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Abstract. Relatively few large-scale inventories of the world’s wetlands exist because of the difficulties of spatial
scale, associated cost and multiple objectives, often temporally confounded, that drive classification. The extent of
wetlands across a large part of Australia (New South Wales, 80.6 million ha) was determined using satellite image
analyses. These data allowed analyses of the distribution of wetlands, their conservation status and potential threats
at different spatial scales; that is, State, coastal and inland, and catchment. Approximately 5.6% of New South Wales
is wetland (4.5 million ha), mostly (96%) in inland river catchments. Broad classification allowed identification of
the extent of wetland types: (i) floodplains (89%); (if) freshwater lakes (6.6%); (iii) saline lakes (< 1%); (iv)
estuarine wetlands (2.5%); and (v) coastal lagoons and lakes (1.5%). Conservation reserves protect only 3% of
wetland area. The analyses identified the north-west as the key area for wetland conservation as most other
catchments have lower wetland extent and more potential threatening processes. The first stage of a large-scale
inventory is to determine the extent and location of wetlands, with immediate benefits for strategic conservation
and management. Other objectives (e.g. classification, biotic composition, hydrology and threats) seldom have
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sufficient data available for large-scale inventories but can be completed later with resources.

Extra keywords: catchments, classification, inventory, mapping, reserves, river regulation.

Introduction

Wetlands are among the most threatened ecosystems in the
world (Lemly et al. 2000) and Australia is no exception
(Finlayson and Rea 1999). The major factor implicated in
their destruction is water resource development and the
draining of wetlands (Kingsford 2000a), although
urbanisation in coastal areas is significant (Adam 1995).
Wetlands also support high levels of biodiversity and have
important cultural and economic values. There is increasing
international commitment to wetland conservation, with
many countries signing the Convention on Wetlands
(Ramsar Convention) but objective information is needed for
effective conservation.

It is difficult to manage any natural resource without
knowing its distribution, and wetlands are no exception
(Finlayson et al. 1999). Large-scale inventories are necess-
ary for conservation management and effective planning
(Pressey and Adam 1995). Signatories to the Ramsar
Convention resolved to develop low-cost and user-friendly
methodology for inventories (The Ramsar Convention
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Bureau 1999). Of existing inventories of wetlands, relatively
few adequately define objectives, determine the distribution
and size of wetlands, provide explicit methodology,
differentiate wetland area according to classification or are
publicly accessible (Finlayson et al. 1999). The notable
exception is the large-scale inventory of wetlands in North
America (Wilen and Bates 1995). Producing inventories of
wetlands remains elusive, constraining effective manage-
ment of these biodiverse ecosystems.

Part of the problem is attributable to multiple objectives
for inventories. These may include identifying location and
extent, geomorphology, soil type, water regimen, water
chemistry, biota, anthropogenic threats and management
regimen (see core essential data elements and additional
categories in Finlayson et al. 1999). These represent a mix of
spatial and temporal variables that are difficult to collect over
large spatial scales. Some are seldom available (e.g. water
regimen, chemistry or biota), except for small areas. A
large-scale inventory should initially determine the extent
and distribution of wetlands and this can be done with remote
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sensing at large spatial scales, although trade-offs between
resolution and budget exist (Wilen and Bates 1995). With the
resulting spatial layer of wetlands, a second objective can be
achieved; that is, analysis of the spatial distribution of
wetlands at different scales (e.g. catchments), in relation to
conservation effort or threats.

Classification of wetlands is not necessary for such
analyses but it adds value in understanding representa-
tiveness. It remains a vexed question for inventories (Pressey
and Adam 1995; Wilen and Bates 1995; Semeniuk and
Semeniuk 1995, 1997) mainly because all classifications are
simple representations of considerable spatial and temporal
complexity. The hierarchical classification from North
America is used globally (Cowardin et al. 1979; Wilen and
Bates 1995) and adapted for parts of Australia (Pressey and
Adam 1995) but it has problems with definition and lacks
exclusivity in categories (Semeniuk and Semeniuk 1995,
1997). A suggested replacement, the hydro-geomorphic
classification (Semeniuk and Semeniuk 1995, 1997),
simplifies hydrological variability according to permanent,
seasonal and intermittent, which are categories seldom
known for wetlands across large areas. Ideally, classifi-
cations of wetlands should be quantitative and based on the
objectives of the classifications that vary (Pressey and Adam
1995; Rempel et al. 1997).

