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Executive summary 
The purpose of this investigation was to collate previously disparate information 

on near-pristine estuaries and make it widely available for use by managers, 

researchers, policy makers and the general public. This information was acquired 

through scientific articles, reports, conference proceedings, government 

agencies, grey literature, websites, expert advice and anecdotal observation and 

was summarised both on a state-by-state basis and at the national level, with 

emphasis on current knowledge and management.  

The extent and availability of information pertaining to near-pristine estuaries was 

generally good at the catchment level in most states. Information at the individual 

estuary level was sparse, although important geomorphic, water quality and 

ecological studies have been undertaken in some areas (e.g. Tasmania). 

An unfortunate finding of the literature review was that a reasonably large 

percentage of the estuaries deemed to be in near-pristine condition during the 

National Land and Water Resources Audit, Phase 1 (completed in 2002) will 

likely have to be reclassified to account for modification either in the catchment or 

in the estuary itself. The reclassification is required because either (i) inaccurate 

information was used during the initial assessment or (ii) there has been a 

change in the catchment or estuary condition since the initial assessment. The 

development of aquaculture was often cited as the cause for reclassification of 

estuaries in the southern states, while previously unknown or overlooked 

catchment modification was the main reason for changes to classifications in 

Northern Australia. The downstream impacts of cattle grazing on the near-pristine 

estuaries in northern Australia in particular, is unknown and could be quite 

extensive. 

Coastal catchment and waterway land management practices were found to vary 

greatly across Australia. The catchments of near-pristine estuaries in the 

southern states are often fully contained within National Parks, while there was a 

mixture of land tenure in the northern catchments (Indigenous, pastoral lease, 

crown land and freehold) and fewer national parks. Inclusion of the catchments of 

near-pristine estuaries in National Parks affords the estuaries a certain degree of 

protection against catchment developments that can have large impacts on 

estuaries. However, to fully protect an estuary, both the catchment and direct use 

(e.g. fisheries and other extraction activities) must be managed. With this purpose 

in mind, tables were provided in each state chapter in which the near-pristine 

estuaries were assigned to their corresponding coastal IMCRA regions (Interim 

Marine and Coastal Regionalisation for Australia). It is envisaged that this 
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information will help with future National Representative System of Marine 

Protected Areas (NRSMPA) programs.  

All IMCRA regions in Queensland, Northern Territory and northern Western 

Australia include near-pristine estuaries and the IMCRA regions of Tasmania 

 were reasonably represented by near-pristine estuaries. There are 14 IMCRA  

regions with no near-pristine coastal waterways along the New South Wales,  

Victorian, South Australian and southern Western Australian coastlines. 
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1. Introduction 

Australia’s near-pristine coastal waterways 

Roughly half of Australia�s coastal waterways were classified as �near-pristine� 

during the first National Land and Water Resources Audit (NLWRA) (NLWRA 

2002). The large number of near-pristine coastal waterways in Australia is unusual 

in the global context because coastal waterways are often a focus for human 

activity. For example, coastal waterways are attractive locations for urban 

development as they provide shipping access, nearby fresh water, fertile land for 

agriculture, productive fishing and other sites for aquaculture (Hodgkin 1994).  

Most coastal waterways are inextricably linked to their catchments and as a 

consequence their health may also be compromised by activities such as 

deforestation, river regulation, erosion and agricultural and urban pollution 

(Campbell & Doeg 1989; Schlacher & Wooldridge 1996; Gabric & Bell 1993). 

Some other major impacts on coastal waterways arising from human activities 

include water quality deterioration such as eutrophication (Nixon 1995; Zann 1995), 

increased sedimentation (Hodgkin & Clark 1988; Jones & Chenhall 2001; Radke et 

al. 2004), habitat destruction (Van Dolah et al. 1984; Whitfield 1986) and the 

introduction of exotic pests (Carlton 1989).  

Near-pristine coastal waterways are unevenly spread around the Australian 

coastline (Figure 1.1), reflecting the uneven distribution of the human population. 

In northern Australia, where population and development is relatively sparse, near-

pristine coastal waterways are very common. In fact, 73% of the 530 coastal 

waterways situated above the tropic of Capricorn that were subject to classification 

during the first NLWRA were deemed to be in �near-pristine� condition. A further 

20% of these coastal waterways were considered �largely unmodified� and only 7% 

classified as either �modified� or �extensively modified�. In comparison, more than 

50% of the 444 estuaries situated in the more populated areas below the Tropic of 

Capricorn were classified as �modified� or �severely modified� during the NLWRA; 

25% were �largely unmodified� and only 19% were in �near-pristine� condition.  
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Figure 1.1. The location of Australia’s near-pristine coastal waterways 

 
 

Much of what we know about Australian coastal waterways comes from studies of 

modified systems. In contrast, little research or monitoring has been conducted in 

near-pristine coastal waterways. This is partly because the near-pristine systems 

tend to be located in the most remote and inaccessible parts of the coastline 

(Figure 1.1) and partly because managers have tended to focus on the more 

disturbed systems that are subject to public scrutiny. However, it is important that 

we learn more about near-pristine estuaries from both science and management 

perspectives. Scientifically, near-pristine estuaries provide reference sites for 

assessing natural variability in physical and biological processes. Information on 

natural variability is also useful for management because it is often difficult to 

distinguish between changes caused by human activity and changes associated 

with natural cycles of disturbance and change in modified systems (Deeley & 

Paling 1999). Therefore, near-pristine coastal waterways can provide important 

benchmark information for monitoring change in modified systems in terms of water 

quality, ecology and geomorphology. These baseline data are also required for 

protective management of the coastal waterways themselves because near-
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pristine coastal waterways are valuable: (i) as habitat for native plants and animals; 

(ii) for the conservation of biodiversity; (iii) as places for tourism; (iv) for commercial 

and recreational fishing; and (v) as environments that support commercial fish 

species (NLWRA 2000, 2002).  

This report summarises the current state of knowledge and management of 

Australia�s near-pristine estuaries in order to make it widely available for use by 

managers, researchers, policy makers and the general public. The information was 

acquired through scientific articles, reports, conference proceedings, government 

agencies, grey literature, expert advice and anecdotal observation. This review is 

an output (Milestone SE21.1) of the Comparative Geomorphology of Estuaries 

Project in the Cooperative Research Centre for Coastal Zone, Estuary and 

Waterway Management (Coastal CRC). The aim of the project is to improve our 

knowledge of Australia�s near-pristine coastal waterways.  

 

Defining ‘estuary’ and ‘near-pristine’ 

Numerous definitions for the term �estuary� are to be found throughout the scientific 

literature, which vary between disciplines such as hydrology, ecology and geology. 

For the purpose of this report, we use the Boyd et al. (1992) geomorphic definition: 

[An estuary is defined as] the seaward limit of a drowned valley which 
receives sediment from both river and marine sources and contains 
geomorphic and sedimentary facies influenced by tide, wave and river 
processes. 

This definition was also adopted in the NLWRA process. For the purposes of 

this report, the term �estuary� is also often used interchangeably with �coastal 

waterway�, of which there are several different types (described below; see also 

Figure 1.2).  

Defining what is meant by �pristine� or �near-pristine� can be problematic. In the first 

instance, it is unlikely that any coastal waterway is in pristine condition because 

global biogeochemical cycles have been altered over the last century by human 

processes (Galloway 2005). In the second instance, whether a coastal waterway is 

classified as near-pristine or not depends on the criteria used and the availability of 

quality data. For the purposes of this review, we use the NLWRA (2002) 

classification scheme which was based on quantitative and qualitative information 

and expert opinion on the part of state and territory governments (Table 1.1). 

Although there are elements of subjectivity in most of the NLWRA classifications, 

systematic changes in geomorphic indicators have been shown to coincide with 

diminishing condition status in the NLWRA framework (i.e. from near-pristine, 
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through largely unmodified and modified to severely modified; Radke et al. 2006), 

suggesting that the scheme has merit. Nonetheless, the NLWRA condition 

classifications should not be used when more detailed and quantitative information 

are available. The past and present relationship of Indigenous people with what are 

defined as �near-pristine� and �wilderness� environments also needs further 

consideration, but is beyond the scope of this review. However, it is noteworthy that 

Aboriginal people have occupied Australia for over 40 000 years, possibly 60 000 

years in some regions and have influenced and continue to influence landscapes 

and ecosystems (Bowler 1976; Hallam 1979; Singh 1982; NOO 2004; ACF 1991).  

Table 1.1. The criteria for near-pristine estuaries used by the NLWRA and this review (from 
NLWRA 2002) 
 

Physical characteristic Condition 

Catchment natural cover >90% 

Land use Limited roads and disturbance to natural conditions and processes 

Catchment hydrology No dams or impoundments, virtually nil abstraction 

Tidal regime No impediments to tidal flow, changes from natural morphology 
(e.g. training walls, barrages, bridges and causeways) 

Floodplain Wetlands intact in vegetation and hydrology, no alterations to flood 
pattern 

Estuary use Extractive activities limited to Indigenous use or limited and 
sustainable commercial and recreational fishing, no aquaculture 

Pests and weeds Minimal impact on estuary from catchment weeds and limited pests 
and weeds within estuary 

Estuarine ecology Ecological systems and processes intact (e.g. benthic flora and 
fauna) 

 
 

Classification and habitats of Australia’s coastal waterways 

During the first NLWRA (NLWRA 2002), 974 of Australia�s coastal waterways were 

classified into seven geomorphic types based on the wave, tide and river energy 

that shape them. These primarily include wave- and tide-dominated deltas and 

wave- and tide-dominated estuaries (Figure 1.2). Additionally, very low fluvial-input, 

end-member coastal waterways were also included, such as strandplains, tidal 

creeks and coastal lagoons (Figure 1.2; Heap et al. 2001). A small number 

of coastal waterways remain unclassified. On the basis of the NLWRA 

classifications, the Australian coastline was subsequently divided into five coastal 

geomorphic regions with similar tide, wave and river energy: the North-west, North-

east, South-west and South-east Coasts and the Gulf of Carpentaria (Figure 1.3; 
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Harris et al. 2002; Harris & Heap 2003). Tide-dominated coastal waterways are 

concentrated along the North-west and North-east Coasts and in the Gulf of 

Carpentaria, while wave-dominated estuaries are more prevalent in the South-west 

and South-east Coastal regions. Wave-dominated deltas mainly occur along the 

eastern seaboard inclusive of the South-east and North-east Coastal regions and 

the Gulf of Carpentaria (see Figure 1.3).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.2. Ternary classification of coastal systems divided into seven classes  
 

(After Dalrymple et al. 1992; Boyd et al. 1992).  
WDD and TDD refer to wave- and tide-dominated deltas respectively 

 
 

 
Figure 1.3. The geomorphic regions of Harris et al. (2002) and Harris and Heap (2003) 
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Each coastal waterway type has a characteristic distribution of different habitats 

(for example fluvial deltas, saltmarsh, tidal sand banks or intertidal flats) and these 

are depicted in the format of conceptual models in Ryan et al. (2003). The 

geomorphic habitats of 41 of Australia�s near-pristine estuaries were mapped 

during the first NLWRA (Heap et al. 2001) and a further 158 were mapped in the 

Comparative Geomorphology of Estuaries Project (Creasey et al. 2006). The maps 

comprise industry-standard ARC GIS files consisting of a base map of the estuary 

boundary and vector layers showing the extent of subaerial, tidal and subtidal 

habitats. The maps are available for download at the OzEstuaries website 

(<www.ozestuaries.org>). 

 
 

Near-pristine estuaries in the context of marine bioregionalisation 

The Australian government is committed to regional marine planning and the 

development of a National Representative System of Marine Protected Areas 

(NRSMPA) as part of Australia�s Oceans Policy (1998) towards the ecologically 

sustainable development of Australia�s oceans. The development of ecologically 

based regionalisations has been central to achieving these policy objectives. 

The Interim Marine and Coastal Regionalisation for Australia (IMCRA) (see IMCRA 

Technical Group 1998) is a nearshore regionalisation that consists of 

60 mesoscale regions (100�1000s of km) that cover the area between the coast 

and the edge of the continental shelf (defined as the 200 m isobath) around 

Australia (Figure 1.4).  

IMCRA was based mainly on fish (pelagic and demersal) diversity and species 

richness data and has been adopted both nationally and internationally, for 

example, for the development of NRSMPA across the states, for State of the 

Environment reporting and monitoring and for reporting on introduced marine 

species. In addition, 13 larger domains based on IMCRA (Lyne et al. 1998) are 

used by the Commonwealth Government for the purposes of regional marine 

planning.  
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Figure 1.4. Interim marine and coastal regionalisation for Australia: Mesoscale regionalisation 

(version 3.3) (based on IMCRA Technical Group 1998)  
 

The bioregionalisation process is pivotal to the design of a �comprehensive, 

adequate and representative� (CAR) system of marine protected areas for 

Australia, in the Commonwealth and State Governments� NRSMPA program (DEH 

2004, 2005; ANZECC 1998, 1999a, b; IMCRA Technical Group 1998). In order to 

protect biodiversity, the network of marine protected areas should maximise the 

protection of ecosystems; ecosystem processes and ecosystem linkages and 

connectivity (Harris, in press). With these goals in mind, �comprehensive� refers to 

the inclusion of the full range of ecosystem types; �adequate� implies that the 

designated areas are large enough to maintain the viability of ecosystems; and 

�representative� refers to the inclusion of areas that reasonably reflect the biotic 

diversity of the ecosystems from which they are derived (ANZECC 1999a, b). It is 

also important to consider the IUCN category of reserves (IUCN 1994) as this 

indicates the extent of protection (see appendix, Table A.1). These categories were 

defined by the International Union for the Protection of Nature (IUCN) and the 
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World Conservation Monitoring Centre and are used throughout the world for 

consistency. The IUCN defined a series of six protected area management 

categories, based on primary management objectives (see appendix, Table A.1).  

There are several good reasons why near-pristine estuaries should be included in 

NRSMPAs. As noted in the review of Edgar et al. (2000), estuarine systems: 

• are regionally distinctive;  

• rank as the most productive but degraded ecosystems on earth; 

• are the ecosystems from which the majority of documented marine 

extinctions have occurred; and 

• lag behind terrestrial and marine systems from the perspective of 

conservation measures.  

Moreover, a �critical chain of habitats� is required to maintain a productive and 

diverse fisheries resource and this �critical chain� often includes coastal and 

estuarine habitats (Cappo et al. 1995). For example, a number of commercial and 

recreationally important fish species (barramundi, mangrove jack, trevally and 

queenfish) are either entirely estuarine-dependent in their juvenile stages, or 

have juveniles that are more abundant in estuaries (M. Sheaves, personal 

communication, 24 January 2006). The juvenile stages of some important forage 

species also depend on estuaries (M. Sheaves, personal communication, 

24 January 2006). Indeed, it has been estimated that the average annual value of 

ecosystem services supplied by estuaries worldwide, including habitat/refugia, is in 

the order of $US4100 billion (Costanza et al. 1997).  

 

Conservation significance of near-pristine estuaries 

Edgar et al. (2000) outline a stepwise process to rank estuaries in terms of their 

conservation significance. They noted that anthropogenic disruptions to coastal 

waterways are often non-random�that is, different types and sizes of estuaries 

are preferentially subjected to particular scales and types of disturbance�and 

suggested, where possible, to quarantine at least one estuary of a given estuary 

category type from destructive human activity. As mentioned above, estuary 

typology in this report relies on the NLWRA geomorphic classification system 

(Figure 1.2) which was derived from studies by Dalrymple et al. (1992) and Boyd 

et al. (1992). However, Australian coastal waterways have also been classified on 

the basis of habitat types (Bucher & Saenger 1994), hydrology (Digby & Ferguson 

1996), climate and hydrology (Eyre, 1998) and a combination of physical and 

ecological factors (Edgar et al. 2000). The size of an estuary is an important factor 
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in determining its conservation significance because large estuaries possess a 

greater range of habitats and are considered more highly buffered against future 

changes than are smaller estuaries (Edgar et al. 2000). Moreover, it has also been 

demonstrated in the context of New South Wales that the biggest estuaries 

produce the largest fish catches (Roy et al. 2001). In addition to typology and size, 

estuaries with catchments that are wholly or largely contained within National 

Parks are not likely to face future land-based threats and therefore have a higher 

conservation significance than do estuaries with catchments that are otherwise 

publicly or privately owned. Estuaries that are enormously rich in species or that 

have highly localised taxa also have a high conservation significance. Some of 

Australia�s estuaries are already recognised as wetlands of national and 

international importance (i.e. Ramsar wetlands) based on criteria outlined by 

Environment Australia (2001).  

 
 

Outline of review 

Pristine estuaries are considered on a state-by-state basis in chapters 2�8 of this 

review and current knowledge and management are summarised for each. In most 

cases, the current management sections were written or informed by a state 

representative. Tables are provided in these chapters in which the near-pristine 

estuaries of a given state are arranged according to the following conservation 

criteria to help with future NRSMPA programs: (i) IMCRA region; (ii) geomorphic 

type; and (iii) water area. Chapter 9 summarises national-scale projects that are of 

relevance to near-pristine estuaries. Some general conclusions are presented at 

the end of each chapter and overarching conclusions from the study are presented 

in Chapter 10. 
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2. New South Wales 

Current knowledge 

Less than 10% (14) of estuaries in New South Wales (NSW) remain in near-

pristine condition (NLWRA 2002; Figure 2.1; Table 2.1). This is low compared to 

the percentage for Australia as a whole (50%) because the NSW coast has 

experienced a relatively long history of development pressure, beginning with 

European settlement over 210 years ago. These pressures persist to the present 

day as large tracts of the NSW coastline are subject to intense industrial and 

residential development, with approximately one-third of Australia�s population 

living in NSW (ABS 2003) and around 80% of those close to an estuary (NLWRA 

2002). Therefore, the only estuaries not subject to these pressures exist largely 

within areas specifically set aside for conservation�such as national parks, nature 

reserves and marine parks.  

The estuaries of NSW range from small coastal creeks and lagoons to large 

coastal lakes and the lower reaches of major rivers. Roy (1984) outlines a 

comprehensive geological model for the evolution of estuaries in NSW, where the 

present shape and character of each estuary reflects the pattern of sediment 

infilling that began about 7000 years ago after the post-glacial marine 

transgression. The NSW Department of Natural Resources, formerly the NSW 

Department of Land and Water Conservation (DLWC; DLWC 2000a) provides a 

useful summary on this subject on their website: 

(<http://www.dlwc.nsw.gov.au/care/water/estuaries/FactSheets/Physical/>).  

All but three of the 133 coastal waterways classified by the NLWRA in NSW are 

wave-dominated (NLWRA 2002). This is because wave energy is strong, relative to 

river and tide energy, along the NSW coast. Around 50% of the estuaries are 

wave-dominated estuaries, 12% are coastal lakes, 12% are coastal creeks and 8% 

are strandplains. As discussed in the introduction, wave-dominated estuary types 

are particularly at risk of eutrophication and increased sedimentation because they 

have a sand barrier restricting water exchange with the ocean (Harris & Heap 

2003; Ryan et al. 2003). Wave-dominated deltas make up 14% of estuaries in 

NSW. These are less susceptible to eutrophication and enhanced sedimentation 

because a large proportion of dissolved nutrients are exported out of the estuary 

(Ryan et al. 2003).  
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Figure 2.1. Near-pristine estuaries and IMCRA bioregions of New South Wales  
(estuaries symbolised according to geomorphic type) 

 
 



 
Australia�s near-pristine estuaries  2. New South Wales 
 

 17 
 

Estuary size 

The 14 near-pristine estuaries in NSW are concentrated mainly in the far north and 

far south of the State, away from the more densely populated areas around 

Sydney, Newcastle and Wollongong (Figure 2.1). They are characterised by 

relatively small catchments and water areas. The Sandon River estuary has the 

largest catchment, 109 km2, followed by Khappinghat Creek, 102 km2, but all other 

near-pristine estuaries have catchments of less than 80 km2 (Table 2.1). Water 

areas average 0.92 km2 (calculated from Table 2.1); note that Table 2.1 uses the 

catchment and water areas given by the NSW Department of Natural Resources) 

(DLWC 2000b). Due to the finer scale of the NSW mapping, these vary slightly 

from and are likely more accurate than, the catchment and water areas calculated 

by the NLWRA (NLWRA 2002). 

It is important to note that the list of near-pristine estuaries in Table 2.1 is not 

exhaustive. The NLWRA (2002) did not include many of the very small coastal 

creeks and lagoons in NSW and it is likely several of those excluded are in near-

pristine condition. For example, there are several very small coastal lagoons 

around Batemans Bay on the NSW south coast with catchment areas less than 

2.5 km2 and water areas less than 0.005 km2 (Mikac 1999). Several (e.g. North 

Head Lagoon and Acheron Lagoon) are wholly within a national park and fulfil all 

the criteria required for near-pristine status outlined in Table 1.1.  

The small size of NSW near-pristine estuaries is in contrast to the size of many of 

the NSW estuaries classified as extensively modified by the NLWRA. Larger 

estuaries can provide for ports, navigation, fishing and a fertile floodplain for 

agriculture. Therefore, much human settlement and development has occurred 

preferentially in and around these larger estuaries. In addition, the larger the 

catchment, the more likely development in some form or another occurs within that 

catchment. Small catchments can often be entirely contained within a national 

park. This situation presents a problem when using near-pristine estuaries as 

benchmarks for comparing with more modified systems. For example, comparing 

processes in the Sandon River estuary with those in the extensively modified 

Richmond River estuary: both are wave-dominated deltas located in subtropical 

northern NSW; however, the Richmond River estuary has a catchment area of 

6850 km2 (63 times greater than that of the Sandon River) and a water area of 

19 km2 (DLWC 2000b). Therefore, for many of the larger modified estuaries in 

NSW, there may be no comparable near-pristine system and the only option for 

estimating former �natural� biophysical parameters for these systems may be to 

infer reference conditions from historical data (e.g. McLoughlin 2000) or by 

analysing sediment cores (e.g. Eyre et al. 1997; Brooke 2002).  
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Table 2.1. Near-pristine estuaries of New South Wales: (i) locations and catchment area information; and (ii) some attributes that may be used to assess 
conservation significance 

Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure 

2.1 # 
OzEstuaries 

#1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)3 

Habitat  
maps in 

OzEstuaries2 

IMCRA 
region4 

Coastal lake 
inquiry 

classification5 

Coastal lake 
inquiry 

conservation 
value5 

Geo-
morphic 
classi-

fication2 

Water 
area 

(km2)3 

Potential 
revised 

condition 
classification6

Wetland 
significance7 

Jerusalem Creek 1 1000 -29.208 153.396 43  Tweed 
Moreton   SP 0.4  National 

Lake 
Arragan/River 2 791 -29.565 153.338 10  Tweed 

Moreton CP Moderate CL 1.1  National 

Lake 
Cakora/Lagoon 3 792 -29.602 153.332 11 Yes Tweed 

Moreton SP Moderate CL 0.3 Largely 
unmodified National 

Sandon River 4 10 -29.674 153.331 109 Yes Tweed 
Moreton   WDD 1.5 Largely 

unmodified National 

Station Creek 5 12 -29.951 153.253  Yes Tweed 
Moreton   WDE   National 

Khappinghat 
Creek 6 26 -32.010 152.565 102 Yes Manning Shelf   WDD 0.96   

Termeil Lake 7 823 -35.462 150.395 14 Yes Batemans 
Shelf CP Moderate WDE 0.6  National 

Meroo Lake 8 53 -35.484 150.391 20 Yes Batemans 
Shelf CP Moderate WDE 0.6  National 

Willinga Lake 9 54 -35.500 150.391 20 Yes Batemans 
Shelf SP Moderate WDE 0.5 Largely 

unmodified  

Durras Lake 10 55 -35.639 150.305 55 Yes Batemans 
Shelf CP Moderate WDE 3.5 Largely 

unmodified National 

Lake Brunderee 11 829 -36.098 150.132 6.1  Batemans 
Shelf CP Low CL 0.2   

Lake Tarourga 12 830 -36.115 150.134 9 Yes Batemans 
Shelf CP Low WDE 0.3   

Merrica River 13 81 -37.297 149.951 68 Yes Two Fold 
Shelf   CC 0.3   

Nadgee 
Lake/Inlet 14 837 -37.469 149.973 79 Yes Two Fold 

Shelf CP High CL 1.7   

 
1 This number can be used to query the OzEstuaries database (<www.OzEstuaries.org>) to obtain more information on the estuary in question. 
2 From OzEstuaries (www.OzEstuaries.org): SP � strandplain; WDD � wave-dominated delta; CL � coastal lake; CC � coastal creek; WDE � wave-dominated estuary. 
3 From the NSW Department of Natural Resources (DLWC 2000b). Note that catchment and water area data were not available for Station Creek. 
4 Region based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group 1998). 
5 From the Healthy Rivers Commission (HRC 2002). CP � comprehensive protection; SP � significant protection.  
6 Based on the results of this study. 
7 From Environment Australia (2001). 
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The Sandon River is the only near-pristine estuary in NSW which is permanently 

open to the ocean. Runoff from the small catchments of the other 13 estuaries is 

often insufficient to prevent wave action building a sand barrier across the estuary 

entrance. Estuaries of this type are often referred to as intermittently closed/open 

lakes/lagoons (ICOLLs). Under natural conditions, these estuaries only open when 

a large build-up of catchment runoff breaches the beach berm. Around 60% of 

estuaries in NSW are ICOLLs (NLWRA 2002).  

 

Coastal lakes inquiry  

Continued development along the NSW coastline, especially residential 

development, is now compromising the ecological condition of many smaller 

estuaries, particularly coastal lakes (HRC 2002). The Healthy Rivers Commission 

Coastal Lakes Inquiry (HRC 2002) developed a Coastal lakes strategy: an 

assessment and management framework to provide clear and consistent guidance 

to public authorities in their decision-making. The inquiry used a wider 

interpretation for 'coastal lake' than the NLWRA did because it included those 

systems classified by the NLWRA as coastal lakes and wave-dominated estuaries, 

which included several near-pristine estuaries (discussed below). Although no 

specific definition was given by the inquiry, most estuaries with restricted entrances 

and a broad central basin were regarded as coastal lakes. These were considered 

the most sensitive type of estuaries to human interventions because nutrients and 

other contaminants in runoff from urban areas and artificial opening of entrances 

can rapidly and profoundly change the ecology. Sensitivity to human impacts is 

generally greatest for lakes with entrances that are naturally closed for most of the 

time.  

The inquiry assessed 90 NSW coastal lakes and classified them into the following 

four classes according to their management requirements: comprehensive 

protection, significant protection, healthy modified conditions, or targeted repair. 

The classification scheme is designed to assist managers formulate realistic goals 

for lakes with differing degrees of modification. Factors used to classify each lake 

were natural sensitivity to human activities, the current condition of the water body 

and catchment and recognised ecosystem and resource conservation value. The 

implications for each classification are:  

Targeted repair: severely impacted lakes where the degraded ecological 

condition requires targeted rehabilitation measures in order to create a 

preferred condition.  
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Healthy modified conditions: lakes subject to reasonably widespread human 

impacts and require management actions that retain key natural and 

modified values and maintain a sustainable level of human use.  

Significant protection: lakes where natural processes are only moderately 

impacted and management should aim to restore and preserve critical 

ecosystem processes.  

Comprehensive protection: the least impacted lakes where management 

actions should aim to restore and preserve all natural ecosystem processes.  

Of the 90 coastal lakes assessed, the inquiry classified 11 as needing targeted 

repair, 36 as having healthy modified conditions, 27 as needing significant 

protection and 16 as requiring comprehensive protection.  

The coastal lakes inquiry assessed nine of the 14 NLWRA classified near-pristine 

estuaries (Table 2.1) and considered seven of these as needing comprehensive 

protection and two as needing significant protection. A useful outcome of the 

inquiry is that the well-preserved estuaries, or those assessed as needing 

comprehensive or significant protection, are geomorphically comparable and would 

be suitable reference sites for coastal lakes assessed as needing targeted repair or 

having healthy modified conditions.  

 

Monitoring and research  

At present, there are few studies and no long-term monitoring programs for any 

near-pristine estuaries in NSW. This is because resources are often directed to 

more modified estuaries, which have water quality and other problems that are of 

concern to local communities and management authorities. In addition, the majority 

of near-pristine estuaries are located within national parks and the plans of 

management for most of these parks state that the National Parks and Wildlife 

Service (NPWS) has few resources to undertake basic environmental research and 

monitoring and therefore relies on work undertaken by outside institutions for this 

information (NPWS 1997, 2000, 2003a,b).  

A recent study compared phytoplankton production in near-pristine and urban-

influenced coastal lakes (Wellman et al. 2002). The study measured daily, seasonal 

and annual phytoplankton production in Narrabeen Lake (classified as targeted 

repair), Lake Illawarra (healthy modified conditions), Burrill Lake (healthy modified 

conditions) and the near-pristine Durras Lake (comprehensive protection). Not 

surprisingly, the two most modified lakes showed considerably higher production 

rates than the near-pristine lakes (the study also considered Burrill Lake as 
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relatively pristine). Measurements made by the study allowed for the development 

of a model that predicts annual phytoplankton production in modified and near-

pristine coastal lakes (Wellman et al. 2003).  

Nearby universities have conducted much of the existing research on individual 

near-pristine estuaries. For example, third-year Southern Cross University students 

often use the Sandon River as a study site for their �integrated projects� and 

honours theses. Topics are highly diverse and �science-for-management� types of 

studies have included: the impacts of catchment land use on the Sandon Estuary 

(Ensby 1997); the environmental status of the Sandon River estuary (Kuster 1997); 

and estuarine water quality in the Solitary Islands Marine Reserve (Nicholson & 

Mansbridge 1996; Whiddon 1994). More process-oriented topics have included: 

the diversity and abundance of fish species between two estuaries (Sandon, Wooli) 

(Pitman 1998); the impact of bioturbation on nutrient fluxes across the sediment-

water interface in the Sandon River estuary (Perry 1998); nitrification in the Sandon 

and Brunswick estuaries (Dispain 1998); and the impact of grazing on 

microphytobenthos in the Sandon River estuary (Webb 1998). Most of these 

projects recognised the importance of the Sandon River for research into baseline 

ecological processes and as a reference site for estuarine ecosystem health.  

Most plans of management for NSW national parks that incorporate one or more 

near-pristine estuaries recognised the importance of research and monitoring and 

planned to encourage outside institutions to conduct research within the park 

(NPWS 1997, 2000, 2003a). However, the priorities for research outlined in these 

plans mainly focussed on surveys of native animals and plants (especially 

endangered and vulnerable species), fire history and appropriate fire regimes, 

control of introduced species, surveys of visitor use and surveys of Aboriginal and 

other cultural sites. There are a few isolated examples where plans of management 

identify the need to gather basic data on biophysical conditions and processes in 

estuaries; however, these mainly concern estuaries that are modified rather than 

near-pristine.  

The plan of management for Nadgee Nature Reserve (NPWS 2003b), which 

incorporates Nadgee Lake and the Merrica River estuary, is an exception compared 

to other plans of management for NSW national parks. The plan places considerable 

emphasis on the need for scientific research and states that: 

The reserve is highly significant as a site for descriptive research on 
the biological and physical processes of south-eastern Australia and 
as a control site providing a comparison against more disturbed 
environments.  
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Nadgee was dedicated as a faunal reserve in 1957, which is relatively early 

compared to most other national parks in NSW and has been a site of scientific 

research since 1953. One study undertaken by CSIRO Sustainable Ecosystems 

commenced in 1972 and is ongoing, documenting changes in fauna species in 

response to vegetation changes (NPWS 2003b). Nadgee Nature Reserve is a 

highly valued area for scientific research because it is one of the largest, most 

remote and undisturbed areas in south-east Australia (NPWS 2003b).  

 

Significant habitats 

Near-pristine estuaries in NSW are important habitats for many species of 

migratory shorebirds. One species of note is the little tern Sterna albifrons, which is 

listed as endangered on Schedule 1 of the NSW Threatened Species Conservation 

Act 1995 and Commonwealth Endangered Species Protection Act 1992. Little 

terns nest on the ground in the open on beaches and as such are highly vulnerable 

to disturbances such as four-wheel-drive vehicles, walkers and introduced animals 

such as dogs and foxes (NPWS 1999). A small population of little terns is located 

at Nadgee Lake and a small community also nests annually near the entrance to 

Station Creek. Numerous migratory birds that utilise estuarine and other nearby 

coastal habitats (including the little tern) are subject to international agreements, 

particularly the agreements between the Government of Australia and the 

Government of Japan (JAMBA) and between the Government of Australia and the 

People�s Republic of China (CAMBA).  

There are only three coastal Ramsar sites in NSW (Myall Lake, Kooragang Nature 

Reserve and Towra Point Nature Reserve) and none of these are near-pristine 

estuaries (Environment Australia 2001). Near-pristine estuaries currently listed as 

wetlands of national importance are: Durras Lake, Lake Termeil and Lake Meroo; 

Bundjalung National Park, which includes Jerusalem Creek; and Solitary Islands 

Marine Park, which includes Lakes Arragan and Cakora and Sandon River and 

Station Creek estuaries. Each of these listings fulfilled several of the necessary 

criteria (Environment Australia 2001). All were considered a good example of a 

particular wetland type.  

As outlined in the introduction to this review, the Coastal CRC mapped the 

geomorphic habitats of a selection of 158 near-pristine estuaries from around 

Australia. The NLWRA mapped eight near-pristine estuaries in NSW and the 

Coastal CRC mapped a further three (Table 2.1). All geomorphic habitat maps 

of Australian near-pristine estuaries produced by the Coastal CRC and over 

540 maps produced during the NLWRA are available for viewing and download 

on the OzEstuaries website (<www.ozestuaries.org>).  
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Near-pristine estuaries 

All near-pristine estuaries in NSW have catchments located partly or wholly within 

national parks or nature reserves, except Willinga Lake. These parks and reserves 

are all IUCN Category II (National Parks; IUCN 1994), managed by the NPWS. 

They are primarily managed to conserve biodiversity, maintain ecosystem 

functions, protect geological and geomorphological features and natural 

phenomena and provide for appropriate recreation. Therefore, most near-pristine 

estuaries will be sustainably managed into the future, as they are located away 

from development pressure. However, despite this, impacts on near-pristine 

estuaries will still occur�for example, through the invasion of introduced plants 

and animals, water and air-borne pollution originating from areas of catchment 

outside the park, impacts from park visitors, changed fire regimes and, in the long 

term, through climate change. There is also the legacy of past disturbances that 

occurred prior to national park declaration, such as logging, agriculture and mining. 

The individual near-pristine estuaries are described briefly below, moving from 

north to south down the coast.  

Jerusalem Creek  

A small, 5 km long strandplain estuary, located wholly within Bundjalung National 

Park (NPWS 1997). A walking track follows the eastern side of the creek. 

Recreational fishers use the estuary. Commercial sand mining for rutile, zircon and 

monazite occurred within the park between 1932 and 1982 and a large quantity of 

tailings from heavy mineral sands mining remains on the western side of the creek 

(NPWS 1997).  

Lake Arragan  

A small coastal lake located wholly within Yuraygir National Park (NPWS 2003a). 

A walking track passes by the lake and a canoe launching platform is provided on 

the edge of the lake. A popular camping area with simple short-term facilities is 

located nearby. Power boats are prohibited on the lake. 

Cakora Lagoon  

A small coastal lake located within Yuraygir National Park with the small town of 

Brooms Head immediately seaward of the lake (NPWS 2003a). Some of the low-

lying areas adjacent to the lake have been drained for cultivation of crops. The lake 

entrance is artificially opened at times (every 2�5 years) as a result of local 

pressure on the local council regarding water quality and concerns of odour 

emanating from septic tank discharges (David Rissik, DNR, pers. comm. 3/9/2004). 

Power boats are prohibited on the lagoon.  
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Sandon River  

The village of Sandon is located south of the entrance and a camping area is 

situated north of the entrance. The estuary supports a small fishing industry. It is 

also a popular recreational fishing area and small-scale oyster farming occurs 

within the estuary.  

Most of the lower catchment is within Yuraygir National Park (NPWS 2003a) and 

the upper catchment within State forest (Ensbey 1997). The estuary itself is 

included in the Solitary Islands Marine Park (MPA 2004). The mean high water 

mark forms the boundary between Yuraygir National Park and the Marine Park. 

Two branches of the estuary, Toumbal Creek and the Sandon River and a 

sand/mudflat area in the main section of the estuary are declared sanctuary zones. 

The remainder of the estuary is a habitat protection zone. Sanctuary zones have 

the highest biodiversity and are key sites for threatened or other significant species 

or sites that contain important natural and cultural features. These zones provide 

the highest level of environmental protection and prohibit all fishing activities. 

Habitat protection zones provide for a high level of environmental protection and 

prohibit high impact commercial activities such as trawling, while permitting many 

recreational activities, including recreational fishing. A �special purpose zone� 

encompasses the oyster leases in the estuary.  

Water quality monitoring conducted throughout the estuary recorded dissolved 

oxygen concentrations lower than the ANZECC recommended levels (ANZECC 

1992) in the upper reaches, which may be natural or possibly related to logging or 

grazing activities in the catchment (Ensbey 1997; Whiddon 1994). An audit of fish 

communities in northern NSW included the Sandon River estuary (NSW Fisheries 

1995). The study found no consistent differences between estuary fish 

assemblages. In fact, the Sandon River estuary often recorded fewer species than 

heavily modified estuaries such as the Richmond River and Brunswick River. This 

is perhaps a function of estuary size.  

Station Creek  

A small, wave-dominated estuary located within Yuraygir National Park (NPWS 

2003a). Similarly to the Sandon River estuary, the waters of Station Creek are 

protected within the Solitary Islands Marine Park. A majority of the estuary is a 

sanctuary zone and the remainder, a habitat protection zone (MPA 2004). There is 

a small camping area nearby and a small jetty and stairs on the lake edge used by 

canoeists, recreational fishers and swimmers.  
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Khappinghat Creek  

A small, wave-dominated delta estuary. The estuary bed is not situated within a 

national park, although most of the catchment is within either state forest or 

Khappinghat Nature Reserve. It is a popular place for recreational fishing. 

Termeil Lake and Meroo Lake  

Both these lakes and the majority of their catchments are within Meroo National 

Park. Meroo Lake is closed to commercial fishing and is a designated �recreational 

fishing haven� (NSW Fisheries 2002).  

Willinga Lake  

The lake and its catchment are not within a national park. The local council 

manages the lake and the catchment is mostly uncleared private land. There is a 

long narrow outlet connecting the lake to the ocean. The entrance to the ocean is 

mostly closed. The village of Bawley Point is located on the southern side of the 

entrance to the ocean and the main road into Bawley Point crosses the outlet 

creek. Water quality monitoring by the NSW Department of Natural Resources and 

also by the local council suggests human activity is impacting on the lake (Kerryn 

Stephens, DNR, pers. comm. 28/10/2004; Sullivan 2003). Notably, the coastal 

lakes inquiry gave the lake a significant protection classification as opposed to a 

comprehensive protection classification.  

