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Abstract

Following on from the large scale loss of seagrass in Cockburn Sound and extensive transplanting
of Posidonia australigrhich had taken place on Southern Flats, assessment of the recoviiny of
seagrasbenthic infauna ecosystems was undertak&amples fronthe outer, middle and centre

edge zones ofour different densitytransplant plots(1 m, 0.5 m, 0.25 m and 0.125 spacing)

located within a larger transplantation meadowere compared against two natural meadows

and a bare sand sitdrour years after transplantation the 0.25 and 0.125 m Plots had shoot
densities comparable to those of the natlirseagrass sites with two-way ANOVA revealing
significant effects of site and edge zone on the seagrass shoot density. Total infauna abundance
and infauna assemblages within the 0.25 and 0.125 m Plots had reached equivalent level to the
natural meadows but not at the 1 and OrG Plots. A tweway ANOV/Ashoweda significant
difference in the total infauna abundance between the different sites but no significant edge
effect was detectedEusiridae Solecurtidae Diogenidae ColumbellidaeFissurellidagOweniidae

and Ischnochitonilaewere found to occur in the two natural meadows and in the 0.25 and 0.125

m Plots and may be climax ofsideciesindicating the recovery of the transplanted seagrass to
natural levels. The transplanted seagrass was also found to support small numhepefigh,
seahorses ana sea lion.From this study it can be seen that the shoot densities and infauna
abundances and assemblages of the 0.25 and 0.125 m Plots have reached levels comparable the
nearby natural meadows and that those of the 1 and 0.5 atsPare likely to reach comparable

level another in one to two years.
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1. Introduction
Declines in seagrass have bemturring at alarming rates all over the world in the lasty2ars

(Walkeret al, 2006). In most instances these declines are the result of human activities such as
eutrophication, dredging and coastal developmef@afnbridge and McComb, 1988hort and
WylliecEcheverria 1996). Worldwide there are approximately 60 species of recorded seagrass,
most of which form single species meado@&h@rt and Coles, 2001; Oréh al., 200§. Of these

just over one third, roughly 26 species, are found within WesterrtrAlien waters (Kirkman and

Walker, 1989Butler and Jernakoff, 1999).

A comprehensive study by Shaet ald 6 Hamm0O SEIFYAYSR (GKS Nxal 27
seagrasses and found 10 species to beisk of becoming extinct, three of which qualifiéar

listing as endangeredVith seagrass habitats diminishing, efforts into restoring, rehabilitating and
transplanting seagrass into a® wherethey formerly occupieghave been increasing-onsecat

al., 1982;Kirkman, 1998Palinget al.,2000;Palinget al.,2001a;Palinget al.,2001b; van Keulen

et al, 2003;Uhrinet al., 2009.

Transplantation of seagrass is vital for the recovery of the various ecosystem funttteyns
provide, such aslteration of hydrodynamics processesediment trappingand stabilisation,
carbontrapping providing food and acting as a nursery habiut{er and Jernakoff, 199®uffy,

2006). These ecosystem functions are extremely valuable with estimations for the value of
seagrass habitats ranging from $12,635 to $28,pa'yr* (Lothian, 1999)a more recent study

however has placed the value of seagrass habitats at $34,009rfigShortet al., 2011).

Assessing the recovery of each ecosystem function in transplanted seagrass is vital for the

I OK SO2ag&datl
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back together. The following section describes eattheseecological funtion W LIA SuadiSvyQ

they are vital to the seagrass ecosystem

1.1Seagrass Ecosystem Functionality

1.1.1Hydrodynamics

Submerged plants are known for helping prevent bank erosion in rivers and streams by acting as a
buffer against strong currents andawes by reducing the water velocity. A study by Bonham
(1983) revealed that as much as two thirds of boats bow wave energy dissipates after travelling
two meters into aquatic vegetativalong river banks.eagrass provide a similar function within
coastalareas by reducing the force of the currents and wavesreby reducing their impact on
beaches, shorelines and coastal structures. Research has shown that the majority of the water
velocity is reduced during the first meter from the leading edge of the seagrass meadows (Gambi
et al., 1990;Petersonet al., 2004;Forseca and Koehl, 200Backhaus and Verduin, 2008; Morris

et al., 2008; Lefebvret al, 2010), and that water flowesults in an increase in turbulence above

the seagrass canopy as the water comes into contact with the seagrass |€avesda and
Fisher,1986;Gambiet al., 1990; Verduin and Backhaus, 20P@tersonet al., 2004;Morris et al.,

2008; Lefebvret al., 2010).

However depending on the morphological structures of the seagrass, water flow can also be
greater underneath the seagrass canopy, was found with Amphibolis sp (Verduin and
Backhaus, 2000; van Keulen and Borowitzka, 2002). The subtle differences in hydrodynamics and
water flow created by these different structures, such as the stems oAthphibolisspecies and

the concave surfacef Posidonia sinuosarovide additional niche for fauna This is supported

by researchfrom Jernakoff and Nielsen (1998) and Trautman and Bomkait(1999) who
revealeda marked difference in the epiphytic algae and epifauna assemblages associated with

these different seagrass structuraad their hydrodynamic characteristics



While the seagrasstructure impacts on thewater flow and speed, thevater dynamics havan

impact upon the seagrasructure. The water flow into the seagrass meadows is vital for the
transport of nutrients such as ammonium and nitragtegich the seagrass antheir epiphytes

utilize for enhancing their growthBfun et al., 2003; Cornelisenand Thomas, 2004 and 2006;
Morris et al.,, 2008). Excessive water flow within seagrass has also been shown to have negative
impacts on their growth, with lower shoot densities occurring in areas of high water movement
compared with sheltered sites (SchammdaAsmus, 2003). This impact on the seagrass is prevalent
at Southern Flats in Cockburn Sound, Western Australia, where the construction of the Garden
Island causeway has restricted water movement into and out of the bay. Water flow into and out
of Cockbun Sound is restricted to two short trestle bridges in the rock wall causeavayas a

result of the mass movement of watehrough these narrow sectionghe water velocity is
greatly increased, resulting in the scouring of the sea bed and loss of tgesedKendricét al.,

2002; Cockburn Sound Management Council, 2003).

Hydrodynamic regimes also play a vital role in the seagrass community with marked differences
occurring between tidal and wave dominated areas. Koch and Gust (1999) looked at tie effe

tidal and wave dominated regimes on the seagrasmlassia testudinunand found marked
differences in the water mixing within the meadow and outside the meaddwseboundaries in

water mixing within tidal dominated areas experiencing unidirectidiav were contributed to

GKS Ga&1AYYAYy3 Ft26¢ 2N £t FYAYIN Fft26 SELSNASYyO:

water results in the attenuation of the seagrass blades, causing them to blow over and form a
distinct boundary below which substantially logr water velocities and decreased mixing are

experienced (Fonseca and Fisher, 1986; Gatdli, 1990; Koch and Gust, 1999).

More recently research by Qauthers et al. (2007) has shown that seagrass have adapted to

different wave energy environments through morphological features. Reinforcement of above



ground structures enable certain seagrass to withstand the battering of the ocean aiuid
deeper rhizome and rogpenetration provide a sturdy anchor to prevent being uprooted, but
also to cope with changing sediment burial. Earlier work by Cambridge (1980) also observed
marked zonation in seagrass species across a wave energy gradient with changeshizoow

growth and structure in response to sediment accretion.

1.1.2Sediment Trapping and Stabilisation

Seagrass sediments are typically characterised by soft sands, often with quantities of fine silt or
mud with a high organic content (van Keulen and BorowjtZ®3; de Boer, 2007; Bes al.,

2007;van Katwijket al., 2010). The reason for the presence of these fine sediments within the
meadows is a result of the change in hydrodynamic processes at the-sgdgrass interface. As

the water encounters the seagss canopy it experiences increased drag as the leaves sway
through the water, reducing the water flow and increasing the turbulence above the seagrass bed
(Gambiet al., 1990; Petersonet al., 2004; Backhaus and Verduin, 2008; Morgs al., 2008;
LefebveetalY HAmMnO® 5dz8 (G2 GKS &dzRRSy RSONBI &S Ay
particulate matter within the water column decreases, aglained by the Hjulstrom curve in

Figurel.

Early work by Scoffifl968) looked at the effects of sediment trapping and transportation by

various plants with the use of an UBINB I G S NJ T  dzY S drevealiifie HeyigydandNB & S NJ
distance between leaf blades dfhalassia testudinumvere important factors influeriag the

deposition or erosion of sediments, with dense patches experiencing sediment deposition and
sparse patches, erosion. Such accumulations of sediments are the result of the decreased water
velocity within the meadow(Fonseca and Fisher, 1986aciaet al., 1999; Gacia and Duarte,

2001) This reduction in water velocity and subsequent increase in sediment deposition leads to

an increase in the proportion of fine particles within the sediment, which has been observed in



many seagrasstudies (van Keuleand Borowitzka, 2003; de Boer, 2007; Bbsal, 2007;van

Katwijket al,, 2010).
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Figurel: Hjulstrom Curve of erosion and deposition in uniform material (Taken from Beer, 1997)

While it is generally accepted that seagrass accumulate and trap seglimeearch conducted by
Mellorset al. (2002) suggest that this is not entirely true. Their findings indicate that there was no
difference in the accumulation of sediments or nutrients between low biomass ephemeral
seagrass meadows and unvegetated sites, bringing the sediment trapping tHeseggrass into
question. This suggests that the smaller, less dense, seasonal seagrass species do not reduce
water flow enough for sedimentation to occur and that sediment trapping by seagrass may be
species and location specifiSimilarly Palinget al. (2003) observed that dens@mphibolis
transplants were unable to trap and accumulate sediment within a high energy environment and
suggest that sediment trapping is dependent upon the hydrodynamic conditatshe seagrass

is exposed to.



In addition tothe tNJ LILJA Y 3 2 F & S RIdoN&¥ theiabilitydtdSstabilNg afdimRevent
the resuspension and erosion of sand (Gacia and Duarte, 200E&tBbs2007; de Boer, 2007).
The extensive rhizome matd seagrasdind the sediment and keep it fromebg erodedwhile

the hydrodynamic conditions created by the leaf canopy also aid in preventing sediment
resuspension, due largely to the reduction in turbulence within the meadeamgeca and Fisher,

1986;Gacieet al., 1999; Gacia and Duarte, 2001).

1.1.3Carbon Sinks

As seagrasses grow and photosynthesize they consumar@dconvert it into complex sugars
which later get used in the construction of other plant structures (leaves, rhizomes and Hoots).
general the bulk of the biomass for these sttures, namely the rhizome and roots, are stored
below-ground (Fourqurean and Zieman, 1991; Mateo and Romero, 19@Wever, in some
speciessuch asAmphibolissp, the bulk of the biomass is in the above ground structures (Paling
and McComb, 2000).sAhese structures digl KS  OF Nb 2y &a02NBR SAGKAY

within the sediment.

Several studies have attempted to estimate the burial of carbon within seagrass habitats (Pollard
and Moriarty, 1991; Gaciet al, 2002; Bouilloret al., 2004; Duate et al, 2005 and Kennedgt

al., In Press 2010). Values burial ranging from 182.5 to 1569.5 grams of carbon per square
meter per year were calculated for the seagrasEehalus acoroides, Syringodium isoetifolium,
Cymodocea serrulata, Thalassiemprichii and Cymodocea rotundataithin the Gulf of
Carpentaria, Australia (Pollard and Moriarty, 1991), while a value of 198 grams of carbon per
square meter per year was calculated osidonia oceanicéGaciaet al., 2002). Duarteet al.

