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Executive Summary

The Department of Land and Water Conservation (DLWC) and the Namoi River Management Committee (NRMC) are currently developing a river management plan for the Namoi River and its tributaries. An assessment of the current biophysical condition of the Namoi River (environmental scan) is essential to develop a common understanding of the processes and management activities that affect the health of the river. This work, along with other socio-economic information, forms the basis for the development and implementation of the river management plan for the Namoi River.

This report of the environmental scan draws on previous investigations of the Namoi River system to identify the key ecological issues to be addressed in the river management plan, and important scientific knowledge gaps to be addressed in order to overcome barriers to, or improve the implementation of, management actions aimed at improving the ecological health of the river. The specific issues addressed are: 

· The importance of maintaining riverine health;

· The nature of the catchment;

· The level of knowledge of the biophysical condition of the Namoi;

· Threats to riverine health along the Namoi;

· A program to address scientific knowledge gaps.

A watershed or catchment focus is required for managing river health so that the interaction of landscapes, rivers and humans may be considered. Humans may alter the biological systems in a river by altering physical habitat, modifying seasonal water flow, changing the system’s food base, changing interactions among stream organisms, and contaminating the water with pollutants. 

The connection of the riparian (stream bank) zone and floodplain with a river system is also important, as riparian vegetation and the floodplain provides organic matter (energy) and nutrients that drive primary production, and shade and refuge for biota such as fish. The linkage of rivers with their floodplains also helps maintain wetlands that are often important sources of local and regional biodiversity (e.g. populations of birds, fish and invertebrates). 

The flow regime of a river plays a major role in river processes, as flow helps shape the river (affects geomorphology), provides cues for key biological processes (e.g. breeding cycles) and links the river with its floodplain. Flow regulation through dam and weir construction and water abstraction has led to severe stress being placed on many river ecosystems in the Murray Darling Basin, including the Namoi. Changes to flow and sediment regimes following catchment modification can markedly alter the physical nature of the channel and consequently the habitats that support organisms. We now recognise the need to allocate water to fulfil the needs of riverine environments and to protect these systems.

The health of a river may be assessed by comparing a site or area of interest with another thought to be in good condition (the reference condition). The reason for establishing reference conditions is to compare like with like. The approach most commonly used has been to select reference sites that are ‘minimally disturbed’. Often, pre-European disturbance conditions are set as restoration goals, but those conditions may not be attainable as this denies the place of humans in the landscape. In such circumstances, management targets should initially be set so they are achievable. A key aim should be to maintain the biological integrity of a system, that is “the ability of a system to support a balanced, integrated, adaptive community of organisms with a species composition, diversity and function comparable to that of natural habitat in the area”. 

An assessment of the current condition of the Namoi identified the following as major contributors to the generally moderate to poor riverine condition that prevails:

· Degradation of the riparian zone, or complete lack of riparian zone;

· Channel morphology impacts such as bank instability, riverbed instability, and aggradation of sediments. This is primarily due to two factors: 1) excessive sand and gravel extraction, and 2) fluctuating water levels;

· Morphological and biological effects of dams and river regulation;

· Poor land management practices; 

· Poor water quality, mainly because of high total phosphorus, turbidity and salinity levels, and localised incidence of pesticide contamination;

· Poor native fisheries, with low species diversity and abundance, especially in upland areas due to the presence of barriers to fish migration.

Seven river zones have been identified for the Namoi River system: pool, constrained, armoured, mobile, meander and distributary.  A total of 23 major threats to river condition have been identified, with the anabranch, distributary and meander zones most at risk to environmental degradation. The alteration of river flows, clearing or absence of riparian vegetation, and threats resulting from land management activities (e.g. nutrient and pesticide transport to waterways) are threats common to each of the river zones. Addressing these threats is consistent with the aims and objectives of the Integrated Monitoring or Environmental Flows (IMEF) program, which is part of the NSW Water Reforms, and the recommendation of numerous reports on the state of natural resources in the Namoi River catchment. The NRMC has identified the following key issues to be addressed in their river management plan:

· Fish passage;

· Thermal pollution;

· Floodplain management;

· Off-allocation access;

· Wetland status and other riparian vegetation;

· Operation of dams and weirs;

· Cultural and spiritual issues;

· Carp reduction.

These issues are a mixture of ecological, water management and social-economic issues. In terms of managing environmental conditions, the above issues may be considered as part of two key questions:

1. How do we maintain or improve native fish populations?

2. How do we manage our river system to maintain or improve biodiversity and important functions such as riverine and wetland productivity?

Native fish populations are often used as an indicator of river health, as their presence is dependent on a number of factors such as energy (food) availability, water quality, flow regime and habitat availability. Maintaining biodiversity, and riverine functions such as production and respiration, are also important because they help maintain the resilience of ecosystems upon which we all ultimately depend; the connection of a river with its floodplain and floodplain wetlands is a key component in maintaining riverine health. Maintaining or improving the condition of Namoi River system is therefore dependent on the management of both in-stream and floodplain processes, and factors that threaten them.

Establishing a reference condition that serves as a target for future management in catchments that have been extensively modified (e.g. for agriculture) can be a difficult task, and will largely depend on the values attached to the riverine system by local communities. This can be achieved for in-stream conditions by the use of tools such as the Index of Biotic Integrity (based on fish populations) and AUSRIVAS modelling (based on macroinvertebrates). Both models use regional data sets to identify ‘reference’ sites where human impacts are considered minimal and conditions are indicative of healthy ecosystems. Comparison of the fish and invertebrate populations at test sites in the Namoi system with that expected to occur at reference sites can be used to establish the relative in-stream health of the Namoi. The reference sites may also serve as targets against which the effects of future management in the Namoi may be assessed. 

While the IBI and AUSRIVAS are valuable tools for identifying in-stream reference conditions, no such formal tools are currently available for assessing riparian and floodplain conditions. Given that the riparian zone and the floodplain have been extensively modified and will often not be economically returned to their pre-development state, it is unrealistic to develop reference conditions based solely on pre-development (pre-European) conditions and use them as a target for future management. In this case, measures of intactness and functionality (e.g. length of stream with riparian vegetation that performs key ecosystem functions), or biodiversity and connectivity in key floodplain wetlands are likely to provide a guide to targets that may realistically be achieved or the result of best management practices. 

In-stream priorities

The following recommendations are drawn from assessments of riverine condition and consideration of other factors:

· The MacDonald River above Lowry is considered to be in excellent condition and may be considered as a reference site for upland streams in the Namoi. The maintenance of its condition should receive the highest priority in future management and restoration efforts.  

· Given its impact on biological and ecological function (e.g. breeding and growth of fish and macrophytes), a review of the extent and persistence of cold-water releases from major dams should be undertaken as soon as possible. This is especially important to ensure that future environmental flows are effective and that cold-water pollution does not prevent migratory fish from using fishways when installed.

· The Peel and Cockburn Rivers are in relatively good condition, as is the Manilla River above Split Rock Dam, and should be given the next highest priority in management and restoration efforts. Important issues to be addressed include improving riparian zone condition, reducing the transport of nutrients from the catchments above Chaffey and Split Rock Dams that help sustain algal blooms, managing the salinity threat and managing the effects of stream instability resulting from sand and gravel extraction. The effectiveness of the fishway at Split Rock Dam should be evaluated and research undertaken to develop fishways for high dams such as Chaffey.

· The priority given to the remaining rivers or river zones requires further consideration by the NRMC. Opportunities may exist to significantly improve the relative condition of rivers by addressing one or two factors (e.g. improved riparian condition along the Namoi River between the Manilla River confluence and Narrabri; effective fishways at Weeta, Gunindera and Mollee weirs). The effect of environmental flows should also be reviewed as recommended by the IMEF process, especially in terms of their effects on creeks, flood runners and wetlands in the lower Namoi distributary zone.

Floodplain priorities

Increased salinity is expected to continue as a major land and water management issue. The ecological effects of increased salinity have the potential to negate improvements achieved through management efforts such as the delivery of environmental flows and installation of fishways. Salinity management should continue to have a high priority in floodplain areas. While high stream salinity is already evident in the streams of the Liverpool Plains and areas of the Peel catchment, a review of trends in groundwater levels will be useful for identifying other areas at risk to salinity.

Surveys of the riparian condition should be undertaken to identify the remnant stands of intact vegetation in each of the major river zones. Existing high quality riparian vegetation should be protected as an example of realistically achievable conditions (future targets for improvement) and as natural seedbanks that will assist efforts for improving degraded riparian habitat. 

The condition and biodiversity of key wetlands should be reviewed to provide a baseline to measure the effectiveness of future management, including environmental flows delivered through the NSW water reforms. Given their history in supporting a diversity or abundance of bird and fish populations, or habitat complexity, the following wetlands may be considered as part of this review: Lake Goran, and Gunnible, Gulligal, Barbers and Wirebrush Lagoons. Other wetlands may be added, depending on community priorities.

Assessing the effectiveness of the river management plan currently being prepared by the DLWC and NRMC will require a specifically designed monitoring and evaluation strategy such as the Integrated Monitoring of Environmental Flows (IMEF) program. With the establishment of this program in the Namoi Valley, particularly if the IMEF is further integrated with the Central and North West Regions Water Quality Program, a greater understanding of the linkages between catchment management practices and processes affecting water quality and biotic response to river flows may be achieved. Both the plan and associated monitoring and evaluation programs may be modified in the future as new information and insight becomes available (i.e. within an adaptive management framework).
Other areas of research that will provide valuable information for future riverine management include:

· Biological control methods for carp as part of national efforts;

· The effects of persistence of cold-water releases on fish, invertebrate and macrophyte biology;

· Improved fishway design, especially for high dams.
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1 INTRODUCTION
1.1 Background

In 1995, the NSW Government introduced its water reform agenda to provide the framework for the sustainable use of the states’ waterways. Key objectives of the water reform agenda are related to the equitable sharing and management of water resources, and developing investment strategies and new institutional arrangements for water resource management. Implicit in this approach is the development of clear and agreed environmental objectives.

In response to the framework set by the water reform agenda, the Department of Land and Water Conservation (DLWC), and the Namoi River Management Committee (NRMC) seek to use a strategic and scientifically based approach to the development of a river management plan for the Namoi River. An assessment of the current biophysical condition of the Namoi River (environmental scan) is essential to develop a common understanding of the processes and management activities that affect the health of the river. This work, along with other socio-economic information will form the basis for the development and implementation of a river management plan for the Namoi River. 

This report of the environmental scan draws on previous investigations of the Namoi River system to identify the key ecological issues to be addressed in a river management plan, and important scientific knowledge gaps to be addressed in order to overcome barriers to or improve the implementation of management actions aimed at improving the ecological health of the river.

1.2 Project Terms of Reference

The project terms of reference were to:

1. Identify the critical environmental parameters, biophysical condition and ecological functions being affected by current water resource  management;

2. Identify the change in the riverine environment as a consequence of catchment development;

3. Provide a detailed list of research that supports the above conclusions;

4. Comment on and recommend where necessary, flow management practices that impact on environmental values;

5. Comment on the critical gaps in research and comment on a critical path analysis for the development of a strategic Environmental Water Management Program.

1.3 Project Scope

As described in the project brief, this study was limited to an evaluation of the biophysical condition of surface water systems of the Namoi River and associated wetlands. The project drew upon existing scientific and technical information relevant to the Namoi River environment and was not expected to generate new data.

River management planning requires an adaptive approach, in that it often starts with very limited knowledge but improves on this by action designed to improve the basis for decision making, particularly through system monitoring and experimentation. The focus of this report is on the scientific information required for management of the Namoi River system. These need to be integrated into planning along with other necessary social, economic and engineering inputs. The specific issues addressed are: 

· The importance of maintaining riverine health;

· Nature of the catchment;

· Level of knowledge of the biophysical condition of the Namoi;

· Threats to riverine health along the Namoi;

· A program to address scientific knowledge gaps.

The findings of this report are based on consultation with DLWC, existing scientific and technical reports, discussions with various research organisations and a field inspection of the catchment undertaken by the project team on the 27th and 28th April, 1999. 

THE IMPORTANCE OF MAINTAINING RIVERINE HEALTH

1.4 Why do we need healthy rivers?

Society benefits greatly from rivers. Yet over the past century, humans have changed the nature of our rivers markedly. Do those changes mean that people have degraded river health? The answer depends on whom you ask. To irrigators, rivers are healthy if there is enough water for their fields. For a power utility, rivers are healthy if there is enough water to turn the turbines. For a drinking-water utility, rivers are healthy if there is enough pure, or purifiable, water throughout the year to meet customer needs. To sport or commercial fishers, rivers are healthy if there are fish to harvest. For recreationists, rivers are healthy if contact with water during swimming, water skiing, or boating does not make people ill. Each of these perceptions assign a value set, that when considered in isolation, provide only part of the river health picture, and may trivialise other uses of the river. The conflicts between competing uses are the concern of water managers who must put in place strategies that maintain the quality of the resource for all its uses. As a country can be considered healthy when a flourishing economy provides for the well being of its citizens, an environment may be considered healthy when the supply of goods and services required by both human and non-human residents is sustained. 

Human activity has a great potential to change biological systems. The amount of biological and ecological change that is acceptable to society is a ‘value’ decision - do we value biological elements and processes that may be lost over the returns we may expect from the use of natural resources? Such decisions ought to be grounded in a broad understanding of the consequences of loss, for we may ultimately lose the systems that provide the basis for our own existence. Karr (1996) proposed two criteria for assessing whether or not changes might be acceptable. First, human activity should not alter the long-term ability of places to sustain the supply of goods and services that those places provide. For example, agriculture should not deplete soil or water so that agriculture cannot be sustained; industrial sites should not become so polluted that people cannot continue to work at those sites. Second, human uses should not degrade other areas (e.g. downstream or downwind), a provision that requires a landscape-level perspective in modern decision making. Such criteria in decisions about environmental policy would avoid the depletion of living systems. 

