant concentration in tissues or disturbances in gramth fertility; and should have
reproducible responses such that they produce similar resptmgbe same levels of
pollutant exposure at different sites.



Hierarchical levels of biological indicators range from tiechemical (subcellular) to the
ecosystem level. Examples of biochemical and physiolognhtators include changes in
enzyme activity (biochemical) and in respiratory metabolfphysiological) as a result of
exposure to a toxicant (Rosenberg & Resh, 1996). Biomardkersindicators that are
measurable molecular and biochemical changes which occur effgsure to toxic
substances (Corteet al.,, 1999). An example is a class of metalloproteins called
metallothioneins which are synthesised by an organism ipomse to heavy metal
accumulation in the cells. These metalloproteins binl xicess free metal cations present in
the cytosol and detoxify excess metal penetration inteehend protect cell structures from
non-specific interactions with heavy metal cations (Migeeet al, 1999). Due to their
inducibility to heavy metals, metallothioneins are usuatipnsidered an important specific
biomarker to detect organism response to inorganic pollutants e Cd, Hg, Cu, Zn, etc.
present in the environment (Viarengb al, 1999). Bioindicator organisms that have been
employed in the application of metallothioneins as biomar&ezdish (Roy & Bhattacharya,
2006), molluscs (Mariet al, 2006) and plants (Cozzt al, 2006). The measurement of
intra-cellular DNA-damage induction by a contaminanai®ther example of a sub-cellular
bioindicator. Martinet al (2005) conducted genotoxicity assays on earthworm tissues
exposed to benzo(a)pyrene and lindane, and found that themgsacould facilitate hazard
identification within terrestrial ecosystems.

Indicators at the level of the individual organism may involaphological deformities,
altered behaviour, life history such as survival and gnaww may involve measurements of
bioaccumulation of toxic substances in the tissues oftecplar species (Rosenberg & Resh,
1996). For example, abnormalities in Chironomid mouthparts ¢iéee been used to monitor
the quality of sediments in freshwater environments (Martated., 2003; Meregalliet al,
2001). It is believed that deformities develop during larval timpl due to hormonal
disturbance in the development of the bucal structures duringelieng process and that
many chemicals can mimic the hormones that regulate thitnghprocess (Meregalbt al.,
2001). One of the most important hormones regulating the moltowegs is ecdysone and
Meregalliet al. (2001) used a laboratory bioassay to demonstrate that therieeddisruptor
4-n-nonylphenol increases the frequency of mouthpart deformitieshironomids. The
guantification of the scale of characteristic mouthpdetormities in natural chironomid
populations could provide a relatively inexpensive bioassayddiain pollutants, such as
heavy metals.

However, for such bioassays to be a practical realityetieerfirst a need for adequate
demonstration, usually experimental, of cause/effect retdtipa between specific pollutants
and the deformities or biological effects (Martineizal., 2003). Three examples of such
studies are given below. Cadmium and copper treated sedimmehiced deformities in
Chironomus tentanat significantly higher proportions than control sedimeMar{inez et
al., 2003). Imposex related studies have used neogastropodscasandrganisms. Imposex
is a genital disorder, wherein male sex organs, notabheras and a vas deferens, are
superimposed onto the female of gonochoristic gastropods amdiused in gastropods
primarily by tributyltin (TBT) compounds which are widelyaasin antifouling paints for
ships (Vishwakiraret al., 2006). Changes in liver and kidney tissue of the @tanna
punctatus have been used as indicators of arsenic toxicity &Bhattacharya, 2006).

Deviations in normal behaviour in response to a specifitijaolt has also been used as an
indicator of pollution. Many amphibians are good indicatorgestticide contamination in the
environment. IrRana temporariaa low level of the insecticide cypermethrimgll™) in an
aquatic environment evoked a pronounced inhibition of body growth ofattgoles, and
aberrant behaviour such as tail kinking and the consequelihgvbehaviour caused greater
hazards of predation as it diminished the capability of #updles to escape predators
(Greulich & Pflugmacher, 2003). It is an important point éolegy that acute lethality tests
(LC50) used to determine the concentration of a toxicantigHathal to 50 % of individuals



of a particular experimental population after a speafiposure duration are useful for
generating guidelines to protect against physiological deatthéytgnore ‘ecological death’
that may occur after much lower toxicant exposures; évamrmals are not overly harmed by
a contaminant they may be unable to function in an ecologmatext if their normal
behaviour is altered (Scot & Sloman, 2004). Since behaviaweseas a link between
physiological and ecological processes, it may be ideal for sigigdrvironmental pollutant
effects as environmental contamination measured in naé@@dystems often occurs at
concentrations well below those causing significant diregtatity (Scot & Sloman, 2004).

Life history endpoints such as survival and growth can &ls used as an environmetal
indicator (Rosenberg & Resh, 1996). Greulich & Pfugmack@d3) studied the influence of
the pyrethroid insecticide cypermethrin on the hatchingesg;anortality and deformities in
development, duration of metamorphosis, and growth of thdibrap Rana arvalistadpoles
exposed at various life stages. Eggs were harmed smmilfy by exposure to different
concentrations of cypermethrin depending on exposure timgividuals exposed to
cypermethrin in early life stages such as eggs and neatlyhed tadpoles metamorphosed
earlier than in the corresponding control. However, expasiutiee tadpoles throughout their
whole development prolonged the metamorphosis. Batwal. (2004) used a meiobenthic
copepod bioassay witAmphiascus tenuiremi® test the toxicity of sediments with urban-
related contaminants such as polycyclic aromatic hydrooar{féAHs), metals and pesticide
mixtures. Significant effects were found on reproductive ostpaumd that reproductive end
points rather than adult survivorship were more sensitiveeffects of contaminated
sediments. Therefore endpoints relative to controls suggestadh risk to long ternf
tenuiremispopulation maintenance.

A sentinel species according to Marghal. (2005) should be ubiquitous, sedentary, abundant
and sufficiently long lived with the capacity to be @sebly tolerant to toxicants that
bioaccumulate. The use of sentinel organisms as bioatatora of metals and organic
contaminants such as insecticides and polychlorinated biph&®Bs) provides a number of
advantages over the direct, chemical analysis of contamimaniater or sediments. For
example, this approach can provide a time-integrated imicahat the contaminant is
bioavailable, and can warn that other parts of the fodulamel the ecosystem may be affected
(Rosenberg & Resh, 1996). Sessile benthic molluscs are alsextound the world as
guantitative biological indicators for monitoring chemical eominhants in marine
environments (Nakhlet al.,2006).

At the population level indicator taxa have been used ssifyathe degree of pollution in an
aquatic ecosystem by determining the tolerance or setsitfva taxon to a given pollutant
(Rosenberg & Resh, 1996). An example of a tolerant taxtmeiopportunistic polychaete
Capitella capitata,which proliferates after increases in organic maf@angrandeet al,
2005). Species from the family Syllidae suchBaania pusilla, Salvatoria clavata, Eusyllis
lamelligra and species of the genBgogoneoccurring on hard bottom habitats have proved
to be useful indicators that react in the opposite tee@apitalla capitataby being highly
sensitive to pollution or other kinds of stress, and deicrgas numbers of species and
individuals or completely disappearing from habitats (Giamdgaet al., 2005). Other
examples from the major taxonomic groups within the meiofauméicyarly concern
different sensitivities to lack of oxygen and to chemicaldibxi The crustacean meiofauna in
general seems to be the most quickly affected by hydoosalwvhich cause reductions in
copepods, ostracods and nauplii, (Carraeal., 2000). Leeet al. (2001) found that copper
pollution reduced harpacticoid numbers significantly. ldatigoid copepods were found by
Murrell & Fleeger (1989) to be sensitive to hypoxia andolmg survive these conditions for
more than a few days while Bodin (1988) and Careteal. (2000) found them to be more
sensitive to both the lack of oxygen and to hydrocarbonitgxitan nematodes. Copepods
have been assumed, generally, to be more sensitiveeteftects of most pollutants than
nematodes (Raffaelli & Mason, 1981).



In contrast to the subcellular, individual and population levehasurement, community level
measurements have been the most widely performed fanenanvironmental monitoring
and are considered by many to be the most importantdéeelological organisation for such
measurements (Warwick, 1993 and Martin & Richards, 1995). rdoap to Attrill &
Depledge (1997), investigations at the community level havendbeuof advantages over
assessments targeted at lower levels of organisatimtlyFsuch investigations are the most
ecologically relevant as alterations in community stieetan be extrapolated to the health of
the ecosystem through changes such as in the food web andtitompesdation. Second,
investigations at lower levels (eg. as in most toxicisisetend to focus on a single species
response whereas the community provides a multi-species sespfien covering a wide
taxonomic range with a range of sensitivities to any giatasninant. Toxicity tests tend to
concentrate on species that survive well under laboratory tmmdi(eg. Mytilus edulis,
Daphnia magna, Carcinus maenasd that have a relatively high tolerance to contanainati
and are not necessarily the most relevant to the naturatisit, or the species that will cause
community level effects (Attrill & Depledge, 1997).

Studies involving benthic communities have progressively repléoediology of single
indicator species, with the effect of stress being medswy utilizing multispecies
assemblages, and examining changes in abundance of setsc@fssf§siangrandet al.,
2005). Together with this approach, in discriminating betwsitgs or sampling times,
multivariate methods have been shown to be very useful vildlar& Clarke, 1991).
However, community level investigations have several litomst They are often unable to
distinguish between natural variations and effects cabgeahthropogenic factors. Natural
variability creates ‘noise’ in the system, and anthropagerluences must be of a certain
magnitude to be distinguishable from natural variability (Ma&iRichardson, 1995). In this
kind of study the identification of organisms at specigsllevithin communities represents
the greatest constraint in terms of both time andscasi that reliable use of a reduced
taxonomic resolution has been an important development in tloticpataassessment of
pollution changes (Giangrane¢ al., 2005). Some studies have shown that little information
is lost by working at a higher taxonomic level (e.g. Farailyeven Phylum), and there are
theoretical reasons and empirical evidence that in taisa@mmunity responses may still be
easily detected (Warwick, 1988 & 1993; Gyedu-Ababio, 1999 and Danetvafq1995). In
marine systems aggregation to higher taxonomic levels isbposisie to the large number of
phyla (Attrill & Depledge, 1997). Warwick (1988) analysed the bieninvertebrate data
obtained before and after the Amoco Cadiz oil tanker disadt the coast of Brittany, and
demonstrated that patterns of community change following trepitiwere equally apparent
at species and phylum level. Only five phyla were used (Anndlidsstacea, Echinodermata,
Mollusca, others grouped as one group), which would requil@v level of expertise to
detect an impact. Using higher taxonomic levels also allowsreift geographical areas,
which may have naturally different species assemblagesiiar ranges of phyla and
families, to be compared (Warwick & Clarke, 1993a). Thppraach, called Taxonomic
Sufficiency (TS), completely bypasses the importancenditative species (Giangranes
al., 2005). However, Martin and Richardson (1995) believe thaida mange of approaches
from both chemistry and biology are necessary to relatéaminat concentrations and their
potential impacts. Martin and Richardson (1995) state #massessment of the acceptability
of a complex waste discharge into a marine system esjthie following approaches: “An
accurate chemical analysis of the major compartmentsefwatr, tissue, sediments) to
establish the presence, concentrations, loading and exposwatioas for chemical
contaminats. Toxicity and biomarker tests to establishek@adsures, biological responses, or
effects are caused by the released contaminants; amgjieabfield assessments to document
the extent and duration of the resulting impacts or to meot recovery in those instances
where a contaminant release scheme has been modified.”

Increasing use is being made of meiofaunal communities and gbiopuldensities of
particular species as indicators of pollution on sandy bealseeause they occur in numbers
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sufficient for valid statistical analysis, which is radtvays so for larger animals (Henreg
al., 1982). Other advantages of meiofauna include their sma&llasid high density allowing
guantitative sampling; high turnover and thus rapid responslstorbance; lack of larval
dispersion and continuous reproduction situ thus giving a relatively stable temporal
baseline; sensitive to changes in environmental conditions (Higgiisiel, 1988; Mirto &
Danovaro, 2004 and Vassako al., 2006). Meiofauna normally have high species richness
and therefore offers the possibility that trends in tesamunity parameter can be used.
Furthermore, it is possible that working at a higher taxondemiel than species may convey
sufficient information to detect real differences iniof@unal community structure. Sublethal
effects causing reductions in fecundity or growth can feanhithemselves in measured
structural parameters of the community in a shorter timéenmeiofauna due to the faster
generation times (Moore & Bett, 1989).

Disadvantages of using meiofauna as pollution indicators diogoito Warwick (1993)
include the fact that their taxonomy is considered difficult tuedidentification of almost all
meiofaunal taxa to species level presents difficultieman well studied habitats in Europe
and North America. In many other parts of the world thena is almost completely
unknown. However, there are factors that mitigate agdiissptoblem such as the robustness
of community analysis to the use of taxonomic levels highen 8@ecies and the wide
distribution of most meiofaunal genera. Community responsesah#iofauna to pollution
are not well documented, so there is not an extensive boohfoomation in the literature
against which particular case histories or sites suclthasstudy reported here, can be
evaluated (Gheskieret al., 2005; Menn, 2002; Morenet al., 2006 and McLachlaet al.,
1977).

Taxon diversity of the meiofauna phyla has been proposed psssble tool for the
assessment of pollution effects by Hernedral. (1985). Species determination can only be
done realistically by a group of specialists in the varioajor taxa (Heigt al.,1988). Taxon
diversity is lower in polluted conditions; this is caused mainlyheydisappearance of some
rare taxa e.g. in the Ostracoda, Gastrotricha, HatlcaHydrozoa, Tardigrada (Vinx & Heip,
1991). Amjad & Gray (1983) also found a decrease in the nuaflmeeiofauna taxa along an
organic enrichment gradient. Gyeu-Abalipal. (1999) stated that at present, there is little
empirical evidence to suggest that ecologically-similacigge belonging to the same genus
or family, respond differently to pollution effects. Inhet words species within the same
family may have similar reactions to specific polluta#tiso, there are strong indications that
pollution effects are detectable at even higher taxonomic leWels genus or family
(Warwick, 1988). Thus when assessing the impacts of pollutionay not be necessary to
work at the species level (Hegt al, 1988; Warwick, 1988; Danovast al, 1995). Factors
that influence the occurrence and abundance of specids rfattral and pollution factors)
may still be recognised from monitoring based on higher taxonlewvéts (Herman & Heip,
1988).

Spatial patterns in community structure have also been examn&rms of functional
diversity as opposed to taxonomic diversity. For examplelies have been done where
nematodes have been divided into feeding types instead of taxogmujs (Nettoet al.,
1999). The functional role, in terms of feeding type, fohegmecies can be deduced from the
physiognomic characters of the buccal cavity. The four feedingpgrproposed by Wieser
(1953a) were:

1A Species with no buccal cavity, or a narrow tubular egganded as “ selective deposit
feeders” which ingest bacterial-sized particles.

1B. Species with a large buccal cavity, but unarmed witth taee regarded as “non-
selective deposit feeders”.

2A. Species with a buccal cavity armed with small or matedy sized teeth are regarded
as “epigrowth” or diatom feeders.

2B. Species with large teeth or jaws are consideredptteelator/omnivore” group.
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The Nematode/Copepod ratio (N/C) proposed by Raffaetli ason (1981) as a tool for
pollution monitoring using meiobenthic organisms has provoked mustussiion and
controversy in the literature. They compared the responsenshtodes and copepods to
organic pollution in intertidal areas along the Britislast. They sampled to a depth of 35 cm
and found that the ratio of total nematode to total copejgogities of all individuals of all
species in these two groups was highest where sewage polludi®mmast obvious. In
particular, an increase in the abundance of deposit feedmgtoges was noted, while the
copepods decreased in number. Deposit feeding nematbflesnf 1B of Wieser (1953))
take advantage of a higher biomass of bacteria and detatised by organic pollution and
extremely high densities of meiobenthos, especially neseatcan occur.

The proposal of Raffaelli and Mason (1981) of this very stmplethod for pollution
monitoring, stimulated further research. Most studies wareed out on organically-enriched
beaches along the British coasts. Within these aredd/@eatio increased in response to the
presence of large quantities of organic wastes (Warwi@R1; Raefaelli, 1982; Lambshead,
1984 and Shields & Anderson, 1985). Similar observations were matthe Oslofjord in
Norway by Amjad and Grey (1983).

The N/C ratio also increased with decreasing particke $iut ratios from polluted sites were
always extremely high. Ratios from clean beaches weratavalways less than 100, even
for muddy sites. Amjad & Gray (1983) sampled the Oslofjord fund mean ratios of 125.4
+ 54.1 SD in the high organic pollution zone near Oslo and nagans 0f 19.6 + 14.3 SD in
the zone they considered unpolluted. Raffaelli (1982) sampled 17 &madyres on the
Scottish coast with varying degrees of sewage pollution@naif mean ratios of 179.5 + 140
SD where the organic input into the study area was sisttivet normally found in Scottish
waters. At beaches classified from occasionally pollutedelatively clean by traditional
water quality measures, Raffaelli (1982) found mean raifo§2.8 + 58 SD and at sites
considered unpolluted he found mean ratios of 3 + 1.5A8[ntertidal sites with fine as well
as coarse sediments with ratios exceeding 100 were pollutedsewtage (Amjad & Gray,
1983 and Raffaelli, 1982). Some sublittoral ratios from unpollstex$ were relatively high
ranging from 8 to 46, but never approached the very high valweaatéristic of polluted
intertidal areas. The sublittoral N/C ratios also@ased with depth (Amjad & Gray, 1983).

Coull et al (1981) thoroughly discussed the validity of the N/C ratid painted out that
spatial and temporal variations, as well as other ge@bprocesses such as predation could
alter the ratio. These authors stated that the compleofaneal community structure should
not be reduced to a single ratio. Plettal. (1984) and Lambshead (1986) also raised the
possibility that nematode and copepod populations may bgendéd independently by
various ecological factors, including pollution, and that ihgk N/C ratio is inadequate in
that it is difficult to relate to environmental parametérley found it to over simplify a
highly complex set of relationships. The N/C ratio is dlyemfluenced by granulometry,
which affects nematodes and copepods in different waysatodes preferring mud and
copepods sand (McLachlat al., 1981; Warwick, 1981 and Vinx & Heip, 1991). According
to McLachlanet al. (1981), proportions of nematodes decrease and harpacticoidasacr
with increasing particle size above the range of 0.2 to 0.9 mam Ehese studies it is
suggested by McLachlaat al. (1981) that nematodes should disappear above a mean particle
size of 1.34 mm and harpacticoids should disappear below 0.QYanticle size.

