ISSN 1441-8487

Number 2

A Classification of Tasmanian Estuaries and Assessf their
Conservation Significance using Ecological and Rias
Attributes, Population and Land Use

G.J. Edgar, N.S. Barrett and D.J. Graddon

October 1999



National Library of Australia Cataloguing-in-Public ation Entry
Edgar, Graham, 1955-

A Classification of Tasmanian Estuaries and Assessiof their
Conservation Significance using Ecological and Riays\ttributes,
Population and Land Use

Bibliography
ISBN 0 7246 4754 6.

1. Estuaries-Tasmania. 2. Conservation-Ecologailrett,
Neville, 1962 -. Il. Tasmanian Aquaculture and Ersbs Institute.

597.5609946

Published by the Marine Research Laboratories maagn Aquaculture and
Fisheries Institute, University of Tasmania 1999

Series Editor - Dr Caleb Gardner

The opinions expressed in this report are thogeenfiuthor/s and are not necessarily
those of the Marine Research Laboratories or tlsengaian Aquaculture and
Fisheries Institute.



Table of Contents

TABLE OF CONTENT S L.ttt et e ettt e e e e e e e s et e e et e et e eeseebaa e eeeessaaseesesbanseesenes 3
RS Y11 A 2 6...
PHYSICAL ATTRIBUTES OF TASMANIAN ESTUARIES. .. .ctttttuieeiettiieetestinseesestaneessrssssssssssssnsesssssonseesenes 6
BIOLOGICAL ATTRIBUTES OF TASMANIAN ESTUARIES. ....cevtuuiieiettiieereetseesrestsessestanseesssssseessssnaeeeees 6
THREATS TO ESTUARINE BIOTA . uutiiuiittiittiitnitttttaettaetansetettaessasessesaessntssnestntssntesestteaeetesraessnesnns 7
ASSESSMENT OF THE CONSERVATION SIGNIFICANCE ARASMANIAN ESTUARIES......iiiiiveeieereeteeereeianeas 7
RECOMMENDATIONS ...ttt et e e ettt e e e e e et eee et aataseeas e st ssasestan s esseebansassenssnseasees 9
ACKNOWLED GMENTS ..ottt eee e e e et et e et e e e e e e st e e e eesaa s s e et e s s eesestanseesessaneesenanns 12
L. INTRODUGTION ...ttt eee e e e et et e e et e e e et e at s e et e st e assesaaa s essesaaasssesessnsssesessnnaeeens 13
I R 0] N 11 T TN 13
2 N 1 14
1.3 DEFINING AN ESTUARY ... itttuiiiiittiiee ettt eee st s e e s e ebaasseeseaaa e e e s eabs e eeeseabasessesbanseesenensneesensees 15
1.3.1 Upstream limits Of @STUAIIES..........cummmmeeereeiieiieeeeeeeii i rrrrer e e e e e e e e e e e e s esansnnnnene 16
1.3.2 DowNSIream liMitS Of ESTUATIES ....... o eeereneeeiieiieeeeeteree e e e et eeseeae s esseer e esesrraeeeeenes 17

1.3.3 Lateral boundaries Of @STUATIES. ... ccoeemumenrieeieiie et e e e s e e s e et e e e e e e e e e s eaaanss 17
1.3.4 EStuaring CatChMENT GrEaAS ........ciiieieeueiieiieie et e ettt e e e e e e e e et e e s e era e e s eeaaaeeaees 17
1.4 CHARACTERISTICS OFESTUARIES. .. cuuittittiettietitttteetae st etn st saessateet sttt ssteesaesstsessessnsssneesnsssnrees 7.1
1.4.1 FOIMAtiON Of ESTUATIIES . ......civee oo s e e et e et e et e e et e et et e esaa s e s saa e s s b sasbassssanssstassssnnans 17
1.4.2 WaLer FIOW iN ESTUATIES ....uiieeieii ettt e e e et e et e e e e s e e st e s et e s eat s s eaa e seaans 18
1.4.3 ClasSifiCation Of @STUAMES .........ieeeeeie i ettt e et e e e e s e e st e e et e e eaa s s sanaeeeanas 18
1.5 THE TASMANIAN ESTUARINE ENVIRONMENT ..uuiituiitiiteiteitietiesetiettesasstesansssssssnsesnsssnsesnsssnersnns 19
1.5.1 MaAlNE INfIUBNCES ...ovei it eeeee et e e e e e e e et e e e e e e e e e e s aabeeeeseaaanss 19
1.5.2 Freshwater INFIUEBNCES .........iiiiii et e e e e e e e e s e e e e eeaans 19
R TR T =11 - 20
1.6 HUMAN IMPACTS AND THEIRMANAGEMENT ...cuuutieiittieeeeettaeeesestaseesestansesseresssssessssssssesssssansenes 20
T A O (o3 o1 =T = (1 A/ 20
1.6.2 ACHLIVItIES WIthiN ESTUAIIES ..vvvi ettt e e e e e e e e e e e e s s et e e e s e aba e e e eeaans 22
G TR I =¥ 1 (o] o] o1 To7= 1 o] o FU PP PPPTRPP PP 22
1.6.4 SeAQrass UECHNE ........cooii it et e ettt et e e e e e e e e e s e e s e nnbab bbb baeeeeeeeeeas 23
1.6.5 Introduced maringe and eStUANNE SPECIES oo ..uuuiiiiiiiieiiieeet et e e e e e e e e eeeea e 23
1.6.6 Long-term Climate ChANQE .............ummeeeiieiiiiiiiiee et e e e e e e e e e e e e e e e e e e 24
1.6.7 Management issues relating t0 @StUAIES . ccooo.......uuiiiiiiiiiieiiiee e 24
2. DATA SETS, SAMPLING METHODS AND ANALYSIS .. .coi et 26
2.1 CRITERIA FORSELECTING ESTUARIES .. ..ciiiittieeiittiee e e ettt e e ettt s e e s e e s e e s et e s s eetaaaeesseaaansesseaaans 26
2.2 GEOMORPHOLOGICALCLASSES ANDTIDAL DATA ...iiiiiiee et eve e s e e e e eaaans 26
I CT1S] & =T o =m0 = = 26
2.4 CATCHMENT BOUNDARIES ANDWATER DIVERSIONS. ....cuvuuiiiiettiieeieetiieeseetiseesesssssssessssneessenes 27
2.4.1 Determination of catchment DOUNAANIES cuwmmeeeieevveniiiiieiee e 28
2.4.2 SOUICES OFf BITON .uuuuiiiiiiri i eeteescmmmmmmr e e e eseate s e e s eebe s eeseaba s eessesbaaseeseabaaeesessaasesesraneesensnes 28
2.4.3 TranSCIPLION BITOIS . ..ciiiiiiii e eeee ettt ettt e e e e e e s e s s e s s annbbabbesseeeeeeeeaeas 29
2.4.4 EStUArY DOUNGAIIES ... .ottt et e e e e e e e e e e e bbbt e e e e e e e aaaaaaeens 29
2.4.5 Regulation of water flow and diversions asmanian catchments ........................ e 29
2.5 RAINFALL AND RUNOFE D AT A ottt e e s e s e e et e sa e st e st s st e saeasneasannes 31
2.5 GEOLOGICAL D AT A ettt et r et et et e et e et e b e et e e b e e b et b e s b e e s e rbessbaaaaaes 32
2.7 POPULATION STATISTICS 1ttt eiteettueeetettiteesettateeseetaa s eesersssaseaseesssssesessseessstanseesesraseesrensansees 34
2.8 LAND TENUREDATA .utiiiettteet ittt e e e et e e e e et e e e e s seaae s e e s eebaa s e e s eetaa e eessaaaa e eesssban e esrnnnrneesreranns 35
2.9 SATELLITE DERIVED LANDTYPE DATA .ottuiiiiiite e et e e et e ettt e e e e eeaa e e s eeaaae s e s ssaaaseessesaneeeens 36
2.9.1 Limitations of satellite-derived landtypassification.............ccccccvvvreieiiiiiiiicccccee e, 37
2.9.2 Calculating a NaturalN@Ss INUEX.......uuuuuririiiirieiiiiiieeieeeeee e s s sssserereer e e e e aeeee e e e s e e s annnnnn 37
2. 10 HYDROLOGICAL DATA .. ettt ettt ettt e et e e et ee e e e s e e e e e e et aab s e et esban s eeseebaneessenbanaeeesanes 38
2.11 MACROINVERTEBRATE ANDPLANT DATA 1ottt e it e e st e s s e e s s e s s aaees 39
2 I O A Y (TSRS ) = 1 1 L= [T 39
2.11.2 Sampling MEthOAS. ... .cooii e e e e e e e bbb e e 43

2.11.3 Sediment @NaAlYSIS......coii i e et r e e e e e e aaaaaeas 43



2200 I S = 3o (o T g [ o U Tod =T o - T] ] Y/ 43

2.11.5 Estimation of faunal biomass and produtivii..........ccccverireiiiiiiiiieeiee e, 43
2. L2 FISH DATA Lottt e e ettt e e e e o bbbttt e e bttt e e e e baee e e s e b b et e e e e s nabaaeeee s 44
2,103 STATISTICAL ANALYSES. ..cettutuuuuaaaaeaaeaateteetttetaaa e aaaaaaaaaaatataeeesttstan i aaaaaaaaaeaeeressssnsnnnnnses 45
2.13.1 VarianCe ESHMALES ......ooiiiiieet ettt e e e e e e e e e s e e e e e e e eeeaeaaaaaaaeaeesaaaaaannas 45
2.13.2 Associations between physical and bioldgiagables................ooooiiiiiiiiiiccceciieeee, 47
2.13.3 MUIIVArIAtE GNAIYSES ... .ottt e e e e e e e e e s e e e s a bbb beeeeeees 47
3.1PHYSICAL ATTRIBUTES OFESTUARIES. .....ututuiiiiaieeeaeeteteetttttita s e s e e e e s aaaaaaeeeeessbsabna s e s e aaaeaaeeeennnnes 49
3.1.1 Geomorphology and tidal range.........ccceeeeiiii i 49
3.1.2 Rainfall @and runOff.........ouuiiiii e 50
0 I S 7 11 1 50
0 I S 7= o] o T | V7SS 51
3.1.5 A classification of Tasmanian estuaries thasephysical attributes.........cccccvvvveveeeennn.n. 52
3.2 MACROINVERTEBRATES ANDPLANTS. .....utttttetiittttieteessnsttteeeessasssseeessassseeeesssnsbseesessassneesesssnnnens 58
3.2.1 FIOral COMPOSITION ...ttt e+ttt e et e e et e e e e e e e e s e e bbnbbsbbeeeeeeeeaaaaaaans 58
3.2.2 Patterns of invertebrate SPECIes MCNNESS.cuc . uvviiiiiiiiieiiiiee e 59
3.2.3 Macrofaunal abundance, biomass and pro@iyCtiv.............cccccoiieiiiiiiiiiiiii e 61
3.2.4 Effects of tidal @MErSiON ... ... 64
3.2.5 Effects of salinity and other physical faBto...............coviiiiiiiiiiii e 65

3.2.6 Scale of variation in species richness, dance, biomass and productivity data............69
3.2.7 Distribution of common taxa by tidal heigimd salinity

3.2.8 Ge0ographiC PAtEINS .......cciii it r e e e e e e e e e e e et e e s s e r e e e e e e aeaaeeaeaeeaanaaaanan
G072 e B [ 011 0T [U Tt =T IR o =l T OO
3.2.10 COMMUNILY ANAIYSES ..evveeiieiiiiiiescccmmmieiiieiiietee e e e e e et e e e eee e e e e s s e s s e sanne e eerreereeeaaaaaaeaaasans
3.2.11 Anthropogenic effeCts 0N DIOtA ......cccummmeeeriiiiiiieeee e
Relationships between macrofauna and human diSteEDaN...............ocvviiiiiiiinieec e
Stabilised disturbance INAICES ...........ui o
Disturbance indices based on family data ..o ..eeeeiiiiii e
Disturbance indices based on reduced Species.data...........ccceeiiiiiiiiiiiiiiee e 97
Disturbance indices based on biomass and prodtyCtiaita................oeevieeiiiiiiiiiiier e e e e 98
LB FISHE S .ttt ettt et e e e e e e eeeeeeeeteeeebe b b e e e e aeaaeeaeeerraras 101
3.3.1 Patterns of SPECIES MCNNESS.....ccvviiieeee i e e ee e 101
ICTRC I © =Yoo [ ir=T o] a1 (ol o= L1 =4 o 1SR 104
3.3.3 MUILIVAriate @NAIYSES .......cccecueeruuuiinriiiiee e e e e e e e e e e e s e e s s e s asss e aeerrreeeeeaaeeeeeeseesanaannnnnes 109
3.4FACTORS AFFECTINGCONSERVATION SIGNIFICANCE OFESTUARIES......cttiiiiiiiiiieesiiiiieeeeesniiieeeeens 114
3.4.1 Human population AENSILY ............eecccmmceeeeeeesiisisisereereerreeeerereeeeeeeeesessssannnssnnsenseeeneees 114
I I T [0 =Y 01U ] £ PSR PPRR 115
3.4.3 Landtype and degree of NAtUrAINESS ..o ettt 115
A, DISCUSSION . ..etiii e ittt e et e e et e e e e e sttt e e e e e st b bt e e e e e astbaeaaeaastbeeeaeesansbaeeaeeeaassbaeeaeesansreees 123
4.1 BIOGEOGRAPHICPATTERNS. ... .cciiitttititttttiiaa e e aaeaeteeeesssstusn e s e eaaeeteteeesssbnbnnaaaaaaeeaaeaeeannnes 123
4.2 RELATIONSHIPS BETWEENPHYSICAL AND BIOTIC VARIABLES ......ccoctiiiiiiiiiaaaaeeeeeeeeeeeeieeieeans 125
4.2.1 Variance in sample estimates at differeatiapand temporal scales..............ccccceeeeueees 125
4.2.2 Environmental influeNCes 0N DIOTA. ... commmrveiiiiiiiiiie e 126
4.2.3 Biological indicators of human diSturbanCe............cuevvvvieeieeei e, 128
4.2.4 Anthropogenic impacts on biota in TasMamSIaries ...........ccccccvvrrriiiiireereerereeeeeeeenns 129
4.3 THE CONSERVATION SIGNIFICANCE OF TASMANIAN ESTUARIES. .....cctiiiiiiiiiiiiesiniiiieee e s 131
4.4 MANAGEMENT OPTIONS ANDRECOMMENDATIONS. .......uttteeeeesiitieeeeeessiteeeeeesssetreeeessnnsseeeesssanes 134
REFERENGCES ..ottt ittt e+ 4 1ttt e+ 44 a bttt e e+ 442kttt e e e aab bttt e e e e aanbbe e e e e e e annbbeeeeeeennnnee 138
LIST OF ABBREVIATIONS AND ACRONYMS ......itiiiiies ittt setieiee e e s ssitteee e e e sibaeee e e s snnnneeaeeans 150
F N o o | O S SRR USRR 151
APPENDIX1 Physical characteristics of Tasmanian estuaries...........cccccovvviiiiiiiiiiiiiieeeenn. 162
APPENDIX 2 Rainfall statistics for Tasmanian estuarine ca@hareas.............cccceeeeeeeeeeeievenennnns 164
APPENDIX3 Runoff characteristics of Tasmanian estuarinehtaémt areas .........ccceeeeeeeeeeeeeennnns 166
APPENDIX4  Salnity records for Tasmanian @SIUAIIES ... e eeiieiiiiiiiiiiieieeiieeee e e e 168
APPENDIX5  Geological characteristics of Tasmanian estuaratehment areas .................ccc.... 172
APPENDIX6 Population statistics for Tasmanian estuarinehca&t areas............ccccccvvvvvvvneennn. 174

APPENDIX7 Land tenure of Tasmanian estuarine catChment arfas..........ccoeeveevvvvreieerevveineennns 176



APPENDIX8

APPENDIX9

APPENDIX10
APPENDIX11
APPENDIX12
APPENDIX13
APPENDIX14
APPENDIX15

Land type characteristics of Tasmanian estuambehtent areas..............ccccvvveeeee.. 178
Invertebrate biota sampled in Tasmanian estuaries..............ccccecvvvvvvvieeeeeenenn. 180
Fish biota sampled in Tasmanian €StUANES cceeeueeiioiveeeviiiiiiieieeeireeee e 197

Map - Land tenure in Tasmanian catchments

Map - Land type categoriesimainland Tasmanian estuaries

Map - ABS cencus districts and catchment bouesaf Tasmanian estuaries
Map - Geology of Tasmanian catchments

Map - Catchment boundaries of Tasmanian estuaries



SUMMARY

Physical attributes of Tasmanian estuaries

A total of 111 estuaries of moderate or large sigee recognised around Tasmania and associated
Bass Strait islands. The catchments of these éstuaere mapped using GIS, and available data on
geomorphology, geology, hydrology and rainfall atdd for each estuary and catchment area.
Tasmanian estuaries were classified into nine grampthe basis of physical attributes that included
salinity and tidal data collected during a fieldngding program. The nine groups primarily reflected
the size of estuaries and their tidal, salinity eaidfall characteristics, and the presence ofsaaward
barrier. Catchments in the west, northwest andhsoiithe state were characterised by high raiafiadl
high runoff, while catchments in the east and reai were relatively dry. Estuaries in northern
Tasmania possessed much greater tidal rangeshbsa on the eastern, southern and western coasts
and were all open to the sea, whereas many estuargastern Tasmania and the Bass Strait islands
were intermittently closed by sand barriers.

Biological attributes of Tasmanian estuaries

Baseline information on the abundance, biomasseaticthated production of macrobenthic
invertebrate species was collected during a quivit sampling program at 55 sites in 48 Tasmanian
estuaries. These data were generally obtainedes thifferent intertidal levels and two shallow
subtidal depths at each site, and included infaomain a total of 390 taxa and over 100,000
individuals. Data on the distribution of 101 fighesies, as obtained during surveys of 75 Tasmanian
estuaries using seine nets by Last (1983) with ssupplementary sampling, were also incorporated
into the study.

Multivariate analyses indicated that the nine estieagroups identified using physico-chemical
attributes were useful for categorising faunaltrefeships between estuaries, although considerable
variation was found between faunas at sites wigstnaries, particularly for marine inlet estuaded
drowned river valleys. Variation in faunal compasitbetween sampling dates at the one site was low.
The number of species collected at sites also davith the estuarine groups identified using physic
chemical attributes, with highest numbers of speorzurring in marine inlets and small open
estuaries. Relatively few species were collectesitas in microtidal river estuaries, barred lowrsgy
estuaries or hypersaline lagoons, with extremelynombers collected in the western Tasmanian
Wanderer estuary. North East Inlet (Flinders Isjaart seagrass beds at the mouth of the Tamar
estuary possessed exceptionally high diversityofith fishes and invertebrates.

The number of macrofaunal species collected aeangis primarily correlated with local salinity and
biomass of submerged plant material, particulagbgsass. Species richness also varied with
geographic location for both macrofauna and fishéth highest numbers of species occurring in the
Furneaux Group, northeastern Tasmania and soughedsismania. Low numbers of species were
collected on the west coast and, to a lesser extenth coast, central north coast and King Island.
These patterns primarily reflected differencesstuary type between regions rather than
concentrations of locally endemic species.

Nearly all fish and invertebrate species recordethfTasmanian estuaries occurred widely within the
state and have also been recorded in southeaststrafa. Only 1% of estuarine fish species and <5%
of invertebrate species were considered endentletstate. The general pattern of widespread specie
ranges around Tasmania was complicated by the edsdémost species from the west coast, a small
(<10%) component of species that occurred onljhénrtortheast (particularly Flinders Island), and a
few localised species that were restricted to difie regions of the state.

The low number of species recorded from estuattegyahe western Tasmanian coast reflected
extremely low macrofaunal productivity in that regi Estimated secondary productivity of west coast
estuaries was generally at least one, and up ¢e tlerders of magnitude lower than equivalent
estuaries on other coasts. This low productivitg atributed to unusually low concentrations of
dissolved nutrients in rivers and dark tannin-stdinvaters which greatly restrict algal photosynthes
and primary production.



The estimated productivity and biomass of macradhuaommunities were found to vary little between
sites within an estuary compared to variance batvestuaries. By contrast, variance in the dengity o
macrofauna was much greater between sites withestauary than between estuaries, and variance was
relatively low at scales of metres and hundreds@tfes at similar tidal heights within a site. The
environmental factor most highly correlated withinaal density was the biomass of plant material,

while estimated faunal productivity and biomassem@iost highly correlated with salinity.

Threats to estuarine biota

Biological resources within most large Tasmanianarses are exploited, with unknown consequences
for ecosystem structure and function. In additiming major indirect threats to Tasmanian estuaries
have been recognised: (i) increased siltation tiegufrom land clearance and urban and rural rynoff
(i) increased nutrient loads resulting from sewagd agricultural use of fertilisers, (jii) urbaffleent,
(iv) foreshore development and dredging, (v) mafarens, (vi) modification to water flow through
dams and weirs, (vii) acidification of rivers aneblvy metal pollution from mines, (viii) the spreafd
introduced pest species, and (ix) long-term clintdi@nge. While all of these factors can potentially
disrupt ecosystem processes, the magnitude andlsgiatle of these threats vary greatly.

The first seven indirect threats affect individeatuaries and can be ameliorated by changing
management practices, whereas substantial globrating would affect all estuarine ecosystems
within the state through changes to water flowréased water temperatures and sea level rise. The
effects of introduced pests are also increasinguaicdntrollable at present. Although only four
introduced species — the green c@arcinus maenaghe tanaidaceafinelobus stanfordihe bivalve
Theora lubricaand the gastropddotamopyrgus antipodarumwere collected during the present
study, the threat posed by these and other sp@eabsding the seastassterias amurensiand
Patiriella regularis the molluscdusculista senhousia, Crassostrea gigas, Maorigslpseusnd
Corbula gibba the polychaet&abella spallanzarand the ricegrasSpartina anglicawas considered
to be extremely high.

Amongst the more localised threats to estuari#afisn, or a correlate thereof, was found to hane
extremely widespread effect on Tasmanian estudfgsaries with moderate or high human
population densities in catchments consistenthgessed muddy rather than sandy estuarine beds and
shores. Although no change in number of macrofaspaties was associated with high human
population densities and associated transformafions sandflats to mudflats, a pronounced shift in
the faunal composition was evident in populateda#s. These faunal changes were readily
detectable using two disturbance indices desctiieee, Dh and D}, which are suggested to provide

useful indicators of estuarine health.

Assessment of the conservation significance of Taaman estuaries

Human population densities within each estuaritehtaent and the extent of legislative protection
were estimated using GIS, census statistics, dvgallimarked on 1:25,000 maps and land tenure data.
The catchment areas of all Tasmanian mainland issuaere also categorised in terms of land and
vegetation use using GIS and data derived fronllisatenages. Satellite data for the Bass Strait
islands were not available so estuaries in thabnegrere not similarly examined.

A total of 24 out of the 90 Tasmanian mainland leatents were considered to be pristine, with little
human impact within the catchment. These catchmeats nearly all distributed in the south and west
of the state and on Cape Barren Island. A smallbarrof catchments were severely impacted by
urban development and large scale land clearandemany others were moderately effected by
human impacts. The highest levels of land cleargmogulation and urban development were found in
catchments along the south-east, east and nor#tscoiT asmania.

The conservation significance of each Tasmaniaraegtvas assessed using the nine groups of
estuaries identified by physical criteria. Withiach of the nine groups, estuaries were rankedvgy le
of anthropogenic disturbance using human populatesity data, and the estuary with least
disturbance assigned the highest conservation(@laks A). Each of these Class A estuaries was
therefore the least disturbed estuary of a pagidype, and between them they spanned nearly all o
the biological and habitat diversity found withistearies in the state. Where more than one estuary
within a group was found to be 'pristine’, the asfuvith highest conservation status was identified
using data on the percentage of catchment areadiegIwithin national parks and crown reserves, and
data on size of estuary.

In addition to the nine representative estuarieadoto possess highest conservation value, Noigh Ea
Inlet was also assigned Class A conservation steoguse it possessed high species diversity and



included species not contained in other Class Bags. The ten class A estuaries are North E&tt In
Black River estuary, Bryans Lagoon, New River Lagobhirsty Lagoon, Tamar River estuary,
Southport Lagoon, Bathurst Harbour, Payne Bay aadd&rer River estuary.

We recommend that plants, animals and habitatsriitie ten Class A estuaries and associated
catchments be protected within an integrated systefiasmanian estuarine protected areas. We also
recommend that catchments and aquatic ecosysteaBigher 38 estuaries, which were assigned
Class B conservation status on the basis of minam#iropogenic impacts, be quarantined from future
developments, and existing impacts reduced whe&sible.



Recommendations

Specific management recommendations arising frensthdy are:

The taking of aquatic flora and fauna other thiroduced species (salmonids) by
any means be prohibited within National Parks, iothan the area of Payne Bay
excluded from the proposed Port Davey Marine ariddse Protected Area.

An integrated system of estuarine protected dreageated using legislation to
prevent the taking of aquatic flora and fauna by means from the Black River,
Southport Lagoon, Thirsty Lagoon and Wanderer Regtoaries.

The taking of aquatic flora and fauna by any nsda@ prohibited within an area
extending offshore for a distance of 500 m from Sla& Point to Low Head in
the Tamar estuary.

The taking of aquatic flora and fauna by any nseae prohibited in North East
Inlet (Flinders Island) within the area of estuargending northward for a
distance of 1.5 km from the latitude of the junotaf Edens Road and North East
Inlet Road (Tasmap grid reference ES820995).

The taking of aquatic flora and fauna other thgmod or handline, or from marine farm leases, be
prohibited from the North East Inlet, Sea Elephriner, Foochow Inlet, Middle Inlet, Patriarch
River, Sellars Lagoon, Cameron Inlet, Logan Lagddimes River, Dover River, Lee River, Shag
Rock River, Modder River, Rices River, Rocky HedadeR Mosquito Inlet, Big Lagoon, Sloop
Lagoon, Freshwater Lagoon, Great Swanport, Cloualy IBagoon, Catamaran River,

D Entrecasteaux River, Freney River, Lewis Riveaimvaring River, Spero River, Hibbs
Lagoon, Henty River, Lagoon River, Pedder Riverishie Bay River and Arthur River estuaries.
Non-allocated Crown land or State Forest withia Thirsty Lagoon, Black River, Wanderer
River, North East Inlet and Southport Lagoon catehts be upgraded to Crown Reserve, Coastal
Reserve or Forest Reserve status.

Habitat alteration and exploitative activities jtivate land within the Black River, North East
Inlet and Southport Lagoon catchments be minimigleedrever possible.

Habitat alteration and exploitative activities@own and private land within the Sea Elephant
River, Foochow Inlet, Middle Inlet, Patriarch Riy&ellars Lagoon, Cameron Inlet, Logan
Lagoon, Mines River, Dover River, Lee River, ShaigRRiver, Modder River, Rices River,
Rocky Head River, Mosquito Inlet River, Big Lago&@ipop Lagoon, Cloudy Bay Lagoon,
Catamaran River, D Entrecasteaux River, FreneyrRivawis River, Mainwaring River, Spero
River, Hibbs Lagoon, Henty River, Lagoon River, 8edRiver, Nelson Bay and Arthur River
catchments be minimised wherever possible.

The establishment and spread of introduced mansés be minimised wherever possible.
Isolated areas of the state that presently actfages from introduced species, viz. southwestern
Tasmania, the Furneaux Group and King Island, beedg managed to prevent the establishment
of pests, including the green cr@larcinus maenashe North Pacific sea stAsterias amurensijs
the Pacific oysteCrassostrea gigaand the fan worn®abella spallanzani

Recommendations for future research are:

The suitability of Thirsty Lagoon as a Class Auasy be investigated by field inspection and
collection of salinity, tidal and biological dat&Thirsty Lagoon dries out in a similar way to
Sellars Lagoon and Logan Lagoon or is otherwisaiitaisle, then Rocky Head estuary be
investigated as a Class A estuary and if suitalddstituted for Thirsty Lagoon in
recommendations above. If Rocky Head estuary isitailde because of small size and limited



aquatic habitat, then Cameron Inlet be consider@thss A estuary and substituted for Thirsty
Lagoon in recommendations above.

Boundaries proposed above for an estuarine gemtexrea in North East Inlet be assessed using
information on distribution of habitat types anshiing effort, and, if necessary, alternative
recommendations made for an area within this egtuar

Further investigation be made of the estuariseuddance indices Rland D to determine their

utility as indicators of environmental health, betithin an estuary over time and between
different estuaries, and to identify the extenivtich these indices are influenced by components
of the natural environment.

Detailed time-series data be collected concurerith faunal abundance data from a limited
number of estuaries to identify aspects of saliaitg flow that most affect estuarine biota (e.g.
whether maximum, minimum or modal salinity, or léngf flood, has greatest affect on
distribution and abundance of estuarine fauna).

Collection of baseline data from as many estgaagpossible for the most important physical
variables, including salinity, water flow, turbigjtnutrient concentrations, oxygen concentration,
suspended solids, temperature, pH and heavy nwiaéatrations.
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1. Introduction

1.1 Context

Estuaries provide foci for human development woitthywith the productivity and fertility of
estuaries contributing to the success of humatesethts. Rivers and their associated alluvial glain
have provided dependable supplies of freshwateffentite agricultural land, while the productivibf

the waters has provided a plentiful source of &isll shellfish. Estuaries offered sheltered portshe
development of sea travel and trade, and riverserpadsible access to hinterland areas. Expanding
world trade and the development of heavy industridéch rely on transport of raw materials and
produce, have promoted the growth of ports andruawal industrial developments around estuaries.
In Australia, estuaries were selected as the rataites of European settlement (Hodgkin, 1994 w
population and urban development continuing to gatamg Australia’s coastline (Adaet al, 1992).

In Tasmania, ocean trade has been critical to¢haa@mic development of the state, resulting in the
major urban centres becoming established aroundstuarine ports of Hobart, Launceston, Devonport
and Burnie.

Estuaries are highly significant to both commeraiad recreational fisheries because they provide
important nursery areas and possess extremelyphaghuctivity, which results in large populations of
invertebrates, fishes and birds in confined arBagér & Shaw, 1995b; Saenger, 1995). Estuaries are
also popular sites for tourism and recreationaVaiets, adding to developmental pressures.

Human activities compromise estuarine ecosystemisramany cases have led to large scale
alterations of the natural communities in estuatissuaries have been used as conduits for indlstri
and urban wastes, while reclamation of wetlandsgging of shipping channels and construction of
port facilities have caused large-scale habitatrdetson.

Deforestation within estuarine catchments for aduice, forestry and urban development has
increased runoff and peak flow rates, while erosibexposed soils has increased sediment loads of
rivers. Intensive development of estuaries and tachments since European settlement has also
resulted in the deterioration of water quality,reg@sed siltation, reduction and degradation of it
habitats such as seagrass, mangrove and saltrdamsiption of estuarine ecosystems, and declining
fish populations (Dyer, 1973; Adaet al, 1992; Saenger, 1995).

The overall problem of estuarine degradation armt&tloss was identified in the Commonwealth
State of the Marine Environment Report (SOMER) msrgst the most serious marine environmental
issues facing Australia (Saenger, 1995). For Tasam&OMER also identified major gaps in our
knowledge of estuaries, including habitat distribmit water quality and biotic inventories. Thespga
which include an almost complete lack of physichemical and benthic invertebrate data collected
from estuaries within the state, prevent the deteend early remediation of problems as they arise
They also limit the ability of planners to interpead implement the Tasmanian State Coastal Policy
and State Water Policy, particularly when assesiagotential impacts of new development
applications.

While there is now a strong public awareness ofrtiportance of the conservation of estuaries and
their associated wetlands in Australia (Saenged5),%uman population growth, and urban and
industrial development, continue to threaten egstaagcosystems. Appropriate management of
estuarine environments is essential to ensurertitegiion of natural resources and ecosystemsglis w
as maintaining the quality of human habitation restuaries. Estuaries are not independent
ecosystems. They are inextricably linked to proegsgthin their catchments and the adjacent marine
environment. Management strategies therefore requirunderstanding of all factors that effect the
estuarine environment (Day and Grindley, 1981).

Bucher and Saenger (1989, 1991) recognised theforadroad overview of the status of Australian
estuaries. They produced a national inventoryitichtided habitats, the value of estuarine fisheries
conservation values, water quality, catchment aleee and landuse. Their inventory summarised the
current status of knowledge for over 700 AustraBatuaries. In Tasmania, 63 estuaries were idedtifi
that met the criteria used in the study; howevestd was a paucity of information available for the
majority of these estuaries. Bucher and Saeng@&9liélentified significant areas requiring additbn
information in Tasmania including: catchment cleaemand landuse, water quality, saltmarsh and
seagrass distribution, and the value of commeatidirecreational estuarine fisheries. Other



information recorded in the inventory, such asfedirand runoff values for estuarine catchmentss wa
extrapolated from minimal data.

In a recent report on the distribution of inshorarime organisms, Edgat al. (1994a) concluded that
virtually all estuaries along the east and northst® of mainland Tasmania are badly degraded by
pollution, siltation, nutrification and onshore éénapment. They suggested that estuarine habitats ar
under greater threat from human impacts than ottegine ecosystems in Tasmania, and recommended
survey work as a matter of urgency to determinectineservation significance of Tasmanian estuaries
and to identify estuarine areas most in need deption. The study of Edgat al (1994a) provided

the impetus for the present project, which is aimedescribing and classifying the biota and plalsic
attributes of Tasmanian estuaries. It is part lofder Commonwealth government initiative aimed at
identifying representative areas around Australiarfclusion in a comprehensive system of marine
and estuarine protected areas (MEPAS) (Zann, 199%ymation on the conservation significance of
estuaries provided here should be useful, for examghen development applications affecting
estuaries are assessed. Prior to the present siediynpact of a proposed development within a
particular estuary could be assessed but no intlmmaas available on whether that estuary was
already severely degraded, possessed a uniquestamsyr was the only ecosystem of a particular
type that remained undegraded.

1.2 Aims

The aims of the project were to produce an invgnddmattributes of Tasmanian estuaries and their
catchments, and to use that information to classify define the conservation values of estuarine
environments within the State.

The specific objectives were:

« to define the boundaries of the catchments of Taganaestuaries and their
associated river systems;

» to derive physical attributes for each catchmentestuary including:
catchment area, water surface area, catchmenallacdtchment runoff,
geomorphology, geology and tidal range;

» to use physical and hydrological data to grouptoaents with similar physical
characteristics;

» to obtain quantitative baseline data on fishesitebrates and aquatic plants
associated with major Tasmanian estuaries;

» to determine the degree of correspondence betwegsicgal and biological
attributes;

» to obtain data on human population, land tenurgreeof catchment clearance
and broad categories of landuse within each catotjraad

to rank estuaries and associated catchments angdalthe degree of human
impact and their conservation significance.

The process of ranking estuaries and associatetmants in terms of conservation significance was
achieved using the procedures summarised in Fig Ektuaries within the state were firstly
categorised into a limited number of groups onlthsis of similarities in geomorphological and
hydrological attributes. This step could not bedimted using biological information because data on
plants and animals were not available for all estsaand biological data typically characterisesita
rather than encompassed the range of variatiorinngtty estuary.

The adequacy of the physical groups was assesseahfiyarison with invertebrate and fish data sets.
Within each of the defined groups, human populasiod landuse data were then used to assess the
level of anthropogenic disturbance to each estuarg,the estuary with least disturbance identified.
Where more than one estuary within a group wasidered 'pristine’, the conservation significance of
estuaries was separated using land tenure datauBeestuaries with a high percentage of their



catchment included within national parks are Iéi&sty to face future threats, these estuaries were
ranked higher than estuarine catchments with largas included in other types of crown reserves.
Catchments with crown land available for exploitatpurposes (forestry, mining leases, etc.) were in
turn ranked lower than catchments with crown reseand higher than catchments with large areas of
private land.

In addition to estuaries assigned high conservaignificance because they represent a particular
estuary type and have minimal human impacts, detuaiere also assigned high conservation
significance if they contained anomalously highcsge diversity or included endangered species.

A major aim of the process described above waddntify estuarine habitats in a relatively
undisturbed state that encompass the range ofah&fgiies and biological diversity around Tasmania.
Once these estuaries are identified, an integsttedwide system of estuarine protected areasean b
created by government legislation. Such a systeestfarine protected areas is anticipated to peovid
a number of benefits to the general community udiclg: (i) maintenance of reservoirs of genetic
diversity, (ii) provision of fish propagation aredisi) insurance against the possibility of fishestock
collapses, (iv) protection of areas where naturakgstem processes can be scientifically investthat
(v) provision of recreational sites for divers araturalists, and (vi) provision of foci for public
education about coastal life (Pollard, 1977; Balte 1991; Fairweather & McNeill, 1993; Jones &
Kaly, 1995).
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Fig. 1.1 Process used to rank estuaries in terms of coase@nvsignificance. Data sets used are
enclosed in rectangles.

1.3 Defining an Estuary

Estuaries lie at the interface of marine, freshwatenospheric and terrestrial systems. They are
dynamic environments, each with uniquely varied wdividual characteristics, making
generalisations, categorisations and comparisdfisuli. Estuaries have been defined by their
geographical location, their geomorphology andphssical, chemical and biological processes that
occur within them.

The public generally associates the term estuaity thhe mouth of a river - the location where theri
meets the sea. The new shorter Oxford Dictionanyekample, defines an estuary as ‘the tidal mouth
of a large river, where the tide meets the strg@rown, 1993). However, this definition neglects
important physical features of estuaries. Most anstlagree that variability in salinity is an esgadnt
feature of all estuaries (Day, 1981). A widely qebtefinition is that of Pritchard (1967, as quated
Dyer, 1973) - "An estuary is a semi-enclosed bddyater which has a free connection with the open
sea and within which sea water is measurably dllutith fresh water derived from land drainage".



This definition excludes many saline lakes and neimlets without fresh water inflow. It also
excludes tidal reaches of rivers that are beyoadithit of saline incursion. Day (1981) suggestttha
this may be a useful characteristic as it markst@nge from brackish to freshwater and related
changes in flora and fauna. McComb & Lukatelich8@Pargue that this could exclude whole rivers
where high flow levels prevent any saltwater inmmswhile some marine embayments not associated
with fluvial drainage show detectable variatiorsalinity through input of groundwater seepage. For
this reason, McComb & Lukatelich's (1986) definitfmcuses on the importance of fluvial drainage -
"that part of a river system in which the levekalinity of water may be affected by that of tha"se
However Bayly (1980) also includes other coastadkbwhodies that have salinity levels "that are
outside the range encountered in oceanic watelss.ificorporates many hypersaline coastal lakes
common in arid zones, such as regions of Australiiere evaporation regularly exceeds fresh water
inflow. Day (1981) also includes these hypersalad@s and other temporarily closed or ‘blind’
estuaries in his variation of Pritchard’s definitidAn estuary is a partially enclosed coastal bofly
water which is either permanently or periodicalpea to the sea and within which there is a
measurable variation of salinity due to the mixtofsea water with fresh water derived from land
drainage".

Ketchum (1983) also focuses on variable salinitthesmajor factor for defining estuarine waters. He
attempts to define the inner boundaries of an egamthe point where there is no net movement of
water upstream during a flood tide. Essentiallg thithe landward extent of saline incursion amrd th
definition excludes the "tidal river" above thisipo He notes that the boundary is a dynamic one,
varying with river flow levels.

Focussing on salinity as the determinant of estedsbundaries ignores other physical factors acting
within the estuarine environment. Variations iretahd river flows have marked effects on pattefns o
water circulation and movement of sediments imadhas under tidal influence. Further, defining the
seaward boundary of an estuary using salinity capsablems. Large rivers and smaller rivers indloo
can discharge plumes of fresh and brackish waterdosiderable distance offshore. Plumes have been
termed offshore estuarine zones (Ketchum, 1983y Have a biota that is distinct from the
surrounding marine environment (Kingsford & Suthé894).

There is obviously great difficulty in arriving atgeneral definition of an estuary that satisfles a
researchers and all situations. This is furtherplarated when administrative or geographical
boundaries are imposed on naturally variable systéfawever, the important features of estuaries are
that they are unique and highly variable environtai¢imat represent the major interface between land
based processes within the catchment and the mamirieonment. A useful general definition of an
estuary needs to recognise the importance of thegiction between drainage from the land and marine
waters, and the unique environments created bgdhwination of the physical and chemical
characteristics of both. At the same time, for ficat and administrative purposes, an indicatiothef
geographical limits of an estuary needs to be awmdi

For the purposes of this study an estuary is defase

"a semi-enclosed or periodically closed coastal boiyater in which the aguatic environment is
affected by the physical and chemical charactedstif both fluvial drainage and marine systéms
This definition includes coastal lakes, lagoons awers upstream to the limit of tidal influence. |
recognises the importance of external inputs froth Inarine and terrestrial environments and it
implies a seaward geographical limit at the opeminthe sea. This definition does not include
consideration of freshwater plumes and offshoreagste zones.

1.3.1 Upstream limits of estuaries

A generalised definition of an estuary emphasisegptocesses occurring within the estuarine
environment and recognises the variable and flticlgaature of these processes. However, for
analytical and administrative purposes it is nemgst define precise geographical boundariestior a
estuary.

Ketchum (1983) suggests that the upstream limétnoéstuary is the point where there is no net
movement of water upstream on the flood tide. Ty exclude long sections of river affected by
changes in tidal levels. It may correspond to thstneam limit of saline incursion. Either of these
limits are variable in geographic location and bardifficult to measure. The limit of tidal influea is
probably less variable (Adaet al, 1992) but can be difficult to determine by simpbservation.
Bucher & Sanger (1989) use the point where thessid¢he estuary that are represented by separate
lines on a 1:100,000 topographic map change toglesline as the point where the river runs into an
estuary. This is an easily definable limit with sophysical validity as an indication that the
topography prevents further upstream incursioreftide, although very large rivers can have widely
separated banks for considerable distance upstireamthe region of salinity and tidal influence. At



smaller scales (1:25,000 and lower), it may bedvimiuse the point where the first contour (5 om0
intersects the river bank.

1.3.2 Downstream limits of estuaries

Seaward limits of estuaries are not precisely @efiby salinity distribution because freshwater
plumes from large rivers can extend large distanéisfiore and most coastal waters are diluted by
freshwater runoff from land. Ketchum (1983) suggélsat the seaward boundary can be
geographically defined by a "line between the lemabses on each side of the entrance to an estuary”.
This is usually a convenient definition, and meabesrequirement of the general definition that
estuaries are semi-enclosed, although it is comdusi situations where several headlands are Idcate
at the entrance, each further apart in a downstdiegution. In these situations, such as at thetimou
of the Derwent River, selection of the entrancedteead becomes somewhat arbitrary.

The New South Wales (NSW) Estuary Management MafAddmet al, 1992) suggests that
there is a hydraulic boundary where topographyes#saffect tidal behaviour within an estuary.sT hi
boundary may not be evident or distinct in broadithed estuaries of drowned river valleys where
there has been little sill or barrier development.

1.3.3 Lateral boundaries of estuaries

Adamet al. (1992) define ecological boundaries for estuaigaclude all wetlands affected by
extremes in tidal or riverine flood events thatwowithin upstream and downstream boundaries. Other
publications do not specifically define lateraluesine boundaries but generally include in dis@arssi

of estuarine ecosystems all associated wetlangstidal mud and sand flats, beaches and foreshore
environments. The simplest determination of estealimits is obtained from the representation of
permanent water shown on 1:100,000 or smaller snafes. Unfortunately these may not include
extensive areas of associated wetlands.

1.3.4 Estuarine catchment areas

The definition of physical and geographical boureaof estuaries is not intended to suggest their
isolation from other inputs. Indeed, the dominaatdr that makes estuarine environments distinct
from the rest of the marine environment is theuafice of the volume and quality of freshwater réinof
from the land. The catchment is the area of laatldnains into the estuary or into stream and river
channels that flow into the estuary. The Natione¢&hic and Atmospheric Administration (NOAA) of
the United States Department of Commerce dividegagiste catchment areas (ECAS) into estuarine and
fluvial drainage areas (NOAA, 1990).

An Estuarine Drainage Area (EDA) is the land aled trains directly into estuarine waters, while a
Fluvial Drainage Area (FDA) drains into rivers ¢oremms upstream of the EDA. NOAA (1990) make
the assumption that natural processes and humiaitiastimmediately adjacent to an estuary will
usually have the greatest effect on estuarine walttywever, where FDAs comprise a large fraction of
the catchment, the influence of drainage from tBé\Enay not be significant (NOAA, 1990).

1.4 Characteristics of Estuaries

1.4.1 Formation of estuaries

Over geological time scales, estuaries are amahgshore ephemeral features of the landscape.
Periodic changes in sea level associated withafiaci result in a cycle of erosion of river charsna

low sea levels, and flooding of these eroded charasesea levels rise. Sea level rise is assoothd
deposition of marine and fluvial sediments in fleddiver channels. Sediments may build up to form
barriers across the mouths of river channels aatiosthembayments, thus creating tidal lakes.
Sometimes these lakes are almost totally infilledying a meandering, shifting river channel. Deep
narrow river channels are not totally blocked agmhain as drowned river valleys, often with reldive
shallow sills at the entrance (Hodgkin, 1978; Adsatral,, 1992; Morrisey, 1995).

The processes of sediment accumulation and stimlisof sediments by vegetation occur at different
rates in all estuarine environments. With the pgessd time, natural processes within estuaries are
likely to produce low-lying marshland, sealed atfrh the ocean behind coastal barriers, until fgllin
sea levels again cause rivers to scour old andchewnels in their journey to the sea (Carne, 1991,
Adamet al, 1992).

The last period of extensive glaciation on earttheghbetween 15,000 and 20,000 years before present
(ybp). Sea levels during this glaciation were up%0 m below present day levels and the coastline



extended in places out to the edge of the contiehelf. Some of the deep river channels eroded
across this coastal plane remain as submarinehtesrtbat dissect the continental shelf. As theslarg
glacial ice sheets receded with global warming,leeals rose eustatically at a relatively rapicrat1
m per century), until they reached present levafses5,000 to 7,000 ybp (Davies, 1974; Hodgkin,
1994; Harris, 1995)

Changes in sea level since that time can be lagjgiputed to isostatic uplifting or sinking ofle
masses. These tend to be relatively localised svestilting from tectonic movements of shifting
continental plates (Yonekued al, 1984) or localised land subsidence (Belperi®2)9

1.4.2 Water flow in estuaries

Water movement in estuaries is predominantly aéfétty freshwater inflows from rivers and cyclical
movement of seawater into (flood tide) and out(ekfb tide) the estuary. Wind, temperature and
salinity gradients also generate secondary curiemertant in mixing and sediment transport.
Freshwater inflows in Tasmania fluctuate betweasses, with higher flows in the winter wet season,
and occasional unpredictable flood flows. Tidalfovary in velocity and direction with the rise and
fall of the tide and with the monthly tidal cyclepring tides with large tidal ranges cause thengfest
tidal currents (Dyer, 1973, Adaet al, 1992).

The movement of dense saline waters into the sebevat of an estuary is counteracted by freshwater
flow into the head of an estuary. This results larayitudinal density gradient with the highest sign

to seaward. Gravity forces denser saline wateregst along the bottom of the estuary, causing a
downstream flow of less dense freshwater at thiaser This gravitational circulation enhances flood
tide currents near the bottom of the estuary aidtiele currents near the surface (Adenal, 1992).
The amount of net seaward flushing is dependesteamward flow caused by river discharge, the rate
of mixing between freshwater and seawater massdgha longitudinal dispersion of tidal flows. The
greater the river discharge and tidal velocitibs, lietter flushed the estuary.

Tidal flows are complicated by the length and shafpen estuary such that high and low tides can be
experienced at the same time in different paresnoéstuary, and tidal ranges can be amplified or
attenuated. The tidal wave propagates from therotethe head of the estuary and back each tidal
cycle.

The total volume of water moving into and out ofesmtuary with each tidal cycle, the tidal prism, is
dependent on the dimensions of the estuary antidthlerange. It is also affected by lesser factursh

as tidal amplification and attenuation, the laggghand tidal resonance of the tidal wave movinthep
estuary (Ketchum, 1983).

1.4.3 Classification of estuaries

Each estuary possesses a unigue and dynamic emérmnhat varies with shape, size, aspect,
topography of the estuary and surrounding landregegf tidal variation and incursion, and by land
based processes within the catchment. Catchmentéabat effect estuaries include rainfall and
runoff, rock and soil type, erosion, vegetationeoand anthropogenic impact.

Attempts to classify estuaries are generally basegeomorphology, the characteristics of salinity
distribution and water circulation patterns. Thelsaracteristics are largely interdependent as
geomorphology, tidal range and river flows arenfa@n determinants of salinity distribution, which i
turn affects circulation patterns. Ocean circulatatterns driven by tide and wind currents, a$ asl
river flows, can influence the geomorphology olesies and surrounding coastlines. Classifications
of estuaries using these characteristics are pegbbry Ketchum (1983), Dyer (1973), Morrisey (1995)
and Adanet al (1992). Geomorphological types of estuaries ifiedtin Australia and discussed here
are:

a) Drowned River Valleysestuaries with wide river mouths, rocky headtaadd deep channels (e.g.
the Derwent and Tamar estuaries);

b) River estuaries estuaries where fast-flowing rivers discharge the sea with little bar or lagoon
development and poor water mixing (e.g. the DonRiethan estuaries);

c) Barrier or Bar estuaries estuaries with sandbars across their mouthsserage generally
associated with depositional coastlines and reditikiigh fluvial sediment loads. Barrier estuar@es
subdivided into permanently-open barrier estuggas. Prosser River and Ansons Bay) and
seasonally-open barrier estuaries (e.g. Wandex@rRwhich are closed for part of the year when
outflow seeps through beach sands;

d) Saline Coastal Lakes and Lagoorftat swampy lagoons with irregular river inputdainfrequent
openings to the sea. Incursion by seawater geperediurs only after extreme runoff events or tides
breach the sand barrier, or after artificial bréaglie.g. Big Lagoon and Cameron Inlet);



e) Coastal Inlets enclosed marine embayments with wide mouthslaéicktlarge riverine inputs but
have detectable reduction in salinity from smatleks after heavy rainfall (e.g. West Inlet).

Many transitional stages occur between these foEsitslarine morphology is continually changing
with ongoing depositional factors counteracted toyrs events, tides and riverine flooding.

Salinity distribution within estuaries is determingy the amount of mixing between freshwater from
river flows and saline marine water. Mixing occbssslow diffusion unless turbulence generated by
shear stress causes vertical mixing (Addral, 1992). The rate of mixing is affected by tidahge,
river flows, and the shape and depth profile ofakwiary, particularly at the mouth of the estuary.
Three stages of estuarine mixing (Figure 2.2) ecegnised (Dyer, 1973; Adaet al, 1992; Morrisey,
1995). These are:

a) well mixed- salinity varies little with depth;

b) partially mixed- salinity varies continuously with depth, with aeident interface between the
upper and lower layers; and

c) stratified - salinity abruptly increases at the depth ofitlierface between upper fresh water and
lower saltwater layers.

The degree of mixing in estuarine waters is gréathen lateral and vertical movement of waters is
strongest. This is promoted by fast tidal flows aadrow channels meandering through shallows, bays,
shoals and other obstructions that cause redireofithe main current and the generation of eddies.
Stratified conditions are caused by low tidal cotneelocities or high river flows. The underlyingpit
wedge’ can penetrate many kilometres into the egtgach as along the Derwent River, where saline
water extends:30 km upstream as far as New Norfolk (Coughano@@5).

The ratio of river flow (per tidal cycle) to thelél prism can provide a rough indication of therdeg

of mixing within estuarine waters. Dyer (1973)jrait Simmons (1955), suggests that flow ratios 6f 1.
or greater are consistent with highly stratifieshditions, a ratio of about 0.25 suggests partiaimgj,
and a ratio of less than 0.1 indicates well mixedditions.

Estuaries in Tasmania with low tidal ranges (saadhtern, southern and western coasts) are generally
stratified during winter when river flows are higind partially mixed during lower flow periods over
summer. East coast estuaries and lagoons with Iowarflows are generally mixed to a greater
extent, while estuaries along the Bass Strait tinaswhere tidal ranges reach up to 3m, are uguall
stratified during periods of average river flomeification is generally more pronounced in the mi
and upstream sections of estuaries than in the stogam sections.

1.5 The Tasmanian Estuarine Environment

1.5.1 Marine influences

The Tasmanian marine environment is influencechbye main ocean systems:

. the Antarctic circumpolar current transports coldrient-rich waters to the southern and
western coasts,

. warmer waters from the Great Australian BightJuding the tail of the Leeuwin Current,
extend to the northwestern Tasmanian coast and Ikiagd during the cooler months,

. the East Australian Current transports warm veat@Tasmania’s north east coast,
particularly in late summer.

Offshore water temperatures vary from a mean o€lf‘ate winter, to a mean of 18°C in late
summer, with greater fluctuations in sheltered tdaseas and estuaries (Edgaal, 1994a).

Using biological criteria, Edgaat al (1994a; 1997) subdivided Tasmanian coastal waieyswo
major provinces, the Bassian and Tasmanian, with &ather subdivided into four bioregions. These
bioregions were based on analysis of distributiaiash relating to coastal reef fishes,
macroinvertebrates and plants. Edgeal (1994a) also made a limited analysis of patterrish and
mollusc data from Tasmanian estuaries and beaahds;oncluded that the coastal regionalisation
probably does not apply to estuaries.

1.5.2 Freshwater influences

Tasmania has a distinctive hydrological region imithustralia. It has a cool temperate climate with
rugged mountain ranges rising to about 1500 menaast, south-east, central and north-eastern parts
of the island. Heavy rainfall, in excess of 3000 gen annum, occurs in the western highlands,
reducing to 1500 mm per annum in the north-west{fseast and north-eastern highland areas. In the
shadow of the mountain ranges, rainfall in centraktern and south-eastern districts decreasas to a



low as 500 mm per annum. Potential evaporatioraisrmiania is the lowest in Australia. Evaporation is
less than 600 mm per annum in the Western Highlaotiss generally higher in other inland areas and
increases around the coast (Australian Water Rees@ouncil, 1976; Hughes 1987).

Hughes (1987) used available hydrological data ffanTasmanian rivers to derive a hydrological
classification of Tasmanian rivers. Rivers werdakd into four distinct hydrological groups. Rivéns
the south-east lowlands and coastal areas weraathesed by low runoff levels and greatest
variability of flow. Rivers in the west and soutave high annual runoff levels with low variation in
flow levels. The other two groups of rivers havaretteristics intermediate to these. Rivers in the
north west having higher, more predictable flonanthivers in the central north and north east of
Tasmania.

1.5.3 Biota

Few studies of estuarine biota have been condirct€dsmania. The only standardised statewide
survey of estuarine biota was a survey of fishesfhhbottom habitats around Tasmania conducted by
Last (1983). The most important of the regional/eys are: (i) a description of the distribution of
zooplankton in the Derwent Estuary by Taw & Rit®78, 1979), (ii) a study of mobile
macroinvertebrates, fishes and plankton along Bati@hannel and Bathurst Harbour by Edgar
(1991a,b) and Edgar & Cresswell (1991), (iii) adstef macrobenthos along the Derwent estuary by
Horwitz & Blake (1992), and (iv) an investigatiohrmacrobenthos in Macquarie Harbour (O’Connor
et al, 1996).

1.6 Human Impacts and their Management

Human activities can have significant impacts doasne environments and their ecosystems. These
are best divided into activities that take placthimi catchments and those that take place withén th
boundaries of the estuary.

1.6.1 Catchment activities

Land clearance for agriculture, forestry and urbamelopment results in significant increases in
catchment runoff, and in sediment and nutrient $ozatried by the runoff (Williams, 1980; Campbell
& Doeg, 1989; Brodie, 1995). Radiocarbon dating palien analysis of sediment layers in a New
Zealand estuary have shown a marked increase frion3 Inm/y in sediment accumulation rates since
commencement of clearing and European farming isecfHume & McGlone, 1986). Sediment loads
and concentrations of nitrogen (N) and phosphdeyigrom clearfelled forest coups were found to be
10-30 times greater than from uncleared forestat $tudy. However, topsoil losses can be
significantly reduced with carefully planned roaglimse of strip harvesting and maintenance of
streamside reserves. Despite these measures, tnagesill be twice that of uncleared forest (Sappe
1975). Sediment losses are greatly exacerbatetbbm flows (Beaslewt al, 1986; Campbell &

Doeg, 1989).

Cultivation of agricultural land results in a langerease of soil loss through runoff. In a stuflg o
small catchment in NSW, more than 90% of the sedtrimea stream draining the catchment came
from cultivated vineyard soils that made up onl$4l6f the catchment. The majority (79%) of the
sediment loss occurred in three major runoff everite remaining sediment was derived from forest
and grasslands (Loughrahal, 1986).

In Tasmania, the rate of clearance of natural et from 1972 to 1994, as determined from saelli
images, has varied between 6,000 ha/y to 15,0§0(aaérage 10,000 haly). Some of the losses have
resulted from inundation for hydroelectricity pration, some from forestry harvesting and forest
plantation establishment, and a large proportioeggr than 50%) for agricultural land uses
(Kirkpatrick & Dickinson, 1982; Kirkpatrick & Jenkj 1996).

Human activities within the catchment are the magrse of increased organic matter and nutrient
supply to coastal waters, an enrichment that csultran the eutrophication of estuarine ecosystems
(Brodie, 1995). Burning, cropping and grazing aBult in increased nutrient level in runoff. A nusnb
of studies have shown that N and P levels incraaserding to the proportion of agricultural land
within a catchment. Kronvargt al (1995) averaged nutrient losses from 270 catcksriarDenmark.
The ratios of N and P from agricultural and undiséal catchments were 14:1 and 4:1 respectively.
Gabric & Bell (1993) and Cooper & Thomsen (1988)rfd that N and P concentrations were an order
of magnitude higher in agricultural versus pristi@chments, while Paillext al.(1993) found PQ@

was 3 times higher in suspended sediments frorareg@lraining agricultural catchments. The use of P
in agricultural fertilisers in Australia has inceea fourfold between 1950 and 1990, while use of N
fertilisers has also escalated since the 1960{8rd995).



Major urban areas in Australia are often locatede&lto estuaries, and most of the urban sewage
effluent is discharged into estuarine coastal vgatdutrient loadings through sewage, especially
phosphorus, may exceed inputs from all other seurse estimated 10,000 tonnes/y phosphorus and
100,000 tonnes/year nitrogen is discharged threegiage in Australia annually (Brodie, 1995).
Sewage discharged each year to the Derwent Esgiasfimated to contain over 100 tonnes
phosphorus and 400 tonnes nitrogen, contributirtg Z8d 69% respectively of total nutrient inputs to
the estuary (Coughanowr, 1995).

In urban areas developments, such as roadworksudrtivisions, result in land clearance and
exposure of soils to erosion. Large areas of impabte surfaces, such as roads and roofs, and
channelisation of surface drainage, cause high sakn flows. Runoff from urban areas is
characterised by high sediment loads and highemtttevels (Williams, 1980; Hogg & Norris, 1991).
While sewage discharges are the major source aentg, stormwater runoff can contribute up to 10%
or more of the nutrients from urban catchment (Kinget al, 1990; Brodie, 1995; Coughanowr,
1995).

Runoff from urban areas, agriculture and forespgrations also contain pollutants such as oil sfuel
plastics, heavy metals and toxic organic compowinds as pesticide and herbicide residues. Pesticide
levels in urban runoff can be equivalent to residineagricultural runoff (Kimbrough and Litke, 1994
Lenat & Crawford, 1994).

Mining and associated industries add high levelsediiments to runoff waters. Heavy metal
contamination is also common, especially wheresttposure of sulphide ores results in oxidisation,
producing acids and releasing metals into solufibining activities in and around estuaries (e.gqudsa
mining) can cause locally heavy sediment loadsciwashges to estuarine circulation patterns (Aéam
al., 1992).

A large proportion of Tasmanian river systems amhed for hydroelectricity generation, including a
number of diversions between catchments (e.g. M#feeth diversion; see Table 2.1). These
impoundments cause substantial changes to the lbggrand sedimentation rates of downstream
estuaries (Rosenbeeg al.,1995). The majority of dams in Tasmania are fllmetgh systems, hence
seasonal and diurnal flow patterns are modifiedrikieeam and flood levels reduced. The few
estuaries located downstream of large irrigatiomslan Tasmania, such as Pittwater, can have
freshwater flows reduced to almost negligible Isv@ltside periods of flood.

High flood levels are often important for the flirsdy of estuaries. Davies & Kalish (1989, 1994)
suggest that changed flow regimes in the southea$tesmanian Derwent River have prevented
adequate flushing of the upper estuary. Reduced fllmws in conjunction with increased organic
loading from paper mill effluent were consideredhétve caused anoxic conditions to develop in some
areas.

Freshwater flows are a major stimulus for estuaaimg marine productivity, which in turn can affect
fishery production (Schlacher & Wooldridge, 199@&itfield, 1996). Freshwater flows also provide a
signal for breeding or migration in many marine astlarine species (Loneragzral, 1989;
Loneragan & Potter, 1990; Adaah al, 1992). The presence of dams and weirs can coehpldisrupt
fish communities because they prevent the migragfatiadromic fishes, such as eels, lampreys and
Australian grayling.

The quality of water released from large dams eaddirimental to downstream organisms. Water
from deep levels is often cold and deoxygenated,cam contain toxic compounds such as hydrogen
sulphide (Adarret al, 1992). A large fish kill on the western Tasmarieman River occurred as a
result of the entrapment of air in water passimgubh turbines in the power station. Expanding air
bubbles in the supersaturated water caused emisoilisfish present below the dam (O’Donnell and
Livingston, 1992).

Heavy metals produced by mining activity also acelate in some dam waters, including the Pieman
catchment (O’Donnell & Livingston, 1992). One Tasaan west coast impoundment, Lake Burbury,
requires continuous monitoring for heavy metal aarihation from old mine workings. The current
solution to this problem is to divert polluted waténto the much more heavily-polluted Queen River,
which flows into the King River and Macquarie Hatb¢O’Donnell & Livingston, 1992).

Low dissolved oxygen concentrations and elevateeldeof organic matter were also detected in the
lower King River and Macquarie Harbour after opierabf the John Butters power station commenced
in April 1992, utilising water from Lake Burbury. &tér for the operation of this power station is
drawn from the deep deoxygenated zone near thbdakd he deoxygenation problem has largely
been resolved by the entrainment of air in theitgrloperation; however, monitoring for dangerous
levels of hydrogen sulphide and supersaturatioelefised waters continues to be necessary. Methods
to destratify lake waters have been considered@sger term solution (Sanger, 1993).



In the Gordon River subcatchment of Macquarie Harlestuary, high summer flows maintained by
operation of the power station have reduced theegus penetration of saline waters. This has
disturbed the equilibrium of a number or meromitdikes in the region that rely on annual
replenishment of saline waters during low summang (King & Tyler, 1982, 1983).

1.6.2 Activities within estuaries

The sheltered waters and coastlines of estuargetharsite of many human activities. Estuaries are
used as ports for shipping and provide an enviranirftg fishing, marine farms, boating and other
recreations. Port facilities such as wharves amdatoer terminals often adversely affect estuaaga
result of the destruction of habitat, pollutionrfrail spills, faunal disturbance, and the introéducof
exotic aquatic organisms. Industry located alor@yedines also badly degrade estuaries in some
situations (Bloom & Ayling, 1977; Windom, 1992).

Dredging and training walls are often necessam®stonaries with port facilities in order to maintain
shipping channels. Dredging can result in localisediment loads that can smother flora and fauna,
while training walls, commonly used to stabiliseemtuary entrance, result in changes to habitat and
alteration of water circulation patterns (Adatral, 1992).

Shellfish farms are becoming more common as a meigm®ducing seafood products. Oyster farming
occurs widely in estuaries since the pacific oysteassostrea gigasvas introduced to Tasmania in
the 1950s (Rees, 1995). Shellfish farms can calsssaf amenity for other users and a reduction in
habitat for particular local species. They alseetfecosystem processes through filtration, which
removes suspended particulate material from theneatiumn, and the production of faeces and
pseudofaeces, which deposits organic matter osethbed.

Finfish farming is a rapidly growing enterpriseliasmanian marine waters. It is associated with
intense organic loading as waste products and e@ndabd accumulate below cages. At present, the
impact of this organic pollution is considered tolbcalised, and effected sediments are thought to
recover once cages are removed (Woodwhwl, 1992).

Waterfront estates, canal developments and macaraslegrade habitat and change water circulation
patterns, resulting in extreme cases in poorlyhthasareas that become anoxic. Boating can cause
pollution through spills, exhausts, untreated waestel anti-fouling chemicals. Wash from power boats
can cause bank erosion whilst moorings and ana@rslamage sensitive habitats (Adetnal, 1992).