The bounds over which a river changes as a result of most natural events are narrow in comparison with the changes that result from human actions such as cropping, forestry, grazing, or urbanisation. Normal, or expected, conditions constituting healthy rivers vary geographically because each river’s biota evolves in the context of local and regional constraints and opportunities. Understanding this baseline must be the foundation for assessing change caused by humans. Only then can we make informed decisions in response to the questions, ‘Is this level of change acceptable? Are the landscape and its rivers healthy?’

Initially managers attempted to ensure that the human-waste-absorbing capacity of rivers was not exceeded. Several decades ago, the model changed to control chemical contamination: rivers would be healthy if we just avoided discharging excessive toxic chemicals into them. More recently we have come to understand that a watershed or catchment focus is required for managing river health, which considers the interactions of landscapes, rivers and humans.  Incorporated into this, partly through new water quality guidelines, has been a focus on biological measures of river health (e.g. based on fish or invertebrate populations). Biological monitoring is particularly useful because living systems are likely to respond to the many forms of degradation caused by human actions. Humans may alter the biological systems in a river by altering physical habitat, modifying seasonal water flow, changing the system’s food base, changing interactions among stream organisms, and contaminating the water with chemicals. These five factors provide a critical conceptual and analytical framework from which to judge the interactions of human activities and biological change (Karr, 1991). 

Can the physical features of rivers (channel geomorphology and hydrology) be considered ‘healthy’? Certainly it has been argued that if the physical habitat were in poor condition we would expect the biological health of the stream to be affected adversely (Plafkin et al., 1989; Brookes and Shields, 1996). Earlier, Hynes (1975) argued that ‘in every respect the valley rules the stream’ where catchment character influences a river by large-scale controls on hydrology, sediment delivery and chemistry. It follows that if we have an unhealthy catchment or valley, we will have an unhealthy stream. Usually, assessment is done in reverse: a stream may be assessed as being unhealthy and then it is concluded that the catchment is unhealthy. The connection of the riparian (stream bank) zone and floodplain with a river system is also important, as riparian vegetation and the floodplain provides organic matter (energy) and nutrients that drive primary production, and shade and refuge for biota such as fish (Sweeney, 1992; Osborne and Kovacic, 1993). The linkage of rivers with their floodplains also helps maintain wetlands that are often important sources of local and regional biodiversity (e.g. populations of birds, fish and invertebrates). 

The flow regime of a river plays a major role in river processes, as flow helps shape the river (affects geomorphology), provides cues for key biological processes (e.g. breeding cycles) and links the river with its floodplain. Flow regulation through dam and weir construction and water abstraction has led to severe stress being placed on many river ecosystems in the Murray Darling Basin (e.g. Walker and Thoms, 1993; Thoms and Sheldon, 1997). Changes to flow and sediment regimes following catchment modification can markedly alter the physical nature of the channel and consequently the habitats that support organisms. We now recognise the need to allocate water to fulfil the needs of riverine environments and to protect these systems (e.g. Richter et al., 1997). Unfortunately the connections between the disciplines of hydrology and biology have been poor (Statzner and Higler, 1986; Statzner, Gore and Resh, 1988; Newbury and Gaboury, 1993), especially at larger scales (Frissell et al., 1986). Thus, identifying the timing and duration of flows required to maintain ecological processes, while still providing water for irrigation and consumptive use, remains a major challenge.

The health of a river may be assessed by comparing a site or area of interest with another thought to be in good condition (the reference condition). The reason for establishing reference conditions is to compare like with like. The approach most commonly used has been to select reference sites that are ‘minimally disturbed’ (e.g. Wright, 1995; Parsons and Norris, 1996; Reynoldson et al., 1997). Often, pre-European disturbance conditions are set as restoration goals (e.g. Chapman, 1992; Scrimgeour and Wicklum, 1996), but those conditions may not be attainable. This target denies the place of humans in the landscape. Britain, China and India have been settled for thousands of years: can rivers in these countries never be regarded as ‘healthy’? The majority of human land uses are not going to be removed from the landscape. Perhaps then, management targets should initially be set so they are achievable. 

Clear definitions of desired conditions, given surrounding land uses, are required for effective management and assessment (Rogers and Biggs, 1999). The primary needs for a healthy ecosystem are biotic integrity and sustainability (Karr, 1991, 1999). Biotic integrity is defined as the ability of a system to support a balanced, integrated, adaptive community of organisms with a species composition, diversity and function comparable to that of natural habitat in the area. Ecosystems need not be pristine (few are, now, because of large-scale changes such as the ozone hole, acid rain, global air pollution), but still can be judged healthy (Rapport, 1989; Chapman, 1992). The final conclusion on health may be dependent on social issues. For example, a river may be judged healthy if a single species commercial fishery is sustainable, but not healthy if a varied recreational fishery is lost. Judgements of ecosystem health take into account more than strictly ecological functions - uses or human amenities derived from the system, for example (Rapport, 1989).

Rivers can be restored (Brookes and Shields, 1996; Gore, 1985) and also enhanced (Rapport, 1989). A more useful target for management may be the best possible condition, given acceptable land or water use. Many baulk at this suggestion, afraid that it will lead to a downward spiral in environmental quality. However, the reverse may be true. For example, if conditions in the upper part of a catchment are improved so that fewer problems are exported downstream, acceptable targets downstream may be raised rather than lowered.

We contend that acceptable reference conditions for river health should be based on ecological understanding (e.g. biotic integrity). The features of, and sites selected to represent the reference condition should be selected and classified to allow site-specific comparisons of indicators of river health.

1.5 How do rivers work?

No two rivers are the same. Rivers vary according to the amount of water flowing through them, when and how fast it flows and its interaction with the local landscape (Figure 1 to Figure 4). Rivers with similar habitat can be broadly grouped as either upland or lowland constrained, or floodplain rivers. In the Murray-Darling Basin each type of river is subjected to some level of flow regulation and water diversion.
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Figure 1:
Components of a river system
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Figure 2:
Processes in upland rivers
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Figure 3:
Processes in lowland constrained rivers
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Figure 4:
River – floodplain interactions 

1.5.1 Natural flows are variable

The Murray-Darling Basin has a highly variable and unpredictable climate; rainfall and runoff vary from month to month and from year to year.  Within this variability, longer-term cycles of droughts and floods appear, cycles that are strongly influenced by El Niño-Southern Oscillation episodes. Australia's river systems evolved with this variability. Our native plants and animals are able to survive long periods of drought and then rapidly capitalise on sudden floods. Animals and plants have different flow needs. Some need low flows and still water to breed successfully. Other plants and animals need to complete their lifecycles during the period of flooding. For a small invertebrate this can be less than a week.  Other animals such as birds and fish require much longer flooding. For example, successful bird breeding may require months of flooding. Cutting short a flood, whether by draining a wetland or restricting the supply of water dramatically, reduces its ecological value. High flows are essential to the floodplain.

The floodplain surrounding lowland rivers contains a mosaic of habitats-from permanently wet billabongs, to wetlands that periodically dry out, and to areas that are normally dry in all but the biggest floods. Floods are a time when all of these habitats are connected to the river channel: a period when plants, animals and their food can move from one area to another. Determining what and how much moves between these areas during floods is very difficult and is a topic of ongoing investigation.

On the usually drier areas of the floodplain, flooding gives plants that are able to withstand waterlogging a competitive advantage over those that cannot. Floods also provide water to young trees, such as river red gums, which enables them to become established. The length of time between floods helps to determine the mix of plants growing on the floodplain. Decreasing the number of floods is likely to decrease the diversity of plants on the floodplain, and this may allow alien species to invade.

Wetlands and billabongs have their own unique plants and animals, many of which are rare or absent from the main river channel. Reducing the numbers of floods will reduce the areas of wetland on the floodplain and inevitably threatens biodiversity. For example, upstream diversions and the consequent lack of water have seen the Macquarie Marshes of central western NSW decrease in area by about 50%, Victoria's marshlands have decreased in size by 70% and the couch wetlands of the Lower Gwydir have declined by 90%. Some of the wetlands in the Murray-Darling Basin are recognised as internationally important and Australia has agreed to protect them under international treaties. The message is simple: if wetlands do not receive water they disappear and with them the plants and animals that rely on the wetlands for all or part of their lifecycle.

High flows are vitally important to the success of many of the Basin's freshwater fish. Floods stimulate some fish to migrate upstream and reproduce. Golden perch, for example, can migrate over 1000 km. Floodplains can be used as spawning sites. The abundant food of the floodplain, such as small invertebrates, promotes the survival for young fish during the delicate first few months of their life. Some native fish breed only in flood years. Reducing the numbers of floods will surely reduce the numbers and types of native fish in the Basin's rivers.

1.5.2 High flows feed rivers

The supply of organic material (all matter derived from living organisms, including detritus such as leaf litter) underpins all river foodwebs by providing the food energy needed to drive life. Put simply, carbon dioxide is converted into organic material by plants and algae living either in the river or in the surrounding catchment, and once the plants and their products are in the river, animals, fungi and bacteria feed on them. The sources of organic material, the timing of its delivery and how long it remains in a section of river depend very much on the flow regime and the nature of the riparian vegetation.

In lowland rivers without floodplains, such as the Campaspe River, much of the organic material is washed down from the upper catchment. River regulation results in organic matter being trapped behind dams and weirs where it settles to the sediments-often fuelling high rates of bacterial activity which can reduce the oxygen content and increase the dissolved phosphorus levels of the water. Loss of floods and sustained low flows reduce the delivery of organic material from upstream. The combined impacts of dams and water diversions effectively starve the constrained river of food energy.

In floodplain rivers, such as the Murray, it is likely that much of the organic material is transported to the river channel as floodwater returns from the floodplain. Without regular flooding the river is isolated from its main source of food energy.

At the same time that the river is being starved of organic material from the floodplain the amount of nitrogen and phosphorus entering the rivers has risen through changed land management. Increased amounts of these nutrients, combined with periods of low flow, have fuelled the growth of blue-green algae in the river. Reductions in organic material from the floodplain and increased algal growth in the river has changed the dominant source of food energy in the river. Changing the basic food sources in the river is likely to change the species of animals that feed upon them.  In turn, these animals may have different predators, and so on up the food chain. 

While we are still not sure exactly what impact changing the amount and source of food energy in the river is having, it is likely to be profound (Thorp and Delong, 1994).  What we do understand is that mid-sized floods are a major factor in controlling the supply of organic material from catchments and also the critical exchanges between the floodplain and the river. It is the mid-sized floods that are usually affected most by water harvesting and river regulation.

1.6 Assessing River Health

1.6.1 Physical and chemical indicators

Physical and chemical indicators (mostly of water quality) are the most commonly used and largest variety available (e.g. ANZECC, 1992; Hart, Maher and Lawrence, 1999; Maher, Batley and Lawrence, 1999). Most are highly specific measurements of single chemicals and offer little integration. Interpretation comes largely from experimental tests on the effects that they have on biota and results from these are used to set guidelines to protect rivers. Such measures are distinctly ‘bottom up’ and may explain causes of damage to river health and biotic integrity rather than ecosystem condition (Chapman, 1992; Karr, 1991). Application of standardised criteria for chemical values fails to recognise natural geographic variation in water chemistry and resulting impacts, e.g. antagonistic interaction of heavy metals with major cations and effects of pH on solubility. Developments are now proposed for Australia’s national water quality guidelines that aim to provide measures that are more ecologically meaningful and integrative (Hart et al., 1999; Maher et al., 1999).

Process geomorphology is concerned with factors operating at various scales that affect the function and form of rivers (e.g. de Boer, 1992). Changes to catchment conditions and flow regimes can markedly alter the functioning of river channels and thus the habitat available for organisms. Biota aside, changes to catchments and flows modify river channels via changes in erosion rates after catchment and riparian clearing, channel infilling from reduction in flow, and separation from floodplains resulting from drainage and flow reduction. Therefore, it is sensible to consider indicators of the geomorphological condition of rivers in their own right. It may be quite possible to have degraded channels that have a quite healthy biota associated with them.

1.6.2 Biotic indicators

There are many biological indicators from which to choose (Norris and Norris, 1995; Cranston et al., 1996). The most commonly used have been benthic macroinvertebrates, the small animals without backbones (e.g. insects, worms, molluscs etc.) that live in the sediments of rivers and lakes (Resh and Jackson, 1993). Other commonly used groups are fish (Harris, 1995) and plants (Whitton and Kelly, 1995). Regardless of the taxonomic group used, taxonomic richness, or a subset of it (e.g. richness of particular group of invertebrates), has been frequently selected as a robust indicator. Poor environmental conditions are usually indicated by a loss of taxa. Taxonomic richness of invertebrates is central to the British RIVPACS (Wright, 1995) and the Australian AUSRIVAS (Simpson et al., 1997) methods for assessment of rivers. 

1.7 Why is a river management plan important?

A plan is essentially a strategy aimed at achieving a desired outcome(s).  The long-term economic and ecological sustainability of land and water resources is a desired outcome for local government and the community.  This does not imply stability, rather an ability to adapt to changing pressures and issues.  Knowledge is an essential element of adaptive capacity.  There are five elements to any knowledge strategy:

· What do we need to know?

· How will we get the information?

· How do we store the information so it is available when we need it?

· How do we update and check the information

· How do we review and update the knowledge strategy.