(2005) attenpted to calculate the average global carbon burial of vegetated habitaith
seagras®stimated tocontribute 83 grams of carbon per square meter per year. A more recent

study of the global contributions of seagrass burial by Kenretdl. (In Press 2010) calculated



the annual global carbon burial rate at 41 to 66 grams of carbon per year from seagrass derived

sources.

While it is apparent that seagrass contribute directly to the sequestration of carbonifrcgitu
decomposition, other studies have shown that a major proportion of the carbon from within
seagrass habitats are derived from allochthonous or seston sources @atia2002; Kennedy

et al., In Press 2010). These alternative carbon sources besrshown to contribute 72% (Gacia

et al, 2002) and approximately 50% (Kenneagtyal., In Press 2010) of the carbon burial in
seagrass habitatespectively An analysis ahe difference in*C andphospholipid fatty aids by
Bouillonet al. (2004) in the sea@sss and mangrove habitats of Gazi Bay, Kenya, also revealed that
between 2170% of the sedimentary carbon within the seagrass meadows was derived from the

nearby mangrove habitat, indicating that the seagfass$ as an important carbon sink.

With issuesof increased greenhouse gas emissions #mel effects of climate change being
presentday concerns, knowing how much carbon these valuable marine habitats store and for
how long becomes essential. The use of radiocarbon dating withéidonia oceanicsediments

have shown that carbon trapped within these seagrass habitats can be stored for as long as 3370
years (Matecet al., 1997), further indicating the importance of seagrass habitats as vital carbon

sinks for the marine environment.

1.1.4Food Source

Due to the high fibrous content and relatively low nutritional value of the seagrass leaves
(Bjorndal, 1980; Duarte, 1990; Valentine and Heck, 1999), very few organisms feed directly on
seagrass.Those that do, such as Dugond3ugong dugoh and Green Sedurtles Chelonia
mydag, as well as some fish and invertebrates, account for approximately 10% of the seagrass

consumed in the food web (Valentine and Heck, 1999).



Many studies have looked at the contributions seagrass makes through the food web witbethe

of carbon and nitrogen stable isotopes (Nichas al, 1985; Peduzzi and Herndl, 1991;
Kharlamenkeet al., 2001;Vizziniet al., 2002; Hyndes and Lavery, 2005; Sghil., 2005; Leduet

al., 2006;Nyunjaet al, 2009. It is apparent from these dilies that the carbon and nitrogen
supplied directly from the seagrass contributes only a relatively minor component of the carbon
and nitrogen within the different trophic levels (Hyndes and Lavery, 2005;e8 it 2005) and is
consumed by only a selefdw invertebrates, such as some copepods, amphipods and polychaete
worms (Hyndes and Lavery, 2005). The majority of the nutrient sources to the seagrass food
network appear to be derived from the consumption of the seagrass detritus and associated
epiphytic organisms (Vizziet al., 2002; Hyndes and Lavery, 2005; Sghial., 2005;Nyunjaet al,

2009). This is not too surprising as epiphytic algae can account from 40 to 90% of the primary

productivity in some seagrass ecosystemaliard and Moriarty1991)

A study by Leduet al. (2006) looked at the seasonal variation of the importarfestera
capricorniwithin the food web. Their findings suggest that the seagrass contributes between 24
to 99% of the diets of the consumers in the area with its ingroce as a food source shifting
during the year, becoming more important during late wint€hissuggess that the main food
source oftemperate seagrass ecosystems can shift from a detrital food web during the winter

months to an algal/epiphytic baseddd web during summer.

It has also been found that seagrass not only contributes to the benthic food web but can provide
a food saurce to the planktonic food welfThresheret al, 1992). Research by Threstedral.
(1992)found that nutrients derived fromdecomposing seagrass wrack that has been transported
offshore provide a carbon source to the microbial community that fuels the food web for the
larval Blue GrenadierMacruronus novaezelandijeAnother study, conducted by Peduzzi and

Herndl (1991), alstound seagrass fuelled the production of fridng marine microbes through



monomeric carbohydrates that were leached out from the seagrass leaf wrack. Such productions
of microbial organisms can therefore act as important food sources, but due to thesumption
of seagrass derived carbon can also serve as a carbon sink, as was found in the water column

above seagrass beds during the research by Kaldiy (2002).

1.1.5Nursery Grounds

The sheltered conditions created within the seagrass meadowshaglaly productive seagrass

and epiphyte community; provide perfect low energy environments for the early life stages of fish
and invertebrate whilst also providingpem with a valuable food source/érweijet al., 2006)

The complex structures created tgeagrass also aids in the survival of many juvenile fish and
invertebrate larvae with increased survival and lower predation frequently obseéhle et

al., 1992; Rookeet al.,, 1998). Hyndest al. (2003) suggested that smaller sized fish would inhabit
seagrass with denser foliage with larger fish occupying less dense meadows, however research by
Bellet al. (1987) and Worthingtoret al. (1991) showed that increased shoot density made little
impact on the number of juvenile fish that were present withly a significant difference

occurring between seagrass and unvegetated habitats.

Seagrass also plays a pivotal role in the life cycle and subsequent development of many fish and
invertebrate species, providing a source of new recruits to the adult paipul (Gillanders, 1997;
Vanceet al, 1998; Hecket al, 2003; Smith and Sinerchia, 2004). The use of stable carbon
isotopes by Verweigt al. (2008) revealed that 98% of the reef fi€ltyurus chrysurug the

population would have originated from seagsdsabitats.

While it istypically accepted that nursery grounds promote the growth of juvenile and larval
fauna, however the findings from a paper Gyolet al. (2008) on the growth of juvenile reef fish

found that the fish would have more food, and selguently better growth if they fed within a



reef habitat rather than in seagrass or mangroves. The problem associated with such a statement
is that the fish would be more exposed to predation and have a lower survivalirrateef
habitats suggesting thiathe fish have to balance a traadf between better food sourcem reef

habitatsand increased survival provided by the shelter from seagrass and mangrove habitats.

1.2 HistoricChanges of Seagrass Coverag€ackburn Sound

In 1954 seagrass in Cockburn Sound covered an estimated area of 4,195 hectaresl&1@py

this had decreased to 889 hectares (Cambridge and McComb, ID8égline ofipproximately

79.8 %. Fromth&9%c n Q& 2infrédsddRdustrial development occurred aldhg eastcoast

of the soundywith increased effluent discharge from the CSBP oil refinery, sewage treatment
plant, blast furnace, nitrogen and phosphorous fertiliser plants and the power station (Cambridge
and McComb, 1984). The first large scale los§sgagrass were recorded in 1969 along the
eastern shores before spreading through the rest of the embayment. Cockburn Cement also
commenced sheland dredging for lime producticat Owen Anchorage, Parmelia and Success
Bankin 1972. From 1994 to 1996, #@ctares of seagrass was removed by dredging
(Environmental Protection Authority, 1996) and 168 hectares of seagrass during 2002 to 2010

(Oceanica, 2009b).

Construction of the Garden Island causeway after 188€llted in seagrass loss on Southern

Flats and also restricted water flushing within Cockburn Sound by much as 40 % (Cambridge and
McComb, 1984Cockburn Sound Management Council, 2088 1999the estimated

seagrass coverage in Cockburn Sound was 661 hectares (KehaddicR002) which corstitutes

an 84.2 % decrease from 1954.

In 1982 high levels of heavy metalsT¢lbot and Chegwidden, 1982and petrochemicals

(Alexanderet al, 1982 were found in Cockburn Sound and its associated fauna. This is of
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concern as research has shown thatdwg netals (Ralph and Burchett, 1998MacinnisNg and

Ralph, 2002) and petrochemicals (Cambridgal., 1986;Ralphand Burchett, 199&; Macinnis

Ng and Ralph, 2003) have ¢ G A @S A Y LI Ol a gioyth ankK abiliyd ®F INI & &
photosynthesize. While these pollutants would have caused localised death and decreased
growth in some areas (Cambridge and McComb, 1984), Camleidde(1986)indicatedthat it

was unlikely to be the source of the wide spreadslas Cockburn Sound. However this would

have contributed additional stress to the seagrasses making them more vulnerable to other

stressors.

In an attempt to explain the extensive loss of seagrass which occurred, Camétidf€1986)
conducted several field and laboratory experiments to try and determine the cause. Seagrass
transplant trials were used both in Cockburn Sound and Warnbro Sound to see how the seagrass
survived. The transplants within Warnbro Sounds took hold aewv gvell while those within
Cockburn Sound experienced little growth and became matted with large amounts of epiphytes.
Cambridgeet al. (1986)concluded that the wide scale losses in seagrass could be the result of
eutrophication, which occurred shortlyfter the discharge of effluent from the fertilizer factory

commenced in 19690ambridge and McComb, 1984)

Silbersteinet al. (1986) examined epiphyte loads seagrass beds netre effluent outfall and
found epiphyte biomass to be-& times higher tha those of unaffected meadows. This was also
supported by Cambridget al. (2007) through a retrospective analysis which found strong
correlations between the presence of particular epiphytes and the seagrass losses which
occurred Other small and isolatetbsses in seagrass have occurred in Cockburn Sound around
Mangles Bayas well as Warnbro Soundnd at Rottnest Island in boat anchorage areas (Walker

et al, 1989; Hastingst al, 1995). These losses are the result of the scouring of the seabed from
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mooring chains which create-300 nf circles of devegetated seafloor as the boat and mooring

chain swings around with the changing winds and tides (Walkal, 1989).

While only relatively small and highly localised areas of seagrass are removed pyotass,

once the number of boat moargs present within the area faken into consideratiojthe overall

loss of seagrass from this becomes more substantial. In,tb%dl of 253 bat moorings were
found within seagrass meadows in Cockburn Sound, riegulin a total loss of 1.8 hectares,
approximately 1.9 % (Walkeat al, 1989). While this is only a relatively minor lo#sdoes
however, increasingly subject seagrass to the effects of waves and swell which can result in

blowouts and increased scourif@/alkeret al., 1989; Hastingst al., 1995).

Despite the widespread loss of seagrass coverage in Cockburn Sound, localised recolonisation on
Success and Parmelia Banks has also been recorded (Kezidticki999;Kendricket al,, 2000).
Research b¥endricket al. (1999) showed, with the use of aerial photos, that from 1972 to 1993

the seagrass on Success and Parmelia Banks had increased some 20,000 to 30,000 square meters.
A more detailed study revealed that the seagrass on Success Bank had idchease507

hectares in 1965 to 1036 hectares in 1995 (Kendgicl, 2000). The same study also showed

that the seagrass on Parmelia Bank experienced little change in coverage with 735 hectares
present in 1965 decreasing to 699 hectares in 1995. It Wss abserved that the seagrass
increased on the western side of Parmelia Bank and decreased in the east which was a result of

the sheltsand mining which had taken place in the area.

Work by Campbell (2003) into the recruitment@bsidonia australiand P. coriacegropagules
on Success Bank showed that, on average, 55 seagrass propagules established per hectare per
year; however only 69 % of those survived to the end of the 23 month long SDadypbell also

observed that no seagrass seedlings recrudéthe site; though at a nearby sjtas many as 39
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seedlings recruited per month, which suggests that recolonisation and recruitment of seagrass
was taking place. While these isolated areas have experienced some natural regrowth the rest of
Cockburn Sounthas shown very little and it has been suggest that the embayment had been

modified to a state no longer suitable for natural seagrass recovery (Keediatk2002).

1.3 Transplantation Efforis Cockburn Sound

Following the extensive loss of seagragithin Cockburn Soundubstantial efforts were made to
increase their natural recovery and trialling different methods of transplantasaoh as manual
(seedlings, plugs and springs) and mechanical (sods) methmdmhance their survival and
growth. Attempts were made at using seagrass seedlings as a means of replanting the lost
seagrass meadows in Cockburn Sound (Kirkman, 1998). This was dongeadiiggs and sprigs

of Posidonia australijsP. sinuosa P. angustifolia and P. coriaceaseedlings andAmphibolis
antarcticaandA. griffithii seedlings and sprigs, all of which yielded poor survival. In the space of a
year, all the Posidoniaseedlings had died and had a dense covering of epiphytes. At the end of
seven months all of thémphibolissprigs ad died while the seedlings persisted for 17 months

before dying or being washed away.