Durras Lake  

The bed of the lake is unreserved crown land and managed by Eurobodalla 

Council; however, most of the catchment is in Murramarang National Park or state 

forest. The townships of Durras North and Durras Lake are located north and south 

of the entrance, respectively. Commercial fishing is permitted in the lake. Council 

have a draft entrance management policy, which has a trigger level of 1.5 m 

Australian Height Datum (AHD) for opening the entrance. However, opening of the 

lake is not undertaken frequently (about three times in the last 15 years) due to 

flooding of low-lying assets (Kerryn Stephens, DNR, pers. comm. 28/10/2004).  

Lake Brunderee and Lake Tarourga  

Both these lakes are located within Eurobodalla National Park. Parts of their 

catchment are on private land. Lake Brunderee is closed to commercial fishing and 

is a designated �recreational fishing haven� (NSW Fisheries 2002). Potato Creek 

links Lake Brunderee with the ocean (mostly closed) and the small town of Potato 

Point is located on the southern side of where Potato Creek meets the ocean.  
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Merrica River and Nadgee Lake  

Both these lakes and virtually all of their respective catchments are located within 

Nadgee Nature Reserve. This reserve has stringent visitor regulations and much of 

the reserve is declared wilderness. Protection of natural values has priority over all 

else, including providing for recreational use. These estuaries are probably the 

most pristine in NSW. A majority of the reserve is a declared wilderness area, the 

only coastal wilderness area in NSW. This area extends across the border into 

Victoria as the Cape Howe wilderness in Croajingolong National Park. Natural 

areas also adjoin all sides of the park with Ben Boyd National Park to the north and 

extensive state forests to the west. The catchments of all creeks and rivers, 

including those of Nadgee Lake and the Merrica River estuary, are wholly 

contained within the reserve. Notably, the Nadgee River is one of only two NSW 

coastal rivers identified by the Wild Rivers Project as �wild� for its full length (Stein 

et al. 2001). Ecology Australia (1998) recognised the potential for waterways within 

the reserve to contain exclusively native fish and that the estuaries are important 

for the maintenance of many native fish populations. They also recognised the 

value of these undisturbed catchments as reference sites for assessing water 

quality.  

 
 

Current management 

Local government manages most estuaries in NSW (excluding national parks 

and commercial ports) with technical and financial assistance from the State 

Government under the NSW Estuary Management Program (DLWC 2000c). 

The NSW State Government established the program in 1992 to facilitate better 

management of estuaries and to improve or maintain their overall health and 

functionality. The program involves development of a management plan for each 

estuary through an Estuary Management Committee, made up of representatives 

from local government and state agencies such as the NSW Department of Natural 

Resources (DNR), as well as community members, industry representatives, 

environmental interest groups and researchers. However, because many near-

pristine estuaries are generally located in national parks with little or no 

development pressure, local government have not generally prepared estuary 

management plans for them. Durras Lake and Willinga Lake are an exception 

since they are not managed by the NPWS. Currently neither lake has, or is in the 

process of developing, an estuary management plan.  

The NPWS develops a plan of management for each individual national park. 

These plans also encompass management of any estuaries located within the 
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park. The DNR may provide technical assistance to NPWS regarding estuary 

management if required. Current NPWS plans of management that cover near-

pristine estuaries include: Jerusalem Creek�Bundjalung National Park (NPWS 

1997); Lake Arragon, Lake Cakora, Sandon River and Station Creek�Yuraygir 

National Park (NPWS 2003a); Sandon River and Station Creek�Solitary Islands 

Marine Park (MPA 2004); Lake Brunderee and Lake Tarourga�Eurobodalla 

National Park (NPWS 2000); Merrica River and Nadgee Lake�Nadgee Nature 

Reserve (NPWS 2003b). Although the plan of management for Murramarang 

National Park (NPWS 2002) makes mention of Durras Lake, there are no specific 

management actions given for that lake. There is presently no plan of management 

for Meroo National Park, which incorporates Meroo Lake and Termeil Lake and 

also no plan for Khappinghat Nature Reserve, which abuts Khappinghat Creek.  

 
Coastal lake protection 

Increasing community concern over environmental degradation and conflict over 

management of coastal lakes led to the Healthy Rivers Commission Independent 

Inquiry into Coastal Lakes (HRC 2002). Examples of mismanagement and 

environmental impacts include the contamination of oyster-growing waters in Wallis 

Lake, the occurrence of blue-green algal blooms in Lake Ainsworth and Myall Lake 

and conflicts over whether to artificially open the entrances of ICOLLs to the ocean. 

The inquiry presented a coastal lakes strategy, which outlined a framework for 

managing different classes of coastal lakes (as outlined in the previous section).  

The two classes relevant to near-pristine estuaries are comprehensive protection 

and significant protection. Comprehensive protection calls for new developments to 

be limited to existing boundaries of developed areas, no new industries, 

agriculture, aquiculture or mining, retain or reinstate natural lake entrance 

behaviour, progressively remove any impacts on the estuary such as sewerage 

discharges, sediment runoff and water extraction and phase out any commercial 

fishing. Management actions for significant protection are similar to those for 

comprehensive protection except emphasis is placed on the mitigation of impacts 

rather than complete removal, for example, controlling commercial fishing rather 

than banning it.  

The inquiry flagged the possibility of nominating a group of coastal lakes on the 

south coast for World Heritage Listing. These included but were not limited to 

Lakes Wollumboola, Swan, Conjola, Burrill, Tabourie, Termeil, Meroo, Willinga, 

Durras, Wallaga and St Georges Basin. Overall, the inquiry presented a way 

forward for the improved and consistent management of coastal lakes in NSW and 
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attempted to address most of the important and often controversial issues facing 

coastal lakes.  

State Environment Protection Policy 14 (SEPP 14) aims to prevent damage to 

coastal wetlands (DLWC 2000d) and therefore is of significance for the protection 

of wetlands fringing near-pristine estuaries. For example, there are three SEPP 14 

wetlands around Durras Lake, two around Lake Brunderee, one around Lake 

Tarourga and seven around Nadgee Lake (DLWC 2000e). The policy places 

planning and development controls over coastal wetlands under the Environmental 

Planning and Assessment Act 1979. Coastal wetlands subject to SEPP 14 are 

identified on a series of maps held by the DNR. Any clearing, draining or filling or 

levee construction that will affect a SEPP 14 wetland requires development 

consent from the DNR.  

 
Marine protected areas 

There are currently six designated �marine protected areas� in NSW state waters. 

These are the Jervis Bay, Solitary Islands, Lord Howe Island and Cape Byron 

Marine Parks, as well as the recently announced Batemans Marine Park and Port 

Stephens�Great Lakes Marine Park (see NSW Marine Parks Authority Website 

<http://www.mpa.nsw.gov.au/> for details). The Batemans Marine Park is the 

largest, stretching along the NSW south coast from Ulladulla to Montague Island 

and most significantly, includes some near-pristine and largely unmodified coastal 

lakes such as Durras, Coila, Brunderee, Tarourga and Brou. There are plans to 

declare additional marine parks, such as in the Hawkesbury region, in order to 

achieve the national comprehensive, adequate and representative (CAR) marine 

protected area network that Commonwealth and State governments have 

committed to (ANZECC 1998,1999a,b; DEH 2004). There are five IMCRA 

bioregions along the NSW coastline ( Figure 1.4; IMCRA Technical Group 1998) 

and the NSW government plans to use these along with the ANZECC Guidelines 

for establishing the national representative system of marine protected areas 

(ANZECC 1998) as the basis for establishing and managing the NSW 

representative system of marine protected areas.  

 
Regional and local management 

A current initiative in NSW is the development of regional strategies for coastal 

areas. These are aimed to ensure that future development is located in the most 

appropriate areas to minimise adverse impacts on the health of the waterway. The 

NSW Comprehensive Coastal Assessment project supports these strategies 

through the provision of management tools and essential data to assist local 
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communities to protect areas of environmental significance and identify appropriate 

sustainable development sites. Regional planning strategies and catchment 

management authorities are likely to identify and protect additional sensitive and 

ecologically important areas as part of their coastal actions. 

Community initiatives can also play an important role in the management of near-

pristine estuaries. Coastcare, Dunecare, Landcare and Rivercare groups, funded 

through the Commonwealth Government�s Natural Heritage Trust (NHT), have 

achieved a lot of on-ground bush regeneration and maintenance work. An example 

is the Sandon River headland restoration project, where the headland, adjacent to 

Sandon Village, became badly degraded through the impact of a severe wildfire 

that scorched the area in 1994 and through subsequent weed invasion. The project 

involved controlling bitou bush and other weeds and encouraging natural 

regeneration and planting of local species. Information on community projects and 

the NHT program are available on the NHT website (<http://www.nht.gov.au>). 

Community water quality monitoring is conducted through the national Waterwatch 

program which began in Australia in the early 1990s. Waterwatch groups collect 

water quality data and enter it into a national database. The information collected 

by Waterwatch groups has been an important guide to programs that improve 

waterway health. Presently, no Waterwatch groups are monitoring any of the 

14 near-pristine estuaries in NSW. Information and data is available at the 

Waterwatch NSW website (<http://www.waterwatch.nsw.gov.au>).  

 
 

Issues, knowledge gaps and needs for better management 

Classification revision 

A number of features of some of the NSW near-pristine estuaries suggest their 

status may need revising to �largely unmodified� (Table 2.1). The absence of 

aquaculture is a requirement for classification as a near-pristine estuary (Table 1.1) 

and small-scale oyster farming is present in the Sandon River estuary. In addition, 

poor water quality and catchment land use may be impacting on Willinga Lake. A 

comparison of water quality in Willinga Lake and the largely unmodified Swan 

Lake found comparatively better water quality in Swan Lake (Sullivan 2003). The 

entrances to Cakora Lagoon and Durras Lake are occasionally opened artificially, 

which would count as a disturbance to natural conditions and processes. Revising 

the classification of these lakes rather than a strict application of the NLWRA 

criteria should depend on the actual level of ecological impact caused by these 

infrequent entrance openings.  
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It is possible some estuaries currently classified as largely unmodified are in near-

pristine condition, for example, Nelson Lagoon and Wapengo Lagoon (Jaimie 

Potts, EPA, pers. comm. 28/10/04) and Swan Lake (Kerryn Stephens, DNR, pers. 

comm. 28/10/04). However, reclassification would require a more thorough 

investigation. The state of the rivers and estuaries – far south coast report (DLWC 

2000e) collates a wealth of information on pressure, state and response indicators 

for far south coast estuaries (between Batemans Bay and the NSW�Victoria 

border). Information for each estuary includes catchment clearance, land use, 

water quality, sedimentation, development, structures, entrance conditions, 

aquaculture and fisheries.  

Nelson Lagoon and Wapengo Lagoon are both located in the far south coast 

region and satisfy all the criteria for near-pristine status except for the presence of 

oyster farming. However, this is at a small scale. The nearby Bournda Lagoon also 

appears to satisfy most of the criteria for near-pristine status, although this lagoon 

was not included in the NLWRA. Similarly, the NLWRA did not assess many other 

very small coastal creeks and lagoons along the NSW coast and it is likely several 

of these are in near-pristine condition.  

 
Lack of large examples 

There is a lack of comparable near-pristine estuaries to use as benchmarks for the 

larger modified estuaries, for example the Clarence River, Richmond River and 

Hastings River estuaries on the north coast of NSW. Therefore, only historical and 

sediment core data may be available to infer baseline environmental conditions for 

these large systems.  

Most of the 14 near-pristine estuaries in NSW are small coastal lakes. These are 

certainly comparable with the numerous coastal lakes along the NSW coastline 

and could provide important reference sites. However, overall, there is relatively 

little information collected on near-pristine estuaries compared to more modified 

estuaries. Significantly, there are few examples where the conditions observed in 

pristine systems are used to assess the ecological condition of geomorphically 

similar modified estuaries and thereby indicate the nature of response of these 

systems to human disturbance.  

 
Spatial distribution 

Near-pristine estuaries in NSW are concentrated in the northern and southern 

thirds of the coastline and the central coast has no near-pristine estuaries. As such, 

there are near-pristine representatives in the Tweed�Moreton, Manning Shelf, 



 
Australia�s near-pristine estuaries 2. New South Wales 
 

 31 
 

Batemans Shelf and Twofold Shelf IMCRA bioregions, but none in the Hawkesbury 

Shelf bioregion. The Hawkesbury Shelf bioregion has many large drowned river 

valleys and large lakes, like Terrigal and Myall, which are not present in the other 

bioregions. It may necessary to protect the more pristine parts of these estuaries in 

order to capture the biodiversity of this bioregion in a reserve system.  

The large number and diversity, of relatively undisturbed (near-pristine and largely 

unmodified) coastal lakes along the NSW south coast presents a unique 

opportunity to protect these lakes as a suite, rather than individually. Identifying 

these lakes collectively would enhance their regional and national importance and 

could even have potential as a World Heritage Area, as suggested by the coastal 

lakes inquiry (HRC 2002).  
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3. Victoria 

Current knowledge 

Approximately 20% of estuaries and coastal waterways in Victoria were classified 

as being in near-pristine condition by the NLWRA (NLWRA 2002). This is lower than 

the national percentage (50%) because Victoria has a relatively long history of 

European settlement and the associated impacts from development and is also 

Australia�s most densely populated state, with approximately 80% of its citizens 

living on the coast (Mondon et al. 2003). The majority of Victorian near-pristine 

estuaries are located in the far east of the State (Figure 3.1) within areas specifically 

set aside for conservation. However, the NLWRA classified a large proportion 

(~40%) of Victorian estuaries as largely unmodified, suggesting that overall, most 

estuaries and coastal waterways in the State are in reasonably good condition.  

Table 3.1 provides basic information for Victoria�s near pristine estuaries; however, 

it is important to note that this list is not exhaustive. The NLWRA (2002) did not 

include many of the smaller estuaries in Victoria and it is likely several of those 

excluded are considered to be in near-pristine condition by other researchers 

(Macmillan 1984; Mondon et al. 2003). Of the 13 near-pristine estuaries in Victoria, 

most (nine) are in the East Gippsland region between Mallacoota Inlet and the 

Yeerung River (Figure 3.1). East Gippsland comprises 9% of the area of Victoria 

and is mostly public land (87%), comprising mainly national park and state forest 

(DPI 2004). The area is considered to be of high conservation value as the human 

population is sparse and the catchments are relatively undisturbed (Macmillan 

1984). 

 

 
Figure 3.1. Near-pristine estuaries and IMCRA bioregions of Victoria  

Estuaries are symbolised according to geomorphic types. 
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Table 3.1. Near-pristine estuaries of Victoria. Note that NLWRA (2002) catchment and water area data were not available for some estuaries 

Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure 

3.1 # 
Oz 

Estuaries 
#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)1 

Habitat  
maps in 

OzEstuaries2 

IMCRA region3 Geomorphic 
classification

2 

Water 
area 

(km2)3 

Potential revised 
condition 

classification4 

Wetland 
significance5 

St George River 1 923 -38.569 143.965  Yes Central Victoria CC  Largely unmodified  

Powlett River 2 919 -38.583 145.511   Central Victoria SP 0.027 Largely 
unmodified/Modified National 

Jack Smith 
Lake 3 612 -38.497 147.040 246 Yes Two Fold Shelf WDE 10.740  National 

Merriman Creek 4 916 -38.426 147.130   Two Fold Shelf CL 1.250 Largely unmodified  
Yeerung River 5 608 -37.792 148.775 176 Yes Two Fold Shelf SP 0.150   
Thurra River 6 915 -37.784 149.311  Yes Two Fold Shelf CL 0.280   
Wingan Inlet 7 604 -37.749 149.513 520 Yes Two Fold Shelf WDE 1.500   
Easby Creek 8 913 -37.741 149.522  Yes Two Fold Shelf WDE 0.051   
Red River 9 912 -37.727 149.563  Yes Two Fold Shelf WDE 0.083   
Benedore River 10 911 -37.700 149.622   Two Fold Shelf CC 0.064   
Shipwreck 
Creek 11 910 -37.649 149.700   Two Fold Shelf CC    

Betka River 12 603 -37.585 149.742 171 Yes Two Fold Shelf WDE 0.450   
Mallacoota Inlet 13 602 -37.569 149.763 1846 Yes Two Fold Shelf WDE 33.130 Largely unmodified National 

 
1 This number can be used to query the OzEstuaries database (www.OzEstuaries.org) to obtain more information on the estuary in question. 
2 From OzEstuaries (www.OzEstuaries.org): SP � strandplain; CL � coastal lake; CC � coastal creek; WDE � wave-dominated estuary. 
3 Region based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group 1998).  
4 Based on the results of this study. 
5 From Environment Australia (2001). 
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Geomorphology of the Victorian coastline 

Generally, Victorian estuaries and coastal waterways are very small. The average 

water area is less than 3 km2 (NLWRA 2002). Larger exceptions include Corner 

Inlet (378 km2), Gippsland Lakes (486 km2), Westernport Bay (469 km2) and Port 

Phillip Bay (1897 km2), of which none is considered to be in near-pristine 

condition. Mallacoota Inlet is the largest near-pristine estuary and the fifth-largest 

in Victoria, with a water area of 33 km2 (NLWRA 2002; Table 3.1). Jack Smith 

Lake is the next largest near-pristine estuary at 11 km2 and the remaining near-

pristine estuaries all have water areas less than 2 km2 (Table 3.1).  

The NLWRA assessed 63 coastal waterways in Victoria and all but three were 

classified as wave-dominated (NLWRA 2002). This is because wave energy in 

Bass Strait and the Tasman Sea is relatively powerful compared to tidal energy 

along the Victorian coastline. Of the 60 coastal waterways considered wave-

dominated by the NLWRA, around 40% were more specifically classified as 

wave-dominated estuaries, 24% coastal creeks, 16% strandplains and 5% 

coastal lagoons. As discussed in the introduction, these estuary types are 

particularly at risk of eutrophication and increased sedimentation because they 

have a sand barrier restricting water exchange with the ocean. This can trap 

sediments and nutrients within the central basin (Harris & Heap 2003; Ryan 

et al. 2003).  

Under natural conditions, many smaller Victorian estuaries are only open to the 

ocean when a large build-up of catchment runoff breaches the beach berm. 

These are typically small coastal creeks and strandplains, which are very 

common in Victoria and usually exist at the terminus of small catchments where 

runoff is often insufficient to prevent wave action building a sand barrier across 

the estuary entrance. Western Victorian estuaries are subject to strongly 

seasonal river flows with high flows in winter/spring and low flows in 

summer/autumn when the estuary mouth often closes to the ocean (Barton & 

Sherwood 2004).  

Wave-dominated deltas comprise only 8% of the Victorian coastal waterways 

classified by the NLWRA (NLWRA 2002) and represent highly mature (or infilled) 

coastal waterways, such as the Snowy River (Hinwood & McLean, 1999). This 

estuary type is less susceptible to eutrophication and sedimentation compared to 

wave-dominated estuaries, strandplains and coastal lakes as they have no 

central basin and consequently a larger proportion of nutrients and sediments are 

transported out of the estuary mouth (Ryan et al. 2003). 
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Regional studies 

Seagrass mapping 
 

Blake et al. (2000) mapped present and historical seagrass communities in the 

near-pristine Wingan and Mallacoota Inlets, the modified Anderson Inlet and the 

largely unmodified Shallow, Sydenham and Tamboon Inlets in eastern Victoria. 

This work was part of a state-wide program aimed at providing baseline 

information on seagrass distribution and diversity for future monitoring and also 

for determining the role of seagrass in commercial and recreational fisheries. 

The results of the program were integrated into The environmental inventory of 

Victoria’s marine ecosystems (Ferns & Hough 2000).  

Seagrass communities in Port Phillip Bay (Blake & Ball 2001a), Corner Inlet 

(Roob et al. 1998), Western Port (Blake & Ball 2001b) and Gippsland Lakes 

(Roob & Ball 1997) were also mapped as part of the program. Blake et al. (2000) 

found seagrass cover in each minor inlet was between 18% and 56% of the total 

inlet area. Anderson Inlet was an exception with seagrass cover of only 2%. 

Zostera was the dominant subtidal vegetation type in all the minor inlets except 

Anderson Inlet. Wingan Inlet was the smallest estuary surveyed, with a 51% 

(of the 0.6 km2 area) coverage of Zostera. Only 1% of the Zostera cover had 

epiphytic algae (which are related to nutrient availability), suggesting an 

undisturbed catchment and pristine water quality [see Butler & Jernakoff (1999) 

for a review of seagrass knowledge in Australia]. 

Benthic macrofauna 
 

Hirst (2004) examined the importance of abiotic factors in determining benthic 

macrofaunal communities in estuaries. The study was part of a larger project 

investigating the validity of using predictive models of benthic macrofauna for 

measuring estuarine health (Moverley & Hirst 1999). Macrofaunal communities 

were surveyed in 28 estuaries throughout Victoria and southern NSW, including 

the near-pristine estuaries: Merriman Creek, Yeerung River, Wingan Inlet and 

Mallacoota Inlet. Extensively modified estuaries were excluded, as the study 

was interested in establishing natural or baseline influences on macrofauna 

communities. Wingan Inlet recorded the second highest number of taxa of all 

estuaries surveyed. The diversity of benthic macrofauna was correlated with open 

entrances, higher salinities and more easterly longitudes. This finding is important 

for conservation planning as biota in far eastern Victorian estuaries are likely to 

be significantly different to those in western Victoria, requiring reserves at 

locations along the length of the Victorian coastline for adequate conservation. 

Hirst (2004) concluded that prospects for a robust predictive model based on 
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benthic macrofauna for monitoring estuarine health are not good. This is 

because, in contrast to freshwater stream environments where predictive models 

such as AusRivAS are presently used extensively (Parsons et al. 2002), the 

association between estuarine fauna and abiotic parameters is often low due to 

the dynamic nature of estuaries. 

Catchment classification 
 

Macmillan (1984) used a system based on catchment features such as amount 

of vegetation clearing and the presence of logging, impoundments, mining 

and agriculture, to filter out impacted streams and identify those with high 

conservation values in East Gippsland. Of the estuaries considered near-pristine 

by the NLWRA (Table 3.1), Macmillan (1984) classified the catchments of the 

Betka River, Shipwreck Creek, Benedore River, Red River and Easby Creek 

as �pristine� and of high conservation value. However, large proportions of the 

catchments of Mallacoota Inlet, Wingan Inlet, the Thurra River and Yeerung River 

were not considered pristine. Four fresh-to-brackish water back-barrier lakes 

occur in East Gippsland including Lake Wau Wauka (west of Cape Howe), Lake 

Barracoota (east of Mallacoota Lake), Lake Elusive (west of Wingan Inlet) and 

Dock Inlet (east of the Yeerung River). Although the NLWRA did not classify 

these lakes, they could be included in the list of Victorian near-pristine estuaries 

as Macmillan (1984) suggested that they are of considerable conservation value.  

The western Victorian estuaries classification project 
 
Mondon et al. (2003) compiled detailed information for 46 west Victorian 

estuaries between the Glenelg River on the South Australian border and the 

Barwon River, west of Point Lonsdale. The project produced a baseline dataset 

for characterising the estuaries in Western Victoria and compiled data on 

catchment land use, mouth state, sediments, physico-chemical properties, 

nutrient status and benthic macroinvertebrates. This was used to classify 

estuaries into classes with different management needs and to assist managers 

in formulating individual management plans for estuaries under regional coastal 

action plans.  

Estuaries were grouped based on their geomorphology and given a �naturalness� 

ranking calculated according to nature conservation land use, species richness, 

nutrient concentrations and catchment population density. This approach was 

broadly based on the approach outlined by Edgar et al. (2000), who conducted a 

similar exercise on Tasmanian estuaries (see Chapter 4) and suggested the 

highest management priority be given to protecting the least disturbed examples 

of each estuary type. Forty-one estuaries were ranked from the most disturbed 
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(1) to the least disturbed (41). The Saint George River estuary was the only 

estuary in this region classified as near-pristine during the NLWRA. This estuary 

was given a surprisingly low naturalness ranking of 25. The six highest ranked 

estuaries were Coalmine Creek, Aire River, Surrey River, Glenelg River, Spout 

Creek and Parker River. The Coalmine Creek, Spout Creek and Parker River 

estuaries were not classified by the NLWRA, whereas the Surrey River estuary 

was considered largely unmodified, and the Aire and Glenelg River estuaries 

were classified as modified.  

The fact that many estuaries in western Victoria were given a higher naturalness 

ranking than the allegedly �near-pristine� Saint George River estuary by Mondon 

et al. (2003) suggests that some of the estuaries not classified by the NLWRA 

could be listed as near-pristine. In addition, some estuaries could be reclassified 

from largely unmodified, or perhaps even modified, to near-pristine. The NLWRA 

classification for the Saint George River may also need reassessment. Although 

the majority of the Saint George River catchment is within a national park, there is 

a dam in the upper catchment (the Allen Dam, supplying water to the township of 

Lorne) and consequently environmental flows have been reduced to almost zero 

(Parks Victoria 1999).  

Barton and Sherwood (2004) reviewed the physico-chemical processes and 

biological communities of five Western Victorian estuaries (Glenelg, Fitzroy, 

Curdies, Gellibrand and Aire). None of these were classified as near-pristine by 

the NLWRA; however, all have adjacent land in national park and the Aire and 

Glenelg River estuaries were given high naturalness rankings by Mondon et al. 

(2003). Like many estuaries in western Victoria, the five estuaries have entrances 

that periodically close to the ocean. The report, commissioned by Parks Victoria, 

aimed to synthesise knowledge on the five estuaries to assist with estuary 

opening management. Anthropogenic concerns such as the inundation of 

farmland have largely governed when and if these estuaries are artificially 

opened. Little is known about the ecological consequences of entrance openings 

and Barton and Sherwood (2004) collated information to assist Parks Victoria to 

consider environmental impacts when making decisions regarding artificial 

entrance openings. The five estuaries in the report are typical of western 

Victorian estuaries, and the detailed and extensive information provided in the 

report is a useful guide to the characteristics of estuaries throughout the region. 

 



 
Australia�s near-pristine estuaries 3. Victoria 
 

 43 
 

Geomorphic habitat mapping  
 

As outlined in the introduction to this review, the Coastal CRC mapped the 

geomorphic habitats of a selection of 158 near-pristine estuaries from around 

Australia. The NLWRA mapped eight near-pristine estuaries in Victoria and the 

Coastal CRC mapped a further one, the Betka River estuary (Table 3.1). All 

geomorphic habitat maps of Australian near-pristine estuaries produced by the 

Coastal CRC and over 540 maps produced during the NLWRA are available for 

viewing and download on the OzEstuaries website (<www.ozestuaries.org>). 

Victorian water resources data warehouse 
 

The Victorian water resources data warehouse is an online resource 

(<http://www.vicwaterdata.net/vicwaterdata/home.aspx>) providing access to 

water-related information and data. The data warehouse is the central repository 

for raw and summary water quality and streamflow data collected from both 

freshwater and marine sites across Victoria (EPA 2004). This includes several 

tributaries of near-pristine estuaries. Various monitoring programs and agencies 

contribute data and information, these include the Victorian Water Quality 

Monitoring Program, the EPA's Fixed Site Freshwater Network and also the 

Marine Network, Melbourne Water Healthy Waterways Program, the Major 

Storages Operational Monitoring Program, Waterwatch community groups and 

the Murray�Darling Basin Commission's Water Quality Monitoring Program.  

Water quality and streamflow data is available for hundreds of sites across 

Victoria collected at approximately monthly intervals, and for some sites, going 

back 25 years (DNRE 2002a). The website also has interactive maps showing 

site locations and stream condition, where streams are colour coded according to 

their condition ranging from very poor to excellent, derived using the Index of 

Stream Condition (ISC). This rapid health assessment method was developed in 

Victoria and uses 19 key indicators relating to water quality, riparian zone and 

channel condition, alterations to flow regime and invertebrate communities living 

in the stream (Ladson et al. 1999). The ISC condition assessments given in the 

data warehouse are from a state-wide baseline survey conducted in 1999 and 

applied to 950 stream reaches representing 18 000 km of Victoria�s waterways 

(DSE 2004b). Catchment managers can use the 1999 ISC condition 

assessments to set management objectives and measure any improvements or 

otherwise to stream condition resulting from actions in the catchment and long 

term rehabilitation programs.  
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The Victorian water resources data warehouse contains water quality and 

streamflow data for several waterways that flow into near-pristine estuaries. 

There are five water quality and streamflow monitoring sites along tributaries 

flowing into the Merriman Creek estuary and 5 along the Genoa River, which 

flows into Mallacoota Inlet. The Powlett River and Saint George River estuaries 

each have three monitoring sites within their catchments, the Betka River estuary 

has two, and the Wingan and Thurra River estuaries each have one monitoring 

site. Notably, all these sites are freshwater sites and none is actually located 

within the estuary. There are very few estuarine sites in the data warehouse and 

most are EPA sites located within Port Phillip Bay, Western Port Bay and 

Gippsland Lakes.  

An ISC assessment is also given for the Betka (excellent), Wingan (excellent), 

Thurra (moderate), Yeerung (good) and Powlett (moderate) Rivers and Merriman 

Creek (good). Major waterways flowing into Mallacoota Inlet have several 

monitoring sites along their length and condition varies between sites. The lower 

reaches of the Genoa and Wallagaraugh Rivers are �moderate� and the upper 

reaches and tributaries range from �moderate� to �excellent�.  

Published documents produced using the Victorian water resources data 

warehouse are also available on the website. These include water quality 

monitoring annual reports and water quality trend analysis reports commissioned 

by the Department of Sustainability and Environment (DSE). A state-wide 

summary of water quality trends is available, along with summaries for each 

catchment management authority region. The water quality trend reports looked 

at the change in pH, turbidity, electrical conductivity (salinity), total phosphorus 

and total nitrogen over about a 20-year period between 1970 and 1999 

depending on data availability for different sites. The trend analysis for the East 

Gippsland Catchment management authority area (DNRE 2002b), where most 

Victorian near-pristine estuaries are located, showed a close to zero change in all 

five water quality parameters. The report does not interpret these trends in terms 

of catchment condition but they possibly indicate little clearing and development 

in the catchment over the monitoring period. 
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Individual near-pristine estuaries 

At present, there are few studies and no long-term monitoring programs for any 

near-pristine estuaries in Victoria. This is because resources are often directed to 

addressing problems such as water quality decline or decreasing fish stocks in 

more modified estuaries, where such issues are of great concern to local 

communities and management authorities, for example, water quality in Port 

Phillip Bay (Harris et al. 1996). The summary below includes for each Victorian 

near-pristine estuary, a brief description, notable features not mentioned in the 

above discussion, and comments on catchment land use. 

Mallacoota Inlet 
 

Mallacoota Inlet has received relatively more attention than other near-pristine 

estuaries as it is the largest, has extensive areas of seagrass and is important for 

tourism and recreation (Blake et al. 2000; EGRMB 1992; DNRE 1996; Williams 

1980). Historically, the inlet has been an important commercial fishery; however, 

Fisheries Victoria cancelled commercial net fishing licences in the inlet in April 

2003. The decision followed broad public support for the creation of recreational 

fishing zones to boost recreational fishing and the associated economic benefits 

from increased tourism. Abalone and eel commercial fishing still occurs in the 

inlet. There are two small population centres close to the estuary; the township of 

Mallacoota on the south-western shore of the Lower Lake and Genoa, 24 km 

inland.  

Mallacoota Inlet receives the waters of the Genoa and Wallagaraugh Rivers, 

which have their headwaters in NSW and flow south-east into Victoria. About half 

of the inlet's catchment is in NSW. The inlet is an immature, wave-dominated 

estuary (NLWRA 2002) comprising three major basins: the Upper Lake, Lower 

Lake and North East Arm, where the Upper Lake is upstream of both the Lower 

Lake and North East Arm. Williams (1980) details the geomorphology and 

sediment characteristics of Mallacoota Inlet describing the Upper Lake as having 

a broad, shallow (less than 3 m) basin, which receives the greatest amount of 

fluvial sediment. The Lower Lake and North East Arm are deeper (up to 6 m) with 

steep-sided margins. A large barrier-beach and dune-ridge system semi-encloses 

the Lower Lake and a flood-tidal delta links the Lower Lake to the ocean and is 

composed of landward migrating marine sand. Occasionally, the entrance to the 

ocean closes following prolonged drought conditions. 

Reinson (1977) conducted a large sedimentological study of Mallacoota Inlet in 

an effort to understand the natural mechanisms controlling the distribution of 

phosphorus in estuaries. Mallacoota Inlet (as well as Broadsound in central 
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Queensland) was selected for the investigation because there were no significant 

anthropogenic phosphorus sources in the catchment. The study revealed much 

about the hydrology, morphology, sedimentary environments and sediment 

properties of Mallacoota Inlet. Data collection included measuring temporal and 

spatial changes in salinity, temperature, suspended sediments and current 

velocity throughout the inlet over tidal cycles and different seasons. The study 

describes the five major sedimentary environments present in the inlet and the 

distribution of sediment properties, such as grainsize, proportions of calcium 

carbonate, quartz, mica, feldspar, iron and organic carbon, as well as chemical 

properties such as the concentration of phosphate and numerous trace metals. 

Reinson (1977) constructed a generalised sedimentation model from this 

information, which is a significant contribution to the broader scientific 

understanding of the natural structure, function and evolution of wave-dominated 

estuaries in south-east Australia. 

Accelerated sand deposition from catchment and riverbank erosion in the lower 

reaches of the Genoa and Wallagaraugh Rivers, as well as in the Upper Lake of 

Mallacoota Inlet, is causing concern for local landowners, environmentalists, 

tourists and anglers (EGRMB 1992). The East Gippsland River Management 

Board investigated the magnitude of sedimentation and the importance of 

different sources of sediment (EGRMB 1992). The Board found the rate of 

sedimentation had increased in the Genoa River but not the Wallagaraugh River. 

Channel erosion was the major source of sediment in the Genoa River, occurring 

at Rockton (NSW), Wangarabell (Victoria) and Genoa (Victoria) and in Nungatta 

and Wangarabell Creeks. A major flood in 1971 may have caused much of the 

erosion. Pine plantations established at Rockton and reconstruction of the 

Monaro Highway has also contributed sediment to the river. More than 4 m of 

sand, deposited upstream of the fluvial delta since 1971, is expected to move 

downstream into Mallacoota Inlet and a fluvial delta of sand has been 

accumulating in the estuary at an increasing rate (>1500 m3/yr) over the last 

40 years.  

Approximately 22% of the substrate in Mallacoota Inlet supports seagrass. This 

represents an extensive area (6.5 km2) and mainly comprises Zostera and 

Ruppia species. Zostera was the dominant subtidal vegetation type (73%) and 

Ruppia was relatively more widespread compared to all the other inlets surveyed, 

representing 22% of the subtidal vegetation. Mallacoota Inlet had the highest 

epiphytic algae load on seagrass of all the inlets, growing on 10% of the total 

vegetation cover. This was mainly associated with Ruppia beds. Analysis of 

historical aerial photographs of Mallacoota Inlet indicated that total seagrass area 

declined during the 1960s and 1970s but has since recolonised several areas. 
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It may be necessary to reconsider the near-pristine status of Mallacoota Inlet in 

light of these sedimentation impacts. Although not well-studied at Mallacoota 

Inlet, increases in sediment loading in other estuaries have led to the smothering 

of habitats and decreased biodiversity (Hancock et al. 2001), increased turbidity 

and sediment-bound nutrients and eutrophication (Chenhall et al. 1995; McComb 

& Lukatelich 1995). Over-sedimentation can consequently affect fish populations 

(Hall & McDonald 1986). 

Thurra River 
 

The Thurra River and its relatively undisturbed catchment have high conservation 

value (Macmillan 1984) and the river is considered a significant pristine reference 

site for south-east Australian rivers (Brooks 1999; Brooks & Brierley 1999, 2004). 

Brooks and Brierley (1999) claim the Thurra River is the last remaining alluvial 

river in temperate eastern Australia where most of the riparian zone remains in a 

condition similar that which prevailed prior to European settlement. Brooks (1999) 

compared the near-pristine Thurra River with the adjacent heavily modified Cann 

River, which feeds into Tamboon Inlet. The rivers have essentially the same 

natural setting, for example, the same geology, climate and vegetation types, 

except the Cann River has had most of its riparian vegetation cleared and its 

channel de-snagged. This is a rare occurrence, since the clearing and 

development of most catchments in south-east Australia was not random; rather, 

low relief fertile areas were cleared in preference to steep infertile areas. Hence, 

there are often no remaining pristine analogues for many disturbed areas. The 

Thurra River enabled direct observations and measurements of the pre-

disturbance condition of a river, where previous work in other catchments has 

often had to rely on historical and indirect evidence to reconstruct pre-disturbance 

condition (Brooks & Brierley 1999).  

The paired Thurra River�Cann River catchment study found that channel 

characteristics changed dramatically following European settlement and the 

removal of riparian vegetation (Brooks 1999; Brooks & Brierley 1999, 2004). 

In the Cann River, changes have involved a decrease in channel sinuosity, an 

increase in channel slope of 240% and channel width of 360% and a doubling of 

channel depth. Significantly for estuaries, sediment transport capacity increased 

1000-fold, indicating estuaries with similarly disturbed catchments would receive 

a greatly increased sediment input (inferred by this review). Brooks and Brierley 

(2004) concluded that riparian vegetation and the in-channel loading of woody 

debris is a major control on channel stability. In addition, the changes to the Cann 

River are common throughout south-eastern Australia and so profound, they are 
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in many cases irreversible and rehabilitation rather than restoration is the only 

management option. 

Yeerung River 
 

The Yeerung River estuary and its catchment lie within Cape Conran Coastal 

Park and adjacent state forest. The coastal park is an IUCN Category II national 

park (IUCN 1994); however, it provides for more intensive recreational use than 

Croajingolong National Park (Parks Victoria 2003a). Dock Inlet and its catchment 

are entirely within Cape Conran Coastal Park and are afforded a higher level of 

protection than the Yeerung River. Dock Inlet was not included in the NLWRA 

and this study recommends its classification as a near-pristine estuary. The inlet 

is only accessible by foot or push bike and no facilities other than a walking track 

are provided, whereas there is vehicle access to the mouth of the Yeerung River.  

Merriman Creek 
 

The upper reaches of Merriman Creek flow through intensive grazing and dairy 

farms, while the lower reaches are relatively undisturbed. The Creek enters the 

ocean at 90 Mile Beach, 500 m north-east of the newly declared 90 Mile Beach 

Marine National Park (Parks Victoria 2003c). The small town of Seaspray is 

located north-east of the Creek entrance. A discussion paper (Parks Victoria 

2003d) regarding catchment and water quality in the marine national park 

identified several risks associated with Merriman Creek that could potentially 

impact the marine ecosystems of the park. These included water quality, stock 

access, exotic flora, degraded riparian vegetation and channel modification. The 

near-pristine status of Merriman Creek is questionable in light of these impacts.  