1.6.3 Eutrophication

The trophic status of aquatic ecosystems is regailay the supply of nutrients to primary producers
(Hatcher, 1994). In depositional environments saglestuaries, the natural trend is for a gradual
increase in the productivity and biomass of plastsutrients are trapped within the system. Nutrien
enrichment encourages rapid growth of aquatic plaften resulting in eutrophication and the rapid
depletion of dissolved oxygen (McComb & Lukatelid®986; Hillmanet al, 1990; Adanet al, 1992).
Increased levels of nutrients that limit plant gtb\{particularly N and P) result in an increase in
primary production. In the early stages of nutriemtichment, increased primary production can be
beneficial to fisheries with increases in food &athitat. However, further increases in nutrienuinp
can cause eutrophication and serious imbalancesogystems (Hodgkin & Hamilton, 1993).
Several stages of eutrophication are recognise (vt & Lukatelich, 1986; Lavengt al, 1991;
Brodie, 1995; Cloern, 1996):

a) an initial increase in phytoplankton and mackoplyrowth,

b) prolific growth leading to the dominance of avfspecies of phytoplankton and benthic macroalgae,
¢) changes in species composition,

d) massive blooms of nuisance and toxic phytoptamkand

e) development of anoxic conditions.

The latter stages of eutrophication are often nthllsemassive fish kills caused by oxygen depletion
and toxic algae, and death can occur amongst dtgmialistocks as a result of the ingestion of toxic
algae.

Phytoplankton blooms are rapid episodic increasgdanktonic algal populations. They can occur
naturally in many oceans and waterways in resptmparticular combinations of climatic events,
seasonal changes and nutrient availability. Bloorag recur annually (Hallegraeff & Jeffrey, 1993) or
spontaneously in response to favourable condii{Bteckburn & Cresswell, 1993).

As nutrient levels increase, the species compaostafalgal blooms changes. Increases in the
proportions of N and P relative to silicon (Si)esgively promotes non-diatom blooms, with



dinoflagellates and blue-green algae tending t@imecmore common. Many of these species are
unpalatable to zooplankton grazers, disruptingntivenal food web. In some situations dinoflagellates
produce toxins which cause mortalities at highepltic levels (Cloern, 1996; Hallegraeff, 1995).
Eutrophication of coastal waters is recognised wsréddwide problem. It is most evident in enclosed
and semi-enclosed waters with high nutrient injund long water residence times (low flushing).
Problems related to rapid eutrophication resulfinogh anthropogenic nutrient enrichment are
documented in numerous estuaries, including thédBahd Black Seas in Europe, Chesapeake and San
Francisco Bays in the USA, and various water bodiesnd Japan, Hong Kong, Australia and New
Zealand (Cloern, 1996).

The Australian coastline is affected by increasatgs of eutrophication in areas subjected to urban
and agricultural runoff. In the south-west regidMéestern Australia, for example, eutrophication of
estuaries and coastal embayments, with accompanyiisgnce and toxic algal blooms, has been
recognised as a major environmental problem simed ®70s. Leaching of nutrients from heavily-
fertilised sandy soils in local agricultural dists is primarily implicated (Hodgkin & Hamilton, 29).

In Tasmania, a toxic bloom dfodulariaspumigenavas documented in Orielton Lagoon as a result of
high nutrient inputs and the restriction of tidalis from the adjacent estuary (Joeesl, 1994;
Armstrong & Guidici, 1995).

1.6.4 Seagrass decline

Seagrasses often form extensive meadows in shatiastal waters and estuaries. They are highly
productive and provide important habitat and foesburces for flora and fauna. Low levels of nutrien
enrichment can increase productivity and growtkezgrass beds (Bulthwgsal, 1992); however a
decline in area and density of seagrass beds digmetlbws eutrophication in Australia’s low-nuént
coastal environment (Brodie, 1995).

Walker & McComb (1992) summarise losses of seadrass eleven locations around Australia. The
two main causes of seagrasses decline were coeditiebe nutrient enrichment and smothering by
sediment. Nutrient enrichment enhances growth gfq@iankton and algae that grow epiphytically on
seagrass stems and leaves. This increased algehgmsults in shading of seagrass beds, reducing
photosynthesis and seagrass density. Increasdd Efvaispended sediments and the settlementef fin
sediments on leaf blades also reduce light peimtrand photosynthesis.

Using aerial photographs and satellite images ftoa1990s, Rees (1994) mapped an area of over
22,000 ha of seagrass in coastal waters arounddraarand the Bass Strait Islands. Although unable
to compare all areas, he used archival photograptiscument losses of over 5,500 ha since the
1950s. In many areas of decline, surviving seagsagse covered by epiphytic algae and elevated
levels of sediments. Rees argues that most obses have occurred in areas affected by nutrient
enrichment from sewage, agricultural runoff, colesit@ck development and mariculture activity.
Losses were most evident in south-eastern Tasmania.

1.6.5 Introduced marine and estuarine species

In contrast to the majority of anthropogenic thseahich affect individual estuaries, the spread of
introduced pest species represents a differengoatef threat because it potentially affects all
estuaries and estuarine species within the statetfireat of introduced pests is also potentiaibater
than others because, while most human disturbaartée ameliorated by changing management
practices, introduced pests cannot be adequatatyadied using current or forseeable technology.
Ecosystems worldwide have been affected by the itappon of exotic species to the extent that the
dominant organisms in many estuaries are now diiffierent to those present 200 years ago (Williams
et al, 1988; Carlton & Geller, 1993). Estuaries, paiticly those severely degraded by human activity,
act as foci for introductions in the marine envir@ant because they (i) possess high levels of food
resources, (ii) high levels of immigrants througiastal shipping, and (iii) low species diversity, a
indication that vacant niches and low numbers ofipetitively-superior species are present.
Ecosystem changes caused by introduced taxa aeetexjto accelerate as the newly established
plants and animals extend along the coast ancceesaised shipping conveys additional species in
ballast tanks and hulls into new territory.

In Australian waters, over 100 exotic marine spebi@ve been accidentally released during the period
of European settlement (Pollard and Hutchings, a990transforming the nature of estuarine and
coastal ecosystems in many areas. While the situatiTasmania is not as severe as in California
(Carlton, 1989), where lists of macrobenthic speciglected in estuaries often contain more tha& 80
exotic taxa, some estuaries in the state are edesith high densities of foreign species. The damt
benthic invertebrates in the lower Derwent estufmyexample, are largely of foreign origin (seasta
Asterias amurensiandPatiriella regularis gastropodaoricolpus roseuschitonAmaurochiton



glaucus ascidiamscidiella aspersacrabCancer novaezelandigeand densities of local species
appear to have declined dramatically as theseepbave become established (Morrice, 1995;
Grannumet al, 1996).

1.6.6 Long-term climate change

Estuarine ecosystems around Tasmania are likalidgage markedly over the next century if predicted
increases in air and water temperatures occuicaasequence of increasing global greenhouse gas
emissions. Climate change can affect estuarineystaras through three mechanisms:

* increased water temperaturBecause of the position of Tasmania at the sontleremity of
Australia, a relatively slight increase in watenferature may result in species extinctions becafise
the lack of a land mass further south into whickcsgs adversely affected by warm water can retreat.

» modified rainfall patternsincreased rainfall in some areas of the stateradlce salinity in local
estuaries, while decreased rainfall in other avghsllow saline water to penetrate further upuestes
and promote barrier formation.

* sea level riseRising sea levels will flood low lying areas withéstuarine basins.
1.6.7 Management issues relating to estuaries

Critical to the management of estuaries is thegeition of the impacts of activities within upstrea
catchment areas. As Adaghal (1992) states, "upstream catchment activitieghaeingle most
important factor in determining the present dayieat balance and water quality of estuaries”. In
NSW, the Catchment Management Act 1989 formalisegptocedures for implementation of
catchment management (Adamal, 1992). While the concept of catchment managemasinot been
legislated in Tasmania, it has become a policyhefrhain land and water management agencies,
DELM, DPIF, HEC and the Forestry Commission. Tachment management (TCM) requires that
all issues of resource allocation and environmeaffalcts within a catchment are considered during
planning for developments (O’Donnell & Livingstal992). The objectives of TCM, as outlined in the
NSW Catchment Management Act, are to ensure thaisable use of natural resources, to rectify
degradation of natural resources, and to proviglelstand productive soils, high quality water and a
protective, productive vegetation cover. Fundanidatthe success of TCM is active community
involvement in resource management, with the deretmnt of increased awareness of the need for
conservation of land, water and other natural nessu(Adanet al, 1992).

The next important step in policy development nigsthe integration of management of catchments
and the coastal and marine zones. This applidetwidespread application of land use planning,
pollution control and marine resource managemenut,adso to the distribution of protected areas.
Marine and estuarine protected areas (MEPAS) areracognised as a vital component of any strategy
to conserve our marine and estuarine ecosystergex®rnments at all levels. MEPAs are promoted
internationally through the World Conservation &gy launched in 1981 by IUCN, WWF and UNEP.
They are promoted nationally through the Nationah§&rvation Strategy of Australia and the
intergovernmental Australia New Zealand Environn@ahservation Council, and at the state level
they receive tripartisan political support in Tasiea The definition of a MEPA used by the Coundil o
Nature Conservation Ministers (now the AustraliaMNgealand Environment Conservation Council)
and Australian National Parks and Wildlife Servjnpew Environment Australia) has been based on
IUCN objectives:

"any area of intertidal or subtidal terrain, togethaith its superjacent waters and associated flora
and fauna, which has been reserved by legislatiquratect part or all of the enclosed environment f
conservational, scientific, educational and or regtional purposés(Kriwoken, 1989).

Until 1991, Tasmania was the only Australian stwitbout marine or estuarine protected areas
dedicated for the preservation of aquatic ecosyst&wmur marine reserves were declared at that time
on the eastern and southeastern coasts of Tasrhamayer, no estuarine reserves have been declared
to protect aquatic communities within the statehéligh a total of 15 MEPAs additional to the four
marine reserves exist in the state that are masdlyne extensions of terrestrial national parks or
conservation areas, these areas have no managelar@nbr regulatory controls relating to marine or
estuarine conservation (Kriwoken, 1989; Bosworf95).

A further ten wetland sites around Tasmania atedisinder th€onvention on Wetlands of
International Importance Especially as Waterfowlditat (Ramsar Convention 1971). Nine of these
sites are estuarine or coastal wetlands. Howeesetkites have limited conservation value as the
Convention is restricted to wetlands and has nallggpport for the prohibition of ecologically



damaging activities (Kriwoken & Haward, 1991). Soofi¢hese sites are seriously degraded. They are
often adjacent to or include private property cangylivestock, some are infested by introduced
species, and most are used for uncontrolled reoredactivities including hunting. Despite being
under the jurisdiction of DELM, and in several casentaining refuges of rare and threatened species
few of these areas are actively managed for coatiervpurposes (Kriwoken & Haward, 1991;
Australian Nature Conservation Agency, 1996).



2. Data Sets, Sampling Methods and Analysis

2.1 Criteria for Selecting Estuaries

Tasmanian estuaries, coastal lagoons and embayimehitded in this study were those with banks
represented by separate lines on 1:100,000 topligragap sheets and connections shown on
1:100,000 topographic map sheets to the sea. Tlheyaeded to be of at least moderate size, with

either catchment areas exceeding 2@ kmareas of open water exceeding O.?I(ﬁfig. 2.1,

Appendix 1, Appendix Map 1). The latter criterioaswsed so that the largest coastal lagoons would
be included in the study even though lacking extensatchment areas.

The definition used here was more liberal that oftger & Saenger (1989), resulting in the inclusion
of nearly double their number of estuaries (£153). The present study included all estuaries
described in Bucher & Saenger's study, with theeption of large partially-enclosed coastal
embayments (Robbins Passage, Norfolk Bay, RalpgsB&ntrecasteaux Channel and Recherche
Bay) that have wide marine connections and wersidened to be outside the definition of estuary
because they were little affected by freshwatengloNumerous smaller estuaries associated witkethes
embayments have, however, been included in the/stud

Four coastal lagoons included in the study possdilyutside the definition of estuary. Logan Lago
and Stellars Lagoon on Flinders Island dry compldte periods of up to several years, and were dry
when investigated in May 1997. Freney Lagoon aibsiLagoon, located on the southern and
western Tasmanian coasts, respectively, possibkydasignificant marine input and, if so, should be
classed as coastal lakes. Salinity determinatiam these two lagoons in summer are needed to
adequately determine their status.

2.2 Geomorphological Classes and Tidal Data

Each estuary was classified by geomorphology ukig§,000 topographic map sheets and, in most
cases, the structure of the entrance observecelohvisits. The geomorphological classes were: 1
coastal inlet; 2 drowned river valley; 3 permangaiben barrier estuary; 4 seasonally-closed brarrie
estuary; 5 river estuary; and 6 coastal lagoonra&iteristics of these six classes were described in
Section 1.4.

The presence of seaward barriers in estuaries sg@ssed during field trips in summer and from heria
photographs. A total of 28 of the 111 estuarieggtigated in the study were not visited duringffiel
trips. For these estuaries, the presence of amiebaras noted from aerial photographs and 1:25,000
topographic map sheets.

Tidal range was also assessed during field visiteference to tide charts for the local area
(Department of Defence, 1995) and the estimateticaédistance between high and low water marks.
The location used for estimates was standardigecbimparisons between estuaries at the site in the
downstream section of the estuary just upstream fr@jor entrance restrictions to water flow. High
water mark was recognised by the layer of deposiédatis high on the shore and low water by the
furthest extent that water receded during the tigrale when field observations were made.

To assess observer error when making these estibtielal range, independent estimates from two
observers (GE and NB) were compared for 50 eswiatievhich both observers were present. The two

groups of estimates were in close agreem@nO(QS), with the standard deviation of the differen
between estimates = 0.12 m.

Estimates of the tidal range of the downstreamhesiof estuaries not visited during field trips ever
made using topographic maps and tide charts. Téstsaates may therefore include substantial error.

2.3 GIS Procedures

The approach used for physical, land use and hyopulation aspects of the study was to develop a
computer based Geographic Information System (G8&ring Tasmanian catchments and analyse
available digital data on rainfall, geology, lamdaire, population and landtypes. GIS was the method
of choice because of the broad regional naturbestudy and the availability of digital data sets]

to enable integration of the data with related gcty that also use GIS.



The GIS software used was Arc/Info version 7.088@) written by Environmental Systems Research
Institute, Inc. (ESRI) and Doric Computer Systemteidnational Ltd. Arc/Info was chosen because of
its ability to store and analyse large data-sets/IAfo is a powerful GIS toolbox that can work an
number of data types including vector based mapgefages), raster or cell based maps (grids),dable
tins (triangulated irregular networks) and imadeSRI, 1994).

Coverages in Arc/Info are used to represent polinkss or arcs, enclosed areas or polygons and
regions. Once coverages are ‘built’, Arc/Info upes/gon or arc topology to determine the
geographical location of each point or arc, theaion of each arc, which arcs make up a polygah an
which side of each arc a polygon is located. Regiam be made up of a number of polygons.
Attributes can be linked to points, arcs, polygonsegions. Attributes for each coverage are caethi
in arc attribute or polygon attribute tables (AAQISPATS respectively). PATs automatically contain
the area and perimeter for each polygon as wefitamal and user-defined identification numbers.
Any number of polygon attributes can be added ¢dRAT.

Grids in Arc/Info are used to store data about gjgdocations on the earths surface such as véigata
type, soil type or elevation. They can representioaous surfaces or discrete groups or classeh Ea
location is represented as a cell. The cell matrixgrid, is organised into rows and columns. Cell
values are numbers that represent nominal dataagutznd types or actual or relative measurements
such as elevation, rainfall or reflectance vall@s.grids containing categorical data, Arc/Infoates

a value attribute table (VAT) that contains cellues (value) and the number of cells (count) in the
grid for each particular value. Additional attribatthat can be related to particular cell valueshea
added to the VAT. Grids containing a wide rangaaifial measurements or floating point values do
not have a VAT.

Arc/Info facilitates the conversion of map datavietn coverages and grids. Coverages can be
produced by vectorisation of grid images. Grids lbamproduced from coverage polygons using any
numeric attribute as the cell value. Some accuisst with each conversion so the number of times
that data is converted from one data type to anatbeds to be minimised.

All analyses of data sets were done using theb@sed analysis tools in the Arc/Info module, GRID.
GRID allows transparent processing of grids atedéht resolutions. It does this by automatically
resampling input grids to the coarsest resolutginginearest neighbour resampling. All vector
coverages were converted to grids using the Arcneand Polygrid. All grids were produced with a
cell size of 100 m (1 ha cells), a common origid &me same number of rows and columns. Cell values
were derived from a numeric code contained in theerage attribute table for the relevant attribute
(estuary - estcode; river - rivcode; land tenueneode; geological type - geocode). Three gridewe
created from the ABS census district coverage sgmting population density, dwelling density and
density of occupied dwellings. Rainfall data (1008®y 1000 m cell grid) and landtype data (25 m by
25 m cell grid) were resampled to produce 100 mgréds.

Several digital map coverages of the state of Tagamaere made available for the study by the
Department of Geology, University of Tasmania. Ehegluded coverages for coastline, drainage
(rivers and lakes) and contours (100 m) that werésdd from 1:250,000 map sheets by the Land
Information Bureau (LIB), Department of Environmént.and Management (DELM). A digital
coverage of the Tasmanian coastline derived frd2B,000 map sheets by the LIB was provided by the
Parks and Wildlife Service (PWS), DELM.

2.4 Catchment Boundaries and Water Diversions

GIS software such as Arc/Info can be used to der@iehment boundaries from digital elevation
models (DEMs) where these exist. However the acguvfboundaries is dependent on the resolution
of available DEMs. This was attempted in this studing an available DEM derived from the
1:250,000 contour coverage (100 m contours). Thelting catchment boundaries were nonsensical in
areas of shallow topography. This method was tbegakjected in favour of hand drawn catchment
boundaries.

Catchment boundaries derived from DEMs are typicadisessed by comparison with hand drawn
boundaries, with the latter generally found to picaloptimal boundaries (Civco, 1995). Future
availability of high resolution DEMs for Tasmaniaynallow more precise catchment boundaries to be
determined by digital analysis. This will be usefiliere catchments need to be determined for large
numbers of small subcatchments or multiple pountgowithin a catchment. For the purposes of this
study, digitised hand drawn boundaries providechtbst precise determination of catchment
boundaries. These boundaries will provide a ugefielence for any future determination of catchment
boundaries using digital techniques.



2.4.1 Determination of catchment boundaries

Catchment boundaries for estuaries were derived frii 00,000 topographic map sheets produced by
LIB, DELM. The boundary or catchment divide is pited by assuming that all surface flow occurs in
the direction of the land slope, in a directiongasdicular to the contours. The boundary only
intersects contour lines when it runs along a rigigure 3.1). Catchment boundaries were traceu fro
the most recent editions of LIB 1:100,000 topogiaphmaps onto polyester drafting film (Rapidraw
0.003") using a 0.4 mm drafting pen. All refereffoeTic) points used Australian Map Grid (AMG),
Zone 55 coordinates.

Traced images were scanned, at a resolution otld@per inch (dpi), on a flat bed scanner at i L
DELM. In order to import these images into Arc/Infbe images were inverted (to white lines on a
black background) using the image processor packag@radley, 1993). Inverted images were then
imported into Arc/Info, then registered and reetifito AMG Zone 55 using the marked Tic points.
Rectified grid based images were then vectorisetyube Arc command Gridline. The command
option settings used were thinning, filter, roulige thickness of 50 map units, minimum dangle tang
200 map units and weed tolerance 2 map units. M#p were set in metres.

Vectorised coverages were cleaned to remove imEmgearcs and sliver polygons using a minimum
dangle length of 100 m and a fuzzy tolerance of &leaned coverages were edge matched to
neighbouring coverages then all individual map sheeerages were appended to a single coverage of
all catchment boundaries.

The catchment coverage was then appended to th@QRcoastline coverage. Estuarine catchment
boundaries were joined to the coastline in ordaldse the polygon for each catchment. Errors in
catchment boundaries were identified by overlayirgcatchment coverage on the available 1:250,000
drainage and contour coverages.

Corrections were made where boundaries intersedgtadivers represented on the drainage coverage.
Changes to catchment boundaries were made intezhctiihere corrections of less then 100 m (as
determined on the image display) were required.|&ger errors and serious anomalies in boundaries,
the original map-sheets and line work were refetoedResulting corrections were manually digitised
into the coverage.

Three coverages were created from the originalreme These covered catchment boundaries for
whole catchments (estcatch) which include all ldradning into the estuaries, major river catchments
with each estuarine catchment (rivcatch) and cagéetisnof major dams built for hydroelectricity
production, irrigation projects or water supply rfatatch). Each coverage was made by deleting non-
relevant areas from the original coverage. Polyigpography was then built for each coverage and
each catchment was attributed with a unique codabeu and the name of the catchment. Catchment
coverages are shown in Appendix Map 1.

Catchment coverages (estcatch, rivcatch, and dahjoatre converted to grids with a cell size of

100 m by 100 m. Cell values were obtained fromvillee item in the relevant coverage PAT for
catchment code (i.e. est-code, riv-code, and dase)cd hat is, the value of each cell within a
catchment was equal to the code number for thahoant.

2.4.2 Sources of error

The catchment boundaries derived are subject tw ssulting from errors in the original map in
horizontal position on LIB 1:100,000 topographicprsheets is +/- 25 sheets, errors in defining
catchment boundaries and errors in transcriptidmefvork to digital coverage. The stated error m.
Errors in determining catchment boundaries arécdiffto assess. In areas of steep topographyeclos
contours), errors are likely to be of the same padethe error in the map-sheet. However in aréas o
shallow topography and indeterminate drainage sgmtation, errors in catchment boundaries are
likely to be high (up to 500 m).

Other difficulties in determining catchment bouridararise with numerous human-made diversions of
water flow within and between catchments for hydkeetricity generation and irrigation purposes. The
main examples of this are: the diversion of theaGForester River from the Brid River directly teet
sea, the diversion of Great Lake waters from then@at Estuary (Ouse River) catchment to the Tamar
Estuary (Macquarie River) catchment, diversion atev from the Mersey River into the Forth River,
diversion of Lake Pedder from the Huon River catehtrio the Gordon River catchment, and
diversions between the Nive, Dee and Ouse rivahoaents (Table 2.1). The latter are difficult to
interpret from map-sheets, but are all subcatchsneinthe Derwent Estuary Catchment. Where
diversions could be determined, their catchmentg heen included in the catchments to which they
were diverted. Great Lake and Lake Pedder Catclmaeatmapped separately in the coverage of river
catchment boundaries.



2.4.3 Transcription errors

Small errors are introduced at all stages in tnalnisiy catchment boundaries to digital coverages. A
line width of 0.4 mm corresponds to 40 m at 1:100,8cale. Scanning of this line at 300 dpi gives a
line approximately 5 cells wide (cell size<i8.5 by 8.5 m). It is necessary to have a line s\eells
wide so that it will be recognised as a line dunegtorisation, rather than a series of disconkcte
points. Errors occur in marking Tic points and @ographical registration of images using these
points. Four Tic points were marked on each maptshs close to the corners of the map sheets as
practical. For 42 map sheets, the average erroraed during rectification was 10.6 m, equivalenat
root mean square error of 0.004 (Maximum error #&8 m, RMS 0.01).

Vectorisation produces a line of zero thicknesaftbe grid/cell image. The error at any point iis th
line will be equivalent to the line thickness oétimage, that is +/- 40 m. Summing errors from
determining catchment boundaries (+/- 50 m) anastraption (+/- 50 m) gives an approximate error
of +/- 100 m. As noted above, this error may besaerably greater in areas of shallow topography.
The nominal scale for coverage of catchment bouesl#s the same as the source maps, 1:100,000.

2.4.4 Estuary boundaries

A digital coverage of estuaries was created ugied B 1:25,000 coastline coverage. As discussed
previously, in the absence of data on salinityaltlinits and bathymetry, the definition of estumri
boundaries is necessarily arbitrary.

Upstream boundaries were determined as the poiaterthe separate lines representing estuary banks
on 1:100,000 map sheets became single lines. Uileisvas used in most cases, except where separate
lines continued many kilometres inland. In thessesahe head of the estuary was taken as either the
point of intersection of the last major tributatiye point where 20 m contour lines intersectedrrive
banks, or where significant features, such as googeapids, were considered to represent a prebabl
obstruction to tidal incursion. For example: thadef Pieman River estuary was taken as the
intersection with the Donaldson River, the heathefGordon River estuary was taken at the ‘first
gorge’, the Arthur River at the intersection witle tFrankland River, and the Derwent River at the
intersection with the Lachlan River.

Downstream limits were marked as a line betweerh#zellands on either side of the entrance to the
estuary. Lateral boundaries used were lines opagtaphic map that represented the coastline
(Australian height datum).

Where estuaries and coastal lagoons were missingtfie LIB coverage, or showed significant
variation to those shown on 1:100,000 map shd®s;dverage was edited by digitising estuary
boundaries from either 1:100,000 or 1:25,000 toaphic map sheets. Downstream boundaries were
drawn by adding a straight line joining the poiwtsere estuarine catchment boundaries intersecéed th
coastline. Polygon topology was built and eachagtwas attributed with the code number and name
of the related estuarine catchment.

Estuary catchment areas (ECAS) and estuary watfarcsuarea (ESA) were obtained from PATSs of
vector coverages. The fluvial drainage area (Fdhefch estuary was derived by summing all of the
river catchments within the ECA. The estuarinerthge area (EDA) was calculated as the difference
between ECA and FDA for each estuary. For coaatgidns, no river catchments were outlined so that
EDA was equal to ECA for these catchments.

2.4.5 Regulation of water flow and diversions asfanian catchments

Much of Tasmania’s surface water resources have tegpilated for generation of hydro-electric
power. This has also involved extensive water diegis between river basins, complicating
calculations for a number of catchments. Tabldigt& dams used for power generation, their river
catchment and diversions from other catchmentsriboting catchment areas and required riparian
release volumes (Frost, 1983). Hydro Electric dewelents have affected catchment areas of eight
ECAs (including 39 major river basins) identifigdthis study. The total catchment area contributing

to hydro electric developments was calculated 8648 ke, approximately 33% of the total land
area of Tasmania.

The catalogue of dams in this study is incomplsteignificant water storage dams that are used for
irrigation and domestic water supply purposes werteall readily identified from 1:100,000 map
sheets. Only 22 hydro electric dam catchments ariti® dam catchments were defined, although this
did represent the majority of the catchment areasributing to hydro electric power.






Table 2.1. Statistics for dams and water diversianfor production of hydro-electricity in Tasmania

(from Frost, 1983).

Dam Capacity River Diversions from Catchment Area Riparian
(dams, diversions) Release

(MW) (km?) (m3/s)

Tarraleah 90 Derwent Franklin/Wentworth 582 (118)

Waddamana B 48 Ouse Great Lake (Penstock lagoon 5)

(Shannon lagoon 22)

Butlers Gorge 12.2 Derwent Upper Franklin 582 (9)

Tungatinah 125 Nive Ouse/Clarence/Dee 50 (1350) 0

Trevallyn 80 South Esk Great Lake 8986 (628) 0.42

Lake Echo 32.4 Dee Little Pine/Ouse 139 (530) 0

Wayatinah 38.25 Derwent Ouse/Dee 2390 (363)

Liapootah 83.7 Nive Ouse/Dee 1449 (363)

Catagunya 48 Derwent Ouse/Dee 2993 (363)

Poatina 300 Shannon Ouse/Liffey/Brumby Ck. 408 (262) 0.57

Tod’s Corner 1.6 Lake Westons Rt. 263 0

River

Meadow Bank 40 Derwent Great Lake 6545 (628) 17.0

Repulse 28 Derwent Dee/Ouse 3106 (363) 0

Rowallan 105 Mersey 338 0

Lemonthyme 51 Forth Mersey (696) 0.03

Devils Gate 60 Forth Mersey/Wilmot 723 (829) 0

Wilmot 30.6 Wilmot 133 0.56

Cethana 85 Forth Mersey/Wilmot 594 (829) 0

Cluny 17 Derwent Ouse/Dee 3251 (363) 11.33

Paloona 28 Forth Mersey/Wilmot 759 (829) 0.7

Fisher 43.2 Fisher 75

Gordon Stage 1 288 Gordon Lake Pedder/Huon 1289 (73 2.83

Mackintosh 80 Pieman Murchison 512 (750) 0

Bastyan 80 Pieman 1397 0

Pieman 224 Pieman 2653 8

Anthony/Henty 82 Anthony Henty 37.2 (90.6) 0

King 130 King 561

2.5 Rainfall and Runoff Data

Rainfall data were extracted by PWS from the Binelie Prediction System (BIOCLIM) and imported
into Arc/Info. The data represents annual rainfallies for one km square grid cells that are ddrive
from 504 Tasmanian rainfall stations with a minimafb years of records. The estimated error in
predicted values is less than 10% (Busby, 198Gpf&hadata was stored as a grid with a cell size o

1000 m x 1000 m.

Rainfall estimates for south west Tasmania arethasaecords from a small number of long term
stations situated at low altitude. Nuetzal. (1995) suggest that these estimates significantly
underestimate rainfall in this region. Their estiesawere derived from average annual rainfall value
for the region using satellite images. The predigeecipitation data correlated well with variation
alpine flora. Unfortunately these data could notibeessed for this study.
Rainfall statistics were determined for each cathinarea using the zonalstatistics function of the
Grid module. This function calculates the minimumgximum, range, median, mean and sum of all
cell values of the value grid (Rainfall data) fach cell value in the input (catchment) grid. Thensof
values equals the Total Annual Rainfall (TAR) foe ttatchment. The mean is the average annual
rainfall (Rav) across the catchment and also eghalguotient of TAR and catchment area. Minimum
(Rmn) and maximum (Rmx) are the lowest and higbetvalues for annual rainfall within the
catchment. (These values should not be interpretedinimum and maximum rainfall events, nor as
minimum and maximum annual records.) Range (Rrd)raedian (Rmd) values give an indication of
the variation in annual rainfall levels across &leaent. Appendix 2 lists rainfall statistics byuesine
and river catchments, and the area of each catditimeris dammed.
Figures for mean annual runoff from selected rsstchments were derived from annual discharge
values published by the Rivers and Water Supply @@sion (RWSC), Department of Primary



Industry and Fisheries (RWSC, 1983; Hughes, 19B7@se data are shown in Appendix 3, and

include the catchment area upstream of the gahgeméan annual runoff (MAR), presence of

upstream regulation of stream flow, and the nunadbgears records have been kept for each gauge.
MAR was calculated by dividing mean annual disckharg catchment area.

MAR was estimated for all catchments, includingséhmot gauged, using a regression equation relating
MAR and Mean rainfall (Rav) for gauged rivers withichment areas above the gauge greater than 50%
of total catchment area. Variation in MAR corresged closely with Rav for gauged catchments; the

linear regression equation of best fit (MAR = @8Rav -512, n=63) possessed af\Rilue of 0.90.

When an outlying value for the Huon River catchmeas removed, thedvalue increased to 0.92.
This regression equation (MAR = 0.886*Rav -507) wasd to estimate MAR for all catchment areas
investigated in the study, with MAR then used ttneate runoff coefficients (= MAR/Rav; Appendix
2). The Huon River provided an anomalous valugdonff, with MAR equal to 99% of annual rainfall
for that catchment. This is partly due to undeneation of Rav as a result of the diversion of plagt
catchment into the Gordon River catchment via LR&dder, and stream gauge records having been
collected prior to the diversion. Neverthelesss thiversion accounts for only about 10% of incident
rainfall.

2.6 Geological Data

Analysis of geological data was based on a 1:5@0¢ligital geological map coverage provided by the
Department of Mineral Resources. This coveragauided information on 50 geological classes, an
unwieldy number of categories that required aggregaFollowing the advice of Dr. Clive Burrett
(CODES, University of Tasmania), the 50 geologaatses were reclassified into 12 groups that
reflected likely effects of geology on water chemyignd sedimentology. The procedure used to
reclassify geological classes into 12 groups (aikahtrusion, basalt, Cambrian acid volcanics,
Cambrian ore deposits, carbonaceous, dolerite rdtdpgranitic, limestone, metamorphic,
sedimentary and lakes) is described in Table 2ith, distribution of geological groups within theatt
shown in Appendix Map 2.

Intrusive alkaline rocks, which are locally mospiontant in the Cygnet area, were included as a
separate category because of effects on river pirhb@ian acid volcanics, such as the Mt Read
formation, were considered important because af adne drainage effects, while Cambrian ore
deposits have high loadings of heavy metals (pddity lead, copper and zinc). In Tasmania,
carbonaceous formations possess high levels ofisylgolomite formations high levels of
magnesium, and limestone formations high levelsatdium. Sedimentary rocks have a variable effect
on the river environment, depending on parent tgpks.

Table 2.2. Geological groups recognised in thisusly, and description of component rock types.

Group Geocode Geol_type Age Symbol Description
Alkaline Intrusion 15 Ka Cretaceous 5  Appinite
Alkaline Intrusion 16 Ks Cretaceous 12 Syenite
Basalt 18 Lb Precambrian 43  Basalt lavas
Basalt 46 Th Tertiary 91 Basalt and related rockgype
Basalt 50 Tv Tertiary 91 Basalt and related igneogk types
Cambrian Acid 1 Ca Cambrian 787  Acid with intermediate volcanic and
Volcanics associated rocks dominant
Cambrian ore 2 Cb Cambrian 928  Basic-intermediatdocamic and associe
Deposits rocks dominant
Cambrian ore 3 Cc Cambrian 707  Coarser grained basic rocks
Deposits
Cambrian ore 5 Cm Cambrian 980 Probably Cambrian unfossiliferous ust
Deposits greywacke turbidite sequences
Cambrian ore 6 Co Cambrian 771  Probably Cambrian unfossiliferous
Deposits orthoquartzite sequence
Cambrian ore 7 Cs Cambrian 10  "Serpentinite, peridotite and aatexti
Deposits rocks"
Cambrian ore 8 Ct Cambrian 870  Middle-Upper Cambrian fossiliferous
Deposits usually greywacke turbidite sequences
Cambrian ore 9 Cu Cambrian 742  Undifferentiated

Deposits



Carbonaceous
Carbonaceous
Carbonaceous
Dolerite
Dolerite
Dolomite
Granitic
Granitic
Granitic
Granitic
Granitic

LAKE
Limestone
Limestone
Limestone
Limestone
Metamorphic

Metamorphic
Sedimentary

Sedimentary
Sedimentary
Sedimentary
Sedimentary
Sedimentary
Sedimentary
Sedimentary

Sedimentary

Sedimentary

32

33

36
14
19
21
10
11
12
20

17

29

41
43

22

23
13

24
25
26
27
28
30
31
34

35

Pfa
Pfb
Ptc
Jd
Ld
LI
Cg
Dga
Dgg
Dgl
Lg

LAKE
(0]

Qpl
SDI
m
Lm

Lms
Dm

Ls
Lt
Lu
Mm
Mt
Os
PTu
Pga

Pgb

Permian

Permian

Triassic
Jurassic
Precambrian
Precambrian
Cambrian

L.Carboniferous 157

(?), Devonian

L.Carboniferous 172

(?), Devonian

L.Carboniferous 157

(?), Devonian
Precambrian

Ordovician

Pleistocene
Devonian
Tertiary
Precambrian

Precambrian
Upper-Middle
Devonian
Precambrian
Precambrian
Precambrian

L.Devonian,
Cambrian (?)

L.Devonian,
Cambrian (?)

Ordovician

Triassic,Permian 475
U.Carboniferous

Permian,

U.Carboniferous

Permian

852  Freshwater seqwéhcme coal
measures
724 Freshwater sequeitbesome coal
measures
824  Carbonaceous seguenc
123  Dolerite and relatetttypes
2  Dolerite
36  Dolomite
6  Granitic rocks
Biotite-hypersthene-adamellite porphyry

Dominantly granodiorite
Dominantly adamellite-granite

6 Granite
0
234 Limestone sequence with siltstone in ¢
areas
723  Limestone
402  "Limestone, siltstone
347  Marine limestone
739  Metamorphic radkdominantly
metaquartzite and pelitic sequences
14  Amphibolite
284  Terrestrial cavern fillings

736  Orthoquartaitedstone sequences
39  Quartzwacke titebgaliccessions
32  Undifferentiateagaratively
unmetamorphosed sequences
454  Mudstone sequences dominant

417  Micaceous quartzwacke turbidite sequ
dominant
127 "Siliceous conglate, shallow-water,
quartzose sandstone and siltstone"
Undifferentiated

442  "Lower glaciomarine sequence of peb
mudstone, pebbly sandstone, minor lir

788  "Upper glanarine sequence of pebl
mudstone, pebbly sandstone and lime




Table 2.2. (cont.). Geological groups recognised this study, and description of component rock

types
Group seocod Geol_type Age Symbol Description
Sedimentary 37 Ptf Triassic 728  "Fluvio-lacustrimguences of sandstone,
siltstone and mudstone"
Sedimentary 38 Pu Permian, 539  Undifferentiated
U.Carboniferous
Sedimentary 39 Qh Holocene 710 "Alluvium, sandygraalus"
Sedimentary 40 Qp Pleistocene 718"Till, fluvioglacial, periglacial and associat
deposits"”
Sedimentary 42 Qu Holocene 715  Undifferentiated
Sedimentary 44 SDs  "L.Devonian, 399  "Quartzite, sandstone, siltstone, shale"
Silurian”
Sedimentary 45 SDu  "L.Devonian, 396  Undifferentiated
Silurian”
Sedimentary 47 Tf Tertiary 316  Non-marine sequence
Sedimentary 49 Tu Tertiary 97  Undifferentiated

2.7 Population Statistics

Population, dwelling and occupancy statistics fasmania were taken from Australian Bureau of
Statistics (ABS) census data, 1991 (Cdata91; ABS3)L A digital map of the census districts usad fo
Census 1991 was translated from the Mapinfo versid@@data91 (owned by the Department of
Geography and Environmental Studies), to an Aro/irgfctor coverage. The translation was done with
the help of Landfile Consultancy Pty. Ltd. usingsien 2.70c of AIMI (Arc/Info Maplnfo) translation
software. The AIMI translation was imported intocAnfo and projected using AMG Zone 55
coordinates (the original file in MapInfo used geagghic coordinates, latitude and longitude).

A number of problems became evident when transignrector coverages between Mapinfo and
Arc/Info. Maplnfo represents areas with completl/gons so that adjacent polygons do not share arcs
at their adjoining edges. In Arc/Info, the polygopology allows arcs to be shared by adjacent
polygons. When translating from Maplnfo to Arc/Infbis results in double arcs where two polygons
meet. The resulting areas contain multiple intdisegoints which are illegal or invalid in Arc/lof
polygon coverages. Intersections are removed mgusiean’. The fuzzy tolerance must be set at a
level that prevents formation of sliver polygongheiut removing smaller map areas.

A major problem with versions of AIMI prior to 2.@0s that polygon attributes become randomised.
Version 2.70c has largely eliminated this probldthaugh twenty ‘island’ polygons lost their
attributed census district and were labelled wighattributes of the surrounding polygon.

The imported coverage of census districts was eléamd polygon topology built. Island polygons
were attributed with the correct census codes btaby using Maplinfo to refer to the original
coverage. Each polygon was also attributed withesfor population density (population/ha -
popdens), dwelling density (dwellings/ha - dweldearsd occupation density (occupied dwellings/ha -
occdens). These values were determined by divickmgus values for each census district by the total
area for each district as derived from the Arc/lodwerage.

Tasmania has been divided into 953 census distA&S attempts to create districts with an
equivalent number of dwellings and population. @kierage population and number of dwellings for
Tasmanian census districts are 475 and 165 regplctihere is a wide variation in the size of aens
districts between densely populated urban areaspangely populated rural and remote areas. The
area of census districts ranges from 3.125 ha7g248.5 ha with a median of 101 ha and a mean of
7,195 ha.

Three grids were created from the ABS census distaverage representing population density,
dwelling density and density of occupied dwellinGell values for each census district were obtained
from the polygon attributes popdens, dweldens andiens respectively. Due to the limited available
disc space at the time these grids were creategd whre created with a cell size of 100 m by 10@m
ha). This resolution was considered adequate toratety represent population values for each census
district as the minimum census district area wasigr than 3 ha.

As can be seen in the map of census districts aidesh estuary catchments (Appendix Map 3), ABS
collection district boundaries do not often matphwell with catchment boundaries. This brings into
guestion the validity of the results obtained kg thethod. However, closer observation shows that
areas of high density population (represented tgelaumbers of small collection districts) are



concentrated around estuaries, and therefore oeatavithin catchment boundaries, often within
estuarine drainage areas and within 1 km of theaegt Estimates of population and number of
dwellings are valid where small census collectimtritts, with high population/dwelling densitidie
wholly within a catchment area. Erroneous resuksobtained where large, low density census
collection districts overlap large proportions dfacent catchments. These errors are most significa

in statistics derived for remote, unpopulated @rsely populated catchments.

In catchments where total population numbers waleutated using census data to be less than 100 or
where such errors were evident or suspected, noorgate population numbers were estimated using
data on the number of dwellings per catchment mappel: 25,000 scale topographic map sheets
(where available). The number of dwellings showthimia catchment was recorded and combined
with number of occupants per dwelling for that eendistrict to provide an estimate of total
population. While occupancy rates are likely tcshbstantially lower in remote areas than urban
centres, and are subject to seasonal fluctuation®st areas, errors should not exceed a factovaof
using the topographic map method whereas ordeaghitude errors accrue using interpolated census
data for catchments with populations less tharii@.few catchment areas, population density fer th
estuarine drainage area (EDA) and freshwater catoharea (FCA) were calculated using different
methods. In these cases, the estuarine catchnen{lBCA) was recalculated as the total of EDA and
FCA values.

2.8 Land Tenure Data

Land tenure information was obtained from 1:500,0@ftal land tenure coverage provided by the
Forestry Commission. The 25 land tenure classeas inghis database were aggregated and reclassified
to indicate four basic levels of protection: natibpark, crown reserved, crown exploited and pévat
(Appendix Map 5). The reclassification groups facle of the land tenure classes are described in
Table 2.3.



Table 2.3. Relationship between land tenure growgpused in this study and land tenure classes
applied by management agencies.

Group ‘encod Ten# Label Symbol Agency
National Park NAP 14  National Park 111 DELM
Crown reserved ABO 1 Aboriginal Site 23 DELM
Crown reserved COM 2  Commonwealth land 138 Commaitive
Crown reserved COR 3 Coastal Reserve 24 DELM
Crown reserved CRR 4  Crown Reserve 48 DELM
Crown reserved CRW 5 Crown Water 0 DELM
Crown reserved FOR 6 Forest Reserve 139 Forestry
Crown reserved GAM 7 Game Reserve 47 DELM
Crown reserved HIS 9 Historic Site 71 DELM
Crown reserved HNP 10 National Park - Hydro 7 DELM
Crown reserved LAK 11 Lakeside Reserve 72 DELM
Crown reserved MUR 12 Municipal Reserve 114 DELM
Crown reserved NAT 15 Nature Reserve 95 DELM
Crown reserved OLD 16  Other Crown Reserve 119 DELM
Crown reserved PAS 17  Protected Archaeological Site 31 DELM
Crown reserved PRO 19 Protected Area 112 DELM
Crown reserved RIV 20 River Reserve 120 DELM
Crown reserved SRA 22  State Recreation Area 144  NDEL
Crown reserved STR 24  State Reserve 143 DELM
Crown exploited HEC 8 Hydro-electric Commissiondan 94 HEC
Crown exploited NAC 13 Non-allocated Crown land 133 DELM
Crown exploited SFH 21  State Forest - Hydro 115 eBoy
Crown exploited STF 23  State Forest 131 Forestry
Private PRI 18 Private property 130 Private
277 25 No data 0

2.9 Satellite Derived Landtype Data

Satellite imagery was used to categorise diffelaamdtypes within estuarine catchment areas. Tha mai
benefit of satellite imagery is the provision afegional overview, allowing spatial analysis orcals

not feasible with other methods (Johnston & Bard®93; Evans, 1995; Ritman, 1995).

Digital raster images showing major landtypes acroainland Tasmania were provided under licence
by the State of Environment Report (SER) unit ofLVEthrough Mr. Ross Lincolne at the Central
Scientific Laboratories (CSL). Images for the B&gsit islands were not available. The images were
derived from composite Landsat TM images seleatech favailable images for early summer of 1988
and 1994. Landtype classification was based onadighalysis of spectral data from Landsat TM
bands 1, 2, 3, 4 and 5 using ERDAS Imagine softwaard was initially classified into 13 main
landtype groups (Appendix Map 4) and then aggrepat® six major landtype categories for analysis
in this study (woody, herbaceous, bare, waterretbaurban; Table 2.4). The initial landtype 'céshr
forest' was identified by analysing temporal chanfgem or to woody vegetation classes over the 6
years separating image sets.

Table 2.4. Relationship between original landtypgroups
and reclassified landtype categories.



Code Landtype Group

Landtype Category

1 Rainforest Woody
2  Forest Woody
3  Woodlands Woody
4  Scrub Herbaceous
5 Alpine scrub Herbaceous
6  Heath or buttongrass Herbaceous
7  Alpine heath Herbaceous
8 Bare land or rock Bare
9  Alpine bare land or rock Bare

10  Water Water

11  Agriculture Cleared

12  Cleared forest Cleared

13  Urban Urban

The landtype data was supplied as an ERDAS Imdgiage with a resolution of 25 m (i.e. minimum
pixel or cell size is 25 m by 25 m). Arc/Info supfsothe conversion of ERDAS images to grids. The
landtype data was imported into Arc/Info and staaedh grid with a cell size of 25 m x 25 m. For
analysis, the grid was resampled to 100 m by 100 m.

2.9.1 Limitations of satellite-derived landtypassification

In a broad sense, the classification of landtypesss Tasmania from satellite data provides a
reasonably accurate representation of the majaetaign classes. The accuracy of the data has not
been assessed by ground-based mapping (this weuyddohibitively expensive on this scale).
However, truthing using aerial photographs of repntative areas and comparison with existing
vegetation maps is an accepted method of verifgligijal classifications of satellite data (Ritman,
1995).

In this study, the landtypes used have been equéathdanduse. Agricultural, urban and cleared $bre
landtypes are associated with those anthropogetiigtaes, while other landtypes are consideretieo
natural features. Classification of agriculturaldadid not differentiate natural grasslands or avedk.

No attempt was made to distinguish between diffeagnicultural operations, such as pasture
production, cropping, horticulture or grazing. Sfgant areas of scrub, heathlands and open
woodlands are likely to be used for grazing. Thellef impact of grazing on these vegetation tyiges
dependent on the intensity of grazing pressurecande severe in some areas.

Different uses of cleared forest also were noedéfhtiated. Cleared forest may represent areas of
natural or plantation wood harvesting, or land ideae for development of agricultural or urban land
The differentiation of heath and buttongrass wasplex and these vegetation classes were
amalgamated into one landtype category. For thpgsar of this study this is not significant. The
bareground category includes rock, sand and batie. &oads and areas of land cleared for urban
development, or ploughed paddocks could be inclini¢iois category. However, the majority of these
areas are likely to be classified in their releveategories by post processing procedures. Somié sma
areas of highly reflective sand dunes and claypanrs been classified as urban land. This has esbult

in some small errors (<0.2 I@hin the subsequent analysis, most evident as afaaban or cleared
land in otherwise pristine catchments such as @#dtwand Freshwater Lagoons in the Freycinet

National Park. To correct for this error, all cate@mts with 'cleared" or ‘urban’ values <0.2kuere
rescaled to 0 and associated values for 'urbaditypa category added to 'bare' landtype category.
Overall the data was considered to provide a reddenepresentation of landtypes and land clearance
for anthropogenic purposes on the regional scad usthis study.

2.9.2 Calculating a Naturalness Index

The degree of naturalness of estuaries was estimateg the basic assumption that woody and
herbaceous vegetation, water and bareground lagsltgpresent natural landtypes while cleared and
urban landtypes have been effected by human impacieach catchment, the proportion of each
landtype was multiplied by an environmental imgfactor (EIF) of 1 for natural landtypes, 5 for
cleared landtypes and 20 for urban landtypes. ldbkandtypes were considered to have a neutral
impact. Cleared forest landtypes were given an=E8;:a conservative estimate of the likely increase
in nutrient and sediment loads contained in rufroffn these landtypes. Numerous studies indicate tha
nutrient levels from agricultural land and cleaferst are from 2 to 30 times higher than from the



same area of natural vegetation while the volumsedfment can be considerably greater from
cultivated land (Williams, 1980; Loughrat al, 1986; Cooper & Thomsen, 1988; Campbell & Doeg,
1989; Gabric & Bell, 1993; Brodie, 1995; Kronvagigal, 1995). Urban land was given an EIF = 20,
again a conservative estimate of the increasetientiand sediment loads from urban sewage,
industry effluent and runoff from urban developnsecwmpared with natural landtypes. Coughanowr
(1995) reported that sewage discharges contribar@ehd 70% of nutrient input into the Derwent
Estuary. Urban land makes up less than 1% of #iishanent (Appendix 8) which translates to over
200 times higher nutrient load per unit of arearfrarban sources than all other sources.
Naturalness index values can be viewed in ternatifropogenic impact using the classification
shown in Table 2.5. Class 1 contains only natamaditypes and represents catchments that are largely
untouched by human activities. Class 2 includesheaénts that have less than 10% agricultural or
cleared land, class 3 has less than 25% agricutinideared land, class 4 has less than 50% deare
land, class 5 has the equivalent of up to 75% etékmnd.

Table 2.5. Groupings by Naturalness Index.

Class NI Naturalness

1 1.00 Pristine

2 1.01-1.50 Natural

3 1.50-2.00 Low impact

4 2.00-3.00 Moderate impact
5 3.00-4.00 High impact

6 >4.00 Severe impact

2.10 Hydrological Data

A search of published and unpublished informatiorsalinity, temperature, nutrient levels and
turbidity in Tasmanian estuaries provided littleevant data. The limited information that was
available largely related to the larger estuar@eg¢swelket al, 1989; Edgar & Cresswell, 1991;

Davies & Kalish, 1989, 1994) and to a monitoringgram conducted between 1961 and 1981 in the
vicinity of aquaculture farms (Thomset al, 1982). Two field trips were therefore undertakeound
the Tasmanian mainland in summer (4-8 February 188d winter (26-30 August 1996) seasons in
order to collect hydrological data from accességdtuaries. Sampling was timed to coincide as @sse
possible with low tide, although this was not ale@pssible because constraints associated witll trav
precluded sampling within an hour of low tide imsoestuaries.

Salinity and temperature profiles were obtainednftbe water surface to the estuary bed at 1 m
intervals at sampling stations. For many estuaadditional salinity profiles were collected duyin
periods of high flow in order to assess environmkeextremes. Salinity and temperature measurements
were also collected opportunistically during thecneinvertebrate sampling program. Overall,
hydrological measurements were collected froma tft646 stations at 466 sites in 74 estuaries.
Oxygen profiles were recorded at 47 sites in 2dagsts.

Because of intermittent faults, three instrumergsenused to measure salinity and temperature during
the study: a Yeokal Model 602 Mk Il, WTW LF196 aHdmon Salinometer. Calibration of these
instruments revealed errors of less than 0.5°Cl&&d Turbidity was recorded as depth of
disappearance of a 150 mm diameter Secchi DisdewRkygen was measured using a Yeokal Model
603 O meter.

Hydrological data was primarily collected during ttvo main field trips so that sites could be rahke
in terms of salinity regimes. While we recognisattéstuarine salinity, particularly surface watees)
fluctuate rapidly over tidal and other short teryales, analysis of the salinity regimes of Tasmania
estuaries using limited data was undertaken beazube importance of salinity when categorising
estuaries. The assumption was made that estuaids lze ranked in terms of upstream penetration of
saline water by comparing measurements recorddiff@rent estuaries over a short time period at the
same stage of the tidal cycle (low tide), providihgt little rainfall occurred between measuremeénts
different estuaries. The validity of this assumptitecreases with distance between estuaries because
of the patchiness of rainfall across the state

Because all open estuaries range in salinity frémad upstream sites &83%o0 at the entrance,
information on the salinity of estuaries could oh&/used for comparisons between estuaries by



standardising geographical location within estudagsmanian estuaries were therefore subdivided into
three regions of equal length (upstream, mid anindtream) for salinity and other comparisons.

All Tasmanian estuaries for which data were avéglétx surface water in the upstream section in
winter were ranked in order of increasing salindtyd these rankings then standardised by dividyng b
the number of estuaries analysed. Similar rankimg® made for mid and lower sections in winter and
for upstream, mid and downstream sections in sumkhean salinity rankings for each estuary were
then calculated for both summer and winter usirgyagye rankings for the three sections.

In order to express salinity rankings in meaningéuins and to account for nonlinearities (i.e.
considerable variation in rankings between estaarig¢he high end of the scale reflect relativeigan
differences in salinity around 33%o., whereas simifariation at the middle of the scale may reflect a
range of 10-20%o), rankings were converted to agglscale using empirically derived polynomial
regression equations. These regressions were a@dutom direct measurement of surface salinity in

the mid sections of estuaries (S) versus salimitkings (R): S = - 4.995 + 1.8410.R - 0.091551R
0.0002526.R - 0.00002933.& + 0.0000001182.R(r2 = 0.931) for summer data, and S = - 2.142 +

0.859.R - 0.0630.R+ 0.001864.R - 0.0000205.R + 0.0000000767.51_’€(r2 = 0.925) for winter data.
The converted salinity rankings can therefore leeveid as standardised estimates of the salinity of
surface water in the middle section of the estuary.

Approximately one third of all Tasmanian estuadesld not be allocated salinity rankings in thisyw
because they lacked any salinity data. Estimatéiseo$alinity of surface waters in the mid sectibn
these estuaries were made by assigning them tinéysahblue of the estuary with closest
geomorphological similarity, as assessed in muiitita analyses (see below). Such estimates may
possess substantial error if the estuary has beenypcharacterised using physical data. To agbéss
error, estimates of salinity were made using gepimalpgical criteria for a random subsample of 10
estuaries with measured salinity values. The stahdieviation of difference between measured and
estimated salinity values was found to be 4.6 %dtiese 10 estuaries.

2.11 Macroinvertebrate and Plant Data

As with hydrological data, very little quantitativgormation was available prior to the study on
invertebrates or aquatic plants present in Tasmaestuaries. Useful information was only available
from studies of the distribution of macrobenthamaglthe Derwent (Horwitz & Blake, 1992), Bathurst
Harbour (Edgar, 1991a) and Macquarie Harbour (O"Goet al.,1996; Talmaret al, 1996) estuaries.
Accordingly, a major component of this project itweal sampling macroinvertebrates and associated
plants in estuaries around the state. Quantitativeples were needed so that data could also beagsed
a baseline for determining effects on biota whename protected areas are declared, and also for
identifying other environmental changes in the fet(eg. those associated with new shellfish farms o
the introduction of the green crélarcinus maengsThe specific aims of the macroinvertebrate
sampling program were to:

. Collect quantitative baseline data for macroinvaidée densities in Tasmanian estuaries

. Determine whether estuarine macrobenthic assenmblagg systematically between different
regions

. Determine patterns of variation in macroinvertebrmgsemblages within estuaries and between
depths

. Determine the extent of variation in macroinvertgébrassemblages over time

. Identify estuaries with high macroinvertebrate sgecichness

. Identify estuaries with unusual macroinvertebraseablages

. Identify macroinvertebrate species with highly riestd distributions

2.11.1 Sites examined

A nested sampling protocol was used to provideofitanal compromise between effort and power for
statistical comparisons over the range of spatiales relevant to the study. Sites within an egtuare
sampled with three transect lines located perpeiatito the shoreline, spaced approximately 100antap
and with two replicate core samples taken at ed&h@vels down each transect. The five levels
investigated were (i) high water mark (as indicdigdhe flotsam line), (ii) midway between high dod/
water mark, (iii) low water mark (as indicated I fevel to which water receded at low tide ondag

of sampling), (iv) 0.3 m depth below low water maatkd (v) 0.7 m depth below low water mark.
Records were taken of the distance along the tcafise at which each pair of samples was colleated



order to allow resampling on future occasions anallbw the gradient of the shoreline to be calmda
(when combined with estimates of tidal elevation).

A total of 30 cores were collected at most sitespdad (3 transects x 5 levels x 2 replicates); hawe
some estuaries possessed negligible tidal influendeained completely at low tide, in which calse t
mid-tide or subtidal levels could not be sampledpectively. Four or three levels were consequently
sampled at these sites, and 24 or 18 samples walleespectively. Four other deviations from gaher
sampling protocols occurred: (i) in the Lisdillosteary, where only two transeet850 m apart could be
placed in the restricted area available for sangplfi) at Cornelian Bay, where the efficacy of gdimg
using a 2 mm rather than 1 mm mesh was testedeoiirsh sampling occasion and some samples were
sorted using only the 2 mm sieve on that datd,tfié Leven estuary, where samples could not Heatet
on all transects at the lowest tidal level, an{l klacquarie Heads, where sampling was obstructed by
bushes at the highest tidal level on one transect.

Sites were generally located in different estuarnesrder to maximise information on statewide
biogeographical patterns; however, five estuaiEnyent, Huon, Tamar, Macquarie Harbour and
Cloudy Lagoon) were sampled at more than onesiteder to assess spatial variation within an
estuary. Sampling was thus conducted at five diffespatial scales: replicatel(m scale), tidal depth
(=10 m scale), transect100 m scale), within estuaryX0 km scale) and between estuarek)Q km
scale). Depth varied systematically and so wagealffactor while the four other spatial variablesrev
considered random factors.

In order to allow an assessment of the extentropteral variation within sites, sampling was repdate
between six and ten months after initial samplinfpar sites (Leven River, Paper Beach, Corneliay B
and Cradoc). Overall, sampling was conducted atténwporal scales - a scale of hours during which
individual sites were sampled and a scale of moditinsig which different sites were sampled or the o
site was repeatedly sampled.

On the second sampling occasion at the four sijgsatedly investigated, cores were relocated withim
of the initial sampling location by replacing tracslines (100 m measuring tape) from high waterkma
perpendicular to the shore and collecting sampléseasame distance down the transect line asqusiyi.
The error associated with the relocation procesased offshore due to errors in duplicating tigeaof
the transect line. All sites examined during thethie study are shown in Fig. 2.1 and sampling slhsted
in Table 2.6.
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Fig. 2.1. Sites at which benthic macrofauna was sampled.




Table 2.6.

measured on sampling date.

Sites examined during benthic samplinggrogram and surface salinity

Estuary Site Date Salinity Latitude (S) Longitude (E)
Sea Elephant Sea Elephant River 24-Feb-97 31.7 39°49.427' 144°06.656'
Yellow Rock Yellow Rock R. mouth 23-Feb-97 4.6 39°42.076' 143°53.177
North East Inlet North East R. mouth 8-May-97 34.5 39°44.660' 147°57.000'
Patriarch Inlet Patriarch Inlet 9-May-97 34.2 39°57.000° 148°10.800'
Cameron Inlet Cameron Inlet 9-May-97 52.7 40°04.740' 148°15.720'
Modder Modder River mouth 12-May-97 18.7 40°25.680' 148°02.000'
Rices Rices River mouth 6-May-97 15.4 40°25.595" 148°18.410'
Welcome Inlet Welcome Inlet 21-Feb-97 34.8 40°43.162' 144°46.299'
Mosquito Inlet Mosquito Inlet 22-Feb-97 349 40°37.703' 144°56.656'
East Inlet East Inlet 15-Jan-97 35.0 40°47.514' 145°16.141
Black/Dip Black River 14-Jan-97 22.0 40°50.659" 145°18.276'
Detention Detention 13-Jan-97 22.0 40°52.892' 145°26.443'
Cam Cam River 26-Sep-96 0.3 41°02.514' 145°50.328'
Blythe Blythe River 16-Jan-97 14.0 41°04.686' 145°59.353'
Leven Ulverstone 25-Sep-96 6.6 41°09.380' 146°09.570'
Leven Ulverstone 17-May-97 12.1 41°09.380" 146°09.570'
Don Don River 24-Sep-96 0.5 41°10.681' 146°19.104
Port Sorell Squeaky Pt 17-Jan-97 35.7 41°11.422' 146°34.311'
Tamar Low Head 16-Dec-96 35.0 41°04.514' 146°48.399'
Tamar Paper Beach 17-Dec-96 28.0 41°15.243' 146°58.579'
Tamar Paper Beach 17-Jun-97 10.1 41°15.243' 146°58.579'
Pipers Pipers River mouth 20-Nov-96 22.0 41°01.108" 147°09.795'
Tomahawk Tomahawk R. mouth 22-Nov-96 11.0 40°52.259" 147°45.142'
Boobyalla Ringarooma R. mouth 19-Nov-96 0.1 40°53.000' 147°53.184'
Little Musselroe Bay Little Musselroe Bay 14-Nov-96 35.0 40°46.097' 148°01.874'
Ansons Bay Ansons Bay 12-Nov-96 32.7 41°02.352' 148°15.674'
Big Lagoon Big Lagoon 13-Nov-96 14.4 41°11.097" 148°16.094'
Georges Bay Georges Bay 11-Nov-96 32.3 41°18.384" 148°15.975'
Hendersons Lagoon Hendersons Lagoon 13-Nov-96 36.0 41°29.227" 148°15.388'
Bryans Lagoon Bryans Lagoon 13-May-97 23.3 42°15.827" 148°17.366'
Great Swanport Woolshed 23-Dec-96 20.0 42°05.130" 148°10.224'
Lisdillon Lisdillon 17-Sep-96 19.1 42°17.378' 147°60.306'
Prosser Orford 16-Sep-96 31.3 42°33.357' 147°52.387"
Earlham Lagoon Earlham Lagoon 20-Aug-96 32.8 42°39.265' 147°56.334'
Pittwater Pittwater 23-Oct-96 32.4 42°47.081' 147°30.602
Derwent Bridgewater 21-Oct-96 4.9 42°44.757° 147°14.051'
Derwent Claremont 21-Oct-96 16.8 42°47.524' 147°15.477
Derwent Cornelian Bay 24-Apr-96 14.4 42°51.178" 147°19.124'
Derwent Cornelian Bay 13-Feb-97 22.8 42°51.178' 147°19.124'
Browns Browns River mouth 2-Jul-96 25.6 42°58.730" 147°19.630'
Huon Brabazon Pt 6-Nov-96 25.6 43°11.541" 146°59.459'
Huon Cradoc 5-Nov-96 4.3 43°07.135 147°00.697
Huon Cradoc 16-May-97 7.4 43°07.135' 147°00.697'
Huon Eggs and Bacon Bay 31-Oct-96 29.4 43°14.784' 147°05.800'
Lune Southport 9-Jan-97 28.3 43°26.568' 146°56.278'
Southport Lagoon Southport Lagoon 19-Jun-97 33.9 43°28.351' 146°57.936'
Cloudy Bay Cloudy Creek 24-May-97 33.4 43°25.276' 147°13.846'
Cloudy Bay Oyster lease 18-May-97 33.4 43°26.097' 147°12.533'
Cockle Creek Cockle Creek 7-Jan-97 33.0 43°35.092' 146°53.460'
New River Lagoon New River Lagoon 18-Feb-97 6.9 43°31.751' 146°34.336'
Bathurst Harbour Old River mouth 19-Feb-97 25.0 43°19.822" 146°13.102'
Payne Bay Kelly Basin 19-Feb-97 31.8 43°16.438' 145°52.296'
Wanderer Wanderer R. mouth 20-Feb-97 0.8 42°43.508' 145°23.778'
Macquarie Harbour ~ Macquarie Heads 30-Sep-96 5.0 42°13.389' 145°14.867'
Macquarie Harbour ~ Swan Basin 23-Jun-97 4.7 41°12.384' 145°16.207
Henty Henty River mouth 25-Jun-97 0 42°02.362'" 145°14.618'
Pieman Pieman River mouth 24-Jun-97 0 41°39.735' 144°55.711'
Nelson Bay Nelson Bay 14-Jan-97 8.3 41°08.416' 144°40.671°
Arthur Arthur River mouth 13-Jan-97 13.0 41°03.070" 144°39.812'




2.11.2 Sampling methods

Each sample was collected using a 150 mm core gustethe sediment to a depth of 10 cm. Cores
were sieved in the field using a 1mm mesh sievé,aarimal, plant material and sediment retained on
the sieve then placed into vials and diluted wih formalin. In the laboratory, samples were washed
through a stacked series of sieves (1, 1.4, 2, &1l 4 mm) using the methods described by Edgar
(1990a). The sizes of bivalves (shell width), gastds (shell height) and crabs (carapace width)
greater than 4 mm sieve size were measured witharerallipers. The salinity of surface water atlea
site was measured at the time of benthic sampling.