In 1993, #tempts were made to trial staple and plug transplantation methedth A. griffithii
andP.sinuosaat Carnac Island and to see the effects of stabilising the sediment with plastic mesh
on different sized transplants (van Keulenal, 2003). It was found that the staple method was

an ineffective way of transplanting th&mphibolisseagrass with all # transplants dying
regardless of the planting size or the presence of the plastic matting. The plug method on the
other hand showed a significant interaction between the size of the transplanted plugs and the
presence of the sediment stabilizing mat, kwilarger plug sizes having a greater survival rate

when the plastic mesh was surrounding them (van Keateal., 2003). While the plug method of
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transplantation provided better survivalthe P. sinuosa transplants still fared poorly in

comparison taA. griffithii.

Later in 1997 Palingt al. (2000) investigated the survival &f. griffithii plug transplants at
different depths on Success Bank. In all, 580 15 cm diameter plugs were planted at 5, 6, 8 and 10
meter depths and monitored over 14 months. Thesults indicated that there was no significant
change in transplant survival in response to the different deptigh all the transplants
exhibiting at least a 95 % survival rate during the first few manible$ore survivaldecreagd

dramatically duringhte winter storms.

Following the success of the plug transplantation experiments, which showed that larger plugs
survived better than small transplants, mechanical transplantation was also trialled on Success

Bank using the ECOSUBL described by Palisj6 H n nml 0 ® mMZp Ain sizé v@Raé n P
planted usingPosidonia sinuos#. coraceaand Amphibolis griffithii Survival varied between the
Posidoniaand the Amphibolistransplants withP. sinuosand P. coriacedaving 76.8 % and 75.8

% of transplants survive respectively whilegriffithii experienced 44.3 % over a two year period.

Despite the differences in survival all the transplants exhibited some growth two years after

transplantation (Palinet al.,, 20013.

A further study was implemented using the ECOSUB?2 (Raledg 2001b), a modified version of

the ECOSUBL described by Patihgl.oO H nnml 0 @ ¢KA& AYLINROSR YSGK2R
of 0.55 nf size in early 2000 and by June that yedirthe transplants exhibited a 100 % survival

rate. Continued monitoring of the transplants from Paliag al. (2001a) revealed that the

seagrass was averaging a 70 % survival rate three years after transplantation @®ading

2001b).
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Research that followedn from these studies looked at the effects of the trplagits spacing on
0 KS & Sshravsl(Palag?al, 2003). It was found that the spacing of the 0.55transplants
had nosigh TA OF yi ST 7FS Gdlirvivalywith(aKtbe tranSgladtNgr@desciig greater
than 90 % survival during the first four months. Survival then decreased to between 9 and 40 %
over the winter months due to mortality from storm events (Paligtgal., 2003).Despite the
OGN yaLX I yiAay3 YSiK2 ReQdveryhateltsiekperisivefopetiog cosiaNig A @ |

order of AU$200 per transplantiade it a norviable means of seagrass restoration.

The poor survival of transplants on Success Bank seemed to be the result of the highly dynamic
sediments within the high wave energy environment (Paknal., 2000;Palinget al., 2003).
Campbell and Paling (2003) attempted to test whether the use @frtficial seagrass mat would
increasePosidonia australisransplant survival within this environment. They discovered that
habitat enhancement in the form of sediment stabilisation improved transplant survival by 50 %

in 60 % of theéP. australigransplants.

Posidoniasinuosa as the dominant meadowforming species within Cockburn Sound, formerly
comprised 80 % of the seagrass coverage (Cambridge and McComb, 1984). Therefore ensuring
the recovery othis speciesvas of vital importance. Palirgt al. (2007) conducted research into
assessing the most effective methods and locations for the survival awdlorization ofP.

sinuosa They trialled both sprig and plug transplantation methods at differing depths and
Y2YAU2NBR (GKS &SlingiNg édic&ed dhdrNG8 »ldg niethod evésShe ost
successful when compared to the sprig method émak the survival of transplants was greater

for both methods at the shallower three meter depth. While survival was greater in the plug
transplants the authors indicated it was also the more costly method to implement and

suggesB R G KI G (KS a-effddivanesswuldoanetiits Oveasiirvival rate.
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Large scale rehabilitation of the seagrass meadows was implemented during the summer of 2004
using the sprig planting method fétosidonia australisn Southern Flats. From 2004 until 2011
three hectares of manually transplantd?l australissprigs were planted over the south eastern
corner of Southern Flats (Oceanica, 2011). Bbthmiddle andwestern areagexperienced high
survival rates of more than 85,%hile the eastern hectare exhibited a 23 % survival rate
(Oceanica, 2011); since then the eastern hectare has been replanted with additional sprigs to help

recoup the losses.

1.4 Assessmerof Ecosystem Functionality

1.4.1 Global Perspective

As seagrass declines have occurred worldwide a variety of different species have been affected.
To tackle thisa variety of different transplantation methods have been used, with as many
different methods and techniques utilised as there are species which have been affected. Survival
of the transplants varies considerably betwe#me different methods, seagrass speciasd
hydrodynamic conditions in which they inhabit. As such the time taken for thesptants to

recover to a state comparable to a natural meadow can vary considerably.

In most instances assessing seagrass recovery involves monitoring the shoot density or rate of
horizontal rhizome growth. While monitoring these components of the seagiasvitally
AYLRNIFyYyGSES (GKSe 2yfe LINRPGARS Ayaradakid G2 GKS NI
determine whether the transplanted seagrass has fully recovered to a state comparable to

natural meadows, assessment of the recovery of allth@sdd a8 Q SO2aeaiaSy Fdzy O

something which has currently been inadequately studied.

Despite numerous studies which have looked at optimizing the survival and growth of transplants

only a few have tried to assess the recovery of differentsgstem functions. Be#t al. (2008)
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looked at the recovery oHalodule wrightiitransplants and found that while some transplants
obtained shoot densities and biomasses comparable to those of natural meatlavsate of

seagrass expansion was much le&g. eatier study by Sheridan (199&)oked atH. wrightii
GNFyaLXrtyida YR 6KSGKSNI OSNIIFAY FdzyOiAaAz2ya KIR
three to four years the transplant sites structurally resembled nearby natural meadows, as did

the berthic fauna. After three yearsthe seagrass biomass as well as fish and decapods
abundances matched those of the natural meadows. Howerwnitoring of the sediment

revealed that the composition was much coarser within the transplant sites than the hatura
meadow, indicating that fine sediments had yet to reach levels found in the natural sites. Both
Sheridan (1998) and Beit al. (2008) expressed the need for monitoring of seagrass recovery to

occur over an extended period of time in order to assessNB& (i dzNy 2 F | ff GKS aSt

functions.

One such studywhich implemented long term monitoring of the seagrass transplants was by
Evans and Short (20Q05)ho monitored the return of ecosystem functions #ostera marina
transplants over a nineear period. Their aim was to monitor the return of the seagrass
ecosystem functionsthen fit trajectory models to them to see if they could predict when
particular functions would return. Their findings indicated that within four yetre biomass,
leaflength, leaf area index and fish diversity had all recovered to levels comparable to the natural
meadows and could be predicted using trajectory models. However, even after nine years, the
sediment composition within the transplants did not resemble thdttloe natural meadow
controls, although it was within the known ranges ®hmarina These findings along with those

of Sheridan (1998)ndicate that not all ecosystem functions return within the same timeframe,
and can differ both within and between téfent species. Furthermorethese studies also
highlight the need for long term monitoring of seagrass transplants beyond the normal range of

most projects.
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In some caseghe recovery of the seagrass and its ability to providing habitat and refuge for
marine organisms is of high interest; such was the case with the research conducted bgtSmith
al. (1988). Their research into whether newly transplantédstera marinaprovided suitable
habitat for the scallopArgopecten irradiansa commercially important species, revealed low
numbers of the scallop residing within the transplant site compared to the natural meadow, a
result they attributed to predation due to the patchyvmrage which the transplanted seagrass
provided. This indicates that the mere presence of seagrass does not constitute suitable habitat
for organisms and that time is needed for the seagrass to recover before such functions can be

provided.

The recovery bthe seagrass is paramount to the survival of many important commercial fish and
invertebrate specieswith many of them utilising seagrass for shelter and food; in most cases the
food source that the seagrass provides takes on the form of macrobenfaignia. Whilst acting

as a food source the infauna also provide valuable insight to other environmental processes
within the seagrass, including water quality and sediment composition (Saether, Cat8yscet

al., 2007%. As such, monitoring of the infaurshould be of high priority; however studies that
have looked at whether such infaunal communities have recovered to naturally occurring levels
has yielded varying results (Sheridan, 199&noviet al,, 2000; Sheridaet al,, 2003; Evans and

Short, 2005)

Pranoviet al (2000) found thatl.5 yearsafter transplantation the benthic fauna within the
seagrass Cymodocea nodoséhad obtained levels which matched those of nearby natural
meadows. Sheridamt al (2003) on the other hand discovered that everthree yearsafter
transplantation the benthic infauna irHalodule wrightiwere still noticeably distinct from those

of natural meadows. It has been suggested by Sheridan (1998) that fully restored infauna

communities may be dependent on the sediment composition and the content of fine organics.
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With different species of seagmsisapping sediment at different rates (Fonseca and Fisher, 1986),

the time taken for the infauna within different meadows to recover would therefore differ.

1.4.2 Cockburn Sound Perspective

Despite the extensive transplantation work which has taken piadgockburn Soun{Kirkman,
1998;Palinget al.,2001ab; Campbell and Paling 2003; Padingl., 2003;van Keuleret al.,, 2003;
Palinget al.,2007; Oceanica, 20)lvery little work has looked at whether or not these seagrass
transplants have regainedh¢ir ecosystem function. In 2008 preliminary study of the return of
ecosystem functionality ifPosidoniasinuosatransplantswithin CockburnSoundwas conducted
(Kennaet al, 2006).However, due to the lack of replicate siteshe data were not formally
analysed. Despite thighe results from the preliminary study showed that five yeafter
transplantation the percentage cover, shoot density and leaf lengtre very similar between

the transplantedP. sinuosand the natural meadow.

Sediment trapping was also assessed within different density sprig transplarff®sidonia
australison Southern Flats, as part of a PhD dissertation by Chishwipublished. The research
indicated that both the higher density 0.25 and 0.125 m spaced transplants showed increased
accretion of sediments while the lower density 0.5 and 1 m spaced transplants experienced more
sediment erosion (Verduiet al, 2007). Experimentahanipulation of shoot density within the

natural meadows revealed that densities greater than 50 % cover experience sediment accretion

while no significant change was seen in sediment height at lower densities. This indicates that the

transplantedP. austalisis trapping sediment; however it still remains to be seen if it is doing so

at the same rate as that found in natural systems.

Hornet al. (2009) looked at the photosynthetic recovery of sprig transplarRedidonia sinuosa

within Cockburn Sound ums chlorophyll fluorescence. Their findings showed that after three
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months posttransplantation the maximum electron transport rate and effective quantum yield,
used as proxies for photosynthesis, had fully recovered in relation to the control site. Hoageve
this study only examined individual sprigs in relation to those of a fully functioning meadow, the
recovery of the transplant meadow as a whole would take considerably longer as the

photosynthetic productivity would be dependent on shoot density.

