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ABSTRACT

Wetlands in the Upper South East of South Australia exist within a complex natural and human
influenced system.  They provide both private and social values.  The private values arise from
agricultural production, hunting and tourism.  Social values arise from wetland flora and fauna (in
particular waterbirds), flood mitigation, pollution reduction and other eco-system values.  Many of the
wetlands in the region are privately owned.  The management actions of the private owners determine
the mix of private and social values generated from the wetlands.  Some management options involve
trade-offs between social and private values.  Others can enhance both types of values concurrently.  The
interrelationships between wetland management decisions and the range of private and social values they
produce are explored in this paper.
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1 Introduction

Society faces a range of choices about how it uses wetland resources.  Resources generate values for their
owners and for others in the community.  Values are generated by wetlands in their current state and in
transformed states.  These values range from productive capabilities when drained for agricultural
production to conservation values.  Only recently have the full range of values generated by conservation
become widely understood.  The resulting values attributed to wetland systems by society have changed
significantly.

Wetland managers make decisions regarding wetland use based on achieving their goals.  Wetland
managers’ goals may not match society’s goals.  This makes the process of choosing between the
different uses of wetlands problematic.  The process of choosing between different wetland uses in the
Upper South East (USE) region of South Australia (SA) is addressed in this paper.

Box 1: Some definitions
Wetlands: ‘Areas of either permanent or ephemeral (temporary) shallow flooding.  They include swamps,
billabongs and bogs, and may be of fresh, brackish or saline water.  Wetlands are important habitats for
fish, invertebrates, plants and birds, and are complex and delicate ecosystems’ (USEDSFMPSC 1993, p.
256).
Wetland managers make decisions regarding the use of a wetland.  Separate decision-makers have
responsibility for different aspects of a wetland.  A landowner may make long-term decisions about wetland
uses which may be enacted by themselves or an employee (or proxy) making decisions on a day to day
basis.  The landowner and the proxy are constrained by legal rules or limits to their authority.  That is, the
Government restricts or requires some actions by law.

A large area of important wetlands is located in the USE region of SA.  The Watervalley Wetlands meet
the criteria for ‘wetlands of international importance’ under the Ramsar convention1.  The conservation
importance of USE wetlands is explicitly recognised in wetland management plans (eg Marcollat
Watercourse Management Plan (Dowling 1997) and Watervalley Wetlands Management Plan (National
Parks and Wildlife Service (NPWS) 1992)).  Potential for wetland management conflicts in the region
have been specifically recognised in an examination of potential management strategies for dryland
salinity and flooding within the region (Upper South East Dryland Salinity Flood Management Plan
Steering Committee (USEDSFMPSC) 1993).  In particular the goals of maintaining biological diversity
and flora and fauna habitat in USE wetlands may conflict with the goals of maximising farm
profitability.

The aim in this research report is to provide a regional landscape perspective of the implications of
alternative management strategies.   The regional landscape is examined from a regional, local and farm
management standpoint for wetlands and associated ecosystems in the USE region of SA.  To achieve
this goal, two broad tasks are undertaken:

1. The gathering and presentation of ecological information required to make informed decisions
regarding alternative wetland management.

2. The exploration of relationships between wetland management alternatives and the resulting
values.  These associations are input into the study of private and social values.

The first of these objectives is presented in Section 2 and the second in Sections 3 and 4.

The USE study is part of a larger research effort to analyse the ecological and economic trade-offs that
occur between alternative strategies for the management of wetlands on private land.  In particular the
USE study involves the identification of values associated with alternative wetland management
strategies in the USE region of SA.  The focus is on wetland resources within the region, particularly on
a sub-catchment basis.  The ecological framework forms the basis upon which an economic examination
of resource allocation will be undertaken as the next step of the study.  A brief discussion of this
approach concludes the report.

                                                
1 Wetlands and Wildlife, a private sector conservation trust, has prepared a Ramsar nomination for the
Watervalley Wetlands (White 1997).  Wetlands and Wildlife own part of the Watervalley Wetlands and
other wetlands in the region.  The location of the Watervalley Wetlands is shown in Map 2.
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A desktop review of available literature together with significant expert input is presented in this report.
Landscapes are examined within a sub-catchment context wherever possible.  This information provides
a basis for an examination of the physical and economic implications of potential future management
strategies on wetlands in the USE of SA.

Habitat modification via alternative management strategies has implications for current and potential
private and social values (see Box 2).  An examination of the current resource base and the impacts of
management strategies enable the identification of the likely attributes constituting private and social
values.  In many cases hydro-geologic conditions are used as a surrogate for general wetland ecological
conditions and hence the basis for identifying the types of private and social values likely to be present.

An environmental impact statement (EIS) has been prepared for an integrated catchment management
plan (ICM) including an extensive drainage scheme in the USE region (USEDSFMPSC 1993).  The
EIS is an important reference for this document however its aims differ.  The EIS describes the
environmental and social implications of a specific change in management, namely a major surface
and/or groundwater drainage scheme.  In this report, information for assessing the physical impact of
alternative wetland management strategies on private and social values is assembled.

Box 2: Values
Value is loosely defined as the worth of something to an individual or the community.
Direct-use values ‘are based on the conscious use of environmental resources in production and/or
consumption’ of goods and services (Wills 1997, p. 147).  Examples of direct-use wetland values in the
USE are grazing, tourism, recreation and research.
Indirect-use values ‘are based on the contribution of natural resources to human life support’ (Wills
1997, p. 147).  Examples of indirect-use wetland values in the USE are carbon fixation and nutrient
removal and storage.
Non-use values ‘involve no tangible current interaction between the environmental asset and those who
benefit (value) it’ (Wills 1997, p. 147).  Examples of non-use wetland values in the USE are
biodiversity and the knowledge they continue to exist.
Private value is the worth of something to its owner and to the purchaser of goods and services derived.
They include values from all categories above.  For example, private owners may value wetland
biodiversity but may also be able to enjoy the benefits derived from grazing and recreation in their
wetlands.
Social value is the total worth of something to the community.  Social value includes private values as
defined but also includes the value enjoyed by people who are not the owners.  Extracting private
values may result in a reduction in values available to the wider community.  For example, a property
owner may choose to clear and drain a wetland.  The impact on social values depends on whether the
private values obtained are higher or lower than the impact on the natural resource values available to
both the owner and the community.

2 Resource base
2.1 Regional boundaries

The USE region of SA lies between 150 and 250 kilometres south east of Adelaide.  It is bordered by
the Tintinara-Woods Well Rd in the North, Tintinara-Keith-Naracoorte to the north east, Naracoorte-
Lucindale-Kingston (unused) railway in the south, and the coastline to the west.  The total area is 6,843
square kilometres.  Map 1 shows the location of the study area in relation to Adelaide and the South
Australia–Victoria border.
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MAP 1: LOCATION OF USE STUDY AREA

Source: USEDSFMPSC 1993, Figure 1.1, p. 2.

The catchment and hydrological boundaries of the region are not well defined as the region is
characterised by extremely low relief and highly porous underlying sediments.  The major contributory
streams are Naracoorte and Morambro Creeks (to the Marcollat and then Bakers Range watercourses)
and Tatiara Creek to the northern most land locked areas during excessively wet seasons.  Historically
the catchment extended into larger areas of western Victoria but Drain M now diverts Mosquito Creek
water flows directly to the ocean.  Map 2 shows the study area in detail including the major wetland
complexes.
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MAP 2: STUDY AREA IN DETAIL

Source: Dowling 1997, Figure 8, p. 38 (Adapted from USEDSFMPSC 1993).
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2.2 Climate

Annual rainfall and temperature for Keith and Lucindale in the north and south of the study region
respectively are shown in Figures 1 and 2 respectively.

FIGURE 1: RAINFALL AND TEMPERATURE FOR KEITH

FIGURE 2: RAINFALL AND TEMPERATURE FOR LUCINDALE
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in the south west to nearly 1200 mm/year in the north east.2  The pronounced winter rainfall peak when
precipitation greatly exceeds evaporation is the critical factor in surface run-off and groundwater
recharge (USEDSFMPSC 1993).  Watercourses generally only run following winter rains and wetlands
are often ephemeral and do not always fill every year.  Most wetlands fill at least one in two years but a
few terminal systems fill as rarely as one in twenty or more years.

2.3 Regional landscape

Topography

The region is characterised by low relief, sloping very gently from east to west towards the coastline.
The general fall is interrupted by a series of roughly parallel, north-south aligned, stranded dune and
swale (interlying flats) systems left by a slow tectonic uplift and sea level changes.  The dune systems
are generally less than 50 metres in height and the interlying flats up to ten kilometres wide.  The dune
systems are very pronounced in the low relief topography and are locally referred to as ‘ranges’.  The
dune ranges become less pronounced and virtually disappear in the northern part of the study area (Mt
Charles - Tintinara) due to extensive wind re-distribution across the ‘Ninety Mile Desert’.

Soils

The area is underlain by limestone, a product of its marine heritage.  The dune ranges are known as the
‘Bridgewater Formation’ and are largely comprised of calcarenites with varying proportions of quartz
(Firman 1973) producing a sandy soil.  Most lucerne stands were destroyed in the late 1970’s by aphids
and wingless grasshoppers.  Since then many of the sandy soils have developed ‘non-wetting’
characteristics, particularly in the north of the study area.  Clay deposits have accumulated on the flats
between the dune ranges creating a relatively impermeable layer above the underlying limestone.  In
some areas peat has developed.  Where the limestone forms outcrops, terra rossa soils also occur on the
dunes (but are uncommon in the study area).

Surface water

The natural catchment area of the USE region includes the Mosquito, Morambro and Naracoorte
Creeks, each of which originate in Western Victoria.  The flows of these creeks are important
determinants of surface water quality and quantity however their catchments lie outside the range of this
study.  The hydrology of these creeks is largely unchanged despite some drainage works undertaken in
western Victoria (USEDSFMPSC 1993).  Map 3 shows the major watercourses within the region.

Water quality is likely to have declined due to widespread clearing, agricultural production techniques
and increasing dryland salinity within the catchment (White and Brake 1995, USEDSFMPSC 1993).
Currently approximately fifteen percent of Bakers Range and Marcollat watercourse flows at Petherick
Road originate in Victoria (USEDSFMPSC 1993).  Mosquito Creek flows are generally diverted
directly to the ocean via Drain M but can be redirected northwards along the Baker’s Range
Watercourse via the Callendale Regulator.  Average flows and an indication of their variability are
show in Table 1.

