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Abstract

Estuaries worldwide are under threat from urbaiusand development and
will need effective management for their successtulservation. Coastal lakes and
lagoons have been identified as one of the estypes most susceptible to human
impacts largely because of their isolated natuteshow flushing times. Management of
estuaries will be most effective when based onuad@cientific understanding of the
patterns of distribution, biology and ecology otrex full range of biodiversity of these
systems, however, such an understanding is lad&immany systems and many taxa.
Studies of sponges and ascidians in coastal lalcttagoons are rare compared to other
taxa, particularly in the southern hemisphere. Bhisly represents the first detailed
scientific investigation of the ecology of spongesl ascidian in coastal lakes and
lagoons of southeastern Australia. Consequentbrge part of this thesis was devoted
to quantifying basic patterns of distribution.tdrsed with a pilot study to develop an
effective sampling design, followed by large-saa@enparisons among different types
of lake, comparisons among habitats within lakesamnenvironmental impact study. |
concluded with a manipulative experiment to exanpireeesses responsible for small-

scale patterns of distribution of sponges in sesgnaeadows.

In the pilot study, distributions of sponges andd@ians were quantified at a
hierarchy of three spatial scales in each of twastal lakes. Nested analyses of
variance were then used to identify spatial scaleghich variation was significant.
Most sponges and ascidians were very patchilyibiged at a range of spatial scales
from 10s of metres up to 100s of kilometres. Unbkieer published examples of cost—
benefit analyses, very few taxa were widespread theclarger spatial scales. Cost—

benefit analyses done to determine the optimal Baghgesign revealed inclusion of



patchily distributed taxa in analyses improveddkerall precision of sampling for
comparisons of assemblages among lakes.

Large-scale comparisons of assemblages of spongessaidians were made
among lakes of different size (big versus smapgrong regime (mostly open to the
ocean versus mostly closed) and level of envirortadenodification (extensively
modified versus more pristine). Similar to othexa studied in coastal lakes, in general
there were more species in lakes mostly open todkan compared to the mostly
closed lakes, and importantly, no sponges and amiyspecies of ascidian was found in
the small closed lakes. There also appeared &m ledfect of the level of modification
of a lake with relatively smaller abundances oidiaas in extensively modified lakes,

and a complete absence of sponges from one oktaesvely modified lakes.

Habitat-associated patterns were examined at snsaiéial scales by
comparing the distributions of sponges and asceeith the species composition and
percentage cover of seagrass and macroalgae withitakes; St Georges Basin and
Walllis Lake. Several patterns of association vedagerved, but these varied among
species of sponge and ascidian. In St Georges BaAsi most common sponge,
Aplysinellacf. rhax and the native ascidid?yura stoloniferavere positively correlated
with the seagras®osidonia australisin contrast, the introduced ascidi&tyela
plicatawas more abundant in areas dominated by the ssagostera capricorni.In
Walllis Lake, sponges were most diverse and somaespmost abundant in large beds
of the macroalgd,amprothamniorsp., while other sponges were found only on the
holdfasts of brown macroalgae. In both lakes, gpsrwere generally less common in

areas dominated by dense meadows of the seagosdsra capricorni

Among the many anthropogenic impacts threateniagtiology of coastal

lakes, the discharge of cooling water from coadipower stations represents an



almost ideal case study from which to develop appate sampling regimes for
detecting impacts on sponges and ascidians. Usfegence locations both within and
outside Lake Macquarie which has two cooling watétets, | found assemblages of
sponges and ascidians were often more diverse, aborgdant and less temporally

variable near to the outlets compared to referéowaions.

Based on the observation that the spoBgéeritesp. which contains
photosynthetic symbionts was absent from meadoweia$eZostera capricornil used
in situmanipulative experiments in Smiths Lake to invegggorocesses which maybe
affecting their distribution. Individu&uberitessp. were shaded, had water flow
reduced and were transplanted into areas of densapricorni There were no
measurable short-term effects of shading or reduadr flow, but transplanted
sponges were quickly eaten and | concluded pradatydish was likely to be a key
process determining small-scale patterns of digioh of Suberitessp. in seagrass
meadows. This result was in stark contrast tantagrity of previous studies of the
effects of seagrass habitat complexity on predatibich have found predation to

decrease with increasing density or complexity.

In conclusion, | have sought to provide sound sdiennformation to aid in the
management of these systems. A simple, but netegh key finding was that sponges
and ascidians are indeed present and widesprezxaatal lakes and lagoons of
southeastern Australia and should not be continaakriooked in the management and
conservation of these systems. Conservationb&itomplex and requires an
understanding of environmental impacts and theegusnces of management on the
full range of biodiversity. The distributions of@mes and ascidians at large ‘lake-
wide’ scales appear to behave similarly to otheat®danagement strategies which

change the characteristics of a lake at these Epgtal scales such as atrtificial
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openings of entrances could therefore be predictéadve similar effects across a range
of taxa including sponges and ascidians. In cehted smaller spatial scales such as the
complexity of seagrass meadows, some species nfjsp@and ascidians may behave
very differently from other taxa. At present, aunderstanding of these naturally
variable and complex systems is incomplete andregjlire ongoing scientific
investigation to identify natural patterns of disttion, environmental impacts,

important natural processes and the ecologicalecprences of management strategies.
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CHAPTER 1: GENERAL INTRODUCTION

1.1 ENVIRONMENTAL IMPACTS IN ESTUARIES AND THE NEED FOR
EFFECTIVE MANAGEMENT

Estuaries worldwide are suffering ongoing environtaedegradation from a
myriad of human impacts (Kennish 2002; leteal. 2006), including fishing (Blabeat
al. 2000), loss of habitat (Alongi 2002), nutrient ehrment (Brickeet al.2008),
industrial and urban contamination (Mathiessen &12002; Thompsoet al.2007),
changes to freshwater flows (Gillanders & KingsfafiD2), clearing of catchments
(Ruiz-Fernandeet al.2002) and introduced species (Ratzal.1999). In addition to
protecting their intrinsic values, the conservatdrestuaries is of paramount
importance because of the many resources and teetiefyy provide for coastal cities
and communities including food, transport, recaataesthetic qualities and waste
disposal (Beaumais & Laroutis 2007; Ronnlealal.2007). Because many estuaries
have already suffered significant environmentalactp and large-scale modifications
to their catchments, their long-term conservatigdhrely heavily on management.
Such management will be most effective when baseal sound scientific
understanding of the patterns of distribution, &gyl and ecology over the full range of

biodiversity of these systems.

One of the key steps for the effective and longateonservation of estuaries is
the management of environmental impacts. The manageof impacts, however, can
be a challenging task for a number of reasonsst,fiecause estuaries are extremely
variable and complex in nature it cannot be assutmsgdmpacts will be uniform in
their effects among different types of estuarieaaross different habitats within
estuaries. Similarly, impacts are unlikely to havesistent biological effects for

different organisms (Thompsea al.2007). The detection of impacts can be complex



and difficult because of a background of often dangtural variability that exists in
natural systems (e.g. Morriseyal.1992; Archambault & Bourget 1999). For impacts
to be unambiguously detected, changes in specigglabces, distributions or other
characteristics must be differentiated from natbeadkground patterns of variability
(Underwood 1991). The detection and identificattbimpacts is, however, extremely
important because it allows management to be nféeetive by targeting prevention
strategies at specific impacts and targeting rastor or conservation measures in

particular habitats or for species which are urtkbiezat.

It is, of course, not only desirable to detect entimpacts, but also to prevent or
reduce the severity of impacts occurring in thefet A key requirement for prevention
is to be able to predict the biological or ecolagjieffects of planned (e.g. deforestation
in catchments) or unplanned but inevitable chaijges climate change) on the biota
and ecology of natural systems. This will be lae$tieved by not only learning from
previous mistakes, but also by understanding thegsses important in structuring

estuarine communities.

1.2 TYPES OF ESTUARIES. COASTAL LAKES AND LAGOONS

Coastal water bodies are extremely variable irr thieysical, geological,
chemical, hydrological and biological charactecstfWolfe & Kjerve 1986) and as
such, different types are expected to vary in thelnerability to anthropogenic
disturbances (Hainext al.2006). Here, for clarity, | develop some workirgfiditions
of types of estuaries. A diverse range of classifon schemes has been proposed for
coastal water bodies (e.g. Day 1981; Kennish 1B8&fve 1994; Royet al.2001).
While Day (1980) suggested there was ‘an infinagety of estuaries’ which were

grouped only for convenience, groupings can nee&fis be extremely useful for



experimentation and in understanding the ecologprakcesses operating within these
systems. While there are many overlaps and sitidaramong classification schemes,

there are also many differences and the terminatagybe confusing.

First, while most people (scientists and the gdnmrhlic alike) have an intuitive
understanding of what an estuary is, scientifi¢ragédns vary and have been refined
over time. In this thesis, | use Day’s (1980) digion of an estuary as ‘a partially
enclosed coastal body of water which is either pewntly or periodically open to the
sea and within which there is a measurable vanaifcalinity due to the mixture of sea
water with fresh water derived from land drainageéstuaries can then be further
categorised based on various criteria includingygaphology, hydrography, salinity,
tidal characteristics and sedimentation (KennisB6)9 Day’s (1980) definition
encompasses most coastal water bodies ranginglérge drowned river valleys to
small coastal creeks. Most authors would alsoidensoastal lakes and lagoons as

types of estuary (e.g. Day, 1981; Kennish 1986; &ai.2001, but see Kjerfve 1994).

While definitions for coastal lakes and lagoonstaead, they generally share a
number of common physical attributes. They aresgaly shallow, less than 5 metres
and rarely deeper than 10 metres (Kennish 1986flgd.994). Water exchange
between the ocean is restricted with a relativalsraw inlet channel (McComb 1995)
often as a result of sand deposits in the estuangtim(Royet al.2001). They may
become isolated from the sea for extended peribtise (Haines 2003). Tidal ranges
are usually considerably less than in the oceapr{agmately 5-10 %; Rogt al.2001)

and they often occur behind sand barriers (Bogl.2001).

The terminology used to describe water bodies thiélse characteristics varies

from place to place. In south eastern Australiay tre commonly called ‘coastal



lakes’, in south western Australia they are calieléts’, but internationally they are
more commonly recognised as ‘coastal lagoons’adato this complexity, in New
South Wales, a relatively new term, ‘Intermitterfliosed and Open Lake or Lagoon’
(ICOLL) has been used to describe coastal watelebdtat are intermittently open and
closed to the ocean (Hainetsal.2006). In this thesis, | use the term, ‘lake aagbbn’,
in order to be both consistent with the local Nesuth Wales nomenclature, and to

acknowledge the more widely accepted internatiterahinology of ‘lagoon’.

Coastal lakes and lagoons are common throughowtdhid and occupy an
estimated 13 % of coastal areas: 5.3 % for Eurbps, % for Asia, 17.6 % for North
America, 5.3 % for South America, 17.9 % for Afrimad 11.4 % for Australia (Barnes
1980). They are considered the estuary type neosiitive to anthropogenic impacts
largely due to their restricted or intermittent nention with the ocean and relatively
slow flushing times (West 1990; Hainetsal. 2006). Many suffer from severe
eutrophication, which may cause algal blooms asiu Kills (Lardicciet al.2001).
Coastal lakes and lagoons are common in New SouatledWith ninety identified in a
recent study (Healthy Rivers Commission of NSW 200these systems are under
extreme pressure with a large and growing propoicthe Australian population
living on or near the coast (Zann 1995). Indeest $ix of these ninety in New South
Wales are considered pristine, while twelve aresmred severely affected by
development and a further seventeen moderatelgtati¢Healthy Rivers Commission
2002). Because of the pressures of urbanisatidrdanelopment, these systems are
becoming increasingly managed. For example, u & ®f New South Wales coastal
lakes and lagoons are artificially opened to tleeisean attempt to improve water

quality and/or reduce the risk of flooding propg(tthaines 2004). It has been



suggested, however, that decision-making to datdban haphazard with little

consideration for ecological outcomes (Thompsor6200

While some types of estuaries are among the mtesisively studied ecosystems
in the world (e.g. Chesapeake Bay in North Amerik@npet al.2005), the ecology
and biology of many types of estuaries, particylarlsome parts of the world remain
poorly understood. While there have been manyiesuaf coastal lakes and lagoons in
Europe (e.g. Barnes 1988; Millet & Guelorget 19Bénedetti-Cecchet al. 2001;
Lardicciet al.2001; Zaldivaret al.2003; Duporet al.2007), particularly in the
Mediterranean, and North America (e.g. Brickeal. 2008), there has been relatively
much less research in the southern hemisphere¢euday 1981; Teske & Woolridge
2001, 2003; Nozaist al.2005; Anandraj 2008 for South African examplesgs@&arch
in temperate Australia has increased in recentsy@ag. Griffiths 1999; Cummiret al.
2004a & b; Dye & Barros 2005a & b; Dye 2006; Gladstet al. 2006; Grayet al.

2009), but despite lakes and lagoons being ceatrebanisation, industry and
agriculture, the ecology of these systems andffeete of management remain poorly

understood.

1.3 HABITATS IN COASTAL LAKES AND LAGOONS : SOFT SEDIMENTS AND
SEAGRASSES

The substrata of coastal lakes and lagoons in eastérn Australia, like many
parts of the world, are dominated by soft sedim@Rtg/et al.2001). In comparison,
hard rocky substratum is relatively less commoecdise of the prevalence of soft
sediments and relatively shallow depths with antigle available for photosynthesis,
seagrass meadows and macroalgal beds are comrooastal lakes and lagoons in
New South Wales (West al.1985) and in shallow coastal waters throughouttbed

(Green & Short 2003).



Because of their prevalence, seagrass meadowkpaltmand soft sediments
provide most of the available habitat for sessileertebrates in these systems. In
particular, seagrasses provide a large potentiatsmf hard substrata on which sessile
invertebrates may settle. Seagrasses are beconurgasingly recognised for their
ecological and economic importance in supportindvarse range of fauna and flora
(Hecket al.2003). Large-scale losses and fragmentationagjrass meadows
primarily as a result of human impacts and coastaklopment have been reported
worldwide (Orthet al.2006). Seagrasses in estuaries are particulaihgrable to
certain types of anthropogenic impacts, particuladntamination, more so than coastal
seagrasses (West 1990; Ragttal.2006). With these impacts comes a growing need
for conservation, which will require a sound eciatagjunderstanding of the effects of

habitat loss and fragmentation on the full rangassiociated fauna and flora.

To date, most studies of fauna in seagrass halst¢sreview by Bostroet al.
2006) have focussed on fish (Connolly & Hindell 8Ccrustaceans (Heck & Coen
1995), infauna (Bowdeaet al.2001) or molluscs (Irlandi 1997). In contrast, ddner
faunal groups (e.g. sessile invertebrates such@syes and ascidians), there have been
very few studies (but see, Thorhaug & Roessler 1B&ll & Lewadrowski 1981;
Kuenen & Debrot 1995; Wulff 1995, 2008; for spondestersen & Svane 1995 for
ascidians and Lemmees al. 1996 for ascidians and sponges). Distributiongoha in
seagrass habitats vary with a range of physicabates including the species of
seagrass or macroalgae (Rotherham & West 2003)estfdeaves (Schneider and
Mann 1991), patchiness of seagrass beds (Reuschili&g 1999), proximity to edges
(Bolonga & Heck 2000) and quality of surroundindpitats (Tanner 2006).
Associations of fauna with seagrasses are ofterplnand vary among taxa (Bostrom

et al.2006). Itis likely that the associations of desdter-feeding organisms such as



sponges and ascidians may be very different frdrardaxa (e.g. mobile fish or
crustacea). Effective conservation of the fullgamf biodiversity of these systems will
require an ecological understanding of the vartaua, but to date, this understanding

has been largely absent for sponges and ascidians.

1.4 SPONGES AND ASCIDIANS IN COASTAL LAKES AND LAGOONS

Sponges and ascidians are rarely mentioned indek#bon estuaries or coastal
lakes and lagoons (e.g. McLusky 1989; Morrisey }99Hhe same is true for seagrass
textbooks. In Short and Coles (2001) textbook@®@lobal Seagrass Research Methods’
individual chapters are devoted to methods foryghgl'macroalgal biomass’, ‘infauna
and epifauna’ and ‘fish, crabs, shrimps and otaegd mobile epibenthos’, but sponges
and ascidians are not mentioned. This would ofsmbe for good reason if they were
indeed absent, but studies from many parts of trdwin particular the Mediterranean,
along with anecdotal and some scientific evidememftemperate Australia suggest
otherwise (Table 1.1). For example, while spongeie not mentioned in a recent and
excellent book describing the morphology and ecplaigghe many estuaries and
lagoons of temperate Western Australia (Brearled5620the author has in fact seen
them in many of those waterways (Anne Brearleys.pasmm.).

In New South Wales lakes and lagoons, the onlglasion that can be drawn
for sponges and ascidians is that they are or ableast been present in these systems
(see Table 1.1). The only published study direlgting to sponges in New South
Wales coastal lakes and lagoons is a nineteentrganventory which reported up to
eight species from ‘The lllawarfalvon Lendenfeld 1888). In more recent times,

although there appear to have been no studiesfispéigirelating to sponges in New

2|t is assumed when von Lendenfeld used the teFhe lllawarra’ in 1888 he was referring to what is
now known as Lake lllawarra.



South Wales lakes and lagoons, they have beenteejpoccasionally in studies
focussing on other taxonomic groups (Hutchiagal. 1978; Robinsort al. 1982; Day
& Hutchings 1984). Anecdotal evidence from comnmarishermen working in New
South Wales coastal lakes and lagoons who havel fspionges (colloquially and
affectionately referred to as ‘sponge cakes’ orrikey shit’) in their set-nets or beach
seines suggests they may actually be widespreagexiatlically abundant (Les Biles,

pers. comm. and Lyle Bramble, pers. comm.).

Our scientific knowledge of sponges and ascidiarastal lakes and lagoons
comes largely from the Mediterranean, with somevg{as from the Caribbean, the
anchialine lakes of Indonesia and Palau and a tatedy from the karst lakes of
Vietnam (See Table 1.1 for examples of studiegseRrch on sponges in
Mediterranean lagoons is not new (e.g. Topsent A@@other references cited in
Corriero 1987), however most examples have beesrigése studies of the patterns of
distribution or the biology of 1 or 2 species witls small number of lakes and lagoons.
One of the key observations from the Mediterraretavant to New South Wales lakes
and lagoons is the importance of seagrasses gattiocular seagrass rhizomes as
suitable substrata for the attachment of spongesdiioet al.2000, 2007). Some of
the studies from the Caribbean (Kuenen & Debro)2®d Florida (Thorhaug &
Roessler 1977) were broader studies examining wdeagrasses communities which
happened to include sponges and ascidians andlaelimited descriptions of their
patterns of distribution with respect to habitad @arrents. The two studies from
Indonesia and Vietnam appear to be first time siged sponges in these previously
unsampled environments, which quite appropriatedyewargely qualitative
descriptions of the diversity of these systemshwidme preliminary ecological

observations. For example, de Voagdl. (2006) found diversity was positively



correlated with the size of Indonesian lakes angiizt al.(2007) suggested that
growth for at least some of the species was sellgmaaiable and correlated with
physical variables such as water temperature. 8wdzhl. (2000) suggested large
diversity of sponges was dependent on availallityuitable hard substrata, low
turbidity and proximity of ‘sponge- rich coral re&flt must be noted, however, that the
Indonesian, Viethamese and Caribbean systems aggpeamphysically quite different
compared to the lakes and lagoons of New South $\aligh more rocky substrata and

mangroves, but less soft substrata and presumaldgagrasses.

The paucity of studies of sponges and ascidiansastal lakes and lagoons
worldwide may reflect their often difficult taxongnfparticularly for sponges, Hooper
& Widenmeyer 1994), scarcity of researchers orgieexl lack of economic importance
in comparison to other taxa such as commerciallyalde species of fish, prawns and
lobsters (Heck & Orth 2006). Research on bentieritebrates in coastal lakes and
lagoons has largely focussed on molluscs (e.g.b@ri& Wright 2007; Zettler &
Daunys 2007), benthic macrofauna including polyttsenematodes, amphipods (e.g.
Dye & Barros 2005a; Maggiore & Keppel 2007) andafaina (Dye & Barros 2005b).
In conclusion, ascidians and in particular spongpsesent relatively understudied taxa,
in both seagrasses habitats (but see Wulff 2008xaastal lakes and lagoons. It
appears the sponges may indeed warrant theiasittme of the ‘neglected groups’ as
highlighted in a recent edition of the Canadianrdaliof Zoology (2006; Volume 84)

devoted to the ‘neglected’ phylum Porifera.

1.5 THE DETECTION OF ENVIRONMENTAL IMPACTS
The detection of anthropogenic impacts is esseiatidhe effective management

and conservation of natural environments (Osen&eBghmitt 1996; Benedetti-Cecchi
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2001). The identification of impacts, howeverpften a complex and difficult task
against the natural background variability thasexin nature (Underwood 1992),
uncertainties about the spatial extent of distucbar{Raimondi & Reed 1996) and the
choice of organisms to be included (Underwood &Psein 1988; Jones and Kaly

1996).

An environmental impact study must be able to aiggtish changes caused by a
human impact from natural background variabilityh@erwood 1991). Experimental
designs for detecting impacts have developed greadr the last thirty years (Thomas
et al.1978; Green 1979; Hurlbert 1984; Stewart Oateal. 1986) culminating in the
‘Beyond BACI’ designs developed by Underwood (19992,1993,1994). One of the
key developments has been the need to includepiteuieference (often called control)

locations (Underwood 1992).

There have been numerous environmental impactesti@kamining sessile
assemblages on hard substrata which have inclymed)ss and ascidians (e.g.
Underwood & Chapman 1996; Glasby 1997; Robetrtd. 1998). There have been
relatively fewer that have focussed solely on sgsmy ascidians (Muricy 1989;
Carballoet al. 1996; Naranjeet al. 1996; Carballo & Naranjo 2002; Alcolado 2007).
One of the observations from these studies and sthdies examining natural patterns
of distribution (Farnsworth & Ellison 1996; Robe&®avis 1996; Hooper & Kennedy
2002; Newtoret al.2007) is that many sponges and ascidians are \achipy
distributed with assemblages often including a lpgportion of rare or uncommon
species. Because of this patchiness, some stumiestigating assemblages of sessile
invertebrates (e.g. Glasby 1997; Robettal. 1998) have grouped species together and
analysed them as Porifera or Ascidiacea or indalidpecies have been reported as too

spatially variable for formal analysis. When thea#eing investigated are extremely
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rare, uncommon or patchily distributed, the desifjgampling programmes becomes
much more difficult (McDonald 2004). Environmenipact studies that have
specifically targeted sponges or ascidians havergéiy included many sampling
locations to acquire adequate estimates of nararability (Carballo & Naranjo 2002).
Given their patchy distributions, it is importahat the design of any environmental
impact study of sponges and ascidians is basedoa gstimates of natural patterns of
distribution and variability. When this informatias absent, which is the case for
sponges and ascidians in coastal lakes, it is alessential to include a pilot study to
provide the necessary information to design appatgpsampling regimes (Green 1979:

Andrew & Mapstone 1987).

1.6 THIS STUDY

The aims of this study were to broaden our scientiiderstanding of the estuary
type considered most vulnerable to anthropogenpaots (coastal lakes and lagoons)
by examining the natural patterns of distributiecgplogy and potential environmental
impacts for two of the relatively understudied grewf organisms in these systems;
sponges and ascidians. Comparisons and experimergsconceived with the
intention of providing sound scientific informatioelevant for conservation and
management.
More specifically, the aims of this thesis were to:
1. Develop a suitable sampling technique and samlesign for quantifying
distributions of sponges and ascidians in coaskald (Chapter 2)

2. Examine natural patterns of distribution of spongied ascidians within lakes
and among different types of lake (Chapters 2 gnd 3

3. Examine patterns of association of sponges andiassiwith habitat (seagrass

and macroalgal assemblages) (Chapter 4)
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4. Test for the effects of a specific environmentgbaut (hot water discharge from
coal burning power stations) (Chapter 5)
5. ldentify processes which may be affecting the iigtron of sponges in

meadows of the seagragsstera capricorn{Chapter 6)

The development of an appropriate sampling desigguiantifying the distributions
of sponges and ascidians was particularly impottanause to the best of my
knowledge there had been no previous studies doieese animals in these habitats
on which designs could be reliably based. An gppate design was developed by
estimating variances at a hierarchy of spatialescad two lakes and then using cost-
benefit analyses to optimise replication to imprpvecision within an allocated time-

budget.

Similarly, given sponges and ascidians had not lsagtied in these habitats
before, a broad understanding of natural pattefdsstribution was a particularly
important step in this research programme (Undedmed@l.2000). The identification
of spatial scales at which variation is significardy point to scales at which important
processes may be operating and help propose lagmdels to identify those processes
(Underwood & Chapman 1996a). A series of compagsgere made to examine
patterns of distribution. First, sampling was dahe hierarchy of four spatial scales
(10s of metres, 100s of metres, kilometres) witakes, and 100s of kilometres
between two lakes. Second, to examine larger sffdets of lake-type, sponge and
ascidian assemblages were compared among lak&$eoént sizes, opening regimes
and general levels of human impact. Smaller-sgaterns of distribution of sponges
and ascidians within lake were examined by invasitigg associations with assemblages

of seagrasses and macroalgae in two lakes.
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Based on the findings of the studies examiningrahpatterns, a sampling
programme was designed to examine potential eftd@sspecific environmental
impact on assemblages of sponges and ascidiansqokng water discharge from coal
burning power stations). Similarly, based on pagef distributions of sponges
associated with complexity of seagrass meadowse sirthe processes which may
affect the distribution of sponges in seagrass m&agshading, reduced water-
movement and predation were investigated for aayacteria-containing sponge,
Suberitesp., using manipulative field experiments in Smitlake. Finally, in my
general discussion, | compare my findings for sgsrand ascidians in New South
Wales coastal lakes, with other systems, with dtdveat in coastal lakes and then
consider the implications for sampling, detectimpacts, management and their

conservation in coastal lakes and lagoons.



Table 1.1.Examples of studies reporting sponges or ascidiaogastal lakes and lagoons. Numbers in pareesheslicate number of lakes and

lagoons sampled. Lakes and lagoons that werestlsiged in this thesis are identified by name (Sgere 3.1).
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Location

Sponges

Ascidians

Comments

Source

South-eastern Australia
(Lake lllawarra)

8 species

Inventory of sponges only

Von Lendenfeld 1888

South-eastern Australia
(Wallis & Smiths Lakes)

Porifera reported, but no
species hames

Styela etheridgei

Both very patchily distributed. Study focussedbamthic macrofauna,
not sponges or ascidians.

Hutchingset al. 1978

South-eastern Australia
(Smiths Lake)

One unnamed species

Styela plicatd_esueur,
1803

Only presence reported. Study focussed on bentharofauna, not
sponges or ascidians.

Robinsonret al. 1982

South-eastern Australia (3

Porifera reported nout
species hames

Ascidiacea reported

Both appear very uncommondyStacussed on benthic macrofauna,
not sponges or ascidians.

Day & Hutchings 1984

Caribbean (1)

9 species

Styela partitaStimpson

Sponges patchily distributed but abunolasvme sites.

Kuenen & Debrot 1995

Carribbean (7)

182 species

Large differences éeisg composition among tropical mangrove po

nds zl&udt al. 2000

Florida (1) Chondrilla nuculaand other C. nuculaand other sponges dominant invertebrate in avghgatchy | Thorhaug & Roessler
unnamed species seagrass or strong tidal currents 1977

Florida (1) 19 species Sponges may be importacdmtrolling phytoplankton blooms Petersetral. 2006

Indonesia (4) 45 species Positive correlation betwnumber of species and size of lake de Vevgdl 2006

Italy (1) 42 species Tunicates reported Spongesdmn rocks, seagrasses, algae and free-livirgpdiment Corriero 1987

Italy (1) Tethya aurantium Both species common d?osidonia oceanicahizomes.T. aurantium Corrieroet al1989
T. citrinia more abundant in areas with strong water currardd acitinia more

abundant in still water

Italy (1) Halichondria panicea Botryllus schlosseri Found encrusting on wooden poles and on both rdtard and soft Marzanoet al.2003
(Pallas) (Pallas) substrata

Italy (2) Pellina semitubulosa Both fee living and sessile forms found. Sessiten§ often attached to | Mercurioet al.2000
(Lieberkiihn) Posidonia oceanicahizomes

Italy (1) 42 species Species found on both rocky and soft substrata Meret al.2001

Italy (2) Geodia cydoniunfJameson Sessile individuals found on rocky substrata agsass rhizomes. Non-| Mercurioet al.2007
1811) sessile often found on soft substrata.