Jack Smith Lake 
 

The waters and surrounding wetlands of Jack Smith Lake are within the Jack 

Smith Lake State Game Reserve (Parks Victoria 2003b). This reserve provides 

for hunting of game species and also habitat protection. The various habitats of 

the lake and surrounds support over 100 bird species including migratory birds. 

Most of the lake�s catchment is on private land and in state forest.  

Powlett River 
 

Many of the more impacted estuaries and coastal waterways in Victoria are 

located in central Victoria, near Melbourne. These have been intensively studied; 

for example Plummer et al. (2003) lists hundreds of studies undertaken within 

Port Phillip Bay, Western Port and Corner Inlet. The only near-pristine estuary 

occurring in central Victoria is the Powlett River, a small strandplain east of 
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Westernport Bay; however no literature could be found concerning this estuary. 

The Powlett River meets the ocean in South Gippsland near Kilcunda, after 

winding through farmland in the Bass Coast. The river and estuary have no 

protective management strategies in place and the catchment contains many 

major roads and towns. It is probable this estuary needs reclassification to largely 

unmodified or possibly even modified.  

Saint George River 
 
The upper reaches of the Saint George River are in the Otway State Forest and 

most of the lower half of the catchment is in Angahook-Lorne State Park (Parks 

Victoria 1999). The river mouth is outside the national park and meets Bass Strait 

just south of the coastal resort town of Lorne. As such the national park receives 

large numbers of visitors and provides for a high level of recreation (Parks 

Victoria 1999). However, because the Saint George River is dammed by the Allen 

Dam and used as a water supply for nearby towns, the catchment is zoned for a 

higher level of protection than other more heavily used parts of the park, and 

disturbance is kept to a minimum (Parks Victoria 1999). There would, however, 

be significant impacts on the river and estuary from reduced flows downstream of 

the dam. Absence of dams or weirs in the catchment was one of the criteria for 

classification as a near-pristine estuary (Table 1.1) therefore, it is likely the Saint 

George River needs to be reclassified as largely unmodified.  

 
 

Current management 

Ramsar / SEPP wetlands 

There are four coastal Ramsar sites in Victoria (Gippsland Lakes, Corner Inlet, 

Western Port and Port Phillip Bay) (Environment Australia 2001). However, as 

mentioned above, none of these is in near-pristine condition (NLWRA 2002). 

Three near-pristine estuaries�Mallacoota Inlet, Jack Smith Lake and the Powlett 

River estuary�are listed as wetlands of national importance. Mallacoota Inlet and 

Jack Smith Lake were listed because they are each good examples of a 

particular wetland type, are important habitat for species at a vulnerable stage of 

their life cycle and support endangered or vulnerable species. Mallacoota Inlet 

and the Powlett River estuary were considered wetlands of outstanding historical 

or cultural significance.  
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National parks and catchment conservation areas 

All Victorian near-pristine estuaries have catchments located partly or wholly 

within conservation areas except Merriman Creek and the Powlett River. Parks 

Victoria manages these conservation areas primarily to conserve biodiversity, 

maintain ecosystem functions and subject to this, provide for public use of 

conservation areas for recreation, education and enjoyment (DNRE 1996; Parks 

Victoria 1999, 2003a,b). 

Ninety-six per cent of the Victorian coastline is public land (DSE 2004a), 

therefore, most of the coast is managed by various government agencies. Parks 

Victoria has developed specific management plans for most of the terrestrial and 

marine protected areas in Victoria. Protected areas that incorporate one or more 

near-pristine estuary are Croajingolong National Park, Angahook�Lorne State 

Park, Cape Conran Coastal Park and Jack Smith Lake State Game Reserve. 

All but Jack Smith Lake State Game Reserve have management plans or draft 

management plans (DNRE 1996; Parks Victoria 1999; Parks Victoria 2003a). 

The management plan for Croajingolong National Park encompasses the Thurra 

River, Wingan Inlet, Easby Creek, Red River, Benedore River, Shipwreck Creek, 

Betka River and Mallacoota Inlet estuaries. The Cape Conran Coastal Park 

management plan covers Yeerung Inlet and the Angahook�Lorne State Park 

management plan covers the Saint George River estuary.  

The management plans for national parks that incorporate one or more near-

pristine estuaries (DNRE 1996; Parks Victoria 1999, 2003a) include a number of 

management strategies for research and monitoring; however, these mainly focus 

on surveys of native animals and plants (especially endangered and vulnerable 

species), fire history and appropriate fire regimes, control of introduced species, 

surveys of visitor use and surveys of Aboriginal and other cultural sites. There is 

no mention of collecting basic data on biophysical conditions and processes in 

estuaries, although the management plans for Angahook�Lorne National Park 

and Cape Conran Coastal Park include the monitoring of water quality and 

sediment levels in rivers and streams. 

Croajingolong National Park is the most important area for near-pristine estuaries 

in Victoria. It extends along some 100 km of coast from Sydenham Inlet in the 

west to the NSW border in the east and includes eight of the 13 Victorian near-

pristine estuaries. These are the Thurra River, Wingan Inlet, Easby Creek, Red 

River, Benedore River, Shipwreck Creek and Betka River estuaries and 

Mallacoota Inlet (Figure 3.1). Croajingolong is an IUCN Category II national park 

on the United Nations list of national parks and protected areas (IUCN 1994). 

Category II areas provide for a very high level of protection as they are primarily 
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managed for ecosystem conservation and appropriate recreation. Together, 

Nadgee Nature Reserve, Croajingolong National Park and Cape Conran Coastal 

Park encompass 150 km of coastline, forming the largest continuous coastal 

reserve on the south-east Australian mainland, enhancing the park�s conservation 

and wilderness value. Most of the northern boundary of Croajingolong National 

Park abuts state forest, providing a buffer with agricultural areas further inland.  

The park encompasses two wilderness areas; the Sandpatch wilderness zone 

and Cape Howe wilderness zone. These zones cover 32% of the park�s 

87 500 ha and provide a very high level of protection where only low-impact 

recreation such as self-reliant bushwalking and kayaking is permitted (DNRE 

1996). The catchments of Easby Creek, Red River, Benedore River and 

Shipwreck Creek are protected within the Sandpatch wilderness zone. The Seal 

Creek estuary and its catchment are also within this zone but were not assessed 

by the NLWRA. Both the Seal Creek catchment and estuary are relatively 

undisturbed and the estuary could likely be classified as near-pristine. Similarly, 

Lake Wau Wauka and Lake Barracoota were not assessed by the NLWRA and 

could be classified as near-pristine, as was suggested above. These two lakes 

and their catchments are entirely within the Cape Howe wilderness zone.  

Encouragement of surveys and research is one of the management strategies 

included in the Croajingolong National Park management plan (DNRE 1996). 

However, the plan does not propose that park management staff undertake any 

research or monitoring other than to monitor indicators of visitor impacts and 

management techniques. Visitor activities which may impact near-pristine 

estuaries in the park include recreational fishing, boating and overuse of adjacent 

campsites. Vehicle-based camping occurs at Wingan Inlet, the Thurra River 

estuary and Shipwreck Creek and walker-based camping occurs all along the 

coast. Camping is not permitted around Mallacoota Inlet. However, there may be 

impacts on this estuary arising from the small township of Mallacoota. 

 

Marine parks 

In November 2002, the Victorian Government gazetted 13 marine national parks 

and 11 marine sanctuaries, collectively representing 5.3% of Victoria�s coastal 

waters (Parks Victoria 2004). Creation of this network was nine years in the 

making and involved much research and public consultation. This new marine 

protected area network aimed to include representative examples of the five 

different bioregions identified along the Victorian coastline and was based on 

recommendations of the Environment Conservation Council (ECC) in its 

Marine, coastal and estuarine investigation final report (ECC 2000). These 
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recommendations were the result of over nine years of research and community 

consultation conducted by the ECC and its predecessor, the Land Conservation 

Council.  

The primary objective of the marine parks and sanctuaries is biodiversity 

protection. Commercial and recreational fishing and extractive or damaging 

industries such as aquaculture, oil and gas extraction, dredging or waste disposal 

are prohibited within the marine parks and sanctuaries. Parks Victoria has 

prepared an overarching management strategy for all 24 marine parks and 

sanctuaries (Parks Victoria 2003e). This strategy applies until 2010 and provides 

a framework for the preparation of individual management plans for each marine 

park and sanctuary.  

Research and monitoring is an important component of the management 

strategy. Primary objectives for research and monitoring include mapping and 

describing the distribution of species, communities and habitats, and monitoring 

long-term trends to assist with management decisions. Parks Victoria will 

undertake a major program that maps marine habitats throughout the marine 

parks and sanctuaries (Parks Victoria 2003e) and has published an inventory of 

all available knowledge and data regarding the natural values of all 24 marine 

national parks and sanctuaries in Victoria (Plummer et al. 2003).  

Four of the 13 marine national parks and three of the 11 marine sanctuaries 

protect estuarine environments (see Parks Victoria website: 

<http://www.parkweb.vic.gov.au/1park_marine.cfm>). All are located within 

Port Phillip Bay, Western Port and Corner Inlet. No marine national parks or 

sanctuaries include any near-pristine estuaries or any of the numerous small 

estuaries along the Victorian coastline. Cape Howe Marine National Park and 

Point Hicks Marine National Park abut the shoreline of the national park east of 

Mallacoota Inlet and west of Point Hicks respectively. No near-pristine estuaries 

are included in, or discharge into, these marine parks.  

 

State legislation 

Following recommendations by the Land Conservation Council�s (LCC) Rivers 

and streams special investigation (LCC 1991), the catchments of Easby Creek, 

Red River, Benedore River, Shipwreck Creek and Seal Creek were collectively 

proclaimed under the Victorian Heritage Rivers Act 1992 as the East Gippsland 

coastal streams natural catchment area. The LCC recognised the area as very 

significant, representing the only area in Victoria where several entirely 

undisturbed, contiguous catchments occur. The LCC also identified the area 
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as an invaluable reference site for measuring the condition of other south-east 

Australian streams. Other recommendations included the designation of the 

Thurra River as a �representative river� for the eastern Victorian uplands and 

riverine plains. The Heritage Rivers Act also protects parts of the Genoa River, 

which flows into Mallacoota Inlet.  

The Benedore River was declared a scientific reference segment under the State 

Environment Protection Policy (SEPP) No. W�21 (The Waters of Far East 

Gippsland). This policy also provided environmental protection measures for the 

other catchments in Far East Gippsland. In 2003, this SEPP was revoked and the 

provisions incorporated into the SEPP (Waters of Victoria) (Victorian Government 

2003), which is discussed in more detail below. The Benedore River and Seal 

Creek are also proclaimed under the Victorian Reference Areas Act 1978.  

The 1988 State of the Environment Report (Commissioner for the Environment 

1988) recognised the Betka, Thurra, Mueller and Wingan Rivers as the largest 

undisturbed, forested catchments discharging into the sea anywhere in the State 

(DNRE 1996). Many of the streams within Croajingolong National Park are also 

free of introduced species.  

The Victorian Heritage Rivers Act 1992 provides for the protection of 18 heritage 

river areas and 26 natural catchment areas throughout Victoria, which are listed 

in Schedule 1 and Schedule 2 of the Act respectively. These areas are on public 

land and have significant nature conservation, recreation, scenic and/or cultural 

heritage attributes. The Act prohibits the clearing of native vegetation, harvesting 

of timber, establishment of plantations, mining and mineral exploration, new water 

storages or diversions, new roads, grazing, discharging effluent and the 

introduction of exotic species. A management plan must be developed for each 

heritage river and natural catchment area by the responsible management 

authority, for example Parks Victoria. The catchments of several near-pristine 

estuaries are covered by the Act. The combined catchment areas of the Red 

River, Benedore River, Shipwreck Creek Easby Creek and Seal Creek are 

included in Schedule 2 and are referred to as the East Gippsland coastal streams 

natural catchment area. Parts of the Genoa River, which flows into Mallacoota 

Inlet, are included in the Genoa River heritage river area and tributaries of the 

Genoa River are included in the Genoa River tributary natural catchment area.  

The SEPP (Waters of Victoria) (Victorian Government 2003) sets the framework 

for managing Victoria's surface water environments. It provides detailed guidance 

to catchment management authorities, coastal boards, water authorities, 

communities, businesses and government agencies on how to protect and 

rehabilitate water environments in order to meet set objectives. The policy was 
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updated in June 2003 to reflect changes in the use of catchments and waterways, 

the development of new coastal and catchment management bodies and the 

improved monitoring and understanding of waterways since the release of the 

first SEPP (Waters of Victoria) in 1988 (EPA 2003). There is an increased 

emphasis on addressing diffuse sources of pollutants. The old 1988 SEPP gave 

greater priority to point sources; however since 1988, management of point-

source pollution has significantly improved and there is now a greater need to 

control diffuse pollutant sources that threaten the health of waterways.  

The revised SEPP (Waters of Victoria) replaced many regional SEPPs such as 

the SEPP (Waters of Far East Gippsland), which covered many near-pristine 

estuaries. The update also includes new scientific risk-based approaches to 

catchment assessment. The policy uses the Australian and New Zealand 

guidelines for fresh and marine water quality (ANZECC and ARMCANZ 2000) 

to set water quality objectives. The Victorian Environmental Protection Authority 

(EPA) oversees implementation and enforcement of the SEPP (Waters of 

Victoria) and provides a useful summary on its website 

(<http://www.epa.vic.gov.au/Publications/Legislation/SEPPS.asp>).  

Other legislation and arrangements relevant to the management of near-pristine 

estuaries include the Coastal Management Act 1995, which established the 

Victorian Coastal Council. This council is responsible for the strategic 

management of the Victorian coastline and preparing the Victorian coastal 

strategy (VCC 2002), which sets out the direction for the environmental 

protection and sustainable use of the coast. Three regional coastal boards 

(Western, Central and Gippsland) support the council and facilitate the 

implementation of the coastal strategy and develop coastal action plans for 

specific areas. More information is available from the Victorian Coastal Council 

website (<http://www.vcc.vic.gov.au>).  

Under the Catchment and Land Protection Act 1994 Victoria is divided into ten 

catchment regions, each with a catchment management authority. Catchment 

management authorities are designed to maximise community involvement in 

decision-making and manage in a way that recognises the linkages between land 

and water. More information on catchment management authorities is available 

on the DSE website (<http://www.dse.vic.gov.au>). The East Gippsland 

catchment management authority covers a majority of Victoria�s near-pristine 

estuaries (<http://www.egcma.com.au>).  

The DSE is responsible for overseeing the management of the land and 

resources of Victoria's coastal public land and marine waters for their 

environmental, conservation and recreational values (DSE 2004b). The 
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department undertakes scientific research and monitoring, for example, mapping 

the biodiversity of marine habitats such as soft sediments and rocky reefs (Ferns 

1999; Ferns & Hough 2000) and mapping seagrass in minor inlets, as mentioned 

above (Blake et al. 2000). 

 

Community groups 

Community initiatives can also play an important role in the management of 

near-pristine estuaries. Coastcare, Dunecare, Landcare and Rivercare groups, 

funded through the Commonwealth Government�s Natural Heritage Trust 

(NHT), have achieved a lot of on-ground bush regeneration and maintenance 

work. An example for a near-pristine estuary in Victoria is erosion control on 

Betka Beach, Mallacoota conducted by the East Gippsland River Management 

Board in 1995�96. Information on community projects and the NHT program are 

available on the NHT website (<http://www.nht.gov.au>).  

Community water quality monitoring is conducted through the national 

Waterwatch program which began in Australia in the early 1990s. Waterwatch 

groups collect water quality data and enter it into a national database. The 

information collected by Waterwatch groups has been an important guide to 

programs that improve waterway health. There are many Waterwatch groups 

monitoring inland and coastal waterways throughout Victoria. The data collected 

is entered into the Victorian water resources data warehouse (described above), 

where it is readily available and sits alongside data collected by the EPA and 

other government agencies. Information about Waterwatch Victoria is available 

on their website (<http://www.vic.waterwatch.org.au/about>).  

 
 

Issues, knowledge gaps and needs for better management 

The NLWRA classification of estuaries in Victoria needs refinement and 

expansion. Several estuaries currently classified as near-pristine may require 

reclassification to largely unmodified or possibly even modified (Table 3.1). These 

include the Saint George River estuary, Powlett River estuary, Merriman Creek 

estuary and Mallacoota Inlet. The Saint George River is dammed and therefore 

the estuary does not meet the criteria outlined in Table 1.1. The Powlett River has 

a relatively developed catchment that includes major roads, farms and urban 

areas. The upper reaches of Merriman Creek flow through farmland, and 

Mallacoota Inlet is subject to increasing rates of sedimentation from activities in 

the catchment.  
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There are also many small estuaries in East Gippsland that were not classified by 

the NLWRA and are likely near-pristine. These include the Seal Creek estuary, 

Lake Wau Wauku, Lake Barracoota and Lake Elusive, which have catchments 

entirely within Croajingolong National Park and also Dock Inlet, which is protected 

within Cape Conran Coastal Park.  

Mondon et al. (2003) classified western Victorian estuaries and assigned each a 

naturalness ranking. Sixteen estuaries had higher naturalness rankings than the 

�near-pristine� Saint George River estuary. Many of these were not classified by 

the NLWRA and several were classified as either largely unmodified or modified. 

At least the six highest ranked estuaries should be considered for classification 

as near-pristine. Three of these were not classified by the NLWRA (Coalmine 

Creek, Spout Creek and Parker River estuaries), two were classified as modified 

(Aire and Glenelg River estuaries) and one was classified as largely unmodified 

(Surrey River estuary).  

In eastern Victoria, near-pristine catchments occur almost continuously along the 

coastline, from the Yeerung River east to the Betka River (Figure 3.1). These 

estuaries and coastal waterways are of utmost conservation significance and are 

recognised as such by the Victorian Government. They are given enhanced 

protection through, for example, the Heritage Rivers Act 1992 and in the 

management plans of Croajingolong National Park and Cape Conran Coastal 

Park. These estuaries are important reference sites and will remain so into the 

future.  

Estuaries in western Victoria with very high naturalness rankings by Mondon et 

al. (2003) are perhaps not so well recognised or as well protected as those in 

eastern Victoria. It is imperative these estuaries be conserved. Their ecology and 

functioning is distinct from eastern Victorian estuaries (Hirst 2004) and therefore 

they provide the best reference sites for western Victorian estuaries. In addition, 

protection of a selection of estuaries and their catchments in both eastern and 

western Victoria would be required in order to achieve what is meant by a 

comprehensive, adequate and representative protected area network as outlined 

by the Commonwealth Government�s Directions for the national reserve system 

(ANZECC 1999a; DEH 2004) and National representative system of marine 

protected areas (ANZECC 1998, 1999b).  

In contrast to far-eastern Victoria, most estuaries in central Victoria are either 

modified or extensively modified due to the high human population pressure and 

intensive development in this region. As such, there are no near-pristine estuaries 

in the Victorian Embayments IMCRA bioregion (IMCRA 1998; Figure 1.4) 
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Therefore, it may be necessary to conserve the most unspoiled parts of these 

estuaries in order to capture the biodiversity of this bioregion in a reserve system.  

The recent declaration of a network of 24 marine national parks and sanctuaries 

in Victoria is a significant step forward in protecting the marine environment into 

the future. The network is an example to other states on how to create a 

representative marine protected area network, as marine parks in other states are 

perhaps less representative of all the different ecosystems present and were 

created in a more ad hoc manner. The importance placed on research and 

monitoring in guiding management will also help ensure ecosystems within the 

marine parks and sanctuaries survive into the future.  

However, there are two issues regarding the representativeness of the network: 

(1) it does not include any near-pristine estuaries and hence is unlikely preserving 

the most intact examples of some estuarine ecosystem types; and (2) it does not 

protect any of the numerous small estuaries (near-pristine or otherwise) along the 

Victorian coastline. The seven marine national parks and sanctuaries that include 

estuarine environments are all located within Port Phillip Bay, Western Port and 

Corner Inlet. These systems are very large and, compared to the many small 

Victorian estuaries, have quite different hydrology, geomorphology and other 

biophysical factors that shape the ecology. They are also subject to much human 

activity with many potential impacts from port facilities, major urban and industrial 

development in the catchment (e.g. the city of Melbourne) and agricultural 

development.  

It may be necessary to include the waters of some smaller estuaries in order to 

observe the principles of a �comprehensive�, �adequate� and �representative� 

reserve system (ANZECC 1998, 1999a,b; DEH 2004) as mentioned above and 

aspired to in the ECC�s recommendations for the Victorian marine protected area 

network (ECC 2000). In addition, protecting a selection of near-pristine estuaries 

in marine parks would ensure examples of the most intact estuarine ecosystems 

are protected. Conserving near-pristine estuaries will also assist in retaining their 

value as reference sites for measuring change in estuaries that are subject to 

anthropogenic impacts.  
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4. Tasmania 

Current knowledge 

Around 40% of Tasmania�s coastal waterways were classified as near-pristine 

during the NLWRA (NLWRA 2002). This percentage is high compared to the other 

southern states with wave-dominated coastlines (see Figure 1.3). For example, 

less than 20% of the estuaries in New South Wales, Victoria, South Australia and 

south Western Australia are in near-pristine condition. Most of the apparently near-

pristine estuaries in Tasmania are situated along the western coastline and on 

Flinders and Cape Barren Island (Figure 4.1). A few near-pristine estuaries are 

also found on the east coast, especially in the region of Freycinet Peninsula 

(Figure 4.1). A list of the 44 near-pristine estuaries in Tasmania is provided in 

Table 4.1. 

Much of what is known about near-pristine estuaries in Tasmania was derived from 

broadscale investigations that included suites of coastal waterways  (subject to 

various degrees of human impact) from around the state. These studies were 

leading edge in terms of recognising the conservation significance of relatively 

undisturbed estuaries. There has also been a concentration of interest in estuaries 

(especially Bathurst Harbour) situated in the World Heritage Area in the south-west 

of the state. 
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Figure 4.1. Near-pristine estuaries and IMCRA bioregions of Tasmania  
Estuaries are symbolised according to geomorphic types. 

 
 
 
 
 

Cape Barren Island
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Table 4.1. Near-pristine estuaries of Tasmania. IMCRA regions are also shown (IMCRA Technical Group 1998)  
 

Name Figure 
4.1 #  

Decimal 
latitude1 

Decimal 
longitude1 

Oz 
Estuaries

#2 

Catch-
ment 
area 

(km2)1 

ECA3 EDA3 DIp3 Habitats 
mapped1 

IMCRA 
region4 

NLWRA 
geomorphic 

classi- 
fication1 

Edgar 
geomorphic– 

hydrologic 
classification3 

Water 
area 

(km2)1 

Possible 
revised 

condition 
classification5 

Cons-
ervation 
signifi-
cance3 

Wetland 
signifi- 
cance6 

Sea 
Elephant 
River 

1 -39.916 143.987 862    0.39 Yes Otway SP Barred, low-
salinity  Largely 

unmodified 

  

Black  
River 2 -40.836 145.316 544 279 1.53 3.12 5.71 Yes Boags WDD  0.17 Largely 

unmodified 
  

Lagoon 
River 6 -41.510 144.835 1027  1 1   Franklin CC Barred, low-

salinity    National 

Nelson Bay 
River 4 -41.140 144.679 600 95 1 1 1.65  Franklin CC Barred, low-

salinity 0    

Spero River 9 -42.636 145.335 594 154 1 1   Franklin CC Open 
estuaries 0.031    

Giblin River 13 -43.067 145.684 590 350 1 1   Franklin CC Open 
estuaries 0.17    

Hibbs 
Lagoon 8 -42.572 145.302 1007  1 1   Franklin CL Barred, low-

salinity     

Mulcahy 
River 14 -43.112 145.715 1026  1 1   Franklin CL Open 

estuaries     

Pedder 
River 5 -41.405 144.778 599 133 1.02 2.05   Franklin SP Barred, low-

salinity 0.35    

Arthur 
River 3 -41.054 144.663 601 2496 1.16 2.22 2.54 Yes Franklin WDD Mesotidal, 

DRV 2.06    

Lewis River 12 -42.951 145.494 591 211 1 1  Yes Franklin WDE Open 
estuaries 0.087    

Mainwaring 
River 11 -42.870 145.436 592 87 1 1  Yes Franklin WDE open estuaries 0.093    

Wanderer 
River 10 -42.733 145.387 593 351 1 1 5.77 Yes Franklin WDE Barred river 0.15  High  

Henty River 7 -42.061 145.251 596 530 1.02 1.02 0 Yes Franklin WDE Mesotidal, 
DRV 0.59    

Louisa 
Creek 18 -43.516 146.345 1009  1 1   Davey CC Open 

estuaries     

Louisa 
River 19 -43.526 146.371 1010  1 1   Davey CC Open 

estuaries     

South Cape 
Rivulet 21 -43.603 146.786 1011  1 1   Davey CC Open 

estuaries    National 

Catamaran 
River 23 -43.553 146.890 1013  1 1   Davey CC Open 

estuaries     
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Name Figure 
4.1 #  

Decimal 
latitude1 

Decimal 
longitude1 

Oz 
Estuaries

#2 

Catch-
ment 
area 

(km2)1 

ECA3 EDA3 DIp3 Habitats 
mapped1 

IMCRA 
region4 

NLWRA 
geomorphic 

classi- 
fication1 

Edgar 
geomorphic– 

hydrologic 
classification3 

Water 
area 

(km2)1 

Possible 
revised 

condition 
classification5 

Cons-
ervation 
signifi-
cance3 

Wetland 
signifi- 
cance6 

Freney 
Lagoon 17 -43.491 146.229 1008  1 1   Davey CL Barred, low-

salinity     

Cockle 
Creek 22 -43.582 146.893 1012  1 1 3.39  Davey CL Open 

estuaries     

Southport 
Lagoon 24 -43.489 146.982 585 43 1 1 0.15 Yes Davey WDE Marine inlets 

and bays 10.06  High  

New River 
Lagoon 20 -43.554 146.601 587 325 1 1 0.93 Yes Davey WDE Mesotidal, 

DRV 12.46  High  

Payne Bay 15 -43.298 145.943 589 1000 1 1 1.86 Yes Davey WDE Open 
estuaries 42.02  High  

Bathurst 
Harbour 16 -43.327 145.984 588 1147 1 1 2.72 Yes Davey WDE Mesotidal, 

DRV 66.82  High  

Cloudy Bay 
Lagoon 25 -43.440 147.202 583 48 1 1 1.85-

1.92 Yes Bruny WDE Marine inlets 
and bays 5.85 Largely 

unmodified 
  

Freshwater 
Lagoon 28 -42.064 148.299 1045  1 1   Frecinet CL Barred, low-

salinity    National 

Saltwater 
Lagoon 29 -42.040 148.278 1044  1.44 1.44   Frecinet CL Barred, low-

salinity     

Sloop 
Lagoon 30 -41.209 148.276 1002  1 1   Frecinet CL Barred, low-

salinity     

Big Lagoon 31 -41.180 148.271 1001  1 1 1.64  Frecinet CL Barred, low-
salinity     

Bryans 
Lagoon 27 -42.261 148.290 1025  1 1 0.79 Yes Frecinet SP Barred, low-

salinity   High  

Great 
Swanport 26 -42.100 148.235 568 1070 1 1 2.24 Yes Frecinet WDE Open 

estuaries  Largely 
unmodified 

  

Dover River 35 -40.360 148.290 876  1 1   Flinders CC      

Rices River 37 -40.413 148.310 880    0.19  Flinders CC Open estuary     

Mines 
Creek 38 -39.889 147.872 875      Flinders CC   Largely 

unmodified 
  

Patriarch 
River 42 -39.958 148.149 870    1.88  Flinders CC Open 

estuaries  Largely 
unmodified 

  

Shag 
Lagoon 45 -40.162 148.206 878      Flinders CC Barred, low-

salinity     

Rocky 
Head 
Rivulet 

32 -40.442 148.137 881      Flinders CL Hypersaline 
lagoons   

  

Lee River 34 -40.380 148.200 877  1 1   Flinders CL      
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Name Figure 
4.1 #  

Decimal 
latitude1 

Decimal 
longitude1 

Oz 
Estuaries

#2 

Catch-
ment 
area 

(km2)1 

ECA3 EDA3 DIp3 Habitats 
mapped1 

IMCRA 
region4 

NLWRA 
geomorphic 

classi- 
fication1 

Edgar 
geomorphic– 

hydrologic 
classification3 

Water 
area 

(km2)1 

Possible 
revised 

condition 
classification5 

Cons-
ervation 
signifi-
cance3 

Wetland 
signifi- 
cance6 

Sellars 
Lagoon 43 -40.030 148.270 871      Flinders CL Hypersaline 

lagoons  Largely 
unmodified 

 National 

Logan 
Lagoon 46 -40.170 148.290 873  1 1  Yes Flinders CL Barred, low-

salinity  largely 
unmodified 

 Inter-
national 

Thirsty 
Lagoon 36 -40.390 148.438 882     Yes Flinders EMB Hypersaline 

lagoons   High Inter-
national 

Foochow 
Inlet 40 -39.899 148.123 868      Flinders SP Open 

estuaries  Largely 
unmodified 

  

Middle Inlet 41 -39.926 148.154 869      Flinders SP   Largely 
unmodified 

  

Modder 
River 33 -40.425 148.062 879    2.64 Yes Flinders WDE Barred, low-

salinity     

North East 
River 39 -39.789 147.977 867     Yes Flinders WDE   Largely 

unmodified 
High  

Cameron 
Inlet 44 -40.105 148.266 872    1.33 Yes Flinders WDE Hypersaline 

lagoons  Largely 
unmodified 

  

 
1 From OzEstuaries (www.OzEstuaries.org): TC � tidal creek; TDE � tide-dominated estuary; WDE � wave-dominated estuary; EMB � embayment; SP � strandplain; CL � coastal lake; CC � 
coastal creek; TDD �  tide-dominated delta; WDD � wave-dominated delta; and DRV � drowned river valley 
2 This number can be used to query the OzEstuaries database (www.OzEstuaries.org) to obtain more information about the estuary in question. 
3 From Edgar et al. (1999a, 2000): ECA � human impact index (catchment scale); EDA � human impact index (drainage area scale); and DIp � disturbance index based on macroinvertebrate 
productivity.  
4 Based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group, 1998). 
5 Based on the results of this study. 
6 From Environment Australia (2001). 
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State-wide investigations 

Edgar et al. (1999a) undertook the most comprehensive of the state-wide 

investigations in Tasmania. The purpose of the study was to determine the 

conservation significance of coastal waterways in Tasmania, so that an integrated 

system of estuarine habitats could be recommended for protection under legislation 

as estuarine protected areas (EPAs). The study also redressed a knowledge gap 

pertaining to the invertebrate and plant life of Tasmanian estuaries. Aspects of the 

Edgar et al. (1999a) report have subsequently been published in four international 

journals: Biological Conservation (Edgar et al. 2000); Estuarine, Coastal and Shelf 

Science (Edgar & Barrett 2000); Journal of Biogeography (Edgar et al. 1999b); and 

Journal of Experimental Marine Biology and Ecology (Edgar & Barrett 2002).  

 

Estuary classification and conservation significance  

The paper published in Biological Conservation (Edgar et al. 2000) formed the 

basis of the condition classifications of Tasmanian estuaries during the NLWRA. 

It provides details of the process used to determine the conservation significance 

of Tasmanian coastal waterways. In the first step of the process, 111 coastal 

waterways were classified into 10 major groups based on geomorphologic 

(catchment area, estuarine drainage area, open water area, estuarine perimeter 

length and presence of a seaward barrier) and hydrologic (salinity, tidal range at 

entrance and catchment runoff) variables. The biological validity of the physical 

classification was then assessed by statistical comparison with large 

macroinvertebrate and fish data sets.  

Both macroinvertebrate and fish data were collected during the study and species 

counts are provided in the appendices of the Edgar et al. (1999a) report. Fish data 

were also utilised from a comprehensive doctoral thesis documenting the 

distribution of fish in estuaries from around Tasmania, including six near-pristine 

estuaries (Last 1983; see also Edgar et al. 1999b). In the third aspect of the study, 

geographic information system (GIS) data on land use and human population were 

used to assess the degree of anthropogenic disturbance to each estuary within the 

biologically validated groups. A human impact index (also known as a �naturalness� 

index; Edgar et al. 1999a) was calculated based on these data as follows: the 

proportion of each land type in a catchment was multiplied by a factor of 1 (for 

natural areas); 5 (for cleared areas); or 20 (for urban landscapes). The human 

impact indices were expressed both at the scale of the catchment area (ECA; 

Table 4.1) and the estuarine drainage area (EDA; i.e. the land area that drains 

directly in estuarine waters; Table 4.1) and varied from 1.00 (pristine) to >4.0 

(severely impacted). Some important findings of the study include: 
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• Estuary classifications based entirely on geomorphic variables 

(e.g. NLWRA classification) are less valid biologically than the one used 

in this study. This is not surprising given the more comprehensive 

dataset. 

• Tasmania is unusual in a global sense in that it has many estuaries with 

little human impact. Thirty-seven estuarine catchments were identified as 

�pristine� during the first NLWRA (NLWRA 2002). Most of these 

catchments were located in the Tasmanian World Heritage Area. Another 

27 of the catchments of the estuaries studied were classified as �natural�. 

The human impact index of these estuaries and their catchments ranged 

from 1.01 to 1.50. The near-pristine estuaries in the NLWRA scheme 

comprise the pristine and natural estuaries in the classification system of 

Edgar et al. (2000). This supports the use of the NLWRA classification as 

a reliable broad indicator of environmental condition. 

• Eleven coastal waterways were assigned the highest conservation status 

because they either: (i) represented a specific estuary type and had the 

least human impact in that set; or (ii) they had anomalous species 

richness or highly localised taxa. These estuaries included: Bryans 

Lagoon; Payne Bay; Southport Lagoon; Thirsty Lagoon; Black/Dip; 

Tamar River; Bathurst Harbour; New River Lagoon; Wanderer River; and 

North East Inlet. The NLWRA classified all of these estuaries as near-

pristine, with the exception of the Tamar River, which was classified as 

extensively modified.  

 

Disturbance indices 

The second of the papers derived from the comprehensive study of Edgar et al. 

(1999b) focussed on the effects of catchment activities on the macrofaunal 

assemblages of the estuaries (Edgar & Barrett 2000). In this capacity, Spearman 

rank correlation coefficients relating human activity (population density) and 

invertebrate species data were used to calculate three indices of human 

disturbance. These indices were based on abundance (DIn), productivity (DIp) and 

biomass (DIb) data. The DI indices were re-scaled in the range from 0�10, where 

0 indicates the site with the lowest level of disturbance and 10 indicates the site 

with the highest level of disturbance.  

The Edgar and Barrett (2000) study found the disturbance index based on 

productivity data (DIp) performed the best in terms of its correlation to percent 

cleared land and in its correlation to human population density. None of the DI 

indices showed a significant interaction with estuary type based on the 
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classification scheme of Edgar et al. (2000). The study also found that estuaries 

with large population densities in their catchments (>10 per km2) had muddier 

beds and shores than estuaries with less populated catchments. Moreover, the 

macroinvertebrate communities of such estuaries were dominated by infauna 

rather than epifauna. Indeed, infaunal species that typically inhabit mudflats were 

the taxa most highly correlated to human population density in the study. The DIp 

values for the near-pristine estuaries are shown in Table 4.1 and with three 

exceptions (Cockle Creek, Black River and Wanderer River), were less than 3. 

Henty River, located in the mid-west (#7 in Figure 4.1) had the lowest DIp in the 

suite of estuaries studied (Table 4.1). 

The Edgar et al. (2000) and Edgar and Barrett (2000) studies focussed on the 

forcing functions that drive changes in physical and chemical variables and 

ultimately species. In comparison, the papers published in Journal of Biogeography 

and Journal of Experimental Marine Biology and Ecology explored the influence of 

the physical and chemical variables on patterns of species richness (Edgar et al. 

1999b) and the patterns of variation at different spatial and temporal scales (Edgar 

& Barrett 2002). Species richness (fish and macroinvertebrates) was found to vary 

with geographical location, reflecting the influence of estuary type (e.g. the 

presence of a bar at the mouth of an estuary) on factors such as salinity, dissolved 

oxygen and movement of species (Edgar et al. 1999b). 

Interestingly, patterns of species richness did not reflect the condition status of the 

estuaries (Edgar et al. 1999b). Although the near-pristine Furneaux Group 

estuaries (Figure 4.1) stood out as hot-spots of species richness, high numbers of 

species were also found in the north-east and south-east of the state, in coastal 

waterways classified as modified or severely modified during the NLWRA. Indeed, 

the near-pristine estuaries located on the west coast of Tasmania were 

characterised by a depression in species richness that was explained by low 

primary productivity and consequently a paucity of available food (Edgar et al. 

1999b; Edgar & Barrett 2002). In turn, the low primary productivity was explained 

by the dark, tannin-stained waters and the low dissolved nutrient concentrations of 

rivers draining catchments composed of metamorphosed rock (Edgar et al. 1999b; 

Edgar & Barrett 2002).  

With the growing emphasis on ecological awareness and biodiversity, it is 

important to be cognisant of such apparent paradoxes: in this case, that species 

richness is not always a reliable indicator of ecosystem integrity. Similarly, Taylor 

(1992) found higher levels of species diversity in springs moderately impacted by 

road de-icing salts and fertilisers, than those in a near-pristine state.  
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Water quality studies 

Edgar et al. (1999a) recognised that there was a deficiency in terms of water 

quality data for Tasmanian estuaries and recommended that baseline data be 

collected from as many estuaries as possible. Hence, an important outcome of the 

Edgar et al. (1999a) study was that funding was made available through the Coasts 

and Clean Seas program of the NHT, to derive regionally specific water quality 

indicator levels for Tasmanian estuaries. Regionally specific water quality indicator 

levels are preferred over the trigger values suggested in the ANZECC and 

ARMCANZ (2000) guidelines (Murphy & Crawford, 2002; Murphy et al. 2003). 

In the first detailed water quality assessment of Tasmanian coastal waterways 

(1999�2000), 22 sites from around the state were monitored at bi-monthly intervals 

for turbidity and chlorophyll a levels and nitrogen oxide (NOx), phosphate (PO4), 

silicate (SiO4) and suspended sediment (total, volatile and fixed) concentrations 

(Murphy & Crawford, 2002; Murphy et al. 2003).  

