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Abstract

This paper describes the nature of seagrasses and explains their importance in the marine
environmentand their relationships with other marine habitats. The bottyegbaper is split into
threeparts: thestate of seagrasses in Australia; fheessuresthat are put on to seagrass habitats

by people and nature; and ttesponsethat people can make to preserve and restore seagrass
meadows. The extent, diversity and abundance of seagrasses are described for separate regions
in Australia. There are about 51 000 sq km of seagrass meadow in Australia.

The damage to and loss of seagrass meadows in Australia is recorded, and the way that this
decline has occurred is described with examples from various places. People’s activities have
causedhe loss of about 450 sq km and natural events have caused damagsxterthef 1000

sqkm in thepast ten years. Any recovery from these pressures is described. An issue is made of
the poor recovery of many temperate seagrass meadows and some tropical ones. The
vulnerability of seagrass meadows is pointed out and the importance of considering their ability
to recover after being damaged is emphasised. The ecological values of seagrass meadows
should be estimated on a case by case basis as species differ in their abilities to support faunal
communitiesand provide the other values for which they are respected.

It is apparent throughout this paper that more research needs to be carried out just to be able to
record losses. Mapping, inventories of diversity and abundance and background data on
seagrasses need to be collected. Further research on ameliorating damage to seagrass meadows
and accelerating the restoration processes needs to be properly funded and carried out. The
legislationdrawn up to protect seagrass habitats, relevant to each State, is listed.

Finally, some recommendations as to further research and ways that seagrass meadows can be
preservedare presented.

1 Introduction Australia(Table1). Only one genus is not represented
in Australia. There is a distinction between tropical

Seagrasseare first noticed as heap§decaying plant and temperate seagrasses and the general latitude for
material on ocean or estuarine beaches. Where doeél€change between the two is Moreton Bay inebst

this large amount of plant material come from? Closer andShark Bay in the west.

examination underwater shows meadows of

grass-like plants relevantly called seagrasses.Seagrass meadows grow in estuaries, in the lee of
A|though these p|ants look like grass, they are notiSIandS and in sheltered bays around Australia.
closelyrelated. They originated from saltmarsh plants Mostly, seagrasses are found in estuaries such as
which evolved, through time, to tolerate saline water Oyster Harbour at Albany, Westernport Bay in
and live in the sea. Some of the characteristics ofVictoria, Moreton Bay near Brisbane or Trinity Inlet
terrestrial plants still remain but seagrasses are nov@ndHinchinbrook Channel, near Cairns and Cardwell

well adapted to marine life (Larkum & den Hartog respectively in North Queensland. Along the coast
1989). from Shark Bay south, seagrasses are found in

enormous meadows along the Western Australian
Seagrasses are marine flowering plants whichcoast through to South Australia, into Spencer Gulf
reproduce by producing flowers fertilised from andGulf St Mncent. In Vstern Australia alone these
pollen, producing seeds or seedlings. There are aboumeadows occupy the same area as rainforests in the
30 different species from 12 genera of seagrass inwhole of Australia (22 000 sq km).



Seagrasses usually grow on sandy or muddyThe juveniles of the western rock lobster forage in

substrates; they depend upon their rhizomes orseagrass meadows close to the reefs in which they
underground stems for anchorage. Their distributionshelter(Joll & Phillips 1984) With the loss of seagrass

is dependent upon temperature axgosure to wave meadows in Westernport Bay came a decline in

actionbut most importantly upon light. Asperance, = commercial fishing (Bulthuis 1983).

X\;esterr;] Austrglla, seagralsse_s have b((ajezn fo_ur][:j] t_%eagrass leaves act as a filter; the strap-like leaves of
m whereas, in many estuaries, around 2 m s e'rseagrass plants slow the overlying water thus

depthliimit, allowing any sediment that is suspended in the water

Great care by environmental managers is taken td fall out into the seagrass meaddihis sediment is
ensure that seagrass meadows are not damaged 8tade up of silt and inorganic and organic particles
lost. Seagrass meadows are held in such high esteeffom the breakdown of plants and animals (Bulthuis
because they are important for a number of reasongtal- 1984a).

which are presented in the next sub-section. The extensive rhizome systems of most seagrass

In 1989 many of the pre-eminent scientists working Meadows stabilise the underlying sediment and
on seagrass biology, ecology, taxonomy andPrévent sediment movement. Many beaches,
biogeography collaborated to produce the definitive channelsand sandy bottoms are stabilised by seagrass

bookon seagrasses in Australia (Larkum et.@Bg9).  'Nizomes.
Seagrass meadows play an important part in the
) : cycling of nutrients and in the food web of these
countries attended a workshopseagrass biology at . .
. . inshore coastal areas. The leaves and stems, in the
Rottnest Island near Perth in Western Australia. -
. ) ) " case ofAmphibolis support numerous and abundant
Forty-nine peer reviewed papers were published in_ . : .
. epiphytes which are fed upon by amphipods and
the pre-workshop proceedings and of these 17 were_ . . ) :
. Snails (Jernakoff & Neilsen, in 1997). The discarded
on Australian seagrasses (Kuo et al. 1996). . .
leaves and epiphytes are broken up by wave action
and bacteria, and a large suite of detritovores fill the
1.1 Importance of seagrass base of a complex food web. Commercially, this is
importantbecause the western rock lobster forages in
Seagrass meadows are the nursery grounds for many ;.. .
. ) . etritus and consumes fauna and plant material
of Australia’s commercial fish and crustacean

. : . . (Jernakoff 1987).
species. The juveniles come into the seagrass
meadows for protection against predators, to feed onSeagrass leaf and epiphyte detritus are important
the epiphytes growing on seagrass plants and to feegomponents of the food web in coastal ecosystems.
onthe oganic detrital rain that falls into the meadow Leaves are lost in storms or are replaced by new
from the water above. For example, in the Gulf of leaves, epiphyte turnover is very high and the
Carpentaria, the east coast of Queensland ancpiphytesalso contribute to the food web.

north-eastern Arnhem Land, juvenile tiger prawns geagrasses are not fed upon by many herbivores.
(Penaeus esculentusand P. semiscatys and  However, of significance, in the tropics, the dugong
endeavour prawns Metapenaeus ensiand M. (pygongdugor) ingests leaves and rhizomes, and the
endeavoul) have seagrass meadows as their nurseryyreen sea turtleGhelonia mydds eats leaves. In
grounds(Staples et al. 198%oiner et al. 1987; Coles \yarm temperate seagrass meadows, seagrasses are
et al. 1993). Post-larvae of both tiger and endeavouteq on py a few fish, notably hemiramphids and
prawnssettle from the water columnto the shallow  onacanthids, but grazing is most usual on the
inshore seagrass meadows and, as they grow, the¥niphytes and carried out most commonly by
move into and through the deeper meadows. After amg|lyscs and amphipods (Klumpp et al. 1989).
cyclone four years ago, the banana prawn industry

suffered badly because seagrass meadows werg 2 Relationshipwith other

destroyed. The loss of 183 sq km of seagrass in the : :

Gulf of Carpentaria has resulted in a loss of between environmental habitats

250 t/yr and 300 t/yr of tiger prawn production Generallyseagrass meadows fringe the shorelines of
(Poineret al. 1993). many coastal areas. The meadows cannot withstand

In Januaryl 996, sixty-five researchers from fourteen



great energy from swell or waves so they are usuallyremains that accumulate on the nearby beaches.
foundin sheltered bays, estuaries or within the lee sideThese detrital wracks are the source of nutrients for
of reefs or other barriers. The shallower edge of offshore communities and support part of the food
seagrass meadows is limited by water depth and theveb of thismarine environment (Robertson & Hansen
ability of plants to withstand breaking waves. The 1982).

deeper edge is limited by light; in some places this Seagrass meadows are often protected from the full
meanghat seagrasses grow no deeper than one or tw?orce of open ocean swell and waves by offshore

metres whereas in ocean water seagrass plants ha\f@efs Many of the vast seagrass meadows eftafn

téeen fcl)::mci It_o grow ;t gecp tTS of g??lnl]_ mdthe Grea'[Aus'[ralia are there because they are protected from
arrierReef Lagoon (Rob Coles, Q an swell by shallow offshore limestone reefs. A few

Fisheries). seagrasses have adaptations to live on rock. Both

In the tropics, where substrate allows, seagrassSPecies offhalassodendromre only found on reefs
meadowsmnay reach into the mangrove foresalkeér  andbothAmphibolisspecies itemperate regions and
and Prince (1987) refer only thlalophila ovalis ~ Thalassiain Queensland can grow on reeafswell as
reaching into the mangroves in their description of sand.

seagrasses on the north-west coast. Seagrasses in the

tropics often reach into intertidal mudflats (e.9. 2  State

Moreton Bay, Trinity Inlet, the Gulf of Carpentaria

and Cape Flattery). Species dfalodule and Seagrass plants require sufficient light to make
Halophila are usually well represented and these €nough carbohydrates to meet their growth and

areas contain significant numbers of commercial 'espirationrequirements. The deptb which seagrass
juvenile prawns. grows is partly determined by the amount of light it

receivesAt the shallow edge dhe seagrass meadow
Coral reefsare synonymous with oligotrophic waters growth is determined by wave action and exposure
(water with very low concentrations of nutrient); time at low tide. There are many morphological forms
wateris low in plankton and attenuation of lightis low of seagrass and some have the ability to withstand
Seagrass may grow in sandy lagoon areas betweemorewater movement than others, some have a lower
reefs, offshore in deeper water, or in lagoons fringedcompensation light level than others, and some have

by coral or coral rubble that retain water although the the ability to colonise and regrow rapidly when
tide has receded well below the lagoon level. disturbed.