Italy (1) Geodia cydoniunfJameson Sexual reproduction correlated with water tempeeat Mercurioet al.2007
1811)

Italy (1) Halichondria panicea Temporally variable, but periodically abundant NnMarzancet al.

(Pallas)

2003

Italy, France and Greece
(11)

81 species

Diversity largest in locations withthggawater exchange. Few
common species among lagoons.

Mercurioet al.2004

Palau (not stated) Lamellodysidea chloreand Both species reported as ‘common sponges in tshlagoons of Thacker 2005
Xestospongia exigua Palau’.

Spain (1) Ecteinascidia turninata| Grow on soft sediments, seagrass and algae Cai0

Venezuela (1) 18 species 9 species Species wdrefgauling assemblages on mangrove roots. OrihgeDiaz 1991

Vietnam (8) 46 species Large variability in spsatomposition among lakes. 50% of species|nakzini et al2007

found in adjacent coastal sites.




CHAPTER 2: SPATIAL SCALES OF VARIATION AND THE
OPTIMISATION OF SAMPLING FOR SPONGES AND
ASCIDIANS IN COASTAL LAKES AND LAGOONS

2.1 INTRODUCTION

Estuaries worldwide are under ever-increasingathirem urbanisation and
development (Kennish 2002). Threats range in §tidederwood & Chapman 1996a),
from very large estuary-wide impacts (e.g. charigeke Nile Delta caused by the
construction of the Aswan Dam; Stanley & Warne )3®3nuch smaller impacts
affecting smaller patches of an estuary (e.g. ingatboat wash, Bishop 2004; effects
of storm-water drains, Robers al.2007 ). The variety and complexity of threats and
range of scales over which impacts may occur peosetious challenges for the

management of these systems.

In southeastern Australia, coastal saline lakedlagoons are under extreme
pressure with an estimated 85 % of the populationg near the coast (Zann 1995).
Conservation of these lakes will require effectivanagement, which will, in turn,
require anthropogenic impacts to be identified tnsir effects on the ecology of these
systems to be understood. While research efforirftagased in recent years (Dye
2006; Gladstonet al. 2006), the ecology of these systems and the eedicte of the

impacts are poorly understood.

The identification of ecologically important imga@nd processes is a
complex and difficult task, particularly againgb@ackground of natural variability. A
useful starting point in identifying and understaagdprocesses is first to identify
patterns and important scales of variability in diribution of organisms (Underwood
et al.2000). Spatial scales at which significant variatxists often then reveal the

scales at which processes are operating. Thus,apprepriate scales have been
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identified, informed causative models can propasatiexamined to understand the

relevant processes (Underwood & Chapman 1996a).

The reliable identification of patterns of distriton of organisms is therefore a
key component of a research programme. The desigmyostudy examining patterns of
distribution of organisms should include adequatdication at spatial scales at which
variation is significant (Morrisegt al. 1992). Inadequate replication at these spatial
scales may confound results and reduce the povwstatstical tests to detect
differences (Underwood & Chapman 2003). Variouatstries and techniques have
been developed to help design experiments withagpiate replication to overcome
this problem. Such strategies may involve up tedlstages. First, most rely on having
preliminary estimates of variances, which may bioled from existing data, the
literature, or pilot studies. Second, spatial scatewhich variation is significant are
identified. Third, replication at each spatial gcalay then be optimised to obtain a
statistical test with a desired level of power (Beetti-Cecchi 2001) or to keep within

an allocated budget.

The use of spatially nested designs followed lyees of variance (ANOVA)
has been identified as a powerful technique fontifigng scales at which variation is
significant (Green 1979, Andrew & Mapstone 1987 rivkeyet al. 1992, Underwood
1997). Procedures are relatively straightforwardstadies examining a single taxon or
variable. For studies examining assemblages (a@yntaxa), optimising sample size is
not as straightforward, because there are no puesdavailable for calculating the
power of a multivariate statistical test. In stisde®mparing assemblages of organisms,
it is common practice first to compare whole asdagds (i.e. multivariate sets of data)
and then compare specific taxa of interest usingauniate techniques (e.g. ANOVA;

e.g. Bishop 2004). If preliminary estimates of gages exist, the design of such
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experiments may be optimised to sample abundari@particular taxon or another
univariate measure using ANOVAs and cost—-beneéitymes. An experimental design
would then be optimised for certain taxa. It iscotirse, unlikely that cost—benefit
analyses done for several taxa would all produeesime optimised experimental
design (e.g. Benedetti-Cecddtial. 1996). Compromises will need to be made in the
design of experiments in terms of which taxa tog@most precisely. Ultimately, an
experiment should be designed to test the hypathafsaterest. It is, however,
sometimes unclear which species of an assemblagw avill be of most interest before
the start of a research programme. This is padituthe case for unsurveyed habitats,
where taxa may be undescribed or very patchy im digtribution. For example, |
recently searched the published literature and birghed reports, but found no studies
directly relating to sponges, no quantitative digsioms of their distribution, nor any
reliable names of species in NSW coastal lakas.diear in this case that it is
impossible to identify particular species of instrieefore the start of a research
programme. Under these circumstances, the firgictibe of a research programme will

be to identify the species present and describelthsic patterns of distribution.

Detailed case studies examining variation at eahely of spatial scales exist
for soft-sediment macrofauna (Morrissetyal. 1992) and intertidal rocky shore
assemblages (Underwood & Chapman 1998) in tempegatern Australia. Spatial
variation in sponge assemblages has been quantf&thllow (<5 m; Underwooelt
al. 1991) and deeper (20 to 50 m; Roberts & Davis 1998y reefs on the open coast
of NSW and in semi-enclosed or isolated bodiesatewelsewhere in the world (e.g.
on mangrove roots in Caribbean lagoons; Farnswbiison 1996; tropical estuaries;
Kuenen & Debrot 1995; freshwater lakes; Rader 18984Santo & Fell 1996), but it is

unclear whether the extrapolation of such resaolthé considerably different habitats of
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seagrasses and soft substrata of relatively shatahsheltered temperate coastal lakes

is likely to be useful.

This chapter presents a pilot study examiningiglpadriation in the
distribution of sponges and ascidians in two NS\&stal lakes. The aims of this study
were 2-fold. First, to identify spatial scales dtieh variation was significant and,
hence, at which scales important to processes maypérating. Second, to assist in the
design of further larger scale experiments to erarspatial and temporal changes
among and within several NSW coastal lakes. Vanigiti the abundanBef sponge
and ascidian fauna was examined at a hierarchyatias scales using fully nested
sampling designs. When a species was absent froma sgplicate levels of a spatial
scale, variation was examined within the levelthefsubsequently nested spatial
scale(s) where the species was present. Cost-banalyses were used to determine

the optimal numbers of locations, sites and ref@disamples to be used in future work.

2.2 MATERIALS AND METHODS
2.2.1 Study sites and sampling methods

Individual sponges and solitary ascidians werentediin relatively shallow
(0.5 to 2 m depth) seagrass meadows at a hierafdpatial scales in each of two
saline coastal lakes in New South Wales, Australidanuary and February 2002.
Wallis Lake and St Georges Basin (Figure 2.1) whiesen as representative of
relatively large lakes, oderately affected by depaient, with entrances that usually
remain open to the ocean (Relyal.2001). In each lake, six locations (kilometres
apart), each with four sites (100s of metres apesiyh with 20 replicate 10 x 2 m

transects (10s of metres apart) were sampled S&BBA or by snorkelling depending

® In this thesis, | use the term abundance to mearber of individuals unless otherwise stated
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on depth. Sites were approximately 80 m in diamdteis design allowed spatial
variation to be examined at four spatial scalesbétween lakes 100s of kilometres
apart, (2) among locations kilometres apart, (3pr@gsites 100s of metres apart and (4)
among transects within sites 10s of metres apadcklier specimens of sponges were

lodged with the Queensland Museum, Brisbane, Alistra

3
«
. . 4
4 Wallis 2
Lake
N
2.5 km é . ﬂ
1
6

Figure 2.1. Locations sampled in St Georges Basin and Wadlie.

2.2.2 Statistical analyses:Analyses of variance

Three sets of fully nested ANOVAs were used taniiig spatial scales at
which significant variation occurred. First, thnesiables (the ascidiabtyela plicata

Lesueur, total numbers of taxa and total numbemdiwidual sponges) were identified
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as widespread in both lakes, with non-zero valt@sost sites in most locations. Each
was analysed with a 3-factor (lake, location anel) siested ANOVA, with all factors

random.

The remaining taxa were patchily distributed aggtnicted to a single lake or
some locations or sites within a lake. Preliminexgmination of these data suggested
that 3-factor ANOVAs (as used above) would be imappate because of the large
numbers of zero values. These species, howeveesamed the majority of taxa and
may presumably occur in other lakes or at subsddimes of sampling. The omission
of such taxa from analyses may result in imporpotesses operating at smaller scales
and affecting patterns of distribution being oveKed. In the absence of widespread
taxa, a broader understanding of spatial variatamnbe obtained by analysing these
patchily distributed taxa in the places where tleyccur. Therefore, a second set of
ANOVAs was done to test for significant spatialision among locations and sites
within St Georges Basin only, for the solitary dsamn Pyura stoloniferdHeller and the
spongeAplysinellacf. rhax. Each was analysed with a 2-factor (location ata) sested

ANOVA.

Finally, using the same logic as above, a thitd§&NOVAs was done for
those species found in only one or a few location#allis Lake. Abundances of
Halichondriaspp.,Mycalesp. andSuberitesp. were analysed by a 1-factor (site)
ANOVA to test for significant variation among sitiesthe locations where they

occurred. Abundances of very uncommon taxa (<10lak@ ™) were not analysed.

The assumption of homogeneity of variances wdedassing Cochran’s test

(Wineret al.1991). Data were transformed toXr{ 1) when significant. When

¢ AlthoughPyura stoloniferais nowP. praeputialisin Australia it is still more commonly referrea and
known asP. stolonifera
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transformations did not remove heterogeneity, aes\yproceeded, because ANOVA
can be robust to deviations from heterogeneityaniances, particularly with fully

balanced designs with many independent estimatesar@ince (Underwood 1981).

In addition, the relative contribution of each tsglascale to the total variation
was examined. Variance estimates were calculategbich taxon or derived variable
for each spatial scale using ANOVASs of untransfatrdata (see standard procedures in

Underwood 1997).

2.2.3 Statistical analyses: Cost—benefit analyses

Cost—benefit analyses were done to determinexiperienental design
appropriate for sampling most taxa most effectiv@lyalyses were done using variance
estimates calculated from ANOVAs of untransformathdsee standard procedures
described in Wineet al. 1991, Underwood 1997). The limiting cost was titBe/en
the relatively large amount of travelling and pregi@n time needed to get to a lake, it
was inefficient for lakes to be sampled in fraci@f days. Thus, it was important that a
lake could be sampled within a single day. Thersftve number of replicate locations,
sites and transects were optimised to keep withindget of 1 day lake (i.e. 360 min
on the water, excluding travelling to and from kela The average time to sample 1
transect was 2 min, time to manoeuvre the boatdmtvgites was 10 min and between
locations was 20 min. Cost—benefit analyses wene @mly within levels of spatial

scales in which taxa were present.

The number of replicate transects per sijjeMas determined using:

2
X
n= | X% ®
SB(A) X Cn



22

The number of replicate sites per locatibpwas determined using:

/ Sz, xC
b - B(ZA) a (2)
S, xC,

The optimal number of locations per lakg vas then determined as:

Q= Cosbf lake
C,+bC, +bnC

®3)

where S is the estimated variance among transesfs, is the estimated variance

among sitesS; is the estimated variance among locati@sjs the cost per

location, C, is the cost per site an@, is the cost per transect.

2.3 RESULTS
2.3.1 List of taxa

In Wallis Lake, 9 species of sponges and 3 sp&diascidians were found
and, in St Georges Basin, 2 species of sponge& apdcies of ascidians (Table 2.1).
Of the 9 species of sponges collected, only 2 cbal@ientified to species level. The
remainder were either undescribed, or we were ptigsgnable to assign them to
known taxa given the plethora of taxa in the olderature the identities of which still
remain a mystery (Hooper & Wiedenmayer 1994). Bseatuwas not possible to
distinguish among species idalichondriain the field, all species in this genus were

simply recorded allalichondriaspp.
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Table 2.1. Taxa found in each location (1 to 6) in St GeerBasin and/or Wallis Lake
(+ species present; — species absent)

Taxa St Georges Basin Wallis Lake
1 2 3 4 5 4 5 6

(o2}
=
N
w

Porifera

Aplysillacf. sulphurea - - - -
Aplysinellacf. rhax + + - + + + _ _
Halichondriaspp. + + + +
Haliclonasp. 1 - - - _
Haliclonasp. 2 - - - - - _
Dysideasp. - - - - - _
Mycalesp. - - - - - _
Raspailiasp. - - - - - _
Suberitesp. - - - - - _
Ascidiacea

Microcosmussp. - - - - - —
Pyura stolonifera + + + + + + — — + + _ _
Styela plicata + + - + + + + + + + + +

+ 1+ +
I |
|
|

=+
I
+
I
I
I

The taxa identified differed markedly betweentie lakes, with 2 of the 3
ascidiansStyela plicataandPyura stoloniferabut only 1 spongéd{alichondriaspp.,
found in both lakes (Table 2.1). In addition, patseof presence/absence of individual
taxa within lakes differed greatly between the takes. WhileAplysinellacf. rhax,
Halichondriaspp.,P. stoloniferaandS. plicatawere widespread throughout St Georges
Basin, most taxa in Wallis Lake were found in Jadimited number of locations, with

the exception of the introduc&l plicata

2.3.2 Spatial scales of variation

At the lake scale (100s of kilometres apart),ehgas no significant variation
in mean numbers of taxa, total numbers of individpanges, nor abundancestyela
plicata per transect (Table 2.2; Figure 2.2) In contrh&tre was significant variation of
these variables at the smaller scales of locakibonjetres apart) and site (100s of
metres apart) within lakes (Table 2.2; Figure 232ilarly, in St Georges Basin, there
was significant variation in the abundance#plysinellacf. rhaxandPyura stolonifera

at the scales of location and site (Table 2.3; fedu2)



24

Table 2.2. ANOVAS to examine variation for selected varialbetween and within St
Georges Basin and Wallis Lake (n.s.- not signific&t p < 0.001)

Total no. of taxa Total no. of No. of Styela plicata
individual sponges

Source of df Mean F p Mean F p Mean F p
variation square square square
Lake 1 12.02 1.03 ns. 3253 120 ns. 10446 1.06 n.s.
Location (a) 10 11.67 9.40 ** 27.00 5.04 *** 98.66 10.78 ik
Site Lo(La)) 36 1.24 10.98 *** 5.36 11.76 *** 9.16 29.86 i
Residual 912 0.11 0.46 0.31
Transformation L+ 1) Lnk + 1) Lnk + 1)

Table 2.3 ANOVAs to examine variation among locations aitelssfor abundances of
Aplysinellacf. rhax andPyura stoloniferan St Georges Basin (**p < 0.001, **p <
0.01, * p<0.05)

A. cf. rhax P. stolonifera
Source of df Mean F p Mean F p
variation square square
Location 5 30.63 3.39 * 41.92 435 **
Site (o) 18 9.04 13.68 *** 9.64 11.87 ¥
Residual 456 0.66 0.81

Transformation Ln{+ 1) Lnk + 1)
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Lake St Georges Basin Wallis Lake

Figure 2.2 Mean (SE) numbers of taxa per transact @0) at each site.
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In Wallis Lake, preliminary examination of raw ddor each taxon showed
obvious patchiness at the scale of location (kilmeseapart) (Table 2.2, Figure 2.2).
ANOVAs were therefore done only within locationsex specific taxa occurred and
where abundances were large enough for ANOVA tagdpgopriate. Variation among
sites was not significant fatalichondriaspp. (Location 3)Mycalesp. (Location 5), or
Suberitessp. (Location 1). In contrast, there was signiftcaariation among sites for

Mycalesp. at Location 1 (Table 2.4, Figure 2.2).

Table 2.4.ANOVAs to examine variation among sites within@fied locations in
Wallis Lake for each dfalichondriaspp.,Mycalesp. andSuberitesp. Locations are
indicated in parentheses (n.s. - not significaft, < 0.001)

Halichondriaspp. Mycalesp. (L1) Mycalesp. (L5) Suberitesp. (L1)

(L3)
Source of df Mean F p Mean F p Mean F p Mean F p
variation square square square square
Site 3 10.821.42 n.s. 11.54 38.19 *** 6.77 2.48 ns. 0.44 1.04 ns.
Residual 76 7.59 0.30 2.73 0.42
Transformation None Lw(+ 1) None Lnf+ 1)

Estimates of variance components for each varatdehown in Table 2.5.
Caution should be used in the interpretation ofavexe components across taxa because
the size of the residual variance will affect tloatribution of each spatial scale to the
total variance (Morrisegt al. 1992, Underwood & Petraitis 1993). When the prdpart
of the residual variance differs among taxa, propos of other spatial scales should
not be compared across taxa. The size of residugnce, however, will not affect the
ratio among other variance components within angkimderwood & Petraitis 1993).
Therefore, ratios of variance estimates can be aoeap In the present study, there was
considerable residual variance (i.e. among trasseithin sites) for all taxa examined.
The proportion of residual variance ranged fromid®73% for variables examined in

both lakes, 74 to 76% fa@kplysinellacf. rhax andPyura stoloniferan St Georges Basin
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and 43 to 98% foBuberitesp.,Mycalesp. andHalichondriaspp. in Wallis Lake.
These relatively large contributions suggest thate was also considerable patchiness

at small spatial scales of 10s of metres withiessit

In addition, variance components confirm thatéheas little variation
between lakes for number of taxa, total numbepohges an&tyela plicatabut most

variation was at the smaller spatial scales oftlona, sites and transects.

Table 2.5 Variance estimates derived from ANOVA for seldctariables calculated
from untransformed data. Locations are indicatephirentheses (—: variances were not
calculated at that spatial scale)

Source of Total no. Total Styela Aplysinella Pyura  Suberites Mycale Mycalesp. Halichondria

variation oftaxa no.of plicata cf.rhax stolonifera sp.(L1) sp.(L1) (L5) spp. (L3)
sponges

Lake 0.03 4 68 - - - - - -

Location (a) 0.53 12 478 22 67 - - - -

Site Lo(La)) 0.28 16 405 31 119 0.23 6.53 0.20 0.16

Residual 0.50 86 344 169 537 3.24 5.00 2.73 7.60

2.3.3 Optimising replication: Cost—benefit analyses

Appropriate replication was determined in 3 sta§@st, cost—benefit analyses
were done to determine the optimal replicationclmmparisons among lakes. Analyses
were done for numbers of taxa, total numbers ohgps and foBtyela plicatausing
data from both lakes and f8plysinellacf. rhax andPyura stoloniferausing data from
St Georges Basin. Because fractions of replicaeaat be sampled, numbers of
replicates were rounded to whole numbers keepiagtoethe budget of 360 min lake
These analyses produced 3 different designs: (19cBRions, 1 site and 3 transects for
numbers of taxa; (2) 6 locations, 2 sites and ias&ats for total numbers of spongas,
rhax andP. stoloniferaand (3) 11 locations, 1 site and 2 transectSfqlicataTable
2.6. Becaus&. plicatais an introduced species and the primary aimefésearch

programme was to examine native species, Optioas3net considered further.
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Next, to determine which design would be the bestpromise for sampling
most taxa, cost—benefit analyses were don&tderitesp.,Mycalesp. and
Halichondriaspp. within locations in Wallis Lake (Table 2.®he limiting cost in
these analyses was the time available to sammleation (including 20 min of
travelling time between locations). Analyses wesaelusing: (1) 10 locations lake
(i.e. 36 min locatior) and (2) 6 locations lak&(i.e. 60 min locatior). For Option 1
(10 locations lak@), although there were originally differences amepgcies in the
numbers of sites (0.4 to 1.2) and transects (215b1t4), when the numbers were
rounded to stay within the time budget, the debigcame the same for all species (1
site and 3 transects locatidnTable 2.6). For Option 2 (6 locations laRethe design

varied from 1 to 3 sites locatiohand 15 to 2 transects sitéTable 2.6).

Table 2.6.Replication at each spatial scale derived front-dmnefit analyses for
sampling sponges and ascidians. Values in paresglies/e not been rounded.
Numbers in bold have been rounded to whole unitaofpling. In cases where there
was a choice between rounding up or down, theaa{adin that produced the more
precise estimate of the mean is given.

Both lakes St Georges Basin Walllis Lake

No. of Sponge Styela plicataAplysinella  Pyura  Suberites Mycalesp. Mycalesp. Halichondria

taxa S cf.thax  stolonifera gp, (L1) (L1) (L5) spp. (L3)
Locations 10(10.0) 6 (6.0) 11(10.6) 6(6.7) 6(6.0) Option 1: 10 locations lake"
Sites (0) 1(20) 2(16) 1(1.3) 2(1.7) 2(319 1(06) 1(1.2) 1(0.6) 1(0.9
Transects$Lo)) 3(3.0) 5(5.2) 2(21) 5(53) 5(48) 3084 3(2.0 3(82) 3(15.4)
Locations Option 2: 6 locations lake®
Sites (0) 2(15) 3(29 215 1(1.0
Transects$Lo)) 5(8.4) 2(2.0) 5(8.2) 15(15.4)

Finally, to determine the best compromise in gilon, the precision of
estimating the means of each design was comparedathe different variables.
Precision was calculated as the estimated stamilesdof the mean (SEM, number per
sample) and expressed as a percentage. The esti8také was calculated as the square

root of the estimated variance of the medfisyhere:



V= (S +nx S, +nxbxS})
- nxbxa

for calculating SEM per lake and:

PG RILET
nxb

for calculating SEM per location.

At the location scale, the precision of sampliagchily distributed taxa
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(4)

(5)

(Suberitessp.,Mycalesp. andHalichondriaspp.) was greatly improved by using 2 sites

and 5 transects compared to 1 site and 3 tran§abte 2.7. In comparison, there was

only a relatively small loss in precision of theaneat the scale of lake when sampling

number of taxa an8tyela plicatawith 6 locations, 2 sites and 5 transects compired

10 locations and 3 transects. Therefore, it wasloded that the best allocation of

resources would be to use 6 locations, 2 sitesanahsects lake

Table 2.7.Precision of estimating means measured as thdatherror of the mean for

selected variables at the scales of lake and mtatising different numbers of

locations, sites and transects.

Numbers of locations, Precision at the scale Precision at the scale of location

sites, transects of lake
No. of Styela  Suberites Mycale Mycale Halichondria
taxa plicata  sp.(L1) sp.(L1) sp.(L5)

10,1,3 24.6% 92.9% 80.3% 108.0%

6,2,5 27.2% 101.5% 46.5% 73.2%
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2.4 DiscussioN

Two key patterns of distribution of sponges anzdaans in coastal lakes are
highlighted by this study. First, most of the spem@nd ascidians were clearly very
patchily distributed at a range of spatial scatemf10s of metres up to 100s of
kilometres, which appears common for many spedispa@nges and ascidians in other
habitats (Roberts & Davis 1996, Ferdeglanal. 2000, Hooper & Kennedy 2002,
Hooperet al.2002). Second, few taxa were widespread over tgetlapatial scales.
While similar patterns have been found in othel@sed bodies of water (e.g. Kuenen
& Debrot 1995), the organisation of assemblagdlese lakes appears fundamentally
different to those on the open coast, where assayablof sponges and ascidians
usually consist of several patchy but widesprea&ttisgs and numerous very uncommon
taxa (e.g. Wilkinson & Evans 1989, Farnsworth &dflh 1996, Roberts & Davis

1996,).

Such variability suggests there may be many diffeprocesses operating and
influencing these patterns at a range of scales &dew metres to an entire lake
(Underwood & Chapman 1996b). In addition, pattemese complex and not consistent
between lakes, suggesting different processes mapérating in different lakes.
Numerous mechanisms, including predation (Wulff@Q@vailability of substrata to
settle on (Keough 1984), water quality (Burns & ggiam 2002), hydrodynamics
(Guichard & Bourget 1998), competition, dispersad aecruitment (Farnsworth &

Ellison 1996) have been proposed and examinedpiaiexthese distributions.

At the largest spatial scale of lakes (100s aifrkittres apart), while the mean
number of taxa and mean abundance of spongesapsett did not differ, the
composition of assemblages differed greatly betwikeriwo lakes. Only 1 of 9 genera

of sponges was found in both lakes, and thesdéichondriaspp.) may be different
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species. Differences between lakes point to presesgerating at large spatial scales of
the entire lake and/or region. Although little rsokvn of many of the taxa found in this
study, it is logical to suggest different speciesyrhave different tolerances to the
physiological stresses imposed by these envirorsreerd hence different distributions.
For example, water quality can vary greatly amoigyWlakes (Pollard 1994a, West &
Jones 2000). Large-scale floods can dramaticabiywgé physical variables such as
salinity, temperature, turbidity and pH and affewtire estuaries and assemblages of
animals (Moverleyet al. 1986). Further, the magnitude and duration of charajter
input of freshwater may vary greatly among difféeid®W coastal lakes (e.g. Pollard
1994a). Similarly, the regime of opening and clgsmh entrances of NSW lakes is
known to affect water quality, which can be corretbwith the distribution of some
organisms (Dye & Barros 2005a & b). Differencespecies composition may also be
due to limited dispersal between lakes. Dispersgl be limited because: (1) coastal
lakes in NSW are separated by 10s to 100s of killme@f open coast, (2) it appears
that the distributions of many of these spongesiate&ontinuous along the coast and
may be restricted to lakes or estuaries (P. Barnpabl. data) and (3) many sponges
have short dispersal distances (Zea 1993, Farns\8ollison 1996, Maldonado &

Young 1996, but see Dawes al. 1996).

Patchiness was also clear at smaller spatials@ale 10s and 100s of metres
to kilometres apart within lakes. This was mostlent in Wallis Lake where only 2 of
the 8 species of sponge were found in >1 locati@mvertheless, some species were
relatively abundant at some places. Similarly,abhendances of those more widespread
taxa were significantly variable within the spasahles in which they occurred. Again,
numerous processes have been proposed to explaileisstale patterns. For example,

abiotic factors which may affect sponges such dsrsmtation rates (Burns &
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Bingham 2002) and turbidity (Bell & Barnes 200089 known to differ among areas
within lakes kilometres apart (Roberts 2001, Skisal.2004). Larval recruitment and
small dispersal distances have been proposed astanpin explaining aggregated
patterns of distribution of epibionts (includingosiges and ascidians) over relatively
small scales of metres to 100s of metres (Farngvdillison 1996). Asexual
propagation via fragmentation or budding is comnmosponges and may be important
in determining distributions or maintaining popigat in some areas (Wulff 1991;
Bingham & Young 1995). Predation by fish has beemd to play a key role in
structuring assemblages of sponges in some hafftatgik 1998, Wulff 2000, 2005),
and abundances of fishes are often patchy and diff®ng habitats within and among

NSW lakes (Pollard 1994b).

The shallow areas sampled in these lakes are afteosaic of patches of
different species of seagrasses and macroalgagadcites of bare sediment (Westal.
1985, Cummingt al.2004b), which vary over scales of metres to kiloe®tSuch
patchiness in habitat may have a number of consegsdor the distribution of sponges
and ascidians. For example, sponges and ascidienesfound attached to a variety of
surfaces, including seagrasses, macroalgae anudrag of shells, and unattached on
top of patches of sediment. Small-scale patchimes®e distribution of sponges and
ascidians may therefore be related to the avaitloif suitable substratum on which to
settle (Keough 1984). In addition, assemblageotdrgial predators may differ among
types of vegetation and, therefore, affect distrdms of sponges and ascidians. Overall,

it is likely that many processes are interactingfluence patterns of distribution.

