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Foreword 

One of the most significant challenges facing Australian 

natural resource managers is to reduce the impact of 

blue-green algal blooms. The issue has caused 

increasing concern in recent years, especially since 

1991, when an extensive algal bloom in the Darling 

River caused the New South Wales Government to 

declare a state of emergency. 

As chair of the Munay-Darling Basin Ministerial Council, 

I am very aware that many natural resource management 

problems, such as those associated with outbreaks of blue

green algae, do not stop at State borders. 

The Murray-Darling Basin Ministerial Council has 

endorsed the Algal Management Strategy as the basis for 

coordinated action to reduce the frequency and intensity 

of such algal blooms in the future. It highlights what can 

be achieved when Commonwealth and State 

Government Ministers agree on an approach to 

addressing a significant problem which has implications 

for more than one State. 

The key to the Strategy is the development of catchment 

and regional management plans. These plans will need to 

be developed by catchment and regional management 

committees, with the full cooperation of State and 

Commonwealth Government agencies. The Murray

Darling Basin Commission, together with all levels of 

government and the wider Basin community, has a vital 

role to play in dealing with the problem. 

While aspects of blue-green algae are still not fully under

stood and further research is required, we cannot afford to 

wait for the final results before taking action. The. Algal 

Management Strategy acknowledges this and provides a 

framework for such action to be undertaken now, based 

on the best information available. 

The Algal Management Strategy should make a 

significant contribution to addressing the problem of 

algal blooms by providing a "guiding hand" for concerted, 

cooperative action to restore the environmental and 

economic health of the Murray-Darling Basin. 

Bob Collins 

Chair, Murray-Darling Basin Ministerial Council 



I n t r o d u c t 

About the Algal 
Management Strategy 
Background 

o n 

In recent years, large areas of the surface waters of the 

Murray-Darling Basin have been covered in bright green 

blooms of microscopic plants, known as "blue-green 

algae". Water supply reservoirs, rivers and farm dams 

have been affected. While blue-green algae are a natural 

part of the riverine environment, the blooms have had a 

major impact on our use of surface waters. 

Algal blooms have caused serious disruptions to the uses we have for water. 

In March 1990, the Munay-Darling Basin Commission 

established a working group, with members from State and 

Commonwealth Government agencies, to explore the best 

way to: 

"reduce the frequency and intensity of algal blooms 

and other water quality problems associated with 

nutrient pollution in the Murray- Darling Basin 

through a framework of coordinated planning and 

management actions." 

As the first major project of the working group, the 

Commission engaged consultants to identify the sources 

of nutrient pollution in the Murray-Darling Basin. Their 

report, An Investigation of Nutrient Pollution in the Murray

Darling River System, was issued in January 1992. 

Ironically, at the same time, the largest river bloom of 

blue-green algae recorded anywhere in the world emerged 

along the Darling River. 

Soon after the report was released, the Commission 

convened 14 technical advisory groups to provide expert 

advice on algal bloom processes and on ways to reduce the 

blooms frequency and intensity. In April 1993, the 

TeclmicalAdvisory Group Report was produced. It discussed 

issues and management options, and recommended 

important topics for research. 

Following the technical advisory group meetings, the inter

governmental working group developed a draft Algal 

Management Strategy. In August 1993, the Munay-Darling 

Basin Ministerial Council circulated the draft for public 

discussion. 

During the latter part of 1993, the Commission consulted 

with community organisations and individuals about the 

draft Strategy and distributed thousands of copies of the · 

draft, and related publications, throughout the Basin. State 

and Commonwealth government agencies chiefly 

responsible for algal management also distributed the 

report. Public meetings and workshops were held to discuss 

the issues. The community consultation coordinator's 

report, completed in December 1993, summarised the 

comments and proposed ways in which the Strategy could 

be modified. The recommendations were considered by a 

senior inter-governmental working group and have been 

included in this revised document to the maximum extent 

practicable. 

The Commission is keen to obtain further comments from 

the community on the on- going implementation and 

development of the Strategy. 

Purpose 

Whether or not blooms in algae are a natural feature of rivers 

in the Murray-Darling Basin, it is evident that blue-green 

algal blooms often reflect a numb~r of adverse 

environmental conditions. Most of these conditions result 

from activities that are"part of people's lives"- such as 

earning a living, seeking recreation on the river, or using 

convenient detergents - even though there is some 

environmental cost to their activity. 

Invariably, very complex mechanisms are at work behind 

these human activities, satisfying deep-seated needs in 

ways that do not seem amenable to change. The result is 

that, even if we fully understood the environmental 

processes involved in the formation of algal blooms, 

changing the human actions behind them will be difficult. 

However, it is imperative to change those that do the most 

harm. Little will be achieved unless the entire community-

3 



4 

individuals in their business and private capacities, 

governments and their officials- act cooperatively, 

efficiently, and across political borders to bring about 

change as beneficially as possible. 

Clearly, on-ground actions must make use of research 

findings as soon as they become available, and research 

efforts must be targeted appropriately. 

The Algal Management Strategy's purpose then, is to 

provide the framework for the coordinated action 

needed to manage the blue~green algal problem. The 

Strategy does not provide a "recipe" for solving the algal 

problem. Site specific solutions must be identified within 

catchment or regional management plans prepared by 

catchment and regional management committees. 

The Strategy assigns the agreed roles and responsibilities of 

the Munay-Darling Basin Commission and all other 

government and non-government elements of the 

community in addressing the underlying causes of blooms. 

Contingency plans for dealing with blooms as they occur 

are being developed by State and local government 

agencies, which are responsible for the provision of safe 

water supplies. Information on the appropriate tactical 

response to bloom events is obtainable from these agencies. 

The objectives and principles of the Strategy are discussed 

on page 7. However, it is important at this point to 

emphasise that the actions necessary to reduce blue-green 

algae will also bring other environmental benefits to many 

areas of the Basin. 

Appendix 1 provides more information on the role of the 

Munay-Darling Basin Commission and the Munay

Darling Basin Initiative. The place of the Algal 

Management Strategy as a component of the over-arching 

Natural Resources Management Strategy is also explained. 

Relationship with other initiatives 

The partners in the Murray-Darling Basin Initiative - the 

governments of South Australia, Victoria, New South 

Wales, Queensland and the Commonwealth- have each 

given a commitment to the goal of the Strategy. The Algal 

Management Strategy has been developed by committees 

comprising scientists and representatives of the five 

governments. Officers of the ACT Government' s 

Department of the Environment, Land and Planning also 

provided valuable assistance to the committees. 

Several national and State management strategies which 

work towards meeting the goals of the Strategy - among 

other goals - are cunently in place or are being develop~d. 
They include the following: 

•The Decade of Landcare Plan - Commonwealth 

Department of Primary Industries and Energy. 

• National Water Quality Management S.tr~tegy

Agriculture and Resource Management ~ouncil 

of Australia and New Zealand (ARMCANZ)/ 

Australia and New Zealand Environment 

Conservation Council (ANZECC). 

•National River Health Program- Commonwealth. 

Department of Environment, Sport and T enitories. 

•National Waterwatch Program - Australian 

Nature Conservation Agency. 

• NSW Algal Management Strategy - NSW State 

Algal Coordinating Committee. 

• Queensland Water Quality Task Force Report -

Qld Water Quality Task Force. 

•Victorian Nutrient Management Strategy -

Victorian Government. 

It is through these initiatives that most of the management 

activities will be undertaken. Further information on these 

programs may be obtained directly from the agencies listed 

in Appendix 2. 

The problem 
The nature of the organisms 

Algae are types of plant-usually very small, often micro

scopic-that have been part of the earth's environment 

since prehistoric times. They are mainly found growing in 

water, where they are an important food for small animals, 

fish and water birds. They are also very important to 

humans-they produce much of the oxygen we breathe. 

"Blue-green algae" are now known not to be algae at all 

but a type of bacteria, namely cyanobacteria. The use of 

the term "blue-green algae" has become so widespread, 

however, that there is little prospect of changing its usage. 



Cyanobacteria have certain characteristics in common 

with algae: in particular, they produce oxygen and they 

need sunlight to grow. The two most common types in the 

Munay-Darling Basin are Anabaena and Microcystis. 

A microscopic view of a filament of the blue-green alga, Anabaena . 

Problems caused by algae 

Blue-green algae are a natural part of the freshwater 

environment. If conditions are favourable, they reproduce 

at a very high rate to form blooms-explosions in growth 

that dominate the local aquatic environment. When 

blooms occur, they interfere with other uses for the water 

and have far-reaching health and economic consequences. 

Toxins produced by some blue-green algae can cause liver 

damage, stomach upsets and disorders of the nervous 

system in humans. Contact with high concentrations of 

algae can cause skin and eye initations. Stock deaths have 

been widely reported, and there is evidence of poisoning of 

wildlife and domestic pets. 

Algal blooms affect water quality by causing undesirable 

tastes and odours, discolouration and unsightly scums. As 

the decaying algae die, they can reduce oxygen levels in 

the water, causing stress and even death to other aquatic 

organisms, particularly fish. 

Water supplies can be disrupted when filters and 

equipment are blocked and when toxins need to be 

removed. The impact of blue-green algal blooms on water 

supplies for urban centres within the Munay-Darling Basin 

can be significant. Many conventional water treatment 

works can remove algae, but they cannot usually remove 

the toxins produced by some blue-green algae: that requires 

a more complex and expensive treatment process. 

Recreation and tourism can also be adversely affected by 

algal blooms because many leisure activities, such as fishing 

and swimming, are based on water. Algal blooms can also 

have a negative impact on overseas visitor traffic, exporters 

and business investors. 

DANeG IE R 
.THIS WATER Is CONTAMINATED 

WITH A TOXIC(POISONOUS) 
BLUE GREEN ALGAE 

WATER CONTACT FOR BOTH 
HUMANS AND ANIMALS 

1S EXTREMELY DANGEROUS 
AND IS ABSOLU'&ELY PROHIBITED 

Warning signs have highlighted the problems of blue-green algae to many 
people in the Murray-Darling Basin . 

The causes of algal blooms 

A number of environmental conditions are required before 

blue-green algae will bloom. The conditions interact with 

each other in a very complex way; consequently, it is not 

possible to blame algal blooms on any particular factor.The 

Algal Management Strategy is focused on the three most 

important conditions according to cunent understanding: 

• high nutrient levels; 

•calm water conditions; and 

• degraded aquatic ecosystems. 

Significantly, these conditions can be strongly influenced 

by human activity. 

Algal blooms are a result of "eutrophication" - the 

enrichment of water with nutrients. The nutrient that is 

most important in freshwater to blue-green algae (but not 

all algae) is phosphorus. While phosphorus is a natural part 

of soils and water, the high amounts cunently found in 

lakes and streams derive mainly from human activities. 

Large quantities of phosphorus enter the water from sewage 

effluents, agriculture and erosion. Phosphorus is also 

prominent in stormwater from towns and cities. 

The blue-green algae causing most of the problems in the 

Basin are part of the phytoplankton (free-floating 

microscopic plants) in lakes and streams. Before blue-green 

algae can accumulate into large numbers and fmm scums, 

the water in which they live must be relatively calm. In 
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Effluents from sewage treatment plants are a significant source of nutrients 
to our waterways. These nutrients are one of the factors contributing to 
excessive algal growth. 

dams and reservoirs, these conditions often occur. In rivers 

and streams, calm conditions are only available when 

insufficient water is flowing to cause turbulence. These 

conditions can occur during a drought, or at other times if 

too much water is taken out of the river for domestic, 

agricultural and other uses. 

The importance of nutrients and stream-flow is discussed 

in more detail in the Background section. 

Algal blooms also occur because the natural checks and 

balances of a healthy river system have been changed. A 

healthy system generally has many types of plants and 

animals which make use of algae through a complex food 

"web': which culminates in fish and fish-eating birds. As the 

environmental conditions and habitat of these organisms 

change, parts of the food web are removed and the balance 

of the system is disturbed. The disappearance of water 

plants from the main stem of rivers is an example of this 

disturbance. 

Introduced fish, such as' carp, may also disturb the food 

web. The role of carp in the formation of algal blooms is 

discussed in Appendix 3 and further research will shed 

some more light on the effects of carp on the aquatic 

environment. 

