MDBC
Native Fish
Strategy
2005–2006
Annual
Implementation
Report

A U G U S T

N AT I V E

F I S H

S T R AT E G Y

A N N U A L

I M P L E M E N TAT I O N

R E P O RT

2 0 0 7

2 0 0 5 – 2 0 0 6

Published by the Murray-Darling Basin Commission
Postal address: GPO Box 409, Canberra ACT 2601
Office location: 51 Allara Street, Canberra City ACT
Telephone: (02) 6279 0100, international + 61 2 6279 0100
Facsimile: (02) 6248 8053, international + 61 2 6248 8053
Email: info@mdbc.gov.au
Internet: http://www.mdbc.gov.au
For further information contact the Murray-Darling Basin Commission office on
(02) 6279 0100
This report may be cited as:
Murray-Darling Basin Commission Native Fish Strategy
2005–2006 Annual Implementation Report
MDBC Publication No. 25/07
ISBN 1 921257 35 0
© Murray-Darling Basin Commission 2007
This work is copyright. Graphical and textual information in the work (with the exception
of photographs, artwork and the MDBC logo) may be stored, retrieved and reproduced in
whole or in part provided the information is not sold or used for commercial benefit and its
source (Murray-Darling Basin Commission Native Fish Strategy 2005–2006 Annual Implementation
Report) is acknowledged. Such reproduction includes fair dealing for the purpose of private
study, research, criticism or review as permitted under the Copyright Act 1968. Reproduction
for other purposes is prohibited without the permission of the Murray-Darling Basin
Commission or the individual photographers and artists with whom copyright applies.
To extent permitted by law, the copyright holders (including its employees and consultants)
exclude all liability to any person for any consequences, including but not limited to all
losses, damages, costs, expenses and any other compensation, arising directly or indirectly
from using this report (in part or whole) and any information or material contained in it.
MDBC project manager: Jim Barrett
Produced by: Wilton Hanford Hanover
Project management and artwork: Wilton Hanford Hanover
Cover images: Jim Barrett, Paul Donatiu, Jason Higham
Printing: Goanna Print, Canberra
This publication is printed on Monza Satin

ii

N AT I V E

F I S H

S T R AT E G Y

A N N U A L

I M P L E M E N TAT I O N

R E P O RT

2 0 0 5 – 2 0 0 6

Foreword

I have pleasure in presenting the
third Native Fish Strategy Annual
Implementation Report.
The Native Fish Strategy (NFS) is designed
to bring communities and governments
together to enhance native fish populations
throughout the Basin over the next 50
years. The central purpose of the Annual
Implementation Report is to provide a
framework for the reporting of national and
State progress towards implementation of
the Strategy.
In the third year of the Strategy there
have been significant achievements
in a wide range of areas, including
research and development, provision
of fish passage, habitat rehabilitation,
alien species control and community
engagement. Research funded by the NFS
investigated issues such as developing
methods to distinguish stocked and wild
fish, quantification of impacts of irrigation
offtakes on fish populations, and largescale movement patterns of native species.
Significant on-ground achievements
included the completion of the vertical
slot fishway at Lock 9, the refinement of
prototype fishways at the Barrages and
commencement of large-scale fish habitat
rehabilitation through demonstration
reaches.
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Recognising the importance of information
exchange, two further events have been
held by the NFS. In May 2006, the NFS
Implementation Working Group hosted
the workshop, ‘Emerging Issues in Alien
fish Management in the Murray-Darling
Basin’, which brought together scientists,
managers, conservationists and community
groups to review the current state of
knowledge on this issue, and recommend
priority actions for future management.
Also, the inaugural NFS Forum was held
in June 2006. Attended by 60 research
scientists and managers, the forum provides
a vehicle to communicate the progress of
NFS-funded research projects and a unique
opportunity to share ideas and explore
potential synergies between projects.
State and Territory governments have
made significant progress in implementing
the Strategy, especially in areas such as
fish passage, habitat rehabilitation, and
the maturation of the ‘demonstration
reach’ concept. The cooperation of those
governments was greatly appreciated in the
preparation of this document.

Efforts continue to be focused on awareness
activities through the work of the Statebased NFS coordinators and the Community
Stakeholder Taskforce (CST). As part of
their commitment to playing a proactive
role in raising awareness of native fish
issues and community engagement, the
CST and NFS Coordinators held a very
successful Native Fish Awareness week
in the Murrumbidgee, Murray River and

N AT I V E

Broken River catchments in April 2006,
meeting with local government, catchment
management organisations, Indigenous
people, recreational fishers, school children
and the general public.

Wendy Craik
Chief Executive Officer
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Executive Summary

The Murray-Darling Basin Commission’s
(MDBC) Native Fish Strategy (NFS) was
developed in 2002 to coordinate the
rehabilitation of aquatic habitats and the
recovery of the native fish populations of
the Murray-Darling Basin (MDB). It was
released by the MDB Ministerial Council
in May 2004. This is the third Native
Fish Strategy Annual Implementation
Report. The document fulfils the NFS
Implementation Working Group’s reporting
commitment and provides a framework for
the reporting of national and State progress
towards implementation of the NFS.
The NFS is still developing and
consolidating, actively guided by its various
committees. The Implementation Working
Group (IWG) oversees implementation of
the Strategy, with community feedback
facilitated by the Community Stakeholder
Taskforce (CST). NFS Coordinators carry
out extension work and facilitate the
NFS’s on-ground application, and the Fish
Passage Taskforce (FPT) provides advice on
fishway design, location and monitoring.
The Murray Cod Taskforce (MCT) provides
expertise and leadership on all matters
relating to Murray cod and its management.
In 2005–2006, the State Coordinators
and the CST continued to engage with a
range of government agencies, community
groups, schools and industry.
Although the continuing dry conditions
put extra pressure on the Basin’s stressed
waterways and their fauna, the NFS made
significant progress during the 2005–2006
year (see Table 1). The drought delayed
some research, but several new projects
were implemented and established projects
began to yield results.
Works are underway to achieve one of
the grand visions of the MDBC, to restore
fish passage from the Sea to Lake Hume.
To this end, several new fishways were
constructed in 2005–2006. The tri-State
assessment team and the FPT, with its
scientific and technical expertise, has
been critical in identifying and testing
new types of fishways, and demonstrating
and improving their efficiency. For the
first time in Australia, monitoring is
beginning to show an improvement
in riverine fish communities following
fishway construction. Novel approaches
to facilitating fish passage at barriers and
monitoring fish movement continue to be
tested and developed.
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Other on-ground works in 2005–2006
included major resnagging projects, such as
that on the Murray River between Hume
Dam and Yarrawonga, projects such as these
show great promise for the rehabilitation of
waterways for certain native species, such
as the endangered Murray cod and critically
endangered Trout cod.
A comprehensive review explored the
concept of Habitat Management Areas
(HMAs) and their establishment across the
Basin. The review identified management
options and recommended ways to advance
the approach, including the adoption of
the name ‘river parks’ to help promote
the concept. The proposal is to establish
‘a network of riverine and floodplain sites
that work collectively to maintain biological,
social and cultural values and improve river
health across the Murray-Darling Basin’.
On the invasive species front, community
interest in Carp control was canvassed
in South Australia as a precursor to the
preparation of management plans. The
‘Daughterless Carp’ project has succeeded
in producing neomales (genetic females
that function as males) and is investigating
heritability of the condition and any
associated side effects. Field tests and a rapid
response plan are being developed to deal
with new incursions of invasive freshwater
fish, and a new program will search for
and develop species-specific piscicides and
delivery mechanisms for use in the removal
of Carp from aquatic systems. Management
strategies are also being sought for Tilapia.
Programs for threatened species include
several which aim to improve knowledge
of native fish distribution, spawning,
recruitment and movement and their
drivers, and responses to environmental
flows. A review has been commissioned
to collate the scattered research on the
threatened Murray crayfish and identify
key knowledge gaps relevant to sustainable
management of the species. Other reviews
are focusing on the impacts (both positive
and negative) of stocking native fish and the
effects of stocking salmonids on native fish.
The States and Territory Governments in
the Basin: New South Wales, Australian
Capital Territory, South Australia,
Queensland and Victoria have prepared
substantial reports of their progress towards
the six driving actions of the NFS. These can
be found at www.mdbc.gov.au/NFS.
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In this third year of the NFS, rehabilitation
work, guided by research, is underway and
proving successful in freeing fish passage
and providing fish habitat. Knowledge of
the ecology of both threatened and invasive
species of fish has been greatly improved
and is informing management actions.
However, the securing of substantial, longterm funding remains the major barrier
to the full implementation of the NFS.
Ongoing commitment of governments and

the community is required if the primary
goal of rehabilitating fish passage to nearly
2,500 km of waterways from the Hume
Dam to the mouth of the Murray is to be
achieved. The recent recognition of the
importance of water issues by the broader
community brings hope that the Basin’s
damaged wetlands and waterways will be
rehabilitated for the future of both native
fish and the nation.

Table 1: Summary of significant achievements of the NFS 2005–2006

viii

•

Completion of the vertical slot fishway at Lock 9, and refinements to the prototype
fishways at the Barrages.

•

Significant findings from several NFS-funded research and adoption projects, including
those on movements of fish in the Barmah-Millewa Forest, impacts of irrigation offtakes on native fish populations and large-scale movement patterns of native species.

•

The initial establishment of several demonstration reaches.

•

Workshops on demonstration reaches and alien species.

•

The development and installation of remote Passive Integrated Transponder tag reader
systems at Locks 7–10, 15, 26 and Yarrawonga Weir, which automatically monitor the
fishways for any of the 20,000 fish PIT-tagged so far in the Murray River system.

•

The continued response of native species, including the critically endangered Trout cod,
to resnagging downstream of Yarrawonga on the Murray River.

•

The ‘Murrumbidgee to the Broken’ native fish awareness tour in April 2006.

•

The inaugural NFS Forum in June 2006 which provided a vehicle for the
cross-fertilisation of ideas regarding implementation of the NFS.

•

Completion of a feasibility study and investment proposal for resnagging works at three
high priority sites between Hume Dam and Yarrawonga.

•

Finalisation of a report that explores the concept of establishing a system of Habitat
Management Areas across the Basin.

•

Trialling of new technologies for counting fish.

•

Further refinement of the award winning ‘Carp separation cage’.

•

Further development of the ‘Daughterless Carp’ projects.
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1. Introduction

The Native Fish Strategy is a response to
the key threats to native fish populations
in the MDB, which range from flow
regulation, habitat degradation and lowered
water quality, to man-made barriers to fish
movement and the introduction of alien
fish species. In the face of these threats
native fish populations in the Basin’s rivers
have declined to an estimated 10 per cent of
pre-European levels.
The NFS is built around 13 objectives listed
below. These have been condensed into
six driving actions, designed to catalyse
investment in the Strategy.

•

•
•
•
•

•
•
•
•

Control and manage alien fish species
Protect native fish from threats of disease
and parasites
Manage fisheries in a sustainable manner
Protect native fish from the adverse
effects of translocation and stocking
Ensure native fish populations are not
threatened from aquaculture
Ensure community and partner
ownership and support for native fish
management

•
•

Repair and protect key components of
aquatic and riparian habitats
Rehabilitate and protect the natural
functioning of wetlands and floodplain
habitats
Improve key aspects of water quality that
affect native fish
Modify flow regulation practices
Provide adequate passage for native fish
Devise and implement recovery plans for
threatened native fish species
Create and implement management
plans for other native fish species and
communities

•
•
•
•

Rehabilitating fish habitat
Protecting fish habitat
Managing riverine structures
Controlling alien fish species
Protecting threatened fish species
Managing fish translocation and stocking

This document, the Native Fish Strategy
Annual Implementation Report 2005–2006,
details progress towards achieving the
Strategy’s objectives. It begins with an
overview of progress with each of the
six driving actions and is completed
by the five State and Territory reports,
which are available at www.mdbc.gov.
au/NFS. In 2005–2006, its third year of
implementation, the Strategy gained further
momentum.

Photo: Martin Mallen-Cooper

•

•

Six driving actions

Objectives
•

•

Rainbowfish caught during experiments at the Lock 8 fishway
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2. Background

Many factors have contributed to the
deterioration of fish habitat and reduction
of native fish populations. These include
changes to water flow, thermal pollution,
barriers to fish passage, habitat degradation,
water quality and the introduction of alien
fish species. An expert panel convened by
the MDBC in 2001 estimated that present
levels of native fish communities in the
Basin are about 10 per cent of those before
European settlement. Without intervention,
populations are likely to halve, to near five
per cent, in the coming 40 to 50 years.
The NFS was developed to address this
crisis. Rehabilitation of aquatic ecosystems
is fundamental to achieving the Strategy’s
objectives. The NFS provides direction for
investment in on-ground management
activities and associated research. It is a
working document for the next decade and
expected to be the basis for future strategies.
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•
•

The targets for the NFS are formulated to be
consistent with the Sustainable Rivers Audit
(SRA), the ICM Policy Statement and The
Living Murray (TLM) initiative. Targets for
river health and fish populations are linked
with monitoring programs, which will be
undertaken for the SRA.

2.1.1 Integrated Catchment
Management

State governments have the prime
responsibility for managing rivers. Many
of the instream interventions needed
to improve conditions for fish require
funding from the States. This is also so
for interventions on State-owned land.
However, in the case of the Murray and
lower Darling Rivers, the MDBC has specific
responsibilities (e.g. management and
operation of structures for water supply)
and can provide direct resources (both
human and financial) to achieve resource
management outcomes, and recommend
policies for the wise management of those
rivers by all relevant jurisdictions.

F I S H

•

the economic, environmental and social
benefits of the investment must be
greater than the costs
government investment will be used
to stimulate private investment, and to
prevent unacceptable levels of resource
degradation
alternative investments will be
considered and evaluated
joint-venture partnerships with the
community will be the preferred
government investment approach
strong institutional arrangements,
knowledge and sound planning, and
adequate monitoring, evaluation and
reporting systems will support on-ground
investment.

2.1 Linkages with other
Basin initiatives

Government agencies, regional catchment
organisations and a wide range of
community groups are involved in
implementation of the Strategy. Actions
and associated responsibilities within each
catchment must be defined and a targeted
and sustained effort is required. Aesthetic,
conservation, cultural, recreational and
commercial values are all taken into
account.

N AT I V E

•

•

The NFS has been developed and enhanced
through extensive consultation with
agencies, interest groups and individuals,
particularly in regional areas. Various
government organisations, through
representatives on MDBC technical groups,
have contributed. The Strategy was
circulated for expert consultation and is
now a very inclusive document that shows
the way ahead, as conceived by the key
partners in the Basin.

2

In order to facilitate the uptake and
implementation of the NFS, an Investment
Plan for the Basin and an Implementation
Plan for the River Murray were
developed (see www.mdbc.gov.au/NFS).
The Investment Plan is guided by the
Integrated Catchment Management (ICM)
Policy principles relating to investment:

The NFS has been developed within the
context of the MDBC’s ICM Policy. This
policy reflects a commitment by the
community and governments to manage
and use the resources of the Basin in an
ecologically sustainable manner.
The partnership approach implicit in ICM
depends on the commitment of individual
landholders, Indigenous communities,
Landcare groups, Catchment Management
Authorities, waterway managers, urban
and rural community groups, local, State,
Territory and Commonwealth Government
agencies, as well as the MDBC. A substantial
reallocation of funding will be needed
by governments and the community to
implement the NFS.
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2.1.2 The Living Murray
Implementation of the NFS on the River
Murray will depend on the outcomes
of The Living Murray Initiative, and on
decisions regarding development and
maintenance or upgrading of structures on
the river. The Living Murray Environmental
Works and Measures Program (EWMP)
is designed to implement structural and
operational changes in the River Murray
System to achieve positive ecological
outcomes. The benefits of this Program to
the River Murray System will include:
•
•
•
•

improved fish passage and habitat
improved floodplain health
better management of the Murray
Mouth, Coorong and Lower Lakes
increased capacity to enhance flows
to deliver ecological outcomes and
improved water quality for all river users.

As a contribution to improved fish
management, EWMP is funding the Sea to
Hume Dam fishways program.