Greater understanding of the ecology of spongdsaaaidians in coastal lakes
and, hence, long-term conservation will best beesed by experimental examination

of the processes causing small- and large-scalerpatof variation. Also, because
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patterns of distribution varied greatly among spgciurther experiments should
include examination of specific species (Cumnahal.2004a). However, because
assemblages of sponges and ascidians in thesatisad# virtually unknown, it would
be beneficial first to test the generality or othise of these patterns through time and
among different lakes. The findings of this studyd several important implications

for the design of such research programmes.

At the lake scale, although there were no sigaifidifferences in the mean
number of taxa, individual sponges,Siyela plicatger transect, there were obvious
differences in the composition of assemblages batwiallis Lake and St Georges
Basin. Two-thirds of the taxa were exclusively fdun one or the other lake. Wallis
Lake had more taxa (11) compared to St Georges\B&sand taxa were widespread
throughout St Georges Basin, but in Wallis Lake tmaere restricted to 1 or a few
locations. Such obvious differences emphasisedled to include adequate replication
at the lake scale for studies examining differenceomposition of assemblages
among large spatial scales (e.g. regions of coasypes of lake (e.g. urbanised versus
relatively pristine, open versus intermittently opge closed to the sea). For such
comparisons, inclusion of sampling at a hierarchgpatial scales will further improve
the power of tests for differences (Morrisgtyal. 1992). Further, adequate replication at
the smaller scales of 10s and 100s metres and &iteswill be needed to ensure
differences between lakes are not masked by sigmifismall-scale variation. Very
patchy distributions at the scale of locationsigdres apart (as in Wallis Lake) also
have important consequences for finding spongadake. The number of locations
sampled will determine the probability of a partaauspecies being found. For example,
Mycalesp. was widespread in only 2 of the 6 locationg/milis Lake. Logically, the

probability of sampling at least 1 location witycalesp. will increase with the number
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of locations sampled (for theory on sampling rgrecges see Kovaladt al. 1986,

Green & Young 1993).

In the present study, unlike other published eXxempf spatial variation and
cost—-benefit analyses (Kennelly & Underwood 1986yideyet al. 1992, Bennedetti-
Cecchiet al. 1996, Bartsclet al. 1998), there were very few taxa widespread over all
spatial scales. Such studies quite appropriatedgeho analyse taxa that were
‘consistently present’ (Morrisest al. 1992), because they presumably represented a
large proportion of and were therefore represergaif the assemblage. In contrast, this
study found that it was often the patchily disttémitaxa that represented the largest
proportion of the assemblage. In this case, it wgrtant to optimise sampling
designs for those taxa. It should not be assunsddiirived variables such as total
number of taxa are appropriate surrogates for degjgexperiments to sample
individual species. Rather, if the aim of the sanmgpprogramme is to sample many
taxa as precisely as possible, designs can be wegroy including patchily distributed
taxa in cost—benefit analyses. In this study, i ¥eand that the selection of a sampling
design that led to relatively large increases ecmion of sampling patchily distributed
taxa, resulted in only relatively small compromigsethe precision of sampling

widespread variables.
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CHAPTER 3: HUMAN IMPACTS AND PATTERNS OF
DISTRIBUTION OF SPONGES AND ASCIDIANS
AMONG NEW SOUTH WALES COASTAL LAKES
AND LAGOONS

3.1 INTRODUCTION

Estuaries worldwide are common focal points ftiesj towns, industry and
agriculture (Kennish 2002). Increasing threats iamghcts from development have
resulted in the need for increased interventionraadagement of these environments
to ensure their long-term ecological functioningl @onservation (Leet al. 2006;
Lotzeet al.2006). While estuaries are among the most intehsstudied ecosystems
in the world, they constitute a diversity of hatstand forms, with the ecology and
biodiversity of many types of estuaries remainiogny understood. The more
intensively studied estuaries include many of #rgdr and river dominated examples
such as Chesapeake Bay (Keat@l.2005), San Francisco Bay (Thompsaral.2007)
and Sydney Harbour (Bulleet al.2005). Coastal lagoons, however, are
morphologically very different types of estuari€hey are common in many parts of
the world including Africa, South America, the Medranean and Australia (Whitfield
1992; Suzuket al.1998; Royet al.2001). While considerable work has been done on
lagoons in Europe and North America and in redem¢d attention has increased

elsewhere in the world, in temperate Australia theyain relatively understudied.

There are also large imbalances in the amourdgsgfarch done on different
taxonomic or functional groups in these systemsu@s such as fish and seagrasses
have been studied relatively intensively (Bostretnal. 2006; Orthet al.2006a)
compared to other groups such as sponges andasidbponges have been rarely

studied in coastal lagoons with the exception afdh lagoons (see Table 1.1). Further,
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physical and biological processes differ amongagsttypes and it cannot be assumed
all taxonomic groups will respond in the same wRgy et al.2001). Without a broad
scientific understanding of how different groupspend in different estuaries and under
different estuarine conditions, management mafi¢d guesswork and conservation

cannot be assured.

In south-eastern Australia, a high proportionh& human population live near
the coast and this is steadily increasing (ZanrbL9® this region, saline coastal lakes
and lagoons are a common type of estuary @a@}.2001) and encompass a diversity
of morphologies, hydrology, levels of human impasies and management. They range
in size from small coastal creeks of less thamalfectares in water surface area to
large lakes tens of knin area (Geoscience Australia 2001; Rowl. 2001; Haines
2003). Regimes of opening with the sea vary iratlon and frequency from lakes and
lagoons that are permanently open, to those tret apd close numerous times a year,
to those which are closed for periods of yearsr{e®2003). Furthermore, the majority
of New South Wales’ ninety lakes and lagoons haweesdegree of development
(agriculture, industry or urbanisation) in theitatanents with only six classified as
near pristine (Healthy Rivers Commission of NSW200Many sustain commercial
and recreational fisheries, oyster farms and apellpo tourist destinations (Turnet al.
2004). Finally, because of the increased presainehanisation and development,
these systems are becoming increasingly managadexemple, up to 30% of lakes
and lagoons in NSW are artificially opened to tha ssually with the justification of

improving the water quality or reducing the riskfloibding (Haines 2004).

Despite their proximity to development and vanses, scientific knowledge
of the biology and ecology of these systems istéthto some groups of organisms in a

subset of lakes and lagoons. For example, seagrésg. Westt al. 1985; King
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1986), phytoplankton (Cummiret al.2004a), fish (Pollard 1994a; West & Jones 2000;
Griffiths & West 1999) and meiobenthic (Dye 2005,e& Barros 2005a) and
macrobenthic assemblages (Dye & Barros 2005b) baga studied in a number of
NSW lakes and lagoons. Virtually nothing, howevwv&known of the distribution,
biology nor ecology of epibenthic fauna, namelyrgpes and ascidians in these
systems. With the exception of von Lendenfeld&3@) inventory for Lake lllawarra, a
recent search of the scientific literature foundshalies directly relating to sponges, no
quantitative descriptions of their distributionrramy reliable names of species in NSW

coastal lakes.

The conservation of biodiversity in these systevilisrely heavily on effective
management, which will in turn rely on a sound stifie understanding of natural
processes, unplanned human impacts (Underwood &r@aia 2003) and the effects
(positive or deleterious) of managerial action$ie Togical first step in this process,
however, is to understand the basic patterns trlglision of species (Underwoaat al.
2000). Sponges and ascidians in NSW coastal l&fpeesent an unusual group of
organisms to study compared to other groups bea#ubke paucity of information
regarding even broad scale patterns of distributiéor example, for groups such as
fishes, seagrasses and macrofauna it is at leastrkim which lakes they occur, but for
sponges and ascidians even their presence or &separticular lakes has yet to be
determined. In systems where little is known dlibe distribution of organisms, it is
sensible first to examine relatively broad scaligpas of distribution and then refine

theories to examine the processes that underpse fhatterns.

When choosing the spatial or temporal factorsttude in such initial studies
much can be gained, in terms of the ecological/eglee of the results, by examining

known patterns of distribution of other organismsimilar habitats. One of the key
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attributes that has been examined for coastal liakidé® regime of opening and closing
to the open ocean (Pollard 1994a; Teske & Wool@ri2ig03; Dye 2006). A pattern
common to many groups is higher species diversitysmaller abundances in
permanently open compared to intermittently closgstems (e.g. fish — Pollard 1994a,;
macrobenthos - Teske &Wooldridge 2001; Dye & Ba2885a; Meiofauna — Dye &
Barros 2005b). It has been suggested high diyarsity arise from processes such as
recruitment from the ocean or more stable envirantaleonditions in permanently
open systems. Although little is known of the rétnent processes and environmental
requirements of sponges and ascidians in thesemsgstt is likely they may differ from
other taxa. The size of an estuary has also ligsmified as important to the structure

of macrobenthic assemblages (Teske & Wooldridgel 200

Based on these observations, in this study, eédetste hypothesis that
assemblages of sponges and ascidians would diffen@ lakes of different size and
opening regime. Further, in other coastal enviramsedistribution of sponges and
ascidians may be affected by a variety of humaractgp(Carball@t al. 1996; Carballo
& Naranjo 2002) including sewage and silt deposif{jRobertst al. 1998; Robertet
al. 2006). |therefore tested a second hypothesisagsmblages in lakes extensively

impacted by human development would be differemfrelatively less impacted lakes.

3.2 METHODS
3.2.1 Study-sites and sampling methods

To test for differences among lakes of differamés and different opening
regimes, lakes were paired according to two operaggnes and two arbitrarily chosen
size classes (Table 3.1, Figure 3.1). Categofiepening regime follow those of

Haines (2003). Haines (2003) reported that theiogeregimes of the majority of
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NSW coastal lakes could be divided into two didtgroups; Lakes with entrances
closed to the sea more than 60% of the time (dladsas ‘mostly closed’) and lakes
with entrances closed less than 20% of the tineséified as ‘mostly open’). In this
study, lakes were classified as mostly closed astip@pen based on opening records
in the three years (1999-2002) previous to thidy{eoscience Australia 2001,
Roberts & Dickinson 2005, Lake lllawarra Authoripgrs. comm.). Lakes with a
surface area between three and fivé kare arbitrarily classified as small and larger
than six kmi as large. Ideally, all large lakes would haverbega similar size.
However, given the restricted number and typesksd#d to choose from, it must be
noted that the two large closed lakes (Smiths amithCFigure 3.1) were relatively
smaller than the two large open lakes (Wallis Laké St Georges Basin, Figure 3.1)

and caution should be used when interpreting coisgas between the lake types.

To test for differences in assemblages betweesslalkth different levels of
human impact, two extensively impacted lakes (Tuglyand lllawarra) were compared
to two relatively less impacted lakes (Wallis ands8orges Basin). We used the
classifications of estuaries and their catchmemiad in the Ozestuaries database
(Geoscience Australia 2001). The Ozestuariessidlaations are based on a number of
indicators of environmental condition and incre@sgeverity of human impact from
‘pristine’, ‘near pristine’, ‘largely unmodified’ modified’ to ‘extensively modified’ as
the highest level of impact (Walker & Veitch 200Lake lllawarra and Tuggerah Lake
were classified as ‘extensively modified’, and W&llake and St Georges Basin as
‘modified’. All four lakes were relatively largend mostly open to the sea (Figure 3.1).
Tuggerah Lake had been open to the sea since Rafie(ts & Dickinson 2005) and

Lake lllawarra was open from 1998 (Lake lllawarnatiAority, pers. comm.).
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Figure 3.1.Locations sampled in 10 New South Wales lakedagabns.
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Pilot surveys suggested that sponges and ascididS\W coastal lakes were
most diverse and abundant in the relatively sha(lowo 2.5 metres depth) seagrass and
macroalgal meadows of coastal lakes (Bagted.2006). In the current study, the
distributions of sponges and ascidians were quedtif ten coastal lakes in New South
Wales Australia between January and May 2002, usingnethods. First, transects
were used to quantify the relatively abundant sggeof sponges and ascidians.
Individual sponges, solitary and colonial ascidieuese counted by a snorkeller in
replicate 10 x 2 m transects. Second, because sp@Tyes of sponge and ascidian are
very uncommon and sparsely distributed in NSW @bdskes (Barnest al.2006), and
are therefore unlikely to be found in relativelyahtransects, timed searches were used
to determine the presence or absence of specipic&e timed searches in which a
snorkeller swam haphazardly for five minutes withisite allowed more area to be
searched than within transects and hence greatigased the probability of finding the
less common species. Each method was used ataachiy of spatial scales in each
lake. In each lake, six locations (kilometres gpaach with four sites (100s of metres
apart), each with six replicate 10 x 2 metre tratss€l0s of metres apart) and four
replicate five minute timed searches were done Baereset al. 2006 for optimisation

of sampling design). Sites were approximately &@res in diameter.

Voucher specimens of sponges were identified loyladiged with the
Queensland Museum, Brisbane, Australia. Voucheciapens of ascidians are held at

the University of Wollongong.

3.2.2 Statistical analyses
Non metric MDS ordinations (PRIMER, Clarke 1993)y®eased to illustrate

patterns of difference among lakes for sponge aoili@n assemblages separately.
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Data were pooled to provide a centroid for eacke kakd square-root transformed to
reduce the influence of very abundant taxa.

Two sets of analysis of variance were used toftestifferences in abundances
of some of the relatively more widespread and abonthxa (total sponges, total
ascidiansStyela plicata_esueur andPyura stoloniferaHeller). First, five factor
analyses of variance were used to test for difleermmong lakes with different
opening regimes and different sizes. The fact@senOpening Regime (fixed and
orthogonal with two levels; mostly open and mosttysed), Size (fixed and orthogonal
with two levels; small and large), Lake (random aedted in the interaction of
Opening Regime and Size with two levels), Locafimdom and nested in Lake with
six levels) and Site (random and nested in Locatitth two levels) withn = 6 replicate
transects per site. Second, four factor analysear@nce were used to test for
differences between Lakes with different level®iofman impact. The factors were;
level of Impact (fixed and orthogonal with two Iéveextensively modified and less
modified), Lake (random and nested in level of lotpaith two levels), Location
(random and nested in Lake with six levels) and @andom and nested in Location

with two levels) withn = 6 replicate transects per Site.

The assumption of homogeneity of variances wdsdassing Cochran’s Test
(Wineret al.1991). Data were transformed to ki 1) when significant. When
transformations did not remove heterogeneity, aeasyproceeded because analysis of
variance can be robust to deviations from hetereyeof variances, particularly with
fully balanced designs with many independent esgmaf variance (Underwood 1981).

Post-hoc pooling was used to construct tests fyivdriorder effects whgm> 0.25.
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3.3 RESULTS
3.3.1 List of taxa

Eighteen species of sponge and six species afiasavere found in the ten
Lakes (Table 3.1). Of the eighteen species of gpaollected, only two could be
tentatively identified to species. The remainderlkely to be undescribed or presently
unable to be assigned to a known taxon given thiagta of taxa in the older literature

whose identities still remain a mystery (Hooper &&deénmayer 1994).

3.3.2 Sponges: Open versus closed and big versus smakés

In the relatively less impacted lakes, the presaisponges was related to the
combination of opening regime and size, with spserfgend in all, but the two small
closed lakes (Table 3.1). In the four open andlawge closed lakes where sponges
were found, there were no widespread species aimidingly there were striking
differences in the composition of assemblages antedes with few clear patterns of
similarity between lakes of similar types (Tabl&,3-igure 3.2a). The two small open
lakes, Conjola and Burrill, were the most similaterms of species present, but still
had only three out of a total of seven specie®mmon (Table 3.1). Most species of
sponge were found only in a single lake (10 of @8cges) or two lakes (5 of 18 species)
(Table 3.1). Only three species were found in ntlba@ two lakesMycalesp. and
Aplysilla cf. sulphureawere found in the same three lakes (Wallis, Corgoia Burrill),
all mostly open to the ocean (Table 3.1), but welatively uncommon within these
lakes with only two specimens bfycalesp. found in each of Burrill and Conjola.
Suberitesp.1 was found in the most northern lakes (Walid Smiths) and the open,

but relatively impacted Tuggerah Lake.
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Table 3.1 Locations in which species were found in eactenfNSW coastal lakes.

Includes data from timed searches and transecer B Figure 3.1or positions of

Locations in each lake.

Condition Less modified Exten_s_lvely
modified
Opening-regime Mostly closed Mostly open Mostly open
Size Small Large Small Large Large
© §, S ©
s ¢ £ & = § £ 3 5 &
ek 3 & S8 § & = ¢ Sz
@ o=
Porifera
Aplysilla cf. sulphurea 2 6 1
Aplysinellacf. rhax 1,24,5,6
Dysideasp. 1
Halichondriasp. 1 1 3
Halichondriasp. 2 1
Halichondriasp. 3 3
Halichondriasp. 4 5
Halichondriasp. 5 4,6
Haliclonasp. 1 3 4
Haliclonasp. 2 3,4
Hymeniacidorsp. 1 3
Hymeniacidorsp. 2 3 4
Mycalesp. 6 6 1,45
Niphatessp. 6
Raspailiasp. 5
Suberitesp. 1 1,3,4,5,6 1,2,4 4.6
Suberitesp. 2 4 6
Tetilla sp 5 4
Total number of 0 0 2 1 6 5 10 2 3 0
sponge species per
lake
Ascidiacea
Botrylloides leachi 6
Eudistomdaysani 2,6 3 123456
Herdmania grandis 4
Microcosmussquamiger 13
Pyura stolonifera 12,345 1,23 34 123456 5
Styela plicata 3,4,6 23 4 1,2,3,456 1,3,456,345,6 1 1,4
Total number of 1 1 5 3 3 3 2 3 1

ascidian species per
lake
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Tuggerah awarra
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Figure 3.2.MDS plots comparing assemblages of (a) spongegrascidians among
lakes. Each point represents the centroid forlgkat. Note: Durras, Swan and
lllawarra lakes are absent from (a) because noggsowere found and similarly Swan
Lake is absent from (b) because no ascidians voeredt

The abundance of all sponges (all species pootgettier) did not vary
significantly among types of lake (Table 3.2, Fg@r3a). However, on average, the
large and open St Georges Basin had the most spotwesisting mostly dkplysinella
cf. rhax. Abundances of individual species of sponge wetecompared statistically

among types of lake because few were widespreadhang were only found in timed

searches.

Within each lake, most sponges were very patchdiributed with most found
in only one location (Table 3.1). Omplysinellacf. rhax which was found in five of
the six locations in St Georges Basin &uberitesp. 1, which was found in five and
three of the Locations in Smiths and Wallis Lakespectively, could be considered

widespread within a lake (Table 3.1).



46

a
g 7
o)
c
2 64
9)]
w
D4
c
I
O
N -
o o =[] ]
30 T~
25 4
20 1
2 15 - b
]
5 8
‘S
(]
< - T
w
2
c 47
I
O
= o
0 N —
> T
- 201
g 3 ¢
o
<
)
2 24 T
n
m
2
c 14
I
O
] [ ] =
0 N i
20 T~
©
E 15 4
5 10 d
S 2
(%]
s
>
>
a
o1
@
C
]
= -
0 —
¢ g ¢ g8 g ¢ 5 &2 2 %
g 3 S 3 £ Y s 3
o g & S 5 3
5 =
Small Large Small Large Large
Closed Open Open
Less modified Extensively
modified

Figure 3.3. Mean (SE) numbers per transect in each lakee:Naxes are not to scale
in histograms which are split.- indicatestaxa were found in timed searches only.
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3.3.3 Ascidians: Open versus closed and big versus smklkes

In general, assemblages of ascidians showed sipatgerns of distribution
among and within lakes as the sponge assemblagbte(3.1, Figure 3.2b). Ascidians
were not found in the small and closed Swan Lakeamty one specie€(distoma
laysan) was found in the other small and closed lake (&8)r Three of the six species
were each found in single but different lakes (€ahll). Significantly, the introduced
ascidianStyela plicatavas the most widespread and abundant species aim®fakes
and was found in all but the two small closed la&sble 3.1, Figure 3.3c). The native

Pyura stoloniferavas the next most widespread.

The abundance @&tyela plicatavaried with the combination of opening
regime and size with significantly more per trannsedhe large and open lakes
compared to all other types of lake (Table 3.2uFeg3.3c). The abundanceRjura
stoloniferadid not vary significantly among types of laket did vary among the
smaller scales between and within lakes (TableRBdure 3.3d). The abundances of
the remaining ascidians were not compared statlBtibecause they were not

widespread and had very small abundances.
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Table 3.2. Analyses of variance to test for differences agnbakes with different
opening regimes and sizes for selected variabiss. not significant, ***p < 0.001, **
p <0.01, *p < 0.05. Tests for main effects were constructezt aon-significant

sources of variation were poolgua> 0.25).

Total individual sponges Total ascidians
Source of variation df MS F p MS F p
OpeningRegime 1 1451 3.25 ns 111.65 16.62  ***
Size 1 21.90 4.90 ns 44.00 6.55 *
OR XS 1 1.92 043 ns 22.30 3.32 ns
Lake OR x 9S) 4 447 241 ns 5.80 0.85 >0.25
Location La(OR xS)) 40 1.85 247 ¥ 6.81 6.50  ***
Site Lo(La(OR x 9))) 48 0.75 2.67  ** 1.05 3.12  w
Residual 480 0.28 0.34
Transform Lng + 1) Lnk + 1)

Styela plicata Pyura stolonifera

Source of variation df MS F p MS F p
OpeningRegime 1 40.04 7.67 13.61 0.75 ns
Size 1 27.71 531 23.10 1.28 ns
OR XS 1 21.65 4.15 * 8.71 0.48 ns
Lake OR x S) 4 352 0.68 =>0.25 18.07 14.77 ¥
Location La(OR xS)) 40 522 8.16  ** 1.22 1.89 *
Site Lo(La(OR x 9))) 48 0.64 6.16  *** 0.65 3.59  w*
Residual 480 0.10 0.18
SNK tests forOR x S Large Open >> Large Closed

Large Open >> Small Open
Transform Lng + 1) Lnk + 1)

3.3.4 Sponges: Extensively modified versus less modifi¢akes

Three species of sponge were found in the extelysmodified Tuggerah
Lake, but none was found in the extensively modifieke lllawarra (Table 3.1). In
comparison, in the two less modified lakes of samdize and opening regime (Wallis
and St Georges Basin), ten and two species of gparee found respectively. The
abundance of all sponges (all species pooled tegetras not statistically different
between the two types of lake because of largatran at small spatial scales (Table
3.3, Figure 3.2a). The average abundances ofithdil/'species, however, did differ

between the lakes. For example, in Tuggerah Lauberitesp. 1 were not found in
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transects and only two individuals were found im&d Searches compared to a total of
8 and 137 found in Transects in Wallis and Smithkeds respectively. Similarly, 512
Aplysinellacf. rhax were found in St Georges Basin. ConverselyHddclonasp. 1

were found in Transects in Tuggerah Lake comparddur in Wallis and none in St

Georges Basin.

3.3.5 Ascidians: Extensively modified versus less modéd lakes

The number of species of ascidian found in theresitely modified Tuggerah
Lake (3), was similar to the two less modified laké/allis (3) and St Georges Basin
(2) (Table 3.1). Only one speci&tyela plicatavas found in Lake lllawarra.
Furthermore, the distribution of ascidians wasriesid to a single location for each
species in Tuggerah Lake compared to multiple lonatin Wallis Lake and St Georges
Basin (Table 3.1). There were significantly m8tgela plicatgoer transect in the less

modified compared to the extensively modified lakEsble 3.3, Figure 3.3c).

Table 3.3. Analyses of variance to test for differences leetwlLakes with different
levels of human impact. ns - not significant, 1% 0.001, **p < 0.01, *p < 0.05.
Tests for main effects were constructed after ngnHscant sources of variation were
pooled p > 0.25).

Total individual Total ascidians Styela plicata
sponges
Source of df MS F p MS F p MS F p
variation
I mpact 1 2286 3.68 ns 146.18 72.24 * 62.10 6.21 *
Lake(l) 2 6.21 248 ns 2.02 0.17 ns 591 057 >0.25

Location{a(l)) 20 250 1.17 ns 11.68 7.80 10.40 8.59 kk
Site(Lo(La(1))) 24 214 6.18 ¥ 1.50 4,12 xxx 121 7.82 ==
Residual 240 0.35 0.36 1.00

Transform Lng + 1) Lnk + 1) Lnk + 1)
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3.4 DIsScussION

This chapter highlights a number of key patterindistribution of sponges and
ascidians among NSW coastal lakes. First, theseandear relationship between the
presence and abundance of sponges and ascidiattseacmmbination of opening
regime and size of lake. In general, there wereemspecies in lakes mostly open to the
ocean regardless of size compared to the mosthedlakes, and importantly, no
sponges and only one species of ascidian were fiouthé small closed lakes. Second,
there appeared to be an effect of the level of fizadion of a lake with relatively
smaller abundances of ascidians in the extensivelyified Tuggerah and lllawarra,

and no sponges in Lake lllawarra.

The general pattern of absence of sponges frorti antamostly closed lakes
was further supported by qualitative searches #iisrstudy of five other small and
mostly closed NSW lakes and lagoons (Wamberal kn#] Tabourie 1.57 ki
Mummaga 1.40 k& Fairy Lagoon 0.03 kfrand Bellambi Lagoon 0.03 Kywhere
similarly no sponges and only one species of asgiiudistoma laysanin Lake
Mummaga) were foun(Barnes unpublished data; Appendix 2). The mosiocnts
explanations for absences of sponges and ascii@anssmall and mostly closed lakes
relate to differences in water quality. Large dap@sin water quality, especially the
input of freshwater, have long been known to affeetsurvival of sponges in estuaries
(von Lendenfeld 1885; Fetit al. 1989; Robertet al.2006). Historical records of water
quality for NSW lakes are relatively scarce andmplete; however, sufficient data
exist for salinity to propose some preliminary thes. It must be noted that reductions
in salinity occur with the input of freshwater iradake from rainfall and terrestrial
runoff, and other measures of water quality (eemperature, turbidity, pH, dissolved

oxygen, etc.) often also vary with changes in gglife.g. Suzuket al.1998; see
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Roberts & Barnes 2004 for examples from Tuggerdte).aTherefore, any one or
combination of these variables may affect the ithistion of sponges and ascidians, and
in this discussion, historical records of saliratg considered as measures of freshwater
input. The patterns of distribution of animalghis study correlate well with historical
ranges of salinity (Appendix 1). In New South Wslemaller mostly closed lakes often
have larger ranges, different frequencies and mapiel changes than mostly open
and/or larger lakes. In particular, salinities b@eome very low in small closed lakes
(Appendix 1). For example, in lakes where sponge® not found (e.g. Swan and
Durras) or were very rare (e.g. Coila), historigailinities have fallen below 10 %o
compared to lakes where sponges were more comnbsadinities did not fall below

13 %o (Appendix 1). In addition, when the smalldalare closed, periods of low
salinity often last longer as freshwater buildsumgil the lake opens to the sea (Pollard
1994b; West & Jones 2000). Furthermore, the rathange of salinity can also affect
the survival of sponges. For example, e¢lal. (1989) found that the sponge,
Microciona proliferacould tolerate gradual reductions of salinity fr8 %o to 10 %o,

but direct reductions were lethal. It should beeddhat Smiths Lake, which has the
second most abundant population of sponges, exupesaelatively stable salinities
(Appendix 1) because it has a relatively small lwatent for its size compared to other

NSW lakes (Haines 2003).

Another major finding of this study was a genémalease in species diversity
in mostly open compared to mostly closed lakess difficult to assess the generality
of this finding for sponges and ascidians becatislieeoabsence of comparable studies,
but similar patterns have been documented for @tarps of organisms such as fish in
NSW coastal lakes (Pollard 1994b) and macrobenthbSW (Dye & Barros 2005b)

and South African (Teske & Wooldridge 2001) coakstlés and estuaries. The two
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most likely explanations for this pattern are Xreased opportunity for recruitment
from the sea via the open entrances either fronmn@gopulations or populations in
other nearby estuaries, or 2) favourable enviroriati@onditions within a lake as
mentioned above. Itis, however, very difficultdetermine the geographical
distribution of these sponges from the literaturd ehether they may occur in the
ocean, because most in this study are likely torlzeescribed (Hooper & Wiedenmayer
1994). Despite this, preliminary surveys of masivegers near the lakes for some of the
larger and upright sponges that were easily recadphe in the field (e.dysideasp.,
Mycalesp.,Raspailiasp.,Suberitesspp. andretilla sp.) failed to find these species,
which suggests they may indeed be restricted teslak other estuarine systems. The
remaining sponges were mostly smaller, encrustmcayptic. They were generally
difficult to identify in the field and subsequentiywas extremely difficult to estimate

their range of distribution.