Warwick (1981) proposed a refinement of the ratio where the eurob copepods are
compared to the number of group 2A nematodes (epigrowth ondiaeders) only, as this is
the group that depends on the same food source as the copkpogsepods are more
sensitive to the effects of pollution than nematodes, thengelsain the proportion of
copepods relative to type 2A nematodes (Warwick, 1981) tniigha useful indicator to
separate the effects of pollution from those caused by changegher environmental
variables. Warwick (1981) stated that the scatter ob ratilues recorded by Raffaelli &
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Mason (1981) was too wide and that the ratio had little gi®@tbeyond the observation that
grossly polluted beaches had values over 100, that on suchelsepollution and its effects

were easily observed and that if meiofauna are to be insgdnonitoring programme they

must respond to pollution before it becomes visually obviouswilai(1981) suggested that

pollution might be indicated by N/C ratios of around 40 foe fsediments and 10 for sands
when only using the type 2A nematodes. These values are awehthan the values of over

100 suggested by Raffaelli and Mason (1981).

Coull and Wells (1981) found no relationship between the N/© eatd pollution when
sampling mud flats in New Zealand. However this was prgbdbé to the fact that they
sampled sediments to 1-2 cm depth as they believed that theanmeiofere restricted to the
upper 1 to 2 cm of oxidized sediment only and therefore woalkk hmissed a large
percentage of the nematodes. Data from sub-littoral mudgest that nematodes can
penetrate to depths below 5cm due to their ability to existerobically for long periods
(McLachlanet al, 1977). Reise (1985) found a mean number of 39 nematodes and no
copepods per 10 chbetween 5 and 15 cm deep in the anoxic layer on sand flats in
Konigshafen, island of Sylt. Gest al (1985) stated that in organically-enriched sublittoral
soft sediments the N/C ratio was unreliable as a biomomgdool. They found in their
mesocosm experiments, in which sediment grain sizeotived environmental factors such as
temperature and depth were standardized, that theatiCwas inversely related to organic
pollution. This was due to the fact that a few opportim&pecies of harpacticoid copepods
that live on or above the sediment surface were able to thrihe high dose treatments even
though the burrowing and interstitial species disappeared catyple

Moore and Pearson (1986) also found an enhancement of copepsity resulting from
sewage pollution. They sampled in the Firth of Clyde on tb&t woast of Scotland where the
operating authority was licensed to dump up to 1.55°w#&0tonnes of sewage per year into
a 6 knf disposal area at a depth of 70-80 m. This had led todgesidepth of 15 cm in the
centre of the dumpsite. The overlying water however waadido be fully oxygenated
throughout the area and extremely high numbers of an opsirtuspecies of harpacticoid
copepod,Bulbamphiascus imysvas found to flourish at the centre of the dumping ground
This species has been observed in culture to make fre@xenrsions to the sediment
surface, where a high oxygen tension is readily avail@bt®re & Pearson, 1986). In Amjad
and Gray’s (1983) study in Oslofjord low numbers of copepadd high N/C ratios
corresponded with low oxygen levels in the overlying waterstaBlifand Mason’s (1981)
study was of polluted beaches where at low tide when the sadilswe exposed and there is
no oxygen-rich overlying water, the harpacticoid copepodddveave no means of avoiding
conditions of low oxygen and high sulphide which might developdid & Pearson, 1986).
Moore and Pearson (1986) concluded that the N/C ratio is yndetlermined by the
availability of high dissolved oxygen levels to the copepodda@imilarly Travizi (2000)
found that a high N/C ratio seems to be a useful indiatanoxic stress conditions and not
organic enrichment.

Raffaelli (1987) discussed the variable behaviour of the MtiG n organic pollution studies
and concluded that differences in the habitat requirsm@ibhematodes, mesopsammic and
epi-/endosammic copepods affected the responses ofgieeges to organic pollution. It was
found by Raffaelli (1987) that in the sublittoral environmeppipsammic copepods
sometimes increase in response to organic pollution widglteatodes decrease. The early
studies of the N/C ratio by Raffaelli and Mason (1981) vkmee on sandy beaches where
they had positive results and therefore this tool maywg@opriate for this environment
(Moore & Pearson, 1986). Here one is dealing mainly with psssoamic copepods and
organic pollution is rarely severe enough on high energy bgaohproduce a significant
decline in nematodes (Raffaelli, 1987). Shiells and Anderson (1@®posed a possible
improvement to the ratio whereby only interstitial spe@es included, so that only those
animals occupying the same micro-habitat are compared.
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In terms of oil and diesel contamination on beaches therbiiG appeared to have some
merit. On beaches near the Amoco Cadiz wreck, Bodin (19&8yeshthat just after the
Amoco Cadiz oil spill a considerable fall in densities ooedir particularly among the
harpacticoid copepoda, and an increase of the N/C ralich indicated that copepods were
more sensitive than nematodes both to hydrocarbon toxicity eaoxia. Bodin (1988)
suggested that for a pollution impact survey of the meiofatimaay be sufficient to study
only harparcticoid copepods but gave a warning against th@istioyuse of the N/C ratio,
especially for long term studies. Carnetral (1997) examined the direct and indirect effects
of diesel-contaminated sediments on microalgae, meiofanth meiofauna-microalgae
trophic interactions. Grazing on microalgae by copepods nedsiced in high diesel
treatments, primarily because of high copepod mortaligmatode grazing rates increased
significantly in high diesel treatments, indicating possilompetition for microalgae
between copepods and nematodes. However total grazing oralgé@avas reduced and the
large increase in microalgae observed was likely a caoeseeg of reduced total meiofaunal
grazing. Microalgal activity was possibly also stimuthtm high diesel concentration
treatments. The elimination of copepods by high PAH (paljc aromatic hydrocarbons)
caused the N/C ratio to increase significantly.

In laboratory experiments on the effects of organic enmetiron meiofauna, Sandulli & de
Nicola-Giudici (1989) found a general reduction in all the fawgmalips with high organic
loading. Reduction in the total numbers and species gshak meiofauna abundance after
contamination with hydrocarbons has also been demonsiratee field (Danovareet al.,
1995 and Ansari & Ingole, 2002). Therefore an impacted sititldeave a N/C ratio well
below 100 due to both groups being in low abundance. On high emeedium sand beaches
in South Africa, it was found that it was possible ferturbations to increase or decrease the
ratio, or even leave it unaffected while significantlerang the densities of both nematodes
and copepods in the same direction (Riatl., 1984).

Leeet al. (2001) assessed the use of the N/C ratio in the monitorimgetd! pollution on
high-energy beaches and found that metal enrichment gendralgs down both species
diversity and density of individuals of all meiofaunal taxonognaups. Thus, the N/C ratios
in impacted areas are based on very low numbers of ergar@nd, therefore, small changes
in the density of either taxa could have a pronounced effedteonatio. Leeet al. (2001)
found that the ratio was not a good predictor of metal potiutdue to the generally low
densities of meiofauna on impacted beaches and suggestedhatimeicticoid copepod
densities may be a better indicator for broad-based ysirwhere the dominant pollutant is
expected to be metals.

In conclusion it appears that an increase in the N/© ratly indicate effects of pollution if
that pollutant results in decreased oxygen levels (MooRed&rson, 1986 and Travizi, 2000).
Copepods have been found to be more sensitive to hydoocdoxicity than nematodes
(Bodin, 1988; Carmeret al., 1997) and more sensitive to some pesticides eg. atrazine,
widely used herbicide (Bejararet al, 2005). Where a pollutant is equally toxic to both
nematodes and copepods then the N/C ratio would be urafi@stthere would be a reduction
in density and diversity of all taxonomic groups (Ansari & Ing@e02; Danovareet al.,
1995; Leeet al.,, 2001 and Nicola-Giudici, 1989). High organic pollution in subiéto
environments where high oxygen levels in the overlying water anet@amed may result in a
lower N/C ratio due to the proliferation of opportunigpecies of harpacticoid copepods (Gee
et al, 1985 and Moore & Pearson, 1986). Organic enrichment was tiedibg an increase in
the N/C ratio in Raffaelli and Masons’ (1981) study wherejndulow tide and subsequent
sediment exposure to the atmosphere, there was no oxygesveidying water to prevent the
reduction in opportunistic harpacticoid copepods as suggabtee. However as indicated by
McLachlanet al. (1981), on extremely coarse grained beaches nematode nudelceesse
and harpacticoid copepods dominate. In such a case fdegstitial spaces between the sand
grains would also facilitate greater oxygenation of sleeiment and thus a high organic



14

loading would have less of an effect on the N/C rdi® N/C ratio may therefore be useful in
detecting pollution in well defined environments and its used should be assessed in
relation to what is known about the type of habitat, pollutantl other factors especially
oxygen levels.

1.4  ThisStudy

The purpose of this study was to measure the impact of ¢ve [Bugar by-products effluent
on the marine environment at Sezela. lllovo Sugar By-proqi8BP) currently discharges
about 3100 rhof effluent per day during the sugar cane harvestingoeeasa a surf-zone
discharge 200 m north of the mouth of the Sezela River. Themfis a mild acetic acid
with a trace of furfuraldehyde. Furfural is the liquid aldehyd&ioled by distilling acid-
digested sugar cane by-products. The pH of the effluegknerally around 2.8, and the
chemical oxygen demand (COD) is about 16000 mg/l. Under normal iomsdivf sand
movement, the pipe end is positioned about 50 m offshore orkg seabed. The effluent
pipeline of approximately 20 cm diameter runs across the pbatheen rocks into the surf
zone. Some of the effluent is released back towards thre lgovave action. Sandy beach
meiofaunal communities were used as indicators of environmdagmhdation. Meiofauna
were also appropriate in this situation as trace amaifritgfural occurs in the effluent, and
furfural is used as the active ingredient in a productp@uoard, developed by lllovo Sugar
to kill parasitic nematodes in crop fields. Furfural reaeith the cuticle of the nematode
causing suffocation (www.cropguard.co.za). Generally #ngekt proportion of the beach
meiofauna consists of nematodes (Brown & McLachlan, 1990)udeed diversity of
taxonomic groups and reduced total numbers of meiofauna wuerefore be expected close
to the effluent outfall. The N/C ration may react ither direction or remain unchanged
depending on the sensitivities of the two groups to the efflue

Analyses were also carried out for a range of physiodl cghemical variables and for an
assessment of organic enrichment. These analyses idchmté interstitial waters and
sediments. Chemical oxygen demand and nitrogen were measurie finterstitial waters

and the sediments, and dissolved oxygen, pH, salinity andoam@mmvere measured for
interstitial waters.
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2. MATERIALS & METHODS
21  Study Area

Eight stations were sampled for meiofauna along the bsaaheSezela on 7 different
occasions. This sampling frequency and timing was chosess&assiany seasonal effects on
meiofauna, and meiofaunal changes during the period wherathayf was not pumping
effluent to sea. The seasons were chosen according toetie@rological definition as being
four equal length periods of 3 months each. This definpioints to 1 December being the
beginning of summer and 1 June being the beginning of wintereitAgs al., 2004).
Therefore autumn would be thé March to the end of May and spring would be tfle 1
September to the endof November. This definition more clogdligcts periods of differing
environmental temperatures than the astronomical definipe( et al., 2004) Table 2.1
shows the sampling dates and when effluent was being pumgesd.t

Table 2.1
Dates when samples were collected
Sampling date Season Active effluent discharge Periodsohdige prior to sampling
4™ July 2000 Winter yes 2 months
30" August 2000 _Winter yes 3 months
13" December 2000 Summer yes 7 months
26" January 2001 Summer yes 1 month
8" March 2001 Autumn no no discharge for 1 month
9" April 2001 Autumn no no discharge for 2 months
2" January 2002 Summer yes 1 week (following a shut down of 5 days)

The samples were taken on the following dates: 4 July 200GefyirB0 August 2000
(winter); 13 December 2000 (summer); 26 January 2001 (summigigyé 2001 (autumn);

9 April 2001 (autumn); and 2 January 2002 (summer). There wasriasstubdown over
Christmas from 28 December 2000 to #7December 2000, after which there was a short
start up until the L February 2001 when the factory closed until th& @8 April 2001.
Therefore the March and April 2001 sampling occasions weilagltite closed period. The
beach was rated according to McLachlans’ proposed raysigm (McLachlan, 1980) for
defining sandy beaches in relation to exposure shown in Tabl&dble 2.2 shows how the
beach at Sezela was scored and the total for Sezasth bame to 14 giving it an exposure
rating of ‘exposed’ (see Table 1.2).
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Table 2.2
Exposure rating scores for Sezela beach (see TabledmiMcLachlan, 1980).

Parameter Rating score
Wave action: ~ Continuous, heavy, wave height mostly escke 3
Surf zone width: Moderate, waves usually break 50-150m frone shor 1
% very fine sand: <1% 2
(63-125%:m)
Median particle log of intertidal zone
Diameter (m) >1/10 1/10-1/15 1/15-1/2B5-1/50 <1/50
500-710 (1.0-0%) 4 5 6 7 7
Depth of reducing layers (cm): 25-50 2
Stable macrofaunal burrows: Absent 1
Highest exposure 20
Lowest exposure 0
Sezela exposure 14

The location of the sampling stations at Sezela, are rshowFigure 2.1 and an aerial
photograph of the area is shown in Plate 2.1. There weee #tations to the north of the
effluent pipeline, N1, N2 and N3, four stations to the so8th, S2, S3 and S4, and one
station at the effluent discharge point, SO. Theseosaare described below:

. Station N3 is located in the first sandy bay south of the Mkumbarmes.r The beach
at this point has a steep slope and the sand is coaisedyr The beach is backed by
primary dunes vegetated Bgaevola plumieri.

. Stations N2 and N1 are less steep than N3 and there are numerous rotke at
waters edge. An eroded runoff channel from a storm water dramevident at
Station N1.

. Station SO is at the pipe discharge point next to high rocks, andideharge pipe is

laid through a small gully on the south edge of thesesr@@late 2.2). This station is
located at the southern end of a prominent set of high r@ois, consequently
undergoes periods of accretion and erosion (see Platesd?2233n

. Stations S1 to 4 are all located in a long sandy bay extending south towheds t
Mdesingane River. Statio82 is influenced by the Sezela River (the estuary was
closed during all 7 sampling periods) and stafdns influenced by the Mdesingane
River, which was flowing into the sea during all 7 samplirgigds. The bay is
bordered by a promontory of rocks south of the Mdesingane,Riggond station S4.



17

Limpopo

Lk

L= Mpumalanga

L North-West auten
\_/R Free State

South B Africa

KwaZulu/Natal

urban

Northern Cape
ezela R

7y
Eastern Cape

Western Cape
Cape Town,

Sezela R

Mdesingane .é\\cﬁ

«— N
N
N
S0
S1
-« 82
7

Mkumbane R

3
2
1

Indian Ocean

T 500 m
—  S— |

Figure 2.1. Map showing the sampling sites for the Sém=lah study.




18

b Mdesingane R

.

0 500 m

Plate 2.1.Map of the study areaSezeldbeach



19

Plate 2.2 Station SO where the effluent pipeline etkersea.

Plate 2.3 Samples being collected at station SO
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2.2  Meiofauna sampling and counting techniques

Each station was sampled in the swash zone at low spilimggach sample consisted of two
duplicate 200 ml sand cores (Plate 2.4) taken to a depth ah2@ich were combined into
one sample for counting. Of the eight stations sampted, replicates were taken at one of
the stations at each sampling time to determine the vatyathiat occurred within that
station. For the last two sampling times, all the statiwvere sampled in at least triplicate and
each replicate was counted separately. Replicates matrtaken at seven of the stations for
the first five sampling trips due to time and finan@ahstraints. It was felt that it was more
important to sample on more occasions to obtain moreosa&asata than to have more
replicates and fewer sampling occasions.

The samples were returned to the laboratory two houes edtlection and preserved in 5%
formalin solution. The meiofauna were extracted using a mddiflestenbrink separator
(Plate 2.5) (Fricke, 1979) and a 45 micron sieve (Plate 2.6) arsleed meiofauna were
washed from the sieve into 100 ml bottles with 70% alcoholun@owere made of each
meiofaunal group distinguishable at a 63 X magnification by ctdreting them on a 45

micron sieve and washing them into a 25 ml tray designatidaotd the stage of a compound
microscope. The tray was scanned to count each mealfgroup distinguishable at a 63 X
magnification. The nematodes were divided into the 4 feedingpgrand the harpacticoid
copepods and the annelids were divided into families. @mpeauplii, which are the juvenile
life stages of Copepods, were counted as a separate grdwpas not possible to distinguish
what type of copepod they were e.g. Calanoid, Harpacti€ydlopoida. Nauplii of other

groups such as the annelids were not observed in the meiofdbe taxonomic groups

counted are given in Table 2.2. Spreadsheets of the dat@nimals grouped into higher
taxonomic levels (Table 2.3) were also prepared so that catiygaanalyses of the data
could be carried out to determine whether analysing to ltaxemomic levels is necessary to
determine the extent of an environmental impact at Sezela.beac

Plate 2.4 Corer used to collect meiofauna samplgshD20 cm, diameter: 3.6 cm,

volume: 200 ml.
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Plate 2.6 45 micron sieves used to collect the meiofaonathe elutriate produced

by the Oostenbrink separator.
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Twenty eight animal and protistan groups counted from eanipte

PHYLUM CLASS ORDER FAMILY FEEDING GROUP
Platyhelminthes Turbellaria
Nematoda 1A; Selective deposit feeders
(Bacterial feeders)
1B: Non-selective deposit feeders
2A: Epigrowth or diatom feeders
2B: Predators/Omnivores
Annelida Oligochaeta
Polychaeta Dynophilidae
Hesionidae
Nerillidae
Pisionidae
Polygordiidae
Protodrilidae
Saccocirridae
Syllidae
Tardigrada
Arthropoda Arachnida Acarina Halacaridae
Subphylum:
Crustacea Ostracoda
Copepoda Harpacticoida  Canuellidae

Sarcomastigophora

Cyclopoida
Copepod nauplii
(ie. Juvenile copepods
counted as one group)
Amphipoda
Isopoda

Cylindropsyllidae
Darcythompsoniidae
Paramesochridae

Tachidiidae
Tisbidae
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Table 2.3
14 animal and protistan groups used for analysis to a higherdmic level.
PHYLUM CLASS ORDER
Platyhelminthes Turbellaria
Nematoda
Rotifera
Gastrotricha
Kinorhyncha
Annelida Oligochaeta
ol&haeta
Tardigrada
Arthropoda Arachnida Acarina
Sub phylum Crustacea Ostracoda
ofi&poda Harpacticoida
ofiepod nauplii
aMcostraca Isopoda
Sarcomastigophora

2.3  Sampling and analysis of physical and chemical variables

The eight stations were sampled separately for phyammélchemical analysis at the same
time as the samples taken for biological purposes. Sepaditeent samples were taken at
each station and analysed for grain size. The methedsaws described by Leuci (1998) and
included wet sieving, dry sieving and a settling tube. 100 afnsediment was collected at
each station and 50 émwas used from each sample for grain size analysis. Whas wet
sieved using a 63 um sieve to separate the mud fractiontfisand and gravel. The sand
and gravel fractions remain in the sieve and the muctidra was collected after passing
through the sieve. The gravel and sand were transferr@gte-weighed beaker and the mud
fraction funnelled into another pre-weighed beaker. The be@akers with sediment were
placed under infrared lamps and dried at’60and the dry weight recorded. The sand and
gravel fractions were then dry sieved through a 2 mm siegegarate the gravel from the
sand, and the two separated fractions were then weighedizZéhdistribution of the sand-
sized particles was measured using a settling tubem8etiparticle sizes were categorized as
percentage gravel (> 2 mm), very coarse sand (1 - 2 amajse sand (0.5 - 1 mm); medium
sand (0.25 — 0.5 mm); fine sand; (0.125 — 0.25 mm); very fine sa®®B(6.0.125 mm) and
mud (0 < 0.063 mm).