While there has been work done on the macrobenthic communities within Cockburn Sound
(Brearley and Wells, 2000; Oceanic2009a), as yet there has been little dondthin the
transplanted seagrasdt is therefore the purpose of this study to fill a gap ir tknowledge
surrounding the transplanted seagrass within Cockburn Sound, focusing on the recovery of the

macrobenthic community within transplantd@iosidonia australisn Southern Flats.

1.5 Project Aims
Following on from the extensive rehabilitation Woconducted on Southern Flats, this project
aims to assess the ecosystem recovery of the transplaRtsidonia australisprigs with respect
to the macrobenthic infauna. Th@imarygoals of the projectvereto:
1) Determine if the infauna present within thteansplantsresemblethose of nearby natural
meadows
2) See if the infauna are present in the same abundances as those in natural meadows
3) Determine if there is any edge effect impacting on the infauna
4) Determine if any of the infauna can be usedpasential indicator species to indicate the
recovery of the infauna community within the transplanted seagrass

The secondary goal of the project was to:

5) Compare the sampling effectiveness of two different sediment samplers
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2. Method

2.1 Site Description

Cockburn 8und is a sheltered coastal embayment located in the south west region of Western
Australia. The area is protected on the western seaward side by Garden and Carnac Island and by
Point Peron to the south. A 4.2 km rock wall causeway extends out from Raim Rorthward

to Garden Islan@ southern end; the causewagicludestwo smadl trestle bridges(613 and 304 m

wide) that allow for restricted water flow in and out of the embayment. The causeway also
provides shelter fromprevailingwinds and sea swell vilb shallow areas around Success and
Parmelia Bank in the north provide a buffer against large waves and swell. Despite this the
northern margin of Cockburn Sound is still very open to the wind, with strong north and-north

westerly winds generating windiaves which make conditions in Cockburn Sound very rough.

Mixing in the embayment is largely wind driven with little impact from the very small semidiurnal
tides, which rarely exceed 0.5 mihe water is very shallow, ranging fror®2n deep in areas

such as Parmelia Bank, Success Bank and Southern Flats, and ar@%neh 20the central basin.

The south eastern edge of Southern Flats is situated in relatively shallow water, which ranges
from 2-3 m in depth. The area is comprised of soft sediments colonised by sparse patches of
Posidonia australisvith some intermixedP. sinuosa while the western and northern areas of

Southern Flats are covered by large expansdzogidonianeadows.

Southen Flats soutkeastern end is the location of extensive seagrass restoration effort with
three hectares of hand transplanteld. australis covering the seafloor. The transplanting was
initiated in the western section from 2004 to 2005 with one hectare bgilagted. During 2005

and 2006 the middle hectare (containing the site for this study) was planted and over 2006 to
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2007 the eastern hectare was planted. Using seagrass cuttings collected from a donor site at
Success Bank, shoots were planted every 0.5ha.afeas of interest for this study were four 5 x

5 m experimental transplant plots located in the nostlestern corner of the middle hectare of

the transplant meadow Kigure 2. Plots were planted out at different densities with shoots
planted every 1, &, 0.25 and 0.125 m. In addition to these sites were three control sites,
including a bare sand site, natural fragmented meadow outside of the transplant site (Natural

Meadow 1) and a natural fragmented meadow within the transplant site (Natural Meadow 2).

AN Bare Sand
.25 mPlo

//Natural Meadow 1
Natural Meadow 2"’/’@ Q\O e

1 m Plot 0.5 m Plot

Figure 2: Aerial photo of study area on Southern Flats, Cockburn Sound looking Néest. Area outlined in black
shows the 3 hectare area of transplanted seagrass, the yellow outlined areas show the experimental plots
and the red outlined area showshe control sites. (Image by Jennifer Verduin, taken at 300 m, on
18/4/2010 at 9:19 am).

2.2 Control Site Selection

Aerial photos were used to provide estimates of the size and distance of natural seagrass patches
to determine if they could be used as pide control sites for the study. A high resolutjon

georeferencedaerial photo of Southern Flatakenin 2008 (supplied by Oceanica Consulting Pty
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Ltd) was used in conjunction with a ngeoreferenced aerial photof Southern Flats in 2010
Three contrd sites were needed for the study, one on bare sand, one of a naRuraustralis
patch outside the transplantation site and one from within. Seagrass patches were only

considered if they met the following three conditions:
1). Were naturaPosidonia astralispatches
2). Able to fit a 5 X 5 m plot within them
3). Less than 100 m from the four experimental plots

Once control sites had been selected from the aerial photos they were assessed in the field to
determine their suitability. If all theonditions were met then the site was marked out with metal

stakes and roped off.

2.3 Sampling Methodology

The hyout of the study area was made prior to the commencement of this project and was
designed formnotherexperiment, sats design was natealfor this particularproject. As a result

it was not possible to have replicate experimental plots and sessuiyples were tieen from each

of the seven plotsThe sampling was conducted over the winter from th& d2 May until the

22" of June, 2011, anprovides a snapshot in time of how the infauna has recovered compared

to nearby natural meadows.

2.3.1 Sample Collection

Each of the seven 5 x 5 m plots were separated into three zones, the outer zone (1 meter in from

the edge), middle (2 meters in frothe edge) and centre (3 meters in from the edge), wlith 8
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and 4 shoot count measurements taken from each zone respectively to provide an accurate
representation of each edge zone based on their relative sizash of the shoot cotsiwasdone

using a0.25nf quadrat by divers on scuba; each quadrat was laid out in the manner shown in
Figure3. In addition to the shoot counts, sediment cores were also taken using a 55 mm PVC
hand corer with a serrated edge to a depth of 15 cm, labelled and placed ilto bags. Twelve

sediment cores were taken from each site, with 4 samples taken in each of the outer, middle and
centre zones as indicated by the gray shaded squarEgjure 3 Missing and incorrectly labelled

samples were excluded from the analystamples were stored in a freezer a&0°C until they

were needed.

A venturi suction sampler was also compared against the hand corer to determine which method
would be most suitable for this study. Unfortunately due to time constraints and long sample
processing times the hand corer was selected before the samplers relative effectiveness could be
assessed. The impromptu selection of the hand corer over the suction sampler was based on its
ease of use and relatively consistent sample sizes; however a moadledetinalysis of the

al YL SNEQ ST¥FSOGA@SySaa Aa 3IAPBSy Ay G(KS ySE

2.4 Sample Processing
2.4.1 Infauna Processing

Sediment samples were thawed out and later transferred into plastic bags for preservation. This
was done by collecting the sediment into one corner of the calico bag then inverting the contents.

Approximately 300 mL of seawater was then poured over théca@abags to remove the
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remaining sediment and infauna clinging to the sides. 40 mL of®@#dmalin was then added to

the samples in the plastic bags to create % F-ormalin buffered seawater solution, with 1 mL of

5 % Rose Bengal added to stain theainfa. The samples were then left for a minimum of 24

hours to allow adequate time for the infauna to be fixed and stained before analysis.
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Figure 3: Layout of where the shoot counts were taken with the O.Z%qnadrats, gray shaded squares indicate the
samples where sediment cores were taken.

0.5m

After fixing and staining, the sediment was tipped into a beaker so that the volume of sediment
could be recorded. Large pieces of shell and seagrass material were removed and placed into a
small dish; the sedimdnwas then left to settle out so an accurate measure of the sediment

volume could be takenThe sediment samples were then tipped into a 500 micron sieve and
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washed until the bulk of the fine sediments were removed. The contents of the sieve were then
wasled into a shallow tray and filled with enough water to submerge the sediment. The tray was
then agitated to get the infauna suspended before pouring them back into the 500 micron sieve

leaving the sediment behind; the tray was then refilled with water #relprocess repeated.

The contents of the sieve were then washed into a small dish and filled with water. Infauna were
then removed using fine tippktweezers and placed into 50 nebntainers of 70% ethanol so

they could be later identified. The tray @kediment was then searched thoroughly for any
remaining infauna, which were likewise removed using tweezers and placed into the container of
ethanol. All the invertebrates, where possible, were identified to family level using dissecting and
ocular microsopesand where then enumerated. A comprehensive list of texts and references
used to identify the infauna is given ippendix 1. Only intact infaunawith identifiable

characteristicsvere included within the analysisill fragments and lost limbs were@uded.

2.4.2 Processing Effectiveness

In an attempt to gauge the effectiveness of the processing methodoleggamples were split

into two subsamples. The first sukample contained the infauna removed from the tray while
the second suisample contaiing the infauna from the sieve. Separating the samples in this
manner allowed the percentage of different infauna removed by the washing process to be
calculated. This thereby provided an estimate of how effective the washing process was. In
addition to cetermining what percentages of infauna were removed by the washing process an
additional 15 samples were selected to determine the overall effectiveness of the sample
processing. This was done by having a second person search through the samples afitaltthe

sorting had taken place and removing any infauna missed by the first attempt.
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2.5 Statistical Analysis

To determine whether any of the transplanted seagrass plots had recovered in terms of their
overall structural complexity (i.e. shoot densitg),oneway ANOVA was used to compahet

shoot densities of the four experimental plaasid the two natural meadows. A post hoc Tukey

HSD analysis was also conducted to determine which of the experimental plots had shoot
densities similar to the natural mdaws. The diversitand evennessf the benthic fauna ireach

of the transplant plots were assessed using the ShagndnSy SNJ 5A OSNEAGE | YR
Indices and where compared to each other using a-@ag ANOVA and a post hoc Tukey HSD

analysis.

Smilarity of the infauna abundances were analysed using the prodPamer 6(Clarke, 1998

Both MDS plots and an ANOSIM analysis were performed on the data to determine how similar
each of the experimental transplant and control sites were to each dthtgrms of their infauna
abundances. This was achieved by doing a square root transformatithe infauna abundances

and using the BraCurtis similarity index. SIMPER analyses were performed on the data to

determine which of the infauna families wererntdributing to the bulk of the similarity.
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3. Sampler Considerations
3.1 Introduction

With a variety of different methods available to sample infauna and with each method having its
own advantages, knowing which one to use becomes an impodantsion requiring careful
consideration. The different methods of sampling infauna include hand corers, suction samplers
and grabs €.g.,van Veen, Ekman); the aims of the study will determine which method will be

most appropriate.

Consideration is alseeeded on the size of the sampling device in determining how large an area
the sampling device needs to sample. Lewis and Stoner (1981) examined the effects of using hand
corers of varying diameter on the type and abundance of infauna collectésistiidy found that

the smaller 55 mm diameter hand corer collected significantly more infauna than 76 or 105 mm
corers and that the two larger corers underestimated the densities of many numerically abundant
infauna species. This was attributed mainly to thdedénce in the number of samples taken
using each corer, with the 55 mm corer having more samples and therefore having a greater

chance of sampling a dense infauna aggregation (Lewis and Stoner, 1981).

Similar results were also found in a study by Betgal. (2002), whocompared infauna
assemblages using 25, 35 and 45 cm diameter corers wRthéidoniaoceanicameadows. The
study concluded that smaller diameter corers provide better estimates of infauna abundances
compared to those with larger diameters. Given this, it can then be said that having many small
samples taken further apart allow for patchy distribdt infauna to be more accurately

represented. A smaller diameter corer would also be more advantageous in that the processing
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time of the samples would be shorter due to the smaller volume of sediment in the sample, a

finding also shown by Borg al. (20@).

While choosing the appropriate sample area or diameter of the sampling device is an important
decision, the depth to which the chosen method samples is just as important. Research has
shown that the majority of infauna occupies the top five centimst# the substrate (Lie and
Pamatmat, 1965t ewis and Stoner, 1981; Hines and Comtois, 188&ton, 1990Filgueiraset

al., 2007;Cardosoet al, 2010 and decreases thereafter. It is therefore important to select a
sampling method which will allow foufficient penetration into the sediment in order to collect a
representative sample of the infauna present; however the appropriate depth needed will vary

depending on the aims and purpose of the study.