2.1.3 The Sustainable Rivers Audit

The SRA involves regular measurement and
reporting on river health, and the reports
are independently audited. The health
of fish populations is used as one of the
outcome-based indicators of river health:
measures of current fish populations are
compared to a baseline reference condition
to give a general assessment of fish health.
Over time, the SRA reports will reflect the
impact of management initiatives (such as
the Native Fish Strategy) on the direction
and rate of change in the health of fish
populations.
The SRA will provide consistent, Basinwide information on the health of rivers
to enable and enhance sustainable land
and water management by developing
a common reporting framework using
comparable information, through time and
across catchments and by reporting against
a consistent and scientifically robust set of
river health indicators.

Photo: Andrew Keogh

The SRA has been developed to monitor
the environmental health of the Basin’s
rivers and provide more information to
resource managers and the community on

the location and extent of degradation. The
Audit is seen as a logical extension of the
Cap on Diversions and a means of providing
a stronger scientific base for debate in
relation to ecological, environmental and
social considerations associated with water
management in the Basin.

Hattah Lakes, one of The Living Murray’s icon sites
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3. The Year in Review

3.1 Driving actions
3.1.1 Rehabilitating fish habitat
Resnagging evaluation downstream of
Yarrawonga

A secondary component of this program has
been the establishment of a mark-recapture
dataset that will provide estimates of the
growth rates and population statistics of
Murray cod, Trout cod and Golden perch.
The dataset has already been used to assist
the management of Murray cod. Another
three years of data collection is necessary
before the dataset will have the statistical

Photo: Kylie Goldsmith

The concept for this program grew from
previous MDBC-funded research projects
that investigated the movement and habitat
requirements of fish by radio-tracking in
the Murray River (the Pilot Snag project).
One of the many critical findings of these
projects is the dependence of certain fish
species (Murray cod, Trout cod and Golden
perch) on snags as instream habitat. Nearly
all Murray cod reside within or at snags,
and after their annual spawning migration
almost all fish return to the same snag.
The residency, site fidelity and homing
behaviour documented by this project, in
conjunction with the already understood
significance of snags as velocity shelters
and food providers, established beyond
doubt the absolute dependence of these
fish on snags. The Pilot Snag Project also
quantified snag characteristics, distribution
and abundance and provided a template for
resnagging.

Resnagging is one of the more obvious
habitat management actions highlighted
in the NFS. Recent funding for resnagging
of sections of the Murray River has seen
this management option become a reality
and provides an important chance to test
and evaluate the benefits of resnagging.
The effects of snag management have been
widely studied overseas, where resnagging
has been used as a habitat rehabilitation
tool, and its viability has been established
through on-ground experience. Since
2002, the Resnagging Evaluation Project
has supported the evaluation of the sites
that were resnagged below Yarrawonga on
the Murray River. The results confirm the
positive response that can be expected from
native fish to the reinstatement of large
woody debris.

Open day at a resnagging site on the Murray River

4
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power required to allow its inference to
apply to other regions in the MDB (e.g. the
utility of this data will have direct relevance
to demonstration reaches in the area). The
data will also provide the opportunity to
confidently identify variation in the use
of resnagged sites by different size classes
of fish, which will provide the foundation
for investment decisions with regard to
resnagging in the region.
In 2006, 40 sites were sampled on the
Murray River between Yarrawonga and
Tocumwal to complete the mark-recapture
data set to allow estimates of population
statistics for Murray cod, Trout cod and
Golden perch to be made. The Arthur Rylah
Institute (ARI) also sampled the resnagging
sites on the Murray River between
Yarrawonga and Cobram to estimate
the variance in use of resnagged sites by
different size-classes of fish.
Results indicate that fish use logs restored
to streams and sites can be optimised
for particular species. The response is
unequivocal for the critically endangered
Trout cod, which underwent a biologically
important increase in numbers following
resnagging. For the other species the results
are more variable, indicating that other
habitat variables may also be necessary to
increase the number of occupants of resnagged rivers. These results demonstrate
the importance of longer term monitoring
to quantify restoration responses. They also
highlight the value of testing restoration
predictions before, or as part of restoration
activities.
Hume to Yarrawonga: riparian and
instream rehabilitation
In 2005–2006, The Living Murray project
‘Resnagging and Riparian Restoration –
Hume Dam to Yarrawonga’ continued to
make substantial progress, including:
•

•

•

completion of the monitoring program
to establish a baseline dataset of the
distribution of large-bodied fish
completion of a feasibility study for the
implementation of the resnagging works
at three high priority sites, including cost
evaluation, works planning and detailed
assessment of the effect of resnagging on
geomorphology and flooding
completion of a risk management plan
and mitigation strategy to minimise the
impact of the resnagging on other river
users
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•
•

extensive landowner, agency consultation
and Indigenous engagement
development of an investment proposal
and Commission approval of the proposal
to implement the resnagging works at the
three high priority sites.

A contract was developed between the
MDBC and NSW Department of Natural
Resources to implement Stage 1 of the
project, at a cost of $1.184 million, to be
completed by June 2007. A subsequent
contract was established between NSW
DNR and NSW Department of Primary
Industries (Fisheries) to undertake these
works, with NSW DPI (Fisheries) to employ
a full-time project manager, implementation
manager, work crew, and purchase required
equipment and hire plant. By the end of
June 2006, all existing stockpiles of timber
were relocated to the riverbanks adjacent
to Priority Site 2, downstream of Boiling
Downs Creek.
During 2006–2007, implementation of the
project will continue and include:
•

•

•
•

an official launch of the project by
Dr Wendy Craik Chief Executive MDBC
in August 2006
by September 2006, completion of
resnagging at Priority Site 2, with
placement of more than 200 snags, and
commencement of resnagging at Priority
Site 1, which will involve reinstatement
of around 1,200 snags
continuation of landowner consultation
and communication of progress
further sourcing of timber and relocation
to Priority Site 1 for reinstatement during
autumn and winter.

Presnagging fish community
assessment at Paiwalla
An assessment of the fish community
structure was conducted on 13–14 July
2006 by boat using electrofishing to collect
baseline information prior to resnagging
works near Paiwalla Wetland in the lower
Murray, South Australia. Sampling was
conducted at the Paiwalla resnagging site;
an adjacent site with natural snags, and in
upstream and downstream control reaches
where habitat is similar to that at Paiwalla.
The sampling, undertaken by South
Australian Research and Development
Institute Aquatic Sciences, indicated that
there was no significant difference in the
structure of fish communities at the three
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Photo: Dean Ansell

Paiwalla Wetland in South Australia, where the community is working to rehabilitate aquatic habitat

sites for the seven species sampled (six
native and one alien species). Those species
were Unspecked hardyhead, Golden perch,
Murray-Darling rainbowfish, Bony herring,
Flathead gudgeon, Australian smelt and
Carp.
The sampling identified that the resnagging
design should consider the presence of two
major habitat types within the resnagging
reach. The research team suggested that
snags be placed evenly into macrophyte
and willow habitats within the resnagging
reach to allow additional information to be
gained during post-snagging assessment and
further guide best practice resnagging in
the lower Murray River of South Australia.
Additional sampling prior to resnagging was
also suggested to improve understanding of
the fish community structure.
State and Territory highlights
In April 2006, the Queensland NFS
Coordinator provided an update on the
progress with demonstration reaches in
Queensland to a workshop in Canberra. The
workshop generated renewed enthusiasm
for demonstration reaches and provided
guidance for the progression of the concept
for river rehabilitation across the Basin.
In a joint Queensland/New South Wales
venture, a community-based project
steering committee was established

6
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in September 2005 to progress the
development of a demonstration reach
on the Macintyre River in the Border
Rivers Region. Aerial video mapping
(AVM) along 1,178 km of the river is being
used to complete a detailed riparian and
aquatic habitat condition assessment of the
demonstration reach, as well as being a tool
to engage local communities in riparian
management activities.
Planning for a demonstration reach on
the Condamine River commenced. In
2006, funding was received to develop
demonstration sites at Archer’s Crossing
on the Condamine River and Bowenville
Reserve on Oakey Creek at Bowenville.
Activities to be undertaken include riparian
replanting and fencing, resnagging and
provision of fish passage.
In New South Wales, site plans were
finalised for resnagging of the Hume Dam
to Yarrawonga reach of the Murray River.
Public liability issues were investigated,
a Risk Management Plan was approved,
and implementation of on-ground works
commenced.
The installation of a de-stratification system
at the ACT’s fire-affected Cotter Reservoir
has proved effective in increasing dissolved
oxygen levels in the water column,
improving water quality and increasing
habitat for Macquarie perch.
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In South Australia, the community manages
27 wetlands. Sampling by the community
has provided some interesting facts and
new discoveries, including Dwarf flathead
gudgeon at Swanport wetland, and has also
provided the basis for restoration at some
sites.
The effectiveness of the sand pumping
operations at the Murray Mouth has been
monitored by a combination of regular
bathymetric surveys, aerial and satellite
photographs and by monitoring the diurnal
tide ratio (DTR) at Goolwa and Tauwitchere
barrages. In 2005–2006 the works had
achieved a clear improvement in water flow
and connectivity between the ocean and the
Coorong.
In Victoria, Regional River Health Strategies
(RRHS) are being prepared for the State’s
10 Catchment Management Authorities.
In 2005–2006 the northern RRHS were
progressed. These strategies identify a
number of high priority waterways within
each region, based on consideration of
reaches that are ‘of greatest value to the
community’ and rivers that are ‘ecologically
healthy’. Through the implementation
of RRHS, and associated programs, the
CMAs are undertaking numerous onground rehabilitation programs which have
direct and indirect benefits to riparian and
instream environments and thus native fish.
Two research projects were initiated in
Victoria’s Wimmera region to improve
understanding of distribution and status
of fish and their habitat requirements at
differing flows. The first, the Wimmera
Fish Monitoring Program commenced in
2005–2006 and is designed to help assess
the health of the catchment as well as to
understand the impacts of specific events
such as the release of environmental flows
and the effect of sustained drought. The
second program, completed in 2005–2006,
involved the identification of specific habitat
needs of native species at differing flows in
waterways and the results will be utilised
for habitat restoration projects throughout
the Wimmera region.
The Murray Corridor Floodplain
Rehabilitation Project, which commenced
in 2000, is being undertaken on public
land within a 300 km stretch of the Murray
River floodplain between Hume Reservoir
(upstream of Wodonga) and Barmah Forest
(downstream of Tocumwal). Improvements
to the flood regime for many of the wetland

N AT I V E

F I S H

S T R AT E G Y

A N N U A L

systems have already resulted, as was
demonstrated during the provision of the
2005–2006 environmental water allocation
to Barmah-Millewa—at least four wetlands
flooded and connected to the river when
they would not have done so without the
earthworks having been undertaken.

3.1.2 Protecting fish habitat
An international review of freshwater
protected areas for aquatic biodiversity
conservation
This review was commissioned to explore
the concept of establishing a system of
Habitat Management Areas (HMAs) across
the Basin, as advocated through the NFS.
It examines international and national
experiences in this field, the science needed
to underpin the establishment of such a
network, the management prescriptions
and approaches needed, and the policy
and administrative practicalities of doing
this across the Basin. Using the conclusions
drawn from these reviews and analyses,
a practical and realistic strategy for going
forward is proposed that recognises
the critically important issue of gaining
community and stakeholder support and
engagement in the process.
The study has identified many opportunities
and some impediments, both potential and
real, to the establishment of the proposed
HMA system across the Basin. These occur
at a range of levels and within several
sectors of society—political, institutional,
stakeholder, community and scientific.
Each opportunity and impediment needs
to be well understood and addressed in the
plan for going forward. The strategy for
doing this examines each of these levels
or sectors, considers the opportunities
and impediments that exist for each, and
recommends the actions needed to move
this issue from the ‘too hard basket’ into the
mainstream of river management for the
Basin.
A ‘river parks’ initiative for the Basin
The report acknowledges the need to
carefully ‘market’ the HMA concept and
undertake strategic consultations with
primary stakeholders, both government and
community, to build support and address
any misgivings or concerns. It recommends
that the initiative adopt the name of ‘river
parks’ (rather than HMAs) to assist in
promoting the concept and to provide an
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umbrella for using the existing array of
options available through international
instruments, national and State/ACT and
local level programs and legislation in a
coordinated way. The proposed vision for
the system of river parks of the MDB is: ‘A
network of riverine and floodplain sites that
work collectively to maintain biological,
social and cultural values and improve river
health across the Murray-Darling Basin.’

breeding sites for example—the scale of
management still needs to be at the level
of river valley or catchment to ensure the
continuing viability of the river park and
its target species or group. Despite this, it
is acknowledged that the species-focused
approach can, under some circumstances—
such as with icon species like Murray cod,
for example—be advantageous in getting
community ‘buy in’.

Multiple-benefits to be delivered by ‘river parks’

Ecosystem or ecoregional-level approaches
for selecting protected areas to conserve
aquatic biodiversity are generally preferred
by most scientists working in this field,
although clearly there are opportunities
to combine this approach with the more
species-based approaches. Equally, the
opportunity exists for combining these two
approaches with the higher level concept
of selecting rivers, reaches or wetlands
for river parks that help with improving
river health and delivering ecosystem
services more broadly. The danger with
single species or ecosystem level processes
is that these other services (social, cultural
and economic) may be compromised or
threatened, thus alienating stakeholders.
From the perspective of gaining community
support and engagement, the approach of
using ecosystem services as the primary

Significantly, the vision promotes the ideal
that river parks are established for a range
of outcomes, not only for biodiversity, or
even native fish, conservation. The review
of theory and international and national
experiences in this field chose to focus
on three different levels of approach to
designing a river parks systems; namely, a
species-based, aquatic biodiversity-based or
ecosystem services-based approach.

Photo: Dave Harasti

In summary, the species-based approach is
seen to have weaknesses, primarily that it
usually leads to relatively localised protected
areas that are then vulnerable to upstream
or lateral impacts from the adjoining
landscape. While it may be possible to select
critical habitats for inclusion in protected
areas for certain species—waterbird or fish

Protection of high quality fish habitat is a driving action of the Native Fish Strategy
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driver for site selection is more likely to
succeed.
Multiple-use management model
There are a range of management options
and models available for possible use
under the proposed river parks system.
These are in part determined by scale and
management outcomes. They range from
highly regulatory, mostly governmentdriven management approaches directed
at maintaining the naturalness of
rivers, or more localised protected area
management, focused on threatened
species, ecological communities and fish
spawning areas, through to much more
strongly stakeholder-based efforts directed
at improving river health. In between,
there exist opportunities to apply a
range of management models that can
(through zoning approaches, for example)
incorporate some elements of strict
regulation or intensive management with
the broader scale ambition of river health
and ecosystem services rehabilitation. It
is suggested that the wise path to take
with development of a system of river
parks across the Basin is to make river
valleys or catchments the planning level,
and to indicate a preference for Canada’s
Heritage River-type approach as the primary
management model. This does not preclude
the establishment of more localised river
parks within this broad scale framework
to respond to specific management needs
(threatened species, ecological communities,
etc) where they arise. There are clear
advantages to these being integrated
into broader scale rehabilitation and
management efforts, not the least of which
is to better manage risks and threats.
Key aspects of the Canadian Heritage Rivers
model worthy of note here are that:
•

•

it is non-legislative at the Basin scale,
although jurisdictions within the Basin
may choose to use their legislation for
special needs situations. This has direct
parallels with the situation of the MDB
it is a partnership program involving
all tiers of government and local
stakeholders. This is seen as more likely
to succeed in the MDB than approaches
that are ‘top-down’, or perceived to be
‘top down’. It is also seen as being a
highly cost-effective approach
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it is not solely directed at biodiversity
conservation, although this is a key
consideration.
Through consultation among the partners,
balanced outcomes are arrived at that have
broader support among stakeholders. It
is also important to stress that the model
presented by the Canadian Heritage
Rivers system can readily accommodate
management approaches such as those
described in the report for Biosphere
Reserves, Ramsar wetlands, and
community-level river management and
rehabilitation initiatives such as the River
Tender initiative in Victoria and the Bidgee
Banks project in the ACT and south-east
NSW. These are essentially based on the
same concepts of multiple use.
•