In addition, vertical profiles of salinity, water temperature and dissolved oxygen 

were taken at each site, in each of three different zones (i.e. near the head, mid-

estuary and near the mouth). Four indicator levels of turbidity, NOx, PO4 and 

chlorophyll a were derived from the data and these were reported in Murphy and 

Crawford (2002) and Murphy et al. (2003). The full complement of data is provided 

with interpretation in Murphy et al. (2003), and includes the above information for 

seven different near-pristine estuaries: Black River, Great Swanport, Catamaran 

River, Cloudy Bay Lagoon, Cockle Creek, Nelson Bay River and Arthur River 

(Table 4.1). Interestingly, four of these estuaries (Black River, Cloudy Bay Lagoon, 

Nelson Bay River and Arthur River) had a water quality parameter that was in 

either the medium or the high range.  
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State of the environment reporting 

The most recent State of the Environment Report for Tasmania (RPDC 2003) is a 

useful web-based resource that includes a large section addressing Tasmania�s 

coastal, estuarine and marine environments. It provides an overview of the status of 

these environments and outlines the current understanding of environmental 

conditions and trends, the pressures affecting them, and management and 

community responses to these pressures, as well as recommendations for improving 

management. The report looks at environmental changes since the first State of the 

Environment Report for Tasmania (SDAC 1997) and improves on the reporting 

process with all findings and recommendations available online 

(<http://www.rpdc.tas.gov.au/soer/index.php>). The coastal, estuarine and marine 

chapter is available at: <http://www.rpdc.tas.gov.au/soer/cem/7/index.php> and 

includes a discussion of the status of marine protected areas in Tasmania. 

 

Saltmarsh invertebrates 

Studies pertaining to the crustacean and molluscan composition of 65 saltmarshes 

from around the state (Richardson et al. 1997a; Richardson et al. 1998; see also 

Richardson et al. 1997b) comprise the last of the comprehensive state-wide 

investigations that include estuaries (13) subsequently classified as near-pristine 

during the NLWRA. The first paper (Richardson et al. 1997a) includes maps 

showing the presence of amphipod, isopod, crab and gastropod species at a given 

estuary. Interestingly, several of these taxonomic groups are rare or absent along 

the west coast, where most mainland Tasmanian near-pristine estuaries are 

situated. The species-poor fauna was attributed to cooler climatic conditions in the 

west and to the relatively poorer development of saltmarshes in that region.  

In the second paper of the study (Richardson et al. 1998), ordination analysis of the 

saltmarsh vegetation data grouped sites according to the salinity of the substratum, 

whereas ordination of the animal data grouped sites based on the degree of 

submersion. Cluster analyses did not distinguish the apparently near-pristine 

estuaries as a distinct group based on plant and animal species, although reedy 

brackish marshes were almost entirely confined to the west coast. Indeed, an 

important conclusion of the study was that the assemblages of animals on a 

saltmarsh were determined by local physiographic conditions (geomorphic, 

topographic and tidal), which control the degree of emergence or submersion of a 

saltmarsh.  
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Geomorphic studies 

First-order geomorphic classifications were provided for 114 estuaries in Tasmania 

during the NLWRA (Heap et al. 2001). Most coastal waterways either were wave-

dominated estuaries (38%) or could be assigned to the coastal creeks/coastal 

lagoons/strandplains group (40%). A further 9% of the coastal waterways in 

Tasmania were classified as wave-dominated deltas (9%). The lack of tide-

dominated coastal waterways in Tasmania is explained by the fact that wave 

energy around the coast of Tasmania is high relative to tide and river energy 

(Figure 1.3; Harris et al. 2002 ; Harris & Heap 2003). There are near-pristine 

representatives of all the different estuary types (Table 4.1) and the sizes of these 

estuaries are similar to the range of estuary sizes found throughout the state 

(Table 4.1). In other southern Australian states, near-pristine coastal waterways 

are typically much smaller than the modified estuaries and are dominated by 

coastal lakes. Therefore, Tasmanian estuaries may be extremely important for 

biodiversity conservation in southern Australia.  

As mentioned previously, the Coastal CRC mapped the geomorphic habitats of a 

selection of 158 near-pristine estuaries from around Australia in the Comparative 

Geomorphology of Estuaries project (Creasey et al. 2006). Fifteen of these near-

pristine estuaries were located in Tasmania, which greatly added to the five 

Tasmanian near-pristine estuaries mapped during the NLWRA (Heap et al, 2001; 

Table 4.1). All geomorphic habitat maps of Australian near-pristine estuaries 

produced by the Coastal CRC and over 540 maps produced during the NLWRA, 

are available for viewing and download on the OzEstuaries website 

(<www.ozestuaries.org>).  

 

Local and regional studies  

Bathurst Harbour 

Bathurst Harbour (#16 in Figure 4.1) is probably the best studied near-pristine 

estuary in Tasmania (Buckney & Tyler 1973; Edgar 1991a, b; Edgar & Cresswell 

1991; Mackey et al. 1996; Edgar et al. 1997, 1999a, b; Edgar et al. 2000; Edgar 

& Barrett 2000, 2002). Little was known scientifically about this estuary prior to 

1977, with the exception that the fresh water entering the estuary had an ionic 

composition similar to that of sea water (Buckney & Tyler 1973) and that the 

surface waters were highly stained with tannins (see review in Edgar & Cresswell 

1991). In 1977, the Tasmanian government commissioned the South West 

Tasmania Resources Survey, which included a shellfish inventory (Thomson 

1978a) and hydrological survey (Thomson 1978b) of Bathurst Harbour/Port Davey. 

Water temperature, pH, salinity and dissolved oxygen data were collected during 
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both of the surveys, and it was found that Bathurst Harbour was more marine in 

character than anticipated and that the channel and central basin of the estuary 

were highly stratified. More than ten years later, another suite of studies was 

conducted on Bathurst Harbour. These studies pertained to hydrology (Edgar & 

Cresswell 1991), abundances of planktonic organisms (Edgar & Cresswell 1991), 

seasonal distribution patterns of fishes (Edgar 1991a) and distribution patterns of 

mobile epifauna (associated with rope fibre habitats; Edgar 1991b). The rationale 

for these surveys was to derive biophysical information on the pre-anthropogenic 

state of a large estuary for use as a baseline to compare future changes (Edgar & 

Cresswell 1991). Reference data for a selection of trace elements in Bathurst 

Harbour has also been published (Mackey et al. 1996). 

The Edgar and Cresswell (1991) study found that the physico-chemical 

environment in Bathurst Harbour changed substantially during the summer months 

as well as between years and also that: (i) surface nitrate concentrations were 

uncharacteristically low for estuaries; and (ii) dissolved oxygen concentrations drop 

to very low levels (~35% saturation). Useful vertical profiles of water temperature, 

nitrate concentrations and salinity levels presented in the paper substantiate the 

above claims. The Edgar and Cresswell (1991) study also found that Bathurst 

Harbour had few plankton species, yet these species thrived in high densities. The 

low plankton diversity was attributed to the low dissolved nutrient concentrations 

and the low light levels. The gillnet/seine survey of fishes in Bathurst Harbour found 

that the assemblage of larger fishes consisted mainly of deepwater species such 

as sharks and skates that are usually found at water depths >50 m along the 

continental shelf. A previously unknown species of skate was also discovered in 

the estuary. The epifaunal survey found that species richness of the rope fibre 

habitats was influenced by location in the estuary (especially distance to the 

estuary mouth), water depth, time of year and by interactions between these 

factors (Edgar 1991b). Macroinvertebrate production was closely related to 

ambient light levels (see also Edgar et al. 1999b) and water temperatures 

(Edgar 1991a).  

In the study by Mackey et al. (1996), a comparison was made between trace 

element concentrations in Bathurst Harbour and those of Macquarie Harbour. 

Macquarie Harbour has a similar catchment to that of Bathurst Harbour; however it 

was classified as modified during the NLWRA because it is subject to the influx of 

trace metals from mine tailings and because large hydroelectric dams exist in the 

upper-catchment area. Not surprisingly, concentrations of cadmium, copper, nickel 

and zinc were comparable to background seawater concentrations in rivers 

draining into Bathurst Harbour but, with the exception of zinc, were higher or much 

higher in Macquarie Harbour. By comparison, reactive concentrations of iron and 
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manganese were very high in the rivers draining into Bathurst Harbour because 

they formed complexes with humic leachates. The Mackey et al. (1996) study also 

made note of the large reservoir of anoxic sediments in Bathurst Harbour and the 

fact that it could act as a reaction zone for chemical constituents. 

 

Tasmanian Wilderness World Heritage Area 

The Tasmanian Wilderness World Heritage Area coastline is the longest stretch of 

pristine coastline in south-eastern Australia (Cullen 1998). It extends for more than 

600 km in the south-west of the state, from Cockle Creek (#22 in Figure 4.1) to 

near the Giblin River (#13 in Figure 4.1). A study initiated by the Parks and Wildlife 

Service of Tasmania investigated the morphology and history of the coastal barrier 

and dune systems in this region including those found in association with South 

Cape Rivulet, Cockle Creek, New River Lagoon, Louisa Bay and Mulcahy Bay 

(Cullen 1998). The study found the coastline to be of international geo-

conservation significance because of the diversity of unspoilt coastal landforms 

including stationary, prograded, receded and episodic transgressive barriers, 

cobble beaches, cliff-top dunes and ridges. Indeed, the author highlighted that �the 

World Heritage Area coastline has the potential to provide an area for the study of 

future coastal evolution in a natural environment� (Cullen 1998, p. 83). The report 

also provides a detailed account of cultural values and threats to the barrier 

systems in the region, and provides useful information on coastal geology and 

geomorphology and the geological evolution of the coast. 

 
 

Tasmanian estuaries in the context of marine bioregionalisation 
and NRSMPA 

The Tasmanian coastline comprises seven IMCRA regions (IMCRA Technical 

Group 1998; Table 4.1). The Franklin and Davey IMCRA regions are well 

represented with near-pristine estuaries belonging to different wave-dominated 

classifications. At the time of publication of the State of the environment report 

Tasmania 2003 (RPDC 2003), the level of protection of the estuarine and marine 

environment was extremely low. There were only four marine protected areas 

(Governor Island, Maria Island, Tinderbox and Ninepin Point), totalling an area of 

1416 ha (0.06%) and representing less than one thousandth of the state�s coastal 

waters (this excludes the large marine protected area around Macquarie Island in 

the Southern Ocean 1500 km south-east of Tasmania). Estuaries had the lowest 

level of protection, with none of Tasmania�s 111 estuaries fully protected within a 

marine park. Only parts of one estuary�the non near-pristine D'Entrecasteaux�
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are protected in the very small Tinderbox (52 ha) and Ninepin Point (63 ha) 

reserves. There is evidence for a massive loss of biodiversity in Tasmanian 

estuaries over the past 120 years, which had gone unnoticed until recently 

(Samson & Edgar 2001). The biodiversity loss reflects the low level of estuarine 

and marine protection, which is in stark contrast to the onshore coastal 

environment. Over 80% of Tasmania�s coastal foreshore is reserved. The current 

small number and size of marine reserves inadequately represents Tasmania�s 

marine biodiversity.  

Only two of Tasmania's eight IMCRA bioregions have marine reserves (not 

including the Macquarie Island bioregion). The Governor Island and Maria Island 

reserves are in the Freycinet bioregion and the Tinderbox and Ninepin Point 

reserves are in the Bruny bioregion (Figure 1.4; IMCRA Technical Group 1998). 

These are all located on the south-eastern coast of Tasmania, leaving the rest of 

the Tasmanian coastline without any marine reserves. In addition, despite the 

relatively high level of protection afforded by these reserves (IUCN categories II 

and IV; IUCN 1994), their small size means that many ecosystems within the Bruny 

and Freycinet bioregions are also not represented.  

The marine protected area situation has improved since release of the 2003 

State of the Environment Report, with the State Government commencing 

implementation of the Tasmanian Marine Protected Areas Strategy (DPIWE 2000, 

2005). This strategy aims to provide a comprehensive, adequate and 

representative marine protected area system, in line with the National Represented 

System of Marine Protected Areas (ANZECC 1998, 1999a, b; DEH 2004), 

including some highly protected areas (IUCN Categories I and II) in each IMCRA 

bioregion. In February 2004, the Tasmanian Government announced the creation 

of two new marine protected areas (PWS 2005a); the Port Davey�Bathurst 

Harbour marine protected area (17 000 ha; PWS 2005b) and the Kent Group 

marine reserve (29 000 ha; PWS 2005c) in the Davey and Twofold Shelf IMCRA 

bioregions respectively.  

The Port Davey�Bathurst Harbour marine protected area is particularly significant 

for the conservation of near-pristine estuaries and the preservation of reference 

sites and representative estuarine ecosystems. This marine protected area 

includes the near-pristine estuaries of Bathurst Harbour and Payne Bay. Bathurst 

Harbour has a water area of 67 km2 and is the largest near-pristine estuary in the 

southern half of Australia (based on the authors� examination of NLWRA 2002 

data). As such, it is also the largest and most intact example of its estuary type 

(wave-dominated estuary) in southern Australia. Most estuaries of similar size and 

type are impacted by surrounding development, port facilities, aquaculture and 
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fisheries exploitation. Similarly, Payne Bay is very large (42 km2), the fifth-largest 

near-pristine estuary in southern Australia and a valuable representative of wave-

dominated estuaries. Bathurst Harbour is also a particularly good reference site 

since it has been the focus of many studies (described above) and a relatively 

large amount of information is available on the biophysical processes occurring in 

the harbour.  

There are 10 Ramsar sites in Tasmania (Environment Australia 2001) and two of 

these (Logan Lagoon Conservation Area and East Coast Cape Barren Island 

Lagoons) incorporate near-pristine estuaries (Logan Lagoon # 46 in Figure 1.4 and 

Thirsty Lagoon #36 in Figure 1.4 respectively). In addition to the Ramsar listed 

sites, there are also four wetlands of national importance that incorporate near-

pristine estuaries, namely, Freshwater Lagoon, South East Cape Rivulet, Nelson 

Bay River and Sellars Lagoon (#28, #21, #4 and #43 in Figure 1.4, respectively).  

 
 

Current management 

The majority of Tasmanian estuaries classified as near-pristine during the NLWRA 

are on the rugged and isolated south-west and west coasts, or on the Furneaux 

Island group (Flinders and Cape Barren Islands). Estuarine catchments within the 

south-west and west are contained entirely within the boundaries of a national park 

or conservation area, while most estuarine catchments on the west coast occur 

within a conservation area (Ray Murphy, DPIWE, pers. comm. 13/7/2004). Port 

Davey�Bathurst Harbour, the largest near-pristine estuarine system in this region 

and largest undisturbed estuarine system in southern Australia, is a declared 

marine reserve, with all waters of the Bathurst Harbour and Payne Bay estuaries to 

be managed as a �no take� area. A small number of near-pristine coastal lagoons 

on the east coast are also contained entirely within national park or conservation 

areas. Generally, however, no specific management plans or regulatory controls 

relating to estuarine conservation apply within national parks or conservation 

areas. On Cape Barron Island, land tenure in estuarine catchments is largely crown 

land, zoned for �environmental management and recreation�. 

In contrast, most near-pristine estuaries on Flinders Island (and the Sea Elephant 

estuary on King Island) have a significant proportion of the catchment under private 

ownership, often incorporating grazing activity. Most of these estuaries do not meet 

the NLWRA criteria for a near-pristine estuary (Table 1.1) and should actually be 

classified as �largely unmodified�, as natural cover within the catchment is likely to 

be less than 90%, but with minimal impact from catchment activities or population 

pressure on the estuary (Ray Murphy, DPIWE, pers. comm. 13/7/2004). Similarly, 
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three near-pristine estuaries on the Tasmanian mainland (Cloudy Bay Lagoon, 

Great Swanport and Black River) should be classified as �largely unmodified�, 

as natural cover within the catchment is likely to be less than 90% or minor 

aquaculture activity (oyster farming) occurs within the estuary. 

As part of the implementation of the State Government�s Water Development Plan 

for Tasmania, the Conservation of Freshwater Ecosystem Values (CFEV) project 

is being undertaken to identify where important freshwater values (including 

estuaries) exist. The CFEV project intends to recommend management 

arrangements and undertake appropriate conservation measures to protect 

these areas, particularly in areas identified as being of high conservation priority 

(e.g. near-pristine estuaries). 

 
 

Issues, knowledge gaps and needs for better management 

1. There are several estuaries in Tasmania currently classified as near-

pristine, which do not meet the NLWRA criteria for a near-pristine estuary 

(Ray Murphy, DPIWE, pers. comm. 13/7/2004). Table 4.1 lists these 

estuaries and suggests their reclassification as largely unmodified. The 

extent to which human disturbances in the catchment and waterway area 

of these estuaries are affecting estuarine ecosystems is currently 

unknown.  

2. Statutory and legislative procedures need to be applied in conjunction 

with policing and community education to protect the Tasmanian 

estuaries with high conservation status and with minimal inconvenience 

to the public (Edgar et al. 2000).  

3. Restrictions on fishing (taking of native flora and fauna) in the near-

pristine estuaries should be applied as soon as possible (Edgar et al. 

2000).  

4. Comparative assessments of water quality should be made in selected 

estuaries every five years and should be linked to State of the 

Environment reporting (Murphy & Crawford 2002; Murphy et al. 2003). 

Bottom-water samples should also be taken in river-dominated estuaries 

because they can become stratified (Murphy & Crawford 2002; Murphy 

et al. 2003). 

5. Saltmarsh reserves should include the full range of adjacent terrestrial 

vegetation and not just halophytic communities (Richardson & Mulcahy 

1996). 
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6. There is a large amount of evidence supporting a strong effect of salinity 

on the species richness of invertebrates in estuaries (Edgar & Barrett, 

2002). However, studies involving the direct manipulation of salinity to 

confirm this causal connection are lacking (Edgar & Barrett 2002). 

7. There is lack of knowledge about how environmental factors affect biota 

and how they are complicated by biological interactions (Edgar & Barrett 

2002). 

8. It is important that the recommendations on management arrangements 

for near-pristine estuaries from the CFEV project are adopted. 
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5. South Australia 

Current knowledge 

South Australia is by far the driest state in Australia, with over 70% of the state 

receiving less than 300 mm of rainfall annually, combined with very high 

evaporation rates (BOM 2003a, b). Consequently, the state has a relatively high 

proportion of small estuaries and most have intermittent and minor freshwater 

input. This was shown in the NLWRA (2002), with 65% of the estuaries examined 

having water areas less than 1 km2. The NLWRA identified and assessed 

38 estuaries in South Australia and mapped the geomorphic habitats of all 38. 

This represents the lowest total number of estuaries in any one state or territory 

(NLWRA 2002).  

South Australia�s aridity is a major factor contributing to the small number of 

estuaries and coastal waterways along its coastline. This is despite having a longer 

coastline (5067 km including the islands) than Tasmania (4882 km), New South 

Wales (2137 km) and Victoria (2512 km; Geoscience Australia 2003), which have 

133, 116 and 63 estuaries respectively (NLWRA 2002). However, it is important to 

note here that a number of extremely small South Australian estuaries probably in 

near-pristine or slightly modified condition were not included in the NLWRA. The 

recently released Draft estuaries policy and action plan for South Australia, 

estuaries of South Australia (SADEH 2005a) identifies significantly more of these 

smaller estuaries than were recorded in the NLWRA.  

Based on the NLWRA data, South Australia has just three near-pristine estuaries�

Smokey Bay, Tourville Bay and the Breakneck River�the lowest proportion of 

estuaries in near-pristine condition (8%) of any one state or territory (NLWRA 2002; 

Figure 5.1; Table 5.1). In light of this, this chapter includes an outline of the unique 

environmental conditions and relatively intensive European settlement in South 

Australia that explain why it has relatively few estuaries and why they are quite 

distinctive and susceptible to anthropogenic impacts. It then describes the three 

near-pristine estuaries and given the scarcity and unique character of South 

Australian estuaries, it also describes additional estuaries of high conservation 

value but which the NLWRA classified as largely unmodified (Figure 1; Table 1). 

Finally, there is a discussion of the management of near-pristine and other high 

conservation status estuaries, how this relates to marine protected areas (MPAs; 

SADEH 2005g) and implications for these estuaries of the South Australian 

Government�s new estuaries policy (SADEH 2005a).  
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Coastal environment 

With the exception of Kangaroo Island and the south-eastern corner of the State, 

which receive greater than 600 mm annually, South Australia has an arid climate 

with mild wet winters and hot dry summers. Rainfall is not only very low but also 

irregular and unpredictable. Many rivers and creeks rely on localised rainfall and 

can remain dry for long periods. Estuaries fed by these waterways are therefore 

usually small. Estuaries with water areas larger than 1 km2 are mainly bay 

estuaries where the shape of the coastline rather than river input is the major 

control on their size, for example, Smokey Bay, Tourville Bay and Venus Bay 

(Table 5.1). The Coorong and Lower Lakes area is an exception, fed by the Murray 

River and its extensive catchment, which incorporates higher rainfall areas in NSW, 

Queensland and Victoria.  

 

 

Figure 5.1. Near-pristine estuaries and IMCRA bioregions of South Australia 
Estuaries are symbolised according to geomorphic types. 
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Table 5.1. Near-pristine and largely unmodified estuaries of South Australia. Note that NLWRA (2002) catchment and water area data was not available for some 
estuaries 

 
Name Figure 

5.1# 
Oz 

Estuaries 
# 

Decimal 
latitude1 

Decimal 
longitude1 

Catchment 
area 

(km2)1 

Habitats 
mapped 

(NLWRA)1 

IMCRA 
region 

Geomorphic 
classification1 

Water 
area 

(km2)1 

% 
catchment 

crops, 
pasture, 

plantation2 

% 
catchment 

woody 
native 

vegetation2 

NLWRA 
condition 

classification1 

Potential 
revised 

condition 
classification3 

Smokey 
Bay 2 537 -32.397 133.915 202 Yes Murat EMB 14.17   Near-pristine Largely 

unmodified 
Tourville 
Bay 1 538 -32.170 133.495 318 Yes Murat EMB 52.6   Near-pristine Largely 

unmodified 
Breakneck 
River 12 847 -35.931 136.580  Yes Eyre CC    Near-pristine  

Eleanor 
River 8 842 -35.974 137.202  Yes Eyre CC  62 34 Largely 

unmodified  

Harriet 
River 9 850 -35.985 137.179  Yes Eyre CC  72 26 Largely 

unmodified  

South 
West 
River 

11 1038 -36.016 136.85  Yes Eyre CC 0.028   Largely 
unmodified  

Stunsail 
Boom 10 844 -36.020 137.016  Yes Eyre CC  60 39 Largely 

unmodified  

Willson 
River 7 851 -35.864 137.935  Yes Eyre CC 0.084 80 18 Largely 

unmodified  

Venus 
Bay 3 534 -33.229 134.660  Yes Eyre CL 70.64 66 30 Largely 

unmodified  

Chapman 
River 6 843 -35.786 138.069  Yes St Vincent 

Gulf CC 0.96 37 63 Largely 
unmodified  

Middle 
River 5 849 -35.665 137.075  Yes St Vincent 

Gulf CC  72 26 Largely 
unmodified  

Western 
River 4 846 -35.676 136.971  Yes St Vincent 

Gulf CC  60 39 Largely 
unmodified  

 
1 From National Land and Water Resources Audit (NLWRA 2002). CC � coastal creek; EMB � embayment; CL � coastal lake. 
2 From Commonwealth Government Bureau of Rural Sciences. 
3 Based on the results of this study. 
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Low rainfall, high evaporation rates and the unusual geology and geomorphology 

along the South Australian coast (Lewis et al. 1998) have led to the development of 

unique estuarine ecosystems and estuary types, which differ in many ways from 

those in other states. Apart from the Murray River basin and much smaller basins 

on the Fleurieu Peninsula and Kangaroo Island, South Australia is characterised by 

inland drainage basins with very little topographic relief that do not connect to the 

coast. Also, more than half of the state�s coastal regions are characterised by small 

catchments comprising Tertiary or Pleistocene marine limestone or unconsolidated 

Holocene coastal dunes (Belperio 1995). The high porosity of these carbonate 

landforms coupled with relatively low rainfall results in little significant surficial 

drainage.  

During the summer months, evaporation rates are very high, with virtually all 

coastal regions experiencing between 2400 and 1400 mm of evaporation annually 

(BOM 2003b). High levels of evaporation in shallow coastal water bodies in 

summer combined with significant discharge of saline groundwater from shallow 

coastal aquifers result in many estuaries in South Australia having higher salinity in 

their landward reaches compared to their mouth (Bye & Ronai 2005). These are 

termed �inverse� estuaries. Parts of Western Australia, where climatic regimes and 

geomorphology are similar, also have these types of estuaries. Estuarine 

ecosystems in South Australia have evolved under these unique conditions which, 

combined with their small size, make them sensitive to changes in river flow, 

salinity and temperature, and therefore vulnerable to anthropogenic impacts 

(SADEH 2005e).  

Biodiversity 

Coastal environments in South Australia are extremely biodiverse, owing to the 

wide spectrum of habitats and oceanic conditions that exist along the coastline 

(SADEH 2005e, f; SARDI 2001; Baker 2004). Wave and tide energies vary widely 

and range from very low wave and high tidal energies in St Vincent Gulf and 

Spencer Gulf, to some of the highest wave energies in Australia on the western 

and southern coasts, which are exposed to the full force of the Southern Ocean 

(Lewis et al. 1998). The geographic and climatic isolation of Southern Australian 

waters over the past 65 million years has also resulted in a very high degree of 

endemism, with approximately 85 to 90% of all marine plants and animals found 

nowhere else in the world (Poore 1995; SARDI 2001; SADEH 2005f). For example, 

95% of seagrass species in South Australia are endemic to the region (SADEH 

2005f). In contrast, only 10 to 15% of marine life in Australia�s tropical regions is 

unique to Australia.  
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Tidal and wave energy are also important forces shaping the geomorphology of 

South Australian estuaries (NLWRA 2002), where the relative strength of tidal and 

wave energies varies widely; however, significant river input is usually absent 

(Heap et al. 2001). Based on relative wave, tide and river energy, the NLWRA 

classified 34% of South Australia�s estuaries as coastal creeks, 30% as tidal 

creeks, 16% as coastal lagoons and 5% each of embayments, tide-dominated 

deltas, wave-dominated deltas and wave-dominated estuaries. 

European settlement 

Similarly to other southern Australian states and territories, South Australia has 

experienced a relatively intense history of European settlement and the associated 

impacts from development, compared to the more remote and sparsely populated 

northern half of Australia. This explains why South Australia (as well as New South 

Wales and Victoria) has a very low percentage of estuaries in near-pristine 

condition, compared to the national percentage (50%). Agricultural expansion 

began in South Australia in the late 1830s (Government of South Australia 1986) 

and the most suitable areas for agriculture in the state, such as the Mount Lofty 

Ranges and the south-east region, are now intensively developed and cleared, 

with only 15% and 13% of the original native vegetation remaining in these regions, 

respectively (EPA 2003). Coastal catchments throughout south-eastern South 

Australia are some of the most extensively cleared in Australia (see NLWRA extent 

of native vegetation map, NLWRA 2001, p. 44, also available in the Australian 

Natural Resources Atlas: <http://audit.ea.gov.au/ANRA/atlas_home.cfm>). 

Despite this widespread clearing and agriculture, almost three-quarters of South 

Australia�s population, numbering 1 527 000, live in Adelaide (ABS 2004), leaving 

the remainder of the state sparsely populated. Some relatively natural areas still 

exist, and many of the least impacted estuaries in South Australia are located on 

Kangaroo Island and on the western side of the Eyre Peninsula (Figure 5.1), where 

around 47% and 44% of native vegetation remains, respectively. Protected areas 

cover around 25% of Kangaroo Island (SADEH 2005b, c) and the Eyre Peninsula 

has 106 parks and reserves, some of which contain the most �untouched 

landscapes in southern Australia� (SADEH 2005d). 

Near-pristine estuaries 

Smokey Bay and Tourville Bay are located on the far western side of the Eyre 

Peninsula, near Ceduna (Figure 5.1) and the Breakneck River estuary is situated 

on the west coast of Kangaroo Island within Flinders Chase National Park. These 

three estuaries incorporate a range of high conservation value ecosystems. 

Smokey Bay and Tourville Bay have extensive seagrass meadows and mangrove 
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forest. Notably, Tourville Bay includes the most western stand of mangroves on the 

Eyre Peninsula and represents the largest area of mangrove between Spencer 

Gulf in South Australia and Exmouth Gulf in Western Australia (Ashman 1996).  

The Breakneck River is one of Australia�s best preserved natural rivers, being one 

of only eleven nationally significant riverine wetlands (EPA 2002). It is included in 

the directory of nationally significant wetlands (Environment Australia 2001) and 

the entire catchment of the Breakneck River is protected within the Ravine des 

Casoars Wilderness Protection Area and Flinders Chase National Park (SADEH 

2005c).  

Unfortunately, the geomorphology of the near-pristine Smokey and Tourville Bays 

is not typical of estuaries in South Australia as they are the only two estuaries 

classified as embayments in the state. Therefore, care is required when using 

these estuaries as reference sites for assessing change resulting from 

anthropogenic impacts in the many coastal creeks, tidal creeks and other estuarine 

types in South Australia. The NLWRA classed the Breakneck River as a coastal 

creek and thus it would have wider use as a reference site for assessing estuarine 

health.  

It is possible that a number of South Australian estuaries, which are extremely 

small and were not included in the NLWRA, are in near-pristine or slightly modified 

condition. Indeed, a review of aerial photographs and topographic maps conducted 

for the recently released Draft estuaries policy and action plan for South Australia 

identified 105 estuaries in South Australia (SADEH 2005a). A review of the 67 

estuaries not classified during the NLWRA should reveal some which are in near-

pristine or largely unmodified condition.  

Recent impacts 

The scarcity of near-pristine and largely unmodified estuaries in South Australia 

highlights the urgency for their protection. Immediate protection is especially 

important in light of the continued and possibly irreversible impacts on South 

Australia�s estuaries, including those classified as near-pristine and largely 

unmodified. Comparing the number of near-pristine and largely unmodified 

estuaries identified during the NLWRA with the �unmodified� estuaries of Bucher 

and Saenger (1989), suggests a reduction in the number of near-pristine estuaries 

over the last 10 years (Table 5.2). Data compiled by Bucher and Saenger (1989) 

indicated a number of estuaries on the mainland coast with an �undisturbed� 

ecological status. These were Smokey Bay, Tourville Bay, Venus Bay, Baird Bay 

and Blanche Port (Edyvane 1996). However, it now appears that Smokey Bay and 

Tourville Bay do not meet the criteria of the NLWRA near-pristine classification 
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because they contain oyster farms (PIRSA 2002). There have also been reports of 

recent environmental impacts in Smokey Bay and Tourville Bay related to coastal 

urban development, including the discharge of sewage-contaminated groundwater 

into Smokey Bay and the possible loss of mangrove habitat in Tourville Bay 

(PIRSA 2002). Notwithstanding some differences in the assessment criteria of the 

past studies, when combined with these recent observations it appears that over 

the past two decades anthropogenic impacts have significantly increased in at least 

some of the South Australian estuaries that had or have a high degree of 

ecosystem integrity.  

Table 5.2. Results of the condition assessment of estuaries in South Australia that were 
‘unaffected’ or ‘slightly affected’ ecologically by human activities (shaded column) based on data 
from Bucher & Saenger (1989) (derived from Table 6 in Edyvane 1996) 
 
 Environmental values Habitat area (km2) 

Estuary F T C A E L Q W I M S 

Port Davis Creek M N M M S I   3 <1 2 10 

Fisherman Creek M N M L S I   14 8 12 10 

Third Creek L N L M S I   40 25 7 17 

Second Creek M P M L S I   24 21 15 9 

Northern Spencer Gulf M P H H S I   3 2 6 12 

Franklin Harbour M N M L S H   69 67 17   

Port Douglas M N M L S M   119 <1 3   

Venus Bay M N M L U I E 65 15 <1   

Baird Bay L N L L U I E 45 0 0   

Blanche Port M N M L U I E 32 7 3   

Smokey Bay M N M L U I E 16 11 8   

Tourville Bay M N H L U I E 16 42 13   

 
Environmental values: 

F � fisheries value (H=high, M=moderate, L=low)  
T � threat (R=real, P=perceived, N=none) 
C � conservation value (H=high, M=moderate, L=low) 
A � amenities value (H=high, M=moderate, L=low) 
E � ecological status (U=unaffected, S=slightly, M=moderately; C=considerably affected) 
L � land use (I=>75% developed, H=50�75%, M=25�50%) 
Q � water quality (E=excellent). 

Habitat area: 
W � area of water (sq. km.)  
I � intertidal flats (sq. km.) 
M � mangroves (sq. km.) 
S � samphires (sq. km.).  

See Edyvane (1996) for details of the criteria used to define fisheries value and conservation value. 
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Largely unmodified estuaries 

Nine estuaries were assessed as largely unmodified in the NLWRA (Table 5.1). 

Given only one near-pristine estuary is of a type (coastal creek) which is 

widespread in South Australia, it may be necessary for monitoring programs to use 

non-near-pristine estuaries as reference sites when measuring the extent and 

nature of human impacts in the state�s modified and extensively modified estuaries. 

The largely unmodified estuaries could serve such a purpose. Indeed, the NLWRA 

recognised this by recommending �baseline monitoring of selected estuaries 

classified as near-pristine to largely unmodified� (NLWRA 2002).  

Unfortunately, all but one of the seven estuaries classified as largely unmodified in 

South Australia are coastal creeks (Table 5.1). Therefore, coastal creeks are well 

represented, whereas tidal creeks, which are the next most common type of 

estuary in the state, are all either modified or extensively modified. Venus Bay is 

the only coastal lagoon classified as largely unmodified and could serve as a 

reference site for the other four coastal lagoons in South Australia�Blanche Port, 

Franklin Harbour, Baird Bay and Port Douglas�Coffin Bay.  

 
 

Current management 

The management of near-pristine and other estuaries in South Australia has been 

revised with the development of an estuary policy by the South Australian 

Department for Environment and Heritage (SADEH 2005a; Inglis et al. 2004). 

Estuary management is covered by several Acts of State Parliament that involve 

a range of state agencies. Prior to the estuary policy, management lacked 

coordination and integration (NLWRA 2001), and these are issues specifically 

addressed by the new policy. The new policy is designed to facilitate better estuary 

management across the state; promote communication and collaboration between 

managers; promote greater understanding of the state�s estuaries; and ensure the 

new policy is consistent with existing policies and integrates with new natural 

resource and coastal and marine management plans (Inglis et al. 2004).  

 

Marine protected areas 

The lack of undisturbed examples of several of the most common estuary types 

has implications for biodiversity conservation and the design of MPAs in South 

Australia. With the exception of the Great Australian Bight Marine Park, the existing 

MPAs in South Australia were not established with a specific aim to conserve a 
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representative sample of biodiversity. Some were targeted at specific objectives 

relating to biodiversity conservation such as nursery grounds for prawns and 

crayfish, protection of great white sharks, or for research. To provide information 

for identifying MPAs, a series of benthic surveys were undertaken across South 

Australia between 1992 and 1997 (Edyvane & Baker, 1995; 1996a, b, c; 1998a, b; 

1999a, b, c).  

The South Australian Government now aims to achieve a comprehensive, 

adequate and representative system of 19 marine protected areas that include the 

best-preserved estuaries (SADEH 2004, 2005a; Baker 2004), based on the reserve 

criteria outlined by the Commonwealth Department of Environment and Heritage 

(ANZECC 1998, 1999a, b; DEH 2004a, b). A comprehensive reserve system 

requires the inclusion �of samples of each of the ecosystems discernible at the 

bioregional scale�. However, for several estuary types, such as tidal creeks, there 

remain only modified and extensively modified examples, which may have lost 

much of their original biodiversity and functioning.  

A further problem regarding the design of MPAs in South Australia for estuarine 

biodiversity conservation is the uneven spread of near-pristine and largely 

unmodified estuaries along the coastline (Figure 5.1). They are concentrated on 

Kangaroo Island and western Eyre Peninsula, representing only three (Murat, Eyre 

and St Vincent Gulf) of the eight IMCRA bioregions in South Australia (IMCRA 

Technical Group 1998; see Chapter 9 for further explanation of IMCRA bioregions). 

In addition, near-pristine and largely unmodified estuaries exist in only two of the 

four broader-scale bioregions of Edyvane and Baker (1995) and four of the 

fourteen coastal geomorphic zones of Lewis et al. (1998). A marine protected area 

network may need to include carefully chosen modified and extensively modified 

estuaries as representatives for some bioregions and estuary types.  
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6. Western Australia 

Current knowledge 

More than half of the coastal waterways in Western Australia (WA) were classified 

as near-pristine during the first NLWRA (Heap et al. 2001; NLWRA 2002). 

Geomorphic habitat maps for 29 of these estuaries are available in OzEstuaries 

(<www.ozestuaries.org>) (Table 6.1), due to the combined efforts of the first 

NLWRA (Heap et al. 2001; NLWRA 2002) and the Comparative Geomorphology 

of Estuaries project in the Coastal CRC (Creasey et al. 2006).  

The vast majority of the near-pristine estuaries in WA are located along the north-

west coast of Australia, between Port Hedland and Broome (Figure 6.1) and in the 

Kimberley Region (Figure 6.2). There have been a number of studies on the 

coastal environment in this remote region (Jennings & Coventry, 1973; Jennings, 

1975; Semeniuk, 1980a, b, 1981a, b, 1982, 1983, 1985, 1986; 1987, 1993; 

Wolanski & Spagnol, 2003) and these are summarised below.  

The estuaries found in Australia�s north-west fall mainly into tide-dominated 

geomorphic classifications (i.e. tidal creeks and tide-dominated estuaries; 

Table 6.1). Broke Inlet, found to the west of Albany (#1; Figure 6.1), was the 

only wave-dominated estuary in near-pristine condition based in the NLWRA 

assessment (Table 6.1), and the only near-pristine estuary in the southern half 

of the state. Studies on the southern WA estuaries are highlighted later in this 

chapter. 

 

The macrotidal north-west coast 

The Western Australian Research Council commissioned a report on the state of 

rivers in the Indian Ocean (i.e. from Geraldton to Port Hedland) and Timor Sea 

(i.e. from Broome to Wyndham) Divisions of north Western Australia (WRC 1997). 

The report contains useful maps and other information pertaining to land use, 

climate and catchment condition. Rivers were also assigned to different categories 

in the study (pristine, near-pristine, relatively natural and altered), based on: the 

extent of land clearing and grazing in their catchments; the amount of road and 

track construction; whether there had been an increase in fire frequency or any 

plant and animal introductions; the occurrence of sheet or gully erosion; and the 

extent of sediment deposition in the rivers.  
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In this context, the catchments of rivers designated as pristine (or wild) had 

experienced:  

• no significant land clearing; 

• no significant road/track construction; 

• no increase in fire frequency; and  

• no introductions of feral plants, animals or diseases. 