Examination of the effectiveness of different Eknmsamplers byBlomqvis(1990 indicated that

not all the samplers were reliable at sampling the sediment as many of them produced
inadequate sample sizes due to mechanical flaws (i.e. tilting and sediment resuspension. or l0ss)
An earlier study by Patersoma Fernando (1971) compared the use of Ekman grabs and hand
corers at sampling macrobenthic communities. Their findings showed that the hand corer was
more efficient at capturing infauna than the Ekman grab, however the corer was less effective at
samplingthe less common or rare species. As well as being the less efficient sampling method the
Ekman grabs are also restricted to sampling within soft sediment environments as any large rocks,
shell, seagrass or coral would prevent the jaws of the trap fromirdpshut and result in the loss

of sediment and infauna.
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Christie (1976) looked at the effectiveness of a diver operated suction sampler and found it to be
85 % effective at sampling both the common and rare infauna. A later study by Stoaér
(1983 compared the effectiveness of a sediment corer and suction dredge at sampling infauna in
both vegetated and unvegetated habitats. This research revealed that the hand corer was more
effective at sampling the infauna than the suction dredge. Howevergethers a difference in the
number of samples taken between the two methods (28 hand cores versus two suction samples),
which would have impacted on the accuracy of the infauna abundances. With substantially more
samples taken with the hand corer the chancésampling a high abundance infauna patch are

greater and would result in a higher abundance estimate.

While all these sampling methods have their own advantagel/ a few would be feasible for
consideration in this study. The grab samplers such ayém Veen and Ekman grabs would not

be viable options for sampling within the seagrass habitats. This is because the seagrass rhizome
would prove too difficult for the grabs to penetrate through and would also obstruct the sampler
when closing shut, restimg in sediment and infauna loss (Short and Coles, 2001; Southwood and

Henderson, 2000).

This chapter looks at assessing two different methods of sampling infauna, the hand corer and a
venturi suction dredge. To ensure a fair assessment of the two sagnpliethods an equal
number of samples were collected using both the hand corer and suction dredge. In addition,
both samplers had the same internal diameter and were sampled to the same depth to ensure
that both methods were comparable in all respectanpkers were compared in a similar manner

to Stoneret al. (1983) in both bare sand and seagrass habitats and assessed on the number and

abundance of infauna families sampled, as wethasasures otliversity and evenness.
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3.2 Method

3.2.1 Sampling Methodogy

To compare the hand corer and suction dredge a total of 24 sediment samples (12 hand cores and
12 suction samples) were taken from each of the sites as showigime 3 Missing samples and
incorrectly labelled samples were excluded from the analgasgiment samples were taken using

a venturi suction dredge and a PVC hand cdfegufe 4. Both samplers had an &rnal diameter

of 55 mm andsampled to a depth of 15 cm. For each samfile hand core and suction dredge
samples were taken as close tagh other as possible to minimize any spatial differences in the

infauna abundance and composition between the two sampling methods.

Figure 4: The two sedimeni | Y LJttr@Id@fer the study. (Left) Venturi suction dredge with air supplied by the
SCUBA tank, (Right) PVC hand corer with serrated edge and rubber plug.
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The hand corer was inserted into the sediment to a depth of 15 cm then sealed at the top with a
rubber plg, the sediment core was then removed and transferred into a calico bag and labelled.
A calico bag was attached to the end of the venturi suction dredge to collect the sediment that
was air lifted up and was held in place with an adjustable metal hosepcl®nce the suction
sample had been taken the air to the dredge was turned off and the suction dredge turned upside
down to allow any sediment in the pipe to settle down into the calico bag. The calico bag was
then detached from the suction dredge and ddled. All samples were stored, preserved, stained

and processed in the same manner described in the previous chapter.

3.2.2 Sampler Issues and Considerations:

A number of different issues became apparent in the field when trialling the suction dredge for
collecting the sediment samples. While some of these problems were easily fixed others proved
to be more problematic and compromising to the project. The issues associated with the sampler

andthe actions taken to account for them are explained here:

Buoyancy

Due to the trapping of air in the calico bag the suction dredge became positively buoyant and
would lift away from the sediment. To counteract this, a six pound dive weight was attached to

the sampler to help keep it negatively buoyant and in conteithh the substrate.

Faulty Equipment

As the suction dredge requires more complicated equipment and parts for it to work the chances
of faults occurring with the equipment are more likely. During the field trials a couple of faults
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occurred with the suctin dredge, the first being leaks from joints and connectors in the hose
which supplied air to the suction dredge. To solve this problem thread tape was used around all
the joints and connectors to provide a more air tight seal. The second problem wagheithr
cylinders as several of the-dings burst on the tanks resulting in costly delays in the field work
due to having to replace the-ing seals. As a resufipare equipment was needed on the boat to
ensure that any faults with the gear could beefixor replaced; however the extra gear ended up

occupying a lot of space on the boat.

Cumbersome
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with other sampling gear and sample bags made using the dreatber difficult. To effectively
sample the sediment the suction sampler required two divers to operate it, compared to the

hand corer which could be used with ease by a single diver.

Area Sampled

As the suction dredge encountered the seagrass rhizondimsat was drawn into the sampler
from outside the diameter of the dredge pipe and thus sampled sediment from a greater area
than was intended. This meant that it was not possible to directly compare the two samplers
based on the number of infauna per sgaaneter. Instead the abundances were measured as the
number of infauna per unit volume of sediment sampled however it did not completely resolve
the problem. While both methods could be compared based on the volume of sediment sampled
a new problem of hamg the samplers collecting from diffnt strata within the substratum

arises. When the suction dredge encounters the rhizome, ih&egins to suck sediment in from
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the sides, drawing in more sediment and infauna from the surface layer, while the haed co

collects a more even spread of sediment and fauna from each depth.

While the volume of sediment sampled was generally sntladl extrapolation of the infauna
abundance to No. M could also lead to unrealistic estimates. This is because infaunaecan b
rather patchy and locally abundant in particular areas which may lead to over estimation of some
of the abundances. Additional problems arise for both samplers from the use of volume to
estimate the infauna abundances. As the infauna may not be unifadiatyibuted through the
sediment column some infauna occupying a limited depth range would likely be underestimated
due to the volume of sediment sampled. Caution should then be used when interpreting the
finding of this studyknowing that any difference in infauna abundance between the two
samplers may be a result of the uneven sediment sampling exhibited by the venturi suction

dredge and over and under estimations from over extrapolating the data.

3.2.3 Statistical Analysis

Once the infauna had beedentified and counted the abundance was calculated; results were
calculated as the number of infauna®to provide a standardised value which would allow for
the two different methods to be compared. The total number of infauna families was counted

and canpared along with the abundance data for both of the sampling methods at each site.

Shanno A SYSNJ FyYR 1 SALIQE 90SyySaa AyRAOSE 6SNB |

methods at both sites and compared using a tway ANOVA. A comparison of totalaoha

abundance between the two methods at the different sites was done using avayoANOVA

with infauna abundances leg N> ya F2NX¥SR G2 YSSG GKS (Sadqa I a

assemblages between the two sampling methods was also comparedSisiiER, ANOSIM and
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MDS plot analyses using the PRIMER 6 statistical pa¢kéage,1993. This was achieved by
doing a square root transformation on the infauna abundances and using theCBrég

similarity index.

3.3 Results
3.3.1 Diversity and Eveass

In all 83 taxa were sampled using the hand corer while the suction dredge collected 93 taxa. A
total of 32 different taxa were collected by both sampling methods at the Bare Sand site while at
the Natural Meadow 1 site 51 taxa were collected by thachaorer and 60 were collected by the
venturi suction dredge. Overall 14 of the taxa sampled were unique to the hand corer while 20
were unique to the suction dredgea more detailed list of the infauna families and their

abundances is given Appendix 2

At both the Bare Sand and Natural Meadow 1 sites the hand corer produced slightly higher values
for the mean ShannckViener Index with2.075 = 0109 Bels at the Bare Sand Site and 3.#13
0.158 Bels at the Natural Meadow 1 site. The venturi suction dredge on the other hand had

slightly lower values af.991 + 0.09@els ancB.060 + 0.22Bels respectively.

Both site and sampling method were included in the tway ANOVA model to look aheir
effect on the Shanno#wViener Index. The model produced a reasonable fit to the data with’an R
of 0.559, although only the site variable proved to have a significant effect on the Shannon
Wiener Index (F=51.677, df=1, p<0.001). The sampling methadbieardid not significantly

improve the predictability of the model (F=0.220, df=1, p=0.641). This indicates that there is no
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significant difference in the value of the ShanAdtiener Index obtained using either sampling

method; therefore using either metd would yield similar values.

¢KS 1 SALIQAE 90SyySaa LYRSE ¢ a ofthdtwawdy ANGAZ NI S R

As with the ShannciViener Index the site and sampling method variables were both included
into the two-way ANOVA model. The modebpided a reasonable fit to the data with af &%
0.554. Only the site variable was found to significantly improve the model (F=50.706, df=1,
p<0.001); however as with the Shann@fiener Index the hand corer produced slightly higher
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revealed low values d3.078 +0.011for the hand coreand 0.068 + 0.007 for the suction dredge
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at the Bare Sand site with values @245 + 0.03@or the hand corer and 0.255% 0.048for the

suction dredgeat the Natural Meadow 1 site. These low valuedicate that there is a lot of

variation in numbers of individuals within different infauna communities. The results of the two

way ANOVA showed that sampling method did noni§icantly improve the model which means

GKFG AdG gla y20 KIGAy3a | aA3IyAFAOLY(d STFSOOG 2y
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3.3.2 Infauna Comparison

The mean log infauna abundances sampled with the suction dredge were slightly higher than
those taken using the hand corer at the bare sand site with 5£161085and 5.099+ 0.072m™
respectively Figure6). The inverse was observed for samples colleeteithe Natural Meadow 1

site with the hand corer having a mean log infauna abundance of %0864 compared with
5.452 + 0.150 m* for the suction dredge Rigure 6). This change in the mean log infauna
abundances between the two sites when sampled whih different methods indicates a possible

interaction between the sites sampled and the method used.

The results showed that neither the sampling method (F=0.003, df=1, p=0.960) nor the
interaction term (F=0.373, df=1, p=0.545) was having a significamact on the log infauna
abundance. However the model did reveal a significant difference in response to the different
sites that were sampled (F=13.504, df=1, p=0.001), withntikan log infauna abundance being

significantly higher in the Natural Meaddisite.
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Figure 6: Mean log of infauna abundances for the Bare Sand and Natural Meadow 1 sites using both the hand corer
and venturi suction dredge

The comparison between the different sites across the two sampling methods returned a Global R
statisticof 0.631 which indicates that the infauna assemblages collected between these two sites
are sufficiently distinct from one another. The comparison of the hand corer and venturi suction
dredge by means of the twavay ANOSIM gave a low Global R statisti®.&¥2 meaning that

there was little difference in theomposition of the infauna between the two sampling method.
This is further supported by the MDS plotHigure Avhich shows clear separation of the samples
taken from the two sites. It can also beesethat the samples have been partitioned based on the
different sampling methods used, however they are not dissimilar enough to form distinct

clusters and hence the low Global R statistic.
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Figure 7: MDS plot of the square root transformed infauna abande data

To determine what infauna families contributed most to the dissimilarity between the different
sites and sampling methods a SIMPER analysis was performed. The average dissimilarity between
the two sampling methods was 53.79 % withllinidae Nematoda, Spirorbidag Rutidermatidae
Lumbrineridae Veneridae Syllidag Bullidag Oenonidaeand Onuphidaeaccounting for 50 % of

the dissimilarity. This indicates that there is a reasonable amount of overlap in the type of infauna
collected by both sampis. The average dissimilarity between each of the samples from each
method was 50.20 % for the hand corer and 48.35 % for the suction dredge, indicating that there
is also a reasonable amount of variability in the infauna collected within the differenplsam

methods.