The patterns of distribution within lakes also goip the theory that some
species may be restricted to lakes (Table 3.1,r€i8ul). If recruitment of larvae from
the ocean was important, it could be hypothesisatidponges will be more abundant
and or more diverse in locations nearest to thamcePresumably, larvae would have
less distance to travel and environmental condstiwauld be more similar to the ocean
nearer to the entrance. However, for most spétigsst lakes, this was not the case
(Table 3.1, Figure 3.1). For example, in Wallik&éasponges were most abundant and
equally most diverse in the furthest location fribve ocean (Location 1) and similarly
in Smiths LakeSuberitesp. 1 were most abundant in the two location$héstt from
the ocean. Only in Burrill Lake, was diversitysgonges largest in the location nearest
to the ocean. Although very little is known abthé dispersal capabilities of marine

sponges, it is probably limited for many specieglidls & Barnes 2005). In this study,
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most species of sponge were very patchily distethwtithin a lake and only found in
one or two locations. Aggregated patterns of ihigtion such as these further suggest
these species may have short dispersal distantesaniae settling near to the parents

(Uriz et al.1998). This also suggests exchange of larvae atadeg may be limited.

Restricted distributions of some species of spsngdakes or estuaries also
appear to occur elsewhere in the world. Interghtjriwo species oBuberites
morphologically very similar to thBuberitesspp. in this study appear to be restricted to
estuaries along the Pacific coast of Mexico (Cédoketlal.2004) and saline mangrove
lakes of Indonesia (N. de Voogd, pers. comm.). flfwesponges that could be
tentatively named to specigglysilla cf. sulpureaandAplysinellacf. rhax, however,
have cosmopolitan distributions occurring over dengeographical range (Hooper &
Wiedenmayer 1994). Therefore, overall it apped&edy there is a combination of
marine species of sponges that are at their liofitsstribution in lakes and some

species that may be restricted to these envirorsnent

In contrast to the sponges, all the ascidiansdonrthis study are much more
widely distributed and are not restricted to cddatees. For exampldlyura stolonifera
are common on rocky shores along the rocky coastl southern Australia and South
Africa (Kott 1985).Herdmania grandigHeller) have an Indo-West Pacific distribution
(Kott 2002). Styela plicatéhave a worldwide distribution (da Rocha & Krem803)
and are considered an introduced species in Aistralaters. SimilarlyBotrylloides
leachi(Savigny),Eudistoma laysan(Sluiter) andMicrocosmusquamigetMichaelson,

are also cosmopolitan species.

Finally, the results indicate the level of humarpact may affect the diversity
of sponges in some cases and abundances in offteesnost obvious support was that

no sponges were found in the extensively modifiakld_lllawarra. Interestingly,
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historical information suggests there may have hgeto eight species of sponge in
Lake lllawarra in the late 1800s before large-sdaieelopment in the area (von
Lendenfeld 1888). In Tuggerah Lake, although tmlper of species was similar to St
Georges Basin and overall abundances were sirnilfdilis Lake, the majority of
sponges were of a different growth form. In Tugdemost were small encrusting
forms on the holdfasts the brown alg&gstophyllum onustuifMertens) J. Agardh by
May, orSargassunspp., compared to larger and more upright forrmidating in

Walllis Lake and St Georges Basin. Changes in spand ascidian assemblages have
been correlated with proximity to development ihestcoastal environments (Carballo
et al.1996; Carballo & Naranjo 2002). Numerous possibéeinanisms may explain the
absence of sponges in Lake lllawarra and smaltendon Tuggerah Lake. For
example, increases in turbidity and sedimentatibicivhave been reported in these
lakes (Slosgt al.2004), can affect the survival and growth of spen@&errodette &
Flechsig 1979; Robertt al.2006). Similarly, high levels of heavy metals (Gabet

al. 2003) as have been reported from Lake lllawarrae(@hallet al. 1994) and other
forms of pollution such as sewage (Robettal. 1998) have also been correlated with

decreases in sponge survival.

Together these findings have important implicatiéor the management and
conservation of biodiversity in these systemsstFit appears high levels of human
modification of these systems may adversely atteedistribution of sponges and
ascidians. Given that they are susceptible to mumaacts and the coastal fringe of
eastern Australia is becoming increasingly devedagad urbanised, conservation of
biodiversity in these systems will heavily rely amumber of lakes being given an
adequate level of protection. It appears an imporequirement for sponges and

ascidians in these systems is the maintenanceegfuate water quality, which will
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largely be achieved by appropriate managementtohogents. Presumably, along an
increasingly urbanised coastline, not all lakes eatdhments can remain unmodified.
Importantly, if indeed many of these sponges astricted in distribution to coastal
lakes, and given their very patchy distributionswgneay be restricted to a small subset
of lakes, it is paramount that lakes designategbfotection are chosen carefully, taking
into account existing scientific information on ttistribution of all types of organisms.
Further, sponges appear to be more patchily diggtbamong NSW lakes than other
organisms such as seagrasses (\Wkesk 1985) and fish (Pollard 1994b; West & Jones
2000). It cannot, therefore, be assumed that gioteof a small number of lakes based
on the presence of other types of organisms vath abnserve sponges on a regional

basis.

A final key consideration in conserving the biaglisity of coastal lakes is the
complex issue of management of opening regimestivélocean. Lakes that are
mostly open generally have more species of spoaggsscidians than mostly closed
lakes. Lakes that were once intermittently closedl @pen are now being deliberately
kept open for management reasons — usually witigeheral aims of protecting
property from flooding or improving water quality.o add to the complexity of current
opening regimes, there is also concern in othes mdithe world such as South Africa
(Teske & Wooldridge 2001), that some estuarieshare closing more frequently due
to alteration to catchments, which may restricslirgater reaching estuaries (Gillanders
& Kingsford 2002) and increase sediment loads, tvinmay then prematurely close
entrances. By artificially keeping entrances ogesmay be inadvertently increasing
the diversity of these systems above what wouldxpected under a natural regime of
opening and closing. Such an impact of a mandgerategy can be difficult to

interpret as good or bad, because increases insttivare usually considered positive,
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but these impacts are presumably moving away fromtaral condition, which is
usually considered negative (Bulletial.2007). Regardless of whether increases in
diversity are considered positive or negative, usirbe acknowledged that such
managerial actions will very likely change the bi@adsity of these systems. ltis
therefore important that management of entrance®hbe with clearly set goals and
knowledge of the potential consequences to theoggalf these systems. Management

of opening regimes may indeed provide us with agréwtool for conservation.
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CHAPTER 4: ASSOCIATIONS OF SPONGES AND ASCDIANS
WITH AQUATIC VEGETATION

4.1 INTRODUCTION

A fundamental goal in ecology is to understand lhabitat structure may
influence patterns of distribution of associatadhi@and flora. Seagrass landscapes,
which are found in shallow coastal waters and essi@ver most temperate and
tropical regions, are becoming increasingly receegqhifor their ecological and
economic importance in supporting a diverse rarigauma and flora (Jacksaat al.
2001; Hecket al.2003). With global declines, increasing fragmeatatind changes to
the structure of seagrass habitats caused by gatheaic impacts (Duarte 2002), it is
imperative to understand the range of ecologicatg@sses operating in these systems.
A better understanding of processes will enabléh&rrinsight into the effects of

anthropogenic impacts and allow informed managerfoeribng-term conservation.

The logical first step in understanding processés understand the basic
patterns of distribution of fauna within seagraabitats (Underwoodt al.2000).
Seagrass habitats are often described as hetemgelamdscapes or mosaics consisting
of patches of different species of seagrasses acdoalgae, interspersed with patches
of bare substrata (usually sand or mud) (Bostebad. 2006). At smaller scales, the
physical attributes of those patches also varyzie, shape, perimeter, density and

height of plants, etc. (Larkuet al.2006).

Numerous associations of sponges with macroalgae been identified at
relatively small spatial scales in which the spoagd algae exist interspersed with each
other (e.g. where the macroalgae may form the pyirsieeleton for the sponge, Rutzler

1990; see review by Wulff 2006). Such associatitage been observed on tropical
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coral reefs (Gaino & Sara 1994; Trautnsral.2000) and temperate rocky reefs
(Huisman 2000), but to the best of my knowledgeshaost been investigated in seagrass

meadows.

Associations of fauna with seagrasses (see reweBostromet al.2006) have
been studied for fish (Connolly & Hindell 2006)ustaceans (Murphey & Fonesca
1995; Hovel 2003), mobile epifauna (Turmeral. 1999), infauna (Bowdeet al.2001)
and molluscs (Irlandi 1997; Bologna & Heck 2000B)stributions of fauna can vary
with a range of attributes including species ofgsass (Rotherham & West 2002),
shape of leaves (Schneider and Mann, 1991), passiof seagrass beds (Reusch &
Williams 1999), proximity to edges (Bolonga & He2800b) and quality of
surrounding habitats (Tanner 2006). In contrastkmow much less about associations
of sponges or ascidians with seagrass habitatddldM@ow they occur in seagrass
meadows (Wulff 1995, 2008) and seagrass leavestazmmes provide hard substrata
on which they grow (Fell & Lewandrowski 1981; Mencuet al.2000, 2007), but only
a few studies have examined associations in d@tadrhaug & Roessler 1977; Kuenen
& Debrot 1995; Petersen & Svane 1995). Withoub@dgunderstanding of the full
range of faunal associations with seagrasses,yitbealifficult to conserve the overall

biodiversity of these systems.

Most of our knowledge of associations of spongils seagrasses comes from
the Mediterranean lagoons and in particular It&lgr¢ieroet al. 1989; Mercuricet al.
2000, 2007). One of the common patterns fountese studies was the common
occurrence of sponges on the rhizomes of seagrédeesurioet al.2000, 2007). Of
the handful of other studies of sponges and as@dizat have been done in seagrass
habitats, many are limited by the lack of repodethil in patterns of distribution and

few have examined patterns of association withtaabFor example, some have been
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multi-phyla studies and appear not to have targgpemges or ascidians. In many
cases, it appears the techniques and replicatiesh hesve been appropriate to sample
other taxa, but it is unclear whether they are atdequate to quantify distributions of
sponges and ascidians. For example, Robiasah (1982) appropriately used 20 cm
diameter corers to sample soft sediment macrofauSaniths Lake, Australia. Itis,
however, extremely unlikely that small corers walso adequate to quantify
distributions of the unnamed sponge they reportedmiths LakeSuberitessp. is the
most common sponge, but rarely exceeds densitieslahdividual per 10 m(Chapter
3) and is therefore unlikely to be collected irekatively small core. Similarly, it is
unclear whether the 20 x 20 cm box-corers used agzdhoet al.(2003) to sample soft
sediment fauna in a Mediterranean lagoon wereadsquate to quantify the
distribution of the sponge they reported. Simd@aamples can be found in Hutchings
and Recher (1974) and Day and Hutchings (1984)ile/¢hch studies provide
invaluable information on the presence of spongelsagcidians in these habitats, they
do not provide the detailed quantitative informatan smaller scale patterns of
distribution within seagrass habitats needed t@lbgvmodels to examine ecological

processes.

Others studies have examined patterns of distobatt larger spatial scales,
comparing seagrass habitats to other habitatsasichral reefs, mangroves, soft
substrata, boulders and manmade structures (P4@8i&; Barnes 1999; Lehnert &
Fisher 1999, Marzanet al.2003). Still others have examined life historiesl( &
Lewandrowski 1981) or morphology (Mercugbal.2006). Overall, it appears
sponges and ascidians may be a common componseagifass fauna throughout the
world, but despite their apparent widespread oetiee, there has been a lack of studies

explicitly examining their distributions within sgass landscapes. Of the two studies
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that have made comparisons at smaller spatialssdad¢h reported sponge assemblages
to differ widely with the composition and structwkseagrass and macroalgal habitats
(Thorhaug & Roessler 1977; Kuenen & Debrot 1995eSe results suggest smaller
scale patchiness of seagrasses and macroalage@reant in determining the
distributions of sponges and ascidians. Overath the exception of Wulff (1995,

2008) and Pawlik (1998) who highlighted the impod& of predation in structuring
sponge assemblages in Caribbean seagrass meadergssta general lack of
knowledge of the processes structuring these adagash Without a good ecological
understanding of sponges and ascidians in seagriasgd be difficult to ensure their

conservation in these increasingly impacted lanossa

Seagrasses and macroalgal beds dominate theretaghallow areas of New
South Wales coastal lakes (Westl. 1985). They have been identified as important
habitats for fish and crustaceans and considegdfug is made to protect them and
their associated faunal biodiversity (Creese & Br2@03). Sponges and ascidians
often make up a conspicuous component of this bavdity (Chapters 2 & 3), yet to the
best of my knowledge, no studies have examinedcagsms of sponges and ascidians
with seagrasses in New South Wales coastal lakasyocoastal water bodies elsewhere
in Australia. While several elegant studies haxen@ned the effects of more complex
attributes of seagrass landscapes on the assofaateal (e.g. patch size - Irlandi 1997,
proximity to edges - Tanner 2005), because vinpuadithing is known of associations
of sponges and ascidians, a logical starting psitd examine relatively simple patterns

of association.

In this study, | examined associations of indiabsponges and ascidians with
species and percentage cover of seagrasses anohiigaer This was done in two

steps, by first describing spatial patterns of dqueegetation (seagrasses and
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macroalgae), which were then overlain by spatittepas of distribution of sponges and
ascidians. | predicted that if associations diggxhen abundances of individual
species of sponges or ascidians would show sipéterns of spatial distribution as
assemblages of aquatic vegetation. Further, tpertance of understanding the spatial
scales at which associations occur and processgateps being increasingly
highlighted (Turneet al. 1999; Jacksoet al.2006). For example, the spatial
arrangement of seagrass habitats varies from scalks of centimetres to metres (e.qg.
shoots, rhizomes), to metres to 10s of metres (graadhes of species and/or bare
space), to 100s to 1000s of metres (combinatiossnaldler patches). It is important
that the scales at which associations occur ardifeiel. For example, a sponge or
ascidian may be associated with a particular spaxfiseagrass at a relatively small
spatial scale by only growing on the leaves orammes of individual plants.
Alternatively, the same sponge or ascidian maysse@ated with the same species of
seagrass at a larger scale by being evenly digtddn a meadow which contains
patches of seagrass and bare sediment. Undersgathei spatial scales at which
associations occur allow more informed models tproposed to examine processes,
and provides better information for managementteginine areas of habitat to
conserve. In this study, this was done at two apatiales; 1) relatively small patches of
habitat (20 mtransects) and relatively larger patches (sitgsagmately 5000 rin

area).
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4.2 MATERIALS AND METHODS
4.2.1 Study-sites

The study sites are the same as those used inetlzapNote, however, that
the numbering of the Sites differs from Chaptee2duse of the analyses used (Figure

2.1, Figure 4.1).
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Figure 4.1. Sites sampled in St Georges Basin and Wallis Lake
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4.2.2 Sampling methods
Sponges and ascidians

Sponges and ascidians were counted according tmé¢tthods described in

Chapter 2.

Rapid assessment of aquatic vegetation

In this study, because the spatial distributiohsponges and ascidians were
very patchily distributed and some species werg uacommon, it was necessary to
sample as many replicates as possible to get aegiodate of their distributions.
Subsequently, it was necessary to sample replicatsects as quickly as possible.
Quantifying assemblages of aquatic vegetationjquaarly seagrasses, however, can be
very time consuming and costly. Various technicuege been used to reduce the time

needed for sampling (Short & Coles 2001).

In this study, to reduce the time of sampling diguaegetation, a modification
of the Braun-Blanquet technique (Mueller-Domboi&genberg 1974) was used to
categorise percentage cover of vegetation. Simikthods have been successfully used
to quantify the abundances of seagrasses in otB&V Bstuaries (King and Hodgson
1995). Total percentage cover for each speciggerof aguatic vegetation was
estimated as one of five categories: < 1%; 1%38; 33's - 66% %; 66% - 100%.
Categories were chosen for ease of estimation lmpaerver underwater. It must be
noted, however, that reductions in time taken &ngling, can also result in a trade off
with precision and accuracy, and caution shouldefioee be used in interpreting the
results. For example, in transects where sevaxal tould be classed in the same

category of cover (e.g. 4 taxa as 1¥3%0), total percentage covers could be larger than
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100%. Nevertheless, this study represents a densiliminary investigation of

associations of sponges and ascidians with aquedietation.

Finally, individual plants of the brown macro-al@aystoseiragrinoduswere
counted because preliminary observations suggsptmujes were sometimes common

on its holdfasts or stems.

4.2.3 Statistical analyses

Associations with assemblages of aquatic vegetatere examined for each
species of sponge or ascidian separately, in ekehdt each of two spatial scales: i)
patches of habitat approximately 1000simarea (i.e. Sites) and ii) patches of habitat
20 nt (i.e. transects). For all multivariate analyshs, mid-point of each category of
percentage cover was used. For example, 0.5 vegsassthe midpoint of the <1 %
category and 50 was used as the midpoint of the 386% % category. All analyses

were done on untransformed data.

First, Cluster analyses based on group averagkasang Bray-Curtis
measures of dissimilarity (Clarke & Warwick 1994¢ne used to identify groups of
Sites with relatively similar assemblages of agquegigetation. Next, nMDS ordinations
were used to illustrate differences in assemblafaguatic vegetation among Sites.
Average percentage covers of each taxa for eaelhsit 20 replicate transects) were
used in both analyses. To illustrate associatdrsponges and ascidians with
assemblages of aquatic vegetation, ‘bubble plogsewsed to superimpose the relative
abundances of each species on each Site in the raviigations (see Clarke and
Warwick 1994). In this technique, the diameteaaircle is proportional to the
abundance of a variable of choice. In the presently, it was predicted that if sponges

or ascidians were associated with particular askegab of aquatic vegetation, then
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relatively large circles (i.e. relatively large alolances of sponges or ascidians) would

show similar patterns of clustering as assemblafesgetation.

Associations of sponges and ascidians with aquatjetation were also
examined at the smaller scale of transect withgh&ite. Tests of associations at this
smaller spatial scale were reliant on adequatebdity in vegetation among transects.
For example, in sites consisting largely of a maittoce of a single species (e.g. dense
beds ofLamprothamniorat Site 1 in Wallis Lake), there was inadequatéatian
among transects to test for patterns of associatitiis smaller spatial scale. Using the
same logic as above, Cluster analyses based op guanages and using Bray-Curtis
measures of dissimilarity (Clarke & Warwick 1994¢ne used to identify groups of
transects with similar assemblages of aquatic adiget within each Site. MDS
ordinations were then used to illustrate differeniceassemblages of aquatic vegetation
among transects within each Site and ‘bubble plotse used to superimpose the
relative abundances of each species on each ttangbe nMDS ordinations. In
addition, analyses were not done in Sites wheraddmces of sponges and ascidians

were too small (< 5 individuals per species) tedepatterns of association.

To test for a relationship betweklalichondriaspp. and the presence of the
large brown algaeCystoseira trinodughe number oplants withHalichondriaspp.
was correlated with the total number@ftrinodusplants. This was done only in sites
9-12 in Wallis Lake where abundancesXoftrinoduswere large enough for valid tests

to be done.
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4.3 RESULTS
4.3.1 St Georges Basin

Four species of seagraBmsidonia australisZostera capricorniHalophila
ovalisandRuppia megacarpand six macroalgal tax&haetomorphapp.,Cystoseira
trinodus Dictyota sp.,Hormosira banksjiMicrodictyon umbilicatunand Rhodophyta
were recorded in St Georges Basin. Rhodophyta grexgped together because they
were difficult and time consuming to identify toesjes in the field. It is likely
however, that most of the Rhodophyta were ei@t@ndriaspp. orGracilaria spp. P.
australis Z. capricorniandH. ovaliswere all abundant in patches, but in comparRon
megacarpawvas less abundant (Figure 4.Zhaetomorphap.,Hormosira banksiand
Microdictyon umbilicatunwere relatively uncommon and, therefore, are mcduded in

figures.

At the scale of Site in St Georges Basin, 7 graf@quatic vegetation were
identified using Cluster analysis (Figure 4.4a).contrast to patterns in Wallis Lake,
differences in assemblages did not correspondcttien within the Lake. Sites in
Group 1 were characterised by a combinatioRagidonia australi@nd bare sediment,
with small amounts aZostera capricorniHalophilaspp. and the brown ald@ictyota
sp. Group 2 had similar amounts Bf australisto group 1, but with relatively moi&
capricorni andHalophilaspp. and less bare sediment. Group 3 had littreP.
australis,relatively large covers d. capricorniandHalophila spp. and small patches
of bare sediment. Group 4 was characterised byge lcover oHalophila spp.with
small amounts of. capricorni The remaining three groups consisted of singlesSi
Group 5 (Site 4) had similar amountsZofcapricorniandH. ovalisas group 4, but was

the only Site with large amounts of the brown aligamosira banksii Group 6 (Site
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14) had a large amount of bare sediment. Groupt& {8) was dominated . ovalig

with small patches dictyotasp. and bare sediment.

Two species of sponge and two species of ascwiéxa found (Table 2.1).
The spongeAplysinellacf. rhax was found in a range of Sites, but was on avemnaust
abundant in sites in Group 1 with relatively laogerers ofPosidoniaaustralis(Figure
4.3 & Figure 4.5b).Styela plicatavas found throughout the lake, however, abundances
were consistently larger in Sites in Groups 3 arh@racterised by large coverszof
capricorni and/orHalophila ovalis (Figure 4.2) and illustrated by the cluster of large
circles in Figure 4.5d. In contra&§, plicatawas found in much smaller abundances in
Sites in Groups 1 and 2 characterised by largersmfé. australisand bare sediment.
Pyura stoloniferavas found throughout the lake with no clear pataf association

with vegetation at the scale of site (Figure 4.5c).

At the smaller spatial scale of 10s of metres agricemsects within sites, the
degree of patchiness of aquatic vegetation varmu Kite to site. In some Sites,
aguatic vegetation was very similar among transeféts example, in Site 2 all
transects were very similar with > 66% coveHallophila ovalisand < 33% cover of
Zostera capricorniand in Site 16 most transects had > 66 % covér oépricorniand
< 33 % bare sediment. Such homogeneous Siteharaaterised by relatively small
measures of dissimilarity produced by Cluster asedy(e.g. Appendix 3.1 - Sites 2 &
5). Because of the homogeneity of vegetationas wot possible to examine

associations of sponges and ascidians at the aichls metres within those sites.

Aquatic vegetation in other sites was more patrhypng transects. In several
sites there were two or three distinct groupsarsects identified using Cluster
analyses (Appendix 3.1). For example, in Site &, dfehe transects had > 66 % cover

of Posidonia australiswhile the other half had predominantly bare seshin In Sites
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with differences in aquatic vegetation among tratsseseveral associations of sponges
and ascidians were identified. Associations weostrobvious in Sites in Groups 1 and
2, with patches dP. australis Zostera capricornand/orHalophila ovalis Aplysinella

cf. rhax andPyura stoloniferavere on average more abundant in transects Wi %
cover ofP. australisthan in transects with little.australisand larger covers afostera
capricorni, Halophila ovalisand/or bare sediment (Figure 4.2, Figure 4.3; Appe

3.2 — Sites 6, 8 & 19). For example, in Siteh@, inean abundance Aplysinellact.
rhaxin transects with > 33 % cover Bf australiswas 45.9 + 12.1n(= 12) compared

to 1.0 £ 0.6 10 = 8) in transects with < 33 % coverPfaustralisand relatively moré.
capricorni. In Site 8, the mean abundanceAplysinellacf. rhaxin transects with > 33
% cover ofP. australiswas 65.9 + 12.5n(= 7) compared to 0.01 + 0.6 € 12) in
transects with < 33 % cover Bfaustralisand relatively morél. ovalisand bare
sediment. Similarly, in Site 19, the mean abundaricecf. rhaxin transects with > 33
% cover ofP. australiswas 20.3 + 7.2n(= 14) compared to zero € 6) in transects

with < 33 % cover oP.australisand relatively morél. ovalisand bare sediment.

In contrastStyela plicatashowed no clear patterns of association among
transects within Sites in Groups 3-7, which haddaszovers oFZostera capricorni
and/orHalophila ovalisand naPosidonia australigAppendix 3.1). Rathef. plicata
were more evenly distributed within these Siteslastrated by the lack of clustering of

circles in the nMDS plots in Appendix 3.3.

4.3.2 Wallis Lake

Four species of seagraBssidonia australisZostera capricorniHalophila
ovalisandRuppia megacarpand five types of macroalgdeamprothamniorsp.,
Chaetomorphap.,Cystoseira trinodusDictyotasp. and Rhodophyta were recorded in

Walllis Lake. Rhodophyta were grouped together iiseshey were difficult and time
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consuming to identify to species in the fieldisltikely however, that most of the
Rhodophyta were eith€hondria succulentél. Agardh) Falkenberg, @racilaria

spp. Z. capricorniwas the most abundant seagrass (Figure 4.3)onhparisonp.
australis H. ovalisandR. megacarpavere less abundant and very patchily distributed.
Chaetomorphap. was relatively very uncommon and is therefmieincluded in

figures. C. trinoduswere found only in Sites 9-12 in Location 3 (Figdr.1). Unlike St
Georges Basin, a large area of Wallis Lake was datad by a dense bed of

Lamprothamniorsp. (Figure 4.1, Figure 4.2; Sites 1-4).

At the scale of Site in Wallis Lake, three distigooups of assemblages of
aquatic vegetation were identified using Clustealysis (Figure 4.4a). It must be noted
that differences in assemblages largely correspbtwposition within the lake. Sites
in Group 1 had a dense cover of the charophgmprothamnionwith relatively small
patches oZostera capricorniHalophila ovalis, Ruppia megacar@ad/or bare space
(Figure 4.2). Group 1 consisted of the 4 sitelsaaation 1 in the southern portion of
the Lake. The remaining two Groups differed intdlative contribution oZostera
capricorniand bare sediment. Sites in Group 2 were domirtat&d capricorniwith
little bare sediment, while group 3 had relativelgre bare sediment and le&s

capricorni (Figure 4.2).

Nine species of sponges and 3 species of ascidiaressfound with most very
patchily distributed and restricted to a subseditgfs (Table 2.1). There were three clear
patterns of association of sponges and ascidiastiae assemblages of vegetation at
the scale of Site. The spon@jberitesp. was on average most abundant in the Group
1 sites dominated hyamprothamnionbut was relatively uncommon in other sites.

Note the relatively large abundancesSoberitesp. in Sites 1-4 illustrated by relatively

large circles in Figure 4.5gViycalesp. was also relatively abundant growing on
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Lamprothamniorsp. in sites in Group 1 (Figure 4.5flycalesp. was also found on the
blades ofZ. capricorniin Sites 17-20 in Group 2 which had a dense cof/&t

capricorni and relatively little bare sedimentialichondriaspp. andHaliclonasp. 1
were found only in Sites 9-12 and only on the bralgaCystoseiras trinodusC.
trinoduswas not found elsewhere in the Lake. The ascidfyela plicatawas the

most widespread sessile invertebrate found institidy, but was on average most

abundant in Group 1 sites with a dense covémofiprothamniorsp. (Figure 4.5h).