There are no short-term cures to the blue-green algal 

problem. We must be prepared to take a long-term outlook 

and strive to markedly improve the management of 

· activities throughout the Basin. In that way we will not 

only look after our fragile environment, but will also sustain 

the activities that rely on good quality water resources. 

This is the challenge facing the entire Munay-Darling 

Basin community. 



T h e Strategy 

Goal 

The goal of the Algal Management Strategy is: 

"to reduce the frequency and intensity of algal 

blooms and other water quality problems 

associated with nutrient pollution in the Murray· 

Darling Basin through a framework of 

coordinated planning and management actions." 

To achieve this goal, the Strategy proposes actions that 

tackle the underlying causes of algal blooms. The Strategy 

focuses on long-term actions that are consistent with short

term tactical responses to algal bloom events developed by 

local and state government bodies. 

The Strategy will pursue "best bet" actions while ensuring 

that important research, investigations and monitoring will 

allow future actions to be focused more effectively. 

Objectives 

To meet its goal, the Algal Management Strategy has four 

key objectives: 

1. Reduce nutrient concentrations in the streams and 

storages of the Basin by: 

• reducing nutrient input from human and land 

activities; 

• improving the management of the stream riparian 

zone; and 

• protecting and enhancing aquatic ecosystems. 

2. Improve stream-flow regimes & flow management by: 

• establishing a Basin-wide policy to maintain and, 

where appropriate, improve existing flow regimes; 

• reviewing flow regimes and flow management in 

the Basin; and 

• developing methods for establishing minimum 

tributary contributions to mainstream rivers. 

3. Increase the community's awareness of the blue· 

green algae problem by: 

• developing and distributing information on blue

green algae and related issues; 

• developing school educational material on blue

green algae and related issues; and 

• encouraging and supporting community water 

quality monitoring programs. 

4. Obtain better information and scientific knowledge 

of blue-green algae by: 

• supporting key research and investigations; 

• establishing appropriate objectives for water quality ' 

monitoring and reporting programs and reviewing 

cunent programs; and 

• developing a modelling capability for processes re:_ 

lated to the development of blue-green algal blooms. 

Principles 

Two main principles underpin the Algal Management 

Strategy: ecologically sustainable development and 

integrated (or total) catchment management. 

Ecologically sustainable development (ESD) is the 

principle of using, conserving and enhancing the 

community's resources so that ecological processes, on 

which life depends, are maintained. ESD improves the 

prospect that the total quality of life - now and in the 

future -can be increased. 

Integrated catchment management (also called "total 

catchment management") recognises that many of land 

and water problems are related, and cannot be solved in 

isolation from each other. Finding the solutions involves 

the cooperation and partnership bf all members of the 

catchment community, including government agencies 

and interest groups as well as individuals. 

A number of other key principles, provide the foundation 

of the Strategy and are worth highlighting. They are as 

follows: 

• The community's acceptance and "ownership" of 

the problem and the action necessary to solve it at 

the local level is fundamental. 

• The amount of nutrients requiring treatment and 

disposal or re-use should be minimised at the source. 

• Wherever possible, wastewaters should be re-used 

for practical purposes such as inigation. 
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In many instances, both nutrients and stream-flow would 

be expected to play an important role in the development 

of algal blooms. However, the specific approaches to blue

green algal management are likely to vary from catchment 

to catchment. Site specific approaches will depend on the 

importance of each causal factor and the management 

options available, particularly in the short-tenn. A range of 

actions is needed to address the blue-green algal problem 

and the appropriate "mix" should be developed on a 

catchment-by-catchment basis. 

Appendix 4 describes two scenarios where the 

management option adopted to address the algal problem 

has differed, based on the particular circumstances at 

the site. 

It will inevitably take some time for the Algal 

Management Strategy to build up its effectiveness. Even 

then, it almost certainly will not totally prevent algal 

blooms from occurring. The community will need to be 

well infonned and be prepared to deal with blooms so that 

the consequences are minimised. Resource managers and 

water supply managers will need to be vigilant for signs of 

blooms and will need to act to prevent outbreaks and, in 

the event of blooms occurring, will need to deal with them 

to achieve safe water supplies. 
' ' 

A very positive aspect of the Algal Management $trategy 

is that, because of the integrated nature of naturqi resource 

issues, many of the solutions to a priority problen1. will 

assist in solving another problem. 

SITES OF RECENT MAJOR ALGAL BLOOMS IN THE MURRAY-DARLING BASIN 

- ·- ·- ·- ·- ·- ·- ·- ·-, 
i 

QUEENSLAND 

I 1 ·- ·- ·- ·- ·-

SOUTH 
AUSTRALIA 
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I m p e m e n t a t 

For reasons stated earlier, implementation of the Algal 

Management Strategy will require a partnership between 

governments and the wider Basin community. Important 

roles in the implementation of the Strategy will be held by 

individual landholders, Landcare groups, catchment 

management committees, urban and rural community 

groups, local, State and Commonwealth governments, 

and the Murray-Darling Basin Commission. 

Governments are responsible for establishing policies and 

institutional anangements, and for providing technical and 

financial support. State and local governments have direct 

responsibility for the management of land and water 

resources. Together with the wider Basin community, they 

also have responsibility for the on-ground action to be 

identified and agreed in developing catchment 

management plans. 

Through the Murrny-Darling Basin Initiative, the Munay

Darling Basin Commission has responsibility for 

coordinating the Basin-wide implementation of the 

Strategy, thus enabling the blue-green algal problem to be 

addressed on a river-system basis. The Commonwealth and 

State governments will take action through their specific 

programs. An inter-governmental working group will 

ensure that the necessary action is undertaken & reported. 

The specific actions required to meet the key objectives of 

the Strategy, and the way in which they will be 

undertaken, are as follows. 

Nutrient reduction 
Nutrient reduction should be planned and managed by 

catchment/regional management committees through the 

development of catchment management plans, the key 

elements of which are: 

• identifying and quantifying the sources of nutrients 

in the river system; 

• determining the options available for reducing the 

input of nutrients from these sources; 

• undertaking cost/benefit and environmental 

assessments of the various options; and 

• detennining how resources may be obtained to 

implement the chosen options. 

o n 

Using the approach to setting nutrient reduction targets 

presented in Appendix 5, three levels of priority in 

developing and implementing nutrient management plans 

have been identified for the following catchments: 

Priority 1: Goulburn/Broken, Namoi, 

Munumbidgee 

Priority 2: Border Rivers, Condamine/Culgoa, 

Loddon/Ban Creek, Gwydir 

Priority 3: Campaspe, Castlereagh, Darling-Barwbn~ 

Kiewa, Lachlan, Macquarie/Bogan 

Munay / Riverina, South Australia, Sunraysia 

(Mallee), Upper Munay 

Each member of the Munay-Darling Basin community has 

a significant role to play in reducing nutrients in the river 

system. Many actions are required to address this element 

of the Strategy in the catchment plan. The following 

section identifies the role of each "community group" in 

reducing nutrients. 

The MDBC's role 

In August 1990, the Munay-Darling Basin Ministerial 

Council adopted a policy that aims: 

"To maintain and, where necessary, improve 

existing water quality in the rivers of the Murray· 

Darling Basin for all beneficial uses - agricultural, 

environmental, urban, industrial and recreational. 

• In the case of those parameters such as salinity 

and nutrients which are already recognised as 

causing problems, the p·olicy is to improve 

existing water quality. 

• In the case of other parameters which may at the 

moment be well below recognised limits, the 

policy is to endeavour to ensure that existing 

quality is not allowed to deteriorate." 

This policy provides the guiding principle for the 

Commission in reviewing development proposals and in 

developing natural resource management strategies. It also 

guides the Commission in undertaking its responsibility for 

coordinating planning activities for the River Munay and 

its floodplain. This work is coordinated through a tri-State 

working group and aims to ensure that uniforn1, consistent 
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policies and guidelines are adopted for development and 

management of the River Murray and its floodplain. 

Other actions by the Commission that aim to reduce the 

level of nutrients in the waters of the Basin are to: 

• fund research on the sources, control and impact of 

nutrients in the Basin through the Natural 

Resources Management Strategy (NRMS) 

Investigations and Education sub- program; 

• contribute funds to catchment management groups 

to develop nutrient management strategies as part 

of integrated catchment management plans 

through the NRMS Integrated Catchment 

Management sub-program; 

• explore the feasibility of establishing water quality 

objectives and nutrient reduction targets for the 

waterways of the Basin; and 

• participate in the development of Commonwealth 

and State Government initiatives (such as 

guidelines for the management of nutrient 

generating activities) that aim to reduce nutrient 

levels in water resources. 

The Commonwealth Government's role 

The Commonwealth Government contributes to the 

reduction of nutrient levels in surface waters by: 

• providing national policy leadership through 

intergovernmental forums (such as the Council of 

Australian Governments) aimed at improved 

planning and management of land and water 

resources including the development of guidelines 

for the management of nutrient generating 

activities; for example, the National Water Quality 

Management Strategy; 

• encouraging the demonstration of cost effective and 

environmentally sustainable approaches to waste

water management in small country towns through 

assistance from the National Landcare Program; 

• providing impetus for whole-catchment approaches 

to water quality and land resource management 

through projects and related structural measures 

implemented jointly with the community, local 

and state governments with assistance through the 

National Land care Program; and 

• facilitating and encouraging research and 

development activities which will enhance 

sustainable use, productivity and conservation of 

Australia's land, water and related vegetation 

resources, particularly through Commonwealth 

institutions such as the CSIRO and the Land and 

Water Resources Research and Development 

Corporation. 

State governments' roles 

The State governments will contribute to the reduction of 

nutrients by: 

• developing and implementing legislation, policies, 

guidelines and codes of practice for minimising the 

amount of nutrients entering the river system; 

• facilitating improved sewage treatment and 

disposal, and promoting "wastewater,, re-use 

schemes where feasible; 

• participating in and providing resources and 

technical advice to catchment management groups 

developing nutrient management strategies; 

• providing extension services to the community 

on ways of improving land management activities, 

to reduce the amount of nutrients entering the 

river system; 

• participating in th~ development of national and 

regional strategies for water quality and algae 

management, to ensure that actions are consistent 

and complementary; and 

• investigating and developing targets for nutrient 

reduction on a regional or catchment basis 

(described in Appendix S). 

Local governments' roles 

The participation and commitment of local governments 

(including water authorities and boards) and their agencies 

is fundamental to the success of any nutrient reduction 

campaign. They are key players in regional planning, 

which is essential to sustainable development. When 



• 

regional environment plans and land use determinations 

etc are developed, the siting of nutrient-generating 

activities must be considered in relation to regional su1face 

and ground waters. 

Local governments can also contribute to reducing 

nutrient levels in the waters of the Basin by: 

• upgrading sewage treatment and disposal facilities, 

and exploring wastewater recycling schemes where 

appropriate; 

• improving the management of stormwater to 

prevent untreated urban run-off entering the river 

system; 

• participating in the activities of catchment 

management groups; and 

• participating in State and Commonwealth 

nutrient-reduction campaigns. 

Individuals' roles 

Individuals, either collectively or as part of a catchment 

group, are the foundation of integrated catchment 

management. Ways in which individuals can reduce the 

amount of nutrients entering the river system include: 

• helping to develop and implement catchment 

nutrient management plans that address specific 

local nutrient problems; 

• supporting the implementation of national & State 

initiatives for nutrient reduction in their area; and 

• becoming aware of where the water and nutrients 

go when they leave the urban or rural property, and 

reducing them in accordance with catchment plans 

by such actions as: 

• ensuring land management practices conform 

with best possible techniques; 

•re-vegetating eroded stream banks and flood

plains to stabilise soil and nutrient movement 

and to provide a filter for nutrients carried in 

overland flow; 

• composting leaves and vegetable scraps rather 

than flushing them down household drains or 

street drains; 

• not over-fertilising gardens and pastures; and 

• using low-phosphate cleaning products. 

Local and State government agencies have further 

information on how and why individuals should reduce the 

amount of nutrients entering the river systems. 

Flow management 
Flow policy 

The Munay-Darling Basin Ministerial Council has 

adopted a policy: 

"to maintain and, where appropriate, improve 

flow regimes in the waterways of the Murray

Darling Basin to protect and enhance the riverine 

environment." 

This policy is founded on the premise that while we do not 

yet know the flow requirements of all components of the 

natural environment, we do know that current flow 

regimes have led to a deterioration of the riverine 

environment. 