Creating a river parks ‘tool box’
The report presents a summary of the
various international, national and State/
ACT government and regional level
mandates and tools that are in place for
advancing a system of river parks across
the Basin. Fifteen are identified that are
potentially applicable, it is recommended
that these 15 options be drawn together to
form a river parks ‘toolbox’ of essentially
nine elements; four of these relating to
significant areas being recognised under
international conventions, agreements or
associated programs while five are options
that currently exist and could be used at
the national-State/ACT level. For this to
occur, direction will be needed from a suite
of natural resource management (NRM)
Ministers from the respective jurisdictions of
the Basin.
Mobilising the catchment management bodies to
take the ‘river parks’ agenda forward
The report details a step-by-step strategy for
advancing the river parks initiative. A key
element is the role of regional NRM and
catchment bodies. These bodies will need
to have a primary role in the development
and management of the system. They are
therefore primary stakeholders, deserving
earliest consultation in the process. Another
key consideration is that the Commonwealth
and States/ACT will need to endorse
the river parks initiative as a priority for
attention through the NRM program.
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Getting started
The report suggests options for initiating the
river parks concept in the short-term, and
proposes (among a range of actions) the
following:
a. undertake an audit of established
protected areas across the Basin that
include aquatic elements and seek
agreement from the Basin States and the
ACT for these to be the foundation of
the Basin’s River Parks system, thus ‘kick
starting’ the Basin-wide initiative
b. seek to replicate The Living Murray
Initiative for the Darling and its
tributaries, using Ramsar sites, Directory
of Important Wetlands sites, or perhaps
those sites identified in MDBC’s 1998
Floodplain Wetlands Management
Strategy as the nucleus sites for the
development of a series of river parks
management zones
c. seek out potential local champions, and
established river rehabilitation initiatives,
to take on a local leadership role with
the development of a series of river parks
management zones.
State and Territory highlights
In 2005–2006 Queensland’s Environmental
Protection Agency (EPA) completed
a wetland mapping project for the
Condamine River as part of a State-wide
mapping and classification project. The
resultant catchment maps will be available
for the whole of Queensland by July 2007.
A total of 1,750 wetlands, occupying a total
area of approximately 27,867 hectares,
were recognised. Seven hundred and sixty
eight of these were identified as having
little or no known modification to their
natural hydrological regimes. The EPA
report canvassed management guidelines
and provided conservation values to focus
protection, rehabilitation and management
initiatives.
In New South Wales, RiverBank, a new
$105 million environmental fund was
established. Over five years from July 2006,
RiverBank will buy water for NSW’s most
stressed and valued rivers and wetlands.
The volume of water acquired in any year
will be subject to the availability of water
and will vary across valleys. Initial areas of
focus include the Macquarie Marshes, the
Gwydir, Lowbidgee and Lachlan wetlands,
and the Narran Lakes. Water may also be
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acquired for other rivers and wetlands of
high ecological value. In its initial months,
RiverBank purchased a number of licences
in the Lachlan and Macquarie River systems
and expressions of interest in the sale of
water access licences to NSW RiverBank
were invited in August 2006.
The ACT Aquatic and Riparian Zone
Conservation Strategy was completed
following public comment. This represents
a novel, integrated approach to river
management and the protection of
threatened aquatic species and replaces
action plans for individual species.
The Victorian Government continued to
invest in river health and environmental
flows, including the additional $100 million
over four years for improving river health
and sustainable water management as part
of the 2004 Our Water Our Future action plan
for water. Significant achievements included
passing of the Water (Resource Management)
Act 2005, which allows for the establishment
and protection of an Environmental
Water Reserve (EWR), that will provide
a legally protected share of water for the
environment and is intended specifically
to safeguard the health of Victoria’s
river systems. The EWR system is under
development and will have significant
benefits to native fish.
In October to December 2005, 513GL of
the environmental water allocation was
used at the Barmeh-Millewa Forest to
extend the duration and slightly increase
the magnitude of a spring flood event. The
managed hydrograph resulted in fairly
continuous flooding of the Forest from
mid-August to mid-December. Golden
perch and Silver perch increased their
spawning activity in the main river channel
during the flood of 2005–06 compared
to the previous two seasons. This study
provided important insights into the impact
of water management on fish recruitment
at Barmeh-Millewa Forest, and was the first
study at least in Australia, and perhaps the
world, to demonstrate a strong link between
fish spawning and recruitment and the
provision of an environmental flood.
Other projects underway in Victoria
dealt with the consequences of drought
conditions and reduced flows on native
fish and included the preparation of an
Environmental Plan for the Campaspe Basin
to manage the impacts of drought on fish
populations.
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During 2005–2006, Waterwatch Victoria
continued to develop a range of resources
to support teachers, students, monitors and
the general public, including the ‘Run of
the River’ educational board game, which
was developed in 2005 and distributed to
secondary schools across the State.

Slaney and Pipeclay Creeks. As a result the
structures are high priorities for remediation
and provision of fish passage.

3.1.3 Managing riverine structures
Sea to Hume Dam fish passage program

In South Australia an ecological character
description was prepared for the Coorong,
the first step in the preparation of a Ramsar
Management Plan for the significant
wetland, which has suffered a serious
decline in condition as a result of river
regulation and water extraction over several
decades. The challenge for managers of
the wetlands is to determine how to arrest
and reverse the decline in a timeframe that
ensures that the site continues to meet
all eight nomination criteria and does not
undergo a permanent change in ecological
character.
The Murray-Darling Basin Ministerial
Council approved the draft Lower Lakes and
Coorong Asset Environmental Management
Plan. Ecological targets and monitoring
programs were developed and reviewed
for improving spawning of native fish and
mudflat conditions for migratory waders,
and maintenance of the Murray Mouth,
that will ultimately help to improve
the condition of this significant site.
Other projects are supporting this major
initiative. A multi-agency working team is
developing a system to guide and assess the
effectiveness of interventions to improve
ecological functions of the Coorong, and
the Lower Lakes and Murray Mouth
ecosystems.

Barrage fishways: monitoring

In November 2005, the progress report for
a collaborative project that investigated
the status and ecological requirements
of native fish within South Australia’s
Chowilla Icon site was completed. Some
of the key findings were that Chowilla
supports a diverse fish community including
threatened species such as the Murray cod,
Freshwater catfish and Silver perch and that
juvenile and adult Murray cod are present
in the anabranch system, highlighting the
importance of the site given the minimal
recruitment that has occurred elsewhere
in the State. In 2005–2006 the project was
refined to further investigate the movement
of certain fish species and detected
significantly higher relative abundances of
many species downstream of the weirs on
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The Murray fishways have met their unique
design requirement of passing both small
and large fishes (from 40 to 1,030 mm
long). Assembling a tri-State assessment
team, with broad scientific and technical
expertise, has been critical in demonstrating
this success, and also for identifying
innovative ways to further improve future
fishways. Importantly, for the first time in
Australia, ongoing monitoring is likely to
show a change in riverine fish communities
following fishway construction. The vision
of the MDBC to restore fish passage from
the sea to Lake Hume is well underway but
further research under guidance from the
Fish Passage Taskforce will lead to more
efficient and lower cost fishway designs
and a greater understanding of native fish
populations. Managing and sustaining
native freshwater fish populations in the
MDB has many facets but restoring fish
migration for 2,000 km of river will likely
have the greatest positive impact of any
single restoration effort.

The partial depth Goolwa vertical slot
fishway and the Tauwitcherie rock ramp
fishway were assessed over a total of
15 days from October 2005 to February
2006. The diversity, number and sizerange of fish utilising the fishways were
investigated using consecutive paired-day
top and bottom trapping of the fishways.
On each sampling occasion specifically
designed fishway traps were set for a 24hour period using mobile cranes operated
by SA Water staff. Fish were removed
from traps and collected into large aerated
holding tanks. More than 52,000 fish
and 16 species have been collected at
the Murray barrage fishways. The fish
population was dominated by small-bodied
fishes (<100 mm long), most of which were
sampled from the bottom of the fishways.
Few large-bodied fishes have been collected
to date. There is a need to continue fish
passage restoration efforts at the Murray
barrages. The prioritisation workshop held
in March 2006 identified several important
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Photo: MDBC

opportunities. Work in 2006–2007 will
include further construction of fishways,
primarily for small-bodied fishes, and
assessment of their function.

In addition to the short-term, site-specific
report for each fishway following its
construction, fish passage was monitored
simultaneously at Locks 7, 8 and 9 between
11 October and 18 November 2005. The
simultaneous monitoring of all three
Locks provided the opportunity to monitor
movements of the fish population at
multiple sites across an extended period
of the peak migration season. The use of
tag-recapture information was used to
determine larger-scale movements within
and between the three fishways. All
migrating Golden perch had fin clips taken
to enable sex determination via genetic
methods.
Vertical lock experiment

Goolwa vertical slot fishway

Locks: construction
The vertical slot fishway at Lock 9 was
completed, and construction of the fishway
at Lock 10 commenced. Design of the
fishway at Lock 1 was finalised.
Locks: monitoring
Top and bottom trapping at Lock 9 fishway
A key aspect of the Murray River Fishway
Assessment Program is the short-term
assessment of each fishway in the season
following construction. Such assessments
are designed to ensure that a full range
of species and sizes of fish are utilising
the fishway. In the 2005–2006 season the
number, size-range and diversity of fish
utilising the Lock 9 vertical slot fishway
were assessed using two consecutive
paired-day samples by trapping the fishway
entrance and exit for a 24 hour period.
This process took approximately five days
to complete and was replicated five times
within the sampling season to establish
a reliable dataset. All fish over 150 mm
were externally tagged and inserted with
a passive integrated transponder (PIT)
tag to enable the detection of large-scale
movements. A maximum of 50 fish were
measured for length and inspected for
diseases prior to being released. Where
possible, the sex of all migrating fish was
recorded.
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Early in 2005, tri-State researchers
recognised that most small migrating fish
could reach the fishway exit when water
flows and depths within the structure
were reduced to a minimum. To achieve
such conditions it is necessary to place a
gate across the exit and manipulate flows
through the gate. When operating in such
a manner, thousands of small-bodied fish
accumulate on the downstream side of
the gate. An experiment was subsequently
designed to determine whether these fish
could exit the fishway if the last two cells
were operated as a lock. To achieve this, fish
were given two hours to accumulate at the
exit gate and a lockage was simulated by
placing a wooden baulk across the verticalslot two pools below the exit. The exit
gate was slowly removed to systematically
fill the simulated lock chamber. Fish and
macro-invertebrates were allowed 30
minutes to exit into a trap placed across the
fishway exit.
After a brief and successful pilot, a
comprehensive assessment was undertaken
over three consecutive weeks in February/
March 2006. Fish were trapped at
three locations in the Lock 8 fishway
in a randomised block design with nine
replicates. Firstly, the fishway was operated
as a full depth vertical slot to determine the
composition and size class of fish exiting
the structure under normal operating
conditions. Secondly, the bottom of the
fishway was sampled to determine the
composition of fish attempting to migrate
through. Finally, the vertical slot was
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operated as a lock and trapped to determine
whether the degree of fish passage differed
from the bottom sample or the ‘normal’
operating condition. One replicate (three
trapping events of two hours each) was
completed each day between 10 am and
5 pm. Fish were collected in a modified
cone trap (1 m x 1 m x 2 m) covered in
4 mm square mesh. All fish and macroinvertebrates were identified and counted,
with a sub-sample of 100 measured
per species. For large samples (> 1,000
individuals), fish were identified and
counted in three separate 200 ml batches.
The remaining fish were counted as groups
of 200 ml and this number was multiplied
by the mean of each species, from the three
separate batches, to obtain a total count
of each species. Fish were released alive
into the weir pool. Head loss and depth
through each vertical-slot was measured for
each experiment. Water temperature and
dissolved oxygen levels were measured each
day in the headwater and the tail water.
PIT tagging
The Murray fishways assessment team has
invested considerable effort in developing,
installing and maintaining seven remote PIT
tag reader systems at Locks 7–10, 15, 26 and
Yarrawonga Weir. This system constantly
monitors the fishways for any of the 20,000

fish PIT tagged in the Murray River. To date
more than 1,700 PIT tagged fish have been
detected migrating through the fishways
and have provided new information on
behaviour within the fishway and of
migration patterns between weirs.
Interestingly, one tagged Carp moved
from below Lock 1 to Torrumbarry Weir,
approximately 1,400 km. Another 36 Carp
tagged at Locks 1, 2 or 3 were detected
passing through Locks 7, 8 and 9, over 400
km upstream. Golden perch, Silver perch
and Carp from the Chowilla anabranch
system and the Lindsay/Mullaroo have
also been detected at Lock 8. Importantly,
approximately 80% of Golden perch
that entered Lock 8 fishway successfully
ascended. A tagged fish can now be tracked
up and down the Murray River for its whole
life, providing ecological data that can be
used, not only to refine fishway design,
but also for river and habitat management,
environmental flow, and optimising
weir operation to enhance fish passage.
Importantly, the PIT tag information
provides a new direction for the study of
uncommon fishes such as Murray cod.
With 444 Murray cod PIT tagged in the
Lower Murray River the readers are proving
important information daily.
An innovative purpose-built PIT software
program has been developed to monitor
power, perform regular systems checks,
monitor temperature levels and send email/
SMS alerts when the system switches to
back-up power or when the CPU reaches
50˚C. Every week the computer and
modem automatically emails the previous
seven days’ data, as a single zip file, to
the research team. To remotely access and
periodically update the software system a
remote desktop server provides a virtual
desktop of the logger unit and allows live
control from a remote location.

Photo: Dean Ansell

Fish pump

Victorian scientist inserting a PIT tag into a juvenile Murray cod
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The Fish-Pump Fishway Project was
established in response to the need to
develop and test a novel fishway design that
combines technology from the aquaculture
industry with recent knowledge. There is
a potential to overcome some problems
of standard fishways, such as their high
cost, complexity of construction and some
performance issues. Techniques are already
well established in the aquaculture industry
for transporting fish with airlifts and other
types of pumps, and substantial knowledge
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exists about attracting migrating fish into
fishways. The intent of the project is to
combine these two aspects effectively to
create an improved fishway design for
native fish.
The prototype pump fishway was built at
Monash University and transported to the
Narrandera Fisheries Centre for installation
and testing at Yanco Weir in September
2005. Flooding interrupted the trials;
turbulent conditions at the weir delayed
work and caused some equipment damage.
Trials were rescheduled and undertaken in
March 2006.
Resistivity fish counter experiment
A resistive fish counter was developed and
successfully validated in the hydraulics
laboratory at the University of Adelaide
under funding from the MDBC. The
design was modified to cope with varying
water levels in the fishway and also to
automatically adjust to different salinity
levels. To allow the unit to be able to
cope with varying water levels the sensor
was broken into vertical array elements.
This allowed the array that was partially
submerged near the water surface to be
switched off.