                                                
2   Estimated evaporation is calculated as 0.7 * class A pan evaporation.
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MAP 3: MAJOR WATERCOURSES IN THE STUDY AREA

Note: The Watervalley Wetlands lie between (and include) Jip Jip and Bonney’s Camp.
Source: Adapted from Figure 1, Dowling 1997.
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TABLE 1: ESTIMATES OF SURFACE WATER FLOWS IN THE USE REGION

Watercourse and location Estimated flows in ML per annum
Return period in years

Annual
average*

1:5 1:10 1:20 1:50

Bakers Range and Marcollat Watercourse
to Messent 2950 5000 15000 30800 43000
to Well and Bridge 7100 17000 28800 49000 60000
to Log Crossing 11500 22000 37600 63000 80000
to Petherick Rd 26100 45000 60000 80000 93000
to Jip Jip 8700 15000 26400 40500 60000

Bakers Range and Marcollat transfers to
Blackford
Bakers only 17500 35000 46800 59000 70000
Bakers and Drain E 29200 49500 64000 76000 88000

Henry Creek and Tilley Swamp
to Henry Creek 10700 16000 20400 25200 29000
to Tilley Swamp 16800 31500 37400 49000 58000

Duck Island Water Course 6300 9800 12500 14500 16500
Bunbury and Taunta areas 5300 8200 10300 12100 13500
Mt Penny and Mt Charles 1900 2800 3600 4500 5300
* Annual average is calculated as the mean over the modelled period of 25 years.  Note that there is

little or no flow in some years.
Source: USEDSFMPSC 1993, p. 36.

Although the general fall in the region is westwards towards the coast (gradient 1:1,600, Fordham
1998), runoff is prevented from flowing directly towards the coast by the stranded dune ranges.  The
ranges redirect the water northwards in poorly defined watercourses along their eastern edges (gradient
1:5,000, Fordham 1998).  The rate of fall along these watercourses is too low for significant erosion and
streambed formation except where flows are tightly constrained or where small steeper drops occur.  As
the water flows northwards, it encounters sand bars or drifts where it ponds in seasonal or semi-
permanent wetlands until sufficient depth is reached to go over or around the obstacle or over a low
point within the dune ranges.  In some cases the water also flows underground as a result of the highly
porous dunes and underlying limestone.  Towards the north of the study area many watercourses
terminate in land-locked wetland systems.

Surface water salinity generally increases as water moves north and at the beginning and end of flows.
This is due to accumulation of salts as the water flows northwards, flushing effects of initial flows and
concentration of salts via evaporation at the end of flows.  Figure 3 shows the surface water salinity
range for Log Crossing in the Bakers Range watercourse over 1991.  Note that the highest salinity level
is in autumn prior to commencement of winter rains.  The high range of salinities between wetlands and
over time is an important feature in promoting the diversity of flora and waterfowl in the region.  The
source of the salts is a combination of the region’s marine heritage and salts imported by prevailing
winds (Blackburn 1983).

Various proposals for altering surface water hydrology have been canvassed in the recent EIS.  The
proposals include diverting flows from Morambro and Naracoorte Creeks directly to the ocean at Henry
Creek.  There is some ecological uncertainty of the impact of the drainage scheme on the wetlands.
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FIGURE 3: SURFACE WATER SALINITY (MG/L) BAKERS RANGE WATERCOURSE 1991

Source: USEDSFMPSC 1993, p. 39.

Drainage and surface water

Drainage commenced in the region in the mid-nineteenth century with the construction of Bakers Range
drain in 1857.  Between 1864 and 1912 the drainage schemes increased the flows into the Coorong.
After 1912 stopbanks diverted Mosquito, Morambro and Naracoorte creeks further north towards
Messent Conservation Park via Alf Flat.  In 1964 drain M was completed diverting Mosquito creek
(half of the Marcollat and Bakers Range catchments) directly to the ocean (USEDSFMPSC 1993).

These major drainage activities were largely carried out to the south of the study area (with the
exception of some stopbanks).  However they altered flows northwards into the study area.  Following
the 1981 floods, extensive small-scale private drainage works were undertaken in the region increasing
regional flows in the watercourses.

Winter floods once ponded in wetlands slowly evaporating over summer.  Floods are now discharged
relatively rapidly in large drains directly to the ocean or to terminal wetlands in the north of the region
(Holmes and Waterhouse 1983).  In addition, stop banks and cuttings have vastly reduced the natural
wetland areas in which water ponded for significant periods of time as it flowed slowly through the
landscape. Several major wetland basins are being restored as part of the Watervalley Wetlands (shown
in map 2) and within the Marcollat watercourse, and as part of the Wetlands Waterlink.

The Wetlands Waterlink aims to integrate the management of wetlands in the USE region.  The
Wetlands Waterlink component of the drainage scheme incorporates a chain of wetlands linked by
wildlife corridors from The Coorong to Bool Lagoon.  Water management is aimed at using better
quality water to flush and fill wetlands and restore natural wetting and drying cycles.  It is planned to
restore and revegetate large areas along the corridor as part of the plan.

Ground water

Groundwater is divided into an upper unconfined (watertable) aquifer and a deeper confined aquifer
(USEDSFMPSC 1993).  The upper unconfined aquifer is directly relevant to dryland salinity and
wetland management issues.  Regional ground water levels are currently rising at rates of 0.5 to 1.0
metre every 10 years (MacKenzie and Stadter 1992). While the upper catchment areas in both SA and
Victoria are important contributors to regional groundwater, movement is so slow that impacts from
these areas will not be felt for many years.
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Regional groundwater movement is generally in a westerly direction through the underlying limestone
and other sediments.  Movement is very slow due to the low relief.  The major recharge area is western
Victoria, however, extensive recharge as a result of rainfall takes place across the region.  Local
recharge and discharge transfers water from the dunal systems to the interlying flats.  Rainfall based
recharge varies according to the nature of the soil, depth to the water table, the nature of the vegetation
cover and variations in land management practices (USEDSFMPSC 1993).

Deep rooted native vegetation, agro forestry and deep rooted perennial pasture species (eg. lucerne)
maximise transpiration by plants and reduce the buildup of salts in the upper soil profile by minimising
or eliminating aquifer recharge (Fordham 1998, Upper South East Regional Revegetation Committee
(USERRC) 1998).  Shallow rooted pastures, particularly those with a senescent period or annuals,
leading to much higher recharge rates of up to 100 mm per annum.  The higher recharge rates are a
result of the reduction in transpiration of winter rainfall during the hot dry summer period.

The dominant groundwater discharge is evaporative loss from areas where the underlying water table is
within two meters of the land surface.  The main evaporative discharge locations within the study area
are Didicoolum to Bunbury locality and the ephemeral lagoons of the Southern Coorong (MacKenzie
and Stadter 1992).  Localised discharge from the base of dune ranges occurs in some localities.
Lateral groundwater movement comprises only ten percent of total discharge (Fordham 1998).  Lateral
discharge occurs along the coast and into the Coorong.  Artificially constructed drains, deep enough to
intersect the water table also impact in some areas, mainly to the south of the study area.  High
groundwater levels reduce soil storage capacity and increase runoff (USEDSFMPSC 1993).

Salinity

The existence and potential for soil salinity in the region is well known.  Taylor (1933) noted the
presence of subsoil salinity and the importance of vegetation in maintaining groundwater balances.
Blackburn (1964) reported four classes of saline land and the potential for drainage to remove saline
groundwater.  Jackson and Litchfield (1954) note the importance of maintaining vegetation in recharge
areas and other reports indicate the potential for the water table to rise (such as Blackburn et.al. 1953).

The salt arises from the marine heritage of the region and that contained in rainfall from salt crystals
blown inland from the ocean by the prevailing winds.  Blackburn (1983) indicates that salt transported
inland by winds exceeds 50,000 tonnes annually across the South East Region.  Although soil salinity
has historically occurred at a number of locations in the study area, the area affected is increasing
rapidly as a result of rising groundwater.  Increased recharge is a direct result of changed vegetation
cover on both interdunal flats and adjacent ranges reducing transpiration (MacKenzie and Stadter
1992).  That is, land management practices also contribute to soil salinisation within the region.

Where evaporative discharge from the water table occurs as a result of rising groundwater, capillary rise
of water from the water table can lead to a concentration of salts in the upper soil profile.  The degree of
capillary rise (and hence potential for salt concentration) depends on soil type, vegetation, water table
depth and evaporation rate.  Generally groundwater depths of less than two metres are regarded as
leading to capillary rise and soil salinisation (USEDSFMPSC 1993).  The concentration of salts may be
flushed by winter rainfall where drainage allows, hence reducing salt buildup in the upper soil profile.

2.4 Ecological features

Across the USE region fourteen percent of the original native vegetation remains.  Less than seven
percent of permanent wetlands within the South East Region of SA remain (USEDSFMPSC 1993).
Wetland vegetation originally comprised thirty percent of the South East Region.  Three quarters of the
remaining native vegetation is in discrete blocks and three quarters of remaining wetland vegetation is
associated with saline or brackish wetlands (Croft and Carpenter 1996).  Remaining native vegetation is
concentrated in the north of the study region where rainfall is lowest and natural salinity levels are
highest. This area also has lower potential use values than more fertile, higher rainfall areas further
south.  A number of vegetation associations in the region are poorly represented in South Australia’s
reserve system.  However, the small amount of remnant vegetation remaining indicates the potential for
all remaining vegetation to possess a high conservation value.
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Large areas of ephemeral wetlands created by surface water flows across the region each winter
comprise a significant proportion of the remaining native vegetation.  These wetlands have experienced
various levels of disturbance but often retain, or have restoration potential to recreate, natural resource
values, sometimes in conjunction with agricultural use values.  However, a major obstacle exists as
noted by Blackburn (1964, p. 37):

In the early days of land use in these counties [MacDonnell and Robe], when holdings were
large and the use unintensive, the temporary inundation of portion of a holding was offset by
the availability of green feed in summer when the swamps dried out.  But now, with smaller
holdings and more intensive use of the land, uncontrolled flooding is a great disadvantage,
enforcing progress with drainage works.

The USE region wetlands are a major resource for waterbirds.  As regional rainfall is more reliable than
over much of south east Australia, the wetlands are a major waterbird drought haven.  The wide variety
of naturally occurring habitats encourages many species to breed.  Wetlands within the region are also a
summer home for several species of migratory birds.  The Watervalley Wetlands meet the criteria for
registration as a Ramsar wetland of international significance (White 1997).  The creation of a
‘wetlands corridor’ between Bool Lagoon and the Coorong (both Ramsar listed), as envisaged by the
Wetlands Waterlink concept, would create a major ecological resource.  Table 2 indicates the types and
areas of wetland habitat remaining in the South East of SA.