Plant material was identified to species whenewssible and dried at 60° for at least two daysifgr
weight determination. Nine categories of plant matavere recognisedzostera muelleyi
Heterozostera tasmanicRosidonia australisRuppiaspp.,Lepilaenaspp.,Ulva sp.,Enteromorpha
spp.,Gracilaria sp. and unidentifiable plant material.

2.11.3 Sediment analysis

Sediments were collected at the majority of siteestigated (39 sites) by pushing a 30 mm diameter
core to a depth of 50 mm and then retrieving theamats of the core. This process was repeatedalever
times between 0.3 and 0.7 m depth near the endabf teansect line, and sediments from each site
amalgamated. In the laboratory, the sediment paize-distribution was determined by wet sieving
samples through a nested series of sieves (0.635/0.25, 0.5, 1, 2 and 4 mm mesh size), and then
sediments retained by different sieves were weigtient drying at 50°C for at least two days. Water
passing through sieves, and therefore associatedoaiticles <0.063 mm, was decanted over a period
of several days and excess water removed, andhbesilt/clay fraction of sediments was determined
by drying in the oven.

2.11.4 Taxonomic uncertainty

To maintain taxonomic consistency, all invertebsatellected during the study were sorted by two
people only (GJE and NSB) and classified into sggegroups by one (GJE). Invertebrates were
identified to species by GJE (most crustaceandustd and minor groups) and Dr R. Wilson
(polychaetes), Dr G.C.B. Poore (isopods), T. O'Hathinoderms), Ms E. Turner (some molluscs), Dr
W. Ponder (hydrobiid gastropods), C. Shepherdiidamphipods), Dr G. Fenton (mysids), Dr J.
Jarman (trichopterans) and Dr C. Erseus (oligogseNomenclature for undescribed talitrid
amphipods follows the labelling system used byAmRichardson (pers. comm.). Some undescribed
polychaete species possess a Museum of Victoria\Mpecies number (Dr R. Wilson, pers. comm.).
Oligochaetes were still being identified at thediof report preparation, with names obtainable from
GJE.

Three common pairs of sibling specidaésarius pauperatandN. burchardij Tatea rufilabrusand

T. huonensid.imnoporeia yarraguandL. kingi) could not always be confidently separated in damp
because of overlap in morphological features, stridutional and abundance data associated with
these taxa should be treated with an element ditddine gastropoddassarius pauperatandN.
burchardii were distinguished on the basis of nodulationibs (Marine Research Group of Victoria,
1984), andratea rufilabrusandT. huonensi®n the ratio of shell length to shell width (Pondeal,
1991).Limnoporeia yarraguandL. kingi were distinguished on the basis of the preseneeseta on
the inner rami of uropod 3, as suggested by BaraaddDrummond (1978), although a high level of
overlap in other diagnostic features makes theratipa of these species doubtful.

2.11.5 Estimation of faunal biomass and produstivi

The faunal biomass of benthic invertebrates betvieem and 2.8 mm sieve size was estimated for
each sample by assuming that the ash-free dry weAgiDW) of individuals was equal to the mean
AFDW of animals in the same sieve size-class, ksilzdaed from the regression equations listed in
Table Il of Edgar (1990a). Crustaceans, bivalvesgastropods retained on the largest (4 mm) sieve
were assigned ash-free dry weights using theirtlengpasurements and regression equations relating
log length (i.e. carapace length of crustaceamgitheof gastropods and width of bivalves) to log
weight. The regression equations used were direattulated in this study for 16 common species on
the basis of data on measured length of 116 aniamalghe difference in weight between drying at
60°C for 2 days and ashing at 550°C for 2 hour® Bibmass of crustaceans, bivalves and gastropod
species lacking direct regression estimates wasatstd using the length-weight regression of the
species with most similar body proportions. Thenidss of polychaetes was calculated using data on
the mean AFDW of animals greater than 4 mm siexe firect measurements of mean AFDW were



made for the six most abundant polychaete speontkshe holothuriaheptosynapta dolabrifera
Other taxa were assigned the mean biomass of #dwéespclosest in body dimensions.

Estimates of the daily productivity of benthic intebrates were calculated using mean weight
estimates for each animal and the equation P =9:@-80r0.-89which relates daily macrobenthic
productivity P (ng/d) to ash-free dry weight B (jeg)d water temperature T (°C) (Edgar, 1990a). No
correction was added for water temperature, whiah standardised at 20°C, because productivity
estimates were used to indicate relative effeasi@en different sites, times, levels, etc.) rathan

to provide an absolute measurement of productosityhe date of sampling (Edgar, 1993). As such,
productivity provides an index of community proa@sghat is not greatly biased by either small or
large animals (Edgar & Shaw, 1995a,b), and is afgroximately proportional to total community
respiration and consumption.

2.12 Fish Data

In contrast to other biological data sets, consibierinformation on the distribution of estuarirshés
around Tasmania has been collected previouslyresudt of the Ph.D study conducted of Dr Peter
Last, CSIRO (Last, 1983). These data were generonatie available for the present project. During
his study, fishes were seine-netted between 198789 at 231 sites in 71 estuaries around
Tasmania, including the Bass Strait islands. Dmssof fishes at each site were recorded in a
semiquantitative form using lggbundance classes (ie. class 1 indicates 1 indiljidlass 2 indicates

2-3 individuals, class 3 indicates 4-9 individualsss 4 indicates 10-27 individuals, etc.).

Limited additional information on fishes was cotkett during the present project using a 1 mm mesh
seine net (15 m long, 3 m drop) used within 11a@sts, including four not examined in Last's study
(Welcome Inlet, Mosquito Inlet, Bryans Lagoon, NBiwer Lagoon). Fishes were collected using four
to six replicate tows at each site, with the nundfdish collected for each species recorded atet la
converted to logabundance classes to correspond with the Lassedat&stuaries from which fish

data were collected are listed in Table 2.7.

Table 2.7. Number of sites within Tasmanian estuges at
which fishes were collected by Last (1983) and dumj the
present study. Single asterisks indicate estuaries not
examined by Last and double asterisks indicates site
examined in both projects.

Estuary Sites | Estuary Sites

Sea Elephant** 4 | Georges Bay 10
Yarra 1 | Scamander 2
Ettrick 1 | Henderson's Lagoon 3
Yellow Rock** 4 | Templestowe 4
North East Inlet 4 | Douglas 2
Patriarch** 3 | Denison 1
Cameron Inlet** 3 | Bryans Lagoon* 1
Pats 2 | Great Swanport** 13
Welcome* 1 | Meredith 1
Mosquito Inlet* 1 | Buxton 3
Duck Bay 6 | Lisdillon 2
West Inlet 2 | Little Swanport 4
East Inlet 2 | Spring 1
Black/Dip 1 | Prosser 2
Crayfish 1 | Earlham Lagoon 2




Detention 2 | Blackman Bay 3
Inglis 2 | Carlton 5
Cam 1 | Pittwater 6
Emu 1 | Pipeclay Lagoon 2
Blythe 2 | Derwent 13
Leven 3 | Browns 1
Forth 3 | Port Cygnet 2
Don 1 | Huon 5
Mersey 3 | Esperance 5
Port Sorell 5 | Lune 1
Tamar 11 | Southport Lagoon 1
Curries 1 | Cloudy Bay** 3
Piper 2 | Catamaran 1
Little Forester 1 | D'Entrecasteaux 1
Brid 3 | Cockle Ck. 2
Tomahawk 1 | New River Lagoon* 1
Boobyalla Inlet 2 | Bathurst Harbour** 7
Little Musselroe 2 | Payne Bay 9
Great Musselroe 2 | Macquarie Harbour 13
Ansons Bay 10 | Pieman 4
Big Lagoon 2 | Nelson Bay 2
Sloop Lagoon 1 | Arthur 4
Grants Lagoon 1

2.13 Statistical Analyses
2.13.1 Variance estimates

The value of collecting macroinvertebrate samptatifferent spatial (replicate, tidal height, trans
within estuary and between estuary) and tempomalr(and month) scales was assessed by partitioning
the variance of samples using ANOVA. Because thaptiag design was incomplete(not all
estuaries contained more than one site, not ab siere sampled on more than one occasion, not all
levels were sampled at each site, etc.), the darion of each scale to total variance was assessed
using three different ANOVA designs.
The variance of different spatial and temporal congnts of the ANOVAs were estimated from the
various models of expected mean squares (Tablez.P0§. Density, biomass and productivity data
were highly skewed and possessed heterogeneoasie@si (as assessed using Cochran's test and
inspection of box plots), so were log transformetidmogenise variances. Log transformation of data
is contrary to the recommendations of Underwoo@1)&nd Morriseet al (1992a) who suggest that
variance estimates based on ANOVA should be cdkuilasing untransformed data. However, if the
distribution of a parameter is highly skewed thaltglation of its variance is meaningless.
The initial ANOVA design investigated variance &efdifferent spatial scales — estuary, site within
estuary, transect, tidal height and replicate. 2ape or triplicate localities were sampled withimly
the Derwent, Tamar, Huon, Cloudy Lagoon, Macquiaebour estuaries, so the analysis was confined
to these five estuaries. The third localities sauplithin the Derwent and Huon estuaries were
removed by random selection to maintain a baladesign. Two tidal heights (high and low tide
levels) were also removed because of incomplete d&ie analysis thus involved five estuaries, two
localities nested within estuary, three transeetted within locality and two replicate sampleghwi
tidal height (three levels) as a fixed factor ogboal to the random factors (Table 2.8).

Table 2.8. Expected mean squares for four-factor ROVA using five estuaries, two

localities nested within each estuary, three trans¢s nested within each locality, three

tidal heights and two replicates.

Source df Expected mean squares

EstuaryE) 4 028+602I'(L(E))+1802L(E) +3BOE

Locality (LE) 5 Pei6CT(L(E))+18L(E)

Transec{TUE) 20 Fer60T (L(E))

HeightH) 2 @e+207‘r (L(E)).H+607‘L(E).H+1207‘EH +&)0?H
EH 8 Pe+20°T(L(E)) H+6L (E).H+120E . H



LEMH 10 Fe+20T(L(E)).H+6PL(E).H
TUEMH 40 Fe+20T(L(E)).H
Residual(e) 90 Fe

Because the previous analysis may have been imfgky characteristics of the five particular
estuaries examined, a three-factor ANOVA was rungua much greater number of sites and the three
tidal heights. A total of 25 randomly-selected sitem different estuaries was included in thislygsia
(Table 2.9), the maximum that the statistical pangused (SYSTAT) could handle, and the tidal
heights mid tide, -0.3 and -0.7 m. Note that sitéhis analysis includes both the estuary and itycal
components of the previous analysis.

Table 2.9. Expected mean squares for three-factdkNOVA using 25 sites, three transects nested
within each site, three tidal heights and two reptiates.

Source df Expected mean squares
Site (S) 20 FerstT9Hscs
Transect (T(S)) 50 02e+6@|'(8)

Height (H) 2 Cer20T9H+60°SHHIEOH
S+H 48 02e+202|'(3H+6025H

T(S)H 100 Cer20TgH

Residual (e) 225 e

Temporal effects were investigated using a four-ABY VA with site, transect nested within site and
month nested within transect as random factordidatilevel as a fixed factor crossed with the athe
(Table 2.10). The three sites sampled twice dutiegstudy using 1 mm mesh sieves were analysed
using this design (Paper Beach, Cradoc, Leveniy, twid tidal levels (mid tide and -0.3 m) included.
High, low and -0.7 tidal levels were not sampledlathree sites so data from these levels coutdao
readily used.

Table 2.10. Expected mean squares for four-factoANOVA using three sites, three transects
nested within each site, two sampling periods nestevithin each transect, two tidal heights and two
replicates.

Source df Expected mean squares

Site (S) 2 0?'e+407'|\/|(3+807‘l'@+24028
Transect (T(S)) 6 02e+402M(S)+802I'(S)

Month (M(T(S))) 9 Fe+aME

Height (H) 1 0?'e+202|\/(S)H+407‘I'(S)H+1202$J—|+$071—|
Sx*xH 2 & e+202|\/(S)H+402I'(S)H+12025H
T(S)* H 6 Fer2PMSHHATTOH

M(T(S))* H 9 Fe+20MIH

Residual (e) 36 Fe

ANOVAs have been used in this study solely to giartivariance and to identify at which scale
variance was greatest. In contrast to most oth@lngical studies that use ANOVAS, no attempt has
been made to assign significance values to thewsisources of variation identified using ANOVA.
We consider that all natural communities fluctuatéme and place, albeit that some fluctuationk wi
be extremely small, so the null hypothesis thatlifferences exist between sites, times or site/time
interactions will only be true in artificial or tial situations. The detection of significant difaces
between groups of field data using ANOVA indicatest the level of replication and power of the



ANOVA is adequate to detect differences, but presidegligible biological information. The
important information is provided by estimates fwébnfidence intervals) of the magnitude and
direction of differences between groups.

2.13.2 Associations between physical and bioldgiagaables

Relationships between physical and biological \#Heis were investigated using correlation and
regression procedures. Because of a lack of priomledge about whether relationships were linear or
curvilinear, associations between parameters vmitially flagged using Spearman rank correlation
coefficients (g). Correlations between parameters that excee@&ere investigated using boxplots

to identify whether the relationship was linear aesiduals homogeneous, or whether transformation
was required. After transformation of variables vehappropriate, stepwise regression was carried out
in order to produce an overall model that used ighysariables to explain variation in the biologfic
variables. Physical variables were included inrtfeglel if their addition contributed more than 5% to
total variance explained. The physical variablesngixed using this procedure were: total plant
biomassZosterabiomass, shore gradient, tidal range, salinitiyae area, latitude, longitude,

percent silt/clay content of sediments, human patn density in adjacent catchment and drainage
area, percent cleared land in adjacent catchmehdi@inage area. The silt/clay fraction of sedirment
was examined in preference to other sediment pag&Erameters because previous studies have shown
it to be the most highly correlated with biologigarameters (Edgar & Shaw, 1995b).

2.13.3 Multivariate analyses

Estuaries were initially classed into groups withikar physical characteristics on the basis ofnin
available variables considered to have large infteés on estuarine structure. Five of these vagable
were geomorphological (catchment area size, eswidrainage area size, area of open water, estuarin
perimeter length, presence of seaward barrier) wei@ hydrological (standardised salinity of suefac
water midway along estuary in summer and wintehjjensingle tidal (estimated tidal range inside
entrance of estuary) and runoff (estimated anrivafine input) variables were also included. Maiiy o
these variables were intercorrelated with eachrothiederlying patterns were identified using cluste
analysis and multidimensional scaling (MDS), aslbyr8YSTAT (Wilkinson, 1989) and PRIMER
(Carr, 1996) programs.

For all multivariate analyses involving geomorplgl@nd runoff, variables were log-transformed and
data standardised by dividing by the maximum vétuesach variable. Data matrices were analysed
using agglomerative and divisive clustering methdalshe agglomerative clustering process, data
were first converted to a symmetric matrix of samily between pairs of sites using Euclidean
distance. The similarity matrix was clustered usiagked data and group-averaging, as suggested by
Clarke (1993). Divisive clustering utilised thaginal data matrix (site versus transformed physica
variable) and used the K-means procedure to magithis between groups variation relative to within
groups variation for a predefined number of gro{iertigan, 1975).

Similarity matrices calculated using Euclideanaliste were also analysed using MDS to present the
best graphical depiction in two and three dimersioinphysical similarities between sites. The
usefulness of the MDS display of relationships leetwsites is indicated by the stress statisticghwii
<0.1 indicates that the depiction of relationshfgood, and if >0.2 that the depiction is pooraf&e,
1993).

In contrast to the physical data set, which posskgariables that were best analysed using a sityila
matrix based on Euclidean distance (Clarke, 1988)majority of cells in the invertebrate and fish
data sets possessed 0 values. Accordingly, théasitpyimatrices for these data sets were calculated
using the Bray-Curtis similarity coefficient aftdouble root transformation, as recommended by Faith
et al(1987) and Clarke (1993). The similarity matrige=re then analysed using MDS in the same way
as for the physical data set.

An additional three analyses were undertaken imtji8ray-Curtis similarity matrices and the

PRIMER statistical program. An analysis of simil@s (ANOSIM) was conducted to determine
whether the fauna of predefined groups of sitefeditl significantly from each other (Clarke, 1993).
SIMPER analysis was used with the raw data malftér double square root transformation to identify
species that typified predefined groups and coutteith substantially to the average similarity witttie



group (Clarke, 1993). The BIOENV procedure was usedetermine which combination of physical
variables correlated best with patterns in theibgimilarity matrix (Clarke & Ainsworth, 1993).



3. Results

3.1 Physical Attributes of Estuaries
3.1.1 Geomorphology and tidal range

A total of 111 estuaries, lagoons and embaymentsoaferate or large size that are subject to fluvial
drainage were identified around Tasmania. Datahersize of estuarine catchment area, estuarine
drainage area, surface area of water, distanceamstuarine perimeter, geomorphological type,
existence of any seaward barrier and estimatetirddge in the mid section of each estuary are
presented in Appendix 1. An unexpected finding thas the Wanderer estuary, which possesses a
large catchment and lies in a region of high rdimfa the west coast, was occasionally closed bgra
This bar was present during the field trip on 28rary 1997 and, on the basis of aerial photographs
in November 1989, appeared to seasonally blockshgary distances in excess of 500 m.

Table 3.1 summarises data on water surface aredneant size and estimated tidal range for the
different geomorphological classes of estuary iarfiania. River estuaries were the most common
estuary type within the state, while only six ladgewned river valleys were present. Average water
surface area and catchment area of estuaries ¢lgrieceeased from lagoons to barrier estuaries and
again to coastal inlets and drowned river vall@ydal range was extremely low in barrier estuaries
and lagoons, and high in coastal inlets and rigeuaries.

Table 3.1. Summary of relationships between geomphological type and water surface area,
catchment area and estimated tidal range in downstlam section of estuary.

Water surface area  Catchment area Tidal range
(km2) (km?) (m)
Estuary type No. min. max. mean min. max. mean  min. max. mean
Coastal Inlet 17 0.533 46.4 114 144 922 209 0.4 2.3 1.3
Drowned River Valley 6 44.17 291.7 105.0 924.8 13137 6503 0.3 2.3 0.8
Open Barrier 24 0.025 40.7 4.3 16.8 1031 275 0.1 2.2 0.8
Seasonal Barrier 20 0.013 1.6 0.3 155 353 99 0.1 0.4 0.2
River Estuary 31 0.017 4.8 0.6 422 3866 509 0.2 2.2 1.1
Lagoon 13 0.223 135 3.1 5.8 192 42 0.0 0.2 0.0

Geomorphological types of estuaries were not eveistyibuted around the Tasmanian coastline
(Table 3.2). Over half of all coastal lagoons wleated along the east Tasmanian coast, with many o
the remaining lagoons in the Furneaux Group. Restnaries were prevalent along the north, west and
south coasts of Tasmania but were largely replagduhrrier estuaries elsewhere. Coastal inlets were
concentrated in the northwest and southeast dfttte.

Table 3.2. Number of estuaries of different geonnphological type in eight regions of the state.
The Furneaux region includes Flinders Island andeCBarren Island, the northwest region extends
from Port Sorell to Welcome Inlet, the eastern maggion from the Tamar to Little Musselroe Bay,
the east region from Great Musselroe Bay to Earlhagpoon, the southeast region from Blackman
Bay to Cockle Creek, the south region from SoutpeCRivulet to Payne Bay, and the west region
from the Mulcahy River to the Arthur River.

Region King I. Furneaux Northwest E. North East Southeast South West
Coastal Inlet 0 2 7 0 1 7 0 0
Drowned River Valley 0 0 0 1 0 2 2 1




Open Barrier 0 6 3 1 7 6 1 0
Seasonal Barrier 3 5 0 0 8 0 0 4
River Estuary 1 0 8 6 1 3 3 9
Coastal Lagoon 1 3 0 0 7 0 1 1
Total 5 16 18 8 24 18 7 15

3.1.2 Rainfall and runoff

Substantial variation in rainfall occurred arouhd Tasmanian coastline (Table 3.3). Very high edinf
values were evident for the west coast and sontbwest catchments, while a rainshadow effect
caused low rainfall values in east coast catchmémsrage rainfall was more than twice as high glon
the south and west coasts as in the Furneaux Guodiplong the northeast and east coasts. The
percentage of rainfall that occurred as runoff sbdworresponding changes, with the average runoff
coefficient in the Furneaux Group one third of thstimated for the west coast.

Table 3.3. Mean average runoff (Rav), total annual
runoff (TAR) and runoff coefficient (ROC) for estuarine
catchments in different geographical regionsRegions as
described in Table 3.2.

Region Rav TAR ROC
(mm) (GL) (%)
King Island 972 108 0.36
Furneaux Group 761 51 0.22
Northwest 1219 533 0.46
Eastern north 852 1709 0.28
East 864 167 0.28
Southeast 1086 968 0.38
South 1843 777 0.60
West 2091 2338 0.64
Tasmania 1174 780 0.39

The total annual runoff into estuaries was affettgdoth average rainfall and size of catchment.
Mean total annual runoff was extremely low in therteaux Group, King Island and east coast -
regions with relatively low rainfall, numerous siredtuaries and lagoons, and lacking large drowned
river valleys. Rainfall and runoff statistics faxah estuary catchment are listed in more detail in
Appendix 2.

3.1.3 Salinity

Mean salinities measured near the water surfacéelodv the halocline, and depth of halocline, are
listed for the three defined sections (upstreand, shbwnstream) of each estuary in Appendix 4.
Surface salinities in the mid section of estuarasstandardised using the procedures described in
Section 2.10, were highest in coastal inlets ama&b in river estuaries in both summer and winter
(Table 3.4). Most estuaries experienced a rangalinity of=10%. between average summer and
winter conditions; however, conditions were gergialss variable in drowned river valleys and more
variable in river estuaries, open barrier estuaiaslagoons. Water column stratification was much
more prevalent in winter than summer, in the upstreather than downstream section, and in river
estuaries and open barrier estuaries rather thastalanlets (Appendix 4).

Table 3.4 Summary of relationships  between
geomorphological type of estuary and standardisedaéinity for
surface waters midway along estuary in summer and inter.

Summer salinity Winter salinity
(%0) (%)




Estuary type No. min. max. mean min. max. mean

Coastal Inlet 17 160 393 339 171 345 254
Drowned River Valley 6 13.2 33.3 21.1 412 296 14.2
Open Barrier 24 107 364 289 116 329 147
Seasonal Barrier 20 19 393 192 22 335 103
River Estuary 31 0 36.2 18.6 0 198 351
Lagoon 13 0 39.3 230 0 345 10.8

The average salinity of surface waters varied syatieally around the state (Table 3.5). Lowest
salinity values were found on the west coast, oregith exceptionally high rainfall, and King Isid,

a region with the majority of estuaries barredhi® $ea. By contrast, salinities were generally igh
the Furneaux Group, a region of low rainfall, anel southeast coast, a region with numerous coastal
inlets.

Table 3.5. Average surface salinity in the
central section of estuaries in different regions
as standardised using procedures described in
Section 2.10. Regions as described in Table 3.2.

Region Summer (%o0)  Winter (%o)
King Island 18.6 5.1
Furneaux Group 27.7 17.3
Northwest 23.9 9.6
Eastern north 22.2 9.9
East 24.7 15.6
Southeast 28.5 18.4
South 21.9 104
West 15.3 4.5

3.1.4 Geology

The total area covered by different geologicalsgasn each estuary catchment is listed in Appebdix
The most prevalent geological classes within Tasanarre sedimentary (48% of total area), dolerite
(20%) and metamorphic (12%). Alkaline intrusion$jet have the potential to cause substantial
elevation in riverine pH, were rare, only occurringhe Port Cygnet catchment (2.4% of total area)
and Huon catchment (0.2%). Cambrian acid volcang® also relatively uncommon; however, they
covered relatively large proportions of the Lewi§% of area), Mainwaring (17%), Henty (15%),
Wanderer (11%) and Pieman (8%) catchments, andhanes/ caused acidified conditions in these
areas. These river systems may also carry largeyhreatal loads because acid volcanics were also
often associated with Cambrian ore deposits.

Sedimentary rocks were the predominant rock typaliregions of the state other than the east coast
where dolerite was more common, and the south calisire metamorphic rocks predominated (Table
3.6). Basaltic rocks were prevalent in the northesmsregion of Tasmania, dolerite covered largasre
(=40%) of catchment in the northeast, east and sastlué the state, and granitic intrusions were
common in the Furneaux Group and along the east.coa

Table 3.6. Mean proportion (%) of major geologicalclasses (alkaline intrusion, basalt,
Cambrian acid volcanics, Cambrian ore deposits, cdmonaceous, dolerite, dolomite,
granite, lake, limestone, metamorphic and sedimentg) in catchments of estuaries in
different Tasmanian regions. Regions as described iTable 3.2.

Regon Ade Bt CaAdd CaOe Cabon Dokie Ddome Gae lde Lme Mo Sad
King Island 0 0.1 0 0.2 0 0 0 3.6 0 0.1 25.7 70.2
Furneaux GroL 0 0.5 0 0 0 0 0 27.8 0.8 7.1 0 63.9
Northwest 0 216 1.6 10.7 0.9 6.8 1.4 2.2 0.5 1.8 6.4 47.2
Eastern north 0 3.7 0.0 0.4 0.9 320 0 8.9 1.8 0.0 0.0 53.1
East 0 0.7 0 0 1.6 46.0 0 17.3 0 0 0 36.1



Southeast 0.1 4.3 0 01 10 428 0.7 0 20 11 06 483

South 0 0 0 01 0 04 0O 00 00 06 592 396
West 0 27 40 82 02 10 1.7 17 50 22 300 435
Tasmania <0.1 50 14 39 06 200 0.8 52 23 12 124 478

3.1.5 A classification of Tasmanian estuaries tdasephysical attributes

Agglomerative cluster analysis of the 111 Tasmaegtnaries using nine physical variables
(catchment area size, estuarine drainage aresasezepf open water, estuarine perimeter length,
presence of seaward barrier, standardised satihgyrface water midway along estuary in summer
and winter, estimated tidal range midway alongastand total annual runoff) revealed that estsarie
in the state could be classed into a number of ngaups (Fig. 3.1). For the purposes of the priesen
project, estuaries were separated into ten grougs Buclidean distance level of 4.5. This leves wa
considered most appropriate because subdivisiomine groups would not separate drowned river
valley estuaries (Bathurst Harbour, Derwent, HiMagcquarie Harbour) from shallow river estuaries
(New River Lagoon, Henty, Pieman, Arthur), whersalsdivision into eleven groups would split
marine inlets with many features in common (e.gstHalet, West Inlet, Little Musselroe Bay, North
East Inlet, Cloudy Lagoon). Three of the ten majmups consisted of a single estuary only (Tamar,
Wanderer and Crayfish).
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Fig. 3.1. Results of cluster analysis for 111 estuariesguéinformation on nine physical
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perimeter length, presence of seaward barrierdataiised salinity of surface water midway
along estuary in summer and winter, estimated tidabe midway along estuary and total
annual runoff).



K-means divisive clustering of the data set waslusaletermine whether the ten groups defined by
agglomerative procedures were robust. The only nuifference identified by K-means clustering was
that the Crayfish estuary was not classed as aaepentity but was included in the group contagnin
other northern river estuaries (Group V).

The physical attributes of the nine groups defingdhe two procedures are shown in Table 3.7, and
each Tasmanian estuary is listed with its clagsppendix 1 and Tables 3.47-3.53. The estuarine
groups derived by cluster analysis differed in saMeespects from geomorphological classes (Table
3.8) because of the effects of tidal range, sgliatd runoff. Lagoons and seasonal barrier eswiarie
were placed in two major groups (Groups | and IMsgthe Wanderer estuary, Group 1X) that were
subdivided on the basis of salinity (ie. whethepdrgaline or hyposaline) rather than extent ofibarr
closure. Four drowned river valleys were placed @lass (Group VI), while the Tamar drowned river
valley formed its own group (Group VI) and PayneyBaas placed with coastal inlets (Group I11).
Open barrier estuaries and river estuaries wererghy subdivided on the basis of salinity and tide
rather than geomorphology (Groups Il, V and Vligble 3.7).

Table 3.7. Mean values for different physical vagables (estuarine catchment area, estuarine
drainage area, estuarine area, perimeter length, dial range, closure by entrance bar, total

annual runoff, winter salinity, summer salinity) for estuaries categorised into different

estuary groups.

Group ECA EDA EA Perimeter Tide Bar TAR  Sal Win Sal Sum Number

km?)  (km?) (km?) (km) (m) (ah (%o) (%)
| 67 5.6 0.3 55 0.1 + 68.9 8.3 16.9 25
1l 143 11.4 1.2 9.0 0.5 - 191.9 6.9 25.4 29
11 285 36.7 11.3 321 1.1 - 308.8 28.7 33.7 24
\Y 63 27.7 4.9 15.3 0.1 + 49.5 32.6 43.2 8
\Y 580 18.1 2.4 18.5 2.0 - 673.4 2.1 18.1 15
VI 11589 558.3 97.9 252.7 2.3 - 10938.1 8.0 24.3 1
VI 6625 403.6 122.0 176.7 0.6 - 8634.9 8.0 19.5 4
VI 1791 53.1 4.1 25.2 0.4 - 3649.7 2.1 4.1 4
1X 354 70.4 1.0 19.5 0.1 + 850.3 0.0 0.8 1

Table 3.8. Number of geomorphological classes dafteary within each estuary group.

Estuary group Geomorphological class

Coastal Drowned Open River Seasonal Lagoon Total

Inlet River Valley Barrier Estuary Barrier

I 0 0 0 0 16 9 25
Il 1 0 14 14 0 0 29
I 14 1 8 1 0 0 24
\ 0 0 0 3 5 8
\Y, 1 0 2 12 0 0 15
VI 0 1 0 0 0 0 1
Vi 0 4 0 0 0 0 4
VI 0 0 1 3 0 0 4
IX 0 0 0 0 1 0 1
Total 16 6 25 30 20 14 111

Multidimensional scaling (MDS) of the nine-varialplbysical data set indicated that physical
relationships between estuaries could be accurdigyayed on three dimensional graphs (stress =
0.060), but that the corresponding two dimensialiglay was less clear (stress = 0.133). Groups
identified in the cluster analysis remained cohevdren overlaid on the MDS axes (Fig. 3.2).
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Fig. 3.2. Results of MDS analysis using nine physical vdeal{estuarine catchment area, estuarine
drainage area, estuarine area, perimeter lengtd, ringe, closure by entrance bar, total annuwdffu
winter salinity, summer salinity), with overlay gfoups identified using cluster analysis.

Overlays of physical data onto the MDS axes (Fig) Bvealed systematic influences contributing to
the separation of sites. Geographic size varidht¥eased with MDS axes 1 and 3. Salinity gengrall
decreased with axes 1 and 2, while tidal rangergépeéncreased with axis 1 and decreased with axis
3. Estuaries with downstream barriers grouped begein the basis of differences in axis 1 into two
distinct clusters, a subdivision forced on the datisbecause of the categorical nature of these dat
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3.2 Macroinvertebrates and Plants

3.2.1 Floral composition

Aquatic plants were collected in benthic corestabBthe 55 sites investigated. The seagrasiera
muelleri (20 sites) antRuppiaspp. (7 sites) were the only widespread plantd) ather taxa present at
one or two sites only (Table 3.9).

Table 3.9. Mean density (g DW/rﬁ) of different plant taxa (Zostera muelleri, Heterozostera
tasmanica, Posidonia australis, Ruppia sp.,Lepilaena spp., Enteromorpha spp.,Gracilaria sp.,Ulva

sp. and unidentified plants) collected in benthic @res at various sites.Density estimates were
calculated using the cross-sectional area of 150diameter cores, and represent the mean of cores
from mid-intertidal to subtidal shore heights. Esstrial plant material collected at high water miaak

not been included.

Yellow Rock 0 0 0 0 73.4 0 0 0 0
North East 8.4 4.2 0 0 0 0 0 0 0
Rices 17.3 0 0 0 0 0 0 0 0
Welcome Inlet 194 0 0 0 0 0 0 0 0
East Inlet 4.5 0 0 0 0 0 0 0 0
Blythe 0 0 0 0 0 17.3 0 0 0
Low Head 7.1 0 2.4 0 0 0 0 0 0
Little Musselroe 6.8 0 0 0 0 0 0 0 0
Ansons Bay 16.9 0 0 0 0 0 0 0 0
Big Lagoon 0 0 0 23.7 0 0 0 0 0
Georges Bay 0.6 0 0 0 0 0 0 0 0
Bryans Lagoon 0 0 0 14.5 0 0 111 7.3 0
Woolshed 30.3 0 0 0 0 0 0 0 0
Lisdillon 31.8 0 0 0 0 0 0 0 0
Orford 13.3 0 0 0 0 0 0 0 0
Earlham Lagoon 3.9 0 0 0 0 0 0 0 0
Cornelian Bay 14.2 0 0 0 0 0 0 0 0
Claremont 6.8 0 0 0 0 86.5 0 0 0
Bridgewater 0 0 0 1407 0 0 0 0 0
Cradoc 0.7 0 0 0 0 0 0 0 11
Eggs & Bacon 15.3 0 0 0 0 0 0 0 0
Southport 11.9 0 0 0 0 0 0 0 0
Cloudy Creek 0.2 0 0 0 0 0 0 0 0
Cloudy Bay 8.7 0 0 0 0 0 0 0 0
New River Lagoon 0 0 0 5.6 0 0 0 0 0
Kelly Basin 1.1 0 0 0 0 0 0 0 0
Wanderer 0 0 0 0.7 0 0 0 0 0
Swan Basin 0 0 0 0 0 0 0 0 3.8
Pieman 0 0 0 0.8 0 0 0 0 0
Arthur 0 0 0 25.7 0 0 0 0 0

The distribution oZostera muellerandRuppiaspp. varied with tidal height and salinity (Fig4B
Zosteracommonly occurred at sites with salinity greatet 20%. and was recorded from midtidal
regions to 0.7 m depth, but was most prevalentidaibt. Ruppiapossessed a complementary
distribution, generally occurring at sites withis#y less than 15%.. The densest bedRuoppiawere
found at 0.7 m depth. Two other seagrasdeserozostera tasmanig&lorth East) anéPosidonia
australis(Tamar), were only collected at 0.7 m depth aglsimarine locations.
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3.2.2 Patterns of invertebrate species richness

A total of 390 invertebrate taxa were recorded f&Brsites in 49 estuaries during the benthic sargpli
program (Appendix 9). Crustaceans (153 speciespaosad the taxonomic group with the greatest
number of species, followed by polychaetes (102isg§ gastropods (51 species) and bivalves (43
species). Nine species of fish were also collettdmnthic cores but have not been included in
analyses.

North East Inlet and the Low Head (Tamar) sitespssed substantially higher species richness than
other sites (Table 3.10), with 120 species coltketirthe North East Inlet site and 116 at Low Head
compared to 71 at the next richest site (Welcortet)lnAt the other extreme were sites on the Henty
and Wanderer estuaries on the west coast, eaclonlifitwo species.



Table 3.10. Total number of species collected aifférent sites (Spp.).Number of species restricted
to each site (Spp. #) and number of species in edcthe major taxonomic groups Crustacea,
Gastropoda, Bivalvia and Polychaeta are also shown.

Estuary Site Date Spp. Spp.# Crust. Gast. Biv. Poly. Other
Sea Elephant Sea Elephant River 24-Feb-97 24 0 8 4 4 3 5
Yellow Rock Yellow Rock R. mouth  23-Feb-97 17 3 9 1 0 0 7
North East Inlet North East R. mouth 8-May-97 120 0 40 16 13 40 11
Patriarch Inlet Patriarch Inlet 9-May-97 35 1 8 5 9 8 5
Cameron Inlet Cameron Inlet 9-May-97 8 0 2 2 0 2 2
Modder Modder River mouth 12-May-97 19 0 8 4 1 1 5
Rices Rices River mouth 6-May-97 54 2 26 10 5 8 5
Welcome Inlet Welcome Inlet 21-Feb-97 71 2 25 14 10 14 8
Mosquito Inlet Mosquito Inlet 22-Feb-97 40 2 14 4 9 11 2
East Inlet East Inlet 15-Jan-97 66 6 26 7 10 18 5
Black/Dip Black River 14-Jan-97 33 0 14 3 7 7 2
Detention Detention 13-Jan-97 24 1 10 2 6 5 1
Cam Cam River 26-Sep-96 18 1 9 0 2 2 5
Blythe Blythe River 16-Jan-97 40 3 17 5 4 10 4
Leven Ulverstone 25-Sep-96 31 6 6 3 8 10 4
Leven Ulverstone 17-May-97 38 6 12 3 9 11 3
Don Don River 24-Sep-96 23 0 8 3 2 8 2
Port Sorell Squeaky Pt 17-Jan-97 56 9 25 5 8 14 4
Tamar Low Head 16-Dec-96 116 7 49 11 12 40 4
Tamar Paper Beach 17-Dec-96 32 3 10 5 6 9 2
Tamar Paper Beach 17-Jun-97 25 3 4 5 5 7 4
Pipers Pipers River mouth 20-Nov-96 29 1 10 2 4 10 3
Tomahawk Tomahawk R. mouth 22-Nov-96 26 0 5 2 9 6 4
Boobyalla Ringarooma R. mouth  19-Nov-96 26 0 14 4 1 4 3
Little Musselroe Bay Little Musselroe Bay 14-Nov-96 49 3 14 6 7 15 7
Ansons Bay Ansons Bay 12-Nov-96 41 0 9 7 11 10 4
Big Lagoon Big Lagoon 13-Nov-96 21 0 8 3 2 5 3
Georges Bay Georges Bay 11-Nov-96 46 9 12 3 11 14 6
Hendersons Lagoon Hendersons Lagoon 13-Nov-96 34 2 12 2 5 10 5
Bryans Lagoon Bryans Lagoon 13-May-97 18 0 4 2 1 6 5
Great Swanport Woolshed 23-Dec-96 36 0 16 8 3 6 3
Lisdillon Lisdillon 17-Sep-96 36 0 14 7 2 9 4
Prosser Orford 16-Sep-96 42 1 17 9 4 9 3
Earlham Lagoon Earlham Lagoon 20-Aug-96 35 0 11 7 6 7 4
Pittwater Pittwater 23-Oct-96 35 0 10 8 10 6 1
Derwent Cornelian Bay 24-Apr-96 28 0 9 3 3 10 3
Derwent Cornelian Bay 13-Feb-97 35 0 10 5 7 9 4
Derwent Bridgewater 21-Oct-96 25 2 9 4 2 4 6
Derwent Claremont 21-Oct-96 27 2 10 5 4 4 4
Browns Browns River mouth 2-Jul-96 22 1 11 2 4 3 2
Huon Eggs and Bacon Bay 6-Nov-96 51 2 19 4 9 14 5
Huon Brabazon Pt 5-Nov-96 28 1 8 2 5 11 2
Huon Cradoc 31-Oct-96 23 1 7 7 2 3 4
Huon Cradoc 16-May-97 24 0 8 6 1 4 5
Lune Southport 9-Jan-97 37 3 11 7 6 11 2
Southport Lagoon  Southport Lagoon 19-Jun-97 51 5 13 7 11 13 7
Cloudy Bay Oyster lease 18-May-97 64 2 19 8 9 14 1
Cloudy Bay Cloudy Creek 24-May-97 51 3 18 11 9 21 5
Cockle Creek Cockle Creek 7-Jan-97 32 1 12 5 7 6 2
New River Lagoon New River Lagoon 18-Feb-97 17 0 5 3 1 4 4
Bathurst Harbour Old River mouth 19-Feb-97 20 1 7 3 1 5 4
Payne Bay Kelly Basin 19-Feb-97 49 2 11 8 9 15 6
Wanderer Wanderer R. mouth 20-Feb-97 2 0 2 0 0 0 0
Macquarie Harbour Macquarie Heads 30-Sep-96 17 0 7 0 2 4 4
Macquarie Harbour Swan Basin 23-Jun-97 19 0 8 2 1 2 6
Henty Henty River mouth 25-Jun-97 2 0 1 0 0 0 1
Pieman Pieman River mouth 24-Jun-97 12 0 6 1 0 1 4
Nelson Bay Nelson Bay 14-Jan-97 15 1 8 3 0 1 3
Arthur Arthur River mouth 13-Jan-97 17 1 11 3 0 1 2




The total number of species collected at diffesitets varied consistently between the nine estuary
groups identified by multivariate analysis of plogivariables (Table 3.11). The number of species
ranged from an average of 51 species in marine &Y 4 species in the Tamar to only 2 species in
the Wanderer estuary and an average of 12 specibs large open river estuaries. Group | barred
low-salinity estuaries possessed only moderateespechness~{21) even though the densities of
animals were higher than in other estuary groupdl@3.11).

The number of species in different taxonomic groogsurred in nearly the same proportions in
estuaries of different types (Table 3.11), exchat the proportion of bivalves to gastropods inseela
from low salinity estuaries to estuaries with margonditions. Crustaceans comprised the richest
taxonomic group in nearly all estuaries, followsdpolychaetes, bivalves and gastropods.

Table 3.11. Mean number of species collected frosites in different estuary groups.Standard
deviation of total number of species and numbesites for each group are also shown.

Gop Estuary Owscn Gadgd Bwe  Pdydeen Oher Tod SD Sites
| Barred low-salinity estuary 8.4 3.4 1.4 3.6 46 214 70 7
Il Small open estuary 134 6.4 6.6 7.9 33 376 98 7
1] Marine inlet 16.9 6.9 8.7 13.9 48 511 229 16
\ Hypersaline lagoon 6.5 45 3.0 45 3.0 215 19.1 2
\% Mesotidal river estuary 111 29 4.0 7.3 33 286 7.1 7
\ Tamar 29.5 8.0 9.0 24.5 3.0 740 594 2
Vi Microtidal drowned river valley 9.4 3.6 3.7 6.2 43 272 104 9
VIII  Large open microtidal river 5.8 1.8 0.3 15 28 120 7.1 4
IX Wanderer 2.0 0.0 0.0 0.0 0.0 20 - 1

3.2.3 Macrofaunal abundance, biomass and prodiyctiv

A total of 109,776 individuals were recorded frdm 65 sites investigated. Gastropods (43,060
individuals) and crustaceans (27,190) were theggauith highest abundance, while bivalves (21,716)
and polychaetes (13,363) were also common. The euoflanimals collected at each site and the
mean estimated biomass and productivity of anifrale 0 m to 0.7 m depth are shown in Table 3.12.
Biomass and productivity data for shallow depthardew water mark have been amalgamated in this
table because they were relatively homogeneoude we fauna near high water mark differed greatly
in faunal composition and patchiness. Amalgamatiotata from the higher tidal region therefore
complicated rather than clarified patterns. Morepdata from the high tide region have not been
reported from other studies for comparative purppadereas considerable information is available on
faunal communities near low tide.

Table 3.12. Total number of animals collected atlialevels and mean estimated biomass and
productivity of macrofauna across the three lowestidal levels at different sites.The number of
cores collected at each site and ratio of annuwalymtion to biomass are also shown.

Estuary Site Date Cores Number Biomass Productivity P/B
(@m?) (ug.m2d?l)

Sea Elephant Sea Elephant River 24-Feb-97 30 4871 84.6 4577 2.0

Yellow Rock Yellow Rock R. mouth 23-Feb-97 30 4186 2.2 52.7 8.6

North East Inlet North East R. mouth 8-May-97 30 1580 58.7 3858 24
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The total number of animals collected at differgites varied from 8,309 at Bridgewater (Derwent) to
only 3 animals amongst 24 cores at the Wanderaags(Table 3.12). Low salinity estuaries and the
upper reaches of drowned river valleys generalgspesed extremely high densities of animals, due
largely to a predominance of small grazing gastdsp@ able 3.13). By contrast, sites in open essari
with fluctuating environmental regimes usually pesssed low animal densities. Variation between sites
within the nine estuary groups identified by mudtilate analysis of physical variables was
considerably greater in Type VII drowned river egh than within other estuary groups. Sites within
drowned river valleys typically possessed high dessof animals in the upstream reaches, low
densities in the middle reaches and moderate dengitthe downstream zone.

Table 3.13. Mean density (/rﬁ) of animals over all tidal levels at sites in diffrent estuary groups.
Maximum and minimum densities and number of sitesaich group are also shown.

Sop Estuary description Sites Qusacea CGadgood  Bwia  Poydesa Oher Tad Max  Min
I Barred low-salinity estuary 7 2045 4718 1943 711 422 9837 18168 2952
Il Small open estuary 7 929 794 367 374 77 2540 4989 539
Il Marine inlet 16 377 1746 1263 552 187 4124 9007 432
IV Hypersaline lagoon 2 328 573 377 1402 50 2730 2845 2615
V  Mesotidal river estuary 7 1238 172 348 231 35 2024 4050 683
VI Tamar 2 391 77 526 768 66 1827 2258 1426
VIl Drowned river valley 9 1647 2602 543 408 226 5425 26119 277
VIII  Large open microtidal river 4 875 546 67 245 38 1771 2926 555
IX  Wanderer 1 7 0 0 0 0 7 7 7

Patterns of faunal abundance between sites diffeoad patterns identified for estimated macrofaunal
biomass and productivity. The two sites with higldemnsities of animals, Bridgewater and Bryans
Lagoon, possessed macrofaunal assemblages withratedather than high biomass and productivity
(Table 3.12).

Both estimated biomass and productivity varied smoursly between sites. The Mosquito Inlet site,
where high densities of bivalves were present, faasd to possess macrofaunal biomass over five
orders of magnitude and productivity over four asdef magnitude higher than at the Wanderer site,
where only three small amphipods were collectednigiss at the Wanderer site was in fact two orders
of magnitude lower than at the second lowest 8ieeHenty estuary.

The ratio of production to biomass, when calculatedn annual basis to allow comparison with other
studies, varied with total biomass of sites throaghnfold range. Sites with low biomass estimates
were typically dominated by small-sized animalswipid turnover rates and high P/B ratios, while
sites with high macrofaunal biomass were dominbiecklatively slow-growing bivalves.

Estimated macrofaunal biomass showed little systienaariation between estuaries of different
physical type, other than that biomass was extngfogl in the Wanderer estuary, low in Type VI
large open microtidal river estuaries and relagivegh in Type Ill marine inlets (Table 3.14).

Bivalves were by far the most important contribattw total biomass in the three estuary groups most
strongly influenced by seawater - groups I, lidanl.

Table 3.14. Mean estimated biomass (g.lg)-of animals collected from 0-0.7 subtidal depth ieels at
sites in different estuary groups.Biomass at sites with maximum and minimum levet&] aumber of
sites in each group, are also shown.

Guoyp Estuary description Sites CQuwseea Gadgood Bwdla Pddesa Oher Tad Max Min
I Barred low-salinity estuary 7 1.8 13.7 134 1.3 0.2 305 100.6 1.3
I Small open estuary 7 4.5 6.6 23.1 22 00 365 985 7.9
i Marine inlet 16 2.8 51 83.6 39 07 96.0 587.0 3.9
IV Hypersaline lagoon 2 2.1 12.7 8.4 35 01 268 486 5.0
\ Mesotidal river estuary 7 4.3 0.4 238 1.4 00 300 954 3.3
\ Tamar 2 1.4 1.5 285 25 0.1 340 554 189
VIl Drowned river valley 9 2.6 4.1 5.5 21 03 146 388 1.7
VIII  Large open microtidal river 4 0.7 0.2 0.0 03 0.0 1.2 1.9 0.5



IX Wanderer 1 0.001 0 0 0 0 0.001 0.001 0.001

Estimated productivity also varied greatly withstuaries of a particular physico-chemical groughwi
relatively little systematic variation between diént groups (Table 3.15). Bivalve productivity and
total productivity tended to be highest in marinkets, although one marine inlet (Detention) had a

total productivity substantially lower than thatfal in most other estuaries (12 pgz.rd'-l).

Crustacean productivity showed little systematiarae between all estuary groups other than group
IX (the Wanderer estuary), while the productivifypolychaetes was highest in the two saline estuary
types (hypersaline lagoons and marine inlets).

Table 3.15. Mean estimated productivity (ug.m?-.d'l) of animals collected from 0-0.7 depth levels
at sites in different estuary groups.Productivity at sites with maximum and minimum lsyeand
number of sites in each group, are also shown.

Guoyp Estuary description Sites Qusaa Gadgod Bwia Pddesa Oher Tad Max Min
I Barred low-salinity estuary 7 24.3 919 820 17.4 3.7 2193 580.0 275
Il Small open estuary 7 31.9 65.8  94.0 23.1 05 2154 4246 57.4
M Marine inlet 16 20.3 498 359.1 384 5.6 473.1 2500.3 36.0
IV Hypersaline lagoon 2 13.2 71.7  39.0 457 1.0 1707 2721 69.2
\ Mesotidal river estuary 7 35.3 4.6 109.8 158 0.6 166.0 4615 375
VI Tamar 2 12.9 142 203.2 30.5 0.9 261.7 447.1 136.8
VIl Drowned river valley 9 27.7 53.0 333 22.1 3.2 1394 353.0 24.4
VI Large open microtidal river 4 12.1 45 0.6 46 03 221 36.1 938
IX  Wanderer 1 0,037 0 0 0 0 0.037 0.037 0.037

3.2.4 Effects of tidal emersion

Total number of species was strongly affected tbgltemersion. The number of species collected
increased consistently over a threefold rangedovanshore direction (Table 3.16), reaching a
maximum of 309 species at the deepest level (below low water mark).

The density of macrofauna also increased in a doenesdirection to 0.3 m depth but then decreased
in deeper water. The density of animals collectaugh water mark was onky20% of densities in
shallow waters. Estimated biomass and productslitgwed an even greater increase from high to low
water mark, both increasing over an order of magieitthrough this range. These two variables then
declined from low water mark to 0.7 m depth. Therall decline in macrofaunal productivity from

low water mark to 0.7 m depth was, however, natteengly marked as for biomass, with biomass
declining by 42% over this range and productiviéglihing by 31%.

Table 3.16. The overall mean density (rg), estimated biomass (g.n?), estimated

productivity (ug.m'z.d'l) and annual P:B ratio of invertebrates collected adifferent
tidal levels.

Level Species Density Biomass  Productivity Annual P:B
HWM 86 1017 2.0 20.5 3.67
MW 140 2955 16.5 125.4 2.77
LWM 190 4057 52.0 274.4 1.93
-0.3m 249 5565 39.7 236.5 2.17
-0.7m 309 5097 30.3 189.8 2.29

Similar patterns were evident when the differemtls at each site were ranked from the level with
highest species richness to the level with lowpstis richness. At only three sites was species
richness maximal at the high water level, comp#oei7 sites at which species richness was maximal
at the 0.7 m depth level (Table 3.17). Although me@mass and estimated productivity were both
highest at low water mark, these two variables viggher at subtidal levels than at low water mdrk a
the majority of sites. Extremely high faunal biomasesent near low water mark at a few sites was
apparently overriding general patterns of incregbilmmass and productivity with depth. The



hypothesis that the counts shown in Table 3.17ediresn a homogeneous distribution across all levels
was assessed using 2 test and rejected for all variables (p<0.01).

Table 3.17. The number of sites at which each abdr variables (number
of species, density, estimated biomass and estimétproductivity) was
ranked highest between the five levels investigate¢e.g., number of
species was found to be highest at high water mait 3 sites).At several
sites a similar maximum number of species was dagbrat more than one
level, hence the column total for species exceeelsitmber of sites (55).

Level Species Density Biomass  Productivity
HWM 3 2 2 2
MW 6 8 6 7
LWM 10 17 13 15
-0.3m 16 15 20 17
-0.7m 27 13 18 18

Species richness and the other three major vasaflestigated all showed significant differenaes i
ranks between tidal levels, as assessed using &lr\gallis test (p<0.001) for the 36 sites whereadat
were collected at all five tidal levels. Tests dfatences between adjacent tidal levels using @¥ibn
signed ranks test indicated that the number ofispetiffered between HWM and MW (p<0.001), MW
and LWM (p<0.001), and LWM and -0.3 m (0.001<p<0.Bat not between -0.3 m and -0.7 m
(0.05<p<0.1). The density of animals varied betwid®#¥M, MW and LWM (0.001<p<0.01) but not
between LWM and -0.3 m or between -0.3 and -0.p»®(05). Estimated biomass and productivity
also both differed between HWM and MW (p<0.01) éetiveen MW and LWM (0.01<p<0.05) but
not for the two deeper comparisons (p>0.05).

High correlations were detected using data fronbfhsites in species richness, faunal density,
biomass and productivity of samples collected gt tidal levels other than for the correlation
between high water mark and mean water sampledgBatB). Thus, sites with high species richness
(or high density, biomass or productivity) at lowater mark also generally possessed high values at
subtidal and midtidal levels. By contrast, numersitess were sampled with high values at mid to low
tidal levels and low values at high water mark, gité versa.

Table 3.18. Spearman rank correlation coefficientselating total number

of species recorded at different sites between twadjacent tidal levels.
Analogous results for mean faunal density, estichbiemass and estimated
productivity at the 55 sites are also shown.

HWM/MW MW/LWM LWM/0.3m 0.3m/0.7m

Species 0.44 0.73 0.83 0.77
Density 0.17 0.58 0.53 0.78
Biomass 0.20 0.77 0.74 0.71
Productivity 0.15 0.72 0.73 0.72

3.2.5 Effects of salinity and other physical fasto

Invertebrate species richness at different sitesveld a close correspondence with the salinity of
estuaries at the time of sampling (Fig. 3.5). Tinear regression relating these variables waslyigh

significant (S=14.7+0.93*C, n=5%0.31, p<0.001, where S is number of species aizds@linity),
and became even more significant when three ogtlgoints were excluded (S=14.7+0.93*C, n=56,

r2=0.56, p<0.001).
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Fig. 3.5. Relationship between total number of speciesectdd at each site and
salinity.

A mean of 15 species was collected at freshwaftkrenced sites whereas marine embayments generally
contained around 50 species. The number of spatiegsohaline sites remained approximately
constant ("25) within the salinity range of 5%. f9&. Two sites, Low Head and North East Inlet,
possessed anomalously high species richness. $tesevere both fully marine and were the onlyssite
where the seagrassessidonia australi@mndHeterozostera tasmaniceespectively, were encountered.
By contrast, the single hypersaline lagoon invaséid (Cameron Inlet) yielded only 8 species.

Much of the reason for the extremely high spedid®ess at North East Inlet and Low Head was that
both sites included a large component of speciésaitected elsewhere. These species were probably
marine in origin rather than estuarine. A plot afber of species restricted to each site versistyal
(Fig. 3.6) indicates that most sites with large bers of species restricted to that site were marine
influenced. The Tasmanian estuarine fauna therefopeared to be widely distributed with marine
species patchily intruding into estuaries at paléicsites.
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Fig. 3.6. Relationship between number of species collestdely at each site and salinity.

Given the large changes in faunal variables betvgaemples collected at different tidal heights,
particularly between high water mark and mean walber effects of physical factors on macrofaunal
assemblages have been independently assessedHdidzd height. Eleven physical factors were
incorporated in this analysis, eight that varietiMeen sites (salinity, estuarine area, tidal range,
latitude, longitude, silt/clay content of sedimemgan human population density of estuarine



catchment area and estuarine drainage area, meampeleared land in estuarine catchment area and
estuarine drainage area) and an additional thegeatko varied between tidal heights (mean plant
biomass, meadosterabiomass, shore gradient). Spearman rank corralatefficients (¢ relating

these physical factors to the faunal variabledisted for each tidal level in Table 3.19. The n@mbf
species in these analyses refers to the total nuaitspecies collected at the one tidal height iwith
site, rather than total number of species at aasit@ previous analyses.

Faunal assemblages near high water mark were glotytdorrelated with any of the physical factors
investigated in this study, so probably respondratttively to a variety of factors, or are primgril
affected by factors not quantified here. The onbderately highg4values were those relating number

of species to percent cleared land, faunal detsitlyiman population density, and faunal biomass and
productivity to the silt/clay fraction of subtidsédiments. Given the number of tests made, most of
these values probably represent Type | statisticals.

Two physical factorsZzosterabiomass and salinity, were consistently associaigdvariation in

faunal variables between sites at tidal levels froean water to 0.7 m depth (Table 3.19). These two
factors possessed a moderately highly correlatitin@ach other at the three lowest tidal leveds=(r

0.16, 0.34, 0.29, 0.31 at MW, LWM, 0.3 m, 0.7 ngpectively), so possibly interacted in their ef§ect
on the fauna. Total plant biomass, a variableitfdtidesZosterabiomass, was also consistently
correlated with faunal variables; however, in aes other than faunal density at subtidal deptast
biomass was less highly correlated tFaisterabiomass, so plants other thaosteracontributed little
to the correlation.

Table 3.19. Spearman rank correlation coefficientselating four faunal variables (number of

species, density, estimated biomass and estimateguctivity) to eleven physical factors (total

plant biomass, Zostera biomass, shore gradient, tidal range, salinity, &sarine area, latitude,

longitude, percent silt/clay content of sedimentshuman population density, percent cleared
land) at each of five tidal levelsCorrelation coefficients <0.25 are not shown to bagise more
important results.

Variable Plant Zostera Gradient Tide Salinity Est. Aree Lat. Long. Silt/clay Pop. Cleared
yh water
Species number . . . . . ‘ . . . . 0.31
Density . . . . . ‘ . . .
Biomass . . . . . -0.3 . . 0.31
Productivity . . . . . -0.2¢ . . 0.31
:an wate|
Species number 0.26 0.26 0.26 . 0.31 ‘ . . . -0.29
Density 0.27 0.27 0.27 . . ‘ . . . -0.33
Biomass . . . 037 0.32 . 0.27 . . . 0.29
Productivity . . . 033 0.32 . 0.28 . . . 0.26
w water
Species number 0.49 0.59 0.34 . 0.54
Density 0.56 0.53 . . 0.27 ‘ . . . . .
Biomass . 0.35 0.38 0.51 0.43 ‘ . . . . 0.27
Productivity . 0.39 0.37 047 0.43 ‘ . . . . 0.29
3m deptl
Species number 0.44 0.54 . . 0.53 ‘ . 0.3 . .
Density 0.53 0.42 . -0.28 . ‘ . 0.27 . -0.25
Biomass . 0.47 0.27 0.31 0.56 . . . .
Productivity 0.29 0.5 . . 0.51
7m deptl
Species number 0.47 0.59 0.45 . 0.59 0.31 . 0.4
Density 0.71 0.4 . . . ‘ . .
Biomass 0.32 0.59 0.27 . 0.62 ‘ . 0.3
Productivity 0.48 0.61 0.29 . 0.55 ‘ . 036

Several other physical variables occasionally pcedihigh correlations with particular faunal
variables at particular depths. The shore gradiast highly correlated = 0.45) with number of

species at 0.7 m depth, tidal range was highlyetated with estimated biomasg £ 0.51) and



production (g = 0.47) at LWM, and longitude was highly correthteith species richness at 0.7 m
depth (g = 0.40).

Examination of box plots for relationships involgifaunal density, faunal productivity, faunal
biomassZosterabiomass, plant biomass and estuary area reveafetimear relationships and
heterogeneous variances in many cases. Thesetidissoirom linearity and homoscedasticity were
corrected by log transformation for regression gsial

Results of stepwise regression analysis relatintpgical to physical variables indicated consistent
responses between variables at LWM, 0.3 m and @@pth (Table 3.20). Number of species was
almost equally affected by the salinity of sited #ime biomass of plant material (particulaZlyster3,
with these variables together explaining about bb#ll variance. The density of animals in samples
was primarily affected by the biomass of plant matewhich explained between 21% and 41% of
total variance. Faunal biomass and productivityengimarily affected by salinity ("25% of total
variance), with a variety of other factors (tidegm biomass, land clearance and shore gradient)
explaining lesser amounts of the total variance.

Table 3.20. Stepwise regression equations relagithe faunal variables total number of species,
log density (/m?—), log estimated biomass (g.ng) and log estimated productivity (mg.mz.d'l) to
the physical factors log total plant biomass (plantg.m'z), log Zostera biomass (zostera; g.n?),
shore gradient (gradient), tidal range (tide; m), alinity (%), log estuarine area (ea; rﬁ), latitude,
longitude, silt/clay content of sediments (silt; %) human population density (/kn?), cleared land
(clear; %) at each of five tidal levels.Physical variables were only included in the eqmatf they
explained >5% of total variance. Total variance fbe regression equation and number of sites
examined are also listed. Variance explained wiaeh @ariable is added to the regression is shown in
parenthesis after variable name.

Variate Regression equation r2 n
High water mark

Species number 7.04+0.37*silt (26) 0.258 35

Density none

Biomass 2.60+0.11*silt(15) 0.146 35

Productivity -0.03+0.13*silt(18)-0.187*ea(6) 0.240 35
Mean water

Species number 12.90+0.30%*sal(11) 0.107 56

Density 3.75+0.02*grad(7)+0.42*silt(12) 0.192 42

Biomass 3.00+1.01*tide(10)+0.020*grad(9) 0.189 56

Productivity -0.09+1.31*tide(12)+0.024*grad(10) 0.217 56
Low water mark

Species number 15.09+9.21*z0st(49)+0.34*sal(8) 0.571 52

Density 5.17+0.58*plant(25) 0.254 52

Biomass 2.92+0.05*sal(18)+1.09*tide(22)+0.010*grad(7) 0.464 52

Productivity 0.09+0.06*sal(18)+1.39*tide(23)+0.013*grad(8) 0.490 52
0.3 m depth

Species number 12.70+0.64*sal(24)+4.67*plant(20) 0.437 58

Density 5.29+0.37*plant(21) 0.213 58

Biomass 4.45+0.06*sal(26) 0.258 51

Productivity 1.06+0.10*sal(30)+0.03*clear(9) 0.389 58
0.7 m depth

Species number 6.34+0.89*sal(26)+5.44*plant(23) 0.485 55

Density 4.58+0.43*plant(41)+0.005*grad(6)+0.025*silt(9) 0.557 39

Biomass 4.06+0.05*sal(28)+0.31*plant(24) 0.518 54

Productivity 1.84+0.06*sal(34)+0.42*z0st(16) 0.498 54

Relationships between biological and physical \deis at high water mark and mean water were
relatively weak and patterns differed between tideéls. The only important relationship identifiat
these tidal heights was between the number of epexrid the silt/clay fraction of sediments at high

water mark (? = 0.26). Species richness at high water mark wasiderably higher at sites with
muddy sediments than at sandy beach sites.



3.2.6 Scale of variation in species richness, danoe, biomass and productivity data

Results of the four-factor ANOVAs involving estualgcality within estuary, transect and tidal heigh
are shown in Table 3.21, with variance componealsutated using the model of expected mean
squares described in Table 2.8. In contrast to staglies where negative variances are equated with
zero (see Snedecor & Cochran, 1967), negativenaegare included in the table because they have
value in indicating the scale of errors. Errorsoassted with estimates of variance increase wittiap
scale because of the dependence of calculationssoits for lower scales (Underwood & Petraitis,
1991). Estimates of variance associated with locald estuary therefore should be treated with
greatest caution.

The number of species collected in samples possess@nces that were approximately evenly
distributed between all spatial scales in the éstuaries examined. Variance in density of animals
similar at replicate, transect and tidal heightesgbut was almost three times as high at thditpca
scale and was much lower at the estuary scale. &smand productivity varied primarily at the esyuar
and replicate scales, with relatively low variaat¢he transect height and locality scales. Theselts
imply that, at least for the five estuaries invgsted, the biomass and production of macrofauna in
estuaries were largely a function of charactegaticthe estuary, while abundance and speciesasshn
were largely affected by local site characteristiod position in estuary.

Table 3.21. Results of four-factor ANOVAs (estuarysite nested within estuary, transect nested
within site, tidal height) explaining number of speies, number of individuals (In (x+1)
transformed), estimated biomass (In(x+0.01) transformed) and estimated productivity (In (x+0.1)
transformed) of benthic samplesSum of squares, mean squares and estimated a@@aacshown for
each variable.

Source df Species Density Biomass Production
SS  MS &2 SS MS o2 SS MS & SS MS 7
Estuary 4 9969 249.2 373 100.1 250 0.16 129.0 323 0.82 1195 299 0.77
Locality 5 5750 1150 46 970 194 096 137 27 0.04 101 20 0.02
Transect 20 644.0 322 457 432 22 031 393 20 018 320 16 0.8
Height 2 879.7 4399 576 383 191 026 418 209 0.24 367 183 0.22
E<H 8 756.2 945 425 288 36 -006 509 64 019 410 51 0.12
L«H 10 4357 436 539 427 43 049 412 41 047 373 3.7 048
T+H 40 4503 113 325 522 13 051 529 13 023 348 09 0.16
Error 90 4275 48 475 256 03 028 784 09 087 491 05 055

The three factor ANOVA involving site, transect arelght differed from the previous analysis
primarily in showing that variation in species mess was much greater between sites over the larger
range of sites used in this analysis (Table 3Xajiance was again much greater at the scaleef sit
and estuary than at the scale of replicate foritdedata but not for biomass or production data,
indicating considerable patchiness between bioimassot density of samples at the scalebimetre.