The flow policy will guide the Commission and the 

participating States in the review of streamflow regimes on 

a catchment or regional basis. As agreed by the Munay

Darling Basin Ministerial Council, the policy will not 

preclude Queensland from assessing the potential for 

further development of its water resources in accordance 

with any determination of the Dumaresq-Barwon Border 

Rivers Agreement. 

State water resource agencies ha~e started to review flow 

regimes as part of catchment or regional management 

plans. Reviews are being carried out in conjunction with 

the community, on a catchment-by-catchment basis. 

Environmental flows 

At present, we do not fully understand the environmental 

stream-flow requirements that minimise the risk of algal 

blooms occurring and meet the needs of the environment 

in general (fish, birds, wetlands etc). Water allocations 

which try to satisfy the needs of specific components 

of the environment are made ad hoc, based on 

intuitive judgement. 

11 
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Flow regimes that meet the needs of the natural environment, as well as 
the human-made environment, need to be established. 

To address this deficiency, the Commission, in 

conjunction with the State and Commonwealth agencies, 

is currently developing a program for establishing stream

flow regimes that meet the needs of both the natural and 

human-made environment, as far as possible. The program 

will provide the framework for research and the 

development of computer- based decision support systems 

to enable planners and managers to make informed 

decisions regarding the stream-flow needs of the natural 

environment and the developed community. 

Other activities 

The principal role of the Commonwealth government in 

improving stream-flow is through funding research. 

Through the Healthy Rivers Initiative, a number of research 

programs have commenced that will improve our 

understanding of the stream-flow requirements of the 

natural environment. With this understanding, the 

requirements of the environment can be better 

incorporated into the review of flow management regimes. 

A major national program of research and development 

into river health and management, including 

environmental flows, involves the Commonwealth 

Government's environment portfolios, the Urban Water 

Research Association of Australia, and the Land and 

Water Resources Research and Development Corporation, 

which also manages the program. 

The State government water resource agencies are the key 

players in developing and reviewing stream-flow regimes. 

In accordance with the new flow policy just described, 

State water management agencies will progressively review 

stream- flows in each catchment. Ways of modifying flow 

regimes to include the options outlined in the Background 
section need to be investigated where appropriate. 

In each catchment, local governments, catchment groups 

and individuals will be asked to participate in the review 

process. 

All needs for water have to be identified in each 

catchment; the ability of existing infrastructure and 

regulations to meet these needs will be assessed. 

Education and awareness 

The importance of the Murray-Darling Basin 

Commission's role in providing clear and consistent 

information on blue-green algae and related issues is 

acknowledged by the participating governments. Through 

its Communications and Education Unit, the Commission 

has developed - and is continuing to develop - a number 

of programs to raise awareness of the key issues throughout 

the wider Basin community. 

Some examples of the programs are: 

• brochures on the blue-green algae problem and 

its causes; 

• videos on blue-green algae, current research and 

actions to redress the situation; 

• funding of community water quality monitoring 

programs through the NRMS Integrated 

Catchment Management sub- program, as part of 

the national Waterwatch program; and 

• development of class room and field educational 

material and programs for all ages of school children. 

In addition to these programs, State and Commonwealth 

Government agencies will produce infonnation material 

and ensure that results of research are made available to 

key groups and the wider Basin community. Newsletters 

and presentations to public meetings will be the principal 

mechanisms. 

The inter-governmental working group convened to 

implement and report on the Algal Management Strategy 



Community water quality monitoring programs make a valuable contribution 
to enhancing the community's awareness of water quality issues. 

will prepare regular reports on actions related to blue

green algal management in the Basin. They will be 

distributed to catchment/regional groups, interest groups 

and key perso1U1el in the Basin, and will be available on 

request from government offices. 

Research and water 
quality monitoring 

Research on blue-green algae and related issues is largely 

coordinated by the major funding agencies; these are the 

Munay- Darling Basin Commission, the CSIRO and the 

Land and Water Resources Research and Development 

Corporation. Close consultation with State and 

Commonwealth agencies ensures research is not 

duplicated and is focused on key issues. 

Through the Natural Resources Management Strategy, the 

Commission has identified research on the causes of algal 

blooms as a priority under the Investigations and 

Education sub-program. The peiformance of research with 

respect to improving cunent practices will be reviewed 

regularly. Some of the recent research projects funded by 

the NRMS are presented in Appendix 1. 

The Munay-Darling Basin Commission will review 

cunent water quality monitoring in the Basin. The key 

requirements for monitoring to be included in existing and 

new programs are to provide: 

• a reliable basis for monito~·ing the pe1formance of 

actions undertaken as part of the Strategy; 

• reliable information on trends in algal bloom 

occurrence and the nutrient status of the Basin's 

rivers, streams and storages; and 

• detailed information on the processes and 

interactions involved in algal bloom development. 

State government agencies are responsible for water quality 

monitoring in the Basin; key personnel are represented on 

the Commission1s water quality working group. 

Investigations of water quality and blue- green algae 

models will continue to be pursued by the Murray-Darling 

Basin Commission. 

13 
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Funding 

Funding to support the various components of the Algal 

Management Strategy will come from a number of State, 

Commonwealth and Commission sources: some are 

mentioned in the Implementation section of this 

publication. These programs will assist community groups 

to develop and implement catchment plans. Funding is 

also available through the National Landcare Program for 

local govemment to upgrade sewage treatment plants and 

stormwater management systems. Funds from one or more 

of the funding programs are expected to be used to help 

Basin communities undertake actions identified in the 

Strategy. Applications for funding from the various 

programs would be expected to reflect the shared 

responsibility of the work. 

The Murray-Darling Basin Commission will assist with 

funding for the development of catchment management 

plans, including nutrient management plans, through the 

Integrated Catchment Management sub-program of 

Natural Resources Management Strategy (NRMS).The 

NRMS is explained in more detail in Appendix 1. 

NRMS funding will also be used to support priority 

research and investigations, through the Investigation and 

Education sub-program. 

Further information about the NRMS and the types of 

projects for which it provides resources can be obtained 

from the Commission or the State NRMS coordinators 

listed at Appendix 6. 

In addition to the Commonwealth's contribution to the 

Commission's funding programs, the Commonwealth 

Govemment has a number of programs for funding various 

elements of the Strategy, including: 

• the development and implementation of catchment 

and nutrient management plans; 

• the upgrading of sewage treatment plants t~ 
remove phosphorus; 

• improving stormwater management; 

• protecting remnant vegetation; 

• establishing a re-vegetated corridor along the 

River Murray; and 

• govemment and community water quality 

monitoring. 

The programs for funding these actions are generally 

components of the National Landcare Program. Information 

on the Landcare program can be obtained from: 

Communication Officer 

National Landcare Program 

cf Land Resources Division 

Department of Primary Industries & Energy 

GPO Box 858 CANBERRA ACT 2601 

Ph: (06) 272 3339 Fax: (06) 272 5618. 



Monitoring & Report ng t h e Strategy 

The blue-green algae problem is not going to disappear 

as a result of any single action: sustained, co-operative 

effort by all members of the community will be needed. 

Many of the actions being undertaken are based on 

information that is incomplete in some respects; 

consequently, the results of research will need to be 

used to refine elements of the Strategy. To ensure that 

the actions remain focused on the goal of the Strategy, 

the performance of actions will be continuously 

monitored and evaluated. 

It will not be easy to monitor the success or otherwise of 

the Strategy by measuring the amount or size of algal 

blooms in the Basin, or the levels of phosphorus in the 

river system. To assess if an improvement or deterioration 

in algae or phosphorus has occutTed as a result of water 

and land management, we need to know what the cutTent 

levels are, or even what the historical conditions were. 

We do not know how frequently and intensely algal 

blooms occutTed before European settlement, or even how 

those factors have changed since settlement began. It has 

been suggested that present algal conditions may be a 

natural occurrence and that conective efforts may be to no 

avail. It has also been suggested that scientific techniques 

should be used to determine historical conditions so that 

we may better estimate the likely effect of our actions. 

However, the adequacy of current techniques for 

determining historical conditions is uncertain and the 

benefits of undertaking this research are not clear. 

Despite the view just described, it is widely considered that 

whether or not the cutTent frequency and intensity of blue

green algal blooms are natural occutTences, they are a 

problem. Furthermore, the Algal Management Strategy 

will also - as a side effect - contribute to the better 

management of other problems such as soil erosion, 

wetland degradation and native fish decline. The benefits 

of trying to reduce the frequency and intensity of algal 

blooms, therefore, are far-reaching. 

It is equally difficult to determine a baseline level of phos

phorus in the surface waters of the Basin by which future 

levels can be compared. The levels of phosphorus in water 

depend heavily on recent rainfall events and the amount of 

water and sediment being carried in the stream. These 

natural events cause phosphorus levels to be "naturally" very 

variable and any improvements, or deterioration, may not 

be measurable against the natural variability. 

Despite this limitation, the Commission's inter

governmental water quality working group will establish a 

process to monitor, evaluate and report the 

implementation and effect of the Strategy. The working 

group will collate information on algal management 

activities undertaken by the Commission and by State, 

Commonweath and local governments. Information on ' 

local activities will also be obtained from local 

governments' state of the environment reports and from ' 

catchment and regional management groups. Reports, · 

prepared and distributed every three years, will serve to: 

• inform the Basin community on progress being 

made on the implementation of the Strategy; 

• provide the basis on which the Commission can 

monitor the performance of the Strategy and 

modify it where necessary; 

• provide the mechanism to continue community 

involvement in on-going development and 

implementation; and 

• provide a mechanism to present information on the 

blue-green algae issue to the Basin community. 

The inter-governmental working group will have direct 

contact with State agency personnel responsible for 

administering State algal management action. In all States, 

committees have been established to coordinate the 

necessary action, namely: 

• the NSW State Algal Coordinating Committee; 

• the Victorian Blue-green Algae Project Team; 

• the Queensland Water Quality Task Force; and 

• the South Australian Algal Task Force . 

While the ACT Government is not a participant in the 

MutTay-Darling Basin Agreement, information on 

activities in the Australian Capital T enitory will be 

obtained from the ACT Inter-departmental Committee 

on the Environment- Water Sub-committee. The report 

will also include information on the programs being 

developed as part of the National Water Quality 

Management Strategy. 

_ j 
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As the reports on implementing the Strategy are prepared, 

they will be reviewed by the Munay-Darling Basin 

Ministerial Council Community Advisory Committee 

(CAC). The CAC will provide independent advice to the 

Ministerial Council on the effectiveness of the Algal 

Management Strategy, and its implementation. The 

MDBC, as it regularly evaluates, reviews aRd reports on the 

progress of the Strategy, will welcome comments by 

members of the public and interested community and 

government organisations. The Commission will maintain 

a mailing list of people and organisations wishing to 

receive the Algal Management Strategy1s three-yearly 

reports. Details of names and addresses should be sent to: 

The Algal Management Strategy Coordinator 

Murray-Darling Basin Commission GPO Box 409 

CANBERRA ACT 2601 Fax No: (06) 248 8053 
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Factors which contribute 
to excessive algal growth, 
resulting in surface 
scums, include low river 
flows and the build-up of 
plant nutrients. 

Effluents from sewage 
treatment works are a 
significant source of 
nutrients to our waterways. 
These nutrients are one of 
the many factors 
contributing to excessive 
algal growth. 

Agriculture is a major 
source of nutrients, 
particularly during wet 
weather. The nutrients are 
often attached to soil 
particles which are eroded 
into lakes and rivers. 

Algal Management Strategy 

The Algal Management Strategy developed by the 

Murray .. Darling Basin Commission provides a 

framework for coordinated 

action to reduce the frequency 

and intensity of blue .. green 

algal blooms in the Murray .. 

Darling Basin. 

Blue,green algae received wide 

publicity in the summer of 

1991,92 when an enormous 

algal bloom in the Darling River 

caused the New South Wales Government to declare 

a state of emergency. Blue,green algae have become 

the subject of intense research and more needs to be 

done. However we now know enough to start intro, 

ducing changes which are necessary to manage the 

problem effectively in the future. 

The Algal Management Strategy 

aims to: 

• reduce nutrient 

concentrations in the streams 

and storages of the Basin; 

• improve stream .. flow regimes 

and flow management; 

• increase community knowledge of, and 

involvement in, managing the algal 

problem; and 

• obtain better information and scientific 

knowledge of blue .. green algae. 

