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Executive Summary

The reporting period 2006–2007 marks
four years since the Native Fish Strategy
(NFS) was approved by the Murray–Darling
Basin Ministerial Council in May 2003. The
NFS is charged with the challenging task
of coordinating the rehabilitation of aquatic
habitats and recovery of decimated fish
populations of the Murray–Darling Basin. That
challenge has been greatly magnified by the
persistent dry conditions, which have been in
force over all of those years.
Nonetheless, the NFS continued to consolidate,
actively guided and implemented by its various
committees. The Implementation Working
Group (IWG) oversees implementation of
the Strategy, assisted by the Community
Stakeholder Taskforce. NFS Coordinators carry
out extension work and facilitate the NFS’s
on-ground application, and the Fish Passage
Taskforce provides advice on fishway design,
location and monitoring. The Murray Cod
Taskforce provides expertise and leadership
on all matters relating to Murray cod and
its management. In 2006–2007, the State
Coordinators and the Community Stakeholder
Taskforce continued to actively engage with
a range of government agencies, community
groups, schools and industry.
The enduring drought put extra pressure on the
Basin’s stressed waterways and their human
communities. Particularly in the southern half
of the Basin, low water flows and the legacy of
longer-term over-allocation of water continued
to damage wetlands and riparian habitats. The
situation at some locations was so serious that
populations of threatened species had to be
salvaged and are being maintained in captivity
in the hope of improved flow conditions in the
future.
Nevertheless, the community continued to
engage in the NFS and awareness of water
issues was at an all time high. Several effective
partnerships have been forged between
the States, the federal government, CMAs,
universities, research centres, community
groups and volunteers. The States and Territory
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in the Basin—New South Wales, Australian
Capital Territory, South Australia, Queensland
and Victoria—prepared substantial reports of
their progress towards the six driving actions of
the NFS (these can be accessed at: www.mdbc.
gov.au/NFS).
Drought delayed some research, but several
new projects were implemented, many building
on past research, and ongoing projects
continued to yield results (see Table 1).

Snags in a wetland. Source: Jason Higham

The grand vision of the MDBC to remove
barriers to fish movement between Hume Dam
and the Sea came one small step closer as the
Lock 1 fishway neared completion to join new
fishways at Locks 7–10.
In 2006–2007 wetland regulators were
completed on Lake Wallawalla, Webster’s
Lagoon and Horseshoe Lagoon on the Lindsay
Wallpolla Islands. These will facilitate the
implementation of improved hydrologic regimes
in these wetlands, with native fish likely to be
significant beneficiaries.
Major, landscape scale intervention projects,
with the potential to bring about significant
outcomes for native fish, were in development
at most Icon Sites. These will be implemented
over the coming years, and smaller ‘no regrets’
projects implemented in the short-term.
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Tagged Carp release. Source: IA CRC

On the River Murray between Hume Dam and
Yarrawonga hundreds of snags were installed
to restore fish habitat. Further stages of this
program will be implemented over coming years.
With the successful implementation of
the PIT tag and reader system any of the
20,000 fish tagged can now be tracked up
and down the Murray River for its lifetime,
providing ecological data that can be used
to refine fishway design and guide river and
habitat management. The massive volumes
of data being collected by the readers have
necessitated a new MDBC project to develop an
automated, centralised PIT database.
On the invasive species front, research is well
underway on the potential of koi herpesvirus as
a biological control agent for Carp in Australia.
The Daughterless Carp project appears to
have been successful in producing carriers,
usually a long slow process, and, based on
the successful development of a construct
in medaka which turns genetic females into
functional males, the program has produced
a Mark 1 Carp construct which is undergoing
early testing.
An exciting new research confirming the
existence of a male-derived sex pheromone in
Carp, and demonstrating that it attracts sexually
receptive females, offers promise for Carp
control. Similarly, environmental attractants
are being sought and very early results from
Banrock Station in South Australia suggest
that there are chemical differences between
samples collected upstream, downstream and
in the wetland itself.