3 Potential values of wetlands
3.1 Property rights and wetland values

Land has the potential to generate a range of values to owners of various property rights and to society
as a whole.  Different property rights over a single piece of land might be separable (such as grazing,
clearing, hunting etc.) and hence owned by separate individuals or entities.  The owners of various
property rights may be able to capture income arising from some values and hence derive income from
their property rights (see Box 3).  It may not be possible to assign or enforce property rights to capture
the benefits arising from some values (such as existence values).  Other potential benefits arising from
property rights might not be cost-effectively captured.  Society may no longer have access to the values
resulting from these property rights and the benefit could be lost.  For example, it might not be cost
effective to collect a fee from potential bird watchers.  Hence the bird watchers may either be excluded
(thus possibly reducing the well being of society) or allowed access at no charge (maintaining the well
being of society as a whole but no internalisation of the benefit of the property right).  In some cases
exercising one property right could impact on the value of other rights.  For example, the clearing of
native vegetation may reduce or remove potential birdwatching benefits.

Some values arise from ‘public goods’, such as the ‘existence values’ of natural resources.  The concept
of a ‘public good’ refers to values that cannot be internalised reasonably or cost-effectively.  It would
be reasonable to internalise fees from bird watching activities, but it may not be cost effective.
However it is neither reasonable nor cost effective for a wetland owner to charge individuals separately
for the benefits arising from biodiversity (non-internalisation), nor can they prevent individuals from
enjoying the benefits of biodiversity (non-excludability).  Public goods may be produced along with
private goods as part of a joint production process.  For example in managing land for eco-tourism,
benefits such as birdwatching, biodiversity values are also generated.
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TABLE 2: WETLAND VEGETATION IN SOUTH EAST SOUTH AUSTRALIA
Vegetation type Current area

Common name Scientific name Status hectares % original
area

Red gum
woodland

Eucalyptus camaldulensis V-SE 3,000 1.6

Swamp paperbark
 low open forest

Melaleuca halmaturorum R-SE 1,000 5.0

Silver leaf banksia
low woodland

Banksia marginata E-SE
PC-SA

200 0.3

Silky tea-tree
closed scrub

Leptospermum lanigerum R-SE 2,500 12.5

Swamp paperbark
open scrub

M. halmaturorum R-SE 10,000 55.5

Slender honey-myrtle – dwarf
hakea

open heath

M. gibbosa - Hakea rugosa E-SE
PC-SA

500 1.0

Swamp honey-myrtle –
thatching grass

open heath

M. Brevifolia nil 20,000 16.7

Prickly teatree
open heath

L. contintentale R-SE 500 10.0

Samphire low
shrublands

Halosarcia spp. R-SE 5,000 100.0

Sedgeland complexes Baumea juncea - Chorizandra
enodis

R-SE 2,000 10.0

Floating wetland plant
herbland

Triglochin procerum,
Myriophyllum spp.

V-SE
PC-SA

1,000 5.0

Common reed – bulrush
grass/sedgeland

Phragmites australis - Typha
domingensis

- 4,000 16.0

Cutting grass
sedgeland

Gahnia trifida - 7,000 10.0

Total 57,410 9.2
Status: PC Poorly conserved

V Vulnerable
E Endangered
R Rare
SE South East Region
SA South Australia

Source: Compiled from Croft and Carpenter 1996.  Data relates to the entire South East Region but
wetland types not present in the USE have been removed.

Economic theory indicates that wetlands will be managed according to the property rights held by
wetland owners in such a way as to maximise their benefits.  As noted above, some benefits are non-
excludable or have high costs of capture.  Under these conditions wetland uses may not maximise the
benefits that the community as a whole could receive from the wetland.  Particular types of benefits will
be valued at a lower level by property right owners than the wider community when compared to
alternative benefits.  A wetland owner may choose to graze a wetland area, hence internalising his
property rights by raising income from sales of livestock and products.  The benefits to the community
of no grazing may be substantially higher but there may be no practical means by which the owner of
the property rights can capture and internalise these benefits.
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Box 3: Property Rights and internalisation or capture of benefits
Rival values are values which, once enjoyed by one individual, cannot be enjoyed by another (such as
consumption of fodder by stock).
Excludable values are those benefits which owners are able to cost effectively exclude others from enjoying
(such as grazing or recreation on wetlands).
Property rights are both informal and formal legal rules.  The rules specify who can do what with particular
assets.  Assets include physical goods or objects (such as a house) as well as less recognised assets (such as
the use of a company car).  The rules are defined and enforced either by the state or within the community
(Wills 1997).  In the USE wetland owners have property rights which allow them to graze wetlands but not
to clear native wetland vegetation.  A landowner may apply for the right to clear a specified area of native
vegetation (via a clearing permit).  The property right to graze wetlands has been exchanged for a monetary
payment by some managers under heritage agreements but these managers retain other rights (such as to
limit access).  That is, property rights over different facets of an asset may be held by different owners.  For
example, under a heritage agreement the State owns the right to graze and the Title-holder the right to
restrict access (among others).
Internalisation or capture of benefits occurs where the owner of a property right is able to exploit their
property rights to increase their well being.  For example, the owner of the property right to graze wetlands
can internalise the benefits of this right by using the wetland to fatten his livestock for sale.  Where a
wetland owner has sold the right to graze he may be able to internalise other benefits from his remaining
property rights by charging hunters to shoot, or earning income from guided tours.

In order to identify the benefits and costs (values) which may accrue to property right owners and to the
community as a whole, the constituents (or attributes) of these values need to be identified.  The
possible inter-relationships between the values and the interaction between various management
practices and the potential value sets must also be identified.  In particular, opportunities for public
goods to be jointly produced in conjunction with private goods need to be identified.  This section seeks
to identify the constituents of the values while the inter-relationships between values are examined in
section six.

3.2 Non-consumptive wetland values

Bennett, Blamey and Morrison (1997) indicate that the most important attributes, or types of values, the
community obtains from wetlands in the USE region are ‘wildlife and birds, habitat, provision of an
ecosystem, trees and plants, their preservation, aesthetics, water purification and recreation.’  This is a
fairly general and overlapping set of attributes.  These attributes define the main types of environmental
features providing values to the community.  The list of wetland values potentially includes ‘indicator
attributes’ (Bennett, Blamey and Morrison 1997).  That is, some attributes suggest other values are also
present.  There is also potential for a threshold value within the Wetlands Waterlink concept.  Once the
complete Waterlink or specific sections thereof are established, a large jump in the total value may be
attained.  Alternatively, values may not be attained until a certain threshold of provision is achieved.

Box 4: Attributes and threshold value
Attributes are the building blocks of the costs and benefits of a wetland.  They are the factors that drive
people’s values.  Examples of attributes include number and type of bird species present, number and type
of bird species breeding, frequency of bird breeding events, vegetation type and health.
Indicator attributes may be of two types.  The first are by and of themselves drivers of values.  However,
they also indicate the likely presence of other values.  For example a wetland vegetation attribute may be of
value in itself but may also suggest the likelihood of bird species and bird breeding events.  The second type
of indicator attribute may have little or no value alone, but attest that other attributes of value are likely to
be present.  For example, the level of disturbance to a wetland environment, whilst in itself it may be
irrelevant to values, it may signal the demise of endangered species.
Threshold value is an economic concept used to explain large jumps in value once a certain level of
attributes occurs.  For example the protection of a complete range of wetland types, or a complete chain of
swamps, may lead to a large increase in their value.

In this section a range of USE region wetland attributes are identified.  Specifically, wetland values
generated without consumptive uses occurring are examined.  The wetland attributes discussed below
are use values, indirect use values and non-use values.  For example, individuals could value waterbirds
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both for their existence and as a tourism drawcard.  Some attributes are indirect-use values such as
flood mitigation, and still others are non-use values such as existence values of waterbirds.  As a result,
the values discussed are both private and social.  Eco-tourism, for example, may capture some private
values while others such as flood mitigation and existence values are essentially social values.

Waterbirds

The USE region wetlands provide life support and breeding habitat for a large number and variety of
waterbirds.  In addition to local populations, the region provides a summer habitat for nomadic and
internationally migratory species.  The region is also a major drought refuge for waterbirds of inland
south east Australia.  Sixty three species of waterbird have been recorded in the Watervalley Wetlands
alone, including nine threatened species and twelve species listed under treaties (Wetland Directory
1997).   The Watervalley Wetlands are eligible for nomination under the Ramsar convention as
wetlands of international importance (White 1997).  Several waterbird species are hunted during certain
periods of the year.  Several species are known to assist in the control of invertebrate pest species
(larger predator species also contribute to rabbit, mouse and rat control).

Native vegetation fringing wetlands, which can be subject to periodic inundation, provides a number of
important habitats for other avifauna in addition to waterbirds.  Red gum (Eucalyptus camaldulensis)
woodlands are used by five rare or vulnerable bird species and Melaleuca and Gahnia heaths by a
further four (Atkins 1988).  Waterbird populations have declined dramatically as a result of drainage
within the region (South Australian Ornithological Association in Fordham 1998).

Mammals

Wetlands and surrounding vegetation provide food, prey, shelter and water for native mammals (Gray
and Atkins 1988).  However, a local study found all native mammals and most reptiles in dune areas
rather than in or near wetlands (USEDSFMPSC 1993).  Eighteen mammal species are listed in the EIS,
of which two are regarded as rare, three vulnerable and one endangered.  Several of these species are at
the western extremity of their range and hence of high conservation value.  Of the six rare, vulnerable or
endangered species, three would directly benefit from the maintenance or enhancement of wetland
habitat.  Additional species may also be present as Croft and Carpenter (1996) indicate 38 species for
the South East Region as a whole.

Introduced feral species include the rat, house mouse, hare, rabbit, fox, cat, deer and goat.  Rabbits,
foxes and cats are a particular threat to both mammal and some waterbird populations via either
predation or competition for habitat.

Fish

Only three native fish have been recorded in the study area, however, a number of additional species are
known to occur regionally and may have historically been present in the study area (Croft and Carpenter
1996 list nine species regionally).  Freshwater yabbies are widespread and are included here as they are
generally thought of in conjunction with fish.

Numerous species of fish have been introduced as fingerlings into wetlands within the region and there
is concern that some species may become ‘feral’.  Historic releases have not always been successful.
For example, callop (golden perch) released in 1985 were caught several years later up to eight
kilograms in weight however since 1990 no further catches have been recorded (NPWS 1992).  Feral
mosquito fish are widespread within the USE region, however, european carp are not present.
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Reptiles and Amphibians

The herpetofauna of the region can be divided between species dependent on aquatic habitat for part of
their life cycle or food (eg. frogs, tortoise), and species independent of wetland habitat.  The numerous
swamps in the region provide large areas of frog habitat for 11 of the 26 species found in SA (Croft and
Carpenter 1996).  Many species rely on wetlands for part of their lifecycle and the dune ranges for other
parts.  Little is known about the salinity tolerances of these species, however, it is suspected they are
relatively low (Turner 1988).  Thompson and Tyler (1983) and Croft and Carpenter (1996) note the
inadequate knowledge surrounding reptiles in the USE region.