Table 3.22. Results of three-factor ANOVAs (sitetransect nested within site, tidal height)
explaining number of species, number of individualgln (x+1) transformed), estimated biomass (In
(x+0.01) transformed) and estimated productivity (In(x+0.1) transformed) of benthic samplesSum
of squares, mean squares and estimated variansb@ma for each parameter.

Source df Species Density Biomass Production
SS MS o2 SS MS o2 SS MS o2 SS MS a2
Site (S) 24 3883 161.8 8.12 3986 16.6 0.81 407.7 170 0.82 3158 13.2 0.63

Transect(T) 50 781 156 2.07 1051 2.1 0.30 1101 22 023 942 19 023
Height (H) 2 2219 11094 7.09 136.6 683 043 1196 59.8 0.37 107.8 539 0.34
S+H 48 2210 46.0 7.14 1731 36 055 2192 46 062 1644 3.4 0.49
T+H 100 846 85 263 121.7 1.2 047 1097 11 0.14 897 09 0.19
Error 225 722 32 321 629 03 028 1848 0.8 0.82 1147 05 0.51




Estimates of variance components in the four-faBtdOVA involving sites,

transects nested within sites, month nested wsiténand tidal height are shown in
Table 3.23. These estimates may include considermbbr because of the
complicated mixture of fixed and random factorsomporated in the model. The
presence of errors was evident in that 7 of theaBiance estimates were negative, a
contrast with the two previously described modéisciv generated only one negative
value amongst 56 variance estimates.

Between month variance was negligible for animalsity at sites sampled on two occasions (Table
3.23). Between month variance was also extremeaWfdtw species richness, but moderately high for
estimated biomass and estimated production datat Mdhe variation in animal density was
attributable to site, with variance between tidaights also important. Species richness primarily
varied with tidal height, while biomass and prodkitt of samples showed greatest variance at the
replicate, tidal height and site scales.

Table 3.23. Results of four-factor ANOVAs (site, @mnsect nested within site, month nested within
transect, tidal height) explaining number of specig, number of individuals (In (x+1) transformed),
estimated biomass (In (x+0.01) transformed) and @stated productivity (In (x+0.1) transformed) of
benthic samplesSum of squares, mean squares and estimated v@daamshown for each parameter.

Source df Species Density Biomass Productivity

SS MS o2 SS MS o2 SS MS o2 SS MS 2
Site (S) 2 753 376 115 433 216 0.83 51.8 259 1.05 20.8 10.4 0.40
Transect (T) 6 603 100 0.75 10.8 1.8 0.16 43 0.7 -0.39 46 0.8 -0.22
Month (M) 9 36.1 40 0.26 43 05 005 345 38 084 231 26 0.55
Height (H) 1 351.1 351.1 9.33 18.7 18.7 0.49 49.4 494 0.98 37.7 37.7 0.78
S+H 2 306 153 1.16 18 09 -002 283 141 0.88 195 9.7 0.58
T+H 6 8.4 1.4 -1.06 6.8 1.1 0.18 21.1 35 0.32 16.4 2.7 0.28
M+H 9 50.6 56 1.32 3.8 0.4 0.06 20.2 2.2 0.89 14.4 1.6 0.62
ERROR 36 107.5 30 299 104 03 029 170 05 047 129 04 0.36

Estimates of the variance of the major spatialtentpboral components affecting the species richness,
abundance, biomass and productivity of benthic $asrgre summarised in Table 3.24. Error
associated with these estimates decreases wittaisiog degrees of freedom, hence the three factor
ANOVA involving 25 sites provides substantially tegtestimates of overall variance than other

models.

Table 3.24. Ratios of variance estimates to residlestimates for main
treatment effects in the three ANOVA models descriéd in Tables 1, 2
and 3: ELTH - estuary, locality nested within estuay, transect nested
within locality, tidal height; STH - site, transect nested within site, tidal
height; STMH - site, transect nested within site, mnth nested within
site, tidal height. *The fixed factor ‘height’ differs between STMH atige
other two analyses because the 0.7 m depth levelnetiincluded in the

STMH analysis.

Source ANOVA df Ratio

Species Density Biomass Productivity
Estuary ELTH 4 0.79 0.57 0.94 1.40
Site (E+L) STMH 2 0.38 2.85 2.22 1.12
Site (E+L) STH 24 2.53 2.89 1.00 1.24



Locality ELTH 5 0.97 3.43 0.05 0.05

Transect STMH 6 0.25 0.57 -0.83 -0.62
Transect ELTH 20 0.96 1.11 0.21 0.33
Transect STH 50 0.64 1.07 0.28 0.45
Height# STMH 1 3.12 1.70 2.07 2.17
Height ELTH 2 1.21 0.93 0.28 0.40
Height STH 2 2.21 1.54 0.45 0.67
Error STMH 36 1.00 1.00 1.00 1.00
Error ELTH 90 1.00 1.00 1.00 1.00
Error STH 225 1.00 1.00 1.00 1.00
Month STMH 9 0.09 0.16 1.77 1.54

Temporal variance, which includes variation fronutip to seasonal scales, was extremely low
compared to spatial variance for species richneddaunal density. The major source of variation in
species richness was tidal height followed by @iteluding both within and between estuaries
components). Variance between transects was |ldwarvtariance between samples in all three models
tested, and variance between months of samplingrergsiow.

Variance in mean density was primarily evidenthatsite and location scales. Variance between
transects set 100 m distance apart was simileariance between individual replicates placed "1 m
apart, and also to mean variance up the transeseba tidal heights “10 m apart.

Variance in log biomass and log productivity wesgkatively high between replicates in comparison to
variance between transects, while variance betigeatities within the three estuaries examined was
low. Variance between estuaries was relatively high

3.2.7 Distribution of common taxa by tidal heigimid salinity

The Tasmanian estuarine fauna is dominated byagesdr bivalve, amphipod, polychaete and isopod
species (Table 3.25; Appendix 9). The most abunisaettebrate species collected was an amphipod,
Paracorophiumcf excavatumand the most widespread species was a biveleitica semenThe

other five of the seven commonest species weigaatropods.



Table 3.25. The total abundance of common invertelte species (>200 specimens collected) at
different tidal levels, and the number of sites awhich they were recorded.

Code Species Taxon HWM MW LWM -0.3m -0.7m Total s Site
CA11 Paracorophium cf excavatum Amphipod 112 613 2870 5600 3428 12623 40
MGO06 Ascorhis victoriae Gastropod 5 1238 1841 3413 5587 12084 25
MPO3 Arthritica semen Bivalve 337 2545 2693 3716 2171 11462 45
MGO08 Hydrococcus brazieri Gastropod 39 2350 3707 2128 799 9023 16
MGO1 Tatea huonensis Gastropod 2 1577 32 1526 2996 6133 10
MG21 Tatea rufilabrus Gastropod 2 696 221 2330 2221 5470 15
MGO5 Eubittium lawleyanum Gastropod 4 765 2140 1764 16 4689 12
Cl01 Actaecia bipleura Isopod 3100 213 30 4 7 3354 36
MPO09 Mysella donaciformis Bivalve 3 128 659 771 1257 2818 24
WP33 Boccardiellasp. Polychaete 2 210 410 974 420 2016 24
WPO05 Simplisetia aequisetis Polychaete 21 330 278 750 265 1644 14
MP19 Cyamiomacra mactroides Bivalve 1 57 437 742 360 1597 8
AI13  Chironomidspp. Insect 29 128 156 524 720 1557 32
MPO08 Xenostrobus inconstans Bivalve 0 102 28 611 651 1392 16
CA12 Gammaropsisp.1 Amphipod 6 150 362 335 534 1387 30
MG14 Potamopyrgus antipodarum  Gastropod 2 712 136 142 350 1342 10
MP29 Paphies cuneata Bivalve 0 655 497 109 78 1339 11
WPO04 Perinereis vallata Polychaete 43 421 394 194 208 1260 18
WP36 Magelonasp. Polychaete 13 33 312 598 295 1251 22
CA09 ?Exoediceroidesp. Amphipod 5 168 365 519 126 1183 4
WP53 Capitellasp.2 Polychaete 14 74 317 547 207 1159 14
WP41 Nephtys australiensis Polychaete 12 118 265 362 315 1072 37
CAO1 Paracalliope australis Amphipod 21 109 234 271 387 1022 17
MGO03 Salinator fragilis Gastropod 99 570 169 70 34 942 33
MP31 Mysellasp. Bivalve 1 199 222 331 8 761 17
MGO02 Nassarius pauperatus Gastropod 0 62 269 253 163 747 31
CA61 Melitasp. Amphipod 3 17 61 194 433 708 17
MG18 Nassarius burchardi Gastropod 0 5 36 234 371 646 14
WP21 Leitoscoloplos normalis Polychaete 7 106 158 196 137 604 38
WP17 Euzonussp. Polychaete 41 426 79 37 2 585 18
MG19 Zeacumantus diemenensis  Gastropod 0 71 257 199 56 583 13
MG25 Diala suturalis Gastropod 10 23 8 358 130 529 6
CB03 Mictyris platycheles Crab 12 308 146 35 6 507 22
WP54 Heteromastusp. MOV 858 Polychaete 18 9 82 79 311 499 27
CAO03 Paracalliope vicinus Amphipod 43 44 22 217 154 480 9
CAO06 Exoediceroides ?maculosus Amphipod 14 163 158 121 20 476 16
MPO1 Notospisula trigonella Bivalve 3 6 186 34 219 448 8
CA10 Corophiumsp. Amphipod 0 0 3 299 110 412 6
Cl21 Exosphaeromap. Isopod 3 141 178 74 14 410 19
CA41 Urohaustorius halei Amphipod 0 110 28 51 200 389 11
Cl11 Pseudolana concinna Isopod 6 37 37 206 82 368 13
MP20 Wallucina assimilis Bivalve 3 47 100 91 82 323 8
MPO5 Tellina deltoidalis Bivalve 0 4 104 135 72 315 28
MP10 Katelysia scalarina Bivalve 0 35 134 92 11 272 23
CBO5 Amarinus lacustris Crab 0 7 27 109 121 264 16
MP12 Anapella cycladea Bivalve 2 250 2 2 0 256 10
WP15 Syllidessp. Polychaete 2 12 44 125 52 235 3
CA13 Gammaropsisp.2 Amphipod 1 3 6 135 88 233 5
CAO02 Exoediceroides latrans Amphipod 1 11 213 8 0 233 8
CB02 Paragrapsus gaimardii Crab 10 19 73 65 64 231 27
MG12 Pseudoliotia micans Gastropod 0 0 3 63 144 210 6
WP19 Leitoscoloplos latibranchus  Polychaete 0 2 60 76 72 210 2
WP98 Olganereis edmonsi Polychaete 0 26 90 64 24 204 10




Table 3.26. The mean abundance of common invertelaspecies (>200 specimens collected) at
sites grouped by salinity regime.

Code Species Taxon Habitat Salinity (%o)
<5 5-15 15-25 25-33 33-37 >37

CA11 Paracorophium cf excavatum Amphipod Estuarine 427 260 304 133 18 59

MGO06 Ascorhis victoriae Gastropod Estuarine 292 106 485 193 27 0
MPO03 Arthritica semen Bivalve Estuarine 172 85 523 183 79 0
MGO08 Hydrococcus brazieri Gastropod Marine 0 0 7 173 515 11
MGO1 Tatea huonensis Gastropod Estuarine 416 49 100 0 1 0
MG21 Tatea rufilabrus Gastropod Estuarine 43 307 159 1 1 0
MGO5 Eubittium lawleyanum Gastropod Marine 0 0 0 37 323 0
CI01 Actaecia bipleura Isopod Estuarine 43 50 89 93 15 41
MP09 Mysella donaciformis Bivalve Marine 0 26 2 29 164 0
WP33 Boccardiella sp. Polychaete Estuarine 38 45 65 33 1 0
WPO05 Simplisetia aequisetis Polychaete Estuarine 10 2 41 41 13 399
MP19 Cyamiomacra mactroides Bivalve Marine 0 0 0 16 107 0
Al13  Chironomid spp. Insect Estuarine 74 12 22 17 12 17
MPO08 Xenostrobus inconstans Bivalve Estuarine 2 114 5 3 2 0
CA12 Gammaropsis sp.1 Amphipod  Estuarine 80 6 29 9 4 0
MG14 Potamopyrgus antipodarum  Gastropod Fresh 81 40 1 0 0 0
MP29 Paphies cuneata Bivalve Marine 0 3 28 0 79 0
WPO04 Perinereis vallata Polychaete Marine 0 0 48 21 39 0
WP36 Magelona sp. Polychaete Estuarine 0 38 8 55 3 0
CA09 ?Exoediceroides sp. Amphipod  Fresh 43 64 0 0 0 0
WP53 Capitella sp.2 Polychaete Marine 0 0 30 3 21 558
WP41 Nephtys australiensis Polychaete Estuarine 6 14 25 26 20 0
CA01 Paracalliope australis Amphipod  Estuarine 3 4 92 2 0 0
MGO03 Salinator fragilis Gastropod Marine 0 3 43 9 26 23
MP31 ?Mysella sp. Bivalve Marine 0 1 0 4 53 0
MGO02 Nassarius pauperatus Gastropod  Marine 0 3 21 13 25 0
CA61 Melita sp. Amphipod  Estuarine 19 10 29 7 0 0
MG18 Nassarius burchardi Gastropod Estuarine 0 13 37 10 1 0
WP21 Leitoscoloplos normalis Polychaete Estuarine 4 6 14 13 14 0
WP17 Euzonus sp. Polychaete Marine 0 0 3 9 34 0
MG19 Zeacumantus diemenensis Gastropod Marine 0 0 0 4 41 0
MG25 Diala suturalis Gastropod Marine 0 0 0 1 39 0
CBO03 Mictyris platycheles Crab Marine 0 0 12 7 23 0
WP54 Heteromastus sp. MOV 858  Polychaete Estuarine 1 10 2 18 10 0
CA03 Paracalliope vicinus Amphipod  Fresh 30 13 0 0 0 0
CA06 Exoediceroides ?maculosus  Amphipod  Estuarine 9 18 3 10 1 0
MPO1 Notospisula trigonella Bivalve Estuarine 0 20 0 18 0 0
CA10 Corophium sp. Amphipod  Marine 0 0 0 31 1 0
Cl21 Exosphaeroma sp. Isopod Marine 0 0 8 3 22 0
CA41 Urohaustorius halei Amphipod  Marine 0 0 5 9 17 0
Cl11 Pseudolana concinna Isopod Estuarine 20 1 6 5 2 0
MP20 Wallucina assimilis Bivalve Marine 0 0 0 3 22 0
MPO5 Tellina deltoidalis Bivalve Estuarine 1 13 3 9 1 0
MP10 Katelysia scalarina Bivalve Marine 0 5 1 3 14 0
CB05 Amarinus lacustris Crab Estuarine 3 7 10 4 1 0
MP12 Anapella cycladea Bivalve Estuarine 0 12 0 1 9 0
WP15 Syllides sp. Polychaete Marine 0 0 0 0 18 0
CA13 Gammaropsis sp.2 Amphipod  Marine 0 0 0 4 14 0
CA02 Exoediceroides latrans Amphipod  Fresh 2 20 0 0 0 0
CB02 Paragrapsus gaimardii Crab Estuarine 1 4 6 3 5 0
MG12 Pseudoliotia micans Gastropod Estuarine 0 0 7 10 0 0
WP19 Leitoscoloplos latibranchus Polychaete Marine 0 0 0 0 16 0
WP98 Olganereis edmonsi Polychaete Marine 0 0 0 0 15 0




The majority of the 53 most common species werkect@d in highest numbers subtidally at 0.3 m (20
species) or 0.7 m (14 species) depth. Relativelydemmon species were most abundant at the mid
tide level and only onéctaecia bipleurawas predominantly an inhabitant of the high ititiei

(Table 3.25)Actaecia bipleuravas by far the most important species near thie inigrtidal mark,
comprising 56% of all animals collected at thaelev

The mean abundance of common species at samptigsghsive been grouped by salinity in Table 3.26.
Salinity data used were obtained at low tide awtheer surface on the day of benthic sampling.
Species were categorised on the basis of thes@édi&in patterns into (i) freshwater species, vahic
predominantly occur at low salinity sites and weoé found at marine locations, (ii) estuarine segeci
which occur widely through a range of salinitiesl generally peak at sites with intermediate salinit
regimes, and (iii) marine species, which predomiiyaotcur at marine locations and are not found in
low salinity habitats.

A slightly lower number of common species were gatised as marine rather than estuarinecf23

26), while only four species predominantly occurirethe freshwater sections of estuaries. Relativel
few marine species were, however, included amahgséxtremely abundant species; only four of the
16 most abundant species were marine. The onlplagdth extreme hypersaline conditions sampled
(Cameron Inlet) possessed a mixture of speciegoased as estuarine and marine.

3.2.8 Geographic patterns

The number of species collected at different sitesind the Tasmanian coast was partly dependent on
geographical region (Fig. 3.7a). Extremely low specichness was found at sites on the west coast
from Kelly Basin to the Arthur River and on Kinddad. Individual sites along the northern
Tasmanian coast and eastern Bass Strait islandegses] variable species richness, ranging from low
values in riverine estuaries to extremely high galat Low Head and North East Inlet. A greated tota
pool of species appeared to be present along ttileemn coast and Flinders Island, with numerous
species restricted to a single site (Fig. 3.7b).

These patterns were most evident in a plot thabsinsadifferences in individual sites by adding
species not collected at the site but occurringpiwifive sites in both directions along the coast]
therefore with an overlapping range (Fig. 3.8). Tégion with greatest number of species is seen in
this analysis to extend between the two exceptipmigh sites at Low Head and North East Inlet. The
pool of species gradually declines down the easstcm the Huon region, where numbers rise in a
local pocket of high species richness that peak¥atdy Lagoon. A consistently low number of
species is present on the west coast and Kingdslan
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Fig. 3.7a. Total number of macrofaunal species collectedftdrdnt sites.
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Fig. 3.8. Number of species collected solely at each sarsjiée (unique species),
number of species collected that occurred at nf@e bne site (widespread species), and
number of species interpolated to occur in the seegé@n because they were present
within the five nearest sites in both directionsng the coast (regional species). Sites are
arranged in geographic order around the coast Kiith Island inserted between Arthur
River and Welcome Inlet and the Furneaux Grouslaiids inserted between Boobyalla
estuary and Little Musselroe Bay.

Similar results were obtained when data on spguiesent at sites in different regions were
aggregated. In Table 3.27, data have been poaded Sror 6 sites in close proximity, and the total
number of species for that regional grouping @ssjiresented. King Island sites and the Wanderer
River were not included in this analysis because latk of other sites in their near vicinity.

Table 3.27. Number of estuarine species present uhifferent regions around Tasmania. Species
categories are (i) Total species - total numbematrofaunal species collected within the regiob), (i
Restricted species - species collected only in tbgion, (iii) Widespread species - species cadigcit
more than one site, (iv) Regional species - spemidlected at more than one site and restrictethab
region (1), species collected at more than oneasitk restricted to that region and adjoining region
either side (3), and species collected at more trensite and restricted to that region and grdujvo
adjoining regions on either side (5). The ten regiased here are the west coast (Arthur River to
Macquarie Harbour), south coast (Kelly Basin to & River), Huon (Cloudy Bay and Huon estuary sites),
Derwent (Browns River, Pittwater and Derwent estusites), east coast (Earlham Lagoon to Bryans
Lagoon), northeast coast (Hendersons Lagoon tte Lifusselroe Bay), Furneaux (Flinders Island and
Cape Barren Island), eastern north coast (Booby@lleamar estuary), central north coast (SqueakytPo
to Cam River) and northwest coast (Detention Rigéielcome Inlet).

Category West  South Huon Derwent East N/East Furneaux E/North C/North N/West
Total species 41 113 129 88 76 118 159 176 119 142
Restricted species 5 10 12 3 1 14 34 42 21 25
Widespread species 36 103 117 85 75 104 125 134 98 117
Regional species (1) 3 1 1 0 0 0 1 1 2 3
Regional species (3) 11 12 11 4 3 4 19 20 14 9

Regional species (5) 29 25 20 22 20 25 30 53 47 34




Highest species richness was found in this anatgsiecur along the north coast and in the Furneaux
regions, due largely to the numerous species tt@mtreed only at the North East Inlet and Low Head
sites. The pool of species present along the vaesttavas several times lower than in the nortth wit
relatively few species also collected in the Derinserd east coast regions.

Nearly all species were either collected at a sisifle (40% of total) or were widely distributed
throughout Tasmania. The number of species fouhdabr more sites within a single region but not
in other regions was very low (12 species), wittydwo such species occurring abundantly. These
two species werExoediceroides spa oedicerotid amphipod that was extremely com(idg3
specimens) at four west coast sites (Pieman, N&sgnHenty and Arthur estuaries), and the crab
Heloecius cordiformig51 specimens), which was collected at four sitethe north coast from the
Blythe estuary to Squeaky Pointeloecius cordiformifias previously been recorded as far down the
Tasmanian east coast as the D'Entrecasteaux CH&nmiféh, 1969).

When data from three adjacent regions were aggrdgapproximately 25 species were found to be
restricted to the northeastern corner of Tasmamdstlae Furneaux Group, with another groupth
species restricted to the southeastern cornefiebspecies (3) in Table 3.27). However, the niigjor
of species restricted to three regions were raté {rdividuals collected), and so were probablyekyd
distributed but not collected elsewhere becaudienithtions in the sampling program.

A total of 21 estuarine species occurred in sudfidly high numbers to be considered to have résttic
ranges in Tasmania (Table 3.28), using the critdrian or more individuals collected, presence at
more than two sites, presence restricted to foless adjacent regions, and absence of a gap of two
adjacent regions when range extends across foiamsedHalf of these species occurred only in marine
sectors of estuaries and were confined to the Baa# coast of Tasmania (Table 3.28), with the
remainder possessing ranges centred almost eViemnly the eastern, southeastern and western coasts.
Most species considered to possess restrictedsande@asmania, particularly those in northern
regions, have been recorded in southeastern Aastr@nly four species listed in Table 3.28 are
presently considered to be endemic to Tasmamkird@diceroidesp.,Paracorophiunsp., Talitrid

TA59 and Talitrid TA281), with all possessing westéo southeastern Tasmanian distributions.

A total of 20 invertebrate species collected dutimgystudy were considered to have extremely
localised distributions, in that they were founaaly one site and occurred in numbers greater 18an
at that site (Table 3.29). The majority of thesecégs were collected at high salinity locations eede
probably vagrant marine species. The three trulyagme species included (i) the introduced
tanaidacea®inelobus stanfordivhich was collected at Cradoc (Huon estuary)) a(tigh intertidal
amphipod (Talitrid TA283) which was collected atl$ta Bay and has also been recorded elsewhere
on the western Tasmanian coast (A.M.M. Richardpers. comm.), and (iii) a sphaeromatid isopod
(Cymodetta gamboyawhich occurs commonly in southeastern Australibwas found only at
Bridgewater during the present study.



Table 3.28. Species with restricted ranges, showimlistribution, total number of animals collected
and number of sites at which collectedPresence of species in a region is indicated Regions are as
follows: west coast (W), south coast (S), Huon (Bigrwent (D), east coast (E), northeast coast (NE),
Furneaux (F), east north coast (EN), central nootst (CN) and northwest coast (NW).

Species W S H D E NE F EN CN NW Number Sites
Heloecius cordiformis 0 0 0 0 0 0 0 0 X 0 51 4
Paraonid sp. 0 0 0 0 0 0 0 X X X 31 3
Sphageris phycodes 0 0 0 0 0 0 0 X X X 17 4
Scoloplos novaehollandiae 0 0 0 0 0 0 X X 0 X 20 4
Paphies cuneata 0 0 0 0 0 0 X X X X 1339 11
Mysid sp.2 0 0 0 0 0 0 X X X X 10 8
Parawaldeckia stebbingi 0 0 0 0 0 0 X X 0 X 12 3
Birubius maldus 0 0 0 0 0 0 X X 0 X 21 3
Amaena trilobata 0 0 0 0 0 0 X 0 X X 39 3
Natatolana woodjonesi 0 0 0 0 0 0 X 0 X X 32 4
Platynympha longicaudata 0 0 0 0 0 0 X X 0 0 10 3
Eupolymnia koorangia 0 0 0 0 0 X X X 0 0 117 4
Syllides sp. 0 0 0 0 0 X X 0 0 0 235 3
Orthoprionospio cirriformia 0 0 0 X X X 0 0 0 0 146 4
Batillaria australis 0 0 0 X X 0 0 0 0 0 43 4
Talitrid TA59 0 0 X X X 0 0 0 0 0 189 8
Paracorophium sp. 0 X X X X 0 0 0 0 0 111 6
Tatea huonensis 0 X X X 0 0 0 0 0 0 6133 10
Talitrid TA281 X X 0 0 0 0 0 0 0 0 144 3
Oecetis sp. X X 0 0 0 0 0 0 0 0 15 3
?Exoediceroides sp. X 0 0 0 0 0 0 0 0 0 1182 4

Table 3.29. Abundance of species with more than I8dividuals
collected at a single site only, and salinity of t&i recorded at
time of sampling.

Species Site Abundance Salinity
(%0)
Sinelobus stanfordi Cradoc 49 4.3
Cymodetta gambosa Bridgewater 25 4.9
Talitrid TA283 Nelson Bay 32 8.3
Capitella sp.1 Cloudy Creek 36 33.4
Cantharidella hisseyana  Southport Lagoon 31 33.9
Birubius panamunus Southport Lagoon 14 33.9
Neanthes cricognatha North East Inlet 74 34.5
Diastylid sp. North East Inlet 16 34.5
Birubius thalmus North East Inlet 15 34.5
Tellina margaritina North East Inlet 15 34.5
Edwardsia sp.2 North East Inlet 12 34.5
Maldanid sp.2 North East Inlet 12 34.5
Spirorbid sp.1 Low Head 199 35.0
Parawaldeckia dilkera Low Head 52 35.0
Aonides oxycephala Low Head 38 35.0
Zeuxo sp.2 Low Head 16 35.0
Zeuxo sp.1 Low Head 14 35.0
Birubius ?jirandus Low Head 12 35.0
Maldane sp. Squeaky Point 14 35.7
Maldanid sp.3 Henderson Lagoon 26 36.0

The abundance of animals at different sites wasaily affected by site characteristics, and showed
no consistent geographic patterns (Fig. 3.9). Egtohfaunal biomass and productivity also showed
considerable local variation between adjacent;diteaever, levels were extremely low at all west



coast and south coast sites other than Kelly Basia.seven sites with the lowest estimated biomass
and productivity were all located on the west amutls coasts.

Fig. 3.9b. Mean estimated biomass at different sites of daun
collected between low water mark and 0.7 m depth.
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Fig. 3.9c. Mean estimated productivity at different sites fafinas
collected between low water mark and 0.7 m depth.

3.2.9 Introduced species

Few introduced species were collected from intaftiat shallow subtidal habitats during the sampling
program. The only introduced species identifiedentbe green craBarcinus maengghe hydrobiid
gastropodPotamopyrgus antipodarurnthe tanaidaceaBinelobus stanfordind the bivalv@heora
lubrica, while amphipods in the gen@orophiumthat have not yet been fully identified were prolya
also introduced.

Potamopyrgus antipodarumas collected widely in the freshwater headwabdéesstuaries around the
state. The green crab was collected in northermsarem Mosquito Inlet in northwest Tasmania to
Lisdillon on the central east coast, and at Caméri@t on Flinders Island. These records inclugdsr
collected by seine net as well as core. All anincaltected at Cameron Inlet appeared moribundeat th
time of sampling, presumably because of extremeisginity (53%o). The bodies of large numbers of
recently-dead crabs were present in shallow watireatime of the visitTheora lubricawas collected
only in Georges Bay, but is known to have a widstrithution that includes the Derwent and Tamar
estuaries (Furlani, 1996).

3.2.10 Community analyses

Data relating site and total number of each speg@rs analysed using multidimensional scaling
(MDS) to provide a graphical display of faunal telaships between sites. In this analysis, thedaun
similarity between each pair of sites was calcdatsing the Bray Curtis similarity coefficient,
abundance data were double square root transforaméddarer species (< 50 individuals collected from
all sites) were removed. The stress statistic dst®atwith results was 0.17 for a two-dimensionat p

of results and 0.12 for a three- dimensional digplde two dimensional display was thus considered
barely adequate while the three-dimensional disglhgwn in Fig. 3.10, was considered good.
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statistic associated with these plots in 0.12.




The west coast Henty site was found to be an extrutlier in the initial MDS analysis as it posssbs
very little faunal similarity to any other site. @lHenty site was consequently removed from the MDS,
with results after the analysis had been rerun showrig. 3.10. Sites did not separate into distinc
clusters, as would be expected if coherent assg@blaccurred around the state, but generally formed
a cloud of points with a high degree of overlapasein faunal assemblages. A high level of faunal
consistency was found for sites sampled on twosiona. These grouped closely together and in
almost all cases showed a higher level of Brayi€similarity with each other than with other sites
Several of the physical variables examined shovesl ¢rends when overlayed on MDS results, with
salinity corresponding most obviously with the disition of different faunal types (Fig. 3.11). The
plot of MDS axis 1 included virtually no overlaptiveen faunas associated with high and low salinity
environments, while MDS axis 3 showed a slight fpasitrend and axis 2 showed no clear trend. The
only highly hypersaline lagoon sampled (Cameroat)rgrouped with marine assemblages on axis 1.
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Fig. 3.11. Bubble plot overlay of salinity at time of berttdampling on MDS results. Sites with high
salinities are shown with large open circles wlole salinity values are shown by large filled c&€l

The relationship between macrofaunal assemblagetotal annual runoff was complementary to that
found for salinity, presumably because sites ina@sts with high runoff were affected by considézab

freshwater outflow. Total annual runoff showedrarsg positive association with MDS axis 1 and no

clear association with axes 2 or 3 (Fig. 3.12).
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Fig. 3.12.Bubble plot overlay of total annual runoff on MD&sults for benthic invertebrate data. Sites
with high runoff are shown with large open circlehile low runoff values are shown by large filled
circles.

Tidal range was also closely associated with thedacomposition of benthic samples. Sites witthhig
tidal ranges possessed macrofaunal assemblagels wéie strongly positively associated with MDS
axis 3 (Fig. 3.13) and slightly positively assoethtvith MDS axis 1. Tidal range had no obvious
association with MDS axis 2.
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Fig. 3.13. Bubble plot overlay of estimated tidal range oBb™results for benthic invertebrate data. Sites
with high tidal range are shown with large opertles while microtidal sites are shown by largeefll
circles.

Sediment particle size was not strongly associaiddthe distribution of biota (Fig. 3.14). Sites
composed of fine muds often possessed similar fatmsites with relatively coarse sand sediments.
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Fig. 3.14. Bubble plot overlay of silt/clay content on MD8stullts for benthic invertebrate
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filled circles.

Sites in several of the barred estuaries posséssads that lay well outside the bounds of assegeisla
associated with open estuaries (Fig. 3.15). Thed&fan estuary, with its extremely low abundance
and species richness, was the most atypical. @tmeed estuaries grouped together on the plot of

MDS axes 1 and 3, indicating substantial similesitin their faunas.
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Fig. 3.15. Results of MDS analysis for benthic invertebrdéga, showing sites sampled in barred

estuaries.

Faunal assemblages showed clear trends with latifitig. 3.16). The separation of northern sitemfro

southern sites was clearly defined on MDS axisd, ama lesser extent, on axis 2.
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Fig. 3.16. Bubble plot overlay of latitude on MDS results teenthic invertebrate data. Sites at high
latitude are shown with large open circles whiletmern sites are shown by large filled circles.

The biota collected at different estuarine sites nat influenced to any detectable extent by the
predominant rock type in the estuarine catchmezd éfig. 3.17). Sites in sandstone regions
encompassed the range of biological assemblaglkestsnl during the study, while doleritic and
granitic areas also included a wide diversity cfeamsblage types. Analysis of Similarities (ANOSIM)
using the five main rock types shown in Fig. 3.&Vealed no significant differences between faunas i
areas with different rock types (global r = -0.1680.10).
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Fig. 3.17. Results of MDS analysis for benthic invertebrddga, showing sites sampled in estuaries
with different predominant rock types in catchmardas.

Anthropogenic impacts on macrofaunal assemblagesaapd less clearly defined than the impacts of
natural physical variables such as salinity andl tidnge. The naturalness index NI, as described in
Section 2.9, showed no clear association with MR&sd , 2 or 3 (Fig. 3.18). Nevertheless, faunas
sampled in estuaries with high human populatiorsifies grouped consistently in the upper right
section of the plot of axes 1 and 3 (Fig. 3.19).



2 2 T T T
i 1 o .. -
- )
' °® . ‘
o . °
. o - ' ®
o B 7 B i 7
3 . . O
@ '
1F e 5 ° . -1 F . .
- 3 .
O 4 Naturalness Index
-2 O 5 1 1 1 -2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2

MDS1 MDS1
Fig. 3.18. Bubble plot overlay of the naturalness index NIMDS results for benthic invertebrate data.
Sites with high NI values are shown with large op&oles while low NI values are shown by largéefil
circles.

® ...
.:0"53:3‘,
| o
@

0
b 2 X - . 1k ® o9 .
® 23’ Population density
5 (km?)
) 100 1 1 1 -2 1 1 1
-2 -1 0 1 2 -2 -1 0 1 2
MDS1 MDS1

Fig. 3.19.Bubble plot overlay of population density in cat@mt on MDS results for benthic invertebrate
data. Sites with high population densities are shawth large open circles.

In summary, the overlays of physical variablesesults of MDS analysis indicate that macrofaunal
assemblages were affected by several physicalrfadtbDS axis 1 was strongly affected by salinity,
runoff and latitude of sites, axis 2 was strondfeeted by barrier presence, and axis 3 was styong|
affected by tidal range. In most cases the pattdispayed by the physical variables were dissintda
each other, indicating that a complex combinatibphysical variables was responsible.

Analysis of the macrofaunal data set using BIOEBYrocedure which maximises correlations
between biological and physical data sets (Clark&ig&sworth, 1993), indicated that salinity of site
and tidal range together provided the maximum d¢atios with the faunal similarity matrix{e 0.34).
Other physical variables examined (i.e., annuabfiyhatitude, silt/clay content of sediments, mese
of barrier, naturalness index and population dghsdid not contribute significant additional
information towards explaining the distributionfatinal assemblages.

Although salinity of site and tidal range providbeé best explanation of the invertebrate datatlsist,
analysis included environmental data collectedtatas well as estuary scales. When data relating t
summer salinity of surface water in the mid sectibthe estuary was substituted for salinity of



sampling site, the correlation between the fauagd dhatrix and salinity declined from 0.28 to 0.23.
The correlation of site plus tidal range also dedi (¢ = 0.30), and then was less than the correlation
between barrier presence and the invertebratendatiax (r; = 0.32). At estuary scales, the primary
factor affecting macrofauna in estuaries appearduktpresence of a seaward barrier.

The nine estuary groupings identified using phygieaa have been overlayed on the MDS results in
Fig. 3.20. Some groups (particularly the Grouprréa low-salinity estuaries) showed a high degifee o
faunal cohesion, whereas other groups (e.g. Griduparine inlets) were relatively diffuse, indicadj
that they contained a range of different assemitigags. Overall faunal differences between estuary
groups were highly significant (global r = 0.3950p001), as assessed using Analysis of Similarities
(ANOSIM) (Clarke, 1993).

By comparison, results of ANOSIM using groups categpd solely on geomorphological criteria (viz.,
drowned river valleys, marine inlets, river estaayilagoons, permanently-open barrier estuaries and
seasonally-closed barrier estuaries) provided anbatly less explanation of the biotic data (globa
0.290, p<0.001). Paired comparison tests indictitatimarine inlets and open barrier estuaries both
possessed distinctive faunal assemblages thatetiff@gnificantly in all comparisons, but that narie
the four other geomorphological classes differgaificantly from each other in fauna. The separatio
of the marine inlet estuaries and open barrieragigts reflected higher salinity regimes in these
systems.

Three of the groups identified using multivariateygical data, Groups 1V, VI and IX, were only
sampled at one or two sites, so quantitative assa#sof the similarities of these groups with other
was not possible. These groups were, howeverptieos in the MDS analysis (Fig. 3.18), so eacls wa
considered to comprise a distinctive grouping.

Results of ANOSIMs for paired comparisons betwdendther six groups are shown in Table 3.30.
Groups Il and Il were broadly overlapping and faatnd to be significantly different (p=0.334) using
ANOSIM, with non-significantly different faunas alsdentified for Groups Il and V (p = 0.167). The
diffuse separation of sites for Groups I, 11l avidndicated that each group was heterogeneous (see
Fig. 3.20) and consisted of a range of differeseathlage types. Amalgamation of these three groups
into one therefore could not be justified.
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Table 3.30. Results of ANOSIMs comparing faunal siilarities between paired
estuarine groups. Analysis 1 used estuarine groups identified fromltivariate
analysis of physical data, while these groups wa&ightly modified using the
categorisation system described in Table 3.31rafysis 2.

Groupl  Group 2 Analysis 1 Analysis 2
r-statistic p r-statistic p

| 1l 0.555 0.001 0.565 0.000
| 1 0.727 0.000 0.858 0.000
| \Y 0.597 0.001 0.554 0.001
| VI 0.191 0.026 0.191 0.027
| VI 0.487 0.015 0.487 0.015
1l 1 0.028 0.334 0.186 0.014
1l \Y 0.102 0.167 0.170 0.048
1l VI 0.262 0.016 0.362 0.001
1l VI 0.772 0.003 0.845 0.000
11 \Y 0.254 0.013 0.474 0.001
1 VI 0.537 0.000 0.664 0.000
11 VI 0.886 0.000 0.935 0.001
\% VI 0.283 0.018 0.269 0.019
\Y VI 0.582 0.003 0.548 0.006
VII VIII 0.306 0.062 0.306 0.062
Inspection of physical data associated with siteSrioups Il, Il and 1V indicated that the physical

multivariate classification reflected a complex ¢@nation of environmental factors, with estuaryesiz
salinity and tidal range the predominant factorise@ that salinity and tidal range were found tergx
the greatest biological influences amongst thealdes examined, estuaries were reclassified with
emphasis placed on these variables rather thaargsgtize. Estuaries with seasonally depressedtyalin
regimes that were originally placed in Group llireveeclassified into Group Il (i.e. Great Swanport,
Pittwater, Port Sorell, Payne Bay and Tomahawlg,the high tidal range estuary at Detention River
was reclassified from Group Ill to Group V.

ANOSIM results indicated that the revised estuagraips were much more biologically meaningful
than the groups originally deduced by multivariatalysis of physical data, with substantially mofe
the variation between sites explained by the groggiglobal r = 0.486). All six major groups difer
significantly from each other in terms of the inetrrate data set (p<0.05; Table 3.30), with the
exception of Groups VII and VIl (p=0.062). GrouplMncluded data from four low diversity river
estuaries only, while Group VIII included data framnange of sites in drowned river valleys. Because
of the likelihood that one Type | error will occamongst the 15 ANOSIM tests undertaken, the
paucity of data from river estuaries, and the atersible faunal difference between Group VII and
Group VIl estuaries (as indicated by the r-statief 0.306), these two groups were considered
distinctly different.

Changes to the multivariate groupings of estuaréeessitated a reclassification of all estuarighen
state, including those not investigated biologicallhe key used in the reclassification process is
described in Table 3.31. This key maintains moigfiretl groupings (97 of 111), and primarily
reclassifies site Il estuaries with depressed avistlinities or large tidal ranges. Salinity, tate bar
data collected in future from estuaries not presigwisited may indicate additional reclassificatiof
estuaries is required using this key.



Table 3.31. Process used to categorise Tasmanian estuaries.

1 closed on occasion by seaward barrier

1.1 summer salinity >35%. and winter salinity >25%f¢entral region Group IV
1.2 summer salinity <35%o or winter salinity <25%.dentral region
1.2.1 Total annual runoff <2,000 gl Group |
1.2.2 Total annual runoff >2,000 gl Group IX

2 permanently open
2.1 Tidal range near mouth <1 m or summer sal#&9%. in central region
2.2.1 Estuarine area >50 km Group VII
2.2.2 Estuarine area <50 km
2.2.2.1 Summer salinity <12%o. in central regooriotal annual runoff <1000 gl  Group

VI
2.2.2.2 Summer salinity >12%o in central regiond total annual runoff >1000 gl
2.2.2.2.1 Winter salinity <27%o in central regi Group Il
2.2.2.2.2 Winter salinity >27%o in central regi Group llI
2.2 Tidal range near mouth >1 m and summer sakt80%o in central region
2.2.1 Estuarine catchment area <2,008 km Group V
2.2.2 Estuarine catchment area >2,008 km Group
VI

Species that occurred consistently at sites wigaich of the groups of estuaries categorised ineTabl
3.31 were identified using the SIMPER procedurexk#, 1993), and are listed in Table 3.32. Estuary
groups IV, VI and IX could not be analysed usinig frocedure because they contained insufficient
sites. A number of species, particularly the pohgteNephtys australiensesnd amphipod
Paracorophium cf excavatymvere widespread in a range of habitats and oedwonsistently in
several different estuary groups.

Group | and Group VIl estuaries typically includgpecies classed on the basis of their salinity
affinity as freshwater or estuarine (Table 3.33)ilevGroup Il estuaries included a predominance of
marine species. Other estuary types were charseteby species with a wide range of salinity
tolerances.



Table 3.32. Average abundancex() of important species in each estuary group, their
contribution to the average similarity (S;) within the group, the standard deviation
of the average similarity for_ different groups ©D(S;)), and the cumulative
percentage of total similarity (S ).

X S; SD(S;)Si/SD(S)) %S
Group | (barred low salinity estuaries)
Ascorhis victoriae 1434.4 7.7 3.8 2.0 16.1
Paracorophium cf excavatum 392.7 6.6 2.5 2.6 13.7
Arthritica semen 577.0 4.1 4.5 0.9 8.5
Chironomid spp. 114.1 3.7 15 2.4 7.8
Actaecia bipleura 1441 3.2 3.7 0.9 6.7
Melita sp. 55.9 2.7 2.1 1.3 5.7
Amarinus lacustris 22.6 2.4 1.8 1.4 51
Boccardiella sp. 118.0 2.4 2.8 0.9 5.0
Tatea rufilabrus 497.9 2.2 25 0.9 4.6
Paracalliope australis 87.9 2.2 1.7 1.3 4.6
Group Il (open estuaries)
Arthritica semen 257.9 4.1 1.4 29 111
Nephtys australiensis 27.3 2.7 2.0 1.3 7.2
Actaecia bipleura 90.5 2.1 1.9 1.1 5.7
Nassarius pauperatus 11.1 2.0 1.4 1.4 55
Leitoscoloplos normalis 22.2 1.9 1.8 1.0 5.2
Tellina deltoidalis 8.0 1.7 1.2 1.4 45
Salinator fragilis 10.5 1.6 1.2 1.4 4.3
Group Il (marine inlets)
Hydrococcus brazieri 641.2 2.7 2.9 0.9 7.0
Euzonus sp. 30.8 2.2 1.3 1.7 5.9
Mysella donaciformis 180.2 2.2 2.0 1.1 5.7
Exosphaeroma sp. 26.0 1.8 1.0 1.7 4.7
Nassarius pauperatus 31.7 1.7 1.5 1.1 4.4
?Mysella sp. 67.6 1.6 1.0 1.6 41
Nephtys australiensis 25.3 15 1.7 0.9 3.8
Heteromastus sp. MOV 858 18.1 1.3 1.5 0.9 3.3
Salinator fragilis 33.0 1.2 1.4 0.9 3.2
Katelysia scalarina 13.6 1.2 1.0 1.2 3.1
Group V (mesotidal river estuaries)
Arthritica semen 90.0 3.9 1.2 3.1 11.3
Nephtys australiensis 16.4 2.5 2.7 0.9 7.1
Leitoscoloplos normalis 54 1.8 21 0.9 5.2
Magelona sp. 17.6 1.8 2.1 0.9 5.2
Heteromastus sp. MOV 858 11.6 1.5 1.6 0.9 4.5
Group VII (microtidal drowned river valleys)
Paracorophium cf excavatum 403.4 5.6 3.2 1.8 15.8
Arthritica semen 227.8 4.7 3.1 15 13.3
Leitoscoloplos normalis 15.6 2.0 1.9 1.1 5.6
Nephtys australiensis 23.2 1.8 1.8 1.0 5.0
Group VIII (microtidal river estuaries)
?Exoediceroides sp. 134.8 8.1 10.5 0.8 25.1
Paracorophium cf excavatum 196.0 5.5 6.1 0.9 17.0
Potamopyrgus antipodarum 121.8 4.8 5.3 0.9 14.8
Chironomid spp. 6.0 2.4 2.7 0.9 7.5

3.2.11 Anthropogenic effects on biota

Relationships between macrofauna and human disturbance

Relationships between abundances of species ahtbpogenic disturbance were assessed by
calculating Spearman rank correlation coefficidrggveen total animal abundance at each site and



three disturbance variables - human populationidgeqeercent cleared land and the naturalness index
NI. The three disturbance variables were calculfdeéach site as the mean of estuarine catchment
area and estuarine drainage area values (Appehdix 9

Population density was generally more highly cated with species abundance than percent cleared
land or NI and therefore appears to be the be#gable for discriminating human impacts (Table
3.33). Population density produced a maximum catiah coefficient of 0.51 forellina deltoidalis

and a minimum value of -0.45 feimnoporeia kingi compared to maximum and minimum values of
0.38 and -0.32 using NI, and 0.37 and -0.29 upérgent cleared land, for different species.

The seven widespread species most highly correlgithchuman population density were infaunal
species typically associated with mudflats (Tab&R Many additional species that were also highly
correlated with population density but not show @ble 3.33 because they occurred at less than 12
sites, and so have a high chance of being spuyicastelated, were also mudflat dwelling species
(e.g.Notospisula trigonella- rs = 0.40,Heloecius cordiformis- rs = 0.28,Helograpsus haswellianus

rs = 0.24; Table 3.35).

By contrast, the six widespread species showingtgst negative correlations with population density
were epifaunal species, including three that gdiyeiasociate with sandflats in similar salinitydan

tidal height conditions to the mudflat speciEsilittium lawleyanum, Hydrococcus braziarid
Exosphaeromap.). Nearly all additional species with strongaté/e correlations with population
density that were not included in Table 3.33 beeaisestricted distribution were also sandflat
inhabitants (e.gwWallucina assimilis rg = -0.32,Diala suturalis - rg = -0.25,Haminoea maugensisg
=-0.24; see Table 3.35).

Spearman rank correlation coefficientg felating animal density to human population digniir all
species were used to calculate an index of antlgerpo disturbance (DI) for each site by summing the
proportional abundance of each species multipliedsb

DI = Zrg*nj/N
where Ry is the abundance of species i and N is total adncel of all species at the site. The site with

the highest DI, and therefore the one most domihbyespecies typical of disturbed (i.e. heavily
populated) conditions, was Paper Beach (Tamar s3tuhile Rices River was found to be the least
disturbed. DI values rescaled in the range from 0 (where 0 indicates the site examined durieg th
study with lowest DI and 10 the site with highes} for all sites are listed in Appendix 9.



Table 3.33. Spearman rank correlation coefficientérg) relating abundance at different sites

of widespread species (ie. those present at 12 oora sites) with population density (Pop), %
cleared land (Clear) and the naturalness index (Nl)Infaunal or epifaunal habit of species is
also shown. Significance values have not been assigned tceledion coefficients because of
uncertainty caused by the large number of spenigsstigated increasing the probability of Type |
error, and the generally small number of sites laickveach species was recorded increasing the
probability of Type Il error.

Code Species Habit Group Poprg Clearrg  Nirg
MPO5 Tellina deltoidalis Infaunal Bivalve 0.51 0.37 0.38
WP36 Magelona sp. Infaunal Polychaete 0.39 0.30 0.26
WP11 Lumbrineris sp.1 Infaunal Polychaete 0.39 0.35 0.29
CB01 Macrophthalmus latifrons Infaunal Crab 0.36 0.24 0.33
WP41 Nephtys australiensis Infaunal Polychaete 0.32 0.15 0.13
CD5  Callianassa arenosa Infaunal Shrimp 0.30 0.17 0.08
MG18 Nassarius burchardi Epifaunal Gastropod 0.26 0.15 0.07
WPO02 Neanthes vaalii Infaunal Polychaete 0.24 0.26 0.23
CB02 Paragrapsus gaimardii Epifaunal Crab 0.22 0.19 0.28
CA12 Gammaropsis sp.1 Epifaunal Amphipod 0.21 0.01 0.24
Cl01  Actaecia bipleura Epifaunal Isopod 0.19 0.27 0.26
WP46 Phyllodoce sp. Epifaunal Polychaete 0.19 0.35 0.03
CA31 Limnoporeia yarrague Epifaunal Amphipod 0.18 0.22 0.01
WPO03 Australonereis ehlersi Infaunal Polychaete 0.13 0.02 -0.07
CU1l  Dimorphostylis colefaxi ?Epifaunal Cumacean 0.09 -0.04 0.21
WP54 Heteromastus sp. MOV 858 Infaunal Polychaete 0.08 0.11 -0.02
CBO03 Mictyris platycheles Infaunal Crab 0.07 0.14 0.06
CA06 Exoediceroides ?maculosus Infaunal Amphipod 0.07 0 0.07
MGO2 Nassarius pauperatus Epifaunal Gastropod 0.07 -0.08 0.03
MP09 Mysella donaciformis Infaunal Bivalve 0.07 0.10 0.29
CA11 Paracorophium cf excavatum Infaunal Amphipod 0.06 0.20 -0.04
CD2  Macrobrachium sp. Epifaunal Shrimp 0.06 -0.09 -0.06
Cl11 Pseudolana concinna Epifaunal Isopod -0.01 -0.17 0.13
MP08 Xenostrobus inconstans Epifaunal Bivalve -0.04 0.02 0.03
CAO01 Paracalliope australis Epifaunal Amphipod -0.05 0.17 -0.02
WN1 Nemertean sp.1l Infaunal Nemertean -0.06 -0.05 0.09
CA61 Melita sp. Epifaunal Amphipod -0.07 0.20 0.03
MPO3 Arthritica semen ?Infaunal Bivalve -0.11 0.01 -0.13
WP17 Euzonus sp. Infaunal Polychaete -0.11 0.05 0.01
MP10 Katelysia scalarina Infaunal Bivalve -0.11 0.03 0.12
WP53 Capitella sp.2 Infaunal Polychaete -0.12 0 0.22
MG21 Tatea rufilabrus Epifaunal Gastropod -0.12 0.02 -0.24
WP21 Leitoscoloplos normalis Infaunal Polychaete -0.12 -0.15 -0.21
WP33 Boccardiella sp. Infaunal Polychaete -0.13 0.09 -0.09
MGO03 Salinator fragilis Epifaunal Gastropod -0.14 -0.12 -0.02
WPO05 Simplisetia aequisetis Infaunal Polychaete -0.15 -0.25 0.04
WPO04 Perinereis vallata Infaunal Polychaete -0.19 0.04 0.08
Al13  Chironomid spp. Epifaunal Insect -0.20 0.01 -0.19
MG19 Zeacumantus diemenensis Epifaunal Gastropod -0.21 0.09 0
MP31 ?Mysella sp. ?Infaunal Bivalve -0.24 -0.10 -0.14
MGO06 Ascorhis victoriae Epifaunal Gastropod -0.27 -0.23 -0.22
Cl21  Exosphaeroma sp. Epifaunal Isopod -0.28 -0.22 0.05
MGO08 Hydrococcus brazieri Epifaunal Gastropod -0.28 0 -0.01
CBO05 Amarinus lacustris Epifaunal Crab -0.35 -0.21 -0.32
MGO05 Eubittium lawleyanum Epifaunal Gastropod -0.38 -0.29 -0.03

CA33 Limnoporeia kingi Epifaunal Amphipod -045 -0.17 -0.20




DI appears to be useful as an environmental ingiiaztanthropogenic disturbance of sites. It retain
high correlation with population densitysf 0.74) and, to a lesser extent, with percentrelbéand (g

= 0.55), but was not strongly correlated with thejon physical variable salinityd= -0.31). In

addition, bubble plots overlaying DI values on MESults showed very good separation of sites (Fig.
3.21), particularly for the plot of MDS axis 1 vassaxis 3. DI therefore has a high degree of faunal
consistency and discriminates well between sites.
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Fig. 3.21. Bubble plot overlay of site DI values on MDS rsuSites with high DI values are
shown with large open circles while low DI values ahown by large filled circles.

Stabilised disturbance indices

Iteration procedures analogous to those used @BIBENAL-97 biotic index of Chessmatal (1997)
were applied to the initial DI values by recalcirgtrs values using DI rather than human population

density as the correlate of total animal abundan@ach site. The revised DI values were then ased
initial DI values to recalculatesfor each species again, and the procedure repeatdl values
stabilised. Chessmaat al (1997) suggest that this procedure adjusts thchihdex (ie. SIGNAL-97
or DI) for internal conditions.

After 12 iterations, DI reached equilibria. Bubblets overlaying the stabilised DI values on MDS
results showed complete separation of sites obdhkis of stabilised DI, and thus a very high lefel
faunal consistency (Fig. 3.22). Unfortunately, stebilised DI values showed a relatively poor
correlation with the initial correlate used at art of the iteration procedure (human population
density; = 0.16) but a good correlation with salinitg & 0.57), so are much more indicative of

salinity at sites than anthropogenic disturbance.
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Fig. 3.22. Bubble plot overlay of stabilised DI values on BPesults. Sites with high DI values
are shown with large open circles while low DI \edware shown by large filled circles.

Disturbance indices based on family data

The DI values calculated above utilised individsiaécies information, so DI cannot be calculated for
site data outside the Tasmanian/southeastern Alastragion. In order to assess whether a more
generally useful DI could be calculated as an emwirental indicator,gvalues relating human
population density in catchments with animal aburecgaat sites were also calculated for macrofaunal
families. For these calculations, abundance datalfgpecies within a family were amalgamated at
each site. The results of this analysis for famitiellected at more than five sites are shown iléra
3.34. The family ¢ values largely reflect the influence of the dominspecies in each family, with the
Tellinidae (which includes the most influential s@sTellina deltoidali3 showing the highest
correlation (0.46).

DI values calculated using family data (Fig. 3.28»w similarly good discrimination between sites as
DI values calculated using species data (Fig. 31&iever, this discrimination was accompanied by a
reduced correlation with human population densiy=(0.57). Inspection of speciesvalues indicated
that many families possessed species with oppesonses to human population density. For
example, the two species collected belonging tdah@ly Glyceridae possessegivalues of 0.25 and -

0.25 (Table 3.35), which combined to produce anmall/&amily coefficient of -0.03, with the loss of
useful information.

Table 3.34. Spearman rank correlation coefficientgrg) relating human population
density in catchments with total abundance of animia in families collected at >5 sites.

Family I's Family I's Family I's
Actiniidae 0.08 Eusiridae 0.07 Diastylidae 0.00
Edwardsiidae 0.01 Paracalliopidae 0.12 Batillaridae -0.35

Opheliidae -0.13 Hyalidae -0.19 Dialidae -0.25



Phyllodocidae 0.19 Isaeidae 0.18 Hydrobiidae -0.11

Capitellidae -0.04 Melitidae -0.08 Amphibolidae -0.02
Nephtyidae 0.33 Oedicerotidae 0.00 Littorinidae -0.22
Glyceridae -0.03 Phoxocephalidae -0.18 Nassaridae 0.23
Lumbrineridae 0.39 Aoridae 0.05 Retusidae -0.13
Maldanidae -0.13 Talitridae 0.17 Trochidae -0.15
Nereidae -0.07 Urohaustoridae 0.01 Vitrinellidae 0.07
Orbinidae -0.11 Grapsidae 0.23 Assiminidae -0.28
Spionidae -0.09 Hymenosomatidae -0.31 Laternulidae 0.10
Magelonidae 0.39 Ocypodidae 0.37 Mactridae 0.40
Cirratulidae -0.17 Portunidae 0.02 Montacutidae 0.01
Syllidae -0.24 Callianassidae 0.25 Erycinidae -0.11
Terrebellidae -0.10 Palaemonidae 0.15 Mytilidae -0.03
Synaptidae -0.15 Cirolanidae 0.02 Psammobiidae -0.07
Curculionidae 0.08 Actaeciidae 0.16 Tellinidae 0.46
Chironomidae -0.20 Idoteidae -0.08 Lucinidae -0.30
Ampithoidae -0.13 Sphaeromatidae -0.18 Veneridae -0.04
Corophiidae 0.09 Mysidae -0.12 Mesodesmatidae 0.13
Dexaminidae -0.03 Tanaidae 0.08 Cyamiidae -0.22
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Fig. 3.23. Bubble plot overlay of DI values calculated usimggregated family data on MDS
results. Sites with high DI values are shown wétfgé open circles while low DI values are shown
by large filled circles.

Disturbance indices based on reduced species data

In order to determine whether a limited numbemdiiential species were dominating calculations of
DI, DI was recalculated using data from the 15 gsemost highly positively and negatively correthte
with human population density, as listed in Tah&53

Table 3.35. Spearman rank correlation coefficient§rg) relating human population density in
catchments with total abundance of animals for spées showing strong correlations.

Species I's Species I's

Tellina deltoidalis 0.51 Limnoporeia kingi -0.45
Notospisula trigonella 0.40 Eubittium lawleyanum -0.38
Magelona sp. 0.39  Amarinus lacustris -0.35
Lumbrineris sp.1 0.39  Wallucina assimilis -0.32

Macrophthalmus latifrons 0.36  Scolecolepides sp. -0.31



Nephtys australiensis
Callianassa arenosa
Barantolla lepte
Heloecius cordiformis
Corophium sp.
Nassarius burchardi
Placamen placida
Glycerid sp.2

Helograpsus haswellianus

Neanthes vaalii

0.32
0.30
0.30
0.28
0.27
0.26
0.25
0.25
0.24
0.24

Hydrococcus brazieri
Exosphaeroma sp.
Olganereis edmonsi
Ascorhis victoriae
Glycerid sp.1

Diala suturalis
Solemya sp.
?Mysella sp.
Haminoea maugensis

Cyamiomacra mactroides

-0.28
-0.28
-0.27
-0.27
-0.25
-0.25
-0.24
-0.24
-0.24
-0.22

DI values for sites calculated using the reducetigs data set possessed a similar correlation with
human population density as the full data set(®.73cf. 0.74). The bubble plots of DI overlaying
MDS results (Fig. 3.24) were also similar to ploktained using all species (Fig. 3.21).
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Fig. 3.24. Bubble plot overlay of DI values calculated usBtyspecies on MDS results. Sites with
high DI values are shown with large open circleslevlow DI values are shown by large filled

circles.

Disturbance indices based on biomass and productivity data

DI was also calculated using data on the total bist(Dp) and estimated productivity () of all
species at each site rather than total numbeskg.(Dhe bubble plot overlays on MDS results (Figs
3.25, 3.26) indicated that sites separated lesaglly on the basis of Bithan on D or Din.
Relatively few sites possessed highyDalues - most were either low, indicating a prett@mce of
species associated with undisturbed conditionsyaderate.
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Fig. 3.25. Bubble plot overlay of DI values calculated usbigmass data on MDS results. Sites
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Fig. 3.26. Bubble plot overlay of DI values calculated usasgimated productivity data on MDS
results. Sites with high [glvalues are shown with large open circles while Dl values are

shown by large filled circles.

Dlp was the best performing of all indices examineteéims of retaining its correlation with human
population density §=0.78, Table 3.36), while the correlation offdlas relatively poor §&0.40).

Dlp also maintained a better correlation with othstutbance variables (NI and percent cleared land)
than Dh, and was less influenced by the major physicabiées salinity, tidal range and total annual
runoff (Table 3.36). B maintained a high correlation with the silt/clagdtion of sediments, tidal

range and TAR, as was expected given the highlatioe of population density itself with these
variables. D, DIp and Dp were all moderately negatively correlated (-0.49 < -0.28) with the

density of animals at sites but were not greatigciéd by the total biomass, total estimated

productivity or total number of species.



Table 3.36. Spearman rank correlation coefficientgelating disturbance indices calculated
using abundance PIp), biomass Dlp) and productivity (Dlp) data, human population density

and physical and biological variables.In addition to the full data set, plwas calculated for

families and with a reduced 30 species data set,veas stabilised by the iteration procedure of
Chessmaret al (1997). Dl was also calculated using percent cleared langerathan human

population density as the initial correlate.

Variable Dip Dlp Dlp Dip Dip Dip Dln Population
Family Reduced Stabilised % Cleared
Population density 0.74 0.40 0.78 0.57 0.73 -0.16 0.41 1.00
NI 0.38 0.26 0.47 0.26 0.41 -0.26 0.38 0.72
% Cleared land 0.37 0.28 0.46 0.27 0.43 -0.30 0.44 0.67
Salinity -0.30 -0.13 -0.26 -0.39 -0.11 -0.58 0.31 -0.21
Tidal range 0.50 0.38 0.47 0.41 0.59 -0.50 0.61 0.57
Latitude -0.18 -0.02 -0.24 -0.05 -0.20 -0.16 0.17 -0.16
TAR 0.52 0.12 0.47 0.36 0.35 0.24 0.10 0.49
% Silt/clay 0.59 0.29 0.60 0.32 0.45 -0.10 0.18 0.65
Species -0.10 -0.15 -0.02 -0.25 0.13 -0.63 0.36 0.11
Faunal density -0.49 -0.28 -0.38 -0.66 -0.55 0.29 -0.53 -0.26
Faunal biomass -0.04 -0.09 -0.05 -0.18 0.12 -0.59 0.40 0.14
Faunal productivity -0.08 -0.15 -0.11 -0.26 0.04 -0.47 0.28 0.12

Pearson correlation coefficients (r) relating lagplation density to I}, DIp and D}, at different sites

were similar to the rank correlation coefficiert®wn in Table 3.36 (r = 0.70, 0.42 and 0.74,
respectively), indicating that relationships weanear rather than curvilinear.

DI values rescaled between a maximum value of f0nsinimum value of O for data from all sites are
listed for the sites sampled on two occasions inld'8.37. D and D} both showed extremely little

change over time, with [githe marginally more stable. By contrastp@Lictuated considerably

between sampling occasions, depending partly ondhasional collection of very large individuals.
The average standard deviation of DI at sites betviienes was 0.84 for Bl compared to 0.25 and

0.24 for Dh and Dj, respectively. The corresponding standard deviatfor Dk, using the family and
reduced species data sets were intermediate initadgn0.41 and 0.48, respectively.



Table 3.37. Dh, Dlp and Dlp values rescaled between the range 0 and 10 for fosites
sampled on two occasions {tand t2). DI, values for family data set and reduced data set i
30 species are also shown.

Dip Dip Dlp Family DI, Reduced O}
Site

i1 2 t1 2 i1 2 t1 2 i1 2
Cornelian Bay (Derwent) 70 72 91 86 72 74 5.6 5.3 84 83
Cradoc (Huon) 57 58 58 70 47 53 34 42 78 5.8
Paper Beach (Tamar) 91 100 71 57 100 9.9 8.9 10.0 9.9 10.0
Leven 71 74 56 39 34 38 6.6 6.5 99 94

3.3 Fishes

3.3.1 Patterns of species richness

Fish data analysed in the present study consiatgélyy of the Last (1983) data set, which contained
information on the logabundance of fishes at sites in 71 estuaries drdaemania. To this data set was
added quantitative seine haul information colleatadng the present study from 11 estuaries, irnoyd
four estuaries not sampled in the Last study. Tdtedata set therefore differed substantially ftbmn
benthic invertebrate data set by covering moreagigtsi and many more sites, but with less detaitire

to each site and with data in a semiquantitativenfo

A total of 101 fish species was recorded during@amg in estuaries. The number of species collected
varied greatly between estuaries, depending lamyelyampling effort within the estuary. The total
number of species collected per estuary (S) shanadse relationship with the number (N) of samples

collected in the estuary at different sites or dfecent days (S = 4.82 + 1.5; r2 = 0.65, N=75,

p<0.001, Fig. 3.27). The Huon estuary possessashamalously high number of species given the small
sampling effort, while Macquarie Harbour possesséisproportionately low number of species. The
Tamar and North East estuaries possessed highmabiensi overall (41 and 40, respectively).