It will take time before these 

measures can be effectively 

implemented and even longer 

before they produce the desired 

effects. However, the benefits 

from the changes that will 

come from the introduction of 

this Strategy will extend well 

beyond the reduction of 

problems caused by blue,green algae. The most 

important of these benefits will be a general 

improvement in water quality and river health 

throughout the Basin. This will have immediate 

benefits for the full range of consumers & users of 

the waterways, as well as the flora & fauna with 

which we share the riverine environment. 

The key to the success of the Algal Management 

Strategy is the development of catchment and 

regional management plans. 

The Problem 
Blue,green algal blooms affect the Australian 

community in a variety of ways. Human and stock 

health can be badly affected by toxic algae and the 

cost of developing and maintaining safe water 

supplies is high. The loss of recreational 

opportunities reduces the quality of life for residents 

in surrounding areas and has a devastating effect on 

local businesses that depend on tourism. 

Blue,green algae are not new and are a natural and 

normal part of the water environment. However, 

under exceptional conditions the rate of 

reproduction will explode causing algal blooms to 

form rapidly and adversely affect other forms of river 

life. The Murray, Darling system has always had 

occasional blooms, even before there was any large 

scale human impact on the rivers, but the 

conditions which produce them have been growing 

worse in recent years. 

What causes 
algal blooms? 
The main causes of algal blooms are the 

combination of: 

• high concentrations of plant nutrients 

(usually from human sewage, animal wastes 

and eroded soils washed into waterways); 
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• slow flowing or stagnant water; 

• sunlight; and 

• warm water temperatures. 

The two factors we can do most about are nutrient 

concentrations and water flow. 

Plant nutrients 
Blue,green algae need nutrients to exist and large 

quantities of nutrients to develop into blooms. For 

algae in fresh water, the most important nutrients 

are phosphorus and, to a lesser extent, nitrogen. 

Phosphorus in the waterways of the Murray, Darling 

Basin comes from a number of sources. These 

include: 

• sewage treatment plants; 

• urban stormwater drains; 

• irrigation drains; 

• intensive agricultural industries; 

• run,off from agricultural land; 

• run,off from forests; and 

• geological processes. 

Phosphorus occurs in a number of forms, largely 

depending on its origin. While sewage contributes a 

smaller amount of phosphorus than soil run,off, it is 

in a chemical form which is easier for blue,green 

algae to use. In soil run,off, phosphorus can be 

bound to clay particles making it less readily 

available to algae. The importance of phosphorus 

from soil run,off as a contributor to the formation of 

algal blooms, varies from place to place. 

Although the phosphorus can remain stored in 

sediments at the bottoms of rivers and lakes for long 

periods, under certain conditions it can be released 

into water and used by algae. This process is 

particularly important for low flow environments 

such as large storages and weir pools. 

Water fiow 
Regulation of the streams in the 

Murray,Darling Basin has 

produced many benefits. It has 

provided reliable water supplies 

for urban centres, water for the 

highly productive irrigation 

industry and created large bodies 

of water suitable for a wide range 

of recreational activities. 

However, compared with the situation which 

existed a century ago, this means a much smaller 

volume of water is left to flow through the river 

system. This reduction has had a number of effects 

which make algal blooms more likely. In particular, 

it allows: 

• the water to heat up 

more rapidly; 

• sediments to settle, 

making the water clearer 

and allowing light to 

penetrate deeper below 

the surface; 

• nutrients entering the 

river to remain at high concentrations; 

• the formation of temperature layers in the 

water which can lead to a red~ction of 

oxygen in the bottom layer and the release of 

nutrients from the sediment (this is mainly a 

problem in water 

storages); and 

• calm conditions to be 

created which make it 

easier for blue,green algae 

to reproduce without 

being dispersed; thus 

making the development 

of algal blooms more 

likely. 

I 

Shearn diversions can 
result in extended periods 
of low flow. These 
conditions are critical for 
the increased frequency of 
algal blooms. 

Regulation of rivers by the 
construction of weirs and 
dams dramatically change 
flow regimes. 

Wastes generated from inten
sive rural industries, such as 
beef cattle feedlots, are rich 
in organics & nutrients. 



Regulated river flow 
changes the natural flow 
and flooding patterns of 
steams 

Diversion of water for 
consumptive uses, like 
irrigation, reduces 
streamflow and increases 
the likelihood of algal 
blooms 

Discharges of partially 
treated wastewater, 
particularly sewage, load 
our waterways with 
nutrients and organic 
matter 

Urban stormwater flushes 
rubbish, oil, organic 
matter, nutrients and other 
pollutants from towns and 
cities into streams 

Fertilisers and animal 
wastes from agriculture 
contribute large amounts 
of nutrients to our 
waterways 

Loss of vegetation makes 
the land more susceptible 
to erosion and reduces the 
important filtering function 
performed by vegetation 
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Improved Management Practices 
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Nutrients discharged from 
point sources such as 
sewage treatment plants, 
can be reduced by 
employing effluent re-use 
schemes and better 
treatment technologies 

More efficient water use 
will make more water 
available for the 
environment and for 
managing algal blooms 

Trash racks, settling ponds 
and constructed wetlands 
can help to clean up 
stormwater 

Improved land 
management practices will 
reduce the amount of 
nutrients coming from the 
land 

Healthy riparian and 
aquatic ecosystems 
stabilise the land and 
provide a natural filtering 
function 

3 



Past activities, such as 
timber-cutting to fuel 
steam-powered irrigation 
pumps, have reduced the 
buffer zone of trees on 
floodplains. 

Streambank vegetation 
performs an important role 
in cleansing water as it 
enters our waterways. It 
stabilises soil, and filters 
sediments and nutrients 
from overland flow, & takes 
up nutrients for growth. 

Poorly managed riparian 
zones are prone to bank 
erosion, and nutrients 
pass directly into 
our waterways. 

Algal Management Strategy 

Managing Nutrients 
Recent research has compared 

the relative importance of point 

sources of nutrients, such as 

sewage treatment plants, with 

diffuse sources, such as erosion 

from forests and agricultural 

lands. The results show that in 

dry years, most nutrients come 

from point sources and in wet 

years the reverse is true, with diffuse sources being the 

main contributor. The fact that the worst blue~green 

algae outbreaks usually occur in dry years emphasises 

the importance of point sources as a factor 

contributing to algal blooms. 

However, since the large volumes of nutrients 

deposited from diffuse sources in 

wet years are still present in the 

stream sediments in dry years, 

they can also be an important 

contributor to the problem. 

Strategies to reduce nutrient 

loads in waterways need to deal 

with both point and diffuse 

sources of nutrients. Nutrient 

reduction should be planned and managed by 

catchment/regional management committees 

through the development of catchment management 

plans, the key elements of which are: 

• identifying and quantifying the sources of 

nutrients in the river system; 

• determining the options 

available for reducing the 

input of nutrients from these 

sources; 

• undertaking cost/benefit and 

environmental assessments of 

the various options; and 

• determining how resources 

may be obtained to implement the chosen options. 
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Water Flow Management 
In the short term, flow and reservoir management, 

which can provide an instantaneous result, is likely 

to be the best way of reducing the occurrence of 

blooms. However, to provide the water required for 

the many desired uses, long~term management 

changes are also required. 

Water managers should considering the following 

options: 

• the provision of minimum flows so there is 

sufficient movement along the full length of 

waterways; 

• short duration flushes to dissipate 

concentrations of water where an algal bloom 

has occurred or where the preconditions make 

such an occurrence likely; 

• the construction of riffle zones to create 

turbulence in the water; and 

• managing water storages by using mixing 

devices, and releases from different levels of 

the storage, to maximise the movement of 

water between different depths. 

What can individuals do? 
There are many things individuals can do to help 

with the management of blue~green algal problems. 

They can: 

• support regional catchment management 

organisations and take part in developing 

catchment management plans for their 

local area; 

• support national and State campaigns to deal 

with blue~green algae problems on the 

broader scale; 

• revegetate eroded stream banks and flood 

plains to stabilise soil and nutrient movement 

into waterways; 
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• ensure that fertilisers are used at optimum 

rates and times to avoid wastage; 

• use only low phosphate or phosphate;free 

cleaning products; and 

• compost leaves and vegetable scraps rather 

than flushing them down household or 

street drains. 

What are 
governments doing? 
In August 1990 the Murray; Darling Basin 

Commission adopted a policy which aims: 

To maintain and, where necessary, improve 
existing water quality in the rivers of the 
Murray-Darling Basin for all beneficial 

uses - agricultural, environmental, urban, 
industrial and recreational. 

This policy provides the guiding principle for the 

Commission in undertaking its statutory 

responsibilities. 

Towards meeting the objectives of the Strategy, the 

Commission will support government agencies and 

community groups by funding research on the 

sources, control and impact of nutrients in the Basin. 

It will provide funding to assist catchment manage; 

ment groups with the preparation of integrated 

catchment management plans. It will explore the 

feasibility of establishing water quality objectives and 

nutrient reduction targets for the waterways of the 

Basin. The Commission will also take part in State 

and Commonwealth government initiatives that aim 

to reduce nutrient levels in water resources. 

Local governments will be able to contribute 

through their involvement in catchment 

committees and the use of their existing planning 

and regulatory responsibilities with regard to the 

siting and operation of many nutrient generating 

activities. They will be encouraged to upgrade 

sewage treatment and disposal facilities, improve the 

management of stormwater to prevent untreated 

urban run;off entering the river 

system and explore wastewater 

recycling schemes where 

appropriate. 

State governments will 

contribute by developing and 

implementing legislation, 

policies, guidelines and codes 

of practice to minimise the 

amount of nutrients entering the river system. They 

will facilitate improved sewage treatment and 

disposal, provide technical and extension support 

for local government and community groups, and 

participate in the development of national and 

regional strategies for wastewater 

and algal management to ensure 

that actions are consistent and 

complementary. 

The Commonwealth will 

facilitate links with the national 

research programs and provide 

funding for catchment plans, 

upgrading of sewage treatment 

plants, improvement of urban stormwater 

management, protection of remnant vegetation, 

monitoring programs, and vegetation planting 

projects along the banks of the river system. 

All members of the Murray; Darling Basin 

community have a role to play in the 

implementation of the Algal 
Management Strategy . Through 

the Murray~Darling Basin 
Initiative, the Murray;Darling 

Basin Commission has the 

responsibility for coordinating 

the Basin;wide implementation 

of the Strategy, thus enabling 

the blue;green algal problem to 

be addressed on a river;system basis. 
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Wetlands are essential 
components of aquatic 
ecosystems. They are often 
referred to as "nature's 
kidneys" in recognition of 
their role in filtering and 
trapping sediments 
and nutrients. 

Where possible, we 
should use low-phosphate 
or phosphate-free 
washing powders. 

Artificial wetlands above 
Carcoar Reservoir in NSW 
help to remove nutrients 
from water entering the 
storage and reduce the 
frequencies of algal blooms. 



-

Volunteers preparing 
artificial wetlands to help 
remove nutrients from 
treated sewage effluent at 
Blayney, NSW. 

Sites of recent major algal blooms 
in the Murray-Darling Basin 
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Background 

The inter-governmental working group established to 

develop the draft Algal Management Strategy addressed 

many issues. This section of the document presents some 

of the key issues discussed by the working group and is 

provided as background to the objectives of the Strategy. 

The following discussion addresses many of the comments 

made during the community consultation phase. Some of 

the other topical issues raised during community 

consultation are discussed in Appendix 3. 

The issues are: 

• reducing nutrient pollution of sUlface waters; 

• stream-flow and reservoir management; 

• community education and awareness; 

• research and monitoring; and 

• administrative matters. 

Reducing nutrient pollution of 
surface waters 
Sources of nutrients 

Just as plants growing on land thrive when fertilisers are 

applied, so too do algae. Phosphorus is considered to be the 

nutrient most critical for the growth of freshwater algal 

blooms. In nutrient control programs across the world, it 

has been a principal target for reduction. 

Phosphorus enters the river system from a variety of 

sources, both natural and human- made (described further 

in Appendix 7). The significance of the various sources 

varies from catchment to catchment. Some will be 

relatively easy to control; others will be more difficult. 