Other taxa

The area is rich in both terrestrial and aquatic invertebrates.  Aquatic invertebrates are often used as
biological indicators of water health and pollution and some value may be expressed directly as a result.
Generally invertebrates appear to be valued as part of an ecosystem rather than as individual species.
Focus group research for other wetland studies in Australia does not indicate separate values are held
for invertebrates outside of ecosystem and habitat values (Bennett, Blamey and Morrison 1997,
Morrison, Bennett and Blamey, 1997).

Wetland Vegetation

Wetlands and buffer strips within the region contain a large variety of vegetation types and habitats that
are important for flora and fauna diversity.  The chain of vegetation islands from Messent Conservation
Park to Gum Lagoon Conservation Park are considered particularly important for allowing movement
between the parks and sustaining viable fauna populations (USEDSFMPSC 1993).  A variety of
habitats also increases the likely aesthetic and non-use values associated with wetlands.  Table 2 (in
section 2.4) lists the types and areas of wetland vegetation in the USE region.  Several wetland habitats
common in the USE are described below in more detail following Dowling (1997) and Croft and
Carpenter (1996):
• Red gum swamps: Red gums prefer less saline soils with a hydrological regime from seasonally to

rarely inundated.  Red gum woodlands are extremely important bird habitats due to the size and
numerous hollows within individual trees (important for over 20% of bird species in region).  Some
species also use sticks from red gum woodlands for nest building.  Eastern grey kangaroos
(vulnerable in SA) are often associated with red gum swamps.

• Tea-tree woodland swamps: These wetlands provide nesting and shelter from predators for several
species.  M. halmaturorum is extremely salt tolerant and can grow where little else will.  Tea-tree
wetlands can tolerate a semi permanent to floodplain hydrology.  Extended periods of inundation
will inhibit tea-tree regeneration.

• Sedgelands: These are important nesting and/or feeding sites for several species.  Sedgelands will
only tolerate flooding for up to 4 months and occupy seasonal wetlands or land subject to
inundation.  Some classes of sedgeland are classed as rare in the South East Region.

• Aquatic Vegetation: Where land is subject to inundation for a longer period, aquatic vegetation
may develop (depending on other parameters).  Most species die as soon as the wetland dries while
others survive via tubers and rhizomes.  Some species are highly tolerant of varying salinity levels
as wetlands fill and dry.  Where such areas surround emergent vegetation it provides important
nesting sites for several species.

• Native halophyte/aquatic herblands: Stoloniferous plants usually dominate flora in these wetlands.
These plants remain dormant while inundated.  The hydrology of these areas ranges from semi-
permanent wetlands to land subject to inundation.

• Tall reeds/rush swamps: These sites provide important feeding, breeding and shelter areas from
predators for waterbirds.  Reeds and rushes can grow more than 2.5m tall and require semi-
permanent inundation.

• Open Water: Shallow open water with no submerged, emergent or floating vegetation provides
feeding grounds for several species of waterbird.  Some waterbird species also use mud gathered
from such areas for nest building.
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The native vegetation within the region currently directly supplies a significant honey industry
generating approximately $670,000 annually (Jensen 1993).

Flood mitigation

Wetlands are able to store significant amounts of water.  Redistribution of water through time
significantly changes flood patterns.  In the United States, these benefits have been valued very highly
in certain cases (see for example Corps of Engineers 1976).  However, because the natural land surface
is extremely flat in the USE problems arise due to long-term flood inundation of pastures.  Hence flood
mitigation via wetlands may be considered negatively by landholders.  Much of the drainage network
has been constructed with the express purpose of removing floodwaters rapidly.

Potential flood mitigation benefits rely on using wetland sites to either redistribute flood peaks or store
significant volumes of water.  The non-sequential filling of many wetland systems and the large volume
of water storage space allow for passive flood mitigation strategies.  Constricted exits or varying sill
heights increase flood mitigation potential via active flood management strategies.  Potential flood
mitigation benefits may be improved by outlet structures present on many wetlands and the proposed
surface water drainage scheme.

Aquifer impacts

In an environment of shallow and rising groundwater tables, the contribution of wetlands to aquifer
recharge is a negative value.  Wetland systems with impermeable floors minimise aquifer recharge.
However, groundwater mounding associated with wetlands, superimposed on a shallow and rising
groundwater table is a potential problem.  Vegetated buffer strips around wetlands can increase
transpiration from shallow water tables so reducing aquifer and groundwater mounding impacts
(Dowling 1997).

Water quality impacts

Agricultural activities often reduce water quality via associated diffuse sources of nutrients, agricultural
chemicals, turbidity and other pollutants.  Wetlands are able to trap and sequester many of these
pollutants thus reducing private and community costs of algal blooms.  This function may be especially
valuable where surface water is disposed of in a high value and sensitive natural environment, the
Coorong.

Concluding comments - ecosystem values

The preceding discussion of attributes relating to wetlands has been greatly simplified and does not
address the complexity and number of interrelationships present in any wetland ecosystem.
Management impacts may impact directly and immediately on only a few attributes and indirectly and
over a relatively long period of time on others.  It is important to consider the holistic and long-term
impacts where management changes are considered, particularly where they may be irreversible.3

Individuals will value a wetland according to the benefits they derive from it, some of which will be
non-use in nature.  The natural, self-sustaining function of a wetland is likely to be of value in and of
itself.  The presence of a self regulating natural system indicates that a number of additional values are
likely to be present and valued by individuals in their own right (such as bird breeding events).
Maintaining specific, valued attributes (such as bird breeding events), within a relatively self contained
and self perpetuating system is likely to cost the community less than attempting to manage each
attribute separately (eg constructing and managing a wetland specifically to encourage a bird breeding
event).

                                                
3   Despite the success in restoring disturbed wetland sites (see White 1997 for example) and the range

of values generated within a short time period, the complete range of flora and fauna existing prior to
disturbance cannot physically be restored.  Hence biodiversity values, and potentially other values,
are reduced or destroyed.
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As the Wetlands Waterlink concept between the Coorong and Bool Lagoon is developed, wetland
values can be expected to expand in two ways:
1. a more representative range of wetland types within the region will be conserved; and,
2. the extent of natural wetland ecosystems in the USE will increase in conjunction with a reduction in

distance between wetland systems.
As the range of wetland types included in the Wetlands Waterlink increases, the range of value
attributes included is also likely to increase.  As the distance between wetland areas decreases, their
value as corridors for movement of native fauna and intermixing of gene pools of both flora and fauna
is likely to increase, possibly in discrete intervals as additional species are able to make use of the
system.  These threshold impacts need to be considered when evaluating potential management
changes.

3.3 Developed or modified wetland values

Agricultural values relate to the potential for agricultural production from wetland areas.  Agricultural
values are generally use values (such as the generation of income from beef or wool production).  Some
indirect-use and non-use values also exist (such as the maintenance of an agricultural landscape).  The
generation of net benefits from agricultural production requires the presence of a producer and/or
consumer surplus.  The concept of an economic surplus is essentially an excess of benefits over costs of
either producing the output (producer surplus) or purchasing the output (consumer surplus) (see Box 5
for more information on surpluses).

Socio-economic context and infrastructure

The boundaries of the study area lie within five local government areas (Coorong, Tatiara, Lacepede,
Lucindale and Naracoorte).  Three separate soil conservation boards cover the region, Coorong and
Districts, Lacepede-Tatiara and Lower South East.  The South Eastern Water Conservation and
Drainage Board (SEWCDB) covers the entire study area and has legislative power over water
conservation and flood management planning.  Map 4 shows the administrative framework covering the
region.  State government department coordination is somewhat fragmented as key aspects of regional
natural resources policy are coordinated from Murray Bridge (Revegetation Strategy), Keith (Integrated
Catchment Management Program), Struan (Farm Forestry and Revegetation Strategies), Mt Gambier
(Wetlands) and Adelaide (Integrated Catchment Management Program and Biodiversity Strategy).

Box 5: Producer and consumer surplus
Producer surplus is the excess of revenue received by a supplier of a product over the minimum amount
they would be willing to accept to maintain the same level of supply (Bannock, Baxter and Davis 1987).
The minimum amount includes the producer’s monetary costs and the value placed on non-monetary costs
such as the farmer’s own labour.
Consumer surplus is the excess of the maximum price an individual would be willing to pay over what is
actually paid for a good (Bannock et.al. 1987).

A network of sealed roads borders the study area; the Princess Highway in the west; the Dukes Highway
and the Keith-Naracoorte Road in the east; and, the Naracoorte-Kingston Road to the south.  The
Kingston-Bordertown road in the southern part of the study area is the only sealed road crossing the
study area.  Roads servicing the remainder of the study area are mainly unsealed and may become
impassable during wet periods.  The highways bordering the region allow rapid access to markets in
Adelaide and Melbourne.

Five towns, Tintinara (pop. 296), Keith (pop. 1089), Naracoorte (pop. 4674), Lucindale (pop. 272) and
Kingston S.E. (pop. 1431) lie on the edge of the study area however none are contained within it.
Across the region the population declined by 4.4 percent between 1986 and 1996, mainly in non-urban
areas where the population has fallen by 10.2 percent (ABS Census data).  The 1996 ABS census data
estimates a rural population of approximately 6,800 and an urban population of around 11,150 in eight
towns in the USE Statistical Subdivision (total population 17,982).  The USE Statistical Subdivision is
significantly larger than the study area as it includes areas to the east and south.
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MAP 4: LOCAL GOVERNMENT AND SOIL BOARDS IN THE USE REGION

Source: USERRC (1998) Upper South East Regional Revegetation Strategy, Map 1.
Note: The map is pre-amalgamation of Naracoorte District and Municipal Councils into Naracoorte and
Meningie and Coonalpyn Downs into The Coorong Regional Council.

Land tenure in the area is mainly freehold or unrestricted perpetual lease.  Eight percent of land is
government controlled, almost entirely in parks and reserves.  Three percent of land within the region is
held under heritage agreements; a modified form of freehold restricting land uses.

The USE region has been significantly affected by a combination of a major fall in commodity prices
and the recent economic recession in Australia.  While commodity prices have improved, longer-term
impacts of the recent fall have caused a substantial debt loading for a large segment of the farming
community.  Unemployment and under-employment are prevalent within the region with little
opportunity for off-farm employment as a source of supplementary income (Coombe 1993).  Off farm
income averaged $16,937 between 1994/95 and 1996/97.4

Property sizes increase and population density fall from south to north in the study area.  Farm numbers
across the South East Region have fallen by 1.4% between 1985/86 and 1994/95 (Lindsay and Gleeson
1997).  In 1993, 410-450 farm establishments existed in the area with a total area of 630,000 hectares

                                                
4 ABARE Australian agricultural and grazing industries survey.  Data covers the pre-amalgamation
local government areas of Coonalpyn Downs, Tatiara, Lacepede, Lucindale, Robe, Naracoorte DC and
Naracoorte MC.  All estimates are in 1996/97 dollars.
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stocking 2.6 million dry sheep equivalents5 (USEDSFMPSC 1993).  Between 1994/95 and 1996/97
average farm turnover was $177,864 and net cash income $43,488.4  Farm business profit averaged a
loss of $8,025 after taking into account depreciation, farm labour and change in stocks.  Farm business
debt rose in real terms from $154,426 to $206, 438 and averaged $180,123 across the three years.
Farm equity was largely unchanged across the period and averaged 83.7%.  These figures include better
performing cropping areas to the east and south.  Cropping districts have performed better than grazing
areas in recent years hence the estimates are likely to present a biased view of farm business
performance within the study area.  Table 3 provides a summary of financial performance measures for
farms in the region.