In comparison, the catchments of near-pristine rivers (or wild though modified) may 

have had minor and seldom used foot/vehicle tracks or had experienced: 

• some increase in fire frequency; 

• limited plant and animal introductions; and  

• minor grazing, but without causing soil exposure. 

The classification status of these rivers was also published in the proceedings of 

the First National Conference on Stream Management in Australia (Williams et al. 

1996). Of the rivers contributing flow to the Timor Sea (i.e. coastal waterways  

#30�75; Figure 6.2), 10 were assessed as pristine and a further 10 as near-

pristine. Eleven of the rivers in this region were considered less pristine and were 

listed as relatively natural because their catchments are subject to past and/or 

present grazing activity. This grazing must have resulted in the loss of some 

vegetation or caused limited erosion to justify the classification of these rivers as 

relatively natural.  

Somewhat surprisingly, 23 rivers in this remote region were found to be altered 

or degraded, implying that the grazing pressures in the catchments had been 

sufficient to cause bare patches, sheet erosion, or gullying (see, for example, 

Wasson et al. 2002). Consequently, the apparently near-pristine estuaries found at 

the outlets of these rivers may be subject to sediment and nutrient loads that are 

elevated above natural conditions. These estuaries include: Carnot Bay, Baldwin 

Creek, Beagle Bay, Tappers Inlet, Hoon Creek, Fraser River, Doctors Creek, Point 

Torment Creeks, May River, Meda River, Robinson River, Saddle Hill Creeks, King 

Sound, Secure Bay, Doubtful Bay, unnamed estuary east of Roe, Roe River, 

unnamed estuary north of Roe, Lawley River, Cape Londonderry Creeks and 

Berkeley River, Montague Sound Creeks, Woppinbie Creek, Mission Cove, 

Thompson River and the south mouth of the Ord. However, these potentially 

elevated sediment loads would have to be viewed in the context of the naturally 

high turbidity levels expected in macrotidal estuaries (Harris & Heap 2003). 

 
 



 
Australia�s near-pristine estuaries 6. Western Australia 
 
 

 105 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1. Near-pristine estuaries and IMCRA bioregions of Western Australia  
(Albany to Broome) 

Estuaries are symbolised according to geomorphic types. 
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Figure 6.2. Near-pristine estuaries and IMCRA bioregions of Western Australia  

(northern region) 

Estuaries are symbolised according to geomorphic types. 
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Table 6.1. Near-pristine estuaries of Western Australia: (i) Locations and catchment area information; and (ii) some attributes that may be used to assess 
conservation significance 

 

Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure  # Oz 

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA 
region3 

Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential  
revised 

condition 
classification4 

Wetland 
significance5  

Broke Inlet 6.1 1 647 -34.937 116.373 2061 Yes WA South 
Coast WDE 36.23  National 

Lake Macleod/Cardabia 
Creek/Lyndon/ Minilya 6.1 2  -24.217 113.643   Zuytdrop Inland Lake 1608.2  National 

Yardie Creek 6.1 3 659 -22.326 113.811 120 Yes Ningaloo SP/CL/CC    

Banningarra Creek 6.1 4 685 -20.000 119.717 1340  Pilbara TC    

Carnot Bay 6.2 1 692 -17.151 122.263 1483 Yes Canning EMB  Yes  

Mckelson Creek 6.1 6 687 -18.817 121.650 211  Canning SP/CL/CC    

Port Smith 6.1 7 688 -18.510 121.795 140 Yes Canning SP/CL/CC    

Kelk Creek 6.2 5 696 -16.738 122.765 563  Canning TC 9.01   

Beagle Bay 6.2 3 694 -16.942 122.563 1659  Canning TC 8.35 Yes  

Yardoogarra Creek 6.1 8 689 -18.224 122.198 18  Canning TC 3.66   

Tappers Inlet 6.2 4 695 -16.816 122.554 84  Canning TC 2.8 Yes  

Lombadina Creek 6.2 6 697 -16.541 122.819 56  Canning TC 2.26   

Chile Creek 6.2 7 698 -16.522 122.850 39  Canning TC 1.87   

Baldwin Creek 6.2 2 693 -17.017 122.367 74  Canning TC  Yes  

Jaubert Creek 6.1 5 686 -18.950 121.571 179  Canning TC    

Willies Creek 6.1 9 691 -17.767 122.200 84  Canning TC    

Doctors Creek 6.2 12 705 -17.185 123.635 287  King Sound TC 62.21 Yes  

Meda River 6.2 16 709 -16.968 123.817 3467 Yes King Sound TC 24.68 Yes  

Point Torment Creeks 6.2 14 706 -17.037 123.693 222 Yes King Sound TC 22.64 Yes  

Saddle Hill Creeks 6.2 20 711 -16.763 123.700 186  King Sound TC 5.93 Yes  

Goodenough Bay 6.2 8 700 -16.779 123.115 161 Yes King Sound TC 3.75   

Saddle Hill Creeks 6.2 18 712 -16.841 123.757 62  King Sound TC 3.73 Yes  
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure  # Oz 

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA 
region3 

Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential  
revised 

condition 
classification4 

Wetland 
significance5  

Fraser River 6.2 11 703 -17.297 123.397 2752  King Sound TC 3.68 Yes  

Saddle Hill Creeks 6.2 19 713 -16.793 123.721 73  King Sound TC 2.17 Yes  

Point Torment Creeks 6.2 13 707 -17.003 123.610 49 Yes King Sound TC 1.27 Yes  

Hoon Creek 6.2 10 702 -17.109 123.293 976  King Sound TC 1.25 Yes  

Disaster Bay 6.2 9 701 -16.916 123.156 541  King Sound TC 1.23   
King Sound (Goodenough To 
Cascade) 6.2 21 699 -16.703 123.310 136668  King Sound TDE 3293.25 Yes  

May River 6.2 15 708 -17.074 123.789 13188 Yes King Sound TDE 73.43 Yes  

Robinson River 6.2 17 710 -16.932 123.810 3329  King Sound TDE 50.02 Yes  

Talbot Bay 6.2 29 721 -16.211 123.866 1024 Yes Kimberley EMB 283.24   

Cascade Bay 6.2 22 714 -16.598 123.516 370 Yes Kimberley EMB 60.42   

Montague Sound Creeks 6.2 57 750 -14.537 125.453 184 Yes Kimberley EMB 35.06 Yes  

Sampson Inlet 6.2 42 734 -15.512 124.459 98 Yes Kimberley EMB 22.99   

Shoal Bay 6.2 30 722 -16.346 124.207 174 Yes Kimberley EMB 22.73   

Deception Bay 6.2 41 733 -15.631 124.413 241 Yes Kimberley EMB 21.68   

Cone Bay 6.2 23 715 -16.507 123.578 296 Yes Kimberley EMB 11.6   

Coppermine Creek 6.2 27 719 -16.165 123.570 72 Yes Kimberley EMB 10.55   

Hanover Bay 6.2 43 735 -15.304 124.775 47 Yes Kimberley EMB 7.02   

Boongaree Island Creek 6.2 47 739 -15.047 125.136 374  Kimberley TC 51.32   

Jinunga River 6.2 25 717 -16.326 123.602 244  Kimberley TC 49.85   

Wedge Hill Creeks 6.2 39 731 -15.885 124.447 234  Kimberley TC 49.56   

Kammargoorh River 6.2 24 716 -16.394 123.624 272  Kimberley TC 31.47   

Yuraddagi River 6.2 26 718 -16.222 123.553 73  Kimberley TC 26.33   

Scott Straight Creeks 6.2 55 744 -14.664 125.211 411  Kimberley TC 23.63   

Cape Londonderry Creeks 6.2 68 764 -13.766 126.835 261  Kimberley TC 16.59 Yes  

Lawley River 6.2 61 755 -14.632 125.917 1201  Kimberley TC 12.64 Yes  

Doubtful Bay South 6.2 35 727 -16.157 124.521 635 Yes Kimberley TC 11.59 Yes  
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure  # Oz 

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA 
region3 

Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential  
revised 

condition 
classification4 

Wetland 
significance5  

Cape Londonderry Creeks 6.2 69 765 -13.746 126.900 134  Kimberley TC 11.33 Yes  

Doubtful Bay East 6.2 36 728 -16.118 124.584 163 Yes Kimberley TC 10.64 Yes  

unnamed North Of Roe 6.2 50 742 -15.088 125.373 71  Kimberley TC 9.83 Yes  

Cape Torrens Embayment 6.2 46 738 -15.042 125.093 74  Kimberley TC 7.91 Yes  

Scott Straight Creeks 6.2 52 745 -14.974 125.234 13  Kimberley TC 6.32   

Scott Straight Creeks 6.2 51 746 -14.979 125.272 29  Kimberley TC 6.12   

Mt Waterloo Creeks 6.2 45 737 -15.190 124.861 46  Kimberley TC 4.79   

Scott Straight Creeks 6.2 54 747 -14.865 125.230 63  Kimberley TC 3.04   

Scott Straight Creeks 6.2 53 748 -14.887 125.306 104  Kimberley TC 2.78   

Myridi Bay 6.2 28 720 -16.160 123.618 31  Kimberley TC 2.36   

Pauline Bay 6.2 65 759 -14.183 126.345 158  Kimberley TC 2.18   

Eagle Point 6.2 34 726 -16.177 124.431 21  Kimberley TC 1.54   

High Bluff Creek 6.2 33 725 -16.241 124.403 41  Kimberley TC 1.45   

Montague Sound Creeks 6.2 58 751 -14.340 125.675 64 Yes Kimberley TC 1.17 Yes  

Montague Sound Creeks 6.2 59 752 -14.390 125.658 27 Yes Kimberley TC 0.99 Yes  

Montague Sound Creeks 6.2 60 753 -14.412 125.664 30 Yes Kimberley TC 0.54 Yes  

Woppinbie Creek 6.2 66 760 -14.150 126.517 222  Kimberley TC 0.24 Yes  

Prince Regent River 6.2 44 736 -15.246 124.860 4964 Yes Kimberley TDE 425.56  National 

Walcott Inlet 6.2 32 724 -16.343 124.394 12732 Yes Kimberley TDE 256.92   

George Water 6.2 38 730 -15.956 124.589 2824 Yes Kimberley TDE 197.6   

Secure Bay 6.2 31 723 -16.416 124.331 1778 Yes Kimberley TDE 72.39 Yes  

Roe River 6.2 49 741 -15.133 125.373 3625  Kimberley TDE 29.85 Yes  

Sale River 6.2 37 729 -15.972 124.597 1438 Yes Kimberley TDE 8.66   

Rocky Cove 6.2 63 757 -14.220 126.245 155  Kimberley TDE 7.53   

Mission Cove 6.2 67 762 -14.123 126.697 170  Kimberley TDE 4.25 Yes  

unnamed East Of Roe 6.2 48 740 -15.151 125.324 171  Kimberley TDE 3.91 Yes  
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure  # Oz 

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA 
region3 

Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential  
revised 

condition 
classification4 

Wetland 
significance5  

Mudge Bay 6.2 56 749 -14.569 125.374 60  Kimberley TDE 3.73   

Wade Creek 6.2 64 758 -14.220 126.297 524  Kimberley TDE 2.72   

Prior Point Creek 6.2 40 732 -15.727 124.397 138  Kimberley TDE 1.75   

Mt Connor Creek 6.2 62 756 -14.535 126.043 100 Yes Kimberley TDE 0.59 Yes  

Cape Londonderry Creeks 6.2 70 766 -13.887 127.081 668  Bonaparte Gulf TC 2.54 Yes  

Cape Londonderry Creeks 6.2 71 767 -13.945 127.205 96  Bonaparte Gulf TC 2.09 Yes  

Cape Whiskey Creek 6.2 73 769 -14.064 127.457 157  Bonaparte Gulf TC 0.46   

King George River 6.2 72 768 -13.958 127.330 2776  Bonaparte Gulf TDE 9.14   

Berkeley River 6.2 74 770 -14.349 127.781 5149  Bonaparte Gulf TDE 6.61 Yes  

False Mouth Of Ord 6.2 76 777 -14.851 128.370 2298  Cambridge 
Bonaparte TC 200.59   

Ningbing Range Creeks 6.2 79 778 -14.833 128.745 355  Cambridge 
Bonaparte TC 3.84   

Ningbing Range Creeks 6.2 78 779 -14.795 128.609 176  Cambridge 
Bonaparte TC 2.78   

Ningbing Range Creeks 6.2 77 780 -14.777 128.525 81  Cambridge 
Bonaparte TC 1.94   

 
1 This number can be used to query the OzEstuaries database (<www.OzEstuaries.org>) to obtain more information on the estuary in question. 
2 From OzEstuaries (<www.OzEstuaries.org>): TC � tidal creek; TDE � tide-dominated estuary; WDE � wave-dominated estuary; EMB � embayment; TDE � tide-dominated estuary;  

SP �  strandplain; CL � coastal lake; CC � coastal creek; WDD � wave-dominated delta. 
3 Region based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group 1998). 
4 Based on the results of this study. 
5 From Environment Australia (2001). 
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Tidal ranges exceed 4 m and reach a maximum of 12 m along the North West 

shelf of Australia, between Port Headland and Darwin and tidal currents can 

exceed 1.5 m s-1 (Porter-Smith et al. 2004). As a consequence of the strong 

predominance of tide energy over wave energy (Porter-Smith et al. 2004), the 

coastline along the North West shelf is characterised by the largest number of tide-

dominated estuaries in Australia and also by a significant number of tidal creeks 

(Harris et al. 2002; Table 6.1); wave-dominated coastal depositional environments 

are generally rare in this part of the country (Harris et al. 2002). Mangrove habitats 

are often abundant and typically comprise in the order of 20�60% of the total 

surface areas of tide-dominated systems (Heap et al. 2004). Conceptual models of 

these types of tide-dominated estuaries and tidal creeks are available in Ryan et al. 

(2003) and through the OzEstuaries website 

(<www.ozestuaries.org/conceptual_mods/conceptual.html>). 

In possibly the first study of regional differences in coastal waterway 

geomorphology across Australia, Jennings and Bird (1967) highlighted large tidal 

ranges and the great extent of intertidal areas as outstanding features of King 

Sound, located in the western Kimberly region. Indeed, Collier Bay, which is within 

the 100 km long, tide-dominated King Sound (#21 in Figure 6.2), has the largest 

spring tidal ranges in Australia (12.5 m; Easton 1970). This is the second-largest 

spring-tide in the world, after the Bay of Fundy in eastern Canada and the tidal 

currents generated are capable of mobilising large areas of medium sand 100% of 

the time (Porter-Smith, et al. 2004). Studies of King Sound conducted subsequently 

in the 1970s and 1980s consisted of biological and geomorphic observations in the 

estuary (Jennings & Coventry 1973; Jennings 1975; Semeniuk 1980a, b, 1981a, b, 

1982, 1983, 1985, 1986, 1987, 1993) and some of these are reviewed briefly 

below. 

Semeniuk (1980a) identified six major formations of Quaternary age underlying the 

tidal flats of King Sound. Subsequently, on the basis of aerial photographs, 

Semeniuk (1981a,b) suggested that the sound was infilling with sediment mobilised 

by cliff, sheet and tidal creek erosion off these tidal flats. Moreover, it was noted 

that mangrove communities moved progressively landward with progressive 

erosion (Semeniuk 1980a). At local scales, tidal flat geomorphology and mangrove 

zonation at King Sound were found to be an expression of the dominant mode of 

erosion (Semeniuk 1980a, 1981a). However, in the broad sense, the mangroves of 

tropical Australia occur in regional- to sub-continental-scale sectors that relate to 

the geomorphology of the hinterland, coastal processes and sedimentary provinces 

(Seminiuk 1986, 1987, 1993). Nine major mangrove regions were identified on the 

basis of coastal sector and climate: the Cambridge Gulf semi-arid zone, the 

Kimberley Coast subhumid-humid zone, King Sound semi-arid zone, the Canning 
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Coast semi-arid zone, the Pilberra Coast arid zone, the Rowley Shelf Province arid 

zone and the Carnarvon Province arid zone (Seminiuk 1993). Zonation of 

mangrove species within a given habitat was found to be caused by gradients in 

various physical and chemical parameters (Semeniuk 1983, 1985, 1986, 1987). 

The response of these mangroves to rising sea level will vary depending on the 

environmental setting of the mangrove system and will vary from coastal sector to 

coastal sector and even at different sites within a given coastal sector and climatic 

region (Semeniuk 1994). Interesting case studies illustrating the probable effect of 

rising sea levels on mangroves in the region are also provided in the paper 

(Semeniuk 1994). 

Wolanski and Spagnol (2003) noted a deficit in terms of oceanographic and 

sediment dynamics data for King Sound and reasoned that such information was 

important in assessing the environmental impacts of proposed development 

projects including an irrigation dam on the Fitzroy River and a tidal power plant on 

Doctors Creek. Wolanski and Spagnol (2003) also made note of the fact that 

previous studies at King Sound were made during the dry season, because of 

difficulties with access and were restricted to sites along the southern coastline. 

Wolanski and Spagnol (2003) redressed some of these knowledge gaps on the 

basis of two field-based studies of water and fine sediment dynamics during the dry 

seasons of 1997 and 1998. The studies found that: 

• Waters were vertically mixed in terms of water temperature and salinity 

and an evaporation-driven salinity maximum zone existed in the upper 

reaches. 

• Sediment is trapped by tidal pumping in the upper estuary and perhaps 

by biological filtering of marine snow a little offshore and no fine sediment 

was found in the middle reaches of the estuary. 

• The trapping of fine sediment resulted in a turbidity maximum zone with 

suspended sediment concentrations of up to 3 g L-1.  

These various processes were incorporated into a numerical model of the fine 

sediment dynamics. The model found that sediment is not accumulating throughout 

King Sound but instead is trapped in the upper shallow water reaches where it is 

redistributed by swift currents. This finding was inconsistent with the assumption of 

Semeniuk (1982) that salt flats were eroding and filling the central region of the 

sound.  
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The microtidal, wave-dominated, near-pristine estuaries of south Western 
Australia  

Broke Inlet, located to the west of Albany (#1; Figure 6.1) was the only estuary in 

the southern half of the state classified as near-pristine during the NLWRA. Broke 

Inlet has therefore been identified as an important benchmark estuary for 

comparison with other systems (Brearley 2005). This estuary was studied by 

Hodgkin and Clark (1989) as part of an inventory of information on the estuaries 

and coastal lagoons of south Western Australia. As a consequence, a fair amount 

is known about the physical features of this estuary and its catchment. Broke Inlet 

has a large water area (48 km2), equivalent in size, in fact, to that of better-studied 

Wilson Inlet. However, 95% of the catchment of Broke Inlet is forested, whereas 

half of the catchment of Wilson Inlet has been cleared. Broke Inlet itself lies within 

the D�Entrecasteaux National Park and major flow to the estuary is through the 

Shannon River, which extends 47 km from forested hills within the Shannon 

National Park.  

The report by Hodgkin and Clark (1989) provides maps of local topography, 

bathymetry of the estuary and the geomorphology of the inlet channel and the 

Shannon River delta. Depth profiles of salinity, dissolved oxygen and water 

temperature (1989) are also provided, as is information on the frequency of 

bar openings (1964�1989) and changes in surface water salinity levels  

(1971�1989). Deep waters in the inlet can become naturally stratified and 

deoxygenated, when river flow slackens and sea water flows back into the estuary. 

Nutrient levels (total nitrogen and total phosphorus) were uniformly low in samples 

taken during the 1970s and subsequently in the 1990s (Deeley & Paling 1998). 

The Deeley and Paling (1998) study also reported that the evenness of 

phytoplankton and benthic macroinvertebrates in Broke Inlet was high in 

comparison to that of other estuaries in the region. A report by Bancroft et al. 

(1997) provides limited information on fish catches in the inlet (tonnes;  

1991�1996), bar opening status and annual phosphorus loads to the estuary. 

Broke Inlet is listed on the register of significant wetlands of national importance 

(Environment Australia 2001) and it has been proposed that the estuary be 

reserved for conservation and recreation and be managed within that of the 

D�Entrecasteaux National Park (see Bancroft et al. 1997 and references therein). 

Off-road vehicles were identified as a major problem in the area in the South Coast 

Terrestrial and Marine Reserve Integration Study because they cause wind blow-

outs of foreshore dunes and the spread of dieback (see Bancroft et al. 1997 and 

references therein). The common practice of opening the bar at Broke Inlet to 

permit recruitment of commercially viable fish species is also controversial 

(Bancroft et al. 1997).  
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There is a general perception that St Mary�s, Oldfield and Hamersley Inlets, in the 

south-west of WA, are also in near-pristine condition. For example, the entire 

catchment of St Mary�s Inlet lies within the Fitzgerald River National Park, as does 

80% of the catchment of Hamersley Inlet (Hodgkin and Clark 1990). In the case of 

Oldfield Inlet, only about 35% of its catchment has been cleared (WA Waters and 

Rivers Commission, unpublished data). St Mary�s Inlet is only about 1 km long and 

250 m wide. As such, it is the smallest estuary in the Fitzgerald River National 

Park. Although St Mary�s Inlet was not subject to a condition classification during 

the NLWRA, it is highly likely that the inlet is in near-pristine condition due to the 

high quality of its catchment. Some physical and chemical characteristics of the 

estuary (i.e. bar status, total phosphorus concentrations and salinity levels) are 

reported in Hodgkin and Clark (1990). Total organic carbon, nitrogen and 

phosphorus concentrations of two bottom sediment samples are reported in Heap 

et al. (2001). The data for this estuary have been added to Table 6.1.  

The case for the near-pristine status of Hamersley and Oldfield Inlets is not so 

straightforward. About 20% of the headwater region of the Hamersley catchment 

has been cleared for agriculture (Hodgkin & Clark 1990) and water column 

nitrogen, phosphorus and chlorophyll concentrations are higher than those 

recommend in the ANZECC and ARMCANZ (2000) guidelines (see summary 

data in Radke et al. 2004). In comparison, calculated sediment loads (based on 

NLWRA models) for Oldfield Inlet are elevated for the region (Radke et al. 2004). 

In addition, the estuary has sulphide-rich sediments and water column nitrogen 

concentrations that are above those recommended in the ANZECC and ARMCANZ 

(2000) guidelines (see summary data in Radke et al. 2004). 

 

WA estuaries in the context of marine bioregionalisation and NRSMPA 

The near-pristine estuaries in WA are arranged according to IMCRA region, 

geomorphic classification and water area in Table 6.1. The eight IMCRA regions 

between Albany and Port Hedland cover roughly two-thirds of the WA coastline 

and are collectively represented by only four near-pristine coastal waterways 

(including St Mary�s Inlet) (Figure 6.1 and Table 6.1). Of these estuaries, only 

Broke and St Mary�s Inlets are wave-dominated in terms of their geomorphic 

characterisation. As the catchments of both Broke Inlet and St Mary�s Inlet are 

almost exclusively contained within national parks, these estuaries would be 

natural candidates for inclusion in a national representative system of marine 

protected areas (NRSMPA). It is worth mentioning that Broke Inlet is also a wetland 

of national importance (Table 6.1). 
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The IMCRA regions in northern WA, extending from the Canning to the Cambridge 

Bonaparte bioregions, contain a large number of tidal creeks and tide-dominated 

estuaries in near-pristine condition (Figures 6.1 and 6.2) and also a good 

representation of near-pristine embayments (in the Kimberley bioregion). Many of 

these near-pristine coastal waterways are also of reasonably large size and may 

be well suited for inclusion in a NRSMPA. However, the potential for a revised 

condition classification (Table 6.1) and the land tenure status of the catchments of 

these estuaries should be taken into consideration in the NRSMPA decision-

making process. 

 
 

Current management 

There is no explicit management structure in place for estuaries in north-western 

Western Australia regardless of environmental status or conservation value, with 

the exception of the Ord River. The Department of Conservation and Land 

Management (DCLM) is becoming a significant land manager in the Kimberley and 

with that may take more interest in the estuaries as part of the overall conservation 

estate. The Fisheries Department is increasingly interested in the recreational 

fisheries catches in and around the estuaries and tidal creeks and in commercial 

catches offshore. 

Broke Inlet, the only near-pristine estuary in south-western Western Australia is 

surrounded by national park, but this does not include the estuary itself. Therefore, 

it is not managed specifically for conservation by the DCLM. The national park�s 

management plan does not include the estuary. Both recreational and commercial 

fishing and passive recreation occur in the inlet.  
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Issues, knowledge gaps and needs for better management 

1. There is no published information on nutrient levels of the estuaries in 

north-western Australia and only a small amount of published information 

on suspended matter concentrations. This information is needed to set 

water quality targets in that region. 

2. The impact of grazing on estuaries found at the terminus of rivers 

classified as relatively natural, altered or degraded in the Wild Rivers 

framework was not considered in the NLWRA assessment. These 

estuaries may be subject to sediment and nutrient loads that are elevated 

above pre-European conditions and may require changes in their 

condition classifications (Table 6.1). The estuaries include: Carnot Bay, 

Baldwin Creek, Beagle Bay, Tappers Inlet, Hoon Creek, Fraser River, 

Doctors Creek, Point Torment Creeks, May River, Meda River, Robinson 

River, Saddle Hill Creeks, King Sound, Secure Bay, Doubtful Bay, 

unnamed estuary east of Roe, Roe River, unnamed estuary north of Roe, 

Lawley River, Cape Londonderry Creeks and Berkeley River, Montague 

Sound Creeks, Woppinbie Creek, Mission Cove, Thompson River and 

the south mouth of the Ord River. 
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7. Northern Territory 

Current knowledge 

Background 

Ninety percent of coastal waterways in the Northern Territory (NT) were classified 

as near-pristine during the NLWRA (NLWRA 2002; locations shown in Figure 7.1). 

This is a far higher percentage than any other state or territory and much higher 

than the national percentage (50%). The list of near-pristine coastal waterways in 

NT (137) is shown in Table 7.1 and is not exhaustive because many of the smaller 

tidal creeks were not classified. This includes tidal creeks situated within more 

complex and extensive systems (whether the NLWRA defined a creek within a 

larger estuary as an individual estuary or not was somewhat arbitrary). The near-

pristine coastal waterways in NT span the full range of estuary sizes, from 

numerous small tidal creeks (generally less than 12 km2), through moderately 

sized tide-dominated estuaries (100�200 km2) such as the East Alligator, Bynoe 

and Keep River estuaries, to the very large systems such as the Victoria River  

tide-dominated estuary (638 km2) and the Arnhem Bay embayment (1124 km2; 

Table 7.1).  

The large number of apparently near-pristine estuaries in the NT reflects the small 

size of the population and the relatively good quality of the catchments. The NT�s 

population was around 200 000 in the 2004 census, comprising only 1.0% of the 

Australian total (ABS 2005). The majority of Northern Territorians (59.5%) lived in 

the three major urban areas of Darwin, Alice Springs and Palmerston, while a 

further 8.0% lived in the smaller urban areas of Katherine, Tennant Creek and 

Nhulunbuy (ABS 2005).  

Nearly a quarter of the NT�s population are Aboriginal. In 1992, Aboriginal people 

owned the land of 15 reservations, covering a total area of 243 460 km2 and 

10,000 km (85%) of coastline (Hanley & Couriel 1992; Julia Fortune, NRETA, pers. 

comm. 12/08/2005). The Arnhem Land preserve is the largest area of Aboriginal 

owned land and incorporates 48 near-pristine estuaries (the coastline between 

estuary #59 and #109 in Figure 7.1). Indigenous customary harvest, fishing, 

shipping and tourism are the major economic activities that rely on marine and 

coastal resources in the NT. Large tracts of the coastal environment are 

inaccessible from land, offering de facto protection from impacts. Much of the 

Aboriginal land in particular is remote and difficult to access because there are 

relatively few sealed roads and floodwaters cover large areas during the wet 



 
Australia�s near-pristine estuaries 7. Northern Territory 
 
 

 122 
 

season. As a consequence, many areas are accessible only by air or boat and 

permits are required. For more detailed information about the NT coastline, 

including issues, threats and management, see the Coastal and Marine section  

(pp. 62�72) of the Integrated natural resource management plan for the Northern 

Territory (LCNT 2005).  

 

NT catchments 

The NT has the greatest proportion of well preserved native vegetation of all the 

states and territories (NLWRA 2001). Most land clearing in the NT (0.60 million 

hectares) has occurred around Darwin, the Daly Basin, Pine Creek, the Sturt 

Plateau and the MacDonnell Ranges (NLWRA 2001). The major vegetation groups 

affected have been the tropical eucalypt woodlands and grasslands, open eucalypt 

forests and other eucalypt woodlands and acacia woodlands and forests (NLWRA 

2001). Much of the cleared area is currently used for livestock grazing. Despite the 

apparent intactness of the vegetation, the Wild Rivers Project (Stein et al. 2001) 

found that many NT rivers had disturbance indices in the moderate range due to 

domestic and wild livestock grazing (Figure 1 in Stein et al. 2001). The coastal 

waterways found at the termination of these rivers have been flagged in Table 7.1, 

to highlight a potential need for a revised condition classification of these estuaries.  

Rivers with low or no levels of disturbance in the wild rivers study were confined to 

Arnhem Land and Daly River Aboriginal Land, extending from Anson Bay to the 

eastern end of Joseph Bonaparte Gulf. NT river basins with greater than 80% 

undisturbed stream length included the catchments of the following near-pristine 

estuaries: Walker, East Alligator, Koolatong, Buckingham, Moyle, Blyth, 

Goomadeer and Liverpool Rivers (#95, #43, #94, #76, #10, #70, #62 and #67 

in Figure 7.1, respectively). The East Alligator River was one of only two 

undisturbed river basins in Australia with a stream length greater than 10 000 km. 

Another important finding of the wild rivers study was that only 13% of undisturbed 

stream length was within existing nature conservation reserves, which has 

implications for the future management and conservation of these waterways. The 

Australian rivers and catchment condition database (formerly Wild Rivers; see 

Stein et al. 2001) contains useful reports and data pertaining to this project 

(<http://www.heritage.gov.au/anlr/code/arc.html>). Much of this information was 

subsequently captured in the Tropical Rivers Data Collation Project (NGIS 

Australia 2004) and the Top End Waterways Project. 
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Figure 7.1. Near-pristine estuaries and IMCRA bioregions of the Northern Territory. Estuaries are symbolised according to geomorphic types 
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Table 7.1. The near-pristine estuaries of the Northern Territory: (i) Locations and catchment area information; and (ii) some attributes that may be used to assess 
conservation significance 

 

Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

NT001 1 82 129.042 -14.884 100  Cambridge 
Bonaparte TC 12.33 Yes  

NT007 7 88 129.478 -14.501 241  Cambridge 
Bonaparte TC 6.97   

Victoria River 4 85 129.500 -14.883  Yes Cambridge 
Bonaparte TDE 637.84   

Keep River 2 83 129.181 -14.917 7495  Cambridge 
Bonaparte TDE 230.25 Yes  

Fitzmaurice 
River 

5 86 129.656 -14.794 8522  Cambridge 
Bonaparte TDE 186.63   

New Moon Inlet 6 87 129.558 -14.589 1242 Yes Cambridge 
Bonaparte TDE 128.95   

Forsyth Creek 3 84 129.384 -14.909 684  Cambridge 
Bonaparte TDE 19.46 Yes  

Little Moyle Inlet 11 92 129.784 -13.782 1302 Yes Anson Beagle SP 6.14   

Port Keats 8 89 129.551 -14.085 322 Yes Anson Beagle TC 30.52   

NT014 14 95 130.386 -12.671 275  Anson Beagle TC 11.6   

Woods Inlet 17 99 130.760 -12.480 80 Yes Anson Beagle TC 3.49 Yes  

Leaders Creek 20 106 131.115 -12.174 88 Yes Anson Beagle TC 1.33 Yes  

Corrawara 
Creek 

16 97 130.618 -12.449 191  Anson Beagle TC 0.91 Yes  

Reynolds River 13 1041 130.226 -13.251   Anson Beagle TC  Yes National 

King Creek 19 1032 131.008 -12.357  Yes Anson Beagle TC  Yes  

Bynoe Harbour 15 96 130.543 -12.560 1014 Yes Anson Beagle TDE 206.42 Yes  

Daly River 12 93 130.232 -13.312 53776 Yes Anson Beagle TDE 68.26 Yes  

West Arm 18 100 130.783 -12.547 179 Yes Anson Beagle TDE 22.47 Yes  

NT009 9 90 129.586 -14.085 373  Anson Beagle TDE 8.45   

Moyle River 10 91 129.745 -13.975 3835 Yes Anson Beagle WDD 0.78   

NT130 36 211 131.484 -11.398 50 Yes Tiwi SP 0.48   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

Tunganapu 
Creek 

21 215 130.056 -11.758 60  Tiwi TC 2.9   

Dongau Creek 35 210 131.382 -11.297 208  Tiwi TC 0.67   

Perakery Creek 22 216 130.151 -11.707 97  Tiwi TC 0.25   

Apsley Strait 26 201 130.370 -11.319 1790 Yes Tiwi TDE 246.92   

Curtis Haven 29 204 130.680 -11.394 852  Tiwi TDE 76.96   

Johnston River 33 208 131.182 -11.263 781  Tiwi TDE 47   

Port Hurd 23 217 130.195 -11.648 221 Yes Tiwi TDE 33.95   

Jessie River 31 206 131.028 -11.364 424  Tiwi TDE 18   

Mirikau-Yunga 
Creek 

28 203 130.583 -11.400 488  Tiwi TDE 14.29   

Cullala Creek 24 218 130.197 -11.512 135  Tiwi TDE 11.11   

NT128 34 209 131.328 -11.267 237  Tiwi TDE 0.93   

Dudwell Creek 25 200 130.248 -11.369 193 Yes Tiwi WDD 5.61   

Andranangoo 
Creek 

30 205 130.846 -11.353 529 Yes Tiwi WDD 1.71   

Robinson Inlet 32 207 131.084 -11.303 104 Yes Tiwi WDE 5.78   

Kilu-Impini 
Creek 

27 202 130.516 -11.280 218  Tiwi WDE 1.79   

Shamrock Bay 52 122 131.933 -11.380 76 Yes Van Diemens 
Gulf EMB 19.52   

Minimini Creek 46 116 132.613 -11.754 351  Van Diemens 
Gulf TC 80.59   

Ilamaryi River 47 117 132.521 -11.525 290  Van Diemens 
Gulf TC 40.21   

Bonkalii Creek 38 213 131.084 -11.836 157  Van Diemens 
Gulf TC 1.89   

Silvio Bay 51 121 131.993 -11.408 37  Van Diemens 
Gulf TC 1.07   

NT037 48 118 132.120 -11.515 29  Van Diemens 
Gulf TC 0.88   

NT038 49 119 132.050 -11.456 62  Van Diemens 
Gulf TC 0.78   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

Saltwater Creek 45 115 132.644 -11.862 262 Yes Van Diemens 
Gulf TC 0.74   

Saunders Creek 37 212 131.383 -11.591 50  Van Diemens 
Gulf TC 0.6   

De Vere Creek 39 214 131.018 -11.888 142  Van Diemens 
Gulf TC 0.56   

NT039 50 120 132.043 -11.423 33  Van Diemens 
Gulf TC 0.23   

Wildman River 40 110 132.076 -12.304 2476 Yes Van Diemens 
Gulf TDD 4.37   

South Alligator 
River 

42 112 132.396 -12.218 13539  Van Diemens 
Gulf TDE 105.2  National 

East Alligator 43 113 132.616 -12.098 9078 Yes Van Diemens 
Gulf TDE 92.47   

West Alligator 
River 

41 111 132.281 -12.221 2228  Van Diemens 
Gulf TDE 9.43   

Murgenella 
Creek 

44 114 132.655 -11.884 2063 Yes Van Diemens 
Gulf TDE 8.17   

Port Essington 56 126 132.113 -11.170 698 Yes Cobourg EMB 254.33   

Trepang Bay 54 125 131.929 -11.160 242 Yes Cobourg EMB 82.93   

Raffles Bay 58 128 132.397 -11.225 213 Yes Cobourg EMB 40.59   

Popham Bay 53 123 131.820 -11.256 22 Yes Cobourg EMB 11.47   

Blue Mud Bay 55 124 131.851 -11.199 58 Yes Cobourg EMB 9.63   

Marligur Creek 59 129 133.248 -11.728 310  Cobourg TDD 0.43   

Port Bremer 57 127 132.254 -11.183 319  Cobourg TDE 31.67   

Arnhem Bay 86 148 136.098 -12.220 5092 Yes Arnhem Wessel EMB 1123.85   

Djigagila Creek 72 142 134.922 -12.134 978  Arnhem Wessel Other 43.68   

Hutchinson 
Strait 

75 145 135.240 -12.215 644  Arnhem Wessel Other 42.89   

Wurugoij Creek 63 133 133.887 -11.905 367 Yes Arnhem Wessel SP 0.62   

Darwarunga 
River 

79 150 135.976 -12.390 160  Arnhem Wessel TC 9.06   

Kurala River 77 147 135.892 -12.178 81 Yes Arnhem Wessel TC 6.12   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

Goromuru River 82 153 136.225 -12.460 1026  Arnhem Wessel TC 5.35   

Peter John 
River 

84 155 136.362 -12.253 493  Arnhem Wessel TC 4.38   

Habgood River 80 151 135.996 -12.441 784  Arnhem Wessel TC 2.7   

Nungbalgarri 
Creek 

65 135 134.076 -11.928 785  Arnhem Wessel TC 1.21   

Barungbirinung 
River  

85 156 136.322 -12.204 48  Arnhem Wessel TC 1.11   

Majari Creek 64 134 133.920 -11.913 120  Arnhem Wessel TC 0.74   

All Night Creek 61 131 133.672 -11.787 44  Arnhem Wessel TC 0.49   

Anamayirra 
Creek 

68 139 134.475 -12.070 231  Arnhem Wessel TC 0.48   

Slippery Creek 78 149 135.963 -12.271 117  Arnhem Wessel TC 0.38   

NT055 66 136 134.156 -11.967 125  Arnhem Wessel TC 0.36   

Gudgerama 
Creek 

68 138 134.254 -12.030 142  Arnhem Wessel TC 0.11   

Glyde River 73 143 135.058 -12.261 10234 Yes Arnhem Wessel TDD 5.25   

Goomadeer 
River 

62 132 133.823 -11.843 2156 Yes Arnhem Wessel TDD 2.49   

Cato River 83 154 136.351 -12.273 836 Yes Arnhem Wessel TDD 1.73   

Woolen River 74 144 135.153 -12.235 1325  Arnhem Wessel TDE 36.65   

Liverpool River 67 137 134.210 -12.031 8626  Arnhem Wessel TDE 33.8   

Buckingham 
River 

76 146 135.729 -12.267 1345  Arnhem Wessel TDE 24.03   

King River 60 130 133.541 -11.811 1110  Arnhem Wessel TDE 17.55   

Blyth River 70 140 134.590 -12.055 7656  Arnhem Wessel TDE 17.03   

Baralminar 
River 

81 152 136.031 -12.461 303  Arnhem Wessel TDE 13.02   

Ngandadauda 
Creek 

71 141 134.764 -11.995 183 Yes Arnhem Wessel WDD 1.11   

Little Lagoon 95 166 136.795 -13.843 72  Groofe CL 21.22   

Trial Bay 93 164 136.496 -12.992 350 Yes Groofe EMB 7.36   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

NT080 90 161 136.928 -12.346 56  Groofe SP 3.71   

NT082 92 163 136.629 -12.700 214  Groofe SP 0.42   

NT079 89 160 136.911 -12.283 58  Groofe SP 0.19   

Rose River 101 172 135.740 -14.285 3572  Groofe TC 5.47   

Muntak Creek 100 171 135.879 -14.170 78  Groofe TC 0.87   

Giddy River 87 158 136.665 -12.279 300  Groofe TC 0.61   

Latram River 88 159 136.746 -12.265 133 Yes Groofe TC 0.17   

Hart River 98 170 135.889 -14.094 155  Groofe TC 0.1   

Walker River 95 168 135.837 -13.590 2232 Yes Groofe TDD 2.85   

Koolatong River 94 165 135.946 -13.254 2845 Yes Groofe TDD 2.37   

Port Bradshaw 91 162 136.767 -12.564 623  Groofe WDE 62.9   

Angurugubira 
Lake 

97 167 136.766 -13.967 251  Groofe WDE 15.6   

Anguruki Creek 98 169 135.941 -13.953 46 Yes Groofe WDE 1.49   

NT113 123 194 137.515 -16.163 177 Yes Pellow SP 5.04   

NT111 121 192 137.411 -16.139 437 Yes Pellow SP 2.96   

Seven Emu 
Creek 

120 191 137.353 -16.112 523 Yes Pellow SP 1.53   

Shark Creek 119 190 137.305 -16.085 83 Yes Pellow SP 0.95   

NT112 122 193 137.501 -16.165 432  Pellow SP 0.86   

NT106 116 187 136.901 -15.911 928 Yes Pellow TC 12.33   

Fat Fellows 
Creek 

117 188 136.992 -15.868 156 Yes Pellow TC 8.81   

NT104 114 185 136.793 -15.906 116  Pellow TC 3.62   

Bing Bong 
Creek 

111 182 136.324 -15.597 509 Yes Pellow TC 2.06   

Mule Creek 112 183 136.426 -15.638 242  Pellow TC 1.66   

NT114 124 195 137.578 -16.177 35  Pellow TC 0.79 Yes  

NT115 125 196 137.635 -16.201 168  Pellow TC 0.69   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 

Name Figure 
7.1 # 

Oz 
Estuaries 

#1 

Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries2 

IMCRA  
region3 

NLWRA 
geomorphic 

classification2 

Water 
area 

(km2)2 

Possible  
revised  

condition 
classification4 

Wetland 
significance5 

Spillen Creek 108 179 135.579 -15.039 56  Pellow TC 0.31   

NT093 103 174 135.442 -14.691 98  Pellow TC 0.24   

NT096 106 177 135.416 -14.858 440  Pellow TC 0.2   

Limmen Bight 
River 

109 180 135.721 -15.108 22855 Yes Pellow TDD 62.12   

McArthur River 113 184 136.676 -15.811 20139 Yes Pellow TDD 23.08  National 

Wearyan River 115 186 136.860 -15.911 3704 Yes Pellow TDD 7.56   

Rosie Creek 110 181 136.211 -15.397 2857 Yes Pellow TDD 7.04   

Towns River 107 178 135.435 -14.904 4755  Pellow TDD 2.5   

Nayampi Creek 105 176 135.397 -14.809 73 Yes Pellow TDD 0.83   

Miyangkala 
Creek 

102 173 135.611 -14.443 396 Yes Pellow TDD 0.3   

Roper River 104 175 135.405 -14.756 84655  Pellow TDE    

Calvert River 126 197 137.743 -16.257 7536 Yes Pellow WDD 11.36   

Robinson River 118 189 137.266 -16.033 5766 Yes Pellow WDD 10.15   

NT117 127 198 137.819 -16.362 695 Yes Wellesley SP 0.76   

NT118 128 199 137.841 -16.390 271  Wellesley TC 0.45   

 
1 This number can be used to query the OzEstuaries database (<www.OzEstuaries.org>) to obtain more information on the estuary in question. 
2 From OzEstuaries (<www.OzEstuaries.org>): TC � tidal creek; TDE � tide-dominated estuary; WDE � wave-dominated estuary; EMB � embayment;  
TDE � tide-dominated estuary; SP � strandplain; CL � coastal lake; CC � coastal creek; WDD � wave-dominated delta. 