A knowledge strategy is an integral part of any organisation’s business plan. River management agencies are required to manage a variety of issues, therefore it is important for them to focus on the key issues. Given past mistakes of managing rivers, especially in semi arid and arid river systems like the Namoi, it is worthwhile considering what knowledge a government or a community group, needs before it can make responsible river management decisions.  Information on the extent and ‘state’ of the resource, as well the ability to predict the impact of various actions on the long-term sustainability of the system are required. 

COAG has recognised the fundamental importance of a ‘whole catchment’ approach in natural resource planning.  For example, water entitlements, both consumptive and non-consumptive, must be allocated and managed in accordance with comprehensive planning systems. This is based on a complete assessment of the river system. Hence, State or regional borders are not an appropriate planning boundary, despite the difficulties this causes. This allows a group to consider all downstream impacts of river development. In this case the impacts of river management in the Namoi valley on the Barwon Darling itself need to be assessed.

Defining the river floodplain system, its structure and functioning over a variety of time scales is important. Areas of inundation associated with different floods are necessary, despite the resistance of some development interests in having this information publicly available.  Ecological communities need to be assessed along with their dependence on various wetting and drying periods. This should include fish, birds, aquatic macrophytes, invertebrates and riparian vegetation and indicate how these elements interact at the community level. Rare or endangered species need to be identified, as do ’hot spots’ of high biodiversity potential (Cullen and Lake, 1995)

Governments, developers and conservation interests all seek to have robust predictions of how river systems may change with the implementation of various development options. Such predictions require models as well as appropriate data. Although the prediction of hydrological outcomes is developing, ecological outcomes are more difficult and less advanced. Even in the Murray-Darling Basin where water management has been active for over 70 years, there has been little effort in the development of ecosystem models. Instead ‘expert judgements’ by experienced ecologists are relied upon for many of our present water allocation issues. 

The Namoi River Catchment

1.8 Catchment Character

The Namoi catchment drains an area of 42,000 km2 in northern New South Wales. The main river system of the catchment, the MacDonald/Namoi, has its headwaters in the Great Dividing Range, and flows in a westerly direction for approximately 850 km from near Walcha, on the New England Plateau, to the Barwon River at Walgett. The Namoi River system is a major left bank tributary of the Barwon-Darling River, contributing an average 800,000 ML year-1 to this river or 25 percent of its long term annual flow at Menindee. The catchment is bounded by the Nandewar Ranges in the north, the New England Plateau in the north east, the Liverpool Plains in the south east and the Warrumbungle Range in the south west. In addition to the MacDonald and Namoi rivers, other important tributaries include the Cockburn, Peel and Mooki Rivers and Coxs Creek. 

There are two main physiographic regions in the Namoi catchment: 

· the mountainous eastern region; and,

· the low angle plains of the west.  

The eastern region, in which most of the rivers rise, is the highly dissected New England Range. The New England Granite Batholith is the characteristic geologic feature of this region. It is Silurian in age and also consists of metamorphic sediments. These sediments dip steeply and are overlain by Devonian-Carboniferous tuffs, lavas, shales and some limestones. Granites outcrop in the margins of the basins. In places tertiary volcanics and lavas, which are over 150 m thick, occupy elevated positions and form the more rugged topography of the region, for example the Nandewar and Liverpool Ranges.  

A distinct physiographic boundary located slightly east of Narrabri separates the eastern and western regions of the catchment. This boundary, best defined in the vicinity of Mt Kaputar, corresponds to a north-south line of folding and faulting. Generally, the low angle alluvial plain slopes uniformly towards the west and lacks any significant relief. This alluvial plain consists of alternating strata and lenses of gravel, sand and silt-clay sediments up to 150 m thick. The Cretaceous rocks of the Great Artesian Basin underlie these sediments. Riley and Taylor (1978) suggest there are three main sub regions this western area of the catchment, namely:

· the area of most recent stream activity and fluvial deposits;

· older areas of alluvial deposits; and,

· an area of interaction between the Namoi and Gwydir fans

There are a variety of soil types through out the catchment. Soil type is closely associated with the underlying geology and the geomorphological evolution of the region. Soil erosion is prominent throughout the catchment, accounting for 37.9 % of the total degraded area (Thoms, 1998). Sheet and rill erosion is the dominant erosion form, especially in pasture areas where vegetation cover is minimal or where pastures are cultivated for fodder crops.  The Liverpool Ranges and land along the Tamworth fault, which includes the headwater tributaries of the Mooki and Peel Rivers, are also severely affected. Sheet erosion is more prominent in the hills and foot slopes and rill erosion is common on the lower slopes. Extreme gully erosion is present in the upper slopes of the Liverpool Ranges and the southern end of the Tamworth fault.  There is extensive to severe gully erosion in the Manilla and Barraba areas and also areas to the east of Manilla.  Other areas of severe gully erosion exist west of Coxs Creek and throughout the Tamworth district and the MacDonald River. Gully erosion is responsible for large quantities of soil loss and increased sedimentation and turbidity of rivers.

1.9 River Geomorphology

The geomorphology of the Namoi catchment has an important influence on the hydrology and physical character of a river system. River channel planforms (styles) are largely controlled by the valley slopes and the width of the valley floor trough. For example in constrained valleys of the headwater regions, the presence of bedrock outcrops influence the slope of the river channel (energy slope) and the mobility of the river channel and its ability to respond to changing discharges. The geomorphology of Namoi and its main tributary valleys are different and some change markedly in a downstream direction.

All the main rivers of the Namoi catchment have typical concave long profiles, although there is a wide variation between them (Thoms, 1998). The Namoi/MacDonald River has its headwaters in the Great Dividing Range at an elevation of approximately 1,200 m above mean sea level (ASL).  It flows in a predominantly westerly direction and drops quickly in elevation to 340 m near Manilla, some 200 river kilometres downstream. The river valley in this section is heavily constrained and has a small valley floor width. The river therefore has a high gradient as it flows through a gorge zone until it reaches Manilla. Downstream of Keepit Dam, the valley slope decreases dramatically to an elevation of 200 m at Narrabri, a further 200 km downstream. As the valley slope decreases, the valley floor increases in the width to become a large floodplain. Downstream of Narrabri the floodplain is essentially a flat featureless surface associated with an unconstrained valley. Elevation is 120 m at the Namoi-Barwon confluence, some 710 km downstream from its headwaters. The extensive floodplain areas contain a number of features such as billabongs, anabranches and effluent streams such as Pian and Gunidgera Creeks.  

Like the Namoi, the Cockburn River and Cox’s Creek both drain areas of relatively high relief (960 m and 1,060 m respectively), while the Peel and Mooki Rivers drain areas of low to moderate relief (480 m and 500m respectively). 

Thoms (1998) has identified seven river zones in the Namoi catchment each with its own set of physical characteristics. The location of the zones reflects the variable control of the discharge of water and sediment in relation to catchment size and geological influences on the nature of the valley. Similarly, the extent of each zone varies according to the overall geomorphology of the region. Details of each zone are presented in (Figure 5 and Table 1).
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Figure 5:
River zones in the Namoi catchment

The anabranch zone is the dominant river zone, in terms of length, in the Namoi catchment.  However, within the individual sub catchments the dominance of individual zones varies. For example, the meander zone is dominant in the Mooki River and Coxs Creek, whilst the mobile zone is the dominant zone in the Cockburn River.  

All of the rivers in the Namoi catchment have a variable form and character. Different river zones respond in a different manner to physical disturbances, whether they be natural (e.g.  flood) or human induced (e.g. sand and gravel extraction). Hence, management activities should be conducive to the natural character and functioning of river systems.  

There is generally a continuity of water and sediment movement in river systems. Because of this continuity, activities in one river zone can influence the character and functioning of other zones both upstream and downstream of the zone undergoing change. For example, sand and gravel extraction in a mobile zone can create riverbed erosion problems in an upstream armoured zone and fine sediment deposition issues in a downstream meander zone. River management activities should be mindful of this connectivity within river systems.

Table 1:
Geomorphological zones of the Namoi Catchment.

River Zone
River
Character

Pool
MacDonald
Stable channel
Deep pools are important habitat.

Constrained
MacDonald
Cockburn
Peel
Mooki
Coxs
Stable channel
Sediment supply area. 
Plunge pools and runs are important habitat.

Armoured
MacDonald
Cockburn
Peel
Relatively stable channel but can become active and unstable. Temporary sediment stores within the channel. The gravel bed/bars are important habitat. 

Mobile
MacDonald
Cockburn
Peel
Very active channel and bed sediment – sediment transfer area with numerous temporary sediment stores. The sandy gravel deposits are important habitat.

Meander
Namoi
Cockburn
Peel
Mooki
Coxs
Active channel in which bank erosion is common.  Sediment transfer area with some sediment stores. Floodplain functioning increases in importance to the river system

Anabranch
Namoi
Peel
Mooki
Coxs
Main channel is relatively stable but can experience bank erosion. River system is multi-channelled during floods. Secondary channels may erode if they become the main flow path. Both the main and anabranch channels are important habitat. Floodplain functioning important to the river system.

Distributary
Namoi
Multi channelled - secondary channels are the dominant habitat area. The condition of the floodplain vital to river functioning.

1.10 Hydrology

The long term average annual runoff for the Namoi River is 770,000 ML at Gunnedah, which represents 6 % of the average annual catchment rainfall and is only 33 % of the New South Wales average rainfall-runoff.  Most of the runoff is generated in the headwater regions of the catchment; 90 % of the total runoff comes from 40 % of the catchment area.  The Cockburn, Peel and MacDonald catchments yield the greatest runoff per area of catchment (Table 2).  Generally, annual flows increase with increasing catchment area, but downstream of Gunnedah annual flows decrease due to increasing evaporation, transmission losses and water use. 

Table 2:
Total Annual Flow Statistics for the Namoi River (ML).


Narrabri
Gunnedah
MacDonald
Peel
Cockburn
Mooki
Coxs

Median
403,500
415,200
242,600
130,300
58,500
36,700
24,500

Mean
629,000
734,000
381,600
196,700
81,400
92,500
77,300

Min
19,000
33,300
14,500
4,500
600
1000
500

Max.
3,624,000
3,871,000
1,905,000
994,000
315,000
388,000
344,000

Catch. Area (km2)
25,100
17,100
5,180
2,410
907
3,630
4,040

Yield


16
24
46
56
65
10
7

Flow variability is a feature of the Namoi River. For example, long term variations in average annual flow for selected stations throughout the catchment range from 23 to 660 percent (Thoms, 1998).  In general, discharges recorded at the main gauing stations are skewed, with a large proportion of average flows occurring in wet years and during major floods.

Riley (1988) has reported secular changes in the hydrological regime of the Namoi catchment over the last 100 years. The period 1900-1946 differs significantly in term of annual flows and flood activity in comparison to preceding and succeeding periods; conditions were wetter prior to the 1900 and since the mid 1940’s.

Flows in the Namoi catchment are regulated by three head water storages: Keepit Dam on the Namoi River upstream of the Peel River confluence, Chaffey Dam on the Peel River upstream of Tamworth, and Split Rock Dam on the Manilla River. Keepit Dam, constructed in 1960, has a storage capacity of 427,000 ML and is a concrete gravity dam with a gated spillway. There is a small hydroelectric power station that operates at the dam when releases are made. Split Rock Dam was constructed in 1988 to augment the supply to Keepit Dam by an average of 53,000 ML per year. It also supplies water to users along the Manilla River. Split Rock is a concrete faced rock fill dam and has a maximum storage capacity of 397,000 ML. Chaffey Dam was constructed in 1979 and has a maximum storage capacity of 62,000 ML.  

Downstream of Keepit Dam there is a series of regulating weirs at Mollee, Gunidgera and Weeta.  Mollee Weir (3,300 ML) was designed to hold and regulate flows to improve the precision of supply.  Gunidgera Weir has a storage capacity of 1,900 ML and its main function is to raise water levels to enable regulated flows to be diverted to Gunidgera and Pian Creeks.  Weeta Weir has a storage capacity of 280 ML and provides storage for downstream irrigators.  On the Gunidgera-Pian Creek system there are a number of works to control flows. A regulator on Gunidgera Creek controls the rate of diversion of flows from the Namoi River to the creek.  Flows may then be diverted into Pian Creek via The Cutting (Knights Weir) or The Supplementary Pian Creek Channel, which was constructed in 1992 to allow water transfer into Pian Creek and to prevent overbank flow.  Four privately owned weirs owned by irrigators are also present in the Gunidgera-Pian Creek system, Knights, Hazeldean, Greylands and Dundee Weirs.

Hydrological assessment of the Namoi River system undertaken by the DLWC has been used to identify changes to the nature of river flows as a result of water regulation (Thoms, 1998). Typically, river flows across the catchment are variable, and regulation has altered some seasonal flows (Figure 6). In addition, water resource development has significantly reduced the frequency and size of in-stream flood flows in the Namoi system. A comparison of simulated natural with current (regulated) flow data from three key sites in the Namoi catchment indicates that the peak discharges associated with flood flows have been reduced following regulation (Table 3). For example, the peak discharge associated with a 1 in 5-year flood at Gunnedah under natural conditions has been reduced by 35% since river regulation. The results suggest that the impact of regulation is most pronounced on the small to medium (1 in 2-year  to 1 in 5-year) flood events. 

Table 3:
Percentage reduction in peak discharges associated with floods at selected sites in the Namoi River system. Source: DLWC, Integrated Quantity and Quality Model (IQQM) – monthly timestep model

Station
2 year ARI
5 year ARI 
10 year ARI
20 year ARI
50 year ARI

Peel River
-10
-5
-2
-2
0

Gunnedah
-37
-35
-9
-12
0

Narrabri
-8
-12
-2
-2
-1

Note:
ARI - average return intervals based on Log Pearson 3. 