Agricultural land use - history

During the last century years and particularly in the last 50 years, over 90 percent of the original
wetland area in the USE has been converted to intensive agricultural use via clearing and drainage
(USEDSFMPSC 1993).  Virtually all the remaining wetland areas have been exposed to less intensive
grazing use.

Most of the study area is contained within an area previously known as the Ninety Mile Desert.  The
Ninety Mile Desert was not developed until the 1940’s with the exception of a few more arable pockets.
This was due to more fertile land available to the north and south east and extreme stock nutrition
deficiencies.  Sheep had to be moved to better pasture after a few months or they developed ‘scrub
sickness’.  In the 1930’s, an extreme phosphate deficiency was diagnosed and the importance of
legumes in increasing the low soil nitrogen emphasised.  Between 1944 and 1950 further experiments
found copper and zinc were also deficient and still later manganese, cobalt and molybdenum
deficiencies were diagnosed.  The area was opened up to development and extensive clearing on a large
scale commenced from 1949, as the AMP Society launched its land development scheme.  Widespread
clearing and drainage continued until the mid 1960’s in most of the study area and until 1983 in the
northern part of the study area.  Clearing was halted in 1983 by the passage of the Native Vegetation
Management Act through the SA State Parliament.

Historically, legume based pastures were established following clearing, predominantly lucerne on the
dunes and clover/grass on the flats.  Soils are generally unsuited to cropping although small areas of
lupins, oats and barley are grown as cash crops in some areas.  During 1978 the spotted alfalfa aphid
decimated lucerne stands, reducing lucerne based pastures from 300,000 hectares to only 20,000
hectares.  Between 1978 and 1993 lucerne based pastures had only recovered to 40,000 hectares.
Following the loss of lucerne pastures, the non-wetting characteristics of some soils became pronounced
and local aquifer recharge increased substantially.

Agricultural values - grazing

Originally, wetland basins were only used as a fodder source after they had dried.  More recently,
particularly since soldier settlement schemes following the second world war, land use in the region has
intensified significantly with increased drainage and more intensive grazing use of wetland areas
(Blackburn 1964).  Clearing of native vegetation allowed more pasture to be grown, hence more
intensive grazing and increased agricultural production and cash flow.  Large-scale state sponsored
drainage schemes aspired to the development of crop based agriculture.  Despite these aspirations the
primary agricultural use of land in the study area is for grazing.

                                                
5 A dry sheep equivalent (dse) is a measure of the carrying capacity of pastures or land.  One dry sheep
equivalent is defined as a wether eating sufficient feed to maintain 50 kilograms liveweight.  Other
animals are rated in dse according to the relative amount they eat (USEDSFMPSC 1993).
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TABLE 3: FARM FINANCIAL PERFORMANCE MEASURES a

Financial performance measure 1994-95 1995-96 1996-97 Average
Total cash receipts $ 179,924 174,829 178,838 177,864
 less total cash costs $ 131,551 123,071 148,507 134,376
Farm cash income $ 48,374 51,758 30,331 43,488
 plus Buildup in trading stocks $ -1,307 -5,202 -4,032 -3,514
 less Depreciation expense $ 15,787 1,291 14,600 10,559
 Less Operator and family labour $ 34,347 31,486 34,859 33,564
Farm business profit $ -3,067 2,150 -23,160 -8,025
Profit at full equity b $ 14,629 21,150 -3,004 10,925
 plus capital appreciation $ 39,374 13,215 -12,549 13,347
Profit at full equity including capital
appreciation

$ 54,110 34,365 15,553 34,676

Farm Capital at 1 July $ 1,064,527 1,039,673 1,315,296 1,139,832
Rate of return excluding capital appreciation % 1.4 2.0 -0.2 1.0
Rate of return including Capital appreciation % 5.1 3.3 1.2 3.0
Net capital purchases $ -14,265 -59,321 16,124 -19,154
Real rate of return including capital
appreciation

% 3.2 1.4 3.1 2.6

Farm business capital at 30th June $ 1,063,332 948,249 1,295,180 1,102,254
Farm business debt at 30th June c $ 154,426 179,504 206,438 180,123
Change in debt over year c $ -18,207 -7,350 10,584 -4,991
Farm business equity at 30 June c $ 908,905 768,745 1,088,742 922,131
Farm business equity ratio c % 85.5 81.1 84.1 83.7
Total farm business opening debt c $ 172,633 186,854 195,854 185,113

Farm business assets at 30 June c $ 46,473 46,079 63,377 51,976
Off farm income c $ 11,683 27,221 11,906 16,937

Population 1,639 1,501 1,495
Sample 41 31 35
a ABARE Australian agricultural and grazing industries survey.  Data covers the pre-amalgamation

local government areas of Coonalpyn Downs, Tatiara, Lacepede, Lucindale, Robe, Naracoorte DC
and Naracoorte MC.  All estimates are in 1996/97 dollars.

b Estimated as farm business profit plus interest paid, rent and leasing payments less depreciation on
leased plant.

c Includes only those farms who responded to question.

A gradation of land usage within the region can be identified.  Initial grazing usage of land displaces
native fauna with domesticated stock leading to a change in the flora species mix.  Clearing of native
flora and drainage further removes waterbird habitat, which may have already been modified by
grazing.  Sowing improved pasture species effectively removes most remaining natural ecosystem
values.

Historically, once the land was cleared it was sown to improved pasture.  On the ranges the species
planted was largely lucerne, a deep-rooted perennial.  The flats remained subject to periodic inundation
and waterlogging and were sown with clover and grass pastures.  In the late 1970’s spotted alfalfa aphid
devastated the lucerne stands, which have never fully recovered.  Pastures are now generally grass
based on the ranges and saltland agronomy is increasingly the only option on the flats.

The potential for cost-effective pasture production is the most important determinant of agricultural
values within the study area.  Wetlands and interdunal flats possess more fertile soils than the adjacent
ranges.  However, some areas of the flats are subject to inundation.  Pasture species die if inundated for
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more than two to four weeks.  Lucerne pastures are normally grazed following a structured rotational
pattern.  Annual pastures tend to be grazed at a set stocking rate.6

Stock numbers in the region peaked in 1976 at 3.25 million dse but had fallen to an estimated 2.6
million dse in 1993 due to the loss of lucerne pastures and the more recent impacts of dryland salinity.
Agricultural production is split between Merino Wethers (12%), Merino ewes (40%) and Beef cattle
(48%), or approximately a 50% sheep/cattle split based on dry sheep equivalents (USEDSFMPSC
1993).  Since 1993 beef cattle production has increased at the expense of sheep production.6

The main grazing enterprise within the region is beef cattle production.  Cattle are calved in February or
March (although some spring calving occurs).  Cattle are sold mainly as stores but some production of
finished stock is undertaken.  Livestock are predominantly sold as vealers or weaners, mainly as better
quality store stock.  The 1997 gross margin for a beef herd was $5.64 per dse (Barber, Peake, Rendell
and Potter 1997).  Some stud cattle production is undertaken, predominantly with Murray Grey and
Angus breeds.  Deer farming is a minor grazing enterprise within the region.

Prime lamb production currently yields the highest gross margin (Barber et.al. 1997) and has driven a
shift from merino flocks towards production of 1st cross ewes and wethers or prime lambs.  Significant
wool production using merino ewes and wethers is undertaken in the area.  The gross margin for a
merino wether flock is $7.80 per dse, a merino ewe flock $15.46 per dse and $21.51 per dse for a prime
lamb flock (Barber et.al. 1997).

Agricultural values - cropping

Traditional broadacre cropping of agricultural land with exotic species can only occur where existing
natural resource values have been removed via clearing and, in areas subject to inundation, drainage.
Other, less traditional, forms of cropping, such as farm forestry and to some extent lakebed cropping,
offer some potential for retaining or restoring a level of natural resource values.

Traditional broadacre cropping is limited within the study area.  Oats or lupins (gross margins of $69
and $146 per hectare respectively) are occasionally grown as cash or fodder crops during pasture
rotations prior to establishment of lucerne pastures (Barber et.al. 1997, Barber 1993).  Sandy soils of
the dune ranges are generally unsuited to cropping due to their unstable nature and the development of
non-wetting sands.  There has been a small increase in cropping in recent years in conjunction with
pasture improvement in higher rainfall districts in the south of the study area.  Clay is often spread on
the dunes after which cropping is undertaken for one to two years prior to establishment of pastures.
Clay prevents the development of non-wetting sands, but is high cost, hence the practice of cropping to
improve cash flow prior to pasture establishment.7  Interdunal flats are generally unsuitable for cropping
due to waterlogging in the winter growing period and a lack of rainfall in summer.

Extensive lakebed cropping occurs in parts of the Murray Darling Basin where large flat lakebeds,
largely devoid of vegetation, provide both an easily cultivated area and a reserve of moisture beneath
the surface following drying.  Lakebed cropping in such circumstances, when appropriately managed,
can retain some natural resource values (Briggs and Jenkins 1997).  However, wetlands within the
region are generally unsuited to lakebed cropping due to relatively small size, larger amounts of
vegetation and, in some cases, salinity levels.  Under these circumstances, even where lakebed cropping
is possible, retention of natural resource values is unlikely.

Agro-forestry and related production systems

Historically, little agro-forestry has been undertaken in the USE due to low rainfall and soil fertility.
Trees on farms can provide timber, firewood, bush foods, shelter belts, wind breaks and used in alley
farming systems.  Trees are an important component of dryland salinity control measures.  Widespread
tree planting will have a significant impact on the hydrological balance and may have some natural

                                                
6   Communications with Primary Industries and Resources South Australia (PIRSA) District Livestock

Officers for the USE region.
7 Communications with PIRSA District Livestock Officers for the USE region.
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resource value to the community.  Farm forestry in the USE is now being encouraged under the Mid and
Upper South East Farm Forestry Project (MUSEFFP).  MUSEFFP is currently investigating the
economic and environmental benefits of farm forestry for the region as well as providing advice and
support, including financial support, for new entrants.