Beaches may or may not be fringed by seagrassetocally, water temperature does not make a great
dependingupon the aspect and exposure of the beachdifference to the distribution of seagrasses, but on an
Exposed beaches with surf usually do not haveAustralia-wide basis seagrasses are divided into
seagrasses offshore, but beaches protected from thieopical and temperate species. On the east coast,
prevailing swell by headlands have well developed tropical and temperate species meet at Moreton Bay,
seagrass meadows. These meadows reduce samhile on the west coast this transition region is wider
erosion or accretion and maintain high water quality. and stretches between Perth and Shark Bajpably

The seagrass meadows are often considered &ecausefthe warm, south-flowing Leeuwin Current
nuisance by local councils because of the drift plant(Larkum & den Hartog 1989; Walker 1991).
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Cymodocea rotundata
Cymodocea serrulata
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Posidonia australis
Posidonia angustifolia
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Thalassodendron pachyrizum Posidonia coriacea

Figure 1: Distribution of seagrass species along the Australian coastline divided into CONCOMgions

Note: Seagrass meadows are the shaded areas along the coast and the lists are of seagrass species found in each CONCOM region.
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The distribution of seagrass species is shown incoast. Ten species of seagrass are represented here.
Figure 1; the coastline of Australia is divided into Zostera and Heterozosteraare the most common
those regions recognised by the Council of Naturegenera with Zostera capricorni growing from
Conservation Ministers (CONCOM). A very Queensland to Mallacoota, where it is replaced by
broad-scale map of seagrass distribution is alsoZoSteramuelleri there is an area betwegn Jervis B.ay
shownin Figure 1. The distribution and boundaries @1d Mallacoota  where the species coexist.
of the ranges of seagrass species are tabled iHeterozo'stera tasmanicgrows as far nor.th as Port
Table 1.Total areas of seagrass by Statessmavn Stephensgn New South \eles and is more likely to be
A . found in oceanic water than in estuarine water.
in Figure 2. It can be seen from this that Western

. . Zostera muelleriis more tolerant of exposure than
Australiaand South Australia havke lagest areas Heterozostera tasmanicand is slowly replacing

of seagrass meadow and that there is an enormous, .« areas in Western Port Bay wherdasmanica
area of seagrasses in the Torres Strait. Not albnce grew. Three speciesidélophila grow in New
seagrasmeadows in Australiaave been surveyed  goythwales and ¥toria but only twoH. ovalisand
andthis figurewill undoubtedly change as mapping H. australis cover large enough areas to be
andsurveying continues. Ongoirsgirveys that will  consideredis meadows. The rangettf ovalisandH.
add to the areas in Figure 1 are likely to be indecipiensextends the length of the New Soutlalés
Queensland, Western Australia and Tasmania.  coast, whileH. australisis present between central

New South Wales and all of Victoria and Tasmania.
2.1 SeagrasseSf(NeW South Wales, Halophila has a wide habitat range but is usually

Tasmania ard Victoria found growing in small patches with other seagrasses.

TheseStates are probably the leastll represented in  Its biomass is less than other speciesiahéds marked
seagrass diversity and abundance of the Australiarfeasonal growth.

WesternAustralia
/ 43.2%, 2200 kn?

Victoria

0.2%, 10 kmd ——___

South Australia
9.8%, 500 kA ————=

<—— Tasmania
1.0%, 50

New South Villes
km?

0.3%, 15km—

East Coast Queensland
8.4% 430 kiA

Gulf of CarpentariU’

1.8%, 90 kM

\ Torres Strait

35.3%, 1800 kn?

Figure 2: Estimates of seagrass areas

Note: Percentage shows contribution of each state area to the total area of seagrass in Australia (5100 square kilometres)
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Posidonia australishas a northern most range at Coastal lagoons also harbour seagrasses which are
Wallis Lake, New South Wales, but is widely affected by the frequency with which the lagoon
distributed in southerAustralia.Posidonia australis  entrance is broached by the sea. In Smiths Lake in
occupies fewer habitats than doEeterozostera  New South Wales, for example, the coverage by
ZosteraandHalophila along the southern amsstern  Zostera and Halophila is greater during marine
coasts of Victoria and New South Wales, where it conditionswhen the bar ispen than during less saline
avoidshyposaline conditions and unstable sediments,periods.Hyposalineconditions do not suRosidonia,
but is more tolerant of wave action than are the otherwhich is absent from intermittently open lagoons.
taxa (West et al. 1989). Thereare also several open bays in New Soughed/
containing seagrasses. Those at the mouths of large
Recently, the large beds oPosidonia on the  estuaries may undergo periods of high turbidity and
north-west coast of Tasmania and those betweerlow salinity (e.g. Botany Bay and Batemans Bay).
Flindersisland, Capéarren Island and Clarke Island Bayswhich experience high wave eggrare likely to
in eastern Bass Strait were found to consist mainly ofsupportP. australis(e.g. Twofold Bay and Batemans
P. angustifoliaand notP. australis This extended the  Bay) (West et al. 1989Posidoniagrows as patches
range ofP. angustifoliafrom Adelaide to Flinders of only a few hectares in these bays sometimes
Island. hundred=f kilometres apart from the each otH@ne
hypothesido explain the disparate distribution is that
The high-energy coastline of south-eastern Australiathese patches are relic communities left over from a
reStriCtSSGagraSS to estuaries and prOteCted bays. Thgea level rise that occurred about 5000 years ago.
distribution and dominance of the four seagrass Much larger meadows existed then but disappeared
genera [Kleterozostera, Halophila, Zosterand  when the depth increased beyond the light
Posidonig are dictated by the occurrence and naturecompensatiorfevd forPosidonia australis
of those coastal features whicHesfa suitable growth
habitat for them. The majority of the coastal features Using aerial photographiest et al. (1985) reported
where seagrass grows in New South Wales ardhat a total of 155 sq km along the New South Wales
estuarine. Zostera occurs in 93% of estuaries, coastwas covered with seagrass. The largest area of
Halophila in 66% andP. australisin 43% (West Seagrass occurred in Wallis Lake (3078 ha) where
1983). there is ndHalophila-only ZosteraandP. australis
followed by the Clarence River, 1907 ha4istera
Estuaries have been classified into three basic type@nd Halophila; and Lake Macquarie, 1339 ha of
according to their entrance characteristics: drownedZostera, Halophilaand Posidonia There is little
river valleys, barrier estuaries and coastal lagoonsinformation on eastern Victoria although large areas
(Roy 1984). Distribution and occurrence of Of seagrass are known to exist at Mallacoota Inlet,
seagrassesary between types of estuary and are alsoGippsland Lakes and Corner Inlet. In 1965, it was
affected by the age, catchment area and stability ofestimated that there were 11 900 ha Rafsidonia
eachestuaryIn general, there is a higher coverage by australisgrowing in Corner Inlet as well &ostera
seagrass about 3 km back from the estuary entranceéindHeteozosteraMorgan 1986).
althoughZosteramay be found in feeder creeks and
cut-off bays further upstream. The species’
distribution also depends on substrate type and
stability. All four genera occur predominantly on
marine sand. At Port Hacking, New South Wales
Zostera and Halophila will readily recolonise
seaward-facing sands subjected to frequent
disturbance by storms. Posidonia australis
recolonises less readily; in Botany Bay, for example,
large areas that once supportedsidoniaare now
occupied by Halophila and Zostera after the  Tasmanian seagrasses have not been well studied or
Posidoniawas removed by human disturbance and explored. Amphibolis antarcticaextends to Maria
waveaction. Island on the east coast and it is found on the north

In Victoria, Port Phillip Bay and Western Port Bay
have largeAmphibolis antarcticameadows at their
entrancesThis species has MWonsPromontory as its
easternmost range in Victoria. Western Port Bay has
' 7200 ha of Zostera muelleriand Heterozostera
tasmanica remaining after a 70% reduction in
coverage since the early 1970s. Port Phillip Bay also
contains large areas @osteraand Heterozostera
particularlyin Swan Bay and Corio Bay

12



coastPosidonia australi@ndP. angustifoliagrow in estimated loss of 50% ofZostera capricorni
extensivameadows on the north coast and in shelteredcommunities from the estuaries of northern New
bays among the Bass Strait islands such as FlinderSouthWales. It isthought that the 60% losses from the
Island (Rees 1993). Their range extends to Little Clarence and Tweed Rivers over 30 years are due to
Swanport on the east coadeterozostera tasmanica increased turbidity associated with a general decline
and Zostera muelleriform dense communities in in water quality

shallow sheltered bays along the east coast, Derwe

Estuary and Port Davey,. n{'herehave been unquantified reports of the decline of

Posidonia australisn Corner Inlet, Victoria, and a
reduction in the number of fishermen operating there

292 Seagrassiecline in New South from 30 in the 1960s to 16 in 1978. No cause could be

. . . pinpointed although human changes are implicated
Wales, Tasmania ard Victoria (Poore 1978). Western Port Bay, Victoria, supported

extensive seagrass meadows when it was first
exploredin 1899. Inthe early 1970s, 37% of the area
of Western Port (25 000 ha) supported seagrass and
dnacroalgae (Anon. 1974}leterozostera tasmanica

A number ofseagrass communities have been studied
in detail due to concerns that an appadadine in the
extentof seagrasmeadows has taken place iorthe
case of Jervis Bay, New South Wales, as backgroun

. . o N )
before development of the area. In 1953, the area Ogommated in terms of productivity (50%), with

seagrasses in Port Macquarie was estimated amOStfraI mCueIIIe rr' Ampht'bi?jl's Ianta:ctlci?r;d ;gg 4
2548 haas part of an investigation into declinifigh acroalgai-aulerpa cacloldesaiso present. by

stocks. By 1985 the area of seagrass had declined bg/r_lly 7200 ha of seagrass and macroqlgae remalned,
1131 hato 1417ha. The declinén seagrass coverage ith a 90% loss oHetelozostera tasmanic@ulthuis
was probably due to increased turbidity in the lake ZtS%I(')/l33?;?2}‘2?10{;%[2?)s\l;;vgr'ggnsdesgr?‘zsséh?;E;\j\llsﬁg
from human activity (King & Hodgson 1986). oom o : '

y (King g ) in an 85% decrease in the standing crop of Western
Botany Bay is a shallow bay covering 4600 ha, with 'Port.Su.ch a dgclir)e appeared to be 'due to an increase
extensiveareaf seagrass. Aerial photographs taken I fine silt coming into the bay from river runipand
between 1942 and 1986 show a loss of 58% of thethis adhered to the seagrass leaf blades, blocking off
Posidonia australismeadows, an area of about light. Initial losses of plants caused further erosion of
2500 ha. Reasons contributing to this loss maymudbanks and an increase in turbidity anddeeline
include: increased wave climate and erosion due toP&came self-perpetuating (Bulthuis 1983).

dredging; major storm events in 1974 and 1975; Becausdhere is neearly map of seagrass distribution
eutrophication due to sewage input; and grazing byjn Bass Strait or Tasmania there can be no record of
the sea urchiieliocideris erythrogramméglarkum seagrasarea decline. Human activity is probably less
& West 1990). Prawn trawling on seagrass meadowsy, this area so not as great a decline is expected here

may also have compounded some of these eventgs has occurred in parts of Victoria and New South
(Kirkman, pers. observation). Larkum (1976) \y;gles.

suggestedhat once degradation i australisbegins

it may be self-perpetuating: there has been no
regrowth of P. australis over the 44 year period.
Zostera capricorni has replaced much of the Species with warm temperate affinities in the genera
P. australisand covers an estimated 308. However Posidoniaand Amphibolisdecline in number from
this species has a lowsurface area thad australis west to east, with a corresponding decrease in ocean
andtherefore fewer epiphytes, infauna and associatedemperatures. Encounter Bay is the eastern limit of
animals. BothZosteraand Posidoniameadows in  Amphibolis griffithii Lacepede Bay ofosidonia
BotanyBay house a diversity of juvenile fish species, sinuosaRivoli Bay of P. coriaceaandP. denhartogij

and at least five species of commercially important and Port MacDonnell ofP. angustifolia and P.