Sources of nutrients to the river system include: 

• sewage treatment plants; 

• urban stormwater drains; 

• irrigation drains; 

• intensive agricultural industries; 

• run-off from agricultural land; 

• run-off from forests; and 

• geological processes. 

Wastes generated from intensive rural industries, such as beef cattle feedlots , 
are rich in organics and nutrients. 

Importantly, phosphorus occurs in a number of forms, 

largely depending on its origin. In sewage effluent, for 

example, it is readily available to algae. However, 

phosphorus in soil run-off can be bound to clay particles, 

making it less readily available to algae. 

Phosphorus can also be stored in sediments at the bottom of 

rivers and lakes, often for long periods. Under certain 

conditions, however, this phosphorus can be released into 

the water and become available to algae. The importance of 

this source to the formation of algal blooms will vary from 

place to place, depending on the stream-flow and other 

environmental conditions. It is particularly important for 

instance in low flow environments such as large storages. It 

is essential then, that we reduce the quantity of nutrients 

entering the sUlface waters of the Basin, to ensure we do not 

keep topping up nutrients in sediments. 

Nutrient management plans 

The frameworks for action to reduce nutrient pollution of 

slllface waters should be regional or catchment nutrient 

management plans. 

To help develop the plans, computerised "decision support 

systems" & models are available to understand the nutrient 

load exported under current land uses and management 

practices. Essentially they help manage information on 

nutrient sources and allow the best options for reducing 

nutrient pollution to be assessed. They also clarify the cost

effectiveness of reducing the nutrient load through changed 

land uses and improved management practices. 
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Three systems are being used in the Basin at present. One 

is the Catchment Management Support System (CMSS), 

which was piloted in the Murrumbidgee catchment in 

New South Wales to establish the process and resources 

needed to set up and use the system. Another is the 

Adaptive Environmental Assessment and Management 

approach which has been trialled in the Goulbum/Broken 

catchment of Victoria. The third is the AQUALM water 

quality model which has been trialled in the upper 

Murrumbidgee catchment. Outlines of these systems are 

presented at Appendix 8. 

Nutrient reduction targets 

Desirably, the first step in nutrient management is to 

establish a target value for water quality (say, an amount of 

phosphorus or algae) and to assess measured values against 

it. The target should be established on a Basin-wide basis 

to reflect Basin-wide responsibilities - it is unacceptable for 

a catchment to simply pass nutrient-rich water 

downstream to another catchment. 

The working group explored an approach, described in 

Appendix 5, to setting such targets for the Murray-Darling 

Basin. Initially only the establishment of phosphorus 

targets was examined. Although it is recognised that other 

nutrients, particularly nitrogen and carbon, are important, 

in many instances the actions to reduce phosphorus levels 

are likely to reduce these other variables as well. 

The procedure detailed in Appendix 5 for setting nutrient 

reduction targets was shown to be worth investigating. 

However, the procedure relies on water quality data which 

are not available for many parts of the Basin. For the time 

being, the data do not allow precise targets to be set on a 

basin-wide scale and targets would need to be explored on 

a catchment- by-catchment basis. 

Fundamental to the establishment of any water quality 

target is that no further deterioration of current levels of 

water quality should be tolerated. That is because we know 

that in general, the present amount of phosphorus under 

current flow conditions is too high. However, the exact 

concentration required to bring about a reduction in the 

frequency and intensity of algal blooms under various 

circumstances, particularly in relation to streamflow, is not 

yet known. Interim catchment targets for phosphorus 

proposed in nutrient management plans should be based 

on the Australian and New Zealand Environment and 

Conservation Council's Australian Water Quality Guidelines 

for Fresh and Marine Waters. 

Guidelines for improved 
management practices 

It is essential that consistent guidelines for controlling 

activities that export nutrients are developed. Basin-wide 

objectives and (where practicable) discharge criteria are 

needed for planning and managing potentially polluting 

activities. The objective should be to reduce nutrient 

discharges to streams and storages through improved 

management and planning that is based on assessments of 

land capabilities. 

When new or upgraded activities are being planned or 

established, it is essential to control exports of nutrients 

into surface waters; and to achieve that, consistent 

guidelines are required. National and State guidelines are 

available for many nutrient- generating activities, such as 

intensive animal industries and st01mwater management. 

Other guidelines for best management practices need to be 

developed with appropriate industry groups. 

Riparian zone management 

The riparian zone is that part of the landscape that has a 

direct effect on the stream channel and lake margins, and 

the aquatic ecosystems contained within the channels 

("riparian" derives from.the Latin ripa, river bank). 

Improved management of the riparian zone will help to 

reduce the amount of nutrients entering the river system. 

The zone should contain vegetation and wetland systems 

that may store and use the nutrients before they enter the 

river or lake. A well- vegetated riparian zone is also likely 

to minimise the mobilisation of nutrients stored in 

floodplain sediments. 

In addition to the benefits of the riparian zone in reducing 

pollutant loads from surface run-off, a well-managed 

riparian zone can provide other benefits. Riparian 

vegetation is vital for the stability of stream-banks, hence 

controlling erosion; it also provides essential habitat for 

stream flora and fauna. A healthy riparian zone is 



Revegetation of stream banks can increase the nutrient-trapping capacity 
of the riparian zone. 

fundamental to the integrated approach needed to improve 

the riverine environment. In determining whether or not 

the riparian zone should be put to commercial use, its role 

in ecosystem maintenance and protection must be 

considered. The nutrient-trapping capacity of the riparian 

zone can be increased by protecting and restoring stream 

banks and other parts of the riparian zone, including 

associated floodplain vegetation and wetlands. 

While the riparian zone should be protected, it is not 

proposed that all rivers and streams in the Basin be fenced 

off. A research program is currently being undertaken to 

improve our understanding of the effect the riparian zone 

has on water quality. The findings will provide better 

guidance on how the riparian zone should be managed for 

nutrient control and other environmental benefits. 

Protecting aquatic ecosystems 

Physical, chemical and biological processes occurring in 

streams play an important part in determining water 

quality and the incidence of algal blooms. Except for water 

reaches immediately downstream from wastewater 

discharges, the availability of nutrients for algae is largely 

determined by instream processes. Other significant factors 

are competition between algae and macrophytes, compe

tition between types of algae, & predation from other biota. 

Many of these processes are still poorly understood: further 

research is needed to determine what influence they have 

on algal biomass and species dominance. 

Flow and reservoir 
management 
Why flow is important 

The Basin's rivers were first regulated and controlled to 

support economic development when Europeans settled 

along them in the 1880s. Regulation has been increasing 

ever since and most of the Basin's su1face waters are now, 

controlled. 

In many streams, this control has modified the seasonal · 

patterns of flow and the frequency of wet and dry 

conditions. Water extraction for activities such as 

itTigation and domestic consumption has also significantly 

reduced flow rates in many rivers (see Appendix 9). 

In the short term, flow and reservoir management, which 

can provide an instantaneous result, is likely to be the 

main means of reducing the occurrence of blooms. 

However, to provide the water required for the many 

desired uses, long- term management options need to be 

developed and implemented. 

The changes in flow patterns, and the low stream-flow 

conditions with the associated reduction in turbulence and 

mixing of water, can have an impact on algal growth in a 

number of ways by: 

• stabilising the water environment; 

• increasing the available light; 

• creating long retention times in pools and lakes; 

• allowing the release of nut!:ients from sediments; and 

• degrading the condition of the riparian zone and 

associated wetlands. 

It is important to note that there is a distinction between 

flow management to help disperse an established bloom, 

and the flow required to maintain a healthy riverine 

environment; in particular: 

• the patterns and levels of flow necessary to enhance 

the riparian zone and floodplain for nutrient 

interception; 

• the flow regimes that sustain the mixing conditions 

necessary to oxygenate the water and minimise 

nutrient release from the sediments; 
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• the sustained flow necessary to provide wide 

distribution of nutrient loads across water 

bodies; and 

• the variable flow needed to sustain biological 

diversity and richness. 

Flow management for preventing or dispersing algal 

blooms and for other environmental requirements needs to 

be addressed when developing integrated flow regimes and 

catchment plans. This approach will also achieve the 

broader objective of maintaining a healthy river ecosystem 

and riverine environment. 

Determining appropriate flows 

The extent to which flow is regulated varies from 

catchment to catchment. Opportunities for improving the 

management of flows therefore need to be taken on a 

catchment-by-catchment basis. 

In developing catchment-based flow management plans, 

consideration should be given to all options available, 

including: 

• provision of minimum flows, short- duration flushes 

and the re- establishment of more natural flow 

patterns to address environmental needs; 

• weir and reservoir management options such as 

varying the timing of releases, making releases from 

different storages and mixing water using high and 

low level releases; 

• reservoir management to minimise the occutTence 

of algal blooms within the reservoir; and 

• implementation of measures to promote efficiency 

in water use, including full-cost pricing, transferable 

water entitlements, and regulation to make water 

available for environmental flows and algal bloom 

management. 

In addition to flow-based methods of manipulating weir 

and reservoir impoundments, a number of other physical 

and biological processes may enhance the interception and 

removal of phosphorus.They include: 

• establishing sediment traps for nutrients, such as 

wetlands and riffle zones; 

• designing impoundments (including mixing 

devices) to maximise the mixing and oxygenation 

of stored water, thus minimising the release of 

phosphorus from sediments; and 

• limiting fluctuating water levels, establishing ponds 

in inlet zones or using underwater swales to 

maintain the growth of macrophytes. 

In reviewing flow regimes at local catchment levels, the 

implication of flow regimes for downstream waterbodies 

needs to be considered. Minimum flow requirements for 

tributaries of mainstream rivers should also be established 

on a catchment basis. 

Education and awareness 
Awareness precedes 
effective action 

Management plans for whole catchments and regions must 

be coordinated if the blue-green algal problem is to be 

countered effectively. The development and 

implementation of these plans, necessarily, will largely be 

undertaken by the Murray- Darling Basin community with 

funding assistance and some specialised resources being 

provided by government agencies. Community 

understanding of the various aspects of the blue-green 

algae problem, and a commitment to do something about 

it, is therefore fundamental to success. 

Increasingly, members of the Basin community are 

recognising that they haye contributed in some way to the 

algal problem, and that they can contribute to its solution. 

Increasing acceptance of responsibility is a very 

encouraging sign that solutions will be pursued through 

high levels of co-operation. 

Equally important is the need to provide the results of 

research to the wider community. In this way, on-ground 

actions can be directed in the most efficient way, based on 

the latest information. 

Raising community awareness 

Three approaches to raising the community's awareness 

of the blue-green algae issue were considered by the 

working group: 



• Development of infonnation material, such as printed 

brochures and videos, to explain blue-green algal 

issues. The material should be designed for the 

wider community as well as for community-based 

catchment management groups. It should include 

regular updates of recent findings from research 

undertaken throughout Australia. The material will 

need to be developed with a Basin perspective to 

ensure that a consistent message is conveyed and 

material is not duplicated. 

• Support of community water quality monitoring 

programs to foster an understanding of water quality 

and the changes and variability due to natural and 

human-induced processes. Community water quality 

monitoring programs should be coordinated by State 

coordinators under the umbrella of the Com

monwealth Government's Waterwatch program. 

• Development of educational material for three levels of 

schooling- primaiy, secondary and post-secondary. 

Research and monitoring 
The need for further research 

Many aspects of the causes, consequences and control of 

algal blooms still need to be better understood. However, 

we cannot afford to wait on results of further research and 

investigation before taking any action at all. 

The outcomes of research and investigations must 

influence the review and refinement of algal management 

programs. For example, once the complex processes that 

cause algal blooms are better understood, the relationship 

between environmental conditions and the development 

of algal blooms will be clearer, allowing resource planning 

and management to be canied out more efficiently. 

Making research effective 

A number of research groups across Australia are exploring 

various aspects of the blue-green algal problem. Funding 

for this research comes from a number of government 

agencies and industty groups. To ensure that the research 

being undertaken is not duplicated and is focused on key 

knowledge gaps, State and Commonwealth agencies and 

research organisations co-ordinate their efforts and share 

results. The interaction between these agencies also helps 

to ensure that research involves the water managers and is 

outcome oriented. 

Other mechanisms are in place to ensure that good value is 

obtained from research funding. Research programs are 

rarely developed without consultation with scientific and 

funding groups. Researchers regularly present the results of 

their work in scientific papers and conferences. Through' 

those channels, other researchers are able to keep up to 

date and provide appropriate comment. 