Interstitial water samples were collected at edahion by digging down to the water table.
For the remaining 50 ml of sediment collected as welfaasinterstitial water samples
collected at each station at each sampling time, sisallgr a range of physical and chemical
parameters for indications of organic enrichment wereeashiwut. These included salinity,
pH, Chemical Oxygen Demand from permanganate (CODmn) lhigmams per litre,
dissolved oxygen (DO) in milligrams per litre, ammonia Nk micrograms per litre and
kjeldahl nitrogen (Kjel N) in micrograms per litre for thaters. For the remaining 50 tof
sediment, CODmn in milligrams per gram and kjel N ilcrograms per gram were also
measured for the sediments. CODmn is defined as the ammboriygen needed to oxidise
the organic and inorganic material in a sediment sample.
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The salinity (ppt or %0), pH and DO (m{) lwere measured using a YSI Model 57 Oxygen
Meter. The methods employed to analyse the rest of thesmetars were in accordance with
standard methods proposed by Watling (1981) for use in S&uidan marine pollution
surveys and samples were analysed 48 hours after retuireng to the laboratory. For
chemical oxygen demand from permanganate (CODmn) from sedira@alysis
approximately 1 gram of sample was weighed out and placa®50 cr Erlenmeyer flask.

10 ¢t of N/80 Potassium Permanganate and 0.5@n33% Sodium Hydroxide was added
to the Erlenmeyer flask together with 100°ashdeionised water. This mixture was heated in
a water bath for 30 minutes and then cooled to room temper&&irenri of Magnesium
Sulphate solution and a spatula full of Potassium lodide adaled and this mixture was
titrated to a starch (blue to clear end point) with 0.085ddium Thiosulphate. The results
were reported as mg'gcODmn. For the Kjeldahl nitrogen analysis of sediméntsto 0.3
grams of sample was weighed out into a TKN digestion t2ilng. of 1:1 Sulphuric acid and a
few bumping stones were added to the tube and heated at 360 d&gjsaes for 30 minutes.
After the digestion 30 g'lof Sodium Hydroxide solution was added to the digestate to
neutralize the acid mixture and then the ammonia concentratiohis solution was
determined calorimetrically. The results were reportefgag’ (NH3 — N). For the analysis
of CODmn and Kjeldahl nitrogen in the interstitial watéhe same methods as above were
used except 1 gram of sample was replaced by 1 ml of samplehe results were reported as
ug I'. An aliquote of sample was place in an auto-analgsghe analysis of ammonia.

2.4  Univariate statistical analysis of meiofaunal data

A variety of different indices were calculated to meastarious attributes of the community
structure in the samples. These included the total nuwbtaxa (S), the total number of
individuals (N), species richness- Margalef's index (d), gsediversity- Shannon-Wiener
diversity index (H’), and species equitability- Pieloaieenness index (J) (Clarke & Warwick,
1994a).

Margalef's index of richness (d) incorporates the total memof individuals (N) and is a
measure of the number of species (S) present for a givaber of individuals:

d=(S-1)/log N
The Shannon-Wiener diversity index:
H* = - Zi pi(log pi)
wherepi is the proportion of the total count arising from ttie species. This incorporates

both the species richness and equitability components.
Equitability was expressed as Pielou’s evenness index:

J’ = H'(observed)/H’'max

where H'max is the maximum possible diversity which wdrddachieved if all species were
equally abundant (= log S).

The above indices were calculated using the PRIMER statigtackage developed by
Plymouth Marine Laboratories. This software is extensiveged in marine benthic
monitoring and pollution impact assessment studies (Clarke &wwk, 1994a). The
Nematode/Copepod ratio was also calculated for eanplsey occasion at each station.

The above indices were statistically analysed by anatysiariance (ANOVA) to determine
any significant difference between sites over the 7 sampleriods and between the different
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seasons when samples were taken. The software usetdenagma Stat 3.1 package. Where
the data failed to meet the statistical assumptions rainpetric ANOVA techniques, namely
normality, the data was lggtransformed to meet these assumptions. Sigma Stat wses th
Kolmogorov-Smirnov test (with Lilliefors’ correction) teest for normality. Where the
normality tests failed even after transformation, theskal-Wallis procedure was used to
conduct analysis of variance by ranks. When the null tngsts of no difference was rejected
at a probability P<0.05, differences of ranks were compassig a pair-wise multiple
comparisons procedure (Student-Newman-Keuls Method).

25 Multivariate statistical analysis of meiofaunal data
251 Overview of analysis

The statistical analysis of animal community data feampling of soft sediment benthos has
been extensively discussed (Clarke, 1993; Clark & Ainswd®83 and Clark & Warwick
1994b). The main objective of such analysis of the field dati@display community patterns
through clustering and to link these patterns to environmentalgediment particle size, pH,
etc.) and pollution variables through ordination. If possiblae of impact related to the
effluent can be identified based on a modified meiofanomamunity.

The raw meiofauna counts were subjected to multivaraiglysis using the PRIMER
statistical package. Multivariate methods were used ti@tided an analysis of similarity
(ANOSIM) as well as hierarchical clustering (CLUSTE&)d multi-dimensional scaling
(MDS), these methods are used to explore the degree itdriyrbetween sampling stations
as reflected in their community structure. Analysis viiest carried out for the last two
sampling occasions where at least three replicates tadeea at each site. This was carried
out to backup the findings of the ANOSIM test. That is if icgptes within stations are
significantly more similar to one another than to repbsgtom different stations according
to the ANOSIM test, then replicates within samplingistes should tend to group together
with a greater similarity to one another than with repéisdrom different sampling stations,
within a CLUSTER analysis. Further to this, effluerstisanot being pumped to sea on tffe 9
April 2001 whereas it was on th&?January 2002 so a comparison between sampling times
relating to effluent discharge could also be made. HfimreCLUSTER analysis and MDS
ordinations were generated for all the samples using nmmamtscper station. A SIMPER
analysis was then carried out to identify the taxa whiehnewhe most responsible for the
groupings observed in the CLUSTER and MDS analysesabbtwee analyses were conducted
for samples where all taxonomic groups were identified @ &kt) and for samples where
simplified data with respect to counts only of highexanomic levels (Table 2.3). Then a
BIO-ENV analysis was run which links the biotic multide patterns to the abiotic
multivariate environmental patterns and indicates which abastienvironmental variables
are the most significant for the observed biotic communityepat These analyses are
described more fully in the following sections.

25.2 Similarity matrix and ANOSIM

All these methods start explicitly from a matrix of senily coefficients computed between
every pair of samplesThe coefficient is an algebraic measure of how close bhedance
levels are for each species, averaged over all spacidsjefined such that 100 % represents
total similarity and 0O % complete dissimilarity. Howeverosih matrices in benthic
invertebrate survey data have more than half of the datesas zeros. Fielet al. (1982)
adopted a measure for comparing samples, which is nottexffdxyy joint absences and
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sufficiently robust for marine biological data, yet givimgre weight to abundant species than
to rare ones. This is the Bray-Curtis coefficient aasl the form:

Sjk =100{1-Y | Yij-Yik | / D (Yij + Yik)} (Field et. al.1982)

Sjk represents the percent similarity between samaled k

Yij represents theh species in thah sample

Yik represents theh species in thetk sample

As at least three replicates were taken at all ties $or the last two sampling occasion¥ (9
April 2001 and 2! January 2002), it was possible to test the null hypothesistiere are no

differences in community composition between the eighiosi® A test statistic can be
computed, reflecting between-site and within-site varigbillhis test was an analysis of
similarity (ANOSIM) and is built on a simple permutat procedure, applied to the Bray-
Curtis similarity matrix which is used for the ordinati@malysis and classification of
samples.

If r w is defined as the average of all rank similaritie®mrgrreplicates within stations,

and r b s the average of rank similarities arising from alfpaf replicates between
different stations, then the suitable test statistic is:

R=( b-r w)/(M/2) (Clarke & Green, 1988)

Where M = n(n - 1)/2 and n is the total number of repdgaunder consideration. This
denominator constant is chosen so that:

* Rcan never technically lie outside the range (-1,1);

* R =1 only if all replicates within sites are more simita each other than any
replicates from different sites;

* Ris approximately zero if the null hypothesis is true,hst the similarities between
and within sites will be the same on average.

* A negative value would indicate that replicates from diffesdtes are more similar
to each other than replicates within sites and shoulg leagppen if for example the
labelling of samples was mixed up by accident.

To test whether the calculat&dstatistic is significantly different from zero itiiecalculated
under permutations. If the labels identifying which replicdtetong to which sites are
randomly mixed up an® recalculated and the process repeated a number of {peken
the significance level can be calculated. If the null hypsis is true that there is no
difference between sites then there will be little déffec average to the value Bf after
reshuffling the sample labels.

If only t of theT simulated values dR are as large, or larger than the obserdtien the
null hypothesis can be rejected at a significance level of

100¢ + 1) / (T + 1) % (Clarke & Green, 1988)
Therefore if none of th& simulatedr values are equal to or greater than the obsdr(ed
0) and 999 simulations were done, then there is a probalilegothan 1 in 1000 that the

null hypothesis is true and we can therefore reject tHehppbthesis at a value gf < 0.1 %
(p < 0.001).

2.5.3 Cluster and MDS Ordinations

CLUSTER analysis results in a dendrogram which groups sthgons hierarchically
according to their Bray-Curtis measure of similarity. Mx®s a two-dimensional scatter plot
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to depict relative similarities between stations. Thegemethods are complimentary and are
frequently used to corroborate one another. They providejactiole method for recognising
and describing trends.

For the CLUSTER and MDS analyses the raw data weuare root transformed. With

untransformed data a MDS plot can be distorted when spetia sample have a strong
degree of spatial clustering (Clarke & Green, 1988). At thercextreme, an analysis which
places weight on a taxon that occurs in low numbersghlshisusceptible to the “noise”

introduced by the presence of a rare taxa. The pracimate is therefore often between a
moderate “root” and fairly severe “root-root” transforroafi which retains the hard-won

guantitative information but downplays species dominancak@ Warwick, 1994a).

This study uses square-root transformation:
Yij = VXij (Field et. al.,1982)

Yij = the transformed value of the entry in the ith rand jth column of the data matrix, i.e.
the abundance for the ith species in the jth sample.

For CLUSTER analysis a dendrogram is constructed fronpéheentage similarities in the
matrix using the hierarchical agglomerative method. A siitylamatrix is the starting point
from which the samples are successively combined into grangghe groups into larger
clusters starting with the highest mutual similarities gneth gradually lowering the similarity
level at which groups are formed. One of the axes repesee full set of samples and the
other axis defines a similarity level at which two sampmlegroups of samples are considered
to have combined. This is a particularly appropriate reptason in cases where the samples
are expected to divide into well defined groups, for exanfpdtructured or limited by some
discontinuous environmental factors (Clark & Warwick, 1994a).

It is important to employ an additional method of presgon such as an ordination technique
to show individual relationships between samples and the envargahvariables. This is a
more appropriate representation when the samples do notigraupell-defined manner and
the community is responding to abiotic gradients which areremoontinuous.
Multidimensional scaling (MDS) was used to create ap’hm configuration of the samples
constructed in a specified number of dimensions. Thentisthetween points on a plot is a
measure of their relative degree of similarity or diskinty, e.g. if sample A has a higher
degree of similarity to sample B than it does to s&ntplthen sample A will be placed closer
to sample B than it is to sample C in the ordinatiort (Bray et. al., 1988). Agreement
between the cluster analysis and the ordination strengthkesibehe common conclusions
of both.

The success of a 2-dimensional MDS can be measured hyadom the stress value with
that of higher dimensions (Clarke & Warwick, 1994a). In theatyess increases with
reducing dimensionality of the ordination, as well as witlieasing quantity of data, and the
lower the stress value the more accurate the representdtisamples in the MDS. The
following function calculates the stress value of a 2-dino@as ordination plot:

Stress =3j Tk (djk - d\jk)2/Zj Tk djke

dMk is the distance predicted from a fitted regression bneplot of distance against
dissimilarity for the n(n — 1)/2 pairs of dissimilarity pentage values that correspond to the
dissimilarity percentage from the Bray-Curtis matrix. Tle is the actual distance between
the ith and jth sample points on the MDS ordination plber&fore if d*jk = djk the stress is
zero. Guide values for 2-dimensional ordinations, using teessfunction above is as follows
(Fieldet al.,1982):
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e Stress value of < 0.05 gives a very good representation mathprospect of
misinterpretation;

o Stress value of < 0.1 corresponds to a good ordination vaitheal prospect of a
misleading interpretation;

o Stress value of < 0.2 still gives a potentially useful ratisional picture, though for
values at the upper end of this scale too much reliancddshotibe placed on the
detail of the plot;

» Stress value of > 0.3 indicates that the points are ¢tobeing arbitrarily placed in
the 2-dimensional ordination space (Clark & Warwick, 1994a).

The current studies used 2-dimensions with 20 repetitiotieeainalysis to ensure that results
converge to an optimal configuration.

254 SIMPER analysis

For different sample groups identified as a result diuater analysis or an MDS ordination,
an important requirement is to identify which taxa prilgadccount for the observed

assemblage differences. By looking at the overall percentagebution each species makes
to the average dissimilarity between two groups, one casfeties in decreasing order of
importance in discriminating two sets of samples. Tikiccomplished by the SIMPER

routine in PRIMER (Clarke, 1993).

255 BIO-ENV

A BIO-ENV procedure in PRIMER for linking the biotic multiviate patterns to the abiotic
multivariate environmental patterns was run. The principlee he that if the suite of
environmental variables responsible for structuring the commueitg known, then samples
having rather similar values for these variables wowddekpected to have rather similar
species composition, and an ordination based on this almifiirenation would group sites in
the same way as for the biotic MDS plot. If key or limgtienvironmental variables are
omitted (not measured), the match between the two pldtseypoor.

Rank similarity matrices are generated for the biotid abiotic ordinations. Two possible
matching coefficients are defined between the elementheofréspective rank similarity
matrices (ri; i = 1,...,N) and (si; i = 1,...,N), where Nn{n-1)/2 and n is the number of
samples. The following equation is the weighted Spearmamaononic rank correlation
(Clarke & Ainsworth, 1993):

pw=1-c) (- si)
“(ri + si)

The constant terms are defined such that, in both cpdéss in the range (-1, 1), with the
value of p = -1 and p = +1 corresponding to the cases whergvthsets of ranks are in
complete negative agreement or complete positive agréemlgebraic manipulation shows
that c=6/N(N-1). Values of p around zero correspond talisence of any match between the
two patterns, but typically p will be positive as a nagavalue is unlikely to be attained in
practice because of the constraints inherent in a sityilaratrix where there is either no
similarity between samples or some positive percentagédasty (Clarke & Ainsworth,
1993). Combinations of environmental variables are considersigadily increasing levels
of complexity in seeking a good match in the biotic and abrotitrices. The closer Pw is to
1 the greater will be the positive correlation of thatipalar combination of abiotic variables
with the biotic community pattern.
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2.5.5 Nematode/Copepod ratio

The Nematode/Copepod ratio (proposed by Raffaelli & Mg3681)) for each sample from
each sampling occasion was also calculated to sead wees any relationship between sites
shown to be impacted using the PRIMER analysis and high &€ values. This was done
by dividing the number of individuals of Nematoda by the numtierindividuals of
Harpacticoida from each sample. A one way analysis rdvee (ANOVA) was then carried
out to test for significant differences between statiover the seven sampling occasions in
terms of the N/C ratio.

2.5.6 Correlation analysis

Standard product moment correlation coefficients weleulzdied using Statgraphics version
3.0 between all the physical and chemical variables andtflenumber of animals, numbers
of taxa and the Nematode/Copepod ratio. Then simple stgneswere carried out to
determine if the correlations were significant for eatthe physical and chemical variables
against the biological data.
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3. RESULTS
3.1  Oneway ANOVA for univariate indices

A one-way ANOVA was carried out to test for significalifferences between stations using
the complete data set for the seven sampling periods (n =ii@8)ms of the following
indices:

* S =total number of taxa recorded per sample

* N = mean total number of animals recorded per sample

* d = Margalef’s species richness

* J=Pielou’s evenness index

e H'= Shannon-Wiener diversity

The differences in the mean values for the numbesa {S) per station are shown in Figure
3.1(a) and were greater than would be expected by chBrO0E) where the F statistic was
2.684 with P=0.020. From pair-wise multiple comparison proced($asdent-Newman-
Keuls Method) there was a significant difference betw®8ttions S4 and S2 (P=0.026).
Station S4 had the highest number of taxa. It was the fusthstation from the effluent
outfall (about 1.5 km) whereas Station S2 was within 400 m odukfall and in a bay were
effluent was observed being pushed ashore by wave action dinsthsecond, fourth and
seventh sampling occasions”(duly 2000, 36 August 2000, 28 January 2001 and"®
January 2002).

The numbers found for total meiofauna per 16 and to a depth of 20 cm ranged from 45 to
4414. Nematodes ranged from 21 to 777 and harpacticoid copepgés! faom 0 to 1121
(Appendix 1). Twenty two out of 56 samples had mean numifekarpacticoid copepods
below 10. Five of the SO and S2 stations, four of the N1 statlue® of the N3 stations, two
of the S1 and N2 stations and one of the S3 stations. St&floasd S2 had the most frequent
occurrence of low harpacticoid numbers and Station SO hddwist numbers of nematodes
and lowest total numbers on one occasion, this suggdsiethese two stations were most
disturbed. Only Station S4 (which had greatest distance fifwen outfall) maintained
relatively high total numbers and numbers of taxa througtheustudy period. For the mean
total number of animals (N), the data was ddcansformed to meet the statistical assumptions
of normality in order to proceed with a one-way ANOVAgtiie 3.1(b) shows differences
between stations with the untransformed data where anesee that Station S4 had the
highest number of animals. The differences in the mearesdbr total numbers (N) were
greater than would be expected by chance (P<0.05); thetiftis was 3.936 with P=0.002.
The pair-wise multiple comparison procedures revealed Station S4 was significantly
different to four other stations, namely S2, SO, N3 and Mh ® values of 0.003, 0.006,
0.009 and 0.011 respectively. Here the highest numbers of anveed found at Station S4
and the lowest number at S2.

Figure 3.1(c) shows the differences in mean species ricljdesetween stations and there
appears to be reduced species richness at stations dakereffluent outlet (SO, S1 and S2)
compared to those further away but there was no statigtgighificant difference between
the stations with an F statistic of 1.419 and P=0.220.

