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ABSTRACT

The use of irrigation has increased considerably in the Macquarie and Gwydir Valleys since the
construction of Burrendong and Copeton Dams. Irrigated agriculture is now
one of the largest components of total agricultural production in both valleys. A consequence of the
increase in the use of water for irrigation is that the amount of water reaching the Macquarie Marshes
and Gwydir Wetlands has fallen substantially. This has meant that both wetlands have diminished in
size and deteriorated in ecological quality. In this paper an overview of the irrigation industry and the
main wetland areas in the Macquarie and Gwydir Valleys is provided. The impacts of reduced instream
flow on the size and quality of the Macquarie Marshes and Gwydir Wetlands are also reviewed. The use
of environmental valuation is recommended to provide information to decision makers about the
benefits of improved wetland quality to assist in resolving trade-offs over the allocation of water.



1 Introduction

In the first Research Report in this series (Morrison, Blamey, Bennett & Louviere 1996), Choice
Modelling as a tool for the estimation of non-market, environmental values was described and
compared with other stated preference valuation techniques. It was concluded that Choice Modelling,
while offering promise, has yet to be subjected to rigorous testing, particularly in applications involving
the non-use values of the environment. The overall goal of the research project, on which this series of
papers report, is to undertake this testing. Two case studies are to be used as the setting for the testing
process: Wetlands in the Macquarie and Gwydir River Valleys in NSW and remnant vegetation in the
Desert Uplands of Central Queensland. In this Research Report the details of the Macquarie Marshes
and Gwydir Wetlands case study are introduced. The background to the Desert Uplands case study will
be provided in Research Report No.3.

Irrigated agriculture is one of the largest components of total agricultural production in the Macquarie
and Gwydir River Valleys. It is dominated by the production of cotton, but there are other significant
crops including wheat, soybeans, sorghum, lucerne, citrus and vegetables. Large scale irrigation began
in the Macquarie Valley after the construction of Burrendong Dam in 1967 and in the Gwydir Valley
after the construction of Copeton Dam in 1976.

A consequence of increasing use of water for irrigation is a reduction in the amount of water reaching
wetlands in the Macquarie and Gwydir Valleys. The Macquarie and Gwydir Valleys contain extensive
wetlands that are recognised for their national and even international significance (Department of Water
Resources 1991, 1993). These wetlands and their biota have been substantially affected by changes to
the flow regime caused by regulation and increased use of water for irrigation (Keyte 1994, Kingsford
& Thomas 1995).

In this paper, an overview of the irrigated agricultural industries and wetlands in the Macquarie and
Gwydir Valleys is provided. How water has and is being used in the two valleys is explained. The
impacts of reduced instream flow on the Macquarie Marshes and Gwydir Wetlands are detailed.

2 The Macquarie Valley

2.1 Site description

The Macquarie Valley is part of the Murray-Darling Basin and is in north-western NSW between the
Barwon and Lachlan Valleys. The Macquarie Valley extends 460 kilometres (km) north-west, starting
at the Great Dividing Range near Bathurst and spanning across the western plains to Bourke (See
Figure 1). It covers an area of 73,000 square km and contains ten major towns: Bathurst, Orange,
Mudgee, Wellington, Dubbo, Narromine, Warren, Nyngan, Brewarrina and Bourke. Three of these
townsOrange, Dubbo and Bathurst have populations in excess of 20,000 people.

The Macquarie River is formed by the confluence of the Fish and Campbell Rivers upstream of
Bathurst. The main tributaries of the Macquarie River are the Turon, Cudgegong, Bell, Little, Talbragar
and Castlereagh Rivers. The Macquarie Marshes, which are the main wetlands in the Macquarie Valley,
are about 50 km north of Warren.

There are nine dams in the Macquarie Valley with a capacity in excess of 5000 megalitres (ML) and
five major weirs downstream of Dubbo. Burrendong Dam, the largest dam in the Macquarie Valley,
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was completed in 1967 and has a storage capacity of 1,189,000 ML and a catchment area of 13,900
square km. The average annual regulated1 flow from Burrendong Dam (measured at Narromine) is
475,000 ML. Windamere Dam, which is the second largest dam in the Macquarie Valley, was
completed in 1984. It is on the Cudgegong River upstream of Mudgee. It has a capacity of 353,000 ML,
a catchment area of 1070 square km and an average yearly flow of 60,000 ML. Only a small part of the
licensed irrigation area between Windamere and Burrendong Dams has been developed, so most of the
inflows into Windamere Dam are released when Burrendong is nearly empty.

Figure 1: The Macquarie Valley

                                                
1 Flow is ‘regulated’ when it is controlled by dams or weirs.
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As will be discussed in the following sections, there are trade-offs between the use of water in the
Macquarie Valley. Between Narromine and Warren there is a large area of irrigated agriculture (see
Figure 1). A result of the use of water for irrigation is that there is less water flowing into the Macquarie
Marshes which has negatively impacted on wetland quality (Kingsford & Thomas 1995).

A relevant question for decision makers is whether it would be more beneficial to the community to
allocate extra water to irrigation or to allocate extra water to the Macquarie Marshes. The benefits of
allocating extra water to irrigation can be found by estimating the change in consumer and producer
surplus resulting from increased agricultural production2. For wetlands, the benefits of extra water can
be determined by estimating changes in what are known as ‘use’ and ‘non-use’ values. Use value
accrues, for example, to graziers whose cattle production increases because of improved wetland
quality; to tourists who have more frequent opportunities to visit the wetland during wet periods; and to
people downstream of the Marshes who benefit from improved water quality. In contrast, non-use value
accrues to the wider community who may not ever visit the Marshes but gain satisfaction from knowing
that the quality of the Macquarie Marshes has improved.

2.2 Irrigated Agriculture in the Macquarie Valley

The main economic activity in the Macquarie Valley is agriculture. The total revenue from agricultural
production in the Macquarie Valley in 1993 was estimated to be $642 million, including $292 million
in crop production (Department of Land and Water Conservation forthcoming). The total area of crops
and pastures in the Macquarie Valley in 1993 was 639,321 hectares (ha). About 14.5% of this area, or
93,000 ha, was irrigated.

Cotton production generates the highest total revenue of the irrigated crops in the Macquarie Valley
($100m in 1993, DLWC forthcoming). Irrigated cotton uses more than 50% of regulated water in the
valley and accounts for about 44% of total irrigated area (DLWC 1995, DLWC forthcoming). Other
irrigated crops include cereals and wheat, oilseed, citrus, lucerne, pasture and fodder, vegetables and
vines. Cotton is also the most valuable irrigated crop in the Macquarie Valley on a per hectare basis,
with the gross margin for cotton reported to be $870/ha (NSW Agriculture 1994). The next highest
gross margins are for irrigated summer cereal ($500/ha) and irrigated lucerne ($500/ha).