Photo: Lee Baumgartner

Field-testing of the resistive fish counter
was not completed due to the high velocity
and turbulence conditions that existed
at the Tauwitchere fishway when the

DIDSON-generated image of a Murray cod approaching
a fishway
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tidal levels were low enough to allow
easy installation of the unit. With a tidal
difference of approximately one metre and
the limited number of bays in the vertical
slot fishway at this location, the velocities
were extremely high and possibly well in
excess of the swimming ability of fish. The
high velocity conditions produced air-core
vortices at the fish counter that disrupted
the detection of the fish. It appears that
the fish counter may operate under these
conditions but it would need to be installed
further into the fishway basin where the
flow velocity is less, and not at the vertical
slot exit. It is envisaged that multiple
300 mm wide sensors (possibly five) would
be used in the bay with the rest of the width
of the bay being sealed against fish passage.
It was recommended that further funding
be provided to undertake field trials at a site
where the flow velocity though the fishway
is lower (such as Lock 8) or examine
options for re-positioning the fish counter
in the Tauwitchere fishway. Some assistance
from the operators of the structure may
be needed in the installation of the fish
counter.
DIDSON sonar trial
Recently developed sonar systems are
currently being assessed in North America
and their non-invasive application to
fish migration studies is very promising.
One such device, the Dual-Frequency
Identification Sonar (DIDSON), uses sounddistorting lenses to create high quality video
images. When operating in high frequency
mode, these features can define the outline,
shape and even fins of target fish. In
addition, DIDSON software can count and
measure fish automatically. This technology
may allow the observation of fish behaviour
such as spawning, feeding and migration.
To date, no assessment of this technology
for fisheries-based applications has been
undertaken in Australia. Subsequently,
the MDBC funded NSW DPI (Fisheries) in
2005–2006 to provide the first assessment
of a DIDSON unit in Australian waters.
The results indicated that the DIDSON is
a powerful tool for observing freshwater
fish. When used in conjunction with
conventional trapping equipment, the
DIDSON consistently provided additional
data on fish behaviour that could not be
otherwise determined. For example, at
fishways on the Murray River, the DIDSON
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demonstrated that many more fish were
approaching and entering the fishways
than were trapped as they passed through.
In many cases, these fish were actively
avoiding traps or displayed a behavioural
impediment to entering the fishway. In
addition, several fish actively migrated
downstream through the fishway when
no traps were in place. The DIDSON also
provided useful observations of nonmigratory activity and non-finfish fauna.
In particular, predatory birds and fish were
observed to use fishways to actively hunt
prey. Such observations are not possible
through conventional sampling, especially
in turbid conditions.

environmental effects. In September 2004,
NSW DPI was engaged to undertake a twoyear investigation to provide estimates of
the numbers of fish extracted annually, and
the fate of these fish in irrigation systems.
Given the diversity of irrigation
practices used within the MDB, separate
investigations are currently being
undertaken in the southern (Murrumbidgee
catchment) and northern (Namoi
catchment) regions of the MDB. Sampling
is being undertaken to determine the effects
of irrigation practices over a wide range of
species and life history stages. To this end, a
combination of electrofishing, netting and
larval sampling are employed, both night
and day, to provide estimates of the number
of fish involved.

A ground-truthing trial was also performed
to determine the accuracy of the automatic
counting and measuring interfaces of the
operating software. In general, total fish
numbers were frequently underestimated
and estimated fish lengths were quite
variable. Further development of the
operating software could alleviate these
problems.
Despite some limitations with its automated
features, when operated manually, the
DIDSON was a powerful tool that provided
a viable alternative to traditional fish
sampling techniques. Possible research
applications of the technology to Australian
systems include habitat mapping, fishhabitat associations, migration studies,
bottom mapping, underwater survey and
determination of sampling gear efficiency.
The results of this study show that further
use of a DIDSON unit would add substantial
value to data collected from a number of
research projects in Australia.
As a result of these trials, and on the
recommendation of the FPT, the NFS
purchased a DIDSON unit in 2006; the
DIDSON is housed at Torrumbarry Weir
and will be available, for monitoring the
effectiveness of the fishways, and a range of
MDBC-related underwater activities.
Quantification of fish in irrigation
off-takes
The entrainment of native fish into offstream habitats has long been a suggested
consequence of irrigation practices.
However, a lack of empirical data detailing
the extent of such processes is currently
precluding the implementation of effective
management practices to reduce possible
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Irrigation canal work determined
differences in fish community composition
between channelised and natural sections of
irrigation canals. Areas with more natural
conditions were associated with greater
species diversity and abundance. Drawdown work also determined that many
species and size classes of fish are caught
in ephemeral pools when irrigation supply
ceases. In some cases more than 14 species
were identified from a single pool.
A study on irrigation pump systems in the
Namoi River catchment commenced in
January 2005. Sampling has determined
that many fish are damaged or injured
when they become entrained in pumping
systems. Importantly, it appears that largebodied fish are more susceptible to injury or
death than smaller-bodied species. Despite
some deaths, some individuals do survive
and establish populations in irrigation
systems. Unfortunately, most of these fish
have limited opportunities to return to river
channels after extraction has occurred.
Data are being analysed and interpreted and
a final report will be completed in late 2006.
State and Territory highlights
In 2005–2006, a project was completed
that identified barriers to fish passage in
the Namoi catchment of New South Wales
and provided the CMA with information
necessary to undertake targeted remediation
works. One hundred and sixty-two fish
passage barriers were found, 31 of which
were listed as high priority and requiring
immediate remediation, which will open
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Photo: Lee Baumgartner

Electrofishing a cotton storage to assess fish entrapment

up in excess of 1,000 km of additional free
passage for fish in the catchment.

It is estimated that in Victoria alone
nearly 2,500 structures exist which could
potentially restrict fish movement in rivers
and streams. Many of the most significant
barriers have been identified, and work is
being undertaken to improve fish passage
at these sites. With the assistance of some
CMAs, investigations are ongoing to locate
other potential barriers and assess their
significance.

As part of the project, demonstration sites
were established to illustrate best practice
techniques associated with the design,
construction, and remediation of instream
barriers. The Hanson’s and ‘Wittagoona’
Causeways were the first to have been
remediated, resulting in 7 km of free fish
passage in the Cockburn River and 56 km
reinstated in the Namoi River.

Monitoring showed large increases in the
abundance of Murray cod and Golden perch
following the construction of fishways
on lower Broken Creek, Victoria. The
surveys suggest that while fish numbers
have generally improved within the
lower Broken Creek system, they remain
depressed following a major fish kill in
2002.

The ACT completed a five-yearly review of
their environmental flow guidelines and
the new guidelines were finalised in 2005–
2006. The drought necessitated temporary
modification of the flow regime, with
lower flows but special flushing releases to
maintain spawning habitats, which proved
effective.
The Queensland Murray-Darling Committee
completed a GIS modelling exercise that
identified road structures with potential to
impede fish passage. This will be used to
support targeted education and awareness
activities, with a view to encouraging local
government to undertake fish passage
projects. Reilly’s Weir was identified as a
priority project and preliminary designs
have been completed to construct a
rock-ramp fishway on this structure,
commencing in 2006.
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Also in Victoria, a project is underway to
determine the distribution, abundance,
life cycle and fate of fish entering the
Yarrawonga and Torrumbarry Irrigation
systems. Results to 2005–2006 indicate that
fish communities in most irrigation areas
within the Goulburn-Murray Irrigation
network reflect the diversity found in
their corresponding source waters. While
differences in diversity and abundance
between systems are to be expected,
data from two years of sampling in the
Yarrawonga Irrigation system suggest
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that there are also temporal differences in
diversity and abundance between years.
Preliminary data suggests that Murray cod
are entering the irrigation channels early in
their life cycle, whereas Golden perch are
entering as adults.

to design a next generation of constructs
that will hopefully eliminate altogether
any adverse effects of the most promising
daughterless construct.
Preparations are underway to insert a
daughterless construct into a Carp. A first
generation Carp construct has been built
and will be ready for insertion into Carp in
about six months time. However this cannot
be done in Hobart as legislative restrictions
prevent live Carp from being imported
and held in Tasmania. Negotiations will be
needed shortly to identify hatchery facilities
on the mainland where ‘Daughterless Carp’
can be bred and held in secure facilities
as stipulated by the Office of the Gene
Technology Regulator (OGTR). However, it
will be imperative to optimise the construct
in the Medaka test species before the huge,
logistically more difficult (bigger fish, longer
generation times) process of putting it into
Carp.

South Australia continued to assist with
monitoring the passage of fish through
fishways installed at several locks and
presented a paper on the results to MDBC
in 2005. A new project has been developed
which will investigate fish ecology and
movement, alterations to the automation
of remotely operated gates to improve fish
passage and the trial assessment of low
volume environmental flow delivery in
the Lakes and Coorong using fish friendly
regulators.

3.1.4 Controlling alien fish species
Invasive Animals Cooperative Research Centre
and the development of ‘Daughterless Carp’
technology
Since 2004, significant progress has been
made with the development of daughterless
technology at CSIRO in Hobart. Researchers
have designed, built and are testing several
potential daughterless constructs, using
Medaka (Oryzias latipes – Japanese ricefish)
as the test species. The Japanese ricefish
are much smaller than Carp, have a shorter
generation time, and are easier to work
with in the laboratory. To date, neomales
(genetic females that are functional males)
have been produced using two different
genetic constructs, and these are being
bred to determine whether the gene
has been inherited and to document the
characteristics of their offspring. Although
the laboratory work is time consuming,
it appears that the constructs are being
inherited in at least some lines.
As expected, there are side effects: these
are common in genetic engineering
experiments, typically because the
inserted gene disrupts some other gene
function because of where it inserts in the
chromosome. The fitness of offspring from
the different variants of the construct and
lines are being compared, to see which is
the most efficient at causing the neomale
condition, and which causes the fewest
side effects. The best fish are being bred to
create lines which will be used in laboratory
population trials. This data will be used
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Modelling has been useful in determining
how efficient a daughterless approach is
likely to be in Carp, in particular, whether
there are likely to be any factors that would
prevent its operation. These could include
competition between the fish for food,
high levels of environmental variability, or
genetic factors, such as gene silencing. The
results of the analyses largely support the
initial models from the former Pest Animal
Control CRC, and show that “daughterless”
is a very effective means of population
control under a wide range of conditions.
However, the models also show that
genetic constructs that either kill females as
embryos or make them sterile (which in a
sense are just different means of producing
a daughterless outcome) can be at least as
efficient as daughterless itself. However,
under the advice of the MDBC and Invasive
Animals Cooperative Research Centre (IA
CRC) the CSIRO team is focusing resources
and time only on developing daughterless
technology.
In addition to the scientists at CSIRO, the
IA CRC has supported an Honours (Janina
Beyer) and PhD (Megan Barney) student.
The students have been instrumental in
investigating sexual development in Carp,
both histologically and with regard to the
underlying genetics.
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Photo: Mark Lintermans

Carp stranded in an experimentally dried wetland

Development of a national rapid response plan
for invasive freshwater fish in Australia

Identification and development of fish biocides
and toxin delivery options

There is currently no rapid response plan
for new incursions of invasive freshwater
fish species in Australia. Early intervention
limits emerging problems and provides
best returns on investment, however
control measures frequently commence
after the pest fish has become established
in a new waterway. The project delivers a
generic national rapid response plan that is
compatible with international best practice
in this field. The project is now being
developed by Queensland Department of
Primary Industries and Fisheries (QDPI&F)
and the primary tasks will include:

Piscicides represent a potentially highly
effective control option for aquatic species,
and are a standard fisheries management
tool in North America. They are an
essential component of any integrated
pest management system, and would
be a primary tool in any rapid incursion
responses against new pest populations.
Fish poisons are also an effective tool in
the rehabilitation of small to mediumsized water bodies. However, research and
development of new piscicides has been
limited and most countries still rely on the
non-specific fish poisons rotenone and
antimycin. This project aims to maximise
availability of existing chemical tools and
start identifying and testing potentially new
species-specific fish poisons or delivery
options. Initially a comprehensive literature
review of Carp biology, physiology and
metabolism will be completed, with the
aim of identifying potential traits that
are unique to Carp (as a species or in
Australasia), that could be exploited
through chemical inhibition to reduce
fitness or induce mortality. A series of
studies that characterise the toxico-kinetics
of the most promising compounds and
identify species-specific traits, physiological
or metabolic pathways that make Carp

•

•

•
•
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review national and international
approaches to dealing with rapid
response and containment (both long and
short-term) of invasive fish to determine
their applicability in Australia
determine which response approaches (if
any) are most applicable to the Australian
situation
document previous eradication and
control exercises
draft a response plan and field-test the
plan on a suitable invasive species.
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Tilapia removed from a Queensland waterbody

vulnerable will be undertaken. These
will be followed by a series of field and
laboratory trials to test and refine specific
toxins or delivery mechanisms under a
range of environmental conditions and
against target and non-target organisms.
Any compound(s) or approaches that show
promise would be fast-tracked for further
development with industry partners to
progress it to the registration stage.
Development of management strategies for
the control and eradication of feral Tilapia
populations in Australia
Objectives for this project are threefold:
collection of critical ecological and
life history data that will enable
implementation of successful control
strategies and assist in the planning of
education and extension programs
• model and evaluate a range of
management scenarios that can be used
for the control of Tilapia in Australia
• recommend and participate in the
development of control strategies for
Tilapia in Queensland.
This 2.5 year project started in June 2006.
Potential study sites have been identified
in the Barron River delta, Herberton Weir,
and in the Mulgrave and upper Barron
Rivers in north Queensland. To date, 1,460
Oreochromis mossambicus and Tilapia mariae
•
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have been caught. Gonad samples and
otoliths have been collected from these
fish and preserved for later processing
to provide information on reproductive
development, growth and population
age structure. The efficacy of a number
of sampling methodologies including
netting, electrofishing and trapping
are being assessed. An age validation
experiment has commenced and, to date,
about 50 O. mossambicus and 140 T. mariae
of various sizes have been injected with
oxytetracycline to mark their otoliths,
tagged with anchor tags to facilitate
later identification and then released.
This marking program will continue in
November 2006. Monthly sampling of feral
Tilapia populations will continue in 2007.
Integrated movement and migration of Carp in
the Murray-Darling Basin
The aim of this project is to determine
temporal and spatial movement patterns
of Carp to understand when, where, and
why they move around the MDB, over
timescales appropriate to their life history.
This work will help us understand Carp
stock-structure and quantify movement
among stocks, ‘triggers’ for movement
and whether aspects of this movement
behaviour create vulnerability to control
within Carp life history (e.g. aggregation,
passage through fishways etc).
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Carp of the appropriate size for susceptibility
studies, but a small preliminary study has
begun, and more extensive studies are
expected to begin in late November/early
December 2006.

Equipment has now been purchased and
supplied including:
•

•
•
•

30 data-logging acoustic receivers to be
deployed across the Victorian MurrayDarling with eight in place to date
(Goulburn, Broken, Campaspe and
Ovens Rivers)
100 coded acoustic transmitter tags
(40 with temperature sensors)
25 Tidbit water temperature data-loggers
300 PIT tags.

Identification of ‘hot-spots’ for Carp reproduction
in the Murray-Darling Basin

Animal Care and Ethics approval has
been granted for necessary procedures
within Victoria and an application has
been made to the NSW Animal Care and
Ethics Committee (ACEC) for approval for
procedures in that State.
A purpose designed database is being used
to track the status of all transmitters and
receivers.
Extension and education activities include a
presentation given by Paul Brown, program
leader, at the recent Asian Carp Forum in
Peoria, Illinois, USA. Discussions at that
meeting included Primary Investigators of
similar studies in the USA.
Koi herpesvirus: its potential as a biological
control agent for Carp
A number of different isolates of Koi
herpesvirus (KHV) have been imported
into the secure area of the Fish Diseases
Laboratory at the Australian Animal
Health Laboratory in Geelong. These
include isolates from the UK and the USA,
In addition, the necessary cell-lines for
culturing these viruses have also been
imported (i.e. the KF-1 and CCB cell-lines).
These reagents have all been tested by a
series of published KHV-specific polymerase
chain reaction (PCR) assays in order to
confirm the presence of KHV in the virus
samples, and demonstrate the absence
of virus in the uninfected cell lines. In
addition, a number of other PCRs specific
for various exotic pathogens of fish have
been used to demonstrate the absence of
known adventitious exotic pathogens in
these reagents. Viruses have been passaged
in cell culture, and aliquots of virus stored
for future use.
As part of the development of the tools to
complete the project, procedures for the
isolation of KHV in cell culture have been
established. Due to adverse environmental
conditions, it has been difficult to obtain
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Basin-wide sampling for this IA CRC project
began in the 2005–2006 breeding season.
Larval sampling in NSW over the past two
breeding seasons has identified the Gwydir
wetlands, Namoi wetlands, lower Boomi
River, Barmah-Millewa Forest, Hume Dam
and Lake Wyangala as ‘hot-spots’ for Carp
recruitment in their respective catchments.
However, given that the sampling regime is
restricted by climatic variables, with a very
small window of opportunity, a portion
of NSW river systems were not sampled.
Hence, IA CRC has continued sampling to
complete coverage of all river systems in the
MDB and replicate sampling in a selection
of river systems to strengthen the scientific
validity of the results, which are at present
only based on single samples. Results of
larval drift sampling suggest that dispersing
Carp larvae are weaker than larvae that
remain resident within spawning areas. This
project will also test the hypothesis using a
suite of larval condition indices on samples
of drifting and resident Carp larvae.
The identification of Carp recruitment
‘hot-spots’ will assist an Integrated Pest
Management (IPM) strategy by guiding:
•
•
•
•
•
•

•

appropriate spatial parameterisation of
the CARPSIM model
targeted control of adult Carp migrating
towards spawning areas
targeted control of spawning aggregations
exclusion of spawning adults from
spawning areas
control of dispersing juveniles from
spawning areas
control of sink populations through
limiting immigration from source
populations
identification of priority control sites.