Our primary objective was to do a large-scale inventory to
identify the extent of wetlands across a large part of Australia
(the State of New South Wales (NSW)) because Australia
devolves responsibility for natural resource management,
including water, to the provincial level of States. Second, we
analysed the distribution of wetlands according to elevation,
climate and different spatial scales; that is, statewide, coastal
and inland regions, and catchments. The spatial framework
was extended to an analysis of conservation effort (reserves)
and threats to wetlands to provide a foundation for strategic
policies for wetland conservation, including river manage-
ment planning and conservation of aquatic fauna and flora.

Materials and methods
Wetland distribution and extent

For the 17 inland catchments, wetlands were mapped from Landsat
Multi-Spectral Scanner (MSS) (80 m pixel) data (40 scenes), whereas
the 22 coastal catchments wetlands were mapped from Landsat
Thematic Mapper (TM) data (30 m pixel) (11 scenes) (Fig. 1). We chose
the wettest times within a 10-year period (1984—1993) for inland areas.
These were identified using monthly National Oceanographic and
Atmospheric Administration (NOAA) satellite imagery, wetland data
from aerial surveys across 10% of the State (Kingsford et al. 1999) and
annual rainfall within each river catchment. Additional images were
chosen for areas where high catchment rainfall did not coincide with
high local rainfall. Cloud-free images and a period of 16 days for the
imagery determined the actual dates of the images used. For coastal
catchments where wetlands were less transient, cloud cover was the
primary determinant of image suitability and we used cloud-free
imagery within a 6-month period (September 1994 to January 1995).
Each Landsat image was rectified and georeferenced to 1:250000 and
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1:25000 topographic maps for the inland and the coast, respectively,
using the Universal Transverse Mercator projection (Australian Map
Grid) with 14-30 ground control points, and evenly distributed across
each image.

For inland catchments, wetland boundaries were delineated from
non-wetland areas using an unsupervised classification (Richards
1993) that was based on the variable spectral signatures for water (open
water and inundated vegetation) and for adjacent areas of dependent
aquatic vegetation. For coastal catchments, we used a band 5 density
slice to delineate open water body boundaries (Frazier and Page 2000)
and a supervised classification (ERDAS 2001) to delineate adjacent
coastal wetland vegetation. Spectral similarities among wetland and
non-wetland areas (Johnston and Barson 1993; Frazier and Page 2000)
demanded an iterative process of systematic visual inspection and
reclassification for each satellite image to initially validate wetland
boundaries (Congalton 2001). This involved draping the wetland
boundaries over satellite imagery, followed by comparison with the best
available ancillary data. For the inland, this included aerial survey data
(Kingsford et al. 1999), 1:250000 topographic map sheets and digital
coverage of water bodies (AUSLIG 1994), and for the coastal region,
this involved 1:25000 topographic maps and aerial photography. These
data helped discriminate between wetland areas with similar spectral
signatures to non-wetland areas (e.g. cultivated crops, flooded urban
areas and hillslope shadows).

We classified wetlands a posteriori using a combination of spectral
information and ancillary data. First, we separated water bodies into the
three broad groups, which are recognised by the Ramsar Bureau:
coastal, inland and man-made (reservoirs) (Semeniuk and Semeniuk
1997). We then used the broadly accepted major geomorphic groups:
estuarine, riverine, lacustrine and palustrine (Wilen and Bates 1995) to
classify wetlands but we could not objectively separate palustrine and
riverine (Table 1). We used spectral and ancillary data to separate
further the lacustrine group into freshwater lakes, saline lakes, and
coastal lagoons and lakes (Table 1). A more detailed classification of
wetlands was not possible because of the variable spectral signature,
particularly of floodplains, and the poor availability of consistent
ancillary data across the entire study area.