vi

Larval drift survey. Source: IA CRC

Drought forced innovation on the project to
identify Carp breeding hotspots to target for
control. Only about half the rivers in the Murray–
Darling Basin could be sampled for larval
drift, so supporting information was sought in
a database of all NSW DPI’s freshwater fish
sampling data and Basin-wide data collected by
the MDBC’s Sustainable Rivers Audit over the
last 13 years. Consequently, in addition to the
five hotspots already identified, the Lower Bogan
River, the Macquarie Marshes, Lake Brewster
and Barren Box Swamp have also been identified
as likely hotspots.
2006–2007 saw the completion of a project on
the impact of fish of three common methods of
irrigation extraction—diversions into irrigation
canal systems, extraction into pumping systems
and seasonal draw-down of irrigation canals.
All kill and remove large numbers of fish from
the river system. Funds are being sought to
continue the project to develop mitigation
measures and strategies for more fish-friendly
pump systems.
Several projects are underway to assess and
improve the survival of the millions of native fish
stock released into the Murray–Darling Basin
and clarify their contribution to recruitment.
Restocking may assume even greater
importance to recovery of native fish populations
if water can be returned to the system.
This document, the fourth NFS Annual
Implementation Report, fulfils the NFS
IWG’s reporting commitment and provides a
framework for the reporting of national and
State progress towards implementation of
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Executive Summary

the NFS. Guided by research, rehabilitation
and the removal of barriers to fish passage is
underway and proving successful. Knowledge
of the ecology of both threatened native fish
and invasive fish is improving and being used to
inform management actions. Several promising
techniques for the control of Carp are in use
or well underway. However, the securing of
substantial, long-term funding remains the
major barrier to the full implementation of the
NFS. Greater commitment is required if the
primary goal of restoring fish passage to 2,300
kilometres of waterways from Hume Dam to the
mouth of the Murray is to be achieved.

World Wetlands Day fish origami.
Source: Fern Hames

Annual Implementation Report 2006-07

vii

Murray–Darling Basin Authority

Table 1: Summary of significant achievements of the NFS in 2006–2007 with potential to bring
significant outcomes for native fish
Long-term monitoring at Locks 1–3, fishway trapping at the Murray Barrages, assessment of fishways
at
Lock 9 and 10, and an intensive fish tagging trip in the vicinity of Lock 9 and the lower Darling.
Automated Passive Integrated Transponder (PIT) reader technology expanded to include Lock 10 and the
development of a centralised database to consolidate the vast amount of PIT data being generated by
tracking
the movements of the 20,000 plus fish PIT-tagged so far in the Murray River system.
Partial completion of the fishway at Lock 1 and progression of designs for fishways at Locks 2, 4, 5 and 6.
Wetland regulators completed on Lake Wallawalla, Webster’s Lagoon and Horseshoe Lagoon, which will
facilitate the implementation of improved hydrologic regimes in these wetlands.
Progress in the establishment of demonstration reaches in all States.
Progress in the development of landscape scale intervention projects at most Icon Sites.
Completion of Stage 1 of a resnagging program on the Murray river between Hume Dam and
Yarrawonga saw the replacement of approximately 1000 snags to improve native fish habitat. Intensive
monitoring of the response by native fish (in particular the critically endangered trout cod) has
commenced.
Significant findings from several NFS-funded research and adoption projects, including those on
impacts of irrigation off-takes on native fish populations and large-scale movement patterns of native
species and identification of Carp hotspots.
Completion of a project investigating the effects of irrigation extraction on fish, which showed that
considerable fish losses resulted.
Further refinement of the award winning ‘Carp separation cage’, including the incorporation of a
‘pushing’ trap component and trash racks to collect floating debris and the design of a weir pool model.
Progress in the development of the ‘Daughterless Carp’ construct and the identification of chemical
attractants from Carp themselves and the environment, all of which have potential for Carp control.
The formation of effective partnerships between various stakeholders including government, industry,
the universities and the community.
The launch of Native Fish Awareness Week, which focuses on community engagement in a major
section of the Murray–Darling Basin. The inaugural event was held in South Australia, where the
Community Stakeholder Taskforce, Coordinators and Commission staff travelled the length of the River
Murray.
MDBC sponsorship of the 2006 Australian Society for Fish Biology’s annual workshop (held in Canberra),
which focused on spatial management in fisheries.

viii
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1.	 Introduction

The Native Fish Strategy (NFS) is a response
to the key threats to native fish populations
in the Murray–Darling Basin, which range
from flow regulation, habitat degradation and
lowered water quality, to artificial 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.