Figure 3.1(d) shows the differences in the mean evennese(\@/¢dn stations. There was a
significant difference (P<0.050) between the mean values arhergatpling stations which
was greater than would be expected by chance with B832and P=0.029. The pair-wise
multiple comparison procedures, however, did not reveal any isggmifdifference between
any of the stations.
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The differences in the mean index of diversity (H’) is showFigure 3.1(e). There was no
significant difference found between these means witt2FRL75 and P=0.530.
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Figure 3.1 Univariate indices used to measure attributes ahaaity structure in
relation to sampling stations. (a) number of taxa, ffieiofauna
numbers, (c) index of richness (d) index of evenness enohdex of
diversity. Bars indicate the standard error of thermea
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The differences in the mean values for the numbesat {S) per season are shown in Figure
3.2(a) and were greater than would be expected by chBrO0E) where the F statistic was
7.382 with P=0.001. From pair-wise multiple comparison proced($asdent-Newman-
Keuls Method) there was a significant difference betweennamtand winter (P=0.001),
between autumn and summer (P=0.029) and between summemaed(P=0.039).

For the mean total number of animals (N), the data needeel log, transformed to meet the
statistical assumptions of normality in order to procestth a one-way ANOVA. Figure
3.2(b) shows apparent differences between seasons witinttessformed data where one
can see that the highest number of animals was recordadumn. However there were no
significant differences found in the mean values faaltaumbers (N) where the F statistic
was 2.481 with P=0.089.

Figure 3.2(c) shows the differences in the mean speciesedgs (d) between the seasons.
There was a statistically significant differencevtn the seasons with an F statistic of 7.700
and P<0.001. From pair-wise multiple comparison procedures (BiN@svman-Keuls
Method) it was evident that there was a significant emeen autumn compared to summer
(P=0.003). Autumn was also significantly higher than winkErQ(001P) but there was no
significant difference between summer and winter.

For the mean index of evenness (J) shown in Figure 3.2(d) thelitgrtest failed and no
transformation could be found that would meet the apsons of normality, so the Kruskal-
Wallis procedure was used to conduct an analysis of naidy ranks. No significant
difference was found with P=0.948 and H=0.107.

For the mean diversity index (H) shown in Figure 3.2(e) tharewo significant differences
between seasons with P=0.184 and F=1.723.
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3.2  Analysisof smilarity (ANOSIM)

An analysis of similarity (ANOSIM) was done for the laaib sample data sets of th&8 9
April 2001 and 2 January 2002 to determine whether the similarity betweercaégs
within stations was significantly greater than siniiiles between replicates from different
stations. These two sampling occasions were chosen bemalesest three replicates were
taken for every station on these days. The null hypothesis to be tested was that there
were no differences in community composition between tHerdift sampling stations and
different sampling times. The replicates from eaclthef 8 stations were grouped and both
sampling occasions were analysed together making a compafid6é groups (i.e. 8 stations
x 2 sampling times). The groups were analysed using albteeitentified as well as using
only the major taxa to determine the differences if angnaflyzing only to the major taxon
level. The global R statistic value for all taxa ideptifiwas found to be 0.948 with an
associated significance level of p < 0.1 % (p < 0.001). Tinedins that the number of
permuted statistics greater than or equal to global R2ee0. The global R statistic value for
animals identified to higher taxonomic levels was 0.914 aittassociated significance level
of p < 0.1 % (p < 0.001) and therefore also meaning no pedrstaéstics were greater than
or equal to the global R statistic. The above results tiedéhe rejection of the null hypothesis
and demonstrate that there is a significantly greatenasitgi between replicates within a
sampling station than between replicates from diffesamhpling stations and that there is
very little difference in the result obtained whether theiofauna is identified to major
taxonomic groups or to lower taxa.

3.3 Cluster, MDS ordination and SIMPER analysis of the replicated data sets
for the 9" April 2001 and 2™ January 2002

Cluster and MDS analyses were applied to the meiobeotinnenunity data for the last two
sample sets when at least three replicates were tédemn section 3.2). These plots
investigated whether replicates within sampling stations tigdaup together with a greater
similarity than the replicates from different statioasd further, that any spatial and temporal
trends may be related to effluent discharge as efflwas not being pumped to sea on tfe 9
April 2001 whereas it was on thé°2anuary 2002Cluster and MDS analyses explore the
degree of similarity between stations as reflecteth@r meiofaunal community structure.
Cluster analysis results in a dendrogram, which groupst#tiens hierarchically according to
their Bray-Curtis measure of similarity. MDS uses a-thmensional scatter plot to depict
relative similarities between stations.

A cluster plot for all taxa identified to the lower taxonomamk, as well as the respective
MDS ordination plot were generated. Samples were ldizleh that the symbol vi indicated
the sixth sample set (9/04/2001) and the symbol vii indicated thentsegample set
(2/01/2002). The letters a, b, c and d after the sampleaites indicated which replicate it
was. From the dendrogram in Figure 3.3 replicates withiatost(shown by small brackets)
tended to group together with greater similarity to one andtien with replicates from
different stations. The dendrogram in Figure 3.3 also divitleddata set into two distinct
groups shown as Group 1 and Group 2 indicated by the large bracketsm 2 divided
further into Groups 2A and 2B. The corresponding MDS fordigredrogram in Figure 3.3 is
shown in Figure 3.4. The Group 2A samples are colourednédhe Group 2B samples are
coloured green to
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January 2002 (vii). The circled groups correspond with the graugigure 3.3.

emphasise the distinction between Groups 1, 2A and 2B.tféss value was 0.16 which is
lower than 0.2 (see section 2.5.3) and this analysis thereféfigure 3.4 offers a potentially
useful picture of the relationships between samples.

SIMPER analyses were carried out for these dendrograntetermine which taxa were
primarily responsible for influencing the sample groupinggealed by the cluster analysis.
There were two main groups in Figure 3.3 shown as Group 1 angh Grd able 3.1 shows
results which compare Groups 1 and 2 (dissimilarity of 59%)itaisdevident that Group 1
had a much higher abundance of all taxa except for the Sastigophora which had a
higher average abundance in Group 2. Table 3.2 shows the taxaesmsntsible for the
similarity (60%) within Group 1. A number of crustaceanugp® played an important role in
the similarity of the samples in Group 1 namely copepagliiaostracods and the family
Paramesochridae. Table 3.3 shows the taxa most respomsibie fsimilarity within Group
2. The main contributors to their similarity (52%), was gheater relative abundance of the
nematode feeding groups and the turbellarians. It was concludethéhlower diversity of
crustacean groups and the overall lower average abundanceeobsethe Group 2 samples
resulted in the separation of the two groups.

Group 2 was further subdivided into Groups 2A and 2B (Figure 3able13.4 compares the
Groups 2A and 2B (dissimilarity of 54%) and it was evideat the main contributions to
their dissimilarity was the higher abundances of sarcomastigapha Group 2B compared
to zero abundance in Group 2A, which had much higher abundahedistite crustacean
groups such as ostracods, copepod nauplii, Cylindropsyllidsieidae and Paramesochridae
than Group 2B. The taxa that contributed to the similg&5%0) of the samples in Group 2A
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are shown in Table 3.5 where the higher abundances of 1A and 2Bodemand ostracods
and low abundances of turbellarians contributed largely tio similarity. Table 3.6 shows

the taxa most responsible for the similarity (62%) of@Gneup 2B samples which had higher
relative abundances of 1B, 2A and 1A nematodes, the turbelaehsarcomastigophorans.

Table 3.1
SIMPER analysis of Groups 1 and 2 depicted in Figure 3.3 {awia identified to
lowest taxonomic rank). Average dissimilarity = 59.72%

Taxa Group 1 Group 2 Av.Diss. Diss./SD Contrib.% Cum.%
Av.Abund. Av.Abund.
Copepod nauplii 320 10.3 7.75 1.39 13 13
Paramesochridae 145 2.68 5.73 1.39 9.6 22.6
Saccocirridae 231 19.9 5.7 0.93 9.55 32.1
Ostracoda 150 17.7 5.1 1.15 8.53 40.7
Cylindropsyllidae 135 3.95 4.71 1.14 7.89 48.6
Gastrotricha 68.6 0.95 3.84 1.51 6.43 55
Nematoda 1B 113 33.9 3.28 1.26 5.49 60.5
Nematoda 1A 98.3 34.3 2.85 1.31 4,77 65.2
Oligochaeta 50.8 0.77 2.43 0.84 4.08 69.3
Nematoda 2A 53.7 23 2.38 1.09 3.98 73.3
Sarcomastigophora 16.4 24.9 2.27 0.9 3.81 77.1
Nematoda 2B 43.4 15.8 2.13 1.25 3.57 80.7
Acarina 22.9 9.59 2.13 1.74 3.56 84.2
Turbellaria 34 24.3 1.98 1.45 3.31 87.6
Tisbidae 19.7 3.95 1.95 1.15 3.27 90.8
Table 3.2

SIMPER analysis showing the taxa most responsibléh®similarity of the samples
depicted as Group 1 of the dendrogram in Figure 3.3 (meiofdenéfied to lowest
taxonomic rank). Average similarity = 60.04%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum.%
Copepod nauplii 319.79 8.22 3.19 13.69 13.7
Nematoda 1B 112.89 6.61 2.62 11.01 24.7
Nematoda 1A 98.25 6.45 3.18 10.75 35.5
Ostracoda 150.21 6.05 2 10.07 45.5
Paramesochridae 144.64 5.28 1.5 8.79 54.3
Saccocirridae 230.61 3.6 0.89 6 60.3
Nematoda 2B 43.36 3.58 2.12 5.97 66.3
Nematoda 2A 53.68 3.57 1.94 5.94 72.2
Turbellaria 33.96 3.46 2.61 5.77 78
Cylindropsyllidae 135.07 3.28 0.93 5.47 83.5
Gastrotricha 68.61 3.2 1.26 5.34 88.8

Acarina 22.86 3.04 2.61 5.06 93.9
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Table 3.3

SIMPER analysis showing the taxa most responsibléh®similarity of the samples
depicted as Group 2 of the dendrogram in Figure 3.3 (meiofdentfied to lowest
taxonomic rank). Average similarity = 52.87%

Taxa Av. Abund. Av. Sim. Sim./SD  Contrib.% Cum.%
Nematoda 1A 34.3 10.5 2.98 19.9 19.9
Nematoda 1B 33.9 9.83 2.14 18.6 38.5
Nematoda 2A 23 6.16 1.35 12.8 51.3
Turbellaria 24.3 6.16 1.22 11.7 63
Nematoda 2B 15.8 5.88 1.5 11.1 74.1
Ostracoda 17.7 3.58 0.93 6.78 80.9
Sarcomastigophora 24.9 2.33 0.5 4.41 85.3
Acarina 9.59 1.85 0.66 3.51 88.8
Copepod nauplii 10.3 1.61 0.63 3.04 91.8
Table 3.4

SIMPER analysis of Groups 2A and 2B depicted in Figure 3.3ofmaa identified
to lowest taxonomic rank). Average dissimilarity = 54.24%

Taxa Group 2A  Group 2B Av.Diss. Diss./SD Contrib.% Cum.%
Av. Abund. Av. Abund.
Sarcomastigophora 0 42.2 6.43 1.36 11.9 11.9
Ostracoda 37.2 4.15 5.03 1.72 9.27 21.1
Nematoda 2A 9 32.7 4.68 1.55 8.63 29.8
Turbellaria 7 36.3 4,53 1.96 8.35 38.1
Saccocirridae 4.11 30.9 4.06 0.84 7.49 45.6
Nematoda 1B 25.7 39.6 3.94 1.17 7.27 52.9
Copepod nauplii 22 2.23 3.5 1.23 6.45 59.3
Nematoda 1A 40.3 30.2 3.12 15 5.75 65.1
Nematoda 2B 24.8 9.54 3.04 1.14 5.6 70.7
Acarina 2 14.9 2.99 1.02 5.51 76.2
Cylindropsyllidae 8.44 0.85 2.5 0.99 4.61 80.8
Tisbidae 9 0.38 2.37 1.09 4.38 85.2
Paramesochridae 5.11 1 1.69 0.94 3.11 88.3

Gastrotricha 2 0.23 1.16 0.87 2.14 90.4




40

Table 3.5

SIMPER analysis showing the taxa most responsibléh®similarity of the samples
depicted as Group 2A of the dendrogram in Figure 3.3 (meiofdenéfied to lowest
taxonomic rank). Average similarity = 55.05%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum. %
Nematoda 1A 40.3 10 2.62 18.2 18.2
Ostracoda 37.2 8.96 2.2 16.3 34.5
Nematoda 2B 24.8 8.79 2.03 16 50.4
Turbellaria 7 6.03 2.69 11 61.4
Nematoda 1B 25.7 5.69 1.5 10.3 71.7
Copepod nauplii 22 3.16 0.79 5.75 77.5
Cylindropsyllidae 8.44 2.9 1.06 5.26 82.8
Nematoda 2A 9 2.21 0.79 4.01 86.8
Tisbidae 9 1.75 0.59 3.19 90
Saccocirridae 4.11 1.61 0.82 2.92 92.9
Table 3.6

SIMPER analysis showing the taxa most responsibléh®similarity of the samples
depicted as Group 2B of the dendrogram in Figure 3.3 (meiofdantfied to lowest
taxonomic rank). Average similarity = 62.53%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum. %
Nematoda 1B 39.6 13.4 5.13 21.4 21.4
Nematoda 2A 32.7 11.7 4.25 18.7 40.4
Nematoda 1A 30.2 10.8 3.43 17.3 57.4
Turbellaria 36.3 7.62 1.08 12.2 69.6
Sarcomastigophora 42.2 6.9 1.19 11 80.6
Nematoda 2B 9.54 4.24 1.33 6.78 87.4
Acarina 14.9 2.52 0.68 4.02 91.4

A CLUSTER pilot for taxa identified to the major taxonomémk as well as the respective
MDS ordination were also generated in a similar wath& above. From the dendrogram in
Figure 3.5 replicates within a station (shown by small btagkended to group together with
greater similarity to one another than with replicdtem different stations. The dendrogram
in Figure 3.5 also divided the data set into two distinetigs shown as Group 1 and Group 2
by the large brackets. Group 1 was further divided into GridApsnd 1B. The corresponding
MDS for the dendrogram in Figure 3.5 is shown in Figure 3.&@ Ghoup 2 stations are
coloured green to emphasise the distinction between Gfoapd 2. The Group 1B samples
are coloured red to show their distinction from the Group dydes. The stress value was
0.12 which is lower than 0.2 (see section 2.5.3) and thereféees a potentially useful
picture of the relationships between samples.
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Figure 3.5. Dendrogram showing hierarchical relationships dstwmeiofauna
samples taken at Sezela beach in April 2001 (vi) and JaB08&(vii) and identified

to the major taxonomic rank (Table 2.3). Similarity wasnputed using the Bray-
Curtis coefficient and Square root transformations.
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SIMPER analyses were done for these dendrograms to detewhich taxa were primarily
responsible for influencing the sample groupings revealethdygluster analysis. Table 3.7
compares Groups 1 and 2 shown in Figure 3.5 (dissimilarity é6pand it is evident that
Group 1 had a much higher abundance of all taxa except for rit@nsestigophorans and
turbellarians which had higher average abundances in Group 2.3[@lsleows the taxa most
responsible for the similarity (60%) within Group 1. A numbgcrustacean groups play an
important role in the similarity of the samples in ol namely harpacticoids, copepod
nauplii and ostracods. Table 3.9 shows the taxa most resgofibihe similarity within
Group 2. The main contributors to Group 2 similarity (69%)s whae greater relative
abundance of the nematodes, turbellarians and sarcomastigaphbreas concluded that the
lower diversity of crustacean groups and the overall lower avetagedance observed in the
Group 2 samples resulted in the separation of the two groups.

Group 1 was further subdivided into Groups 1A and 1B (Figure Bable 3.10 compares the
Groups 1A and 1B (dissimilarity of 51%) and it was evideat the main contributions to
their dissimilarity was the higher abundances of harpadscaiopepod nauplii, annelids,
nematodes, ostracods, gastrotrichs, turbellarians anmthasan Group 1A. The taxa most
responsible for the similarity of the samples in Group 1@ shown in Table 3.11. High
abundances of nematodes, harpacticoids, copepod nauplii antisiwogitributed the most
to this group. Table 3.12 shows the taxa contributing the maise teimilarity (62.4%) of the

Group 1B samples in Figure 3.5 which were the nematodes,cadttaannelids and

harpacticoids but in lower abundances relative to the Groamftlss.
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Table 3.7

SIMPER analysis of Groups 1 and 2 depicted in Figure 3.5 (awgafanaysed to the

major taxonomic rank). Average dissimilarity = 61.74%

Taxa Group 1 Group 2 Av.Diss. Diss./SD Contrib.% Cum.%
Av.Abund. Av.Abund.
Annelida 246 1.18 10.2 1.4 16.5 16.5
Harpacticoida 226 2.36 10.1 1.87 16.4 33
Copepod nauplii 235 0.82 9.51 1.43 154 484
Ostracoda 117 2 7.7 1.5 12.5 60.8
Sarcomastigophora 12.2 484 5.62 1.25 9.1 69.9
Nematoda 246 118 5.46 1.29 8.84 78.8
Gastrotricha 49.7 0.27 4.15 1.18 6.72 85.5
Turbellaria 25.6 44.2 3.61 1.12 5.84 91.3
Table 3.8

SIMPER analysis showing the taxa responsible for thalasity of the samples
depicted as Group 1 of the dendrogram in Figure 3.5 (meiofanalysed to the

major taxonomic rank). Average similarity = 60.3%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum. %
Nematoda 245 155 3.15 25.8 25.8
Harpacticoida 226 9.77 1.73 16.2 42
Annelida 245 8.55 1.76 14.2 56.2
Copepod nauplii 235 8.05 1.8 13.4 69.5
Ostracoda 117 8.01 2.09 13.3 82.8
Turbellaria 25.6 3.74 1.7 6.21 89
Acarina 21 3.65 1.42 6.05 95
Table 3.9

SIMPER analysis showing the taxa most responsibléh®similarity of the samples

depicted as Group 2 of the dendrogram in Figure 3.4 (meiofanalysed to the

major taxonomic rank). Average similarity = 69.74%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum.%
Nematoda 118 35 6.28 50.6 50.6
Turbellaria 44,2 17.6 4.43 25.5 76
Sarcomastigophora 48.4 10.2 1.19 14.8 90.8
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SIMPER analysis of Groups 1A and 1B depicted in Figure 3.®o{awena analysed to
the major taxonomic rank). Average dissimilarity = 51.11%

Taxa Group 1A Group 1B Av. Diss. Diss./SD Contrib. % Cum. %
Av Abund. Av. Abund.