[image: image7.wmf]0

10000

20000

30000

40000

50000

60000

70000

Jan

Mar

May

July

Sept

Nov

Month

Observed

Simulated

b


[image: image8.wmf]0

20000

40000

60000

80000

100000

120000

Jan

Mar

May

July

Sept

Nov

Month

Observed

Simulated

c

[image: image9.wmf]
Figure 6:
Long-term monthly flows (observed and simulated natural) for the Namoi River system: a) Peel River; b) Gunnedah, and c) Narrabri. Source: DLWC, Integrated Quantity and Quality Model (IQQM) – monthly timestep model

THE CURRENT CONDITION OF THE NAMOI RIVER SYSTEM

1.11 Physical Condition

The in-stream environment of any river system is a complex array of physical features, or habitat areas.  Typical of habitat features that can be found in a river channel include riffle, run, pool, bank and edge margins, snags, and the substrata associated with each feature. The dominance of various habitats will change along a river and the importance of each will also change for different organisms depending on their habitat preferences. The nature of the riparian zone, the size, shape, stability of the river channel, banks, in-stream substratum, habitat types (riffle, run, pool, edges, snags), and catchment land use all determine the type and quality of habitat within a river system.

The in-stream habitat at a range of sites (Table 4) throughout the Namoi catchment has been investigated by Thoms (1998).  At each site a qualitative assessment by undertaken using a method adapted from the US EPA procedures for rapid biological assessment (Plafkin et al., 1989). This method allows the in-channel habitat to be given a score based on its ability to support macroinvertebrate communities. A score for eight components (bottom substratum/available cover, embeddedness, channel alteration, bottom scouring and deposition, pool/riffle run/bend ratio, bank stability, bank vegetative stability, and streamside cover) is calculated with the total habitat score expressed as a percentage of the maximum possible score with > 80 % excellent, 55-80 % good, 25-55 % fair and less than 25 % poor habitat. The results of the habitat assessment are presented in Table 5.

Overall, the physical condition and quality of habitat for benthic organisms within the Namoi River catchment was in poor to moderate condition. Generally, the upper parts of each of the river systems were in better physical condition than the lower sections. However some river systems within the Namoi catchment were in very poor condition, particularly the Mooki River and Coxs Creek.  
The MacDonald and Namoi River was in excellent physical condition upstream of Keepit Dam (sites N3, N1 and N2). Downstream of the dam the physical condition was good with some evidence of bank erosion and channel alteration. Further downstream at Carroll the nature of the river changes to a sediment depositional zone and the quality of the physical habitat declines. The quality and density of vegetation in the riparian zone is reduced, bank erosion and bed degradation is apparent, and the lack of habitat complexity is obvious. This is not associated with natural changes to the river and is influenced by regulation of flows downstream of Keepit Dam. A further decline in the quality of the physical habitat is evident between Boggabri and Wee Waa where bank erosion is more apparent, and the riparian zone and the condition of the riverbed is severely degraded.

The Peel River is in moderate physical condition. Upstream of Chaffey Dam the physical condition of the river was good, however, relatively minor bank instability and evidence of channel degradation was present and habitat complexity was also reduced. Downstream of the dam channel degradation was apparent with in-stream substratum embedded and surrounded by finer particles. However, bank stability and riparian vegetation cover was in better condition compared to sites upstream of the dam. Further downstream at Calala the riparian vegetation was encroaching on the river channel. Otherwise the river was in relatively good physical condition with some channel degradation and bank instability. Downstream of Tamworth at Appleby Bridge, the physical habitat had declined with moderately unstable banks and degradation of the stream channel and bed.  

Table 4: 
Characteristics of sites sampled in the Namoi River Catchment.

Site
River
Location
Altitude (m)
Longitude
Latitude

N1
MacDonald R
u/s Woolbrook
900
151.39
30.98

N2
MacDonald R
@ Lowry
400
150.95
30.66

N3
MacDonald R
@ North Cuerindi
360
150.81
30.71

N4
Namoi R
@ Gunnembene Crossing
280
150.48
30.97

N5
Namoi R
d/s Carroll
260
150.34
31.03

N6
Namoi R
@ Uralla
240
150.15
30.90

N7
Namoi R
d/s Boggabri
220
150.06
30.70

N8
Namoi R
@ Wee Waa




N9
Namoi R
@ Pilliga




P1
Peel R
@ Nundle
580
151.13
31.48

P2
Peel R
d/s of Nundle




P3
Peel R
d/s Chaffey Dam
460
151.12
31.25

P4
Peel R
@ Calala
380
151.03
31.15

P5
Peel R
@ Appleby Bridge
340
150.89
31.02

C1
Cockburn R
near Limbri
460
151.16
31.05

C2
Cockburn R
d/s Limbri




C3
Cockburn R
@ Ballantine Bridge




C4
Cockburn R
@ Nemingah
380
151.02
31.13

M1
Mooki R
@ Pine Ridge
320
150.46
31.53

M2
Mooki R
@ Long Point Bridge
260
150.46
31.20

CX1
Coxs Ck
near Boggabri




CX2
Coxs Ck
@ Warragrah, 
240
150.04
30.80

Table 5:
Physical habitat assessment of sites in the Namoi River Catchment.

Site
N1
N2
N3
N4
N5
N6
N7
N8
N9
P1
P3
P4
P5
C1
C4
M1
M2
Cx1
CX2

Substrate (20)
19
20
19
19
5
11
11
5
10
17
18
17
15
18
19
11
5
5
5

Embeddedness (20)
15
20
19
19
5
11
8
2
2
18
11
15
11
12
19
11
5
5
4

Velocity/Depth Ratio (20)
15
15
15
12
5
6
8
5
6
10
10
10
8
10
6
8
5
0
3

Channel Alteration (15)
10
11
9
12
3
8
7
4
5
11
14
13
12
15
7
5
3
5
4

Bottom Scouring/Deposition (15)
11
11
11
11
7
7
7
7
7
11
12
8
8
12
11
8
3
5
7

Pool/Riffle/Run/Bend (15)
11
12
12
11
3
4
6
3
3
10
11
11
6
11
4
6
3
0
3

Bank Stability (10)
8
8
10
5
6
5
2
1
6
5
9
8
5
10
9
3
3
4
6

Bank Veg. Stability (10)
9
10
10
9
10
9
8
9
6
8
10
8
9
10
10
9
8
6
10

Streamside cover (10)
10
10
9
5
10
9
10
9
9
7
8
7
9
9
8
5
5
7
5






















Total
108
117
114
103
54
70
67
45
54
97
103
97
83
107
93
66
40
37
47

% of maximum (135)
80
87
84
76
40
52
50
33
40
72
76
72
61
79
69
49
30
27
35

The Mooki River was in poor physical condition. Unstable banks, degradation of the stream channel and bed, deposition of fine materials such as silt and clay, and no riparian vegetation were indicative of the poor physical nature of this stream. Farming practices were present up to the stream banks and were a major factor contributing to the declining physical nature of this stream.  

The Cockburn River was in poor physical condition. The upper parts of the Cockburn River catchment showed some signs of channel instability and bed degradation, but was generally in good physical condition, with stable banks, and good riparian vegetation. Further downstream, the channel was very unstable, lacked habitat complexity and was highly degraded.  

Coxs Creek was in poor physical condition throughout its length. In-stream substratum was primarily silt and clay, indicating that a considerable amount of fine sediment transport was occurring. Poor riparian vegetation cover, unstable deeply eroded banks, and an unstable stream channel indicate the poor physical nature of this stream.

Overall, the Mooki River and Coxs Creek were in very poor physical condition, along with the lower parts of the Namoi River and Cockburn River. Factors influencing all streams were poor land use practices, a lack of adequate riparian vegetation, and bank instability. The impact of sand and gravel extraction was obvious on the physical condition of the various river systems.  

1.12 Physico-Chemical Water Quality Conditions

A review of the water quality of the Namoi River was undertaken by Arthington (1995), who identified the major water quality issues in the cotton growing areas as salinity, turbidity, nutrient enrichment and contamination with agricultural chemicals, and problems with urban and mine wastes. These findings are supported by recent investigations by Brooks (1998), Deal and Wood (1998), Mawhinney (1998a,b,c), Muschal (1998), Nancarrow (1998), and O’Brien (1996) as part of regional or local water quality monitoring programs. Thoms (1998) also investigated aspects of water quality when applying the Index of Stream Condition (ISC - see section 4.4) at 18 sites across the Namoi. The ISC examines 6 environmental variables, including water quality and biological condition, to provide an overall assessment of the condition of rivers. 

Salinity is widely recognised as a land and water management problem across the region. The recently released salinity audit by the Murray Darling Basin (MDBC, 1999) has highlighted the Namoi as a catchment where salinity problems are expected to worsen considerably in coming decades if the long-term trend of rising groundwater tables is not reversed. Interestingly, recent analyses of salinity trends at river sites in the Namoi have recorded no, or decreasing, trends in stream salinity. Nancarrow (1998) examined 8 years data (1991-1998) collected from 9 sites across the Namoi catchment as part of the Central and North West Regions water quality program, while Preece (1998) examined five years data (1992-1997) from 8 sites across the catchment as part of the NSW Key Sites monitoring program. Three sites were common to each investigation, and Nancarrow using the 8-year data set did not record the two decreasing trends in stream salinity recorded by Preece based on a 5-year data set. This highlights the care that must be taken when drawing conclusions on long-term trends based on data collected over relatively short periods. Evaluations of trends in stream salinity undertaken by the MDBC indicated rising salinity and salt export from the Namoi over the period 1975 to 1995 (Williamson et al., 1997; Jolley et al., 1996; http://www.mdbc.gov.au). Long term trends may also be modified by climatic events (e.g. ENSO) or management practices (MDBC, 1999). 

The salinity audit undertaken by the MDBC (1999) indicated that salt concentrations and loads in the Namoi were expected to rise significantly over the next 50-100 years, based on current trends and management practices. The management of salinity in both dryland and irrigated areas should continue as an important component of catchment management efforts in the Namoi. Current ‘high salinity’ areas include the Mooki River and Cox’s Creek catchments (Mawhinney, 1998) and the Peel River catchment (Nancarrow, 1998). In light of the MDBC salinity audit results, consideration should be given to evaluating the rates of groundwater rise across the Namoi to identify areas most at risk of future salinity impacts.

The increased presence of sediments in waterways contributes to increased turbidity, which in turn may affect processes such as photosynthesis by aquatic plants. The sediments also carry attached pollutants such as heavy metals and pesticides, and plant nutrients such as phosphorus and nitrogen. Water with high turbidity will also require higher levels of treatment if required for human consumption. Stream turbidity in the Namoi catchment generally increased with distance downstream (Nancarrow, 1998; Mawhinney, 1998). Highest turbidities were recorded in the lower sections of the Mooki River, Cox’s Creek and Namoi River, most likely due to the transport of sediments following disturbance within catchments, stream bed and bank erosion, or direct access by livestock. No trends in turbidity were recorded at sites reported by Nancarrow (1998) for the 8 year period between 1991-1998, although both increasing and decreasing trends were recorded for the five years between 1992-1997 at sites monitored by Preece (1998). As sources of turbidity are likely to vary from site to site, management of turbidity must also be site specific. Management should focus on reducing the effects of catchment and bed and bank erosion, and stock access that are usually the most common causes of increased turbidity. An understanding of stream geomorphological processes will be important so that the underlying causes of bed and bank erosion are addressed. 

Nutrient (phosphorus and nitrogen) concentration measured at various points across the Namoi catchment were variable but generally high, responding to inputs such as STP effluent and diffuse runoff, and in-stream processes (Mawhinney, 1998; Nancarrow, 1998). No trends in phosphorus concentration were recorded, but nitrogen levels increased significantly in the Namoi at Gunnedah between 1991 and 1998 (Nancarrow, 1998). This trend is likely to have resulted from increases in catchment erosion, and bank and bed erosion, and increased land use. While nutrient concentrations measured at river sites have been at levels that can support nuisance algal growth, algal blooms are most likely to occur in the still, warm conditions that prevail in reservoirs such as Chaffey, Keepit and Split Rock dams, especially during summer and autumn (DLWC, 1996). Research at Chaffey Dam has found that the nutrients (e.g. phosphorus) that support algal growth come from both internal (in-reservoir) and external (catchment) sources (Whittington et al., 1998). This highlights the need for a combination of catchment and reservoir management actions if algal growth is to be managed and algal blooms avoided. While nutrients, combined with climate and the dam morphology and dynamics are all involved, management strategies to control the problem require further resolution.

Dams and weirs may also cause water quality problems in downstream areas. Thermal stratification can lead to low dissolved oxygen and increased nutrient and heavy metal concentrations in bottom waters; this poor quality water can adversely affect biota such as fish and invertebrates if released. Cold-water released during summer for irrigation can reduce stream temperature and affect the biology (e.g. growth) of biota such as fish. Dams and weirs can also be a source of algae that help ‘seed’ blooms in downstream areas, should conditions be suitable. While little information is available to assess the prevalence of these issues, they are being considered in the development of programs to monitor the effects of environmental flows in the Namoi. 

Pollutant transport along the river system of the Liverpool Plains was highest during relatively infrequent flood events. While nutrients carried during storm flows were mainly in particulate form (bound to sediments), the proportion of particulate and bio-available (i.e. readily available for uptake by plants and algae) forms varied, suggesting that a number of pollutant generation, transport and transformation processes operate (Mawhinney, 1998). In general, Mawhinney found that water from the Liverpool Plains was of poorer quality and was diluted by water from the upper catchment areas when it reached the Namoi River. The pattern of high pollutant transport during flood events recorded for the Liverpool Plains is likely to apply elsewhere across the Namoi catchment.