Sensory attractants: identifying male and female
sex pheromonal attractants for the Common Carp
This project will develop chemical
attractants for Carp so that trapping for
removal might be improved. It focuses on
pheromones (chemical signals that pass
between organisms of the same species)
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because these cues are both potent and
specific, and there is good reason to believe
that Carp, like their close relative, the
Goldfish, rely heavily on these cues. In
particular, this project will develop means
to isolate, test, and eventually identify
pheromones released by both mature male
and ovulated (sexually-receptive) female
Carp that can be used to attract and remove
mature fish of the opposite gender. A
limited array of feeding attractants will also
be examined.
Goldfish behaviour will be tested in the
laboratory first to develop techniques
using a relevant model species, to then
confirm these techniques using electroolfactogram recording (EOG) from Carp,
and finally intensive field work with Carp
behavioural attraction. Both male and
female pheromones will be examined.
Initial field tests will be conducted in
Minnesota but all data and techniques
will be shared with Australian scientists
with whom a collaborative field test will
eventually be performed. The first two years
will examine the potential of both male and
female cues, while the third will focus on
developing the most promising set of stimuli
for identification and use. The project detail
has now been developed and will begin in
December 2006.

Movement between the shallow wetland
and lower Murray River habitats in
South Australia is annually predictable,
and results in localised accumulations
of Carp (spawning and over wintering
aggregations). Carp aggregations are
vulnerable to targeted removal programs
and allow focussed, effective Carp
management efforts. The proposed project
will focus on identifying ways of exploiting
Carp spawning aggregations at wetland
inlets by evaluating:

•

•

the migratory (and jumping) ecology of
Carp through wetland inlets
the application of existing Carp
Separation Cage (CSC) technology for
trapping and removing Carp at wetland
inlets
modifications to the existing CSC design,
including the incorporation of a ‘pushing’
trap component and trash racks to collect
floating debris
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physical (current-flow) and chemical
(food odours, other chemical stimuli)
attractants to optimise the uptake of Carp
into traps.

Carp separation cage (the ‘Williams’
separation cage)
In 2002, a new technology was developed
to combat the spread of Carp through
fishways. The development and testing of
the Williams’ cage, a co-operative project
between researchers at the ARI and
Goulburn Murray Water weir keepers,
with funding and support from the MDBC,
resulted in an innovative technology for use
throughout the Basin.
The present project details the results of
further research into a fully automated
Mark IV Williams’ cage. Between November
2002 and February 2006, the Mark III
(non-automated) and Mark IV (automated)
Williams’ cages were tested at Torrumbarry
Weir. The Mark IV system was refined for
separation of Carp and automatic release of
native fish. The Williams’ cage successfully
separated 83 per cent of adult Carp into a
confinement area. In contrast, of 19,641
native fish more than 99.9 per cent passed
through the Williams’ cage and exited the
fishway. Trials are complete and a final
automated design is recommended.
The construction of the new fishways
under the ‘Sea to Hume Dam’ program
provides an important opportunity for the
Williams’ cage to contribute to broad-scale
Carp population regulation. A Williams’
cage has already been adopted at Lock 15
fishway (Euston Weir), and another cage
has been tested in a riverine application
below Lock 1 where Carp are abundant.
Planning for more cages at the four new
Murray fishways (Locks 7, 8, 9 and 10) is
progressing well.

Spawning migrations and attractant flows:
Achilles’ heel exploitation of innate Carp
behaviours

•

•

Domestic and overseas interest in the
Williams’ cage has been strong, as the
system has potential application to
other nuisance fish species such as Sea
lampreys in the USA. The Carp research
at Torrumbarry fishway has resulted in a
major publication in the North American
Journal of Fisheries Management. The
Williams’ cage was also the focus of a
major study by students at the Engineering
Department of Melbourne University which
further added to the value of the project.
The Williams’ cage has been the focus of
numerous media stories including special
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pieces on the ABC programs Stateline and
Catalyst. The technology also won the
2004 David Ashton and Eureka Awards
(Land and Water Australia). The Mark
IV automated Williams’ cage is likely to
become a key tool within broader Carp
control initiatives and river rehabilitation
actions, providing a solid low-cost technique
for on-ground control efforts. Importantly,
the technology may also be used as an
education tool to encourage communitybased pest management and has potential
for commercial fishing applications. Further
key pieces of research will likely contribute
to greater separation efficiencies, applied
management outcomes for control of Carp
and broader rehabilitation of riverine
biodiversity.
A copy of the final report is available on
www.mdbc.gov.au/NFS.
Alien species workshop
Under the direction of the NFS IWG, a
workshop titled ‘Emerging Issues in Pest
Fish Management in the Murray-Darling
Basin, with a Focus on Redfin, Tilapia
and Weatherloach’ was held in Brisbane
on 30 and 31 May 2006 and hosted by
the Queensland Department of Primary
Industries and Fisheries. The specific aims of
the workshop were to:
engage the MDBC’s NFS IWG, State
agencies, conservation groups and other
key stakeholders in a review of the
current knowledge of the status, threats
and management of Tilapia, Oriental
weatherloach and Redfin
• use these species to identify a
management regime and knowledge
requirements that will guide the
investment of the NFS IWG and State
agencies in the management of alien
species in the Basin.
Information was presented on the known
impacts of Tilapia, Oriental weatherloach
and Redfin and the current status of
management of these species in relevant
jurisdictions. Queensland presented a
framework for alien species management
currently being used in that jurisdiction.
This framework was used as a catalyst for
group discussions on developing approaches
for alien species management in the Basin.
•

Discussions were also held on the suitability
of the draft Queensland framework and on
management recommendations. There were
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also specific group discussions related to
each of the three species and to general and
species-specific research requirements.
The workshop resulted in a large
number of research and management
recommendations both general and specific
to Tilapia, Oriental weatherloach and
Redfin. The recommendations will appear
in the full workshop proceedings, which
will be published in 2006–2007.
Alien fish in the Murray-Darling Basin
A guidebook for the identification, ecology
and management of alien fish in the MDB
was published in 2005–2006. Developed by
the World Wildlife Fund (WWF) with input
from the NFS team, the book is intended
as a concise guide to alien fish species
in the MDB for
anglers, landholders,
Alien fish
and community
in the
Murraygroups. It provides
Darling
basic biological
Basin
information on the
11 species already
present in the MDB,
as well as Tilapia.
Copies are available
from the MDBC.
Carp management
planning for South Australia
An assessment of the community interest
in developing Carp management or action
plans for the South Australia MDB was
undertaken by Rural Solutions South
Australia. From this assessment, it is
evident that the community is interested
in the development of Carp action plans
that lead to on-ground action, but are not
interested if plans are developed and not
implemented.
The community believes that its role is
to undertake the management of Carp at
the anabranch or wetland level, whereas
actions to manage Carp in the main stem
and Lower Lakes should be undertaken at
the Government and NRM Board level due
to the scale of the issue and time required
for progress to occur. Additional awareness
through newsletters is an important first
step and should be undertaken before
initiating formation of Carp control groups
and development of action plans.
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The project team additionally recommended
that:
•

•

•

•

updated information on Carp control
methods and options be made available
and incorporated into new wetland
management plans
hotspots of Carp recruitment be identified
to increase impacts of planning activities
on the population
dedicated State or Commonwealth
funding be available to undertake actions
identified in the plans
further surveys of identified community
members regarding interest and
involvement in developing Carp
management plans be undertaken
and a contact list be created for direct
communication in SA.

Assessment of the Carp Guide
A review of Ranking Areas for Action: A Guide
for Carp Management Groups (‘the Guide’)
was conducted during the year. In short, the
review found that:
•

•

•

The Guide and workshop process was
successful in that it demonstrated
that a local and regional approach to
planning for Carp management could be
undertaken in a practical and effective
way, with multiple benefits which
include: individuals learning more about
their local/regional catchment and
aquatic environment; an exposure to
different values and views about Carp
management; and greater clarification of
priorities and issues associated with river
and catchment management.
The Guide and the workshop process
supporting its implementation should
be revised to reflect and take advantage
of the initiatives that have influenced
policy directions since 2000. This
includes TLM program and the regional
NRM arrangements for planning and
delivery of significant funds supporting
the Natural Heritage Trust 2 and the
National Action Plan for Salinity and
Water Quality. It should also reflect policy
directions advocated through Pestplan,
the Pestplan Toolkit, and the NFS.
Roles and responsibilities need to be
well articulated so that participants
know that further implementation
of workshop plans will require
control and involvement by and for
participants and not the MDBC. Differing
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expectations and poorly understood
roles and responsibilities can lead to poor
relationships and on-going tensions. Carp
act as a good ‘hook’ for some people to
become involved, as they can clearly link
their interests with the process.
State and Territory highlights
Queensland continued to implement
a new approach to the control of alien
species, with the initial emphasis on
Tilapia. Vulnerable catchments, where
invasion may occur due to proximity to
existing infestations, have been identified.
Widespread community consultation has
occurred to assist with the education and
extension program and early detection of
new infestations. DPI (Fisheries) is refining
a response framework that will ensure
quick and appropriate action to all new
infestation reports.
‘Carpbuster’ competitions, which help
educate the community on the problems
associated with invasive alien species and
assist recreational fishers to raise money
for native fish rehabilitation, are proving
popular in Queensland. In 2005–2006,
more than 300 participants took part.
In New South Wales, preliminary
consultation with the aquarium industry
in regard to the listing of a number of
additional species (both existing pests and
potential new pests) as noxious species
took place. In December 2005, the National
Ornamental Fish Policy Working Group,
with representative from all States and
Territories, released the document A Strategic
Approach to the Management of Ornamental
Fish in Australia, which contains a proposed
national list of pest fish species and new
regulation of the ornamental fish industry.
Public consultation has been completed and
the revised strategy is going through the
approval process.
Primary Industries Research Victoria
(PIRVic) is the lead agency in a major
new project which commenced early in
2006, which will integrate the efforts of
State and Federal agencies in marking and
recapturing (or re-locating) individual
Carp to determine temporal and spatial
movement patterns across the Basin. This
groundbreaking project will quantify the
extent that movement behaviour creates
‘vulnerability-to-control’ within Carp
life history and inform integrated pest
management strategies for Carp.
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The Barmah-Millewa Forest (BMF) is
recognised as an Icon Site under TLM
program, of significance to native flora and
fauna. However, recent research has shown
that the floodplain lakes are also a major
recruitment source for Carp in the midMurray River.

scientific data regarding their status, biology,
and the impacts of potential threatening
processes, limits the ability to validate the
reported declines, and develop successful
management strategies. To help redress this,
the NFS has funded a project to review and
assimilate all available research on Murray
crayfish (both published and accessible
unpublished material), and identify key
knowledge gaps relevant to sustainable
management of the species.

In 2005–2006, the William’s Carp separation
cage was further developed and tested. A
fully automated cage has been separating
up to 90 per cent of Carp from native fish
at Torrumbarry, in Victoria, and there have
been virtually no instances of native fish
being separated into the Carp area. South
Australia is also contributing to research
into maximising the effectiveness of Carp
separation cages by testing a range of
chemical attractants to exploit the sensory
abilities of Carp by attracting them into
traps.

The significance of Murray cod to
Aboriginal communities
This project drew on existing information
and interviews with eight targeted
Aboriginal communities across the Basin to
document the cultural significance of the
Murray cod to Aboriginal people. Cultural
significance was interpreted widely, and
as expressed by the project’s Aboriginal
contributors, cover all aspects from precontact creation stories through resource
usage to contemporary recreational fishing
and social activities. The project revealed
a significant continuing, but evolving,
cultural association with the species that
is expressed to differing degrees and in
varying forms across the Basin. A distinct

In South Australia, two PhD students
commenced projects on Carp control
mechanisms in 2006. One project evaluate
the migratory and jumping behaviour of
common Carp at wetland inlets for the
development of an efficient trapping system.
The other aims to evaluate the construction
and configuration of Carp exclusion screens
to inform the development of operational
standards that govern their construction,
use and management within the MDB.

3.1.5 Protecting threatened fish
species

The Murray crayfish is a large freshwater
species that is the basis of a popular
recreational fishery in many areas
the southern MDB. Despite the social
importance of the crayfish, virtually none
of the research undertaken on its status,
biology or potential threats to the species
has been published. The majority of data is
only available as unpublished departmental
manuscripts, theses, secondary references
to unpublished data, or in items published
outside of peer-reviewed scientific journals.
Consequently, information about Murray
crayfish is generally either difficult to access
or inaccessible.
The perception of rural communities
and recreational fishers is that Murray
crayfish populations have declined in
distribution and abundance over the
last 50 to 60 years. However, the lack of
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Photo: Gunther Schmida

Scoping the knowledge requirements
of Murray crayfish

Murray crayfish
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Transmitter being inserted into a Murray cod

significance gradient is apparent, with the
Murray cod’s cultural importance, both
traditionally and today, being strongest in
the Lower Murray Region. However the
species retains a powerful symbolism for
Aboriginal people across much of the Basin,
representing continuing links to country
and strength of culture. In a convergence
of views with the wider community, many
Aboriginal people now also view the Murray
cod as a representation of the river’s soul
and an indicator of its health. Follow-up
consultations with a number of communities
will conclude in late 2006, prior to the
completion of a final project report.
Protection and enhancement of Murray
cod populations
This project, managed by ARI in Victoria,
investigates the role that anabranches of
the Murray River have on Murray cod
populations, with a focus on the importance
of anabranch-Murray linkages during the
cod breeding season. Study sites are the
Ulupna Creek near Tocumwal and Mullaroo
Creek situated approximately 50 km west of
Mildura.
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During 2005–2006, a total of 37 cod of
varying size-classes (ranging from 355 mm
to 1,270 mm total length) were captured
and fitted with radio-transmitters (in
addition to the 48 cod tagged during
August 2004). The eight remotely accessible
receiver/logger stations established during
2004 to record large-scale fish movements,
as well as periodic tracking by boat (to
verify fish locations and transmitter
function), were used to monitor movements
into and out of these anabranch systems.
Movement patterns over the 2005 spawning
season validate the patterns observed
during the 2004 spawning season, with the
following outcomes:
•

•

All 17 immature tagged cod captured in
both the Mullaroo and Ulupna Creeks
used the same areas as home sites (that
is, negligible movement was observed
during 2004 or 2005)
The Lindsay River cod population
(representing 26 per cent of the total
numbers of cod tagged) used Mullaroo
Creek during the spawning period (a
‘block movement’ from the Mullaroo
Creek back into the Lindsay River was
observed post-spawning)
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•

•

•
•

•

•

Mature-sized cod undergo medium to
large range movements within and out of
anabranches during the spawning season,
and mature cod generally prefer the
Mullaroo as a spawning site
21 per cent of migrating females travelled
into the Murray River during the
spawning season
Higher flows appear to play a large role in
negotiation of the upper Mullaroo barrier
Legal angling and illegal poaching are
flagged as having a major potential
impact upon the Mullaroo cod
population, with 15 per cent of tagged
fish (verified by anglers returning tag
information) taken legally in their first
year
Mature cod travelled large distances
upstream (e.g. 200 and 60 km in two
instances) at the start of the spawning
season, and the Ulupna Creek junction
was the preferred site over this period
Adult cod repeatedly moved in and out
of the Ulupna Creek during the spawning
season.

A technical workshop to discuss data
sources and statistical techniques was
held on 15 November 2005, attended by
representatives from all State agencies
involved in data provision. Agency
representatives identified data sources
not previously provided by agencies and
steps are now being taken to source this
additional data through agency contacts.
A range of statistical techniques and
results were presented. Comments from
the workshop participants with respect to
analytical techniques and presentation are
being incorporated into a revised version of
results analysis, which will also include any
additional data collected.
Spatial distribution project
Currently, data on fish distribution is
stored in a number of disparate locations
including individual State agency databases,
museums, native fish society records,
scientific papers, technical reports and
research theses. The NFS has funded the
development of a database to provide
a single repository of information. This
database will:
•

enable the generation of maps of the
distribution of species
enable transfer
•
of knowledge of fish
distribution across State
boundaries
inform the
•
assessment of
development proposals
where it is important to
know potential species
present in particular
locations
inform restoration
•
programs where
knowledge of potential
species present would
help determine habitat
restoration priorities.