Harpacticoida 307 19.6 9.63 2 18.9 18.9
Copepod nauplii 319 19.8 8.58 1.26 16.8 35.6
Annelida 324 43.9 8.2 1.19 16 51.7
Nematoda 304 95.8 6.5 1.39 12.7 64.4
Ostracoda 150 334 4.96 1.02 9.7 74.1
Gastrotricha 68.6 1.64 4.69 15 9.18 83.3
Turbellaria 34 4.45 2.93 1.69 5.73 89
Acarina 22.9 16.2 2.61 1.82 5.11 94.1
Table 3.11

SIMPER analysis showing the taxa responsible for thalasity of the samples
depicted as Group 1A of the dendrogram in Figure 3.5 (meiafamalysed to the
major taxonomic rank). Average similarity = 69.29%

Taxa Av.Abund. Av. Sim. Sim./SD Contrib.% Cum. %
Nematoda 304 15.2 3.46 21.9 21.9
Harpacticoida 307 13.4 3.39 19.3 41.2
Copepod nauplii 319 10.5 3.34 15.2 56.4
Annelida 324 9.6 2.07 13.9 70.2
Ostracoda 150 7.7 2.11 11.1 81.3
Turbellaria 34 4.47 2.5 6.46 87.8
Gastrotricha 68.6 4.1 1.26 5.92 93.7
Table 3.12

SIMPER analysis showing the taxa responsible for thalesity of the samples
depicted as Group 1B of the dendrogram in Figure 3.5 (meiofanalysed to the
major taxonomic rank). Average similarity = 62.4%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum. %
Nematoda 95.8 22.3 5.43 35.7 35.7
Ostracoda 33.4 11.4 25 18.2 53.9
Annelida 43.9 8.64 1.56 13.9 67.8
Harpacticoida 19.6 6.43 1.07 10.3 78.1
Copepod nauplii 19.8 5.61 1.21 9 87.1
Acarina 16.2 3.65 0.75 5.9 92.9
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When comparing the analysis using taxa identified to the loavée with that of identification
to the major taxonomic rank it was evident that all tepdas that grouped together as Group
1 in Figure 3.3 (lower taxonomic rank) also group together aggGté in Figure 3.5 (major
taxonomic rank). However, the samples that made up Group 2i§uneF3.3 and grouped as
Group 2 in that figure move to Group 1 in Figure 3.5. This acaunen combining the
nematode feeding groups, the annelid families and the harpedatmeepod families as single
groups. The samples in Group 2B in Figure 3.3 remain virttiadysame similarity to the
Group 1 samples from both Figures 3.3 and 3.5. This appeaggicelio the low numbers of
annelids and harpacticoids in this group so that on combih&igfamilies would have little
effect on their similarity to the Group 1 samples in Figdi&2 The only exceptions were the
replicate viS2c and the replicates viiN1la, viiN1b and viiNTecWw changed groups and are
indicated by circles in the MDS plot in Figure 3.6. ThéNta, b and c replicates had
relatively higher numbers of annelid and harpacticoid fasitiean the viS2c replicate
causing their movement into the other groups when these éamaife combined into higher
taxonomic ranks (see Appendix Tables A1.7 and A1.6).

When comparing the MDS plots in Figures 3.4 and 3.6 the relatpbghiveen the samples
that are circled as Group 1 (Figure 3.4) and Group 1A (F@eand the rest of the samples
does not appear to be extremely different between the twospigtesting little difference in
analysing samples to lower taxonomic ranks as appogskd toajor taxonomic rank.

34 Analyssof all data setsfor seven sampling times

Having established that replicates within sampling stati@re wignificantly more similar to
one another than replicates between different stations ttenanalysis of similarity
(ANOSIM, section 3.2), Bray-Curtis similarity plots and BDrdinations were generated for
all the sampling occasions using mean numbers of anipgissampling site for each
sampling time. The fact that replicates within samplitgfiens were significantly more
similar to one another than replicates between diffesttions from the analysis of similarity
for the last two sample data sets does not imply thattitie for all the sampling occasions,
but this could not be tested as replicates for alsthgons from the other data sets were not
taken. The dendrogram showing station similarities for shuely area, for all sampling
periods where animals were identified to the lowest taxonanik is depicted in Figure 3.7.
Two main groups of samples are derived. Group 1 containdtiealb4 samples (greatest
distance from the effluent discharge) and Group 2 contaifethealSO samples (station
closest to the effluent discharge). The next two statitosest to the effluent discharge,
namely N1 and S1 also occurred mostly in Group 2. Statlbalprox. 150 m north of the
discharge) occurred once in Group 1 on the sixth sampling period &ffleent was not
being pumped to sea. Station S1 (approx. 200 m south of tHeadied occurred twice in
Group 1 of which one occurrence was during the sixth sampéinggpwhen effluent was not
being pumped to sea. Station S2 was within 400m of the loatfdlin a bay were effluent
was observed being pushed ashore by wave action on thesécsid, fourth and seventh
sampling occasions '{4July 2000, 30 August 2000, 28 January 2001 and"®January
2002). This station occurred in Group 2 only. Station N2 (appd@®.m north of the
discharge occurred five times in Group 1 and only twice iru@as did Station S3 about
750 m south of the discharge. Station N3, about 600 m north afigblearge occurred four
times in Group 1 and three times in Group 2.

The Multidimensional scaling (MDS) ordination relating tee tBray-Curtis similarity plot

shown in Figure 3.7 is shown in Figure 3.8. The stations omfowed and underlined
correspond with the Group 2 stations in Figure 3.7. The graxgpsot very distinct from each
other when looking at the ordination in Figure 3.8 alone. Howiewdl have a relatively high
stress value of 0.18.
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Figure 3.7. Dendrogram showing hierarchical relationships dstwmeiofauna

samples identified to the lowest taxonomic rank (Tab® faken at Sezela beach.
Similarity was computed using the Bray-Curtis coeffitieand square root

transformations. The Roman numerals i to vii inditaeesample date of which there
were seven (i to vii).
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in Figure 3.7.

SIMPER analyses were done to determine which taxa wensanlly responsible for
influencing the sample groupings revealed in the dendrogrdnigure 3.7 ( samples analysed
to lowest taxonomic rank). The two groups depicted in the dgraim are compared in Table
3.13. The average dissimilarity between the two groupsasis to be 61.9 %. The taxa
contributing the most to the dissimilarity between the twaugs are placed in descending
order of their percentage contribution in Table 3.13. It isrdkeen Table 3.13 that the high
abundance of four crustacean taxa (copepod nauplii, ossracylindropsyllidae and
Paramesochridae) in Group 1 was the main contributingrfdigitnguishing it from Group 2.
In fact, the average abundances of all of the taxa list@able 3.13 were greater for Group 1
than for Group 2 except for the 2B nematodes (predator/omnigooap) and the
turbellarians. Table 3.14 shows the taxa contributing the mastetgsimilarity of samples
depicted as Group 1 of the dendrogram in Figure 3.7. Table 3.14s ghatv the main
contributors to the similarity of this group of sampleswae four crustacean taxa mentioned
above and 1 nematode feeding group (1A), the selective depetatr$e Table 3.15 shows the
taxa contributing the most to the similarity of samplesaedias Group 2 of the dendrogram
in Figure 3.6 and it is evident from Table 3.15 that all theatede feeding groups and the
tubellarians were the main contributors to the simiyfasftthis group of samples.
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Table 3.13
SIMPER analysis of Groups 1 and 2 depicted in Figure 3.7afalanalysed)
Average dissimilarity = 61.9%

Taxa Group 1 Group 2 Av. Diss.  Diss./SD  Contrib. % Cum. %
Av Abund.  Av. Abund.
Copepod nauplii 243 10.1 6.95 1.32 11.2 11.2
Ostracoda 224 10.3 6.91 1.08 11.2 22.4
Cylindropsyllidae 124 3.11 5.37 1.45 8.68 31.1
Paramesochridae 100 17.3 4.68 1.32 7.56 38.6
Saccosirridae 157 8.63 4.47 0.78 7.22 45.9
Gastrotricha 62.6 1.79 3.9 1.53 6.3 52.2
Nematoda 1B 63.1 36 3.17 1.44 5.12 57.3
Nematoda 2B 39.2 52.4 2.7 1.14 4.37 61.6
Nematoda 1A 86.3 61.8 2.67 1.3 4.32 66
Tisbidae 26 3.38 2.52 0.91 4.07 70
Nematoda 2A 27.9 26.2 2.13 1.28 3.45 73.5
Oligochaeta 39.7 1.75 211 0.76 3.41 76.9
Turbellaria 30.9 31.8 2.05 1.21 3.32 80.2
Acarina 16.5 4.83 1.98 14 3.19 83.4
Sarcomastgophora 18.6 14.2 1.95 0.78 3.15 86.5
Nerillidae 28.1 1.44 1.53 0.61 2.48 89
Tachiidae 14.1 0 1.42 0.64 2.29 91.3
Table 3.14

SIMPER analysis showing the taxa which most respanddil the similarity of the
samples depicted as Group 1 of the dendrogram in Figurell3akéaanalysed).
Average similarity = 55.22%

Taxa Av. Abund. Av.Sim. Sim./SD Contrib.% Cum. %

Copepod nauplii 243 7.82 2.53 14.2 14.2
Nematoda 1A 86.3 6.48 3.38 11.7 25.9
Ostracoda 224 6.33 1.26 11.5 37.4
Cylindropsyllidae 124 4.9 1.28 8.87 46.2
Paramesochridae 100 4.5 1.63 8.15 54.4
Nematoda 1B 63.1 3.89 1.5 7.04 61.4
Nematoda 2B 39.2 3.86 2.54 7 68.4
Gastrotricha 62.6 3.61 1.36 6.53 74.9
Turbellaria 30.9 3.27 2.6 5.93 80.9
Nematoda 2A 27.9 2.25 1.33 4.07 84.9
Saccociridae 157.1 2.11 0.63 3.82 88.8

Acarina 16.5 1.93 1.22 3.49 92.2
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Table 3.15

SIMPER analysis showing the taxa most responsibléh®similarity of the samples
depicted as Group 2 of the dendrogram in Figure 3.7(all teedgsed).

Average similarity = 49.78%

Taxa Av.Abund. Av.Sim. Sim./SD Contrib.% Cum. %
Nematoda 1A 61.8 12 2.72 24.2 24.2
Turbellaria 31.8 8.49 1.42 17.1 41.3
Nematoda 2B 52.4 8.4 1.32 16.9 58.1
Nematoda 2A 26.2 6.05 1.75 12.2 70.3
Nematoda 1B 36 5.38 1.16 10.8 81.1
Ostracoda 10.3 1.87 0.66 3.75 84.9
Copepod nauplii 10.1 1.73 0.68 3.48 88.3
Sarcomastigophora 14.2 1.46 0.47 2.93 91.3

The dendrogram showing station similarities for the studg &eall sampling trips where
animals were identified to the highest taxonomic rank (Taldgi2.depicted in Figure 3.9.
Two main groups are shown as in Figure 3.7. Groups 1 and 2bistnfigures share most of
the same samples except in Figure 3.7, samples iiN2, vN@dadccur in Group 1 whereas
they move to Group 2 in Figure 3.9 (indicated by boxes) amgleaviSO occurs in Group 2
in Figure 3.7 but moves to Group 1 in Figure 3.9 (indicated by.bbxs indicates that
overall there was little difference in the Bray-Curtis Igsia whether meiofauna were
identified to major taxa or to a lower taxonomic rankkemrding group (Table 2.2).

The mutidimensional scaling (MDS) ordination which relai@ghe Bray-Curtis similarity

plot shown in Figure 3.9 is shown in Figure 3.10. The statoisured red and underlined
correspond with the Group 2 stations in Figure 3.9. This figuxeery similar to Figure 3.8

where taxa were analysed to the lower taxonomic rank efmefite stations that moved to
different groups as indicated by the boxes.
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Figure 3.9 Dendrogram showing hierarchical relationships between fenea
samples taken at Sezela beach idedtified to the major taxonomic rank (Table 2.3).
Similarity was computed using the Bray-Curtis coefficieemdd Square root
transformations. The Roman numerals i to vii inditaeesample date of which there
were seven (i to vii).
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Figure 3.10. MDS plot of all meiofauna samples identifedhe highest taxonomic
rank (Table 2.3). Stations in red and underlined correspathdtine Group 2 samples
in Figure 3.9. The boxed samples are those that changed @giveipbeing analysed
to the higher taxonomic rank.

The two groups depicted in the dendrogram in Figure 3.9 (@ewlio highest taxonomic
rank) are compared by SIMPER analysis in Table 3.16. &gman as in Table 3.13 it is the
crustacean taxon Harpacticoida that contributed the most (24)6% the dissimilarity
between the two groups. In Table 3.13, the harpacticoid fantiilae contributed highly to the
dissimilarity of the two groups were Cylindropsyllidae andaResochridae. The average
abundance of all the taxa in Table 3.16 is much higher for Gtdbpn for Group 2. Table
3.17 shows the taxa most responsible for the similarity leetwlee samples of Group 1. The
harpacticoid copepods contributed the highest percent (27.97%daroup while in Table
3.18 the nematodes and turbellarians contributed the most to tlegigmof Group 2 (73.85
% and 14.7 % respectively).
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Table 3.16

SIMPER analysis of Groups 1 and 2 depicted in Figure 3.9y&athto highest
taxonomic rank). Average dissimilarity = 74.05%

Taxa Group 1 Group 2
Av. Abund. Av. Abund. Av. Diss. Diss./SD Contrib.% Cum.%
Harpacticoida 256 15.5 16.1 1.54 21.7 21.7
Nematoda 229 165 12.4 1.07 16.8 38.5
Ostracoda 201 9.97 12.2 0.68 16.5 55
Annelida 216 10.1 11.7 0.78 15.8 70.8
Copepod nauplii 222 6.88 11.2 0.92 15.1 85.9
Gastrotricha 53 3.84 3.47 0.86 4.69 90.6
Table 3.17

SIMPER analysis showing the taxa most responsiblehersimilarity of samples
depicted as Group 1 of the dendrogram in Figure 3.9 (analysedh@shitaxonomic

rank). Average similarity = 44.16%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum.%
Harpacticoida 256 12.4 1.37 28 28
Nematoda 229 11.8 1.65 26.8 54.8
Copepod nauplii 222 6.36 1.32 14.4 69.2
Annelida 216 5.12 0.81 11.6 80.8
Ostracoda 201 4.82 0.65 10.9 91.7
Table 3.18

SIMPER analysis showing the taxa most responsibléh®similarity of the samples

depicted as Group 2 of the dendrogram in Figure 3.7 (analysedh@shitaxonomic

rank). Average similarity = 49.49%

Taxa Av. Abund. Av. Sim. Sim./SD Contrib.% Cum.%
Nematoda 165 36.6 2.4 73.9 73.9
Turbellaria 33.9 7.27 0.92 14.7 88.6
Harpacticoida 15.5 1.71 0.56 3.46 92
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3.5 TheNematode/Copepaod ratio

A one way analysis of variance (ANOVA) was carried wutest for significant differences
between stations over the seven sampling periods in terthe &f/C ratio. The data needed
to be logo transformed to meet the statistical assumptions ahaldy in order to proceed
with a one-way ANOVA. Figure 3.11 shows differences betwstations with the
untransformed data where one can see that Station Shéhdmvest N/C ratio. Higher ratios
occurred closer to the outfall. There was a large @egfevariability in the N/C ratio at
stations closer to the outfall and lower variabilitysegtions further away such as Stations N3,
S3 and S4 which had generally lower N/C ratios throughsuthawn in Figure 3.12. All
stations had low N/C rations during the April 2001 sampling@sion. The differences in the
mean values for the N/C ratios were greater thanldvbe expected by chance (P<0.05)
indicating a statistically significant difference, were thatatistic was 4.805 with P<0.001.
The pair-wise multiple comparison procedures revealed Station S4 was significantly
different to four other stations, namely S2, SO, N1ahdavith P values of 0.002, 0.002, 0.003
and 0.032 respectively. Station S3 was also revealed igroBcantly different to three other
stations namely S2, SO and N1 with P values of 0.033, 0.08®.845 respectively. These
two stations were the greatest distance from theegftloutfall.

The Nematode/Copepod (N/C) ratio was used to test whiethigoported the findings of the
groupings in the multivariate analyses. For sampliagas and times where replicates were
taken, the mean counts of Nematodes and Harpacticoid ipegere used. If one compares
the N/C ratios in Table 3.19 to the way the samples grodpragps 1 and 2 in Figures 3.7
and 3.9, it is evident that the majority of samples witlosebelow 4.5 cluster in Group 1 and
the majority of samples with a ratio above 4.5 clusterGmoup 2. Figure 3.7 is the
dendrogram for all taxa identified and the samples markeed and underlined in Table 3.19
indicate the samples found in Group 2 of Figure 3.7. In Groupyltwol samples have a N/C
ratio greater than 4.5, namely viN3 and iiN2 indicated witbles in Table 3.19. In Group 2
there were only 3 samples with a ratio less than 4.5elyant3, viS2 and viSO0 indicated by
boxes in Table 3.19. Figure 3.9 is the dendrogram for majer itkentified. Here the two
samples with higher ratios from Group 1 (viN3 and iiN2) in FegBuy7 move into Group 2 in
Figure 3.9 and the sample viSO found in Group 2 in Figure 3.7 nmotke&roup 1 in Figure
3.9. Therefore all samples found in Group 1 of Figure 3drhtos below 4.5 and only two
samples namely viS2 and ivS3 had ratios below 4.5 in Grodh@.N/C ratio values are
strongly aligned with the groupings shown in the dendrograrfsgures 3.7 and 3.9. There
was a slightly stronger agreement between the N/C ratithengroupings in the dendrogram
when the meiofauna was identified to major taxa level (Ei@u®). This was expected as the
Nematode feeding groups and the Harpacticoid families aregrauped as a single taxon in
the multivariate analysis. However the ratio would novdry efficient in revealing impacted
stations when the abundance of both Nematodes and Harpactiesidseén reduced by
adverse conditions. This was evident at Station viS2 wheredtal numbers of animals
ranged from 66 to 104 which was the lowest of all samplingpeta{Table A1.6) and a low
N/C ratio of 2 was recorded.
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Table 3.19
Nematode /Copepod ratios for the 8 stations and 7 sanyadieg
Sampling dates N3 N2 N1 SO S1 S2 S3 S4
(i) 4th July 2000 03 205 46 21 13 79 06 0.72
(ii) 30th August 2000 39 (32D 448 177 47 31 14 06
(iii) 13th December 2000 48 405 116 122 262 4.6 1 0.4
(iv) 26th January 2001 7.5 0.7 454 106 11.6 122 1.6
(v) 8th March 2001 2.6 04 175 141 299 107 08 0.4
(vi) 9th April 2001 2.6 0.6 2.5 22 08
(vii) 2nd January 2002 0.2 45 407 8 07 161 256 0.4
Nematode/Copepod Ratios
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Figure 3.11. Mean Nematode/Copepod ratios for the wholg gteribd for each site.
Bars indicate standard errors (n=7).
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3.6  Physical and Chemical assessment of the environment

The results of the chemical analyses and sediment girmnanalyses are in Appendix 2 in
Tables A2.1 to A2.21.