fish use Zostera meadows alone (Bell & Pollard australis The cool temperate specigsalophila
1989). The current development of the third runway australisis distributed throughout this region, as are
for Sydneyairport in Botany Bay will probably cause Amphibolis antarcticaHeterozostera tasmaniand
further loss of seagrass from the Bay. There is anZosteramuelleriandmucronata

2.3 Seagrassesf&outh Australia
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Thedistribution of seagrass is a function of twastal  northernsection of the GulfHeterozosterdasmanica
topography, bathymetry and environment. The mostdominates the intertidal flats and mix@bsidonia
extensive seagrass meadows are found in Spencesinuosaand Amphibolis antarcticagrow subtidally.
Gulf and Gulf St Vincent, with a total of over By 1949, Outer Harbour (Adelaide) hiadt 900ha of
5000 sq km of seagrass. Spencer Gulf and Gulf Stseagrass after construction of retaining walls and
Vincent offer large expanses of sheltered, shallowgroynes and subsequent sediment accretion
water for seagrass growth. Both gulfs are dominated(Shephercet al. 1988).

by Posidonia species. In Spencer Gulf there are
3700 sq km of Posidonia meadows and Gulf St
Vincent has 1530 sq km withmphibolis antarctica

A. griffithii andHeterozostera tasmanicaccupying
edges, blowouts and smaller areaddalophila

There have also been significant losses of seagrass
due to sewage effluent. With the commencement of
dischargeof sewage sludge from the Bolivar outfall in
1967, loss oH. tasmanicaaround Port Gawler was
o . immediate. By 1976, there wefosidonialosses
australis is sparse but Wldespread .aritbs'tera exhibited by a decline in leaf density, weight and
mucronata and Z. muelleri are found intertidally length and an increase in epiphytes on the plants.
across the gulfs (Shepherd & Robertson 1989). Pre-1978, around the Port Adelaide outfall, 85% of

. - 0
Theclear waters at the western shore of SpeGedir g]c?s%rgr?i;vas?ni%vsigg %?pshﬁsglzzszhf:rggggg 53%
allo lants to grow to considerable depths. . 0 :

w P grow ! P 30% mixed meadows. By 1981, tRe sinuosawas

Macroalgae are better adapted to low light than are
seagrassdsut seagrasses cgrow to depths of 25-30 reduced by 50% af‘d by 1982' 365 ha hf"ld gone. An
even more extensive decline & antarcticatook

metresat the base of exposed fdibf the eastern Eyre . . : .
Peninsula, where they are unaffected by Swe“_place, with 1500 ha. lOTSt over this perl_od. This
However, seagrass distribution along the exposedsugg.etl.StS ttht?]tAmf?h'?OI'sf mﬁ?y ?el %?]rt'cma;h/

coastis patchy and restricted to bays or the leeside of>ENSIlive fo the etiects of eltiuent. In the southern

reefs and islands. Streaky Bay, Smoky Bay andsection of the Gulf, wher®osidonia angustifolia
Fowlers Bay have.extensive meaidow:?otsidonia P. sinuosaand Amphibolisform extensive meadows,
sinuosa and P. angustifolia both species of 800 haof seagrass was lost around the Glenelg outfall

Amphibolis, Halophila australisand Heterozostera between 1935 and 1987. Overall losses for the Gulf
tasmanica Fowlers Bay is the western most site amount to more than 6000 ha of seagrass (Shepherd

containing extensive seagrass meadows before th&! al. 1989; Neverauskas 1987).
cliffs of the Great Australian Bight where there is no

. . In Spencer Gulfpear Port Broughton, fishermen and
suitablehabitat for seagrasses. b um ug I

locals have complained of widespread losses of

Large seagrass meadows also occur along thédmphibolisclose to the intertidal zone. This may have
south-eastern coast of South Australia. In LacepedePccurred  through —unusual  weather patterns
Bay, near Kingston, a very largdosidonia coincidingwith extreme low tides, but some research
angustifoliameadow provides drift leaves that are Nt the past history and cause of this loss should be
harvested from the beach for soil conditioner and carried out. Insufficient background data in the form
compost mixes (Kirkman & Kendrick 1997). ©of accurate mapping make_s it very difficult to
Seagrasses are also distributed along the coastline ifompare cover at different times. Also, near Port
coastalagoons. The lgerones in South Australia are  BroughtonPosidoniafibre was harvested by dredges
West Lakes (Adelaide), withZostera muelleri N the years preceding the First World War
Heterozostera tasmanicand Halophila australisat ~ (Winterbottom 1917). It is not possible to see from
different depth zones, and the Coorong, an extensivéerial photographs going back to 1947 the exact

lagoon system in the south-east of the State,Scours left by the dredges, but a large irregularly
supportingZostera muellerandRuppiasp. shaped area of bare sand surrounded by seagrass can

be seen. This patch is visible in photographs taken in
. . 1957 (Figure 3) and 1994 (Figure 4) and illustrates the
2.4 Seagrasslecline n South slow recovery ofPosidonia Seismic blasts were
Australia made in the seagrass meadows near Edithburg, Gulf
St Vincent, in the 1960s and these marks can be
There has been a well-documented decline inplainly seen from aerial photography of 1992
seagrassnthe eastern side of Gulf Striéent. Inthe  (Figure 5).

14



Figure 3: Cleaed area in seagrass meadow near Figure 4: Cleared area in seagrass meadow near
Port Broughton, 1957 Port Broughton, 1994

Note: Aerid Photo 1957 Note: Aerid Photo 1994
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Figure 5: Seismic testing carried out in 1952 near
Edithburg

Note: Aerid Photo 1993

2.5 Seagrassesf@estem Australia

different habitats and communities occurring over
this latitudinal range. There are 11 genera and
26 speciegepresented across this region. Tropical
species have their southerly limits on this coastline.
Thalassia hemprichiand Thalassodendron ciliatum
extend to 22S, a latitude which is also the northerly
limit of the temperate speciésnphibolis antarctica
Cymodocea angustatextends south to Shark Bay;
Halodule uninervisand Halophila spinulosaextend
south as far as 2%; Syringodium isoetifolium
32°S—five degrees further south than its range on the
east Australian coast, due to the warm, southflowing
Leeuwin Current (Walker & Prince 1987; Walker
1991)(Table 1).

Eight Posidonia species are found on the
south-western coast of Western Australia. The most
widespread species iBosidonia australiswith a
rangefrom SharkBay in the north to Lake Macquarie
in New South Wales and including northern
Tasmania. Its range is probably defined by
temperaturéKirkman & Walker 1989; Vdlker 1989).

Despite the wide latitudinal range of the Western
Australian coast, the sea temperature range is very
small and the distribution of seagrass species reflects
the availability of a suitable environment. In the more
southerly latitudes, two Posidonia seagrass
complexes are recognisetbstenfeldii’, including

P. robertsoniae, P. kirkmanii, .lPoriacea and

P. denhartogii and ‘australis’, consisting of

P. australis, P. angustifolia and P. sinuosa Each
complexhas distinct habitat requiremerasidonia

is very abundant along the south-west coast which is
more exposed than coasts further north; and here the
memberf the‘ostenfeldii’ complex,with their deep
rhizomesand strong leaves, are most successful.

Israelite Bay, Esperance Bay, King George Sound,
near Albany, and Geographe Bay are examples of
largeareasof seagrasses. Some species may be found
atdepths of greater than 80, dependingn the water

Southern Western Australia has the largest and theclarity. Posidonia australiand P. sinuosadominate
most diverse seagrass meadows in the world. Thergrotected habitats, with sonfenphibolisand other
are about 2200 sq km of seagrasses—the same arespecies in small areas. The distribution of species
thatis occupied by rainforest in the whole of Australia within these bays is a reflection of water movement
(Kirkman & Walker 1989). The coastline of Western gradients and depth zonation (Kirkman & Walker

Australia extends from £% to 35S with many
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Table 1: Distribution and range limits of Australian seagrasses

Genus Species Western Boundary Eastern Boundary

Halophila australisDoty and Stone Dongara, WA (south) Port Macquarie, NSW
ovataGaud, in Freycin Cape York, Qld
spinulosa(R.Br.) Aschers. Dongara, WA (north) Moreton Bay, Qld
decipiensOstenfeld Perth, WA (south) Sydney, NSW
novasp. Perth, WA (south) Augusta, WA
tricostata Greenwood Great Barrier Reef, Qld

Posidonia angustifoliaCambridge and Kuo Perth, WA (south) Flinders Island, Tas
australisHook.f. Shark Bay, WA (south) Lake Macquarie, NSW
sinuosaCambridgeand Kuo Shark Bay, WA (south) Adelaide, SA
ostenfeldiiden Hartog Augusta, WA (south) Adelaide, SA
denhartogiiKuo and Cambridge Perth, WA (south) Adelaide, SA
kirkmanii Kuo and Cambridge Augusta, WA (south) Adelaide, SA
robertsoniaeKuo and Cambridge Albany, WA (south) Adelaide, SA

Syringodium isoetifolium(Aschers.) Dandy Perth, WA (north) Moreton Bay, Qld

Halodule uninervis(Forsk.) Aschers. in BoissieDongara, WA (north) Moreton Bay, Qld
pinifolia (Miki) den Hartog North QId

Enhalus acoroides(L.F.) Royle Port Hedland, WA (north) Townsville, Qld

Thalassia hemprichii(Ehrenb.) Aschers. Exmouth, WA (north) Townsville, Qld

Amphibolis antarctica(Labill.) Sonder et Aschers.Exmouth, WA (south) Wilsons PromontoryVic.
griffithii (J.M. Black) den Hartog Kalbarri, WA (south) Victor Harbour, SA

Cymodocea rotundataEhrenb. and Hempr. ex North QId
Aschers.
serrulata (R.Br.) Aschers. and Magnushark Bay, WA (north) Moreton Bay, QId
angustataOstenfeld Shark Bay, WA

Thalassodendron pachyrhizunmden Hartog Kalbarri, WA (south) Cape Arid, WA
ciliatum (Forsk.) den Hartog Port Hedland, WA (north) Townsville, Qld

Zostera capricorni Aschers. Jervis Bay, NSW (north) Cairns, Qld
mucronataden Hartog Perth, WA Melbourne, Vic.
muellerilrmisch and Aschers. Yorke Peninsula, SA (south) |Jervis Bay, NSW