In Table 1, annual water allocations on the Macquarie River and its effluents are reported.
Approximately 30% of the water allocated for irrigation goes to four joint water supply schemes3.

                                                
2 Producer surplus is the difference between the price a producer receives and cost. Consumer surplus is
the difference between what a consumer is willing to pay and what they actually pay. Changes in these
two surpluses indicate changes in economic welfare.
3 Narromine-Trangie Irrigators’ Co-operative, Buddah Lakes Irrigators’ Association, Tenandra Co-
operative Society and Trangie-Nevertire Co-operative Limited
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Table 1: Annual allocation of regulated surface water on the Macquarie River and its effluents,
September 1990
Allocations Macquarie River and

effluents (ML/yr)
Percentage of total
allocation

Town water supply 18,465 2.7%
Recreation 552 0.1%
Stock 2356 0.3%
Industrial/Mining/Sand & Gravel 1423 0.2%
Irrigation 598,758 88.6%
Horticulture, citrus, grape vines and other
permanent plantings

3188 0.5%

Domestic 1332 0.2%
Macquarie Marshes Wildlife Allocation4 50,000 7.4%
Total 676,074
Source: DWR (1991)

Water was originally allocated in the Macquarie Valley on the basis of the area that was licensed for
irrigation. The only control on the volume of irrigation was a limit on the amount of area that was
licensed. Licences to extract water from regulated5 streams could be received through application to the
Department of Water Resources until an embargo was placed on the declaration of further licences in
1979.

In September 1981 a volumetric allocation scheme was introduced in the Macquarie Valley because of
shortages in the supply of water for irrigation6. Under the scheme irrigators were given an annual
allocation of water according to their licensed area. The allocation was 8 ML/ha for non-permanent
plantings, and between 10 and 12 ML/ha for permanent plantings such as vines. Allocations were also
made for manufacturing, mining, and large grazing enterprises, and for recreational activities. When the
amount of water available is insufficient to supply irrigators with 100% of their annual allocations,
water is allocated in proportion to available water. This would mean that if an irrigator had an
allocation of 10 ML/ha and that water was only available to meet 50% of annual allocations, the
irrigator would only receive an allocation of 5 ML/ha. It was estimated in 1990 that irrigators in the
Macquarie Valley receive their full allocation in 65% of years (DWR 1991).

The use of on-farm storages has increased substantially over the last decade. On-farm storages refer to
dams away from the river and other structures that can be used to store water for irrigation. DLWC
(1995b) report that on-farm storage of water in the Macquarie Valley increased from 15,000 ML
capacity in 1986 to an estimated 75,000 ML in 1995. These storages are often used to store water from
floods originating downstream of Burrendong Dam, or from dam spills.

Various estimates have been made of the value of water for irrigation in the Macquarie Valley. Powell
(1995) estimated that a reduction of the supply of water for irrigation by 115,000 ML p.a. would
decrease the value of agricultural output by $35.2 million per year, and that there would be a decline in
employment by 509 jobs. However, Powell (1995) assumes a high gross margin for a hectare of cotton
($3850/ha compared to a recent estimate in a NSW Agriculture handbook of $870/ha). DLWC (1995b)
estimated that the value of gross margins7 in the region from the adoption of the 1996 Water
Management Plan for the Macquarie Marshes (a reallocation of 75,000 ML p.a. of general security
flows and a cap on the use of unregulated flows) would decline by only $55 million in net present value,
or $4.4 million per year. In another study DLWC & National Parks and Wildlife Service (1996)

                                                
4 In 1995 this was expanded to 125,000 ML p.a., comprising 75,000 ML of general security and 50,000
ML of high security water (DLWC & NPWS 1996).
5 Regulated streams are defined under Section 22C of the Water Act 1912 as those streams that are
managed by the Department of Land and Water Conservation.
6 Nonetheless DLWC (1995a) report that there is the potential for over 100,000 ha to be irrigated. In
July 1982 an embargo was placed on issuing further licenses for regulated schemes.
7 This estimate excluded benefits from wetland grazing.
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estimated that the reallocation under the 1996 Water Management Plan is likely to reduce the average
annual income of the irrigation industry in gross margin terms by about 6%.

2.3 The Macquarie Marshes

The Macquarie Marshes are the main wetland areas in the Macquarie Valley. The Marshes consist of
semi-permanent wetland, slightly elevated lower floodplain and more elevated higher floodplain areas.
They have a semi-permanent wetland area of about 40,000 ha of waterways, aquatic vegetationsuch
as cumbungi (Typhus spp.) and phragmites (Phragmites australis), and flooded grassland (Paspalum
distichum). They have an area of about 32,000 ha of lower floodplain wetland, dominated by river
cooba (Acacia stenophylla), lignum (Muehlenbeckia florulenta) and river redgum (Eucalyptus
camaldulensis). Higher floodplain wetland vegetation, comprising coolabah (E. coolabah) and black
box (E. microtheca) woodland and other dryland vegetation, covers an area of about 89,000 ha (based
on National Parks and Wildlife Service & Land and Water Conservation 1995). The Marshes contain
the largest occurrence of river red gums in northern NSW, the most southern occurrence of coolabah
and the largest area of phragmities in NSW (NSW Environment Protection Authority 1995).

The Macquarie Marshes are known for their waterbirds, and provide habitat for more than 62 species.
Colonial waterbirds that breed in the Marshes include glossy ibis (Plegadis falcinellus), Australian
white ibis (Threskiornis aethiopica), straw-necked ibis (Threskiornis spinicollis), intermediate egrets
(Areda intermedia), great cormorants (Phalacrocorax carbo), yellow-billed spoonbills (Platalea
flavipes) and rufous night herons (Nycticorax caledonicus). The Marshes were estimated to contain
over 80,000 nests for various colonial waterbirds in 13 different colonies in 1990 during a flood period
(Johnson 1994). Kingsford & Thomas (1995) estimate that between 10,000 and 300,000 waterbirds use
the Macquarie Marshes every October depending on the extent of flooding. Seven waterbirds listed as
endangered by the NSW National Parks and Wildlife Service are known to exist in the Macquarie
Marshes. These include magpie geese (Anseranus semipalmata), blue-billed ducks (Oxyura australis),
freckled ducks (Stictonetta naevosa), brolgas (Grus rubicundus), painted snipes (Rostratula
benghalensis), black-tailed godwits (Limosa limosa) and black-necked storks (Xenorhynchus asiaticus).
Eight other birds listed as endangered are known to exist in the Macquarie Marshes. There have also
been 15 waterbirds listed under the China-Australia Migratory Birds Agreement (CAMBA) and 11
waterbirds listed under the Japan-Australia Migratory Birds Agreement (JAMBA) sighted in the
Macquarie Marshes between 1983 and 1993 (Kingsford & Thomas 1995).