A BIO-ENV procedure was run with PRIMER, which selects cimialions of environmental

variables that best relate to the observed biologicabmatf the CLUSTER and MDS

analysis. The combination of salinity, dissolved oxygen rmedn sediment grain size was
shown to contribute the most to the observed biological patternavittvalue of 0.1. For a

perfect match, P = 1 and for no correlation, P = 0, tbexethe correlation between the
measured variables and the abiotic data was not verygstr

Scatter plots were generated to compare three biologiciables (Total meiofauna numbers,
numbers of taxa and the nematode/copepod ratio) withmdewof physical and chemical

variables. A regression analysis was then done toltessignificance of these relationships
and the results are ahown in Table 3.20.

From Table 3.20 the strongest correlation feamd between total numbers of meiofauna and
nitrogen in the interstitial waters with a product momemtrelation coefficient of 0.96. The
regression analysis revealed a P < 0.01 indicating a smmiffositive relationship between
these two variables. The R-squared statistic indicatéshitanodel as fitted explains 91.87%
of the variability in total numbers of meiofauna. Thigygests a strong influence of organic
input on meiofauna numbers at Sezela. The scatter plbeafdrrelation is shown in Figure
3.12.

Table 3.20

Regression analyses between the physical and cheraitalbles and three biological
variables: Total numbers, number of taxa and the Nem&ogdepod ratio. The P
values in bold and underlined indicate significant relstgs.

Sed. Size  COD-W_ COD-sed  Kjel-W Kjel-sed DO pH Salinity  Ammonia % gravel  Fine sand
Total No.s
P value 0.0043 0.0023  0.6226 0 0.0252 05506 0.4662 0.1357  0.003 0.0379 0.0768
Correlation coefficient  -0.376 0.399 0.0672 0.959 0.299 -0.082 0.0993 0.202 0.3898 -0.2781 0.2384
R-squared 14.12% 15.89% 0.45% 91.87%  8.93% 0.66% 0.99% 4.07% 15.20% 7.74% 5.68%
Stand.error of Est. 493.747 488.64 531.59 151.89 508.44 531.02 530.16 521.83 490.643 511.763 517.432
No. of Taxa
P value 0.1193 0.529 0.0027 0.5616 0.1193 0.052 0.969 0.0873 0.5819 0.2158 0.2248
Correlation coefficient  0.2105 0.0859 -0.394 0.0792 0.211 0.261 0.0053 0.231 0.0752 0.168 -0.165
R-squared 4.43% 0.74% 15.53% 0.63% 4.43% 6.82% 0.00% 5.32% 0.56% 2.82% 2.72%
Stand.error of Est. 3.937 4.012 3.791 4.015 3.94 3.887 4.027 3.918 4.016 3.97 3.972
Nem/Cop ratio
P value 0.0385 0.5805 0.3692 0.3486 0.297 0.3841 0.8813 0.01 0.4448 0.186 0.7597
Correlation coefficient  -0.2773 -0.075 0.1223 -0.128 -0.142 -0.119 -0.02 -0.3417  -0.1042 -0.1793 -0.0418
R-squared 7.69% 0.57% 1.50% 1.63% 2.01% 1.41% 0.04% 11.68%  1.09% 3.22% 0.17%

Stand.error of Est. 61.341 63.663 63.366 63.323 63.199 63.395 63.832  60.002 63.498 62.81 63.789
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Figure 3.12. Scatter plot of the product moment correlatioefficient of 0.96

between Kjel-N of the interstitial waters and totabers of meiofauna.

There were other significant correlations noted for otlagiables (P values in bold in Table
3.20). Total numbers of meiofauna had a significant megabrrelation with mean sediment
size and with % gravel. It also had a significant pasitcorrelation with COD in the
interstitial waters, nitrogen in the sediment, ammonme $and and nitrogen in the interstitial
waters as mentioned above. Higher COD and nitrogen and amnalu&s suggest higher
organic enrichment which was resulting in increased totabers of meiofauna.

A significant negative correlation between numbers ofofagna taxa and COD in the
sediment was revealed (Table 3.20). There was also aicigmipositive correlation between
numbers of taxa and dissolved oxygen and salinity. Redsakwity suggests fresh water
input from ground water and the estuaries in the areahédle factors suggest that organic
enrichment may increase meiofauna numbers but reduasitive

There was a significant negative correlation betweerN#maatode/Copepod ratio and mean
sediment grain size and salinity suggesting increased narablarpacticoid copepods with
increased grain size and increased salinity.
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4. DISCUSSION

In studies of unpolluted and unperturbed sandy beached, (C888) gives numbers of total
meiofauna per 10 cito range from 60 to 2250, nematodes ranged from 35 to 1328 and
harpacticoid copepods ranged from 10 to 38%tudies of four sandy beaches in the Eastern
Cape, McLachlan (1977) found numbers of total meiofaund @end, at the low water mark

to range from 97 to 1320. Nematodes ranged from 71 to 220 and hanpacbpepods
ranged from 14 to 1014The numbers found for this study for total meiofauralecni and

to a depth of 20 cm ranged from 45 to 4414, nematodes ranged from 7277 tand
harpacticoid copepods ranged from 0 to 1121. Brown and MclLad¢h@90) stated that
beaches can display numbers between 50 per £0anth 3000 per 10 c¢milepending on
physical and chemical gradients with the highest values fintermediate beaches with
reasonable organic inputs.

Total numbers of meiofauna were significantly correlatégth nitrogen in the interstitial
waters (P <0.01) (Table 3.28luggesting that one of the strongest influences on meiofauna
numbers at Sezela to be related to organic input.pBitiern of high kjeldahl-N and dense
interstitial fauna on a beach is usually associated aviganic pollution (Oliffet al., 1967).

The notion that organic enrichment was influencing thel tmimbers of meiofauna was also
supported by significant (Table 3.20) relationships between totadbers and COD and
ammonia in the interstitial waters and nitrogen in thersedis (see Table 3.20).

A significant negative correlation was found between tatahrers of meiofauna and mean
grain size and % gravel and a significant positive caticel with fine sandAccording to
Gheskiereet al.. (2005b) sediment grain size is one of the main factorsending the
distribution of meiofauna and higher meiofauna densities arecegen coarser and
therefore more oxygenated sands. However the beaches theyl $tadienedian grain sizes
ranging from 0.375 up to 0.509 mm. At Sezela beach the mearigaizie ranged from 0.26
mm to 1.23 mm but 64% of the samples had mean grain sizes 85 mm and according to
a conceptual model by Brown & Mclachlan (1990) shown in Figure kbth interstitial
harpacticoids and nematodes reduce in abundance above 0.5 mnsigeai This then
explains the negative correlation between total numbetsrean grain size and % gravel for
this study.
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Figure 4.1 Conceptual model of response of sandy-beacHame#to a particle size
gradient (Brown and Mclachlan, 1990).

In terms of total numbers the only sample below 50 wagostiSO (closest to the out fall) at
45. Almost any disturbance was found by Coull & Palmer (1984g<alt in an immediate
decrease in the abundance and diversity of all the meiofaugatind a possible disturbance
here by the effluent. In terms of nematode numbers Sti&bhad the lowest at 21 with ivN3
also low at 30. Low harpacticoid copepod numbers wetezalwajor feature of the data with
40 of the replicate samples having numbers below 10.08¢a80 and S2 had the highest
frequency of samples <10 at 8 and 9 samples respectBtalyon N1 had 7, Station S1 had 5,
Station S3 had 3 and Station N3 had 6 samples. Crustaceapsgrparticularly the
harpacticoid copepods are generally considered to be the msgiveegroups to pollution
impact (Sarkka, 1995; Carmenal, 2000 & Leeet al, 2001). The above evidence seems to
indicate that all stations may have been affected at ®tage except for Station S4 which
was the greatest distance from the effluent outfakldb suggests that Stations SO and S2
were possibly the most heavily impacted by the effludotever, the large range of numbers
found for this and other studies reflects a large natamgbility in numbers which occurs in
relation to natural fluctuations in wave height, sand mowraed organic input from the
marine environment and terrestrially from fresh water ssustich as estuaries, storm water
drains and ground water. Further to this the strong letioe of meiofauna numbers with
nitrogen and COD of interstitial waters, suggests thatvér@bility in numbers cannot be
directly linked to the effluent discharge unless it reprissére only source of organic input.
Other studies have also shown that the variability of nhtmaditions effects meiofauna
population dynamics making it difficult to relate pollutionthe observed fluctuations. Ansari
& Ingole (2002) investigated the short and long term effe€ta duel oil spill from a
grounded shipM V Transporter”on meiofauna of a sandy beach of the central wesstt af
India and found that the effects of the oil spill were oanfled with seasonal monsoon
effects and beach dynamics. Large seasonal variatidihg ioccurrence of meiofauna occurs
in Indian beaches due to the south west monsoons and thersadtiund that the
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synchronization of the monsoons with the maximum concentratibnpetroleum
hydrocarbons in the sediment made it difficult to deternteeeffect of the oil spill on the
meiofauna. They found that meiofauna were highly resiiiemature and recovered quickly,
and thus long term effects were also difficult to detédter the Agip Abruzzaoil spill
Danovaroet al. (1995) also found meiofauna to be highly resilient recovegifter only 2
weeks and a few weeks later reaching a level almost ingisshable from pre-pollution
conditions.

From the analysis of variance (ANOVA) of a number pivariate measures, a significant
difference was found between Station S4 and Station S2rnms tef the number of taxa
present and also between Station S4 and Stations S91%Md N3 in terms of total numbers
with Station S4 having the highest (Figure 3.1(a) and (b)).\ilas the effluent causing the
reduced numbers at Stations SO, S2, N1 and N3 then S&tiovas possibly being the least
impacted by the effluent. Reduced numbers and taxa acaivei of impacted sites (Coull &
Palmer, 1984). Reduction in the total and species level awaf abundance after
contamination with hydrocarbons has also been demonstrathdn the natural habitat and
in laboratory experiments (Danovagbal.,1995 and Ansari & Ingole, 2002). In a laboratory
study Sandulli & De Nicola Giudici (1989) found a net declinealh meiofauna taxa
proportional to the applied organic load of sewage slubigavever, this may have been
partly related to factors imposed by experimental camabtias reduced numbers also
occurred in their controls. They state that in a f@tdation where recruitment can occur the
organic load equivalent to their lowest treatment of 99Cpg" may have resulted in faunal
enhancement. The strong positive correlation of meiofaumabews with nitrogen in the
interstitial waters for this study supports this ideavduld also have been worth assessing the
sediment organic content at each station for this dtardgomparison.

SIMPER analyses to establish which taxa were resporfsibtee various groupings in all of
the CLUSTER and MDS analyses revealed a higher average alsendlamost taxa in the
Group 1 samples compared to the Group 2 samples from Fig#e8.83, 3.7 and 3.9. As
mentioned for the ANOVA between stations in terms dfaltcmumbers, almost any
disturbance results in an immediate decrease in the aburalachciversity of the meiofauna
(Coull, 1988; Sandulli & De Nicola Giudici, 1989; Danovagb al., 1995 and Ansari &
Ingole, 2002). Therefore the Group 2 samples were possibhg bigipacted on by the
effluent. A rapid recovery of harpacticoid copepods from $ixth sampling occasion was
noted at Station viSO. This may be expected as effiwastnot being pumped to sea at that
time and meiofauna are known to recover rapidly from disturbdneenot only to active or
passive migration, but also to high intrinsic population ghopatential ie. short generation
times (Alongi, 1985). Changes in community structure can tékeepver a time span of
weeks to months rather than years (Hatipl.,1988). Further to this members of all the major
meiobenthic taxa have been found in the water column, atehst the better swimmers
among harpacticoid copepods and turbellarians may acte@le the sediment and disperse
by tidal currents (Armonies, 1990). The role of passive psasetn meiobenthic copepod
dispersal have been emphasized by Palmer (1988) to dommatere hydrodynamically
rigorous areas such as beaches. However Kern (1990) propasedtie behaviour is more
important in determining copepod dispersal and, ultimatgdpepod abundance in the
sediment. If population density is too high, food levels too, Ipatential mates relatively
unavailable, or it is otherwise unacceptable, a copepoldl savim out of the sediment to be
dispersed by currents or reduce behaviours that tend goréskt being entrained by flow
(Armonies, 1988; Commito & Tita, 2002). Once in the water calgopepods will largely be
passively transported by currents until they are depositachew patch. This would enhance
recovery of meiofauna in depleted areas. Ghesleerd., (2006) used a front end loader to
experimentally clean litter from a Belgian beach in ordeassess the effects of this on the
meiofauna. The top 5 cm of sediment were removed in thissgsoafter which they found
that the drop in meiofaunal densities caused by mechd@aah cleaning recovered to initial
values after the next high tide. Gheskietal., (2006) assumed that recolonization occurred
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via passive vertical migration forced by the upcoming tide, ftbenunderlying sediment
layers.

From the ANOVA between seasons of a number of uniwanmlices a significant difference
was found between summer and winter, autumn and wintebetwween summer and autumn
in terms of the numbers of taxa present (Figure 3.1¢@)fighest numbers of taxa were
recorded in autumn which coincided with the factoriesedoseason when no effluent was
being pumped to sea. Reduced numbers of taxa in wintddwawe been affected by lower
temperatures as most meiofauna communities exhibit sagasomsality, with greatest
abundances in the warmer months (Coull, 1987; Brown & McLachia@0). A significant
difference was found between autumn and summer inst@fmspecies richness with the
highest species richness recorded in autumn (Figure 3.2(@3)isTopposite to what would be
expected at a pristine site (Coull, 1987; Brown & McLaahl1990) and the higher species
richness in autumn could be related to the absencdlwémfbeing pumped to sea during the
autumn sampling run. Taxon diversity of the meiofauna phyld&es proposed as a possible
tool for the assessment of pollution effects by Heretaal. (1985). Taxon diversity is lower
in pollution conditions; this is caused mainly by the disappearahsome sensitive taxa e.g.
in the ostracods, gastrotrichs, halacarids, hydrozeadstardigrades (Vinx & Heip, 1991).
Therefore the above effect of higher species richness in autaymave been caused by the
lack of effluent discharge at the time and not seasorddlysignificant differences between
seasons were found in terms of the other univariate aadinalysed and are therefore not
discussed further.

The results indicated little difference in relationshipsMeen stations whether analysing the
meiofauna to a lower or higher taxonomic rank. For the asabfshe replicated data sets for
the 9" April 2001 and 2 January 2002, the samples labeled as Group 1 in Figure 3.3
(identified to lowest taxonomic rank) all group together aganGroup 1A in Figure 3.5
where the samples were analysed to the major taxonomic@aolps 2A and 2B in Figure
3.3 remain mostly the same with only four samples swoppositions between groups in
Figure 3.5 (analysis to major taxonomic rank) and Group &fnfFigure 3.3 moves into
Group 1 in Figure 3.5 as Group 1B. A SIMPER analysis revebidhe cause for this was
the combining of the nematode feeding groups, the annelid fanaihe the harpacticoid
families as single taxa. The greater numbers of thesernake these samples less similar to
the Group 2 samples and more similar to the Group 1 sainpkgure 3.5. Further to this
when comparing the MDS plots for the analysis to lower taxanoank (Figure 3.4) and
analysis to the higher taxonomic rank (Figure 3.6), the relgtiprbetween the three groups
of samples formed in the CLUSTER analyses does not afipearvery different except for
the four samples that changed groups as indicated by tiecsweias in Figure 3.6.

The analysis of all the data sets for the seven sampiires revealed the same conclusion
with little difference between the analysis to the Iowe higher taxonomic ranks. For the
CLUSTER analyses shown in Figures 3.7 and 3.9, two mairpgrare shown (Groups 1 and
2). The only difference between the two analyses wasfdomtstations changed groups.
Station viSO moved to Group 1 and Stations iiN2, viN2 and vN3 movedopX (indicated
by boxes). This is also apparent when comparing the two BIBS in Figures 3.8 (lowest
taxonomic rank) and 3.10 (highest taxonomic rank). Here too, thenstahat moved to
different groups are indicated by boxes.

In the sea phyletic diversity is extremely high and Gegl. (1990) found that both species
and phyla showed sequential responses to stressorsit Reades suggest that taxon richness
reflects the specific diversity and that little infation appears to be lost at higher taxonomic
levels (Mirto & Danovaro, 2003). Warwick (1988) found strong intiaces that pollution
effects are detectable at even higher taxonomic levels thaus g& family. Factors that
influence the occurrence and abundance of species (btfalnand anthropogenic factors)
may still be recognised from monitoring based on higher taxonlewvéts (Herman & Heip,
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1988). Therefore, working at higher taxonomical levels thaispleeies is believed to convey
sufficient information (Moore & Bett, 1989) and is confirmadhis study.

However, in contrast to the observed general similaritywéah the analyses of samples to
lower and higher taxonomic ranks, the movement of Statidd mit® Group 1 in Figure 3.9,
indicates a possible recovery at the pipe station wherathplss are analysed to the major
taxonomic rank. It has been suggested that changes in cotyrstrncture also occur due to
natural variables which may mask the effects of pollutiahraaltivariate analyses based on
higher taxa may more closely reflect gradients of coimaton or stress than those based on
species data, the latter being more affected by ‘nuis@ne&gonmental variables (Warwick,
1988a & 1988b and Heipt al., 1988). In many situations this is due to changes in natural
environmental variables from place to place or time to tinhéchvmay result in species
replacement, since species are normally adapted terra#itrow ranges of environmental
conditions. This may confound any change in pattern due top#mturbation under
investigation. However natural environmental variables, sgchvater depth or sediment
granulometry, may not alter the proportions of major tanegent, and if there is a degree of
coherence among species in these higher taxa with respbetrtoesponse to a perturbation,
the response will be more evident above the natural environnmensa (Warwick, 1993). If
one looks at the raw data in Appendix 1 (Tables Al.1 to Al.1§,apparent that Station SO
had extremely low numbers of harpacticoid copepods ot the study period (range O to
21) with the exception of a considerable increase on the saxtipling occasion of numbers
ranging from 185 - 226 harpacticoids (Table A1.6). This appeare & progression towards
recovery after only a couple of weeks of effluent stggpavhich is hidden by the analysis to
lower taxa and is possibly indicative of what Warwick (19884988b) terms ‘nuisance’
variables where natural variables effect the communityciire at lower taxonomic levels
and complicate the detection of pollution effects. It mayplbssible that a pioneer species
within the family Paramesochridae initially colonisesaaea after the cause of the negative
impact has ceased as it may be more resilient taa$idual pollutants in the sediments.
Therefore the signal of environmental recovery in this sasens to be more visible when
analysis is made of major taxaccording to Somerfield & Clark (1995) whatever
taxonomical level the analysis is carried out to, intégtle results are possible, especially if
the pattern of community change is marked and the respongmtiigon event can be more
clear-cut at higher taxonomic levels than the species (exglFamily, order and/or Phylum).