Comparisons were also made between the Bare Sand and Natural Meadow 1 sites with an

average dissimilarity of 64.25 %, with 50 % of the dissimilarity attributed tihdoySpirorbidae,
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Tellinidae Nematoda Aoridae, Syllidae, OnuphidaRutidermatidae, Veneridae, Lumbrineridae,
Oenonidaeand Turbinidaetaxa. Comparisons of the individual samples from each site revealed
an average dissimilarity of 53.17 % for the Bare Sand site and 44.76 % for Natural Meadow 1. This,
along with the compasion between the different methods, shows that there is a fair amount of
variability within the samples from each site and methadd a distinct difference between

samples from the different sites

3.4 Discussion

The findings have shown that the venturicion dredge sampled more taxa with 93 sampled
compared to the 83 taxa sampled by the hand corer. This greater number of taxa collected with

the suction dredge can be attributed to the fact that it is able to sample both the benthic infauna

as well as theepifauna (Short and Coles, 2001). Sampling both the benthic and epifauna would

then provide an additional array of taxa to be sampled in comparison to the hand corer which
predominantly samples just the benthic infauna. Despite the difference in the nuwibtxa

sampled, both methods provided similar values for the mean ShagnarSy SNJ Yy R | SA
Evenness indices. These values were marginally higher in the hand corer than in the suction

dredge; however they were not statistically significant.

The resultsalso showed no statistically significant difference in the total number of infauna
sampled by each method at either the Bare Sand or Natural Meadow 1 sites. This is in direct
contrast to the findings by Stonest al. (1983) who found that the suction sathep under
sampled by as much as 72.8 % in bare sand habitats and 32.6 % within natural seagrass in relation
to the hand corer. These differences in the findings may be attributed to the fact that Stbakr

(1983) only took two samples with the suctidnedge and 28 hand cores whereas in this study
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equal numbers of samples were taken using samplers with the same diameter. Such differences
could also be a result of the different seagrass species which were examined, with Staher

(1983) sampling iralodule wrightiiwhile this study sampled withiRosidonia australis

Comparisons of infauna abundances through the-tmayy ANOSIM and MDS plots indicated that
there was a lot of overlap in the infauna assemblages between the two sampling methods
meaningthat neither method collected distinctly different infaa assemblages. The resutiso
showed that there was variability between samples taken by the same sampléch is

indicative of the patchy rtare and localised abundance iofauna(Rameyet al., 2009.

The results have indicated that both sampling methods collect similar abundances of infauna and
sample similar infauna assemblages, therefore either method would be suitable for this project.
The only advantage that the venturi suction dredge eqms to have over the hand corer is its
ability to sample a greater nuiper of taxa, which would baseful in determining if all the infauna
associated with a natural meadow has returned to the transplanted seagrass plots. However
while both infauna and dfauna are collected by the suction dredge there is as yet no way of

being able to separate these different fauna out from the samples (Short and Coles, 2001).

In addition to sampling effectiveness of the samplers, the practicality of the associatedirgampl

methods also need to be taken into consideration. In this case the simplicity of the hand corer

proves to be more practical and easy to use being small in size relative to the venturi suction
dredge, requiring only one operator to use and not having/ anechanical or technical
components which may break or become faulty. Given that both sampling methods yield similar
resultsin ShanncA A SY SNJ I YR | SALIQa 90SyySaa AyRAOSaszI G2l
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same infauna assemblages; picking the b¥sE 1 K2 R g2dzf R (GKSy RSLISYR 2
practicality. Therefore it can be concluded that the hand corer would be the most appropriate

method to conduct the sampling with due to its simplicity, light weight and ease of use.
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4. Comparison of Transplanted and Natural Meadows
4.1 Seagrass Shoot Density

Similartotal shoot densities were measured at Natural Meadow 1, Natural Meadow 2 and the
two higher density 0.25 m and 0.125 nops, with all sites having a mean shoot density greater
than 500 shoots m (Figure 8. The 0.25 m Plot also had a shoot density which was greater than
either of the two natural meadow sites with a mean of 616.500 + 13.219 shoétBoth of the
lower densityl m and 0.5 m Plots had substantially fewer shoots with less than 500 shdats m
both plots Figure §. A oneway ANOVA revealed that the mean shoot dengiiffered
significantly amonghe different sites (F=30.746, df=5, p<0.001). A post hoc Tulst\dtewed

that the mean shoot density ithe 0.25 m and 0.125 m Plotgs significantly higher than the 1

m and 0.5 m Plotsand significantly higher in the 0.25 m Plot than ab#ier sites.

These findings indicate that thmean shoot densities irhe 0.125m and Natural Meadows 1 and

2 are not significantly different frormach other meaning that the 0.1286 Plot has reached shoot
densities that match those of the natural meadows. The 0.25 m Plot had a mean shoot density
significantly larger than thell other sites, indicating that it has surpassed the mean density of the

natural meadows as well.

Edge effects were also examined in relation to shoot density to see if the sites were denser in the
centre.Figure shows the mean shoot density in the tar, middle and centre zones changing at
each site; such changes indicate that there is a potential interaction occurring between the edge

zone and the sites in relation to the shoot density. To determine if the shoot density was affected
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Figure 8: Mearshoot density of the natural and transplanted seagrass on Southern Flats, Cockburn Sound
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by edge effects at different sites a twway ANOVA was performed using a model which included
the site, edge zone and the interaction between the site and edge. The model produced a good fit
to the data with an Rof 0.655 which means that 65.5 % of the dptzints were explained by the
model. Both the site (F=25.957, df=5, p<0.001) and the interaction between site and edge
(F=4.169, df=10, p<0.001) were significant, meaning that the shoot density in each of the three

edge zones changed in relation to thefeliént sites.

4.2 Infauna

4.2.1 Processing and Sorting Effectiveness

Determining the efficiency to which the infauna were removed from the sorting tray after the
washing and rinsing process is of importance as it provides an indication of how effibetive
sorting was but also whether particular infauna were being under estimated. Of the 44 samples
processed 59.70 + 2.67 % of the infauna were removed by the end of the washing process with
40.29 *+ 2.67 % left remaining in the sorting tray. The majorith@infauna remaining in the tray
consisted primarily of taxa possessing heavy shells, exoskeletons or calcified tubes such as the
bivalves, gastropods and polychaeteBalfle }. The five infauna families with the largest
proportions left behind in the sting trays were theTellinidae Veneridag(Venus ClamsBullidae
(Bubble Shellskpirobidaeand Batillariidae(Creepers) with 69.40, 64.70, 38.81, 31.34 and 22.73

% respectivelyTable J}.

Examination of how effective the sorting was at removing all the infauna from the 15 samples
processed revealed that 80.38 £+ 3.17 % of all infauna was removed at the end of the first sorting.
It was also noted that those which were removed during the sdcsorting were generally of
considerably smaller size and difficult to see. A total of 16 different taxa were missed during the
first sorting, with the five taxa with the largest percentages missed belonging to the Nematoda,

Epitoniidae Rutidermatidae Bdillariidae and Tellinidaewith 41.216, 27.333, 18.889, 16.667 and
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15.347 % respectivelyréble 3. The taxa present withifiable 2provide an indication as to how
much the abundance estimates for each family are being underestimated and thereby allaw for

more accurate representation of the infauna abundances within this study.

4.2.2 Infaundiversity and Evenness

The greatest number of taxa was found at the Natural Meadow 1 site with 50 taxa, 10 of which
were unique to that site. This was followed byet8.125 m Plot with 46 taxa, nine of which were
unigue; and then the Natural Meadow 2 site with 44 taxa and five unique taxa. The 1 m Plot had
35 taxa three of which were unique to that site; 32 taxa were found at the Bare Sand site with
three unique taxa31 taxa were found at the 0.25 m Plot with only one unique taxon; and the 0.5
m Plot had the least with 27 taxa with only two being unique to that site. This shows that there is
a great deal of variability in the number of taxa present at each site vatprogressive increase
from the Bare Sand site up through the increasing planting density transplants to the higher
density natural meadows. However it should be noted that the 0.125 m Plot did have similar

numbers of taxa which were present and unique gamed to those of the two natural meadows.

While no distinct trend was observed in regard to the total numbers of taxa found at each site the
ShannorAWiener Index tells a different story. The diversity index increased in the higher seagrass
planting dendies. The greatest diversity was at Natural Meadow 1 with a Shaliviemer Index

of 3.112 + 0.522 Bels; the lowest was at the Bare Sand site with 2.075 + 0.37Bi@als D).
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at the Bare Sand site and the highest value of 0.245 + 0.101 at Natural Meaéoyurke (1).

A significant difference was detected in the mean ShaAwbener Index (F=3.930, df=6, p=0.002)

indicating that the mean Shannéf¥iener Index aeachsite is not the samelThe post hoc Tukey
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Table 1:The number of infauna from each family remaining in the tray aftée rinsing and washing process (n=44)

Taxa Min. Max. Mean SE % In Tray
Amphipoda
Aoridae 0 1 0.068 | 0.038 3.220
Caprellidae 0 1 0.023| 0.023 2.273
Cyproideidae 0 1 0.023 | 0.023 0.758
Ischyroceridae 0 1 0.023 | 0.023 1.136
Phoxochephalidae 0 1 0.068 | 0.038 5.682
Cirripeda
Balanidae 0 1 0.045| 0.032 4.545
Bivalves
Pectinidae 0 0.023| 0.023 2.273
Solemyidae 0 0.114 | 0.058 8.333
Solecurtidae 0 0.023| 0.023 2.273
Tellinidae 0 59 | 14.591| 2.001 69.395
Veneridae 0 10 1.886| 0.316 64.697
Decapoda
Diogenidae 0 1 0.045| 0.032 4.545
Gastropoda
Batillariidae 0 20 0.886 | 0.477 22.727
Buccinidae 0 1 0.068 | 0.038 6.818
Bullidae 0 7 0.955| 0.258 38.813
Columbellidae 0 4 0.182 | 0.099 10.227
Epitoniidae 0 1 0.227| 0.064 20.455
Fissurellidae 0 1 0.023| 0.023 2.273
Hydatinidae 0 1 0.023 | 0.023 2.273
Mitridae 0 1 0.045| 0.032 4.545
Naticidae 0 4 0.227 | 0.102 14.773
Olividae 0 1 0.023| 0.023 2.273
Terebridae 0 3 0.136 | 0.083 6.818
Trochidae 0 4 0.364 | 0.130 18.864
Turbinidae 0 19 0.932 | 0.457 21.071
Nematoda 0 8 0.727 | 0.235 5.324
Ostracoda
Order: Podocopida 0 2 0.136 | 0.062 6.629
Rutidermatidae 1 0.023| 0.023 0.175
Polychaetes
Lumbrineridae 0 2 0.114 | 0.058 5.871
Maldanidae 0 1 0.023| 0.023 0.758
Oenonidae 0 2 0.091| 0.055 3.030
Onuphidae 0 2 0.091| 0.064 3.409
Paraonidae 0 1 0.045| 0.032 4.545
Spirorbidae 0 133 9.545| 4.235 31.344
Syllidae 0 1 0.023| 0.023 2.273
Polyplacophora
Ischnochitonidae 0 1 0.045| 0.032 3.409
Tanaidacae
Tanaidae 0 1 0.023| 0.023 1.136
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Table 2: The number of infauna missed during the first sorting.