Heterozostera E\sTanica(Martens ex Aschers.) den Dongara WA (south) Jervis Bay, NSW

artog

From Geographe Bay north, there are fringing reefsare found together to a water depth of 11 m. The
forming coastal lagoond?osidonia sinuosas the Swan—Canning  estuary has 5sgkm  of
dominant species, covering many hundreds ofseagrass—mainlyHalophila ovalis with some
hectares in the lagoons. Othawustralis’ members  Zostera mucronata Rottnest Island has some
occur within the lagoons andstenfeldii' complexes  Halophila ovalis but in these clear waters,
occupy sandy areas of more turbulent waters.Amphibolisis the most important genus overlying
Cockburn Sound is well protected by Garden Island.limestone rock. In all, nine species of seagrass are
Here members of theéaustralis’ complex with foundin the Perth region (Kirkman 1985; Kirkm@&n
Amphibolis antarcticeandHeterozostera tasmanica Walker 1989).
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North of Perth, offshore reefs and islands, tombolasthe next most abundant plant. It may form an
and the shore form many lagoons—an example ofunderstorey t@\. antarctica andP. australisor grow
which is the sheltered Cliff Head lagoon which has aon the intertidal flats in sparse mixed stands with
50 sq km meadow of dendeosidonia The reefs  Halophila ovalisandH. ovata These stands are the
alongthis stretch of coast are the centre ofwlestern  preferred grazing area for the large number of
rock lobster fishery. The seagrass beds are sites oflugongs that occur in the bay. North-east and east of
settlementnd nocturnaloraging for the juveniles of the bay, monospecific stands ldalodule uninervis
Panulirus cygnugwestern rock lobster) with up to are the site of the dugong summer feeding grounds.
13% of their diet consisting of seagrass and itsOther seagrass species in Shark Bay include
associated macrofauna, particularly gastropods‘tropicals’ such asSyringodium isoetifoliumand
(Jernakoff 1987; Kirkman & Walker 1989). Cymodocea angustatavhich does not occur further

. . south)(Walker 1989). Recentlyan area of 129 dqn
Around Dongara further north, Seven Mile Beach is ot ya10nhila spinulosavas found in the north east of
a highly disturbed habitat despite protective reefs. g gay This large area of plants helps sustain the
Halophila ovalis, Halodule uninervis, Heterozostera 14 ggg grazing dugong said to inhabit Shark Bay (P.

tasmanica and Syringodium isoetifolium form Anderson, Calgary University, Canada, pers. comm.:
communitiesn the disturbed sands. There are naturaIHe|ene Marsh, James Cook University of North

seasonal fluctuations in the amount of cover of up to
80%. However Amphibolis antasticaandA. griffithii
form stable and extensive meadows, which did notLittle is known about the extent of seagrasses north of
fluctuate in area over a six-year study period (Clarke Shark Bay. Nine genera with 14 species, many with
occupy sheltered lagoons from Seven Mile Beach tocan be divided into four main habitatShalassia
Geraldton and north to Kalbarri. The Zuytdorf Cliffs hemprichii dominates atoll coral reefs, while large

aresubjected to heavy wave action and seagrass is ngeadows ofEnhalus acoroides, Thalassodendron
abundanuntil Shark Bay ciliatum and Cymodocea serrulataccur on inshore

reefs and banks. Offshore islands and sand cays
At 26°S SharkBay (with an area of 1800 sgkm) has  supportlarge populations of. ciliatum On extensive
some of the largest and most diverse seagrassntertidal-subtidal flats,Halodule and Halophila
meadows in the world, with seagrass the dominantdominate (Walker & Prince 1987).
macroorganism in the Bay. The high diversity is

thought to result from a regime of intermediate Australia where it i laced tataNorth
disturbance and occasional cyclonic events. Shark ustralia where it is replaced ig. angustataNor .
of Cape Leveque, however, 1500 km of coastline

Bay is also the site of an overlap between temperate

. . .. remains unsurv for rass. Some ar f th
and tropical seagrass species. The bay has restricted: ains unsurveyed for seagrass. Some areas of the

exchange with high evaporation leading to imberley coss:llne acﬁ' knownl to btihunswtz;lble; f(t)r:
hypersalinity in its eastern parts. Through sedimentsl<(_w%r"’lfs‘3S u tcon ||olr31|s along Ie (rjes 0 €
accretion and current attenuation, this huge imberley coast resemble Queensland seagrass

agglomeration of seagrass has further modified itsh?té't?]t'll—lere’ ae”%' p?rc:tcl)grapgs h;;lve rg\l{e?Ied Zanks
own environment with a subsequent accretion of 0! =NNAUS acoroldest halassodendron cliiatuiian

barrier banks. Behind these, hypersaline conditionsCymOdOCea serrulatas well as intertidatalophila

exclude seagrasses, and now favour the growth OPndHalgtdulecomrt'ntmltles.tl;]/lore detailed ?Ud'eps gre
stromatolites. At the northern limit of its range, requiredto accurately map these communities (Poiner

Amphibolisantarcticais the most abundant species in etal. 1989).

Shark Bay, with monospecific stands accounting for The extensive and diverse seagrass communities
3676 km or 85% of the total seagrass beds. MixedalongWestern Australia coastline may battributed

A. antactica and Posidonia australisstands are to the general suitability of the coast which boast a
found in the eastern part of the bay; this is also thevariety of habitats and a range of tropical and

northern limit forP. australis Halodule uninervids temperatespecies available for colonisation.

QueenslandTownsville, pers. comm.)

Cymodocea rotundatais absent from Western
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2.6 Seagrass declineaniWestern uninervis, H. pinifolia and Cymodocea serrulata
Australia range throughout this region. Other wide-ranging

species includerhalassia hemprichiend Enhalus
Developmenbf heavy industries and the disofeuof acoroides Thalassodendron ciliatumis found
industrialwasteinto Cockburn Sound commenced in associated with hard substrates and corals (Poiner et
the 1950s. By 1969 there were widespread losses oél. 1989).
seagrassesnd by 197897% of the original 34g km
of seagrass had been lost (Cambridge & McComb2.7.1 Torres Strait

1984). Examination of the many possible causesTgrresSraitis a fiallow (30-50m deq in the eag and
showed that increased nutrient loading from effluent 1g_15m in the west) body of water approximately
hadgiven riseto an explosion in epiphytic growth. As  160km long (north—south) and 2&en wide
aconsequence, there was an overall 63% reduction "‘(east—west). The area has a complex bathymetry with
light reaching seagrasses in declining meadows.|arge numbers of islands, shoals and reefs. Two
Controls on effluent input have helped to arrest the physiographic regions characterise Torres Strait. The
decline but there is little evidence of regrowth fi st is e westen islands which representhe peals o
(Cambridgectal. 1986; Silberstein et al. 1986). There the growned ridge extendirg from Cape York to Papua
have also been losses of seagrass in Princess Royflew Guinea Cord reek fringe mary of the islands and

and Oyster harbours near Albany. These two baySareweII-deveIopd in the shallow wata betwea them.
havesmall mouths and consequently water movementThe north-eastar portion of this regionis an extensive

is restricted in them. They fefr classical examples of  ghgji0w (less than 10 m) seabed with well-developed
eutrophication. Oyster Harbour has the King and ggnd waves. The second physiographic region
Kalgan rivers running into it; they are rivers from encompasses the numerous platform reefs, atolls and
large catchment areas of rich farming land. Princessyg rierreek in the easten Torres Srait. The cominant
Royal Harbour has no river entering it but was the featyre of this region is a large, north—south oriented
dumping ground for local industries and the town platformreef—tre Warrior Reef complex—thaimost
sewage flowed back into the harbour from a nearbypjsects Torres Strait. Winds are seasonal, with strong
dischargepipe. There is a 66% logsver 7sqkm) of  ggyth-east trades in the austral winter (May—October)
seagrasfrom Princess Royaflarbour and a 46% 10ss  ang north-western monsoons in the austral summer
(over 8 sq km) from Oyster Harbour (Bastyan 1986; (pecember—Februarytrong tidal current (more than
Walker & McComb 1990). 1 m/s) flow dternatively eag and west but there is no

evidene d net currert flow throuch the Srait.

2.7 Seag rgssesfanorthern Torres Srait supports oe d the largest seagraseeas
Australia in  Australia. A total of 17500sqkm of
NorthernAustraliais here defined as the area between seagrgss—supportlmgblta asso_matd_ \.N'th 25 km o
the Western Australian border and Torres Straitcoas’[IIne or reef has been identified and mapped.
(Figure 1). This area encompasses three broa dTwelve seagrass species have been recorded and the
geographical regions: Torres Strait, the Gulf of i;?mjrﬁgg;:t; d:es g;erzgegf nglr\tlﬁésr:tx\usct):ali;izgrass
Carpentaria and the north-westem coasts of theweII as the mixed-species reef-flat communiti'es and
Northern Territory. Five thousand kilometres of the P

NorthernTerritory’s coast west of Cape Arnhem is the depth-zoned open coastline communlt.les similar to
. those found in the Gulf of Carpentaria, two other
least well known of these northern regions.

communitiesoccur: gparsey distributed mixed-species
Unlike temperate seagrass species, tropicalopen ocean communities, and subtididdlophila
seagrasses tend to occur in mixed-species standsommunitiesThe gpen-ocea communities ae smilar
Thirteen species from seven genera are found acrost the dverse nixed-specieseef-fla communities but
northernAustralia. The region has a greatiérersity occursubtidally (to aourd 40 m depth in the extensive,

of seagrass species and communities than elsewhenelatively shallow waters of the north-western and
in the Indo-Pacific. Fivadalophila species occur in  westernTorres Srait with Halophilaovalis H. spinulosa,
northern AustraliaH. ovatg H. ovalis, H. spinulosa  Syringodiunisoetifolium,  Haloduleininervis  and
and H. decipiens and H. tricostata. Halodule  Thalassiehemprichiithe mostcomma gecies (Poiner,
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CSIRODivision o Fisheries pers comm.) Halophila recolonisation of the area bifalodule uninervis,

(H. ovalis andH. spinulosd communities are present Halophilaovalis, Cymodocea serrulat8yringodium
subtidally off the large continental islands. The isoetifolium and Enhalus acoroidesook place at
open-ocean communities are extensive and especiallyelatively slow rates and much of the area had
occur in central and western Torres Strait and includerecovered to pre-Cyclone Sandy conditions by 1994.
very lush deep-water (more than 30 m) seagrassThese tropical seagrasses took approximately 10
communities Kalophila ovalisandH. spinulosa in years to recover.