Within the Macquarie Marshes there is a Nature Reserve covering 18,150 ha that is managed by the
NSW National Parks and Wildlife Service. The Nature Reserve consists of a northern and southern
nature reserve which are separated (see Figure 2). The Macquarie Marshes Nature Reserve is listed as a
Wetland of International Importance under the Ramsar Convention, and is also listed by the National
Trust of Australia (NSW) and the Australian Heritage Commission.
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Figure 2: The Macquarie Marshes

The Macquarie Marshes has been used for grazing cattle and sheep since the mid 1800s. The areas of
water couch in particular have provided rich grazing areas. Grazing was allowed in the Nature Reserve8

through leases until August 1990. Information about the number of stock using the Macquarie Marshes
is currently unknown, however this information is expected to be available after stock surveys have
been completed (Cunningham, pers.comm.).

The main regulatory structures within the Macquarie Marshes are the Marebone Weir and the Northern
Bypass Channel. The Marebone Weir was completed in 1975 and is downstream of Warren where
Bulgeraga and Marra Creeks leave the Macquarie River. Marebone Weir is used to direct water into the
Marshes through the Macquarie River or Bulgeraga Creek, or away from the Marshes through Marra
Creek. The Northern Bypass Channel starts within the northern part of the Marshes past the confluence
of the Macquarie River and Bulgeraga Creek. The Northern Bypass Channel has the capacity to divert
up to 200 ML/day around the eastern side of the Marshes to the Macquarie River downstream of the
Marshes. Its original purpose was to provide water more efficiently for irrigators downstream of the
purpose, but it is now used to supply stock and domestic flows to graziers downstream of the Marshes.
It usually supplies between 10-50 ML/day. These regulatory structures are all operated by the
Department of Land and Water Conservation.

                                                
8 The Macquarie Marshes Nature Reserve was dedicated in 1971, but covers an area of Crown Land
that was originally reserved for the preservation of game in 1900.



7

2.4 Impact of regulation and the use of water for irrigation on the

Macquarie Marshes

Increased regulation and consumptive use of water has affected the environment of the Macquarie
Marshes. NPWS & DLWC (1995) have suggested indicators9 for assessing wetland quality in the
Macquarie Marshes. These are used as a basis for assessing the impacts of increased regulation and
consumptive use of water.

Flooding

Flooding in the Marshes has declined over the last 50 years. Kingsford & Thomas (1995) report that the
area affected by large floods has contracted by 40-50% between 1944 and 1993. This is primarily
because of reduced flows into the Marshes. Kingsford & Thomas (1995) found that the area flooded in
the Macquarie Marshes was significantly related to the total annual flow of water at Oxley (see Figure
2) over the previous 12 months during the period 1983-199310. Reduced flooding also results from
erosion of channels which has increased the amount of flow required before water will leave river
channels and inundate parts of the southern Marshes. For example, in 1968 a flow of 300 ML/day was
required to flood the reedbeds on Monkeygar Creek, whilst in 1992 a flow of 1000 ML/day was
required to achieve the same result (Brereton 1993).

The frequency and timing of floods in the Macquarie Marshes has also changed significantly. The
frequency of high and medium floods reaching the Marshes have decreased (Brereton 1994; Kingsford
& Thomas 1995) and the proportion of low flows has sharply increased (NSW EPA 1995). The natural
flow regime consisted of high winter and low summer flows, but this has generally been reversed by
regulation and extractive uses. During winter, pre-regulation flow at Oxley exceeded 1400 ML/day
(representing a medium flow) about 50% of the time, but in 1995 was reported to exceed this 30% of
the time (NSW EPA 1995). This contrasts to an increase in low flows, particularly during summer
months. In summer the Marshes would previously have been dry 20% of the time, but now there is a
continual low flow of about 300 ML/day, although this low flow is quite variable. This continual flow is
caused by operational excesses and irrigation tailwaters.

Vegetation

Brereton (1994) reports that the area of river red gums11 in the Monkeygar and Bulgeraga Creek areas
(the southern Marshes) has decreased from 21,277 ha in 1949 to 18,326 ha in 1991, a decline of 14%.
In another study of an area within the southern Marshes, Brander (1987) estimated that the area of river
red gums fell from 1407 ha in 193412 to 636 ha in 1981, a decline of about 55%. Waterlogging has
killed some of these redgums, but the majority have been killed by reduced flooding and clearing. There
has also been a reduction in black box, coolabah and poplar box since 1949 (actual reduction not
reported) (Brereton 1994).

                                                
9 NPWS & DLWC (1995) suggest the following indicators:
1. The volume of inflows to outflows from the Marshes, and the extent of flooding
2. The distribution and health of wetland vegetation, particularly river redgums
3. The frequency, size and success of waterbird breeding events
4. The status of native fish populations
5. The status of populations of reptiles, amphibians and aquatic invertebrates
6. Selected water quality parameters measured in the Macquarie River and the Macquarie Marshes.
10 log(Area, ha) = −8.47 + 1.39 log (flow, ML/year)   R2 = 0.859, p<0.001
11 River redgums are important for the breeding of a number of waterbird species (NPWS & DLWC,
1995)
12 The study area in 1934 was 9200 ha and in 1981 it was 11,877 ha. Hence this is probably an
underestimate.



8

In the southern marshes there have been declines in the area of phragmites and cumbungi, however
these areas have increased in a few areas within the northern marshes, possibly because of ponding
from constant low flow. Brereton (1994) reports that water couch, which is important feed for stock and
waterbirds, has decreased in the Monkeygar and Bulgeraga Creek area by 40% between 1949 and 1991.

Exotic species have affected large areas in the Marshes. These include Lippia (Phyla nodiflora), which
was initially used in the area as a substitute for grass in lawns, Noogoora burr (Xanthium occidentale),
Bathurst burr (Xanthium spinosum)
and roly poly13 (Sclerolaena quiquecuspis). These species take over from water couch when there are
reduced flows.

Waterbirds

Waterbird breeding events provide an indication of wetland health. NPWS & DLWC (1995) list four
requirements for successful waterbird breeding events. These are the existence of living river redgums,
flooding of sufficient volume (at least 250,000 ML at Oxley), flooding of sufficient duration (from 5.5-
7 months, depending on the season) and flooding at a suitable time of year. As a result of changes in
these parameters, the numbers of waterbirds breeding has declined (Johnson 1994). Limited empirical
evidence is, however, available about the extent of the reduction.

Empirical evidence is available about the effect of reduced flooding on the changes in the numbers and
diversity of waterbirds. Kingsford & Thomas (1994) examined the relationship between flooding and
trends in waterbird populations in the Macquarie Marshes between 1983 and 1993. They surveyed
approximately 25% of the area of the Marshes, as well as other control areas. A significant decline in
the number of species and the density of waterbirds was found, although a significant decline in the
number of waterbirds was not found. However, recent results show that there has been a significant
decline in the number of waterbirds in the Macquarie Marshes between 1983 and 1995 (Kingsford,
pers.comm.). The number of waterbirds in the Marshes was also found to increase significantly with
area flooded (Kingsford & Thomas 1995).