Objectives
• Repair and protect key components of
aquatic and riparian habitats

Six driving actions
• Rehabilitating fish habitat
• Protecting fish habitat
• Managing riverine structures
• Controlling alien fish species
• Protecting threatened fish species
• Managing fish translocation and stocking
This document, MDBC Native Fish Strategy
Annual Implementation Report 2006–2007,
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 2006–2007, its fourth year of
implementation, the Strategy gained further
momentum.

• 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
• 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

Annual Implementation Report 2006-07
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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.
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.

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.
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 (for example, 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.
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:

Ibis in flight. Source: David Heap
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• 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
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. The monitoring program
undertaken by the SRA includes targets for fish
populations and river health.

2.1.1 Integrated Catchment Management
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.

2.1.2	The Living Murray
Implementation of the NFS in the River Murray
system involves close linkages with The Living
Murray Initiative, Australia’s largest river
restoration program. These linkages relate
to decisions regarding development and
maintenance or upgrading of structures on the
river, habitat restoration works and releases

Annual Implementation Report 2006-07

North Central Catchment Management Authority,
Victoria, demonstration reach field day. Source:
NCCMA

of environmental water. TLM and NFS are
facilitating projects that deliver environmental
outcomes across the icon sites.
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. Fish outcomes are a focus
of many projects under the EWMP and benefits
to the River Murray System will include:
• improved fish passage and habitat at the
Icon Sites
• improved floodplain and wetland 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. The fishway at Lock 1 was
partially completed in 2006–2007 and fishways
have also been built at Lock 10 (2005–2006),
Lock 9 (2004–2005), Lock 7 and Lock 8 (2003–
2004). Designs have also been progressed for
fishways at Locks 2, 4, 5 and 6.
Major, landscape scale intervention projects are
in development at most Icon Sites, and have the
potential to bring about significant outcomes for
native fish. These will be implemented over the
coming years, with smaller ‘no regrets’ projects
implemented in the short-term.
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In 2006–2007 wetland regulators were
completed on Lake Wallawalla, Webster’s
Lagoon and Horseshoe Lagoon on the Lindsay
Wallpolla Islands. These regulators will facilitate
the implementation of improved hydrologic
regimes in these wetlands, with native fish likely
to be significant beneficiaries.
In 2006–2007 Stage 1 of a resnagging program
on the Murray River between Hume Dam and
Yarrawonga was also completed, involving
the installation of over 300 snags for fish
habitat. Further stages of this program will be
implemented over coming years.
The TLM Environmental Delivery Program was
created to deliver the requirements of The Living
Murray Business Plan relating to environmental
water application policy, planning,
environmental operations, and reporting. The
program coordinates delivery of environmental
water to assist in achieving ecological objectives
identified in TLM Environmental Management
Plans for each Icon Site. These include
objectives relating to improvement of native fish
populations.
The TLM Environmental Monitoring Program
was created to coordinate the monitoring
and evaluation of the achievement of the
environmental objectives identified in TLM
Environmental Management Plans for each
Icon Site and more broadly across the River
Murray System. The NFS and the Environmental
Monitoring team also work together to review
project proposals and project reports in order to
promote a MDBC-wide standard for fish studies
in the River Murray.
In 2006–2007, 22 GL of environmental water
was managed through The Living Murray. Of
particular relevance to native fish, 4.7 GL of
environmental water was released through
the Barrage fishways in the Lower Lakes, with
good results. Monitoring in late 2006 indicated
that fish species, such as Common galaxias
and Congollis, migrated upstream following
spawning, and Short-headed lamprey was also
identified.

2.1.3	The Sustainable Rivers Audit
The SRA program has been developed to
provide regular, consistent, comprehensive
and scientifically credible assessments of the
condition of the Murray–Darling Basin rivers to
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inform the development and implementation
of management initiatives within the Basin by
the Murray–Darling Basin Commission and its
partner jurisdictions.
The SRA involves regular sampling across
the Basin and reporting on river health by
independent scientific experts. The health of
fish populations is used as one of the indicators
of river health: measures of current fish
populations are compared to reference condition
to give an overall assessment of fish health.
Over time, the SRA reports will reflect the
cumulative impact of all management initiatives
(including the Native Fish Strategy) on the
health of fish populations.