Source: MDBC

Ongoing research during the 2006 spawning
season will further clarify movements and
spawning behaviour.

Meta-data analysis

Example of map produced from ‘Spatial distribution of fish’ project
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State and Territory highlights
A national recovery plan is being developed
for the threatened Murray cod and
several research projects are extending
understanding of the species’ ecology
and conservation needs. Queensland has
contributed a large data set to a study
of Murray cod age and growth being
conducted by the University of New
England, the results of which will assist
management of the species. Victoria is
also researching cod, particularly species’
habitat requirements and movement
patterns. A PhD thesis, completed in 2006,
has improved understanding of spawning
times and conditions, larval abundance and
drift. Movement of adults was radio-tracked
and found to be associated with woody
instream habitat with structural diversity
and overhanging vegetation. Initial results
from a three-year study to investigate the
movements of cod indicate that immature
cod do not migrate significant distances and
mature size cod undergo medium to largescale movements within and out of the
anabranch systems, up to 200 km upstream
during the spawning period. Legal angling
was flagged as having a major potential
impact on cod numbers.
In 2005–2006 Victoria’s DSE ARI began
a project to assess the status, habitat
requirements and threats to the endangered
Macquarie perch in their region. Although
surveys detected good numbers in
many areas, a stressed, parasite-infested
population was found in the Broken River,
thought to be exacerbated by unrestricted
access of cattle to pools and the lack of
streamside vegetation.
Another endangered species, the Trout cod
has only one naturally occurring population
in the Murray River between Yarrawonga
and Barmah Forest. Since 1986, Victoria
has released hatchery-reared fingerlings in
efforts to re-establish populations, but early
stocking rates proved ineffective. Increased
stocking is bringing more promising results,
supported by research, resnagging and other
work to enhance habitat.
Only a few remnant populations of Murray
hardyhead occur in Victoria. Recent
research has indicated that the species is
largely annual and that failed recruitment
in a single year may be catastrophic to a
population.
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The ACT recorded recovery in the numbers
of Two-spined blackfish following significant
declines after the 2003 bushfires; this
species along with Macquarie perch,
responded well to environmental flows
modified for the drought conditions to
facilitate spawning. After a preliminary trial
identified molecular markers, funding was
secured for further work to characterise
genetic variability within and between
Macquarie perch populations in the Upper
Murrumbidgee catchment.
In 2006, the South Australian Government
released the draft Fisheries Management
Bill for public consultation. The Bill updates
and improves the Fisheries Act 1982 and has
provisions that allow a more ecosystembased approach to managing fisheries. The
objectives include conservation objectives
and management plans, which will include
a risk-based assessment of ecosystem
impacts.
Funding was received for the development
of an Action Plan for Freshwater Fish
in South Australia following a report
that showed that over half the 58 native
freshwater fish species in the State were
threatened, many seriously.
Monitoring results from core sites for
the locally endangered Southern pygmy
perch, collected between 2001 and 2005,
were reviewed. The general trend was of
some response and recovery (via strong
recruitment) of populations to conditions in
spring 2003. Improved information allowed
the downgrading in conservation status
of the Lake Alexandrina population, but
revealed declines in the condition of other
endangered sub-populations, especially at
Angas River.
Monitoring at approximately 70 wetlands
on South Australia’s Murray River
continued. The sites have been surveyed
during autumn and spring since 2003 for
six biotic and abiotic components including
fish, vegetation, birds, frogs, macroinvertebrates, groundwater and surface
water (water quality). The comprehensive
surveys have contributed significant new
data on the distribution and abundance of
native and alien wetland fishes and helped
to resolve the conservation status of several
freshwater species including Freshwater
catfish, Silver perch, Murray-Darling
rainbowfish, Dwarf-flathead galaxias, and
Unspecked hardyhead.
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3.1.6 Managing fish translocation
and stocking
Review of the impacts of native fish
stocking on fish within the MDB
Whilst each State or Territory in the Basin
has a stocking program for both native
and alien fish, the impacts of stocking on
native fish species and communities is not
well known. The workshop on Managing
Fish Translocation and Stocking in the MurrayDarling Basin held in 2002 acknowledged this
fact and recommended that ‘impacts at both
the stocking site and in adjacent aquatic
habitats need to be considered, with a
review and consolidation of the information
describing these impacts required urgently’.
To this end, the MDBC contracted the
University of Adelaide to undertake a
review of the impacts (both positive and
negative) of stocking native fish. This review
deliberately focussed on stocking of native
species. Another project currently underway,
funded by the Australian Government, is
investigating the impacts of salmonids on
native fish.

National workshop on research and
development priorities for stock
enhancement, fish stocking and
stock recovery
In February 2006, Recfish Australia, at
the request of the Fisheries Research
and Development Corporation and with
MDBC sponsorship, held a workshop
titled ‘National Workshop on Research
and Development Priorities of Stock
Enhancement, Fish Stocking and Stock
Recovery’. The main objective of the
workshop was to identify the key research,
development and extension needs
associated with finfish stock enhancement,
fish stocking and stock recovery.
The importance of engaging recreational
fishers and community groups from the
planning to the implementation stages
of stock enhancement programs was
highlighted, as was shifting the focus from

Photo: Environment ACT

The NFS-funded project identified fish
species and communities that require
further work to accurately assess actual
or potential impacts of fish stocking,

and identify areas where improved
management practices may reduce the
adverse impacts of stocking and increase
the success of threatened species stocking
and translocation programs. The project
also identified research needs and
knowledge gaps that are currently inhibiting
improvements to fish stocking practices or
management.

Trout cod fingerlings ready for release
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Photo: Dave Crook

inputs (e.g. numbers of fish released)
to outcomes (e.g. what type of fishery
does the community want). Workshop
participants also noted that there is a
need for stock enhancement planning
and management to be integrated with
fisheries and wider natural resource
management. The workshop proceedings
and a strategic document on priorities have
been published, and researchers and others
will be encouraged to develop projects that
address the priorities. For a copy of these
documents go to www.frdc.gov.au
Discrimination of stocked/wild fish
project
Fish are commonly used as biological
indicators in river health assessment
programs, such as the Sustainable Rivers
Audit. A continuing problem for fisheries
agencies, however, is the difficulty of
discriminating stocked fish from wild fish
in monitoring and assessment programs.
As part of the NFS, the MDBC funded a
project titled ‘Improved Methodology for
Discrimination of Stocked and Wild Native
Fish’, which aims to evaluate and develop
methods for the identification of fish
produced in hatcheries. The project is being
conducted by a research team from three
organisations—the ARI, the University of
Adelaide, and the NSW DPI.
Initially, a review of literature relating
to existing and proposed methods for
discriminating hatchery and wild-bred
fish was completed to allow for the
evaluation of promising options. Several
methodological approaches have since
been trialled over the past year as part
of the project. Injection of female brood
stock Golden perch with Barium during
the hormone injection stage of production
was trialled at the Narrandera hatchery in
March 2005 as a means of mass-marking
the otoliths of the progeny. Initial chemical
analysis has shown that there are elevated
levels of Barium in the otoliths of treatment
fish compared to control fish, suggesting
that the method has potential as a practical
and cost effective means of marking
hatchery produced fish. Further analysis is
currently being undertaken to confirm the
preliminary results.
Trials of an ‘osmotic induction‘ method
of mass marking Golden perch fingerlings
with the fluorescent compounds Calcein
and Alizarin Red S were completed
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A fish marked with calcein using the ‘osmotic induction’
method

in 2005 at the Arthur Rylah Institute.
Early results showed that externally
visible marks and otolith marks could be
applied to large numbers of fish within
20 minutes with little or no associated
mortality. Experiments were also
conducted at the University of Adelaide to
determine whether immersion of fish in
solutions containing rare earth elements
(Lanthanides) and enriched isotopes of
Barium and Strontium can be used to
batch mark Golden perch fingerlings. These
experiments have examined the effects of
pH and alkalinity on the uptake of chemical
marks, allowing for an assessment of
whether manipulation of water chemistry
in hatcheries would be necessary for mass
marking fingerlings using this method. The
fish from the marking trials are currently
being grown out in aquaria to determine
mark retention and any effects of the
marking procedure on long-term growth
and mortality.
State and Territory highlights
In February 2006, Queensland hosted a
workshop to develop national priorities
for finfish stock enhancement and
management. The participants called
for the development of a set of national
protocols. They also recognised the need
for the integration of stocking management
into broader fisheries and natural resource
management.
In New South Wales, the Minister for
Primary Industries gazetted the NSW
Freshwater Fish Stocking Fishery Management
Strategy and it was implemented during
the 2005–2006 stocking season. Every
stocking event is assessed to ensure that it is
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consistent with the stocking review guidelines.
A broodstock policy is in development.
As part of the national recovery effort
for the endangered Trout cod, NSW DPI
supplied stocks to the ACT. In December
2005, 20,000 fry were stocked at Kambah
Pool on the Murrumbidgee River, 13,000 at
Michelago and 10,000 at Yeumburra in the
Murrumbidgee immediately upstream and
downstream, respectively, of the ACT. The
ACT also commenced a project to establish
a new population of Macquarie perch in the
upper Cotter River in recognition of the risk
of having a single population of this species
at the bottom of the catchment.
Victoria began the process of developing
Fisheries Management Plans, starting
with the North East, where community
views were sought on recreational fishing
interests and needs. Every year, on average,
$1.2 million of funding is granted from
recreational fishing licence fees some of
which is allocated to fish stocking. In 2005–
2006, 900,000 native fish, mostly Golden
perch or Murray cod, were released into
inland rivers and impoundments. A project
was initiated to improve understanding
of the impacts of recreational fishing on
populations of the endangered Murray cod
and the adequacy of current regulatory
restrictions for sustainability of populations
and the harvest. Molecular research yielded
the unexpected result that cod are not
strictly monogamous. Work on changes in
the genetic structure of the population over
the past 50 years is underway and gene
markers are also being sought to assist a
selective breeding program for a growing
Murray cod aquaculture industry.
South Australia completed a review of
trout stocking in the State and made
several recommendations. As part of
considerations for the stocking of native
fish in a constructed wetland, Laratinga
Wetlands on the outskirts of Mt Barker,
some guidelines were drafted for best
practice in native fish translocation. The
Flathead gudgeon was selected as most
suitable and the progress of the stocking is
being monitored. In June 2006, State and
Federal Government agencies took part in
a desktop exercise and discussion of the
management of emergencies in aquatic
settings or aquaculture facilities. Participants
upheld PIRSA’s existing Aquatic Animal
Health Plan and identified opportunities for
improvement in the response protocols.
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3.2 Other projects and
activities
Effects of environmental flows on
lateral fish movement
The project ‘Effects of Environmental
Flow Allocations (Environmental Water
Allocations (EWA)) on Lateral Movements
of Native Fish in the Barmah-Millewa
Forest’ is in its third year of funding.
This project is aimed at understanding
the timing (flow/temperature) of fish
movements to and from floodplain (lateral)
areas, particularly around regulators.
Understanding when, how and why native
fish move laterally into off-stream habitats,
particularly during flow events, is essential
for their management. Similarly, safe
passage of native fish to and from wetland
systems such as the Barmah-Millewa
Forest is likely to play a significant role in
maintaining healthy native fish populations.
Results to date suggest that a variety of
native fish (large and small), for example
Murray cod, Trout cod, Golden perch, Silver
perch, gudgeons, Australian smelt, and
hardyheads utilise off-stream areas within
the Barmah-Millewa Forest. Results also
suggest that both large and small-bodied
native fish become stranded in regulated
off-stream areas. Gonad staging of largebodied fish stranded behind regulators has
found that spawning was likely, but was
interrupted by regulator operations, i.e.
closure. This phenomenon needs further
investigation.
Interestingly, radio-tracking of Murray cod
and Golden perch in an unregulated system
has revealed that they regularly move
between main-stream and off-stream areas
with changes in flow, without becoming
stranded, that is, they move into the
Murray River main-stream with decreasing
flows and into off-stream areas (i.e. creeks)
with increasing flows. This result appears to
be in contrast to regulated areas.
A trial radio-tracking experiment has also
found that once flows return to regulated
off-stream areas, Golden perch will move
to try to escape the area they have been
stranded in and return to deeper refuge
areas such as the Murray River. So far all
fish have moved downstream in order to
escape to deeper refuge waters; however, a
partially closed regulator hindered upstream
movements. It is hoped that the experiment

I M P L E M E N TAT I O N

R E P O RT

2 0 0 5 – 2 0 0 6

species, widespread species and some
species restricted to the northern Basin.

can be repeated with a fully opened
regulator, which will not hinder upstream
movement.

The pilot study involved tank-based and
field-based experiments. These investigated
tag retention, post-tagging survival and
the potential to recapture tagged fish.
Tagging systems trialled were visible implant
elastomer (VIE) tags in Bony herring
and small species such as gudgeons and
hardyheads, and PIT tags in larger species
such as Spangled perch and Hyrtl’s tandan.

The lack of an EWA during the life of
the project has meant that the effects
of targeted water release on native fish
movement to and from off-stream areas
remain unknown. Such information needs
to be documented so that EWAs can be
effectively targeted whilst maintaining
native fish passage. Such information will
be applicable to floodplains throughout the
MDB.

Pilot fieldwork was conducted in the driest
summer in the region for 130 years. Much
of the pilot tagging and release of fish was
done in lagoon habitats. Unfortunately two
of the lagoons (which are normally semipermanent) dried up during the pilot, so
it wasn’t possible to do a comprehensive
assessment of post-tagging survival and
recapture rates in the wild. Nevertheless,
some fish were recaptured from the lagoons
prior to their drying up and also from
river sites and a permanent lagoon site.
Recaptured species included Bony herring,
Hyrtl’s tandan, Spangled perch, rainbowfish,
Freshwater catfish, and Carp gudgeons.

NFS forum
A two day forum was held on 14 and 15
June 2006 to gauge the progress that has
been made from the vast array of activities
and projects conducted under the NFS
banner and to provide direction for future
years. The forum included 36 progress
reports on specific projects carried out
under the Native Fish Strategy, grouped
into sessions reflecting the six driving
actions of the NFS. Additionally, a series
of panel discussions at the end of each
session was used to synthesise outcomes
and recommend future research and
management activities.

Research reaches for the field study were
chosen on the Condamine River west of
Condamine and on the Macintyre River
west of Goondiwindi. Both areas include
lagoon habitats connected to the river via
anabranches during minor flooding, and
permanent river pool habitats. Fish have been
tagged and released in both lagoon habitats
and riverine habitats. In order to detect
movement between the river and lagoons
and the reverse, river tagging sites have been
selected both upstream and downstream of
lagoon anabranch inlets and outlets.