Native fish populations

The native stocks of fish in the Macquarie Marshes appear to have declined in abundance and diversity,
while introduced speciesparticularly European carp (Cyprinus carpio) and gambusia (Gambusia
holbrooki)have increased in abundance. As well as impacts from the introduction of European carp,
the decline in native fish stock may have been affected by streamflow regulation which has resulted in
releases of colder water from Burrendong Dam, reduced flows entering the Marshes and reduced flow
variability (Swales 1994).

There have been several fish surveys in the Macquarie Marshes which suggest that native fish species
have declined. Rankine & Hill (1979) report on a survey of four sites in the southern Marshes by NSW
Fisheries14. Four species were caught: European carp, golden perch (Macquaria ambigua), freshwater
catfish (Tandanus tandanus) and bony herring (Nematalosa erebi). The majority of fish were European
carp. Swales (1994) reports the results of a survey of fish in the Marshes where native fish species were
extremely low, with few golden perch and freshwater catfish, good numbers of bony herring, and no
silver perch (Bidyanus bidyanus) (Swales 1994). Swales & Curran (1995) also report declining
numbers of native fish. Beside two introduced species, five native species were recorded in a survey in
1995: golden perch, bony herring, rainbow fish (Melanotaenia fluviatilis), Australian smelt (Retropinna
semoni) and western carp gudgeon (Hypseleotris kluningeri). Silver perch and freshwater catfish were
not recorded during this survey.

Reptiles, amphibians and aquatic invertebrates

                                                
13 Roly poly is a native plant.
14 Reported in Brereton (1993)
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Aquatic invertebrates are an indicator of the diversity of wetland habitats. The Marshes have a rich
diversity of invertebrates. Bray (1994) found 197 taxa, with the majority being insects. It was also
found that channels with slowly flowing water, such as lagoons, tended to have much greater diversity.
No data are available on how the diversity of invertebrates have changed due to increased regulation
and consumptive use of flow.

A survey of amphibians is currently being conducted in the Marshes. Three species of frog
(Limnochynastes fletchers, L. tasmaniensis and Crinis sp.) are associated with permanent water habitats
(Brereton 1994). It was found that these species were less abundant in the southern Marshes where
there was little flooding at the time of the survey compared to flooded semi-permanent wetland areas.

Water quality

Water quality is monitored at two places upstream of the Macquarie Marshes: Bulgeraga Creek at
Oxley Road and the Macquarie River at Oxley Station. Downstream of the Marshes, water quality in the
Macquarie River is monitored at Carinda. Water quality monitoring and flow data from these sites
suggests that the Macquarie Marshes improves downstream water quality by filtering total phosphorus,
total nitrogen and suspended solids under certain conditions (DWR 1994a, DLWC 1995a). Filtering
occurs when flow levels are large enough for water to leave the channels within the Marshes and spread
overland through vegetated areas. This typically occurs when the Northern Bypass Channel, which
carries between 50-100 ML/day, is closed and when flow levels within the Marshes are several hundred
megalitres per day or greater (DWR 1994a). During low flow periods, water remains within channels
and erosion of channel beds and banks occurs. As a result total phosphorus, total nitrogen and
suspended solids concentrations at Carinda have often been greater than at the upstream monitoring
sites. There are sufficient high flow periods, however, for the Macquarie Marshes to reduce total
phosphorus, total nitrogen and suspended solid loads in the Macquarie River (DLWC 1995a). DWR
(1994a) estimated that the total phosphorus load at Carinda was about half the load at Oxley Station
during 1993/94.

Pesticide levels are generally lower in the Macquarie Valley than in the Macintyre, Gwydir and Namoi
Valleys which also contain large cotton growing areas (DWR 1994b). The main pesticide of concern in
the Central and North West Region, which contains these four valleys, is endosulfan, which exceeded
ANZECC (1992) guidelines for aquatic protection in 80% of samples within irrigated agricultural areas.

2.5 Reallocation of water in the Macquarie Valley

Because of concern about the impacts of reduced flows on wetland quality, in September 1995 the
NSW Government decided that extra water should be allocated to the Macquarie Marshes. Immediate
measures were initially put in place and were then confirmed in the Macquarie Marshes Water
Management Plan 1996 (DLWC & NPWS 1996). The plan included an additional 75,000 ML per year
of general security wildlife allocation (that can be received when irrigation allocation levels exceed
10%). A limit of 50,000 ML a year was placed on the use of flows from unregulated tributaries to the
Macquarie River and dam spills. The net result of these changes is that average flows to the Marshes
(measured at Marebone Weir)15 will increase by about 50,000 ML per year to 450,000 ML per year,
compared to 525,000 ML per year under pre-regulatory flow conditions. Median flow to the Marshes
will increase from 315,000 ML per year to 380,000 ML per year, compared to 465,000 ML per year
under natural flow conditions. Average diversions for irrigation will be reduced from 395,000 ML per
year to 340,000 ML per year (DLWC & NPWS 1996).

The intention of the 1996 Plan is to secure water in order to halt further decline of wetland quality at the
Macquarie Marshes. Several positive impacts can be expected. It is likely that waterbird breeding,
numbers and diversity will increase from what occurred and existed before the reallocation and the
health of most of the vegetation in the area of semi-permanent and lower floodplain wetland will be

                                                
15 Note that between Marebone Weir and the Macquarie Marshes water is diverted to Bulgeraga Creek
for irrigation.
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stabilised at levels that existed before the reallocation. However vegetation in the higher floodplain will
receive little benefit from the extra water.

The reallocation will benefit many graziers and some irrigators within and downstream of the Marshes
as they will receive extra water. It will also benefit the wider community who will gain satisfaction from
knowing that the environmental quality of the Macquarie Marshes has improved. However, there will
be costs involved for irrigators in the Macquarie Valley upstream of the Macquarie Marshes. Whether
another change in water allocations would increase the welfare of the community could be determined
by comparing the benefits or costs from a change in wetland quality with the benefits or costs
experienced from a change in agricultural production.

3 The Gwydir River Valley

The Gwydir Valley has a similar history to the Macquarie Valley in terms of its development for
irrigated agriculture and its declining wetlands. The construction of dams and other regulatory
structures stimulated the rapid development of a large irrigated agricultural industry over the last twenty
years. The irrigated agricultural industry has also put pressure on existing water supplies, with the
reliability16 of the supply of water for irrigation now one of the lowest in the State (DLWC draft 1995).
Accompanying the growth in irrigated agriculture has been a decline in the amount of water reaching
the Gwydir Wetlands, which has had an impact on wetland quality (Keyte 1994, Rea 1994). Water is a
particularly scarce resource in the Gwydir Valley.