south-westerrforres Srait. Very little is known sbout Poiner et al. (1989) reported that following Cyclone
the role” O_f deep ) wate_r, Open-ocean  Seagrass)ason there was a decrease in the above-ground
communitiesn the ropics (Poiner,CSIRO Division of biomasf less than 10 ha in a seagrass bed, but within
Fisheries, persomm.). six months there was no difference between pre- and
2.7.2 The Gulf of Carpentaria post_-cyclone biomass estimates. This indicates _that
tropical seagrass beds can recover from minor
The Gulf of Carpentaria, a shallow marine disturbancesprovided there is sfitient structure for
embayment with a variety of offshore and coastal re-establishment. This is in contrast with the lack of
featuressupports 906 sq km of seagrass habitat alongrecoveryof disturbed temperate seagrasses.
671 km of coastline. Seventy-four percent of the
seagrass is found along open coastline with

depth-zoned _communi'Fies whdfkalodulg uniljervis Theactual cause of this loss is not known although it
and Halophila  ovalis dominate intertidally, 5y have been due to high turbidities resulting from
Syringodium isoetifoliunand Cymodocea serrulata flooding of the Mai River in New Guinea. The cause

subtidally andHalophila ovalis an.d. H. spinulosa  angextent of this loss are currently being investigated
offshore. Ten per cent of communities occur on reefpy CSIRO.

flats in mixed stands dominated byhalassia

hemprichij 13% consist of a region of monospecific 2 g Seagrassesfmorth-eastern
Haloduleuninervisstands often associated with river

During 1991/92 several hundred square kilometrfes
seagrass in north-western Torres Strait disappeared.

mouths, and Enhalus acoroidesdominates the Australia

remainder(Poiner et al. 1987). The region of north-eastern Australia encompasses
the entire eastern coast of Queensland from Cape

2.8 Seagrasslecline in northern York to Moreton BayThe majority of this coastline is

sheltered and supports approximately 4300 sq km of
seagrasglLee Long et al. 1993).

Sparsepopulation and lack of development along this Seagrasses occur near estuaries, in coastal bays, and
coast have meant that there has not been any majan areas sheltered from the predominant south-
anthropogenic-induced loss of seagrass. Howevereasterly trade winds. Moreton Bay (267 sq km),
theseareas are subject to tropical cyclones and floods.Hervey Bay (1026 sqkm), and the area between
Since 1984, the Gulf of Carpentaria has been the sit8arrow Point and Lookout Point (1566 sq km)
of aCSIRO study looking at the impact of cyclones on support extensive areas of seagrass. A total of eight
seagrasses. genera and 14 species are found along this coastline.
Three species dflalophila—H. ovalis, H. tricostata

Poiner et al. (1989) found no noticeable relationship andH. spinulos—are found throughout north-eastern
between the strength of cyclones and their impact ona ctralia and there are a further twalophila

seagrass beds. Only one of the four cyclones to havgpecieguith more limited rangesdaloduleuninervis
passedhrough since the study began (Cyclone Sandy is perhaps the most widespread of all the seagrasses in
1985) caused significant long-term seagrass lossestheintertidal areas of this region, white pinifolia is

This cyclone removed, undermined or smotheredrestricted to the area between Cape York and Cairns.
70% of seagrass cover from the original Xkmin  WhereaCymodocea serrulathas also been found at
the area. Scouring and smothering of the remainingmost sites sampled along the Queensland c@ast,
beds caused further seagrass losses, and by 1986 thetundatais not present south obWnsville.Zostera
entireseagrasses area was lost. This represented 20%apricorni only grows south of 16S. Syringodium

of the total Gulf seagrass area. Since 1986,isoetifolium, Thalassia hemprichii, Thalasso—

Australia
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dendon ciliatum and Enhalus acoroidesare also  declines in coastal productivity and increased
foundat intervals along this coastline (Lee Long et al. sedimeninstability (Shepherd et al. 1989).

1993). Moreton Bay is the southernmost limit of the

ranges of Syringodium isoetifolium, Halodule 3.1 Humanpressures an seagrass
uninervis, Halophila spinulosaand Cymodocea meadows

serrulata(Young 1978).
( g ) It was not until the mid-1970s that the extent and

) ) importance of seagrass meadows were given any
2.10 Seagrasslecline in consideration. The importance was highlighted by
north-eastem Australia studies showing seagrass area loss near centres of
population and the consequent deleterious loss of
In the early 1970s some seagrass species in MoretOﬁursery grounds and beach erosion (Cambridge &
Bay experienced a decline or disappeared completelyMcComb 1984; Kirkman 1978). The losses were
Aerial photographs showed the loss of a stand ofplamed on discharges of domestic and industrial
Syringodium isoetifoliumand decline of &ostera  effluentto the sea (Cambridge et al. 1986). It was not
capricorni community at Toorbul Point. In  yntil then that authorities were made to realise the
neighbouring waters, there was a dieback of extent of seagrass meadows in Australia and the
Z.capricornistands, but by 1981 these had returned.damagehat some of these meadows were ugolielg
Further south at Jumpinpin, a small bed of from human influences.
Cymodocea serrulatavas lost during 1972/73 and is
not expected to return (Kirkman 1978). Increased 3.1.1 Eutrophication

sedimentation and a rise in substrate levels aréan increase in nutrients in the water column is known
thoughtto be responsible for these losses. as eutrophication. As explained earlier, the result of

In 1992/93 an estimated 1000 sq km of seagrass irffUtrophication is an increase in growth of
HerveyBay disappearedhe cause of this loss is not OPPOrtunistic epiphytes which shade seaglessees,

known although it is thought that high turbidities, "€duce their photosynthetic capability. and thus
resulting from flooding of the Mary and Burrum depIeFe storage materlals. Shading may occur either
riversand run-of from two major floods and Cyclone [TOM increased epiphyte loads on the plants or by
Fran,were responsible (Preen et al. 1993). Nevty !ncreased phytoplankton in the water. Nutrients get
years after the floods there was substantiallM© the sea from a number of sources. Sewage,
recovery—apparently from seed germination—in whgthertreated or notr;ontalr_]s_substant_lal quaptltles
deepwater areas (Preen et al. 1995) of nitrogenand phqsphorus; it is often disched into

the sea through pipes after treatment from a sewage

works. Sometimes effluent from septic tanks escapes
3  Pressures into the groundwater and this flows to the sea, or

sewage is discharged into rivers which make their
Australian seagrasses are being destroyed. This caway to the sea. Nutrients also come from agricultural
occurthrough both natural and anthropogesvents. lands where incorrect fertilising practices cause
Human-induced seagrass losses in recent years hawmusedertiliser to run of into rivers, groundwater or
been extensive with over 450 sq km lost (Figure 6). directly into thesea. Another source of eutrophication
There have also been extensive losses due to naturd the nutrients from the effluent of factories and
events such as floods and cyclones, with overindustry generally (e.g. fertiliser factories, meat
1000 sq km lost. Although the human-caused lossesworks etc.). The 97% loss of seagrasses in Cockburn
are less in area than natural ones, the seagrass&ound has been attributed to the bloom of epiphytes
destroyed by humans are usually those that are leagirowing on seagrass plants stimulated by excessive
likely to recover quickly, (e.gPosidonig. Most nutrients, particularly nitrogen (Silberstein et al.
losses, both natural and anthropogenic, are attributed 986). Similarly, in the Albany harbours, nutrients
to reduced light intensity due to sedimentation and/orfrom factories and the sewage works just outside
increasedpiphytism from nutrient enrichment; kot Princess Royal Harbour caused excess epiphyte
some cases othéactors such as sediment instabjlity growth on seagrasses there, and the farmland run-off
dredgingand poor catchment management interact tointo the King and Kalgan rivers brought nutrients
make the process more complex. Loss of seagrasshich helped destroy seagrasses in Oyster Harbour
results in loss of critical habitat for many species, (Gordon et al. 1993; Kirkman 1987).
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Location Area lost Probable cause
(ha) (%)
1 Cockburn Sound 3300 79 Elevated nutrients from factories, sewage and abattoirs
2 Princess Royal Harbot 810 66 Elevated nutrients from factories and sewage
2 Oyster Harbour 720 46 Elevated nutrients from farm run-off
3 Gulf St. Vincent 7 000 ? Sewage and stormwater discharge; coastal works
4  Western Port Bay 17 800 85 Siltation
5  Birch Point 397 ?
5 Ralphs Bar 430 ?
5  Pittwater 1201 ?
5  Norfolk Bar 2148 ?
6 Botany Bay 257 58 Erosion, coastal works, elevated nutrients and sea urchin grazing
7  Lake Macquarie 700 44 Increased turbidity
7  Clarence River 445 60 Increased turbidity and general decline in water quality
8 Hervey Bay 100 000 ? High turbidity from flooding of the Mary and Burrum Rivers
9  Torres Strait >10 000 ? Floods in 1991-1992
10 West Island—Limmen | 18 300 20* Damage from cyclone Sandy, 1985; much of the area had recavered

Bight

by 1994.

Figure 6: Major ar eas of seagrass loss in Australia

Note: *This loss represented 20% of the seagrass of the Gulf of Carpentaria
Source: Hamdorf & Kirkman, 1995
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Sewage sludge andfleent from Adelaide caused the was caused by sediment accumulation and

loss of seagrasses in Gulf St Vincent, probably progressive shallowing of the water. Further losses

because of high nutrient loads (Neverauskas 1987)occurred in Outer Harbor after construction of

Arguably, in Western Port Bay nutrients from farm retainingwalls and groynes and subsequssdiment

runoff, together with high sediment loads have causedaccretion (Shepherd et al. 1989).

the loss ofHeterozostera tasmanicand, to a lesser

extentZosteramuelleri(Bulthuis et al. 1984b). Inthe 3.1.4 Sediment run-off

case of sediment loads, it is thought that a fine i , i

covering of particles from suspended sediment ha1sS(:"d,'ment smothering of seagrass or gccumulanon of

prevented photosynthesis. sediment and the cpn;equent shallowing of the.water

are causes of decline in seagrass meadows. Kirkman

) (1978) reported on seagrasses being smothered by

3.1.2 Heavy metals and toxins sediment at Toorbul Point in Moreton Bay. Although

he did not describe it at the time, sediment possibly

Factories and mining developments are often !
associated with high heavy metal concentrations incamefrom the catchment area of the Caboolture River
which was undergoing considerable land clearing.

nearby waters but there is no record of these IevelsR " i o | ¢ dow |
havinga deleterious &ct on seagrass meadoasart Hecen y,Ba wi hescabe 0SS ?t .se?%rasts mez_ ow |tn
from very small local areas. Ward (1987) found that ervey bay has Dbeen alrbuted 1o sedimen

there were discernible quantities of zinc in seagrasssmmherlng from sediment release during unusually

leaves 16 km away from a lead smelter at Port Pirie.largeﬂOOds in the Burrum and Mary Rivers (Preen et
Wardand Young (1982) found that a pattern shown by al. 1993).