We derived error matrices of the mapped wetland boundaries and
aerial photography reference data (Congalton 1991) using a stratified
random sampling for two inland catchments (see Kingsford et al. 2001)
and stratified random sampling for coastal catchments. This produced
two quantitative measures of classification accuracy as a whole, overall
classification accuracy (total per cent of correctly mapped polygons;
Congalton 1991) and the Kappa statistic (actual agreement between
mapped and reference data minus chance agreement; Congalton and
Green 1999). Kappa also accounts for errors within individual classes
of the error matrix (Rosenfield and Fitzpatrick-Lins 1986). We found
an overall accuracy of 86% and a Kappa statistic of 0.76 for inland
catchments of the Paroo and Warrego River (Kingsford et al. 2001). For
the coastal catchments, overall accuracy for the Richmond, the north
coast (Tweed to Macquarie-Tuggerah Lakes) and the south coast
(Hawkesbury—Nepean to Snowy) were 80% (Kappa = 0.66), 85%
(Kappa = 0.80) and 90% (Kappa = 0.87), respectively. Such overall
classification accuracies are considered good (> 80%) (Congalton
1991), and the Kappa statistics represented strong agreement (> 0.80)
(north coast and south coast) and moderate agreement (> 0.40) (Paroo
and Warrego, and Richmond) between mapped data and reference data
(Congalton 2001).

We determined the area and proportion of land area of wetland
groups and reservoirs within each catchment across inland and coastal
catchments. For river catchments within the Murray—Darling Basin
across State borders, we analysed wetland distribution for the whole
catchment and separately for each State. We compared the distribution
(coastal and inland) and extent of wetlands in relation to elevation
(above sea level) and mean annual rainfall between 1980 and 1999.
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Fig. 1.
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Locations of 39 catchments in New South Wales (NSW) and the Murray—Darling Basin

(grey inset in map of Australia with State borders), including 17 inland catchments of rivers
flowing west of the Great Dividing Range (1-17) and 22 coastal catchments of rivers flowing east
of the Great Dividing Range (22—39) (grey shading). Numbers for catchments match names given

in Tables 3-6.

Wetland conservation

We used GIS analyses to determine the area of wetlands and reservoirs
protected under legislative or policy instruments that confer status or
protection on wetlands that were applied to the land area of the wetland.
These represent the most used and applicable measures for assessing
wetland conservation. They included four conservation measures: (i)
National Parks and Wildlife Service (NPWS) reserves; (ii) State
Environmental Planning Policy No. 14 (SEPP 14) for coastal wetlands
(Farrier et al. 1999); (iii) the Directory of Important Wetlands in
Australia (DIWA) (Environment Australia 2001); and (iv) wetlands
listed under the Ramsar Convention. We also included State forest
reserves because, although set aside primarily for timber production,
some have become °‘quasi’ conservation areas for wetlands (e.g.
Barmah—Millewa Forest). The wetland coverage for each catchment
was clipped in Arc/Info (ESRI 2000) using digital boundaries for the
relevant conservation measures. We also assessed potential threats to
wetlands by overlaying the proportion of land in each catchment
covered by intensive agriculture (National Land and Water Resources
Audit 2001a), number of weirs and storage capacity of dams
(Kingsford 1995; National Land and Water Resources Audit 20015).

Results
Wetlands of New South Wales

There are almost 4.5 million ha of wetlands in NSW or 5.6%
of the land area of the State (Table 2, Fig. 2). Most wetland
area (96%) is in the inland, in the catchments of the
Murray—Darling Basin and far west of the State (Fig. 2), with
nearly half of all inland wetland area (46%) in the Far
north-west, Paroo, Warrego and Condamine—Culgoa catch-
ments (Table 3). Of the wetland types across the State,
floodplain wetlands are the most ubiquitous, forming 89% of
all wetland area and covering 5% of the land surface
(Table 2). Freshwater lakes and estuarine areas make up most
of the remaining wetland area in the State, with
comparatively small areas of saline lakes and coastal lagoons
and lakes (Table 2). There are more reservoirs than
freshwater lakes, coastal lagoons and lakes, and salt lakes.
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Most wetland area (> 95%) is below 250 m above sea level,
and 93% is in parts of the State that receive less than 500 mm
of annual rainfall (Fig. 3).