Of equal importance in making research effective, is tha.t 

the wider Basin community is involved in deciding on the 

types and methods of research being undertaken, acting on 

information provided by the community education and 

awareness program about the types and results of research. 

Comments by the community will help researchers and 

funding agencies in addressing priority areas. 

Key knowledge gaps 

In developing the Strategy, a number of key knowledge 

gaps have been identified. They may be grouped into three 

main research areas: 

• understanding of the causes of algal blooms; 

• developing methods for quantifying algal blooms; and 

• developing nutrient and flow management options 

for reducing the occunence of algal blooms. 

Developing models 

Water flow and quality in the Munay- Darling river system 

is highly variable. Simulating natural processes and 

assessing the impact of management options is made 

possible by mathematical modelling using powe1ful 

computer programs. Such models allow management 

options under various flow and water quality conditions to 

be tested before action is taken. 

Models have already been developed to help solve 

problems concerning water allocation, salinity and 

drainage. Models for blue-green algae management are 

expected to be very beneficial. Some of the cunent 

modelling investigations aim to: 
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• develop a more advanced daily computer model of 

the River Murray from Hume Dam to the Murray 

Mouth, to be capable of modelling stream flow and 

several different water quality parameters; 

• analyse 15 years of water quality data available for 

the Murray and determine the net inflow of 

nutrients to the river reaches between water quality 

monitoring stations; 

• see whether empirical relationships can be 

developed to relate nutrient inflow in each reach to 

independent parameters such as flow and rainfall; 

and 

• examine existing algal data for relationships 

between algal concentrations and independent 

parameters such as flow, water level and nutrients. 

Information obtained from monitoring programs, and the 

results of the priority research and investigations, will help 

to develop and refine the models. 

Monitoring 

Four components of the Algal Management Strategy 

require water quality data to be collected to meet specific 

objectives, namely: 

• monitoring the Strategy's performance; 

• understanding aquatic ecosystems; 

• quantifying nutrient sources; and 

• contributing to community understanding. 

Water quality monitoring programs cu1Tently in existence 

were set up to meet other objectives and the information 

obtained from them may not meet the Strategy's 

requirements. Some of these programs may need to be 

modified and new programs may be required to provide 

information on: 

• algal biomass, nutrients and flow for the Basin's 

streams and storages (to validate and calibrate the 

model for establishing nutrient reduction targets); 

• outcomes of actions undertaken; and 

• trends, processes and interactions involved in the 

development of algal blooms. 

Administrative matters 
Integrated catchment and 
regional management 

The environmental issues facing the Murray-Darling Basin 

can be resolved most effectively by: 

• dealing with both water resources and sources 

of pollution on an integrated, whole-of

catchment basis; 

• managing problems at the appropriate level within 

the community; and 

• adopting a mix of regulatory and market-based 

mechanisms to guide and control activities that 

affect water resources management. 

Accordingly, the Algal Management Strategy needs to be 

founded on the management of catchments. 

The primary mechanism for focusing local actions should 

be the catchment management plan, embracing 

management of natural resources on an integrated or total 

catchment basis. Plans will vary from catchment to 

catchment, depending on the local situation and the 

relative importance of natural resource issues. The specific 

requirements of algal management will need to be 

addressed in the broader context of these plans. 

Information on how to develop catchment management 

plans is available from regional water resource or 

environment protection agencies. 

Economic instruments 

Economic mechanisms for flow and nutrient management 

have the potential to play a significant role in the effective 

management of algal blooms. They can offer the 

advantages of being both simple to use and responsive to 

developments in the market place. 

A range of economic instruments could be used in blue-

. green algal management. Essentially they fall into two 

groups: those which can assist with river flow management 

and thereby help with algal bloom prevention, and those 

relevant to managing nutrients in catchment systems. 

Flow management has been recognised as critical to 

management of algal blooms. In this regard, water pricing 



and other reforms (in particular, property rights definition 

and transferable entitlements) cutTently being considered 

by some States are important: they may result in additional 

water for instream needs. At the same time, these reforms 

would most likely result in significant gains in the 

efficiency of water use. Scarce water resources can then be 

allocated to their most highly valued environmental and 

commercial uses. 

The suite of measures available for nutrient management 

includes: 

• taxes on practices that result in high phosphorus 

run-off; 

• subsidies for practices that result in low phosphorus 

run-off; 

• taxes such as load-based licence fees which are 

related to the level of phosphorus entering 

waterways; and 

• establishment of markets for trading phosphorus 

within agreed targets. 

In general, these instruments are more readily applied to 

large-scale point sources of nutrients, such as sewerage 

facilities and ilTigation industries, where nutrients could be 

measured as they are discharged from drainage channels. 

They are less applicable, however, to diffuse or non- point 

sources of nutrients. For example, there appears to be 

limited scope to use "discharge taxes" as an incentive for 

property owners to reduce nutrient run-off from their 

farms. One of the main reasons for this is the cutTent lack 

of a reliable and cost-effective method of monitoring 

phosphorus emissions into waterways from diffuse sources. 

Although it is clearly not possible to trade in algal blooms, 

it is possible to establish a "parallel" market for some 

factors such as phosphorus emissions that contribute to the 

outbreak of algal blooms. One parallel market option is to 

establish a system of transferable discharge quotas in which 

the total amount of nutrient discharged into waterways 

would be restricted. However, as with tax and subsidy 

approaches, the major constraint is the current lack of a 

satisfactory means of monitoring all sources of nutrients. 

At this stage, options for the trading of discharge quotas 

between or within catchments are being explored by some 

State government agencies. While catchment 

management plans are being developed, there will be scope 

for communities to make trade-off decisions about the 

options for reducing nutrients from different activities. It 
may be possible in future to incorporate markets for trading 

in phosphorus discharge quotas into catchment planning. 
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Append c e s 

Appendix 1: 
The MDBC and the NRMS 

The Murray-Darling Basin Initiative is the name given to 

the partnership: 

• formed by the Murray-Darling Basin Ministerial 

Council, the Murray-Darling Basin Commission 

and the Murray Darling Basin Ministerial Council 

Community Advisory Committee, governments 

and communities 

• working together to develop and implement 

policies, strategies and programs 

• directed towards equitable, efficient and sustainable 

use of the water, land and other environmental 

resources of the Murray-Darling Basin. 

The Murray-Darling Basin Commission reflects the 

expectations of the five governments that are partners in 

the Murra)1-Darling Basin Initiative. The Commission's 

governing body is the Murray-Darling Basin Ministerial 

Council, comprising ministers of the Commonwealth, 

New South Wales, Victorian, South Australian and 

Queensland governments. Reporting to the Ministerial 

Council is its executive arm: the heads of departments of 

those governments responsible for land, water and the 

environment, collectively known as the Murray-Darling 

Basin Commission. The Commission office, located in 

Canberra, comprises around 40 staff. 

The Commission is responsible to assist the Ministerial 

Council by giving effect to its General Objective: 

"to promote and coordinate effective planning 

and management for the equitable, efficient 

and sustainable use of water, land and other 

environmental resources of the 

Murray-Darling Basin." 

Through its office in Canbena, the Commission: 

• develops and advises on policies, measures and 

programs for natural resources management and the 

River Murray; 

• coordinates the constrnction, maintenance and 

operation of the Commission's structures; 

• arranges distribution of the River Munay waters to 

the States; 

• administers programs under the Natural Resources 

Management Strategy and the Salinity and 

Drainage Strategy; 

• publicises the Basin as a significant national 

resource; and 

• provides administrative support to the Ministerial 

Council. 

NRMS: the over-arching strategy 

To provide the framework for actions to meet this 

responsibility, the Ministerial Council has developed a 

Natural Resources Management Strategy (NRMS): a 

blueprint for coordinated, joint community and government 

action to tackle degradation issues and implement planning 

and management programs to improve the Basin's resources. 

The NRMS provides the philosophical, policy and strategic 

framework and the basis for implementation of integrated 

catchment management within the Murray-Darling Basin 

Initiative. Strategies such as the salinity and drainage, fish 

and floodplain wetlands management strategies are integral 

parts of the over- arching NRMS. 

The MDBC's Algal Management Strategy is likewise a 

component strategy of the NRMS. In seeking to reduce the 

frequency and intensity of algal blooms, work proposed in 

the Strategy will focus on underlying, longer-term causes of 

blue- green algal blooms, namely land & water degradation. 

The NRMS includes a funding program designed to assist 

with on-ground activities and to further our understanding 

of complex natural resource management issues. The 

Integrated Catchment Management (ICM) sub-program 

helps communities to develop and implement catchment 

management plans, especially by funding cost-effective on

ground works and measures that generate both production 

and conservation benefits. 

The NRMS Integrated Catchment Management sub

. program is administered as one of four component 

programs of the National Landcare Program. 

The Investigations and Education sub- program helps 

entities such as State agencies, CSIRO, universities and 

private research organizations to undertake targeted 

I 
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research and investigations. In particular, the research and 

investigation that improves our understanding of the 

underlying issues and processes of natural resource 

management problems. 

Projects funded under the Investigations and Education 

sub-program are selected by an inter-govemmental 

committee to avoid duplication of research effort. 

Some of the recent research projects funded by the NRMS 

Investigations and Education sub-program are exploring: 

• options for managing non-point

source pollution; 

Appendix 2: Contact List for 
Other Related Strategies 
The Decade of Landcare Plan: 
Communications Officer 

National Landcare Program 

Department of Primary Industries and Energy 

GPO Box 858 CANBERRA ACT 2601 

National Water Quality 
Management Strategy 
The Project Manager 

NWQMS 

Cf- Melboume Water 

GPO Box 4342 MELBOURNE VIC 3001 

National River Health Program 
Program Co-ordinator 

NRHP 

Cf- Land and Water Resources Research & 
Development Corporation 

GPO Box 2182 CANBERRA ACT 2601 

Appendix 3: Topical Issues 
During the community consultation on the draft Algal 

Management Strategy, a number of comments and 

questions were made about specific issues. In particular, 

some people felt that not enough attention was given to 

• \Nays to measure quickly the amount and type of 

algae in a water sample; 

• the effect of re-vegetated irrigation drains in 

"scavenging" nutrients; 

• options for controlling blooms in weir pools; 

• sources of nutrients in the Darling River; 

• the fate of nutrients supplied in recycled wastewater 

used to irrigate pasture; and 

• the use of nutrient-rich effluent to irrigate tree 

plantations. 

National Waterwatch Program 
National Facilitator 

Waterwatch 

Australian Nature Conservation Agency 

GPO Box 636 CANBERRA ACT 2601 

NSW Algal Management Strategy 
Chairman 

State Algal Co-ordinating Committee 

Cf- Department of Water Resources 

PO Box 3 720 PARRAMA TT A NSW 2150 

Queensland Water Quality Task 
Force Report 
The Co-ordinator 

Queensland Water Quality Task Force 

GPO Box 2454 BRISBANE QLD 4001 

' 
Victorian Nutrient Management Strategy 
The Chairman 

Blue-Green Algae Project T earn 

Cf- Department of Conservation and Natural Resources 

232 Victoria Parade EAST MELBOURNE VIC 3002 

the role of European CatT>, the importance of reducing 

phosphorus in detergents, and the effect of barley straw. 

From the comments received, it was apparent that a range 

of views exist within the community on the significance of 

these issues. The following discussion presents our current 

understanding of each of these topics. 

Continued over 
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Carp 

Although not yet proven to be so, carp have been 

identified as a potential causal factor in blue-green algae 

blooms. The main reasons put forward are: 

• the increase in blue-green algal blooms has 

coincided with the rapid increase in the numbers of 

carp in the river system; 

• carp feed by sucking up and spitting out mud, which 

makes the water too turbid for more desirable algae 

to grow, and liberates nutrient-rich sediments back 

into the water; 

• carp in their feeding process uproot and damage 

aquatic plants which provide habitat for small ani

mals that eat blue- green algae and use nutrients that 

would otherwise be used by blue-green algae; and 

• carp eat the small animals that eat the blue-green 

algae, thereby removing the natural predators. 

Each of these reasons has some foundation, partially 

implicating carp as a cause of blue-green algae blooms. 

Early research efforts have been limited in scope and 

applicability. Recent pilot studies, however, have 

supported some of the above assumptions. 