Landholders consider planting trees for the following reasons:
1. Impacts on current production systems such as shelter-belt or wind break benefits.  Alley farming is

an extension of this reason whereby crops or pastures are grown in spaced alleys between rows of
trees and shrubs.  Where the benefits of trees in terms of products (fodder and firewood) outweigh
the costs (competition with and displacement of pasture) alley farming is a viable option for
farmers (Stirzaker and Lefroy 1997).  Fodder shrubs (such as tagasaste) are often used in alley
farming in preference to native species (reducing habitat benefits), although firewood production is
also possible.  The economic viability of alley farming in the USE is not currently known.  Native
indigenous species are encouraged for these purposes as they may assist in the movement of native
fauna across the landscape.

2. Production of timber, bush foods or other products. Higher density timber produced in lower
rainfall areas such as the USE is preferred for some products.  At present insufficient yield and
varietal information is available for accurate financial information to be calculated and it is not
known whether agro-forestry is likely to be viable in the study area.  Production of alternative tree
and shrub products including bush foods such as wattle seeds and pods, essential oils (eg
eucalyptus and ‘ti-tree’), floral products and pharmaceutical products (eg Aesculin8) is possible in
the USE (Bonney 1997, RIRDC 1998).  However, the market for most of these products is limited
and in many cases undeveloped.  Eucalyptus oil production is not currently commercially viable in
Australia (Davis 1998) except for limited demand boutique products.  ‘Ti-tree’ oil production is not
likely to be viable in the USE due to relatively low growth rates compared to existing production
(Murtagh 1998). The potential for floral products from native species is limited as many require
either irrigation or have very specific cultivation requirements.  Potential for the development of
these types of products is limited to farmers prepared to take risks, acquire the required knowledge
(specialise) and develop appropriate markets.

3. External impacts and non-consumptive uses.  Dryland salinity management, revegetation, wetland
restoration and habitat maintenance are all additional reasons why land holders may plant trees.
The USE Regional Revegetation Committee recommends at least 25 percent of the region is
covered by trees and understorey compared to the current 16 percent in order to reduce
groundwater recharge and salinity impacts on wetlands and surrounding vegetation (USERRC
1998).  It is likely that the external benefits of trees on farms would be sufficient for large plantings
to benefit the community as a whole.  The USE Integrated Catchment Management Program and
the Coorong and Districts Local Action Plan provide incentives to encourage such an approach
(Coorong and Districts Local Action Plan Steering Committee 1997).

Landholders will often consider a combination of the impacts discussed above when deciding to plant
trees.  High priority areas for revegetation in the USE (ie those with maximum cost effectiveness and/or
impact) are those most likely to benefit production systems or provide productive outputs in their own
right and include (USERRC 1998):
• protection of remnants including roadsides and natural regeneration;
• tagasaste as an important fodder shrub;
• Pinus spp. and Eucalyptus agro-forestry;
• local native species wind-breaks and shelter-belts; and,
• break of slope interception plantings.

Trees on farms can be divided into roughly three groups according to their non-use benefits:
1. USE indigenous species have significant habitat and landscape benefits in addition to use benefits

such as timber, shelter etc.  USE species include South Australian blue gum (Eucalyptus
leucoxylon), pink gum (E. fasciculosa), river red gum (E. camaldulensis), river she-oak (Casuarina
cunninghamiana) and saltwater paper-bark (Melaleuca halmaturorum).

                                                
8   Aesculin is a chemical which can be extracted from the leaves of certain plants (eg Christmas bush)

and is used in various pharmaceutical products.
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2. Other Australian species not indigenous to the USE possess landscape benefits in addition to use
benefits, but are also potential weeds.  Potential species include swamp oak (C. obesa) and flat-
topped or swamp yate (E. occidentalis).

3. Exotic species are likely to have lesser landscape benefits, may become weeds and are more likely
possess external impacts (such as soil acidification via pine needles).  Pinus species and Tagasaste
(Chamaecytisus proliferus) are good examples.

Aquaculture

Commercial aquaculture industries require large amounts of capital and intensive management.
Aquaculture necessitates construction of ponds and protection from predators.  Most of the USE region
has insufficient water of suitable quality to allow commercial aquaculture development.  Difficulties in
attracting finance and the specialised nature of the industry limit development where other constraints
are not binding.

Wetlands cannot be used for intensive aquaculture due to lack of management control over water
quality, quantity and predators.  Relatively permanent and fresh wetlands can be used for opportunistic
yabby (and possibly marron) production.  Farm dam production in Western Australia achieves yields
between 100 and 300 kg/ha/yr.  Yields in USE wetlands are likely to be lower due to difficulties in
harvesting and increased natural predation.  Yabby production may provide a supplementary income
from wetlands in some years (but not all) and contribute to wetland maintenance in this way.

Large permanent wetlands such as Cortina Lakes have previously been stocked with fish such as callop
for recreational fishing.  Introductions have failed to become self-sustaining.  Wetlands could be
restocked for recreational fishing.  Introduction rates of 400 per hectare are suggested costing 25 to 30
cents each for callop (golden perch), 15 cents each for rainbow trout and $1 each for catfish.  Cortina
Lakes (surface area of 350 ha) would require 140,000 fingerlings and cost between $20,000 and
$35,000 dollars depending on whether callop or trout were introduced.9  Endangered fish species could
be introduced increasing both use and non-use values (eg catfish are endangered in SA).  Introductions
create potential feral fish populations.  Feral populations of redfin and mosquito fish (but no carp)
already exist in the study area.

Hunting

Hunting relies on the presence of suitable species, native or exotic.  High success rates and a smaller
likelihood of meeting other hunters improve hunting experiences (Gan and Luzar 1993, Adamowicz,
Swait, Boxall, Louviere and Williams 1997).  Relatively undisturbed natural surroundings may also
contribute to the hunting experience.  Introduced species (such as deer) directly impact on wetland
environments potentially reducing the associated natural resource values.  Waterbird hunting, while
unlikely to have a direct impact on waterbird populations where conducted by competent hunters, can
have a variety of less direct impacts.  Values of individuals opposed to hunting will be reduced by the
presence of hunting in wetland areas.  That is, a trade-off between hunting and maintenance of natural
resource values exists.

Potential exists for development of a hunting based tourism industry.  Duck hunting currently attracts
significant numbers of hunters who pay to attend an organised shoot simply via word of mouth (400
plus to a shoot in February 1998).  Deer hunting is also popular with hunters paying per animal shot.
Other businesses act as agents assisting hunters to find venues (eg Inland Hunting Properties).  In this
case hunters are paying to hunt pest species and camp on the property.

Tourism

Eco-tourism potential within the USE region depends on a combination of products and markets.
Tourism can be based on natural ecosystem attributes including bushwalking, bird watching or simply
experiencing a scenic vista.  An alternative model is farm stay tourism based on a combination of
agricultural and natural resource values.

                                                
9   Estimated prices from discussions with commercial fish hatcheries.
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Infrastructure within the region is very limited in terms of tourism potential.  Accommodation,
restaurants and retail facilities are limited to the small towns fringing the study area.  A few properties
currently offer, or are considering, farm-stay accommodation.  Standards range from bed and breakfast
through to self-catering.  Self-transport is essential over largely unsealed roads.  Current tourist facilities
are limited to walking tracks and picnic areas at Mt Monster, Jip Jip and Fairview Conservation Parks
along with the Coorong National Park.  The Padthaway wine region adjoins the south eastern edge of
the study area but at present only two producers offer wine tasting.  Wetlands within the study area are
largely ephemeral and not easily accessible to the general public.  These characteristics do not allow the
supply of a consistent product across time.

The USE region lies between the natural resource based attractions of the Coorong, Lakes Alexandrina
and Albert and the Naracoorte Caves and Volcanic formations of the Lower South East Region (as well
as the Coonawarra Region Wineries).  This allows advantages as a potential stop off point with natural
features between the two regions.  Stop offs could be considered part of a ‘South East Nature Trail’ or
‘Wine and Wetlands Tourist Drive’, particularly in conjunction with farm-stay accommodation or
wetland viewing.

The potential tourist market for the USE consists of those with the resources and ability to travel to the
region.  Potential market size is restricted by limited infrastructure and product inconsistency.  The
tourist market could be accessed on a number of levels:
• Development of a high quality, consistent local product for small groups.  Such a product would

require significant investment.  The potential market is small and specialised but would allow
consistent income if well managed.  The market is further subdivided between fixed base tourism
and tour type arrangements such as operated by Australis in Victoria, or Discovery Eco-tours and
Willis’ Walkabouts in the Northern Territory, Western Australia and Irian Jaya (Harris and Leiper
1995).

• Development of low cost, lower input, farm stay accommodation which augments current farm
income on an opportunistic basis.  Farm stay tourism is not as dependent on the development of
consistent product or on supplying a consistent cash flow.

• Scope for limited development of day tours to specific or multiple attractions such as wetlands.
Development is limited by the size of the market.

• Limited scope for development of self guided tours due to lack of facilities such as picnic areas and
access to wetland areas.

Actual visitor numbers and competition from alternative nature based tourism providers limit potential
income generation.  Small group products may encourage protection of a small number of high quality
wetland sites.  Opportunistic farm stay tourism may provide additional incentive for maintenance of
existing wetlands via value adding to farm stay product.  Hence, farm stay tourism is likely to provide
the largest tourism based incentives for wetland protection.

Other use values

Use values not previously discussed are divided between those undertaken in existing wetland habitat
and those requiring modification of wetland habitats.  The first relates to potential for resource
extraction such as native fauna harvesting or research, the second to alternative uses such as speciality
cropping.

Sustainable harvesting and/or farming of native fauna has been widely discussed within Australia (see
for example Wilson 1998, ACIL Economics and Policy Pty Ltd 1995).  Wilson describes two forms of
commercial production, captive breeding of live specimens and ranching of wild specimens for
production of captive juveniles.  A third form of production is specialised harvesting of game species
(adult waterfowl) for restaurants.  Ranching and/or game meat production could encourage landholders
to protect and manage suitable habitat in order to produce a viable product and to assist in off reserve
conservation of species.

The diverse range of bird and reptile species in the USE provides potential for ranching of native fauna,
particularly of wetland birds.  Providing landholders with appropriate property rights, safeguards and
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creating a market, may encourage conservation oriented management practices.  Indicative domestic
and world prices are reported by ACIL but no indication is given of net returns to farmers.  However, a
positive return on fauna harvested from (or reliant on) wetland areas under appropriate market
structures will encourage wetland conservation.  The market for these species is likely to be relatively
small and is not yet developed.  Hence, ranching native fauna is not further addressed with the
exception of adult waterfowl harvesting.

Production of larger native mammals (eg kangaroos, wallabies and wombats) using the ranching
scenario presented above is less likely to succeed.  This is due to a smaller market for these species as
pets and under-developed markets for other products such as meat and skins.  Kangaroo products
including meat, leather and pet-food are widely marketed within Australia and to some extent overseas.
Kangaroo ranching as a substitute for sheep production in rangelands requires a return of at least ten
dollars per Kangaroo (Sattler 1994).  Economies of scale for kangaroo harvesting in rangelands means a
substantially greater return would be required for profitability in the USE.