The magnitude of variability in vegetation amoransects differed among the
sites. In Sites 1-4, there was relatively smatlalality among transects with most
dominated by.amprothamnion.In the remainder of the Sites, there was more
variability among transects, generally caused ffemdinces in cover afostera
capricorniand bare sediment among transects and to a kegsert, patches of
Halophila ovalisand bare macroalgae (Appendix 3.2). Despite ghehmmess among
transects, in contrast to St Georges Basin, thaseomly one discernable association
with aquatic vegetation at the smaller scale afge&t within sites. In Sites 9-12,
Halichondriaspp. were found only on and positively correlatgtth Cystoseiras
trinodus(Figure 4.6).Haliclona sp. 1 was also only found @h trinodusin Sites 9-12,
however, abundances were too small to test foetadions. In the remainder of Sites
there were no discernable associations at the etalensect as evidenced by the

absence of clustering in the nMDS ordinations ipéqudix 3.4.
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Figure 4.5 nMDS ordinations illustrating associations obsges and ascidians with

assemblages of aquatic vegetation at the scalgeof Bigs a and e illustrate differences

in assemblages of aquatic vegetation among Sit8s @Georges Basin and Wallis Lake
respectively. In Figures b-e, abundanceamf/sinellacf. rhax, Pyura stoloniferaand
Styela plicatarespectively, have been superimposed on Fitn &igures f-h,

abundances d¥lycalesp.,Suberitesp. andS. plicata respectively, have been

superimposed on Fig. e. The diameter of eachecisgbroportional to the abundance of

each species at that Site. Abundances are retatach figure and cannot be
compared among figures.
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transects per site. *** correlations were sigrafit atp < 0.001.

4.4 DISCUSSION

There were several clear patterns of associafigpanges and ascidians with
assemblages of aquatic vegetation in both St Geddgsin and Wallis Lake. Patterns,
however, in general differed between the two laKéss may have partly been due to
differences in the composition of assemblages gétation and different species of
sponges between the two lakes. In St Georges Basiispongeiplysinellact. rhax
was clearly associated wiBpsidonia australi@t both the scales of Site and Transect.
In Sites with patches &. australisandZostera capricorniA. cf. rhax was consistently

more abundant in transects dominatedPbgustralis The ascidianRyura stolonifera
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was similarly associated with patchedPofaustraliswithin Sites. In contrast, the
introduced ascidiargtyela plicatawas relatively less abundantfn australisand was

more common in transects dominatedzbygapricornior H. ovalis.

In Walllis Lake, the clearest patterns of assammatvere the large abundances
of Suberitesp.,Mycalesp. andStyela plicatan the Sites dominated by the macroalga,
Lamprothamniorsp. Kuenen and Debrot (1995) found a similargpatin a
Venezuelan lagoon, where sponges includitygale angulosandM. microsigmatosa
were typical in habitats dominated by macroald@jaqocephalusindCaulerpa
verticillata or Halimeda opunti® but absent from habitats dominated by the seagra
Thallassia testudinumin contrast Thorhaug & Roessler (1977), repoaeelatively
denseThallasiacommunity dominated by sponges in estuarine lagobisouth
Florida. A second clear pattern in Wallis Lake whas occurrence dflalichondriaspp.
andHaliclonasp. 1 only on the thalli of the brown al@gstoseira trinodus These
associations, however, must be interpreted withi@aldecause of the distributions of
Lamprothamniorsp. andCystoseira trinodusvithin Wallis Lake. Because both species
of algae were restricted to particular areas oflid/abke, it is not possible to determine
whether the presence of sponges and ascidiansueas dhe presence of the algae or
the position within the lake. For example, disttibos of sponges have been correlated
with other physical factors in sheltered or enatbaater bodies such as aspect (leeward
versus windward; Farnsworth and Ellison, 1996) thal flow (Thorhaug and Roessler,
1977). However, in Wallis Lake, it is unlikely thaatterns of winds and currents
would differ greatly among the sites sampled. ®hly pattern common to both lakes
was that abundances of sponges were in generdesmmabites or Transects dominated
by Zostera capricorncompared to Sites or Transects dominated by siheties of

seagrass or macroalgae or large areas of bareesgdim
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Several models have been proposed to explainrpsitdé distribution of fauna
in seagrasses including differences in water flplysical disturbance, sediment
characteristics, life history traits, movement dtilis, availability of food and predation
(see reviews by Bostroet al.2006; Connolly & Hindell 2006). While most models
have been developed to explain distributions ofidasuch as fish, crustaceans,
molluscs and macrofauna, most are also applicaldpdnges and ascidians. An
additional model which is appropriate to considerdessile invertebrates such as
sponges and ascidians, but is rarely examinedtf@r dauna, is the availability of

suitable substrata on which to settle (Russtedil. 2003).

The first group of models relates to the physstaicture of the seagrasses and
macroalgae. The simplest of these is the avaiitaloif suitable substrata on which to
grow. Availability of substrata appears importamtHalichondriaspp. andHaliclona
sp 1 in Wallis Lake, where they were found onlytloa thalli ofCystoseira trinodus
Interestingly, two species of the sponlygicaleare also common ddystoseiraspp.
thalli in Mediterranean bays (Corrieeb al. 1998). In comparison, other species of
sponges and ascidians appeared not to be as salsgiegific.Suberitesp. were, in
general, not attached to seagrasses nor macrobalgasere found on top of
Lamprothnamiorsp. or on bare sediment amongst patch&osfera capricorni
Mycalesp. were most abundant attachetlaonprothamniorsp., but were also found
on the leaves dI. capricorniin other Sites. Similarly, in St Georges Bagiplysinella
cf. rhax were most abundant attached to and amdpgsidonia australisbut were also
found growing orHalophila ovalis Z. capricorniandC. trinodus Overall, it appears
suitable substrata on which to attach may be ditipmnfactor for some species, but not

for the majority of sponges and ascidians in tregssses of coastal lakes.
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The physical structure of seagrassess and maamalgy also have indirect
effects on the distribution of sponges and asc&lidn Wallis Lake, the clearest
differences in physical structure exist between3hes dominated blyamprothamnion
sp. and those dominated Bgstera capricorni Lamprothamniorsp. in Wallis Lake
form relatively dense homogeneous beds, but rasatged more than 20 cm above the
substrata. Sponges and ascidians were in generad fan top of théamprothamnion
In contrastZ. capricorniin general forms taller beds with a canopy 50 cra imetre
above the substrata. These differences in physinatture may have a number of
consequences for sponges and ascidians. For exapapthes of seagrass may
decrease horizontal water movement, which mayrimdecrease the availability of
food for filter feeders, as demonstrated for biealin seagrass beds (Bologna & Heck
1999; Reusch & Williams 1999). Reusch and Willigit®@99) correlated reduced
growth of the musseMusculista senhousjansideZostera maringwhich is
morphologically similar t&. capricorn) with reduced water flow and suggested

mussels receive less food.

Canopies formed b¥ostera capricornmay also restrict the amount of light
reaching the substrata below. Many sponges coptetosynthetic symbionts and
require adequate light to survive and grow (Wilking: Vacelet 1979; Cheshiet al.
1997). TheSuberitessp. in this study contains photosynthetic cyantdyac Although,
it is not known whether thiSuberitesp. can survive without its cyanobacteria, its
absence in areas of dersecapricornimay potentially be explained by low light levels.
In contrastSuberitessp. was most abundant on tod_afmprothamniorsp., where light

levels were not affected by a canopy.

The movement of adults is not an obvious modetiWwisbmes to mind when

explaining patterns of distribution of sponges.weéuer, several species of sponge are
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known to be passively moved by water currents. example, spherical specimens of
Geodia cydoniuncan be rolled across soft substratum in Mediteaarbays by slow
circular currents (Mercuriet al.2006). Similarly, the same speciesSuiberitesas

found in Wallis Lake can be moved distances of aselry wind-driven currents in
nearby Smiths Lake (Barnes, unpublished data)hodigh reproductive strategies and
life histories are not clear for this speciesSoberitesif asexual reproduction and
fragmentation is important, individual sponges rhayprevented from colonising areas
with denseZosteracapricorni by the edges of the patches forming a physicaldyao

movement of the adults.

Differential predation is the most frequently ppspd model to explain
patterns of distribution of fauna within seagrassdscapes (Connolly & Hindell 2006).
One of the few ecological studies of sponges igseses, found that predation by the
starfish,Oreaster reticulatusprevented reef sponges from colonising Caribbean
seagrass meadows (Wulff 1995). Predation is atpuéntly proposed to explain
distributions of sponges among other types of h#b{iDayton 1975; Farnsworth &
Ellison 1996 or see review by Wulff 2006). Thedaton model is based on the
premise that the distribution of predators andieirtfeeding behaviour differs among
habitats. Although, little is known of potentiakpators of sponges in New South
Wales Coastal lakes, in the absence of abundamtcetdrms and nudibranchs, fish are
the most likely predators. Indeed, predation big falays an important role in
structuring sponge assemblages in many habitatsl@pk Pawlik 1996; Pawlik 1998;
Wulff 2000). Numerous studies have identified eliénces in fish assemblages with
physical characteristics of seagrass landscapesg¢sew by Connolly & Hindell
2006). More specifically however, in New South ateastal lake&Z ostera

capricorni andPosidoniaaustralismeadows can support different assemblages,
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abundances and sizes of fish (Rotherham & West)208dch differences in
abundances of potential predators provide a pleusiplanation for differences in
abundances d&plysinellacf. rhax andPyura stoloniferébetweerP.australisandZ.

capricorniin St Georges Basin.

This study provides the logical starting pointsiftvestigating explanatory
models as proposed above to examine the ecolqgicaésses operating within the
seagrass meadows of New South Wales Coastal |&kether correlative
investigations should consider including a comborabf quantitative sampling and
qualitative observations of small scale associatlmetween sponges and the structure of
the plants on which they're growing. Greater ustmrding of the processes, however,

will most likely be achieved through carefully dggsed manipulative experiments.
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CHAPTER 5: ANTHROPOGENIC IMPACTS IN ESTUARIES
COOLING WATER DISCHARGE FROM POWER
STATIONS AFFECTS ASSEMBLAGES OF SPONGES
AND ASCIDIANS IN LAKE M ACQUARIE

5.1 INTRODUCTION

The detection of anthropogenic impacts is essefatidhe effective
management and conservation of natural environn{8ctzmitt & Rosenberg 1996).
The identification of impacts, however, is ofteaamplex and difficult task against the
natural background variability that exists in natgdnderwood 1992), uncertainties
about the spatial extent of disturbances (Raim&ndeed 1996), variability in
biological responses (Warwick & Clarke 1993) anel thoice of organisms to be
included (Underwood & Peterson 1988; Jones and K896). It can be particularly
complex for some groups of organisms which are, atchily distributed or for which

there is a paucity of information regarding eveodar scale patterns of distribution.

An environmental impact study must be able to kiggtish changes caused by
a human impact from natural background variabil@rotocols for detecting impacts
have developed greatly over the last thirty ye@&reén 1979; Stewart-Oatenal.
1986; Underwood 1992, 1993, 1994). One of thedexelopments has been the
inclusion of multiple control or control sites (Usrdvood 1992). Many environmental
impact studies include a relatively small number3(ar 4) of control sites (e.g.
Morriseyet al.2003; Klaoudatost al.2006;Robertset al.2007). While a small
number of control sites maybe adequate for estimgdhie natural variability of
organisms that are relatively common and/or widesgpi(e.g. sessile assemblages on
hard substrata, Glasby 1999; soft sediment maanaf@rayet al. 1990; assemblages of

fish, Rogerset al. 1999), this may not be the case for rare or patchdtributed taxa.
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For example, many species of sponges and ascidia@asstal lakes occur only in a
small subset of sites sampled (often less than @08ites; Chapters 2 and 3). For these
species, it is clear that the inclusion of onlyrea number of control sites will not

provide a good estimate of their natural spatiaiamlity.

A second consideration in designing impact stugieetermining the spatial
extent of any impact (i.e. over how large an argaimpact has occurred). This has
important implications for the choice of contrdles, which is usually based on the
logic that they should resemble the putatively intpd site in as many ways as possible
(e.g. habitat type, aspect, geomorphology, positi@stuary, etc.), but not be affected
by the purported impact (Glasby & Underwood 1998) many studies, however, the
spatial extent of an impact maybe unclear at thsebuwhich then causes uncertainty in
choosing appropriate control sites. In these cadisemybe desirable to test for impacts
at a range of spatial scales by including coniteksat increasing distances from the

source of the purported impact (Underwaacl. 2003).

Environmental impacts may also cause a range tddpzal responses from
changes in growth (Cebriat al.2003), diversity or species composition of
assemblages (Zvereeaal. 2008), changes in average abundances of partigpodanies
(Robertset al. 1998) to changes in spatial or temporal patternsaoation (Warwick &
Clarke 1993). Different biological responses mayehdifferent consequences for the
long-term conservation and management of natusdénys and it is often desirable to

examine a range of responses.

Finally, there is much debate over the choice ganisms to be included in
environmental impact studies (Jones & Kaly 1996&)joiCes are often made for good

practical reasons (e.g., organisms that are eidsihtified, easily sampled and are



83

common and in large enough abundances for statliséists to be valid). Inclusion of
taxa with these characteristics can allow impaxtset detected quickly and cost-
efficiently. There are, however, also good reagongvestigating taxa that are less
common. Jones & Kaly (1996) suggest there is @ dase for examining ‘rare’
species, which may become extinct as a result wlamimpacts. Further, while
environmental impacts are often associated witlirte=cin abundances, diversity or
distributions they may also cause increases. ¥ample, some types of human impacts
(e.g., human-built structures in estuaries) hawnbeéentified as potential footholds
from which introduced species may colonise newth&b{Glasbyet al.2007).
Introduced species, may persist in relatively smlalindances or patchy populations
before becoming more widespread and problematic keinesz 1999). The
management and potential eradication or contrpoténtially harmful introduced

species will benefit from the early identificatiohinvasion sites.

Cooling water discharge from coal powered and rargewer stations is a
common source of environmental impact on estuadoastal and freshwater systems
throughout the world (Bamber 1995). Impacts vany eange from no measurable
effect, to increases in growth and abundance,dgb hortality depending on the taxa
studied and severity of such factors as temperatutee discharge water (Surestal.
1993;Ambroseet al. 1996; Keseet al.2005). Lake Macquarie, the largest saline lake
on the New South Wales coast with almost 200 kshofeline, 114 kfmof surface
area and large seagrass meadows, has two coapbweer stations, Eraring and Vales
Point. In addition, like many other NSW estuariegs under increasing pressure form
urbanisation, industry and alterations to the caett (Leect al.2006). For example, a
recent Healthy Rivers Commission of NSW (2002) ingtated Lake Macquarie’s

catchment condition as ‘modified’ and lake conditas ‘severely affected’- the most
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severe level of environmental stress. One of theymactivities often purported as a
potential impact on the natural environments ofd_Bacquarie is the extraction and
discharge of cooling water for the power statiddgliolls 1999; Eyre 2005). While
potential impacts of power stations in Lake Macguhave been studied for seagrasses
(King 1986), macroalgae (Nicholls 1999), molluség(lis 1976; Jolleyet al.2004)

and fish (Hannan & Williams 1998; Kirbst al. 2001), there have been no studies
investigating the potential impacts on assemblasponges or ascidians.
Observations from a preliminary survey near théebvwif the Eraring power station
suggested the diversity and abundance of sponggt b relatively large in that area

compared to the rest of the lake (P. Barnes, pbs.

Sponges and ascidians in NSW coastal lakes reprasemusual group of
organisms to study compared to other groups beazubke paucity of information
regarding even basic patterns of distribution. &se knowledge is still limited for the
design of impact studies that focus on spongesaaaidians, in this study | took a broad
approach for detecting impacts over a range ofamEatd temporal scales, which
included descriptive comparisons of diversity ameigs within Lake Macquarie and
six other control estuaries, and quantitative caimspas of spatial and temporal

distributions within lake Macquarie and three otbentrol lakes:

1. To examine potential localised impacts, the divgrsi sponges and ascidians
near the two cooling-water outlets was comparadutiiple control sites within
Lake Macquarie.

2. To examine larger-scale impacts, the diversitypaigies and ascidians in Lake
Macquarie was compared to six other lakes and mssuaithout power stations.

3. To test for potential localised impacts on spatiad temporal patterns of

distributions, abundances of some of the more comspecies, the sponges,
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Mycalesp. andSuberitessp. and the ascidiarBplyclinum nudunand
Botrylloides leachivere compared to populations at control sites witlake
Macquarie over three times of sampling.

4. Similarly, as a further test for potential impaectsspatial and temporal patterns
of distributions, abundances of the sponddg;alesp. andSuberitessp. near
the cooling water outlets were compared to poputatin other lagoons without

power stations over three times of sampling.

5.2 MATERIALS AND METHODS
5.2.1 Site description and sampling methods

Two coal-burning power stations (Vales Point anariBg; Figure 5.1) extract
and discharge water that is heated up to 6-10°e@bmbient temperatures into Lake
Macquarie (Nicholls 1999; Kirbgt al.2001). The outlets from each of these power
stations flow into relatively shallow waters (<2 tnes) over mostly soft substratum
which support meadows of seagrass and patchesabalgae (King 1986; Nicholls
1999). They discharge large volumes of watert¢up46 ni/s when operating at full
capacity) creating current velocities which areegalty larger than elsewhere in the

lake (Nicholls 1999; NSW Department of Natural Reses 2008).

Populations of sponges and ascidians are oftgnpagchily distributed within
the seagrass meadows of NSW coastal lakes andiestugth some species restricted
to only a few small areas of a lake (Chapters 2 .&I8is, therefore, very important to
maximise the area searched in order to increasertimbility of finding sponges and
ascidians in a lake. To maximise the area searchiis study, two intensities of

sampling were used; 1) rapid searches and 2) tensBecause rapid searches were
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relatively quick to do, they allowed a relativerde number of sites to be sampled and
hence a relatively large area of Lake Macquarieetgearched. Rapid searches were
used to determine the presence of sponges andaaeid a site and involved either an
observer using a viewing tube from a boat or alszit@r searching in the water
depending on the depth and visibility of the watEor each technique, approximately
400 nf of the lake was searched, the presence of spamgkascidians was recorded
and the cover of seagrasses and macroalgae wasesti(see below). A preliminary
study to compare the two methods found there wermifferences in the species found

when each method was used to search the samefda&a (Barnes, unpublished data).

In impact studies, it is often desirable to choosetrol sites that are as similar
as possible to the purportedly impacted site, éotain unaffected by that impact
(Glasby & Underwood 1998). On initial inspectidine seagrass meadows close to the
Vales Point and Eraring outlets, however, were nlegkto be very different from
elsewhere in the lake. There were dense meadotalophila ovalisof which similar
could not be found in other sites in Lake Macquarien any of the other estuaries
sampled at that time. It is likely, that thesegraits of growth oHalophila ovalismay
have been associated with the impact of the coolimigr discharge and may therefore
be part of a secondary impact affecting the distrdms of sponges and ascidians.
Therefore, in order to place any impacts detecgtambntext with possible differences in
habitats, associations of sponges and ascidiahstyyé of habitat including the cover
of seagrasses, macroalgae and unvegetated seduereneéstimated at each site. A
rapid assessment technique was used to estimatathading three categories of cover;
dense — greater than 66% cover, patchy — 33-66%rcand sparse — 1-33% cover (see
Chapter 4). Because in other NSW lakes, the poesehsome species of sponges

appears to be correlated with the height of seagsa@hapter 4), in this study, the
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seagrasZostera capricorn{eelgrass) was further classified as either shest(than
10cm) or tall (greater than 10cm). In additiorg gresence of mussel beds, the large
bivalve Pinna bicolorand the brown alg@ystoseira trinoduswvere recorded because
sponges and ascidians have been found growingese thrganisms in other NSW

coastal lakes (Chapter 4) and elsewhere in Auat(Rlitcher & Butler 1987).

On the first time of sampling in March 2004, itesiwhere populations of
sponges and ascidians were found using rapid ssgrah adaptive-type sampling
approach was then used to quantify abundancestasith (Smitret al.2004). In each
site, individual sponges, solitary and colonialidisms were counted by a snorkeller in
six replicate 10 x 2 m transects (see Chapter 8gtimisation of sampling design).
Sites were approximately 80 m in diameter. Théss svere then re-sampled in August

2004 and March 2005 to examine temporal changabundances.

5.2.2 Localised impacts on diversity within Lake Macquarie

To examine potential localised impacts of coolirefev discharge on the
diversity of sponges and ascidians within Lake Mg, 29 sites were sampled in the
lake in March 2004 (Figure 5.1). Two potentialiygacted sites were chosen in close
proximity to the outlets at each of the Vales Paimd Eraring power stations and an
additional 25 Control sites were chosen haphazandtgagrass meadows around the
lake. Because at Time 1 relatively few Contrasitontained sponges and ascidians,
18 new Control sites were searched at Time 2 dodltzer 21 new Control sites were
searched at Time 3 (Figure 5.2; Figure 5.3). Hotusion of new control sites at each
time of sampling improved the ability of the studytest for impacts by providing three
separate comparisons and increased the probatfilityding new populations of

sponges and ascidians which appeared extremelilyatcstributed within the lake. In
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August 2004, four of the sites sampled were neactoling water inlet for Eraring

Power Station.

5.2.3 Larger scale impacts on diversity: comparing Lake Micquarie to
other estuaries

To examine larger-scale impacts, the diversitgpainges and ascidians in
Lake Macquarie was compared to six other NSW cbkdtes and estuaries (Wallis
Lake, Smiths Lake, Lake Conjola, Brisbane WatedtwRier and Port Hacking;
Appendix 2). Because Lake Macquarie is the largeastal lake in New South Wales,
it was not possible to include multiple controldakof similar size. Therefore, a range
of estuaries were chosen based on their relatiwerpity to Lake Macquarie (within
200 km), relatively large sizes, presence of langgas of seagrass or macroalgae (West
et al.1985), and importantly, no power stations. All sithese estuaries were sampled
once in January to March 2004, using the same rdstbbrapid assessment and similar

numbers of sites as in Lake Macquaiialgle 5.4).

5.2.4 Localised impacts within Lake Macquarie: Spatial am temporal
patterns of abundance oMycale sp.,Suberitessp. andPolyclinum
nudum

Potential localised impacts on spatial and tempuaiterns of distribution were
investigated for those species that were founceteelatively common within Lake
Macquarie at Time IMycalesp.,Suberitesp.,Polyclinum nudunandBotrylloides
leachi). Abundances of each species were compared longsr times of sampling
between the four impact sites near the cooling m@idets and the five control sites
identified as having relatively large populatiorisponges at Time 1 (Control Sites 5,
6, 7, 8 and 9; Figure 5.1). Formal statisticallgses were not done because in the

majority of comparisons there were clear pattefrg@sence versus absence.
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5.2.5 Larger scale impacts: Spatial and temporal pattern®of abundance of
Mycale sp. andSuberitessp. in Lake Macquarie and coastal lakes

To test for impacts on spatial and temporal pastef distribution, abundances
of the spongesdvlycalesp. andSuberitesp. in the sites near the cooling water outlets
were compared to sites in other lakes where thesaes were known to occur
(Chapters 2 & 3). AbundancesMi/calesp. were compared to two sites in each of
Walllis Lake and Lake Conjola. AbundancesSoberitesp. were compared to two sites
in each of Wallis Lake and Smiths Lake (Figure 3.3ponges were counted in six
replicate 10 x 2 m transects in each site and sagplas done within one month of
each time of sampling in Lake Macquarie. Threediaasymmetrical analyses of
variance were used to test for differences in teadgmatterns of distribution between
Lake Macquarie and each of the two control laké [Bgic and construction of
asymmetrical analyses of variance are describddnolerwood (1991, 1994) and
illustrated with an example by Glasby (1997). &ssumption of homogeneity of
variance was tested using Cochran’s test (Wehat. 1991). Data were transformed to
In(x + 1) when significant. When transformationd dot remove heterogeneity,
analyses proceeded because ANOVA can be robustitatibns from homogeneity of
variances, particularly with designs with balansathple sizes and many independent
estimates of variance (Underwood 1981). ValestRwid Eraring were compared to

the Control Lakes separately.

5.3 RESULTS

Five species of sponge and five species of ascidéear found in Lake
Macquarie (Table 5.1,Table 5.2, Table 5.3). Offile species of sponge collected,
only one Apysillacf. sulphurea could be tentatively identified to species. The

remainder aliclona sp.,Mycalesp.,Phorospongissp. andSuberitessp.), are likely to
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be undescribed or are presently unable to be ass$iggna known taxon given the
plethora of taxa in the older literature whose tdess remain a mystery (Hooper &
Wiedenmayer 1994). The three colonial ascidi&agrylloides leach{Savigny),
Polyclinum nudunkott andSymplegma oceanitokiola, and the solitary ascidian
Pyura stolonifergHeller) are native to Australian waters, while guoditary ascidian

Styela plicata_eseur is considered an introduced species inrAlis{NIMPIS 2006).

5.3.1 Localised impacts on diversity within Lake Macquarie

There were a number of patterns found consisteht lacalised impacts on the
diversity of sponges and ascidians near the coolimgr outlets (Table 5.1, Table
5.2,Table 5.3; Figure 5.1,Figure 5.2,Figure 5Biyst, although overall there were
relatively few species of sponges found in the L akeersity was generally largest near
the outlets, particularly Vales Point. Sponges vgemeerally extremely uncommon
elsewhere in the lake with two exceptiolljcalesp. was periodically present and
abundant oiPosidonia australideaves near Belmont (sites 6 and 7, Figure 5nt) thae
majority of the other sites where sponges weredouere in relative close proximity to
the outlets (e.g. Myuna Bay, Vales Point) or ii@bal for Eraring Power Station (i.e.
Bonnells Bay in August 2004). The only other spEsfpund in the lake were a single

Mycalesp. and a singl8uberitesp. in Crangan Bay.

Second, the ascididolyclinum nudumvas found at Vales Point on all three
times and at Eraring at Times 2 and 3, but in heseagrass habitats in the lake on
any occasionP. nudumwas most abundant near Vales Point outlet in Maag¥ and
March 2005 with on average approximately 15 andd®@@nies per transect respectively
(Figure 5.4). Abundances were smaller in Augu§42@ith on average one colony per
transect. Colonies &f. nudumwere also serendipitously found on the woodemgdli

and netting of the swimming baths at Vales PoirAugust 2004. Subsequent to this
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observation, to determineR:. nudunoccurred on other similar structures in Lake
Macquarie, searches were made on jetties, nettidgacky reefs in Bonnells Bay,
Wangi Wangi, Crangan Bay and Belmont, however,therocolonies were found. It
must also be noted thBt nudumis normally considered a sessile organism thawgro
attached to hard substrata. Near the Vales Puotfgtphowever, most colonies were
not attached to hard substrata, but on top ofsemfiment oHalophilaovalisand

appeared healthy with no signs of necrosis.

Of the other ascidianBotrylloides leachivas found only near the outlets or in
sites near to the Swansea channel connectingkbddahe oceargymplegma oceania
andPyura stoloniferavere found only near the Swansea channelSayela plicata
showed no trend in its pattern of distribution Igeiihe only species that could generally
be considered widespread (Table 5.1, Table 5.2, TaB)e S. plicatawas not found
near the Vales Point outleB. leachiandS. oceaniavere relatively abundant on the
blades of the seagragsstera capricornat Sites 8 and 9 near the Swansea Channel in
March 2004 and March 2005, but were not found egelSites in August 2004 (Figure
5.4). B. leachiwas also found in relatively small abundances @y in rapid
searches) in March 2004 at the Eraring outlet,iamkligust 2004 and March 2005 at

the Vales Point outlet.
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Table 5.1. Sponges, ascidians and habitat found in eachaSitene 1 (March 2004).