There are two principal reasons why major efforts are not 

being directed to the removal of carp from the river system. 

Firstly, the relationship between carp & blue-green algae is 

not as direct as one might expect; current research 

projects may better define these interactions. The second 

reason is that there does not yet exist an acceptable way 

of eradicating carp that will not impact on other more 

desirable fish. 

The Commission's Technical Advisory Group on Instream 

Biological Processes has concluded that the relationship 

between carp, zooplankton and phytoplankton has not 

been established. However, the group agreed that 

preliminary evidence indicates that water quality might be 

improved by the removal of alien fish. A research priority 

was recommended for "control mechanisms for introduced 

fish species for Australian waters". 

Phosphorus in detergents 

Domestic detergents constitute the product containing the 

most amount of phosphorus (next to fertilisers) used by 

members of the Munay-Darling Basin community. 

The phosphorus contained in domestic detergents is 

present as sodium tripolyphosphate (STPP). Domestic 

laundry detergents contribute between 30 per cent and 50 

per cent of the phosphorus loading to sewage treatment 

works. In a number of countries overseas, limits on the 

amount of phosphates contained in household detergents 

have been established to reduce the concentrations found 

in raw sewage. Where phosphorus controls on sewage 

treatment works have not been installed, much of the 

phosphorus contained in detergents and other sources can 

reach the river system. 

The prospect of establishing similar controls on 

phosphorus in detergents in Australia has been debated for 

some time. The following presents some of the issues for 

and against controlling the level of phosphorus in 

detergents in Australia. It is generally agreed, however, 

that limitations or bans on the use of phosphorus in 

detergents alone would not solve the blue- green algae 

problem. Such action should be considered in the context 

of a comprehensive nutrient management strategy. 

Arguments in favour of the continued use of phosphates in 

detergents include the following: 

• phosphorus in detergents and other sources can be 

removed by sewage treatment works using current 

biological and chemical technology. Control of 

phosphorus in sewage will still be necessary, 

whether detergents contain phosphorus or not; 

• compared with ~ltematives to phosphate builders, 

phosphorus can be recycled as soil fertilisers in 

suitably treated sewage sludges; 

• phosphates in detergents pe1form a number of 

functional roles in the washing process - as water 

softener, alkaline buffer, dispersant, encrustation 

inhibitor and fabric protector; and 

• the eco-toxicity of alternative detergent builders is 

uncertain at this stage. 

Arguments against the continued use of phosphates 

include the following: 

• at least 30 per cent of the phosphorus load entering 

sewage treatment plants comes from detergents. 
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Sewage treatment plants contribute a significant 

phosphorus load to the streams of the Murray

Darling Basin; and 

• many areas of the Basin are un-sewered and few 

treatment plants have specific phosphorus-removal 

capabilities. 

The development of an agreement with industry on the 

levels of phosphorus in detergents is currently being 

considered by the Agriculture and Resource Management 

Council of Australia and New Zealand. This is being 

developed in the light of the voluntary memorandum of 

understanding which has been agreed between New South 

Wales and detergent producers. Awareness campaigns in 

some communities in the Basin ( eg Albury-Wodonga) 

have started to promote the use of low-phosphate or 

phosphate free detergents. Such campaigns are expected to 

have most impact where sewage is discharged to streams 

with minimal treatment. 

Barley straw 

The use of barley (and other) straws for controlling blue

green algae has been promoted in Australia over the last 

few years, following trials undertaken initially in Great 

Appendix 4: Algal 
Management Case Studies 

As discussed in the Strategy document, there are a number 

of factors which affect the potential for development of 

blue-green algal blooms. The two factors considered to be of 

most importance and amenable to change are high nutrient 

levels and modified (usually reduced) stream-flow patterns. 

The following case studies present two scenarios where the 

initial management action for reducing the risk of an algal 

bloom has focussed on a different 'key' factor. It should be 

noted that while these options have been used in the 

particular cases described, actions which target all causal 

factors are being addressed in each of the catchments of 

concern. 

The reason for presenting these two case studies is to 

emphasise that different catchments and regions may need 

Britain and later in Australia. The trials involved adding 

barley straw to water affected by blue-green algae. 

The reason for apparent die-off of the blue-green algae was 

not understood and the importance of a "Factor X" (i.e., an 

unknown chemical factor) was suggested. Trials in Great 

Britain apparently dismissed: 

• any phosphorus-stripping properties of the straw; 

• stimulation of small animals which ate the algae; aod 

• the effect of any pesticide residues on the straw. · 

Recent studies in Australia have not supported the benefits 

of barley straw. These trials have compared ponds affected 

by blue-green algae, with and without barley straw. The 

die-off rates of the blue- green algae have been found to be 

essentially the same in each pond. 

It would be ideal if a simple and natural solution to such a 

complex problem as blue-green algae was available. 

However, the benefits of barley straw as an algicide do not 

appear to stand up to scientific scrutiny. Because of the 

relative convenience of dosing water with barley straw, its 

attempted use in small lakes and storages will no doubt 

continue and further scientific study may be required to 

resolve the issue once and for all. Straw treatment is not a 

feasible option in rivers, even if ever found effective. 

different approaches to address the algal problem, 

particularly in the short term. Initially however, a range of 

actions will be needed for long-term management and the 

appropriate mix of management activities should be 

developed on a catchment by catG:hment basis, by regional 

or catchment management committees. 

Case 1. Belubula River/Carcoar Reservoir -

Emphasis on Nutrient Management 

Carcoar reservoir is a water supply storage on the Belubula 

River near Blayney, NSW. Water from the dam is used for 

irrigation, stock and domestic water supplies and the 

storage itself has a high recreational value. 

The reservoir has had a continuing history of water quality 

problems, brought about by the high nutrient loads 

(phosphorus and nitrogen) in the Belubula River; often 

leading to the development of blue-green algal blooms 

during summer. As a result, warnings about the potential 

toxicity of the water have been repeatedly required. 

Continued over 2 7 
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A complementary history of public controversy over the 

water quality problems in the reservoir, lead to the 

formation of the Carcoar Darn Catchment Management 

Committee (CDCMC), set up under the Lachlan Total 

Catchment Management Committee. The CDCMC 

oversaw a number of studies to determine the sources of 

nutrients (particularly phosphorus) to the reservoir. A 

water quality management plan was developed for the 

catchment, which included strategies for reducing 

phosphorus loads to acceptable levels. The strategy 

included public awareness campaigns and upgrading of 

treatment systems for the abattoir and sewage treatment 

works. The strategy also included the construction of a 

wetland filter for the Belubula River, just upstream of its 

entry to Carcoar reservoir. 

The wetland involves a small rock weir in the Belubula 

River and a series of ponds covering an area of 9 hectares 

on the adjacent floodplain. The weir diverts water into the 

ponds which are planted with local waterplant species. 

The plants have been established to effectively 'strip' the 

nutrients from the water before it is returned to the river 

and eventually Carcoar Darn. 

In addition to its key role as a nutrient removal system, the 

wetland provides a valuable field trial for research on the 

effectiveness of such systems. The construction of the 

wetland has involved substantial community input and is 

expected to provide a valuable habitat for the flora and 

fauna of the region. 

To date, Carcoar wetland has demonstrated that a riparian 

wetland can be constructed to treat river pollution in a 

reasonably cost effective manner. Estimated efficiency for 

phosphorus removal is around 30 per cent reduction on an 

annual basis. However, wetland efficiency is expected to 

increase during summer to around 60 per cent, when it will 

be more effective in preventing algal blooms in Carcoar 

reservoir. Actual efficiency is being monitored and various 

wetland management options, such as changes to plant 

selection will be considered as part of the management of 

the project. 

The information provided above has been obtained from a 

number of papers prepared by the project manager for the 

Carcoar Wetland, Mr Greg White - NSW Department of Water 

Resources, Parramatta. 

Case 2. Maude Weir Pool/Murrumbidgee River -

Emphasis on Flow Management 

The lower Murrumbidgee River is operated essentially as a 

large irrigation supply canal. Weirs have been constructed 

along this part of the river to hold water to be drawn off for 

the irrigation districts in the region. In the Mumunbidgee 

River, up to 90 per cent of the total river flow is diverted 

for irrigation use in the summer months. Consequently, 

the river is effectively turned into a series of lakes. It is 

these slow-flowing, calm conditions that occur in the weir 

pools that stimulate the growth of Anabaena (a type of 

blue-green algae). 

Based on cunent understanding, nutrient levels (especially 

phosphorus) in the Murrumbidgee River appear to be 

sufficient to support problematic levels of blue-green algae 

throughout the year. It was therefore expected that the 

physical conditions experienced in the weir pools, were a 

key to the regular occurrence of high numbers of Anabaena. 

There are 3 main reasons why weir pools (under conditions 

of low flow and long water retention times) provide the 

right conditions for high levels of blue-green algae growth: 

• the lack of turbulence and mixing resulting from 

the low rates of in-flow of water to the weir, 

increases the amount of time the algae can stay in 

the illuminated slllface layer of the pool. In the 

turbid waters of the Munurnbidgee, photosynthesis 

is probably only possible in the top one or two 

metres of the water column; 

• without the in-fl9w of freshwater, which usually 

contains less blue-green algae, the blue-green algae 

population in the weir pool is not able to be 

displaced or diluted; and 

• the turbidity tends to decrease under low flow 

conditions as sediments settle out to the bottom of 

the pool, allowing more light for blue-green algae. 

A study of the Maude and Hay weir pools on the lower 

Munumbidgee River by Dr Gary Jones of the CSIRO, 

showed that in general, low flow rates and water retention 

times in the weir pools of more than 5 days, stimulated the 

growth of large populations of Anabaena. Conversely, 

higher flow rates and short residence times did not allow 

high blue-green algae numbers. 
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In the summer of 1991/92, the use of 'over the weir' 

syphons were tested at Maude Weir to try and reduce the 

numbers of blue-green algae. It was felt that as the water is 

released from underneath the weir, water at the surface of 

the weir pool could remain there for some time; 

encouraging the growth of blue-green algae. The syphons 

were expected to have a positive effect in two ways; 

• by decreasing the surface water residence time, the 

level of sutface heating would be reduced. If the 

temperature of the sutface waters is high in 

relation to the rest of the weir pool, then 

'stratification' or layering can occur. This 

temperature stratification tends to limit the 

downward mixing of blue-green algae, away from 

the light zone; and 

Appendix 5: Determining 
Nutrient Targets for 
Catchments 
The amount of algae found in lakes and reservoirs is, in 

part, controlled by the concentration of nutrients, 

particularly phosphorus. Overseas research has led to the 

development of eutrophication models, which show good 

relationships between the amount of phosphorus and algae 

(expressed as chlorophyll a) present in waterbodies. 

Similar models, modified to better reflect Australian con

ditions, have been developed for storages and weir pools in 

the Mutrny- Darling Basin. The crucial difference lies in the 

nature of the phosphorus in our waterbodies; it is generally 

not as readily available for algal growth. A eutrophication 

model developed from these modified relationships has 

been trialled as the basis for determining nutrient targets for 

catchments within the Munay-Darling Basin. 

The approach for determining nutrient targets for 

catchments across the Basin is a three step process: 

• Dete1mine the ((sustainable" phosphorus load at significant 

waterbodies using the modified eutrophication model. The 

sustainable phosphorus ioad is the annual load that can be 

supported by that waterbody such that the potential for algal 

growth is restricted to an acceptable level. A chlorophyll a 

concentration of 10 µg/L has been adopted as the interim 

target for an acceptable level. 

• because blue-green algae are able to concentrate at 

the su1face of the weir pool, the syphons may 

continually remove the Anabaena cells from the 

su1face layer, preventing a large concentration. 

In previous years, Maude Weir pool had experienced 

extensive blue-green algae blooms. In the summer of 

1991/92, with weir pool syphons in place, there were few 

Anabaena problems. While it is impossible to confidently 

attribute this improvement to the presence of syphons, the · 

signs for a useful and relatively inexpensive flow 

management strategy appear encouraging. 

The information provided above has been obtained fron1 

reports prepared by Dr Gary Jones CSIRO - Griffith, as part 

of his NRMS project, Toxic Blue- green Algae: Predicting 

and Controlling Toxic Blooms. 