20 common species (mostly fish) described decreasedBulthuis (unpublished data cited in Shepherd et al.
frequencies correlated with the concentration of 1989) estimated that the area of macrobenthic plants
contaminant metals in the sediments. Of course,in Western Port Bay had declined from 250 sq km in
heavy metal contamination of associated animals—1973to 72sq km in 1984, and that most of the seagrass
particularly those used for human consumption—is losshad occurred on the shallow tidal flats. The green
well recorded and of a serious nature in some areasalgaCaulerpa cactoidesvas the other macrobenthic
Princess Royal Harbour was so contaminated byplant that declined in area. The cause of losses in the
heavy metals (particularly mercury) before 1990 thattidal flats may have been due to fine sediment
it was forbidden to take shellfish or fish from the coveringleavesor to the sediment from the catchment
westernarea (&lbot and Chand987). This situation  area of Wstern Port Bayaisingthe height of the tidal
has now been rectified by reducing effluent from flats and causing the seagrasses to be exposed to air
harbourside factories (Chris Simpson, DEP of andsunlight beyond their tolerance.

WesternAustralia, pers. comm.).

3.1.5 Mining and dredging

3.1.3 Change in hydrology A direct cause of losses of seagrass meadow is mining

In Botany Bay, prior to two large storms in 1974 and of underlying sediments or dredging. The classic
1975, configurationdredging to allow container ships €Xample of the damage done to seagrass meadows

throughthe entrance caused wave heights to increas@Ccurred in the years before World War | when
by 10-20%. After two storms, tteosidoniameadow Posidoniafibre was harvested at Port Broughton in

was damaged and waves had almost completerSpencer Gulf (Winterbottom 1917). The dredge

erodedaway inshore meadows Bbstera(Larkum & marksare no longer visible but Ige cleared areas are
West 1990). This evidence suggests that probably the results of this dredging. Figure 3 is an

environmental impact statements prepared for@erial photograph taken in 1957 showing a clearing
dredging should always consider the effects of madein thePosidoniathat can be followed through

changes in hydrology on nearby seagrass meadows.1994 (Figure 4). Other cause.s'of ;eagrass I.oss' which
showa dramatic lack of rehabilitation are theismic

In Gulf St Mncent,when the Outer Harbor revetment testsin Jervis BayNSW (West et al. 1989, p. 250) and
was constructed in 1905, 800 ha of seagrasseshe seismic tests made in Gulf St Vincent near
disappeared. Shepherd et al. (1989) suggest that thiSroubridge Island (Figure 5).
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Dredging channels in seagrass meadows has théaxifolia was introduced from the Monaco
directeffect of removing seagrasses from the dredgedOceanographic Museum and has now colonised a
areas leaving a hole deeper than the euphotic level fo600 km area along the northern Mediterranean coast.
seagrass. The indirect effect of causing plumes ofThe problem is that the green alga over grows the
sediment, which may attenuate light beyond the native Posidonia oceanicameadows and has
plant’s compensation level or cover the leaves of thedestroyed large areas of this seagrass. This alga is
plant reducing photosynthesis, will also cause known to grow near Broome, Western Australia, and

declines. is thought to be sold in Perth aquarium shops as an
aquarium plant (Kendrick, pers. comm.). Another
3.1.6 Moorings and boat propellers Caulerpathat was introduced into New South Wales

in the 1920s i€. filiformis, which is also now reported

Boat moorings produce (_:ircular scours i,n S€agrasKom port Phillip Bay and the temperate Western
meadowsas the slack ghaln from_the MOOrING MOVES A ystralian coast. There are no reports of deleterious
throughthe seagrass with each wind direction change. .o ctsof this plant

Walker et al. (1989) calculated that there were 5.4 ha

of seagrass lost due to moorings in the Perth3_2 Natural pressures on seagrass
metropolitan waters. Although this is a relatively
small area, the scours interfere with the physical meadows

integrity of the meadow anthe efect is much greater  occasionally, storms or cyclones may occur that can
than if an equivalent area were lost from the edge Ofdestroy seagrass meadows. Significant seagrass
ameadow (Lukatelich et al. 1987). The scours left by |psseshave been recorded following cyclomigents.
boat moorings are obvious in photographs takenpowever, Poiner et al. (1989) found no noticeable
between 1985 and 1992 along the west coast Ofg|ationship between the strength of cyclones and
Tasmania in Heterozostera tasmanicaneadows  heijr impact on seagrass beds. They reported that
(Rees 1993). Rees (1993) also reports on the effectgy|iowing Cyclone Jason there was a decrease in the
of boat propellers onPosidonia australis off  apove-groundiomass of less than 10 ha in a seagrass
WhitemarkJetty at Little Swanport. bed, but within six months there was no difference

Boatpropellers on tidal mud flats containing seagrassPetween pre- and post-cyclone biomass estimates.
meadowsanhave serious impacts. Not only does the Thus, this indicates that tropical seagrass beds can
propeller cut up the seagrass meadow in tracks for a§éCcover from minor disturbances, provided there is
long as it takes the thoughtless boat owner to get to thesufficientstructure for reestablishment.

ramp, but the tracks become natural channels forother natural causes of seagrass decline are dieback
incomingand outgoing tides. In 197the tracks from  from disease or untimely exposure to hot weather at
boatpropellers were obvious #erial photographs of  extreme low tide. There has been much speculation
Rhyll in Western Port Bay. The seagrasses have novahout the catastrophic decline @bsterain the
gonefrom these tidal flats and their demise may have northern hemisphere during the 1930s, where a
been accelerated by the swaths cut by propeller§ungus,Labyrinthula destroyed seagrass meadows.
(pers. obs.). On the mudflats of North Queensland,The speculation has been over the cause of the sudden
seagrasses have colonised propeller tracks and theicrease in this fungus, which is always present in
are favoured because water collects in seagrass meadows (den Hartog 1987). It is thought
them—presenting long strips of seagrass (Colesthat an increase in water temperature triggered the
QDPI, Land Use anéisheries, pers. comm.). Thisis ploom. An increase in water temperature, which
reminiscent of the tracks left by feeding dugongs.  occurred 60 years ago, may become more frequent if
climatechange becomes a reality

3.1.7 Introducedspecies Climatechange and an increase in frequency of major

There has been no report, in Australia, of introducedflooding on the east coast of Australia may cause
species causing a deleterious effect to seagrasBrevocabledeclines in seagrass meadoWse loss of
meadows. However, a serious warning should belarge areas in Hervey Bay in southern Queensland
heeded by the example of a macroalgae destroyingvhich occurred after major flooding of the Burrum
seagrass habitat in the Mediterrane&@aulerpa and Mary Rivers offers a good example of what can
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happen. There is reasonable evidence to suggest thahanage our seagrass resources, we need to know the
theseagrass meadows of Hervey Bay were destroyedlistribution and composition of the seagrass
because of a lack of light caused by increasedcommunities; how seagrasses respond to
sedimentoad from the flooded rivers. If the flooding human-induced changes to the coastal environment;
became more frequent, the seed bed in the sedimentsow seagrass systems fluctuate both seasonally,
of the bay would be used up, the new plants would notinterannually and in the longer term; and whether
have enough time to set seed and the meadows couldamaged seagrass systems can be repaired or
not recover. replanted. Currently, we do not adequately know the
distribution of seagrasses in Australia. The
distribution of Australian seagrass communities

. . shouldbe mapped at appropriate spatial scales and, in
increase the damage. Some of the excess sedment key areas, monitored at appropriate temporal scales.

the river arose from poor farming practices and For example, almost nothing is known about the
catchment management. Kirkman (1978) reported a

T distribution of seagrass communities of the
lossof seagrass me_adow atarbul P.omt In Moreton north-west Australian coast between Cape Arnhem
Bay caused by sediment encroachlng O”Mhem and Cape Leveque—a distance of around 6500 km.
edge of the meadqw. AF the same time a I|tfcle furtherMuch of Australia’s coastline has not been
sputh,Zostera capricornmeadows in Deception Bay- systematicallymapped for seagrasses nor do we know
disappeared. These meadows have returned and it i uchabout their temporal dynamics.

thought that the damage was done by sediment
released by clearing and land development in theThere are several reasons for mapping seagrass

Theexample in Hervey Bay &lso a good example of
natural forces and human activities combining to

catchmenof the Caboolture River meadows. An inventory of natural resources of the
coast must include seagrass. Knowledge of
4 Responses significant areas of seagrass meadows will help with

selection of marine parks and reserves. Sensitive
Thebest way to prevent damage to seagnasadows  areas can be identified in case of oil spills or other
is to restrict all human activity that endangers seagrasgollution events. Decisions about development such
meadows, and prohibit dumping in the sea. In mostasbuilding harbours anmharinas will be assisted with
cases, this is impossible or impracticable. Thus, aknowledgeof the extent of seagrass meadows. A scale
compromise has to be made, to reduce the pressuregf 1:250 000 or 1:100 000 is suitable for these
on seagrass meadows whilst employing an economigurposesAt a finer scale, seagrass meadow mapping

alternativemeans of satisfying human needs. canassist managers in deciding whether mitigation of

i . damage in polluted areas has occurred and whether
We have information about the response of Seagrasse§eagrasses are declining from year to.yEais level
to changes in the coastal environment but we cannog mapping requires airborne scanning  or

predict their response and we do not have an assayy,qographyand should be accurate to a few metres.
technique to measure the health of seagrass beds. If

theresponse is Bpss of area of seagrass meade® A project to map Australian underwater habitats
do not have suitable maps, along most of the céast, including seagrasses began in 1995 and is the first
measure the loss. Recovery and recolonisation fro”httempt to map these features for the whole of
such losses are rare for temperate species an@ystralia.At a scale of 1:10000, specieslistribution
long-term (more than 10 years) for tropical species.has not been included and the only categories for
Attempts to replant seagrasses have not bee%eagrasses are ‘dense’, ‘medium’, ‘sparse’ and
successful in Australia (Poiner & Conacher 1992; \hatchy’. Some detail as to species distribution has
Kirkman 1989; Kirkman 1992). been collected and published for southern Western
Australia (Kirkman & Kuo 1996), but not for other
4.1 Requirements for inventory and  statesSouth Australia and all oféEmania except the
mapping mld-no_rth' coast is complete, southern Westt_ern
Australia is complete to Exmouth Gulf and Victoria
Seagrass communities are extremely important partdasbeen mapped withogfround truth. The maps are
of Australia’s coastal ecosystems. To conserve andbeingprepared in a collaborative project between the
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CSIRO Division of Marine Research and the relevant statement in which strict controls are attached and
State government departments. alternatives to ocean dumping are given a thorough
study. Choices on the location of ports, effluent

Areas of major population density—such as POrt yischarge and fishing grounds should be made after
Phillip Bay, Gulf St Mincent, Botany Bay and Moreton ., hqjqeration of the location of seagrass meadows

B_ay.—al_ready have more detailed maps of Seagras§ g the effect that these activities will have on the
distribution and abundance. These can be used fOFneadows

management and are useful as historic records of
temporaland spatial variability In Western Australia, the Hon. R.J. Pearce the then
Minister for the Environment presented a paper at a
In the USA, industries that discharge waste into any -gnferencen enclosed seas, in Japan in 1991then
environment are compelled to pay into a fund called managementf the Perth metropolitan waters (Pearce
the Superfund, but it has not been greatly Successfuh993)_ He explained the concept of ‘assimilative
due to its complicated structure. In Australia, those capacity’as a philosophical approach to maintain the
companies or State instrumentalities that use the S€Biological integrity of nearshore coastal ecosystems
or estuaries as dumping grounds for effluents should,, \western Australia. This approach relies on the
pay for the monitoring and management of thesecapacity of the receiving environment to disperse,
environments, and, if necessary, pay for their 4jyte and absorb certain types of pollutants without

restorationafter damage. causing an unacceptable change to the receiving
environmentThis concept is explained more fully
4.2 Management Masini et al. (1992).