3.1 Site description

The Gwydir Valley is also part of the Murray-Darling Basin, to the north of the Macquarie Valley, and
has an area of 25,900 km2. The Gwydir River starts at the western edge of the Great Dividing Range
near Armidale and Guyra and flows approximately 400 km to Collarenebri on the Barwon River. The
Gwydir Valley has a population of about 30,000 people, with the majority living in Moree (10,000
people). Other significant towns in the Valley are Bingara, Warialda, Tingha, Delungra, Bundarra,
Garah and Pallamallawa (See Figure 3).

In the northern tablelands near Armidale and Guyra the Gwydir River is over 1000 m above sea level.
As the Gwydir River flows towards Collarenebri it runs down the slopes of the Great Dividing Range
and its valley broadens into an alluvial plain that has a width of about 75 km. The slope in the lower
part of the plain is low (below 1°), and between Gravesend and Pallamallawa the Valley changes from
having an eroding to a depositional landscape (McCosker & Duggin 1992). Copeton Dam, the main
regulatory structure in the Gwydir Valley, is east of Bingara. The major tributary of the Gwydir River
below Copeton Dam is the Horton River17, which joins the Gwydir between Bingara and Gravesend.

Figure 3: The Gwydir Valley

                                                
16 Water supply reliability refers to the percentage of years that irrigators receive their full water
allocation.
17 The Horton River has few regulatory structures (it contains no major dams) and in recent years has
been the major source of water for the Gwydir Wetlands (Keyte 1994).
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Downstream of Pallamallawa the Gwydir branches into a series of effluents and anabranches18 (see
Figure 4). The largest effluent is the Mehi River which leaves the Gwydir River about 20 km upstream
of Moree and flows to the south of the Gwydir. Prior to regulation and the building of Tarelleroi Weir
in 1972, the Mehi was ephemeral and flowed about 15% of the time. Carole Creek is another effluent
that starts about 7 km upstream of Moree and flows in a northwesterly direction until it joins Gil Gil
Creek and then flows westward until it reaches the Barwon River. Carole Creek was also ephemeral
prior to the construction of Boolooroo Weir19 in 1979, and only flowed 7% of the time. Both of these
effluents now flow more or less continuously, supplying irrigation, stock and domestic water (Green &
Bennett 1991).

                                                
18 An effluent is the term given to a stream which flows out of the main channel and an anabranch is an
effluent that later rejoins the main channel of a river.
19 Some smaller control structures were built in earlier years.
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Figure 4: The Gwydir River below Pallamallawa

Downstream of Moree the Gwydir divides into two rivers: the Lower Gwydir Watercourse (formerly
known as the ‘Big Leather’) and the Gingham Watercourse. The gradient along these rivers is low, and
consequently there has been substantial movement in channels and location of break-outs. Prior to the
early 1900s the majority of flow went down the Lower Gwydir, with only large floods going down the
Gingham Watercourse. However, due to clearing upstream and natural causes, there was a build-up of
logs, debris and silt, known locally as the Gwydir Raft, extending now about 35 km upstream. The raft
caused flows to go primarily down the Gingham Watercourse from 1936 onward (McCosker & Duggin
1992; Keyte 1994). A weir and regulator were constructed by the Department of Water Resources
(DWR) at Tyreel, upstream of the Gwydir Raft, in 1985. The purpose of the Tyreel Weir was to direct
water down the Lower Gwydir for use by irrigation (McCosker & Duggin 1992).

Similar to the Macquarie Valley, there are trade-offs in the Gwydir Valley over the allocation of water
for irrigated agriculture and for wetlands. The Gwydir Valley contains large areas of irrigated
agriculture which uses much of the water that previously flowed into the Gwydir Wetlands. The same
question faces decision makers: whether more or less water should be allocated to wetlands.

3.2 Irrigated agriculture in the Gwydir Valley

The main economic activity in the Gwydir Valley is agriculture. Prior to 1976 agriculture was
dominated by cattle and sheep grazing and the cultivation of cereal crops such as wheat. Since the
construction of Copeton Dam in 1976, irrigated agriculture has become dominant. The most widespread
irrigated crop is cotton, although other crops, such as vegetables, wheat, soybeans, sorghum and pecan
nuts, are also irrigated. Cotton production in the Gwydir Valley is about a quarter of total production in
NSW, and generates about a third of total agricultural income in the Valley. The Gwydir Valley is the
largest cotton producing area in Australia, with annual plantings varying between 50,000 ha and 90,000
ha.
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Table 2: Agricultural production in the Gwydir Valley 1989/90
Agricultural product Value
Cattle $70m
Wool & sheep $90m
Cotton $133m
Wheat $58m
Other grains $19m
Other $12m
Total value $382m
Source: DWR (1993)

Use of water for irrigation in the Gwydir Valley began after the construction of Copeton Dam20 in 1976.
When Copeton Dam was built it was initially assumed that 56,000 ha would be licensed for irrigation,
and that 60% of this area or 33,600 ha would actually be utilised. The dam was intended to provide 6
ML/ha for each of the 33,600 ha, totalling 201,000 ML p.a.. It was expected that the main agricultural
activity in the Gwydir Valley would remain pastures (Keyte 1994; McCosker 1994a).

Irrigated agriculture in the Gwydir Valley grew much faster that anticipated. By 1979 (three years after
the completion of Copeton Dam) 86,000 ha of land had been licensed for irrigation by the Department
of Water Resources and an embargo was placed on granting further licenses. The present annual
allocation from Copeton Dam is 525,000 ML, which exceeds the annual average discharge of 445,000
ML (McCosker 1994a). As shown in Table 4, the majority of this water is used to irrigate cotton (97%).
Similar to the Macquarie Valley, in 1981 a volumetric allocation scheme for regulated water was
introduced. Under the scheme, irrigators receive a licence which specifies a certain allocation of water.
At the start of each water year (from October to September in the Gwydir), an assessment is made of
how much water will be available, and this is divided by the total allocation. This ratio is then used to
calculate each irrigator’s allocation.

Table 3: Annual allocation of surface water on the Gwydir River and its effluents, 1993
Allocations Gwydir River and Effluents

(ML/year)
Percentage of total
allocation

Towns 760 0.15%
Recreation 233 0.04%
Stock 1836 0.35%
Industrial (including sand and gravel,
mining, pisciculture)

349 0.07%

Irrigation (annual culture) 504,911 96.8%
Irrigation (permanent plantings) 13,408 2.57%
Domestic and farming 3 0.00%
Total 521,500
Note: this table excludes stock and domestic supplies
Source: DWR (1993)

Due to over-allocation of water resources, the reliability of irrigation water supply in the Gwydir Valley
is one of the lowest in NSW (DLWC draft 1995). Irrigation water supply reliability of 100% allocation
is only 5 years in 10 (Keyte 1994). Irrigators have responded to this uncertainty by increasing on-farm
storage capacity for harvesting non-regulated (tributary) flows. In 1994 on-farm storages totalled
300,000 ML, which increased from 142,000 ML in 198821. Rea (1994) reports that the cotton industry
accesses at least 50% of unregulated water. In 1990 a quota scheme for sharing unregulated flows
started in the Gwydir Valley, but no limit has been placed on the amount of unregulated flow that can
be diverted in a year (DLWC draft 1995).