Meso-scale movement patterns of
native fish
The aim of this project is to investigate
meso-scale movements of fish species
and/or life history stages for which there
is little existing information. The project
commenced in September 2004. Key
achievements to date include completion
of the pilot study, formation of a steering
committee, selection of sites, completion of
a draft literature review, commencement of
the main study and tagging of 5,000 fish.
The draft literature review was completed in
April 2005. It identified existing knowledge
on movements of freshwater fish species,
methods for studying movements and
knowledge gaps.
Based on knowledge gaps identified in the
literature review, the following species
and life history stages were selected for
movement studies: Carp gudgeons, MurrayDarling rainbowfish, hardyheads, Olive
perchlet, Spangled perch, Hyrtl’s tandan,
Freshwater catfish, Bony herring, and
juvenile Golden perch and Murray cod.
These include both common and threatened
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For VIE tagging the river has been broken
up into tagging zones. Each zone is denoted
by a different tag colour. Within each zone
a body location for the tag is used to denote
a release area within the zone. In this way
it is possible to detect movements of 250
metres or more within a zone, as well as
longer distance movements (up to 20 km)
between zones. PIT tagged fish are also
tagged and released in the same areas.
Approximately 5,000 fish have already
been tagged (including all of the species
listed above). Carp gudgeon, rainbowfish,
Bony herring, Spangled perch and juvenile
Golden perch represent the bulk of fish
tagged to date.
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There have not yet been any trips
specifically aimed at recapturing tagged fish,
but some fish have been recaptured three
months after release during subsequent
tagging trips. To date no movements
greater than a few hundred metres have
been detected, except for a Spangled
perch that moved 1.2 km within a large
permanent lagoon. Recapture trips will
resample tagging sites and areas upstream
and downstream. Recapture data will not
be the sole source of information on fish
movement. Standardised electrofishing
surveys will be conducted to detect
differences in abundance and/or species
composition between sites. These can be
used to infer movement. Fyke net sets
will also be used to determine if there is
net movement upstream, downstream or
(during flood events) onto or off the flood
plain.
Native fish and wetlands workshop
The MDBC sponsored a workshop on
‘Native Fish and Wetlands’ in Canberra on
7–8 June 2005. The Workshop explored
in detail some of the more pertinent issues
relating to fish and wetlands, including
the significance of floodplain wetlands
for Murray-Darling Basin fish species,
the impact of invasive fishes on wetland
ecosystems in the Basin, and the need to
take more integrated
approaches, involving
regional and catchment
groups, private
landowners, anglers,
NGOs, big business
and government.
The Proceedings of
this workshop were
published in 2005–2006
(copies are available
from the MDBC).

Central Murray Environment Festival
Sponsorship
In June 2006, Victoria’s Native Fish
Strategy Coordinator, along with fish
scientists from Department of Sustainability
and Environment (Vic), ARI, and the
Chairperson of the CST, participated in the
Central Murray Environmental Festival held
at Swan Hill. This event, which was funded
by the NFS, aims to give a large number
of primary schools students exposure to
a range of environmental issues in their
district. Issues discussed included waste
management, Landcare, national parks,
Indigenous issues, Waterwatch, salinity,
Landlearn and native fish.
School students came from the following
schools: Swan Hill North, Piangil, Lake Boga
and St Mary’s (Swan Hill), Swan Hill,
Manangatang, and Son Centre Christian
School. Workshops were held on native fish
issues, with each presentation including:
•
•

•

•

•

listening to students’ views on fishing
discussion of fish passage issues (using
demonstration of the vertical slot fishway
model)
games to explain differences between
fish, their movement, habitat
requirements, sizes and breeding (using
specially designed fish heads)
discussion on what students can do to
improve native fish populations and
habitats
question time.

ASFB sponsorship
The NFS was a major sponsor of the
Australian Society for Fish Biology (ASFB)
Workshop and Conference, held in Darwin
11–15 July 2005. The theme for the
workshop was ‘Monitoring Fish Stocks and
Aquatic Environments’.
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3.3 Infrastructure

During 2005–2006, membership of the
IWG/Fish Management and Science
Committee comprised:

3.3.1 The NFS Implementation
Working Group

•
•

The NFS Implementation Working Group
(IWG; formerly the Fish Management and
Science Committee) met in October 2005
(Brisbane), February 2006 (Canberra) and
May 2006 (Brisbane). Major outcomes of
these meetings included to:
•
•
•
•
•
•

•
•
•
•

highlight key issues to be progressed at
NFS-hosted workshops
prioritise knowledge gaps for research
funds
develop an evaluation process for new
projects
progress a fish kill protocol for the Basin
review the NFS Communication Strategy
revise its Terms of Reference.

•
•
•
•
•
•
•
•
•

Photo: Alex McNee

•

Mr Scott Keyworth, MDBC (Chairperson)
Mr Jim Barrett, MDBC
Mr Paul Bennett, DSE
Ms Sarah Hatch, DEH
Mr Craig Copeland, NSW DPI
Dr Peter Jackson, Qld DPIF
Dr John Harris, consultant
Mr John Koehn, DSE
Mr Mike Schultz, Murrumbidgee CMA
Mr Mark Lintermans, Environment ACT
Ms Alice Fistr, PIRSA
Mr Alex McNee, DAFF
Mr Jon Presser, PIRSA
Dr Peter Kind, Qld DPIF
Dr Michael Hutchison, Qld DPIF
Dr Qifeng Ye, SARDI

NFS IWG members inspect Tilapia control activities in Queensland
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Native Fish Strategy
Implementation Working Group
•

Terms of Reference

demonstration reaches in the MurrayDarling Basin;
Provide direction, as required, to NFSrelated Taskforces;
Provide timely periodic reports and an
annual consolidated Basin report on the
implementation of the NFS; and
Provide advice to the CE on the
suitability of reports funded under the
NFS for publication and distribution.

Provide high level advice through the
NRM Committee to the Commission
on fish conservation, rehabilitation and
management issues in the Basin, especially
in relation to the implementation of the
Native Fish Strategy (NFS).

•

Under the direction of the NRM
Committee, the NFS will:

Membership

•

•

•

•

•

The NFS IWG comprises:

Identify emerging or potential issues in
fish conservation and management that
may be applicable to Murray-Darling
Basin fish communities;
Provide advice to the jurisdictions and
other MDBC committees and working
groups (such as TLM, SRA and RMW)
with respect to implementation of the
NFS and rehabilitation and protection of
native fish and their habitats;
Advise the NRM Committee on strategic
issues and risks, priority actions and
costs related to, the Strategy’s objectives
and driving actions;
Advise the NRM Committee on the
resources and timelines required to
implement the Native Fish Strategy
within jurisdictions, and provide a
mechanism for the securing of those
resources to meet Basin objectives;
Promote the integration of Basin-wide
fish management and conservation
issues across, and pursue two-way
communication with, the range of
departments, agencies and policies;
Coordinate and advise on the
establishment and implementation of

a. The Director of Strategy
Implementation, as Chairperson;
b. The Manager of the NFS, as Executive
Officer;
c. A senior policy representative and a
scientific representative from each
jurisdiction;
d. A senior representative from the
Australian Government agriculture &
fisheries portfolio, and environment
portfolio;
e. An independent scientific expert; and
f. A representative nominated by the
Community Advisory Committee, as an
observer.
Taskforces established and reporting to the
NFS IWG are:
a. Fish Passage Taskforce;
b. Murray Cod Taskforce;
c. Community Stakeholder Taskforce; and
d. Native Fish Strategy Coordinators.
The NFS IWG meets on an “as needed”
basis, usually three to four times per year.

Photo: Jason Higham

•

•

Murray River
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3.3.2 The NFS Coordinators

•

The Coordinators met in July 2005
(Adelaide), October 2005 (Mildura),
February 2006 (Canberra), and June 2006
(Melbourne). In addition, they participated
in the NFS Tour in May 2006. Some of the
major outcomes of these meetings included:
•
•
•
•

identification of communication needs
and development of educational material
progression of the demonstration reach
concept in each jurisdiction
development of detailed work plans for
Coordinator activities
development of NFS Annual
Implementation Reports.

•

•

•

In 2005–2006, the NFS coordinators were:
•
•
•
•

Ms Sharon Molloy, Mr Mark Neeson and
Ms Milly Hobson, New South Wales
Mr Jason Higham, South Australia
Ms Natalie Baker and Dr Peter Jackson,
Queensland
Dr Janet Pritchard and Ms Pam Clunie,
Victoria.

The MDBC has contributed to the
employment of Native Fish Strategy
Coordinators in each Basin State. The role
of the NFS Coordinators is to:

•

•

raise the general awareness of the NFS in
the jurisdictions

Contact details of the NFS Coordinators can
be obtained from the MDBC.

Photo: ARI

•

•

engage with stakeholder groups such as
catchment management organisations,
non-government organisations,
Indigenous peoples, local government,
fishing groups, landholders and industry
ensure regional natural resource
management plans properly reflect the
objectives and priorities of the NFS
develop project briefs for NFS related
projects in the jurisdictions, including
through the major Australian
Government programs such as National
Heritage Trust (NHT) and National Action
Plan for Salinity and Water Quality (NAP)
prepare tenders and contracts for funded
projects under the direction of relevant
NFS IWG members; investigate and
provide reliable information concerning
the availability of funds, including
alternative sources of funding
assist NFS IWG members and the
community prepare proposals for the
development and implementation of
demonstration reaches
ensure a consistent approach to
implementation of key actions under the
NFS’s objectives across the Basin
undertake formal liaison with the MDBC
and associated groups.

An NFS coordinator in action
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3.3.3 The Fish Passage Taskforce

Fish Passage Taskforce

The Fish Passage Taskforce (FPT formerly
Fish Passage Reference Group) met in
December 2005 (Canberra) and March
2006 (Goolwa). Other than progressing the
construction of fishways (and monitoring
their effectiveness) at Locks 9, 10, 1 and 3
and the Barrages, major outcomes of these
meetings included:
•

•
•
•
•

Terms of Reference
On the premise that hydrology,
hydraulics and biology are three essential
and interrelated elements in developing
fish passage, the MDB Fish Passage
Taskforce will:

providing comments on design of
fishways at Pipeclay weir and Slaneys
weir in the Chowilla system
undertaking a workshop to assess future
priorities for Barrage fishways
developing an easy-to-read manual for
Lock staff at Locks 7, 8, 9 and 10
progressing automation of PIT readers on
River Murray fishways
progressing the idea of a small Denil-lock
fishway and steeper vertical slot fishway
for future use on the River Murray.

In 2005–2006, membership of the FPTF
comprised:
•
•
•

•
•
•
•
•
•
•
•

•

•

•

•

Mr Jim Barrett, MDBC (Convenor)
Mr John Prentice, RMW
Mr Andrew Berghuis, Southern Fishway
and Fish Communities Team, Queensland
DPI and Fisheries
Mr Cameron Lay/Dr Lee Baumgartner,
NSW DPI (Fisheries)
Mr Brian Cooper, NSW DPWS, Dams and
Civil
Mr Brenton Erdmann, SA DWLBC
Mr Darryl Jones, SA Water
Dr Martin Mallen-Cooper, consultant
Mr Tim O’Brien, VIC DSE (ARI)
Mr Angelo Rossi, SA Water (Project
Manager, Locks 1, 7, 8, 9 and10)
Mr Brenton Zampatti, SARDI.

•
•

•

on a Basin-wide level, integrate these
disciplines at a broad, strategic level
and at an individual site-specific level;
using these disciplines, ensure that
appropriate fishway designs are used at
particular sites, with consistency across
the Basin;
in the context of the above, provide
advice on fishway designs, including
on-site advice at specific locations as
required (and including low cost and/
or innovative designs) and (joint)
applications;
develop a Basin-wide fish passage
program for priority structures;
provide an emphasis on river ecology
and its relationship with fish passage;
ensure that there is an appropriate
monitoring and evaluation component
for each new fishway; and
make recommendations as appropriate
through the NFS IWG on the above
matters to the NRM Committee
(especially in terms of strategic fish
passage matters) and/or the RMW
Committee (especially in terms of “Sea
to Hume Dam” matters).

Membership
•
•
•
•
•
•
•

The Fish Passage Taskforce is
comprises:
The Manager of the NFS, as
Chairperson;
The Assets Manager, River Murray
Water;
Fisheries biologists and engineers from
the State/Territory jurisdictions;
A representative from SA Water
operations;
An independent scientific expert; and
The construction Project Manager.

The Fish Passage Taskforce meets on an
“as needed” basis, usually three to four
times a year.
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3.3.4 The Murray Cod Taskforce

•

The Murray Cod Taskforce (MCT
formerly Murray Cod Reference
Group) was established as the result
of a recommendation of the July 2004
workshop on Murray cod in Canberra.
The MCT is chaired by the Manager of the
NFS and includes representatives from the
following interests: recreational fishing,
indigenous, aquaculture, the conservation
movement, Native Fish Australia, ecology,
fish biologists and enforcement.

•

The Murray Cod Taskforce met face-to-face
in Canberra on 23 November and largely
provided input to the draft national Murray
Cod Recovery Plan.

•

During 2005–2006, membership of the MCT
comprised:

•

•

•
•
•
•
•
•
•
•
•
•

Mr Jim Barrett, MDBC (Chairperson)
Mr Dean Ansell, MDBC

Photo: Dave Harasti

•

•

Mr Phil Duncan
Mr Richard Ping Kee
Dr Stuart Rowland
Dr John Harris
Mr John Koehn
Dr Qifeng Ye
Dr Michael Hutchison
Mr Robert Loats
Dr Dean Gilligan
Mr Marc Ainsworth
Mr Mark Lintermans
Mr Ben Bowman
Mr Peter Teakle
Mr Les Kowitz
Mr Ron Lewis.

Chowilla Creek, South Australia
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Murray Cod Taskforce

•

the feasibility, design and
implementation of potential
additional Murray cod management
measures that are widely employed
in the conservation of other
freshwater and marine fisheries such
as closed areas; catch and release
areas; identification, definition and
declaration of critical habitats; and
trophy fisheries;

•

measures to further promote Murray
cod as an icon species

Terms of Reference
1. Under the umbrella of the MDBC’s NFS
IWG, provide regular advice through
the IWG to the NRM Committee,
Commission and Ministerial Council,
the MDBC Community Advisory
Council (CAC) and the NFS Community
Stakeholder Taskforce on key issues
such as:
• the identity, size, structure and
dynamics of cod populations;
•

the level of fishing catches from cod
populations;

•

levels of recruitment;

•

impacts of stocking efforts;

•

impacts of, and mitigation options for,
thermal pollution;

•

habitat management options and
priorities;

•

community liaison and involvement
in the management of Murray Cod;

•

the incidence, severity, causes of, and
responses to fish kills;

•

the adequacy of current management
arrangements, including the impact of
set lines on Murray cod populations;
appropriateness of current bag and
size limits and seasonal closures; and
future management options;

2. Liaise with and provide advice to the
Victorian Department of Sustainability
and Environment regarding the
National Recovery Plan for the Murray
cod in consultation with relevant
State and Territory agencies and other
regional natural resource management
groups and catchment management
organisations, thus ensuring that the
plan reflects the priorities in the Native
Fish Strategy, and any new research
findings that address key knowledge
gaps.
3. Identify, and develop project briefs for,
research priorities to assist decisionmaking in the management of Murray
cod.
Membership
The Murray cod Taskforce is comprises of:
a. The Manager of the NFS, as
Chairperson;
b. The Senior Project Coordinator, NFS, as
Executive Officer;
c. Fish biologists and enforcement officers
from the State/Territory jurisdictions;
d. Representatives from stocking groups;
e. Recreational fishing representatives;
f. An independent scientific expert; and
g. A representative from the conservation
movement.

Photo: Environment ACT

The Murray cod Taskforce meets on an “as
needed” basis, usually two to three times
a year.

Murray Cod Taskforce member Mark Lintermans with
a Murray cod
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3.3.5 The Community Stakeholder
Taskforce

•

In late 2001, the MDBC established
a Community Stakeholder Taskforce
(CST; formerly Community Stakeholder
Group) as one of three groups to assist the
Commission with the development and
implementation of its anticipated NFS. The
group is drawn from a range of stakeholders
including local government, recreational
and commercial fishers, the conservation
movement, the Indigenous community,
the National Carp and Pest Fish Task Force,
catchment management, tourism and the
Commission. Membership of the CST in
2005–2006 comprised:

•
•
•
•
•
•
•
•
•

Community Stateholder Taskforce
Terms of Reference

•

The terms of reference are, in relation to
the implementation of the Native Fish
Strategy, to:
•

•
•

•

•

•

•

provide advice to the NFS team and
the NFS IWG on the development of a
communications strategy, incorporating
information/technology transfer, to foster
community and political understanding,
involvement and support;
coordinate information and education
activities;
promote the preparation of material to
inform the community on native fish
management issues;
provide input from and develop links
with catchment groups, special interest
groups and educational institutions;
promote the incorporation of fish
management actions into local
and regional plans, operation and
maintenance of river restoration works
and assist in monitoring, education,
research and reporting;
promote effective liaison between
groups involved in all aspects of native
fish management; provide feedback
and advice to the NFS IWG on relevant
issues;
bring a strong and well focused
community perspective to support and

N AT I V E

F I S H

S T R AT E G Y

A N N U A L

Mr Adrian Wells, local Government/
community (Chairperson)
Mr Dean Ansell, MDBC
Ms Alison Colyer, conservation
Mr Phil Duncan, Indigenous
Mr Henry Jones, commercial fishing/
conservation
Mr Graham Pike, recreational fishing
Mr Richard Ping Kee, recreational fishing
Mr George Sossi, tourism
Mr Peter Taylor, recreational fishing
Mr Simon Bennison, aquaculture.

enhance the implementation of the
Strategy;
maintain links with the NFS IWG to
ensure a coordinated approach and
avoid duplication of work and waste of
resources.