The Namoi River system has been shown to contribute the largest loads of salt, suspended solids and nutrients of the northern rivers flowing to the Barwon-Darling system (Nancarrow 1998). Given the relatively large pollutant loads discharged from the Namoi to the Barwon-Darling, catchment and river management plans for the Namoi need to consider both local and regional objectives. Monitoring programs should also be considered in this light. While the Liverpool Plains Water Quality Project is focussed on local issues, other water quality monitoring in the Namoi is undertaken as part of regional programs to meet the management needs of determining trends, developing existing linkages with the Phosphorus Reduction Campaign, Nutrient Management Plans, Riverwatch, Rivercare 2000 and other community awareness programs, and to refine these plans and to assess their effectiveness (Wood, 1997). These are all broad issues rather than questions that might be better stated as hypotheses along the lines of those being proposed for the IMEF plan being developed for the Namoi by DLWC. Monitoring could be developed to address more specific issues, and this would require more targeted site selection and sampling frequency, as suggested by Nancarrow (1998). Nancarrow also suggests that the results of nutrient and general water quality, pesticides and biomonitoring should be integrated and this view is strongly supported.

An issue that is being targeted with more specific studies is that of agricultural chemicals, in particular pesticides (sampling is orientated around spraying seasons and specific areas such as the Liverpool Plains). The 97/98 report on pesticide monitoring found that 65% of samples collected exceeded the ANZECC recommended endosulfan guidelines, and this was similar to the previous three seasons (Muschal 1998). Pesticides may also enter the groundwater (Timms and Cooper, 1998). A study of pesticide use on the Liverpool Plains (Mawhinney 1998b,c) highlighted two issues. Firstly, where agricultural chemicals were used, a wide range of chemicals were detected, often at high concentrations. These included atrazine, endosulfan, metolachlor, and less often or at lower concentrations, prometryn, diuron, dimethoate and parathion methyl.  Secondly, the levels often exceeded those for drinking water and for protection of aquatic ecosystems. While pesticide application practices have improved considerably in recent years, therefore reducing the level of pesticide drift that reaches waterways, further efforts to reduce pesticides transported in surface runoff are needed, especially in dryland areas. 

Microbiological testing in the Namoi River Catchment has shown contamination downstream of Narrabri to originate from the Narrabri sewage treatment plant and from sheep upstream of the STP (Deal et al., 1995; Deal and Wood, 1997).  Sample sites are too sparse to gain a detailed picture of possible microbiological contamination in the catchment although problems may be expected at more sites because of the intensive land use of much of the catchment.

In conclusion, the chemical water quality of the Namoi River system is generally moderate to poor, with high levels of nutrients, areas contaminated by agricultural chemicals, and areas with on-going salinity problems.  While trends for parameters such as salinity, turbidity and nutrients may vary in the short term, longer term trends show little signs of a decline through time. This may be interpreted as management strategies barely keeping pace with pressures on water quality, or the ineffectiveness of the strategies. It is recommended that water quality monitoring programs are reviewed so that the effects of catchment and river management plans currently being developed may be clearly evaluated.

1.13 Biological Conditions

1.13.1 Invertebrates

Invertebrates can be a sensitive way of assessing the ecological condition of rivers and lakes including the effects of flow regulation, habitat modification and water quality. Several studies on invertebrates have been done on the Namoi and other rivers in the region. Biological monitoring has been undertaken in the Namoi River catchment since 1992/93 (Royal and Bales 1994). This initial work began using artificial substrata at 17 sites. The work was expanded to 39 sites in 1993/94 (Royal and Bales 1994) with a change of method to collections from natural habitats. This change of methods did not allow direct comparisons between the years. Moroney et al. (1997) could not detect any harmful effects of pesticide applications on the re-establishment of macroinvertebrate assemblages at the large spatial scales monitored until 1995. It may be that effects occur only over small spatial and temporal scales and these may be hidden among the broader patterns found with the current monitoring design.

Intensive sampling in 1995/96 along the Macquarie River found correlation between sediment bound endosulfan but not water column concentrations (Moroney et al., 1997). A recommendation to establish the causal mechanism of this relationship apparently was not pursued in favour of studying areas that had higher pesticide use (Moroney et al. 1997).  Unfortunately, high flows disrupted the 1996/97 sampling period. Invertebrate sampling undertaken in 1997/98 (Brooks 1998) did not follow up on previous year’s recommendations (e.g. an intensive study along a single river or concentration on areas of higher pesticide use).  Sampling was at 22 sites throughout the Central and North West regions, five of which were in the Namoi River catchment. The study was based on the hypothesis that impact caused by pesticides would cause macroinvertebrate communities to become more dissimilar in irrigated and non-irrigated areas during the spraying season, and should become more similar afterwards if recovery occurs. The study failed to clearly demonstrate this effect and the changes observed could not be clearly related to endosulfan (Brooks 1998).

It was suggested that chronic rather than acute effects of endosulfan might be the cause of changes and that experimental studies should be instituted to elucidate such effects. It was also recognised that the current program was unlikely to establish the effects of endosulfan because the control and test sites were in different geographic regions. Sampling from the First National Assessment of River Health (FNARH) will be undertaken in the region, which may help to address the problem because the methods match test and reference sites based largely on their physical characteristics. Unfortunately, no indication was given that further thought was given to the study design for FNARH sampling with regard to assessing the effects of pesticides. It was recommended that a risk assessment should be undertaken to determine the likely risk to biota from pesticides and that this should provide direction for experimental studies.

In conclusion, studies on invertebrates to assess the effects of pesticides have been designed on the assumption that pesticides would cause damage. Unfortunately, methods have changed from year to year and recommendations from previous studies have not been followed up. Relatively few sites scattered over a large area and the confounding effects of multiple land uses have probably caused the studies to have a low power (ability to detect change), resulting in inconclusive findings. A reason for using invertebrates to assess water quality is that they should summarise water quality for some time before their collection. As such, it is unlikely that they would be correlated with spot water quality measurements taken at the time of collection. Marchant et al. (1997) showed that correlations between invertebrates and water quality in the Yarra River were only found when water quality variables were averaged over a period before the biota were collected. More intensive study designs with experimental work are probably warranted.

1.13.2 Fish

The CRC for Freshwater Ecology and NSW Fisheries conducted the NSW Rivers Survey, a state-wide survey of riverine fish communities and their habitats (Harris and Gehrke 1997). Three sites in the Namoi catchment have been sampled regularly since 1994 (Table 6) and one site (Cockburn River) was sampled once. A total of 18 native and six alien fish species were predicted to occur in the Namoi catchment, but only 11 and 3 species, respectively, have been found (Harris and Gehrke 1997).  Seven native fish either no longer occur in the catchment or, at best, are in sparse and fragmented populations. Four of these are threatened species (Pollard et al. 1990; Wager and Jackson 1993; Harris and Gehrke 1997). Two additional species, brown trout, Salmo trutta and rainbow trout, Oncorhynchus mykiss, continue to live in headwaters streams but these trout habitats were not chosen among the three randomly allocated Namoi sites of the NSW Rivers Survey.  

Fish in the Peel River downstream of Chaffey Dam were sampled twice in 1990 by NSW Fisheries (Bishop and Harris 1990). Five native species were recorded (Australian smelt, Retropinna semoni; Freshwater catfish; River blackfish, Gadopsis marmoratus; western carp gudgeon, Hypseleotris klunzingeri, and carp gudgeon, Hypseleotris sp.). Australian smelt were abundant and river blackfish were common, but few of the other species were collected. Alien fish present were rainbow trout, goldfish, Carassius auratus and carp. Several native species that were predicted to occur in this reach were not recorded, including silver perch, Murray cod and golden perch. Sick and dead fish, especially river blackfish, were collected near the dam wall.  Fish losses were attributed to poor water quality below the storage. 

A river-health study using the Index of Biotic Integrity (IBI) has recently been completed with data from the NSW Rivers Survey (Harris and Silveira 1999). The IBI uses 11 metrics based on fish-community data to rank the river health of sites.  As well as an IBI score, river health is generally expressed qualitatively, ranging from ‘Excellent’, ‘Good’, Fair’, ‘Poor’ to ‘Very Poor’.  The three regular Namoi sites were classed as either ‘Poor’ or ‘Poor-Fair’, and their IBI scores were lower than many other Darling Region river sites.

Table 6:
Abundance of fish species recorded at sites in the Namoi River catchment.  Data from the NSW Rivers Survey (Harris and Gehrke 1997).  Surveys 1 – 5 occurred from October 1994 to April 1999. 

River & Town*
Species name
Survey 1
Survey 2
Survey 3
Survey 4
Survey 5
 Total

Cockburn,
Cyprinus carpio


1


1

Limbri
Gambusia holbrooki


2127


2127


Hypseleotris spp


33


33


Tandanus tandanus


2


2


Carassius auratus

19

18
6
43

MacDonald,
Gadopsis marmoratus
2
19

4
4
29

Bendemeer
Gambusia holbrooki
3
2091
3
9

2106


Hypseleotris spp
2
28
7
49
32
118


Macquaria ambigua




2
2

Namoi,
Bidyanus bidyanus



2

2

Boggabri
Carassius auratus
1

4

2
7


Cyprinus carpio
10
10
9
3
22
54


Hypseleotris spp
4
2
16
11

33


Leiopotherapon unicolor




1
1


Maccullochella peelii



1

1


Macquaria ambigua
2

2
7

11


Melanotaenia fluviatilis
4

2
26
103
135


Nematalosa erebi
2
1
3
5
88
99


Retropinna semoni
3
6

6
27
42


Tandanus tandanus
1
1

2

4

Peel,
Carassius auratus
2
1
3


6

Attunga
Craterocephalus stercusmuscarum




1
1


Cyprinus carpio
52
35
14
12
54
167


Gambusia holbrooki
6
1
3
15

25


Hypseleotris spp
5

3
10
1
19


Macquaria ambigua
12
8
2
4
2
28


Melanotaenia fluviatilis

3

9
55
67


Nematalosa erebi

3
22

8
33


Retropinna semoni
1
7
3

1
12

 Totals

112
2235
2259
193
408
5207

* Town nearest the NSW Rivers Survey site. 

The poor condition of native fish in the Namoi catchment reflects the river’s degraded condition. Native fish are few in number; many of the previously recorded species can no longer be found; fisheries productivity has declined alarmingly except in the artificial water storages and the fish fauna is dominated by alien pest species such as carp, Cyprinus carpio, and gambusia, Gambusia holbrooki. Substantial aquatic biodiversity has been lost as a result of this deterioration. Nevertheless, some recreational fisheries remain in the Namoi catchment.  In the lower river channels, these are mainly based on wild populations of native fish including Murray cod, Maccullochella peelii, and golden perch, Macquaria ambigua. Freshwater catfish, Tandanus tandanus, are also present although the numbers of this species have declined greatly in recent decades. The threatened species, silver perch Bidyanus bidyanus, still occurs in the catchment. Substantial fisheries in Keepit, Rocky Creek and Chaffey dams depend on stocked and wild populations of native fish. Rainbow trout, Oncorhynchus mykiss and brown trout, Salmo trutta, occur in cooler headwater streams over 600 metres in altitude and are regularly stocked.

1.13.3 Instream and Riparian Vegetation

The only reported study of the Namoi’s aquatic vegetation recorded (in 1994) some well-established populations of common species in the Macdonald and Manilla, but few in the Cox’s, Mooki, upper Peel and Namoi main stem (North-West Catchment Management Committee, 1996). Therefore there is a clear need for a more thorough characterisation of the species distribution patterns and habitat preferences. Aquatic macrophytes are a major provider of in-stream habitats for fauna, including acting as a reservoir of populations of plankton. 

There has been no specific survey of the condition of the riparian vegetation throughout the Namoi River system, and there is only a broad knowledge of vegetation composition and changes arising from land clearance. This knowledge comes from various regional land use, river corridor, wetland and vegetation studies, which have described the general nature of the riparian zone and the dominant plant species. The data from the Wetlands Survey (DWR, 1992) provides an overview of the Namoi systems, although the focus of this survey was on wetlands and the data are limited to a general description of the dominant species along major channels and tributaries and around wetlands. These data are lacking in that they do not provide information on the lateral extent (with respect to the floodplain limits) and longitudinal continuity and condition of riparian systems (vegetation, fauna, soils), nor about the relative importance of impacting processes (grazing, flow regulation etc.) in the different regions. 

Along the Namoi main stem there is a characteristic longitudinal and lateral continuum of riparian vegetation which can be recognised, at least for the dominant woody species (Table 7). In the upper mobile and meandering zones, the dominant species are river oak and red gum, with the former extending downriver mainly as a bank and bar species. Red gum continues through the anabranching zone and is found with coolibah, which is often the dominant in the lower distributary systems. It is not clear what the structure of the riparian vegetation on the Liverpool plains might have once been, but presently it is perceived as poorly developed in terms of woody plants. This requires investigation.

Despite the lack of basic and specific inventory data, there is a widely stated belief in many reports that the in-stream and riparian vegetation is severely degraded in various parts of the Namoi system. This has occurred, not surprisingly, in those areas that have experienced the most intense land pressures for agricultural development. In many areas the floodplain has been largely cleared and the only riparian vegetation is that left in the bank and channel zones. Although limited in extent compared with the whole floodplain, these zones may have a functional importance much greater than their area would suggest, especially in terms of sediment retention and nutrient interception (Brunet et al. 1994).  

As well as changes due to human influence, the dominant riparian species are related to climate, soil texture, depth and stability of the river sediments. However, very few studies have been made of the dynamics of riparian vegetation in Australia. Recent studies elsewhere have demonstrated that the temporal dynamics of river deposits is a key factor in understanding the plant species patterns. Much of the biotic diversity in the riparian system is dependent on the formation and reformation of sedimentary patches. This means that the wide range of space and time scales within which river processes operate must be taken into account when studying and managing their riparian zones.