2.1.4	Northern Murray–Darling Basin
Program
The Northern Murray–Darling Basin Program
(NMDBP) has been established to assess and
report on the health of the Darling Basin and
support jurisdictional policy and management
actions. This program is working with the
State agencies, communities and Australian
Government to identify emerging or potential
issues relevant to the MDBC in the Darling
River system and its associated tributaries. The
program has implemented a number of studies
that will enhance this understanding including:
socio-economic studies of river valleys, on-farm
water use efficiency, the application of current
knowledge of wetland ecology across the region,
and further studies into the hydrological models
used for river management.
The NMDBP in 2007 also commissioned a report
into the barriers to fish passage within the
northern Basin. This report identified 25 priority
weirs for removal or upgrade. During 2008, the
Northern Basin Program will develop a business
case that addresses the need for action on these
barriers to fish in the Darling system. This work
will involve the NFS and related stakeholders.
The NFS operates in concert with, and
complements activities being undertaken
by several other Commission initiatives (see
Table 2 opposite). Long term monitoring of
the Basin-wide response to NFS activities
will be measured by the SRA. Fishways are
designed and constructed in conjunction with
RMW, and funded through TLM. TLM also
interacts with the NFS regarding monitoring
programs, resnagging and demonstration
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reaches. The NFS has funded a prioritisation
of fish passage requirements for the Northern
Basin, and contributed expertise and funding for
demonstration reaches in that region. The NFS
also manages, on behalf of RMW, the project
developing a “whole of River” solution to the
disposal of carp at fishways.

Larval drift sampling. Source: IA CRC

Table 2: NFS linkages with other MDBC programs
OUTCOME

river
health

monitoring

demonstration
reaches

fishways

resnagging

N

N

N

N

N

N

N

RMW

N

N

Northern Basin

N

N

N

N

carp
control

INITIATIVE
SRA
TLM

Integrated Basin
Reporting
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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 resnagging habitat restoration trial was
undertaken from 1999 to 2002 in the Murray
River between Yarrawonga and Tocumwal,
funded by the Department of Agriculture,
Fisheries and Forestry (DAFF) and the
MDBC. Over 300 items of large woody habitat
were installed at experimental sites, along
approximately 30 kilometres of river. The NFS
has since provided extra resources to continue
monitoring the response of native fish to this
placement of large woody habitat.
Monitoring results from 2000–2007 indicate that
resnagged logs are utilised by many species
of native fish and that optimal sites within

the river channel can be targeted to benefit
native species. In particular, the response
to resnagging has been outstanding for the
critically endangered Trout cod, with a large
increase in numbers being recorded since the
start of the project.
The assessment methodology used in this
study paired each treatment site with multiple
reference sites. These reference sites had a
significantly higher abundance of woody habitat
and native fish than the treated sites prior
to the restoration. After the restoration, the
reference sites had a woody habitat density
that was equivalent to the average woody
habitat density of the reference sites. The a
priori expectation of the fish response was an
increase in the abundance of native fish at the
treated sites to a level that was ecologically
equivalent to the reference sites. This was
measured by determining the proportional

Figure 1: Mean change in abundancetreatment(i) – change in abundancereference i(j….k) with 95% confidence
intervals, 2001–2007
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change in abundance between years at all
treatment and reference sites. The difference
in the change observed at each treatment site
was then compared to the changes observed
at each of its reference sites (that is, mean
change in abundancetreatment(i) – change in
abundancereference(j….k)) in each year. Increases in
the abundance of native fish that were greater
than 50% were considered to be ecologically
significant. Such an increase was observed
in 2001, the year immediately after the woody
structures were added (see Figure 1 below).
Since this increase, no ecologically significant
difference has been detected, indicating that
native fish responded in the first 12 months of
the study and mean abundances have since
remained comparable to reference sites.
The lower 95% confidence intervals in 2003
and 2006, however, extend below 0.4 (>50%
decrease) and it remains plausible that the
mean abundance decreased in these years.

Hume to Yarrawonga: riparian and instream
rehabilitation
A Risk Management Plan was approved
and contracts were signed for project
implementation, year one of three. Works
commenced on 1 July 2006 and have over the
past year included the transport of timber
to resnagging sites and the purchase of
resnagging equipment.