Inland wetlands

Most inland wetlands are floodplains that are distributed
below 250 m and where there is less than 500 mm of annual
rainfall (Table 2; Fig. 3). The highest proportion of wetlands
in NSW is in two catchments, Warrego and Conda-
mine—Culgoa, whereby 27% and 28% of their respective
areas in the NSW part of the catchment is covered by
wetlands (Table 3). The Condamine—Culgoa has the highest
wetland area of any catchment in inland NSW, covering
approximately 740000 ha (Table 3). The Paroo and
Murray—Riverina catchments have the next highest
proportion of wetland with 16% and 17% of land area
covered, respectively. Most of the wetland area and higher
proportions in the Paroo, Warrego and Condamine—Culgoa
are on the NSW side of the border, and there are similar
proportions for the Lower Murray River catchments and the
Border and Moonie Rivers on both sides of the border (Table
3). Nine of the 17 inland catchments in NSW have more than
200000 ha of wetland and the remainder of the catchments
has less than 100000 ha of wetland (Table 3). Most
catchments with lower areas of wetland also have a low
proportion of wetlands, with the exception of Lake George
catchment, which ranks fifth in terms of wetland proportion.
Twelve of the 17 inland catchments each have 6% or less of
wetland area in their catchment (Table 3). These include
most of the major regulated rivers such as Darling, Border
and Moonie, Gwydir, Namoi, Macquarie-Bogan, Lachlan,
Murrumbidgee, Upper Murray and Lower Murray (Table 3).
The Murray River and its tributaries flow through four of the
catchments (Table 3). The Murray—Riverina catchment
includes most of the floodplain of this river and when all
catchments of the Murray River are combined, the
proportion (7%) is similar to that of other regulated river
catchments (Table 3).

There is more than 70% of wetland area identified as
floodplain in all but two of the catchments and, in 12
catchments (Paroo, Warrego, Condamine—Culgoa, Border
and Moonie, Gwydir, Castlereagh, Macquarie-Bogan,
Lachlan, Murrumbidgee, Upper Murray, Murray—Riverina
and Benanee), there is more than 90% floodplain wetland
(Table 3). The Paroo and Condamine—Culgoa catchments
have more than half a million hectares of floodplain wetland
in NSW, and another seven each have more than 200000 ha
of floodplain (Warrego, Darling, Macquarie—Bogan, Lachl-
an, Murrumbidgee, Murray—Riverina and Far north-west).

The Darling catchment has the greatest area of freshwater
lakes (130730 ha) of any inland catchment, primarily the
Menindee Lakes, and the Far north-west has an order of
magnitude of more freshwater lakes (Table 3). Freshwater
lake area exceeds 10000 ha in each of seven other

R. T. Kingsford et al.

catchments: Paroo, Condamine—Culgoa, Lachlan, Murrum-
bidgee, Lake George, Lower Murray and Far north-west. The
Castlereagh, Murray—Riverina, Upper Murray, Macquarie,
Gwydir, Border and Warrego have little (< 1%) or no
freshwater lake area. Saline lakes cover 0.02% of the State
(Table 2) but they are present in only five inland catchments:
Far north-west, Paroo, Warrego, Murray—Riverina and
Lower Murray (Table 3). The Paroo River and Far north-west
catchments cover 93% of all saline lake area (Table 3).

Coastal wetlands

Approximately 1.3% of the coastal land area is wetland
(Table 2), principally estuarine wetlands (59%) and coastal
lagoons and lakes (35%) (Table 2). Floodplain wetlands rank
lowest in wetland area in most coastal catchments,
accounting for only 5% of wetland area (Table 4). Most
wetlands are less than 250 m above sea level (Fig. 3a) but are
more wide spread across different climatic zones than inland
wetlands (Fig. 3b).