Table 7.
Summary of dominant riparian species in various reaches of the Namoi system (Source DWR 1992).

River
Reach
River Oak
Red Gum
Willow
Cooba
River Cooba
Coolibah
Apple
Lignum
Riparian Width & Condition

Namoi
Keepit – Peel
P
P
P





narrow

Namoi
Peel-Mooki
P
D
P





mostly narrow

Mooki

P
P
P



P

mostly cleared, narrow

Namoi
Mooki-Cox's

D
P



P

slumping common

Namoi
Cox's-Maules

D
P





narrow strip

Namoi
Maules-Mollee

D
P





narrow

Maules
Maules
D
D
D





degraded

Pilliga Creeks


D






intact, no floodplain

Nandewar Creeks


D

D
P



some intact, some fully cleared

Namoi
Mollee-Gunidgera

D


P
D


floodplain woodland relatively intact

Namoi
Pian Creek

P


P
D

P
tree death and cumbungi spread related to water storage

Namoi
Gunidgera Creek

D


D
D




Namoi
Gunidgera weir - Weeta Weir

D



D


most floodplain cleared

Namoi
Weeta-Barradine 

D






intact narrow

Namoi
Myall Camp





D


intact?

Namoi
Lower Namoi Warrambools





D


intact band

Namoi
Baradine





D


intact?

Namoi
Baradine-Barwon

P


D
D


intact?

D = dominant, P = present

1.14 Stream Condition Assessment

In Australia, broad objectives of river management include improving the condition of degraded rivers, and protecting healthy rivers, to provide for the environmental, social and economic needs of current and future users. 

River management initiatives include programs on water quantity, bed and bank erosion, riparian vegetation, water quality, fish, and aquatic animals. Strategies to address these include licensing of water withdrawals (diversions), structural works to protect streambanks, controlling riparian clearing, riparian planting, weed control, licensing wastewater discharges, licensing of sand and gravel extraction, provision of environmental flows and increasing in-stream habitat. Each of these programs would have specific objectives but they would also be intended to contribute to overall management and enhance the environmental condition of streams. The Index of Stream Condition (ISC) was developed to assist with this overall management of rivers (DNRE, 1997). Assessment of stream condition is fundamental to the setting of priorities and the allocation of resources amongst the various strategies by state and regional managers. The ISC can also be used to measure the effectiveness of the integrated management effort and provide information with which to set benchmarks for stream condition throughout the state. The ISC is available for on-going assessment where information is collated, processed and used by waterway management agencies; it provides direct input to management decisions.

Thoms (1998), using the Index of Stream Condition, has surveyed the overall condition of rivers in the Namoi catchment. Five components are included in the ISC:

· Hydrology (an assessment of flow);

· Physical form (condition of the channel and physical habitat);

· Streamside zone (measurement of quantity and quality of streamside vegetation and wetlands);

· Water quality; and,

· Aquatic life (macroinvertebrate populations).

There are five sub-indices, one for each of the five chosen components of stream condition.  Scores for each of the sub-indices are summed to provide the overall score of the ISC. The sub-index scores are determined by assessing and summing the scores of indicators. The choice of indicator determines the actual measurements that are required. Most indicators are given a numerical value or rating based on a five-point scale that provides a comparison with natural conditions, as shown in Table 8. Categories within each of the sub-indices are rated from 0 (far from ideal) to 5 (ideal), where the rating provides an indication of deviation from natural or ideal conditions.  Summed rating scores are determined from the various categories for each sub-index and a factor is applied to adjust the score to a maximum of 10. The aggregate of the sub-indices gives a maximum ISC index score of 50, and gives an indication of the stream condition at each site or reach. A site with a total ISC score below 25 is considered to be in poor condition, 25-35 in good condition and 36-50 in excellent condition. However, it is important to note the contribution of each sub-index to the overall index, where a site may boast a good or excellent total ISC score despite having a low score for one of the sub-indices. 

Table 8:
Five-point scale for indicator measurements.

Category
Numerical Value

Essentially natural
4

Near natural
3

Moderate modification
2

Major modification
1

Highly modified
0

Output from the ISC is presented in Figure 7. The ISC scores at sites across the study area ranged from 18 to 41.7 with a mean of 27.3. Of the sites examined in the Namoi River Catchment 50 % were in poor condition, 33.3 % in good condition, however, all but one of these had an ISC score less than 29, and only 16.7 % were in excellent condition. Generally, the upland sites were in excellent condition and lowland sites in heavy agricultural areas were in poor condition. 

On the Peel River ISC scores were 33.7 to 24.1. Impacts included flow regulation and major degradation of the streamside zone and riparian vegetation.  Peel River sites also had poor water quality sub-index scores, mainly because of elevated total phosphorus concentrations. On the Cockburn River ISC scores ranged from 25.9-27.1, and were both considered to be in good condition with physical form and streamside zone sub-indices having very low scores. On Coxs Creek very low scores for the streamside zone and water quality sub-indices resulted in a low ISC score of 23.8. Sites upstream of Keepit Dam on the MacDonald River have excellent ISC scores with moderate to high scores for all sub-indices. Downstream of Keepit Dam on the Namoi River ISC scores ranged from 18 to 24.4 with low to moderate scores for the hydrology, physical form and water quality sub-indices and very low scores for the streamside zone sub-index condition score.

Sites with excellent stream condition were only those on the MacDonald River (sites N1, N2 and N3), situated in native forest upstream of Keepit Dam. Sites with good stream condition were on the Cockburn River (sites C1 and C4), and the Peel River (sites P1, P3 and P4) and site M1 on the Mooki River. Sites in poor stream condition were those on the Namoi downstream of Keepit Dam (sites N4, N5, N6, N7, N8 and N9) and Coxs Creek (sites CX1 and CX2) and most downstream sites assessed on the Peel (site P5) and Mooki (site M2) Rivers. The streamside zone sub-index and the physical form sub-index were very low for many of the sites examined in all of the river systems in the Namoi River catchment, and are areas that require urgent attention.
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Figure 7:
Namoi River Catchment Index of Stream Condition. * - Water Quality and Aquatic Life sub-indices could not be calculated.

1.15 Summary of Condition

Major impacts on the rivers in the Namoi catchment include:

· Degradation of the riparian zone, or complete lack of riparian zone;

· Channel morphology impacts such as bank instability, riverbed instability, and aggradation of sediments. This is primarily due to two factors: 1) excessive sand and gravel extraction, and 2) fluctuating water levels;

· Morphological and biological effects of dams and river regulation;

· Poor land management practices;

· Poor water quality, mainly because of high total phosphorus, turbidity and electrical conductivity levels; and

· Poor native fisheries, with low species diversity and abundance, especially in upland areas due to the presence of barriers to fish migration.

Examples of problems requiring attention are:

· Peel River at Calala (site P4) - vegetation encroachment, log jam;

· Cockburn River - poor riparian vegetation and unstable river channel due excessive sand and gravel extraction;

· Mooki River - no riparian vegetation buffer zone, cropping up to the river banks, sedimentation, unstable river channel;

· Namoi River - relatively poor riparian vegetation cover downstream of Keepit Dam; and,

· Namoi River - between Carroll and Narrabri, bank erosion resulting from a lack of riparian vegetation, fluctuating water levels and sand and gravel extraction.

THREATS TO RIVER HEALTH

Major threats

Threats to the environmental condition of the Namoi River system have been listed for the 7 river regions identified in section 2 (Table 9). A total of 23 threats were identified, with the anabranch, distributary and meander zones of the river system most at risk to environmental degradation. This is consistent with the results of physical habitat assessments and ISC scores recorded for sites across the study area (Table 5 and Figure 7). The alteration of river flows, clearing or absence of riparian vegetation, and threats resulting from land management activities (e.g. nutrient and pesticide transport to waterways) are threats common to each of the river zones. Addressing these threats is consistent with the aims and objectives of the IMEF program, which is part of the NSW Water Reforms, and the recommendation of numerous reports on the state of natural resources in the Namoi River catchment. 

Confounding of environmental objectives

A major issue for rehabilitation in the Namoi catchment is the confounding of environmental objectives.  Rehabilitation is unlikely to succeed unless the main degrading influences are dealt with in a comprehensive way. For example, riparian regeneration, carp control or environmental flows will not produce the desired results if toxic agricultural chemicals still flow into the rivers, or if coldwater pollution prevents normal biological functioning in major parts of the river channels (Table 10). Native fish communities cannot respond effectively to rehabilitation programs that do not include all the relevant environmental factors: habitat structure, water quality, fish passage, alien species and energy flow. Programs need to emphasis the functioning of the whole ecosystem.

Table 9:
 Major threats to environmental condition of the 7 river regions in the Namoi


Active in-channel physical structure
Riparian Vegetation
Floodplain functioning
Water quality

Pool
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Dams and weirs
· Flow alteration

· Clearing

· Stock access

· Alien species

· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

Constrained
· Decrease in riparian vegetation

· Alien species

· Stock access
· Stock access

· Alien species

· Increased nutrients from agriculture

· Lack of riparian buffer 

· Increased toxicants from agriculture

· Increased sediment input



Armoured
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Sand and gravel extraction
· Flow alteration

· Clearing

· Stock access

· Alien species
· Flow alteration

· Levees

· Floodplain land use change
· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

· Genetically modified organisms (GMO)



Mobile
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Sand and gravel extraction
· Flow alteration

· Clearing

· Stock access

· Alien species
· Flow alteration

· Levees

· Floodplain land use change
· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

· Genetically modified organisms (GMO)

Meander
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Sand and gravel extraction

· Dams and weirs
· Flow alteration

· Clearing

· Stock access

· Alien species
· Flow alteration

· Farm Dams

· Levees

· Draining of wetlands

· Floodplain land use change
· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

· Genetically modified organisms (GMO)

Anabranch
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Sand and gravel extraction

· Dams and weirs
· Flow alteration

· Clearing

· Stock access

· Alien species
· Flow alteration

· Farm Dams

· Levees

· Draining of wetlands

· Damming of anabranch channels

· Floodplain land use change
· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

· Genetically modified organisms (GMO)

Distributary
· Flow alteration

· Decrease in riparian vegetation

· Alien species

· Stock access

· Dams and weirs
· Flow alteration

· Clearing

· Stock access

· Alien species
· Flow alteration

· Farm Dams

· Levees

· Draining of wetlands

· Damming of anabranch channels

· Floodplain land use change
· Flow alteration

· Lack of riparian buffer

· Increased nutrients from agriculture

· Increased toxicants from agriculture

· Increased sediment input

· Dams and weirs

· Genetically modified organisms (GMO)

Table 10:
Interaction of effects associated with degrading influences

Threat (if…)
Outcomes (then…)
Basis (because…)

· Continuing high nutrient and pesticide exports to channels
· algal blooms – public health

· fish kill

· turbidity

· Reduced capacity for assimilation of wastes

· Reduced public amenity
· limited and reduced capacity for riparian and channel assimilation

· Simplified aquatic communities

· Habitat degradation – light limitation, blanketing of substratum, loss of macrophytes

· Increasing water demand for irrigation
· reduced channel maintenance flows

· Increased flood effects

· Loss of habitat for aquatic organisms
· resource competition

· Reduced channel capacity

· Channel contraction

· Continued mineral resource extraction from active channels
· channel degradation

· Loss of habitat

· Reduced water quality
· river activates new bedload from the channel and banks

· Increased turbidity

· Continuing bank erosion
· channel degradation, bed erosion

· loss of habitat for aquatic fauna and flora
· increased sedimentation

· Bank slumping

· Loss of riparian zone

· Incised or broadened channels

· Grazing and clearing of riparian vegetation and desnagging
· bank instability

· increased sediment and pollutant inputs 

· reduction of habitat and biodiversity 

· reduced capacity for natural revegetation in riparian zones

· increased weediness

· reduction in water quality
· reduced buffering capacity for surface and groundwater flows

· Channel degradation

· Stock damage to banks

· Increased nutrient levels

· Spread of riparian weeds
· reduction of habitat and biodiversity

· increased management costs
· influence on riparian and aquatic environment;  competitive  nature of certain weeds

· Continuing lack of baseline data on channel morphology, aquatic and riparian environment
· inability to detect and manage specific and significant change in river and floodplain systems

· Inability to determine if management strategies have been effective
· little basis for priority setting

· Floodplain management without environmental values considered 
· reduced value of the floodplain to the channel

· Loss of biodiversity

· Altered nutrient cycling and carbon processing
· river-floodplain connections function to increase retention of sediment etc. and source for aquatic biota recolonisation of channels

1.16 Current Threats and their Scientific Basis

1.16.1 Physical condition of the river channel

The physical nature of a river channel will reflect many factors. Of primary importance are the volume and distribution of water and sediment supplied from upstream. Factors such as channel morphology, riparian vegetation and valley condition also contribute to the physical condition of a river. These controlling processes and factors help to define the habitat available for animals and plants to live. Habitats may be considered at a number of scales (functional sets), all of which relate to the stream-forming processes occurring within the river. These ‘functional sets’ may include large-scale features such as flood runners. Medium scale features include high and low flow channels of streams, riffles, pools, in-channel gravel bars, backwaters, billabongs and anabranches. Small-scale features include emergent and submerged vegetation, submerged wood (snags) and other substrata.

The physical condition and quality of both in-stream and floodplain habitat for the aquatic organisms of the Namoi River catchment has been assessed by Thoms (1998) to be poor. However, it is not clear at what scale this degradation occurs, i.e. large, medium or small. An improved understanding the scale of degradation is important for future river restoration purposes.  