Production of emu meat in Australia is undertaken on a commercial basis.  Commercially viable
production is usually undertaken in a relatively intensive manner rather than via ranching.  While
intensive emu production is possible in the USE, only production via ranching is likely to deliver both
use and non-use values from wetlands.

Research is a potential use of wetland areas.  Research is likely to increase the non-use values of
wetlands as more information on their functions becomes available.  Appropriate research is likely to
contribute to wetland conservation indirectly.  Research resources are not likely to be sufficient to pay
rents on wetland sites and hence directly contribute to conservation.

Specialised cropping industries produce goods from modified wetland areas.  As most of wetlands are
periodically flooded or underlain by a shallow water table most horticultural industries are excluded.
Insufficient water of adequate quality for irrigation across much of the study area eliminates the
consideration of other crops.  In addition, markets for products from crops able to grow under such
conditions remain underdeveloped.  A large amount of specialist knowledge and capital is required for
production and market development of such crops.

4 Land management and ecosystem interactions

The stable, self-adjusting regional ecological balance in the USE has been dramatically altered over the
last century by widespread land clearing and drainage works.  Land management interactions and
ecosystem impacts have resulted in a major rising groundwater and soil salinity problem.  Widespread
adoption of alternative land management practices has the potential to alter regional ecosystems and
values generated. This section explores the relationships between potential land management practices
and wetland values.  Some conjecture is involved in attempting to explore potentially relevant
management practices.  The relationships discussed below will be investigated in greater depth in the
next phase of the study.

4.1 Surface water management

Historic surface water movements in the USE region have been altered dramatically since construction
of drainage schemes commenced in 1857.  This has resulted in major changes to the hydrological
regime of most wetlands within the study area.

Winter rainfall inundates large areas of the interdunal flats in most years for varying lengths of time.
Pasture species are unable to survive significant periods of inundation (more than four weeks), even
when well established.  Hence large areas of pasture are drowned in wet years.  Drowning of pasture
compounds soil salinity problems by reducing transpiration (increasing groundwater recharge),
increasing capillary evaporative loss and concentration of salts in the upper soil profile.  As a result,
many farm and larger scale drainage schemes (sometimes including laser levelling) have been
constructed in attempts to reduce the incidence and/or extent of seasonal flooding.
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Farm and regional drainage schemes have altered regional hydrology.  In some areas downstream flows
have increased, in others diminished.  Some areas downstream experience increased or prolonged
flooding, especially terminal wetland systems such as Bunbury Conservation Reserve (formerly the
proposed Lesron Conservation Park, Fordham 1998, Webb 1993).  In other areas drainage and surface
water management is restoring flows diverted by construction of drains and stopbanks years earlier.
Increased flows are being used to fill and flush existing and restored wetlands, particularly in parts of
the Watervalley Wetlands.  Increased surface water flows have the potential to flush wetlands and
reduce salinity impacts (Nicolson 1993).  Where salinity impacts are reducing natural resource values,
the use of increased surface water flows may increase associated wetland values.

A coordinated approach to regional surface water flows may improve both agricultural and wetland
values by reducing pasture drowning and increasing flows of water available for wetland management.
This is the approach proposed in the Upper South East Dryland Salinity and Flood Management Plan.
Improved surface water drainage will improve agricultural use values, particularly in areas previously
either riparian floodways or shallow ephemeral wetland basins.  However, floodways and riparian
wetlands are among the worst preserved classes of wetlands in the USE region and conservation values
associated with any remnant areas are likely to be high.  In addition, the optimal balance between
agriculture and wetlands from a societal perspective has not yet been determined.

4.2 Groundwater impacts and management

Soil salinity impacts

Widespread clearing within the study area has altered the hydrological balance and led to rising
groundwater levels.  Even with immediate management action, groundwater rises will not be stabilised
in the short to medium term.  While agricultural values are inevitably impaired by rising groundwater,
the practices of saltland agronomy in all but extreme cases allow continued (albeit lower) private values
to be drawn from most agricultural land.  Wetland values are also reduced by rising groundwater,
possibly irreversibly.

Once groundwater rises to within two metres of the soil surface, capillary action and evaporation can
lead to a concentration of salts in the upper soil profile, commonly known as soil salinisation.  Salt
build-up can be considerably reduced by maintenance of surface plant cover, maximising transpiration
and lowering evaporation by shading the ground surface.  Water logging becomes a problem once
groundwater rises into the root zone of the protective plant cover.  Evaporation of surface level saline
groundwater over summer leads to constant salinisation and development of a salt crust.  A winter water
table one to two metres deep allows some flushing of salts back to the water table minimising
concentration of salts in the upper profile (Webb 1993).

Wetland impacts

In parts of the USE, groundwater has risen to such an extent that groundwater lenses lie above ground
level for much of the year (eg Bunbury Conservation Reserve).  Ephemeral wetlands become semi-
permanent and semi-permanent wetlands become permanent.  Where groundwater is at or above the
ground surface in wetland areas, the salinity range of the wetland is likely to be wider than previously
experienced.  The natural concentration of salts and possible development of hypersaline conditions is
accelerated dramatically in terminal wetland basins.

Rising groundwater shifts favourable habitats for tea tree (eg. large areas in or near Bunbury
Conservation Reserve), river red gum (eg. Bloomfield Swamp), and other flora.  Large areas of
vegetation are slowly killed reducing potential private and social values.  Food chains throughout the
wetlands are altered, culminating in visible impacts on waterbirds and other fauna.  Increased salinity
alters waterbird habitat and food chains as emphasised by Hart, Bailey, Edwards, Hortle, James,
McMahon, Merideth, and Swadling (1991) and Halse (1987).  Waterlogging and salinity in
combination are likely to multiply threats and adjustments within ecosystems (Froend, Heddle, Bell,
and McComb 1987).
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Increased wetland permanence reduces waterbird breeding.  Waterbirds prefer to breed on wetlands
filled following complete drying out (see for example Crome 1986, 1988, Maher 1984).  Raised salinity
also reduces waterbird breeding (see for example Goodsell 1990).  While hypersaline wetland areas
(such as the Coorong) are highly productive eco-systems, fewer species of waterbird are able to breed in
such habitats and these habitats have evolved a diverse array of organisms over long periods of time.

Management

The proposed short-term solution in the USE is removal of groundwater to the ocean and/or The
Coorong.  An integrated surface and groundwater drainage scheme has been proposed and a trial
scheme has been constructed (USEDSFMPSC 1993).  The final drainage scheme design remains fluid
due to geographical and biological factors.  The Coffey Report notes ‘a serious deficiency of the
modelling [in the EIS] is the failure to consider the effect of drains on wetland areas’ (USEDSFMPSC,
Supplement 1994, Appendix 2, p.7).  The Wetlands Waterlink aims to protect and restore wetland areas
as part of the drainage scheme within the integrated catchment management project.

The drainage scheme aims to keep separate saline groundwater drainage from relatively fresh surface
water and use the fresh water to maintain wetlands in the region.  This part of the scheme is known as
the ‘Wetlands Waterlink’.  Freshwater can be used to flush salts from the wetlands hence reducing salt
concentration.  Increased recharge in the dunes results in transportation of salts from dune areas to the
flats (Walker 1997).  This problem is not directly addressed by the drainage scheme.  A potential long-
term solution, widespread adoption of deep-rooted perennial vegetation minimising groundwater
recharge, is discussed further in section 4.5.

4.3 Restoration of wetland habitat

Wetland restoration involves restoring the appropriate hydrological regime (wetting and drying cycle)
in wetlands.  Several wetlands in the study area have been restored relatively recently including Jip Jip,
Mandina Lakes, Mandina Marshes and Bonneys Camp.  ‘Within three years of restoration, the
melaleuca swamps of Mandina Marshes supported over 2000 nests of egrets, ibis, spoonbills and
cormorants’ (White 1995, p. 256).  Large areas of land in similar condition could be restored to similar
wetland systems (White 1995).

Large flocks of nesting waterbirds at the recently restored wetlands indicate how quickly natural
resource values can be generated.  However, generating the complete range of values exhibited by
terrestrial vegetative ecosystems or tree based wetland ecosystems such as river red gum woodlands or
mature melaleuca scrubland takes much longer than the three years mentioned above.  This reduces the
potential for a positive return on wetland restoration investment.  However, a range of values based on a
regenerating ecosystem will be generated in the interim.  These values may be sufficient to encourage
wetland restoration.

Two important qualifiers to the rapid generation of values from wetland restoration are:
1. The long term impact of increasing soil salinity on the viability of the restored wetlands, and all

wetland systems in the USE region, is unknown (White 1995). Flushing wetland systems with
fresher water will reduce salinity levels, but continued rises in soil salinity will also impact on the
freshness of the available water.  The viability (and value) of converting saline areas to wetlands
without first resolving this issue is dubious.  Information to date indicates salinity levels are not
rising in the restored wetlands.10

2. The rapid growth in productivity of the wetlands is at least partially associated with the relatively
wet winters following restoration of the wetlands.  Without the additional rainfall the wetlands may
have remained unfilled for several years delaying onset of investment returns significantly.

Restoration of wetlands reinstates associated groundwater mounding patterns. Groundwater mounding
associated with wetland habitats may impact adversely on the salinity of surrounding agricultural land

                                                
10  White, personal communication, data from restoration to end 1997.
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and hence agricultural values (Nicolson 1993 and MacKenzie and Stadter 1992).  These impacts need
to be taken into account where wetland habitat is restored and emphasise the importance of wide
riparian and terrestrial vegetation buffer zones.

4.4 Vegetation management strategies

Rising groundwater impacts may be managed in the longer term by reducing recharge.  Reduced
groundwater recharge requires a greater area of deep-rooted perennial species including farm forestry,
revegetation and lucerne.  Fourteen percent of the original native vegetation remains across the study
area.  Including lucerne, deep rooted perennial species cover just 20% of the study area.  Suggested
revegetation targets for the study area are ‘a minimum of 55% perennial plant cover (112,000 ha) plus a
minimum of 20% (41,000 ha) native vegetation cover to be achieved by the year 2005’ (Environmental
Impact Assessments Branch, Department of Housing and Urban Development 1995, p.51).  That is, an
increase in native vegetation of six percent and an increase in deep-rooted perennials of 49% are
suggested.  The revegetation strategy suggests a lower (and more achievable) minimum target of 25% in
conjunction with other management practices (USERRC 1998).  A large increase in deep-rooted
perennial vegetation impacts directly on the private and social values generated in the region.

Increases in indigenous native vegetation has four basic benefits:
1. Maintenance of local genetic diversity.  Use of local varietals of indigenous species is targeted for

revegetation/regeneration options including wind-breaks, shelter-belts, corridors along fences,
roads and floodways, fringing vegetation around wetlands and as blocks.  Local varietals (seeds
gathered less than five kilometres from site) maintain local biological integrity (USERRC 1998).
Corridors and broad shelter-belts assist native fauna movement.  Protection and maintenance of
remnant vegetation has the highest biodiversity value and a smaller time period between protection
and generation of benefits.