For species collected from estuaries dominated &ynm or intermediate polyhaline conditions, the
relationship between number of species per estuaaysample size was linear and showed little
indication of nearing an asymptote (Fig. 3.27). &ithweless, such an asymptote is to be expected if
sampling continues given the limited pool of spe@sesociated with Tasmanian estuaries.

When data for only the 12 low salinity estuariagf@ce salinity generally <10%o in their centralimy were
examined (Fig. 3.27), the number of species cabteippeared to reach an asymptote at “25 species. A

levelling off in this relationship was indicated the log regression equation having a substantiadjier P-
value (0.84, n=12) than the linear regression éqm&tz = 0.62), in contrast to the curves for mariné £r
0.77 for log and 0.84 for linear equation, n=14J artermediate polyhaline estuarie? £ 0.64cf. 0.68,
n=21). However, the asymptote in the freshwataraggtrelationship was largely caused by the low lneim
of species in the Macquarie Harbour estuary, amegtintensively sampled at 15 sites on 27 sitesday

Further sampling is required to indicate whethdtguas in Macquarie Harbour are unique or are djpi¢
other low salinity estuaries at high levels of siantp
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Fig. 3.27.Number of species collected per estuary versusorumf site.day samples (where a
site sampled on two occasions and two sites samytbéh the estuary are both considered two
samples). Estuaries with large sample sizes or isigpanomalously high or low values are
labelled. Estuaries are classed on the basis initgalecords in the central region of the estuary
as freshwater-dominated (salinity generally =10%jermediate (salinity generally between
10%o and 30%o) or marine (salinity=30%o).

Limits to the pool of species associated with frester-dominated estuaries are most clearly seen in
rarefaction curves which plot the accumulated nurobspecies collected from a random sample of
estuaries (Fig. 3.28). A total of approximatelysp@cies were collected in a random sample of 10
freshwater-dominated estuaries, compared to adabtdl0 species ames5 species in the same number
of polyhaline intermediate and marine estuariespeetively.
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Fig. 3.28. Rarefaction curve showing cumulative total numbgispecies as data
from estuaries selected in random order are po&@sularies are classed on the basis
of salinity records in the central region of theuesy as freshwater-dominated
(salinity generally =10%o), intermediate (salinitgrgerally between 10%. and 30%o)
or marine (salinity=30%o).

In order to determine whether distance along amegtaffects fish species richness, all estuarigew
subdivided into three sectors of equal length, sardpled sites were categorised into upper
(freshwater), mid or lower (marine) sectors. Thamaumber of fish species collected per site was



3.39 in the upper sector, 5.96 in the mid sectdr®a@7 in the lower sector. Wilcoxon sign ranks tes
indicated that the difference in species richnete/en mid and lower sectors was not significamt bu
between the upper and mid sector was highly sicanifi (z-statistic = 2.67, p=0.008, n=11).

The relationship between mean number of speciésatetl per site and mean summer surface salinity
for that sector of the estuary, as recorded dumrdyological and benthic invertebrate surveys, is
shown in Fig 3.29. Note that these plots do nduihe all fish data because salinity information was
not available for many of the sectors within esesrThe relationship between species richness and

summer salinity is significant%: 0.13, n= 80, p<0.001), and becomes more so whiying data
from the mid and lower sectors of hypersaline Caménlet are removed %r: 0.18, n=78).
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Fig.3.29. Mean number of species collected in each samgdetbr of an estuary
versus salinity for that sector.

Neither the slopes nor the intercepts of the resjpasequations relating species number to salinity
were significantly different for the three diffetesectors, as assessed using Analysis of Covariance
(slopes: df=2/74, F=2.64, p<0.05; intercepts: df82/=1.88, p<0.05). The differences in species
richness of sites in different sectors of an esttiaerefore seems fully attributable to the effexts
salinity.

Given the huge influence of sampling intensity amber of fish collected, the effect of area of asju
on fish species richness was investigated usirgy stahdardised for the effects of sampling. This wa
done by calculating residuals from the generakiaiahip between number of species and number of
samples (S = 4.82 + 1.84), and regressing these residuals against logadrestuary. The resultant

relationship, shown in Fig. 3.30, was marginallynsficant (|2:0.06, n=75, p=0.04).
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Fig. 3.30. Log estuarine area versus residuals from speitbeaess/sample size

relationship (S = 4.82 + 1.5l; see Fig. 3.27). Estuaries which included seagras
sites are distinguished from those with bare habaaly.

The relationship between species richness residumal®stuarine area was complicated by an extreme
outlier, Macquarie Harbour, the estuary possedsiadargest area. When Macquarie Harbour was

excluded from the analysis, the significance gyeiatireased @=0.18, n=74, p<0.001).
Data shown in Fig. 3.30 show increasing scatten edtuarine area; however, results changed little

when scatter was reduced using a square rdpk)-when x<0] transformation%to.ll when
Macquarie Harbour included?x0.19 when excluded). The corresponding plot afiteds versus

summer salinity was also significan?:@O.M, n=38, p=0.02) when data from Cameron Inktew
removed.

Although total number of species within estuariaged significantly with estuarine area, this
relationship was confounded by the presence ofrasagn some estuaries but not others, and by
variation in salinity. When species richness naaisl were plotted separately against estuarinefarea
estuaries that included sites with seagrassterg habitat and estuaries with bare sites only (sge F
3.30), no significant effects were detected foneitregression %:0.00, n=30, for estuaries with
seagrass;2|=0.04, n=44, for estuaries lacking seagrass, Maggtarbour excluded).

Estuaries where some seagrass habitat was sangdsegsed many more species than estuaries with
bare habitat only (mean = 7.5 in bare estuarfie®0.1 in estuaries with seagrass); however, thag we
also disproportionately large in area, possesdatvay high salinities and were sampled more
intensively. Comparisons of total fish numbersstuaries therefore have little value because they a
badly confounded. Nevertheless, the mean numbsgpegfies per site in estuaries lacking seagrass was
also significantly lower than in estuaries with@ees (mean = 3.38. 5.06, respectively; t-test, n=75,
p=0.002).

When residuals of the species richness/samplirgtetgression were compared
between estuaries with and without seagrass, hgjghjficant differences were
detected (mean = -2.64 for estuaries with baretétalmnean = 3.90 for estuaries with
seagrass; t-test, p<0.001, n=75). Thus, afterffieets of variable sampling intensity
were removed, an average of 6.54 more speciesamstieeted in estuaries where
seagrass habitat was sampled than in estuariedai¢hhabitat only. These results
are still, however, confounded by the effects dihgs.

3.3.2 Geographic patterns

Patterns of fish species richness in estuariesndrthe state corresponded closely with patterns of
macrofaunal species richness. Despite great difte®in scale of sites sampled, year of samplidg an
method of sampling, the mean number of macrofaumaktebrate species collected at sites within
different estuaries was very highly correlated wite mean number of fish species collected (r ,0.6
n =45, p<0.001; Fig. 3.31).
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Fig. 3.31. Relationship between mean number of fish (F) amatrofaunal
invertebrate (M) species collected at sites inedéht estuaries (F = 2.79 + 0.086

M; r? = 0.37).

The mean log abundances of all fish species collected duritgeeme sampling within each of 12

regions around Tasmania are shown in Table 3.38ré&gions are the same as used for benthic
invertebrate data, except that intensive samplirt@é northeast region made it desirable to it t
region into two to maintain comparable sample sizakifferent regions. The regions are: northwest
(Welcome Inlet to Detention River), central noringlis River to Port Sorell), eastern north (Tamar
River to Ringarooma River), upper north east (&iMusselroe Bay to Grants Lagoon), lower north
east (Georges Bay to Douglas River), east (Bryagobn to Blackman Bay), Derwent (Carlton River
to Browns River), Huon (Port Cygnet to Esperanad @oudy Bay), south (Lune River to Port Davey)
and west (Macquarie Harbour to Arthur River). A fidt of species collected in each estuary with
mean log abundance is provided in Appendix 10.

Fishes collected during estuarine sampling genepalssessed widespread geographic distributions.
Only one species taken has not been recordedefitistralian mainland - the spotted handfish
Brachionichthys hirsutysan endangered species presently known only frenberwent estuary and
D'Entrecasteaux Channel. This species, like apprataly half the species shown in Table 3.38, is
only found in the downstream marine section ofdbiiary and is better categorised as a sheltered
marine rather than estuarine species. Nine of tespecies collected are primarily associated with
freshwater habitats, and 41 species are primaspaeated with estuaries. None of the fish species
collected, with the exception of the rare vagi@itlla tricuspidata can be categorised as marine
species that are dependent on estuaries for nunabitat.

A total of 32 species were collected within a stngstuary only. Nearly all of these species most
commonly occur in marine or freshwater habitatsiacbTasmania and are present as vagrants in
estuaries. The species collected within a singigaeg that have not been commonly recorded in
marine habitats in Tasmania were all Australianmaaid vagrants. These wekdpeneus tragula
(North East Inlet)Dicotylichthys myersiNorth East Inlet)Kaupus costatugNorth East Inlet),
Pugnaso curtirostrigTamar estuaryfsiphonognathus radiat3amar estuaryRhilypnodon
grandicepgMersey estuary)Gristiceps argyropleurdSea Elephant estuary) addnacampus
poecililaemugGeorges Bay estuaryypeneus tragulandD. myersiare commonly found in marine
embayments in New South Wal&s,grandicepsccurs in rivers from Queensland to South Australi
while the remaining five species generally asseamth seagrass beds along the southern Australian
coast.

The number of fishes collected in the various eggashowed little regional consistency around the
Tasmanian coastline due to huge differences in Bagneffort between estuaries. Intensely studied
estuaries show as black spikes in Fig. 3.32. Nbekrss, when regional patterns are smoothed by
assuming a species range overlaps an estuaryt gpphaies occurs within six sampled estuarieoth b
directions along the coast, then changes in spéciesess around the coast are evident (Fig. 3.32).
The region of highest diversity extends from Fliredisland and northeastern Tasmania to the Huon



region, with a slight depression along the cerdeat coast. The eastern north and northwest calasts

have a relatively large pool of species, wherekdively few species are present on the west cracst

central north coast.

O Unique species
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Fig. 3.32. Number of species collected solely at each sarsjpe (unique species), number of

species collected that occurred at more than dee(widespread species), and number of species

interpolated to occur in the same region becawsg\lere present within the six nearest sites ih bot

directions along the coast (regional species)sSite arranged in geographic order around the coast
with King Island inserted between Arthur River ai@lcome Inlet and the Furneaux Group inserted

between Boobyalla estuary and Little Musselroe Bay.



Table 3.38. Mean log abundance of fish species sampled at sites in @ifént regions. Regions
are King Island, northwest, central north, easternnorth, Flinders Island, upper north east,
lower north east, east, Derwent, Huon, south and & *Species primarily associated with
estuaries. **Species primarily associated withtiveater habitats.

Species King NW CN EN linders UNE LNE E :rwentHuon S W
Acanthaluteres spilomelanurus 0.18 0.82 0 0.19 0.21 0.16 0.23 0.34 0.10 0.93 0.26 0.01
Acanthaluteres vittiger 0 0.13 0 0.06 0.07 0O 0 0.06 0 0.13 0 0
Acanthopagrus butcheri* 0 0 0 0 0 0.01 0.63 0.04 0.30 O 0 0
Alabes dorsalis 0 0 0 0 0 0 0 0 0 0.29 0 0
Aldrichetta forsteri* 3.25 1.98 350 5.85 3.21 1.56 2.73 1.87 1.84 0.35 0.52 1.39
Ammotretis liturata 0 0 0 0 0 0 0.07 0 0.01 0.06 0.02 0.27
Ammotretis rostratus* 0.93 0.97 0.70 0.53 0.37 0.42 1.57 2.34 0.46 0.76 0.63 0.58
Anguilla australis** 0 0 0.02 0 0.57 0.09 0 0.03 0.06 0 0.04 0
Anguilla reinhardtii** 0 0 0 0 0 0 0 0.01 O 0 0 0
Apogon conspersus 0 0 0 0 0 0 0.01 O 0 0 0.03 0
Aracana aurita 0 0 0 0 0 0 0 0 0 0.16 O 0
Arenigobius bifrenatus* 0 0.01 0 0 0 0.03 0.08 0 0 0.06 0 0
Arenigobius frenatus* 0 0 0 0.01 0 0 0 0 0 0 0 0
Arnoglossus bassensis 0 0 0.01 0 0 0 0 0 0 0 0 0.01
Arripis spp. 0.96 0.21 0.64 0.82 0.48 0.10 2.05 0.96 0.88 0.41 0.49 0.04
Atherinasoma microstoma* 1.82 0.30 1.15 1.54 4.87 4.83 249 254 2.15 0.38 1.48 0.30
Atherinason hepsetoides 0 0 0 0.03 0 0 0 0 0.02 0 0 0
Atypichthys strigatus 0 0 0 0 0 0.01 0 0 0 0.13 0 0
Bovichtus angustifrons 0 0 0 0.06 0 0 0.01 0 0 0 0 0
Brachaluteres jacksonianus 0 0 0 0 0.08 0 0.01 0.01 O 0.03 0 0
Brachionichthys hirsutus 0 0 0 0 0 0 0 0 0.01 O 0 0
Chelidonichthys kumu 0 0 0 0 0.01 O 0 0 0 0 0 0
Contusus brevicaudus* 0 0.09 0.10 0.30 0.07 O 0 0 0 0 0 0
Contusus richei* 0 0.02 0.19 0.02 0.31 0 0 0.14 0 0.05 0 0
Crapatalus munroi 0 0 0.01 0 0.01 0 0.01 0 0 0 0.13 0
Cristiceps argyropleura* 0.07 0O 0 0 0 0 0 0 0 0 0 0
Cristiceps australis* 0.21 0 0 0.03 0 0 0.08 0.14 0.05 0.39 0.03 O
Dicotylichtys myersi 0 0 0 0 0.08 0O 0 0 0 0 0 0
Diodon nichthemerus 0 0.02 0 0 001 O 0.02 0 0.01 O 0 0
Engraulis australis 0 0.02 0.04 0.02 0 0.02 0.07 0.01 0.08 0 0 0
Enoplosus armatus 0 0 0 0.01 0 0 0 0 0 0 0 0
Favonigobius lateralis* 0 0.19 0.11 0.38 0.31 0.06 0.30 0.03 0O 0 0 0
Favonigobius tamarensis* 0.39 0.09 0.88 0.10 0.54 0.14 0.60 0.35 0.53 0.55 0.92 0.01
Galaxias maculatus** 146 1.10 1.76 O 0 0.03 0.08 0.32 0.25 0.70 0.44 1.81
Galaxias truttaceus** 0 0 0.20 O 0 0 0 0 0.01 0.06 0.20 2.07
Genypterus tigerinus 0 0 0 0 0.06 0 0 0 0 0 0 0
Girella tricuspidata* 0 0.02 0 0 0.07 0.02 0.09 0 0 0 0 0
Gymnapistes marmoratus* 0 0.14 0 0.11 0.55 0.03 0.08 0.34 0.44 0.48 0.34 0
Haletta semifasciata* 0 0.18 0 0.02 0 0 0 0.06 0O 0.04 0O 0
Heteroclinus forsteri 0.11 0 0 0 0 0 0 0 0 0 0 0
Heteroclinus heptaeolus 0.07 O 0 0 0 0 0 0 0 0 0 0
Heteroclinus perspicillatus* 0.11 0 0 0.09 0.04 0.04 0.11 0.13 0.02 053 0.13 0
Hippocampus abdominalis 0 0 0 0 0 0 0 0 0.01 0.10 0.02 0.01
Hippocampus breviceps* 0 0 0 0 0 0 0 0 0 0.05 0 0
Hyporhamphus melanochir 0 0 0 0 0.06 0 0.03 0.05 0.09 0 0 0
Kathetostoma laeve 0 0 0 0 0 0 0 0 0 0 0.01 O
Kaupus costatus* 0 0 0 0 0.03 0 0 0 0 0 0 0
Kestratherina brevirostris* 0 0.07 0 0.09 0 0.02 0 0 0.01 0.25 0.02 0
Kestratherina esox* 0 0 0 0.02 0 0 0 0.24 0.04 0.03 0.25 0
Latridopsis forsteri 0 0 0 0 0 0 0 0.01 0 0 0 0




Table 3.38 (cont.). Mean log abundance of fish species sampled at sites in @ifént regions.
Regions are King Island, northwest, central north.eastern north, Flinders Island, upper north
east, lower north east, east, Derwent, Huon, southnd west. Undescribed gobies follow the
nomenclature of Last et al. (1983). *Species prilpassociated with estuaries. **Species primarily
associated with freshwater habitats.
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Pugnaso curtirostris*

Species King NW CN EN linders UNE LNE E :rwentHuon S W
Leptatherina presbyteroides* 0.04 1.08 0.67 1.83 1.06 2.38 0.20 2.66 2.04 2.88 2.37 0.60
Lesueurina platycephala 0.07 0 0 0 0 0 0 0.25 0.01 0 0.02 0.04
Lovettia sealii** 0 0.01 0.36 0.03 0 0 0 0 0.02 0 0.35 0.14
Meuschenia freycineti 0 0.36 0 0.02 0.07 0.13 0.12 0.14 0.05 0.13 O 0
Mitotichthys semistriatus* 0 0.13 0 0 0 0 0 0 0 041 0O 0
Mugil cephalus 0 0 0 0 033 0 0 0 0 0 0 0
Myliobatis australis 0 0 0 0 0 0 0 0 0.01 0 0 0
Myxus elongatus* 0 0 0 0 0.10 0.03 0.05 0.03 0 0 0 0
Nannoperca australis** 0 0 0 0.03 0 0 0 0 0 0 0 0
Nemadactylus macropterus 0 0 0 0 0 0 0 0.02 0.02 0 0 0
Neoodax balteatus 0 0.16 0 0.05 0 0.01 0 0.30 0.05 0.63 0.13 0
Neosebastes scorpaenoides 0 0.01 0 0 0 0 0 0 0 0 0 0
Nesogobius hindsbyi 0 0.01 0 0.01 0 0 0.03 0 0.28 1.06 1.30 0.01
Nesogobius pulchellus 0 0 0 0 0 0 0.03 0 0 0.06 0 0
Nesogobius sp.2 0.39 2.11 0.19 0.35 0.94 2.02 1.20 0.99 2.33 2.61 1.63 0.06
Nesogobius sp.3* 0 0 0 001 O 0 0 0 0 0 0 0
Nesogobius sp.5* 0 0 0 0.01 0 0.03 0.06 0.02 0.07 0.40 0.05 0.01
Nesogobius sp.7 0 0 0 0 0 0 0 0 0 0.05 0 0
Notolabrus tetricus 0.04 0.02 0 0.14 0 0.01 0 0.02 0 0 0 0
Oncorhynchus mykiss** 0 0 0.02 0 0 0 0 0 0.05 0 0 0
Ophiclinus gracilis 0 0 0 0 0 0 0 0 0 0.04 0 0
Philypnodon grandiceps** 0 0 0.04 0 0 0 0 0 0 0 0 0
Platycephalus bassensis 0 0.39 0.07 0.07 0.11 O 0.04 0.03 0.06 0.30 0.14 0.01
Platycephalus castelnaui 0 0 0 0.04 0.01 O 0 0 0 0 0 0
Platycephalus laevigatus 0 0.25 0 0 0.03 0 0 0 0 0 0 0
Pomatomus saltatrix 0 0 0 0 0.17 0 0.02 0 0 0 0 0
Prototroctes maraena** 0.38 0 0 0 0 0 0 0 0 0 0 0.79
Pseudaphritis urvillii* 0.29 0.02 0.02 0.07 0.44 0.20 0.22 0.11 0.73 1.43 1.64 0.33
Pseudocaranx dentex 0 0 0.02 0.03 0.08 0.16 0.35 0.03 0 0.09 0 0
Pseudogobius olorum* 0 0.15 0.07 O 0.88 0.65 0.07 0.35 0.49 0 0.38 0
Pseudophycis barbatus 0.07 0.02 0 0 0 0 0 0.01 001 O 0 0

0
Retropinna tasmanica* 0.25 0.15 0.46 0.04 O 0 0 0 0.40 0.25 1.69 1.00
Rhombosolea tapirina 0 256 1.70 0.79 1.10 0.79 1.08 2.02 2.34 1.21 1.34 0.94
Sillago flindersi 0 0 0 0 0 0 0 0.01 0 0 0 0
Siphamia cephalotes 0 0 0 0.01 0 0 0 0 0 0 0 0
Siphonognathus radiatus 0 0 0 0.01 0 0 0 0 0 0 0 0
Spratelloides robustus 0 0 0 0.05 0.08 0 0 0 0 0 0 0
Stigmatopora argus* 0 0 0 0.02 0.24 0.10 0.08 0.11 O 0.53 0.12 0
Stigmatopora nigra* 0 059 0 0.03 0.08 0.18 0.58 0.78 0.11 0.33 0.13 0.05
Taratretis derwentensis 0 0 0 0 0 0 0 0 001 O 0 0
Tasmanogobius lasti* 0.71 0.11 0.19 0 031 0 0.03 0.09 0.58 0.40 1.50 0.04
Tasmanogobius lordi* 0 0.18 0.62 0.02 0 0 0 0.01 0.01 0.63 0 0.19
Tetractenos glaber* 0 0.14 0.43 1.16 0.43 0.20 0.07 0.16 0.10 0.66 0.09 O
Trachurus declivis 0 0 0 0 001 O 0 0 0 0 0 0
Upeneus tragula 0 0 0 0 0.01 O 0 0 0 0 0 0
Urocampus carinirostris* 0 0 0 0 0 0.07 0.06 0.02 0O 0 0 0
Urolophus cruciatus 0 0 0 0 0 0 0 0 0.01 0 0 0
Urolophus paucimaculatus 0 0 0 0 0 0 0 0 0.01 0 0 0
Vanacampus phillipi* 0 0.38 0 0.02 0.15 0.02 0.07 0.01 0.05 0.21 O 0
Vanacampus poecililaemus* 0 0 0 0 0 0 0.01 O 0 0 0 0




A total of 17 species were considered to showintstt ranges in Tasmania on the basis of the presen
study. These fishes, which are listed in Table 3n89e collected from more than one estuary and did
not extend outside five adjacent regions around't®nanian coast. The majority of these species are
better categorised as marine vagrants rather staarne species, with only the toadfSantusus
brevicaudussand mulleMyxus elongatydbreamAcanthopagrus butchednd the pipefislurocampus
carinirostris andMitotichthys semistriatuprimarily associated with estuarine habitat, dreldrayling
Prototroctes maraengrimarily associated with freshwater.

Table 3.39. Number of estuaries in which fish spexs with restricted ranges in Tasmania were
collected.Species collected in a single estuary are noviddally listed in the table but are grouped
in 'total species (+ singletons)'. Regions areezsitbed in Table 3.2.

Species King NW CN EN -‘urneauw: UNE LNE E )erwent Huon

wn

o
o
o

Platycephalus laevigatus 0
Contusus brevicaudus
Spratelloides robustus
Platycephalus castelnaui
Bovichtus angustifrons
Mugil cephalus
Pomatomus saltatrix
Myxus elongatus
Hyporhamphus melanochir
Acanthopagrus butcheri
Urocampus carinirostris
Nesogobius pulchellus
Nemadactylus macropterus
Aracana aurita
Hippocampus abdominalis
Prototroctes maraena
Arnoglossus bassensis

Total species

Total species (+ singletons)
Estuaries sampled
Site.days sampled
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The highest concentration of species with restliceages occurred in the Furneaux region, with a
total of eight species distributed in two or moséuaries plus six species collected in a singlgaggt
only (North East Inlet). The high number of regibsigecies around Flinders Island was evident
despite relatively little sampling effort in thegien. Field work was restricted to four estuaries
sampled on a total of only 23 site.days.

Moderately-high concentrations of species withrietetd ranges occurred around the
northeastern and southeastern coasts of Tasmeomattie Tamar estuary to Esperance.
Few restricted species were collected on the sadht or northwest coasts or King
Island.

3.3.3 Multivariate analyses

Fish data obtained from the 39 estuaries sampled frequently (>5 site.times) have been analysed
using multidimensional scaling, and results presgim Fig. 3.33. A three-dimensional plot has been
used because of the high stress value associatiedh&iassociated two dimensional plot (stres% 0.
cf. 0.14 for 3-d plot). The mean lgpgbundance ranks for fish species recorded in esttiary were
used in this analysis.
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Fig. 3.33. Results of three-dimensional MDS analysis usisg flata.

The stress-statistic associated with these plots.14. Sites in estuaries

that are sometimes closed by bar are shown by cpefe, sites in

permanently-open estuaries are shown by filled regua
The major environmental factor associated withedéhces in fish assemblages between estuaries was
the presence of a seaward barrier (see Fig. 3TB&)BIOENV procedure indicated that this variable




alone had the greatest correlation with the Bragti€similarity matrix relating fish faunas in eaties
(r = 0.344). Other variables used in this procedueee latitude, summer surface salinity in central
region, tidal range, log total annual runoff, preseof seagrass within estuary, log human populatio
density and the naturalness index. SIMPER anailydisated that the fish species particularly
associated with open estuaries were free-swimnpegiss Arripis spp.,Leptatherina presbyteroides,
Galaxias maculatuandPseudocaranx dentpand seagrass-associated specsrnapistes
marmoratus, Stigmatopora nigendNeoodax balteatyswhile soft-sediment demersal species
(Pseudaphritis urvillii, Favonigobius tamarensis tfeetenos glabeandPseudogobius oloruymwere
disproportionately represented in closed estuaries.
A bubble plot overlay of summer surface salinityhe central region of each estuary indicated that
this factor was associated with differences in@astassemblage type on MDS axes 1 and 3 (Fig.
3.34); however, this variable presumably interact@tl barrier presence. Tidal range inside the
entrance of estuaries had no clear effect on skrablages present within the estuary (Fig. 3.35).
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Fig. 3.34. Bubble plot overlay of salinity at time of berttdampling on MDS results. Sites with high
salinities are shown with large open circles whil@ salinity values are shown by large filled c&€l

The one additional environmental variable that sbabwa strong correlation with the fish similarity
matrix, and also interacted with estuary barringswthe presence of seagrass within the estuary (Fig
3.36). This factor separated on MDS axis 3. Estganith seagrass present clearly included a large
component of species that were absent from estulagi&ing seagrass.
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Fig. 3.35. Bubble plot overlay of salinity at time of berttdampling on MDS results. Sites with high
salinities are shown with large open circles wlole salinity values are shown by large filled c&sl
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Fig. 3.36. Bubble plot overlay of presence of seagrass hetlin the estuary on MDS results.
Estuaries with seagrass beds present are showipdiy @rcles, estuaries lacking beds are shown by
filled circle.

Most of the estuarine groups produced by multitaridassification of environmental data included
distinctive fish assemblages (global r = 0.347wéweer, Group Il and Group Il estuaries were
completely overlapping, and several other estuaoygs were not found to be significantly differamt
paired comparisons (Analysis 1 in Table 3.40).



Table 3.40. Results of ANOSIMs comparing similaries between paired
estuarine groups using fish data and estuarine grgs with more than four sites
sampled. Analysis 1 used estuarine groups identified fromltivariate analysis of
physical data, while these groups were slightly ffied using the categorisation
system described in Table 3.31 for analysis 2.

Group1l  Group 2 Analysis 1 Analysis 2
r-statistic p r-statistic p

| 1l 0.533 0.006 0.397 0.001
| 1] 0.535 0.002 0.663 0.001
| \Y 0.472 0.005 0.388 0.016
| Wl 0.323 0.086 0.362 0.032
1l 1] -0.028 0.570 0.036 0.317
Il \Y 0.329 0.015 0.179 0.065
1l Vil 0.176 0.142 0.140 0.196
1] \Y 0.400 0.002 0.757 0.001
1 Vil 0.217 0.116 0.349 0.027
Vv \ll 0.444 0.005 0.481 0.008

In contrast to the invertebrate data set, charm#tetclassification system to better reflect tidaige
and salinity within estuaries only slightly impralthe explanation of fish data (global r = 0.354).
Group Il and Group 1l estuaries remained non-gdigantly different, as were Group Il and VII
estuaries and Group Il and V estuaries (Analysis Pable 3.40). Group Il estuaries thus included a
heterogeneous assemblage of fishes that overlapitied range of other estuary groups.



3.4  Factors affecting Conservation Significance dstuaries
3.4.1 Human population density

The 1991 census of Tasmanian population (Austrédiareau of Statistics, 1993) recorded a total
population of 452,851. Population statistics werllected from 953 collection districts (CDs), wih
average population of 475 (mode 426). The censusted 156,686 dwellings of which 138,929
(around 88%) were occupied on census night (Tallk)3

Table 3.41. Summary of Census Data for
Tasmanian census districts in 1991.

Total Mean Mode
No. of districts 953 - -
Population 452,851 475 426
Dwellings 156,686 164 133
Occupied dwellings 138,929 146 140
Proportion occupied (%) 88.7 - -

GIS analysis of population and dwelling densitiaseggestimates of population and dwellings for each
catchment area (Appendix 6). These results are suisad for estuarine catchment areas (ECAS),
freshwater drainage areas (FDAs) and estuarineatyaiareas (EDAs) in Table 3.42. Errors in these
estimates result from mismatching of catchment daties and CD boundaries (as discussed in section
2.7), loss of resolution in transforming data framector coverage to a grid, and using a 1 haaglid

size for analysis. The total population for Tasraaderived by GIS analysis is 454,998. This
overestimates the population by around 0.5%.

Table 3.42. Total Population and Dwellings in Tasanian Catchments.

Area Population Dwellings Occupied
Number % Number % Number %
ECA 381017 83.7 129135 81.7 137435 83.9
FDA 161104 35.4 58341 36.9 56785 34.7
EDA 219913 48.3 70794 44.8 80650 49.2
Outside 73981 16.3 28832 18.3 26391 16.1
Tasmania 454998 100.0 157967 100.0 163826 100.0

Nearly half of Tasmania’s population lives in aré@et drain directly into estuaries (EDAS), witht84
living within estuarine catchment areas (Table B.Zhirty-five percent live in inland river

catchments, while around 16% live outside ECAs. difea outside catchments mostly consists of land
in the coastal zone that drains directly to theancar to small streams that run into the oceanaaad

not identified as estuaries in this study. Adding population outside of catchments to the popmnati

in estuarine drainage areas gives an estimatitimegbopulation inhabiting the coastal zone of
Tasmania. By this calculation, approximately twinds (67%) of the population lives in the coastal
zone.

On a regional basis, the population of Tasmaniargely concentrated in catchments along the
southeast, northwest and northeast coasts (Tat8¢. I he latter region has a very high total
population largely because Launceston has beendedlin that region. By contrast, catchments along
the south coast and in the Furneaux Group posseggew inhabitants and negligible population
densities.

Table 3.43. Mean estimated number of inhabitants rad
population density of estuarine catchment areas and
estuarine drainage areas in different regions of Temania.
Regions as defined in Table 3.2.

Region ECA EDA




Population  Density Population Density

King Island 112 1.70 2 5.01
Furneaux Group 7 0.06 1 0.27
Northwest 3112 6.53 1620 91.03
Eastern north 14845 4.03 4960 22.19
East 232 1.29 117 11.92
Southeast 10339 14.01 8221 59.65
South 2 0.00 2 0.01
West 873 0.63 42 0.11
Tasmania 3425 4.07 1985 28.89

Catchments in all regions other than the west quastess much lower population densities in
freshwater drainage areas than in estuarine draiasgns, indicating that population centres are
located on estuaries in most catchments. The west of Tasmania is anomalous because only one
town, Strahan, occurs on the coast, whereas sawanadg towns of moderate size occur inland in this
region.

3.4.2 Land tenure

Approximately one third of land in Tasmania is ptely owned, one third is contained in National
Parks and reserves, and one third is crown lanidbale for forestry and other exploitative purposes
(Table 3.44). The extent of private land in differeegions of Tasmania varies from negligible lavel
along the south and west coasts to 84% of the dot&ling Island. About half the land in catchmeints
the other five regions is owned privately.

Only a small proportion of land is contained inwroreserves and National Parks in catchments in the
King Island, Furneaux Group, northwest, northeadteast regions. By contrast, nearly all land in
catchments along the south coast and much of titkitacatchments on the west coast is contained in
the Southwest National Park. The area of diffelemd tenure types in each estuary catchmenttésilis
in Appendix 7.

Table 3.44. Mean proportion (%) of major land tenue
classes in catchments of estuaries in different Tamnian
regions. Regions as described in Table 3.2.

Region National ~ Crown Crown Private
Park Reserve  Exploited
King Island 0 8.3 8.2 83.5
Furneaux Group 0 9.2 47.9 42.9
Northwest 9.7 4.7 34.8 50.8
Eastern north 11 4.2 311 63.5
East 4.1 8.4 38.6 49.0
Southeast 17.9 5.8 27.9 48.4
South 98.7 0 1.3 0
West 52.7 3.4 41.5 2.4
Tasmania 24.9 5.5 33.3 36.3

3.4.3 Landtype and degree of naturalness

On the basis of satellite images, the surface aefr@asmanian mainland catchments has been
categorised into six land type classes (Appendigproximately half of the surface of Tasmania is
covered by woody vegetation, with half of the remdgir covered by natural heaths and shrubs (Table
3.45). Cleared areas are most prevalent in catctsmmethe northeast of the state, particularly the
Tamar, and in the northwest, southeast and edte tiearance has occurred in catchments on the
west coast, and negligible clearance has occunréiteisouth. Only a very small proportion of the
total area of the state is occupied by urban deweémt, with the largest proportion occurring around
Hobart in the southeast.



Table 3.45. Mean proportion (%) of major landtypeclasses in estuary catchments in
different Tasmanian regions. Regions as described iTable 3.2.

Region Woody Herbaceo Bare  Water Cleared Urban  Unclassified
Northwest 59.73 11.29 2.04 0.71 25.61 0.21 0.41
Eastern north 52.10 9.58 1.83 1.71 34.41 0.35 0.02
East 66.75 10.91 2.33 0.25 19.53 0.19 0.02
Southeast 52.94 21.62 151 2.18 20.93 0.45 0.37
South 42.62 55.93 1.13 0.26 0.06 0.00 0.00
West 55.55 35.87 2.25 4.99 1.03 0.01 0.29
Tasmania 54.99 23.01 1.93 2.62 17.00 0.22 0.23

The extent to which mainland Tasmanian catchmerdseatuarine drainage areas are affected by
anthropogenic change has been assessed usingameads index (NI). This index increases from a
base of 1 in pristine areas lacking cleared lanarban areas, and is weighted by a factor of 5 for
cleared areas and a factor of 20 for urban aregssg@ction 2.9; Table 3.46).

Table 3.46. Number of estuarine catchment areas drestuarine
drainage areas around the Tasmanian mainland placedn
different naturalness index classes.

Class NI Naturalness ECA EDA
1 1.00 Pristine 24 28
2 1.01-1.5 Natural 20 7
3 1.5-2.0 Low impact 17 9
4 2.0-3.0 Moderate impact 21 20
5 3.0-4.0 High impact 7 17
6 >4.0 Severe impact 1 9

The majority of estuarine catchments around theriBagan mainland were little affected by
anthropogenic impacts (NI<2.0). Twenty-four ECAS%2 of total), most of which were located in the
Tasmanian Wilderness World Heritage Area, weretifled as pristine.

Eight ECAs were rated severely or highly impacteghéclay Lagoon, Little Musselroe, Don, West Inlet,
Grindstone, East Inlet, Pittwater and Duck Bay)adidition, many of the catchment areas classed as
moderately impacted also have severely or highpyaicted estuarine drainage areas. The severely
impacted EDAs were the Emu, Don, Mersey, Forth, Qaawen, Pipeclay Lagoon, Spring Bay and
Pittwater.

Values of the naturalness index are shown for afiffanian mainland estuaries in Tables 3.47-3.53.
These tables also incorporate summary informatiothe population density and land tenure usage of
each estuary, and presence of marine farm leaghsestuaries listed within the physical classes of
estuary derived by multivariate analysis. EstuarieBided in each of these tables are listed iriood
anthropogenic disturbance, following the mean nagkif NI and population densities of both estuarine
catchment areas and estuarine drainage areas.

Eight Group | estuaries (low salinity estuarieg tir@ intermittently barred) lack population within
catchments and possess a naturalness index ofTlable 3.47), so can be considered pristine. These
estuaries are located in the Furneaux Group, Arey®ational Park, and on the west and south coasts
Estuaries in Group | that are moderately or highlgacted by human activity are located on the east
coast and King Island.

Table 3.47. Naturalness attributes of Group | estaries (barred, low-salinity estuaries).
Presence of a marine farm lease within or at entrage to estuary is indicated by M.

‘egion Estuary Naturalness Population ECA Land tenure  EDA Land tenure Farm
Index (km'z) (%) (%)
ECA EDA ECA EDA NP Res Crown NP Res Crown
E Bryans Lagoon 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
W  Lagoon 1.00 1.00 0.00 0.00 0.0 100.0 100.0 0.0 100.0 100.0
F Mines 0.00 000 0.0 591 855 00 00 0.0
F Middle Inlet 0.00 000 00 00 123 0.0 0.0 100.0
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Shag Rock
Modder

Freney

Hibbs Lagoon
Logan Lagoon
Freshwater Lagoon
Big Lagoon

Nelson Bay

1.00
1.00

1.00
1.00
1.05

1.00
1.00

1.00
1.00
1.00

0.00
0.00
0.00
0.00
0.14
0.11
0.14
0.00

0.00
0.00
0.00
0.00
0.00
0.05
0.14
0.00

0.0
0.0
28.6
0.0
0.0
28.6
0.0
0.0

0.0
0.0
28.6
0.0
0.0
28.6
42.5
73.1

100.0
100.0
100.0
100.0

43.7
100.0

98.6
100.0

0.0
0.0
28.6
0.0
0.0
28.6
0.0
0.0

0.0
0.0
28.6
0.0
0.0
28.6
42.5
86.0

100.0
100.0
100.0
100.0

43.7
100.0

98.6
100.0




Table 3.47 (cont.). Naturalness attributes of Gropi | estuaries (barred, low-salinity estuaries).

‘egion Estuary Naturalness Population ECA Land tenure  EDA Land tenure Farm
Index (km-Z) (%) (%)
ECA EDA ECA EDA NP Res Crown NP Res Crown
W  Pedder 1.02 2.05 0.00 0.00 0.0 80.8 100.0 0.0 98.7 100.0
E Sloop Lagoon 1.00 1.00 0.40 0.40 0.0 15.1 100.0 0.0 15.1 100.0
E Saltwater Lagoon 144 1.44 0.00 0.00 93 93 479 93 93 479
K Sea Elephant 0.46 0.00 00 151 265 00 264 727 M
K Seal 1.40 0.00 00 10 181 0.0 58 155
E Yellow Rock 0.67 1.73 00 19 20 00 0.0 109
E Grants Lagoon 1.00 1.00 7.25 7.25 0.0 239 653 0.0 239 653
E Buxton 1.34 3.18 0.22 7.89 00 183 738 00 00 0.0
E Scamander 1.19 1.92 1.79 19.06 00 59 944 00 17.7 428
E Templestowe 1.90 1.90 1.25 1.25 594 594 625 594 594 625
E Stoney 2.35 3.06 0.73 0.00 00 00 00 00 00 0.0
E Meredith 152 3.63 0.31 11.25 00 20 472 00 00 0.0
E Denison 1.14 2.38 093 7778 855 855 855 00 00 0.0
E Lisdillon 156 3.86 0.50 6.82 00 13 451 00 00 O0OM
K Yarra 5.04 23.33 00 00 00 00 00 0.0

Group Il estuaries (open estuaries) comprise tiyest group and best protected estuaries in Tasmani
(Table 3.48). This category includes 5 undisturbgtiaries that are fully contained within National
Parks and another 10 that are pristine and lackahuesidents. The Pittwater and Leven estuaries hav
EDAs that are classed as severely impacted by@palyenic activity, and the Browns River, North West
River and Leven estuaries have extremely high adjoul densities.

Only one of the marine Group Il estuaries remaingristine condition - Southport Lagoon (Table
3.49). An additional three estuaries (Mosquito tiridorth East Inlet and Cloudy Bay) are listed as
relatively natural; however, the extent of landacieg in North East Inlet on Flinders Island has no
been quantified and this estuary possibly has d BL>All of the other Group 1ll estuaries have high
population densities or drainage areas that demaat moderately impacted, with Pipeclay Lagoon and
Spring Bay classed as having severely impactedalgai areas.

The majority of Group IV hypersaline lagoons in asia possess catchments with negligible
population densities (Table 3.50). Rocky Head ahidsty Lagoon are located on Cape Barren Island
and probably have pristine catchments, whereasttter lagoons and inlets lacking NI data are all
located on Flinders Island and have catchments pa#ly for grazing. Sellars Lagoon and Logan
Lagoon were both dry in February 1997.

Group V estuaries (river estuaries with large tidalges) are nearly all highly degraded by human
activity (Table 3.51), and include the most impdatstuarine drainage areas in Tasmania (Emu, Don,
Cam, Forth and Mersey Rivers). The Crayfish estuamyains in a relatively natural condition, althbug
affected by a number of dwellings near the mouth.



Table 3.48. Naturalness attributes of Group Il estaries (open estuaries). Presence of a marine
farm lease within or at entrance to estuary is indiated by M.

‘egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km-Z) (%) (%)

ECA EDA ECA EDA NP Res Crown NP Res Crown
S Payne Bay 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
S Louisa River 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
S Louisa Creek 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
W Giblin 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
W Mulcahy 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
S South Cape Rt 1.00 1.00 0.00 0.00 99.4 99.4 100.0 100.0 100.0 100.0
SE Catamaran 1.00 1.00 0.00 0.00 67.6 68.1 100.0 0.0 16.2 100.0
W Lewis 1.00 1.00 0.00 0.00 34.4 34.4 100.0 0.0 0.0 100.0
W Spero 1.00 1.00 0.00 0.00 349 34.9 100.0 0.0 0.0 100.0
W Mainwaring 1.00 1.00 0.00 0.00 0.0 0.0 100.0 0.0 0.0 100.0
F Foochow Inlet 0.00 0.00 0.0 16.3 359 0.0 0.0 925
F Dover 0.00 0.00 0.0 0.0 100.0 0.0 0.0 100.0
F Lee 0.00 0.00 0.0 0.0 100.0 0.0 0.0 100.0
F Rice 0.00 0.00 0.0 0.0 100.0 0.0 0.0 100.0
SE D Entrecasteaux 1.00 1.00 0.00 0.00 61.7 619 098.2 0.0 28 781 M
F Patriarch 0.12 0.00 0.0 0.2 195 0.0 0.0 829
SE Cockle Creek 1.00 1.00 0.89 257 69.8 70.3 100.0 53.2 54.8 100.0
SE Lune 1.01 1.03 0.71 1.19 447 48.1 94.7 0.1 140 711 M
K Ettrick 0.91 0.00 0.0 0.7 1.1 0.0 0.0 0.0
W Little Henty 1.03 1.01 3.42 0.00 0.0 0.4 994 0.0 19 994
F Pats 0.43 4.10 0.0 0.6 53.1 0.0 328 328
SE Esperance 1.05 1.40 1.30 551 120 12.7 946 0.0 15 678 M
E Ansons Bay 1.33 1.59 0.58 5.07 0.3 84 74.1 39 131 65.8
E Douglas 1.16 3.83 0.26 254 91.1 911 922 0.0 0.0 0.0
SE Garden Island 1.14 1.49 1.93 10.06 0.0 0.0 44.0 0.0 0.0 0.0
E Great Swanport 1.68 2.22 0.35 051 54 97 547 07 63 178 M
E Great Musselroe 225 2.49 0.33 0.58 5.7 7.8 46,5 18.2 289 289
E Little Swanport 2.38 2.74 0.60 2.05 0.0 132 216 0.0 0.0 33 M
EN Tomahawk 247 3.67 0.17 1.08 0.0 1.9 513 0.0 395 395
E Prosser 191 1.50 1.35 19.31 0.0 119 293 0.0 193 27.7
SE Port Cygnet 194 226 1471 19.22 0.0 3.1 9.6 0.0 0.0 26 M
NW Port Sorell 246 2.32 4,87 18.86 2.2 6.1 37.0 175 209 36.7 M
NW Duck Bay 3.03 3.02 9.14 25.36 0.0 25 244 0.0 0.3 240 M
NW Leven 2.03 440 1140 131.75 0.0 1.3 421 0.0 5.7 9.7
SE North West Bay 197 2.79 39.33 126.32 0.0 115 248 0.0 116 149
SE  Pittwater 3.07 4.09 8.90 44.05 0.0 3.5 105 0.0 131 131 M
SE Browns 2.03 1.70 103.58 454.93 0.0 6.4 6.4 0.0 0.0 0.0




Table 3.49. Naturalness attributes of Group Il etuaries (marine inlets and bays). Presence of a
marine farm lease within or at entrance to estuarys indicated by M.

‘egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km™2) (%) (%)
ECA EDA ECA EDA NP Res Crown NP Res Crown

SE Southport Lagoon 1.00 1.00 0.00 000 01 01 813 00 00 737

NW Mosquito Inlet 1.06 1.06 0.00 000 00 00 00 00 00 00
F  North East Inlet 0.03 021 0.0 586 748 0.0 39.6 412
SE Cloudy Bay 1.28 1.54 0.45 0.18 0.0 140 498 00 6.7 228 M
NW Welcome 1.65 211 0.38 075 00 40 245 00 00 0.0
E Hendersons Lagoon 2.02 2.02 1.33 075 00 82 374 00 82 374
EN Little Musselroe 3.81 3.99 0.31 047 00 10 10 00 99 99
E  Georges Bay 1.64 2.15 318 3231 00 81 689 0.0 396 506 M
SE Blackman Bay 1.99 2.65 3.49 497 00 48 369 00 00 25M
SE Crooks 1.53 1.98 934 2313 00 00 600 00 00 00
SE Carlton 2.10 2.80 410 1349 00 01 1123 00 00 0.0
NW West Inlet 3.52 2.43 3.34 792 00 00 00 00 00 0.0
NW East Inlet 3.30 2.63 9.83 540 00 00 00 00 00 0.0
E  Spring Bay 2.01 4.20 831 9027 00 503 550 00 03 03

SE Pipeclay Lagoon 428 428 4385 4385 00 00 00 O00 00 O0.0M

Table 3.50. Naturalness attributes of Group IV estaries (hypersaline lagoons).

‘egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km™2) (%) (%)

ECA EDA ECA EDA NP Res Crown NP Res Crown
F  Thirsty Lagoon 0.00 0.00 0.0 0.7 100.0 0.0 0.7 100.0
F Rocky Head 0.00 0.00 0.0 0.0 100.0 0.0 0.0 100.0
F Sellars Lagoon 0.00 000 00 00 970 00 0.0 970
F Cameron Inlet 0.23 000 00 03 431 00 0.0 813
E Earlham Lagoon 1.60 2.65 0.16 068 00 21 540 00 00 6.1
E Grindstone 3.49 3.81 0.97 0.00 0.0 0.0 1.6 0.0 0.0 0.0




Table 3.51. Naturalness attributes of Group V estaries (large mesotidal river estuaries).
Presence of a marine farm lease within or at eo&rdém estuary is indicated by M.

‘egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km2) (%) (%)

ECA EDA ECA EDA NP Res Crown NP Res Crown
NW Black/Dip 1.53 3.12 1.75 1.81 0.0 84 734 0.0 5.8 7.5
NW  Crayfish 1.11 1.00 0.47 25.64 0.0 0.2 804 0.0 23.7 237
NW Detention 1.79 2.87 1.23 6.49 5.0 51 57.8 0.9 2.2 3.5
EN Boobyalla Inlet 2.01 3.29 1.63 0.69 0.0 3.8 65.6 0.0 25.8 29.0
EN Piper 257 1.74 3.56 2.85 0.0 1.7 30.6 0.0 0.3 4.9
NW  Montagu 2.84 3.46 1.23 3.46 0.0 21 531 0.0 0.0 0.0 M
EN Little Forester 2.14 3.98 2.36 779 00 02 440 00 143 175
EN Curries 1.80 3.18 3.27 65.87 0.0 26.9 68.2 0.0 251 431
NW Forth 1.57 4.50 246 69.87 324 332 724 0.0 3.6 3.6
NW Blythe 2.07 299 3.95 47.52 0.0 1.6 50.5 0.0 148 34.1
EN Brid/Great Forester 2.31 3.59 1145 2871 0.0 3.2 49.0 0.0 0.0 1938
NW  Mersey 191 562 1147 28541 19.0 30.3 65.1 0.0 0.0 0.0
NW  Emu 2.10 7.05 6.61 217.09 0.0 1.4 195 0.0 6.8 6.8
NW Inglis 237 333 12.68 375.83 0.0 54 36.4 0.0 1.9 1.9
NW Cam 246 441 11.75 136.95 0.0 1.8 10.6 0.0 1.3 1.3
NW Don 3.66 584 25.01 278.49 0.0 3.2 5.6 0.0 0.0 0.0

Amongst the Group VI and VII drowned river vallepsly Bathurst Harbour remains in a pristine
condition (Table 3.52). At the other extreme, #ugyést Tasmanian cities are located on the Tamar
(Launceston) and Derwent (Hobart) estuaries. Theguarie Harbour estuary has a high NI and low
population density indicating natural conditionst Is badly degraded as a result of acid mine dgsn
from Queenstown and the King River subcatchment.

Table 3.52. Naturalness attributes of Group VI (Tanar - mesotidal drowned river valley) and
Group VII (microtidal drowned river valley) estuari es.Presence of a marine farm lease within or
at entrance to estuary is indicated by M.

egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km™2) (%) (%)
ECA EDA ECA EDA NP Res Crown NP Res Crown

EN Tamar 250 2.81 9.52 70.02 1.5 59 325 0.0 48 100 M

S  Bathurst Harbour 1.00 1.00 0.01 0.06 98.3 98.3 100.0 99.0 99.0 100.0
W Macquarie Harbour 1.01 1.01 481 1.07 776 785 999 242 375 987 M
SE Huon 1.24 1.85 3.63 1221 464 485 770 00 11 201 M
SE Derwent 209 389 16.00 312.01 109 186 468 0.0 147 1738

The Group VIII and IX estuaries remain little affied by human activity and have low population
densities (Table 3.53). The New River Lagoon andhiléaer estuaries remain pristine.

Table 3.53. Naturalness attributes of Group VIII {arge open microtidal river) and Group IX
(Wanderer - barred river) estuaries.



‘egion Estuary Naturalness Population ECA Land tenure EDA Land tenure Farm
Index (km™2) (%) (%)
ECA EDA ECA EDA NP Res Crown NP Res Crown
S New River Lagoon 1.00 1.00 0.00 0.00 100.0 100.0 100.0 100.0 100.0 100.0
W  Henty 1.02 1.12 0.14 0.00 0.0 1.3 98.7 0.0 0.0 776
W  Pieman 1.09 1.00 0.76 0.30 189 215 975 0.0 72.4 100.0
W Arthur 1.16 2.22 0.31 0.32 0.0 121 84.0 0.0 18.6 48.3
W Wanderer 1.00 1.00 0.00 0.00 10.4 10.4 100.0 0.1 0.1 100.0




4. Discussion

4.1 Biogeographic Patterns

The Tasmanian estuarine fauna consisted largedpeties that were widely distributed within the
state and also occurred in southeastern Austidbay of the taxa found to be dominant in studies of
Victorian and New South Wales estuaries were adfleated in the present study (e.g., see Poore &
Kudenov, 1978; Rainer, 1981; Poore, 1982; Jehed, 1986; Jones, 1987). Nine of the twelve
invertebrates that Poore (1982) named as widesg®adrine macroinvertebrate species in south-
eastern Australia were collected, including the @ invertebrateSpisula trigonella, Tellina
deltoidalis, Australonereis ehlersi, Nephtys au#trssisandCallianassa arenosarl he three species
cited by Poore (1982) but not collected during study were the polychae€eratonereis erythaeensis
and the isopod€olanthura peronandSyncassidina aesturia

Only one of the 101 fish species collected durhgdtudy was endemic to Tasmania - the spotted
handfishBrachionichthys hirsutysan endangered species restricted to the lowex&wdrestuary and
nearby marine embayments. All of the describedriebeates listed amongst the 56 common species
in Table 3.25 have been recorded on the Austratiaimland. However, two of the undescribed species
listed in Table 3.257Exoediceroidesp. andeuzonussp., appear restricted to the state on current
information. The amphipo@Exoediceroidesp. was collected only along the faunally-depatupera
Tasmanian west coast, and was the dominant sgaassuaries within that region. The ophelinid
polychaeteEuzonussp. occurred commonly in mid intertidal sandseaiesal marine-influenced sites.

A large number of undescribed invertebrate speg@s collected at only a single site during the
study. The majority of these single-site speciesevpeobably collected at the one site because of
limited sampling effort rather than because thages were narrowly restricted. Fishes were thee sol
faunal group with good distributional data avaigldnd only the spotted handfish amongst the single
site fish species possessed a range that exteastethian 500 km.

Marine conditions prevailed at most sites wherglsisite invertebrate species were collected, hence
the majority of these animals were probably masipecies that sporadically enter the lower reaches o
estuaries. Only three invertebrate species weteatetl abundantly at single polyhaline estuaritessi
The wide ranges of estuarine species agree weillthét spans of marine species, yet contrast markedl
with the generally narrow ranges of freshwater @nckstrial species (see Hockey & Branch, 1994).
Approximately 3% of coastal marine fish speciesrastricted to Tasmania, a similar proportion tat th
recorded for estuarine species, wherea®% of the freshwater fish fauna is endemic tostlage (Last

et al, 1983). Comparable disparities between pattefresdemism for estuarine and freshwater
species appear to be the general rule elsewhée wwvorld (Whitfield, 1994a). The most likely
hypotheses explaining the wide ranges of estuapeeies are that: (i) estuarine species possess goo
dispersal mechanisms because they need to movedme®stuarine systems that disappear over
periods of a few thousand years, and (ii) estuapezies evolve slowly due to a need to remain
flexible in their response to fluctuating exterealvironments (Whitfield, 1994a).

Species found in estuaries can be categorisedixtgroups on the basis of adaptations to particula
salinity levels (Day, 1981):

. stenohaline marine species - organisms adaptedaoraw salinity range that are found at the
saline mouth of an estuary;

. euryhaline marine species - organisms adaptedvidearange of salinity and which extend
from the sea to areas of moderate salimB506o);

. true estuarine species - organisms restrictedttmese waters

. euryhaline freshwater species - organisms restrictdow salinity waters associated with river
flows;

. migratory species - organisms that pass into autin estuaries from either marine or

freshwater environments, often for the purposepaising;

. terrestrial species - organisms found in the upigaf levels that are distributed independently
of salinity.

The stenohaline marine species category includptbajmately half of all species collected in the

present study. Despite this high diversity, themxis contributed only a small proportion of total

faunal densities because they typically occurrddwabundance at a single site only. These



invertebrate and fish species can be consideremhemaagrants that occur around the coast and only
irregularly enter the entrance of estuaries.

Euryhaline marine and estuarine species were #doprinant animals at all sites investigated. The
distinction of Day (1981) between animals restddie estuaries and those that also occurred in
sheltered marine embayments provided a useful gigih in the present study. The euryhaline
marine component consisted largely of sandflatisggincluding the invertebrat&ubittium
lawleyanum, Cyamiomactra mactroides, ZeacumantiemehensisindWallucina assimilis,and the
fish Nesogobiusp. 2), seagrass-associated fishes (@aanthaluteres spilomelanurus, Stigmatopora
nigra, Urocampus carinirostrigsndVanacampus phillipiand pelagic fishes (e.g\rripis spp.,
Aldrichetta forsteri, Engraulis australsndPseudocaranx dentgxXThe estuarine component included
many of the most abundant and ubiquitous invertebr@.g.Paracorophium excavatum, Ascorhis
victoriae andArthritica semehand fishes (e.gAtherinasoma microstoma, Leptatherina
presbyteroidesndFavonigobius tamarengis

The most notable feature of the freshwater compionghin Tasmanian estuaries was its scarcity.
None of the common invertebrate species (listehainle 3.26) were restricted to sites with observed
salinities <5%o, and only three amphipod speci&x¢ediceroidesp.,Exoediceroides latranand
Paracalliope vicinuywere restricted to sites <15%.. Groups that gpecally found in freshwater
habitats, such as aquatic insects and planarigerge, aimost completely absent. The only common
insects were chironomid midges and coleopterarflgddrvae, with the latter two taxa primarily
associated with debris and vegetation in the higgriidal region. Many of the chironomids belonged
to the genu®ontomyia a genus absent from freshwater habitats but camimsheltered marine
habitats around southern Australia (e.g., see Ed§&7). None of the fish species collected alsmuoc
commonly in freshwater habitats, other than theratayy species.

Migratory species were also rarely collected infiasian estuaries; none of the invertebrates and onl
one of the commorQalaxias maculatysand four of the rarer fish species could be amsigo this
category (whitebaitovettia sealiirainbow troutOncorhynchus mykisand the eeldnguilla australis
andA. reinhardtij.

Invertebrate species with terrestrial affinitiesreveollected at high tidal levels at nearly alésitThese
species, including the extremely abundant isofcidecia bipleurawere little affected by the salinity
of estuaries.

Geographic patterns of species richness for fishesbenthic invertebrates corresponded very closely
with each other (Fig. 3.31, Fig. X8Fig. 3.32), even though sampling for these twaigsowas
primarily conducted in different decades, at défarsites and by different investigators. The soéle
sampling also differed greatly for fishes and inebrates, with a single site sampled in most essiar
for macrofauna and several sites sampled lesssiviey for fishes.

Species richness was highest on a regional baBigders Island, around the northeastern corner of
Tasmania from the Tamar to Georges Bay, in soutbea$asmania near the Huon, and in
northwestern Tasmania from Welcome Inlet to Edst.IiSpecies richness was very low on the west
coast and moderately low on the east coast, smatbt,cKing Island and central north coast.

Patterns of variation in species richness arouadthte depended largely on variation in the nuraber
stenohaline marine species, which in turn primagjected the number of marine inlets within a
region rather than local patterns of endemism. drilg general gradients in species richness observed
were a slight decline from North East Inlet on Béns Island to the north eastern Tasmanian caat, a
from the northern and eastern coasts to the sauthwast. The latitudinal trend was most apparent fo
fishes because of the good distributional datalaviai for that group. It involved only a small
component (<10%) of fish speciddpeneus tragulaDicotylichtys myersiKaupus costatus,
Platycephalus laevigatu®latycephalus castelnaui, Mugil cephalus, MyxusgkiusandPomatomus
saltatrix), none of which were abundant at any site.

The latitudinal decline in fish species richness wa&ak compared to that documented for marine
species (see Edgat al, 1994) and for estuarine species on other camsn@.g., Whitfield, 1994b),
perhaps because of a general lack of marine spesieg estuaries for spawning or as nursery areas.
Whereas Whitfield (1994b) considered that marirecis dependent on estuaries for spawning or
nurseries comprised a major component of the skemblage in South African estuaries, this category
was only represented by one relatively rare spé@@slla tricuspidatg in Tasmania.

Further sampling is required to determine whetherextremely high invertebrate species richness in
North East Inlet and the Tamar estuary includesynspecies unique to those sites within Tasmania, or
whether they primarily contain marine species #ratdistributed more widely around the Tasmanian
coast. The latter is probably true for the Tam&uay, the only site where the marine seagrass
Posidonia australisvas sampled, whereas conditions in North East &ppeared similar to those at
several other estuarine sites.



The large number of species collected from souteea3 asmanian estuaries, particularly those in the
Huon region, is best attributed to the majoritysafmpled estuaries in that area possessing broademar
sandflats. Although most sites sampled in soutkeadtasmania possessed numerous species, very
few invertebrates and only one fish specBs¢hionichthys hirsutysappeared restricted to that area.
The western and southern Tasmanian coasts froml€aeckek in the southeast to Welcome Inlet in
the northwest include only one major estuary witirime sandflats, Payne Bay. While this estuary
contains moderately high numbers of fish (ApperidixEdgar, 1991b) and invertebrate species (Table
3.10), the total pool of species along these comassvery low (Fig. 3.8).

Extremely low species richness within the west tbéecquarie Harbour estuary has been recognised
previously, and ascribed to high concentration®xic heavy metals released from the almost azoic
King River subcatchment (O’Connet al, 1996). Low diversity in west coast estuaries viasyever,

a general rather than localised pattern, with nusb&invertebrate and fish species associated with
river estuaries in the region also anomalously ¢towpared to river estuaries on the north and east
coasts.

The west coast depression in species richnesseftasted to an even greater extent in data on
invertebrate biomass and secondary productivitgséhvariables were estimated to be one to three
orders of magnitude lower in west coast estuahias th comparable estuaries elsewhere around the
state, and are very low compared to other estustimbed worldwide. Most intertidal and shallow
subtidal estuarine habitats possess mean biomhssswaithin the range from 10-50 g AFDW?m
(Kalejta & Hockey, 1991; Heckt al, 1995).

The low faunal species richness along the soutiiednwestern Tasmanian coasts is best ascribed to
two factors: (i) high rates of riverine runoff, wehi generally prevent the incursion of the diverse
marine fauna into estuaries, and (ii) very low saiésecondary production within estuaries. When
production is low and few animals are collectedamples, the number of species collected also tends
to be low. High heavy metal concentrations alssymably affected species richness in localised
areas.

The low abundance and production of fauna in wasied southern Tasmanian estuaries probably
resulted from very low primary productivity and aygity of available food. Waters flowing into
estuaries along these coasts possess extremelgvels of nutrients due to the prevalence in
catchments of metamorphosed Precambrian rocksalvitbst no leachable minerals (Buckney &
Tyler, 1973), and a lack of human fertiliser or age inputs (Edgar & Cresswell, 1991).

Moreover, benthic primary production within estearis likely to be extremely low as a consequence
of poor light penetration to the estuary bed. Rin@rater throughout southern and western Tasmania
contains high levels of tannins and other humicheses that darkly stain the water and rapidly gbso
light (Edgar & Cresswell, 1991). Abrupt declinesmacroinvertebrate production associated with the
influx of tannin-stained riverine surface water bagn previously described for the Bathurst Harbour
estuary in southwestern Tasmania (Edgar, 1991ajrd¥anthic production in Bathurst Harbour was
found to decline by an order of magnitude at upstrsites during winter when negligible light
penetrated to the seabed, and by a similar amonmt dpstream sites to marine sites.

4.2 Relationships between Physical and Biotic Vables

4.2.1 Variance in sample estimates at differeatiapand temporal scales

Temporal variance was extremely low compared ttiapaariance for species richness and density;
however, relatively high values were associateti bibmass and productivity using the four-way
ANOVA model. These high values appear to be inflate a consequence of the limited three site data
set examined. Little temporal change occurred atdites but a doubling in faunal biomass and
productivity occurred over time at the Paper Besitéh Inspection of data associated with this site
indicated a dense patch of bivalves was sampldtkdow tidal level on one occasion only, greatly
affecting the ANOVA analysis. A relatively low lelvef variance attributable to month is indicated
within the larger 25 site data set because theuwakerror term, which incorporated month as well a
small spatial scale variance, is comparatively [dhe study would have been seriously confounded by
the fourteen month time period over which sampleseveollected if temporal variance was large.

The lack of substantial change over time in fawmaaiables at individual sites is contrary to
conclusions of Morrisest al (1992), who suggest that considerable variatiosoift-sediment benthos
occurs at temporal scales from days to months. Mewélorriseyet al appear to have
overemphasised short-term temporal effects in gedlysis because they did not consider Type |
errors; they in fact detected only 2 significarffetences involving day and week temporal factera a
consequence of 48 tests, when the likely numb@&iypé | errors in such a situation was 2.4. The



number of significant results involving month am@son was substantially higher, at 9 of 48 tests,
albeit with several taxa examined showing non-sicgnit results at all temporal levels.