Hume Dam to Yarrawonga resnagging project
Resnagging works commenced in August
2006, and since then large amounts of timber
(over 1000 logs) have been transported to
and placed in the river at sites in the Murray
River near Boiling Downs Creek downstream
of Corowa, and Police Paddocks, between
Howlong and Corowa. A very successful project
launch day was held in August 2006 that
attracted considerable media interest, and the
communications component of the project has
continued to raise awareness of resnagging
activities.

Resnagging at Paiwalla Wetland
The Paiwalla Wetland is a former dairy flat
which was reclaimed as a functioning wetland
by the original owner of the site and the Wetland
Habitats Trust (WHT), with assistance from the
Mannum to Wellington Local Action Planning
Association (MWLAP).
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Extensive environmental works have occurred
at the site over the last ten years including
large earth works, weed control, feral animal
control, revegetation, water management and
monitoring.
The resnagging of the adjacent river channel
has provided a good opportunity to complement
and support the excellent environmental
benefits already achieved.
In July 2007, 12 large log piles were installed
along the one kilometre stretch of the Lower
Murray in South Australia, 12 kilometres north
of Murray Bridge at the Paiwalla Wetland. The
project involved a diverse group of contributors
including local community groups, government
agencies, recreational fishing and boating
industry groups, and other non-government
organisations.

Scoping options for assessing the impact of
cold water pollution mitigation on the fish
assemblage downstream of Keepit Dam,
Namoi River
The NFS commissioned a report to scope the
feasibility of a four year impact assessment
investigating the response of the fish
assemblage in cold water pollution (CWP)
affected reaches of the Namoi River to a
proposed multi-level off-take (MLO) at Keepit
Dam. It is the objective of this report to
ensure that if a full impact assessment was
commissioned at Keepit Dam, that it would
be scientifically robust and cost effective. The
report provides background information and
analysis to inform the design of a full impact
study and reports on its feasibility.
CWP remains a significant problem hindering
the recovery of native fish populations in the
Murray–Darling Basin (MDB). Despite this, of
all the factors impacting on native fish, CWP
is among the easiest to recognise, quantify in
magnitude and extent, and there are several
pragmatic solutions available to alleviate its
impact. There is often a large capital outlay
required to build mitigating infrastructure
and the decision whether to address CWP at
large storages needs to factor in the potential
ecological benefits that can be gained. Whilst
there is sufficient knowledge demonstrating
the negative impact of CWP on the MDB fish
assemblage, further research is needed to
gauge the degree of ecological improvement
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that can be gained from CWP mitigation. So
an opportunity exists where CWP is being
addressed as part of dam safety upgrade
projects to measure the ecological response to
such works. It is recommended that research
into CWP mitigation within the MDB be
considered of high priority and continue to be
supported through
the NFS.
The report details how monitoring fish
assemblage response to CWP mitigation in
the MDB can be achieved based on a wellestablished impact assessment design
framework, appropriate sampling equipment
and fish assemblage indicators. Whilst scoping
the Keepit Dam case study, however, it became
apparent that this type of monitoring study is
not without its problems. A four-year study
determining fish assemblage response to
the operation of a MLO at Keepit Dam will
cost about $1.2 million, almost half of the
proposed works budget. Of further concern is
the fact that the maximum 5ºC improvement
in temperature that is expected downstream of
Keepit Dam may not be large enough to induce
changes in the fish assemblage that can be
cost-effectively measured using the indicators
available. Based on this, other suitable locations
for a CWP mitigation study need to be explored
as possible alternatives to Keepit Dam. The
current magnitude of CWP downstream of many

storages in the MDB is much larger than what
is experienced downstream of Keepit Dam.
These other storages may therefore provide
better case studies with which to assess CWP
mitigation because the potential for thermal
improvement is greater. This is based on the
assumption that greater improvements in
temperature will result in larger changes in fish
assemblage indicators, which will therefore be
easier to detect in a study with a given level of
statistical power. Alternative storages will have
to be localities where CWP mitigation works are
already being planned (for example, Burrendong
Dam). The design proposed in this scoping
report can be applied to other large storages
throughout the MDB, with only a small amount
of additional work required to apply the design
to the site-specific character of habitat, thermal
regime and the
fish assemblage.