                                                
20 Copeton Dam has a capacity of 1,364,000 ML and an annual average inflow of 445,000 ML.
21 Current estimates are around 320,000 ML (Savage pers.comm.).
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3.3 The Gwydir Wetlands

The Lower Gwydir and Gingham Watercourses collectively contain the main wetlands in the Gwydir
Valley22. Locally, these two areas are known as the ‘Watercourse Country’. The Lower Gwydir and
Gingham Watercourses are both terminal, except during major floods when water reaches the Barwon
River. Before the construction of Copeton Dam, most of the 840,000 ML of flow in the Gwydir River
reached and terminated at these wetlands. These wetlands provide a major sink for water in the Gwydir
River, thereby reducing flooding downstream on the Barwon and Darling Rivers. The wetlands also
collect nutrient and sediment rich water which would otherwise flow into the Barwon and Darling
Rivers.

The watercourse country contains three main classes of vegetation that have each developed in response
to flooding frequency and duration. These are the semi-permanent or watercourse wetlands, the low
lying floodplain and the higher level woodlands. Watercourse wetlands contain primarily reeds (Typha
spp. and Bulboschoenus fluviatilis), rushes (Eleocharis plana and Juncus aridicola) and water couch
(Paspalum distichum); low lying floodplains primarily contain lignum, and river cooba (Acacia
stenophylla); and higher level and less frequently flooded woodlands predominantly contain coolabahs
(Eucalyptus coolabah) (McCosker & Duggin 1993; Keyte 1994).

Bennett & Green (1993) report that the Gingham Watercourse and the lower Gwydir Watercourse
currently support an estimated area of 102,000 ha of wetland vegetation. The Gingham Watercourse has
the larger area, with an area of approximately 55,000 ha. A characteristic feature of the areas of the
semi-permanent watercourse wetlands are dead coolabahs, which apparently died because of excessive
flooding in the 1950s (McCosker 1994a). The Lower Gwydir wetlands reportedly contained the largest
area of the reed Bulboschoenus fluviatilis in NSW.

There are only a few permanent open bodies of water in the Gingham and Lower Gwydir Wetlands. On
the Gingham Watercourse there are the Gingham, Talmoi, Baroona and Tillaloo Waterholes and an
unnamed 40 ha lagoon on the property ‘Glendarra’. The most significant of these waterholes is the
Gingham Waterhole.

The Gingham and Lower Gwydir wetlands provide important waterbird habitat and breeding areas.
They are also reported by local farmers to provide habitat for other native fauna including the eastern
water rat (Hydromys chrysogaster) and the platypus (Ornithorhynchus anatinus) (Bennett & Green
1993). However there is little scientific information about fauna other than birds in the Gwydir
Wetlands, and most available information is anecdotal (Keyte 1994).

The Gwydir Wetlands support a substantial grazing industry. McCosker & Duggin (1992) report that in
the early 1900s wool production was the major industry in the Gingham Watercourse, but in the 1940s
increased flooding caused most landholders to shift to cattle. In the early 1970s low beef prices and
high wheat prices led many landholders to clear land for cultivation, but lower returns in the early
1980s led many landholders to return to cattle and sheep. A survey of Gingham Watercourse
landholders in 1991 found that there were 103,000 sheep and 24,500 head of cattle on surrounding
properties (McCosker & Duggin 1992). The Gwydir Wetlands have also been an important drought
refuge for cattle throughout NSW and parts of Victoria and Queensland.

                                                
22 Other wetlands are found along effluents in the Gwydir Valley, including the Mehi River and Carole
and Gil Gil Creeks. These wetlands have an area of about 115,000 ha.
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3.4 Impact of regulation and the use of water for irrigation on the

Gwydir Wetlands

In this section the approach adopted in Section 1.4 is used to describe the impacts of regulation and
reduced instream flow on the Gwydir Wetlands by reference to the indicators of wetland quality
suggested by NPWS & DLWC (1995).

Flooding

The water regime in the Gwydir Valley has changed markedly since the completion of Copeton Dam
and the development of irrigated agriculture. The largest impact has been on smaller floods and
freshes23 which can be stored in Copeton Dam or regulated in some other way. Larger floods have also
been affected. While all of the flow in large floods cannot be completely stored, the duration and size of
these floods have been reduced. Rea (1994) reports that because there has been an increased rate of
inundation and decreased duration of flooding, short sharp floods that tend to be more erosive and only
supply the top of the system now predominate. Table 5 displays changes to the flow regime in the
Gwydir Valley. Note the reduction in the frequency of inundation and the decreased depth of
inundation.

Table 4: Changes to the water regime in the Gwydir Wetlands
Water regime pre-Copeton post-Copeton
Mean depth of inundation 0-80 cm 0-30 cm
Timing of inundation mainly June-July & Jan-Feb no seasonality
Duration of inundation 6 months to 15 years 0-8 months
Rate of inundation slow slow to rapid
Frequency of inundation every year or 2nd year about 3 times in previous 12 years
Predicability of inundation high low
Source: Rea (1994)

Prior to regulation, the Gingham and Lower Gwydir Watercourses received the majority of flow from
the Gwydir River. Bennett & Green (1993), using hydrologic modelling, found that, prior to regulation,
flows of at least 100 GL/month24 would have occurred at Yarraman Bridge in 192 months during a 93
year period (about twice a year on average). Three years would have been the longest gap between
flows of this size. Since regulation the model suggests that there has been a 70% reduction in floods of
this size. With current regulation flooding of 100 GL/month would be expected in 58 months during a
93 year period.

Rea (1994), in a report to the DWR, describes the effect of regulation on flows into the Gingham and
Lower Gwydir Watercourses, which in part explains why there is reduced flooding in the Gwydir
Wetlands:

‘The average annual input in Copeton Dam is about 400,000 ML…Downstream at Gravesend
(about 80 km) the average yearly flow is 820,000 ML, most of which is generated from tributary
inflow. A further 25 km [downstream] at Pallamallawa it is 804,000 ML/year, and a further 30 km
[downstream] at Moree it is only 110,000 ML/year, the result of irrigation use and diversion down
the Carole system. Most of the last 110,000 ML is diverted down the Mehi River, also for

                                                
23 A ‘fresh’ is a smaller high flow event that often occurs after a dry period.
24 Bennett & Green (1993) state that a flow of 100 GL/month will flood 20,000 ha of wetland that is
dominated by water couch and rushes, based on a regression of flow and area of inundation (derived
from LANDSAT images). McCosker & Duggin (1993) used a water budget approach to estimate that
50-113 GL/month (actual amount depends on season and antecedent conditions) is needed to flood
13,500 ha of water couch and spikerush on the Gingham Watercourse. Keyte (1993) also used a water
budget approach to estimate that 32-80 GL was needed to flood 10,000 ha on the Lower Gwydir
Watercourse. Bennett & Green (1993) combined these latter two estimates and suggested that they
show that 83-193 GL/month is needed to flood 23,500 ha on the Gwydir Wetlands to a depth of 30 cm.
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irrigation…Small amounts of water can occasionally reach some of the wetlands from unregulated
tributary flow [underlining by Rea (1994)]. This occurs ‘by chance’; when upstream water users
have not drained the rivers and channels dry.’