The proportion of wetland 1is highest in the
Macquarie-Tuggerah Lakes catchment (Table 4), and > 5%
proportion in the Karuah, Georges—Cooks and Illawa-
rra—Port Hacking catchments (Table 4). Macquarie—
Tuggerah Lakes and Karuah have more than 20000 ha of
wetland area, and Clarence, Hawkesbury—Nepean, Georges—
Cooks and Clyde have more than 10 000 ha of wetland area.
In 14 of the 22 coastal catchments, estuarine wetlands
account for 50% or more of the wetlands in the catchment
and more than 80% in six of these catchments (Table 4).
Coastal lagoons and lakes are concentrated in the Clyde (22)
and Bega-Dry (24), with Clarence, Bellinger, Hastings,
Karuah, Macquarie-Tuggerah and Deua, and Tuross with 10
or more coastal lagoons and lakes (Table 4). The Karuah and
Macquarie-Tuggerah catchments have most of the area of
coastal lagoons and lakes (Table 4). Floodplain wetlands are
proportionally greater than 10% in the Richmond, Clarence,
Macleay, Manning, Hunter and Shoalhaven (Table 4).
Compared to inland, there are few freshwater lakes in the
coastal catchments and they cover a small part of the land
area (Table 4).

Wetland conservation

Less than 1% of the State’s wetland area is listed as
internationally significant under the Ramsar Convention,
whereas 3% is part of National Parks and Wildlife Service
(NPWS) reserves and 21% of the State’s wetland area is of
national importance (DIWA) (Table 2; Fig. 4). There is an
additional 3% of the State’s wetlands in State forests (mostly
inland) and 0.7% of all wetland area that is protected under
SEPP 14 (Table 2; Fig. 4). Although the largest areas of
wetlands in NPWS reserves are in inland catchments, the
greatest proportion of wetlands is reserved in coastal
catchments (Table 2; Fig. 4).
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Distribution of wetlands and reservoirs (grey shading) across New South Wales based on Landsat MSS satellite data (80 m pixel) from

the period 1984—1993 for the inland and Landsat TM satellite data (30 m pixel) from the period September 1994—January 1995.

Despite 96% of wetland area occurring in inland
catchments, only 0.5% of this area is listed under the Ramsar
Convention, of which 2.4% occur in NPWS reserves, 3.2%
in State forests and approximately 20% is defined as
nationally important (DIWA) (Table 2; Fig. 4). In contrast,
wetlands on the coast represent only 4% of the State’s
wetland area but nearly 8% are listed under the Ramsar
Convention, of which 17.5% occur in NPWS reserves,
almost 50% in the DIWA and 17% is protected under SEPP
14 (Table 2; Fig. 4). There were Ramsar-listed wetland areas
in four inland catchments (i.e. Condamine—Culgoa, Gwydir,
Macquarie-Bogan and Far north-west) (Table 5) and five
coastal catchments (i.e. Clarence, Karuah, Hunter,
Georges—Cook and Snowy) (Table 6). The highest
proportions of inland wetland areas in NPWS reserves are in
the Darling (5%), Paroo (4%), Macquarie-Bogan (4%) and
Condamine—Culgoa (3%) (Table 5). Another three inland
catchments, Warrego, Lachlan, and Far north-west, have
more than 3000 ha reserved, whereas the Namoi and Lake
George have none (Table 5). In contrast, all coastal
catchments have some wetland area in NPWS reserves
(Table 6). The Hunter catchment (57%) has the highest

proportion but the Brunswick, Richmond, Hastings,
Manning, Karuah, Towamba and Snowy all have more than
20% of their wetlands reserved and Tweed, Bellinger,
Macleay, Shoalhaven and Tuross have 10-20% of their
wetlands reserved (Table 6). Tweed, Brunswick, Richmond,
Bellinger, Macleay, Hastings, Manning, Karuah, Hunter,
Shoalhaven, Deua, Bega—Dry and Towamba also have
20—47% of their wetland area protected under SEPP 14
(Table 6). Most wetland area in State forests (14-31%) is in
the Murray—Riverina, Benanece and Lower Murray
catchments (Table 5).