1.16.2 Riparian and aquatic vegetation

The threats to the quality and functioning of riparian and aquatic vegetation come from many directions, but most stem from human activities. These influences arise from changes both in water quality and flow regimes in streams and rivers, as well as from land-based pressures to modify or eradicate the riparian vegetation or to remove its valuable soil and sediment resources. Reduction of habitat value for riparian and aquatic plants arises through combinations of the following factors:

· clearing vegetation for farmland and other development;

· mining sand and gravel sediments;

· introduction of alien species;

· vegetation conversion through stock grazing and forestry activities;

· river regulation and water harvesting;

· thermal pollution from storages;

· human recreation and associated infrastructure.

The impacts of these activities are site-specific and inter-related. For example, reduction in the area of riparian vegetation will lead to a reduction in detritus inputs to the stream and increases in summer water temperatures and light levels, which in turn will increase the growth of aquatic primary producers, including algae. Changes in water quality and terrestrial habitat values follow. 

Secondary effects may take some years to appear. For example, grazing by domestic stock, loss of high flows and shortage of seed sources are factors most likely to lead to regeneration failure in riparian vegetation. For a tree-dominated system this may not show until present stands age and die, and it is noticed that they are not being replaced. 

1.16.3 Fish

Degraded water quality

The New South Wales Government published a set of environmental objectives (Environment Protection Authority, 1997) as part of the NSW Water Reforms. These objectives included a discussion paper on the condition of the Namoi River catchment and dealt with land and water use, water resources and development and related environmental issues.  Many problem areas were identified in each of these topics. Only three of 14 sites in the catchment met selected water quality criteria for fish in better than 75% of samples, and eight of the sites met the criteria in less than 25% of samples. Particular water-quality problems include high phosphorus concentrations, agricultural chemicals that are directly toxic to fish (notably endosulfan) or can destroy aquatic plant beds that are critical habitat features (e.g. atrizine).  Coldwater pollution from dam releases, faecal coliform bacteria and turbidity are other important water-quality problems affecting fish in the catchment (Environment Protection Authority 1997).

Bishop and Harris (1990) recommended remedial works to avoid the cold-water and toxic effects of hypolimnetic (bottom water) releases in the Peel River below Chaffey Dam.  Coldwater pollution in the Macquarie River catchment has a profound effect on river health and extends for more than 300 kilometres downstream of Burrendong Dam (Harris 1997).  A comparable effect is expected to occur below Keepit Dam and, to a lesser degree, Chaffey Dam. Although full data are not available, it is understood that the multi-level offtake at Split-Rock Dam is not currently operated so as to prevent downstream coldwater pollution.

Altered flow regimes

The NSW Water Reforms’ environmental objectives also described substantial disruption of the river’s natural flow regime, with a range of impacts on riverine ecology and native fish communities. Depleted river flows, altered seasonality, reduced incidence of medium and high-flow events and reduced small-scale variability affect native fish either directly or indirectly, and alien species such as carp and gambusia are also favoured by river regulation (Walker and Thoms, 1993; Mallen-Cooper et al., 1995; Gehrke et al., 1995; Gehrke 1997; Driver et al., 1997).  

Floodplain anabranches and flood-runners are a major component of habitat for lowland native fish. These periodically-flooded habitats provide food resources that stimulate growth pulses that are in turn essential for successful fish spawning and population recruitment (Thoms et al., 1997). Suppression of high-flow events and building of block-banks and levees have greatly altered this ecological process in the lower Namoi valley, impacting on native fish.

Obstructed fish passage

All native freshwater fish require free passage between sub-habitat areas and many migrate over long distances to complete their life-cycles (Thorncraft and Harris 1999). In the Namoi River, Bony herring, Nematalosa erebi, Murray cod, golden perch, silver perch, spangled grunter and Australian smelt are known to be migratory. Weirs and dams that block fish migrations can lead to local extinctions upstream (Harris and Mallen-Cooper, 1994) and to general population declines.  The effects of such barriers are cumulative in river systems. The six dams and seven major weirs in the Namoi catchment have undoubtedly contributed significantly to the decline of native fish.  Until 1999, none of these barriers had an effective fishway fitted, but the two weirs at Manilla have had rock-ramp fishways completed recently and these are expected to restore fish passage in that particular reach of the Namoi River. Occasional high flows can provide brief periods of fish passage at low weirs, but these are too infrequent and brief to sustain populations without additional passage (Harris et al. 1992), although ‘drown-out flows’ are a component of the Department of Land and Water Conservation’s North-West Flow Management Plan for the Barwon-Darling River.

Carp

Carp are both a symptom and a cause of river degradation. Their spread and dominance have been promoted by the various changes that have occurred in river habitats and by the consequent decline in predation by and competition with native fish (Roberts and Tilzey 1997; Harris 1997; Driver et al. 1997). Carp do best in turbid, warm, nutrient-enriched waters where flow is sluggish, water-levels are stable and flow disturbances are minimal.  Whilst small (less than 200 millimetres), they are prone to population control through severe predation from carnivorous fish and fish-eating birds such as cormorants and pelicans, especially where cover is limited. At larger sizes, carp are subject to few threats.  

Carp degrade habitats mainly through their feeding, which disturbs bottom sediments, creates turbidity, releases nutrients and prevents plant growth. These effects are most marked in slow-flowing or still waters with silty or muddy substrates. The enormous biomass-densities of carp that develop in suitable habitats (Driver et al. 1997), of up to one carp per square metre of river surface, mean that enormous amounts of soluble nutrients are excreted into the water, providing a further powerful stimulus for blue-green algae (Gehrke and Harris 1994).

1.17 Emerging Threats

1.17.1 Water Quality

The number of cattle feedlots has decreased within the Namoi River catchment in recent years (Mawhinney, DLWC,  pers. comm.). However, changed economic circumstances and management methods are may see a resurgence in this form of intensive agriculture. Careful waste treatment at the feedlots will be required in any future expansion to avoid the threat of increased discharge of effluent high in organic and nutrients loads, microbiological contamination and hormone contamination (growth and reproductive hormones).

The discharge of effluent from sewage treatment plants has received much attention in recent years because of its potential role in eutrophication and algal bloom formation in inland waters. There has also been considerable discussion, especially in the U.S., of the role of effluent disposal on growth abnormalities in aquatic biota through endocrine (hormone) disruption. Increasingly, sewage effluent in the Namoi catchment is being disposed of on land rather than discharged directly to rivers. The quality of the effluent is also being improved. However, treated sewage will continue to be discharged to waterways and it is not clear what effect, if any, hormone contamination may have. 

Currently about 15% of the cotton crop is genetically modified to produce toxins to control insect attack and this could be expected to increase markedly in the near future (about 30% of cotton in the USA and up to 60% of canola and soy crops are modified). This may be a much safer and more efficient way of applying toxins than spraying but it is possible that the overall loads of toxin produced by the modified plants in the catchment are greater than that applied previously. Additionally, many novel genetic modifications will be forthcoming in the near future. This will be a major change to agriculture and it would seem foolhardy not to consider possible impacts and benefits at the outset so that appropriate management strategies can be formulated.

New pesticides will be developed and applied. These may have unforeseen effects themselves but may also interact with those already being used, or that remain as residues. The possible synergistic effects of various pesticides have received little attention in studies to date.

The effects of habitat degradation on aquatic fauna and the functioning of the river ecosystem are probably extreme throughout most of the Namoi catchment. The effects will be different in different zones of the catchment but little work seems to have been done to link changes in river geomorphology with retention and processing of organic load, nutrients, toxicants or with changes in the biota. Habitat degradation is almost certain to have been a confounding effect in biomonitoring studies looking at the effects of pesticide application.

1.17.2 Riparian and aquatic vegetation

Emerging threats to the existing riparian and aquatic vegetation include:

· more rapid spread of woody and herbaceous weeds in highly disturbed riparian areas; 

· complete loss of native woody riparian vegetation over large reaches; among other things, this will make any revegetation work very costly, as it won’t be possible to rely on the facilitation of plant spread from remnant patches;

· continued decline of aquatic macrophytes caused by sedimentation and thermal effects, thus reducing in-stream habitat further;

· increased channel sedimentation in lower reaches, exacerbated by infill growth by river engineer plants such as cumbungi.

1.17.3 Fish

The proposal for a radical increase in the height of Walgett Weir is a threat to rehabilitation of Namoi River fish communities.  It is estimated that the proposal would inundate 60 kilometres of the Namoi River and 80 kilometres of the Barwon River. The usual ecological problems of stabilised water-levels, bank erosion and slumping, loss of riparian vegetation, stratification and water-quality problems, interrupted food-chain production, loss of biodiversity, blue-green algal blooms and carp dominance can be predicted to follow such a development.

Disease is emerging as an increasing threat to inland native fish. The disease status of Australian fish is poorly understood, but worrying indicators have been documented. Redfin perch, Perca fluviatilis, spread EHN disease (epizootic haematopoietic necrosis), a virus which is acutely fatal for several native fish including silver perch and mountain galaxias, Galaxias olidus, in the Namoi system, and it also affects other species such as Murray cod (Langdon 1989). The pathogenic tapeworm, Bothriocephalus sp. is spreading in native fish with unknown effects after its apparent introduction with carp. In the NSW Rivers Survey (Harris and Gehrke 1997), 4.9% of all fish caught in the Darling River region had externally visible abnormalities such as infections, parasites, tumours and wounds. Approximately one-quarter of all Murray cod and golden perch were affected by such abnormalities. Increasing densities of carp were associated with increasing incidence of visible abnormalities.

Introductions of new fish species unfortunately continue to threaten inland waters. For example, the alien fish, tilapia, Oreochromis mossambicus, is abundant in some coastal Queensland waters and has been translocated by bait anglers (Pollard 1990). While intentional and accidental fish translocations continue there is a significant risk that tilapia could enter the Darling drainage system. Tilapia and other similarly invasive species have caused profound ecological disruption in other parts of the world. Once present, control would be no less difficult for tilapia than it is for carp.

1.18 Prioritisation of Threats

There is a number of ways in which threats to the waterways of the Namoi may be prioritised for action. Rutherfurd et al. (1998) propose eight categories of river condition, with the greatest priority given to the maintenance or protection of existing high-value or refuge reaches and lowest priority to reaches with little hope of recovery without significant intervention. This approach offers the greatest benefit for money and effort, but may carry with it the risk of perceived inequity within a catchment community. For example, the highest quality river reaches of the Namoi system occur mainly in the upper catchment areas and would therefore have highest priority for protection and improvement effort. The community of the lower catchment areas may resent the resources diverted to the upper catchment, as it is they who must cope with the most degraded components of the river system, that to a significant degree, have been affected by upstream activities. Clear communication of the rationale behind the approach will therefore be required. 

In prioritising broad-scale threats, the issue of confounding environmental factors needs evaluation. For example, problems such as toxicants and coldwater pollution grossly modify ecosystem function and need to be resolved so that the rehabilitation of flows, habitat structure, riparian vegetation or fish passage can produce the desired responses in the river’s ecology. The resolution of these issues is best achieved via a river management plan, where stakeholders and the community may give due consideration to objective setting and securing the appropriate knowledge of the system, as described in Section 2.4.

1.18.1 Recommended DLWC and NRMC Priorities

The NRMC has identified the following key issues to be addressed in their river management plan (A. Bailey, DLWC, pers. comm.):

· Fish passage;

· Thermal pollution;

· Floodplain management;

· Off-allocation access;

· Wetland status and other riparian vegetation;

· Operation of dams and weirs;

· Cultural and spiritual issues;

· Carp reduction.

These issues are a mixture of ecological, water management and social-economic issues. In terms of managing environmental conditions, the above issues may be considered as part of two key questions:

1. How do we maintain or improve native fish populations?

2. How do we manage our river system to maintain or improve biodiversity and important functions such as riverine and wetland productivity? 

Native fish populations are often used as an indicator of river health (Harris and Silveira, 1999), as their presence is dependent on a number of factors such as energy (food) availability, water quality, flow regime and habitat availability. Maintaining biodiversity, and riverine functions such as production and respiration, are also important because they help maintain the resilience of ecosystems upon which we all ultimately depend; the connection of rivers with floodplain and wetland areas is a key component of maintaining riverine health. Maintaining or improving the condition of Namoi River system is therefore dependent on the management of both in-stream and floodplain processes, and factors that threaten them (Figure 8).

Identifying the in-stream reference condition

Establishing a reference condition that serves as a target for future management in catchments that have been extensively modified (e.g. for agriculture) can be a difficult task, and will largely depend on the values attached to the riverine system by local communities (see discussion in Chapter 2). This can be achieved for in-stream conditions by the use of tools such as the Index of Biotic Integrity (based on fish populations) and AUSRIVAS modelling (based on macroinvertebrates). Both models use regional data sets to identify ‘reference’ sites (not necessarily in the Namoi catchment) where human impacts are considered minimal and conditions are indicative of healthy ecosystems. Comparison of the fish and invertebrate populations at test sites in the Namoi system with that expected to occur at reference sites can be used to establish the relative in-stream health of the Namoi. The reference sites may also serve as targets against which the effects of future management in the Namoi may be assessed. 

While the IBI and AUSRIVAS are valuable tools for identifying in-stream reference conditions, no such formal tools are currently available for assessing riparian and floodplain conditions. Given that the riparian zone and the floodplain have been extensively modified and will often not be economically returned to their pre-development state, it is unrealistic to develop reference conditions based solely on pre-development (pre-European) conditions and use them as a target for future management. In this case, measures of intactness and functionality (e.g. length of stream with riparian vegetation that performs key ecosystem functions), or biodiversity and connectivity in key floodplain wetlands are likely to provide a guide to targets that may realistically be achieved or the result of best management practices. 