Site name and number

Sites sampled at all 3 Times

Vales Point outlet

Vales Point outlet

Eraring outlet
Eraring outlet

Myuna Bay

Belmont
Belmont
Elizabeth Island

Elizabeth Island

Sites sampled at Time 1 only

Cams Wharf

East Crangan Bay
Southern Crangan Bay
Gwandalan

West Crangan Bay

Point Wolstoncroft
Chain Valley Bay

Bird Cage Point
Bird Cage Point

Bird Cage Point
Myuna Bay

South of Wangi Wangi Point
South of Wangi Wangi Point
Wangi Wangi Point

Kooroora Bay
Kooroora Bay
Awaba Bay
Awaba Bay
Warners Bay
Warners Bay

Sponges
1 Mycalesp.
Suberitesp.
Haliclona spp.
2 Mycalesp.
Suberitesp.
3
4 Mycalesp.
Suberitesp.
5 Mycalesp.
Phorospongissp.
6 Mycalesp
7 Mycalesp.
8
9
10
11
12
13

14 One individhycalesp.

on Pinna bicolor
15

16

17
18

19

20 One individual
Suberitesp.

21
22
23

24
25
26
27
28
29

Ascidians

Polyclinum nudum

Polyclinum nudum

Botrylloides leachi
Styela plicata

Botrylloides leachi
Styela plicata,
Symplegma oceania,
Styela plicata,
Symplegma oceania,
Botrylloides leachi

Styela plicata

Styela plicata

Habitat

DenseHalophila ovalis sparse bare
sediment

DenseH. ovalis,patchy bare sediment

DenseHalophila
PatchyZostera capricornidenseH. ovalis

Short dens&. capricornj denseH. ovalis

DensePosidonia australis
DenseP. australis

PatchyZ. capricorni sparséH. ovalis
patchy bare sediment

DenseZ. capricornj sparseH. ovalis
patchy bare sediment

DenseZ. capricorni

DenseZ. capricorni

Short densé&. capricorni,sparseH. ovalis
DenseZ. capricornj sparseH. ovalis

DenseZ. capricornj sparseH. ovalis
abundan®. bicolour

DenseZostera sparséH. ovalis abundant
Pinna bicolour

SparseZ. capricornj denseMicrodictyon
umbillicatum

DenseZ. capricorni

DenseZ. capricornj patchyHalophila,
patchyRuppia megacarpa

DenseZ. capricorni

Short dens&. capricornj denseH. ovalis

PatchyZ. capricorni,patchyH. ovalis
patchy bare sediment

DenseZ. capricorni denseH. ovalis,
mussel beds

DenseZ. capricornj denseH. ovalis,
mussel beds

DenseZ. capricornij patchy red algae
DenseZ. capricorni

DenseZ. capricorni

DenseZ. capricornj patchy bare sediment
DenseZ. capricorni,patchy bare sediment
DenseZ. capricornj patchy red algae
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Figure 5.1. Sites sampled at Time 1 (March 2004). Underlisiees were also sampled
at Times 2 & 3. Sites iredindicate presence of sponges and/or ascidians.T&ae
5.1 for details.
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Table 5.2. Sponges, ascidians and habitat found in eachaSitene 2 (August 2004)

Site name and number

Sites sampled at all 3 Times
Vales Point

Vales Point

Eraring
Eraring

Myuna Bay

Belmont
Belmont
Elizabeth Island

Elizabeth Island

Sites sampled at Time 2 only

Swan Bay

Swan Bay

Galgabba Point
Galgabba Point
Vales Point
Vales Point
Bonnells Bay

Bonnels Bay

Bonnells Bay

Bonnells Bay

Bonnells Bay
Myuna Bay

Wangi Wangi Point
Wangi Wangi Point

Arcadia Vale
Arcadia Vale

Coal Point
Cold Tea Canal

30

31

32

33

34

35

36

37

38

39

40

41

42
43

44

45

46
47

Sponges

Mycalesp.
Suberitesp.
Mycalesp.

Suberitesp.

Mycalesp.

Suberitessp.

Suberitesp.

Aplysillacf. sulpurea
Haliclonasp.
Mycalesp.
Suberitesp.
Haliclonasp.
Suberitesp.

Ascidians

Polyclinum nudum
Botrylloides leachi

Polyclinum nudum
Polyclinum nudum
Styela plicata

Botrylloides leachi
Styela plicata
Styela plicata

Styela plicata
Styela plicata

Styela plicata

Styela plicata

Styela plicata
Styela plicata

Styela plicata

Habitat

DenseHalophila ovalis sparse
bare sediment

DenseH. ovalis,patchy bare
sediment

DenseH. ovalis

PatchyZostera capricornipatchy

H. ovalis patchy filamentous green

algae Cystoseira trinodugpatchy
bare sediment

Short dens@ostera patchyH.
ovalis

DensePosidonia australis
DenseP. australis

PatchyZ. capricorni sparseH.
ovalis patchy bare sediment

PatchyZ. capricorni sparseH.
ovalis patchy bare sediment

DenseZ. capricorni,sparseH.
ovalis

DenseZ. capricorni,sparseH.
ovalis

DenseP. australis

DenseP. australis

PatchyZ. capricornj patchyH.
ovalis Cystoseira trinodus
mussels

PatchyZostera patchyH. ovalis
C. trinodus mussels

Short densé&. capricornj sparse
H. ovalis

PatchyZ. capricornj sparseH.
ovalis patchy bare sediment

PatchyZ. capricorni denseH.
ovalis mussel beds

PatchyZ. capricorni denseH.
ovalis mussel beds

PatchyZ. capricorni,patchyH.
ovalis,

Short densé&. capricornj patchy
H. ovalis

DenseZ. capricornj mussels beds

DenseZ. capricornj sparseH.
ovalis,mussels beds

DenseZ. capricornj patchy red
algae

DenseZ. capricornj patchy red
algae

DenseZ. capricorni

PatchyZ. capricornj patchyH.
ovalis
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Figure 5.2 Sites sampled at Time 2 (August 2004). Undedisites were also
sampled at Times 1 & 3. Sitesried indicate presence of sponges and/or ascidians. See
Table 5.2 for details.



96

Table 5.3. Sponges, ascidians and habitat found in eachaSitane 3 (March 2005)

Site name and number

Sites sampled at all 3 Times

Vales Point

Vales Point

Eraring
Eraring

Myuna Bay

Belmont
Belmont
Elizabeth Island

Elizabeth Island

Sites sample at Time 3 only

Swansea

Point Morisset
Point Morisset
West Crangan
Point Wolstoncroft
Summerland Point
Frying Pan Bay

Frying Pan Point
Bluff Point
Bardens Bay
Bonnells Bay
Rocky Point

Rocky Point

Myuna Bay
Pulbah Island

Pulbah Island

Wangi Wangi
Eraring Bay
Catalina Park
Coal Point
Belmont

48

49
50
51
52
53
54

55
56
57
58
59

60

61
62

63

64
65
66
67
68

Sponges

Haliclona sp.
Mycalesp.
Suberitesp.
Mycalesp.
Suberitesp.
Mycalesp.

Mycalesp.

Mycalesp.

Suberitesp

Ascidians

Polyclinum nudum

Botrylloides leachi

P. nudum
Styela plicata

B. leachi

Pyura Stolonifera
S. plicata
Botrylloides leachi
Styela plicata

Styela plicata
Styela plicata

Styela plicata

Styela plicata

Styela plicata

Styela plicata

Styela plicata

Habitat

DenseHalophila ovalis patchy
filamentous green algae, sparse
bare sediment

DenseH. ovalis,patchy bare
sediment

DenseH. ovalis

PatchyH. ovalis patchy bare
sediment

PatchyZostera capricornipatchy
bare sediment

DensePosidonia australis
DenseP. australis

PatchyZ. capricorni sparseH.
ovalis patchy bare sediment

PatchyZ. capricorni patchy bare
sediment

PatchyZ. capricornj dense
Posidonia

PatchyZ. capricornj mussel reefs
DenseZ. capricorni

Dense shorZ. capricorni

DenseZ. capricorni

DenseZ. capricorni

DenseZ. capricornj Cystoseira
trinodus

DenseZ. capricorni

DenseZ. capricorni

Mussel reefs

DenseZ. capricornj mussel reefs

PatchyZ. capricornj sparseH.
ovalis patchy bare sediment

PatchyZ. capricornj sparseH.
ovalis patchy bare sediment

DenseZ. capricorni

Short dens&. capricornj
abundan®Pinna bicolour

Short dens&. capricornj
abundan®. bicolour

DenseZ. capricorni
DenseZ. capricorni
DenseZ. capricorni
DenseZ. capricorni
DenseZ. capricorni
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Figure 5.3. Sites sampled at Time 3 (March 2005). Underlisites were also sampled
at Times 1 & 2. Sites iredindicate presence of sponges and/or ascidiansT&@sde
5.3 for details).
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5.3.2 Larger-scale impacts on diversity: Comparing Lake Macquarie with
other estuaries

Overall, there were no patterns to suggest there laege lake-scale impacts
of cooling water outlets on the diversity of sposgeLake Macquarie compared to
other estuaries (Figure 5.4). Regardless if sigas to the outlets were included in
comparisons, the species and numbers of specgmafies found were similar to those
in the seagrass meadows of other similar New Sél#les estuaries. For example,
three of the four species found in Lake Macquarislarch 2004 were also found in
Walllis Lake. In contrast, with the exceptionSifela plicatathe diversity of ascidians
in Lake Macquarie was very different from all thtber estuaries sample@®otrylloides
leachi Symplegma oceanandPolyclinum nudunwere found only in Lake Macquarie,

with P. nudumfound only near the outlets.
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Table 5.4. Distributions of sponges and ascidians foundhéngeagrass meadows of Lake Macquarie comparealis\bake, Smiths Lake,
Brisbane Water, Pittwater, Port Hacking and LakajGla in January-April 2004. Condition as clasgifiby Healthy Rivers Commission
(2002). Numbers in () indicate total number oésitvhere those species were found.

Estuary
Condition

Sites sampled

Lake Macquarie Wallis Lake
Severely affected

29 16

Sponges found in Lake Macquarie

Haliclona spp.

Mycalesp.

Phorospongiasp

Suberitesp.

Total number of species
of sponges

Uncommon (1) Uncommon (2)

Abundant in patches
near outlets and on
Posidonia australis
near Swansea (7)
Very uncommon, two
individuals found (1)
Found near outlets, but Patchily distributed
otherwise uncommon  amongst the alga,

4) Lamprothamniorsp. and

Very patchy, growing on
alga,Lamprothamniorsp.

(4)

patchyZostera capricorni

(6)

Ascidians found in Lake Macquarie

Botrylloides leachi

Polyclinum nudum
Styela plicata

Symplegma oceania

Total number of species
of ascidians

Abundant on

Z. capricorninear

Swansea Channel (3)

Abundant near Vales

Point outlet (2)

Uncommon (5)
patches (8)

Abundant on

Z. capricorninear

Swansea Channel (2)

4 3

Moderately affected

Smiths Lake Brisbane &vat
Slightly etféel na
16 20

On mussel reefs, b
uncommon (2)

Abundant in patches,
mainly onP. australis

()

Widespread, abundant
in patches amongst
patchy

Z. capricorni(11)

Widespread, abundant in Widespread, abundant Uncommon (4)

in patches (6)

Pittwater
na
17

Port Hacking
na
17

Very uncommon,
one individual
found onP.
australis(1)

Lake Conjola
Slightly affected
24

Abundant in
patches, growing on
the algaCaulerpa
taxifolia (6)

Widespread (11)
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5.3.3 Localised impacts on spatial and temporal patternsf abundance of
Mycale sp, Suberitessp.,Polyclinum nudum and Botrylloidesleachi
within Lake Macquarie

Statistical analyses of abundances were consideneelcessary within Lake
Macquarie because sponges and ascidians were d@tmsemhany of the sites and times
making patterns relatively straight forward (Figbré). Mycalesp. was the most
abundant sponge and was recorded at sites 1 agar 2he Vales Point outlet on all
three times of sampling. In contrast, elsewhetbénake there were large temporal
changes in patterns of presence and absence. &wmpéx in March 2004viycalesp.
was found at Site 4 near the Eraring outlet, site Myuna Bay, sites 6 and 7 near
Belmont and a single specimen was found on thev@Rinna bicolorat Site 14 in
Crangan Bay. In August 2004 and March 20d@§calesp. was very uncommon at

sites distant from the outlets.

Suberitessp. was on average most abundant at sites 1 aedr2he Vales
Point outlet and in March 2004 near the ErarindedFigure 5.4).Suberitesp. was
found in only in relatively small numbers (i.e. ddindividuals in rapid searches) in a
small subset of the sites distant from the ou{fE&ble 5.1, Table 5.2,Table 5.3; Figure
5.1, Figure 5.2, Figure 5.3Haliclona spp. were found at site 1 near the Vales Point
outlet in March 2004 and March 2005 and in BonnB#y in August 2004 (Table 5.1,
Table 5.2, Table 5.3; Figure 5.1, Figure 5.2, Fegbu3). Aplysilla cf. sulphureawas
very uncommon with only three individuals foundronssel reefs at site 38 in Bonnells
Bay in August 2004. Similarlyphorospongiasp. was also very uncommon with two

individuals found at site 5 in Myuna Bay in Marcb0B.
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Figure 5.4 Means (SE) of abundances of invertebrates peséct in each of nine
locations in March 2004 (Time 1), August 2004 (Tig)eand March 2005 (Time 3). n =

6.
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5.3.4 Impacts on spatial and temporal patterns of abundaoe ofMycale sp.,
and Suberitessp: Comparisons of Lake Macquarie with other coastl
lakes

Patterns of abundance Idfycalesp. were complex, varying through time,
between sites and also between the two controslékable 5.5, Figure 5.5). Although
there were no statistically significant differencesbundances between Vales Point
and the two Control lakes, there was a clear diffee among lakes in the pattern of
presence or absence among tinMgcalesp. was present at both sites at Vales Point on
all three sampling times, but was found at only time in each of the sites in Wallis
Lake and Lake Conjola. In contrast, the tempoadtigons of presence versus absence at
the Eraring outlet were very similar to the two tohlakes withMycalesp. found only

at Time 1, when abundances were also largest itisNake and Lake Conjola.

Abundances oBuberitessp. were significantly larger in the control lakes
compared to sites at Vales Point or Eraring (Tabe Figure 5.6). In contrast to
Mycalesp.,Suberitesp. were present on all occasions in each of tee Bi Wallis and
Smiths lakes, while occurring on fewer occasionthesites at Vales Point and Eraring

outlets.



103

Table 5.5. Asymmetrical analyses of variance to test fofetlénces in abundances of
Mycalesp. in Lake Macquarie compared to Wallis Lake lakke Conjola.® Tests

were constructed after lower order sources of tiariavere eliminated gt > 0.25.°
Transformations did not remove heterogeneity ofaveres.

Vales Point v Controls

Eraring v Controls

Source of variation df MS F p MS F p F versus
Time 2
Lake 2
Impact v Controls 1 0.474 036 ns 0.921 0.62 ns TxS(L}
Between Controls 1 9568 0.86 >0.25 9.568 0.86 >0.25 T x Between Cs
Time x Lake 4 11.053 2.78 ns 5920 4.01 ns TxS(L)
Time x Impact v Controls 2 10.941 0.98 >0.25 0.676 0.06 >0.25 T x Between Cs
Time x Between Controls 2 11.164 8.41 ** 11.164 7.56 ** T x S(L)
Sites(Lake) 3 0.310 0.23 >0.25 1.343 091 >0.25 TxS(L)
Time x Sites(Lake) 6 1.328 3.98 ** 1.476 10.02 *** Residual
Residual 90 0.334 0.147
Transform Ln(x + 1) Ln(x + 1)
25 4
2 20 i
Ei 15 4
é 10 4
g ’J_‘
o l—= e = -
Time 12 3 12 3 123 23 123 123 123 123
Site Vales Vales Eraring 3 Eraring 4 2 1 2
Point 1 Point 2
Lake Macquarie Wallis Conjola

Figure 5.5.Means (SE) of abundancesMycalesp. per transect in Sites near the

cooling water outlets compared to Sites in Wallké. and Lake Conjola in March
2004 (Time 1), August 2004 (Time 2) and March 200#&e 3). n = 6.
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Table 5.6.Asymmetrical analyses of variance to test foradtdhces in abundances of
Suberitessp. in Lake Macquarie compared to Wallis Lake Sniths Lake.? Tests
were constructed after lower order sources of tianavere eliminated gi > 0.25.

Vales Point v Controls Eraring v Controls
Source of variation df MS F p MS F p F versus
Time 2
Lake 2
Impact v Controls 1 10.205 31.96 ** 13.156 61.93 ** T xS(L)?
Between Controls 1 3965 101 >025 3.965 1.00 >0.25 T x BetweenCs
Time x Lake 4 0.090 0.28 ns 0.065 031 ns TxS(L)

Time x Impact v Controls 2 0.170 15.80 ns 0.119 11.06 ns T xBetween Cs
Time x Between Controls 2 0.011 0.03>0.25 0.011 0.05 >0.25 TxS(L)

Sites(Lake) 3 3.935 12.33 = 3.964 18.66 ** T x S(L)
Time x Sites(Lake) 6 0319 1.05>025 0.212 0.77 >0.25 Residual
Residual 90 0.305 0.277

Transform Ln(x + 1) Ln(x + 1)

o o N ®© ©
L L L L ,

Mean (SE) # Suberites sp. per transect

o B N W A
L L L L

M. o []

Time 123 123 123 12 123 123 123 123

Site Vales Vales Eraring 3 Eraring 4 1 2 1 2
Point 1 Paint 2

Lake Macquarie Wallis Smiths

Figure 5.6. Means (SE) of abundancesSifberitesp. per transect in Sites near the
cooling water outlets compared to Sites in Walbké and Smiths Lake in March 2004
(Time 1), August 2004 (Time 2) and March 2005 (TiB)en = 6.

5.3.5 Associations of sponges and ascidians with habitat

In order to interpret the potential impacts of gosver stations on assemblages
of sponges and ascidians it is important to comgld&erences in habitat. In general, the

habitats in sites near to the power station outlete very different from sites
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elsewhere in Lake Macquarie (Table 5.1, Table 51868.3) or in any of the other
estuaries sampled. These sites were charactérysieelds of densdalophilaovalis
with occasional patches of bare sand or gravelbgisata. The only similar habitats
found in Lake Macquarie or in any of the other ages were near the inlet canal for
Eraring Power Station (Table 5.1,Table 5.2, TabB.5Although not quantitatively
measured, relatively strong currents flowing in divection of the inlet canal were
observed at sites 37, 38 and 39 near the inlet ¢pews. obs.). In general, in Lake
Macquarie, sponges were most diverse and abundaabitats dominated by. ovalis
Posidonia australi®r whereZostera capricornwas patchy and/or short. With the
exception ofStyela plicatawhich was found in almost all habitats, sponges$ a
ascidians were not found whetecapricorniwas very dense and tall (Table 5.1,Table
5.2, Table 5.3).Mycalesp. was found in a number of different habitathe largest
abundances d¥lycalesp. recorded in Lake Macquarie were on the blafes
australisin March 2004 at site BMycalesp. was also found dn. ovalis bare

sediment and gravel in sites near to the ValestRwid Eraring outlets.

5.4 DISCUSSION

This study identified several patterns of disttibn of sponges and ascidians
that were consistent with localised impacts of capivater outlets of power stations
including increased diversity, increased abundaandseduced temporal variability
near to the outlets. Patterns, however, were cexnphried in effect among species,
between the two outlets and their interpretatios dependant on the spatial or

temporal scales examined.

Localised impacts: When diversity was examined within Lake Macquarie,

two key patterns emerged to suggest there werédedancreases in sponge and
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ascidian diversity and abundance near the ouiMdtisough sponges were very patchily
distributed, they were most diverse and/or abunptasites near the cooling water
outlets of the two power stations (particularlWales Point) and the inlet canal to
Eraring power station. Elsewhere in the lake, whth exception of sites near Belmont,
they were extremely uncommon. Ascidians, howesteoyved more variable patterns
among species. There was strong evidence to dugglslinum nudunoccurred only
in close proximity to the outlet®?. nudumwas found nowhere else in Lake Macquarie
or in any other of the estuaries studied in thesik Botrylloides leachivas most
abundant near to the Swansea Channel and wasumat fio any other sites distant from
the Swansea Channel with the exception of siteacadi to the outletsSymplegma
oceaniaandPyura stoloniferavere found only near to the Swansea Channel aad it
likely their distribution was correlated with lahsupply and proximity to source
populations on the open coast (Agteal. 1997). Together, these patterns suggest
sponges and the ascidiaRs,nudumandB.leachiiwould likely to have been absent or
at least uncommon in these areas of Lake Macqiidhere were no power stations.
These patterns are in contrast to Nicholls (1988)ysof macroalgae which showed a

decrease in diversity in close proximity to theleist

Impacts that increase diversity or abundances oétquire different
considerations and logic for management than thopacts that cause decreases. One
important consideration is to determine whethecsseintroduced to areas pose
ecological threats to other native organisms. Bsedhe majority of sponges and
ascidians in this study were likely to have beetivedo Lake Macquarie and
abundances were increased only in relatively sarals near to the outlets, it is
unlikely any serious threats would be posed tcett@ogy of the lake. In contrast,

threats can become more serious when new speei@stiaduced. Several authors
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have suggested that some types of human impactproaige footholds from which
introduced species may then move on to colonis@snding habitats. For example,
Glasbyet al.(2007) suggested artificial structures in estuasiesh as pontoons and
jetties may provide footholds for invasive sessileertebrates. Piola & Johnston (2008)
found heavy metal pollution to favour non-indigea@essile invertebrates (including
ascidians and sponges) over indigenous specidise lcase of the power stations in
Lake Macquarie, it appears the discharge of coaliater may be creating just such a
foothold for new species to colonise new habitsliigte specifically, it is likely that
Polyclinum nudumvas beyond its natural range of distribution in &&kacquarie and
only able to survive because of the presence gboieer stations. Records for the
range ofP. nudumare rare, but its previously southern most cathecivas
approximately 400km north at Coffs Harbour (KotB2® Introduced species, which
are able to gain a foothold because of anthropogempacts, may then persist in
relatively small abundances or patchy populaticafede becoming more widespread
and problematic (e.g. Meinesz 1999). The managearmghpotential eradication or
control of potentially harmful introduced speciedl aenefit from the early

identification of invasion sites. In addition, teEectiveness of management will also
be improved by an understanding of the physicallaolkbgical processes causing these

impacts.

Models to explain increases in diversity and abundee: The patterns
identified in this study provide the logical stagipoints to propose possible ecological
models to explain the relatively high diversity afglindances of sponges and ascidians
near the cooling water outlets including; highetevaemperatures, increased food
supply, increased water movement and alteratiopdysical habitat. Each of these

possible models is discussed below.
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High water temperatures: Historically water temperatures in Lake
Macquarie have ranged between winter minima of 33€land summer maxima of 26-
28 °C (Roberts & Barnes 2004; Eyre 2005; Nicho#i89). Water temperatures near
the cooling water outlets, however, can be up tdCland on average 6 °C warmer
(Nicholls 1999) than elsewhere in the Lake. Inseshwater temperaturean have
varying effects on marine and estuarine fauna komd tepending on the magnitude of
change (see Bamber 1995). For example, in LoagdsSound in the US, increased
temperatures caused by the cooling water disclewmgea power station increased
growth of the large brown algescophyllum nodosulh..) Le Jolis, until temperatures
exceeded 27-28 °C and the alga died (Kesat.2005). In contrast, in the
Mediterranean, thermal increases of approximatély 2aused by a power station had
no detectable effects on meiobenthic and macrobemertebrate assemblages in soft
sediments (Lardicat al. 1999). In India, fouling communities (includingcadians)
died when thermal discharges from a nuclear povest gaused water temperatures to

rise above 37 °C (Suresi al. 1993).

In this study, there were a number of correlatiatgrns to support the
explanation that higher water temperatures wekesst partially responsible for
sustaining populations of at least two of the spedWlycalesp. andPolyclinum nudum.
Mycalesp. was most widespread and abundant in March ae@March 2005 when
ambient water temperatures were relatively warraughout the lake (approximately
24 °C), compared to winter (August 2004) when wegarperatures were relatively
cooler (approximately 13 °C) amdycalesp. was only relatively abundant near the
outlet to Vales Point power station where tempeestwere 23-24 °C. Furthdvlycale
sp. was only found in Wallis Lake and Lake Conjoldlarch 2004 when water

temperatures were relatively warm (20-22 °C), aad wery uncommon or absent in
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August 2004 when water temperatures were much c@#e15 °C). P. nudumshows

an even stronger correlation with water temperatiotend only near the outlets where
water temperatures remained above approximateB4ZE. Higher water temperature
in a Mediterranean lagoon relative to the adjaseathas been suggested as the key
environmental factor sustaining populations ofdkeidian Ecteinascidia turbinat#&o
survive through colder winter periods when popolagioutside of the lagoon do not
survive (Carballo 2006). To add further supporthi® temperature modé?, nudum

was not found in other areas of Lake Macquarie ¢batd be considered to have
similarly strong water movement (e.g. near theasttte to the Swansea Channel or the
inlet canal to Eraring Power Station) or similabitats characterised by dense beds of
Halophila ovalis(i.e. near the inlet to the Eraring Power Statid?) nudumappears to
be a more tropical species typically found in warmaters north of Lake Macquarie

(Kott 1985).

Increased supply of food: A second explanation for patterns of high diversity
and abundance at the outlets relates to the plilgsdfiincreased availability of food
for filter feeders. For example, Ambroseal. (1996) suggested that increases in the
abundances of other filter feeding invertebratesg#e polychaetes and bivalves) near
the cooling water outlets from Californian poweatgins maybe due to increased
organic material, which originated from planktofidd in the cooling system and
discharged in the plume. Mortality of plankton daghe stresses of entrainment within

cooling-water systems of power station appeargtodmmon (Bamber & Seaby 2004).

Increased movement of waterThe combined discharge from the outlets is up
to 146 ni/s when operating at full capacity, which createsent velocities that are
generally much larger than elsewhere in the laken®ls 1999; NSW Department of

Natural Resources 2008). It has been proposedhlaaiges in water movement can
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increase abundances of filter feeders includingdasts and sponges (Glasby 2001).
Large abundances of ascidians have been correldifedreas of strong currents or
tidal flow (Lambert & Lambert 2003) and experimémtark has shown increased
growth and survival of some sponge species witheased water velocity (Wilkinson
& Vacelet 1979). In Lake Macquarie, this modedugpported by the observation that
there was a large diversity and abundance of sgonegr the inlet canal to Eraring
power station where water movement was large, lbigmiemperature was not above

ambient.

Changes in seagrass habitatFinally, the composition of the seagrass
meadows near the outlets was very different froose¢tfound elsewhere in the lake.
Sites near the outlets were characterised by vemga@Halophila ovalis with occasional
patches of bare substrata and spZstera capricorni This contrasted to most other
sites within the lake, which were dominated by pgtio dens&. capricorniand in
some placePRosidonia australis Dense meadows &f. ovalisare structurally very
different, with relatively short leaves and candlegs than 5 cm), compared4o
capricorniandP. australismeadows which are in general much taller (up toetre
high). The structure and patchiness of seagrdstataaffects assemblages of many
types of animals including fish (Connolly & Hind@006; Jacksoet al.2006),
molluscs (Irlandi 1997; Bologna & Heck 2000) andstaceans (Tanner, 2006).
Although, little to no work has been done to exaartime effects of seagrass structure on
sponges or ascidians, it is likely they are al$ecé¢d. Differences in seagrass
complexity may also have direct or indirect effemtsthe associated fauna (Bostretn
al. 2006). For example, denbkalophila ovalismay have a direct positive effect by
providing a suitable habitat for sponges and aanglio attach. Conversely, dedse

capricornimay have a direct negative effect by out-competpanges for space on the
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substrata (Cebrian & Uriz 2006). It has been ssiggk however, that indirect effects
of seagrass complexity are more likely to influedcributions of fauna (Bostroet
al. 2006). For example, the patchiness of seagraaseaffect predation rates on fish

(Hindell et al.2000) and bivalves (Bologna & Heck 1999).

Overall, it is likely that processes may be intéragsynergistically and
probably affect different organisms in differentysa For example, from the
observations made in this study, it could be hypsiged thalP. nudunmwill be
influenced by high water temperatures, while spsngay respond more to stronger
currents and habitat structure. The disentangléarahidentification of these specific

processes and mechanisms is likely only to be getiwith manipulative experiments.