3 Region based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group, 1998). 
4 Based on the results of this study. 
5 From Environment Australia (2001). 
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The aim of the Tropical Rivers Data Collation Project was to collate available data sets 

relating to Australia�s tropical rivers and then produce an information package suitable 

for upload to the Australian Natural Resources Atlas 

(<http://audit.ea.gov.au/ANRA/atlas_home>). The project was commissioned by Land 

and Water Australia and funding provided by the Natural Heritage Trust�s Rivercare 

program. The aims, methodology and findings of the project are summarised in a 

report entitled Australia’s tropical rivers – data audit (NGIS Australia 2004). The report 

is widely available (<www.lwrrdc.gov.au/downloads/publications_pdf/PR040674.pdf>) 

and contains useful information on NT catchments in the form of maps and information 

on the size of catchments and their annual outflows. It is noteworthy that most coastal 

NT catchments have moderate to minor levels of hydrological disturbance and large 

numbers of threatened species. Again, this finding brings into question the near-

pristine status assigned to some NT estuaries during the first NLWRA (NLWRA 2002).  

Data and information on the catchments and rivers of the near-pristine Daly, 

Victoria and Roper River estuaries was collected as part of the Top End 

Waterways Project, which was overseen by the Department of Lands, Planning 

and Environment. The project commenced in 1995 and aimed to assess, describe 

and report on the land and water resources of major waterways in the Katherine 

Region. The assessment of the physical and ecological condition of the Daly River 

and its major tributaries (Faulks 1998) found that nearly two-thirds of river reach 

environments were essentially natural. The remaining one-third was considered to 

have been slightly modified by urban development and grazing.  

The overall condition of 83% of the sites studied throughout the Daly basin was 

deemed �high� and a further 16% were considered �very high�. Only 1% of sites 

were assigned a moderate condition. The assessment for the Roper River (Faulks 

2001) found that three-quarters of river-reach environments assessed were 

essentially natural with the remaining one-quarter being slightly modified by such 

activities as grazing. The overall condition for 51% of sites studied throughout the 

Roper basin was �high�, with a further 57% having a �very high� condition. For the 

Victoria River basin (Kirby & Faulks 2004), just over half of river-reach environs 

assessed were essentially natural, with the remainder having some minor 

modification. Overall condition was similar to the Daly and Roper Rivers with 87% 

having a high rating and the remainder having a very high rating.  

Reports from the Top End Waterways Project are available on the NT Department of 

Planning and Infrastructure website at: <http://www.ipe.nt.gov.au/whatwedo/water-

resources/surface/topendwaterways/index.html>. These documents will provide 

valuable baseline information for monitoring any impacts from future agricultural and 

urban development in these catchments.  
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Further clearing has been proposed for some catchments. For example, the 

catchment of the near-pristine Daly River estuary has been recognised for its 

potential to support agriculture, and this would intensify the current pastoral use by 

large-scale clearance of native vegetation and land subdivision modification (Price 

et al. 2002). However, there is currently a moratorium on land clearing that will be 

in place until 2007, to complete scientific research and set up monitoring systems. 

A report by Erskine et al. (2003) on environmental water requirements for the Daly 

River synthesises some useful ecological, hydrological and biological information 

for the catchment and has a suite of references. In addition, some base-flow 

information on NT rivers is available in a report by Field and Taylor (1988). 

 

Sediment and water quality studies 

NGIS (2004) highlighted that there is a deficiency of water quality information for 

NT estuaries, pristine or otherwise. However, water, sediment and soil have been 

subject to rigorous evaluation in the Alligator River Region since uranium mining 

was mooted in the 1970s, constituting one of the most intensive environmental 

monitoring systems in Australia (Woods et al. 1994). Moreover, there are three 

near-pristine estuaries (West Arm, Woods Inlet and King Creek; #17, #18, #19 in 

Figure 7.1) within Darwin Harbour that are now covered by the recently 

implemented Darwin Harbour Regional Plan of Management (DHAC 2003).  

There have also been a couple of studies focussed on metal contaminants. 

Munksgaard and Parry (2001) found generally low dissolved metal concentrations 

(including arsenic) and low Zn:Ca ratios in some near-pristine coastal areas in the 

NT (South Alligator River, Bing Bong Coast and Bynoe River) and Queensland 

and low Zn:Ca ratios (Munksgaard & Parry 2001). Munksgaard and Parry (2001) 

also found the order of the distribution coefficients (KDS) in these pristine systems 

(KDS = Fe>Pb>Zn>Ni ≈ Cd ≈Cu) to be different from that observed under polluted 

estuarine conditions (i.e. Cu>Cd>Zn>Ni). Similarly Peerzada et al. (1992) showed 

that the concentrations of Cu, Zn, Cd and Mn in the muscle tissue of two prawn 

species (Macrobrachium rosenbergi and M. novaehollandiae) from pristine parts 

of the Adelaide River were below National Health and Medical Research Council 

recommendations.  

 

Geomorphic studies 

First order geomorphic classifications were provided for 140 estuaries in 

the NT during the NLWRA (Heap et al. 2001). Interestingly, the NT had pristine 

representatives of each of the seven different geomorphic types recognised in the 
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NLWRA process (Table 7.1; Figure 1.2). However, as tidal energy is much stronger 

than wave energy over most of the continental shelf around NT (Harris et al. 2002), 

tidal creeks (39%), tide-dominated estuaries (24%) and tide-dominated deltas 

(11%) are the most common types of coastal waterways in this state.  

The NT coast has been divided into two regions on the basis of clastic coastal 

depositional environments: the north-west coast and Gulf of Carpentaria 

(Figure 1.3; Harris et al. 2002; Harris & Heap 2003). The north-west coast has the 

largest number of tide-dominated estuaries in Australia and significant numbers of 

tidal creeks and tide-dominated deltas; wave-dominated systems are rare (Harris 

et al. 2002). In comparison, the coast of the Gulf of Carpentaria has the largest 

number of strandplains and significant numbers of the different tide-dominated 

classifications (Harris et al. 2002). 

More detailed accounts of the geomorphology of the near-pristine coastline of NT is 

available in the proceedings of the conference Coasts and Tidal Wetlands of the 

Australian Monsoon Region held in Darwin in 1984 (Bardsley et al. 1985). The 

South Alligator River system and catchment were particularly well represented in 

these proceedings because they have been the focus of a large number of studies 

(e.g. Bayliss et al. 1997; Christian & Aldrick 1977; Woodroffe et al. 1986; Clark et 

al. 1988). Geomorphic studies have also been undertaken on the streams of 

Kakadu National Park (Cook et al. 2000) and the Daly River (Chappel 1993). 

Woodroffe (1995) provides an account of the response of mangrove shorelines of 

northern Australia to anticipated sea level rise and highlights that the pattern of 

change may not be directly analogous to marine incursions occurring during the 

early Holocene.  

The Office of the Supervising Scientist, part of the Commonwealth Department of 

Environment and Heritage, has undertaken extensive environmental research in the 

Alligator Rivers Region in Kakadu National Park to ensure uranium mining in the 

region does not impact on values of the national park. For more information on the 

Office of the Supervising Scientist and its role, see the Department of Environment 

and Heritage website: <http://www.deh.gov.au/ssd/>.  

Finlayson and Spiers (1999) provide a useful compendium collating much 

information arising from Supervising Scientist-related research for managing and 

monitoring wetlands in tropical Australia. This includes information on tropical 

wetland types, ecology, monitoring and survey design and management issues 

including Aboriginal management.  
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NT estuaries in the context of marine bioregionalisation and NRSMPA 

The NT coastline comprises seven complete IMCRA regions and about half the 

Cambridge Bonaparte bioregion (IMCRA Technical Group 1998; Table 7.1). 

These IMCRA regions are well represented with near-pristine estuaries belonging 

to diverse geomorphic classifications. Some of these near-pristine waterways have 

already been highlighted as major estuaries in the IMCRA framework.  

Examples of major tide-dominated coastal waterways include Bynoe Harbour (a 

tide-dominated estuary), Glyde Rivers (a tide-dominated delta) and Mini-mini Creek 

(a tidal creek). Examples of major wave-dominated coastal waterways include 

Robinson River (a wave-dominated delta) and Port Bradshaw (a wave-dominated 

estuary). Arnhem Bay, Popham Bay and Shamrock Bay are examples of major 

embayments. It is worth mentioning that the condition classifications of eight near-

pristine coastal waterways in the Anson Beagle bioregion and three near-pristine 

estuaries in the Cambridge Bonaparte region may have to be changed to account 

for the grazing in their catchments. Included among these coastal waterways are 

the following major estuaries: Bynoe Harbour, Keep River and Daly River. 

 

Coastal wetlands of national and international significance 

Cobourg Peninsula and the wetlands of Kakadu National Park rank as wetlands of 

international importance based on Ramsar criteria (<http://www.ramsar.org/;> 

Environment Australia 2001). However, recent surveys across NT have identified 

several other wetlands which might qualify for listing under the Ramsar convention 

and/or as sites in the East Asian�Australasian Shorebird Site Network (Olsen & 

Weston 2004), because they are critical for the conservation of waterbirds in the 

NT. The wetlands in Kakadu National Park, for example, are used by up to two 

million waterbirds each year, including large concentrations of wandering whistling-

duck and magpie geese.  

NT also has twelve wetlands of national importance (Environment Australia 2001) 

in the coastal zone. From west to east in Figure 7.1, these wetlands include: Moyle 

floodplain and Hyland Bay system (near #8 and #9); Daly River�Reynolds 

floodplain estuary system found at the termination of the Daly River (#13); Finnis 

floodplain and Fog Bay system (between #13 and #14); Port Darwin (connected to 

Darwin Harbour); Shoal Bay�Mickett Creek (located between Darwin and #19); 

Adelaide River floodplain system and Mary floodplain system (both between #20 

and #40); Kakadu National Park connected to the South Alligator River (#42); 

Murgenella�Cooper floodplain system (between # 43 and #46); Cobourg Peninsula 

System (between #47 and #48); Blyth�Cadell floodplain and Boucaut system (in 
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the vicinity of #69); Limmen Bight (Port Roper) tidal wetlands system (near #106); 

and Port McArthur tidal wetlands system (McArthur River; #113).  

The Daly River is also a significant wildlife feature because the perennial stream 

flow creates a variety of habitats that are unique in the NT (Price et al. 2002). For 

example, the Daly River provides habitat for eight of the nine species of freshwater 

turtles found in the NT (DIPE 2003). The Daly River also provides habitat for at 

least two nationally threatened species of elasmobranchs, the freshwater whipray 

(Himantura chaophraya) and the freshwater sawfish (Pristis microdon) (Pogonoski 

et al. 2002). The report by Erskine et al. (2003) outlines water allocation 

recommendations for the Daly River as part of the National River Health 

Environmental Flow Initiative. In another project funded under the same initiative, a 

tight coupling was found between photosynthetic carbon fixation and the microbial 

degradation of photosynthetic products in the Daly River (Webster et al. 2005). 

 
 

Current management 

Planning for the NT�s coastal and marine environment is still in its infancy and to 

date, there is no overarching legislation and no single coordinating agency for 

coastal and marine environmental management (LCNT 2005). There is no 

catchment management authority in the NT or any such regionally-based group 

with the responsibility for overseeing the management of particular estuaries and 

their catchments with the exception of the newly established Darwin Harbour 

Advisory Committee. This body oversees the implementation of the Darwin 

Harbour Regional Plan of Management (released in 2003) and provides a 

community-based sounding board on issues relevant to the Darwin Harbour  

region. Included in the plan is the aim to conduct research and monitoring to 

improve the knowledge and understanding of the region�s environment. There are 

three near-pristine estuaries within the Darwin Harbour catchment covered by the 

regional plan.  

The NT Government, Department of Natural Resources, Environment and the Arts 

(NRETA; <www.nt.gov.au/nreta>) has the most responsibility for managing the 

Territory�s environment, including coastal and marine environments, estuaries and 

their catchments. The NT Government Department of Primary Industries, Fisheries 

and Mines (DPIFM), manages the Territory�s fishing resource, including, 

commercial and recreational fisheries, aquaculture, aquatic pests and fisheries 

research and monitoring (see: <www.fisheries.nt.gov.au>). DPIFM has an Aquatic 

Pest Management unit that monitors waters in Darwin marinas, selected sites in 
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the greater Darwin Harbour area and around Nhulunbuy to detect the presence of 

aquatic pests.  

Catchment advisory groups have been established under the Water Act but are 

largely only active for the purposes of public consultation and developing 

management plans (Julia Fortune, NRETA, pers. comm. 12/08/2005). There are 

consultative forums involving government, industry, Indigenous and recreational 

representatives for fisheries management, aquaculture, marine pests and 

environmental plans for mines (LCNT 2005). For example, the Northern Australian 

Fisheries Management Workshop held annually and involving the NT, Western 

Australian, Queensland and Commonwealth Governments to discuss cross-

jurisdictional fishery management issues and ensure sustainability of aquatic 

resources in the region. A number of Aboriginal fisheries consultative committees 

and other fishery advisory committees were formed but are currently under  

review as part of a wider NT Fisheries examination of consultative frameworks 

(LCNT 2005).  

A �Caring for Sea Country� program developed by the Northern Land Council aims 

to increase the capacity of local Aboriginal communities to be involved in coastal 

and marine natural resource management (LCNT 2005). The program involves 

assisting communities with planning and managing their sea country through 

workshops, ranger programs, research projects and assisting with accessing 

funding. Ranger programs with sea management capacity have been created 

around the coast (including in Tiwi Islands, Wadeye, Borroloola and Maningrida) 

and there is high demand among Aboriginal people for more of these programs. 

There are also now over 30 Indigenous community-based Land and Sea 

management agencies in the NT (NOO 2004). Such programs and agencies, if 

resourced adequately, could provide one of the means for sustainably managing, 

monitoring and conserving the remote and often inaccessible near-pristine 

estuaries of the NT.  

There are currently no Environmental Protection Policies relevant to the specific 

protection or management of estuaries (Julia Fortune, NRETA, pers. comm. 

12/08/2005). Where there is the prospect of significant environmental impact  

to an estuary, an environmental impact assessment as required by the NT 

Environmental Assessment Act may be deemed necessary. The Commonwealth�s 

Environment Protection and Biodiversity Conservation Act 1999 may also be 

triggered (see: <http://www.deh.gov.au/epbc>). The decision as to whether a 

proponent is required to produce an environmental impact assessment under the 

Environmental Assessment Act 1994 rests with the Minister.  
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Any proposed development will also be required to comply with the NT Planning 

Act and Planning Scheme (established in 2005) and assessed by the Development 

Consent Authority. Other relevant legislation includes the Waste Management and 

Pollution Control Act 2003 and the Water Act 2004, particularly where water 

extraction and/or impact to surface and/or ground waters are possible. So named, 

�beneficial uses� declared under the NT Water Act is a legislated process that 

reduces the effects of water pollution and assists in the protection and 

management of water. A number of water control districts have also been declared 

to regulate the way in which water is used in these regions. For further information 

see: <http://www.ipe.nt.gov.au/whatwedo/water-

resources/facts/pdf/BeneficialUses.pdf>.  

 

Marine protected areas 

There is limited marine protected area planning and declaration of areas managed 

for marine biodiversity conservation in the NT (O�Leary 2005). Protected areas 

incorporating marine environments in the NT include Kakadu National Park, which 

is managed jointly by the Commonwealth Government and the Aboriginal 

traditional owners. This park is an IUCN Category II national park (IUCN 1994; see 

also Chapter 1), primarily managed to conserve biodiversity, maintain ecosystem 

functions, protect geological and geomorphological features and natural 

phenomena and provide for appropriate recreation and for the Aboriginal traditional 

owners. Therefore, the estuaries within Kakadu National Park will likely be 

sustainably managed into the future, as they are located away from development 

pressure. However, there still remain impacts from, for example, feral plants and 

animals (e.g. the recent arrival of cane toads), the impact of the approximate  

200 000 annual visitors to the park, and climate change. There is also the legacy of 

past disturbances that occurred prior to national park declaration, such as buffalo 

grazing and crocodile hunting. In addition, uranium mining and exploration has 

occurred and still occurs in some areas within the park. Kakadu National Park 

includes the coastal zone and as such incorporates both the catchment and 

estuarine areas of the Wildman, West Alligator, South Alligator and East Alligator 

near-pristine estuaries (#40 to #44 in Figure 7.1).  

The only NT Government-managed marine protected areas are some very small 

marine reserves around Darwin with most allowing for recreational fishing, and the 

Garig Gunak Barlu National Park, which is a combined terrestrial and marine 

national park located north-east of Darwin. It incorporates the entire Cobourg 

Peninsula and surrounding marine areas and covers 450 000 ha, of which  
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230 000 ha comprises marine and intertidal areas. The park is managed jointly with 

local Aboriginal traditional owners, who have a majority on the management board.  

The draft management plan for the park is presently awaiting approval and will 

likely include zoning that excludes extractive uses from some areas; however, 

there is a lack of adequate scientific information about marine habitats and 

ecosystems to inform decisions regarding this zoning. Currently, pearling 

aquaculture and commercial and recreational fishing are still permitted and the 

eleven near-pristine estuaries (#47 to #58 in Figure 7.1) within the park are 

afforded little protection. A committee operating under the NT Fisheries Act, called 

the Cobourg Fisheries Management Area Advisory Committee, advises on fishing 

matters and has a strong influence over the marine components of the park 

management plan. A further national park relevant to near-pristine estuaries is the 

terrestrial protected area, Keep River National Park, which protects a portion of the 

upper catchment of the Keep River near-pristine estuary. For more information 

about Garig Gunak Barlu National Park and the Keep River National Park see the 

NRETA website (<http://www.nt.gov.au/nreta/parks/find/ gariggunak.html> and 

<http://www.nt.gov.au/nreta/parks/find/keepriver.html>).  

Another protected area which includes the marine environment is the Dhimurru 

Indigenous protected area over approximately 101 000 ha of land and sea country 

on the north-east tip of Arnhem Land, funded initially through the Commonwealth 

Government�s Indigenous Protected Areas Program (NOO 2004; Environment 

Australia 2003). There are further coastal Indigenous protected areas in the 

planning stages that will incorporate the areas around Maningrida and Groote 

Eylandt and will expand the Dhimurru Indigenous protected area to include the 

whole north-eastern third of Arnhem Land.  

The current Draft parks and conservation master plan has the potential to improve 

marine protected area planning in the NT (LCNT 2005) and also to contribute to the 

national representative system of marine protected areas which the 

Commonwealth and all State and Territory Governments are committed to through 

the Intergovernmental Agreement on the Environment (DEH 2004) The creation of 

a comprehensive, adequate and representative (CAR) marine protected area 

network in the NT (ANZECC 1998, 1999a, b), will first require the mapping of 

habitats and an understanding of marine and estuarine ecosystems such as the 

extensive and comprehensive (and expensive) research and surveys conducted to 

underpin marine protected area planning in the Great Barrier Reef and the state 

waters of Victoria and New South Wales (see the Queensland, Victoria and New 

South Wales chapters for more information). In the NT particularly, it would also be 
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beneficial to incorporate Aboriginal traditional owner knowledge in marine protected 

area planning, as is discussed below.  

The NT offers a unique and significant opportunity to conserve intact (near-pristine) 

examples of the full range of estuary types across all IMCRA regions spanning the 

NT coast. It has examples of all seven geomorphic estuary types and there are 

near-pristine estuaries in all eight IMCRA regions (IMCRA Technical Group 1998; 

also see Figure 7.1 for IMCRA region locations).  

 

Indigenous involvement 

Community initiatives in the NT related to near-pristine estuary monitoring, 

research and management are limited (Julia Fortune, NRETA, pers. comm. 

12/08/2005). The latest round of funding for NHT based projects is yet to be 

finalised. Presumably some on-ground work in these areas is likely to be 

associated with Indigenous groups and/or relevant Aboriginal Land Councils.  

Water quality monitoring by community-based groups is also currently very limited. 

Some historical work associated with Waterwatch and other projects such as 

Mangrove monitoring have taken place. However, much of the work has been in 

modified estuaries such as Darwin Harbour with a focus on freshwater 

environments. 

Aboriginal people comprise by far the majority of the population along most of the 

NT coastline outside Darwin and they maintain strong traditional links to the sea. 

Therefore, Aboriginal involvement and consideration of Aboriginal rights and 

responsibilities is an important component of planning decisions in the region, 

including those related to the management and protection of near-pristine 

estuaries. Prior to European colonisation of northern Australia, Aboriginal people 

managed marine resources and the marine environment through a variety of 

cultural and strategic practices (NOO 2004). Aspects of this management continue 

today despite no formal recognition by government management agencies.  

Strategies employed by Aboriginal communities to maintain their traditional 

management mechanisms include agreements between neighbouring communities 

to respect each other�s estates, direct action to control access to their estate by 

outsiders, establishing Aboriginal land and sea management agencies, training and 

employing Community Rangers, engagement with government agencies and 

participation in planning processes and development of partnerships with 

commercial fisheries. Many of these strategies are in response to Aboriginal 

concerns regarding damage to marine subsistence resources by commercial and 

recreational fishing and the lack of opportunity for involvement in the management 
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of these fisheries. Concern also stems from the lack of commercial benefit flowing 

from resource exploitation within their marine estates, a lack of recognition of 

traditional rights to manage marine estates and resources and inadequate 

protection of cultural sites.  

The planning, declaration and management of marine and terrestrial protected 

areas is a prime example of where Aboriginal involvement in natural resource 

management is very important. Presently, Aboriginal communities across northern 

Australia are wary of protected area declarations and conservation agreements 

that could lessen their control (ACF 1991). The joint management arrangements 

operating for several terrestrial protected areas�for example, the leaseback 

arrangements for Uluru�Kata Tjuta and Kakadu National Parks�are exemplary 

and widely praised (DEH 2001). There is also the Dhimurru Indigenous protected 

area mentioned above (NOO 2004).  

The formal arrangements for these parks give traditional owners genuine decision 

making powers for both planning and day to day management. In addition, not only 

are Aboriginal people able to maintain a high level of control over their traditional 

lands but there are also conservation benefits. Aboriginal traditional knowledge and 

involvement has greatly enhanced endangered species recovery programs (Baker 

et al. 1992; Reid et al. 1992) and fire regime planning (Saxon 1984) in Uluru-Kata 

Tjuta National Park. The Habitat Australia �Caring for Country, Aboriginal 

Perspectives on Conservation� special issue (ACF 1991) presents a useful 

discussion on the potential conflict between conservation objectives and traditional 

owners and provides a variety of views direct from members of the Aboriginal 

community. The publication Aboriginal Involvement in Parks and Protected Areas 

(Birckhead et al. 1992) contains many examples of how traditional knowledge 

combined with science has contributed to protected area management.  

 
 

Issues, knowledge gaps and needs for better management 

1. An important issue for NT near-pristine estuaries is the unknown extent 

and type of impact from domestic and wild grazing as highlighted in the 

Wild Rivers Project. It may be necessary to change the condition status of 

some near-pristine estuaries in the NT (see Table 7.1) as more information 

comes available on the impacts of grazing.  

2. Most near-pristine rivers in northern Australia are situated outside  

national parks. In order to maintain the integrity of the river systems 

supporting these estuaries, Stein et al. (2001) recommended incentives  
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for landholders to adopt Wild River management guidelines, such as  

those developed by the Commonwealth Department of Environment  

and Heritage (DEH 2006). NT wild rivers are not protected by policy as 

they are in Queensland Government (NRM 2005a, b; Queensland 

Government 2004).  

3. There is very little research and monitoring occurring outside of the  

Darwin Harbour region and areas subject to mining (e.g. the numerous 

studies done in the Alligator Rivers region). Consequently, very little is 

known about the marine environment in the NT and considerable research 

and surveys would be required to gain the required understanding and 

mapping of habitats and ecosystems in order to design a CAR marine 

protected area. 

4. Marine protected area planning and the number and extent of marine 

protected areas in the NT is very limited. This is despite a relatively 

undisturbed marine and coastal environment and good representation  

of near-pristine estuaries in the different IMCRA region.  

5. The remote Indigenous communities spread along the NT coastline  

could play a role in data collection and estuary monitoring. 
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8. Queensland 

Current knowledge 

Background 

Queensland has by far the largest number of estuaries and coastal waterways 

(313) of any state or territory in Australia based on data collected during the 

NLWRA (NLWRA 2002). In fact, around a third of Australia�s estuaries are in 

Queensland. The large number of estuaries in Queensland reflects the length of 

the coastline (6 973 km; Geoscience Australia, 2003) and the climate. The 

Queensland coast has an overall length of 6 973 km (Geoscience Australia, 2003) 

and is second only to that of Western Australia (12 889; Geoscience Australia, 

2003). However, higher rainfall explains why the Queensland coast has almost 

twice as many estuaries as the Western Australian coast (171). Rainfall supplying 

Queensland coastal catchments is moderate to high (from 650 mm to >1200 mm 

annually) and mainly brought by the summer monsoon (BOM 2005a). In 

comparison, much of Western Australia receives less than 350 mm of rain annually 

(BOM 2005a) and rivers often only run to the sea during irregular wet periods 

(WRC 2004).  

Queensland has examples of all seven different geomorphic estuary types 

described by Ryan et al. (2003) (Table 8.1). This high diversity of estuary types 

reflects the diversity of different tide, wave and river energy regimes (Heap et al. 

2001; Harris et al 2002; Ryan et al. 2003; Turner et al. 2004; NLWRA 2002). 

Roughly 58% of Queensland estuaries were considered to be in near-pristine 

condition during the NLWRA. This represents the largest number of near-pristine 

estuaries (181) within any one state or territory and is higher than the national 

percentage (50%) and second only to the Northern Territory percentage (90%). 

Figures 8.1 and 8.2 show the location of the Queensland near-pristine estuaries 

and Table 8.1 lists some of their characteristics. As north Queensland is less 

populated and less developed than southern Queensland, there is a greater 

concentration of near-pristine estuaries in the Cape York Peninsula and around the 

Gulf of Carpentaria than in the south of the state (Figures 8.1 and 8.2). Indeed, 

there are no near-pristine estuaries in densely populated south-east Queensland, 

between Noosa and the New South Wales border. This region represents less than 

5% of the land area yet accounts for 66% of the state�s population (2.51 million; 

ABS 2004), which is mainly concentrated in the city of Brisbane and the adjacent 

Sunshine and Gold Coasts.  
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Figure 8.1. Near-pristine estuaries and IMCRA bioregions of Queensland (eastern seaboard)  

Estuaries are symbolised according to geomorphic types. 
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Figure 8.2. Near-pristine estuaries and IMCRA bioregions of Queensland (Gulf of Carpentaria) 

Estuaries are symbolised according to geomorphic types. 
 
 

Carpentaria 
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Table 8.1. Near-pristine estuaries of Queensland: (i) locations and catchment area information; and (ii) some attributes that may be used to assess conservation 
significance 

 

Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Kennedy Inlet 8.1 1 314 -10.841 142.571 721 Yes East Cape York TDE 66.18  National 

Escape River 8.1 2 315 -10.958 142.711 236 Yes East Cape York TDE 38.1  National 

Logan Jack Creek 8.1 3 316 -11.22 142.787 126  East Cape York TC 0.13  National 

Q100 8.1 4 317 -11.893 142.918 15  East Cape York TC 0.51  National 

Harmer Creek 8.1 5 318 -11.913 142.956 778 Yes East Cape York TDD 0.26  National 

Q102 8.1 6 319 -11.923 143.062 46  East Cape York TC 0.22  National 

Macmillan River 8.1 7 320 -11.973 143.17 55 Yes East Cape York TC 1.07  National 

Olive River 8.1 8 321 -12.166 143.092 1681 Yes East Cape York WDD 4.66 Largely 
unmodified National 

Glennie Inlet 8.1 10 323 -12.344 143.104 38  East Cape York TC 0.91  National 

Q105 8.1 9 322 -12.346 143.088 20  East Cape York TC 0.19  National 

Hunter Inlet 8.1 12 325 -12.347 143.133 28  East Cape York TC 1.39  National 

Kangaroo River 8.1 11 324 -12.347 143.127 109  East Cape York TC 0.57  National 

Pascoe River 8.1 13 326 -12.495 143.274 2077 Yes East Cape York WDD 3.16   

Claudie River 8.1 14 327 -12.84 143.358 379 Yes East Cape York WDD 0.73  National 

Lockhart River 8.1 15 328 -12.877 143.371 900  East Cape York TDE 16.42 Largely 
unmodified National 

Nesbit River 8.1 16 329 -13.543 143.586 682 Yes East Cape York WDD   National 

Q113 8.1 17 330 -13.645 143.55 98  East Cape York SP 0.12  National 

Chester River 8.1 18 331 -13.702 143.545 233  East Cape York TC 0.2  National 

Rocky River 8.1 19 332 -13.777 143.542 71  East Cape York TC 0.12  National 

Massey Creek 8.1 20 333 -13.914 143.605 310  East Cape York TC 0.27  National 

Breakfast Creek 8.1 21 334 -13.975 143.628 534  East Cape York TC 0.4  National 

Stewart River 8.1 22 335 -14.07 143.692 880 Yes East Cape York WDD 0.43 Largely 
unmodified National 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Five-Mile Creek 8.1 23 336 -14.091 143.696 32  East Cape York TC 0.13  National 

Q125 8.1 29 342 -14.272 144.412 313  East Cape York TC 1.12  National 

Q124 8.1 28 341 -14.307 144.343 59  East Cape York TC 0.48   

Marrett River 8.1 27 340 -14.38 144.168 1295 Yes East Cape York TDD 2.19  National 

Normanby River 8.1 26 339 -14.407 144.144 10880 Yes East Cape York TDD 3.27 Largely 
unmodified National 

Saltwater Creek 8.1 30 343 -14.465 144.619 106  East Cape York TC 0.35   

Bizant River 8.1 25 338 -14.48 144.031 284 Yes East Cape York TC 3.98  National 

Wakooka Creek 8.1 31 344 -14.487 144.625 252  East Cape York TC 0.13   
North Kennedy 
River 8.1 24 337 -14.49 143.947 11854 Yes East Cape York TDD 11.73  National 

Q128 8.1 32 345 -14.552 144.684 15  East Cape York TC 0.15   

Howick River 8.1 33 346 -14.557 144.717 312  East Cape York TC 0.52   

Rocky Creek 8.1 34 347 -14.597 144.797 81  East Cape York TC 0.16   

Dead Dog Creek 8.1 35 348 -14.612 144.88 54 Yes East Cape York TC 0.45   

Jeannie River 8.1 36 349 -14.656 144.922 486 Yes East Cape York WDD 0.76 Largely 
unmodified  

Hummock Creek 8.1 37 350 -14.739 144.959 94  East Cape York TC 0.17   

Q134 8.1 38 351 -14.754 144.996 51  East Cape York TC 0.27   

Starke River 8.1 39 352 -14.781 145.018 178 Yes East Cape York TDD 0.58   

Q136 8.1 40 353 -14.798 145.043 46  East Cape York TC 0.64   

Q137 8.1 41 354 -14.799 145.054 57  East Cape York TC 2.43   

Q138 8.1 42 355 -14.82 145.106 14  East Cape York TC 0.51   

Q139 8.1 43 356 -14.824 145.113 253  East Cape York TC 0.45   

Q140 8.1 44 357 -14.831 145.133 16  East Cape York TC 0.56   

Mcivor River 8.1 45 358 -15.142 145.236 516  East Cape York TC 0.9  National 

Bauer Inlet 8.1 46 361 -15.871 145.363 63 Yes Wet Tropic 
Coast CC 0.086   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Bloomfield River 8.1 47 362 -15.922 145.363 591 Yes Wet Tropic 
Coast WDD 1.05   

Noah Creek 8.1 48 363 -16.143 145.448 33 Yes Wet Tropic 
Coast WDD 0.11  National 

Cooper Creek 8.1 49 364 -16.177 145.441 29 Yes Wet Tropic 
Coast WDD 0.19  National 

Mackenzie Creek 8.1 50 365 -16.202 145.445 40  Wet Tropic 
Coast TC 0.17  National 

Daintree River 8.1 51 366 -16.291 145.451 1120 Yes Wet Tropic 
Coast TDD 8.785 Largely 

unmodified National 

Dallachy Creek 8.1 52 382 -18.164 146.009 99 Yes Wet Tropic 
Coast TC 0.058  National 

Wreck Creek 8.1 53 383 -18.191 146.01 20 Yes Wet Tropic 
Coast TC 0.21  National 

Missionary Bay 8.1 54 386 -18.216 146.177 169 Yes Wet Tropic 
Coast EMB 59.99  National 

Coral Creek 8.1 55 387 -18.243 146.23 16  Wet Tropic 
Coast TC 8.216   

Q171   388 -18.262 146.235 13  Wet Tropic 
Coast TC 3.64   

Deep Creek 8.1 56 389 -18.276 146.225 58  Wet Tropic 
Coast TC 5.13   

Zoe Bay 8.1 57 390 -18.382 146.332 39  Wet Tropic 
Coast SP 0.38   

Leichhardt Creek 8.1 58 400 -19.099 146.51 66  Lucinda Mackay 
Coast WDD 0.28   

Crocodile Creek 8.1 59 409 -19.301 146.952 131 Yes Lucinda Mackay 
Coast TDD   International 

Rocky Ponds 
Creek 8.1 60 417 -19.816 147.666 198  Lucinda Mackay 

Coast TC 1.37  National 

Nobbies Inlet 8.1 61 418 -19.826 147.762 285 Yes Lucinda Mackay 
Coast TC 6.82  National 

Elliot River 8.1 62 419 -19.879 147.888 478 Yes Lucinda Mackay 
Coast CC 2.73  National 

Branch Creek 8.1 63 420 -19.925 147.986 147 Yes Lucinda Mackay 
Coast SP 0.5  National 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Euri Creek 8.1 64 421 -19.949 148.162 414  Lucinda Mackay 
Coast TC 3.08   

Miralda Creek 8.1 68 426 -20.122 148.463 57  Lucinda Mackay 
Coast TC 1.81  National 