Taxa Min. Max. Mean SE % Missed
Amphipoda
Aoridae 0 1 0.067 | 0.067 6.667
Ischyroceridae 0 1 0.067 | 0.067 6.667
Bivalves
Solemyidae 0 1 0.067 | 0.067 0.952
Tellinidae 0 10 2.267| 0.665 15.347
Veneridae 0 3 0.600| 0.254 14.365
Copepoda
Order:Harpacticoid 0 1 0.067 | 0.067 6.667
Gastropoda
Batillariidae 0 1 0.200 | 0.107 16.667
Epitoniidae 0 3 0.467 | 0.215 27.333
Naticidae 0 1 0.067 | 0.067 6.667
Turbinidae 0 1 0.200 | 0.107 12.222
Nematoda 0 10 3.467 | 0.703 41.216
Ostracoda
Order: Podocopida 0 1 0.067 | 0.067 3.333
Rutidermatidae 0 2 0.400 | 0.190 18.889
Polychaetes
Lumbrineridae 0 3 0.200 | 0.200 5.000
Spirorbidae 0 1 0.133| 0.091 8.889
Syllidae 0 2 0.267 | 0.153 11.333

test revealed significant differences in the mean Shanrkdener Index between the Bare Sand

site and Natural Meadow 1 (p<0.001), and between Natural Meadow 1 and both the 1 m and 0.5

m Plots (p=0.015 and p=0.016 respectively). The same analysis was p&forfe NJ (G KS |

9gSyySaa
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df=6, p<0.001). Significant differences between Natural meadow 1 and the Bare Sand site, 1 m

Plot, 0.5 m Plot and the 0.25 m Plot were alssaved, with pvalues of <0.001, 0.002, 0.003 and

0.016 respectively.

4.2.3 Infauna Abundances

Infauna abundance appeared to increase with the increasing seagrass planting densities with a

mean abundance of 10,592.7921,777.339%infauna n¥ at the 1 m fot, increasing to 25,407.395

+ 10829.971infauna n¥ at the 0.125 m PlotRigure 2). Despite the increasing abundances the 1

m, 0.5 m and 0.25 m Plots all had means which were lower than that of the Bare Sand site which
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Figure 10: Mean Shannewiener Diversity Index for each of the control and experimental plots on Southern Flats

T
1
- T T
T T . 1
T ol L
1L
T T T T T T T
Bare Sand 1 mPlot 0.5 mPlot 0.25mPot  0.125 m Plot Natural Natural

Meadow 1 Meadow 2
Site

Error bars: +/- 1 SE

0.30
. |
[}]
©
: 1
(]
& 0.20
f=
c
(]
> T T
L
2 T [T 1
Q.
f 1T 1L
T 0107 1 1
= 0
© T
§ 1
0.00 T T T T T T T
Bare Sand 1 mPlot 0.5 m Plot 0.25mPlot  0.125 m Plot Natural Natural
Meadow 1 Meadow 2
Site
Error bars: +/- 1 SE
CAIdz2NBE mmY aSly |1 SALIQ&E 90SyySaa LYRSE F2NJ S| OK

27

49

(p))

O



had a mean 0f18,169.093 + %90.927 infauna nY (Figure 2). Naturalmeadow 1had the
greatest abundance of infauna with a mean of 29,807 ¥ B6267.453nfauna n¥ followed by the

0.125 m Plot and Natural Meadow 2 with mean abundance25407.395 + 1@®29.971and
21,772.301+ 3714.777 infauna n¥ respectively Figure R). It should be noted that these
estimates are likely to be underestimates as they only represent 80.38 % of the infauna that were

removed by the sorting process, as indicated previously.

The twoway ANOVA used both site and edge zone variables in thiekmahich explained 25.9

% of the data points @R0.259). The site variable was a significant predictor of the mean log
infauna abundance H=3.754 df=6, p=0.003 while the edge zone was noF#.329 df=2,
p=0.271. A post hoc Tukey test for the sitariable indicated that the only significant difference

in the mean log infauna abundance was between Natural Meadow 1 and the 1 m Plot (p=0.002).

Comparisons of infauna assemblages using the MDS plagime B showed little separation of

the data poins into distinct groups with many of the points from different sites overlapping with
those from other sites. Despite the large amount of overlap there does appear to be some slight
separation of the data points based on the sites, though no separatignoaiping is seen for the
different edge zonesHigure B). The high stress level of the MDS plot (2D stress: thdi@ates

that the clustering of the data points are not providing a very reliable representation of the

similarity between the samples andes.

To gain a better representation of the similarity of the infaunal assemblages between the

different control and experimental seagrass transplants site as well as the different edge zones,
an ANOSIM analysis was performed. A Global R statistic ?® @&@s obtained for the between

site differences indicating that overall there was little separation of the infauna assemblages

between the different sites. The between edge zones also gave a low Global R statistic of 0.145
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meaning that overall there wasondifference in the infauna assemblages in the different edge
zones. Despite the overall lack of separation between the different sites in terms of the infauna,

individual comparisons (shown Trable 3 revealed separation between some sites.
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Figure 12infauna abundances for the control and experimental sites on Southern Flats.

Comparisons between Natural Meadow 1 and Bare Sand, Natural Meadow 2 and Bare Sand,
Natural Meadow 1 and the 1m Plot, Natural Meadow 1 and the 0.5 m Plot and between Natural
Meadow 1 and Natural Meadow 2 all revealed overlapping but distinctly separate infauna
assemblagesT@ble 3. Both the 0.25 and 0.125 m Plots gave low R statistics when compared with
Natural Meadow 1 and 2 indicating that there was little to no differencethia infauna

assemblages between the high density seagrass transplants and the natural seagrass meadows

(Table 3.
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Transform: Square root
Resemblance: S17 Bray Curtis similarity

Centre 2D Stress: 0.26 Site
Bare Sand
v Natural Meadow 1
Middle Centre treuiddiare Al 0.25 m Plot
v Middle ¢ 0.125 m Plot
Outer % ® 1 mPlot
Outer Centr Mldu.c @it
Mlddle erntrMI Pentre centrduter M ’(3"5 malP:\c;It dow 2
,dd|g)uYer VMl e © X Natur eadow

M ut . entre.
Outer e”“" i !ﬁ&ﬁgg G‘.’ddl
Duter Mjgidle v MM&% tre
v tre*_

Middle MIddIePUt@Qfg |e é_entre
L 4

0 . uter @ i
Centre MlddlAlddIe P Middle

x o + ®
Centre Middle
Outer X _pu er
2 2

Figure 13: MDS plot of the square root transformed infauna abundance data showing similarities of the infauna
assemblages between each siéad edge zone at Southern Flats, Cockburn Sound.

The SIMPER analysis indicated that in most cases the five most highly abundant taxa Nematoda,
Tellinidae, Lumbrineridae, Onuphidae and Veneridae generally contributed the greatest amount
to the dissimilarity between the different sites. A emay ANOVA waserformed on these taxa

and found that the abundances of Nematoda (F=1.033, df=6, p=0.411), Tellinidae (F=1.407, df=6,
p=0.224) and Lumbineridae (F=0.899, df=6, p=0.500) were not significantly different between the
sites while Onuphidae (F=10.323, df=80®01) and Veneridae (F=5.737, df=6, p<0.001) were.
Significant differences in infauna abundances between different sites were also seen in 16 other

taxa, as shown iAppendix 3

Several infauna taxa were recorded in both of the natural seagrass meadowsll as in some of
the high planting density seagrass transplantkusiridae, Solecurtidag Diogenidae
Columbellidae Fissurellidag Oweniidae and Ischnochitonidaewere found at both Natural
Meadow 1 and 2 withEusiridaealso occurring in the 0.125 rRlot and Diogenidaeand

Columbellidaéboth occurring at the 0.25 and 0.125 m Plots.
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Table 3: R statistic outputs from the ANOSIM analysis for the infauna comparisons between the sites and edge zones.
The R statistic ranges from 1 td with values >0.7%ndicating that the infauna assemblages are separate
from each other, values >0.5 indicating some overlap but still forming distinct groups and a values <0.25
indicating that there is no difference in the infauna assemblages. Significance levelissgtat® h ' n ®np 0

Group V's Group R Statistic | Sig. (%)
Site
Bare Sand Natural Meadow 1 | 0.645 0.1
Bare Sand 0.25 m Plot 0.27 0.7
Bare Sand 0.125 m Plot 0.24 0.4
Bare Sand 1 m Plot 0.257 1.6
Bare Sand 0.5 m Plot 0.333 11
Bare Sand Natural Meadow 2 | 0.519 0.1
Natural Meadow 1 | 0.25 m Plot 0.241 2.9
Natural Meadow 1 | 0.125 m Plot 0.256 0.8
Natural Meadow 1 | 1 m Plot 0.507 0.1
Natural Meadow 1 | 0.5 m Plot 0.624 0.1
Natural Meadow 1 | Natural Meadow 2 | 0.533 0.1
0.25 m Plot 0.125 m Plot -0.117 84.3
0.25m Plot 1 m Plot 0.039 35.2
0.25 m Plot 0.5 m Plot 0.128 12.4
0.25 m Plot Natural Meadow 2 | 0.272 1.7
0.125 m Plot 1 m Plot 0.185 4
0.125 m Plot 0.5 m Plot 0.287 0.2
0.125 m Plot Natural Meadow 2 | 0.301 2.3
1 m Plot 0.5 m Plot 0.059 30.6
1 m Plot Natural Meadow 2 | 0.148 9
0.5 m Plot Natural Meadow 2 | 0.366 0.2
Edge Zone

Outer Middle 0.022 37.6
Outer Centre 0.256 0.2
Middle Centre 0.156 1.9
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5. Discussion
5.1 Shoot Density

Four years after their initial transplantation onto Southern Flats the two high planting ddnsity
australis transplants, 0.25m and 0.125 m Plots, had reached structurally equivalent levels
compared to nearby natural meadows.was observed that the shoalensity in the 0.25 m Plot
was significantly greater than any of the other sites with6.500 + 13.219 shoots frwith

differences also observed in the different edge zones at different sites.

Bivalves havéeen shown to increase the nitrogen and phosphorus content of the sediment,
creating a mosaic of nutrient rich patchd2eferson and Heck Jr., 199801ab). Bivalve density
manipulation experiments by Peterson and Heck Jr. (2bPhave shown that the preseecof
bivalveswithin seagrass meadows enhance the growth and productivity of the seagrass which in
turn increases survivorship of the bivalves. It is therefore posdidd the presence of bivalves
within the transplantedP. australisvere responsible fothe different shoot densitiesbserved at
different sites and edge zoneExamination of the total number of bivalves and of individual
bivalve familieshowever found no connection between the bivalves artie shoot densities

observed

Another explanatin for the highershoot density observed in the 0.25 m Plot could be because
that planting the shoots out at 0.25 m intervals may be the optimal planting density for
australis with more sprigs being planted per meter while still having enough spadhdar to
expand. Planting at 0.125 m intervals may have resulted in overcrowding and hindered growth of
the transplants, hence the lower shoot density in the 0.125 m Plot. The initial planting of the high
density transplant plots in 2007 was undertaken hpre experienced divers while the lower
density plots were planted by less experienced divers which may have accounted for some of the

differences in the shoot density (Van Keulsturdoch Universitypers. com.).
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Rehabilitation efforts conducted at Oystand Princess Royal Harbour usihgaustraliand

P. sinuosashowed transplants recovering to levels q@anable to natural meadowfive years
post transplantation (Cambridget al., 2002; Bastyan and Cambridge, 2008). Compared with this
study, the P. australistransplantsin Cockburn Soundhowed structural equivalence to natural
meadows in the 0.25 an@.125 m Plots after four yearshis is due to the different planting
densities used in the Oyster and Princess Royal Harbour studies which weredpamtat 1 m
intervals. Based on the findings from Cambridgel (2002) and Bastyan and Cambridge (2008)
it can be anticipated that the 1 m and 0.5 m Plats Cockburn Soundvill be structurally

equivalent to natural meadows in another one to two years.