An analysis of similarity (ANOSIM) of the replicatethta sets for theé"9April 2001 and 2
January 2002, showed that the ranked similarities betweeicategl within a station were
significantly greater than the ranked similarities gflicates between different stations. The
global R statistic values for all taxa identified adlvae major taxa identified was 0.948 and
0.914 respectively with an associated significance levelk@i @1 for both analyses. This
suggests that sites were still highly distinguishable from another whether the meiofauna
was identified to major taxonomic ranks or divided into lotexa. This was also evident in
the CLUSTER analyses of these two data sets, whelieates within sites clustered closely
together, as shown by the small brackets in Figure 3.3 (adagdewest taxonomic rank)
and Figure 3.5 (analysed to major taxonomic rank). Accorir®@andulli & Pinckney (1999)
meiofauna are patchily distributed on tidal sand flats inetaion with microalgae which are
also patchily distributed and constitute a primary food soiarca wide variety of meiofaunal
organisms such as nematodes, copepods, protistans, oligscHhaebellarians, polychaetes
and amphipods. However the high similarity of replicates witstations for this study
suggests low patchiness per station within the swash zohiglo®nergy beaches. Moreab
al. (2006) suggested that on sandy beaches autotrophic primary pooduas negligible and
stronger correlations exist between meiofauna, bactend,oaganic matter. It has been
suggested that the main function of the beach intefgifsiem is the processing of organic
materials flushed into the sand (Brown & McLachlan, 1990ss@lved and particulate
organic matter, is mineralized by a food chain with lottephic bacteria as its base (Brown
& McLachlan 1990). Ciliates, nematodes and harpacticoid ansefjeed on particulate
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organic matter and bacteria and tubelarians and predatoryotsadeed on other meiofauna
(Reise, 1985). Therefore most beaches function as biologiies$ fthat mineralize organic
materials and have no direct trophic interactions witheio food chains (Brown &

McLachlan, 1990).

The SIMPER analyses of the replicated data sethéo8" April 2001 and 2! January 2002,
revealed that only the sarcomastigophorans had a higher abumi@eip 2 samples from
Figures 3.3 and 3.5 shown in Tables 3.1 and 3.7. It is knowrsdhag Foraminifera (a most
conspicuous order within the Sarcomastigophora) are moeeamblto heavy metals than
nematodes (Gustafssah al, 2000) and previous work has shown that some Foraminifera
species thrive in organically enriched, oxygen-depleted @mvients (Goodagt al., 2000).
Sarcomastigophorans are tolerant of reducing conditions addofe bacteria, diatoms, other
protozoans and even metazoans (Brown & McLachlan, 1990). wowhbke relationships
between free-living protozoa and meiofauna are virtually unknongi, 1985). Certain
species of sarcomastigophorans may therefore be good indicatosome types of
anthropogenic perturbations.

For both analyses to lower and higher taxonomic ranks of shéna replicated data sets, the
nematodes, turbellarians and sarcomastigophoran numbers @ayedjor role in the
similarities of the Group 2 samples. The relative abundainte mematods and turbellarians
and the reduced numbers of crustacean taxa, were timecowributors to the similarity of
the Group 2 samples for the analysis of all data setalf@even sampling times. For the
analysis to lower taxonomic ranks for all the data setly, the 2B nematodes (predatory) and
tubellarians had higher abundances in Group 2 than in Group He(Bal3). Higher
population densities of large predatory/omnivorous nematodesoanglly associated with
heavily organically polluted areas and/or physically distdrsystems (Nettet al, 1999 and
Danovaro, 2000). Turbellarians are also known to be voragomedators (Danovaro, 2000
and Gray & Rieger, 1971) and their greater relative abundaageatso be indicative of
organic pollution, filling a similar niche to the 2B nematdéematodes are also assumed to
be quite resistant to sediment organic enrichment ancesiudting reducing conditions, and
some species are permanently found in suboxic sedimeirts @al.,2000).

A number of crustacean groupentributed to the similarity of the Group 1 samples in the
analysis of the last two sample sets (Table 3.2) namehepod nauplii, ostracods and
harpacticoid copepods of the family Paramesochridae. Wwass also true for the Group 1
samples in the analysis of all the data sets where highebers of copepod nauplii,
ostracods, Cylindropsyllidae and Paramesochridae playedjar role in their similarity.
Crustacean groups are generally considered to be the ewstivse groups to pollution
impacts particularly the harpacticoid copepods (Sarkka, X&Bnanet al, 2000 and Leet

al, 2001) and so Group 1 possibly consisted of samples besopfsenced by the effluent.

In assessing the Nematode/Copepod ratio (N/C), the stuslgzafla beach indicated a ratio of
over 4.5 for the majority of samples that cluster as G&pigures 3.7 and 3.9). Warwick
(1981) suggested that pollution might be indicated by N/C ratfoaround 40 for fine
sediments and 10 for sands. These values are much lbesertite values of over 100
suggested by Raffaelli & Mason (198 R)n impacted site could have a low N/C ratio due to
both groups being in low abundance such as Station viS2 cdlleatehe sixth sampling
occasion. This station had low numbers of all the taxia &mean total number of animals of
83.67 and a low N/C ratio of 2. But this is the only stati@t stands out in this manner.

From the regression analyses the N/C ratio had a signifinegative correlation with mean
sediment grain size and salinity (Table 3.10). This isnaght be expected as according to
McLachlanet al. (1981), proportions of nematodes decrease and harpacticoidssiaaxéh
increasing particle size above the range of 0.2 to 0.9 mm. Fofahis general pattern he
suggested that nematodes should disappear above a mean gaéctH 1.34 mm and
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harpacticoids should disappear below 0.07mm particle sizeavidgrage South African beach
has a median particle diameter of 0.35 mm (or 0.285 mrheifcbarsest southern Natal
beaches are ignored) and nematodes and harpacticoids in r#sdiohemedian particle
diameter of 0.33 mm should respectively make up 38 % of thefane® (McLachlaret al.,
1981). A negative correlation of the N/C ratio with salinityggests greater numbers of
harpacticoid copepods in response to less influence fromagser runoff and the influence
of the nearby estuaries.

Raffaelli (1987) discussed the variable behaviour of the BiiG in organic pollution studies.

It was concluded that differences in the habitat requiresngnhematodes, mesobenthic and
epi-/endobenthic copepods affected the responses of tteegesdo organic pollution. It was
found in the sublittoral environment that epi-benthic copspedmetimes increase in
response to organic pollution while nematodes decreaseirshstiidies of the N/C ratio by
Raffaelli and Mason (1981) were done on sandy beaches wherkathgositive results and
therefore this tool may be appropriate for this environmdate one is dealing mainly with
mesobenthic copepods and organic pollution is rarely semough on high energy beaches
to produce a significant decline in nematodes (Raffaelli, 198% results for this study had
some merit in terms of the use of the N/C ratio but in sgostwhere both nematodes and
harpacticoids ie total meiofauna (Coull & Palmer, 19&hdslli & De Nicola Giudici, 1989;
Danovaroet al., 1995; Leeet al., 2001 and Ansari & Ingole, 2002) had been reduced by
adverse conditions the ratio could not reveal the impattasiat Station viS2.

From an ANOVA of the Nematode/Copepod ratios, betvadethe stations, Stations S4 and
S3 were found to be significantly different to Stations S2,and N1 with Station S4 also
being significantly different to Station S1. The lower ra the stations further away from
the effluent outfall possibly indicated less impact frama effluent at these stations (Figure
3.11).

The BIO-ENV procedure that relates environmental variatdeghe observed biological
pattern revealed that a combination of sediment grain dizeplved oxygen and salinity
contributed the most to the community patterns observed fienMDS plots in Figures 3.8
and 3.10. However the correlation between these measuiatllearand the biotic data was
not very strong with P = 0.1.

Sediment grain size is one of the main factors influentimg distribution of meiofauna
(Gheskiereet al., 2005b). Meiofauna distribution is related to the degree ahage and
oxygenation of the sediment and abundance drops off drastinalgduced layers of the
sediment (McLachlan & Erasmus, 1983). Therefore largercimdize would be expected to
correlate with increased oxygen concentrations. Fromrégesssion analyses numbers of
meiofauna taxa showed a significant positive correlateth wissolved oxygen and a
significant negative correlation with COD in the sedimgfitable 3.20) signifying higher
diversity in less enriched and higher oxygenated sedim&n&ezela beach the mean particle
size ranged from 0.26 mm to 1.23 mm. In sands above 0.2 mm ib&auma is usually
entirely interstitial and as most open sandy beaches draie sizes in the range 0.2 to 0.5
mm, interstitial nematodes and harpacticoids are almestya dominant (McLachlan &
Erasmus, 1983). Sezela beach tended towards the coarsé #ideaange and therefore the
correlation of sediment grain size with dissolved oxygenlavowt be expected to have a
marked impact on the meiofauna unless some other unmeasuaddevevas contributing to
the biological community changes.

Salinity variations as a factor in influencing the observietbgical pattern probably resulted
from the proximity of the three estuaries and storm mdtain in the area which were
possibly adding to the observed variability in the meiofaunanoamties on the beach.
Benthic communities in brackish water have lower denséres fewer species than either
pure marine or pure freshwater communities (Gheskieaé, 2005b) and from the regression
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analyses numbers of taxa showed a significant positivelabon with salinity (Table 3.20).
Other variables such as enrichment, insecticides fromldads etc. could also lead to
toxicity and possibly lower oxygen levels.

Rodriguezet al. (2003) states that the concentration of interstitial oxygeme of the most
relevant physical factors affecting the presence of meiw. The crustacean taxa had greatly
reduced average abundances in Group 2 samples. They are knbeshnighly mobile and
normally occur in well oxygenated environments and genesglpear to be highly sensitive
to hypoxic conditions, surviving only a few hours in oxygen-deficiater (Josefson &
Widbom, 1988). However, the Mdesingane river is opposite St&dowhich was shown to
be very stable with high numbers of all taxa, especiallistacean groups throughout the
study period. Station S4 was the greatest distance fhemeffluent discharge (1.5 km)
suggesting that the effluent possibly played a significateé in the variability of the
meiofauna communities at the other stations. However, asireeglby Clarke & Warwick,
(1994), linking the above variables to the biological pattern dad@monstrate for certain
that those variables are causing the observed biologicalrrpa@ausality is only ever
demonstrable by manipulative field or laboratory experimesihce the real causal variables,
affecting the biology, may not have been measured but be stromgilated with one or
more of the variables which were measured.

Due to the lower diversity of crustacean groups and lowarage abundance observed in the
Group 2 samples in the CLUSTER analyses, it was concludthis group possibly
represents samples negatively impacted by the efflueswelier the BIO-ENV procedure
weakly linked (P = 0.1) grain size, dissolved oxygen and salast the main measured
variables responsible for the observed biological patina.salinity aspect suggested other
possible sources of pollutants such as organic enrichn@nttfie nearby estuaries and the
storm water drain located opposite Station N1. Enrictiesd typically result in a depletion of
oxygen which, if not replenished, can cause a crash in tpalgimn, particularly the
crustaceans. Increased N/C ratios coincided mostly thieh Group 2 samples from the
CLUSTER analyses except were reduction in total meiofgneanatodes and copepods)
reduced the ability of the ratio to predict any negativeces.

The notion that anthropogenic environmental variables may éendoilmmunity responses at a
higher taxonomic level than natural environmental variableoishviurther exploration, as it
could lead to the solution of one of the major problems nbérpretation of benthic
community data in respect to pollution effects (Warwit®88). The effects of the effluent
become confounded by beach dynamics (Ansari & Ingole, 2002)iatpet a high energy
beach like Sezela with a constant alteration of wind tiorec Several investigators have
envisioned meiofauna variability to be caused by a continuingrdance/recolonization
process (Murrell & Fleeger, 1989). On the KwaZulu-Natal ctestvind directions alternate
between north east and south west resulting in periogliairnating along shore currents
which would spread the effluent north and south along ¢aelbfrom the source of the outlet.
It appeared that the effluent was impacting at Stationl8ihg periods of discharge as the
pipe is relatively short and effluent was observed beinghed back by the surf onto the
beach at Station SO which is located between two ridgesc&fthat run into the sea thus
concentrating the effluent between them. All the statefiosved indications of possibly being
influenced by the effluent at some stage except fordt&# which was the greatest distance
(2.5 km) from the discharge point. Here the meiofauna comynueinained very stable
throughout the study period. From this study, increased msmbk turbellarians and
sarcomastigophorans appears to be indicative of disturbanaedunced oxygen appears to
be the main chemical factor influencing the meiofauna.

Lack of sample replication during the first five samplingasions could lead to reduced
confidence in the validity of the above conclusions and futureiestushould include
replication on all sampling occasions. Increased sampleguéncy would also improve the
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determination of seasonal variability and total orgamiontent and chlorophyll-a
concentrations should be measured in the sediments torsugpwlusions made about
enrichment and oxygen depletion.
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APPENDI X 1: Meofauna Counts.

Table Al1.1
Sezela beach meiofauna per 206 sediment sample™July 2000
N3 N2 N1 SO Sla Slb Sic Sid S2 S3 sS4

Turbellaria 4 4 7 20 60 62 68 43 128 64 48
Nematoda 1A 32 146 16 4 14 3B 27 28 50 72 137
Nematoda 1B 12 28 9 7 4 4 12 4
Nematoda 2A 27 13 4 14 12 7 12 8 4
Nematoda 2B 4 8 6 4 10 11 8 21 20 46
Rotifera 2 4
Gastrotricha 2 2 6 6 38 42
Kinorhyncha 4
Annelida:
Pisionidae 20
Protodrilidae 24 2 2 4 11 52
Nerillidae 6 32
Hesionidae
Syllidae
Saccocirridae 101
polygordiidae
Dynophilidae
Oligochaeta
Tardigrada 8 2 6
Acarina 2 1 2 15 8
Ostracoda 176 3 2 4 84
Copepod nauplii 36 16 2 4 28 240
Harpacticoida:
Peltidiidae
Laophontidae
Cylindropsyllidae 4 4 2 4 73 160
Ectinosomatidae
Tachidiidae
Tisbidae 148 8 2
Paramesochridae 12 2 80 104
Isopoda 50
Sarcomastigophora 72 4 6 8
Total numbers 474 342 76 45 104 131 119 111 231 502 995
Total No. of Taxa 12 12 10 7 9 7 6 7 9 10 16
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Table A1.2
Sezela beach meiofauna per 200 sediment sample 30August 2000

N3 N2 N1 SO Sla Slb Sic Sid S2 S3 s4
Turbellaria 24 110 86 28 62 10 8 42 100 103 16
Nematoda 1A 38 330 106 43 51 54 54 22 30 236 117
Nematoda 1B 22 156 68 4 12 12
Nematoda 2A 15 128 44 4 4 2 4 2 28 20
Nematoda 2B 3 28 51 55 148 102 286 380 32 36 42
Rotifera 2
Gastrotricha 112 2 2 26 74
Kinorhyncha
Annelida;
Pisionidae
Protodrilidae 14 2
Nerillidae 6 100
Hesionidae 4
Syllidae 8
Saccocirridae 12 12 43 2
polygordiidae 2
Dynophilidae
Oligochaeta 2 64 8 2
Tardigrada 16 32 2 6
Acarina 9 8 4
Ostracoda 2 2 9
Copepod nauplii 20 9 5 8 40 4 4 132 103
Harpacticoida:
Peltidiidae
Laophontidae
Cylindropsyllidae 2 2 2 16 78 121
Ectinosomatidae 4
Tachidiidae 36 53
Tisbidae
Paramesochridae 4 6 14 16 80 100 2 108 168
Isopoda 2 26 74
Sarcomastigophora 28 304 67 4 4 2
Total numbers 146 1399 483 163 289 236 436 572 170 876 825
Total No. of Taxa 11 15 12 9 7 8 7 9 7 14 17
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Table A1.3
Sezela beach meiofauna per 200 sediment sample TDecember 2000

N3 N2 N1 SO S1 S2 S3a S3b S3c S3d sS4

Turbellaria 18 24 20 46 38 42 20 6 6 18 22
Nematoda 1A 28 142 100 52 56 52 116 48 42 40 62
Nematoda 1B 8 16 20 4 4 4
Nematoda 2A 2 12 28 4 6 4 14 11
Nematoda 2B 18 22 198 72 16 20 13 9 40
Rotifera 2 2
Gastrotricha 6 2 152 64 38 4 122
Kinorhyncha

Annelida:

Pisionidae 4 4
Protodrilidae 4 14
Nerillidae 4

Hesionidae

Syllidae

Saccocirridae 2 4 4 19 14
polygordiidae

Dynophilidae 8

Oligochaeta 2 16 2 4
Tardigrada

Acarina 6 4 10 2
Ostracoda 2 62 57 28 90 812
Copepod nauplii 2 16 86 41 141 38 86
Harpacticoida:

Peltidiidae

Laophontidae

Cylindropsyllidae 2 26 120 115 80 40 120
Ectinosomatidae 25 12 28
Tachidiidae 32 36 96 16 40
Tisbidae 16 64 104 76
Paramesochridae 2 2 52 10 64 32 128
Isopoda 8
Sarcomastigophora 2 72 4 6
Total numbers 70 274 152 172 300 228 696 513 656 426 1466

Total No. of Taxa 6 10 4 7 5 11 15 14 15 16 14
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Sezela beach meiofauna per 200 sediment sample Z6lanuary 2001