There are three inland catchments, Macquarie, Lake
George and Murray—Riverina, with more than 50% of the
wetland area listed as nationally important (DIWA) and a
further two, Paroo and Gwydir, with 20-50% of the wetland
area listed (Table 5). Most other catchments have relatively
small areas listed as wetlands of national importance. The
larger areas (> 30000 ha) of inland wetlands listed in the
DIWA are in the Macquarie, Paroo, Murray—Riverina,
Darling, Lachlan, Condamine—Culgoa and Far north-west
catchments. Large areas on the coast (> 5000 ha) listed in the
DIWA occur in the Clarence, Karuah, Macquarie-Tuggerah
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Fig.3. Percentages of wetland area across New South Wales (filled),
inland (hatched) and coast (open) in relation to: (a) elevation (metres
above sea level) and (b) annual rainfall. Numbers indicate the
percentage of land area in each of the elevation and rainfall classes.

and Clyde catchments, and the Macleay, Karuah, Hunter,
Illawarra—Hacking and Shoalhaven catchments have
approximately 50% or more of their wetland area listed in the
DIWA (Table 6).

Water resource development and intensive agriculture

Nine of the 17 inland catchments have more than 10% of
their catchment area used for intensive agriculture (Table 5),
whereas four catchments (Far north-west, Paroo, Warrego
and Darling), in the north-west of the State have less than 1%
of their land area utilised by intensive agriculture. Of the
inland catchments, the Murray—Riverina, Gwydir, Macqu-
arie-Bogan, Murrumbidgee, Lachlan and Border catchments
have more than 20% of their catchment area used for
intensive agriculture. On the coast, Macquarie—Tuggerah
Lakes, Brunswick, Illawarra—Port Hacking and Tweed catch-
ments have more than 20% of their catchment area used for
intensive agriculture (Table 6).

The potential capacity of dams across the State is
29347000 ML and inland catchments account for 64% of
this capacity (Tables 5,6). Nine catchments have storage
capacities greater than 1000000 ML; that is, Upper Murray,
Murrumbidgee, Darling, Macquarie, Lachlan, Gwydir,
Snowy, Hawkesbury—Nepean and Hunter (Tables 5,6). The
Macquarie, Lachlan, Murrumbidgee and Hawkesbury—
Nepean catchments have more than 300 weirs, and the
Murray—Riverina, Namoi, Richmond, Hunter and Clarence

R. T. Kingsford et al.

have more than 100 (Tables 5,6). In the inland, the
Castlereagh, Condamine—Culgoa, Far north-west, Paroo and
Warrego catchments have few weirs and a low storage
capacity of Government-built dams (Table 5), whereas
similar catchments on the coast include the Brunswick,
Bellinger, Deua, Genoa, Hastings, Illawarra—Port Hacking,
Karuah, Manning, Towamba and Tuross catchments
(Table 6).

Discussion
Wetland inventory and classification

Lack of data for the large-scale distribution and extent of
wetlands has hampered effective wetland conservation
around the world usually because governments need to set
conservation priorities at large jurisdictional or catchment
scales. Despite the imperative for these data, the state of
wetland inventory around the world remains parlous
(Finlayson ef al. 1999). Technology in the form of remote
sensing makes large-scale inventory possible, given suffic-
ient resources, but there are two other constraints to progress
in inventory development: multiple objectives and
classification.

Finlayson ef al. (1999) advocated objectives that included
eight essential core data elements and six additional
information categories for inventories. We achieved only two
of the former (area and boundary, and location) and two of
the latter (land use and conservation status) in our inventory.
Of'these, the latter were based on overlaying other data layers
but were not collected in the present study (Tables 5,6).
Collection of additional essential data (water regimen,
chemistry and biota) is confounded by temporal scale, with
characterisation demanding considerable resources that are
seldom available for large areas. Furthermore, a variable
such as ‘biota’ includes a huge range of plants, animals and
communities. Although other objectives are important, they
are not easily achievable on a large scale.