Reduced flooding in the Gwydir Wetlands, however, does not solely result from reduced inflows. In
many areas that were previously considered to be wetland country, levee banks have been built around
cotton farms to protect against flooding. These levees can substantially alter the pattern of flooding.
Some irrigators have also built drains through wetlands areas, some of which are licensed by the
Department of Land and Water Conservation. In one case, a 12 by 20 foot drain has been placed
through an area of the reed Bolboschoenus fluviatilis in the Lower Gwydir Valley. Because of the size
of this drain even large rainfall events are insufficient to flood this reedbed which has now contracted
from 4000 ha to 250 ha (McCosker 1994a). Changes to the water regime have also been caused by
erosion and channelisation in the upper part of the watercourse area. The result is that higher flows are
now required before water will leave river channels and go overland25. In the Gingham and Lower
Gwydir watercourses deliberate enlarging of channels for stock and domestic flows (McCosker &
Duggin 1992; Keyte 1994) has also reduced flooding.

Waterbirds

The abundance and diversity of waterbirds in the Gwydir Wetlands appears to have decreased since
regulation, although there is significantly less empirical data available than for the Macquarie Marshes.

Debus (1989)26 compared species lists compiled during Royal Australian Ornithological Union
(RAOU) campouts held in 1933 and 1988. In Spring 1933, 146 species were recorded with 79
breeding. In 1988 over a shorter period and with fewer observers, 138 species were recorded with 41
breeding. Debus (1989) also collected RAOU data from the first half of this century and found that 225
bird species were recorded in the Gingham and Lower Gwydir Watercourses, with 125 species
breeding. In bird lists compiled more recently 191 species were identified and 121 of these were
breeding. Debus (1989) concluded that the diversity of waterbirds was still intact but the abundance of
colonial nesters (cormorants, herons and egrets), waterfowl, large rails and brolgas had declined.

Evidence from local residents also suggests a decline in abundance and diversity of waterbirds. Since
1979, 58 waterbird species (33 breeding) have been recorded at ‘Old Dromana’27. In May 1993 this had
decreased to 45 species and the population of remaining waterbirds had significantly declined (Keyte
1994).

In floods during the summer and autumn of 1995/96, large numbers of colonial and non-colonial
waterbirds bred in the Gwydir Wetlands. McCosker (1996) estimated that there were 50,000 breeding
pairs of straw necked ibis, at least 3000-4000 breeding pairs of egrets, 500 breeding pairs of glossy ibis,
as well as rufous night herons, Australian white ibis, little pied cormorants (Phalacrocorax
melanoleucos), yellow-billed spoonbills and whiskered terns (Chlidonias hybrida). McCosker (1996)
also reported that many thousands of non-colonial nesting waterbirds were observed to be breeding,
including magpie geese. Since flooding commenced in November 1995, five waterbird species, which
are listed as endangered fauna under the National Parks and Wildlife Act (1974), have been identified:
freckled duck, magpie geese, brolga, Australian bittern (Botaurus poiciloptilus) and black-necked stork.
Six species listed under the CAMBA have been identified: cattle egret (ardeola ibis), great egret
(egretta alba), glossy ibis, Japanese snipe (Gallinago hardwickii), greenshank (Tringa nebularia) and
the sharp-tailed sandpiper (Calidris acuminata). Five species listed under JAMBA have also been
identified: cattle egret, great egret, Japanese snipe, greenshank and the sharp-tailed sandpiper
(McCosker 1996).

Vegetation

                                                
25 McCosker & Duggin (1993) report that increased stream bank erosion in the constructed channel in
the eastern end of the Gingham Watercourse has increased channel capacity so that approximately 3600
ha of land that was previously wetland is now drained.
26 Cited in Bennett & Green (1993) and Keyte (1994).
27 A property on the Lower Gwydir watercourse.
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The type and extent of vegetation communities within the ephemeral wetlands is determined by the
frequency and duration of flooding. Rea (1994) collated information from McCosker & Duggin (1993)
and Keyte (1994) to show the frequency and duration of flood events required by various vegetation
communities:

Table 5: Flooding requirements of various vegetation communities
Vegetation type McCosker & Duggin

(1993)
Keyte (1994) Type of flood event

Coolabah 1 in 10-20 1 in 10-20 major
Lignum/river cooba 1 in 3-7 1 in 3-10 moderate, major
River redgum 1 in 2-3 - minor, moderate, major
Couch/spike rush 1 in 1-2 1 in 1-2 freshes, minor, moderate, major
Sag (Bolboscheonus sp.) 1 in 1 1 in 1 freshes, minor, moderate, major

Because of their different requirements for flood events, changes in the water regime have had varying
impacts on vegetation communities in the Gwydir Wetlands. The main impact from increased use of
water for irrigation has been on the vegetation in the watercourse area. This consists of water couch,
bolboscheonus, spike and tussock rush. The area of watercourse wetland previously comprised about
20,000-25,000 ha in the Gingham and Lower Gwydir Watercourses. The majority (approximately
13,500 ha) was in the Gingham Watercourse. Before flooding in November 1995 and January 1996 the
area of watercourse wetland had contracted to about 2000 ha (about 1000 ha in each of the Lower
Gwydir and Gingham Watercourses) (McCosker pers.comm.), with less than 1000 ha in healthy
condition (McCosker 1994a). In particular, the stand of Bolboscheonus sp. in the Lower Gwydir
watercourse which once had an area of about 4000 ha28 (Keyte 1992), had contracted to an area of
about 250 ha in 1994 (McCosker 1994a), and since then has contracted further (Savage pers.comm.).
Keyte (1994) suggests that the reduction in freshes and small floods that previously occurred on more
or less an annual basis has had the largest impact on the semi-permanent and watercourse wetlands.

The reduction in the area of watercourse wetland has been accompanied by an increase in the area of
exotic species. In particular the area of lippia (Phyla nodiflora) has increased. Increasing depth and
flooding favours water couch over lippia (McCosker 1994b). Other exotic species that are problematic
in the area include Noogoora burr, Bathurst burr, scotch thistle (Onopordum acanthium), saffron thistle
(Carthamus lanatus) and black roly poly. Historically water hyacinth (Eichhornia crassipes) has a been
a major concern in Gwydir Wetlands, however a management program started in the mid 1970s has
controlled this weed, and local landholders coordinate routine control programs.