• For each ivaterbody, allocate the sustainable load among 

contributing catchments. Usually several streams or 

catchments contribute phosphorus to a downstream 

waterbody. The total sustainable load is allocated 

amongst these contributing catchments. This 

establishes the permissible load to be contributed, 

from any catchment, to the sustainable load at a 

downstream waterbody. 

• For each catchment, dete1mine the ta1get load. 

Permissible loads to be contributed from any one 

catchment are compared with the sustainable load at 

all downstream waterbodies. The most restrictive of 

these is adopted as the target load for that catchment. 

This approach can be used on either a small scale, such as 

for determining the permissible l~ads in the tributaries to 

Buninjuck Reservoir, or a large, Basin- wide scale. For the 

Strategy, the approach has been tried on a Basin-wide scale 

to establish Basin-wide responsibilities. Examples of 

waterbodies where targets have been calculated are Hume 

Reservoir, Lock 11 at Mildura and Lock 1 at Blanchetown. 

However, just as targets have been calculated here at a 

Basin-wide scale, catchment management groups can use 

this approach to determine nutrient targets at a local scale. 

This approach to determining nutrient targets for 

catchments is based on the best available information. It 
demonstrates the existence of a procedure that is feasible, 

but which needs to be refined progressively as more 

infotmation comes to hand. For the time being the data do 

Continued over 2 9 
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not justify setting precise targets and it is not proposed to 

do so. Instead, it will be up to catchment management 

groups to identify the opportunities and costs of reducing 

current export loads and to set interim targets. 

The data do, however, indicate the priority catchments 

for nutrient management: those of the Goulbum/Broken, 

Namoi and Murrumbidgee rivers. 

Appendix 6: State NRMS 
Contact Officers 

New South Wales 
c/- Department of Water Resources 

PO Box 3 720 P ARRAMA TT A NSW 2124 

Ph: (02) 895 7858 

South Australia 
c/- of Engineering & Water Supply Dept 

GPO Box 1751 ADELAIDE SA 5001 

Ph: (08) 204 1515 

Queensland 
c/- of Department of Primary Industries 

GPO Box 46 BRISBANE QLD 4001 

Ph: (07) 239 3445 

Appendix 7: 
Dry Year 
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Nutrient targets and stream-flow are closely related. 

Although higher nutrient targets may not cause problems 

during high flows, the fate of these nutrients in down 

stream waters should be a key factor in deciding local targets. 

For more detailed information on this approach, please refer 

to Establishing Nutrient Targets in the Algal Management 

Strategy Background Papers (August 1993). 

For further information on the NRMS funding program, 

please telephone or write to a State NRMS Contact 

Officer at one of these addresses: 

Victoria 
c/- Rural Water Corporation 

590 Orrong Road ARMADALE VIC 314 3 

Ph: ( 03) 508 2222 

or c/- Department of Conservation 

and Natural Resources 

5/250 Victoria Parade EAST MELBOURNE VIC 3002 

Ph: (03) 412 4208 

or c/- Department of Agriculture 

PO Box 2500 BENDIGO VIC 3554 

Ph: (054) 304 526 

Wet Year 
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Wet Year 
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Appendix 7: Where Do the 
Nutrients Come From? 
Blue-green algae thrive in water which has high nutrient 

levels, especially phosphorus. 

An investigation was canied out for the Commission by 

Gutteridge, Haskins and Davey to identify the sources of 

nutrient pollution to the Murray-Darling river system. The 

report of that investigation was released in January 1992. 

Using the best available data, the relative contribution 

from point sources and diffuse sources was estimated. 

Appendix 8: Systems and 
Models for Nutrient 
Management 
Catchment Management Support System 

The Catchment Management Support System (CMSS) is 

a simple computer package developed by the CSIRO 

Division of Water Resources. It was designed to help 

catchment management authorities analyse the likely 

impacts of proposed land use and water management 

policies on the nutrient status of their catchments. 

The model has been kept simple so that data demands are 

minimal. The three essential data requirements are: 

• the distribution of land uses in the catchment; 

• the typical generation rates for nutrients in that 

catchment; and 

•some simple data on the proposed management 

practices. 

Although a land-use map is currently unavailable for many 

catchments, it is relatively easy to draw one up using aerial 

photography and local knowledge of the people familiar 

with the catchment. A simple manual on land-use mapping 

is available with the program. Nutrient generation rates can 

sometimes be obtained by field trials in the catchment, and 

some data is also published in the literature. 

Data on typical values for nutrient generation from different 

land uses are being built up progressively. The generation of 

nutrients will vary from catchment to catchment, depen

ding on simple parameters like soil fertility and rainfall. Data 

from other catchments should be discussed with people 

Point sources include sewage treatment plants, storm water 

and inigation drains. Diffuse sources include run-off from 

grazing pastures, cropping lands and forests, as well as 

seepage from groundwater. 

The results show that in dry years, most nutrients come 

from point sources, particularly sewage treatment plants. In 

wet years, the reverse is true and most nutrients come from 

diffuse sources such as forests and agricultural lands. The 

data are only indicative. Factors critical to the formation <))f · 

algal blooms include the fate of nutrients once they enter · 

the streams and the form in which the nutrients occur. 

familiar with the local catchment to tty to estimate its 

validity. Finally, the effectiveness and cost of proposed 

management practices can be obtained where possible from 

local field trials and, failing that, from the literature. Because 

much of these data are empirical, it is important to record 

the origin and reliability of each data item. 

The strength of the program is that it can be used at any 

scale of detail. If little information is available it can be 

used as a broad tool and new information can be added as 

it is gained. If extensive information is available, the 

program will be an invaluable tool to calculate the likely 

effect of new land management practices on nutrient 

export from the catchment. An important point is that the 

model can only be as good as the data it works with.The 

program was developed for general application to any 

catchment. During the development of the Algal 

Management Strategy it was used in a pilot study within 

the Murrumbidgee catchment. The objective of this study 

was to trial the use of the CMSS it} helping catchment 

management authorities to develop nutrient management 

plans for their catchments. These plans may be used to 

identify and quantify sources of nutrients, and prioritise 

works and actions to manage them so as to meet agreed 

nutrient reduction targets. 

CMSS is now being used by the NSW Department of 

Water Resources to fully develop a nutrient management 

plan for the MutTUmbidgee River catchment, and other 

major river catchments throughout NSW. 

For more detailed infonnation, please refer to Developing 

the Nutrient Management Plan for the Mum1mbidgee 

Valley in the Algal Management Strategy Background 

Papers (August 1993 ), or contact the NSW Department of 

Water Resources PatTamatta office. 
Continued over 31 
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Adaptive Environmental Assessment 
and Management 

Adaptive Environmental Assessment and Management 

(AEAM) is a process for developing and exploring 

management options for complex systems. It is particularly 

applicable to environmental management issues. It has 

been applied throughout the world since the 1970s to 

problems ranging from management of the Florida 

Everglades to assessing the ecological impacts of hydro

electric schemes. 

The process is centred around a series of workshops 

wherein representatives from a wide range of technical and 

non-technical groups (including discipline specialists, 

planners, decision makers and other stakeholders) define 

the scope and output requirements for a computer 

simulation model of the system to be managed. Sub

groups provide information required to represent each 

process such as hydrology, water quality and ecological 

impacts, as well as the linkages between these different 

areas. The involvement of the whole group in model 

development ensures a product that is consistent with user 

requirements and incorporates best available knowledge of 

the system at an agreed temporal and spatial scale. While 

the computer model is the tangible outcome of the process, 

the modelling workshops are of primary importance. They 

are a highly efficient medium for the accumulation of 

information about the system and require participants to 

clearly focus on problems and ~chievable solutions from 

the outset. 

The methodology has been used recently as part of the 

development of a Nutrient Management Strategy for the 

Goulbum/Broken Rivers catchment. AEAM was the first 

step in the process and had the following objectives: 

• to dete1mine, on a broad scale, the relative nutrient 

inputs and outputs of the various activities taking 

place in the Goulbum/Broken catchment; 

• to identify areas and activities that generate or 

reduce the levels of nutrients; 

• to develop broad-scale management options for 

reducing the nutrient inputs from the priority 

activities; and 

• to predict the impact on the River Murray of current 

activities and possible future management options. 

The main outcomes of the application were: 

• agreement on the important areas in which the rest 

of the strategy should concentrate; 

• a common sense of purpose for the community; 

• an understanding of how the system as a whole 

operates with regard to nutrient generation under 

different seasons and flow conditions; and 

• a "first cut" description of the most effective 

management options. 

It should be noted that effective applications of AEAM 

require a major commitment of time and resources to 

ensure effective communication and involvement of all 

stakeholders. It is also necessa1y that the AEAM exercise is 

seen in a wider context and has a clearly articulated role in, 

for example, the development of a management strategy. 

The process, of itself, will not produce a strategy, but it may 

well form an important part, as was the case in the 

Goulbum- Broken catchment. 

The above information on the AEAM system was provided 

by Dr Rodger Grayson, University of Melbourne. 

The AQUALM Water Quality Model 

The AQUALM model can be simply described as a model 

which takes rainfall data for a catchment and calculates 

the water quality and quantity that such rainfall would 

produce at the bottom of the catchment. The model allows 

the river and lake structure in a catchment to be simulated, 

using real infmmation on catchment areas, river lengths 

and lake characteristics. 

The AQUALM model actually involves 3 sub-models: a 

rainfall-runoff model; a pollutant export model; and a 

decay of pollutants model: 

• The rainfall-runoff model calculates the amount of 

runoff generated at the downstream end of the 

catchment from the rainfall that occurred within 

the catchment. Historical data must be used to run 

this model and dry, median and wet rainfall periods 

are usually used to represent the range of possible 

rainfall conditions. 

I 

Ii 
I 
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• The pollutant export model has the potential to 

model any pollutant, such as phosphorus, for which 

the export rates from various land surfaces is known 

or can be estimated. The origin of these pollutants 

can be divided into two classes; point source and 

diffuse source. Information on the export of 

pollutants can be obtained from local research and 

knowledge, and the more general literature. In 

general, information on the export rates from 

diffuse sources is scarce. 

• The decay of pollutants model deals with the decay 

(or 'loss') of pollutants instream. For example, 

phosphorus may be taken up by the biota (plants 

and animals) or stored in the sediment. While 

Appendix 9: 
The Impact of River Regulation 
on Natural Flows in the 
Murray..-Darling Basin 
Europeans started to develop the rivers of the Murray

Darling Basin for irrigation in the 1880s. Since then, the 

volume of water diverted from the Murray-Darling river 

system has increased steadily until now two-thirds of the 

water that would originally have reached the sea is 

extracted for consumptive use. This has changed virtually 

all the characteristics of regulated rivers and has had a 

major impact on the riverine environment. Upstream of 

major diversions, regulation has not reduced flows but has 

redistributed them throughout the year. Storages retain 

winter-spring inflows for release in summer and autumn. 

Further downstream, diversions have reduced flows in 

some cases quite dramatically. Periods of low flow are now 

more frequent and more prolonged. This is a critical factor 

in the increased frequency of algal blooms. When flow is 

low, the retention time of water in the river is increased, 

allowing more time for algal blooms to develop. Low flows 

are usually less turbulent, helping algae to maintain their 

optimum position in the water column and increasing 

water clarity, resulting in more light for algae to grow. 

When flow is low, less mixing of the water occurs, which 

can lead to depleted oxygen near the bottom boosting the 

release of nutrients normally bound up in sediments. 

these processes are known to occur, they are not 

fully understood. In particular, the rates of 'storage' 

and 'release' from sediments and biota, and the 

conditions under which both processes occur, 

should (ideally) be understood for each system 

being modelled. In some cases, a balance might be 

expected and a decay factor may not be necessary. 

The information on the AQUALM water quality 

model provided above was obtained from the report, 

Regional Water Quality Study - Upper Murrumbidgee 

Catchment (January 1994). This report and other 

information on the AQUALM model is available by 

contacting the NSW Environment Protection 

Authority - Queanbeyan office. 

The Murray-Darling Basin Commission has prepared a 

report, The Impact of River Regulation on the Natural Flows of 

the Murray-DarUng Basin, which describes the impact for a 

number of Basin catchments. Examples of these impacts 

are shown here for the River Murray at Albury and at 

Euston. Similar impacts have occurred in other 

catchments throughout the Basin. 

Indicative 
changes to the 
flow in River 
Murray at 
Albury 

Indicative 
changes to the 
flow in River 
Murray at 
Euston 
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