The second constraint of a priori classification can also
hamper progress. Classification of wetlands adds differ-
entiation to an audit of location and extent (Semeniuk and
Semeniuk 1995, 1997) and helps analysis of represen-
tativeness or loss or degradation (Wilen and Bates 1995).
Yet, it is also specific to objectives and simplifies spatial and
temporal variation. A geomorphic classification differs from
an ecological one and, within ecological classifications, one
based on vegetation will differ from one based on an animal
species. Also, limits to methodology compound problems
with definition. Even for our broad classification we could
not adequately and objectively differentiate between
palustrine and riverine areas from satellite imagery (Table 1;
Wilen and Bates 1995). This is partly because of inherent
problems with the definition for the palustrine category (see
Semeniuk and Semeniuk 1997). Our broad classification
was a posteriori and based primarily on location and broad
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(a) All wetlands
(4 506 199 ha)

(c) State forests
(137 478 ha)

() DIWA
(933 988 ha)
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(b) NPWS reserves
(136 499 ha)

(d) SEPP 14
(32 032 ha)

(f) Ramsar
(36 675 ha)

500 1000 km
]

Fig. 4.

Inland and coastal distribution of: (a) all wetlands and areas with conservation status in

New South Wales; (b) National Parks and Wildlife Service (NPWS) reserves; (c) State forests;
(d) State Environmental Planning Policy No. 14 (SEPP 14); (e) Directory of Important Wetlands
in Australia (DIWA) ; and (f) wetlands listed as internationally important under the Ramsar
Convention. Areas are given in parentheses. Dotted line (north—south) separates inland from

coastal catchments.

geomorphic categories (Cowardin et al. 1979; Wilen and
Bates 1995; Semeniuk and Semeniuk 1995, 1997), which
were possibly less prone to problems of definition and coped
with lack of data over large scales and effects of temporal
changes. We showed that it was possible to develop a
large-scale inventory (Fig. 2), determine the distribution and
extent of those wetlands that allowed analyses of
conservation priorities.

Wetland distribution and extent

Australia has no reasonable estimates of wetland area
(Finlayson et al. 1999) and our estimate for NSW could form
part of a future continental estimate. Approximately 6%
coverage of land area in NSW is covered by wetlands
(Table 2), which is similar to that covered in North America
(Wilen and Bates 1995) but significantly lower than that
covered in more mesic parts of the world such as northern
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Canada (20%) and Eastern Europe (11.8%) (Stevenson and
Frazier 1999). Most wetland area in NSW (83%) lies in arid
regions (< 500 mm annual rainfall) (Fig. 35) and not in
humid regions; areas not well defined by national attempts to
estimate wetland areas (Paijmans et al. 1985; Aselmann and
Crutzen 1989). Freshwater lakes occur in many catchments
but salt lakes are distributed primarily in the most arid
regions of the State; that is, the Paroo and Far north-west
catchments (Table 3).

Although occupying approximately 17% of the land area,
the coastal region of NSW only has about 4% of the wetland
area (Fig. 2), with relatively little floodplain wetland
(Tables 2,3). Coastal catchments are considerably smaller
than inland catchments (Fig. 1) and most (~60%) coastal
catchments are above 250 m above sea level, the elevation
below which most wetlands are located (Fig. 3a). Also, most
(96%) of the mean annual run-off from rivers on the
south-east coast flows out to sea, compared with only 24% of
the flow in the Murray—Darling Basin in inland NSW
(National Land and Water Resources Audit 20015). Finally,
drainage, alteration of the floodplain (Pressey 1989) and
urbanisation (Adam 1995) have destroyed or degraded
wetlands in coastal NSW. Ten of the 22 coastal catchments
have more than 10% of their area under intensive agriculture
(Table 6). Major population centres such as Sydney in the
Hawkesbury—Nepean and Georges—Cooks catchments,
Newecastle in the Hunter and Wollongong in the Shoalhaven
also have large water resource developments (Table 6) that
reduce flooding.