Given that the majority of invertebrate specie®stigated in Tasmanian estuaries grew to sizes in
excess of 2 mm and had lifespans extending froraraémonths to several years (see Robertson,
1979), a lack of substantial change between samgites was not surprising. Major short-term
changes in community variables would only be exgxbédllowing large mortality or recruitment
events, or if the fauna migrated along estuariemcooss the shore. Such changes affecting density
were not evident for any of the common speciesistuldere, although seasonal and short-term
movement of invertebrates in estuaries have bgmrted elsewhere (Schlacher & Wooldridge, 1996b;
Hewitt et al, 1997). Seasonal investigation of macrofaunani& Basmanian estuary, Bathurst
Harbour, revealed a lack of migration along thei@st or between depths in different seasons, with
species maintaining a high fidelity to site throaghthe year (Edgar, 1991a). Cross-shore migrations
cued to the tidal cycle were factored out of thespnt study by standardising sampling at low tide.
The magnitude of short-term and seasonal changesalnanimal density varies greatly between
reported studies. Although studies generally repeathounced changes in faunal assemblages over
seasonal scales, much of this change is causeddwation fluctuations of one or two species (e.g.,
Edgar, 1990b; Service & Feller, 1992; Bariral.,1993), and, in some cases, by mismatch between
the spatial and temporal scales of sampling (Lisiag, 1987; Thrusht al, 1994). Total production

and biomass are rarely found to double througlyéae (see, e.g., Beukema, 1974; Hibbert, 1976;
Edgar, 1990b; Kalejta & Hockey, 1991), other thasituations where habitat transformation occurs,
such as when the biomass of seagrass fluctuatga(&idal,, 1994b). In the only detailed seasonal
study of macrobenthic invertebrates in a Tasmaesinary, fluctuations in total animal density and
biomass in the Bathurst Harbour estuary were aatmativith spatial and seasonal changes in the light
regime, probably through the effect of light onnpairy production (Edgar, 1991a).

Pronounced recruitment and mortality events aret filady to be detected in investigations of
macrofauna where 0.5 mm mesh sieves are usedstudies of meiobenthos, because small
invertebrates can undergo huge cyclic oscillationsopulation numbers over periods of weeks (Imada
& Kikuchi, 1984; Edgar, 1990b). Biomass and prodiitgt data should generally be less sensitive than
abundance to temporal fluctuations because thasables are primarily sensitive to changes in
numbers of animals of large body size and relatil@hg life-spans.

The variance components associated with the fiatiascales investigated differed considerably
between the four faunal variables investigated I@ 8t24). Species richness varied most with tidal
height, and possessed similar variance at replitatesect, site and estuary scales.

Variance at the replicate scale was low for fautealsity, high for faunal biomass and moderate for
faunal productivity. By contrast, variance at ttansect scale was higher for density than for bgsma
or productivity. Faunal biomass and productivitgréfore appear to be relatively patchy at the
replicate scale, presumably because the distributidarge bivalves, which greatly affect total
biomass data, is more clumped at the scale of m#tes the distribution of smaller animals such as
amphipods, which primarily influence total denskynowledge of these scales of variation is useful
when deciding on sampling protocols. Investigatiaimsed at calculating mean faunal biomass of sites
would benefit from increased replicate number, whsrstudies of faunal density would benefit from
an increased number of transects.

At large spatial scales, variance associated \aitindl density was relatively high at the betwe&ssi
within estuary scale, whereas faunal biomass aodygtivity showed highest levels of variance
between estuaries (Table 3.24). These three vasdbérefore responded to different elements of the
physical environment. Faunal density was probafigcted by such factors as seagrass biomass and
sediment particle size, which are specific to ke environment. Faunal biomass and productivity, o
the other hand, were most affected by general ctexstics of the estuary. The most important of
these factors were probably those affecting prinprogluctivity, such as nutrient levels, light
penetration, turbidity and flux of allochthonouganic matter.

4.2.2 Environmental influences on biota

Results of BIOENV analyses revealed that the paseha bar at the estuary mouth provided the best
correlation with the composition of both fish angértebrate assemblages at the estuary scale. The
presence of a bar at the entrance to estuariesmady affected the biota in two ways. Bars restric
the movement of species into and out of the est{\hjtfield and Kok, 1992), and also, through
changes to water flow and stratification, affea #alinity, tidal range, oxygen concentrations aifer
physical aspects of the environment. These phyfacabrs, particularly oxygen concentrations (Dauer
& Ranasinghe, 1992; Stanley & Nixon, 1992; Diaz &senberg, 1995), in turn influence faunal
population dynamics.



Faunal changes and declines in species richndegiiad estuaries were probably closely associated
with the period of estuary closure. Macrofaunakasdslages associated with four of the ten estuaries
barred to the sea at the time of sampling had dactconsiderably from assemblages found in open
estuaries (Fig. 3.10 and 3.15), while the othembsitted estuaries possessed a relatively homoggneou
invertebrate fauna that was consistent with thedaat Bridgewater and Claremont in the upper
Derwent estuary. Fish assemblages associated Mithreed estuaries investigated were distinct from
fish assemblages in open estuaries. The extremersgline conditions in Cameron Inlet were
associated with an extremely low number of invedéband fish species, with numerous moribund
individuals observed in the shallows during the sienmacrofaunal sampling trip.

Overlays of physical data on results of multidimenal scaling of biological data indicated that the
species composition of macrofaunal assemblagestudrine sites varied with the salinity, runoftlat
range, presence of bars and latitude of sites @3- 3.18). Species composition was not, however
influenced to a major extent by the predominanktype in the catchment area, the reason that
geology was excluded from the physical categonsabf Tasmanian estuaries.

Variation between samples in abundance and speciegss of macrofauna was primarily related to
tidal emersion, salinity, and, to a lesser extplant biomass (Table 3.20). A variety of other pbatk
factors were also associated with patterns of trarigparticularly tidal range, silt/clay conterit o
sediments and shore gradient; however, none hadsistent influence.

Samples collected at a site showed a relativelly legel of faunal coherence between the three lowes
tidal levels (LWM, 0.3 and 0.7 m depth). A minoufel disjunction was generally present between
mean water and low water mark, and a major disjondietween high water mark and mean water.
These patterns were reflected in mean number aiepeabundance and biomass down the shore
(Table 3.16), with significantly lower values fdreise variables at the highest tidal level. The
distinctiveness of the fauna at the highest tiea! is indicated by the dominance of the isopod
Actaecia bipleurawhich accounted for 56% of total abundance at migter mark but only 1% of
abundance at the mid tidal level.

Relationships between biological and physical \Heia were relatively poor at the two highest tidal
levels. Regression equations relating biological pinysical variables typically explaine80% of

total sample variance at low water mark and thd@haubtidal levels, but only20% of sample
variance at high and mean water levels (Table 3&@inals living in the high intertidal were
presumably responding to aspects of the environmetrdssessed in the present study. At high
intertidal levels, terrestrial factors such as hditgj rainfall, air temperature and biomass of pliter
probably affected patterns of faunal distributiofeast as much as hydrological factors.

The only factor additional to tidal emersion thegagly affected the total density of animals in pas
was the mean biomass of plant material (Table 32®hall abundant species probably responded to
the increased surface area available in dense ptagmhabitats because of a need for space (sée Hal
& Bell, 1988; Hacker & Steneck, 1990; Edgar & Rdben, 1992), or perhaps because they were
utilising food resources such as diatom/bacteretisnrassociated with the plant surface (Kitting,4:98
Kitting et al, 1984; Orth & van Montfrans, 1984; Jernaketffal, 1996). Nevertheless, a lack of
correlation between the biomass of plant matendiltatal faunal production indicates that
macrophytes were not supplying a major additiooatifresource.

The biomass of plant material was associated vétfation in macrofaunal species richness between
sites, with macrophyte beds possessing substgmimlie diverse faunas than unvegetated habitats.
Similar results have been found in nearly all corapee studies of seagrass and unvegetated habitats
(e.g., Lewis, 1984; Harrison, 1987; Edgar, 199Qigdtet al, 1994b; Heclet al, 1995).

The number of macrofaunal species within a tidelevas also highly correlated with salinity. Low
salinity sites possessed an average of 35 feweresptihan marine sites. The relatively low numbfer o
macrofaunal species collected in the upper reach€asmanian estuaries was consistent with the
results of other studies worldwide that show lowedsity in brackish estuaries (e.g., McKlustyal.,
1994; Heip & Herman, 1995).

Although pertaining to European estuaries, theistudf Remane (1934) and Khlebovich (1968),
which show a depression in species humbers afitgdinf 5-8%., remain commonly cited as
providing an indication of global patterns (Rem&n8chlieper, 1971; Hodgkin, 1994). Remane
(1934) considered that the low number of speciéSsatvas due to a disjunction between freshwater
and brackish-water faunas, with freshwater spauwé¢sble to tolerate saline water at his level and
estuarine species not osmotically capable of singiextended periods in freshwater. Khlebovich
(1968) found pronounced changes in ionic ratiahén5-8%. salinity range.

Patterns of macrofaunal species richness alongityaiiradients observed in the present study (Fig.
3.29) nevertheless differed from the patterns olesbby Remane (1934) because species richness
continued to decline below 5%.. Freshwater speci®wot collected in Tasmanian estuaries in any



numbers, even at sites with minimal input of saliaer and despite the presence of a diverse fauna
Tasmanian rivers. Analogous declines have beenndeted in studies on other continents (e.g.,
Montagna & Kalke, 1992; Ysebaat al, 1993; Schlacher & Wooldridge, 1996b), so a cardus
decline in species richness up estuaries is pgsiblgeneral rather than exceptional pattern. Day
(1981) suggests that these difference in speaibaess patterns relate to whether estuaries ailéytid
flushed or not. Our results support his contentian elevated species richness only occurs atitsadin
less than 5% in large well-mixed estuaries lackidgl influences in their upper reaches.

Salinity also influenced the species richnessgfds in estuaries; however, effects were not aslgle
defined in the lower reaches as for macrofauna,rtedoretation of salinity effects was complicated
by confounding from other factors that could noelasily separatediig. bar presence, estuarine area,
presence of seagrass). The number of fishes aadle@ried greatly with sampling effort, which inmu
was affected by size of estuary, number of hab#atspled within the estuary, and whether seagrass
beds were present. Large estuaries and estuatiesadgrass beds were generally sampled at more
sites than small estuaries.

Patterns of fish diversity were further complicabgdthe lack of quantitative data on salinity arlden
local factors at the time of sampling, and consatjeerors introduced when salinity estimates were
made. Overall, species richness of fishes was foostnificantly vary with salinity, the presenok
seagrass and estuarine area. The first two of fhetars have also been found to be correlated with
fish species richness in other studies (e.g. Lare&Potter, 1990; Humphriegt al, 1992), albeit

with little change in species richness at modei@tagh salinity sites (Whitfieleét al, 1981; Grayet

al., 1996). Whether any of these factors were cauaKked to changes in species richness, or whether
they were indirectly associated through correlatigth other factors, has not been determined.

The regression equations relating macrofaunal &gdipal variables at low tidal levels possessed
similar levels of precisior<60%) to that found in a broad-scale study of sautiaistralian
macrobenthos, where macrofaunal productivity wisted to seagrass biomass and the silt/clay content

of sediments (Edgar & Shaw, 19958 0.50). The level of precision in these regressignations can
be considered good given the inaccuracies assdaiath measurement of the physical variables and
the large number of potentially influential variablnot considered. Amongst the many factors knawn t
affect the distribution of species and their prdolity, but which were not included here, were merit
concentrations (nitrate, phosphate, silicate, nmigtigent), turbidity, dissolved oxygen levels, waftew
rates, flux of suspended material, temperature dadth of aerobic layer in sediment and heavy metal
concentration (see Kennish, 1990).

A further problem associated with relating envir@mtal to biological variables is a lack of knowledg
about how physical factors affect the biota, an@tiver upper or lower extremes, or mean values, most
need to be measured. Salinity, for example, vadpglly over time because of fluctuations in river
runoff and tidal flows. Mean salinity values,ant hoccollections such as those incorporated in the
present regression models, may have much lessaredevto the biota than daily or seasonal extremes,
or the irregular catastrophic flood.

Behavioural as well as physiological factors wilamodify the influence of physical factors on
different taxa. During unfavourable conditions, n®lorganisms can migrate vertically and
horizontally through sediment and water, whereasikeanimals are restricted to the one locatide T
effects of physical factors are further complicai@@n unknown extent by biological interactions] a
can vary with the presence of particular specieglgiin & Rippingale (1971), for example, suggest
that the copepoGladioferens imparipes normally confined to low-salinity waters in tBgvan

Estuary (WA) because of the presence of predatdtteoughG. imparipegolerated salinities ranging
from <1%o to 60%o in laboratory tests, predatory qupes rapidly attacked larvae in downstream areas,
and so prevente@. imparipesrom becoming more widely established.

4.2.3 Biological indicators of human disturbance

The two anthropogenic disturbance indices propaséis study, Dh and Dp, appear to be sensitive

biological indicators of human impacts within Tasnaa estuaries, so warrant further investigation.
Both indices were highly correlated with human gapian density within catchment area,
discriminated well between sites, and showed nixdighange between different seasons.

The index based on faunal abundance, bhs one major advantage over the index basedurralf
productivity, Dk, in that itis simple to measure and comprehend. The advantdd®p over D, are

that the former is more biologically meaningful arat heavily biased by either large- or small-sized
species. The productivity of a species is direptlyportional to total food consumption, total

respiration and total reproductive output of th@es, and so provides an reliable index of dphic
importance (Edgar, 1990a, 1993). By contrast, eglizhich relate the abundance of a species tosother



have much less biological meaning because theypeanfluenced by one or two species of small size
that contribute relatively little to the functiomjrof the community. Small species tend to be faremo
abundant in samples than large species.

An additional advantage of Blover D was that it showed a higher correlation with petateared

land, and so probably responded to a wider rangrenoian impacts (Table 3.36). plvas also less

strongly correlated with natural environmental abtes (salinity, tidal range, total annual runefiid
the total animal density of sampleg £r-0.38 and -0.49).

The extent to which j and D}, are affected by natural physical factors and tedahple size needs to

be clarified as a matter of priority in future sieesl This is best done by manipulation of the lefel
anthropogenic impact independently of changes ysighl factors. Such studies should also examine
whether the biological indicators are affected bgrge or narrow range of anthropogenic impact (e.
siltation, nutrification, reduced oxygen concentnas, heavy metal concentrations).

While DI and D}, are likely to prove useful for assessing the theaf estuaries in Tasmania and

perhaps southeastern Australia, these two indiaes testricted geographic applicability becausg the
are based on Spearman rank correlation coefficfenisdividual species. Reducing the species data
set to the family level, as is generally done \i#fshwater taxa (Chessmanal, 1997), was not found
to be useful because species within a family ofesponded in different directions to anthropogenic
disturbance (e.cAustralonereis ehlersindPerinereis vallatia Moreover, the number of species
within families was low, hence disturbance indicakulated for families were heavily biased by
individual species. For example, the family Telliae showed a very high correlation with human
population density solely on the basis of the respoof the speciekellina deltoidalis In regions
lacking T. deltoidalis,the general response of tellinid species may lite gifferent. No evidence was
found to support the suggestion that agywvalues for families would be similar tg values for the

same families in other geographic areas.

The iteration procedure used by Chessetaal. (1997) to modify and stabilise disturbance indifar
freshwater habitats could not be usefully appl@dgtuarine ecosystems. While Chessetaal.

(1997) correctly assert that the iteration procedadjusts biotic indices for internal conditior® t
well-defined faunal groups produced by the iterafjoocedure were much more highly correlated with
salinity, the primary factor affecting animal dibtrtion, than with human disturbance. When salinity
rather than human population density was usedeasitial correlate, the same stabilised DI values
resulted. Estuarine faunas were affected by sglioie much greater extent than anthropogenic
activities (i.e., land clearance or population dghsforcing groups based on salinity to emergéruy
the iteration procedure. By contrast, anthropogdisturbance in the freshwater streams investigated
by Chessmamt al. possibly had a greater impact on invertebratedauhan natural environmental
factors.

4.2.4 Anthropogenic impacts on biota in Tasmaeistunaries

Macrofaunal species living in the upper and middkches of Tasmanian estuaries are adapted to a
physical environment that undergoes rapid and mdréuctuations in salinity, temperature, watemflo
and turbidity. Most estuarine species also appehetresilient to the effects of human disturbance.
None of the community variables examined (sped@mess, faunal density, faunal biomass, faunal
productivity) was found to be highly correlated wftuman population density, percent cleared land or
the naturalness index NI in our study.

Nevertheless, variation between estuaries in tsiidiance indices [gland D} revealed clear

differences between faunal assemblages in estuaitieslifferent levels of human population density.
Increasing population density was associated witheiasing silt/clay content of sediments, habitat
changes from sandflats to mudflats in downstreagions, and with a shift from epifaunal to infaunal
species.

Such changes were unlikely to have been detectad owethods other than disturbance indices.
Species richness provided a poor indication of luthsturbance in Tasmanian estuaries, largely
because mudflats and sandflats contained faursismdér species richness but different species
composition. The Abundance/Biomass Comparison ndetiodetecting human impacts (Warwick,
1986; Warwicket al, 1987) was also unlikely to prove useful becausay of the infaunal species
associated with high population densities posselssgd body size and biomass (élgllina

deltoidali§. Moreover, multivariate methods that incorporteironmental variables into a predictive
model, and then assess the difference betweenvatosend predicted assemblages (e.g. Mosd.,
1987) are also unsuitable because characteridtibge dabitat type are themselves affected by human
impacts. Such models will always predict a mudtata for sites with muddy sediments when
sediment characteristics are incorporated intartbdel.



The close associations between human populatiositgiesilt/clay fraction of sediments and faunal
composition may be due to direct dependence betihesse factors, or to indirect associations arising
from shared relationships with other factors. Gittemlarge number of studies that identify direct
causal relationships between human activities icheaents and increased sediment loads (e.g.
Williams, 1980; Campbell & Doeg, 1989), the maktly hypothesis relating these factors is that
anthropogenic activity in catchments and aroundaggtmargins causes large inputs of fine suspended
sediments that are transported to the lower reamhestuaries and deposited there. These fine depos
coat the estuarine bed and eventually convert &adfto mudflats, which attract infaunal species
(such asTellina deltoidalisandMagelonasp.) and displace epifauna (suctEabittium lawleyanum
andZeacumantus diemenensis

An alternative hypothesis is that human settlemeith resulting high population densities,
preferentially occurs in estuaries with muddy rathan sandy sediments, perhaps because of richer
soils for agriculture in the hinterland. While tligpothesis cannot be rejected outright, it is likssy
than the previous hypothesis given the interspersf@stuaries with high and low human population
densities studied around the state, and the exlyeroasistent relationships between human
population density, silt-clay content of sedimeamtsl Dl,. Only one of the fifteen sites with population

density >5 kmin its estuarine drainage area possessed sedimightsilt-clay content <3%, whereas

none of the fifteen sites with population densilly&km2 possessed a silt-clay content of sediments
>3%. Moreover, anecdotal information consistemlyi¢ates that as human populations increase within
catchments the foreshores of associated estududege from sandflat to mudflat. For example,
Cornelian Bay in the lower Derwent possessed ayshedch until ca. 1940, but the shore has since
degraded and now includes large quantities oéaitt clay (SDAC, 1996).

The task of confidently identifying biological ctges in estuaries caused by human activities is
virtually impossible without prior information (s€&reen, 1979), particularly if the change is one of
habitat alteration. However, this task is relatyvehsy when predisturbance data have been collected
For this reason, a major objective of the prestuttyswas to compile a quantitative data base
describing biota in estuaries, so that future ckanmcluding amelioration as well as acceleratiam,

be recognised. The recent Tasmanian state of thedament Report flagged the paucity of baseline
information on marine and estuarine communities peoblem that needed remedying as a matter of
urgency (SDAC, 1996).

Difficulties in identifying biological consequenceshuman activities are not confined to the eHeaft
increased siltation within estuaries. The effe¢tshanges to the hydrological regime that follow
upstream developments are also extremely difftoutfuantify without data collected prior to
development. Although little information exists the effects of dams on estuarine ecosystems in
Australia, overseas experience suggests that dadneater diversions can cause the decline of some
coastal fisheries, and ecosystems may change stibfifaas a consequence of reduced freshwater
flows (Adamet al, 1992; Schlacher & Wooldridge, 1996a). Thesectffare largely mediated by
changes to oxygen and nutrient levels, turbidisguarine flushing rates, water temperatures, heavy
metal and HS loadings, breeding stimuli such as flood flows] Ay restriction on movement of
diadromic species (Kennish, 1992).

The majority of anthropogenic threats, includingdalearance (Brodie, 1995), dam construction
(Rosenbergt al, 1995), siltation (Newcombe & Jensen, 1996),aphiication (McComb &

Lukatelich, 1986; Lavery et al., 1991; Cloern, 1996reshore development (Whitfield, 1986),
dredging (van Dolakt al, 1984), mining (Adanet al, 1992) and marine farming (Ri¢z al, 1989;
DeFur & Rader, 1995; Grast al, 1995; Tsutsumi, 1995), affect individual estaarand can be
controlled by changing management practices. Theaspof introduced pest species, on the other
hand, affects all estuaries within Tasmania arttipagh the threat can be reduced, it cannot bedalt
by active management. The dominant organisms iryraatuaries worldwide are now quite different
to those present 200 years ago because of theafdateoductions into estuaries (Williams et al.,
1988; Carlton, 1989; Carlton & Geller, 1993).

Despite the potential scale of the threat of intictl species and the numerous invertebrates that ha
invaded the larger Derwent, Tamar and Huon estsié@eannurret al.,1996; Furlani, 1996), few
introduced species were sampled in small Tasmasamaries. The only introduced species commonly
collected were the widespread gastropadamopyrgus antipodaruand the green crabarcinus
maenaswhich was recorded around the northern and ea$@smanian coasts from Mosquito Inlet to
Lisdillon, and at Cameron Inlet on Flinders Islamtlis crab has caused rapid declines in mollusc
populations in other countries (Ropes, 1968; GrizsdRuiz, 1995), and also poses a major threat to
local estuaries because of active carnivorous figeldabits and extremely high densities. Green crabs



have greatly expanded their range in Tasmaniatireepast two decades, and been linked with
declines in bivalve densities in east coast estadfb. Ruiz & S. Lewis, pers. comm.).

4.3 The Conservation Significance of Tasmanian Estries

The primary aim of this study was to identify esieig and associated catchments in Tasmania with
highest conservation significance. Once these Betuhave been identified, they can be more
adequately protected using statutory and legiggihocedures and policing. In order to minimise
inconvenience to public users, protocols usedéatifly estuaries of highest conservation signifaan
were chosen so that the number of estuaries gheehighest ranking, and number of users affected,
were kept as low as possible, while still encomipgsthe range of biological and geomorphological
diversity found in estuaries within the state.

As outlined in the Introduction and Fig. 1.1, thethod used to assess the conservation signifiaaince
Tasmanian estuaries was to firstly classify estisanto groups with similar physical,
geomorphological and hydrological attributes, tidate or amend these groups using biological
attributes, and to then rank estuaries within eaolup in terms of current anthropogenic impacts Th
estuary in each group with the least human dishadand greatest proportion of catchment area under
statutory protection was considered to posses®higionservation significance. Estuaries could also
be assigned a high level of conservation signifieaifithey possessed exceptional species divarsity
included species with restricted distributions.ngsihese criteria, estuaries were assigned to bne o
five classes:

Class A.Critical conservation significanc€l0 estuaries) - Estuary and associated catchaneatshow
minimal effects of human activity and are identifi@s key components within an integrated system of
representative reserves around Tasmania. Alsodaslsites with exceptional fish and invertebrate
biodiversity. Plants, animals and habitats witBlass A estuaries and associated catchments sheuld
fully protected as a matter of highest priority.

Class B High conservation significand@8 estuaries) - Estuary and associated catchameatremain
relatively pristine or contain an unusual rangspecies. Class B estuaries and associated catchment
should be quarantined from future developments,eaiigting human impacts reduced wherever
possible. Aquatic biota should be protected othan from anglers using hook and line or exploitatio
within existing marine farm lease boundaries.

Class CModerate conservation significan¢@4 estuaries) - Estuary and associated catchaneatare
affected by human habitation and land clearanceh@we not been badly degraded. Class C estuaries
should be made available for a variety of recreati@nd commercial purposes.

Class D.Low conservation significance - moderately degra(destuaries) - Estuary and associated
catchment have been moderately degraded by hunactm Class D estuaries should be made
available for a variety of recreational and comriangurposes. Remediation processes should be
assisted where practical.

Class ELow conservation significance - severely degra(fedstuaries) - Estuary and associated
catchment have been severely degraded by humartisngiass E estuaries should be made available
for a variety of recreational and commercial pugsg®xcept where threats to public health exist.
Remediation processes should be assisted wherécptac

The ten estuaries with highest conservation sicgnifte (Class A) are listed in Table 4.1. Four ef¢h
estuaries are located in the South West Tasmaniid\Weritage Area, while the other six estuaries ar
distributed around the remainder of the Tasmangastcand the Furneaux Group. Although an
estuarine protected area on King Island is desratd Class A estuaries are located on King Island
because of the poor development of estuaries trrélggon, high level of land clearance within
catchments, and lack of known endemic species.

Included as Class A estuaries were the estuartbslaviest population densities in catchments for
each of the physical groups identified by multiaégianalysis, with the exception of Group V estsari
where the Black River estuary rather than Boobyedlaary was assigned highest conservation
significance. Emphasis was placed on populatiositieas an indicator of anthropogenic disturbance
because changes in population density were asedaidth siltation and much more pronounced
changes in estuarine communities than land cleardanoreover, protection of these estuaries from
exploitation should affect relatively few local idsnts. Identifying the Group Il estuary with highe
conservation value required an additional critebecause five estuaries in this group were fully
contained within National Parks and possessedsidast human population. Payne Bay estuary was
selected from amongst these estuaries becausg thddargest catchment area, and so should be most
highly buffered against future impacts.



The Black estuary was preferred over the Boobyadtaary as representative of Group V estuaries
because the population densities in catchmentseskttwo estuaries were similar, the proportion of
agricultural land in Black River catchment was loyand the Black estuary was not affected by mine
drainage. Also, nearly half of the Tasmanian cosstiextending from the Tamar to Port Davey, would
lack a Class A estuary if the Black was assignkxvar conservation class. The other possible Glass
estuary in Group V, the Crayfish estuary, posseadeds degraded catchment than the Black or
Boobyalla, but was affected by a number of dwe#lingar the mouth and included only a small
estuarine area.

Table 4.1. Tasmanian estuaries with critical conseation significance (Class A), as
listed by geographical region

Bass Strait Islands North coast East coast South + west coasts

North East Inlet Black Bryans Lagoon New River Lagoon

Thirsty Lagoon Tamar Southport Lagoon Bathurst Harbour
Payne Bay
Wanderer

In addition to the nine estuaries selected to sepreparticular types of estuary, North East Inlas
also assigned Class A status due to its except8peadies richness and the presence of numerous
invertebrate and fish species not recorded elsewiNarth East Inlet provided habitat for a quantum
level more invertebrate and fish species than athraries sampled in the state apart from the Tama
The Tamar estuary was a problematic inclusion@kss A estuary. This estuary deserved highest
conservation significance because: (i) it is thly @stuary of its type (mesotidal drowned riverleg) in
Tasmania, (ii) it possesses extremely high plangitebrate and fish diversity, and (iii) it possesa
large component of species not recorded elsewhiengever, the estuary is also badly degraded as a
result of human activities, particularly as a capsnce of the large urban population in its dragnaiga
and land clearance in its catchment. Extremely loglds of silt continue to be deposited in the &stu
leading to active dredging to maintain shippingrefels and rising mudflats along the shoreline. The
estuary is also severely impacted by introducedispgeincluding ricegrasSpartina anglicaEast Asian
bag musseMusculista senhousiand pacific oyster€rassostrea gigas

One of the Class A estuaries listed in Table 4Hirsty Lagoon, was not visited during the study, so
requires a field survey to confirm that it has bptated in the appropriate estuarine group. In
particular, bar formation needs to be assessedalimity and tidal range data collected. Fishes and
invertebrates should also be sampled in this egtlfafhirsty Lagoon is found to dry out in the sam
way as Sellars Lagoon and Logan Lagoon, anotheagsshould be assigned Class A status from
amongst the Group IV estuaries.

Estuaries accorded Class B conservation statusibethey remain in a relatively pristine condition
are listed in Table 4.2. The specific criteria useilentify Class B estuaries were human poputatio

densities <0.5 kn? in catchment and drainage areas, and agricultachtkeared land covering <10%
of catchment area. Great Swanport lay marginaltgida these criteria because the population density

in its estuarine drainage area was estimated @3dekniZ; however, this estuary was placed in the
Class B category because of high fish diversitg.(Bi32) and the estuaries' importance as waterfowl
habitat. This estuary is listed as a Ramsar shie.Boobyalla estuary also lay outside the popuiatio
density criteria but was elevated to Class B staatsuse of the absence of any other large river
estuary (Group V) with low population density, fheucity of undisturbed estuaries on the north ¢oast
and its listing as a Ramsar site.

Mosquito Inlet ranks highest in terms of consensmtialue amongst the Class B estuaries, and could
arguably have been included with the Class A estsidrecause it is the sole remaining estuary on the

north coast with low human population density (401’52). This inlet also contains numerous
invertebrate species (Table 3.10) due to prevahigh salinity conditions, and was the site of the
highest invertebrate biomass recorded during saqfliable 3.12). Cloudy Lagoon, Sea Elephant,



Boobyalla Inlet and Great Swanport also possedsdogservation significance compared to other
Class B estuaries, which were either small in aiz@ so provide limited habitat for plants and arténa
or located around the faunally-depauperate soudhnaast coasts of Tasmania.

Tasmanian estuaries of moderate conservation gignde (Class C) were primarily identified by low

human population densities (<10 1371in estuarine catchment and drainage areas (BaB)eThe Huon
and Derwent estuaries, which both possess highlatigru densities, were also included as Class C
estuaries because of high species richness anqutebence of species not found elsewhere. The Huon
estuary possesses high fish and invertebrate diwéFsgs. 3.30 and 3.9), while the Derwent estuary
possesses an extremely high level of endemismaperte highest of all estuaries in Australia. The
spotted handfisBrachionichthys hirsutys species listed under the Commonwealth Endadd&pecies
Act, the bare-backed three fiorsterygion gymnoturand the seastdarginaster littoralisare all
restricted to the lower Derwent estuary and astetiambayments. On endemic species grounds the
Derwent should therefore be categorised as a @Glassuary; however, this is negated by human impact
criteria, which indicate that the estuary shouldibsigned Class E conservation status.

Table 4.2. Tasmanian estuaries with high conservatn significance (Class B), as listed
by geographical region.

North coast
Mosquito Inlet
Boobyalla Inlet

Bass Strait Islands
Sea Elephant
Foochow Inlet

South + west coasts
South Cape Rivulet
Louisa River

East coast
Big Lagoon
Sloop Lagoon

Middle Inlet Freshwater Lagoon Louisa Creek

Patriarch Great Swanport Freney

Sellars Lagoon Cloudy Bay Mulcahy

Cameron Inlet Catamaran Giblin

Logan Lagoon D Entrecasteaux Lewis

Mines Mainwaring

Dover Spero

Lee Hibbs Lagoon

Shag Rock Henty

Modder Lagoon

Rices Pedder

Rocky Head Nelson Bay
Arthur

Table 4.3. Tasmanian estuaries with moderate consetion significance (Class C), as
listed by geographical region.

Bass Strait Islands North coast East coast South + west coasts
Ettrick Welcome Little Musselroe Little Henty
Seal Montagu Great Musselroe Pieman
Yellow Rock West Inlet Ansons Bay
Pats East Inlet Grants Lagoon

Detention Hendersons Lagoon

Piper Templestowe

Little Forester Douglas

Tomahawk Saltwater Lagoon

Stoney

Buxton



Lisdillon

Little Swanport
Grindstone
Earlham Lagoon
Blackman Bay
Derwent

Huon
Esperance
Lune

Cockle Creek

Degraded estuaries in Tasmania, as recognisedghyhbiman population densities in catchments, were
almost exclusively located along the northern aastexn Tasmanian coasts (Tables 4.4 and 4.5). The
only Class D estuary outside the northern and sastgions was Yarra Creek on King Island, which

possessed an estimated density of 23 people p%irkm; estuarine drainage area.
Degraded estuaries in Tasmania were divided intderadely-degraded Class D estuaries (Table 4.4),

with population densities between 10 and 100%rand severely-degraded Class E estuaries (Table
4.5), which had population densities in catchmesmiseeding 100 krR. Macquarie Harbour, an

estuary with a population density of only 4.8%m its catchment area, was included with the Cass
rather than Class C estuaries because of extrengylevels of heavy metal pollution arising from
mining operations in the King River catchment.

Table 4.4. Degraded Tasmanian estuaries of low cegrvation significance (Class D),
as listed by geographical region.

Bass Strait Islands North coast East coast South + west coasts
Yarra Duck Bay Georges Bay Macquarie Harbour

Crayfish Scamander

Blythe Denison

Forth Meredith

Port Sorell Spring Bay

Curries Prosser

Brid/Great Forester Carlton

Pittwater

Pipeclay Lagoon
Garden Island
Port Cygnet
Crooks

Table 4.5. Severely degraded Tasmanian estuaries lmfiw conservation significance
(Class E), as listed by geographical region.

Bass Strait Islands North coast East coast South + west coasts
Inglis Browns
Cam North West Bay
Emu
Leven
Don
Mersey

4.4 Management Options and Recommendations

Other than restrictions on particular methods gftae (such as gillnetting prohibitions), aquatic
organisms are not protected within any estuaryasniania. This situation contrasts greatly with the
terrestrial environment, where plants and animaddally protected in the 25% of the land area
covered by National Parks. Although protecting tabj legislation that protects organisms within



National Parks specifically excludes fish and othguatic species, an anomaly that needs to be
rectified. By enacting legislation that extendstpotion to estuarine species in National Parks, the
basic framework of a system of representative estiprotected areas would be created within the
state. Four of the ten Class A estuaries would fmedoue estuarine protected areas (Bryans Lagoon,
New River Lagoon, Bathurst Harbour, Payne Bay) withnegative impact on the public except for
fishers utilising resources in Payne Bay (Port Dawéthin the South West National Park. Negligible
exploitation of biotic and abiotic estuarine resims currently occurs in National Parks other than
Payne Bay, and no dwellings are located on theeshafrestuaries within National Parks.

While the fishing prohibition in National Parks wduwaffect rock lobster and abalone fishers opegatin
in Port Davey, this impact can be minimised by agrand permitting exploitation of fishery stocks in
particular areas. The process of identifying therataries of closed and open fisheries zones indPayn
Bay is currently underway as part of negotiatioesueen stakeholders over a proposed Port Davey
marine and estuarine protected area (MEPA). Thatioreof a system of estuarine protected areas in
the state should not affect these negotiationgrdtian to affirm the importance of including Kelly
Basin within the MEPA. Kelly Basin contains the pshallow sandflats, the most degraded estuarine
habitat-type around Tasmania, within Payne Bay.

In order for the proposed system of estuarine pteteareas to comprehensively protect all major
elements of the Tasmanian biota, the taking offlond fauna should be prohibited in all Class A
reserves, except where such restrictions wouldtantially disadvantage members of the public.
Prohibitions on the taking of flora and fauna ia hirsty Lagoon and Wanderer estuaries should not
affect any members of the public due to the isofatf these estuaries. Because other areas are
available for fishing nearby, prohibitions on tl&ihg of estuarine life in the Black River and
Southport Lagoon estuaries also should not subialigrdisenfranchise the public, with the possible
exception of the users of dwellings (approximafelg in total) adjacent to the Black River estuary.
The number of local residents affected by a BlaskeRMEPA, the only recommended MEPA that
covers a complete estuary on the northern Tasmaniast, would be less than for any other possible
estuarine protected area in that region other Bwobyalla Inlet or Welcome Inlet.

Given the extent of urban development in the Taestwary and the amount of human activity within
its middle and upper reaches, declaration of thelevbf this estuary as a MEPA would be impractical
and unwarranted. The component of the Tamar esthatyequires protection within the MEPA
system is the seagrass habitat near the mouthnitatidnat possesses extremely high biodiversity,
including numerous species not protected elsewhetee MEPA system. Accordingly, we
recommend that the taking of aquatic fauna be pitd in a MEPA at the mouth of the Tamar which

covers an area of at least 1%and includesieterozosteraPosidoniaandAmphibolisseagrass beds.

A MEPA has already been proposed for this aredéyrasmanian Fishing Industry Council and
Tasmanian Amateur Fishermans Association; howelveir, proposed area, which extends from Low
Head to Dotterel Point, lacks seagrass habitatth&ieefore recommended that the area proposed for
protection be extended southward to encompassassalgeds in Lagoon Bay, the site sampled during
the present study. This MEPA would then extend m0@ffshore for a distance o8 km along the

coast from Low Head to She Oak Point, and woultuohe unusual deepwater habitats off Barrel Rock.
North East Inlet, the Class A estuary with higrsgsticies diversity recorded during surveys, liesiwit
the Wingaroo Nature Reserve and so contains haltitat are protected by legislation but have no
specific restrictions on the taking of aquatic arigens. On the basis of conservation criteria alone,
North East Inlet should be closed to fishing aMEPA declared to accommodate its exceptional
biodiversity and numerous fish and invertebrategsenot protected elsewhere within the State.
However, this estuary is of major recreational inspiace to the Flinders Island community, hence a
compromise is required between recreational anderwational interests. Accordingly, we recommend
that the taking of all aquatic life be prohibited¢hin a MEPA located near the mouth of the estuary

that includedHeterozosterdeds and has an area of approximately i.k-ﬁshing using rod or

handline should be permitted within the 3%aof the estuary outside the MEPA, but the taking of
plants or invertebrates by any means or fish useigr spear should be prohibited. These
recommendations provide what we consider to bepgnogriate balance between conflicting demands;
they fully protect much of the high diversity seagg habitat while allowing fishing to continue

through most of the estuary. They also protecestaary from future exploitation of seaweed and
invertebrate resources.

Relatively few members of the public should be mamnienced by the North East Inlet proposal;
members of the public primarily affected are lessafeshacks located immediately adjacent to the
proposed MEPAX5 in total), who will need to move their fishingtiadies further along the estuary,



and recreational fishers who spear flounder or pak&ns. The use of gillnets in North East Inlet is
prohibited under current regulations.

It can be argued that prohibitions on fishing aaidrtg aquatic life in Class A estuaries are unnesgs
given that little fishing or exploitation of biolaml resources presently occurs in most of these
estuaries. However, the level of exploitation dtiasine resources is rapidly rising as a consequehnc
several factors: (i) increased leisure time allayuinore recreational fishing, (ii) improving techogy
allowing increased catch efficiency and greateeascto estuaries, and (i) new resources such as
cockles and seaweeds being utilised. Restrictiarfsshing within the conservationally-significant
estuaries should therefore be applied now whilerfesnbers of the public are inconvenienced, and
before more estuaries become obviously degradesindisia is fortunate compared to other southern
Australian states in that it presently retains mber of estuaries in an almost pristine state.

An additional benefit of prohibiting fishing in senestuaries is that the impact of fishing on edesys
processes can then be assessed. Removal of tagtgnesduch as bream, or filter feeders such as
cockles, possibly has major consequences thattfiosugh ecosystems, but which presently go
unnoticed because all estuaries on the easternatitern Tasmanian coasts are similarly affected.
These effects will, however, be detectable whenesestuaries are closed to fishing.

Benefits in the educational and fishery manageraegds will also occur as a direct result of closing
some estuaries to fishing and creating a systeestofirine protected areas. The public will recaive
clear message that the conservation value of éssuarsimilar to that of terrestrial and marinditets
- a message that needs reinforcement to countamanon perception that estuaries, particularly those
with mudflats, are foul-smelling wastelands inhadiby biting insects. Protection to conservatignall
important estuaries will also fulfil a fishery mayganent function in protecting the habitat of juvesi
of commercially and recreationally important spe@ach as flathead, bream, gummy shark and
flounder.

Given the benefits that accrue when the takingqobéc organisms is restricted in estuaries of high
conservation value, we recommend that regulatiookibpiting the taking of aquatic fauna by any
means other than fish by rod or handline also afip{ylass B estuaries. Such restrictions would
primarily be applied as a precautionary measupgdoent increasing exploitation of shellfish and
seaweeds, and should not unduly affect the puldlast Class B estuaries are located in relatively
remote areas, and virtually all exploitation of €48 estuaries at present is by rod and line. Asgpte
some areas should directly benefit from theseiotistns, such as fishers for bream in Great Swanpor
estuary, who can expect more reliable catches Wwhbitat and ecosystem processes are better
protected.

Estuarine ecosystems can never be fully protedadyuegulations that apply only in the estuarglfts
because processes acting in the catchment arethedsten these habitats. In particular, clearafice
land that releases silt, agricultural practices #flaw fertiliser and pesticide to run off intoesks and
rivers, and mining activities that cause acidifizatof rivers and heavy metal pollution, continoe t
cause severe degradation to many Tasmanian estuari@der to protect estuaries of high
conservation value from these processes, deleteadtivities in the catchments of Class A and B
estuaries should be prevented as much as posaibléherefore recommend that unallocated crown
land in Class A catchments be upgraded to CroweiiResr Forestry Reserve status to prevent
deterioration in water quality. Also, planning apyal for activities on private land in catchments o
estuaries of high conservation significance shoul¢ been given after downstream effects on
estuaries are fully considered.

In summary, specific management recommendatioaggrirom the study are:

* The taking of aquatic flora and fauna other throduced species (salmonids) by
any means be prohibited within National Parks, iothan the area of Payne Bay
excluded from the proposed Port Davey Marine aniddse Protected Area.

* Anintegrated system of estuarine protected dreageated using legislation to
prevent the taking of aquatic flora and fauna by means from the Black,
Southport Lagoon, Thirsty Lagoon and Wanderer egtsla

* The taking of aquatic flora and fauna by any nsdaa prohibited within an area
extending offshore for a distance of 500 m from Sla& Point to Low Head in
the Tamar estuary.



» The taking of aquatic flora and fauna by any nsdaa prohibited in North East
Inlet (Flinders Island) within the area of estuargending northward for a
distance of 1.5 km from the latitude of the junotaf Edens Road and North East
Inlet Road (Tasmap grid reference ES820995).

e The taking of aquatic flora and fauna other thgmod or handline, or from marine farm leases, be
prohibited from the North East Inlet, Sea Eleph&opchow Inlet, Middle Inlet, Patriarch, Sellars
Lagoon, Cameron Inlet, Logan Lagoon, Mines, Doleg, Shag Rock, Modder, Rices, Rocky
Head, Mosquito Inlet, Big Lagoon, Sloop Lagoon,dhrgater Lagoon, Great Swanport, Cloudy
Bay Lagoon, Catamaran, D Entrecasteaux, Freneyis,. &hainwaring, Spero, Hibbs Lagoon,
Henty, Lagoon, Pedder, Nelson Bay and Arthur estsar

* Non-allocated Crown land or State Forest withia Thirsty Lagoon, Black, Wanderer, North East
Inlet and Southport Lagoon catchments be upgram€tdwn Reserve, Coastal Reserve or Forest
Reserve status.

» Habitat alteration and exploitative activities mivate land within the Black/Dip, North East Inle
and Southport Lagoon catchments be minimised wieengessible.

e Habitat alteration and exploitative activities@own and private land within the Sea Elephant,
Foochow Inlet, Middle Inlet, Patriarch, Sellars bag, Cameron Inlet, Logan Lagoon, Mines,
Dover, Lee, Shag Rock, Modder, Rices, Rocky Heaokduito Inlet, Big Lagoon, Sloop Lagoon,
Cloudy Bay, Catamaran, D Entrecasteaux, Freneyjd,eMainwaring, Spero, Hibbs Lagoon,
Henty, Lagoon, Pedder, Nelson Bay and Arthur caeriisibe minimised wherever possible.

The management recommendations described abodesigned to isolate representative estuarine
ecosystems from anthropogenic threats. Howevetthtleats of global warming and introduced
marine pests remain, with both potentially abledase substantial loss of biodiversity within the
state. It is therefore recommended that:

e The establishment and spread of introduced mardsés be minimised whenever possible.

» Isolated areas of the state that presently asfages from introduced species (viz. southwestern
Tasmania, Flinders Island and King Island) be atyivnanaged to prevent the establishment of
pests, including the green cr@larcinus maengghe North Pacific sea stAsterias amurensjshe
Pacific oystelCrassostrea gigaghe fan wornBabella spallanzanand rice grasSpartina
anglica

Recommendations for future research aimed at cangefasmanian estuarine
ecosystems are:

* The suitability of Thirsty Lagoon as a Class Auasy be investigated by field inspection and
collection of salinity, tidal and biological dathThirsty Lagoon dries out in a similar way to
Sellars Lagoon and Logan Lagoon or is otherwiseitaisle, then Rocky Head estuary be
investigated as a Class A estuary and if suitalthstiuted for Thirsty Lagoon in
recommendations above. If Rocky Head estuary isitaide because of small size and limited
aquatic habitat, then Cameron Inlet be consider@thss A estuary and substituted for Thirsty
Lagoon in recommendations above.

» Boundaries proposed above for an estuarine pgemtesrea in North East Inlet be assessed using
information on distribution of habitat types anshiing effort, and, if necessary, alternative
recommendations for an area within this estuaryanad

*  Further investigation be made of the estuariséudoance indices Rland D, to determine their

utility as indicators of environmental health, betithin an estuary over time and between
different estuaries, and to identify whether theg/lsiased by natural environmental factors.

» Detailed time-series data be collected conculrevith faunal abundance data from a limited
number of estuaries to identify aspects of saliaity flow that most affect estuarine biota (e.qg.,
whether maximum, minimum or modal salinity, or ldngf flood, has greatest affect on
distribution and abundance of estuarine fauna).

» Collection of baseline data from as many estgagpossible for the most important physical
variables, including salinity, water flow, turbigitnutrient concentrations, oxygen concentration,
suspended solids, temperature, pH and heavy naiaéatrations.
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Appendices

APPENDIX 1. Estuarine catchment area (ECA), eshgadirainage area (EDA), estuarine area,
perimeter length, estimated tidal range, presehbamand physical group derived using multivariate
analysis for 111 Tasmanian estuaries investig®edions shown are King Island (K), Furneaux
Group (F), northwest (NW), eastern north (EN), €B3t southeast (SE), south (S) and west (W).

Regior Estuary ECA EDA Area Perimeter Tide Bar Physical
(km) (km) (km) (km) (m Group
K Sea Elephant 294.8 14.3 0.9 179 03 Yes |
K Yarra 38.1 0.4 0.0 09 0.1 Yes |
K Ettrick 455 0.1 0.0 08 05 No I
K  Seal 77.6 6.6 0.7 75 01 Yes |
K Yellow Rock 119.2 14 0.1 28 0.1 Yes |
F  North East Inlet 125.2 21.7 4.0 23.0 0.9 No 1}
F Foochow Inlet 67.3 2.8 0.2 33 05 No Il
F Middle Inlet 61.2 15 0.1 2.7 0.2 Yes |
F  Patriarch 177.9 4.4 0.4 7.0 0.6 No Il
F Sellars Lagoon 44.1 44.1 11.8 33.7 0 Yes v
F Cameron Inlet 192.8 43.4 13.5 21.0 0 Yes v
F Logans Lagoon 69.8 69.8 9.7 32.3 0 Yes \Y)
F  Pats 69.6 1.2 0.0 23 0.6 No I
F Mines 21.2 0.2 0.0 1.6 0.1 Yes |
F  Dover 32.2 2.2 0.0 1.3 04 No Il
F  Lee 61.5 0.4 0.1 29 04 No Il
F Shag Rock 39.4 3.7 0.2 2.7 0.1 Yes |
F  Modder 45.2 2.1 0.1 25 01 Yes |
F  Rices 29.8 1.7 0.1 28 04 No Il
F Rocky Head 155 11 0.2 32 01 Yes v
F Thirsty Lagoon 14.4 14.4 2.1 10.7 0.4 Yes \
NW Welcome 304.3 12.1 2.7 108 1.7 No 1}
NW Montagu 327.4 10.1 0.6 8.3 1.7 No 1l
NW Mosquito Inlet 28.6 28.6 6.6 146 1.7 No 1}
NW Duck Bay 549.3 78.1 22.3 66.1 2.3 No \Y,
NW West Inlet 22.6 3.4 4.1 11.2 2.3 No 1
NW East Inlet 21.3 4.6 4.8 142 23 No 1}
NW Black/Dip 345.1 9.9 0.6 11.0 22 No \Y
NW Crayfish 44.3 0.4 0.0 2.1 2.2 No \Y
NW Detention 151.9 5.6 0.5 120 22 No 1}
NW Inglis 505.0 6.0 0.3 6.6 22 No \Y,
NW Cam 249.2 9.3 0.1 4.0 2.2 No \Y
NW Emu 243.2 1.2 0.1 38 22 No \Y,
NW Blythe 277.1 4.6 0.2 71 22 No \Y,
NW Leven 697.9 47.8 2.3 29.7 2.1 No \Y
NW Forth 1124.6 14.8 1.0 24.0 2 No \Y
NW Don 135.6 5.8 0.4 8.2 2 No \Y
NW Mersey 1753.3 44.0 4.8 49.3 2.2 No \Y
NW Port Sorell 643.1 80.0 17.2 898 21 No 1}

EN Tamar 11588.8 558.3 97.9 2527 2.3 No \|
EN Curries 83.9 1.7 0.0 30 15 No 1]
EN Piper 464.6 14.2 1.2 180 1.5 No V
EN Little Forester 347.2 4.2 0.2 84 15 No \Y,
EN Brid/Great Forester 776.5 15.0 0.9 18.7 15 No \Y
EN Tomahawk 144.5 5.5 0.3 96 15 No ]
EN Boobyalla Inlet 1187.0 16.0 1.1 211 1.2 No \%
EN Little Musselroe 79.5 6.4 0.5 5.5 1.2 No ]
E Great Musselroe 431.7 71.3 3.4 32.2 0.7 No 1]
E Ansons Bay 259.0 21.9 4.9 23.2 05 No 1]
E Big Lagoon 17.2 17.2 0.5 55 0.2 Yes I

E Sloop Lagoon 10.8 10.8 0.3 4.0 0 Yes |

E Grants Lagoon 6.8 6.8 0.5 6.6 0 Yes |

E Georges Bay 556.7 34.2 21.1 538 0.7 No ]
E Scamander 340.8 13.8 1.6 36.8 0.2 Yes |




APPENDIX 1 (cont.). Estuarine catchment area (ECA) estuarine drainage area
(EDA), estuarine area, perimeter length, estimatedidal range, presence of bar and
physical group.

Regior Estuary ECA EDA Area Perimete Tide Bar Physical
(km) (km) (km)  (km) (m) Group

E Hendersons Lagoon 50.4 50.4 1.0 12.1 0.3 No I}
E Templestowe 25.2 25.2 0.6 5.8 0.1 Yes \%
E Douglas 73.5 3.2 0.1 3.6 0.5 No 1l
E Denison 26.8 0.3 0.0 1.8 0.1 Yes |
E Saltwater Lagoon 8.6 8.6 0.2 2.7 0 Yes |
E Freshwater Lagoon 11.8 11.8 0.3 4.2 0 Yes |
E Bryans Lagoon 58 5.8 0.3 51 0 Yes |
E Great Swanport 1031.2 140.8 40.7 110.1 0.5 No 1
E Meredith 98.3 1.6 0.1 5.6 0.4 Yes |
E Stoney 26.7 0.4 0.0 1.2 0.4 Yes |
E Buxton 60.7 11 0.2 3.7 0.4 Yes |
E Lisdillon 51.2 3.3 0.2 54 0.4 Yes |
E Little Swanport 733.7 55.9 4.8 48.1 0.6 No 1]
E Grindstone 30.6 6.9 0.2 4.7 0.1 Yes v
E Spring Bay 96.9 6.8 0.5 9.3 0.8 No I}
E Prosser 701.1 14.3 0.4 6.4 0.6 No I
E Earlham Lagoon 109.7 171 0.8 11.0 0.4 Yes \
SE Blackman Bay 102.2 60.7 26.7 46.3 0.8 No I}
SE Carlton 164.7 23.3 17 16.2 0.8 No 1]
SE Pittwater 922.9 109.4 46.4 105.0 0.8 No 1l
SE Pipeclay Lagoon 16.5 16.5 5.3 14.7 0.7 No 1]
SE Derwent 9254.8 422.7 70.7 160.6 0.6 No Vil
SE Browns 59.5 1.4 0.1 4.8 0.4 No Il
SE North West Bay 176.7 35.0 19.4 354 0.7 No I}
SE Garden Island 42.2 2.2 0.1 2.9 0.8 No 1l
SE Port Cygnet 140.8 36.4 14.6 35.6 0.8 No Il
SE  Huon 3041.9 310.8 60.0 150.8 0.8 No Vil
SE  Crooks 1395 7.0 1.2 8.0 0.7 No I}
SE Esperance 257.6 21.6 2.2 18.0 0.6 No Il
SE Lune 172.6 30.2 4.6 27.7 0.8 No 1]
SE  Southport Lagoon 27.2 13.8 10.5 21.0 0.6 No I
SE Cloudy Bay 42.7 18.1 6.1 14.4 0.4 No 1]
SE Catamaran 68.6 2.0 0.1 2.7 0.7 No 1l
SE D’Entrecasteaux 78.6 5.2 0.2 54 0.5 No 1l
SE Cockle Ck. 16.8 5.8 0.2 4.6 0.5 No Il
S South Cape Rt. 53.1 4.9 0.0 13 0.3 No 1]
S New River Lagoon 298.2 75.3 12.0 32.8 0.1 No VIl
S Louisa R. 83.3 4.0 0.3 10.3 0.4 No Il
S Louisa Ck. 56.6 25 0.2 7.6 0.2 No 1]
S Freney 19.7 19.7 0.7 3.9 0 Yes |
S Bathurst Harbour 1067.6 213.1 65.8 1534 0.4 No v
S Payne Bay 924.8 130.7 44.2 76.1 0.5 No I}
W Mulcahy 58.0 3.2 2.0 7.8 0.4 No Il
W  Giblin 323.5 13.8 0.4 13.7 0.4 No Il
W  Lewis 213.1 18.8 0.1 2.1 0.4 No Il
W  Mainwaring 51.1 2.9 0.1 4.3 0.4 No Il
W  Wanderer 353.6 70.4 1.0 19.5 0.1 Yes IX
W  Spero 116.0 3.0 0.1 5.2 0.4 No Il
W  Hibbs Lagoon 52.2 4.8 0.6 4.5 0 Yes |
W  Macquarie Harbour 13137.4 668.0 291.7 2421 04 o N Wi
W  Henty 502.5 13.4 0.8 13.8 0.4 No Vil
W Little Henty 329.5 48.4 0.9 17.1 0.2 No Il
W  Pieman 3866.9 28.2 2.3 24.2 0.5 No Vil
W  Lagoon 86.5 0.7 0.1 2.8 0.1 Yes |
W  Pedder 82.5 15 0.0 2.7 0.1 Yes |
W  Nelson Bay 70.7 2.6 0.0 3.4 0.1 Yes |
W Arthur 2495.2 95.5 1.2 29.9 0.6 No Vil

Outside Catchments 7145.8




APPENDIX 2. Minimum (R man), maximum (Rmax) and mean (Ryy) rainfall in GIS cells within

catchments, total annual rainfall (TAR), mean annuarunoff (MAR) and runoff coefficient (ROC)
for estuarine catchment areas and estuarine drainagareas.

Estuary Estuarine catchment area Estuarine drainage area

Rmn Rmx Rav TAR MAR ROC|Rmn Rmx Rav TAR MAR ROC

(mm) (mm) (mm) (g) (mm) (mm) (mm) (mm) (gf) (mm)
Sea Elephant 801 1087 907 267.4 297 0.33| 856 931 883 12.6 275 0.31
Yarra 952 1089 1001 38.2 380 0.38 952 955 955 0.4 339 0.35
Ettrick 976 1105 1021 46.4 397 0.39 976 990 981 0.1 362 0.37
Seal 981 1124 1021 79.2 397 0.39 986 1083 1017 6.7 394 0.39
Yellow Rock 863 975 912  108.7 301 0.33| 877 916 900 1.2 291 0.32
North East Inlet 700 954 745 93.3 153 0.21 700 833 731 158 141 0.19
Foochow Inlet 724 832 740 49.8 149 0.20 724 730 728 2.0 138 0.19
Middle Inlet 729 896 746 45.7 154 0.21 729 733 731 1.1 141 0.19
Patriarch 728 1190 77 138.3 182 0.23 728 877 743 3.3 152 0.20
Sellars Lagoon 729 871 744 32.8 152 0.20 729 871 744 328 152 0.20
Cameron Inlet 730 1210 790 152.4 193 0.24 730 759 739 321 148 0.20
Logans Lagoon 725 827 742 51.7 150 0.20 725 827 742 517 150 0.20
Pats 729 1210 812 56.5 212 0.26 729 765 738 0.9 147 0.20
Mines 705 910 740 15.7 149 0.20 707 720 714 0.1 125 0.18
Dover 718 1002 754 24.2 161 0.21 718 768 728 1.6 138 0.19
Lee 703 1148 779 47.9 183 0.24 703 710 708 0.3 120 0.17
Shag Rock 720 1239 755 29.7 162 0.21 720 746 724 2.6 134 0.19
Modder 657 1494 785 35.5 188 0.24 657 925 726 15 137 0.19
Rices 707 1239 759 22.6 165 0.22 707 749 730 1.2 140 0.19
Rocky Head 673 1059 743 11.5 151 0.20 673 696 683 0.7 98 0.14
Thirsty Lagoon 721 1099 767 11.0 172 0.22 721 1099 767 11.0 172 0.22
Welcome 1037 1384 1138 346.2 501 0.44| 1037 1187 1084 13.1 453 0.42
Montagu 1049 1478 1156 3785 517 0.45| 1049 1110 1079 109 449 0.42
Mosquito Inlet 962 1066 1011 28.9 389 0.38 962 1066 1011 28.9 389 0.38
Duck Bay 1030 1617 1202 660.4 558 0.46| 1030 1195 1107 86.5 474 043
West Inlet 990 1147 1041 23.5 415 0.40 990 1033 1012 35 390 0.39
East Inlet 981 1197 1071 22.8 442 041 981 1146 1035 4.7 410 0.40
Black 1045 1749 1267 437.2 616 0.49| 1045 1197 1105 109 472 043
Crayfish 1116 1420 1195 52.9 551 0.46| 1116 1130 1117 0.4 483 0.43
Detention 1075 1773 1243 188.9 595 0.48| 1075 1177 1136 6.3 499 0.44
Inglis 1073 1911 1351 682.3 690 0.51| 1073 1131 1094 6.6 462 0.42
Cam 1070 1910 1350 336.4 689 0.51| 1070 1232 1168 10.9 528 0.45
Emu 1116 2400 1384 336.5 719 0.52| 1116 1167 1149 1.3 511 0.44
Blythe 1060 2126 1345 372.7 685 0.51| 1060 1153 1111 5.1 477 0.43
Leven 995 2687 1383  965.0 718 0.52 995 1279 1089 52.1 458 0.42
Forth 958 2872 1531 17215 849 0.55 958 1065 1030 15.2 405 0.39
Don 928 1362 1063 144.0 434 041 928 1014 977 5.7 359 0.37
Mersey 911 2709 1320 2315.1 663 0.50 930 1113 995 438 375 0.38
Port Sorell 772 1211 897 576.7 287 0.32 772 931 829 66.3 227 0.27
Tamar 524 2126 944 10938.1 329 0.35 687 1187 874 487.8 267 0.31
Curries 726 1122 814 68.3 214 0.26 726 939 744 1.2 152 0.20
Piper 744 1545 896 416.2 287 0.32 744 826 786 11.2 190 0.24
Little Forester 758 1578 891 309.3 282 0.32 759 803 783 3.3 187 0.24
Brid/Great Forester 732 1635 874  662.5 268 0.3 747 816 781 121 185 0.24
Tomahawk 569 1423 725 104.8 135 0.19 569 611 594 3.3 19 0.03
Boobyalla Inlet 651 1832 936 1110.8 322 0.34 651 800 684 10.9 99 0.14
Little Musselroe 658 895 733 58.2 142 0.19 658 768 696 4.4 109 0.16
Great Musselroe 711 1819 919 396.7 307 0.33 711 873 778 555 183 0.23
Ansons Bay 834 1727 997 258.1 376 0.38 834 991 914 20.0 303 0.33
Big Lagoon 957 1287 1106 19.1 473 0.43 957 1287 1106 19.1 473 0.43
Sloop Lagoon 908 1287 1025 111 401 0.39 908 1287 1025 11.1 401 0.39
Grants Lagoon 870 1312 1031 7.0 407 0.39 870 1312 1031 7.0 407 0.39
Georges Bay 748 1832 1097 610.6 465 0.42 748 1128 865 29.6 259 0.30
Scamander 736 1659 969 330.1 351 0.36 736 938 787 10.9 190 0.24
Hendersons Lagoon 741 1444 1091 55.0 460 0.42 741 1444 1091 55.0 460 0.42




APPENDIX 2 (cont.). Minimum (Rman), maximum (Rypax) and mean (Ryy) rainfall amongst GIS
cells, total annual rainfall (TAR), mean annual ruroff (MAR) and runoff coefficient (ROC) for

catchments.
Estuary Estuarine catchment area Estuarine drainage area

Rmn Rmx Rav TAR MAR ROC|(Rmn Rmx Rav TAR MAR ROC

(mm) (mm) (mm) (@) (mm) (mm) (mm) (mm) (gh) (mm)
Templestowe 744 1235 1106 27.9 473 0.43 744 1235 1106 27.9 473 0.43
Douglas 739 1326 992 72.9 372 0.37 739 1017 815 2.6 215 0.26
Denison 779 1155 988 26.5 368 0.37 964 1074 985 0.3 365 0.37
Saltwater Lagoon 651 737 686 5.9 101 0.15 651 737 686 5.9 101 0.15
Freshwater Lagoon 686 848 749 8.9 157 0.21 686 848 749 8.9 157 0.21
Bryans Lagoon 675 736 695 4.1 109 0.16 675 736 695 4.1 109 0.16
Great Swanport 595 1291 759 782.8 166 0.22 597 765 651 91.6 70 0.11
Meredith 620 978 722 70.9 132 0.18 629 679 653 1.0 72 0.11
Stoney 642 804 682 18.2 97 0.14 656 663 656 0.2 74 0.11
Buxton 638 976 746 45.2 154 0.21 638 669 659 0.8 76 0.12
Lisdillon 621 975 698 35.8 112 0.16 621 675 634 2.1 54 0.09
Little Swanport 598 914 709  519.9 121 0.17 605 821 677 37.8 93 0.14
Grindstone 648 839 703 21.5 116 0.17 648 733 670 4.6 86 0.13
Spring Bay 641 910 744 72.1 152 0.20 641 836 664 4.5 81 0.12
Prosser 564 963 728 510.2 138 0.19 650 836 727 10.4 137 0.19
Earlham Lagoon 663 992 797 87.4 199 0.25 691 836 755 12.9 162 0.21
Blackman Bay 699 992 824 84.2 223 0.27 699 927 791 48.0 194 0.25
Carlton 617 899 712 117.2 124 0.17 617 739 659 15.3 77 0.12
Pittwater 539 975 631 582.3 52 0.08 541 706 615 67.3 38 0.06
Pipeclay Lagoon 615 720 650 10.7 69 0.11 615 720 650 10.7 69 0.11
Derwent 512 2710 1148 10624.1 510 0.44 536 1456 783 331.0 187 0.24
Browns 740 1444 868 51.7 262 0.30 740 846 769 1.1 174 0.23
North West Bay 707 1531 1081 191.0 451 0.42 707 1272 867 30.4 261 0.30
Garden Island 861 1341 949 40.0 333 0.35 867 909 883 2.0 276 0.31
Port Cygnet 846 1531 981  138.2 363 0.37 859 1195 947 345 332 0.35
Huon 778 2328 1490 4531.9 813 0.55 778 1531 886 275.4 278 0.31
Crooks 923 1825 1136 1585 500 0.44 923 1186 968 6.7 351 0.36
Esperance 979 1932 1294  333.2 639 0.49 979 1328 1126 24.3 490 0.44
Lune 1069 1930 1502 259.1 823 0.55( 1069 1616 1208 36.4 563 0.47
Southport Lagoon 1063 1499 1215 33.1 570 0.47| 1063 1238 1154 15.9 515 0.45
Cloudy Bay 888 1158 934 39.9 321 0.34 888 1017 920 16.7 308 0.34
Catamaran 1191 2112 1489 102.2 812 0.55( 1191 1538 1212 2.4 567 0.47
D Entrecasteaux 1154 2019 1399 110.0 733 052 1154 1311 1202 6.2 558 0.46
Cockle Ck. 1172 1332 1246 21.0 597 0.48| 1172 1311 1245 7.3 596 0.48
South Cape Rt. 1217 2034 1498 79.5 820 0.55( 1301 1585 1484 7.3 808 0.54
New River Lagoon 1259 2085 1549  461.9 866 0.56| 1259 2065 1453 109.4 781 0.54
Louisa R. 1421 2121 1588  132.3 900 0.57| 1462 1614 1557 6.2 873 0.56
Louisa Ck. 1514 2094 1680 95.1 982 0.58| 1514 1680 1612 4.0 921 0.57
Freney 1803 1993 1908 37.5 1184 0.62| 1803 1993 1908 37.5 1184 0.62
Bathurst Harbour 1595 2559 2153 2298.8 1401 0.65| 1925 2457 2166 461.5 1412 0.65
Payne Bay 2124 2830 2523 2333.2 1728 0.69| 2310 2727 2432 317.8 1648 0.68
Mulcahy 2360 2696 2421 140.4 1638 0.68| 2360 2470 2381 7.5 1603 0.67
Giblin 2350 2848 2509 811.6 1716 0.68| 2350 2430 2369 32.7 1592 0.67
Lewis 2228 2831 2385 508.4 1606 0.67| 2228 2336 2272 42.6 1506 0.66
Mainwaring 2169 2501 2262 1155 1497 0.66| 2169 2191 2178 6.3 1423 0.65
Wanderer 2053 2844 2405 850.3 1623 0.68| 2053 2549 2291 161.2 1523 0.66
Spero 1963 2641 2161 250.6 1408 0.65| 1963 1998 1983 6.0 1250 0.63
Hibbs Lagoon 1886 2325 1997 104.2 1262 0.63| 1886 1988 1904 9.2 1180 0.62
Macquarie Harbour 1524 3457 2447 17084.8 1661 0.68| 1648 3019 2126 1177.0 1377 0.65
Henty 1402 3509 1938 973.9 1210 0.62| 1402 1469 1423 19.0 754 0.53
Little Henty 1434 3215 2077 684.3 1333 0.64| 1434 3063 1657 80.1 961 0.58
Pieman 1353 3438 2215 8565.8 1456 0.66| 1353 2000 1743 49.2 1038 0.60
Lagoon 1428 2603 1729 149.6 1025 0.59| 1428 1432 1428 0.9 759 0.53
Pedder 1426 2008 1540 127.1 857 0.56| 1427 1432 1428 2.2 759 0.53
Nelson Bay 1278 1904 1439 101.7 768 0.53| 1278 1304 1285 3.3 631 0.49
Arthur 1187 2622 1842 4597.2 1125 0.61| 1187 1390 1285 122.7 631 0.49
Outside Catchments 445 2676 1132 8086.2 496 0.44




APPENDIX 3. Regulation and runoff attributes of cachments gauged by Rivers and Water Supply

Commission.
Estuary Catchment GIS Data RWSC Data Reference
Catchment Dam Rav |Catchment MAR  Upstream Records

Area Area Area Regulation

(km2) (ka) (mm) (km2) (mm) (mm) (yrs)
Ettrick 45 0 1059 45 225 nil 5 RWS 83
Pats 68 0 866 21 225 nil 14 RWS 83
Montagu 317 0 1238 323 415 nil 18 Hughes 87
Duck Bay 392 0 1289 339 588 nil 17 RWS 83
Black Black/Dip 335 0 1436 324 738 nil 14 Hughes 87
Inglis Flowerdale 173 0 1524 152 806 nil 17 Hughes 87
Inglis Inglis 326 0 1460 172 765 nil 16 Hughes 87
Cam 238 0 1541 221 684 nil 15 Hughes 87
Emu 242 0 1624 93 1172 yes 28 Hughes 87
Blythe 271 0 1592 285 838 nil 6 RWS 83
Leven Leven 560 0 1815 500 1053 nil 20 Hughes 87
Leven Gawler 87 0 1273 86 513 yes 18 Hughes 87
Forth Forth 1107 936 2055 311 1480 nil* 17 Hughes 87
Don 129 0 1155 128 562 nil 16 Hughes 87
Mersey 1706 713 1654 1618 658 yes HEC 21 Hughes 87
Port Sorell  Franklin Rt. 132 0 974 132 245 nil 8 RWS 83
Port Sorell  Rubicon 262 0 980 259 326 nil 3 RWS 83
Tamar Andersons 49 0 1059 50 423 nil 19 Hughes 87
Tamar Supply 135 0 1034 134 373 nil 19 RWS 83
Tamar North Esk 1065 0 1158 373 466 nil 60 Hughes 87
Tamar South Esk 9543 9524 893 8997 200 yes HEC 82 Hughes 87
Tamar Meander 1334 1334 1128 1269 492 Hughes 87
Tamar Liffey 234 234 1129 224 yes RWS 83
Tamar Nile 323 323 984 226 nil RWS 83
Tamar Break ' O'Day 230 230 958 111 800 nil
Tamar Macquarie 1557 1558 646 365 202 yes 4 RWS 83
Tamar Lake 813 813 914 421 446 yes 26 Hughes 87
Tamar Elizabeth 399 399 718 70 331 yes 7 RWS 83
Curries R. 82 0 855 17 296 nil RWS 83
Pipers R. 375 0 973 298 347 nil 11 Hughes 87
Brid Brid 149 0 1108 140 386 nil 18 RWS 83
Brid G. Forester 517 0 1010 193 465 nil 13 RWS 83
Tomahawk 139 0 863 115 265 nil 15 Hughes 87
Boobyalla Ringarooma 912 0 1278 482 644 nil 6 Hughes 87
Boobyalla Boobyalla 250 0 1003 116 yes
G. 368 0 1066 352 286 nil 14 RWS 83
Musselroe
Ansons 237 0 1088 228 209 nil 14 RWS 83
Bay
Georges 522 0 1336 405 525 nil 8 Hughes 87
Bay
Apsley 231 0 824 155 402 nil 15 Hughes 87
G. 659 0 794 448 343 nil 19 Hughes 87
Swanport
Meredith 96 0 797 86 239 nil 13 Hughes 87
L. 605 0 698 597 121 nil 22 Hughes 87
Swanport
Prosser 686 687 727 684 167 yes 19 Hughes 87
Carlton 141 0 761 141 143 nil 14 Hughes 87
Pittwater Coal 541 246 623 303 75 yes 23 Hughes 87
Pittwater Orielton 50 0 603 48 53 nil 11 Hughes 87
Pittwater Iron Ck. 94 0 698 95 139 nil 21 Hughes 87




APPENDIX 3 (cont.). Regulation and runoff attributes of catchments gauged by Rivers and Water
Supply Commission.