N3 N2 Nla Nilb Nlc Nid SO S1 S2 S3 S4
Turbellaria 4 8 20 21 8 5 112 22 44 16 20
Nematoda 1A 5 158 53 126 85 81 12 8 20 40 80
Nematoda 1B 4 5 23 36 31 14 9 14 52
Nematoda 2A 6 3 30 65 50 18 11 4 2 19 5
Nematoda 2B 15 40 105 136 99 103 74 150 111 11 29
Rotifera 61 2 4
Gastrotricha 6 19 10 17 6 21
Kinorhyncha
Annelida:
Pisionidae 5 11 4 2
Protodrilidae 8 12 2 25
Nerillidae 2 2 2
Hesionidae
Syllidae
Saccocirridae 2 25 6
polygordiidae
Dynophilidae 10
Oligochaeta 182 6 9 1 13 3
Tardigrada
Acarina 2 10
Ostracoda 6 4 7 15 2 5 1251
Copepod nauplii 8 118 2 8 21 7 26 86
Harpacticoida:
Peltidiidae
Laophontidae
Cylindropsyllidae 44 4 4 14 4 30
Ectinosomatidae 4 13
Tachidiidae 89 25
Tisbidae 113 10 28 26 6
Paramesochridae 25 2 3 2 71 48
Isopoda 11
Sarcomastigophora 6 7 2 10 6 12 4 5
Total numbers 126 828 267 478 355 299 228 227 180 219 1699
Total No. of Taxa 11 15 13 14 14 15 8 7 5 12 16
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Table A1.5
Sezela beach meiofauna per 200 sediment sample"8March 2001
N3a N3b N3c N3d N2 N1 SO S1  s2 S3 S4
Turbellaria 5 8 4 8 4 21 71 20 24 10
Nematoda 1A 32 22 16 42 13 182 184 303 85 62 22
Nematoda 1B 14 14 8 14 22 121 94 46 8 39 28
Nematoda 2A 4 10 10 10 5 24 35 45 6 12 4
Nematoda 2B 66 41 59 79 16 41 39 145 196 108 11
Rotifera 2 2 3 4 2
Gastrotricha 4 5 10
Kinorhyncha
Annelida;
Pisionidae 4 6
Protodrilidae 4 4 6 19 22 16
Nerillidae 1 4 3
Hesionidae 6
Syllidae
Saccocirridae
polygordiidae 12 20 18 12 11
Dynophilidae
Oligochaeta 16 2 4
Tardigrada 4
Acarina 6 14 7 4 11 4 15
Ostracoda 50 23 46 30 63 31 18 4 22 1220 1336
Copepod nauplii 12 9 156 30 19 8 85 29
Harpacticoida:
Peltidiidae
Laophontidae 25 2 6 8 12 16
Cylindropsyllidae 16 8 4 65 281 128
Ectinosomatidae 44 10 44 2
Tachidiidae
Tishidae 2 32 10 6 4 4 9
Paramesochridae 28 11 13 14 2 8 4
Isopoda 28 15
Sarcomastigophora 30 2 2
Total numbers 287 150 209 269 434 528 491 632 329 1910 1651
Total No. of Taxa 13 10 13 13 14 14 13 14 9 14 17
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N3a N3b N3c N2a N2b N2c Nla N1b Nlc S0a S0b S0c sod Sla Sib Slc S2a S2b S2c S3a S3b S3c Sda S4b S4c
Turbellaria 4 6 6 5 4 8 16 4 20 44 32 40 34 104 90 66 8 8 14 12 8 34 2 16 4
Nematoda 1A 89 22 26 112 60 12 44 20 45 213 192 145 216 74 79 179 8 6 28 44 90 120 44 125 62
Nematoda 1B 88 7 20 45 30 29 48 50 60 229 240 212 241 70 42 66 2 10 112 139 159 21 16 24
Nematoda 2A 23 6 35 6 32 12 43 200 6 79 292 45 62 100 9 2 5 5 19 8 12
Nematoda 2B 39 35 80 5 8 6 21 20 22 9 20 28 86 120 126 18 14 18 66 90 154 10 21 10
Rotifera
Gastrotricha 8 3 24 62 46 8 2 59 39 40 5 2 52 32 126 6 24 38
Kinorhyncha 4 8
Annelida:
Pisionidae 4 4 4 6 4
Protodrilidae 15
Nerillidae 4 2 4 10 8 4 8 8 2 3 2 6 2
Hesionidae 2
Syllidae
Saccocirridae 6 2 6 4 4 15 71 51 56 12 12 17 33 1296 1710 1120 56 25 70 25 50 62
polygordiidae
Dynophilidae
Oligochaeta 4 5 14 2 24 16 4 4 6
Tardigrada 4 4 4 5 2
Acarina 3 7 16 18 32 4 6 6 16 25 25 33 4 2 34 15 50 18 32 54
Ostracoda 48 31 68 32 80 60 60 50 25 30 35 31 18 16 13 2 4 10 2 90 74 72 425 856 568
Copepod nauplii 15 7 12 65 88 136 92 54 41 54 70 70 56 52 120 11 101 54 200 30 108 146
Harpacticoida:
Peltidiidae
Laophontidae 4 2
Cylindropsyllidae 5 8 12 41 3 2 65 14 28 2 44 2 48 16 80 41 149 192
Ectinosomatidae 4 8 16 12 3
Tachidiidae 12 36
Tisbidae 24 20 28 30 18 36 21 13 20 21 8 5 4 3
Paramesochridae 2 20 20 4 159 134 212 168 170 167 205 160 56 56 124 54 92 15 31 12
Isopoda 2 6 6 2 6 24 30
Sarcomastigophora 4 6 2
Total numbers 336 120 239 355 246 286 677 582 676 992 773 829 1194 2104 2332 1938 80 104 66 758 632 1214 656 1470 1206
Total No. of taxa 15 10 10 12 12 17 16 14 15 14 14 14 15 15 15 13 12 10 6 14 17 14 15 14 14
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Table A1.7
Sezela beach meiofauna per 200 sediment sample’2January 2002

N3a N3b N3c N2a N2b N2c Nla N1b Nlc S0a S0b S0c sod Sla Sib Slc S2a S2b S2c S3a S3b S3c Sda S4b S4c
Turbellaria 22 8 13 50 48 20 40 96 38 57 46 36 40 50 60 75 28 8 20 46 64 32
Nematoda 1A 62 32 40 78 299 164 14 16 20 26 39 39 40 34 30 80 10 44 16 54 60 14 84 100 56
Nematoda 1B 31 30 40 64 200 212 18 36 30 46 30 23 74 134 85 212 39 35 52 26 41 65 140 104 180
Nematoda 2A 32 25 21 22 54 60 9 20 32 30 31 30 58 16 26 30 42 16 28 52 21 56 80 105 112
Nematoda 2B 50 26 9 12 14 12 5 4 16 18 2 26 54 60 70 16 8 8 6 15 20 56 28
Rotifera 21 4
Gastrotricha 11 126 240 230 3 61 126 400 28 25 116
Kinorhyncha 4
Annelida:
Pisionidae 12 6
Protodrilidae
Nerillidae 32 12 4 315 246 413 4 12 6
Hesionidae 15 50 12
Syllidae
Saccocirridae 3 125 101 162 2 6 35 15 25 5 553 400 760
polygordiidae 4 3
Dynophilidae
Oligochaeta 50 49 51 104 136 90 380 141 360
Tardigrada 8 2 4 6 4 6 14 5 12
Acarina 25 4 25 16 64 21 48 60 52 2 10 5 2 42 5 30 2 12 6 5 13
Ostracoda 132 108 170 69 109 160 6 12 16 2 3 2 213 59 351 4 9 121 209 140
Copepod nauplii 288 3199 876 150 150 400 8 8 4 3 2 2 756 425 608 2 206 280 232
Harpacticoida:
Peltidiidae 2 2
Laophontidae
Cylindropsyllidae 244 861 432 40 2 804 47 264 2 3 4 90 128 193
Ectinosomatidae 4 6 8
Tachidiidae 12 96 15
Tisbidae 32 36 99 56 101 3 2 25 8 24
Paramesochridae 12 16 12 8 16 8 2 2 36 8 32 5 4 342 832 913
Isopoda
Sarcomastigophora 3 20 241 170 4 12 136 18 121 114 6 6 48 31 55 2 3 4
Total numbers 1027 4414 1733 1154 1925 2115 246 257 340 308 251 264 381 2648 1091 2532 215 207 238 184 141 195 1742 2409 2806
Total No. of Taxa 17 14 14 17 16 17 12 8 9 12 11 9 10 16 17 15 9 9 7 10 7 8 14 14 15




81

Appendix 2: Chemistry and sediment grain size results.

Table A2.1
Chemical analysis of interstitial water samples made 4" July 2000

Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia

mg I ug It mg I* %o ug It
N3 0.14 75 7.31 8 28.6 69
N2 0.11 127 3.42 7.8 28 69
N1 0.16 370 1.83 7.8 28.8 89
S0 0.26 394 1.32 7.4 29.1 30
S1 0.16 204 3.21 7.5 26.9 82
S2 0.12 58 2.7 7.8 20.7 106
S3 0.12 396 5.51 7.9 28.4 63
S4 0.2 749 6.72 8 28.5 142
Table A2.2

Chemical analysis of interstitial water samples maie 3¢' August 2000

Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia

mg I ug It mg I* %o ug It
N3 0.45 402 4 8.1 31.2 79
N2 0.41 204 411 7.6 19 63
N1 0.37 186 4.32 7.6 20.8 59
S0 1.22 2509 2.83 7.8 30.2 166
S1 0.53 235 4.22 7.8 29 33
S2 0.69 255 3.11 7.7 24.1 131
S3 0.49 69 4.2 7.6 31.3 44
S4 0.24 206 3.52 7.7 31 28
Table A2.3

Chemical analysis of interstitial water samples naie 13' December 2000

Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia
mg I ug It mg I* %o ug It

N3 0.47 560 2.57 7.7 35.1 35

N2 0.98 456 5.04 7.4 32.5 130

N1 0.54 311 5.23 7.9 35 11.8

S0 0.4 310 7.8 7.4 34.8 35

S1 0.69 457 7.9 7.9 34.9 35

S2 0.4 433 8.39 7.9 34.9 106

S3 0.54 268 9.38 7.9 35 11

S4 0.76 426 8.69 7.7 33.6 134




Table A2.4
Chemical analysis of interstitial water samples maie 26' January 2001
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Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia

mg I ug It mg I* %o ug It
N3 0.98 228 4.56 7.8 33.7 34
N2 0.98 289 4.28 7.7 33.3 178
N1 0.75 267 4.6 7.8 31.6 51
S0 1.28 47 4.46 7.6 29.4 414
S1 0.75 352 3.81 7.8 34.6 27
S2 0.6 211 5.25 7.9 34.4 41
S3 1.2 246 6.05 7.9 25.6 31
S4 1.65 418 4 8.1 34.8 24
Table A2.5

Chemical analysis of interstitial water samples nate 8' March 2001

Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia

mg I* ug It mg I* %o ug It
N3 0.8 170 6.02 7.1 34.7 36
N2 0.66 186 3.89 7.5 27.5 29
N1 0.8 186 3.15 7.7 32.4 129
S0 1.15 444 2.87 7.1 34.4 626
S1 1.07 216 3.43 6.9 34.6 365
S2 0.88 178 3.7 7.8 34.2 215
S3 1.01 123 5.56 7.8 34.6 34
S4 0.78 394 5.09 7.7 34.5 70
Table A2.6

Chemical analysis of interstitial water samples ae §" April 2001

Staton ~ CcODmn  Kjel-N DO pH Salinity Ammonia
mg I ug It mg I* %o ug It

N3 0.38 435 7.9 7.9 35.3 190

N2 0.25 369 8.1 7.4 35.3 08

N1 0.3 493 4.44 7.5 35.3 129

S0 0.46 357 5.83 7.7 35.2 08

S1 0.38 562 4.74 7.6 35.2 251

S2 0.38 871 8 7.9 35.1 631

S3 0.21 834 5.51 7.5 35.2 606

S4 0.13 196 7.8 7.9 35.3 67
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Table A2.7

Chemical analysis of interstitial water samples nate 2 January 2002
Station cobmn  Kjel-N DO pH Salinity Ammonia

mg I ug It mg I* %o ug It

N3 0.22 677 5.85 8.1 35.3 37
N2 1.17 1015 6.32 8 35.6 28.8
N1 0.66 861 2.79 8 35.5 28.8
S{0) 0.95 380 1.19 7.8 35.3 49.3
S1 1.69 1079 6.3 8 35.3 28.8
S2 0.51 636 1.89 7.7 19.4 53.5
S3 0.51 2365 2.26 7.8 34.1 45.2
sS4 4.48 1766 5.45 7.9 35.3 251

Table A2.8

Chemical analyses of sediment samples taker"dluly 2000
Station COD(mn) Kjel N

mgg Hg g

N3 0.089 32.7

N2 0.028 21.2

N1 0.085 39.5

SO 0.09 37

S1 0.085 39.2

S2 0.076 39.9

S3 0.088 41.2

S4 0.066 32.2

Table A2.9

Chemical analyses of sediment samples taken 8m@gust 2000
Station COD(mn) Kjel N

mgg Hg g

N3 0.051 23.5

N2 0.044 31.2

N1 0.057 39.7

SO 0.064 38.6

S1 0.064 48.4

S2 0.059 26.1

S3 0.064 43.4

S4 0.04 23.3
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Table A2.10
Chemical analyses of sediment samples taken 8iD&8ember 2000
Station COD(mn) Kjel N
mgg Hg g
N3 0.103 27.1
N2 0.11 8.3
N1 0.06 28.7
SO 0.108 17.2
S1 0.079 19.8
S2 0.083 28.8
S3 0.077 64.1
S4 0.074 <1.0
Table A2.11
Chemical analyses of sediment samples taken Bd@6uary 2001
Station COD(mn) Kjel N
mgg Tleks)
N3 0.036 27.1
N2 0.042 24.8
N1 0.027 33.4
SO 0.036 30.8
S1 0.036 36.1
S2 0.027 23.2
S3 0.018 25.9
S4 0.028 25.7
Table A2.12
Chemical analyses of sediment samples taker"dvisBch 2001
Station COD(mn) Kjel N
mgg Teks)
N3 0.038 19.3
N2 0.028 33.6
N1 0.053 30.3
SO 0.074 25.8
S1 0.124 12.9
S2 0.064 25.2
S3 0.115 19.6

S4 0.001 24.4
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Table A2.13
Chemical analyses of sediment samples taker"okpéil 2001
Station COD(mn) Kjel N
mgg Hg g
N3 <0.01 40.5
N2 <0.01 47.0
N1 <0.01 21.8
SO <0.01 26.5
S1 <0.01 146
S2 <0.01 23.6
S3 <0.01 17.1
S4 <0.01 16.1
Table A.14
Chemical analyses of sediment samples takerbiauary 2002
Station COD(mn) Kjel N
mgg Tleks)
N3 0.046 18.9
N2 0.054 46.8
N1 0.027 22.8
SO 0.067 33.4
S1 0.059 101
S2 0.051 36.3
S3 0.076 58.1

S4 0.108 75.5
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Table A2.15
Particle size distributions for sediment samplestasn 4' July 2000

Station %Gravel %Very coarse %Coarse %MuadioFine %Very fine %Mud Mean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm

N3 7.04 58.52 25.26 6.21 2.97 0 0 1.23
N2 8.21 40.12 37.79 12.02 1.8 0.06 0O 0.98
N1 0.96 5.08 13.66 39.64 40.19 0.47 0 031
SO 0.36 3.64 20.7 48.68 26.38 0.24 0 0.35
S1 0.47 17.34 33.02 35.09 13.98 0.11 0 0.52
S2 0.04 8.55 29.33 40.88 21.04 0.16 0 0.42
S3 1.1 0.6 8.69 41.3 47.81 0.5 0 0.26
S4 2.3 55.88 19.9 21.02 0 1 0 0.86
Table A2.16

Particle size distributions for sediment samplestadn 38 August 2000

Station %Gravel %Veryoarse %Coarse %Medium %Fine %Very fine %Mullean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm

N3 4 24.59 57.2 13.21 0.7 0.4 0 0.65
N2 111 2.6 30.69 63.29 191 0.4 0 0.36
N1 1.8 0.61 30.3 65.01 2 029 O 0.36
SO 0 2.7 31.1 55 10.81 039 O 0.33
S1 0.29 7.38 38 49.2 5.11 001 O 0.4
S2 0.9 12.8 42.58 40.21 3.11 0.3 0 0.46
S3 3.51 18.31 46.9 29.7 1.58 0 0 0.56
S4 16.3 14.39 42.21 25.31 1.49 0.3 0 0.75
Table A2.17

Particle size distributions for sediment samplestadn 18 December 2000

Station %Gravel %Very coarse %Coarse &dMm %Fine %Very fine %Mud Mean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm

N3 4.01 21 50.9 22.7 0.79 051 O 0.6
N2 5 30.89 52.5 10.71 0.7 0.3 0 0.7
N1 1.01 28.4 7029 O 0.6 0 0 0.66
SO 0 4.21 .262 33.11 1.49 0 0 0.44
S1 1 10.79 53.51 33.1 1.5 0.1 0 0.48
S2 3.01 29.69 58.3 9.1 0 0.4 0 0.67
S3 5 29.68 54.12 10.8 0 0.6 0 0.69
0

S4 1 12.79 73.31 11.4 0.5 1 0.67
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Table A2.18
Particle size distributions for sediment samplestatn 28 January 2001
Station %Gravel %Very coarse %Coarse %Muadidine %Very fine %Mud Mean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm
N3 1.53 48.75 46.68 2.96 0.08 0 0 0.76
N2 2.23 51.83 42.77 2.89 0.25 0.03 0 11
N1 0.59 20.64 38.23 35.46 4.91 0.17 0 0.6
SO 0.2 9.61 27.41 58.49 4.58 0.01 0 05
S1 0.18 11.28 50.17 35.78 2.58 0 0 0.57
S2 0.18 22.5 58.33 17.38 1.57 0.04 0 0.76
S3 0.44 25.93 56.69 15.26 1.66 0.03 0 0.79
S4 14 3.73 18.67 60.73 15.4 0.07 0 0.38
Table A2.19
Particle size distributions for sediment samplestan & March 2001
Station %Gravel %Very coarse %Coarse %MuadioFine %Very fine %Mud Mean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm
N3 0.28 15.07 58.64 25.1 0.99 0 0 0.64
N2 6.64 31.78 3431 25.21 2.06 0 0 0.82
N1 0.28 18.76 62.15 16.87 1.89 0.06 0 0.72
SO 0.28 11.16 56.1 30.67 1.71 0.08 0 0.55
S1 1.81 14.07 38.75 39.68 5.62 0.06 0 0.55
S2 0.63 13.15 42.21 38.07 5.9 0.04 0 0.55
S3 414 29.01 43.45 20.49 2.87 0.04 0 0.79
S4 6.2 26.01 43.1  20.69 3.96 0.04 0 0.78
Table A2.20
Particle size distributions for sediment samplestain 8' April 2001
Station %Gravel %Very coarse %Coarse %MuadiloFine %Very fine %Mud Mean
>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125 mm mm
N3 1.48 16.01 47.25 33.73 1.54 0 0 0.64
N2 1.19 26.98 58.65 11.82 1.35 0 0 0.83
N1 0.67 18.43 65.11 14.84 0.94 0 0 0.74
SO 0 5.59 721. 36.94 5.59 015 O 0.52
S1 0.09 9.06 4425 38.74 7.87 0 0 0.51
S2 0 0.89 230. 58.93 9.81 012 O 0.41
S3 0.06 6.65 30.68 51.53 11.01 0.08 0 0.46
S4 0 4.4 29.75 52.28 12.03 154 O 0.42
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Table A2.21

Particle size distributions for sediment samplesnadn 2° January 2002
Station %Gravel %Very coarse %Coarse %MuadioFine %Very fine %Mud Mean

>2mm 1-2mm 0.5-Imm @ZEmm 0.125- 0.063- <0.063 size mm
0.25mm 0.125mm mm

N3 1.57 53.18 44.71 0.46 0.07 0 0 0.79
N2 1.93 27.77 64.87 5.17 0.21 0.04 0 0.65
N1 1.6 43.01 52.7 243 0.19 0.08 O 0.73
SO 0.39 9.58 47.14 38.09 4.6 0.2 0 0.44
S1 0.12 5.54 29.01 58.96 6.31 0.06 0 0.36
S2 0.87 5.08 20.65 54.16 19 0.24 0 0.33
S3 0.7 11.29 30.94 37.25 19.59 0.23 0O 04
S4 0.72 7.06 21.69 48.05 22.26 0.22 0 0.34