Wetland conservation

The main strategy for conservation of wetlands around the
world is based on sites (Amezaga et al. 2002), such as
National Parks and Wildlife Service (NPWS) reserves. This
approach is also used to list wetlands of international
importance under the Ramsar Convention, SEPP 14 or
wetlands of national importance (Tables 2,5,6; Fig. 4). The
overlap between NPWS reserves and wetland distribution is
approximately 3% of the 4.5 million ha of wetland (Table 2;
Fig. 4) and occurs disproportionately on the coast compared
to inland (Tables 2,5,6; Fig. 4). Coastal catchments have up
to 60% (Karuah) of their wetlands reserved (Table 6). This
illustrates the problem for wetland conservation, which is
focused generally on coastal systems around the world (La
Peyre et al. 2000) where there is greater knowledge and more
conservation effort. Until distribution of all wetland areas is
known, conservation effort will remain biased.

Traditional conservation measures (e.g. reserves, Ramsar
sites) seldom protect dependent biota and ecological
processes adequately from threats operating at catchment
scales (Barendregt et al. 1995). This is further complicated
because many of the world’s rivers flow between
jurisdictional boundaries and so effective conservation
requires integration of river management planning and
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management of threats. Wetlands listed under the Ramsar
Convention in Australia or the wetlands of national
importance can trigger assessment of threatening processes
under provisions of national conservation legislation. The
building of dams, floodplain development and diversion of
water resources are probably the most deleterious and
pervasive threats to inland river systems (Lemly et al. 2000).
About 89% of all surface water used in NSW (9000000 ML
in 1996/1997) was for irrigation, increasing by 52% between
1983/1984 and 1996/1997 (National Land and Water
Resources Audit 20015). Our wetland inventory identifies
the focus for conservation and management against potential
threats (Tables 5,6). Most major regulated rivers (Murray,
Murrumbidgee, Lachlan, Macquarie, Namoi, Gwydir and
Border) have significant potential storage capacity and
approximately 20% or more of their catchments is used for
intensive agriculture, resulting in many wetland areas
becoming reduced (Kingsford 2000a,b). The concentration
of wetlands (46%) in four north-west catchments (Paroo,
Warrego, Far north-west, Condamine—Culgoa) with rela-
tively little water resource development should be a focus for
wetland conservation and threat management. One of these,
the Condamine—Culgoa, underwent considerable water
resource development during the 1990s (Kingsford 20005;
Thoms and Parsons 2003), potentially affecting as much as
half of the floodplain wetland identified in the NSW portion
of the Condamine—Culgoa catchment (i.e. ~350000 ha).
Apart from on the coast (Table 6), urban development is not
a direct threat to wetlands because it is sparse (Tables 5 and
6) but, indirectly, people living on the coast have food and
clothing requirements that affect the conservation of
wetlands on inland rivers. The impact and threat of the
draining of wetlands could not be quantified because of the
lack of distributional data.

In conclusion, wetlands are among the more diverse
ecosystems in the world but many continue to be destroyed
or degraded by anthropogenic impacts. Mitigation of further
degradation and loss is dependent partly on a strategic
approach to wetland conservation and assisted by large-scale
inventories. The first step is to produce a simple inventory
that is not hampered by multiple objectives or disagreement
about classification.

We developed such a wetland inventory for a considerable
area of Australia (Fig. 2), with immediate applications. The
inventory was the first step to developing priorities for
conservation effort across the State and the management of
threats at different scales; that is, catchments or the entire
province (i.e. NSW). Much still remains unknown for
wetlands of NSW, including relative conservation value;
hydrology; the distribution of aquatic biota; and spatial scale
of threats affecting ecological health. Our inventory can form
the basis for related questions. It can also be used for other a
posteriori classifications that relate to particular objectives
(e.g. geomorphology and vegetation). Ideally, the physical,
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chemical or biotic data layers overlaid on an inventory of the
distribution and extent of wetlands can derive objective
classifications for biota (Munger ef al. 1998) and landscapes
(Gwin et al. 1999). Inventory information for wetlands
allows priorities to be set for conservation but this is not a
panacea. Further loss or degradation of wetlands will only be
avoided with political, community and bureaucratic
commitment to their conservation.
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