In-stream priorities

The physical habitat, ISC and AUSRAS assessments reported in Chapter 4 were used to provide a relative assessment of in-stream condition across the Namoi catchment (Table 11). This approach may be termed using ‘multiple lines of evidence’ to establish priorities. The following recommendations are drawn from this assessment and consideration of other factors:

· The MacDonald River above Lowry is considered to be in excellent condition and may be considered as a reference site for upland streams in the Namoi. In keeping with the priorities proposed by Rutherfurd et al. (1999), the maintenance of its condition should receive the highest priority in future management and restoration efforts.  

· Given its impact on biological and ecological function (e.g. breeding and growth of fish and macrophytes), a review of the extent of cold-water releases from dams should be undertaken as soon as possible. This is especially important to ensure that future environmental flows released as a result of the IMEF process are effective and that cold water pollution does not prevent migratory fish from using fishways when installed.

· The Peel and Cockburn Rivers are in relatively good condition, as is the Manilla River above Split Rock Dam, and should be given the next highest priority in management and restoration efforts. Important issues to be addressed include improving riparian zone condition, reducing the transport of nutrients from the catchments above Chaffey and Split Rock Dams that help sustain algal blooms, managing the salinity threat and managing the effects of stream instability resulting from sand and gravel extraction. The effectiveness of the fishway at Split Rock Dam should be evaluated and research undertaken to develop fishways for high dams such as Chaffey.

· The priority given to the remaining rivers or river zones requires further consideration by the NRMC. Opportunities may exist to significantly improve the relative condition of rivers by addressing one or two factors (e.g. improved riparian condition along the Namoi River between the Manilla River confluence and Narrabri; effective fishways at Weeta, Gunindera and Mollee weirs). The effect of environmental flows should also be reviewed as recommended by the IMEF process, especially in terms of their effects on creeks, flood runners and wetlands in the lower Namoi distributary zone.

Floodplain priorities

Increased salinity is expected to continue as a major land and water management issue. The ecological effects of increased salinity have the potential to negate improvements achieved through management efforts such as the delivery of environmental flows and installation of fishways, therefore salinity management should continue to have a high priority in floodplain areas. While increased salinity is already evident in the waterways of the Liverpool Plains and areas of the Peel catchment, a review of trends in groundwater levels will be useful for identifying other areas at risk to salinity.

Surveys of the riparian condition should be undertaken to identify the remnant stands of intact vegetation in each of the major river zones. A survey of riparian condition is discussed further in Chapter 6. Existing high quality riparian vegetation should be protected, as an example of realistically achievable conditions (future targets for improvement) and as natural seedbanks that will assist efforts for improving degraded riparian habitat. 

The condition and biodiversity of key wetlands should be reviewed to provide a baseline to measure the effectiveness of future management, including environmental flows delivered through the NSW water reforms. Given their history in supporting a diversity or abundance of bird and fish populations, or habitat complexity, the following wetlands may be considered as part of this review: Lake Goran, and Gunnible, Gulligal, Barbers and Wirebrush Lagoons. Other wetlands may be added, depending on community priorities.
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Figure 8:
Summary of key issues confronting riverine management in the Namoi catchment

Table 11: 
Combined assessment scores for sites across the Namoi catchment

Site
N1
N2
N3
N4
N5
N6
N7
N8
N9
P1
P3
P4
P5
C1
C4
M1
M2
Cx1
CX2

Physical Habitat Assessment*
3
3
3
2
1
1
1
1
1
2
2
2
2
2
2
1
1
1
1

ISC rating*
3
3
3
1
1
1
1
1
1
2
2
2
1
2
2
1
1
1
1

AUSRIVAS rating*
3
3
2
2
3
3
3
2
1
3
2
2
2
3
2
3
2
3
3

Total
9
9
8
5
5
5
5
4
3
7
6
6
5
5
6
5
4
5
5

Revised Rating**
E
E
G
P
P
P
P
P
P
G
G
G
P
P
G
P
P
P
P

*   Ratings from the three assessment methods were assigned a score of 3 = excellent, 2 = good and 1 = poor.

**  9 = Excellent, 6-8 = Good, <6 = Poor

2 PROGRAM TO ADDRESS SCIENTIFIC KNOWLEDGE GAPS

Assessing the effectiveness of the river management plan currently being prepared by DLWC and NRMC will require a specifically designed monitoring and evaluation program. With the exception of the Liverpool Plain Water Quality Project, much of the current surface water monitoring is undertaken in the context of the Central and North West Regions. While this might address questions at this broad scale, many issues important within the Namoi catchment may not be adequately covered. Currently, several studies appear to continue with little integration. For example, the water quality and nutrients, pesticides and biological monitoring programs seem to be largely conducted in isolation, or at least reported that way. Monitoring and evaluation arrangements should be reviewed as the NRMC and DLWC develop their plans. 

Another consideration is that there is often a mis-match between the predicted and observed physical impact for current levels of catchment change in river systems.  This commonly is the result of a 'lag-time' effect, where recent hydrological and catchment development takes some time to be transferred into environmental impact. Hence, monitoring of the river system needs to occur over extended time periods.

2.1 River Geomorphology

The International Union of Geological Sciences (IUGS) recently constructed a list of 27 geoindicators, within 16 fields that assist with the assessment of the condition of abiotic components of the environment.  Seven of these 27 geoindicators are directly related to the condition of river systems (Table 12).

Table 12:
Physical indicators of river system condition

Indicator
Components

Sediment sequence and composition
Rate of accumulation

Sediment calibre

Mineralogy

Geochemistry

Soil and sediment erosion
Rate of erosion 

Source of sediment 

Mode of transport

Stream flow
Total annual flow

Variability

Stream Channel morphology
Slope

Pattern

Cross-sectional dimensions

Stream sediment storage and load
Sediment flux

Mode of transport

Surface water quality
Turbidity

Total suspended solids

Floodplains/wetlands structure and hydrology
Wetting and drying regimes

Connectivity with the river

Area

These indicators are suggested to indicate local, regional and global change during observational periods up to 100 years (Osterkamp and Schumm, 1996).  To use the physical character of rivers as indicators of environmental conditions, one must understand that rivers are inherently unstable. Natural changes, as well as those induced by humans, can be interpreted as resulting from environmental change. The challenge is to separate the two. Change can occur over a variety of time scales, and effort must be directed to assess not only what is the main stimulus of change, but also over what time scale this is occurring. In addition, river systems vary greatly among themselves and each river exhibits change along its length.  The use of indicators, such as those contained in sediment deposits, are useful for extending direct observations to longer time scales (Thoms et al., 1999). Overall the most valuable observations from rivers for use as indicators, are the continuing measurements of water and sediment discharge (Osterkamp and Schumm, 1996).  

In order to monitor the condition of the physical character of the Namoi river channel, a number or, all of these variables could measured at established sites within each of the identified river zones.  In particular, the condition of important in-stream habitats needs to be assessed.  However, the first step must be the establishment of management objectives and goals, identification of the issues to be managed, and the construction of clear questions (hypotheses) to answer. For example, we might hypothesise that with the cessation of sand and gravel extraction, the rates of stream bed erosion and sediment transport in a river reach will decrease and that surface water quality will improve. Variables to measure in this case may include soil and sediment erosion, stream channel morphology, stream sediment storage and load, and surface water quality.

2.2 Water quality

The water quality sampling design has mostly been on the basis of fixed site and times, with a small number of sites dispersed widely over a large area.  The ability (power) of such a design to answer any but the broadest scale questions is limited. Study designs linked closely to specific questions or problems within the Namoi catchment are more likely to provide information of direct relevance to management. Similar observations can be made of the pesticides, microbiological and biological monitoring programs.

Revised ANZECC guidelines have recently been released that describe approaches to establishing and monitoring water quality based on, and adapted to local conditions (ANZECC and ARMCANZ, 1999). The guidelines provide a contextual framework for the development of monitoring programs as part of well-defined management experiments, underpinned by statistical designs that will generate meaningful information for future management. The first steps in this process are the establishment of management goals, the issues to be managed, and the questions (hypotheses) a monitoring program is to answer. The following are examples of hypotheses that might be developed by the NRMC and DLWC as they prepare monitoring programs as part of their river management plan:

· Catchment works have resulted in a long-term decrease in salinity in the major rivers and streams of the Namoi Catchment;

· Catchment works have resulted in a long-term decrease in phosphorus load transported to major reservoirs such as Chaffey, Keepit and Split Rock Dams. 

2.3 Macroinvertebrates

Reports of previous macroinvertebrate investigations indicate that study designs and sampling methods have changed from year to year and with little apparent coordination. Also, it is not clear whether recommendations for improved information collection and interpretation reported in previous years have been acted on. In general, sampling is at too broad a scale to be of great use for resource managers who usually deal with issues at smaller scales than that served by current monitoring, or in situations where results may be confounded by land use and habitat degradation. Monitoring approaches should be reviewed and developed in response to, and at a scale appropriate to address specific management questions. 

Examples of hypotheses to be tested include:

· The improvement of riparian vegetation and bank stability in a river reach has led to an increase in macroinvertebrate diversity and abundance;

· The delivery of environmental flows to wetlands has led to an increase in macroinvertebrate diversity and abundance.

In order to build on previous pesticide toxicity studies, future works should aim to validate laboratory results in the field. This will include consideration of synergistic effects and the effects of toxicants on local species.

2.4 Fish

There is an urgent need to provide effective, broad-scale measures to control carp. Studies on genetic controls are in progress within CSIRO, and on selective baiting within the Cooperative Research Centre for Vertebrate Pest Control. But these are only two of the potential avenues for biological control and their outcomes remain uncertain.  There is a need for a concerted national approach to finding the best methods for biological control of carp.  Local control measures are being developed for enclosed waterbodies at NSW Fisheries’ Narrandera Research Centre and the Cooperative Research Centre for Freshwater Ecology’s Lower Basin Laboratory at Mildura. These smaller-scale approaches offer more immediate but smaller-scale prospects for effective control of this pest fish.

Refinement of fishways technology continues to be a knowledge gap.  While there has been extensive recent progress (Thorncraft and Harris 1999), ways are still needed to provide effective passage at the numerous fish-passage barriers among the 3500-4000 dams and weirs in New South Wales inland waters. Prioritising sites for restoration of fish passage poses a number of issues. These relate generally to costs and benefits and include factors such as lengths of stream habitat affected, location of the barrier in the system, its height, and the nature of the nearby fish community. These factors have been combined into a fish-passage priority ranking scheme that enables priorities to be objectively determined with all relevant issues being considered (Thorncraft and Harris, 1999). The cost of fishways is often a major disincentive and cheaper designs need to be refined and tested. In addition, the effectiveness of partial-width rock-ramp fishways such as those recently built at Manilla needs to be carefully assessed and an effective design for high dams, such as Keepit, is still needed.  

The health of the Namoi River system will need to be monitored to assess the effectiveness of rehabilitation. The Index of Biotic Integrity (IBI) using fish provides a validated and sensitive means of ecological modelling (Harris and Silveira 1999). To make best use of the IBI, suitable sites need to be chosen and fish-community sampling along the lines of the NSW Rivers Survey (Harris and Gehrke 1997) need to be implemented. This work may be provided as part of the Department of Land and Water Conservation’s program on Integrated Monitoring of Environmental Flows (IMEF), which are part of the NSW Water Reforms.

2.5 Riparian Inventory and Priorities 

The riparian zone demands management as an entity within the landscape and this can form the starting point for catchment management (Petersen et al. 1987). This approach requires that inventory of the riparian zone be based on stream and catchment systems rather than regions chosen to represent primarily land-based concerns.  Such surveys must be designed to identify the inter-relations between the hydrological, geomorphological and ecological processes determining the structure and function of the riparian zones. The following inventory tasks in approximate order of priority for implementation are suggested to meet the identified needs. 

2.5.1 Collation of existing knowledge of riparian systems  

This baseline compilation survey would enable more detailed surveys and planning to target priority areas and problems. The following features should be covered:

· Mapping of vegetation, floodplains, distributaries, streams and rivers from remote imagery;

· Broad characterisation and mapping of the extent and condition of each riparian type, and recreational and adjacent land use pressures;

· Collation of available data on riparian fauna, indicating, where possible, its degree of dependency on rivers and streams.

2.5.2 Vegetation and geomorphic survey of riparian zones 

This survey would aim to determine the following features: 

· Regeneration status and requirements of the dominant species;

· Patch structure and spatial interrelations of vegetation and sediments defined in terms of river flow and habitat requirements of flora (and fauna where possible);

· Actual and potential contribution of riparian vegetation as large woody debris to the channel;

· Rating of stream and river sections in terms of degree and rate of riparian modification;

· Biodiversity survey of riparian zones including their use by aquatic fauna and non-riparian terrestrial fauna;

· Vulnerability map, indicating sensitivity of communities or component species to environmental change and their rehabilitation potential. 

When these data are available it will be feasible to identify priority areas for riparian management. At the moment it is difficult to determine priorities owing to the lack of comprehensive information, even at a low level of resolution. Once the current condition of riparian communities has been better described, research into the patterns and dynamics of the following species and processes is likely to emerge as of high priority for ongoing management:

· Determination of the water flow and habitat requirements for natural regeneration of river oak, river red gum and other dominant plant species; 

· Examination of the impact of the most common invasive perennial species, on stream fauna, flora and channel dynamics;

· Assessment of the suitability of control methods for noxious plants; 

· Comparison of the effects of various riparian types on water quality and stream communities;

· Detection of longer-term adjustment response of riparian zones to recent river and stream modifications, such as channelisation, de-snagging and flow reduction/regulation; 

· Development of methods for restoration of riparian vegetation after clearing or invasion; 

· Determining the riparian habitat requirements of fauna species of concern and the use of riparian zones by fauna as corridors, including migration movements;

· Development of a set of permanent vegetation monitoring plots at sites selected to detect change.
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