5.2 Infauna

5.2.1 Processing and Sorting Effectiveness

Overall the effectiveness of the infauna sorting was geath up to 80.38 % of the infauna being
removed from the sedimenfThe underestimation of the Nematoda and families of polychaetes
was largdy the result of large quantities of seagrass material being present within the samples,
with many of the nematodes and polychaetes getting in among the seagrass fibres making them

difficult to find during the first sorting

5.2.2 Infauna Abundances

Natural Meadow 1 and Natural Meadow 2 differed from each other in rdgdo their infauna
abundances as well as their assemblagas indicated by the ANOVA and ANQSBSudch
differences between the two can be explained by their exposure to different hydrodgnam
conditions. As Natural Meadow 2 is located within the transplantation meadow the water velocity
and turbulence would be much loweB&ckhaus and Verduin, 2008; Moreisal., 2008; Lefebvre

et al, 2010. As the water velocity decreases with distande ithe meadow any infauna recruits

being transported by the water would settle out before reaching Natural MeadoMdtieadie
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et al., 2010;Murphy et al., 2010;Smithet al., 2011). Natural Meadow, bn the other handwas
outsidethe transplantation meadowso any transported infauna recruits would settle out onto

the meadow, giving igreaterinfauna abundance.

Both the 0.25 m Plot and 0.125 nioBs had infauna abundances and assemblages comparable to
Natural Meadow 1 and Naturdeadow 2 within four years after their initial transplantatiorhis
recovery falls in line wit other estimations of benthic infauna recovery recorded for

Halodule wrightiwhich hadrecovery times of three to fivgears (Sheridan, 1998; Sheridetnal.,
2003 Sheridan, 2004 Recovery time did vary considerably with other studies and seag®ss
with 1.5 years irCymodocea nodos@garanoviet al., 2000),two years inZostera maringEvans
and Short, 2005and 1.8 years in a study by Fonsestaal. (1996 with H. wrightii. Such variation

in the recovery times of the infauna can be attributed in part to the different growth rates
exhih 0 SR 0@ (KS R withZ3Mihg and GirddosaNaviagafast growth rates
(Olesen and Sandensen, 19947idondoet al.,, 1997 and hence the faster time for the infauna to

reach comparable levels to natural meadows.

The results also showed no significalifferences in the outer, middle or centre edge zomes

the infauna abundances or assemblages whichnigdntrast to findings from other studies
(Tanner, 2005; Warrgt al., 2009; Macreadiet al., 201Q Murphyet al., 201Q Smithet al., 2011)
Themainreason for thiss that theseother studies examined individual infauna families across
seagrass patchesurrounded by sandwhile this study had different density plots located within a
transplantation meadow and looked at the overall infauna abundances and assemblédges.
work by Tanner (2005) showed that only certain infauna respond to edge effects, with most
bivalves and polychaete®t being impactedMurphy et al. (2010) also stated that edge effects

could not be generalised across seagrass habitats with the efféfe#sing from taxon to taxon.
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Eusiridae, Solecurtidae Diogenidag Columbellidag Fissurellidag Oweniidae and
Ischnochitonidaewere all found to occur within the two natural meadows wilusiridae
Diogenidaeand Columbellidagn the higher planting density transplantas these infauna were
only found in natural meadows and transplanted sites which had attained comparable tH#ve
shoot density and infaunassemblages, it can be suggested that these families may represent
climax or Kspeciesindicating the transition to a state comparable to natural seagrass meadows.
However as this study was only a snapshot of the recovery of transplanted sedgnasterm
monitoring would be required to see if they persist within the 02l 0.125 m plots as Wleas

the natural meadows. Mnitoring for their presence woul@lsobe requiredwithin the 1 and 0.5

m Plotsto determine if they occur once the shoot density has reached comparable levels to the

natural meadows

The presence of ber infauna within the transplanted seagrass also gae indication ofnow
well the ecosystemis developing. In particular were the presences harpacticoidcopepods,
including individuals from the familPeltitidae. Research has showthat the harpacticoid
copepodsform a large proportion of the diefor King George Whiting{llaginodegpunctatug, a
valuable commercial and recreational fish spedigsnkinset al., 2011). Thepresence of the
Harpacticoida copepods indicatéisat the transplantel seagrasss capable ofproviding a vital

food source as well as foraging areas for vh&ableKing George Whiting.

The Western Australian Seahorséligpocampus subelongdtaand Widebodied Pipefish
(Stigmatopora nigrawere both observed within the natural seagrass sites and experimental
transplant plots as well as in the surrounding transplant meaddiith both of these species
feeding on copepods anld. subelongatusn nematodes and polychaetékendrick and Hyndes
2005), the copepods, nematodes and polychaetaay havesufficiently recovered to be able to

support small numbers of these higher order predators.
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A dietary study by Smitkt al. (2011) onStigmatopora nigraevealed that oraverage 89.4 % of
the fish ingesed between 12 tol7 Harpacticoid @pepods Examination of the number of
harpacticod copepods found in each site frotiis sudy revealedhat with the exception of the
0.5 m Plot which had none, the number of Haacticoid copepods ranged from 3%® to
153.057 copepods th This then indicates that the seagrass is able to proddéicient

harpacticoid copepod prey to supply a food source for these higher order predators.

In addition a Sea liorNgophoca cinerdawasobserved feedingpn an adultBlueManna Crab
(Portunus pelagicysin nearby transplanted seagrasiiring the study this indicates that the
transplanted seagrass is currently providing food and foraging grounds for an array of higher
order predators.However it could also be said thtite transplanted seagrass meadow (planted
out at 0.5 m intervals) is not providing sufficient protection to the asdedi marine
invertebrates from pedators, with research having shown that survival of invertebrates increases
with increasing shoot dertsi (Hovel and Lipcius, 200Peterson and Heck Jr., 2G04 Hovel,

2003)
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6. Conclusion
It is evident that after four years post transplantatjghe Posidonia australiseagrass in the 0.25

and 0.125 m Plots have attained structurally equivalent levels of shoot desnaisi well as having
infauna abundances and assemblageguivalentto those of NaturaMeadows 1 and 2.While

not currently at levels comparable to NaalMMeadow 1 and 2he 1 m and 0.5 m Plots are likely

to reach equivalent levels within the next one to two years. To ensure that the 1 and 0.5 m Plots
attain equivalent levels of shoot density and infauna abundances and assembtagggerm

monitoring d these sites throughout the year would be advisable.

Monitoring would also give insight to the seasonal variabilityh@ infauna communities and
provide an indication of the importance of theécusiridae, Solecurtidae Diogenidae
ColumbellidaeFissurdiidae, Oweniidaeand Ischnochitonidaeas possible indicators of succession
to a gate comparable to the naturd®. australisneadows.Future monitoring would also benefit
from looking at the succession in the larger macrobenthic invertebriaiguding iconic seagrass
species sut as Razor l&ms (Pinna bicolour) BlueManna Crabs Rortunus pelagicysand

cephalopods.
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Appendix 1
References used for infauna identification

Books

Edgar, G.J, 2008; Australian Marine Life: The plantsuaingals of temperate waters,"2Ed.,
Sydney, New Holland Publishers

Jones, D and Morgan, G, 2002, A Field Guide to Crustaceans of Australian Wiikels Neew
Holland Publishers

Wells, F.E and Bryce, C.W, 1993; Seaslugs of Western Australia, WestaaliaiuMuseum

Wilson, B.R, 2002; A Handbook to Australian Seashells: On Seashores East to West and North to
South, New Holland Publishers

Journals
Clark, W.C, 1963; Australian PycnogoniRiecords of the Australidiuseum vol26, pp1¢82.

King, P.E, B5; Sea Spiders: A revised key to the adults in littoral Pycnogonida in the British Isles,
Field Studiesvol.6, pp.493516

Software
IntKey for Windows, Version 5.11
Dallwitz, M.J1980Q A general system for coding taxonomic descriptjdresxon vol29, pp.41¢46

Dallwitz, M} Paine, T.A and Zurcher, A993 UseQd 3JdzZA RS (2 ( @eBerab9[ ¢! {&a
system for pocessing taxonomic descriptior®, Ed. http:/delta -intkey.com

Dallwitz, M} Paine, T.A and Zurche€E.J1995 ! & Sduibeito Intkey: a program fanteractive
identification and information retrievahttp://delta -intkey.com

Dallwitz, M} Paine, T.A and Zurcher, ,200Q Principles of interactive keyhttp://delta -
intkey.com

Web Sites

http://home.comcast.net/~fireflea2/OstracodeKeyindex.html

http://www.marinespecies.og/cumacea/KeyStart.php
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Appendix 2

Mean @dundance of taxa from different sites and sampling methadsSouthern
Cockburn Sound

Flats,

Corer Dredge
Taxa
Bare Sand Natural Meadow 1 Bare Sand Natural Meadow 1
. N Mean SE N Mean SE N Mean SE N Mean SE
Amphipoda
- 12 0 0 11 857 575 11 0 0 10 373 373
Ampithoidae
. 12 497 335 11 10690 1639 11 0 0 10 11884 2934
Aoridae
. 12 741 529 11 2875 1244 11 0 0 10 11282 3320
Caprellidae
. 12 0 0 11 0 0 11 0 0 10 3338 1510
Ceradocopsis Group
L 12 0 0 11 3008 2140 11 239 239 10 7786 3419
Cyproideidae
- 12 271 271 11 1826 977 11 0 0 10 1095 1095
Dexaminidae
- 12 0 0 11 1285 668 11 0 0 10 1070 546
Eusiridae
) 12 0 0 11 0 0 11 0 0 10 917 917
Isaeidae
. 12 303 303 11 6290 2879 11 201 201 10 1255 1255
Ischyroceridae
. 12 287 287 11 0 0 11 0 0 10 365 365
Leucothoidae
. ) 12 303 303 11 0 0 11 0 0 10 0 0
Lysianassidae
. 12 265 265 11 2150 927 11 834 456 10 2311 890
Phoxochephalidae
. 12 0 0 11 411 411 11 0 0 10 365 365
Platyscelidae
Sebidae 12 0 0 11 0 0 11 0 0 10 365 365
) 12 0 0 11 568 568 11 293 293 10 459 459
Stenothoidae
Thoriella Group 12 0 0 11 568 568 11 0 0 10 0 0
Unidentified 12 0 0 11 0 0 11 0 0 10 1210 1210
Cirripedia
’ 12 0 0 11 352 352 11 0 0 10 365 365
Balanidae
Bivalves
. 12 0 0 11 478 478 11 0 0 10 0 0
Pectinidae
. 12 1101 472 11 831 565 11 1688 657 10 2924 1317
Solemyidae
Solecurtidae 12 0 0 11 1153 801 11 0 0 10 0 0
. 12 38419 7194 11 61845 8986 11 68160 15914 10 117404 26824
Tellinidae
. 12 3626 977 11 11556 2544 11 8812 1857 10 6088 2221
Veneridae
Copepoda
- 12 0 0 11 0 0 11 0 0 10 313 313
Epacteriscidae
- 12 0 0 11 411 411 11 0 0 10 9910 3088
Peltitidae
Order: Harpacticoid 12 298 298 11 1005 681 11 0 0 10 6034 2258
Cumacean
. . 12 0 0 11 0 0 11 0 0 10 1094 557
Diastylidae
Gynodiastylidae 12 0 0 11 916 615 11 0 0 10 1457 971
. 12 0 0 11 3005 1573 11 587 587 10 5873 2261
Nannastacidae
Decapoda
. . 12 0 0 11 903 607 11 0 0 10 187 187
Diogenidae
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