Yeates Creek 8.1 65 423 -20.153 148.342 91  Lucinda Mackay 
Coast TC 0.061   

Gregory River 8.1 67 425 -20.159 148.427 185 Yes Lucinda Mackay 
Coast TDD 3.58  National 

Longford Creek 8.1 66 424 -20.163 148.411 325  Lucinda Mackay 
Coast TC 2.18  National 

Repulse Creek 8.1 69 427 -20.456 148.797 155 Yes Lucinda Mackay 
Coast TDD 4.78   

Dempster Creek 8.1 70 431 -20.671 148.721 119 Yes Lucinda Mackay 
Coast TC 3.39   

Canoe Passage 8.1 82 475 -22.267 150.463 56  Shoalwater 
Coast Other   International 

Q259 8.1 81 476 -22.315 150.484 17  Shoalwater 
Coast TC   International 

Island Head 
Creek 8.1 83 477 -22.348 150.654 138 Yes Shoalwater 

Coast TDE 20.2  International 

Ross Creek 8.1 71 465 -22.39 150.22 57  Shoalwater 
Coast TC 0.21  International 

Q257 8.1 80 474 -22.43 150.538 14  Shoalwater 
Coast TC 0.83  International 

Q256 8.1 79 473 -22.449 150.536 24  Shoalwater 
Coast TC 2.43  International 

Wadallah Creek 8.1 78 472 -22.48 150.55 22  Shoalwater 
Coast TC 2.02  International 

Raspberry Creek 8.1 72 466 -22.487 150.407 64 Yes Shoalwater 
Coast TDE 0.29  International 

Port Clinton 8.1 84 478 -22.498 150.762 257 Yes Shoalwater 
Coast EMB 80.09  International 

Oyster Creek 8.1 73 467 -22.506 150.44 108 Yes Shoalwater 
Coast TC 1.01  International 

East Creek 8.1 77 471 -22.511 150.563 67  Shoalwater 
Coast TC 11.59  International 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Shoalwater Creek 8.1 74 468 -22.52 150.479 443 Yes Shoalwater 
Coast TDE 6.26  International 

Head Creek 8.1 76 470 -22.561 150.576 224 Yes Shoalwater 
Coast TDE 16.51  International 

Georges Creek 8.1 75 469 -22.562 150.551 127  Shoalwater 
Coast TC 3.33  International 

Curtis Island 
Creek 8.1 85 484 -23.487 151.114 46 Yes Shoalwater 

Coast TC 0.4  National 

Colloseum Inlet 8.1 86 489 -23.988 151.435 475 Yes Shoalwater 
Coast TDE 46  National 

Pancake Creek/ 
Jenny Lind Creek 8.1 88 491 -24.012 151.732 115 Yes Shoalwater 

Coast TDE 10.34  National 

Rodd's Harbour 8.1 87 490 -24.02 151.588 231 Yes Shoalwater 
Coast TDE 43.61  National 

Round Hill Creek 8.1 90 493 -24.164 151.877 99  Shoalwater 
Coast TC 3.33  National 

Eurimbula Creek 8.1 89 492 -24.17 151.843 83 Yes Shoalwater 
Coast TC 0.53  National 

Blackwater/ 
Mitchell Creek 8.1 91 494 -24.439 152.011 268 Yes Tweed Moreton WDD 0.39  National 

Baffle Creek 8.1 92 495 -24.514 152.059 2652 Yes Tweed Moreton TDD 9.95   

Q001 8-2 1 219 -16.567 138.032 64  Wellesley SP 0.074  National 

Gum Creek 8-2 2 220 -16.618 138.084 357 Yes Wellesley SP 0.12  National 

Q003 8-2 3 221 -16.649 138.118 63  Wellesley SP 0.16  National 

Tully Inlet 8-2 4 222 -16.675 138.16 4362 Yes Wellesley WDD 1.31  National 

Massacre Inlet 8-2 5 223 -16.736 138.335 647 Yes Wellesley TDD 1.82  National 

Q006 8-2 6 224 -16.768 138.43 52  Wellesley TC 0.41  National 

Lagoon Creek 8-2 7 225 -16.774 138.461 57  Wellesley TC 0  National 

Q008 8-2 8 226 -16.777 138.477 2266  Wellesley TC 0.33  National 

Eight Mile Creek 8-2 9 227 -16.783 138.537 1334 Yes Wellesley TC 0.03  National 

Q010 8-2 10 228 -16.771 138.616 61  Wellesley TC 10.88  National 

Cliffdale Creek 8-2 11 229 -16.833 138.757 2869 Yes Wellesley SP 0.065   
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Passmore Creek 8-2 12 230 -16.888 138.977 902  Wellesley TDD 11.83   

Q013 8-2 13 231 -16.927 139.034 48  Wellesley TC 0.92   

Syrell Creek 8-2 14 232 -17.003 139.093 344  Wellesley TC 0.42   
Horse Place 
Creek 8-2 15 234 -16.597 139.18 21 Yes Wellesley SP    

Sandalwood River 8-2 16 245 -16.467 139.35 102  Wellesley TC    
Towbulbulan 
River 8-2 17 244 -16.464 139.686 29  Wellesley TC 2.2   

Dalmumeah 
Creek 8-2 18 243 -16.539 139.632 26  Wellesley TC 0.26   

Elizabeth River 8-2 19 242 -16.502 139.556 62 Yes Wellesley TDD 1.19   
Ngulwonmeah 
River 8-2 20 241 -16.536 139.483 64  Wellesley TC    

Walbor Inlet 8-2 21 240 -16.573 139.465 57  Wellesley TC    
Toongoowahgun 
Inlet 8-2 22 239 -16.639 139.386 153  Wellesley TC    

Kungunmeah 
Creek 8-2 23 238 -16.689 139.357 63  Wellesley TC 0.088   

Beeber Creek 8-2 24 237 -16.733 139.281 24  Wellesley TC 0.042   

Boyorunga Inlet 8-2 25 236 -16.71 139.208 158  Wellesley TC 1.83   

Q029 8-2 26 247 -17.024 139.473 38  Wellesley TC 0.645   

Q030 8-2 27 248 -17 139.495 25  Wellesley TC 0.041   

Q031 8-2 28 249 -17.068 139.557 21  Wellesley SP 0.015   

Mckenzie Creek 8-2 29 246 -17.098 139.472 38  Wellesley TC 0.39   

Moonlight Creek 8-2 30 233 -17.3 139.219 1066 Yes Wellesley TC 0.36  National 

Marless Creek 8-2 31 250 -17.351 139.286 412  Wellesley TC 0.93  National 

Q033 8-2 32 251 -17.365 139.307 61  Wellesley TC 0.33  National 

Q034 8-2 33 252 -17.375 139.34 71  Wellesley TC 1  National 

John's Creek 8-2 34 253 -17.395 139.452 113  Karumba- 
Nassau TC 1.71  National 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Channon Creek 8-2 35 254 -17.414 139.495 50  Karumba- 
Nassau TC 0.51  National 

Q037 8-2 36 255 -17.429 139.505 78  Karumba- 
Nassau TC 1.2  National 

Gin Arm Creek 8-2 37 256 -17.465 139.544 2340 Yes Karumba- 
Nassau TDD 11.65  National 

Q039 8-2 38 257 -17.477 139.579 61  Karumba- 
Nassau TC 1.36  National 

Q040 8-2 39 258 -17.487 139.593 17  Karumba- 
Nassau TC 0.39  National 

Pascoe Inlet 8-2 40 259 -17.505 139.606 27959  Karumba- 
Nassau TDD 9.57  National 

Williams Inlet 8-2 41 260 -17.537 139.647 284  Karumba- 
Nassau TC 2.33  National 

Albert River 8-2 42 261 -17.566 139.758 20941 Yes Karumba- 
Nassau TDD 21.98  National 

Leichhardt River 8-2 43 262 -17.575 139.796 32568 Yes Karumba- 
Nassau TDD 21.04  National 

Q045 8-2 44 263 -17.614 139.91 28  Karumba- 
Nassau TC 0.24  National 

Disaster Inlet 8-2 45 264 -17.645 139.939 602  Karumba- 
Nassau TC 5.19  National 

Q047 8-2 46 265 -17.718 140.124 20  Karumba- 
Nassau TC 0.19  National 

Q048 8-2 47 266 -17.711 140.159 18  Karumba- 
Nassau TC 0.21  National 

Q049 8-2 48 267 -17.707 140.184 18  Karumba- 
Nassau TC 0.32  National 

Morning Inlet 8-2 49 268 -17.706 140.215 1617 Yes Karumba- 
Nassau TC 1.96  National 

Spring Creek 8-2 50 269 -17.645 140.455 1690  Karumba- 
Nassau TC 3.41  National 

Flinders River/ 
Bynoe River 8-2 51 270 -17.513 140.732 109460 Yes Karumba- 

Nassau TDD 70.98  National 

Brannigan Creek 8-2 52 272 -17.212 140.922 783  Karumba- 
Nassau TC 2.45  National 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Accident Inlet 8-2 53 273 -17.184 140.939 1889 Yes Karumba- 
Nassau WDD 3.8  National 

Smithburne River 8-2 54 274 -17.049 140.952 1003  Karumba- 
Nassau TDD 14.69  National 

Duck Creek 8-2 55 275 -16.802 141.089 858 Yes Karumba- 
Nassau WDD 4.66  National 

Snake Creek 8-2 56 276 -16.691 141.205 244 Yes Karumba- 
Nassau TDD 1.99  National 

Gilbert River 8-2 57 277 -16.552 141.271 42148 Yes Karumba- 
Nassau TDD 9.84  National 

Q061 8-2 58 278 -16.496 141.297 27  Karumba- 
Nassau TC 2.74  National 

Q062 8-2 59 279 -16.496 141.296 61 Yes Karumba- 
Nassau TC 4.6  National 

Staaten River 8-2 60 280 -16.398 141.295 25722 Yes Karumba- 
Nassau TDD 11.51  National 

Salt Arm Creek 8-2 61 281 -16.16 141.389 589  Karumba- 
Nassau SP 0.14  National 

Horse Creek 8-2 62 283 -15.66 141.436 84  Karumba- 
Nassau TC 0.4  National 

Topsy Creek 8-2 63 284 -15.5 141.482 794 Yes Karumba- 
Nassau WDD 2.91  National 

Malaman Creek 8-2 64 286 -15.033 141.664 1392 Yes Karumba- 
Nassau SP 0.87  National 

Chapman River 8-2 65 287 -14.919 141.62 339  Karumba- 
Nassau SP 0.48  National 

Moonkan Creek 8-2 66 288 -14.852 141.59 808  Karumba- 
Nassau SP 0.44  National 

Edward River 8-2 67 289 -14.771 141.573 8092 Yes Karumba- 
Nassau WDD 0.53  National 

Hersey Creek 8-2 68 290 -14.371 141.555 437  Karumba- 
Nassau TC 0.15  National 

Kendall River 8-2 69 291 -14.163 141.594 9979 Yes Karumba- 
Nassau WDD 7.08  National 

Kirke River 8-2 70 292 -13.932 141.472 1365 Yes Karumba- 
Nassau WDE 41.54  National 
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Locations, catchment areas and the availability of habitat maps Conservation significance attributes 
Name Figure # Oz  

Estuaries #1 
Decimal 
latitude2 

Decimal 
longitude2 

Catchment 
area  

(km2)2 

Habitat  
maps in 

OzEstuaries
2 

IMCRA region3 Geomorphic 
classification2 

Water 
area 

(km2)2 

Potential 
revised 

condition 
classification4 

Wetland 
significance5  

Love River 8-2 71 293 -13.495 141.562 327 Yes West Cape York WDE 12.79  National 

Archer Bay 8-2 72 294 -13.348 141.651 16310 Yes West Cape York TDE 66.12  National 

Norman Creek 8-2 73 295 -13.048 141.619 231  West Cape York TC 1.1   

Mission River 8-2 74 297 -12.597 141.894 1290 Yes West Cape York TDE 36.11   

Pine River Bay 8-2 75 299 -12.531 141.708 535 Yes West Cape York TDE 55.65   

Pennefather River 8-2 76 300 -12.229 141.723 343  West Cape York TC 16.4   

Janie Creek 8-2 77 301 -12.026 141.823 176  West Cape York TC 1.4   

Wenlock River 8-2 78 303 -12.051 141.927 7476 Yes West Cape York TDE 28.88  National 

Ducie River 8-2 79 304 -12.046 142.026 3454 Yes West Cape York TDE 19.68  National 

Namaleta Creek 8-2 80 305 -11.981 141.946 208  West Cape York TC 3.48  National 

Port Musgrave 8-2 81 302 -11.953 141.924 11211 Yes West Cape York TDE 98.01  National 

Skardon River 8-2 82 306 -11.757 141.994 353 Yes West Cape York TC 12.09  National 

Jackson River 8-2 83 307 -11.669 142.012 1699 Yes West Cape York WDD 8.27  National 

Macdonald River 8-2 84 308 -11.529 142.061 212 Yes West Cape York WDD 5.39  National 

Doughboy River 8-2 85 309 -11.457 142.085 515 Yes West Cape York SP 3.27  National 

Q093 8-2 86 310 -11.126 142.157 33  West Cape York TC 4.32   

Crystal Creek 8-2 87 311 -11.087 142.151 353  West Cape York TC 2.64  National 

Jardine River 8-2 88 312 -10.922 142.213 2828 Yes West Cape York WDD 5.26  National 

Cowal Creek 8-2 89 313 -10.91 142.322 219 Yes West Cape York TC 0.35  National 
 
1 This number can be used to query the OzEstuaries database (<www.OzEstuaries.org>) to obtain more information on the estuary in question. 
2 From OzEstuaries (<www.OzEstuaries.org>): TC � tidal creek; TDE � tide-dominated estuary; WDE � wave-dominated estuary; EMB � embayment;  
TDE � tide-dominated estuary; SP � strandplain; CL � coastal lake; CC � coastal creek; WDD � wave-dominated delta. 

3 Region based on the Interim Marine and Coastal Regionalisation for Australia (IMCRA Technical Group, 1998). 
4 Based on the results of this study. 
5 From Environment Australia (2001).
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Queensland is currently Australia�s fastest growing state with a population 

growth rate of 2.1% compared to a national rate of 1.2% (PIFU 2005). South-

east Queensland accounts for 80% of this growth and Brisbane is Australia�s 

fastest growing capital city (ABS 2004). Interstate and more recently, overseas 

migration are key drivers of this population growth (PIFU 2005). The central and 

north-east coasts of Queensland are also subject to rapid population growth, 

with growth rates in many districts higher than the national rate (1.2%; ABS 

2004). Hervey Bay's growth rate doubled in the year ending 30 June 2003, to 

5.5%, compared with its average annual growth in the preceding five years 

(PIFU 2005). Growth rates in Cairns (2.6%) and Townsville (2.4%) are also 

higher than the national rate. Queensland's growing coastal population and the 

associated impacts of development are threatening estuarine ecosystems and 

also the Great Barrier Reef.  

The Great Barrier Reef, off Queensland�s east coast, is the world�s largest 

system of coral reefs (DEH 2004b). It is over 2300 km long, spanning almost 

the entire length of Queensland�s eastern seaboard from north of Cape York, 

close to Papua New Guinea, down to just north of Bundaberg. The Great 

Barrier Reef Marine Park (GBRMP), declared in 1975, covers an area of 

344 400 km2 (GBRMPA 2004a), which incorporates almost the whole reef. Only 

the small area of reef outside of Australian waters, between Papua New Guinea 

and Cape York, is excluded. The width of the marine park extends from the low-

water mark on the Queensland coast to past the edge of the continental shelf.  

In 1981, the Great Barrier Reef was inscribed on the World Heritage List, 

becoming the world�s largest World Heritage Area (348 000 km2). The 

Commonwealth and Queensland Governments jointly manage the GBRMP. 

The Great Barrier Reef Marine Park Authority (GBRMPA) is the Commonwealth 

Government agency responsible for overall management, while the Queensland 

Government provides day-to-day management, mainly through Queensland�s 

Parks and Wildlife Service (GBRMPA 2005a; see the GBRMPA website for 

more information: <www.gbrmpa.gov.au>). 

The latest State of the Great Barrier Reef report (GBRMPA 2005b) and the 

2003 Queensland state of the environment report (EPA 2004a) highlight several 

pressures impacting on ecosystems in the marine park, including habitat loss 

through urban and industrial development, industrial pollution, overfishing, 

introduced pests and increased sediment and nutrient loads. Pressures relevant 

to near-pristine estuaries in the region include the decline in water quality 

entering estuaries from coastal catchments and the increase in recreational 

fishing effort as the population increases. The Reef water quality protection plan 
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(Queensland Government 2003; DEH 2005b, c) is one of several State and 

Commonwealth Government initiatives (the GBRMPA website lists numerous 

projects) aiming to reduce the impact of outside pressures on ecosystems 

within the GBRMP. The major goal of the Reef Water Quality Protection Plan is 

to halt and reverse the decline in water quality entering the reef by reducing 

land-based diffuse sources of sediments, nutrients and other contaminants. 

The 2004�2005 annual report for the reef water quality protection plan initiative 

(DEH 2005c) outlines progress to date.  

 

Queensland catchments and catchment loads 

The Queensland coast spans several different climatic regions, from subtropical 

south-east Queensland to the equatorial tip of Cape York and the tropical Gulf 

of Carpentaria (BOM 2005b). Catchment characteristics vary widely along the 

eastern seaboard ranging from the very large Fitzroy and Burdekin rivers, which 

drain relatively dry, inland areas of savanna woodland and agricultural land, to 

the very small, wet, mountainous and rainforest-clad catchments of the Wet 

Tropics region (see Neil et al. 2002 for a useful division of east coast 

catchments into three groups according to catchment characteristics). 

Catchments draining to the Gulf of Carpentaria differ from those on the eastern 

seaboard. They are very large, have low relief and extensive floodplains and 

are mostly vegetated by dry savanna woodland.  

Cape York Peninsula land use strategy 

Reports and maps produced for the Cape York Peninsula Land Use Strategy 

(CYPLUS) are a useful source of data and information regarding natural 

resources and land use on Cape York Peninsula, and include much information 

relevant to the many near-pristine estuaries on the Peninsula and their 

catchments. The CYPLUS was a joint Commonwealth and Queensland 

Government initiative aimed at providing a framework for managing future 

economic development and the ecologically sustainable use of natural 

resources on the Peninsula (CYPLUS 1997; DEH 2005e). Mackey et al. (2001) 

provides a useful overview and insight into the 19 CYPLUS Stage 1 reports 

(1992�1995).  

These projects collected and collated a large amount of natural resource and 

land-use information for Cape York Peninsula and baseline data on the 

Peninsula�s flora, fauna and physical environment. Some CYPLUS projects of 

particular relevance for estuaries are reported by Danaher (1995) and Burne and 

Graham (1995). For example Danaher (1995) used the results of the marine 
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vegetation mapping and the existing pattern of marine reserves to make 

recommendations for representative areas of marine vegetation communities for 

inclusion in fisheries reserves. The project advised that: (i) the boundaries of the 

existing fisheries reserves be reassessed to include submerged seagrass; and 

(ii) that the Starke, Lockhart River delta, Margaret Bay, Jardine River, Doughboy 

River, MacDonald River, Jackson River, Wenlock River and Kendall River be 

considered for fisheries reserves. Burne and Graham (1995) brought together 

information and data on the factors shaping coastal landforms, which in turn 

determine the variation in coastal ecosystems including estuaries.  

Another major CYPLUS report entitled Areas of conservation significance on 

Cape York Peninsula (Abrahams et al. 1995) is of particular relevance regarding 

the protection of near-pristine estuaries on the Peninsula. It detailed the 

distribution of conservation values across the Peninsula using the biophysical 

information acquired by Stage 1 projects and any other relevant existing 

information. The report recognised Cape York Peninsula as nationally important 

for wetland conservation. Ecosystems are very species rich, particularly for 

invertebrates, freshwater fish, mangroves and seagrass and they support some 

of Australia's highest concentrations of rare and threatened species and 

restricted endemics. The investigation created 40 GIS (geographic information 

system) layers for the conservation assessment. These map layers and the full 

report are available on the Commonwealth Department of Environment and 

Heritage website (<http://www.deh.gov.au/erin/cyplus/index.html>). Significantly, 

a proportion of the specific values outlined for the areas were specific to 

estuaries. For example: 

• The Jardine area supports one of the most diverse mangrove 

communities in the world and is one of the most important wilderness 

catchment systems in Australia. 

• The Holyrod area has one of the largest floodplain areas in Australia 

and is predominantly of very high wilderness quality. 

• The Mitchell delta area fan deposits are amongst the best examples of 

this type of landform in the world. 

Subsequently, Mackey et al. (2001) highlighted that the area was important for 

scientific research into natural and evolutionary processes; and that 

management of this region requires a bioregional and holistic approach, rather 

than reductionist planning. They recommended that the area become at least a 

MAB (UNESCO�s Man and the Biosphere programme) reserve, listed under the 

World Heritage Convention and managed using the concept of total catchment 

management. They also outlined a number of potential threats to the natural 
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heritage values of Cape York Peninsula including the accumulated impacts of 

local and piecemeal decision-making, land clearing, grazing, feral animals and 

weeds and inappropriate fire regimes.  

Sediment load studies 

Urban, industrial and agricultural development has been increasing in south-

east Queensland since European settlement in the 1850s. This has led to much 

land clearing and changes in vegetation (Graetz et al. 1995; NLWRA 2001). 

Some river basins between Noosa and Cairns�for example the Fitzroy River�

retain only 30�40% of their native vegetation (NLWRA 2001) and currently have 

relatively high clearing rates (SLATS 2005). In contrast, all river basins north of 

Cairns and all those draining into the Gulf of Carpentaria have greater than 90% 

native vegetation cover and very low average annual clearing rates. It must be 

noted however, that cattle grazing has occurred in these catchments since the 

late 1800s and is quite extensive (NOO 2004a).  

The impact of grazing in the catchments of the Gulf of Carpentaria and on 

Cape York is not well understood and could be causing changes to the species 

composition and structure of native vegetation communities (Boulter et al. 

2000). The increase in sediment and nutrient exports from catchments to 

coastal zone ecosystems caused by land clearing and cattle grazing is of 

concern to many natural resource managers in Queensland with regard to 

exports to the Great Barrier Reef Lagoon and impacts on the coral reef 

environment (Moss et al. 1992; Mitchell et al. 1996; Brodie 1996; Furnas 2003; 

Neil et al. 2002).  

Several studies have attempted to quantify how much nutrient and sediment 

export to the Great Barrier Reef has increased in response to land-use changes 

since European settlement. Furnas (2003) suggested that natural exports of 

catchment-derived sediment, nitrogen and phosphorus were 28%, 54% and 34% 

of current exports, respectively. This equates to roughly a two- to four-fold 

increase in exports since European settlement. Modelling by Neil et al. (2002) 

and Moss et al. (1992) also indicate at least a three- to five-fold increase in 

sediment and nutrient exports to the Great Barrier Reef since European 

settlement. These estimates are conservative compared to the eight-fold increase 

suggested by Brodie et al. (2003) based on SedNet modelling. An independent 

panel of scientists formed to advise the joint Queensland and Commonwealth 

Government�s Reef Water Quality Protection Plan (DEH 2002) reviewed all 

available information and concluded that research to date indicates that major 

land-use practices have accelerated erosion and increased sediment and nutrient 

delivery to rivers entering the reef by a factor of at least four times pre-1850 
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levels. The water quality section of the GBRMPA website provides an extensive 

list of publications relating to this issue (<http://www.gbrmpa.gov.au/ 

corp_site/key_issues/water_quality/publications.html>).  

In the Moss et al. (1992) study, 61% of the north-east Cape York catchments 

were classified as non-pristine because they were subject to beef grazing. The 

Brodie et al. (2003) study also highlighted the grazing activity in catchments in 

Cape York North and Cape York South and much higher than natural sediment 

loads (3.7 to 5.9 times) compared to the coasts from the Olive-Pascoe, 

Lockhart, Stewart, Normandy, Jeannie and Daintree Rivers in these regions. 

Consequently, the condition-status of the estuaries at the termination of these 

rivers should probably be subject to reclassification. The Furnas (2003) 

compilation provides limited water quality data on the formerly near-pristine 

Olive-Pascoe, Lockhart and Normandy Rivers estuaries. The report by Brodie 

et al. (2003) report provides data on the areal extent of forest/savanna, grazing, 

sugar and other crops in the catchments of the Olive-Pascoe, Lockhart, 

Stewart, Normandy, Jeannie and Daintree Rivers. 

 

Coastal studies 

Eyre and Davis (1996) measured dry and wet season suspended sediment and 

nutrient concentrations in the Jardine, Annan and Daintree River catchments 

to use as baseline data for investigating how catchment disturbance affects 

adjacent waterways. The Jardine River was classified as near-pristine during 

the NLWRA, while the Annan was considered largely unmodified. Although the 

Daintree River was also classified as near-pristine during the NLWRA, Eyre and 

Davis (1996) considered the catchment of this estuary to be the most disturbed 

of the three study areas, because most of the floodplain and lower catchment is 

under agriculture and grazing or rural residential development. As mentioned in 

the preceding section, the condition classification for the Daintree needs 

reviewing and possibly amending to largely unmodified or even modified.  

Eyre and Davis (1996) first compared the sediment and nutrient concentrations 

of the Jardine, Annan and Daintree Rivers and then compared these with 

concentrations measured in the more modified Moresby and South Johnstone 

Rivers. Interestingly, they found that nitrate concentrations increased 

significantly with catchment disturbance, while the ratio of organic to inorganic 

phosphorus fractions was consistent at 4:1 during the dry season and lower in 

the wet season. The effect of catchment disturbances on other forms of nitrogen 

and phosphorus and suspended sediments was not clear and has likely been 

masked by natural differences between the catchments. The authors 
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recommended a more detailed comparison of sediment and nutrient 

concentrations from pristine and disturbed catchments during flood events, 

which would require the collection of more data from pristine catchments.  

Several Queensland near-pristine estuaries have provided suitable study sites 

for investigating natural processes little altered by European settlement. Several 

researchers have studied processes in the near-pristine Missionary Bay estuary 

on Hinchinbrook Island. For example, Grinrod and Rhodes (1984) reconstructed 

Holocene sea-levels for north-eastern Queensland from sediments in the 

region. Alongi (1996) studied the exchange of nutrients between the mangrove 

forest floor and overlying waters. A salient finding from this study was that 

mangrove forests are a very efficient sink of dissolved nutrients. A suite of other 

studies in Missionary Bay (Wolanski et al. 1980; Wolanski & Gardiner 1981; 

Wolanski, 1992) investigated salt export and the hydrodynamics of mangrove 

swamps and their adjacent coastal waters.  

There have also been hydrodynamic and sediment transport studies on Cocoa 

Creek and Port Musgrave Estuary. Cocoa Creek is a relatively small tidal creek 

located just south of Townsville. Although the NLWRA did not assess the 

condition of Cocoa Creek, it is most likely near-pristine because its catchment is 

very similar to the adjacent near-pristine Crocodile Creek. Bryce et al. (2003) 

used Cocoa Creek as a case study for determining hydrodynamic and 

geomorphological controls on suspended sediment transport. This study 

highlighted the complexity of relationships between hydrodynamics, sediment 

transport and geomorphology and the importance of using long time-series 

datasets.  

In an earlier study, Ridd et al. (1997) used measurements from Cocoa Creek 

and a simple model of groundwater flows to investigate the role of salt flats in 

the nutrient cycle of tropical estuaries. They concluded that salt flats contribute 

large quantities of nutrients to estuaries and the near shore region. This was an 

important finding because salt flats cover vast areas in Australia, yet their 

ecological function was poorly understood.  

Wolanski and Ridd (1986) studied tidal mixing and trapping in mangroves of the 

Port Musgrave estuary. They found that tidal diffusion primarily exports the salt 

left behind in sea water after evapotranspiration by mangrove trees and that the 

trapping effect in mangrove swamps is the major control on longitudinal 

diffusion. In addition, shear and buoyancy effects combine to retain the fresh 

water from short-lived floods for long periods, giving more time for nutrient 

uptake by mangroves and settling of fine sediments from suspension. 
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Regional marine planning 

The National Oceans Office, within the Commonwealth Government�s 

Department of Environment and Heritage, is currently gathering existing 

information and data and also commissioning marine surveys and research 

regarding the �northern planning area� (NOO 2004b). This area mainly 

incorporates the waters of the Gulf of Carpentaria and the eastern Arafura Sea, 

with the landward boundary defined by the low-water mark between the tip of 

Cape York around to the Goulburn Islands in the Northern Territory and the 

seaward extent marked by the edge of Australia�s exclusive economic zone 

(200 nautical miles).  

Aboriginal people make up most of the coastal population in the northern 

planning area and their strong traditional connections to the sea, along with their 

occupation, use and management of the marine and coastal environment dates 

back many thousands of years (NOO 2003a, 2004a). The small number of 

residents and the basic nature of outstation buildings mean the Aboriginal people 

probably have minimal impact on the environment; however, pollution from toilet 

and shower facilities and waste disposal may need consideration. Most of the 

95 coastal waterways found in this region were classified as near-pristine during 

the NLWRA and these are considered important nursery areas for commercial 

and recreational fish species. The National Oceans Office has produced several 

informative documents to help with the planning process:  

1. Snapshot of the northern planning area, description paper 

(NOO 2003a) is a useful summary document outlining the history 

and heritage and natural, cultural, social and economic values of the 

region along and current management practices. It also includes some 

maps and tables of biophysical, biological, fisheries and demographic 

information.  

2. Atlas – Northern (NOO 2004c) contains an extensive collection of 

maps depicting the non-fisheries uses within the northern planning 

area including jurisdictional boundaries, marine protected areas 

and native title claims, petroleum and shipping infrastructure and 

research sites.  

3. Description of key species groups in the northern planning area 

(NOO 2003b) provides a species lists and descriptions of the status, 

habitat distribution, regional significance, threats and information gaps 

for over 22 key species groups. Amongst these are flora and fauna 

that live in or use estuarine habitats (seagrasses, mangroves, several 

commercial fish and crustacean species, dugong, turtles and 
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shorebirds). There has been some detailed mapping of seagrass 

and mangroves in the near-pristine Skardon, Kirke and Love River 

estuaries, mainly for the purposes of port and fisheries monitoring.  

4. Living on saltwater country, review of literature about Aboriginal rights, 

use, management and interests in northern Australian marine 

environments (NOO 2004a). 

5. The National Oceans Office has also commissioned several reports 

that outline the outcomes of consultations with Aboriginal communities 

throughout the planning area undertaken by the Northern Land 

Council (NOO 2004d), Carpentaria Land Council (NOO 2004e) and 

the Balkanu Cape York Development Corporation (NOO 2004f).  

 

Marine parks and bioregionalisation  

New zoning for the GPRMP came into force in July 2004. In the late 1990s, it 

was recognised that the existing zoning did not adequately protect the range of 

ecosystems within the GBRMP (Day et al. 2002). To address this, GBRMPA 

initiated the Representative Areas Program, which developed the new zoning 

plan based on CAR principles and extensive rounds of public consultation to 

consider cultural, social and economic issues. The program collated and 

analysed many existing biophysical, biological and oceanographic datasets and 

consulted experts in order to identify different habitat types.  

This process resulted in the classification of the GBRMP into 70 bioregions. 

These were used along with a set of biophysical operating procedures developed 

by an independent scientific steering committee to select �representative� 

examples of the full range of habitats and biodiversity within the park (GBRMPA 

2003). Expert opinion, stakeholder involvement and marine reserve design 

software were combined to configure the zones, especially �no take� and �no go� 

zones which are the most important for biodiversity conservation and which also 

have the most impact on users of the park. The final zoning increased the area of 

�no take� zones from less than 5% to over 33% and has been internationally 

recognised as �one of the most comprehensive and innovative global advances in 

marine conservation and the systematic protection of marine biodiversity in recent 

decades� (GBRMPA 2004c).  

Evidence shows that �no take� zones help protect marine biodiversity (Sobel 

1996; Roberts & Hawkins 2000). The long-term survival of ecosystems within �no 

take� zones is not guaranteed. Many species can move in and out of �no take� 

zones and outside factors can influence ecosystems within �no take� zones. For 
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example: (i) fishing practices in general use zones can impact fish that move in 

and out of �no take� zones; and (ii) land-use practices in coastal catchments can 

increase pollutants in runoff to the reef. Moreover, land above the mean low-

water mark and �inland waters� (including estuaries) is not included within the 

GBRMP (Queensland Government 2004a). Therefore, the new GBRMP zoning 

has not improved biodiversity protection for estuaries adjacent to the GBRMP and 

the need for a representative system of marine protected areas that includes 

estuaries still remains (Banks & Skilleter, 2002).  

Notably, some shoreline habitats have recently received increased protection 

through creation of the Great Barrier Reef Coast Marine Park. The Queensland 

Government proposed this park in response to the new GBRMP zoning plan, to 

address the uncertainty regarding the use of marine resources at the GBRMP 

boundary (Queensland Government 2004). This state marine park will stretch 

along the coast from Baffle Creek to the tip of Cape York and will amalgamate the 

four pre-existing state marine parks along the GBRMP coast. Intertidal areas 

above the mean low-water mark are included in the marine park and zoning 

mirrors that of the adjacent GBRMP zoning, except in a few cases.  

Exceptions where �no take� zones were not extended to shorelines include 

Missionary, Bowling Green and Cleveland Bays in order to allow commercial 

crabbing to continue. Estuaries, rivers, creeks, mangrove forests and channels 

will be excluded from the park unless already within one of the four pre-existing 

state marine parks and current arrangements, which in most cases allow fishing 

and crabbing in estuaries, will not change. GBRMP �no take� zones in the waters 

offshore and adjacent to estuaries may offer some conservation benefits to 

estuarine ecosystems. The location of GBRMP zones and state marine park 

zones, in relation Queensland�s near-pristine estuaries is described below for 

each IMCRA bioregion.  

Continued development along the Queensland coast, especially in the north-east 

coast, highlights the urgency for conserving near-pristine systems through 

mechanisms such as a well-designed and managed marine protected area 

network linked to environmental protection measures in catchment areas 

Unfortunately, Queensland�s existing system of marine protected areas is ad hoc 

and fails to conserve adequate and representative examples of intertidal habitats 

(Banks & Skilleter 2002). This is because it focusses on protecting commercial 

resources (e.g. fish habitat areas) or unique and iconic species and ecosystems 

(e.g. coral reefs), rather than representative habitats (EPA 1999a, 2000). 

However, the Queensland government is currently working towards improving 

its system of marine parks (further discussed below) in accordance with the 
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Commonwealth and Queensland Governments� commitments to a national 

system of marine protected areas (DEH 2005a; EPA 2000) based on CAR 

principles (ANZECC 1998, 1999a, b; IMCRA Technical Group 1998; DEH 2004a).  

Lack of data has been one factor confounding progress towards a more 

comprehensive, adequate and representative marine protected area network in 

Queensland, although Banks and Skilleter (2002) have gone some way in 

redressing this gap. Other efforts to provide appropriate data and guidance for 

underpinning marine planning include studies by Page and Hoolihan (2002) and 

Page (2002). Page and Hoolihan (2002) applied the methodologies of Dunn 

(2000) and Sanders and Phillips (2002) to assess the ecological value all of 

Queensland�s estuaries using: (i) data compiled during the NLWRA estuary 

assessment (NLWRA 2001); (ii) the Australian estuarine database (Digby et al. 

1999); (iii) the intertidal habitat mapping of Banks and Skilleter (2001); and an 

unpublished material report from a Queensland rivers policy rapid assessment 

workshop held in 2000. Page (2002) expanded upon this work by assessing the 

conservation values and levels of protection of both shorelines and estuaries in 

relation to IMCRA bioregions throughout Queensland. Some specific findings of 

Banks and Skilleter (2002), Page and Hoolihan (2002) and Page (2002) studies 

are outlined below.  

The success of a bioregionalisation in truly representing the ecosystems present 

depends upon the type and scale of data used. To aid in the future selection of 

marine protected areas Banks and Skilleter (2002) classified Queensland�s 

intertidal shoreline into habitats using a finer scale surrogate measure of 

ecosystems based on physical properties such as sediment type, slope, wave 

exposure and tidal range. They then evaluated the protective status of these 

habitats. The study found that about 25.6% of the state�s estuarine intertidal 

shoreline is within a marine protected area. However, most of this only affords a 

low level of protection. Marine protected areas equivalent to IUCN Category 1a 

or IUCN Category II (IUCN 1994), which are primarily managed for ecosystem 

conservation and prohibit such activities as fishing (�no take� zones), only cover 

0.6% of estuarine shorelines and 3.2% of Queensland�s entire shoreline habitat. 

In addition, some habitat types such as mangroves are well represented in 

marine parks, whereas other habitats are not represented at all. Clearly, 

this reflects the absence of a systematic approach to the conservation of 

representative examples of habitats. The features of some near-pristine estuaries 

found in Queensland bioregions are described below. 
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Selected IMCRA regions and the near-pristine estuaries in these regions 

Tweed–Moreton bioregion 

The Tweed�Moreton bioregion extends north from Nambucca Heads in northern 

New South Wales to just north of the mouth of Baffle Creek, which is about 44 km 

north-west of Bundaberg. This stretch of coastline experiences higher levels of 

wave action than other Queensland bioregions. In addition, river, tide and wave 

energies vary considerably, resulting in a high diversity of estuaries. There are at 

least two estuaries belonging to of each of the seven different geomorphic types 

described by Heap et al. (2001) in the region. The size of estuaries in the Tweed�

Moreton bioregion ranges from small coastal lakes to very large and complex 

passage systems such as the Great Sandy Strait.  

As this bioregion is highly populated and urbanised, only seven of its 37 estuaries 

were considered to be in near-pristine condition by NLWRA standards. These 

near-pristine estuaries are located at the northern and southern borders: there 

are no near-pristine estuaries in the central section of the bioregion between 

Jerusalem Creek and Baffle Creek. Likewise, Page (2002) rated the �naturalness� 

of all estuaries and drainage basins in this central section as either low or 

moderate. Only estuaries north of Noosa had high naturalness ratings. Baffle 

Creek and the nearby Blackwater�Mitchell Creek are the only Queensland near-

pristine estuaries in the Tweed�Moreton bioregion and are the southern-most 

near-pristine estuaries in Queensland.  

Despite its conservation significance, much of the Baffle Creek estuary and its 

catchment are not currently protected nor managed for biodiversity conservation. 

The entire estuary is a declared fish habitat area (type A), a designation which 

restricts development that damages commercial fish habitat (EPA 2005) but 

allows for recreational and commercial fishing. Moreover, although, the 

catchment of this estuary retains much of its native vegetation, only a small 

proportion of it lies within protected areas (Burnett Mary Regional Group 2004; 

Prange & Duke 2004). The Broadwater Conservation Park protects a proportion 

of the Blackwater�Mitchell Creek catchment. The local natural resource 

management regional group (Burnett Mary Regional Group) and Prange and 

Duke (2004) recognised several pressures impacting on the catchment including 

salinity, erosion, feral plants and animals, the potential for extensive urban 

development, and increased nutrient and sediment runoff.  