Larger scale impacts: While differences in diversity and abundances withi
Lake Macquarie were relatively easy to interprelibaalised to the outlets, larger scale
comparisons with other estuaries were more contpliclable 5.4). With the outlet
sites included, assemblages of sponges in Lake bdaecould be considered to have a
similar diversity, but with smaller abundances amate patchy distributions than other
large estuaries (e.g. Wallis Lake and Brisbane Yyaté contrast, if the sites near
outlets are omitted, diversity and abundances kellacquarie would be considered
small. This suggests additional impacts may hava®affecting the distributions of
sponges. Lake Macquarie is classified as sevaftdgted by catchment modification
(Healthy Rivers Commission of NSW 2002) with vasampacts including
eutrophication and macroalgal blooms caused byemitinputs from terrestrial run-off
(Nicholls 1999) and heavy metal contamination irloszs caused by industry (Batley

1987).
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In conclusion, the patterns observed in this studygest that discharge of
cooling water from the power stations in Lake Maatgihave a localised impact that

increases the diversity and abundances of spordjasaidian assemblages.
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CHAPTER 6: EFFECTS OF SHADING, WATER FLOW AND
PREDATION ON THE SPONGE, SUBERITES SP. IN
THE SEAGRASS MEADOWS OF A TEMPERATE
AUSTRALIAN COASTAL LAKE

6.1 INTRODUCTION

The structure and complexity of seagrass landsczgesdramatically influence
the distributions of a diverse range of associédeda and flora (Bostromt al. 2006;
Connolly & Hindell 2006). Seagrass landscapesiaterally heterogeneous
environments often described as a mosaic of patwhdifferent species of seagrass,
macroalgae and unvegetated substratum (Twtnalt 1999; Bellet al.2006b). Patches
vary at large scales in terms of their size, shppameter, proximity to other habitats,
etc., and at smaller scales in terms of the ategwof the individual plants (e.g. shoot
height, shoot density, biomass) that make up tpasghes (West 1990; Cunha &
Duarte 2007). In recent times, the natural stmectd seagrass landscapes has been
dramatically changed on a worldwide scale by coasteelopment and associated
anthropogenic impacts (Or#t al.2006a; Ralplet al.2006). Dredging, eutrophication,
sedimentation, contamination, boating, introdugeetges and shoreline modification
have lead to extensive losses of seagrass meanhonesased fragmentation, reductions
in patch size and number, changes in species cotimpoand changes to the attributes
of the plants themselves (Cambridge & McComb 1@84hhaet al.2005). Seagrass
landscapes are also increasingly recognised asgcally and economically important
habitats as nursery grounds for many species (daeksl.2001; Hecket al.2003), for
nutrient cycling, stabilising sediments and preirenshoreline erosion (Costanegal.
1997; Orthet al.2006a). With increasing impacts comes a needdtiebmanagement
of these important habitats which must include aaeustanding of the effects of

changes to seagrass habitats on the associate faun
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Associations with seagrasses have been extensittelied for several faunal
groups, including crustaceans (Murphey & Fones@&@b;1Blovel 2003), molluscs
(Irlandi et al. 1995; Bologna & Heck 2000a; Peterson & Heck 2061)bile
macrofauna (Turneet al. 1999) and in particular, much work has focusseéisin
(Connolly & Hindell 2006; Jacksoet al.2006). In contrast, there have been
exceedingly few studies examining patterns of iistron of sponges with seagrass
landscapes (but see Thorhaug & Roessler 1977; Kugrebrot 1995). Bostrorat
al. (2006) and Connolly & Hindell (2006) proposed seVv@ossible underlying
processes to explain distributions of nekton witteagrass habitats including
environmental disturbance, encounter rates witgrssa patches, food availability,
predation, larval supply, migration or movemenadtlts and reproductive success.
While these models were developed largely fromistudf mobile fauna, they also
provide logical and plausible processes which maaen the distributions of sessile

fauna such as sponges.

In particular, the availability of food has beeaduently proposed to explain
higher and lower densities of filter feeding inednates inside patches or under
seagrass canopies (Irlaredial. 1999; Reusch & Williams 1999). Decreases in the
availability of food for filter feeding bivalves tia been directly related to decreases in
water flow and particles of food in patches of dessagrass (Reusch & Williams
1999). The effects of water flow can also be naan@plex than the simple delivery of
food, and may influence feeding capability and masion for many sessile filter
feeders (Knotet al.2004). Water flow and current velocities can benaitically
affected by the structure of seagrass meadows (Kbah2006). For example, Heig$
al. 2000 found that in beds @bstera novazelandioggetchell), which were 12 cm high,

velocities ranged from 1.2 - 4.6 ci sutside and 1.9 - 7.1 crit sbove the seagrass
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patch compared to 0.1 - 1.8 cth inside, indicating slower and less variable water
flow. Given that numerous studies have demonstihiednportance of adequate water
flow for the survival and growth of sponges in rseagrass habitats (e.g. Wilkinson &
Vacelet 1979; Duckwortbt al.2004; Bell & Barnes 2000a & b), it also provides a

plausible mechanism to explain the distributiospdnges within seagrass habitats.

One attribute of many shallow water sponges, wiiamusual in the animal
kingdom, is the presence of photosynthetic symBiavithin the sponge tissue (Rutzler
1990). In this respect, sponges which containgsyithetic symbionts may be
affected by processes more widely studied for glaftherefore, a mechanism
additional to those proposed by Bostretral. 2006 and Connolly & Hindell 2006 for
nekton can be proposed for sponges: i.e. the d#jeof light in seagrass habitats.
Significant effects of canopy shading on understoteave been extensively studied and
are well known in the terrestrial realm (Keddy 2p@8d to a lesser extent in kelp
forests of the marine realm (Dayton 1975; Conn@ll3). In seagrass habitats, effects
of self-shading by seagrass canopies are prevahehivell understood (Zimmerman
2008). The effects of shading by seagrasses @t sfiecies and algae are less well
understood, but there is some evidence to suggadtrgy can have strong influences on
understorey species. For example, Ceccherelligelli(1999) found shading by
meadows of very dens&sidonia oceanican the Mediterranean restricted the growth
of the algaCaulerpa taxifolia In non-seagrass environments experimental sgain
sponges which contain photosynthetic symbiontdds$to significant and sometimes
rapid reductions in size and growth leading to éwalnmortality (Robertgt al.2006).
Using manipulative experiments, Thacker (2005) tbtire cyanobacteria containing

spongel.amellodysidea chloredost substantial biomass and surface area (4p%0)
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in relatively short periods of time (2 weeks). Kiflson and Vacelet (1979) found the

growth ofVerongia aerophobavhich contains cyanobacteria to be ‘enhancedyint’li

The cyanobacteria containing spon§aberitesp. can be a common and
conspicuous inhabitant of the seagrass meadowalgalbeds of several New South
Wales coastal lakes (Chapters 2, 3, 4 and 5). didtebution ofSuberitessp. within
these lakes is characterised by its absence freasavhere the seagragsstera
capricorni has relatively high shoot density and long leawges, its presence in areas
whereZ. capricorniis absent, sparse, patchy or has relatively sbaves (Chapters 4
and 5). Based on these observations, | examimed tfossible models to explain the
absence oBuberitesp. from dense and tall capricornimeadows usingn situ
manipulative experiments: Huberitesp. are absent from areas with dense and tall
capricorni because there is inadequate water flow for thesuteive, ii) Suberitessp.
are absent from areas with dense andztatiapricornibecause there is inadequate light
for them to survive, iiiSuberitesp. are absent because of other processes asdociat

with areas of dense and tZll capricorni.

6.2 MATERIALS AND METHODS
6.2.1 Study-sites and sampling methods

Experiments were done in the seagrass meadows itdisSibake on the New
South Wales mid-north coast (Figure 6.1). Smitake.is intermittently closed and
open to the ocean with salinities ranging from 8343. Four sites were chosen in a
continuous meadow @ostera capricornon the north-western shore of Big Island:
Sites 1 and 2 were in areas characterised by ghdfl cm leaf heightYostera
capricorni, with small patches (less than f)rof tallerZ. capricorni(approximately

50-100 cm leaf height), bare sediment and spdedephila ovaliswhereSuberitesp.
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were relatively abundant (approximately 5-10 indiidls per 10 f); Sites 3 and 4 were
in areas characterised by dense (approximately080¥ cover) and tall. capricorni

(approximate height of canopy of 90-110 cm) wHeuberitessp. were absent.

)

Smiths
Lake
Big

Island

Tasman
Se:

Figure 6.1 Study Sites in Smiths Lake

Experiment 1: Shading: In order to simulate the shading produced by dense
Zostera capricornithe intensity of light under dense canopies wigreeritessp. were
absent (Sites 3 and 4) and in nearby unshadedwaheasSuberitesp. were present
(Sites 1 and 2) were measured using a Ei€#R sensor. To test for the effects of this
level of shading on the survival and growthSafberitessp., four individual sponges
were then separately shaded with a sheet of riggdjoe black plastic (50 cm x 70 cm)
that was secured approximately 40 cm above thersis by four plastic pipes
(Figure 6.2). Fifty 5 mmJ holes were drilled into each sheet of plasticitoutate the
reduced light intensity experienced under a dénsapricornicanopy. The flow of
water under the shade-structure was measured dkjriggthe movement of coloured
dye and was found to be similar to adjacent ar@astest for artefacts of placing a
physical structure over the sponges, procedurdtaisnwith same dimensions and

number of holes as the shade-structure, but made ‘crylite® OP-4 Ultraviolet-
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Transmitting Acrylic Sheet’ which transmits Photo#etically Active Radiation and
Ultraviolet Radiation, and therefore maintainedase to natural light regime, were
placed over four individual sponges (Figure 6.2)e procedural controls and shade-

structures were checked every 2-3 days for epiglael cleaned as necessary.

Experiment 2: Reduced water flow: Water movement in Smiths Lake is
temporally variable and greatest when the entraopen to the sea, after heavy rain or
when there are moderate to strong winds (Ever&f 2Barnes pers. obs). Currents are
generally negligible at other times (Barnes pels) oRelative differences in the
movement of water within and outside meadows okd&nstera capricornivere
estimated using a simplified dye tracking technif(fech & Verduin 2001). A small
blob of red dye was released approximately 15 covalthe substratum (i.e. at a similar
height as the top of the sponges) and the distaneeved in a set period of time was
estimated by a snorkeller by reference to woodakestplaced at 20 cm intervals from
the point of release. This process was repeatedifoas within beds of denge
capricorni (Sites 3 and 4) and four times outside beds o$eléncapricorni(Sites 1
and 2). When there were relatively strong winds{2% knots) from the northeast, the
velocity of water was estimated to range from ©.8.0 cni outside beds of denge
capricorni, compared to inside meadows of deAsstera capricorniwhere velocities
were negligible and estimated to be close to z&¥vben there were relatively weak
winds (< 5 knots), water velocity was negligiblesiach of the habitats and again
estimated to be close to zero. While it is acknogéal this technique may not provide
accurate estimates when velocities are very sihdill demonstrate a clear relative

difference from inside to outside beds of defiseapricorni

To test for the effects of reduced water flow oa shrvival and growth of

Suberitessp., rectangular plastic barriers (45 cm x 70 cf42 xm tall) were placed
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around four individual sponges (Figure 6.2) to dateiconditions within a meadow of
denseZ. capricorni Approximately one hundred holes, 5 cm in diametere drilled

into the sides of each barrier to allow a reducesdement of water. The plastic barriers
remained open at the top and there were no medsuliffierences in light intensity
compared to adjacent areas. To test for potestiefacts of placing a physical barrier
around the sponges, procedural controls consisfipiastic barriers with the same
dimensions, but with large holes cut into all feides to allow normal movement of

water was placed around four individual spongeguié 6.2).

Figure 6.2. In situexperiments: a) reduced light, b) reduced wabev,fc) procedural
control for reduced light, d) procedural contral feduced current and e) untouched
control. Experiments were repeated at each ofsites with n = 4 for each treatment at
each site.
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Experiment 3: Transplantation to denseZostera capricorni To examine the
model thatSuberitesp. were absent from dense andZaktera capricornmeadows
because they could not survive there, four indigldyponges from each of two Sites
(Sites 1 and 2) were transplanted into meadow®o$e and tall. capricorni(Sites 2
and 4) as per Figure 6.3ponges were placed in plastic containers andsuépherged
in water while being transported between Sites.teBbfor potential artefacts of
transplanting sponges to a new location, four imldial sponges were translocated into
similar habitats from which they had been removed four sponges were translocated
from Site 1 to Site 2 and another four from Site Site 1). See Chapman (1986) for

logic of controls necessary for experiments invadviransplantation of organisms.

Figure 6.3 In situexperiment to test for effects of transplantBuperitesp. to beds of
dense and talfostera capricorni a) transplantation into dense seagrass, b)
translocation procedural control and c) untouchmtrol. Experiments were repeated
in each of two sites with n = 4 for each treatnargach site.
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All sponges were individually tagged with smallgila shellfish labels that
were secured with dental floss sewn through tlsaiéiof the sponge. The results of a
pilot study suggested this method of tagging hadetectable effects on the sponges

(Barnes, unpublished data).

The survival and change in size of each individyainge were recorded and
measured from before to five weeks after the sfiaitie experiments. Each sponge was
photographed from above with a digital camera tonede a 2-dimensional area. In
addition, the number and diameter of individualubaavere counted and measured.
For some species of sponges, the number and sasola are known to change when
exposed to environmental stress (e.g. shadingeofyhnobacteria containing
Verospongia aeropobaor exposure to light Wilkinson & Vacelet 1979¢ieased
salinity, Leamon & Fell 1990) including some speaxSuberitege.g. physical
disturbance o8. domunculaHameret al.2007). Similar, th&Suberitessp. in this study
in Smiths Lake, was observed to reduce both treeasizl numbers of oscula within 2
days of being placed under stress in a manipulatperiment to examine the effects of

freshwater flood events (P. Barnes, unpublished)dat

6.3 RESULTS

There were no measurable effects of any proceduntefiacts of shading,
reduced water flow or transplantation on the suvand growth of sponges or number
or size of oscula (Figure 6.4; Appendix 4). Simijlathere were no measurable effects

of shading or reduced water flow (Figure 6.4; Apgigr).
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Figure 6.4. Number of sponges found one month after water i@s reduced
compared to controls in Sites 1 and 2

In contrast, however, there were large and clgacts on the survival of
Suberitesp. transplanted into dengestera capricorni Only three of the eight
individual sponges transplanted into dedseapricorniwere found (Figure 6.5).
Further, the three that were found were severelyaed in size, had a reduced number
of oscula and had very clear signs of predatiotufing obvious bite marks typical of
Monocanthid fishes (Figure 6.6). No bite marks wavserved on any of the sponges in
the remainder of the treatments. Following thesseopkations, a further four sponges
from each of Sites 1 and 2 were transplanted iatseZ. capricorni(Sites 3 and 4
respectively) and then inspected at regular intsrvAfter 1 hour of transplanting, there
were obvious bite marks on six of the eight spongéter 1 day, all sponges had
numerous bite marks and were reduced in size aadZtlays, six of the sponges had

been completely consumed. During this time, reggbattempts were made to observe



123

and identify fish or other animals feeding on thergyes, however, none was observed
directly feeding on the sponges. Fortuitouslypiniation on potential predators was
provided by a commercial fisher netting in Smitlaké in dens&. capricorni

meadows near to the study sites and during the §areeas these experiments who
reported catching large numbers of juvenile Monduals of two speciedMeuschenia

trachylepisandScobinichthys granulatis

Number found

Untouced controls  Translocated Transplanted Untouced controls  Translocated Transplanted

Site 1 Site 2

Figure 6.5. Number of sponges found one month after beingspianted to dense
seagrass compared to controls in Sites 1 and 2.
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a) Typical healthysuberitessp. before being b) Suberitessp. one hour after being
transplanted into den@mstera capricorni  transplanted into dengmstera capricorni

gl
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c) Suberitesp. one day éfter being d) Ju{/enilel\/Ieuséhenia trachylepsee
transplanted into deng®stera capricorni  likely predators oSuberitesp.

Figure 6.6. Examples of effects of predation Saberitesp. transplanted into dense
Zostera capricornmeadows and a likely predatdeuschenia trachylepsidNote two
obvious bite marks in b) and numerous bite marks.in

6.4 DiscussIiON

The results of this study strongly suggest thatiatien by fish is likely to be a
key process determining small-scale patterns afibligion of Suberitesp. in seagrass
meadows. Although, predation cannot be unequilpe#tributed to fish, the absence
of any other obvious sponge-feeders in Smiths Ltdeeshape of the bite marks, the
rapidity with which sponges were consumed and étehes by commercial fishers in
nearby seagrass meadows in the lake strongly suipgeguvenile Monocanthids, most
likely Meuschenia trachylepisnd/orScobinichthys granulatusere consuming the

Suberitesp. soon after they were transplanted into dendeadl Zostera capricorni
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meadows. This model is further supported by theadion thatM. trachylepisand
alsoM. freycinetiare known to be significant consumers of epiplogteered leaves of
the seagras®osidonia australisn other New South Wales estuaries, to the exteit
these two fish species may directly affect seagrasrass and potentially alter the

trophodynamics oP. australisbeds (Wressnig & Booth 2007, 2008).

Predation on sponges in seagrass meadows hasalsmbserved elsewhere
in the world. For example, in tropical seagrassosvs of the Caribbean, the species
composition of sponge assemblages is maintainksdsit in part by predation by the

large starfishQreaster reticulatugwWulff 1995, 2008).

Increased predation of sponges with increased aoxitplof seagrass habitat
was somewhat unexpected and is in stark contrabetbndings of a large volume of
literature on the effects of seagrass structurthersurvival of fauna. Heck & Orth
(2006) in a review of predation in seagrass bedseda the conclusion that ‘On
balance, the existing literature shows that, algfiotinere are differences in details,
seagrass presence is almost always negativelgddiatpredation effectiveness, and
that increasing seagrass abundance is usuallyiassbwith decreasing predator
effectiveness’. There appear to be few exceptionisis conclusion. Although, in a
recent laboratory study, Matilkt al. (2008) concluded predation on grass shrimp by
pinfish was not affected by increasing densitieartficial seagrass leaves, there appear
to be no examples of increased predation on faanalated with increased complexity

of seagrass habitats.

While the results of this study are in direct castrto studies of predation on
fauna in seagrass habitats, there are similantigspatterns of predation on some types
of flora. Orthet al.(2006b) found predation rates by Portunid crabBasidonia

sinuosaseeds were generally higher in complex vegetaabitdts than in sand. The
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authors attributed this pattern to the greaterctairal complexity of the seagrass
canopies providing greater refuge for the crablvianiere rapidly preyed upon by fish
in sandy or less complex habitats. This obsermatimggests predation Sliberitessp.
maybe caused by confinement of the sponge predatarparticular habitat (i.e.
relatively dense and taflostera capricorn. Wulff (1995, 2008)observed similar
differential predation on sponges between seagnasslows and reefs in the Caribbean
and confinement of the sponge predator, the stetfieaster reticulatusto seagrass
meadows. Alternatively, in Smiths Lake, the predabnsumingsuberitessp. might

not be confined to dense and tall seagrass, buitraigy feed in that type of habitat. It
is also likely that the predator may be usuallybh@rous or omnivorous and is an
opportunistic feeder on sponges which are onlylalvk® on occasional or unusual
circumstances (Wulff 2006). For example, in Smltbke, it is possible that periodic
broad-scale recruitment Suberitessp. or movement of individuals into seagrass beds
during strong winds and storms (P. Barnes, pers) oliay occasionally increase
abundances within denge capricorni.The restricted distribution @uberitesp. may
result from being eaten whenever they become dlaila dense and tall seagrass

(Wulff 1995).

Two additional aspects of the patterns of predatimsponges observed in this
study appear unusual. First, predation on spomgesnperate waters is generally
considered to be dominated by invertebrates (A@E6), although there is some
evidence to suggest fish may play a role in sonuhgon hemisphere systems (Ayling
1981). Second, the complete removal of sponggsdmnjators in natural environments
appears rare (Wulff 2006). It is more common,dibes to be taken with the bulk of the
sponge left and able to survive. The complete rexhofSuberitessp. may be related to

an artefact of being transplanted to a new habltabther experiments, sponges
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transplanted to new habitats have been completglgumed very quickly (Dunlap &

Pawlik 1996).

There were no measurable effects of shading occextiwater flow on the
survival, growth or oscula @uberitesp. over the one-month period of this study.
Negative effects cannot be completely ruled odhelonger-term, but these may be
unlikely because sub-lethal responses to strese@air over relatively short time
periods. For exampl&uberitesp. from Smiths Lake have responded quickly to
artificial inputs of freshwater with reductionstime size and number of oscula within 2
days (Barnes, unpublished data). Haseteal.(2007) suggested contractions and loss of
oscula as a response to stress might be commanisaggenus. Responses to shading
for other species can also be rapid viiédmellodysidea chlorebsing half its

percentage cover after 2 weeks of artificial shgdirhacker 2005).

Changes to the structure of seagrass landscapesrhpartant implications for
the management and conservation of biodiversigeagrass meadows. Anthropogenic
impacts can change the natural structure of semgnaadows in different ways. It could
be hypothesised that seemingly deleterious imgacdesagrass meadows may actually
have beneficial effects for some sponges. For el@mgductions in the numbers or
sizes of patches of seagrass (Cuethal. 2005) or density of plants may provide
suitable habitat for some species. In contraspuld also be hypothesised that
increases in seagrass densities or canopy heightessuilt of environmental impacts
(e.g. nutrient enrichment, Lee & Dunton 2000) mesate habitats which are unsuitable
for some species of sponge. Clearly, extremesioétural removal or growth of
seagrasses are not desirable. It is, however ratipe that the natural patchiness of
seagrass meadows and its importance in structthrengssociated assemblages of

animals are recognised, understood and protected.
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In conclusion, it appeaSuberitesp. in areas in which seagrass is absent or
sparse, is protected from predators that are cedfio dense seagrass. This pattern was
somewhat unexpected, is contrary to patterns obddor other faunal groups
examined in seagrasses and highlights the complekécological interactions among

species and trophic levels in seagrass habitats.
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CHAPTER 7: GENERAL DISCUSSION

7.1 OVERVIEW

To the best of my knowledge this study represdm@ditst comprehensive and
guantitative investigation of sponges and ascidiartmth coastal lagoons and seagrass
environments in temperate Australia. Previousisgidf sponges and ascidians in these
systems were virtually absent or extremely limitedetail. The first logical step in any
investigation of organisms or habitats which hageleen previously studied or
surveyed is to investigate their basic patterngdigtfibution (Underwooet al. 2000).

A large component of this thesis, therefore, wastksl to quantifying and
understanding patterns of distribution. Patterasawnvestigated and identified at a
range of spatial scales from associations of spagd ascidians with patches of
seagrass and species of macroalgae (Chapter 4)dio larger lake-wide patterns
correlated with size of lake and opening regiméhie ocean (Chapter 3). In addition,
specific localised impacts of cooling water disgfgafrom power stations (Chapter 5)
and broader impacts correlated with the generateffof urbanisation and development
were also identified (Chapter 3). The identificataf patterns then provided the
necessary observations to propose and investiggiteal and informed models about
processes and mechanisms operating in these syskemsxample, based on the
observation that some species of sponges weretdbsendense seagrass meadows, |
used manipulative experiments to identify predabgrish as an important mechanism
in structuring assemblages of sponges in coastasland lagoons (Chapter 6). In this
chapter, | discuss these findings in relation tong@s and ascidians in other systems,
other organisms in coastal lagoons, consideratmmsampling and finally, the

implications for management and conservation ase¢henvironments.
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7.2 PATTERNS OF DISTRIBUTION

One of the most basic patterns of distribution tizett be examined in ecology is
the simple presence or absence of a species ardaxo group. Before this study, even
this basic information was virtually absent for sges and ascidians in coastal lagoons
and also seagrass habitats in New South Walesmples but nevertheless key finding
of this study, therefore, was their patchy but wjtead occurrence in these systems.
Sponges and ascidians were found in twelve of itet@en lakes and lagoons that were
surveyed over 800 km of the New South Wales camstluring the course of this thesis
(Appendix 2). In general, with the exception of thrge, but heavily modified Lake
lllawarra, it was only in the small or very smalkes and lagoons where sponges or

ascidians were not found (Chapter 3).

Diversity in the lakes and lagoons could genetadlyconsidered small when
compared to other systems where sponges and ascithae been studied. The largest
number of species of sponges found in a single dakagoon was ten (in Wallis Lake),
which was similar to a Carribean lagoon (Kuenen &bt 1995), but generally less
compared to Mediterranean lagoons where it appedarsncommon to find over 40
species (Corriero 1987; Mercumt al. 2001, 2004). Most studies of diversity in
Mediterranean lagoons, however, sampled rocky sathst in addition to seagrasses.
Similar to the Mediterranean studies, relativalgge numbers of species have been
found in Viethnamese (up to 29 species in a sirgjte,|Azziniet al.2007) and
Indonesian lakes (up to 45 species, de Vaatgal. 2006), but again sampling appeared
to be largely on rocky substrata or mangrove roattser than soft sediments and
seagrasses. In contrast, rocky substratum way remebuntered in the lakes and

lagoons sampled in this thesis (Retyal 2001).
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The number of species of sponges and ascidiansl ioudew South Wales
lagoons also appears small when compared to sisidad sampling areas in the marine
waters of New South Wales. Robegtsal. (1998) identified over 100 species of
sponges and 37 ascidians using photo-quadratshoilairocky reefs over a few
kilometres of New South Wales coastline and RolaertsDavis (1996) identified over
50 species of sponges over 20 km of New South Walastline compared to the 18
sponges and 7 ascidians identified in lagoons spgraver 800 km of coastline in this

thesis.

There are several possible explanations for thedlaéively small diversities and
patterns of distribution in lakes and lagoons comegdo other systems. These include;
limited availability of suitable substrata, limitas to recruitment from the open ocean
and physical stresses caused by large fluctuaitioalsiotic variables associated with
the unstable nature of these isolated water b@Biases 1988; Woolridge 1999).
Numerous studies have highlighted the importanciéble hard substrata for the
settlement and survival of sessile invertebratekiting sponges and ascidians
(Connell & Keough 1985; Davst al. 1997; Rutzleet al.2000). Diversity of ascidians
Is often larger in other types of estuaries in N&uth Wales which have more rocky
substratum. For example, Newtenal. (2007) found 15 ascidians on rocky reefs in Port
Stephens which is a large and permanently operrwathyy with substantial areas of
rocky reef and geographically close to Wallis anait8s lakes. Rutzlest al. (2000)
suggested the abundance of solid substrata irothedf mangrove roots was a
principal factor in promoting the diversity of sg@s in mangrove ponds in Belize.
Overall, it is likely that the diversity of spongesNew South Wales lakes and lagoons

may at least in part be limited by the lack of sblé hard substrata.
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Recruitment or migration of organisms from the ise@so often invoked as
important in structuring estuarine assemblages (Wige 1999; Biltoret al. 2002).
Recruitment to lakes and lagoons which are peradlgiopen and closed maybe erratic
and depend on the timing and duration of the camnmeto the sea. Periodic openings
of estuary mouths and subsequent recruitment andgration have been identified as
important in structuring assemblages of mobile &éasunch as fish (Young & Potter
2002; Jamest al.2008). Recruitment or lack thereof, is also hki&l be important for
structuring assemblages of sponges and ascidMaost sponge larvae are considered to
have relatively short planktonic periods of a fewmates to a few days and generally
less than two weeks (Maldonado 2006). Ascidiavalarare similarly philopatric,
particularly colonial species (Davis & Butler 1988lthough the larvae of some solitary
species have shown evidence of further dispersak(@t al. 1997). Short dispersal
distances (Nichols & Barnes 2005) combined withitkeh opportunity for access into
these lakes and lagoons because of narrow inlehelfs restricted tidal exchange and
in some cases, short opening periods with theRegdt al. 2001; Haine®t al. 2006),
likely restrict recruitment of sponge and ascidemwae into these isolated systems.
The consequences of such limited opportunitiesdoruitment probably include the
restriction of the number of typically marine sgcwhich are incapable of forming self
sustaining populations within lakes and lagoon® piobability of larvae or other
propagules (e.g. fragments) of those marine speciesing lakes would presumably be
relatively small. This theory is supported by tasults of Chapter 3, where more

species were found in mostly open lakes and lagti@rsmostly closed.

There is also evidence to suggest populationsroksspecies may be self
sustaining and may not occur or are rare on tha opast (see Discussion in Chapter

3). For exampleSuberitesp. were found on each of ten occasions overyears of
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sampling in Wallis and Smiths lakes (Barnes, unighbd data). For such ‘lake-bound’
populations restricted exchange with the sea maallg be an advantage in that it may
reduce the loss of propagules from suitable habitht contrast, exchange of
propagules between lakes would likely be extremesyricted and depend on a

combination of corresponding opening periods anddeable currents and tides.