The area of lower floodplain, indicated by lignum and river cooba, was originally about 80,000 ha in
the Lower Gwydir and Gingham Watercourses (McCosker & Duggin 1993; McCosker pers.comm).
McCosker (1994a) reported that these shrublands were under extreme stress because of reduced
flooding, and that extensive areas had been cleared for cultivation. However the 1995-96 floods
covered about 55,000 ha, and flooded the majority of the low floodplain.

The area of coolabah woodlands (higher floodplain) was originally approximately 150,000 ha in the
Gingham Watercourse, spanning out to the Barwon River. There was a similar, but smaller, area in the
Lower Gwydir Watercourse. Accurate information about the current size of coolabah woodlands in the
Gwydir Wetlands is not available, but the size of the woodlands is expected to be smaller as some areas
have been cleared for cultivation.

                                                
28 It was apparently so dense that men on horseback communicated using stock whips.
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Native Fish

No empirical studies have been undertaken on native fish populations in the Gwydir Wetlands.

Reptiles, amphibians and aquatic invertebrates

No empirical studies have been undertaken on reptiles or aquatic invertebrates in the Gwydir Wetlands.
However, McCosker (1996) reports the results of a frog survey during January and February 1996.
Frogs are an important ecological indicator as they are sensitive to poor environmental quality as well
as being an integral part of the food chain. In the survey, 14 different species of frog were identified. Of
these, 3 were considered abundant in the semi-permanent wetland areas and the Coolabah woodlands.
McCosker (1996) does not report whether there have been any changes in the diversity or abundance in
the population of frogs.

Water quality29

Currently there is no water quality monitoring within the Lower Gwydir or Gingham Watercourses.
Water quality monitoring stations upstream of the Gwydir Wetlands, however, provide an indication of
downstream water quality. In particular, water quality data is available from the Gwydir River at
Yarraman Bridge and Brageen Crossing.

Turbidity levels in the Gwydir River at Brageen Crossing were 42 NTU (Nephelometric Turbidity
Units). This is significantly higher than at other monitoring points in the Gwydir Valley, such as Carole
Creek (28 NTU) and the Gwydir River at Gravesend (25 NTU). Nutrient concentrations are at levels
which under certain conditions can lead to eutrophication. Total phosphorus levels were above 0.05
mg/L at Yarraman Bridge more than 50% of the time. ANZECC (1992) water quality guidelines
suggest that total phosphorus levels in rivers should not exceed 0.01-0.1 mg/L. At Brageen Crossing,
the mean total phosphorus levels were 0.093 mg/L, and exceeded 0.05 mg/L 75% of the time. The
median total nitrogen level was approximately 0.05 mg/L at Brageen Crossing. ANZECC (1992) water
quality guidelines suggest that total nitrogen should not exceed 0.1-0.75 mg/L to ensure aquatic
protection. Salinity in the Gwydir River at Brageen Crossing satisfy ANZECC (1992) guidelines for
potable water supply and aquatic protection.

Levels of pesticide monitoring at Brageen Crossing monitored since 1990 as part of the Central &
North Western Water Quality Program have frequently exceeded levels specified by ANZECC (1992)
for aquatic protection. In samples taken during 1991/92 the insecticide endosulfan was most common in
75% of samples. The ANZECC (1992) guideline level for aquatic ecosystem protection for endosulfan
is 0.01 µg/L. On each occasion endosulfan was detected it did not meet this guideline value, having a
median concentration of 0.055 µg/L and a maximum concentration of 0.44 µg/L. Other insecticides and
herbicides detected at Brageen Crossing were dimethonate, chlordane, atrazine, diuron, prometryn and
fluometuron. During 1992/93 seven insecticides and herbicides were detected, with endosulfan again
being the most frequently detected. Keyte (1994) suggests that the existence of these pesticides (and
endosulfan in particular) should ‘warrant special concern’ because they are persistent and
bioaccumulative and may have serious impacts on vertebrate and invertebrate populations, and
eventually wetland fauna and domestic stock.

3.5 Reallocation of water in the Gwydir Valley

In September 1995 the NSW Government announced changes to the allocation of water in the Gwydir
Valley. While no environmental flow allocations from regulated water were announced, rules were

                                                
29 This section is mostly based on information reported in Keyte (1994).
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introduced to limit use of off-allocation30  flows. Under these rules, primary wetland areas were given
priority for water except at times of greatest need for crops.

Yatawara & Hill (1996) estimated the annual reduction in gross margins resulting from several
reallocation options in the Gwydir Valley using hydrologic and economic models. The first option
analysed involved restrictions on the use of all tributary and off-allocation flows. It was found that this
option would reduce gross margins by about $26.5 million p.a.. Under the second option the use of off-
allocation only was restricted; this reduced gross margins by $11.8 million p.a.. For the final option the
use of off-allocation was restricted by 50%; this reduced gross margins by $2.2 million. These
estimates, however, do not include the downstream benefits from increased wetland grazing.

4 Conclusion

Extensive areas of irrigated agriculture have been developed in the Macquarie and Gwydir Valleys.
Accompanying this development has been a decline in the amount of water reaching the Macquarie
Marshes and Gwydir Wetlands, which has affected wetland quality. While in many instances there is a
lack of rigorous scientific analysis, a number of impacts can be identified. As a result of reduced
instream flows, there appears to have been reductions in wetland area, reductions in the species and
numbers of waterbirds, poorer water quality, reductions in the health of wetland vegetation and declines
in fish populations.

Because of the competing nature of alternative uses of water in the Macquarie and Gwydir Valleys,
significant improvements in wetland quality are likely to occur only if there is a reduction in the amount
of water allocated to irrigated agriculture. This will involve costs to the community. Offsetting these
costs are a number of benefits which result from improved wetland quality. These include use benefits
from increased cattle production, increased tourism, improved water quality, pesticide use reduction as
well as non-use benefits accruing to the wider community. Information on the magnitude of these use
and non-use benefits, as well as accurate estimates of the opportunity costs from reductions in
agricultural production, will assist decision makers seeking socially optimal trade-offs involving the
allocation of water between irrigation and wetland uses. While information is available in conventional
markets for goods and services to estimate the cost to the community from reductions in agricultural
production and many of the use benefits associated with improved wetland quality, little information is
available on the non-market values of improved wetland quality. The purpose of this project is to apply
and develop a new environmental valuation technique known as Choice Modelling to provide estimates
of these non-market benefits.

                                                
30 Off-allocation is a period when water extracted from a system is not debited against an irrigator’s
announced volumetric allocation because natural system inflows downstream of the storage, or storage
overflows, significantly exceed immediate consumptive demands (DLWC & NPWS 1996).
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