The Queensland Government is currently developing a zoning plan and 

management arrangements for the new Great Sandy Marine Park, northern 

section (EPA 2004b). The proposal includes zoning the Baffle Creek estuary as a 
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habitat protection zone. Unfortunately, this designation still allows for general 

shipping and most commercial and recreational activities with the exception of 

trawling. Currently, there are no plans for a marine protected area within the 

estuary. 

Baffle Creek has high fish, crustacean and plant species diversity as well as 

a wide range of habitats. A total of 77 fish and 10 crustacean species were 

recorded, of which over 60% were of economic importance (Lupton & 

Heidenreich, 1996). Lupton and Heidenreich (1996) also highlighted the 

importance of Baffle Creek as one of the few waterways in the region without 

weirs, barrages or other devices that alter freshwater and tidal water movement 

and impede fish migration. With regard to environmental impacts, only one exotic 

fish species and one noxious aquatic plant species was found, although the mud 

crab resource is subject to constant fishing pressure. Prange and Duke (2004) 

conducted a regional assessment of the Burnett Mary Region for the Burnett 

Mary Regional Group. This report summarises much of the available data and 

information on estuaries in the Burnett Mary Region, including the near-pristine 

Baffle Creek and Blackwater�Mitchell Creek. Water quality, catchment and 

wetland habitat data such as mangrove and seagrass species and extent are 

examined.  

Shoalwater Coast bioregion 

The Shoalwater Coast bioregion extends from just north of Baffle Creek to 

Mackay. This coastline is subject to very large tidal ranges and less freshwater 

input than surrounding bioregions. As such, most of its 54 estuaries are either 

tidal flat/creeks (39%), tide-dominated estuaries (39%) or tide-dominated deltas 

(9%; calculated from NLWRA 2002 data). The size of estuaries varies greatly, 

with around 28% having water areas less than 1 km2 and nine with water areas 

greater than 40 km2. Unlike the Tweed�Moreton bioregion and bioregions in New 

South Wales and Victoria, several of the very large estuaries in the Shoalwater 

Coast bioregion remain in near-pristine condition. These large near-pristine 

estuaries which include Port Clinton, Colloseum Inlet and Rodds Harbour, have 

water areas of 80 km2, 46 km2 and 43 km2, respectively. Overall, the estuaries 

throughout this bioregion are in generally good condition. Thirty-seven percent 

were classified as near-pristine during the NLWRA and a further 46% were 

largely unmodified. The near-pristine estuaries are not evenly spread along the 

coastline but are concentrated into two areas: (i) along the coastline surrounding 

the Shoalwater Bay Military Training Area; and (ii) between Round Hill Creek 

(near the town of Seventeen Seventy) north to Curtis Island Creek.  
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There are six near-pristine estuaries between Round Hill Creek and north to 

Curtis Island Creek. Currently there are no marine protected areas within any of 

these estuaries, and catchment protection within national parks is minimal. Most 

of the catchment of Eurimbula Creek estuary is within Eurimbula National Park 

which protects some of the catchment of Round Hill Creek and Pancake Creek�

Jenny Lind Creek and a small part of Rodds Harbour catchment. The Eurimbula 

Creek estuary is also best protected in the region in terms of limits on fishing 

activities. Wild Cattle Island National Park preserves only a small sand island in 

the mouth of the Colloseum Creek estuary, and Curtis Island National Park 

protects some of the catchment of Curtis Island Creek. All Shoalwater Bay area 

estuaries are either Ramsar or nationally important wetlands. 

 

Wetlands of national and international importance 

Queensland has four estuarine Ramsar sites (Moreton Bay, Bowling Green Bay, 

Shoalwater and Corio Bays area and the Great Sandy Strait) and over 60 coastal 

wetlands of national significance (Environment Australia 2001). The Bowling Green 

Bay and Shoalwater and Corio Bays Ramsar sites contain near-pristine estuaries 

and around half of the coastal nationally significant wetland sites contain near-

pristine estuaries. Queensland boasts a huge diversity of wetlands and all 

12 marine and coastal wetland types outlined in the Directory of important wetlands 

in Australia (Environment Australia 2001) are represented. In addition, most of 

these coastal wetlands fulfil all six criteria used for determining important wetlands 

and hence they are good representatives of their wetland type, play an important 

ecological role, and are important habitat for endangered or vulnerable species. 

Detailed information on the biophysical attributes, conservation significance and 

management of each Ramsar and nationally important wetland site is available on 

the Department of Environment website in the Australian wetlands database 

(<http://www.deh.gov.au/water/wetlands/database/index.html>). Blackman et al. 

(1999) also outline the characteristics of each of these wetlands.  
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Current management 

Management of estuaries (including near-pristine estuaries) in Queensland is not 

undertaken in a holistic fashion. Rather, the various attributes of estuaries are 

managed under a range of different acts and policy initiatives as follows:  

General habitat protection  

Under the Fisheries Act 1994, a large number of fish habitat areas (FHAs) have 

been declared in Queensland, many of these being in estuarine areas. Over a 

period of 30 years, the program has lead to the protection more than 800 000 ha. 

FHAs protect a mosaic of fish habitats, vegetated and unvegetated, from 

development activities such as canal estates, marinas, ports, private jetties and 

boat ramps. Four FHAs have been declared over key estuarine systems in the 

Gulf of Carpentaria.  

Under the Marine Parks Act (1982 & 2004), a large proportion of estuaries from 

Cooktown south to Baffle Creek fall within marine parks, but about 75% of these 

are zoned as general use which confers only limited protection. The other 25% 

have much higher levels of protection and these would include some of the near 

pristine estuaries in this zone. The vast majority of the near pristine estuaries in 

Queensland occur on Cape York and in the Gulf of Carpentaria, and very few of 

these are covered by any form of marine park zoning.  

Marine plants (mangroves, seagrass, saltmarsh and algae)  

The Fisheries Act 1994 provides specific protection for all estuarine/marine plants 

and algae. Melaleuca wetlands may also be captured within this protection. 

Plants may only be removed where development impacts are minimised and a 

permit has been issued. 

Fish resources  

Commercial fishing is managed through a licensing scheme under the Fisheries 

Act 1994. This includes related commercial harvesting activities such as baitworm 

collection. However, fish stock management tends to be on a regional basis 

rather than tailored to individual estuaries. Recreational fishing effort is controlled 

by size and bag limits on individual species and closures. Some species are 

afforded complete protection through zero bag limits.  
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Water quality 

Point-source discharges to all waters are managed under the Environmental 

Protection Act (1994) and the Environmental Protection Policy Water (1997). All 

discharges must be licensed. Diffuse catchment discharges to estuaries are not 

subject to any legislative controls. Under the Environmental Protection Policy 

Water, the Queensland EPA has recently initiated a process of setting water 

quality objectives for all waters of the state. Currently this is restricted mainly to 

southern parts of the state where there are no near pristine estuaries but water 

quality objectives will eventually be extended throughout the state. 

Freshwater inflows to estuaries  

Freshwater inflows to estuaries are managed through catchment based water 

resource plans under the Water Act (2000). These plans are required to allow for 

adequate environmental flows to estuaries. However, what constitutes an 

adequate environmental flow to an estuary is the subject of much debate. Water 

resource plans have not been completed for all catchments and none covers any 

pristine estuaries. Published plans can be viewed on the Queensland Department 

of Natural Resources, Mines and Water website (<www.nrm.qld.gov.au>). 

Fortunately, few pristine estuaries yet have significant development of the water 

resources in their catchments. 

Initiatives to protect pristine estuaries 

The Queensland Government is currently considering a Wild Rivers Protection 

Policy (NRM 2005a, b). Under this policy, a number of relatively pristine 

catchments would receive a high level of protection from future development. 

Protection would extend into the estuarine zone. The initial policy discussion 

document nominates 18 possible rivers for declaration as �wild rivers� 

(Queensland Government 2004b). Sixteen of those nominated are located on 

Cape York or in the Gulf of Carpentaria and all have near-pristine estuaries. 

If successful, this initiative will be successful in protecting these estuaries. 

However, this accounts for only a small proportion of the pristine estuaries in the 

region, namely: Archer River system; Coleman River system; Ducie River 

system; Fraser Island streams; Gregory (Nicholson basin); Hinchinbrook Island 

streams; Holroyd River system; Jacky Jacky Creek; Jardine River; Jeannie River; 

Lockhart River; Morning Inlet streams; Olive and Pascoe Rivers; Settlement 

Creek system; Staaten River; Stewart River; Watson River; and Wenlock River. 
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Vegetation surveys  

Comprehensive mapping of the marine plants within all Queensland estuaries 

has been undertaken by the Queensland Department of Primary Industries and 

Fisheries (DPI&F). The results of this Coastal Habitat Resource Information 

System (CHRIS) are available on the Queensland DPI&F website under the 

Queensland Fisheries section <www.dpi.qld.gov.au/fishweb>. CHRIS allows 

users to view and overlay maps and datasets of the coastline showing 

environmental attributes, species distributions, monitoring sites, water quality 

data, fisheries information, jurisdictional boundaries, Ramsar and nationally 

important wetland sites, infrastructure and much more.  

One notable initiative of the Reef Water Quality Protection Plan is the 

Queensland Wetlands Program (DEH 2005d). As part of this program, the 

Queensland Environmental Protection Agency is currently mapping and 

classifying all of Queensland�s wetlands (both coastal and inland). Mapping of 

wetlands in the Great Barrier Reef catchments at a scale of 1:50 000 was 

completed in June 2006 and these maps will be released shortly.  

Fish and other biota 

There have been limited systematic surveys of fish and other significant groups of 

biota in Queensland estuaries. The DPI&F�s long-term monitoring program has 

established baselines for a number of key species within selected estuaries. 

Additional knowledge of local fish populations has to be inferred from the results 

of research or specific project surveys of individual estuaries or small groups of 

estuaries. Very few of these projects have covered near pristine estuaries. Some 

information is available in the National Oceans Office report Description of key 

species groups in the northern planning area (NOO 2003b). Data and reports 

from this program are available on the DPI&F website 

(<http://dpi.qld.gov.au/fisheriesmonitoringprogram/>).  
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9. National studies 
A number of national-scale projects have collected and synthesised data 

relevant to near-pristine estuaries, their tributaries and catchments. For 

example, the National Land and Water Resources Audit (NLWRA) is an 

ongoing major national-scale program that collates data and information and 

nationwide assessments pertaining to the condition of Australia�s environment 

(see the NLWRA website: <www.nlwra.gov.au>). Much of this data and 

information is relevant to near-pristine estuaries and was essential in their 

identification.  

The program was established under the Natural Heritage Act and commenced 

in 1997. It set out to provide a baseline from which to measure the 

effectiveness of strategies and policies in preventing and remediating land and 

water degradation, such as the National Action Plan for Salinity and Water 

Quality and Natural Heritage Trust programs. The first phase of the NLWRA 

involved a series of national assessments that covered many aspects of 

Australia�s land, water and vegetation resources. These were reported in 2002 

and all data generated is available through the online Australian Natural 

Resources Atlas (<http://audit.ea.gov.au/ANRA/atlas_home.cfm>). 

 

National-scale projects of direct relevance to near-pristine estuaries 

The Australian catchment, river and estuary assessment 2002 (NLWRA 2002) 

was one of the national-scale assessments conducted during the NLWRA. 

The estuary component of this assessment developed habitat maps for 

974 Australian estuaries and also reported on their health and condition. 

A first-order, process-based understanding of the diverse range of estuary 

types in Australia was also developed using conceptual models based on the 

geomorphic estuary classification of Boyd et al. (1992; Figure 1.2). A technical 

account of the study is provided in Heap et al. (2001) and the data is available 

through an interactive database and GIS on the OzEstuaries website 

(<www.ozestuaries.org>).  

The NLWRA (2002) report and the Coastal CRC publication, Where river 

meets sea, exploring Australia’s estuaries, (Turner et al. 2004) provide 

discussions of the NLWRA results that are pitched to general audiences. The 

Coastal CRC publication is often referred to as The estuary handbook and is 

particularly well illustrated. It explains the different estuary types and their 
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processes and elaborates on the ecological, social and economic importance 

of Australia�s estuaries. The estuary handbook also explores Australia�s 

estuaries on a state-by-state basis, covering the typical characteristics of 

estuaries in each state and how they are managed. The chapters and sections 

particularly relevant to near-pristine estuaries are: Assessing estuary health; 

South and West Tasmania; Kimberley; Estuaries of the Northern Territory; 

Gulf of Carpentaria; and Eastern Cape York.  

The current phase of the NLWRA will continue until at least 2007 and focusses 

on improving the methods and efficiency of data collection, collation and 

delivery (NLWRA 2003). This includes developing a national natural 

monitoring and evaluation framework to ensure consistent data collection and 

coordination between local, regional, state and national agencies for reporting 

on a number of �matters for target� using specified indicators. For example, 

�estuarine, coastal and marine� is one matter for target and a series of 

workshops are currently underway to agree on a set of usable indicators for 

monitoring and evaluating habitat condition in future national assessments. 

Considerable effort is also directed towards upgrading and linking natural 

resource information databases such as the Australian Natural Resources 

Atlas and OzEstuaries and ensuring the information is current, accessible and 

of a high quality.  

A major component of the Comparative Geomorphology of Estuaries Project 

in the Coastal CRC was to map the geomorphic habitats of a representative 

number of near-pristine estuaries from around Australia using aerial 

photographs and satellite imagery. This was deemed important because most 

of the coastal waterways mapped during the NLWRA were largely unmodified, 

modified or extensively modified; near-pristine estuaries were slated for 

protective management purposes only. The Comparative Geomorphology of 

Estuaries Project in the Coastal CRC has greatly redressed this gap by 

mapping the habitat areas of 158 of the 429 previously unmapped near-

pristine estuaries. The suite of near-pristine estuaries chosen for mapping 

aimed to capture the full range of natural variability.  

A statistically significant number of near-pristine estuaries (around 30) were 

chosen for each of the geomorphic classes of Boyd et al. (1992; Figure 1.2), 

throughout the geomorphic regions of Harris et al. (2002; Figure 1.3). The 

mapping process was more efficient and accurate than that used during the 

NLWRA. Creasey et al. (2006) provides a detailed account of these methods, 

as well as some valuable observations on the characteristics typical of 

estuaries in each geomorphic region. A review of the different remote sensing 



 
Australia�s near-pristine estuaries 9. National studies 
 
 

 189 
 

methods available for mapping and monitoring near-pristine estuaries, 

including new automated methods and software such as Ecognition, is also 

provided in the Creasey et al. (2006) report. The near-pristine estuaries 

mapped during the NLWRA and by the Coastal CRC are indicated in tables 

showing the suites of near-pristine estuaries for each state and territory 

(Tables 2.1, 3.1, 4.1, 5.1, 6.1, 7.1 and 8.1). All 158 geomorphic habitat maps 

produced during the Comparative Geomorphology of Estuaries Project are 

available for viewing and download on the OzEstuaries website 

(<www.ozestuaries.org>), together with habitat maps of the 540-plus modified 

estuaries completed during the NLWRA.  

Moving offshore, the regionalisation of Australia�s marine jurisdiction is 

extended from the continental shelf to the edge of Australia�s exclusive 

economic zone in The national marine bioregionalisation (Commonwealth of 

Australia, 2005). As part of that study, seabed facies representing broadscale 

bioregions on the shelf have been described on the basis of oceanographic, 

sedimentary and bathymetric data and may be used as a first approximation for 

potential biological diversity in the vicinity of some near-pristine estuaries (Heap 

et al. 2005).  

 

National-scale catchment studies 

National-scale catchment, river and terrestrial vegetation assessments are of 

relevance to near-pristine estuaries because the condition of an estuary 

depends very much on human disturbances in the catchment and on the 

condition of adjacent rivers. Therefore, the various Commonwealth Government 

initiated national-scale catchment and river assessments, conducted in 

cooperation with state and territory governments, are discussed here.  

Wild rivers 

The Wild Rivers Project was a national program launched by the 

Commonwealth Government in 1993 to systematically identify Australia�s wild 

rivers, develop guidelines for their management and promote their values 

(Stein et al. 2001). The project considered a wild river as having biological, 

hydrological and geomorphological processes unaltered by modern society. 

Remoteness or aesthetic values were not considered. The first stage of the 

project was a consultancy undertaken by BIOSIS Research to review previous 

relevant work, consult with state and territory land managers, researchers, non-
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government organisations and experts and recommend methods for identifying 

wild rivers (BIOSIS 1993).  

This work provides a useful discussion on the definition of near-pristine rivers 

and a review of previous Australian (state and national level) and overseas 

research programs relevant to the identification and conservation of wild rivers. 

It also proposes criteria and indicators for identifying wild rivers at a national 

scale and includes an outline of the national and state/territory databases 

available for use in implementing a national survey. The legal and 

administrative background and any management arrangements specific to 

wild rivers at the time of the study are also described.  

Subsequent to the release of the BIOSIS report, the Commonwealth 

Government commissioned the Centre for Resource and Environmental Studies 

at the Australian National University to identify Australia�s wild rivers (Stein et al. 

1998). The study built on the indicators proposed by BIOSIS Research to 

develop a GIS modelling procedure (Wild Rivers Model) that produces indices 

of river disturbance for determining the potential of a stream section to meet the 

definition of a wild river. The assessment incorporated all of Australia�s rivers 

(over 3 million km of stream sections) based on a drainage analysis of the 

GEODATA TOPO-250K digital database (a 250 m resolution digital elevation 

model produced by AUSLIG 1992). Stein et al. (1998) describe the model in 

detail, including the type and source of all input data and how the various 

indicators of catchment and riverflow disturbance were combined to give a 

composite river disturbance index (RDI) that provides an overall rating for each 

stream section.  

The results of the wild rivers survey are presented in Stein et al. (2001). Only 

19% of the total stream length assessed by the study was considered 

undisturbed. As expected, coastal catchments with the greatest proportion of 

undisturbed stream length corresponded to regions where the NLWRA found 

near-pristine estuaries to predominate, namely, Cape York, Arhnem Land, the 

Kimberley, south-west Tasmania and the Shoalwater Bay region on the eastern 

Queensland seaboard. Only 18 river basins had greater than 80% undisturbed 

stream length and most of these were in northern Australia. These included the 

near-pristine estuary catchments of the Walker, East Alligator, Koolatong, 

Buckingham, Moyle, Blyth, Goomadeer and Liverpool Rivers in the Northern 

Territory, the Prince Regent River in the Kimberley and the Jardine River on 

Cape York Peninsula. Most streams assessed as being undisturbed for their 

entire length were small. The Prince Regent and East Alligator Rivers were the 

only undisturbed river basins with a stream length greater than 10 000 km. 
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Importantly, the wild rivers study found that only 13% of undisturbed stream 

length was within existing nature conservation reserves.  

Stein et al. (2001) recognised that there is a lack of data on livestock grazing 

and that this was a limitation of the wild rivers assessment. Cattle grazing has 

occurred in northern Australia since the late 1800s and is quite widespread 

across the entire region (NOO 2004). There is little data available on the nature 

and extent of past and present impacts from domestic and wild livestock grazing 

on rivers across northern Australia and there is even less known about the 

effect of these impacts on the estuaries downstream. For example, Boulter et al. 

(2000) suggested that the impact of grazing in the catchments of the Gulf of 

Carpentaria and on Cape York could be causing changes to the species 

composition and structure of native vegetation communities, while Wasson et 

al. (2002) noted that grazing has been sufficient to cause bare patches, sheet 

erosion and gullying in the Kimberley region. The State of the Northern Rivers 

project (WRC 1997), commissioned by the Western Australian Research 

Council to assess the condition of rivers in northern Western Australia, found: 

(i) excessive grazing pressure causing major erosion and stream sedimentation 

in rivers that would otherwise have been in pristine condition; and (ii) that this 

degradation is occurring not only on land deliberately grazed by pastoralists but 

also within conservation reserves by feral cattle and other feral livestock.  

The Wild Rivers Project used the aerial inspection and on-ground data collected 

in the Kimberley region by Williams and Penn (1995) to ground-truth wild river 

assessments in light of the grazing impacts issue discussed above (Stein et al. 

2001). Williams and Penn (1995) assigned rivers to one of five major categories 

ranging from wild to degraded, based mainly on field observations of erosion 

and sediment deposition. Comparisons with Wild Rivers Model RDI values 

highlighted limitations in wild river designations related to grazing. For example, 

much of the Drysdale River catchment is in national park so was assumed as 

ungrazed and considered a potential wild river. However, field inspections 

showed degradation from feral cattle grazing.  

Publications produced during the Wild Rivers Project and maps showing 

Australia�s wild rivers are available through the Australian Heritage Directory 

website (<http://www.heritage.gov.au/anlr/index.html>). This website also allows 

access to the Australian Land Disturbance Database (formerly the National 

Wilderness Inventory). This database contains information about areas found to 

meet the criteria for designation as �wilderness� and maps of Australia�s least 

disturbed lands.  
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NLWRA catchment and river assessment 

The �catchment� and �river� components of the NLWRA (2002) assessment 

reported on the biophysical condition of Australia�s intensive land-use zone. 

These assessments are perhaps less relevant to near-pristine estuaries than 

other existing catchment and river assessments such as the Wild Rivers Project 

(Stein et al. 2001), because the least developed catchments in Australia were 

excluded from the analysis (i.e. in the Kimberley, Arnhem Land, Gulf of 

Carpentaria and Western Cape York regions). However, the catchment and 

river assessments did include the significant number of near-pristine estuary 

catchments and rivers in Tasmania, eastern Cape York and along the north-

east coast of Queensland. A small section of western Cape York was also 

included. All coastal catchments and rivers in New South Wales, Victoria, the 

eastern seaboard of Queensland and most of South Australia were included, 

and therefore captured the smaller number of near-pristine estuaries in these 

regions.  

The NLWRA catchment assessment developed a composite catchment 

condition index based on 14 biophysical indicators. Using this index the 

assessment found 5% of catchments in the lowest (most degraded) condition 

class, 15% in the lower condition class, 50% in the mid-range condition class 

and 30% in the highest (most pristine) condition class. Predictably, the 

catchments of highest condition corresponded to the less intensively developed 

parts of the assessment area and were often the catchments of near-pristine 

estuaries, such as those in the Northern Territory, Cape York, south-west 

Tasmania and national park land in New South Wales, Victoria, South Australia 

and south-western Western Australia.  

The NLWRA river assessment determined river condition for 14 000 stream 

reaches throughout Australia�s more intensively used river basins. The 

assessment used an aquatic biota index (macro-invertebrate), based on 

AusRivAS (Australian river assessment system) macro-invertebrate data). The 

AusRivAS assessment was combined with an environment index that included 

catchment disturbance, hydrological disturbance, river habitat, nutrient and 

suspended sediment load sub-indices. Assessment was based on departure 

from reference or what could be best set as pre-European settlement 

conditions. River condition was generally poor, with one-third of assessed river 

length having impaired aquatic biota and 85% significantly modified 

environmental features. The AusRivAS data used in the assessment was 

collected under the National River Health Program (Parsons et al. 2002), which 

was the first Australia-wide assessment of the health of Australia�s aquatic 
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ecosystems. Further information about AusRivAS is available on the 

Department of Environment and Heritage website at: 

<http://www.deh.gov.au/water/publications/index.html>.  

The national-scale native vegetation assessment conducted during the NLWRA 

(NLWRA 2001) is also a dataset relevant to near-pristine estuaries. The native 

vegetation assessment looked at both the type of vegetation and its extent, 

as well as the clearing of native vegetation since European settlement. As 

mentioned previously, greater than 90% of native vegetation cover in the 

catchment is one of the criteria for the designation near-pristine estuaries  

(see Table 1.1). 

Other national catchment-based studies  

The CSIRO-developed SedNet and ANNEX are models that have been widely 

used to estimate sediment and nutrient loads to southern Australian rivers and 

more recently in tropical Australia (Young et al. 2001). However, there is still 

considerable work needed to get better estimates of loads in tropical rivers 

using these models. CSIRO has also developed more specific SedNet and 

ANNEX models for individual catchments (e.g. the Burdekin catchment; Prosser 

et al. 2002). SedNet nutrient and sediment yields are also now available for 

individual estuaries on the OzEstuaries website. For more information on 

SedNet see the brochure at: <http://www.clw.csiro.au/publications/general2002/ 

managing_regional_water_quality.pdf>.  

The Commonwealth Government Bureau of Rural Sciences (BRS) is working 

with state and territory agency partners and other organisations through the 

Australian Collaborative Land Use Mapping Program (ACLUMP) to produce 

consistent land-use information for Australia using nationally agreed methods. 

The BRS land use and management website (<http://www.daff.gov.au/content/ 

output.cfm?ObjectID=D2C48F86-BA1A-11A1-A2200060B0A06257>) provides 

access to the data from this program as well as an overview of land-use 

mapping in Australia, the extent of mapping to date, the national land-use 

classification system and technical reports and applications of land-use data.  

A directory of important wetlands in Australia (Environment Australia 2001) lists 

and details nationally and internationally important wetlands. The internationally 

important wetlands are called Ramsar sites. The Convention on Wetlands, 

Ramsar, Iran 1971 is an intergovernmental treaty dedicated to the international 

conservation and 'wise use' of wetlands. There are 123 signatories with 

1044 wetland sites across the globe. Australia currently has 56 Ramsar sites 

covering an area of approximately 5.3 million hectares.  
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A wetland must meet at least one of a number of criteria for inclusion as a 

Ramsar site. These relate to a site's uniqueness, rarity or representativeness, or 

the species and ecological communities it supports. Once listed, management 

of a Ramsar site must ensure its ecological character is maintained. Further 

information on the criteria and management of Ramsar sites is available at 

<http://ramsar.org>. In Australia, obligations to protect Ramsar sites are 

recognised in national legislation through the Environmental Protection and 

Biodiversity Conservation (EPBC) Act 1999. Nationally important wetlands meet 

one of a number of criteria outlined in Environment Australia (2001). These 

criteria include: an important habitat for species at a vulnerable stage in their life 

cycle; supports more than 1% of the national population of a species; supports 

endangered or vulnerable species; is a good example of a particular wetland 

type; or plays an important ecological or hydrological role in the functioning of a 

major wetland complex. Near-pristine estuaries listed as Ramsar and/or 

nationally important wetlands are given for each state/territory in the relevant 

chapters.  
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10. Conclusions 
The extent and availability of information pertaining to near-pristine estuaries is 

good at the catchment level in most states and will continue to improve through 

state and national government initiatives. Information at the individual estuary 

level is patchy, although there are now efforts to improve coordination between 

local, regional, state and national government agencies with regard to methods 

of land and water data collection and dissemination of results and assessments. 

The baseline information made available through studies such as NLWRA and 

Wild Rivers and the online tools and information in OzEstuaries will be 

important for future assessments at the local, regional and national scales. 

This information should be especially valuable for monitoring and managing 

impacts to near-pristine estuaries in northern Australia, in regions where large-

scale development projects have been proposed. 

An unfortunate finding of this study is that a large percentage of the estuaries 

deemed to be in near-pristine condition during the NLWRA will potentially have 

to be reclassified to account for modification in either the catchment or in the 

estuary itself (Table 10.1). The occurrence of aquaculture was often cited as the 

cause for reclassification of estuaries in the southern states, while overlooked 

catchment modification, documented in the wild rivers scheme, was the main 

reason for changes to the Northern Territory and Western Australian data sets. 

Indeed, the discrepancy across the north between the proportion of estuaries in 

near-pristine condition (greater than 50%) and the proportion of rivers and 

catchments in near-pristine condition (less than 20%) is of serious concern. 

The downstream impact of grazing on the near-pristine estuaries in northern 

Australia, in particular, is unknown and could be quite extensive.  

Table 10.1. Number of near-pristine estuaries by state in the NLWRA framework, and the 
number and percentage potentially requiring reclassification 
 

State Number near-pristine 
(NLWRA criteria) 

Number potentially 
requiring 

reclassification 

% Potentially 
requiring 

reclassification 
South Australia 3 2 67% 
Victoria 13 4 31% 
New South Wales 14 4 29% 
Queensland 182 6 3% 
Tasmania 45 12 27% 
Northern Territory 125 12 10% 
Western Australia 88 36 41% 
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Land management practices vary greatly across Australia (Table 10.2). The 

catchments of near-pristine estuaries in the southern states are usually fully 

contained within national parks and are therefore managed for conservation. 

In comparison, there is a mixture of land tenure in the northern catchments 

(Indigenous, pastoral lease, crown land and freehold) and fewer national parks. 

In order to maintain the integrity of the northern rivers, Stein et al. (2001) 

recommended incentives for landholders to adopt the wild river management 

guidelines of the Commonwealth Department of Environment and Heritage 

(Environment Australia, 1996). A more recent initiative is that of the Queensland 

Government to control development on identified wild rivers in Queensland 

through a wild rivers policy (Queensland Government 2004).  

Table 10.2. Near-pristine estuary catchment management practices by state 
 
State/territory Management  
Queensland Mix of national park, Indigenous, pastoral lease, crown land and freehold 
Northern Territory Mix of Indigenous, pastoral lease and crown land, some national park 
Western Australia Mix of national park, Indigenous, pastoral lease, crown land 
Tasmania National park 
New South Wales National park and some marine park 
Victoria National park 
South Australia National park, some private 
 
 

A breakdown of near-pristine estuary data by state and IMCRA region is shown 

in Table 10.3. Queensland and the Northern Territory have near-pristine 

examples of the seven different coastal waterway types. Tasmania has at least 

one near-pristine example of each of the wave-dominated waterway 

classifications and also the largest near-pristine estuaries in southern Australia 

(Bathurst Harbour and Payne Bay). In New South Wales, wave-dominated 

waterway types are well represented, but with very small examples only. Most 

coastal waterways in Victoria are wave-dominated estuaries and these are well 

represented with near-pristine examples of small size. There are no near-

pristine wave-dominated deltas in Victoria. South Australia has poor near-

pristine representation of existing estuary types.  

The lack of many geomorphic types and large examples of some types of 

estuaries is due to the intensive development of large tracts of coastline, 

especially in the southern states. The isolation of well preserved estuarine 

ecosystems may have long-term impacts on biodiversity. This regional-scale 

fragmentation of near pristine estuaries is also related to the preferential 

development of larger estuaries (Figure 10.1).  
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Table 10.3. Breakdown of near-pristine estuary data by state and IMCRA region 
 

Number of near-pristine 
estuaries within each IMCRA 

region 2 

 
 

State 

 
Geomorphic 
estuary types 

present 1 

Geomorphic 
estuary types 

with near-
pristine 

examples 1 >10 2–10 1–2 0 

 
 

Comments 

Qld 

 
TC TDE TDD 
WDD WDE  

EMB  
CL/SP/CC 

 
TC TDE TDD 
WDD WDE  

EMB  
CL/SP/CC 

TMN 
SCT 
LMC 
WTC 
ECY 
WCY 
KAN 
WLY 

   
All estuary types and 
IMCRA regions well 
represented 

NT 

 
TC TDE TDD 
WDD WDE  

EMB  
CL/SP/CC 

 
TC TDE TDD 
WDD WDE  

EMB  
CL/SP/CC 

WLY 
PEL 
GRO 
COB 
AWS 
VDG 
ANB 
CAB 

   
All estuary types and 
IMCRA regions well 
represented 

WA 

 
TC TDE TDD 
WDD WDE  

EMB  
CL/SP/CC 

 
TC TDE 

WDE (only 1) 
EMB  

CL/SP/CC 

CAB 
KIM 
KSD 
CAN 

 

NIN 
WSC 
EMB 
ZUY 

PIN 
SBY 
CWC 
LNE 
EUC 

Estuary types and IMCRA 
regions poorly 
represented in southern 
WA and well represented 
in northern WA. 

Tas 

 
TC TDE* 

WDD WDE  
EMB  

CL/SP/CC 

 
 

WDD WDE 
EMB 

CL/SP/CC 

DAV 
FRT 
FLI 

FRA 
BGS 
BRU 
OTW 

TWO 

Major estuary types well 
represented and IMCRA 
regions reasonably well 
represented 

NSW 

 
TC* TDD* 

WDD WDE  
EMB 

CL/SP/CC 

 
 

WDD WDE  
 

CL/SP/CC 

 TMN 
BAT 

TWO 
MAN HAW 

Major estuary types well 
represented but are small 
(mainly coastal lakes). No 
examples of large WDD 
and WDE. IMCRA regions 
poorly represented 

Vic 

 
TC* TDE* 

WDD WDE  
 

CL/SP/CC 

 
 

WDE  
 

CL/SP/CC 
TWO  CVA 

FLI 
VES 
OTW 

The major estuary type 
(WDE) is well represented 
but are small. No 
examples of WDD or large 
WDE. IMCRA regions 
poorly represented, except 
TWO 

SA 

 
TC TDD  

WDD WDE  
EMB 

CL/SP/CC 

 
 
 

EMB 
CL/SP/CC 

  MUR 
EYR 

EUC 
SGF 
NSG 
SVG 
OTW 
COR 

Several estuary types and 
most IMCRA regions not 
represented 

 
1 From OzEstuaries (<www.OzEstuaries.org>): TC � tidal creek; TDE � tide-dominated estuary; WDE � wave-dominated 
estuary; EMB � embayment; TDE � tide-dominated estuary; SP � strandplain; CL � coastal lake; CC � coastal creek; 
WDD � wave-dominated delta. 
2 New South Wales abbreviations: TWO Twofold Shelf; BAT Batemans Shelf; HAW Hawkesbury Shelf; MAN Manning 
Shelf; and TMN Tweed-Moreton. Queensland abbreviations: TMN Tweed-Moreton; SCT Shoalwater Coast; LMC 
Lucinda-Mackay Coast; WTC Wet Tropic Coast ECY East Cape York; WCY West Cape York; KAN Karumba-Nassau; and 
WLY Wellesley. Northern Territory abbreviations: WLY Wellesley; PEL Pellew; GRO Groote; COB Cobourg; AWS 
Arnhem; Wessel; VDG Van Diemens Gulf; ANB Anson Beagle; and CAB Cambridge-Bonaparte. West Australian 
abbreviations: CAB Cambridge-Bonaparte; KIM Kimberley; KSD King Sound; CAN Canning; EMB Eighty Mile Beach; 
PIN Pilbara (nearshore); NIN Ningaloo; ZUY Zuytdorp; SBY Shark Bay; CWC Central West Coast; LNE Leeuwin-
Naturaliste; WSC WA South Coast; and EUC Eucla. South Australian abbreviations: EUC Eucla;  MUR Murat; EYR 
Eyre; SGF Spencer Gulf; NSG North Spencer Gulf; SVG St Vincent Gulf; COR Coorong; and OTW Otway.  Victorian 
abbreviations: OTW Otway; CVA Central Victoria; VES Victorian Embayments; FLI Flinders; and TWO Twofold Shelf. 
Tasmanian abbreviations: OTW Otway;  FRA Franklin;  DAV Davey;  BRU Bruny; FRT Freycinet; BGS Boags; TWO 
Twofold Shelf and FLI Flinders. Offshore bioregions: MCN Mackay-Capricorn; PSS Pompey-Swains; CRF Central Reef; 
RBN Ribbons; TST Torres Strait; CAR Carpentaria; ARA Arafura; TWI Tiwi; BON Bonaparte Gulf; OSS Oceanic Shoals; 
NWS North West Shelf; PIO Pilbara (offshore); ABR Abrolhos Islands and CBS Central Bass Strait. 
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Figure 10.1. Total facies area of estuaries  

NP � near pristine, LUM � largely unmodified, M � modified and SM - severely modified. 

 
 

It was highlighted that many of the largely unmodified and in some instances 

modified or even significantly modified estuaries probably also provide estuarine 

habitats of high conservation value, depending on the drivers of change (see 

Table 1.1). The nature of modifications is also an important consideration when 

assessing potential for conservation. For example, catchment clearing and 

grazing are likely to have a more significant broad ecological impact in estuaries 

than other changes, for example, small-scale aquaculture. 

All IMCRA regions have near-pristine examples in Queensland, Northern 

Territory and northern Western Australia. IMCRA regions are reasonably 

represented by near-pristine estuaries in Tasmania. There are 14 IMCRA 

regions with no near-pristine coastal waterways in New South Wales, Victoria, 

South Australia and southern Western Australia. Only four IMCRA regions in 

the wave-dominated areas of southern Australia have more than 10 near-

pristine estuaries. 
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Appendix. IUCN categories (from IUCN 1994) 

CATEGORY Ia  Strict nature reserve: protected area managed mainly for science 

Definition  Area of land and/or sea possessing some outstanding or representative 
ecosystems, geological or physiological features and/or species, available 
primarily for scientific research and/or environmental monitoring. 

CATEGORY Ib  Wilderness area: protected area managed mainly for wilderness 
protection 

Definition Large area of unmodified or slightly modified land and/or sea, retaining its natural 
character and influence, without permanent or significant habitation, which is 
protected and managed so as to preserve its natural condition. 

CATEGORY II National park: protected area managed mainly for ecosystem protection 
and recreation  

Definition  Natural area of land and/or sea, designated to (a) protect the ecological integrity 
of one or more ecosystems for present and future generations, (b) exclude 
exploitation or occupation inimical to the purposes of designation of the area and 
(c) provide a foundation for spiritual, scientific, educational, recreational and 
visitor opportunities, all of which must be environmentally and culturally 
compatible. 

CATEGORY III Natural monument: protected area managed mainly for conservation of 
specific natural features 

Definition  Area containing one, or more, specific natural or natural/cultural feature which is 
of outstanding or unique value because of its inherent rarity, representative or 
aesthetic qualities or cultural significance. 

CATEGORY IV Habitat/species management area: protected area managed mainly for 
conservation through management intervention  

Definition  Area of land and/or sea subject to active intervention for management purposes 
so as to ensure the maintenance of habitats and/or to meet the requirements of 
specific species. 

CATEGORY V Protected landscape/seascape: protected area managed mainly for 
landscape/seascape conservation and recreation 

Definition  Area of land, with coast and sea as appropriate, where the interaction of people 
and nature over time has produced an area of distinct character with significant 
aesthetic, ecological and/or cultural value and often with high biological diversity. 
Safeguarding the integrity of this traditional interaction is vital to the protection, 
maintenance and evolution of such an area. 

CATEGORY VI Managed resource protected area: protected area managed mainly for 
the sustainable use of natural ecosystems 

Definition  Area containing predominantly unmodified natural systems, managed to ensure 
long term protection and maintenance of biological diversity, while providing at 
the same time a sustainable flow of natural products and services to meet 
community needs.  

 