One of the most often proposed mechanisms fortsting assemblages in
coastal lakes and lagoons is the physical strege@lon biota caused by large
fluctuations in abiotic variables associated witb tinstable nature of these isolated
systems (Barnes 1988, 1994; Kjerfve 1994; MilleG&elorget 1994; Woolridge 1999).
For example, rainfall may reduce salinity, chantieeocomponents of water quality
such as dissolved oxygen, pH, turbidity and tenmtpeean relatively short periods of
time (Wilsonet al. 2002), and lead to the opening of estuary mouwihd,physical
scouring of channels to the sea (Gillanders & Kiags2002; Anandragt al. 2008).
Opening of estuary mouths may then lead to influiofeseawater and further rapid
changes. Such rapid changes in water quality lamdifh estuaries often result in
mortality of organisms such as fish (Wilsenal.2002), macrofauna (Moverlet al.
1986) and algae (Anandraf al. 2008). Similarly, rapid or large changes in water
quality in estuaries have been long known to causeality of sponges (von
Lendenfeld 1885; Pawlikt al.2007). It is obvious that very large changes weiult
in the mortality or dislodgement of sponges andd#sas in coastal lakes and lagoons
and will be important in structuring these assegta What is more ecologically
interesting and more important for management, krewes the magnitude or speed of
changes which may affect sponges and ascidians.cdiinelations of sponge and
ascidian diversity with the opening regime of cabktkes identified in Chapter 3,

suggest at least some of the species may be veratidto large changes in water
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quality. For example, Buberitessp. form self sustaining populations in Smithsé,ak
they must be able to tolerate ranges in salindynfclose to seawater (36 %o) to less
than 20 %o (Chapter 3). Tolerances to changes tarnvgaiality including large
reductions in salinity have been observed for offstnarine sponges (Fell al. 1988)
and are likely to be important for sustaining pepins in New South Wales lakes and

lagoons.

Overall, it is likely there is a combination of namisms including the
availability of suitable habitat, limitations tocr@itment and physical stress which is
structuring assemblages. These mechanisms areyhovikely to be altered by
human intervention in the form of artificial opegiof entrances for example, which

have implications for the conservation and managemikthese systems.

7.2.1 Comparisons with other taxa in coastal lakes and oons

Management decisions may be complicated by thetiatenvironmental
impacts or natural characteristics of an estuary noa affect all species in the same
way. For example, contaminants in estuaries @aemafot consistently related to effects
on the biota (e.g. Stark 1998a & b; Thompsbal 2007). When asking the question
whether patterns of distribution of sponges anddésts are similar to other biota in
coastal lakes and lagoons, the answer depends atnspétial scale and variables are
examined. Of the many large-scale physical charatts of coastal lakes and lagoons
that have been examined around the world, operigigne appears to be a common
factor in determining the composition and abundaridauna (Table 7.1). In the
majority of studies | examined, when effects ofipg regime were detected, there
were generally larger diversities found in operelaknd lagoons compared to closed, or

diversity increased after previously closed lakesenopened (Table 7.1). In contrast,



135

larger abundances were often found in closed lakkdsugh there were occasional
exceptions and the pattern was not as consisterdésataxa as was diversity (Table 7.1).
At this scale of considering a whole-lake, diversit sponges and ascidians behaved
similarly to other taxa with more species in opgkels and lagoons. In contrast to many
other taxa, however, abundances of sponges ardiascwere generally larger in the

open compared to closed lakes and lagoons.

At smaller spatial scales within lakes, | foundspes may respond very
differently from what would be expected for othaxd. This was particularly evident
for the spong&uberitessp. which was largely absent from areas of deeagrass,
most likely due to high rates of predation by fisFhis result is in contrast to the
prevailing paradigm that increased seagrass cortylesually reduces the rate of

predation on both mobile and sessile fauna (He¢x#a 2006).

7.2.2 Considerations for sampling

There are a number of issues in relation to samphat should be considered for
any future work on sponges and ascidians in lakddagoons. First, there is no doubt
that the identification of the sponges to the lefedpecies would have greatly aided in
the interpretation of the results, particularlygeining a better understanding of species
biogeography. Given that the majority of the spe¢ound may be undescribed (J.
Hooper pers. comm.) and given the time and exgengeded, more detailed
identifications were beyond the scope of this pbjdt was also somewhat fortuitous
that because of the relatively small number of mgseiound, most identifications could
be made in the field after initial identificationgre made by the Queensland Museum.

Nevertheless, a more comprehensive understanditig amportance of lakes and
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lagoons as habitats for these sponges could bedyfiom future investment in expert

taxonomic identifications incorporating moleculactiniques (Worheidet al. 2005).

In addition to counting individuals, measuring muofogy (e.g. volume, shape
and surface area) or other characteristics (eggl abntent, reproductive status) of
individual sponges can provide useful informatiomuantify and compare populations
of sponges (Wulff 2001; Bedit al. 2006a). In particular Wulff (2001) has stressed h
the conclusions drawn among assemblages of spomaesliffer greatly depending on
the variable measured. In the experiments invatstig patterns of distribution in this
thesis (Chapters 2-5), individuals were counted oiuer characteristics were not
measured. This was a conscious decision madéradeaoff between the need to
maximise the area of a lake searched to increasehidnces of finding very patchily
distributed species and the time needed to measiee characteristics of individuals.
In the initial stages of this research programmehirch | was examining previously
unstudied and unknown taxa, | decided to maxintisditne invested in determining
the species present and their geographical disimitsiat the expense of collecting
autecological data. Once patterns or populati@ve lbeen identified, it may then be
desirable to collect more detailed morphologicéimation depending on the
biological or ecological models being examined. &mmple, size of individuals,
number of oscula and size of oscula were measoreétliberitesp. in the manipulative
experiments described in Chapter 6. With improvashen technology, methods for
accurately measuring sponge morphology are becolassgcostly and more accessible

(e.g. Abdoet al. 2006).

When making comparisons among lakes or among aidais lakes,
consideration should be given to the possible &ffetdifferences in habitat (e.g.

seagrasses and algae). ldeally, sampling cousdiragfied across particular habitats.
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Stratified sampling may be practical in lakes aagbbns where habitats are well
mapped, but in less well known systems it wouldliikadd time and cost to identify
suitably similar habitats prior to sampling sponged ascidians. Further, habitats may
change over repeated sampling times and potentiafifound comparisons.
Alternatively, habitat could be measured as a atalske to examine its contribution to
differences among places or times. Ultimately,dinategy chosen should be

appropriate for the hypotheses being tested.

Another key consideration for sampling is the nfechdequate spatial
replication and replication at appropriate spacles as discussed in Chapter 2. Many
taxa had very patchy distributions (Chapters 2)@%) and would require relative large
numbers of locations and replicates to obtain b&iastimates of their distribution
within a lake. Again, the replication and samplingthods chosen should be
appropriate for the hypotheses being tested. Fameie, transects (10 x 2 m) may be
adequate for comparing abundances of some of thhe attmndant species among lakes
or locations within lakes, but would be too smaltbmpare diversity because many
taxa were very uncommon and unlikely to be encaoedtan transects (Chapter 3). In
studies comparing diversity of sponge or ascidesemblages, it would be desirable to

include much larger sampling units such as thedisearches used in Chapter 3.

Finally, as with all ecological studies, the gefigraf the findings will be
improved by sampling on multiple occasions. Theegality of the findings of
Chapters 2, 3 and 4 were somewhat limited by inolpdnly a single time of sampling.
Whereas the results of Chapter 5 examining the ¢tspat power stations could be

interpreted with more confidence because sampliag nepeated three times.



138

7.3 |MPLICATIONS FOR CONSERVATION AND MANAGEMENT

The coastal lakes and lagoons of temperate Austaadi becoming increasingly
impacted by development which will in turn necestsiincreased management.
Management, however, often proceeds without a goaderstanding of the ecological
consequences of it actions (Thompson 2006). Famele, Jones and West (2005)
suggested the effects on fish of artificially opgniake entrances in New South Wales
were largely unpredictable and should be done griglat caution. Several goals have
been set for the management of these systems inglpdbtection of property from
flooding, maintenance of water quality and conseoweof biodiversity (Creese &
Breen 2003; Haines 2004). To add to the compkif management, in recent times
hard substrata in the form of artificial reefs betng deliberately added to several New
South Wales lakes with the aim of improving redaes! fishing (NSW DPI, 2008).
This study identifies a number of important consatiens and knowledge gaps, which

are relevant in particular to conservation and rgangnt of biodiversity.

7.3.1 Ecological significance

One of the key knowledge gaps is the ecologicaliiigince of sponges and
ascidians in these systems. The results of Chmeaggest at least some sponges are
eaten by some species of fish (family: Monocantidaut it is unclear whether they
are important components of the diet of thesedisare consumed by other animals
within the lakes. Filter feeders including sponged ascidians are becoming
increasingly recognised for their effects on wapeality (Lemmenst al1996; Peterson
et al.2006). Petersoet al.(2006) recently suggested the filtering activitsponges
in Florida Bay in the state of Florida had a kel o the prevention of detrimental
phytoplankton blooms. Sponges may also form ingmbrthabitats for a variety of other

invertebrates (Henkel & Pawlik 2005).
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7.3.2 Geographical range.

Another of the key knowledge gaps is uncertaintyuathe broader geographical
ranges of the species found. Determining whetpeciss are restricted to these
systems or are normally marine species at thediofitheir range has important
implications for their status and priority for peation. The majority of sponges were
not able to be identified to species and therefbreas very difficult to estimate their
geographical ranges. Nevertheless, as discussgldapter 3, the available information
suggests there is likely to be a combination ofineasponges at their limits of
distribution in lakes and some species that maebticted to these environments.
Endemism or restricted geographical distributigmgear not uncommon for sponges,
particularly among habitats which are isolateddrgé geographic distances or long
periods of time such as freshwater lakes (Meatel. 2007) or oceanic seamounts
(Xavier & van Soest 2007). There is also someaé to suggest endemism may
occur over smaller scales such as among coastd kkd lagoons. In a study of
Vietnamese lakes (Azzimit al.2007), twenty two of a total of forty seven spsdeund
inside lakes were not found in surrounding coastak. Similar to this thesis, however,
it is difficult to determine whether such restrat@istributions are real or are rather an
artefact of inadequate sampling of marine habftatspecies which maybe naturally
sparsely distributed. In Mediterranean lagoonsclwhave been more thoroughly
studied and where the sponge fauna are far beserided it appears the majority of
species are probably marine. For example, indystfil1l Mediterranean lagoons
(Mercurioet al.2004), although 58 of 81 species of sponge wemsidered to occur
occasionally and only 4 species were widespreadmidyority of species were

considered marine.
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In contrast and as previously discussed in Ch&tire ascidians found in this
study were relatively easily identified to the lewéspecies and at least some
information was available on their geographic disttions (Kott 1985, 1990, 1992;
Newtonet al.2007). Many were cosmopolitan and the remainogdbe considered
common or widespread in coastal or other estudmahéats and possibly at the limits of

distribution or only occasionally present withinastal lakes and lagoons.

In addition to the detection of impacts, anothgpamant tool for the conservation
and management of estuaries is the establishmenahe parks and marine protected
areas. The goals of establishing these areasaedyito protect representative
habitats, fauna, flora (particularly rare or endzneg species or habitats) and/or
ecological processes (Creese & Breen 2003). Thieetd which areas to protect
requires careful consideration of many factorsudiig the geographical range of
species. Given the large differences in speciagpositions among lakes and possible
restricted distributions of sponges, it is likelpamy lakes would need to be protected for

comprehensive conservation of a wide range of speci

7.3.3 Utility as bio-indicators.

It seems increasingly popular in the managemetiteohatural environment to
search for organisms which can be used as bioatati€ (e.g. Bongers & Ferris 1999;
Daviset al.2001). In any discussion of management of lakedagoons, it therefore
seems appropriate to comment on the value of sgamye ascidians as bio-indicators.
In managerial terminology, a good bio-indicatorlwilpposedly indicate whether a
system is ecologically healthy or unhealthy. Inrenscientific terms, a change or
difference in the abundance or other attribute pdicular taxon may indicate whether

a system is in a condition which is definable asirdble or undesirable. Numerous
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groups of organisms have been proposed as indscat@nvironmental change or
impact in marine environments (Jones & Kaly 199&)luding sponges and ascidians
(Muricy 1989; Carballeet al. 1996; Naranjet al. 1996; Robertgt al1998; Alcolado
2007). Sessile invertebrates have been propodedsitin part because of their constant
exposure and inability to remove themselves philgi@m the source of an impact.
Relatively fewer taxa have been proposed for estsignossibly because of large
variability in the physical qualities and biologic@mmunities within these systems.
Whitfield and Elliot (2002) advocated using fishiadicators of environmental change
and impact in estuaries, but also highlighted theartance of understanding the large
variability in fish assemblages when interpretinffedences. Similarly, the presence,
absence or diversity of sponges and ascidiansagaon may indeed be a very good
indication of whether that particular system istiekely pristine or impacted, but large
natural variability among lakes may make it verfficlilt or impractical to identify
species which are good indicators across a ranigdked and lagoons. For example, no
sponges were found in Durras Lake, but it is cargid one of the most pristine in New
South Wales (Healthy Rivers Commission of NSW 20@0\irras Lake is also

relatively small, mostly closed to the sea and arpees relatively large changes in
water quality. In this case, the absence of sporgyprobably a normal condition

indicative of a ‘healthy’ system.

Large variability in species composition among lkegether with the difficult
taxonomy of sponges and large sampling effort megiuio get reliable estimates of
distributions of sponges and ascidians probablyes@ikem impractical to use widely
as bio-indicators over the full range of lakes Egbons in New South Wales. Rather,
studying sponges and ascidians may be more vali@mbheanagement when used to

test hypotheses about specific impacts (e.g. Chaptenpacts of power stations),
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ecologically processes (e.g. Chapter 6; Predatydisb in seagrass beds ) or examine
the effectiveness of management strategies (dificiat opening of lake entrances) in

particular lakes or subsets of lakes.

7.3.4 Effects of opening regime

Opening regime is important to consider becauseane of the physical
characteristics of coastal lagoons often delibgratkered to achieve management
outcomes in New South Wales (Hairsal. 2006). In most cases, closed lagoons are
artificially opened with aims of alleviating floaaj to property or supposedly
increasing recruitment of recreationally or commadhg important species of fish or
crustaceans (Griffiths & West 1999). It appeamyéver, that to date little
consideration has been given to the broader eftacthe biodiversity and ecology of
systems which are naturally predominantly closetliaolated from the sea (Jones &
West 2005; Dye 2006). The existing evidence suggatsficially opening lakes will in
turn artificially increase the diversity and charadpindances of most taxa including
sponges and ascidians. While it may be temptingtéwpret an increase in diversity as
somehow being a positive impact, it still representhange from the ‘natural’
condition (Bulleriet al. 2007). Careful consideration must then be giweiné
potential effects on the broader ecology of the lielsgstem. For example, Jones and
West (2005) suggested artificially opening entranoay have long-term detrimental
impacts of losses in fish diversity and reductionabundances of some species. At
present, it seems inevitable that lakes and lagadihsontinue to be opened
artificially, regardless of the broader ecologigalbnsequences. This practice does
however provide opportunities for experimental ekxeation of its potential impacts,
which can be used to refine the practice if necgsmad allow more scientifically

informed decisions to be made in the future.



143

7.4 CONCLUSION

The fact that sponges and ascidians have previguslg unstudied and mostly
unnoticed in New Wales Coastal lakes and lagooassesomewhat surprising given
the results of this study. Although many speci&s Very patchy distributions, not all
species were small, cryptic or hidden away in ieasible areas of a lake. Rather, a
number of species were relatively large, abundapgiches, brightly coloured, found
in relatively shallow and clear water, and therefoonspicuous and easily seen from a
boat or by swimmers. Further, many were in aregalarly frequented by anglers,
water-skiers, swimmers and other users of the I&a.example, several individual
Mycalesp. in Lake Conjola each covered severabfiiake floor, were bright red or
orange in colour and in shallow and clear areabefake regularly used by water
skiers, swimmers and anglers (P. Barnes, pers). obgspite such observations,
sponges are invariably omitted from estuary prosasdies and inventories of
biodiversity in coastal lakes in New South Walest @ee, Roberts 2001). The lack of
scientific studies is likely due to a lack of sperrgsearchers (particularly in this region
of the world) and an understandable focus on ailganisms such as fish which are
perceived as more economically important (Hetkl.2003). Nevertheless, sponges
and ascidians comprise an often conspicuous componéhe biodiversity of lakes and
lagoons and should be included in biodiversity sss®nts and considered in
management decisions. Management of these vargedamplex systems will in itself
be complex. As this study has highlighted, it carbv@assumed all organisms will
respond or behave in the same way to impacts argesan environment. Conservation
will only be successful through management wherdbas a sound scientific

understanding of the ecology of these systems fUidamental and logical steps in
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gaining this understanding are to identify natyatkerns of distribution, impacts and

processes including the effects of management.



Table 7.1 Selected examples of studies investigating tfeets of the physical characteristics of coastkés and lagoons on biota.
Generalised conclusions on effects of opening regimdiversity and abundance are included. Nusnbdorackets represent the numbers of
lakes and lagoons sampled in the respective studies
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Location Factors Taxa Effects of opening regime on: Other findings Source
investigated studied
Diversity Abundance

South-eastern Opening regime and Macrofauna Not reported Closed > Open (JnAbundances larger near mouths. Dye 2006
Australia (8) distance from sea inner reaches)

Open > Closed

(near entrances)
South-eastern Opening regime and Meiofauna Oper Closed Closedt Open Diversity and abundance decreased with distanDye & Barros 2005a
Australia (8) distance from sea from sea — lowest where salinity was most

variable.

South-eastern Opening regime and Macrofauna Open > Closed Closed > Open (IDiversity and abundance larger in inner reachgs. e &Barros 2005b
Australia (8) distance from sea inner reaches)
South-eastern Opening regime Macrofauna | No detectable No detectable Opening of an estuary did not affect macrofaunaGladstoneet al. 2006

Australia (4)

near entrance

effects

effects

near entrance

South-eastern
Australia (3)

Opening regime

Fish

Open > Closed

Open > Closed
(for some species)

Abundances of some species increased after |
were opened

nk@sffiths 1999

South-eastern Opening regime, temporgl Fish Open > Closed Closed > Open Changes in asagebtructure including Jones & West 2005

Australia (6) and spatial variability increased diversity after lakes opened to the sea

South-eastern Opening regime Fish Open > Closed Closed > Open erBity larger in permanently open, but closedPollard 1994

Australia (3) supported larger catches

South-eastern Open and closed phases| Plankton Not reported Not reported Increased privdtcwhen the lake was open Everettal. 2007

Australia (1) and water quality

Southern Africa Opening regime and size Macrofaunal Open > Closed osedl> Open Diversity largest in permanently opées Teske & Wooldridge

(13) 2001

Southern Africa Opening regime, salinity,| Macrofauna Closed > Open More marine species ngaentrance. Sediment Teske & Wooldridge

(13) sediment size characteristics more important than salinity. 2003

Southern Africa (1)| Open and closed phases Meiafaun| Not reported Closed > Open Abundances largest gfolonged closure of Nozaiset al.2005
estuary mouth

France (1) Hydrodynamic features Macrofauna Swdsa@riations of macrofauna correlated | Millet & Guelorget
with tidal extent and sediment size 1994

Greece (1) Distance from sea, spatfaMeiofauna Assemblages varied with distance frem s McArthuret al.2000

and seasonal variability
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Appendix 1. Salinity ranges for lakes sourced from the literatuData for Wallis Lake
refer to measurements taken in the main body ot #ke south of the entrance.

Condition Opening Size  Lake Salinity Time period (no. Source
regime range(%) times of sampling)
Swan 6.4-19.1 10/1984-5/1988 (30)  Pollard (1994a)
Small Durras 9.9-34  2/2001 (continuous)  NSW Department of
Natural Resources
Mostly (unpublished data)
closed Coila 6.2-35.6  10/1997-7/2000 (12) West & Jone®(@0
L9 Smiths 19-29  4/1997-4/1998 (5)  Webb, McKeown &
Less Associates (1998)
modified Conjola 13.4-35.9 8/1984-9/1986 (22) Pollard (1994a
Small Conjola 15.9-36.3 10/1997-7/2000 (11) West & Jq2€90)
Burrill 25-37.5 10/1997-7/2000 (12) West & Joned{R)
Mostl
Opoesn y StGeorge: 22351 10/1097-7/2000 (12) _ West & Jones (2000)
Basin
Large
Wallis 29.6-36  7/1997-5/1998 (5) Webb, McKeown &
Associates (1999)
) Tuggerah  17.2-34.6 5/2000-3/2002 (13) Roberts &nBar
Extensively Mostly (2004)
o Large
modified open
llawarra 24-38.7  10/1997-7/2000 (11)

West & JofRe00)
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Appendix 2. Map of the New South Wales coast showing all esgsarampled as part

of this thesis. LO (Large Open), LC (Large Clos&{) (Small Open) and SC (Small

Closed) refer to types of lakes and lagoons aseefin Chapter 3. Pittwater and Port
Hacking are drowned river valley estuaries examinechapter 5.
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Appendix 3.1. Dendrograms from Cluster analyses illustratingugs of transects with
relatively similar assemblages of aquatic vegetaitioeach Site in St Georges Basin (n
= 20).
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Appendix 3.2. Dendrograms from Cluster analyses illustratingugs of transects with
relatively similar assemblages of aquatic vegetaitioeach Site in Wallis Lake (n =

20).
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Vegetation

Pyura stolonifera  Aplsinellacf. rhax Vegetation Styela plicata Pyura stolonifera  Aplsinellacf. rhax

Styela plicata
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Appendix 3.3. nMDS ordinations illustrating associations of sges and ascidians
with assemblages of aquatic vegetation at the s¢dleansect in each Site in St
Georges Basin. The diameter of each circle isgntamal to the abundance of each
species at that Transect. Abundances are relatigach figure and cannot be
compared among figures.
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Vegetation
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Appendix 3.4. nMDS ordinations illustrating associations of sges and ascidians
with assemblages of aquatic vegetation at the sd¢aleansect in each Site in Wallis
Lake. The diameter of each circle is proportidnahe abundance of each species at
that Transect. Abundances are relative to eacindignd cannot be compared among

figures.
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Appendix 3.4 continued.
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Appendix 4.1. Changes in numbers of oscula and total areaafl@®penings (cf)
from before to after shading in Site 1. Symbolgespnt individual sponges in each
treatment.
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Appendix 4.2. Changes in numbers of oscula and total areaafl@®penings (cf)
from before to after shading in Site 2. Symbolgespnt individual sponges in each

treatment.
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Appendix 4.3. Changes in numbers of oscula and total areaafl@®penings (cf)
from before to after current was reduced to sponmg&ste 1. Symbols represent
individual sponges in each treatment.
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Appendix 4.4. Changes in numbers of oscula and total areaafl@®penings (cf)
from before to after current was reduced to sponmg&ste 2. Symbols represent
individual sponges in each treatment.
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Appendix 4.5. Changes in numbers of oscula and total areaafl@®penings (cf)
from before to after sponges were transplanted f8aen 1 into dense seagrass in Site 3.
Symbols represent individual sponges in each treatm
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Appendix 4.6. Changes in numbers of oscula and total areacl@®penings (cf
from before to after sponges were transplanted i 2 into dense seagrass in Site 4.
Symbols represent individual sponges in each treatm
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Appendix 5. Descriptive notes on distribution, colour, formdagrowth of sponge
species found during the course of this thesis.

Aplysilla cf. sulphurea (Wallis Lake, Lake Conjola and Burrill Lake). Bht yellow,

irregular or encrusting on macroalgaarmprothamnionsp. orCystoseira trinodus

holdfasts). Surface ornamentation. Usually small.

Figure A5.1. Aplysillacf. sulphureatypical specimens growing dramprothamnion
sp. in Walllis Lake (left) and on a bivalve a@gstoseira trinodugn Lake Conjola (right
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Aplysinellacf. rhax. Purple colour, thick encrusting to globular iraph. Soft and
compressible. Largest specimens approximatelyafiaesoftball, but usually smaller.
Found attached to leaf sheaths or rhizomes of asadtypicallyPosidonia australif

holdfasts of brown alga (predominan@ystoseira trinodusand bivalve molluscs

(typically Anadarasp.).

Figure A5.2. Aplysinellacf. rhax growing inPosidonia sinuosaeagrass in St Georges
Basin.
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Dysideasp. 1. (Wallis Lake). Mauve to purple in colour, globul Most specimens

golf ball to cricket ball size. Growing on macroadgy(predominantlzamprothamnion

Figure A5.3. Dysideasp. (Wallis Lake). Small specimenliamprothamniorsp.
meadow.

Halichondria spp. Five species dflalichondriawere found during the course of this
thesis. All were small, irregular or thinly encting on macroalgae (typically
Cystoseira trinodus bivalves Anadarasp. orMytilus sp.) or rocks. In general, it was
difficult to distinguish among species in the fiel@olours ranged from white to yellow

to orange to pink.
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Haliclona sp. 1. (Wallis Lake, Tuggerah Lake). Very thinly encingt on algae

(Cystoseira trinoduscreamy white to pinkish in colour.

Haliclona sp. 2. Small pink individuals, irregular, bottle shapeith fistules, rarely
larger than size of a golf ball. Very soft and goassible. Found growing in sand or

base of seagrasgdstera capricorr)j, bivalves Anadarasp.) or encrusting on

macroalgae@ystoseira trinodus .

Figure A5.4. Haliclonasp. 2. Three small individuals removed from wateWallis
Lake. Note bottom specimen encrusting on the be/Ahadaraand holdfast of the
alga,Cystoseira trinodus
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Hymeniacidonsp. 1. Small yellow/orange irregular shaped, found pdbtiried in sand

or encrusting on bivalved\fadarasp.). Enlarged basal potion with a lot of thindiss.

Figure A5.5. Hymeniacidorsp. 1 in soft sediment in Burrill Lake.

Hymeniacidonsp. 2 Small yellow irregular shaped, found partly ledrin soft

sediment sand. Enlarged basal potion with a Ithioffistules.

Figure A5.6. Hymeniacidorsp. 2 in soft sediment in Coila Lake.
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Mycalesp. Light blue to blue/grey with orange spots or $es (typical of Wallis
Lake) to bright orange with bright red spots orcies (typical of Lake Conjola).
Found mostly on macroalga€dulerpa taxifoliaor Lamprothamniorsp.) and
occasionally on seagrass leavegtera capricorni. Generally encrusting and less
than 2cm thick. Largest specimens observed covareeral riof seafloor (in Lake

Conjola), but this was uncommon with most specimess than 100cth

Figure A5.7. Mycalesp. growing on the green algaaulerpa taxifoliain Lake Conjola
(top) and in mixed meadow of seagrass and macreatg@/allis Lake (bottom)
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Niphatessp. Very small thinly encrusting yellow specimensridwon brown alga

(Cystoseirarinodus).

Raspailliasp. Small orange aborescent, branching, tree-likenBan leaves of the

seagras<Zostera capricornand bivalve Anadarasp.

Figure A5.8. On-deck photograph é&faspailliasp. from Wallis Lake
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Suberitessp. 1. (Wallis Lake, Smiths Lake, Lake Macquarie, Tugdekakes). Green
to blue in colour with some small cryptic speciménsd under small stones being
orange in colour. Irregular globular, lobate ayitdite. Soft. Majority of specimens
smaller than hand-size, but not uncommon to firetspens several times larger.

Large oscula often visible. Found growing on urdtéal on soft sediment or attached to
macroalgae (predominanthyamprothamniorsp.), seagrasgstera capricorn, small

bivalves Anadarasp.). Occasionally observed on wooden pilingeties.

Figure A5.7. Suberitesp. 1 in Wallis Lake (top) and Smiths Lake (bottom)
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Suberitessp. 2. Very thin small and encrusting yellow/orange $pens found on

green alga@odium fragil@.

Tetilla sp. Pink to apricot in colour. Massive, sphericaldpgtalked. Small- thumb

sized. Found only in soft sediment. Usually inmrenater than other species (2-4m).

Calcarea sp. Very small individuals rarely larger than sizeaojolf ball. White

irregular and complex form. Mostly found on madga& (amprothamniorsp.).

Figure A5.?. Small Calcarea sp. growing tamprothamniorsp. in Wallis Lake.
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