2. Production of timber or firewood.  Native vegetation can be harvested to provide timber for on
farm use or generation of income via timber sales.

3. Reduction in groundwater recharge.  Replacing shallow rooted annual pastures with deep-rooted
perennial species increases transpiration hence reducing groundwater recharge.  Reducing recharge
on the dune systems will directly reduce salt accumulation on the flats but will do little to reduce
groundwater levels on the flats.  Reduction in groundwater levels on the flats requires re-
establishment of deep-rooted perennial species on the flats (Fordham 1998).

4. Improved landscape amenity.  Revegetation of the landscape improves landscape appearance and
increases non-use values.

Biodiversity and landscape benefits of other Australian species are reduced and may be eliminated by
exotic species as discussed in section 3.3.  Groundwater recharge by agro-forestry species may be lower
than for native vegetation or even negative.  Non-indigenous agro-forestry species usually generate
higher private values from timber production.  Perennial pasture species (lucerne) and alley farming of
fodder shrubs (tagasaste) generate similar reductions in groundwater recharge but higher agricultural
use values.  Hence, there is a trade-off between additional social values (biodiversity and landscape)
from native vegetation and higher private values from agro-forestry and pasture/fodder shrubs.

4.5 Management and agricultural values

Agricultural land management is an important tool in combating the degree of salinisation.  Agricultural
land is been divided into five categories according to grazing productivity and potential for degradation
(Barber 1993).  Category 1 land is dunes and ridges, which have lower productivity but are not subject
to any salinity threat.  Categories 2 to 5 are interdunal flats unaffected, mildly, moderately or severely
affected by salinity respectively.  Current agricultural use values for grazing purposes can be
summarised in terms of dry sheep equivalents (dse) which convert a fixed amount of fodder into
alternative livestock units.  Dse productivity varies according to the natural fertility of the land, salinity
degradation and pasture improvements.  Severely degraded (category 5), unimproved land will carry
just 1.5 dse per hectare while improved category 2 land will carry 10.5 dse per hectare.
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The current agricultural productivity of the region is expected to fall by 700,000 dse over the next 20
years based on the rate of land degradation prior to 1993 and without changes in management (Barber
1993).  That is, an ongoing production loss of $0.35 million per year, or a net present value (NPV) of
$23.4 million over the next 20 years using a long-term gross margin of $15 per dse (calculated from
USEDSFMPSC 1993).

The changed regional hydrology and necessity of saltland agronomy has enforced changes in pasture
vegetation management.  Saltland agronomy is both more expensive to establish and has lower
productivity than the original (pre-salinity) pasture systems (Barber 1993).  Salt tolerant cost between
$120 and $130 per hectare to establish.  This compares to $114 per hectare for equivalent non-saline
perennial pasture mixes (in present value terms).   Saline, unimproved pastures carry up to 6 dse less
per hectare than non-saline pasture systems up to 4 dse less than improved salt tolerant pasture systems
(Barber 1993).

Removing grass cover (by grazing, hay making or silage production) on flats with shallow water tables
between October and March leads to increased soil salinity via higher capillary rise and evaporation.
Hence grazing management strategies retaining grass cover, particularly in more problematic areas, will
maintain agricultural values.  Cattle grazing may be preferable in these areas as sheep leave less ground
cover and expose the soil to a greater degree.  Sheep also prefer to graze in salty areas (DCNR cited in
Fordham 1998).  Reduced soil salinity benefits wetlands by reducing the concentration of salts in
runoff.

4.6 Fencing as a management tool

Fencing facilitates adoption of specific, alternative management strategies for wetlands and remnant
vegetation.  Stock grazing prevents regeneration and gradually destroys wetland fringing vegetation and
remnant native vegetation (Fordham 1998).  Stock, (particularly cattle) compact and destroy soil
structure, increase turbidity and nutrients in wetlands.  Stock grazing alters plants populations in an
around wetlands.  Often the private values from grazing wetlands and remnant vegetation are relatively
low, or may even be negative.  Conversely the private costs of fencing are high.  The major benefits
from fencing are social values, mainly in terms of biodiversity and wetland values.  The social benefits
of fencing may be enhanced by inclusion of riparian and remnant vegetation within wetland areas.  The
additional vegetation increases the range of native flora and fauna species present.  Figure 4 shows ways
of fencing to increase habitat benefits.

FIGURE 4: FENCING OF DIFFERENT HABITAT TYPES FOR MAXIMUM BENEFIT

Source: Dowling 1997, Figure 9, p. 43.
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Wetland grazing strategies

Grazing in some wetland types, parts or at certain times of the year may be beneficial for private and
social values simultaneously.  Grazing of certain wetland types, once completely dry, may not
significantly alter waterfowl communities or wetland characteristics when re-filled.  Grazing can be
used to help maintain wetland values associated with shallow open water, or a generally more open
landscape where thick fringing vegetation is interspersed with areas of grassland increasing total
benefits from wetlands (Dowling 1997).  Maintenance of shallow open water and combinations of
fringing environments increases the range of water bird species able to breed in the region.  Shallow
open water and a mixture of fringing vegetation historically occurred naturally.  Active management
may be required to maintain the remaining shallow open wetlands due to altered regional hydrology.

Where stock grazing causes some damage to wetland areas, the net benefit to society may still be
positive.  Specifically, grazing should be undertaken where the private values resulting from increased
production of livestock outweigh the grazing costs to private and social values.  Opportunities exist for
careful grazing management to minimise damage to natural resource values and therefore costs to
private and social values.  Potential strategies include:
• Only graze when wetlands are dry to avoid physical damage such as trampling and formation of

holes by cattle;
• Only graze once waterbird breeding events are complete.

Unfortunately little is known about the complex interrelationships between grazing and wetlands
beyond the obvious detrimental impacts of intensive grazing practices.  A long term grazing trial is
needed to gain more information on these impacts as recommended by Dowling (1997).

4.7 Hunting interactions

Hunters search for hunting environments such as wetlands, creating a demand for wetland provision (as
discussed in Section 3.3).  Hunters are willing to pay for provision of a hunting environment.
Willingness to pay may take several forms:
• Cash payments from individual hunters for wetland access;
• Cash payments from groups of hunters for limited exclusive access;
• Exclusive rental arrangements incorporating exclusive hunting rights; or,
• Rights swaps such as labour-hunting swaps.  Under this type of arrangement the hunting group

receives exclusive hunting rights in return for wetland management/maintenance actions (eg weed
control and revegetation).

The demand for a hunting environment extends beyond wetlands where suitable species are furnished,
usually but not exclusively deer.  Biodiversity and natural resource costs of hunting are limited by laws
restricting bag size and species hunted.

Hunters directly impact on the environment via physical impacts including killing water birds,
trampling vegetation and hide construction.  Where the benefits of hunting (willingness to pay for a
hunting environment) exceed the social costs (to natural resource values such as biodiversity and private
values of those opposed to hunting), hunting provides a net benefit to society.  The benefit may be
internalised by property right owners charging for hunting rights.  The loss of values from hunting
exotic species (eg biodiversity and natural resource values) depends on:
• The specific exotic species being hunted (goats create more environmental damage than deer);
• The stocking rate; and,
• The hunting environment (eg restored wetland, regenerating dunes or agro-forestry).

Less fragile environments and areas with lower biodiversity values (eg restored wetlands, regenerating
dunes and agro-forestry) are more likely to provide a net benefit from hunting.

4.8 Tourism interactions
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Tourism, like hunting, facilitates provision of social benefits in conjunction with a private good.
Tourism service provision allows private benefits to be drawn from wetland areas.  Farm stay tourism
provides incentives for pro-wetland management in conjunction with generation of agricultural values
from surrounding agricultural land.  Small group tourism generates private values from higher value
wetlands (due to their natural beauty, rarity, hunting or other attributes).  Private values drawn from
such wetlands are also likely to be higher.

Generation of private values from wetlands via tourism may impose additional private or social costs.
Pro-wetland management within an agricultural environment may impose direct costs on farmers (eg via
additional weed control) or indirect costs (eg via management constraints).  Construction of access to
wetlands may increase the risk of degradation and reduce social values through “overuse” by tourists
such as trampling and disturbance of breeding sites.

5 Discussion and conclusions

Wetlands in the USE region of SA exist within a complex natural and human influenced system.
Human systems are interposed on wetlands and surrounding natural environments and interact in
complex and sometimes unforeseen ways.  These interactions can take many years to reach equilibrium
and some remain perpetually in a state of flux.  Human induced dryland salinity can take many years to
become apparent and influence these wetlands.  Human influence continues to change over time as
management strategies and priorities change.

Wetlands generate values enjoyed by private individuals and the wider community.  Individual
landholders manage wetlands for income generating purposes such as grazing and in some cases
hunting and eco-tourism.  The generation of private values depends on the existence of property rights
and cost effective internalisation of wetland benefits. Social values are generated from wetlands where
property rights do not exist or cannot be cost effectively employed.  In some cases, social values are
generated or maintained by producing private values (such as hunting).  The wider community enjoys
social values.  Individual landholders can also enjoy social values from wetlands.

Wetland management strategies impact on both human and natural systems in the region.  For example
widespread clearing has caused salinity problems which impact both on farming systems and on natural
wetland areas.  In turn, these impacts have implications for the values, both private and social,
generated in the region.

In this paper, the nature of values arising from the human and natural systems in the USE has been
identified.  Decisions about wetland use are based on the benefits managers and owners receive from
their actions.  Total wetland benefits to society consist of the sum of the private and social benefits; that
is, the sum of the benefits owners are able to internalise and the social values generated.  Some
management strategies generate higher levels of social values in conjunction with significant private
values (for example, farm stay tourism using wetlands as an added attraction).  Other management
strategies may be modified with little or no cost to increase the social values produced (for example,
some grazing management practices).  Management actions seemingly dislocated from wetlands can
also produce significant social benefits (for example, the impact of deep-rooted vegetation on
groundwater recharge).  In some cases, gains to social values may be large enough to allow incentives
to be paid to encourage managers to change their actions and for society to remain better off.

The interrelationships between management decisions and impacts on values, both private and social,
have been explored in this report.  The next step in the study is to attempt the quantification of effects
or changes in values arising from changes in management actions in the region.  The management
interactions examined in the paper will be quantified in terms of their likely impacts on private and
social values arising from wetlands within the study area.  In addition, significant effects of
management changes to areas outside the study area or by outside changes on the study area will also be
taken into account.  Specifically the costs and benefits of changes in management affecting wetlands
will be examined.  Further investigation will concentrate on opportunities to increase social values at
little or no cost (or even gain) to private values of managers and owners.
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