Estuary Catchment GIS Data RWSC Data Reference
Catchment Dam Rav [Catchment MAR  Upstream Records
Area Area Area Regulation
(km2) (km2) (mm) (km2) (mm) (mm) (yrs)

Derwent Nive 1089 1089 1542 186 1058 nil 19 Hughes 87
Derwent Derwent 7367 6145 1243 7060 486 yes HEC 24 Hughes 87
Derwent Clyde 1117 1118 661 1012 79 yes HEC 20 Hughes 87
Derwent Jordan 1244 0 598 742 36 nil 23 Hughes 87
Derwent Florentine 443 443 1680 436 883 Hughes 87
Derwent Tyenna 336 0 1346 205 865 nil 18 Hughes 87
North West ~ North West 96 0 1032 88 238 yes 18 Hughes 87
North West ~ Snug 23 0 1309 17 286 nil 19 Hughes 87
Huon Huon 2266 0 1641 1829 1588 yes HEC 35 Hughes 87
Huon Mountain 187 0 1021 40 690 nil 15 Hughes 87
Esperance 173 0 1540 175 705 nil 18 Hughes 87
Payne Bay Davey 724 0 2538 686 1933 nil 19 Hughes 87
Macquarie Franklin 1656 0 2769 1590 1872 nil 22 Hughes 87
H.

Macquarie Gordon 5183 2013 2519 458 1550 Hughes 87
H.

Macquarie 811 557 2866 449 2339 nil 55 Hughes 87
H.

Henty 375 0 2555 116 ? nil 18 Hughes 87
Pieman Whyte 387 0 2189 325 1480 nil 23 Hughes 87
Pieman Pieman 3830 2661 2384 2541 1566 yes HEC 28 Hughes 87
Arthur Arthur 1829 0 1822 1535 1179 nil 28 Hughes 87
Arthur Hellyer 327 0 1984 102 1343 nil 26 Hughes 87




APPENDIX 4a. Mean salinity recorded during summerfield trips at the water surface and below
the thermocline in upstream, mid and downstream seions of estuaries.Also shown are the number
of stations investigated in each estuary, the deptthe thermocline or whether fully mixed (M), and
salinity rank at surface in mid section. Salinityks are shown in bold when calculated using regres
equations and are in plain text when no data weadable and they were derived from the most simila

estuary (see section 2.1éData from Thomsoet aI.(1982),2Edgar & Cresswell (1991) amCresswell

et al.(1989).
Estuary Stations Upstream Mid Downstream Rank
Therm.Surface Bottom [Therm.Surface Bottom fTherm. Surface Bottom
(M) (%) (%) | (M) (%) (%) | (M) (%) (%)

Sea Elephant 1 M 31.7 284
Yarra 11.0
Ettrick 11.0
Seal 36.5
Yellow Rock 1 4.6 5.9
North East Inlet 1 M 34.5 36.5
Foochow Inlet 30.6
Middle Inlet 12.1
Patriarch 1 M 34.2 34.8
Sellars Lagoon 37.4
Cameron Inletl 1 54.0 52.7 37.4
Logans Lagoon 34.8
Pats 14.8
Mines 11.0
Dover 17.6
Lee 30.6
Shag Rock 36.5
Modder 1 M 18.7 115
Rices 1 15.4 34.0 22.0
Rocky Head 39.3
Thirsty Lagoon 35.8
Welcome 1 M 36.1 35.2
Montagu 25.1
Mosquito Inlet 1 M 34.9 35.8
Duck Bayl M 28.3 M 34 M 34.5 35.9
West Inlet 1 M 375 39.3
East Inlet 2 M 36.3 33.4 36.4
Black 1 M 29.8 20.5
Crayfish 1 0.25 29.3 35.0 195
Detention 1 M 29.0 25.1
Inglis 2 1 15.4 29.6 M 31.1 16.7
Cam 1 M 23.3 13.3
Emu 1 0.5 3.5 28.8 | 3.32
Blythe 1 M 27.4 16.9
Leven 2 M 35.6 349
Forth 2 M 0.0 2.0 3.8 18.0 3.0
Don 2 0.5 15.0 28.3 M 34.4 22.6
Mersey 2 2 0.6 22.1 M 34.4 20.3
Port Sorell 3 M 35.2 M 35.6 M 35.8 35.1
Tamar 5 M 1.0 M 24.3 M 34.4 21.1
Curries 17.6
Piper 1 M 28.4 18.6
Little Forester 2 0.5 9.3 30.3 M 27.3 25.5
Brid/Great Forester 2 0.5 18.3 33.2 M 26.6 16.0
Tomahawk 3 M 30 M 36 M 36 35.8
Boobyalla Inlet 2 M 11.7 M 9.2 8.2
Little Musselroe 2 M 36.0 M 35.9 34.6
Great Musselroe 2 M 35.2 35.5 35.8
Ansons Bay 5 0.5 4.8 24.8 M 32.0 M 33.3 26.8
Big Lagoon 2 M 14.4 0.5 16.5 24.2 9.7
Sloop Lagoon 1 M 11.3 9.8
Grants Lagoon 2 27.6 17.7
Georges Bay 4 M 33.2 M 34.8 35.2 36.4




APPENDIX 4a (cont.). Mean salinity in different setions of estuaries as recorded during summer

field trips.
Estuary Stations Upstream Mid Downstream Rank
Therm.Surface Bottom [Therm.Surface Bottom [fTherm. Surface Bottom
(M) (%) (%) | (M) (%) (%) | (M) (%) (%)

Scamander 3 0.5 1.0 27.8 M 26.2 M 34.5 23.5
Hendersons Lagoon 3 M 41.0 M 36.0 36.2 34.8
Templestowe 1 M 321 32.7
Douglas 1 0.5 6.3 21.0 6.9
Denison 1 1.0 17.0 249 | 11.0
Saltwater Lagoon 13.9
Freshwater Lagoon 13.9
Bryans Lagoon 1 23.3 13.9
Great Swanport 1 M 22.9 M 36.2 M 36.3 35.6
Meredith 1 M 21.7 12.1
Stoney 1 M 32.3 27.6
Buxton 121
Lisdillon 2 M 62.8 M 31.4 36.5
Little Swanport 3 M 36.3 M 35.6 34.7
Grindstone 2 43.0 39.3
Spring Bay 2 M 33.9 35.8
Prosser 1 M 34.8 36.2
Earlham Lagoon 1 M 37.2 37.0
Blackman Bayl 3 M 375 34.6 M 34.7 36.2
Carlton 2 M 33.2 M 35.2 35.9
Pittwater 2 M 35.2 M 34.5 36.5
Pipeclay Lagoon 35.8 35.8
Derwent 7 4.0 3.2 11.4 3.0 16.3 32.8 M 29.8 17.3
Browns 2 M 329 M 32.1 30.6
North West Bay 2 M 26.7 M 334 26.8
Garden Island 2 M 15 M 31.0 17.6
Port Cygnet 1 M 33.3 29.5
Huon 7 2.0 1.8 13.9 2.0 19.5 27.2 33.7 22.1
Crooks 35.8
Esperance 2 0.5 9.5 31.5 M 32.9 29.3
Lune 3 0.3 6.4 27.8 M 30.2 M 31.9 25.8
Southport Lagoon 34.8
Cloudy Bayl 33.0 34.8
Catamaran 1 0.3 16.7 28.9 14.8
D’ Entrecasteaux 34.8
Cockle Ck. 1 25.2 14.6
South Cape Rt. 14.8
New River Lagoon 2 M 6.7 M 25.2 10.7
Louisa R. 34.8
Louisa Ck. 30.6
Freney 9.7
Bathurst Harbour? M 27.0 M 32.0 M 34.0 33.3
Payne Bayz 2.0 0.7 20.1 2.0 15.3 30.0 M 34.9 19.5
Mulcahy 34.8
Giblin 36.2
Lewis 36.2
Mainwaring 14.8
Wanderer 3 2.0 0.8 16.6 1.0 2.5 18.1 1.9
Spero 14.8
Hibbs Lagoon 9.7
Macquarie Harbour3 5.0 5.0 16.0 8.0 10.0 315 5.0 21.9 30.5 | 13.2
Henty 1 0.0 0
Little Henty 29.3
Pieman 7 13.0 0.5 9.0 0.7 6.8 7.0 0.7 8.5 1.5
Lagoon 12.1
Pedder 7.8
Nelson Bay 1 1.0 8.3 25.3 7.8
Arthur 1 3.0 9.8 26.9 9.2




APPENDIX 4b. Mean salinity recorded during winter field trips at the water surface and below the
thermocline in upstream, mid and downstream sectiosn of estuaries.Also shown are the number of
stations investigated in each estuary, the deptheothermocline or whether fully mixed (M), andirsiéy
rank at surface in mid section. Salinity rankssirewn in bold when calculated using regression aps
and are in plain text when no data were availabb they were derived from the most morphologically
similar estuary (see section 2.1éData from Thomsoret al. (1982),2Edgar & Cresswell (1991) and
3Cresswelkt al. (1989).

Estuary Stations Upstream Mid Downstream Rank
Therm.Surface Bottom [Therm.Surface Bottom [fherm. Surface Bottom
(m) (%) (%) | (M) (%) (%) | (M) (%) (%)
Sea Elephant 2.2
Yarra 2.2
Ettrick 2.2
Seal 10.0
Yellow Rock 8.8
North East Inlet 31.0
Foochow Inlet 1.8
Middle Inlet 8.8
Patriarchl 18.0 12.1
Sellars Lagoon 34.5
Cameron Inlett 36.0 34.5
Logans Lagoon 32.7
Pats 12.4
Mines 2.2
Dover 12.4
Lee 1.8
Shag Rock 10.0
Modder 8.8
Rices 12.4
Rocky Head 27.5
Thirsty Lagoon 34.5
Welcome 324
Montagu 19.6
Mosquito Inlet 30.7
Duck Bayl ? 10.5 21.8 11.0 23.8 19.5
West Inlet 1 M 29.0 29.3
East Inlet 2 M 31.2 M 33.2 30.7
Black 1 2.0 0.7 31.0 1.2
Crayfish 1 0.5 2.5 33.1 1.8
Detention 1 M 24.3 19.6
Inglis 14 3.0 0.3 8.7 3.0 1.3 23.1 15 11.2 27.1 1.8
Cam 7 3.0 1.5 26.9 1.9
Emu 3 M 0.6 0.4
Blythe 7 3.0 1.2 30.4 1.7
Leven 20 M 0.2 3.0 3.2 30.7 1.0 12.0 31.6 1.7
Forth 4 M 0.3 0
Don 6 3.0 0.9 31.5 0.5 0.7 27.6 14
Mersey 14 3.0 0.4 28.6 2.0 3.1 31.4 1.0 15.1 28.0 2.2
Port Sorell 9 2.0 2.6 19.1 M 27.9 M 30.6 24.0
Tamar 14 M 0.4 M 8.0 M 26.7 7.7
Curries 12.4
Piper 6 2.0 0.8 22.0 1.0 3.6 30.1 0.5 2.2 33.6 3.2
Little Forester 3 2.0 1.4 29.5 1.9
Brid/Great Forester 6 2.0 1.7 29.0 1.0 2.7 31.5 1.7
Tomahawk 4 M 0.5 M 21.1 M 34.3 19.8
Boobyalla Inlet 1 M 0.0 0
Little Musselroe 5 M 32.4 M 34.6 324
Great Musselroe 6 M 4.5 M 19.3 5.0
Ansons Bay 10 1.0 11 28.4 0.5 18.6 29.2 M 33.3 22.7
Big Lagoon 2 1.0 49 17.2 1.7
Sloop Lagoon 2 2.0 5.8 21.4 1.8
Grants Lagoon 3 M 23.8 12.8
Georges Bay 4 1.0 4.7 31.0 M 28.1 M 35.0 30.0




APPENDIX 4b (cont.). Mean salinity in different setions of estuaries as recorded during winter

field trips.
Estuary Stations Upstream Mid Downstream Rank
Therm.Surface Bottom |Therm.Surface Bottom [herm. Surface Bottom
(M (%) (%) | (M) (%) (%) | (M) (%) (%)

Scamander 8 3.0 0.6 255 2.0 2.4 29.0 2.2
Hendersons Lagoon 5 M 30.0 M 34.3 31.0
Templestowe 1 M 27.0 24.9
Douglas 0.6
Denison 1 0.5 8.8 29.2 2.2
Saltwater Lagoon 1 M 24.1 18.1
Freshwater Lagoon 2 1.0 26.0 34.5 28.6
Bryans Lagoon 12.8
Great Swanport 10 2.0 3.3 15.3 M 25.0 M 32.6 25.6
Meredith 1 0.5 20.0 30.4 8.7
Stoney 1 M 23.9 14.2
Buxton 8.8
Lisdillon 2 0.5 20.2 33.0 10.0
Little Swanport 13 0.5 0.3 19.1 M 26.2 M 34.0 18.1
Grindstone 2 M 31.2 M 314 27.5
Spring Bay 2 M 33.2 M 33.1 31.0
Prosser 8 1.0 6.1 33.3 1.9
Earlham Lagoon 3 M 33.4 33.5
Blackman Bayl 3| 05 115 325 315 M 329 30.7
Carlton 9 0.5 11.9 30.2 M 30.7 M 33.3 31.0
Pittwater 13 0.5 1.3 15.4 M 28.6 M 31.6 24.1
Pipeclay Lagoon 2 M 34.5 M 35.5 34.5
Derwent 12 M 0.3 4.0 6.1 27.6 1.0 25.4 33.3 4.1
Browns 4 0.5 1.9 29.3 0.5 1.2 31.3 1.8
North West Bay 2 25.0 M 32.3 23.7
Garden Island 2 M 0.4 M 32.3 12.4
Port Cygnet 3 M 0.7 10.8 M 32.9 16.2
Huon 19 3.0 0.8 29.9 2.0 5.9 318 M 29.4 111
Crooks 329
Esperance 10 4.0 0.8 32.2 2.0 3.7 31.8 0.5 18.4 33.2 5.9
Lune 8 4.0 0.4 11.9 1.0 1.6 315 1.0 17.2 314 1.9
Southport Lagoon 32.7
Cloudy Bayl 1 M 334 32.7
Catamaran 1 0.5 0.8 325 0.5
D’Entrecasteaux 12.1
Cockle ck.1 1 22.0 M 32.6 223
South Cape Rt. 0.6
New River Lagoon 5.0
Louisa R. 12.1
Louisa Ck. 1.8
Freney 1.7
Bathurst Harbour2 15 6.0 320| 20 100 320 M 320 21.7
Payne Bay2 M 331 21.7
Mulcahy 12.1
Giblin 1.9
Lewis 1.9
Mainwaring 0.5
Wanderer 0
Spero 0.5
Hibbs Lagoon 1.7
Macquarie Harbour3 4| 6.0 20 100| 100 100 31.0| 100 170 310 | 10.9
Henty 0
Little Henty 5.9
Pieman 1 M 0 1.9
Lagoon 8.8
Pedder 8.8
Nelson Bay 8.8
Arthur 1 5.0 1.3 25.8 1.9




APPENDIX 5. Area (km2) within each Tasmanian estuarine catchment of majogeological
classes (alkaline intrusion, basalt, Cambrian acigdolcanics, Cambrian ore deposits,
carbonaceous, dolerite, dolomite, granite, lake,iestone, metamorphic and sedimentary).

Estuary kaline Basalt CAV COD Carb Doler Dolom Granite Lake Lime Metam Sedim Total
Sea Elephant 0 1 0 0 0 0 0 12 0 0 63 219 295
Yarra 0 0 0 0 0 0 0 1 0 0 1 36 38
Ettrick 0 0 0 0 0 0 0 0 0 0 14 32 45
Seal 0 0 0 1 0 0 0 0 0 0 23 53 78
Yellow Rock 0 0 0 0 0 0 0 8 0 0 48 64 119
North East Inlet 0 0 0 0 0 0 0 38 5 5 0 76 124
Foochow Inlet 0 0 0 0 0 0 0 9 0 0 0 58 67
Middle Inlet 0 0 0 0 0 0 0 0 0 10 0 51 61
Patriarch 0 0 0 0 0 0 0 31 0 34 0 114 178
Sellars Lagoon 0 0 0 0 0 0 0 2 2 0 0 40 44
Cameron Inlet 0 4 0 0 0 0 0 48 0 27 0 114 192
Logans Lagoon 0 0 0 0 0 0 0 1 2 0 0 67 70
Pats 0 1 0 0 0 0 0 36 0 0 0 32 70
Mines 0 0 0 0 0 0 0 15 0 0 0 6 21
Dover 0 0 0 0 0 0 0 14 0 0 0 18 32
Lee 0 0 0 0 0 0 0 33 0 0 0 28 61
Shag Rock 0 0 0 0 0 0 0 21 0 0 0 19 39
Modder 0 0 0 0 0 0 0 26 0 0 0 19 45
Rices 0 0 0 0 0 0 0 12 0 0 0 18 30
Rocky Head 0 0 0 0 0 0 0 8 0 0 0 7 15
Thirsty Lagoon 0 0 0 0 0 0 0 3 0 0 0 11 13
Welcome 0 16 0 58 0 0 4 0 0 1 0 226 304
Montagu 0 0 0 105 0 0 49 0 0 0 0 174 327
Mosquito Inlet 0 2 0 0 0 0 0 0 0 0 0 26 28
Duck Bay 0 64 0 199 0 0 a7 0 0 0 0 238 548
West Inlet 0 8 0 2 0 0 0 0 0 0 0 13 22
East Inlet 0 10 0 0 0 0 0 0 0 0 0 11 21
Black 0 62 0 0 0 0 1 0 0 0 0 282 345
Crayfish 0 3 0 0 0 0 0 0 0 0 0 41 44
Detention 0 28 0 0 0 0 0 0 0 0 0 124 152
Inglis 0 231 0 0 0 19 0 0 0 2 54 198 505
Cam 0 170 0 0 2 3 0 0 0 0 0 76 249
Emu 0 142 3 7 0 0 0 39 1 10 0 41 243
Blythe 0 92 0 6 0 0 0 106 0 5 0 68 277
Leven 0 236 13 194 0 0 0 4 0 36 6 207 697
Forth 0 252 45 107 0 15 0 7 21 5 316 357 1124
Don 0 51 0 17 6 4 0 0 0 2 8 53 135
Mersey 0 178 55 79 2 309 0 3 13 69 90 955 1752
Port Sorell 0 57 0 18 55 153 0 0 0 0 0 412 640
Tamar 0 377 0 63 2 4593 0 495 264 1 4 5784 11582
Curries 0 0 0 0 133 1 0 0 0 0 0 83 84
Piper 0 26 0 0 0 64 0 0 0 0 0 374 464
Little Forester 0 2 0 0 2 1 0 5 0 0 0 339 347
Brid/Great Forester 0 37 0 0 0 0 0 237 0 0 0 502 776
Tomahawk 0 0 0 0 0 0 0 54 0 0 0 90 144
Boobyalla Inlet 0 105 0 0 0 8 0 516 0 0 0 558 1186
Little Musselroe 0 0 0 0 0 19 0 1 0 0 0 59 79
Great Musselroe 0 1 0 0 0 4 0 172 0 0 0 254 431
Ansons Bay 0 0 0 0 0 0 0 143 0 0 0 115 258
Big Lagoon 0 0 0 0 0 0 0 15 0 0 0 2 17
Sloop Lagoon 0 0 0 0 0 0 0 9 0 0 0 1 11
Grants Lagoon 0 0 0 0 0 0 0 6 0 0 0 1 7
Georges Bay 0 17 0 0 0 0 0 370 0 0 0 169 555
Scamander 0 1 0 0 0 0 0 49 0 0 0 289 339




APPENDIX 5 (cont.). Area (kmz) within each Tasmanian estuarine catchment of majo
geological classes.

Estuary kaline Basalt CAV COD Carb Doler Dolom Granite Lake Lime Metam Sedim Total
Hendersons Lagoon 0 0 0 0 0 0 0 26 0 0 0 24 50
Templestowe 0 0 0 0 3 11 0 0 0 0 0 11 25
Douglas 0 0 0 0 16 51 0 0 0 0 0 6 73
Denison 0 0 0 0 9 14 0 0 0 0 0 3 27
Saltwater Lagoon 0 0 0 0 1 1 0 1 0 0 0 7
Freshwater Lagoon 0 0 0 0 0 0 0 9 0 0 0 3 12
Bryans Lagoon 0 0 0 0 0 1 0 4 0 0 0 1
Great Swanport 0 0 0 0 45 778 0 18 0 0 0 187 1027
Meredith 0 0 0 0 0 95 0 0 0 0 0 3 98
Stoney 0 0 0 0 0 25 0 0 0 0 0 2 27
Buxton 0 0 0 0 0 58 0 0 0 0 0 2 60
Lisdillon 0 0 0 0 0 48 0 0 0 0 0 3 51
Little Swanport 0 6 0 0 0 508 0 0 0 0 0 218 732
Grindstone 0 0 0 0 0 12 0 0 0 0 0 19 30
Spring Bay 0 1 0 0 2 73 0 0 0 0 0 23 97
Prosser 0 6 0 0 0 410 0 0 0 0 0 285 701
Earlham Lagoon 0 0 0 0 0 97 0 0 0 0 0 12 110
Blackman Bay 0 5 0 0 0 50 0 0 0 0 0 46 101
Carlton 0 4 0 0 0 97 0 0 0 0 0 63 164
Pittwater 0 39 0 0 15 366 0 0 0 0 0 515 920
Pipeclay Lagoon 0 0 0 0 0 3 0 0 0 0 0 13 16
Derwent 0 572 0 9 106 4456 24 0 296 142 0 3750 9249
Browns 0 2 0 0 3 29 0 0 0 0 0 29 60
North West Bay 0 3 0 0 1 86 0 0 0 0 0 87 176
Garden Island 0 0 0 0 0 18 0 0 0 0 0 24 42
Port Cygnet 3 0 0 0 2 39 0 0 0 0 0 98 140
Huon 6 0 0 6 8 849 73 0 4 8 90 2002 3037
Crooks 0 0 0 0 0 91 0 0 0 0 0 49 139
Esperance 0 0 0 0 0 93 0 0 0 0 0 164 257
Lune 0 2 0 0 2 44 3 0 0 2 0 120 172
Southport Lagoon 0 2 0 0 0 10 0 0 0 0 0 15 27
Cloudy Bay 0 0 0 0 0 33 0 0 0 0 0 9 42
Catamaran 0 0 0 0 1 11 0 0 0 0 0 58 69
D Entrecasteaux 0 0 0 0 4 8 0 0 0 9 0 61 79
Cockle Ck. 0 0 0 0 0 14 0 0 0 0 0 3 17
South Cape Rt. 0 0 0 0 0 4 0 0 0 0 0 49 53
New River Lagoon 0 0 0 3 0 6 0 0 0 14 64 211 298
Louisa R. 0 0 0 0 0 0 0 0 0 0 34 49 83
Louisa Ck. 0 0 0 0 0 0 0 0 0 0 41 16 57
Freney 0 0 0 0 0 0 0 0 0 0 14 5 19
Bathurst Harbour 0 0 0 0 0 0 0 0 0 0 746 316 1062
Payne Bay 0 0 0 0 0 0 0 0 0 1 577 344 922
Mulcahy 0 0 0 0 0 0 0 0 0 0 45 13 58
Giblin 0 0 0 0 0 0 0 0 0 14 212 97 323
Lewis 0 0 95 0 0 0 0 2 0 0 91 25 213
Mainwaring 0 0 9 22 0 0 0 0 0 0 0 21 51
Wanderer 0 0 40 40 0 0 0 0 0 0 97 176 354
Spero 0 0 0 43 0 0 0 0 0 0 0 73 116
Hibbs Lagoon 0 0 0 44 6 0 0 0 0 1 0 8 52
Macquarie Harbour 0 1 332 617 0 143 209 7 1073 416 4967 5358 13123
Henty 0 0 74 101 6 2 0 0 2 9 0 313 502
Little Henty 0 0 0 95 7 7 0 9 0 11 2 206 329
Pieman 0 194 326 590 16 52 14 345 3 26 948 1366 3864
Lagoon 0 3 0 0 0 0 0 2 0 0 0 81 87
Pedder 0 0 0 0 0 0 0 0 0 0 0 83 83
Nelson Bay 0 1 0 0 0 0 0 0 0 0 0 70 71
Arthur 0 383 0 239 20 8 151 0 3 0 144 1568 2495
Outside catchments 2 337 48 272 0 950 0 933 21 6 482 3910 6967




APPENDIX 6. Estimated population and number of dwéings in catchment areas as derived using
GIS, counts of number of dwellings from map sheetfor sparsely-populated catchments, estimated
population for sparsely-populated catchments as calilated using number of dwellings from count data
and number of persons per dwelling from GIS dataAlso shown are overall population estimates based o
GIS for densely-populated catchments and dwelliognts for sparsely-populated catchments, and dveral

population density (/k@).

Estuary Estuarine catchment area Estuarine drainage area

GIS GIS Count Count Esteem. Density GIS GIS Count Count Estim. Density

Pop. Dwell. Dwell. Pop. Pop. (,kmz) Pop. Dwell. Dwell. Pop. Pop. (,kmz)
Sea Elephant 255 108 58 137 137 0.46 15 7 0 0 0 0.00
Yarra 41 19 89 192 192 5.04 0 0 4 9 9 2333
Ettrick 46 19 17 41 41 0.91 0 0 0 0 0 0.00
Seal 47 23 53 108 108 1.40 4 2 0 0 0 0.00
Yellow Rock 56 23 33 80 80 0.67 1 0 1 2 2 1.73
North East Inlet 34 24 3 4 4 0.03 6 4 3 5 5 0.21
Foochow Inlet 19 13 0 0 0 0.00 1 1 0 0 0 0.00
Middle Inlet 16 11 0 0 0 0.00 0 0 0 0 0 0.00
Patriarch 68 40 13 22 22 0.12 2 1 0 0 0 0.00
Sellars Lagoon 26 13 0 0 0 0.00 26 13 0 0 0 0.00
Cameron Inlet 109 56 23 45 45 0.23 26 13 0 0 0 0.00
Logans Lagoon 41 21 5 10 10 0.14 41 21 0 0 0 0.00
Pats 20 12 18 30 30 0.43 0 0 3 5 5 4.10
Mines 6 4 0 0 0 0.00 0 0 0 0 0 0.00
Dover 10 5 0 0 0 0.00 1 0 0 0 0 0.00
Lee 19 10 0 0 0 0.00 0 0 0 0 0 0.00
Shag Rock 12 7 0 0 0 0.00 1 1 0 0 0 0.00
Modder 14 7 0 0 0 0.00 1 0 0 0 0 0.00
Rices 10 5 0 0 0 0.00 1 0 0 0 0 0.00
Rocky Head 4 2 0 0 0 0.00 0 0 0 0 0 0.00
Thirsty Lagoon 4 2 0 0 0 0.00 4 2 0 0 0 0.00
Welcome 117 52 0 117 0.38 6 2 3 9 9 0.75
Montagu 402 140 0 402 1.23 7 3 15 35 35 3.46
Mosquito Inlet 14 6 0 0 0 0.00 14 6 0 0 0 0.00
Duck Bay 5020 1601 0 5020 9.14 1981 648 0 1981 25.36
West Inlet 107 34 24 76 76 3.34 15 5 9 27 27 7.92
East Inlet 209 79 0 209 9.83 18 8 11 25 25 5.40
Black 605 277 0 605 1.75 34 21 11 18 18 181
Crayfish 95 59 13 21 21 0.47 1 1 10 10 10 25.64
Detention 187 75 0 187 1.23 9 5 20 36 36 6.49
Inglis 6404 2055 0 6404 12.68 2255 694 0 2255 375.83
Cam 2929 959 0 2929 1175 1275 416 0 1275 136.95
Emu 1608 562 0 1608 6.61 254 97 0 254 217.09
Blythe 1095 370 0 1095 3.95 220 82 0 220 47.52
Leven 7957 2640 0 7957 11.40 6295 2090 0 6295 131.75
Forth 2763 942 0 2763 2.46 1032 335 0 1032 69.87
Don 3390 1162 0 3390 25.01 1618 559 0 1618 278.49
Mersey 20108 6770 0 20108 1147 | 12558 4201 0 12558 285.41
Port Sorell 3134 1292 0 3134 4.87 1508 685 0 1508 18.86
Tamar 110350 37292 0 110350 9.52 | 39092 12709 0 39092 70.02
Curries 122 52 117 275 275 3.27 2 1 55 110 110 65.87
Piper 1656 748 0 1656 3.56 34 42 50 40 40 2.85
Little Forester 820 331 0 820 2.36 10 7 23 33 33 7.79
Brid/Great Forester 3674 1320 0 0 3674 1145 386 177 0 0 385 28.71
Tomahawk 55 29 13 25 25 0.17 1 1 6 6 6 1.08
Boobyalla Inlet 1934 833 0 1934 1.63 3 3 11 11 11 0.69
Little Musselroe 17 15 22 25 25 0.31 1 1 3 3 3 0.47
Great Musselroe 143 175 0 143 0.33 20 27 56 41 41 0.58
Ansons Bay 149 170 0 149 0.58 11 14 141 111 111 5.07
Big Lagoon 21 18 2 2 2 0.14 21 18 2 2 2 0.14
Sloop Lagoon 13 12 4 4 4 0.40 13 12 4 4 4 0.40
Grants Lagoon 8 7 43 49 49 7.25 8 7 43 49 49 7.25
Georges Bay 1768 935 0 1768 3.18 1106 566 0 1106 32.31
Scamander 611 322 0 611 1.79 263 160 0 263  19.06




APPENDIX 6 (cont.).
catchment areas .

Estimated population, number & dwellings and population density in

Estuary Estuarine catchment area Estuarine drainage area

GIS GIS Count Count Estim. Density GIS GIS Count Count Estim. Density

Pop. Dwell. Dwell. Pop. Pop. (,kmz) Pop. Dwell. Dwell. Pop. Pop. (,kmz)
Hendersons Lagoon 60 35 39 67 67 1.33 60 35 22 38 38 0.75
Templestowe 30 18 19 32 32 1.25 30 18 19 32 32 1.25
Douglas 88 51 11 19 19 0.26 4 2 4 8 8 2.54
Denison 28 18 16 25 25 0.93 0 0 16 25 25 77.78
Saltwater Lagoon 5 5 0 0 0 0.00 5 5 0 0 0 0.00
Freshwater Lagoon 9 14 2 1 1 0.11 9 14 1 1 1 0.05
Bryans Lagoon 6 9 0 0 0 0.00 6 9 0 0 0 0.00
Great Swanport 360 263 0 360 0.35 63 57 65 72 72 0.51
Meredith 79 54 21 31 31 0.31 1 1 18 18 18 11.25
Stoney 21 14 13 20 20 0.73 0 0 7 0 0 0.00
Buxton 49 33 9 13 13 0.22 1 1 9 9 9 7.89
Lisdillon 42 28 17 26 26 0.50 3 2 15 23 23 6.82
Little Swanport 437 216 0 437 0.60 36 22 70 115 115 2.05
Grindstone 14 8 17 30 30 0.97 3 2 0 0 0 0.00
Spring Bay 806 294 0 806 8.31 612 215 0 612  90.27
Prosser 947 440 0 947 1.35 276 170 0 276  19.31
Earlham Lagoon 98 56 10 18 18 0.16 15 9 7 12 12 0.68
Blackman Bay 357 210 0 357 3.49 302 162 0 302 4.97
Carlton 675 404 0 675 4.10 314 231 0 314 13.49
Pittwater 8215 2961 0 8215 8.90 4820 1763 0 4820 44.05
Pipeclay Lagoon 724 311 0 724  43.85 724 311 0 724  43.85
Derwent 148037 46503 0 148037 16.00 | 131890 40304 0 131890 312.01
Browns 6167 1889 0 6167 103.58 646 213 0 646 454.93
North West Bay 6949 2248 0 6949  39.33 4425 1398 0 4425 126.32
Garden Island 362 267 60 81 81 1.93 20 18 20 22 22 10.06
Port Cygnet 2071 796 0 2071 1471 699 317 0 699  19.22
Huon 11027 4140 0 11027 3.63 3794 1370 0 3794 12.21
Crooks 1303 465 0 1303 9.34 161 60 0 161 23.13
Esperance 336 170 0 336 1.30 119 50 0 119 5.51
Lune 69 69 122 122 122 0.71 12 12 36 36 36 1.19
Southport Lagoon 10 10 0 0 0 0.00 5 5 0 0 0 0.00
Cloudy Bay 64 66 20 19 19 0.45 32 30 3 3 3 0.18
Catamaran 28 28 0 0 0 0.00 1 1 0 0 0 0.00
D Entrecasteaux 31 31 0 0 0 0.00 2 2 0 0 0 0.00
Cockle Ck. 6 6 15 15 15 0.89 2 2 15 15 15 2.57
South Cape Rt. 10 9 0 0 0 0.00 0 0 0 0 0 0.00
New River Lagoon 17 7 0 0 0 0.00 4 2 0 0 0 0.00
Louisa R. 5 2 0 0 0 0.00 0 0 0 0 0 0.00
Louisa Ck. 3 1 0 0 0 0.00 0 0 0 0 0 0.00
Freney 1 0 0 0 0 0.00 1 0 0 0 0 0.00
Bathurst Harbour 62 26 5 12 12 0.01 12 5 5 12 12 0.06
Payne Bay 31 13 0 0 0 0.00 5 2 0 0 0 0.00
Mulcahy 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Giblin 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Lewis 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Mainwaring 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Wanderer 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Spero 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Hibbs Lagoon 0 0 0 0 0 0.00 0 0 0 0 0 0.00
Macquarie Harbour 8189 3218 0 0 8189 4.813 593 296 5 0 593  1.067
Henty 4 2 36 72 72 0.14 0 0 3 0 0 0.00
Little Henty 1128 463 0 1128 3.42 0 1 0 0 0 0.00
Pieman 2933 1097 0 2933 0.76 1 2 17 9 9 0.30
Lagoon 4 6 0 0 0 0.00 0 0 0 0 0 0.00
Pedder 3 6 0 0 0 0.00 0 0 0 0 0 0.00
Nelson Bay 3 5 0 0 0 0.00 0 0 0 0 0 0.00
Arthur 772 392 0 772 0.31 4 7 53 30 30 0.32
Outside Catchments 73981 28832 73977 10.37




APPENDIX 7. Area (km2) within each estuarine catchment area and estuarendrainage area
that consists of national park, reserved crown landexploited crown land and private land.

Estuary Estuarine catchment area Estuarine drainage area
National Crown Crown Private Total |National Crown Crown Private Total
Park Reserve Exploited Park Reserve Exploited

Sea Elephant 0 44.5 33.7 216.4 294.6 0 3.7 6.5 3.8 14.1
Yarra 0 0 0 38.1 38.1 0 0 0 0.3 0.3
Ettrick 0 0.3 0.2 44.9 455 0 0 0 0.1 0.1
Seal 0 0.8 13.3 63.5 77.5 0 0.4 0.6 5.5 6.5
Yellow Rock 0 2.2 0.2 116.9 119.2 0 0 0.2 1.2 1.4
North East Inlet 0 73.4 20.3 31.5 125.2 0 8.6 0.3 12.7 21.6
Foochow Inlet 0 10.9 13.2 43.0 67.1 0 0 2.4 0.2 25
Middle Inlet 0 0 7.5 53.7 61.2 0 0 1.5 0 1.5
Patriarch 0 0.3 34.4 143.1 177.8 0 0 35 0.7 4.3
Sellars Lagoon 0 0 42.7 1.3 44.1 0 0 42.7 1.3 44.1
Cameron Inlet 0 0.5 82.3 109.4 192.2 0 0 34.7 8.0 42.7
Logans Lagoon 0 0.0 30.4 39.3 69.7 0 0.0 30.4 39.3 69.7
Pats 0 0.5 36.5 32.7 69.6 0 0.4 0 0.8 1.2
Mines 0 125 5.6 3.1 21.2 0 0 0 0.2 0.2
Dover 0 0 321 0 32.1 0 0 2.2 0 2.2
Lee 0 0 61.5 0 61.5 0 0 0.4 0 0.4
Shag Rock 0 0 39.2 0 39.2 0 0 35 0 3.5
Modder 0 0 45.2 0 45.2 0 0 2.1 0 2.1
Rices 0 0 29.8 0 29.8 0 0 1.7 0 1.7
Rocky Head 0 0 155 0 15.5 0 0 1.0 0 1.0
Thirsty Lagoon 0 0.1 13.7 0 13.8 0 0.1 13.7 0 13.8
Welcome 0 12.3 62.3 229.5 304.2 0 0 0 11.9 11.9
Montagu 0 7.0 166.7 153.6 327.3 0 0 0 10.0 10.0
Mosquito Inlet 0 0 0 28.5 28.5 0 0 0 28.5 28.5
Duck Bay 0 13.6 120.0 414.7 548.2 0 0.3 18.2 58.6 77.0
West Inlet 0 0 0 22.4 22.4 0 0 0 3.2 3.2
East Inlet 0 0 0 21.2 21.2 0 0 0 4.5 45
Black 0 29.0 223.9 91.8 344.7 0 0.6 0.2 8.8 9.5
Crayfish 0 0.1 35.5 8.7 44.3 0 0.1 0 0.3 0.4
Detention 7.6 0.2 80.0 64.1 151.9 0.1 0.1 0.1 53 5.5
Inglis 0 27.3 156.2 321.3 504.8 0 0.1 0 5.7 5.8
Cam 0 4.6 21.9 222.6 249.2 0 0.1 0 9.2 9.3
Emu 0 34 44.0 195.8 243.2 0 0.1 0 1.1 1.2
Blythe 0 4.5 135.2 137.1 276.8 0 0.7 0.9 2.9 4.4
Leven 0 9.4 284.4 403.3 697.0 0 2.7 1.9 42.3 46.9
Forth 364.7 8.6 441.0 310.1 1124.4 0 0.5 0 14.0 14.6
Don 0 4.3 3.3 127.7 135.3 0 0 0 55 5.5
Mersey 333.3 198.2 608.6 611.8 1751.9 0 0 0 42.6 42.6
Port Sorell 14.0 24.9 198.2 403.5 640.6 13.6 2.6 12.3 49.0 77.4
Tamar 168. 510.9 3086.0 7820.2 11585.3 0 26.8 28.8 499.2 554.8
Curries 0 22.6 34.6 26.7 83.9 0 0.4 0.3 1.0 1.7
Piper 0 7.7 134.5 321.8 464.0 0 0.0 0.6 12.9 13.6
Little Forester 0 0.6 152.0 194.5 347.1 0 0.6 0.1 34 4.1
Brid/Great Forester 0 24.8 355.4 396.1 776.3 0 0 2.9 11.9 14.9
Tomahawk 0 2.7 71.3 70.3 144.3 0 2.1 0 3.2 5.3
Boobyalla Inlet 0 45.1 733.5 407.8 1186.4 0 4.0 0.5 10.9 15.4
Little Musselroe 0 0.8 0 78.5 79.3 0 0.6 0 5.6 6.2
Great Musselroe 24.7 8.8 166.7 230.8 431.1 12.8 7.6 0 50.3 70.7
Ansons Bay 0.8 20.8 169.8 67.0 258.5 0.8 2.0 11.2 7.3 21.3
Big Lagoon 0 7.3 9.6 0.2 17.2 0 7.3 9.6 0.2 17.2
Sloop Lagoon 0 1.6 9.1 0 10.8 0 1.6 9.1 0 10.8
Grants Lagoon 0 1.6 2.7 2.3 6.5 0 1.6 2.7 2.3 6.5
Georges Bay 0 44.7 337.7 173.0 555.4 0 13.0 3.6 16.3 329
Scamander 0 20.1 300.5 19.1 339.8 0 2.3 3.2 7.3 12.8
Hendersons Lagoon 0 4.1 14.5 31.1 49.6 0 4.1 14.5 31.1 49.6




APPENDIX 7 (cont.). Area (kmz) within each estuarine catchment area and estuarendrainage
area that consists of national park, reserved crowfand, exploited crown land and private land.

Estuary Estuarine catchment area Estuarine drainage area
National Crown Crown Private Total |National Crown Crown Private Total
Park Reserve Exploited Park Reserve Exploited

Templestowe 15.0 0 0.8 9.5 25.2 15.0 0 0.8 9.5 25.2
Douglas 66.9 0 0.9 5.7 73.5 0 0 0 3.1 3.1
Denison 22.9 0 0 3.9 26.8 0 0 0 0.3 0.3
Saltwater Lagoon 0.8 0 3.3 4.5 8.6 0.8 0 3.3 4.5 8.6
Freshwater Lagoon 3.4 0 8.4 0 11.8 34 0 8.4 0 11.8
Bryans Lagoon 5.4 0 0 0 5.4 5.4 0 0 0 5.4
Great Swanport 55.7 44.4 463.9 467.3 1031.2 1.0 7.9 16.2 115.6 140.8
Meredith 0 1.9 44.4 51.8 98.2 0 0 0 1.5 1.5
Stoney 0 0 0 26.7 26.7 0 0 0 0.3 0.3
Buxton 0 11.0 33.5 15.8 60.4 0 0 0 0.9 0.9
Lisdillon 0 0.7 22.2 27.8 50.6 0 0 0 2.7 2.7
Little Swanport 0 96.3 62.1 573.9 732.2 0 0.0 1.8 52.7 54.5
Grindstone 0 0 0.5 30.0 30.5 0 0 0 6.7 6.7
Spring Bay 0 48.7 4.5 43.5 96.7 0 0.0 0 6.5 6.5
Prosser 0 83.3 122.4 495.2 700.9 0 2.7 1.2 10.1 14.0
Earlham Lagoon 0 2.3 57.0 50.4 109.7 0 0 1.0 16.1 17.1
Blackman Bay 0 4.8 32.5 63.9 101.2 0 0 1.5 58.2 59.7
Carlton 0 0.2 18.3 145.2 163.7 0 0 0 22.3 22.3
Pittwater 0 32.1 64.2 823.3 919.5 0 13.9 0 92.2 106.0
Pipeclay Lagoon 0 0 0 16.1 16.1 0 0 0 16.1 16.1
Derwent 1007.9 713.2 2609.2  4923.1 9253.4 0 61.8 13.1 346.4 421.3
Browns 0 3.8 0 55.7 59.5 0 0 0 1.4 1.4
North West Bay 0 20.1 235 132.2 175.9 0 4.0 1.2 29.1 34.2
Garden Island 0 0 18.6 23.6 42.2 0 0 0 2.2 2.2
Port Cygnet 0 4.3 9.2 126.4 139.9 0 0 0.9 34.6 35.5
Huon 1409.7 63.2 866.6 698.1 3037.5 0 2.8 49.9 209.3 262.0
Crooks 0 0 83.6 55.7 139.3 0 0 0 6.8 6.8
Esperance 30.9 1.8 210.7 13.9 257.3 0 0.3 14.2 6.9 21.4
Lune 76.9 5.8 80.0 9.2 171.9 0.0 4.1 16.8 8.5 29.5
Southport Lagoon 0.0 0 22.1 5.1 27.2 0 0 10.2 3.6 13.8
Cloudy Bay 0 5.9 15.1 21.2 42.2 0 1.2 2.9 13.7 17.7
Catamaran 46.4 0.3 21.9 0 68.6 0 0.3 1.6 0 1.9
D Entrecasteaux 48.5 0.1 28.5 1.4 78.5 0 0.1 3.8 1.1 5.1
Cockle Ck. 11.6 0.1 5.0 0 16.7 3.0 0.1 2.6 0 5.7
South Cape Rt. 52.7 0 0.3 0 53.0 4.9 0 0 0 4.9
New River Lagoon 298.2 0 0 0 298.2 75.3 0 0 0 75.3
Louisa R. 83.3 0 0 0 83.3 4.0 0 0 0 4.0
Louisa Ck. 56.6 0 0 0 56.6 2.5 0 0 0 25
Freney 5.6 0 14.0 0 19.6 5.6 0 14.0 0 19.6
Bathurst Harbour 1049.9 0 17.7 0 1067.6 211.0 0 2.1 0 213.1
Payne Bay 924.8 0 0 0 924.8 130.7 0 0 0 130.7
Mulcahy 57.9 0 0 0 57.9 3.0 0 0 0 3.0
Giblin 323.4 0 0 0 323.4 13.7 0 0 0 13.7
Lewis 73.3 0 139.9 0 213.1 0 0 18.7 0 18.7
Mainwaring 0 0 51.1 0 51.1 0 0 2.9 0 29
Wanderer 36.7 0 316.8 0 353.6 0.0 0 70.2 0 70.3
Spero 40.5 0 75.5 0 116.0 0 0 3.0 0 3.0
Hibbs Lagoon 0 0 52.2 0 52.2 0 0 4.8 0 4.8
Macquarie Harbour 10189.3 123.8 2804.0 17.9 13134.9 161.4 88.2 407.2 8.9 665.6
Henty 0 6.3 489.1 6.6 501.9 0 0 9.9 2.9 12.8
Little Henty 0 1.4 326.1 2.0 329.4 0 0.9 47.2 0.3 48.3
Pieman 730.1 99.5 2936.9 97.5 3864.0 0 19.2 7.3 0 26.5
Lagoon 0 86.5 0 0 86.5 0 0.7 0 0 0.7
Pedder 0 66.7 15.8 0 82.5 0 15 0.0 0 1.5
Nelson Bay 0 51.7 19.0 0 70.7 0 2.2 0.4 0 2.6
Arthur 0 302.6 1793.1 399.4 2495.1 0 17.8 28.3 49.4 95.5
Outside Catchments 864.9 1023.7 2046.0 3044.9 6979.5




APPENDIX 8. Area (km2) within each estuarine catchment area and estuarendrainage area
that consists of woody vegetation, herbaceous veggbn, bare ground, water, cleared land and
urban land, as inferred from satellite images.

Estuary Estuarine catchment area Estuarine drainage area

Woody Herb Bare Water Cleared Jrban Woody Herb Bare vater Cleared Urban
Welcome 127.6 110.9 16.6 0.2 49.1 0 2.1 59 0.7 0.0 3.4 0
Montagu 164.2 76.7 111 0.1 75.2 0 0.8 26 05 0.0 6.2 0
Mosquito Inlet 0.8 26.0 1.4 0.0 0.4 0 08 260 14 0.0 0.4 0
Duck Bay 152.4 91.8 2438 1.4 279.0 0O 202 130 53 03 394 0
West Inlet 1.0 4.7 25 0.2 14.2 0 0.2 13 06 01 1.2 0
East Inlet 19 3.7 3.4 0.1 12.2 0 0.9 1.2 05 00 1.9 0
Black 225.5 62.2 111 0.3 45.9 0 1.4 21 11 0.1 5.2 0
Crayfish 29.3 11.7 2.0 0.0 1.3 0 0.1 03 0.1 0 0 0
Detention 66.8 48.5 6.3 0.4 29.9 0 0.7 1.7 04 01 2.6 0
Inglis 238.5 66.0 274 0.4 1728 0 0.1 06 18 0.1 35 0
Cam 153.2 54 1.4 0.4 87.9 0.7 14 0.7 03 0.0 6.4 03
Emu 174.1 35 0.5 0.9 63.4 0.8 0.3 00 01 00 04 03
Blythe 200.2 3.6 0.7 0.1 72.1 0.4 3.0 0.0 01 o0.0 1.2 0.2
Leven 514.1 10.9 2.2 04 167.6 27| 144 09 04 02 295 23
Forth 877.6 60.0 51 15.8 156.5 0.6 25 03 01 01 116 03
Don 47.7 1.4 0.5 0.2 84.6 1.2 1.2 01 01 01 38 07
Mersey 1068.0 2319 29.6 30.3 365.2 75| 114 09 06 03 255 53
Port Sorell 390.9 195 4.9 17 2239 21| 54.6 21 04 10 207 12
Tamar 5738.6 1214.8 220.4 240.3 4128.7 4277|2689 66.2 188 3.6 187.1 13.7
Curries 59.2 7.0 1.4 18 14.1 0.6 0.4 02 01 0 09 01
Piper 257.8 24.7 7.2 04 1728 19 8.8 19 05 02 26 02
Little Forester 227.5 18.6 55 0.5 94.1 1.0 0.6 02 01 0.2 3.1 0
Brid/Great Forester 4735 453 12.0 0.8 2424 25 4.6 09 04 04 85 03
Tomahawk 80.6 8.1 3.4 0.2 51.9 0.3 11 04 02 01 3.7 01
Boobyalla Inlet 789.6 83.2 16.6 6.3 2895 2.0 4.5 09 12 03 91 01
Little Musselroe 16.8 45 21 0.2 55.9 0.1 0.8 03 02 0.2 48 0.0
Great Musselroe 261.0 295 109 0.8 128.0 14| 359 72 28 04 247 04
Ansons Bay 196.7 222 219 0.4 16.8 09| 153 31 10 04 1.8 0.3
Big Lagoon 13.7 2.7 0.6 0.0 0.2 01| 137 27 06 0.0 02 01
Sloop Lagoon 8.0 2.3 0.3 0.0 0.1 0.1 8.0 23 03 00 01 01
Grants Lagoon 5.1 1.0 0.4 0.1 0.1 0.1 5.1 1.0 04 01 01 0.1
Georges Bay 419.2 417 126 1.6 79.6 20| 213 45 20 08 46 11
Scamander 286.4 282 1109 0.7 12.9 0.8 9.3 1.2 09 05 16 03
Hendersons Lagoon 334 2.8 0.9 0.4 12.9 01| 334 28 09 04 129 01
Templestowe 16.3 2.2 0.4 0.6 5.7 0.1] 16.3 22 04 06 57 01
Douglas 66.1 3.8 0.6 0.1 2.9 0.1 0.5 02 02 00 22 00
Denison 20.6 4.9 0.3 0.0 0.9 0.1 0.0 01 01 0.0 01 0.1
Saltwater Lagoon 4.1 3.1 0.2 0.2 0.9 0.1 4.1 31 02 0.2 09 01
Freshwater Lagoon 4.6 5.9 1.0 0.2 0.1 0.0 4.6 59 10 0.2 0.1 0.0
Bryans Lagoon 4.3 1.4 0.1 0.0 0.0 0.0 4.3 14 01 0.0 0.0 0.0
Great Swanport 699.6 1321 247 3.6 170.0 12| 680 250 42 28 403 06
Meredith 68.6 14.7 2.0 0.1 12.8 0.1 0.3 01 01 0.0 11 0
Stoney 135 3.2 0.9 0 9.0 0.1 0.1 0.0 0.1 0 0.2 0.0
Buxton 47.9 7.0 0.5 0.1 5.2 0.0 0.3 00 01 01 0.6 0.0
Lisdillon 37.6 6.1 0.3 0.1 7.1 0.0 0.6 01 02 01 24 00
Little Swanport 392.0 74.9 15.3 1.8 248.7 1.0| 237 6.1 13 04 244 0.2
Grindstone 8.6 24 0.5 0.1 19.0 0.0 0.9 09 03 0.0 4.8 0
Spring Bay 59.4 13.1 0.6 0.5 22.9 0.4 1.6 0.7 01 0.0 41 03
Prosser 442.6 94.1 4.3 0.5 158.6 0.3 9.9 24 01 0.1 1.8 0.1
Earlham Lagoon 72.2 20.5 0.2 0.0 16.5 0.0 8.4 16 01 0.0 71 0.0
Blackman Bay 55.5 21.6 0.8 0.0 23.4 0.4 ] 30.0 61 07 00 232 04
Carlton 99.7 19.4 0.6 0.1 43.9 0.3 10.2 21 03 0.0 105 0.1
Pittwater 380.4 77.0 16.5 2.0 437.3 8.5 30.1 55 41 01 653 4.1




APPENDIX 8 (cont.). Area (kn‘?) within each estuarine catchment area and estuarendrainage
area that consists of woody vegetation, herbaceousgetation, bare ground, water, cleared land

and urban land.

Estuary

Estuarine catchment area

Estuarine drainage area

Woody Herb Bare Water Cleared Jrban Woody Herb Bare vater Cleared Urban
Pipeclay Lagoon 3.2 1.1 0.8 00 11.0 05 3.2 1.1 0.8 00 11.0 05
Derwent 4439.6 1930.9 175.6 308.4 2301.3 48.9 (1994 641 49 1.1 1074 416
Browns 37.0 111 0.6 0.1 95 1.2 0.8 0.2 0.1 0 0.3 0.1
North West Bay 945 441 2.3 0.1 336 20| 18.2 49 10 01 9.6 1.3
Garden Island 32.6 8.1 0.0 0.0 1.4 0 0.9 1.0 0.0 0.0 0.3 0
Port Cygnet 815 26.2 1.2 0.3 30.8 05| 16.6 85 03 0.2 105 0.2
Huon 2002.9 8412 17.2 85 166.8 391451 66.7 28 04 481 1.7
Crooks 91.3 295 1.9 0.2 16.1 0.5 29 20 01 00 1.7 0.2
Esperance 1949 56.0 2.9 0.1 34 02| 13.2 58 0.2 01 21 0.1
Lune 120.4 50.1 1.3 0.2 05 00| 140 156 0.1 0.2 0.2 0.0
Southport Lagoon 6.5 205 0.1 0.1 0 0 09 127 01 0.1 0 0
Cloudy Bay 30.8 8.5 0.1 0.1 3.0 0.2] 10.2 53 0.0 01 24 0.1
Catamaran 57.7 10.4 0.2 0.2 0 0 1.6 0.4 0 0 0 0
D Entrecasteaux 55.3 23.0 0.3 0.0 0 0 2.6 2.6 0 00 0 0
Cockle Ck. 12.1 4.7 0 0.0 0 0 4.3 1.5 0 0.0 0 0
South Cape Rt. 414 113 0.0 0.4 0 0 3.7 1.2 0.0 0 0 0
New River Lagoon 2215 753 0.3 1.2 0.0 0] 520 226 0.2 0.6 0.0 0
Louisa R. 40.1 43.0 0.1 0.2 0 0 0.3 36 0.1 00 0 0
Louisa Ck. 221 345 0 0.0 0 0 0.1 2.4 0 00 0 0
Freney 3.6 15.7 0.2 0.2 0 0 3.6 157 0.2 0.2 0 0
Bathurst Harbour 3854 668.3 114 1.9 0.6 0| 351 1725 39 14 0.3 0
Payne Bay 3529 552.0 16.3 2.5 1.0 0| 21.3 1049 41 04 0.1 0
Mulcahy 9.2 456 3.1 0.0 0.1 0 0.5 24 03 0.0 0.0 0
Giblin 88.4 226.0 8.9 0.1 0.2 0 08 118 12 0.0 0.0 0
Lewis 69.0 136.6 7.5 0.1 0.0 0 1.2 158 17 0.1 0 0
Mainwaring 254 243 1.4 0.0 0 0 2.2 0.7 00 0.0 0 0
Wanderer 104.2 2344 148 0.1 0.1 0| 366 306 31 0.1 0.0 0
Spero 47.1 59.8 8.9 0.1 0.1 0 2.4 0.6 0.0 0.0 0 0
Hibbs Lagoon 41.6 10.1 0.0 0.5 0 0 3.1 1.3 0.0 05 0 0
Macquarie Harbour 6819.3 4947.3 262.4 1008.3 47.8 0 367.6 279.2 16.5 2.9 1.7 0
Henty 288.9 1885 19.7 3.5 19 0.0 2.7 54 47 0.1 0.4 0
Little Henty 171.0 139.0 158 0.9 29 0] 246 173 6.0 0.2 0.2 0
Pieman 2668.2 965.0 823 654 715 29| 145 131 01 05 0.0 0
Lagoon 221 631 1.4 0.0 0.0 0 0.1 04 02 00 0 0
Pedder 174 62.6 2.1 0.0 0.5 0 0.1 0.6 0.5 0 0.4 0
Nelson Bay 74 56.7 5.7 0.0 0.9 0 0.2 21 03 0 0.0 0
Arthur 1696.2 639.1 55.7 54 987 01273 328 59 03 29.2 0
Outside Catchments |2424.5 1851.6 301.0 38.4 1051.6 41.4




APPENDIX 9a. Total numbers of invertebrate speciesollected in cores at different sites on King
Island and in northwest Tasmania, with day and mort of collection (see Table 2.6).

Site Sea ‘ellowr

lephar
Date 24/2

23/2

Velcon
21/2

losqui

22/2

East
15/1

Black

14/1

)etentic
13/1

Cam

26/9

Blythe
16/1

Leven

25/9

Leven
17/5

Don

24/9

squeak
17/1

Araneae spp. 0
Sphageris phycodes
Curculionid spp.
Coleoptera sp.
Staphylinidae spp.
Chironomid spp. 5
Notonectid sp.

Insect larvae indet.
Odonata sp.

Diplopoda sp.

Ampithoe sp.2

Cymadusa sp.2
Corophium sp.
Paracorophium cf excavatum 1
Atylus sp.

Tethygeneia sp.

Eusirid sp.

Paracalliope australis
Paracalliope vicinus
Paracalliope lowryi
Allorchestes compressa
Gammaropsis sp.1
Gammaropsis sp.2
Erichthonius pugnax
Lyssianassid sp.
Parawaldeckia stebbingi
Melita sp. 4
Melitid sp.1
Exoediceroides latrans
Oedicerotid sp.1
Oedicerotid sp.2
Exoediceroides ?maculosus
Parexoediceros sp.
Oedicerotid sp.4
Limnoporeia yarrague
Birubius muldarpus
Limnoporeia kingi
Birubius maldus

Birubius sp.1

Birubius ?wirakus
Birubius sp.2
?Limnoporeia sp.
Limnnoporeia sp.

Aora maculata

Talitrid TA271

Talitrid TA281

Eorchestia palustris
Talitrid TA128

Talitrid TA121

Talitrid sp.

Talitrid TA122a
Urohaustorius halei
Urohaustorius sp.1
Urohaustorid sp.3
Hyperiiid sp.

Paragrapsus gaimardii
Helograpsus haswellianus
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APPENDIX 9a (cont.). Total numbers of invertebratespecies collected in cores at different sites on
King Island and in northwest Tasmania.

Site

Date

24/2

Sea ‘ellowr
lephar

23/2

Velcon
21/2

losqui

22/2

East
15/1

Black

14/1

)etentic
13/1

Cam

26/9

Blythe
16/1

Leven

25/9

Leven
17/5

Don

24/9

squeak
17/1

Amarinus lacustris
Halicarcinus ovata
Halicarcinus rostratus
Ebalia intermedia
Notomithrax ursus
Macropthalmus latifrons
Heloecius cordiformis
Carcinus maenas
Nectocarcinus integrifrons
Mictyris platycheles
Caprella sp.