Membership
The Community Stakeholder Taskforce is
comprises:
a. A representative from the MurrayDarling Association, as Chairperson;
b. The Senior Project Coordinator, NFS, as
Executive Officer;
c. Representatives from the recreational
fishing sector;
d. A representative from the commercial
fishing sector;
e. A representative from the indigenous
community;
f. A representative from the tourism
sector;
g. A representative from the aquaculture
sector; and
h. A representative from the conservation
movement.
The Community Stakeholder Taskforce
meets on an “as needed” basis, usually
three to four times a year.
A separate report prepared by the CST is
available at www.mdbc.gov.au/NFS.
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3.4 Community engagement

Publications

NFS Tour 2006

In 2005–2006, the following publications
were developed and made available through
the MDBC office and/or website:

Engaging the community is vital for the
successful implementation of the MurrayDarling Basin Commission’s Native Fish
Strategy, released in May 2004. In 2004,
the Community Stakeholder Taskforce
organised a tour to northern NSW and
southern Queensland. In May 2005, the
Taskforce undertook a tour down the
Darling River. In May 2006, the Taskforce
completed a tour of the Murrumbidgee
River between Tarcutta and Hay in southern
NSW and the Murray and Goulburn
catchments between Wakool, Shepparton
and Albury in southern NSW and northern
Victoria. The aim was to engage with
communities, raise awareness of the Native
Fish Strategy and to help the Strategy team
better understand fish and fish habitat
issues in western and north-western NSW.
The tour, covering some 1,500 kms, was
a combination of meetings, inspections,
information exchange, listening and
learning. The community showed an
encouraging interest in native fish and
habitat issues, Carp, managing riparian
areas, demonstration reaches, and
improving the management of fishing.
The Community Stakeholder Taskforce
is grateful for the support of individuals,
organisations and communities along the
Murrumbidgee, Goulburn and Murray
catchments for their assistance with
organising the tour, for their hospitality,
information and guidance, and for helping
them to gain a better appreciation and
understanding of these catchments.
A report on the outcomes of the tour is
available on www.mdbc.gov.au.
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•
•
•
•
•

WWF aliens book
Demonstration Reach workshop
proceedings
Native Fish and wetlands proceedings
Fish kills brochure
Fish and wetlands brochure.
Alien fish
in the
MurrayDarling
Basin

3.5

Knowledge generation

There is a lack of biological and ecological
knowledge of many of the Basin’s fish
species and communities. The Native Fish
Strategy seeks to initiate scientific research
that will provide new knowledge and thus
facilitate informed management decisions
and increase community awareness of fish
conservation issues. Knowledge gaps are
identified and prioritised for investigation by
the NFS Implementation Working Group.
Research undertaken during 2005–2006
is detailed below (Table 2). Note that this
table contains only those projects funded by
MDBC. For details of further research, see
the individual implementation reports for
each jurisdiction at www.mdbc.gov.au/NFS.
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Table 2: Key knowledge generation projects funded by the MDBC during 2005–2006

Project

Expected outcomes

Effects of environmental
flow allocations on
the lateral movements
of native fish in the
Barmah-Millewa Forest

•

•

•

•

Assessing the
effectiveness of
environmental flows
on fish recruitment in
Barmah-Millewa Forest

•

•

•

Spatial distribution of fish
in the MDB

•

•

Meso-scale movement
patterns of native fish

•

•

N AT I V E

F I S H

S T R AT E G Y

Lead investigator(s)

Procedures/protocols for
provision of fish passage devices
in the Barmah-Millewa floodplain
Operational protocols to
minimise impacts of regulators on
movement of native fish and their
larvae
Identification of major entry and
exit points to the floodplain and
major barriers to movement
Determination of significance
of lateral movements onto the
floodplain and management
implications

Arthur Rylah Institute

Improved management of
environmental watering strategies
for the Barmah-Millewa Forest
for native fish
Identification of type and locality
of significant nursery habitats
within Barmah-Millewa Forest
Improved understanding of
the importance of floodplain
inundation to native fish
recruitment

Arthur Rylah Institute

New capacity to utilise fish
distribution information in
natural resource management
programs
Capacity to visually display fish
distributions for educational and
interpretive programs

Sinclair Knight Merz

Improved knowledge of
movement requirements of native
fish
Improved management
of longitudinal and lateral
connectivity of aquatic systems
(e.g. floodplain and wetland
connectivity, upstream and
downstream movement
requirements)

Queensland DPI&F
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Project

Expected outcomes

Impacts of managed flows
on fish spawning and
recruitment

•

•

Improved knowledge of the
impacts on fish spawning and
recruitment of flow management
in river channels
Improved flow management
practices and procedures to
facilitate increased spawning and
recruitment of native fish in river
channels

Charles Sturt
University

Invasive Animals CRC
– Freshwater Products
and Strategies

•

Significant progress on knowledge
of Carp population dynamics,
integrated pest management
considerations and logistical and
statutory constraints

Invasive Animals CRC

Protection and
enhancement of Murray
cod populations

•

Preparation of a weir pool
operation guide to facilitate fish
passage in the Broken Creek
Assessment of methods to achieve
operational changes to flow
regimes, including flow variability
and timing, to enhance passage
and spawning of Murray cod
A community based monitoring
plan of Murray cod populations
and aspects of water quality

Arthur Rylah Institute

Enhanced knowledge of the
social, political, legal and
biological issues surrounding
the management of freshwater
protected areas
Identification of potential barriers
to the establishment of a system
of freshwater protected areas in
the Murray-Darling Basin
Informed management options
for the establishment of
freshwater protected areas in the
Murray-Darling Basin

Mainstream
Environmental
Consulting

Improved knowledge of the
impacts (both positive and
negative) of native fish stocking
Greater success in rehabilitation
programs for threatened species
and populations
Improved fish stocking practices
and policies in the Basin

Adelaide Research
and Innovation

•

•

International review of
freshwater protected
areas for aquatic
biodiversity conservation

•

•

•

Impacts of native fish
stocking on fish in the
MDB

•

•

•
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Project

Expected outcomes

Significance of Murray
cod to aboriginal
communities

•

•

Scoping the knowledge
requirements of Murray
River crayfish

•

•
•

Improved methodology
for the discrimination of
stocked and wild native
fish

•

Quantification of fish in
water supply off-takes

•

•

•

Practical implementation
of key wetland-related
management aspects of
the Native Fish Strategy
through regional capacity
building

•
•

Fish Friendly Farms
Program

•

•

N AT I V E

F I S H

Improved knowledge of the
significance of Murray cod to
Aboriginal people
Enhanced awareness and
participation by Aboriginal people
in relevant activities under the
Native Fish Strategy

Gondwana Consulting

Identification of knowledge gaps
in Murray crayfish ecology and
management
Priorities for research to address
these knowledge gaps
Improved management options
for maintaining or recovering
Murray crayfish populations

NSW DPI

Identification of new options for
batch-marking hatchery fish
Improved capacity to distinguish
hatchery-bred and wild-bred fish
in the field

Arthur Rylah Institute

Improved knowledge of extent
and patterns of loss of fish
through water off-takes
Improved management options
for reducing loss of native fish at
water off-takes

NSW DPI

Development of a training module
covering how to:
•

S T R AT E G Y

Lead investigator(s)

Create policy and programmatic
linkages
Identify high conservation value
wetlands
Ensure management plans for
wetlands include native fish
management objectives and
actions
The program aims to raise the
awareness of landholders of
the connection and interaction
of the terrestrial and aquatic
environments
Offer guidance on ways to assess
current farm practices to improve
fish habitat
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List of Acronyms and Abbreviations

ACIAR
AEMP
AER
ANSA
ARC
ARI
AU
BIA
BMF
BRCMA
CA
CAC
CAP
CCEAD
CMA
CMO
CRCCH
CRCFE
CST
CSIRO
CW
DAFF
DEH (SA)
DEH
DIPNR
DNR&M
DoC
DPI FV
DPI
DPI&F
DSE BNR
DSE NW
DSE WSG
DSE
DWLBC
EPA
EPBC
ESD
ET
EWA
EWMP
EWR

Australian Centre for International Agriculture Research
Asset Environmental Management Plan
Aquatic Ecosystems Research
Australian National Sportfishing Association
Australian Research Council
Arthur Rylah Institute for Environmental Research, DSE
Adelaide University
Boating Industry Association
Barmah-Millewa Forum
Border Rivers Catchment Management Association
Condamine Alliance
Community Advisory Committee
Catchment Action Plan
Consultative Committee on Emergency Animal Diseases
Catchment Management Authority
Catchment Management Organisation
Cooperative Research Centre for Catchment Hydrology
Cooperative Research Centre for Freshwater Ecology
Community Stakeholder Taskforce
Commonwealth Scientific and Industrial Research Organisation
Coliban Water, Urban Water Authority
Department of Agriculture, Fisheries and Forestry
Department of Environment and Heritage (SA)
Department of Environment and Heritage (Commonwealth)
Department of Infrastructure, Planning and Natural Resources (NSW)
Department of Natural Resources and Mines (Qld)
Department of Commerce (NSW)
Fisheries Victoria, DPI
Department of Primary Industries (Vic)
Department of Primary Industries and Fisheries (Qld)
Biodiversity and Natural Resources, DSE
North-west region, Biodiversity and Natural Resources, DSE
Water Sector Group, DSE
Department of Sustainability and Environment (Vic)
Department of Water Land and Biodiversity Conservation (SA)
Environmental Protection Agency
Environment Protection and Biodiversity Conservation Act 1999
Ecological sustainable development
Environmental Trust
Environmental Flow Allocations
Environmental Works and Measures Program (TLM)
Environmental Water Reserve (Victorian White Paper Securing Our
Water Future Together, 2004)
Forests and Crown Land Management
Flora and Fauna Guarantee Act 1988

FCLM
FFG
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FMAC
FMIT
FMSC

Freshwater Management Advisory Committee
First Mildura Irrigation Trust
Fisheries Management and Science Committee (now NFS
Implementation Working Group)
Fish Passage Reference Group (now Fish Passage Taskforce)
Fish Passage Taskforce
Fisheries Revenue Allocation Committee (Victorian Department of
Primary Industries)
Fisheries Research and Development Corporation
Greening Australia
Goulburn Broken Catchment Management Authority
Glenelg Hopkins Catchment Management Authority
Global Information System
Gigalitre, which equals 1 billion litres or 1,000 megalitres of water
Goulburn Murray Water
Global Positioning System
Griffith University
Goulburn Valley Association of Angling Clubs
Grampians Wimmera-Mallee Water, Rural water authority
Habitat Management Area
Invasive Animals Cooperative Research Centre
Integrated Catchment Management
Integrated Pest Management
International Union for the Conservation of Nature
(NFS) Implementation Working Group
Local Action Plan
Lower Murray Water
Long term monitoring program
Land and Water Australia
Land and Water Resources research and Development Corporation
Mallee Catchment Management Authority
Murray Cod Reference Group (now Murray Cod Taskforce)
Murray Cod Taskforce
Murray-Darling Association
Murray-Darling Basin
Murray-Darling Basin Commission
Murray Darling Basin Ministerial Council
Murray-Darling Freshwater Research Centre
Megalitre, which equals 1 million litres of water
Monash University
Nagambie Angling Club
National Action Plan for Salinity and Water Quality
North Central Catchment Management Authority (Victoria)
North East Catchment Management Authority (Victoria)
North East Region Water

FPRG
FPTF
FRAC
FRDC
GA
GBCMA
GHCMA
GIS
GL
GMW
GPS
GU
GVAAC
GWMW
HMA
IA CRC
ICM
IPM
IUCN
IWG
LAP
LMW
LTMP
LWA
LWRRCD
MCMA
MCRG
MCTF
MDA
MDB
MDBC
MDBMC
MDFRC
ML
MU
NAC
NAP
NCCMA
NECMA
NERW
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NFA (SA)
NFS
NGO
NHT
NLWRA
NMSCC
NRM
NSW DNR
NSW DPI
ORL
PAC CRC
PIRSA
PIRVic
PIT
PV
QMDC
RCP
RFLT
RHFF
RHS
RMCWMB
RMW
ROP
RWA
SA MDB NRM Board
SA MDB
SARDI
SEA
SEE
SFMP
SKM
SR
SRA
TLM
UC
UWA
VIE
WCMA
WMPP
WRP
WWF
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Native Fish Australia (SA)
Native Fish Strategy
Non-Government Organisation
Natural Heritage Trust
National Land and Water Resources Audit
National Management Strategy for Carp Control
Natural Resource Management
New South Wales Department of Natural Resources
New South Wales Department of Primary Industries
Our Rural Landscapes Initiative
Pest Animal Control Cooperative Research Centre
Primary Industries Research South Australia
Primary Industries Research Victoria
Passive Integrated Transponder
Parks Victoria
Queensland Murray Darling Committee Incorporated
Regional Catchment Plan
Recreational Fishing Licence Trust
Rex Hunt Future Fish Foundation
Regional River Health Strategy
River Murray Catchment Water Management Board
River Murray Water
Resource Operations Plan
Rural Water Authority
South Australian Murray-Darling Basin Natural Resources
Management Board
South Australian Murray-Darling Basin
South Australian Research and Development Institute
Significant Ecological Assets
School of Ecology and Environment, Deakin University
Stream Flow Management Plan
Sinclair Knight Mertz Consultants
Streamline Research Pty. Ltd.
Sustainable Rivers Audit
The Living Murray Program
The University of Canberra
University of Western Australia
Visual Implant Elastomer
Wimmera Catchment Management Authority
Wimmera-Mallee Pipeline Project
Water Resource Plan
World Wildlife Fund
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List of Scientific Names

Australian smelt
Barred galaxias
Black bream
Bony herring
Brown trout
Carp gudgeons
Carp
Murray-Darling rainbowfish
Eel-tailed catfish
Flat-headed gudgeon
Freshwater catfish
Goldfish
Golden perch
Greenback flounder
Hardyheads
Hyrtl’s tandan
Macquarie perch
Mountain galaxias
Mulloway
Murray cod
Murray hardyhead
Murray jollytail
Murray crayfish
Obscure galaxias
Oriental weatherloach
Olive perchlet
Southern Purple-spotted gudgeon
Rainbow trout
Red-eared slider turtle
Redfin perch
River blackfish
River snail
Short-headed lamprey
Silver perch
Small-mouthed hardyhead
Southern pygmy perch
Spangled perch
Tench
Tilapia
Tilapia
Trout cod
Two-spined blackfish
Unspecked hardyhead
Western carp gudgeon
Yellow-eye mullet
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Retropinna semoni
Galaxias fuscus
Acanthopagrus butcheri
Nematalosa erebi
Salmo trutta
Hypseleotris spp.
Cyprinus carpio
Melanotaenia fluviatilis
Tandanus tandanus
Philypnodon grandiceps
Tandanus tandanus
Carassius auratus
Macquaria ambigua
Rhombosolea tapirina
Craterocephalus spp
Neosilurus hyrtlii
Macquaria australasica
Galaxias olidus
Argyrosomus hololepidotous
Maccullochella peelii peelii
Craterocephalus fluviatilis
Galaxias rostratus
Euastacus armatus
Galaxias sp. 1
Misgurnus anguillicaudatus
Ambassis agassizii
Mogurnda adspersa
Oncorhynchus mykiss
Trachemys scripta elegans
Perca fluviatilis
Gadopsis marmoratus
Notopala sublineata
Mordacia mordax
Bidyanus bidyanus
Atherinosoma microstoma
Nannoperca australis
Leiopotherapon unicolor
Tinca tinca
Oreochromis mossambicus
Tilapia mariae
Maccullochella macquariensis
Gadopsis bispinosus
Craterocephalus stermuscuscarum fulvus
Hypseleotris klunzingeri
Aldrichetta forsteri
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