To manage seagrass meadows properly, baselinq_3 Methods

measurementare needed to document the extent and

condition of seagrass meadows. A monitoring At all levels and scales there is a need to standardise
program is necessary which will detect, at an early procedures and definitions. It is almost impossible to
stagethe efects of disturbance and distinguish those compareand repeat many studies because é¢dift
effectsfrom natural variation. methods used and/or a lack of description of
procedures followed. This especially applies to
production and distributional studies. Cost-effective,
statistically robust methods of mapping and
monitoring seagrass habitats need to be developed.

Epiphyteshave diferent life histories and preferences
for nutrients, light and temperature. Light, nutrients
and temperature vary naturally throughout the year

andlight also varies with depth. Managemsed t0 be  gyavistical power analysis and good experimental
madeaware, at an early stage, of increases in nutnentgjesign are essential tools in monitoring seagrass

from human sources. This is not always pOSSibIemeadows (Cohen 1988; Fairweather 1991),
through analysing water because phytoplankton,

epiphytes and other macroalgae may take up theSomeof themethods used to collect baseline data and
nutrients so readily that they are not detectable bymonitor seagrass meadows so that they can be
analyticalmeans. If excess epiphyte growth actarms managed are summarised here. This paper does not
early indicator of increased nutrient levels in the identify the problems associated with establishing and
water, then managers can use this information to acguantifying pattern in seagrass meadows. An
to reduce nutrient input. excellent review of the theory of sampling and the

. . descriptionof spatial pattern is given in Andrews and
Managing the health of seagrass meadows is nOMapstone (1987).

restricted to the meadows themselves, but includes

the total management of everything that enters thelhree mairtypes of survey are used for observations
seagrass habitat. From the heads of creeks, throughf seagrass areas:

catchments, past saltmarshes or mangroves, ovef
mudflats and algal beds, every input should be
monitored and managed. Urban development,® §
sewage outfalls and effluent from industry should be ~ Of coastal regions

planned and preceded by an environmental impact mapping coastal areas from satellite images.

direct field observation and mapping
mappingfrom aerial photographs/scanniethges
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In effect, these methods are not used exclusively overSystems (GIS) as management tools for the coastal
any others, but mapping from any remotely sensedzone.

‘T"ages always requires vgrification by Some Iev<_e| of For these systems to be of maximum benefit, it is
field survey There are obvious cost and time savings | ,cof| to establish national standards so that

in applying the more modern remote teChanues'information is compatible between users. Seagrass

partlcu!arly where coveragg IS requm_ad OVer' jatastandardisation should include such issues as:
extensiveareas such as AustraBatoastal habitat, but

all have their own distingtroblems and sets of errors. * how distributional data is obtained (aerial
In a gross way, these methods may be seen as Photographyremotely sensed etc.)

providing estimates of seagrass occurrence on a locale the degree and accuracy of ground truthing
regionalor national level, respectivelgind, whilethis e temporal variation—availability of aresstimates
may be an over-simplified comparison, the main  gyertime

difference between the methods is their degree of,
resolution. Further, as the resolution of remote i
techniques increases with refinement of the ® seagrass health (total biomass, shoots per square
technology, there will still be a requirement to ~ Metreetc.)

undertake ground truthing and ecosystem studies at depth relationships—limitations of techniques in
smallerspatial scales. assessing seagrass areas in deeper water or water

of low clarity.

Kirkman (1995) Qescribed some _Of the methods The assumption that the deeper edge of seagrass
useful for monitoring and determining the health of meadowss limited by the plants’ light compensation

seagrasses for gathering an inventory of seagras#sevel is often valid and useful for monitoring the

abgndgn_ce. 'H?I empl;]azlser(]i thi |m20rtan|<_:e 0deeper extent of the seagrass meadow and thus
maintaining similar methods throughout Australia so integrating light availability over the time between

thﬁtresults can bbe comgarehd and lIJasellneI stéﬁnhms b measurementgnother simple and useful monitoring
otherareas can be used where relevant. In Septem ool is the Secchi disc which is used to measure water

1997, a meetmg. of managers, smentlsts- a,ndclarity. As a rule of thumb, the Secchi disc depth is
community groups interested in seagrass monitoring o " the same as the compensation depth of many

was held in Canberra culminating from State seagrass species. Dennison and Kirkman (1996)
meetings of similar groups. The outcome was that 'tdeveloped a simple model using Secchi depth to

was recommended to Environment Australia that , o iet \whether a seagrass habitat can support some
seagrass meadows be monitored, that Commun'tjs)eagrasses

groups had a limited role but were an important

component of the program and that the FederalBecause one of the causes of seagrass death is
Governmentnitiate monitoring. reduction of light caused by epiphyte blooms, a

background knowledge of epiphyte ecology is

At least two books have been published concerningessential. It is important to know when the epiphyte
seagrasfield methodology (Phillips & McRoy 1980;  coveron a leaf has increased beyond the known limits
Phillips & McRoy 1990). Walker (1988) reviews the of the background characterisation. Epiphyte cover
methods of seagrass monitoring in a report from ajncreases under the effects of eutrophication with the
workshop of Australian seagrass specialists. Usefulresult that, eventually, the seagrass will die. It would
descriptions of the methods used by Australianpe useful to be able to tell, by changes in epiphyte
researchers are summarised along with lists ofcoverage, that eutrophication was occurring. This
available aerial photography and the types of remotewould give an early indicator that, unless something
sensingecarried out at the time. wasdone to reduce nutrients, seagrass would die.

scales, in terms of mapping

Walker (1988, Table 1) provides an overview of the . .
status of seagrass monitoring programs throughout4'4 Temporal information

Australia. More recently, emphasis has shifted This is an important area that has been neglected.
towards incorporating seagrass  distribution Whenmanaging seagrasses, the seasonal variation of
information with other marine and estuarine the biomass of aboveground plant parts must be
databases to develop Geographic Informationknownso that early indications of shoot density or leaf
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biomass reduction can be diagnosed as seasondlhere has never yet been a restoration program that
variationor asa loss of seagrass health. Epiphytes thathas resulted in a net increase in area of seagrasses
live on leaves and stems are very often seasonal iffFonseca et al. 1986). A review of attempts at
their growth and, at certain times of yearayappear  restoratiorof seagrass meadows made througlioeit

to be smothering seagrass leaves. These epiphyteorld is given in Fonseca (1992) and Kirkman (1992).
bloomsmay be normal and an annual occurrence, butlt is often impossible to restoseagrass meadows. In

it should be possible to detect at an early stagemostcases, where declines have been recottiece
epiphyte growth, particularly green algae, that isis little evidence of a return. Restoring seagrass
caused by eutrophication. meadowss hampered by such problems as:

¢ finding a suitable propagule

e damaging donor meadows

Little is known about the population biology of - e :

seagrasses both in Australia and in the rest of the prepr?mng and modifying site

world. Information is required on growth, keeping a propagule bank
reproduction and dispersal. With this information it * attaching the propagules

may be possible to model the establishment, growthe the slow rate at which rhizomes spread
and spread of seagrasses over various time spang.
Simulations offer considerable scope for predictive
studies of the effects of varying the environment on In Australia, there have been few attempts and little
seagrass communities and the impact of differentSUCCess at restoring seagrass meadows. Poiner

4.5 Populationdynamics

difficulties of lage-scale planting.

managemenstrategies. (CSIRO Division of Fisheries, pers. comm.) planted
Zostera capricorni using large machinery and
4.6 Physiology received mixed results with this work. Kirkman was

. _ able to keep seedlings of three specieRasgidonia
There is a need for an understanding of whatgrowing in a sheltered bay for three years but in that

physiologicalfactors enable a seagrass to occupy andiime there was no extension of the rhizomes
survive at a site. Initially, this work should focus on (unpublishediata).

the physiological and biochemical response of

seagras#o reduced light conditions so that managers )
can set minimum water quality criteria to sustain Heterozosterare often washed out of the sediment by

seagrass growth. An understanding of the critical segsonal storms and return during calmer seasons
physiological processes offers managers the(Kirkman & Kuo 1990). Natural recovery qf lost

possibility of developing an assay technique to S€29rass meadows has been demonstrated in Hervey
measurehe health of seagrabsds and an insight into Bay, south-east Queensland, where a thousand square

factors that may enhance their ability to restore Klometresof seagrass meadatisappeared after two
damagedneadows. large rainfall events in early 1992. This area had been

devastated before (Kirkman, pers. comm.): in 1973,
4.7 Restoration no sign of seagrasgas found in Hervey Bay and the
dugong were also absent. It is feasible that there is a
Once destroyed, seagrass systems do not readiljarge seedbank oHalophila in the sediments of
recover.The plants require special environmental and Hervey Bay which germinates after a disturbance.
substrate conditions which may have been lost withPreen et al. (1995) have noticed some recovery since
thedecline ofthe seagrass. Therefore, if an area does1992.
recove, t.hg'tlme frames are long (year§ or decades)'l'here is good evidence thaPosidonia, once
The possibility of developing cost-effective methods . )
. L S removeddoes not return in decades:
of intervening in the seagrass recolonisation process
to speed it up needs to be investigated. These includd. Themost popular demonstration of perceptible
methods to accelerate the growth of rhizomes, recovery is the seismic blasts in Jervis Bay, New
anchoring devices and means of repairing or South Wales (West et al. 1989, p. 250). Here, a
replacing the environmental and substrate conditions seismicblast was used tdetermine substrate type
that existed when the seagrass meadow was healthy. in a seagrass meadowhere arenore than twenty