Alpheus euphrosyne
Callianassa ceramica
Callianassa arenosa
Macrobrachium intermedium
Natatolana woodjonesi
Pseudolana concinna
Natatolana corpulenta
Actaecia bipleura
Synischia levidensis
Amakusanthura olearia
Haliophasma yarra
Apanthura sp.
Sphaeromatid sp.2
Exosphaeroma sp.
Gasterosaccus sp.
Australomysis incisa
Leptochelia sp.
Pseudoleptochelia sp.
Dimorphostylis colefaxi
Cyclaspis caprella
Dimorphostylis sp.
Cyclaspis ?persculpta
Leptosynapta dolabrifera
Amphipholis squamata
Acanthochiton coxi
Chiazacmaea flammea
Notoacmaea alta
Dentimitrella tayloriana
?Cominella lineolatus
Sigapatella calyptraeformis
Ophicardelus ornatus
Ascorhis victoriae
Salinator fragilis
Salinator solida
Bembicium melanostomum
Littorina praetermissa
Lepsiella vinosa
Nassarius pauperatus
Nassarius burchardi
Odostomia deplexa
Eubittium lawleyanum
Zeacumantus diemenensis
Retusa atkinsoni

Retusa campanula
Austrocochlea brevis
Austrocochlea porcata

49

O O 0O 00000000000 OoOOoOOo

7

OO0 0000000000000 O0OO0OFrOOOOOWU

N
N
w
B

OO OO0 WUoOOOoOOoOOoOoOoum

8

O PP OOODOO0ODODOO0OO0OO0OWOoOOoOOoOo

415

OO0 OO0 0000000000000 O0OO0OOoOOoOOo

N
o)
©
©

OO0 OO0 O0OO0O0O0O0O0OOoOOoOOo

0

OO O0OO0OONOOOOLRr Ulo o

1

N

OO oOoONEFE MOO

131

ONOOOOO®”MWME WOoON

1

o

O O O r o

104

= O O

19

76
137

10

O OO 0000 OoOOo

131

OO PO NOOOODOOODOONOOONORFRPROOOODOODOOODODOO®TOOONODO

2

~

O O O OO o oo

0

PP OOOOZ®RrOo

w
o oo

11

o ol OO

5

w

O O O O

3

N

P OO ONOOONPRPFPFOOOOWNNEOOOODO

182

ONO OO OO Oo

0

OPFr OPFr OO OO

3

B

P OOOMPEPL OO

6

[&]

OO0 0O 000000000 ONOODOEFr OO O O0OOoOOo

380

O O oo

190

O O O OO o oo

0

O w oo oo oo

4

(o]

O woOoONOOOo

7

[¢)]

OO0 0O 0000000000000 O0OFr OO0 O0OO0OOoOOo

1

w

OO0 OO0 O0O0OO0O0OO0OO0oOOoOOo

0

O O O O0OO0OO0OO0OO0UOO0OO0OO0OOo0OOoOOoOOo

5

[¢)]

OO0 OO0 0000000000000 O0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0DO0D0O0O0OO0O0OOoOOoOOo

0

A O O OO

-
OFRP NOOOODO0ODO0ODO0ODO0ODO0OO0OO0OFRPROO0ODO0ODO0ODWODODODODODOORFRrR OOODOOOOOOoO M

Juny
o

OO0 OO0 O0O0OO0OWwWOoOoOo

0

OFRP OO0 WOODOOOOOOoOOoOOoOo

133

OO0 OO0 000 UITOO0OO0OONOODODODO0ODO0ODO0ODO0ODO0ODO0ODO0ODO0OONOODODOOOOOOoOOoO

0

OO0 O0OO0OFrRrR OO0OO0OO0OM~MOO®OOOoOOo

[
o N

236

OO O0OO0ORFRPR OOONOODODONOODODODODODODODO0ODO0ODO0OO0ODO0OO0ODO0OO0ODO0OONOOOOO

0

g O O O o

2

S

OO0 OO0 00000000 UVWNMNOUIODODODODODODODODODODODODODODODODO0ODO0ODO0ODO0ODO0ODO0ODO0OO0ODO0OO0OO0OO0OO0OO0OOOoOOoOOo

0

O wonN

O O U1l o1 OO ©

ey
OO O0OONOONODOONORFRPPFRPOORFRPROOORPFPORPRRPPLPOOMNMOORMDO

=
S

OO OoORFr OO0 oo



APPENDIX 9a (cont.). Total numbers of invertebratespecies collected in cores at different sites on
King Island and in northwest Tasmania.

Site Sea ‘ellowr losqui Black Cam Leven Don
lephar Velcon East )etentic Blythe Leven squeak
Date 24/2 23/2 21/2 22/2 15/1 14/1 13/1 26/9 16/1 25/9 17/5 24/9 17/1
Phasianotrochus irisidontes 0 19 0 0 0 0 0 0 0 0
Eulima sp. 0 0 0 0
Assiminea buccinoides 0 0 0 0
Hydrococcus brazieri 0 3584 311 920 5
Laternula gracilis 0 0 1
Electroma georgiana 0 1 0
Mysella donaciformis 3 61 7 142 1 11 12 10
?Mysella sp. 0 13 1
Lasaea australis 0 0
Bornia trigonale 0 0 3
Arthritica semen 1444 66 1 4 7 3 4 3
?Notolepton sp. 0
Xenostrobus inconstans 23 1
?Xenostrobus securis 30
Soletellina biradiata 0
Soletellina donacioides 0

Solemya sp.
Tellina deltoidalis
Tellinid sp.
Wallucina assimilis
Katelysia scalarina
Katelysia rhytiphora
Eumarcia fumigata
Paphies erycinea
Paphies elongata
Anapella cycladea
Paphies cuneata
Platyhelminth sp.2
Actiniarian sp.1
Edwardsia sp.1
Actiniarian sp.2
Enteropneust sp.
Nemertean sp.1
Nemertean sp.3
Nemertean sp.5
Oligochaeta spp.
Earthworm sp.
Ophelinid sp.2
Euzonus sp.
Armandia sp.1
Phyllodoce sp.
Barantolla lepte
Capitella sp.2
Heteromastus sp. MOV 858
Dorvillea sp.2
Nephtys australiensis
Nephtys longipes
Nephtys gravieri
Glycerid sp.1
Glycerid sp.2
Hesionid sp.
Lumbrineris sp.1
Lumbrineris sp.2
Maldane sp.
Neanthes vaalii
Australonereis ehlersi
Perinereis vallata
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APPENDIX 9a (cont.). Total numbers of invertebratespecies collected in cores at different sites on
King Island and in northwest Tasmania.

Site Sea ‘ellowr losqui Black Cam Leven Don

lephar Velcon East )etentic Blythe Leven squeak

Date 24/2 23/2 21/2 22/2 15/1 14/1 13/1 26/9 16/1 25/9 17/5 24/9 17/1

Simplisetia aequisetis 504 0 0 0 0 0 0 0 0 0 0 0 0
Namanereis littoralis 0 0 0 0 0 0 0 0 0 0 0 8 0
Olganereis edmonsi 0 0 33 4 5 1 0 0 0 0 0 0 0
Leitoscoloplos sp. 0 0 35 7 0 0 0 0 0 0 0 0 0
Leitoscoloplos normalis 24 0 8 0 0 12 6 0 1 0 2 12 0
Scoloplos simplex 0 0 0 0 1 0 0 0 0 29 45 0 5
Scoloplos novaehollandiae 0 0 0 0 10 0 0 0 0 0 0 0 0
Orbinid sp. 0 0 0 0 0 0 0 0 0 0 0 0 1
Microspio ?granulata 0 0 0 0 7 0 1 0 0 0 0 0 0
Carazziella victoriensis 0 0 0 0 1 0 0 0 0 0 0 0 0
Boccardiella sp. 319 0 0 0 0 0 0 0 0 0 0 0 0
Prionospio yuriel 0 0 0 0 1 0 0 0 0 0 0 0 0
Prionospio multipinnulata 0 0 0 1 1 0 0 0 0 0 23 0 3
Boccardia sp. 0 0 0 0 0 0 0 0 0 0 0 13 0
Magelona sp. 0 0 0 7 15 46 24 0 50 89 75 1 21
Aricidea sp. 0 0 0 0 0 0 0 0 0 1 4 0 0
Paraonid sp. 0 0 0 0 16 0 0 0 14 0 0 0 0
Cirratulid sp.2 0 0 0 0 0 0 0 0 0 0 1 0 0
Cirratulid sp.3 0 0 4 0 0 0 0 0 0 0 0 0 0
Polycirrus sp. 0 0 0 0 2 0 0 0 0 0 0 0 0
Thelepus extensus 0 0 0 0 0 0 0 0 0 0 0 0 4
Amaena trilobata 0 0 35 0 0 0 0 0 0 0 0 0 1
Sigalionid sp. 0 0 0 0 2 0 0 0 0 0 0 0 0
Diopatra sp. 0 0 1 0 0 0 0 0 0 0 0 0 0
Abarenicola affinis 0 0 8 0 0 0 0 0 0 0 0 0 0
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Total species 24 17
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APPENDIX 9b. Total numbers of invertebrate speciegollected in cores at different sites in eastern
north Tasmania and the Furneaux Group, with day andmonth of collection (see Table 2.6).

Site Low Paper Pipers ngarool L. lorth E¢ Zamerc Rices
Head Paper ‘omaha Viusselr Patriarc Modde

Date 16/12 17/12 17/6 20/11 22/11 19/11 14/11 8/5 9/5 9/5 12/5 6/5
Sphageris phycodes 0 0 0 0 0
Curculionid spp. 0 1
Staphylinidae spp. 0 0
Chironomid spp. 128 1 41
Hymenoptera spp. 1 0
Insect larvae indet. 4 33 55
Cymadusa sp.1 0
Ampithoe sp.2 1 0 1
Cymadusa sp.2 1 0
Corophium sp. 0
Paracorophium cf excavatum 92 5 324 5

Atylus sp.

Paradexamine dandaloo
Paradexamine churinga
Paradexamine windarra
Paradexamine alkoomie
Tethygeneia sp.
Paracalliope australis
Paracalliope vicinus
Paracalliope lowryi
Allorchestes compressa
Gammaropsis sp.1
Gammaropsis sp.2
Parawaldeckia yamba
Parawaldeckia dilkera 5
Parawaldeckia stebbingi
Parawaldeckia sp.

Melita sp.

Melitid sp.1

Melitid sp.2

Exoediceroides latrans 18
Oedicerotid sp.1 3
Oedicerotid sp.2
Exoediceroides ?maculosus
Oedicerotid sp.3

Tomituka doowi

Booranus wangoorus
Limnoporeia woorake
Birubius sp.3

Birubius ?jirandus 1
Limnoporeia yarrague
Limnoporeia kingi

Birubius maldus

Birubius cf eake
?Bumeralius buchalis
Limnoporeia sp.

Birubius ularitus

Birubius thalmus

Birubius ?wirakus

Birubius mayimayi
Tipimegus ?djinjerrus
Birubius ?apari

Aora maculata

?Aorid sp.

Lembos sp.

Talitrid TA271

Talitrid TA128
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APPENDIX 9b (cont.). Total numbers of invertebratespecies collected in cores at different sites in
eastern north Tasmania and the Furneaux Group.

Site Low Paper Pipers ngarool L. lorth E¢ Zamerc Rices
Head Paper ‘omaha Viusselr Patriarc Modde
Date 16/12 17/12 17/6 20/11 22/11 19/11 14/11 8/5 9/5 9/5 12/5 6/5
Urohaustorius halei 1 0 0 28 99
Urohaustorius sp.2 14 0 0
Paragrapsus gaimardii 0 19
Amarinus lacustris 0 1 1

Halicarcinus ovata 2
Litocheira bispinosus
Macropthalmus latifrons
Carcinus maenas
Nectocarcinus integrifrons
Mictyris platycheles 1
Callianassa ceramica
Callianassa arenosa
Macrobrachium intermedium
Macrobrachium sp.
Axius sp.

laniropsis sp.
Austrochaetilia capeli
Natatolana woodjonesi
Pseudolana concinna
Natatolana corpulenta
Actaecia bipleura
Actaecia thompsoni
Synischia levidensis
Paridotea munda
Amakusanthura olearia
Haliophasma yarra
Ulakanthura lara
Paranthura sp.
Exosphaeroma sp.
Cerceis acuticaudata
Pseudosphaeroma cambellense
Platynympha longicaudata
Gasterosaccus sp.
Nebalia sp.

Ostracod sp.2
Leptochelia sp.

Zeuxo sp.1

Zeuxo sp.2

Zeuxo sp.3
Dimorphostylis colefaxi
Cyclaspis caprella
Diastylid sp.

Cyclaspis sp.

?Cyclaspis sp.

Patiriella brevispina
Leptosynapta dolabrifera
Ophiacantha sp.
Amphipholis squamata
Acanthochiton coxi
Dentimitrella tayloriana
Zafra angasi

Zafra atkinsoni
Cacozeliana granarium
?Cominella lineolatus
Diala suturalis

Pisinna frenchiensis
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APPENDIX 9b (cont.). Total numbers of invertebratespecies collected in cores at different sites in
eastern north Tasmania and the Furneaux Group.

Site Low Paper Pipers ngarool L. lorth E¢ Zamerc Rices
Head Paper ‘omaha Viusselr Patriarc Modde
Date 16/12 17/12 17/6 20/11 22/11 19/11 14/11 8/5 9/5 9/5 12/5 6/5

Ascorhis victoriae 0 0 0 20 0 123 329
Potamopyrgus antipodarum 0 4 0
Tatea rufilabrus

Philine sp.

Salinator fragilis

Salinator solida

Akera tasmanica

Bembicium auratum

Bembicium melanostomum

Nassarius pauperatus

Nassarius nigellus

Nassarius burchardi

Nassarius pyrrhus

Astralium aureum

Odostomia occultidens

Eubittium lawleyanum

Zeacumantus diemenensis

Retusa pelyx

Retusa atkinsoni

Styliferinid sp.

Styliferina translucida

Austrocochlea brevis

Austrocochlea porcata
Phasianotrochus irisidontes 1
?Thalotia sp.

Pseudoliotia micans

Haminoea maugensis

Assiminea buccinoides
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Hydrococcus brazieri 24 1 4
Notospisula trigonella 1 22

Mysella donaciformis 15 10 5 80 9 8 1
?Mysella sp.

Hiatella australis

Bornia trigonale
Arthritica semen

Lucinid sp.1
Xenostrobus inconstans
Musculista senhousia
Brachidontes erosus
Modiolus cottoni

Nucula pusilla 1
Soletellina donacioides
Solemya sp.

Tellina deltoidalis
Tellina margaritina
Wallucina assimilis
Lucinid sp.2

Lucinid sp.3

Katelysia scalarina
Eumarcia fumigata
Placamen placida
Paphies erycinea
Paphies elongata
Anapella cycladea
Paphies cuneata
Cyamiomacra mactroides
Sipunculan sp.2
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APPENDIX 9b (cont.). Total numbers of invertebratespecies collected in cores at different sites in
eastern north Tasmania and the Furneaux Group.

Site Low Paper Pipers ngarool L. lorth E¢ Zamerc Rices
Head Paper ‘omaha Viusselr Patriarc Modde
Date 16/12 17/12 17/6 20/11 22/11 19/11 14/11 8/5 9/5 9/5 12/5 6/5
Actiniarian sp.1 0 0 0 0 117 14 0 0
Edwardsia sp.1 0 0
Edwardsia sp.2 0 12
Nemertean sp.1 38 0
Nemertean sp.2 5

Nemertean sp.4 0

Nemertean sp.5 0

Oligochaeta spp. 2 4 249 4
Earthworm sp. 0

Armandia sp.2 0

Ophelinid sp.1 0

Euzonus sp. 11 1 2 10 7 9

Armandia sp.1 0

Phyllodoce sp. 0

Barantolla lepte 0

Notomastus sp. 104 2

Capitella sp.2 164 55 3
Heteromastus sp. MOV 858 1 1 0 1

Capitellid sp. 0 2

Notomastus cf hemipodus

Dorvillea sp.2

Nephtys australiensis
Nephtys longipes
Glycerid sp.2

Spirorbid sp.1 19
Spirorbid sp.2

Serpulid sp.

Sabellid sp.2

Sabellid sp.1

Lumbrineris sp.1
Maldanid sp.2

Maldanid sp.4

cf. Maldanid sp.
Neanthes vaalii
Australonereis ehlersi
Perinereis vallata
Simplisetia aequisetis
Nereid sp.

Simplisetia amphidonta
Neanthes cricognatha
?Nereid sp.

Platynereis antipoda
Olganereis edmonsi
Leitoscoloplos sp.
Leitoscoloplos latibranchus
Leitoscoloplos normalis
Scoloplos novaehollandiae
Leitoscoloplos bifurcatus
Australospio trifida

cf. Carazella hirsutiseta
Scolecolepides aciculatus
Malacoceros sp.
Prionospio tatura
Carazziella victoriensis
Boccardiella sp.

Scolepis cf carunculata
Scolecolepides sp.
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APPENDIX 9b (cont.). Total numbers of invertebratespecies collected in cores at different sites in
eastern north Tasmania and the Furneaux Group.

Site Low Paper Pipers ngarool L. lorth E¢ Zamerc Rices
Head Paper ‘omaha Viusselr Patriarc Modde
Date 16/12 17/12 17/6 20/11 22/11 19/11 14/11 8/5 9/5 9/5 12/5 6/5
Prionospio multipinnulata 0 0 0 0 67 0 0
Boccardia sp. 0 0 3
Aonides oxycephala 3 0 0
Spio pacifica 0 0
Magelona sp. 293 202

Paraonidae sp.
Cirratulid sp.1
Cirratulid sp.2
Cirratulid sp.3
Cirratulid sp.4
Exogone sp.2
Syllid sp.4

Syllid sp.1

Syllid sp.2
Exogonid sp.
Syllides sp.
Exogone sp.1
Lanassa exelysis
Pista australis
Eupolymnia koorangia
Lanicides fascia
Amaena trilobata
Terrebellides sp.
Ampharetid sp.1
Pectinaria sp.
Polynoid sp.
Sigalionid sp.
Diopatra sp.
Eunicid sp.1
Eunicid sp.2
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Total abundance 903 1109 1814
Total species 116 32 25 29 26 26 49 120 35 8 19
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APPENDIX 9c. Total numbers of invertebrate speciegollected in cores at different sites in
northeastern Tasmania, with day and month of colleiion (see Table 2.6).

Site Ansons  Big Georges Bryans Lisdillon Earlhar
Bay Lagoon Bay Adendersc Woolshe Prosse Pittwate
Date 12/11  13/11 11/11 13/11  13/5 23/12 17/9 16/9 20/8 23/10
Hellyethira ?malleoforma 0 0 0 7 0 0 0 0
Curculionid spp. 0 0 0
Staphylinidae spp. 0 0 0
Chironomid spp. 5 26 85 99
Insect larvae indet. 1 0 13 4 1
Cymadusa sp.2 0 0 0
Corophium sp. 0 0 0
Paracorophium cf excavatum 13 6 103 383 592 1021 10
Paracorophium sp. 9 45 11
Paradexamine churinga 15 0 0
Paracalliope australis 1 4 14 516 6
Paracalliope lowryi 1 0 0 0
Allorchestes compressa 18 0 0
Gammaropsis sp.1 53 4 56 3
Melita sp. 10 8 55 134 22 2

Exoediceroides latrans
Oedicerotid sp.2
Exoediceroides ?maculosus
Limnoporeia yarrague
Birubius muldarpus
Limnoporeia kingi
?Kuritus sp.
?Limnoporeia sp.1
Talitrid TA59

Talitrid TA139
Urohaustorius halei
Paragrapsus gaimardii
Helograpsus haswellianus
Amarinus lacustris
Brachyura sp.

Philyra laevis
Macropthalmus latifrons
Carcinus maenas
Mictyris platycheles
Callianassa arenosa
Macrobrachium intermedium
Macrobrachium sp.
Pseudolana concinna
Actaecia bipleura
Paridotea munda
Exosphaeroma sp.
Tasmanomysis oculata
Australomysis acuta
Ostracod sp.1

Ostracod sp.2
Dimorphostylis colefaxi
Echinocardium cordatum
Diala suturalis

Ascorhis victoriae

Tatea rufilabrus
Salinator fragilis
Bembicium auratum
Nassarius pauperatus
Nassarius nigellus
Nassarius burchardi
Eubittium lawleyanum
Zeacumantus diemenensis
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APPENDIX 9c (cont.). Total numbers of invertebratespecies collected in cores at different
sites in northeastern Tasmania.

Site Ansons  Big Georges Bryans Lisdillon Earlhar
Bay Lagoon Bay Adendersc Woolshe Prosse Pittwate

Date 12/11 13/11 11/11 13/11 13/5 23/12 17/9  16/9 20/8 23/10
Batillaria australis 0 0 0 0 0 19 1 12 11
Retusa pelyx 0 0 0 0 1
Diala monile 0 0 0
Austrocochlea brevis 0 0 0
Austrocochlea porcata 1 0 0 18
Pseudoliotia micans 0 5 10 81
Assiminea buccinoides 0 11 0
Hydrococcus brazieri 0 0 51
Laternula gracilis 0
Bivalvia sp. 0
Fulvia tenuicostata 0
Notospisula trigonella 0 1 20
Mysella donaciformis 16 0 1 1 7
?Mysella sp. 0
Theora lubrica 0

Arthritica semen 15 389 28 107 248 64 13 37
Xenostrobus inconstans 1254 3

Mytilus edulis 0

Soletellina donacioides 1 0

Tellina deltoidalis
Wallucina assimilis
Katelysia scalarina
Irus carditoides
Katelysia rhitiphora
Eumarcia fumigata
Placamen placida
Venerupis galactites
Anapella cycladea
Cyamiomacra mactroides
Sipunculan sp.1
Actiniarian sp.1
Edwardsia sp.1
Nemertean sp.1
Nemertean sp.2
Nemertean sp.5
Oligochaeta spp.
Earthworm sp.
Euzonus sp.
Phyllodoce sp.
Capitella sp.2
Heteromastus sp. MOV 858
Nephtys australiensis
Glycerid sp.1
Glycerid sp.2
Serpulid sp.
Lumbrineris sp.1
Maldanid sp.3
Australonereis ehlersi
Perinereis vallata
Simplisetia aequisetis
Leitoscoloplos sp.
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Orthoprionospio cirriformia 131

Prionospio tatura 0

Carazziella victoriensis 0

Boccardiella sp. 2 43 1 22 111
Scolecolepides sp. 0 16



APPENDIX 9c (cont.). Total numbers of invertebratespecies collected in cores at different
sites in northeastern Tasmania.

Site Ansons  Big Georges Bryans Lisdillon Earlhar
Bay Lagoon Bay Adendersc Woolshe Prosse Pittwate
Date 12/11  13/11 11/11 13/11 13/5 23/12 17/9  16/9 20/8 23/10
Prionospio yuriel 0 0 0 0 0 0 4 1 0 0
Prionospio multipinnulata 0 13 0 0 0 0 0 0
Boccardia sp. 0 0 0 77 0 0 0 0 0 0
Magelona sp. 0 0 23 0 0 4 0 0 0 19
Cirratulid sp.3 0 0 0 9 0 0 0 0 0 0
Pista australis 0 0 5 0 0 0 0 0 0 0
Polynoid sp. 0 0 2 0 0 0 0 0 0 0
Abarenicola affinis 0 0 0 0 0 0 0 0 1 0
Total abundance 847 5779 763 712 6541 4406 3877 1978 1508 1064

Total species 41 21 46 34 18 36 36 42 35 35




APPENDIX 9d. Total numbers of invertebrate speciescollected in cores at different sites in
southeastern Tasmania, with day and month of coll¢ion (see Table 2.6).

Site orneliar ‘idgewa 3rowns Eggs Brabaz Cradoc outhpo >loudy (
Corneli aremor & Baco Cradoc Lune >loudy
Date 24/4 13/2 21/10 21/10 2/7 31/10 6/11 5/11 16/5 9/1 19/6 18/5 24/5

o

Hellyethira ?malleoforma 0 0 0 2 0 0
Chironomid spp. 158 13 13
Hymenoptera spp. 0
Insect larvae indet.
Austrolestes annulosus
Ampithoe sp.1
Ampithoe sp.2
Cymadusa sp.2
Corophium sp.
Paracorophium cf excavatum
Paracorophium sp.
Paradexamine dandaloo
Paradexamine churinga
Tethygeneia sp.
Paracalliope australis
Paracalliope vicinus
Paracalliope lowryi
Allorchestes compressa
Gammaropsis sp.1
Cheiriphotis sp.

Melita sp.
Exoediceroides latrans
Limnoporeia yarrague
Birubius muldarpus
Limnoporeia kingi
?Kuritus sp.

Birubius cf eake
Birubius panamunus
Tipimegus thalerus
Birubius ?apari
Limnoporeia ?kalduke
Aora maculata

Talitrid TA59

Eorchestia palustris
Urohaustorius halei
Urohaustorius sp.2
Paragrapsus gaimardii
Amarinus lacustris
Halicarcinus ovata
Amarinus laevis
Brachyura sp.

Philyra laevis

Ebalia intermedia
Macropthalmus latifrons
Mictyris platycheles
Caprella sp.

Callianassa ceramica
Callianassa arenosa
Macrobrachium intermedium
Macrobrachium sp.
Pseudolana concinna
Actaecia bipleura
Paridotea munda
Amakusanthura olearia
Exosphaeroma sp.
Cymodetta gambosa
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APPENDIX 9d (cont.). Total numbers of invertebratespecies collected in cores at different sites in

southeastern Tasmania.

Cantharidella hisseyana
Pseudoliotia micans
Haminoea maugensis
Assiminea buccinoides
Hydrococcus brazieri
Laternula gracilis
Notospisula trigonella

(2]
N

Site orneliar ‘idgewa 3rowns Eggs Brabaz Cradoc outhpo >loudy (

Corneli aremor & Baco Cradoc Lune >loudy
Date 24/4 13/2 21/10 21/10 2/7 31/10 6/11 5/11 16/5 9/1 19/6 18/5 24/5
Sphaeromatid sp.1 0 0 0 1 2 0 0 0 0 0
Tasmanomysis oculata 0 0 0 1 5
?Heteromysis sp. 0 0 0 0 0
Siriella sp. 0 0 0 0 1
Australomysis incisa 0 0 9 0 0
Ostracod sp.2 0 0 4 0 0
Ostracod sp.3 0 0 1 0 0
Ostracod sp.4 0 0 0 1 0
Sinelobus stanfordi 0 3 10 0 0 0
Dimorphostylis colefaxi 0 5 0 0 0
Cyclaspis caprella 0 0 0 4 0
Patiriella exigua 0 0 0 0 0
Leptosynapta dolabrifera 0 0 1 0 0
Acanthochiton coxi 0 0 0 0 0
Chiazacmaea flammea 0 0 0 0 0
Diala suturalis 0 0 0 37 446
Tatea huonensis 8 301 4058 57 52 436 0 0 10
Ascorhis victoriae 255 7 27 0 0 17
Potamopyrgus antipodarum 799 26 0 0 0
Tatea rufilabrus 7 0 47 268 0 0 18
Salinator fragilis 0 1 0 9 56 144
Salinator solida 1 0 0 0
Nassarius pauperatus 1 3 42 22
Nassarius nigellus 1 0 0 0
Nassarius burchardi 13 31 0 7 0
Agatha metcalfi 4 1 0
Eubittium lawleyanum 1905 12 15
Zeacumantus diemenensis 1 1 0 138
Austrocochlea brevis 0 0 1
Phasianotrochus irisidontes 0 0 4

1 0

0 0

0 1

0 0

1 1

0 2

0 0

0

Mysella donaciformis
?Mysella sp.

Bornia trigonale
Arthritica semen
Xenostrobus inconstans
Mytilus edulis

Nucula pusilla
Soletellina biradiata
Soletellina donacioides
Radiocondyle pectinata
Solemya sp.

Tellina deltoidalis
Wallucina assimilis
Katelysia scalarina

Irus carditoides
Katelysia rhitiphora
Venerupis sp.

Paphies erycinea
Paphies elongata
Anapella cycladea
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APPENDIX 9d (cont.). Total numbers of invertebrates collected in cores at different sites in

southeastern Tasmania.

Site orneliar ‘idgewa 3rowns Eggs Brabaz Cradoc outhpo >loudy (
Corneli aremor & Baco Cradoc Lune >loudy
Date 24/4 13/2 21/10 21/10 2/7 31/10 6/11 5/11 16/5 9/1 19/6 18/5 24/5
Cyamiomacra mactroides 0 0 0 1 0 0 788 281 103
Phoronid sp. 0 0 0
Actiniarian sp.1 0
Edwardsia sp.1 0
Edwardsia sp.3 2
Hirudinean sp.1 0
Nemertean sp.1 0
Nemertean sp.2 0
Nemertean sp.3 0
Nemertean sp.5 2
Oligochaeta spp. 1 7
Earthworm sp. 1 2 14
Euzonus sp. 59 1
Armandia sp.1 13
Phyllodoce sp. 2

Capitella sp.1

Barantolla lepte
Notomastus sp.

Capitella sp.2
Heteromastus sp. MOV 858
Capitellid sp.

Dorvillea sp.1

Nephtys australiensis
Glycerid sp.1

Glycerid sp.2

Hesionid sp.

Lumbrineris sp.1
Maldanid sp.1

Maldanid sp.4

Neanthes vaalii
Australonereis ehlersi 1
Perinereis vallata
Simplisetia aequisetis
Namanereis littoralis
Platynereis antipoda
Olganereis edmonsi
Leitoscoloplos sp.
Leitoscoloplos normalis 2
cf. Carazella hirsutiseta
Scolecolepides aciculatus
Prionospio ?wambiri
Malacoceros sp.
Microspio ?granulata
Orthoprionospio cirriformia
Prionospio tatura
Carazziella victoriensis
Boccardiella sp.

Scolepis cf carunculata
Scolecolepides sp.
Magelona sp.

Cirratulid sp.4

Syllid sp.3

Exogone sp.1
Terrebellides sp.
Ampharetid sp.2
Abarenicola affinis
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Total abundance 286 1142 88 1934
Total species 28 35 25 27 22 51 27 23 24 37
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APPENDIX 9e. Total numbers of invertebrate speciesollected in cores at different sites in southern
and western Tasmania, with day and month of colle@n (see Table 2.6).

Site Cockle New Old Kelly Nandere Swan Piemar Arthur
River Basin lacquari Basin Henty \elson

Date 7/1 18/2 19/2 19/2 20/2 30/9 23/6 25/6 24/6 14/1 13/1
Hellyethira ?malleoforma 0 82 0 0 0
Chironomid spp. 7 68 12 5
Hymenoptera spp. 0 0 0 0
Insect larvae indet. 1 13 47 1 0
Austrolestes annulosus 0 0 0 0
Oecetis sp. 1 0 1 3 0
Paracorophium cf excavatum 14 15 3 18 104 154 60 481
Paracalliope australis 0 0 13
Paracalliope vicinus 4 25 0 0
Paracalliope lowryi 0 0 36
Allorchestes compressa 0 0 2
Gammaropsis sp.1 24, 90 126 0
Gammaropsis sp.2 13 0 0
Melita sp. 1 0 0 0
Exoediceroides ?maculosus 35 193
?Exoediceroides sp. 29 181 64 65
Limnoporeia yarrague 1 2 0 0
Limnoporeia kingi 3 12

Kulgaphoxus sp.
Talitrid TA283

Talitrid TA271

Talitrid TA281
Eorchestia palustris
Talitrid TA121
Paragrapsus gaimardii
Amarinus lacustris
Halicarcinus rostratus
Mictyris platycheles
Callianassa ceramica
Callianassa arenosa
Macrobrachium sp.
Actaecia bipleura
Actaecia thompsoni
Ischyromene rubida
Tasmanomysis oculata
Ostracod sp.2
Ostracod sp.3
Leptosynapta dolabrifera
Diala suturalis
Eatoniellid sp.
Ophicardelus ornatus
Tatea huonensis
Ascorhis victoriae
Potamopyrgus antipodarum
Tatea rufilabrus
Salinator fragilis
Bembicium auratum
Nassarius pauperatus
Nassarius burchardi
Retusa pelyx
Austrocochlea brevis
Hydrococcus brazieri
Laternula gracilis
Mysella donaciformis
?Mysella sp.
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APPENDIX 9e (cont.). Total numbers of invertebratespecies collected in cores at different sites in
southern and western Tasmania.

Site Cockle New Old Kelly Nandere Swan Piemar Arthur
River Basin lacquari Basin Henty \elson
Date 7/1 18/2 19/2 19/2 20/2 30/9 23/6 25/6 24/6 14/1 13/1
Bornia trigonale 0 0 3 0 0 0 0 0
Arthritica semen 113 222 128 272 48

Soletellina donacioides 2
Tellina deltoidalis 2
Wallucina assimilis 37
Katelysia scalarina 12
Katelysia rhitiphora 5

Paphies erycinea
Cyamiomacra mactroides
Platyhelminth sp.1
Hirudinean sp.2
Nemertean sp.1
Oligochaeta spp.
Earthworm sp.

Euzonus sp.

Phyllodoce sp.
Heteromastus sp. MOV 858
Dorvillea sp.1

Nephtys australiensis
Nephtys longipes
Nephtys inornata
Glycerid sp.1
Lumbrineris sp.1
Australonereis ehlersi
Perinereis vallata
Olganereis edmonsi
Leitoscoloplos normalis
Scoloplos simplex
Boccardiella sp.
Prionospio multipinnulata
Boccardia sp.
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Magelona sp. 35

Ampharetid sp.2 1

Sigalionid sp.

Total abundance 1266 1054 1542 3125 866 680 29 593 1565 1551
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Total species 32 17 20 49 17
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APPENDIX 10a. Mean log density of fish species collected at sites in eaties on King Island and
in the north west region. Total number of samplingoccasions for all sites within each estuary is also

Heteroclinus perspicillatus
Kestratherina brevirostris
Leptatherina presbyteroides
Lesueurina platycephala
Lovettia sealii

o o

o o

o

w

o

shown.
Yarra Yellow Nelcome Duck East Crayfis
'a Eleph Ettrick Rock JAosquitc West Black detentiol
Acanthaluteres spilomelanurus 0.7 4.0 0 2.6 0
Acanthaluteres vittiger 0 1.0 0 0 0
Aldrichetta forsteri 31 8 1 0 1.2 2 1.3 8 3.4
Ammotretis rostratus 3.7 2.0 0.9 09 1 2 1.0
Arenigobius bifrenatus 0 0 0.1 0 0
Arripus spp. 1.9 2 0 0.9 0.1 0.6
Atherinasoma microstoma 6.1 1 0 04 2 0
Contusus brevicaudus 0 0 0 0.7
Contusus richei 0 0 0.2 0
Cristiceps argyropleura 0.3 0 0 0
Cristiceps australis 0.9 0 0 0
Diodon nichthemerus 0 0 0 0.1
Engraulis australis 0 0 0 0.1
Favonigobius lateralis 0 0 0 1 0
Favonigobius tamarensis 1.6 0 0.7 0
Galaxias maculatus 29 2 1 0 30 4 0 1
Girella tricuspidata 0 0 0 0.1
Gobiidae (indet) 0.1 0 0 0
Gymnapistes marmoratus 0 1.0 0 0.1
Haletta semifasciata 0 1.0 0 0.4
Heteroclinus forsteri 0.4 0 0
Heteroclinus heptaeolus 0.3 0 0
0 0
0 5
0 2
0 0
0 A
0
0
0

P o
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0
0
0
0
1
0
0
Meuschenia freycineti 2.0 0.9
Mitotichthys semistriatus 1.0 0
Neoodax balteatus 1.0 0.3
Neosebastes scorpaenoides 0 0.1 0
Nesogobius hindsbyi 0 0.1 0
Nesogobiusp.2 4.0 0.9 21 1 3 1
Notolabrus tetricus 0.1 0 0 0.1
Platycephalus bassensis 0 3.0 0.1 0
Platycephalus laevigatus 0 2.0 0 0
Prototroctes maraena 0 1 0 0 0
Pseudaphritis urvillii 0.1 1 0 0.2 0
Pseudogobius olorum 0 0 02 1 0
Pseudophycis barbatus 0.3 0 0 0.1
Retropinna tasmanica 0 1 0 1.2 0
Rhombosolea tapirina 0 0 1.1 1 30 8 3 1
Stigmatopora nigra 0 4.0 0.2 0.6
Tasmanogobius lasti 1.4 1 0 0.9 0
Tasmanogobius lordi 0 0 15 0
Tetractenos glaber 0 0 0.8 0.3
Vanacampus phillipi 0 3.0 0 0
Total Species 18 3 1 8 13 2 23 7 19 3 4 7
Sample number 7 1 2 7 1 1 11 2 7 1 1 5




APPENDIX 10b. Mean log density of fish species collected at sites in eaties in the
central north region. Total number of sampling occaions for all sites within each estuary

is also shown.

Inglis Cam Emu Blytht Level Fortt Don Merse Port

Sorel

Aldrichetta forsteri 5.7 0.3 7.0 4.0 3.5 3.3 0 3.7 4.0
Ammotretis rostratus 1.3 1.7 0 0.5 1.0 0.6 0 0.2 1.0
Anguilla australis 0 0 0 0 0 0 0 0.2 0
Arnoglossus bassensis 0 0 0 0 0 0 0 0 0.1
Arripus spp. 0.7 07 0 0 1.2 1.0 0 0.5 1.8
Atherinasoma microstoma 0 0 0 0 2.7 2.6 3.0 1.8 03
Contusus brevicaudus 0 0 0 0 0 0 0 0 0.9
Contusus richei 0.7 0 0 0 0 0 0 0 11
Crapatalus munroi 0 0 0 0 0 0 0 0 0.1
Engraulis australis 0 0 0 0 0 0 0 0.3 0
Favonigobius lateralis 0 0 0 0 0.5 0 0 0 0.5
Favonigobius tamarensis 0 0 0 4.0 0.3 0.1 2.0 1.2 0.3
Galaxias maculatus 0 3.0 0 0 1.3 1.7 8.0 15 0.3
Galaxias truttaceus 0 1.0 0 0 0.3 0.4 0 0 0
Leptatherina presbyteroides 1.0 3.0 0 0 1.7 0 0 0 0.4
Lovettia sealii 0 0 0 0 0.7 1.1 0 1.3 01
Nesogobiusp.2 0.7 1.0 0 0 0 0 0 0 0
Oncorhynchus mykiss 0 0 0 0 0.2 0 0 0 0
Philypnodon grandiceps 0 0 0 0 0 0 0 0.3 0
Platycephalus bassensis 0 0.3 0 0 0.2 0 0 0 0.2
Pseudaphritis urvillii 0 0 0 0 0.2 0 0 0 0
Pseudocaranx dentex 0 0 0 0 0.2 0 0 0 0
Pseudogobius olorum 0 0 0 0 0 0.1 0 0.5 0
Retropinna tasmanica 0 0 0 0 1.3 0.3 0 1.7 0.9
Rhombosolea tapirina 2.7 4.0 0 1.0 15 1.9 1.0 1.0 2.3
Tasmanogobius lasti 0.3 0 0 0 0.3 0 1.0 0 0
Tasmanogobius lordi 2.7 1.0 0 0 0.5 0.6 0 0.5 0.3
Tetractenos glaber 0 0 0 0 2.0 0.1 0 0.5 1.2
Total Species 9 10 1 4 19 13 5 15 18
Sample number 3 3 1 2 6 7 1 6 8




APPENDIX 10c. Mean log density of fish species collected at sites in eaties in eastern north and
Furneaux Group regions. Total number of sampling ocasions for all sites within each estuary is also
shown.

Tamar Piper Little Brid 3oobyal Patriarc Pats
Currie: Forestt ymahaw \orth Ei Camerc

Acanthaluteres spilomelanurus 1.3 0 0 0 0 0 0 0.8 0 0 0
Acanthaluteres vittiger 0.4 0 0 0 0 0 0 0.3 0 0 0
Aldrichetta forsteri 21 8.0 6.8 7.0 54 3.7 8.0 23 8.8 0.3 15
Ammotretis rostratus 0.7 0 0 1.0 0.2 13 0.5 0.7 0.3 0.5 0
Anguilla australis 0 0 0 0 0 0 0 0.3 0.5 0 15
Arenigobius frenatus 0.1 0 0 0 0 0 0 0 0 0 0
Arripis spp. 0.7 0 0.6 2.0 14 0 1.0 0.2 15 0.3 0
Atherinasoma microstoma 1.1 3.0 0.8 0 0.2 5.7 0 2.7 2.3 6.0 8.5
Atherinason hepsetoides 0.2 0 0 0 0 0 0 0 0 0 0
Bovichtus angustifrons 0.1 0 0 0 0.4 0 0 0 0 0 0
Brachaluteres jacksonianus 0 0 0 0 0 0 0 0.3 0 0 0
Chelidonichthys kumu 0 0 0 0 0 0 0 0.1 0 0 0
Contusus brevicaudus 0.1 0 0 2.0 0 0 0 0.3 0 0 0
Contusus richei 0.2 0 0 0 0 0 0 1.0 0.3 0 0
Crapatalus munroi 0 0 0 0 0 0 0 0.1 0 0 0
Cristiceps australis 0.2 0 0 0 0 0 0 0 0 0 0
Dicotylichtys myersi 0 0 0 0 0 0 0 0.3 0 0 0
Diodon nichthemerus 0 0 0 0 0 0 0 0.1 0 0 0
Engraulis australis 0.2 0 0 0 0 0 0 0 0 0 0
Enoplosus armatus 0.1 0 0 0 0 0 0 0 0 0 0
Favonigobius lateralis 0.1 0 0 0 2.2 0.3 0 1.2 0 0 0
Favonigobius tamarensis 0.7 0 0 0 0 0 0 1.2 0 0 1.0
Genypterus tigerinus 0 0 0 0 0 0 0 0.2 0 0 0
Girella tricuspidata 0 0 0 0 0 0 0 0.3 0 0 0
Gymnapistes marmoratus 0.2 0 0.2 0 0 0.3 0 0.9 0.3 1.0 0
Haletta semifasciata 0.1 0 0 0 0 0 0 0 0 0 0
Heteroclinus perspicillatus 0.4 0 0.2 0 0 0 0 0.2 0 0 0
Hyporhamphus melanochir 0 0 0 0 0 0 0 0.2 0 0 0
Kaupus costatus 0 0 0 0 0 0 0 0.1 0 0 0
Kestratherina brevirostris 0.6 0 0 0 0 0 0 0 0 0 0
Kestratherina esox 0.1 0 0 0 0 0 0 0 0 0 0
Leptatherina presbyteroides 4.2 0 1.6 7.0 0 0 0 4.2 0 0 0
Lovettia sealii 0 0 0 0 0.2 0 0 0 0 0 0
Meuschenia freycineti 0.1 0 0 0 0 0 0 0.3 0 0 0
Mugil cephalus 0 0 0 0 0 0 0 0.1 1.3 0 0
Myxus elongatus 0 0 0 0 0 0 0 0.4 0 0 0
Nannoperca australis 0 0 0 0 0.2 0 0 0 0 0 0
Neoodax balteatus 0.3 0 0 0 0 0 0 0 0 0 0
Nesogobius hindsbyi 0.1 0 0 0 0 0 0 0 0 0 0
Nesogobiusp.2 1.8 0 0.6 0 0 0 0 1.8 0 1.0 1.0
Nesogobiusp.3 0.1 0 0 0 0 0 0 0 0 0 0
Nesogobiusp.5 0.1 0 0 0 0 0 0 0 0 0 0
Notolabrus tetricus 0 0 0 1.0 0 0 0 0 0 0 0
Platycephalus bassensis 0.3 0 0.2 0 0 0 0 0.4 0 0 0
Platycephalus castelnaui 0.1 0 0.2 0 0 0 0 0.1 0 0 0
Platycephalus laevigatus 0 0 0 0 0 0 0 0.1 0 0 0
Pomatomus saltatrix 0 0 0 0 0 0 0 0.7 0 0 0
Pseudaphritis urvillii 0 0 0 0 0 0 0.5 0 0 0.8 1.0
Pseudocaranx dentex 0 0 0 0 0.2 0 0 0.3 0 0 0
Pseudogobius olorum 0 0 0 0 0 0 0 0 1.0 0 25
Pugnaso curtirostris 0.1 0 0 0 0 0 0 0 0 0 0
Retropinna tasmanica 0.3 0 0 0 0 0 0 0 0 0 0
Rhombosolea tapirina 1.9 0 0.4 1.0 0.6 0.7 1.0 14 15 1.0 0.5



APPENDIX 10c (cont.). Mean log density of fish species collected at sites in eaties in eastern north
and Furneaux Group regions. Total number of samplig occasions for all sites within each estuary is
also shown.

Tamar Piper Little Brid 3oobyal Patriarc Pats
Curries Forest ymahaw North Ee Camerc

Siphamia cephalotes 0.1 0 0 0 0 0 0 0 0 0 0
Siphonognathus radiatus 0.1 0 0 0 0 0 0 0 0 0 0
Spratelloides robustus 0.4 0 0 0 0 0 0 0.3 0 0 0
Stigmatopora argus 0.1 0 0 0 0 0 0 0.9 0 0 0
Stigmatopora nigra 0.2 0 0 0 0 0 0 0.3 0 0 0
Tasmanogobius lasti 0 0 0 0 0 0 0 0 0 1.3 0
Tasmanogobius lordi 0.2 0 0 0 0 0 0 0 0 0 0
Tetractenos glaber 1.9 0 2.2 1.0 2.0 0 10 0.7 1.0 0 0
Trachurus declivis 0 0 0 0 0 0 0 0.1 0 0 0
Upeneus tragula 0 0 0 0 0 0 0 0.1 0 0 0
Vanacampus phillipi 0.1 0 0 0 0 0 0 0.6 0 0 0
Total Species 41 2 11 8 11 6 6 40 11 9 8
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Sample number 19 18 4 4 2




APPENDIX 10d. Mean log3 density of fish species bected at sites in estuaries in the upper and
lower north east regions. Total number of samplingpccasions for all sites within each estuary is also

shown.
. Musse Anson: Sloop George ienders Dougla

. Musse Big Grants Scaman emplest Deniso
Acanthaluteres spilomelanurus 0.3 0 0.6 0 0 0 14 0 0 0 0 0
Acanthopagrus butcheri 0 0 01 0 0 0 00 08 0 0 0 30
Aldrichetta forsteri 27 35 22 0 0O 10 19 13 23 24 50 35
Ammotretis liturata 0 0 0 0 0 0 04 0 0 0 0 0
Ammotretis rostratus 0.7 1.0 0.9 0 0 0O 05 33 07 12 20 18
Anguilla australis 0 0 05 0 0 0 0 0 0 0 0 0
Apogon conspersus 0 0 0 0 0 0 0.0 0 0 0 0 0
Arenigobius bifrenatus 0 0 0.2 0 0 0 05 0 0 0 0 0
Arripus spp. 0.3 0 0.3 0 0 0 16 0 07 16 63 20
Atherinasoma microstoma 57 13 35 15 80 90 14 0 21 54 10 50
Atypichthys strigatus 0 0 01 0 0 0 0 0 0 0 0 0
Bovichtus angustifrons 0 0 0 0 0 0 01 0 0 0 0 0
Brachaluteres jacksonianus 0 0 0 0 0 0 0.0 0 0 0 0 0
Crapatalus munroi 0 0 0 0 0 0 01 0 0 0 0 0
Cristiceps australis 0 0 0 0 0 0 05 0 0 0 0 0
Diodon nichthemerus 0 0 0 0 0 0 01 0 0 0 0 0
Engraulis australis 0 0 01 0 0 0 04 0 0 0 0 0
Favonigobius lateralis 0 03 01 0 0 0 05 05 04 04 0 0
Favonigobius tamarensis 0 03 06 0 0 0O 11 20 03 0.2 0 0
Galaxias maculatus 0 0 02 0 0 0 0 05 0 0 0 0
Girella tricuspidata 0 0 01 0 0 0 05 0 0 0 0 0
Gymnapistes marmoratus 0 0 0.2 0 0 0 05 0 0 0 0 0
Heteroclinus perspicillatus 0 0 03 0 0 0 0.7 0 0 0 0 0
Hyporamphus melanochir 0 0 0 0 0 0 0.2 0 0 0 0 0
Kestratherina brevirostris 0 0 01 0 0 0 0 0 0 0 0 0
Leptatherina presbyteroides 0 35 33 45 0 30 1.2 0 0 0 0 0
Meuschenia freycineti 03 03 0.2 0 0 0 07 0 0 0 0 0
Myxus elongatus 0 0 0.2 0 0 0 0 0 03 0 0 0
Neoodax balteatus 0 0 01 0 0 0 0 0 0 0 0 0
Nesogobius hindsbyi 0 0 0 0 0 0 0.2 0 0 0 0 0
Nesogobius pulchellus 0 0 0 0 0 0 0.2 0 0 0 0 0
Nesogobiusp.2 30 53 1.9 0 0O 20 14 28 30 0 0 0
Nesogobiusp.5 0 0 0.2 0 0 0 03 0 0 0 0 0
Notolabrus tetricus 0 0 01 0 0 0 0 0 0 0 0 0
Platycephalus bassensis 0 0 0 0 0 0 0.2 0 0 0 0 0
Pomatomus saltatrix 0 0 0 0 0 0 01 0 0 0 0 0
Pseudaphritis urvillii 0 0 0.2 0 10 0 05 0 01 04 0 03
Pseudocaranx dentex 0.3 0 06 0 0 0 01 20 0 0 0 0
Pseudogobius olorum 0 0 04 05 30 0 03 0 01 0 0 0
Rhombosolea tapirina 1.7 13 18 0 0 0o 17 10 17 10 03 o038
Stigmatopora argus 0 0 0.6 0 0 0 05 0 0 0 0 0
Stigmatopora nigra 0 0 112 0 0 0 35 0 0 0 0 0
Tasmanogobius lasti 0 0 0 0 0 0 0 0 0 0.2 0 0
Tetractenos glaber 0.3 0 0.9 0 0 0 03 0 01 0 0 0
Urocampus carinirostris 0 0 04 0 0 0 03 0 0 0 0 0
Vanacampus phillipi 0 0 01 0 0 0 04 0 0 0 0 0
Vanacampus poecililaemus 0 0 0 0 0 0 01 0 0 0 0 0
Total Species 100 9 33 3 3 4 39 9 12 9 5 7
Sample number 3 4 15 2 1 1 19 4 7 5 3 4




APPENDIX 10e. Mean log density of fish species collected at sites in eaties in the eastern
region. Total number of sampling occasions for alsites within each estuary is also shown.

Bryans G. Meredil Lisdillor L. Spring Ealhar

Swanpc Buxtor Swanpt Prosse Blackmi
Acanthaluteres spilomelanurus 0 1.0 0 0 0 0 0 0 1.0 14
Acanthaluteres vittiger 0 0.3 0 0 0 0 0 0 0.3 0
Acanthopagrus butcheri 0 0.4 0 0 0 0 0 0 0 0
Aldrichetta forsteri 4.0 11 0 2.3 1.0 0.6 0 3.5 3.3 2.8
Ammotretis rostratus 3.0 0.9 7.0 1.0 15 1.8 6.0 0.8 0.7 0.8
Anguilla australis 0 0.1 0 0 0 0.2 0 0 0 0
Anguilla reinhardtii 0 0.1 0 0 0 0 0 0 0 0
Arripis spp. 1.0 15 0 03 15 06 1.0 33 0 0.4
Atherinasoma microstoma 9.0 3.7 0 2.7 4.5 2.8 1.0 0.5 0 1.2
Brachaluteres jacksonianus 0 0.1 0 0 0 0 0 0 0 0
Contusus richei 0 0.6 0 0 0 0 0 05 03 0
Cristiceps australis 0 0.3 0 0 0 0 0 0 0.3 0.8
Engraulis australis 0 0.1 0 0 0 0 0 0 0 0
Favonigobius lateralis 0 0 0 0 0 0 0 0 0.3 0
Favonigobius tamarensis 0 1.0 0 0 0 2.0 0 0.5 0 0
Galaxias maculatus 0 0.5 0 0 0 1.8 0 0.5 0.3 0
Gymnapistes marmoratus 0 0.8 0 0 0 0.2 0 0.3 0.7 1.4
Haletta semifasciata 0 0.2 0 0 0 0 0 0 0 0.4
Heteroclinus perspicillatus 0 0.1 0 0 0 0 0 0 0.7 0.6
Hyporamphus melanochir 0 0.2 0 0 0 0 0 0 0.3 0
Kestratherina esox 0 0 0 0 0 0 0 0 0 2.4
Latridopsis forsteri 0 0.1 0 0 0 0 0 0 0 0
Leptatherina presbyteroides 0 4.0 1.0 1.0 0 0 6.0 2.3 5.3 7.0
Lesueurina platycephala 0 0.1 0 2.3 0 0 0 0 0 0
Meuschenia freycineti 0 1.0 0 0 0 0 0 0 0.3 0
Myxus elongatus 0 0 0 0 0 0 0 0.3 0 0
Nemadactylus macropterus 0 0 0 0 0 0 0 0 0 0.2
Neoodax balteatus 0 0.6 0 0 0 0 0 0 0.7 1.8
Nesogobiusp.2 0 11 0 0.7 0.5 0.2 1.0 15 2.0 3.0
Nesogobiusp.5 0 0 0 0 0 0.2 0 0 0 0
Notolabrus tetricus 0 0 0 0 0 0 0 0 0 0.2
Platycephalus bassensis 0 0.3 0 0 0 0 0 0 0 0
Pseudaphritis urvillii 0 0.6 0 0 0 0.2 0 0 0.3 0
Pseudocaranx dentex 0 0.1 0 0 0 0 0 0.3 0 0
Pseudogobius olorum 20 0.1 0 0 0.5 0.6 0 0.3 0 0
Pseudophycis barbatus 0 0.1 0 0 0 0 0 0 0 0
Rhombosolea tapirina 0 1.0 2.0 4.0 5.0 0.8 0 3.0 1.7 2.8
Sillago flindersi 0 0.1 0 0 0 0 0 0 0 0
Stigmatopora argus 0 0.2 0 0 0 0 0 0.3 0 0.6
Stigmatopora nigra 0 1.6 0 0 0 0.4 0 25 3.3 0
Tasmanogobius lasti 0 0 0 0 0 0 0 0.3 0.7 0
Tasmanogobius lordi 0 0.1 0 0 0 0 0 0 0 0
Tetractenos glaber 0 0 0 0 0 0 0 1.3 0.3 0
Urocampus carinirostris 0 0.2 0 0 0 0 0 0 0 0
Vanacampus phillipi 0 0.1 0 0 0 0 0 0 0 0
Total Species 5 37 3 8 7 14 5 18 20 17
Sample number 1 14 1 3 2 5 1 4 3 5




APPENDIX 10f. Mean log density of fish species collected at sites in eaties in the Huon and
Derwent regions. Total number of sampling occasionfr all sites within each estuary is also shown.

Carltc Pipecl Browr Huor Lune Cloudy
Pittwal Derwe Port Cy Espere Southg

Acanthaluteres spilomelanurus 0.5 0 0 0 0 0.3 0.8 1.2 0 1.0 15
Acanthaluteres vittiger 0 0 0 0 0 0 0.5 0 0 0 0
Acanthopagrus butcheri 0 0 0 0 15 0 0 0 0 0 0
Alabes dorsalis 0 0 0 0 0 0 0 0 0 0 1.2
Aldrichetta forsteri 2.1 1.0 1.0 1.7 35 0.5 0 0.4 0 0 0.5
Ammotretis liturata 0 0 0 0.0 0 0 0.3 0 0 0 0
Ammotretis rostratus 0.3 0.4 0 0.5 1.0 0 1.0 1.2 2.0 2.0 0.8
Anguilla australis 0 0 0 0.3 0 0 0 0 0 0 0
Aracana aurita 0 0 0 0 0 0 0.3 0.3 0 0 0
Arenigobius bifrenatus 0 0 0 0 0 0.3 0 0 0 0 0
Arripis spp. 0 0 0 1.4 3.0 0 0.5 0.8 0 2.0 0.3
Atherinasoma microstoma 4.5 3.4 0 21 038 1.0 0 0.5 0 0 0
Atherinason hepsetoides 0 0 0 0.1 0 0 0 0 0 0 0
Atypichthys strigatus 0 0 0 0 0 0 0.5 0 0 0 0
Brachaluteres jacksonianus 0 0 0 0 0 0 0 0.1 0 0 0
Brachionichthys hirsutus 0 0 0 0.0 0 0 0 0 0 0 0
Contusus richei 0 0 0 0 0 0 0 0.2 0 0 0
Crapatalus munroi 0 0 0 0 0 0 0 0 1.0 0 0
Cristiceps australis 0.3 0 0 0 0 0 0.3 0.3 0 0 1.0
Diodon nichthemerus 0 0 0 0.0 0 0 0 0 0 0 0
Engraulis australis 0.3 0 0 0.0 0 0 0 0 0 0 0
Favonigobius tamarensis 0.8 1.0 0 0.3 0.5 0.8 0.3 11 0 0 0
Galaxias maculatus 0.8 0 0 0.4 0 0 25 03 0 0 0
Galaxias truttaceus 0 0 0 0.0 0 0.3 0 0 0 0 0
Gobiidae (indet) 0 0 0 0 0 0 0 0 0 0 0.8
Gymnapistes marmoratus 0.8 0 0 0.7 0.8 0.8 0.7 0.5 0 2.0 0
Haletta semifasciata 0 0 0 0 0 0 0 0 0 0 0.2
Heteroclinus perspicillatus 0.1 0 0 0 0 0 0.5 0.3 0 1.0 1.3
Hippocampus abdominalis 0 0 0 0.1 0 0.3 0.2 0 0 0 0
Hippocampus breviceps 0 0 0 0 0 0 0 0.2 0 0 0
Hyporamphus melanochir 0 0 0 0.4 0 0 0 0 0 0 0
Kestratherina brevirostris 0 0 0 0.1 0 0.3 0.8 0 0 0 0
Kestratherina esox 0 0 0 0.2 0 0 0 0.1 0 2.0 0
Leptatherina presbyteroides 2.5 3.4 1.0 2.7 0.5 2.5 20 4.2 0 8.0 2.8
Lesueurina platycephala 0 0 0 0.0 0 0 0 0 0 0 0
Lovettia sealii 0 0 0 0.1 0 0 0 0 0 0 0
Meuschenia freycineti 0.3 0 0 0 0 0 0 0 0 0 0.5
Mitotichthys semistriatus 0 0 0 0 0 0 0.5 0.3 0 0 0.8
Myliobatis australis 0 0 0 0.0 0 0 0 0 0 0 0
Nemadactylus macropterus 0 0 0 0.1 0 0 0 0 0 0 0
Neoodax balteatus 0.2 0 0 0 0 0 05 05 0 0 15
Nesogobius hindsbhyi 0.3 0.4 0 0.2 0.5 2.3 15 0.5 8.0 2.0 0
Nesogobius pulchellus 0 0 0 0 0 0 0.3 0 0 0 0
Nesogobiusp.2 1.3 21 55 1.7 10 20 13 31 30 30 40
Nesogobiusp.5 0.3 0 0 0 0 0.3 0.2 0 0 0 1.2
Nesogobiusp.7 0 0 0 0 0 0 0 0.2 0 0 0
Oncorhynchus mykiss 0 0 0 0 0.3 0 0 0 0 0 0
Ophiclinus gracilis 0 0 0 0 0 0 0 0 0 0 0.2
Platycephalus bassensis 0 0.1 0 0.1 0 0 0.6 0.3 1.0 0 0.3
Pseudaphritis urvillii 1.4 0 0 15 0.8 1.0 2.2 2.4 0 0 0.2
Pseudocaranx dentex 0 0 0 0 0 0 0.2 0.2 0 0 0
Pseudogobius olorum 14 01 0 0.6 0.3 0 0 0 0 0 0
Pseudophycis barbatus 0 0 0 0.1 0 0 0 0 0 0 0



APPENDIX 10f (Cont.). Mean log density of fish species collected at sites in eafies in the Huon
and Derwent regions. Total number of sampling occasns for all sites within each estuary is also
shown.

Carltc Pipecl BrowPort Cyr  Huor Lune Cloudy
Pittwal Derwe Espere Southg

Retropinna tasmanica 0 0 0 15 0.5 0.5 0.5 0 0 0 0
Rhombosolea tapirina 1.3 1.9 3.0 16 4.0 1.8 0.8 1.0 2.0 3.0 1.3
Stigmatopora argus 0 0 0 0 0 0.3 0.3 0.6 0 0 1.0
Stigmatopora nigra 0.5 0 0 0.1 0 0.8 0.2 0.4 1.0 0 0
Taratretis derwentensis 0 0 0 0.0 0 0 0 0 0 0 0
Tasmanogobius lasti 0 0 0 0.9 2.0 0 0.2 0.1 0 0 1.3
Tasmanogobius lordi 0 0 0 0.0 0 2.5 0 0 0 0 0
Tetractenos glaber 0 0 0 0 0.5 2.0 0.3 0.3 0 0 0
Urolophus cruciatus 0 0 0 0.1 0 0 0 0 0 0 0
Urolophus paucimaculatus 0 0 0 0.0 0 0 0 0 0 0 0
Vanacampus phillipi 0.2 0 0 0 0 0 0.2 0 0 0 0.7
Total Species 21 10 4 37 17 20 31 29 7 10 22
Sample number 7 7 2 27 4 4 4 10 1 1 6




APPENDIX 10g. Mean log3 density of fish species ltected at sites in estuaries in the south
and west. Total number of sampling occasions for ksites within each estuary is also shown.

Catamal Cockle New Bathur: Macqua Nelsor

ntrecas River Payne Piemal Arthur
Acanthaluteres spilomelanurus 0 0 0 0 0 1.1 0.0 0 0 0
Aldrichetta forsteri 0 1.0 2.0 0 0.1 1.0 15 1.8 0 2.3
Ammotretis liturata 0 0 0 0 0 0.2 0.1 0 0 1.0
Ammotretis rostratus 0 0 0.5 0 0 0.5 0.3 0 0 2.0
Anguilla australis 0 0 0 0 0.3 0 0 0 0 0
Apogon conspersus 0 0 0 0 0 0.3 0 0 0 0
Arnoglossus bassensis 0 0 0 0 0 0 0.0 0 0 0
Arripis spp. 0 0 1.0 0 0 0.9 0.1 0 0 0
Atherinasoma microstoma 0 0 25 3.0 5.9 0.5 1.2 0 0 0
Cristiceps australis 0 0 0 0 0 0.3 0 0 0 0
Favonigobius tamarensis 6.0 0 0 0 0.7 0.6 0.0 0 0 0
Galaxias maculatus 0 2.0 0 0 1.1 04 0.8 3.8 1.0 1.7
Galaxias truttaceus 0 1.0 0 0 0 0.6 0.7 25 50 0.1
Gymnapistes marmoratus 0 0 0 0 0 0.7 0 0 0 0
Hippocampus abdominalis 0 0 0 0 0.1 0 0.0 0 0 0
Kathetostoma laeve 0 0 0 0 0 0.1 0 0 0 0
Kestratherina brevirostris 0 0 0 0 0 0.2 0 0 0 0
Leptatherina presbyteroides 0 0 6.0 0 0.3 4.6 2.4 0 0 0
Lesueurina platycephala 0 0 0 0 0 0.2 0.1 0 0 0
Lovettia sealii 0 2.0 0 0 0 0.8 0.1 0 0 0.4
Neoodax balteatus 0 0 0 0 0 1.0 0 0 0 0
Nesogobius hindsbyi 0 0 0 0 0 0.4 0.0 0 0 0
Nesogobiusp.2 0 0 5.5 0 0 15 0.2 0 0 0
Nesogobiusp.5 0 0 0 0 0 0.4 0.0 0 0 0
Platycephalus bassensis 0 0 0 0 0 0.1 0.0 0 0 0
Prototroctes maraena 0 0 0 0 0 0 0 0.8 0 24
Pseudaphritis urvillii 0 4.0 0 8.0 0.9 0.3 0.8 0.3 0 0.3
Pseudogobius olorum 0 3.0 0 0 0 0 0 0 0 0
Retropinna tasmanica 0 7.0 0 3.0 2.9 0.6 0.5 0 3.5 0
Rhombosolea tapirina 0 2.0 3.0 0 0 0.7 2.8 0.5 0 0.4
Stigmatopora argus 0 0 0 0 0.6 0.4 0 0 0 0
Stigmatopora nigra 0 0 0 0 0 0 0.2 0 0 0
Tasmanogobius lasti 7.0 0 0 5.0 0 0 0 0 0 0.1
Tasmanogobius lordi 0 0 0 0 0 0 0 0.8 0 0
Tetractenos glaber 0 0 0 0 0.1 0.5 0 0 0 0
Total Species 2 8 7 4 11 27 22 7 3 10
Sample number 1 1 2 1 7 11 27 4 2 7
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