Small opportunistic genera likeHalophila and
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Legislation relating to seagrass protection can be
broadly classified into that which offers direct
protection to seagrass, (e.g. Section 123 of the
Queenslandrisheries Act 1994and that which dérs
secondary protection by way of protection of
important fisheries habitat’, (e.¢lorthern Territory

of these circular clearings in thPosidonia 4.8.1 Western Australia
australismeadows—each about twenty metres in
diameter. The clearings were made in 1962; the
substrate is at the same horizontal level as theFish Resouces Management Act 1944rovides for
substrate on which the seagrass is growing. Nothe protection of commercial fish stocks and
recovery has been recorded here (West et alrecreational fish populations, as well as fish habitat
1989). including any living marine organism. The Act
stipulates the conservation and management of all

- From 1910 to at least 191Fosidonia was aquatic animals and plants, which are specifically
harvested by dredges from Port Broughton, defined

Spencer Gulf, South Australia (Winterbottom

1917) The seagrass was used for cellulose andEnvironment Protection Adt986—an umbrella Act
providedemployment for 2000 people in up160 thatcan override all other ‘resource acts’, operates on
dredges. There are suspiciously large clearingsEcologically Sustainable Development principles
that can be traced from 1947 (the earliest aerialWith a very public Environmental Impact Assessment
photographs available) to 1994 in the seagrassSystem, and rates basic produsgstems very highly

meadows near Port Broughton; the seagrass hae-g- seagrasses and mangroves). Pollution control is
not regrown (Figures 3 and 4). included—itprovides control for éuents into aquatic

systems such as industrial and sewagfjaesits using

- AtMarmion, WA, two underwater transects, each 4, assimilative capacity approach, taking account of
300 m long, have been observed for seagrassjiffuse sources.

presence, absence and density for the past 15 ] )
years. The scarp edge of the blowouts wherefishing and Related Industries Compensation

Posidonia sinuosdas been torn away from the (Marine Reserves) Bill 199¢some very large areas
meadow by an unusually severe storm, has notof marine habitat are administered by Conservation
changedy one centimetre during the time that the @nd Land Management (CALM), but generally it
transechas been observed (Kirkman & Kuo 1990 referscontrol of fisheries to the Minister féisheries.
pers. obs.). Water Authority—has relevant legislation protecting
waterquality particularly in rivers and estuaries.

(State Law Bookshop, ¥gtern Australia)

. Natural blowouts inPosidonia meadows are

unusual occurrences. In recent times, in Western .
) 4.8.2 Northern Territory

Australia, only one storm large enough to tear

rhizomes out has occurred—that was in 1984 (DaveField and Janice ®'ren, pers. comm.)

alongthe south coast. The Bureau of Meteorology pigheries Act 1988-provides for the protection of
describedhis storm as a one B0-100 year storm  isheries habitat. Liability for prosecution arises

(Kirkman & Kuo 1990). (Section 15)f damage is caused to fish or fish habitat
from the release of organisms or pollutants without a
. . . permit, penalties ranging up %0000 (or jail) can be
4.8 Legislation ard protection imposed along with the requirement to ameliorate or
restoredamaged areas.

Waters Act 1992-mainly concerned with quality of
fresh and potable waters; however, it does set
standards for effluents such as sewage, and requires
that effluents do not cause degradation of water
quality in fresh and marine systems.

Fisheries Act 1988 The following is a summary of Parksand Conservation Act 1993extends tanarine
therelevant State andommonwealth legislation that parks and prohibits taking of flora and fauna in
relatesto preservation of seagrass areas. declaredareas.
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4.8.3 Queensland water quality guidelines (similar to the Australia and

New Zealand Environment Conservation Council

(Rob Coles, pers. comm.; Queensland Department o{ANZECC) guidelines and these are being aligned
Environment Library) whereverpossible).

Queensland Fisheries Act 1994inder section 123,  Environmental Offences and Penalties Act 1981
marine plants are protected against removal,more frequently used to control actions that cause

destruction or damage, and their removal is only enyvironmental damage and includes severe penalties
allowed under permit. The Act also includes gnqrestoration clauses.

provisions to issue restoration orders where

non-approved removal occurs. Sewage treatmeniy g & \jictoria

plants receive specific assessment. Port authorities,

extractiveindustries etc. require permits for dredging, (Neil Hickman, perscomm; Steve reillyPers. comm)

sandmining and similar activities. Fisheries Act 1968-provides for the protection of

Where diffuse sources of effluents/sediments impact‘aquatic habitat’, administered by the Fisheries
onmarine flora, the approach is taken to document theDivision of the Department of Conservation and Land
occurrence, attempt to define the sources and trenddylanagement (currently under review).

and introduce controls using total catchment _. . .
management processes to reduce sediment anglsherles Act 1995-one of the purposes of this Act

nutrient fluxes. Currently, there is a considerable wagto repeal the preyious Act but the 198_8 Act is still
amount of work based around Townsville trying to assigned to the Minister because there is a two year

relate nutrient impacts to different nutrients and their fransition stage, and in that time some provisions of

sources. theold act still apply

Beach Protection Act 1968mainly dealing with ~ Flora and Fauna Guarantee Act 198%rovides for

coastal erosion. the protection of all native vegetation including
aguatichabitat.

Clean Waters Aetrepealed when thEnvironment

Protection Act 1994vas enacted. There is currently Conservation and Land Management-Agrovides

a draft Environmental Policy for Water. for the protection of natural habitat. Administetsd
the Department of Conservation and Land
4.8.4 New South Wales Management.

Environment Protection Adt970—provides control
for effluents into aquatic systems such as industrial
Fisheries Management Act 199&ection 90 andsewage dfuents, and generally adopts ANZECC
provides for protection of ‘sensitive fish habitat’ and waterquality guidelines.

‘productive shallows’ where these have been

specified. The Act also provides for review of 4.8.6 Tasmania

reclamation and dredging operations (Commeris:. It . .

usually fairly effective for local council operations (Howell Williams, pers. comm.; Tasmanian Parks &
butless so with Commonwealth or State authorities). Environment Library)

As well, in ‘recognised fishing grounds’ no structures Fisheries Act 1959-provides responsibility for all

or other interferences are allowed (Comment: Thes&jying marine resources (except marine mammals),
categories are not well defined and appear t0 béyjth powers to ban physical disturbances such as
avoidable by agreement between developers andyeqqing, harvesting, trawling, etc. This has been

local fishers). invokedin the past.

Marine and Estuarine Protected Areas (MEPAS) andgpironmental Management and Pollution Control
Reserves provide protection for sensitive specified
habitat; however, these only apply to approximately
1% of marine habitat.

(Jenny Burchmore and Gary Henpgrs. comm.)

Act 1994 and the Environment Protection (Sea
Dumping) Act 1978-provide control for effluents
into aquatic systems such as industrial and sewage
CleanWaters Act 1978-imposes controls on impacts effluents, and generally adopts ANZECC water
thatcause changes to the environment and is based oquality guidelines.
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Forestry Act 1926-has imposed regulations swimming species and all sedentary organisms, but
stipulating ‘best practices’ to avoid run-off and does not include cetaceans or minerals’. Taking or
increased sedimentation (similar regulations arepossessing ‘fish’ requires permission under the Act.
planned for agriculture).

4.8.7 South Australia 5 Conclusions and

(Vic Neverauskas, pers. comm.) recommendations
Fisheries Act 1982-provides for the protection of ~Seagrass communities are critical for the long term

‘aquatic habitat’, administered by Primary Industries Sustainability of Australia’s coastal zone. Despite the
SouthAustralia (Fisheries) extensive area and species diversity of Australian

_ . _ seagrasses, there have been significant losses of
Native Vegetation Act 1993provides for the  seagrassommunities. This loss has occurred through
protection of all native vegetation including aquatic poth natural events (e.g. cyclones, floods) and
habitat. Administered by the Department of anthropogenic events (e.g. nutrient enrichment,
to Primary Industries South Australia (Fisheries) of jyfluencescan beattributed to reduced light intensity

(mangroves overlap this zone and require rgcover.

consultatiorwith the Native ¥getation Management _ o
Authority). Thereis aneed to develop costfettive, statistically

) ) ) robust methods of mapping and monitoring seagrass
Environment Protection Act 1993provides control  papitats. The ongoing projects to map Australian
for effluents into aquatic systems such as industrialseagrass communities should be given greater
andsewage dluents, and generally adopts ANZECC jmpetus and encouragement to integrate so that a

waterquality guidelines. single,uniform scale and categorised map is available
with its limitations well documenteand readily able
4.8.8 Commonwealth to be updated. There is virtually no information about

these important habitats along more than 6500 km of
coastline of northern Australia. Furthermore, in key
Great Barrier Reef Marine Park Authority regionsand sites their condition needs to be monitored
(GBRMPA)—PIlants are protected in the park by on a one to five year cycle because of the potential
invoking regulations (Section 66) that govern or large scale changes that can occur in the extent of
prohibit activities that may pollute water or be seagrass communities. The possibility of developing
harmful to marine plants and animals. Plants arean assay technique to measure the health of seagrass
defined as any member of the ‘plant kingdom’ bedsneeds to be investigated.

including fungi. Harmful activities include dredging Cost-effect thods of int inim th
andotherphysical disturbances plus pollution sources ost-efiectivemetnods ot intervening the seagrass
recolonisation process (to speed it up) should be

arising within and outside the park boundaries . . . . .
(Comment: Point source effluents are easier to|nvestlgatedC:onventlonaI planting arttdansplantlng_

nominate and control. but diffuse sources are moreused for terrestrial plants is not successful with
difficult and to date have mainly been addressedileaglr"’lss;j tMoreh mnovaltlv?[ met?rc])d_?__ ShOUIdIt be
cooperatively in conjunction with the Queensland eveloped to enhance piant growth. 11ssue cufture

authorities by programs such as total ca‘[chment(Lqujes tet 6:)',[ .199%)’ h}[’b”d'sat'oz (ﬁO?IdOﬂI&}
management). Species to obtain advantageous characters of one

specieswith those of another in a fast-growihgbrid

As well, basic management of the park is throughand hormone treatment to enhance rhizome growth
zoning plans (these are legal documents) showingmay help with the restoration process.

detaileduses for specific regions with nominated uses
for specific areas.

(Peter O’'Hesan and Geoffillams, pers. comm.)

Most important of all, however, is the prevention of
seagrass meadow loss by correct catchment
Torres Strait Fisheries Act 1984Seagrasses are management, monitored dumping of urban and
possibly protected as ‘fish’, which are definedads industrialwaste and care in development of nearshore
natural resources of the sea and seabed, including ahabitats.
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