State and Territory highlights
In the reporting year, most jurisdictions made
progress with demonstration reaches, which
aim to improve fish habitat. In Victoria, effective
engagement with local communities assisted
with identification of the specific values and
issues for each of three demonstration reaches
being established in that State: in the lower
Campaspe River, the Ovens River and Hollands
Creek.

Paiwalla River Resnagging. Source: Jason Higham
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The establishment of the South Australian
demonstration reach between Berri and
Loxton proceeded, with the formation of a
steering group and the development of Carp
management and overall implementation
plans. A baseline fish survey of the reach and
adjacent river was completed and Conservation
Volunteers Australia collected information on
fish habitat. Wetland monitoring by the Friends
of Parks group (water birds and water quality) is
ongoing, along with bush bird surveys relative to
vegetation type and health.
In NSW, the demonstration reach from
Brewarrina to Bourke on the Barwon-Darling
River was well underway. In preparation for
the implementation of management actions
in 2007–2008, a comprehensive biological
monitoring program has been developed, fish
have been sampled and tagged, and instream
and riparian habitats have been surveyed to
determine habitat condition. Potential sources
of large woody habitat for the resnagging
works have been identified and negotiations
commenced for procurement and transport
to stockpile sites, concept designs have
been developed for fishways at Bourke and
Brewarrina, and a Communications Strategy
and Carp Management Plan for the reach have
been drafted.
Demonstration sites were established on
the Condamine River at Archer’s Crossing
and at Bowenville Reserve on Oakey Creek,
where activities included riparian fencing and
replanting, resnagging and fish stocking.
At a joint New South Wales-Queensland
demonstration reach on the Macintyre River,
progress was made in planning for on-

ground works and engaging the community. A
community consultative group helped to define
the economic, social and cultural values of the
river to the community.
In New South Wales, the Fish Friendly Farms
program made a successful start. The program
aims to build capacity within the agricultural
community and demonstrate fish friendly
management options which will enhance
aquatic habitat for native fish species, improve
general riverine health and potentially increase
farm productivity. Stage 1 was completed and
raised awareness within the farming community
about the impacts of agronomy on the aquatic
environment through a series of regional
workshops and specially designed publications,
including two free colour brochures: 7 Key Tips
for a Fish Friendly Farm and What fish is this?
which were widely distributed.
A milestone in the ACT was the adoption of
The ACT Aquatic Species and Riparian Zone
Conservation Strategy by the ACT Government.
The Strategy identifies a series of river sections
for management action.
Regional River Health Strategies have also been
prepared for the ten Catchment Management
Authorities across Victoria. The strategies
identify high priority waterways based on
consideration of reaches that are ‘of greatest
value to the community’ and rivers that are
currently ‘ecologically healthy’ and point to
rivers where ecological condition can potentially
be improved.
In the Lower Murray of South Australia
resnagging commenced following several
steering committee meetings to discuss
logistics, sourcing materials, organising
transport, notifications coordination and
associated issues, and investigation of the
fish community.

3.1.2 Protecting fish habitat
An international review of freshwater
protected areas for aquatic biodiversity
conservation

Landholders attending a Fish Friendly Farms
program information session. Source: NSW DPI
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This recently completed report was
commissioned to explore the concept of
establishing a system of Habitat Management
Areas (HMA) across the Basin to achieve
biodiversity conservation objectives. The report
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examines international and national experiences
in this area, the knowledge required to underpin
such a network, the management prescriptions
and approaches needed, and the policy and
administrative practicalities of doing this across
the Murray–Darling Basin. The consultants
undertaking this project were asked to identify
the strengths and weaknesses of approaches
employed, and provide the MDBC with a plan for
the establishment of ‘habitat management areas’
in the Basin, as provided for under the second
driving action of the NFS. Community and
stakeholder support and engagement are
recognised as critically important components of
the success of this concept.
This report is available from MDBC in either
hard copy or electronically through the Native
Fish Strategy website: www.mdbc.gov.au/NFS.

State and Territory highlights
To help protect fish habitat and prepare
for climate change, Queensland’s regional
NRM bodies assisted many landholders
to undertaking activities that are expected
to prevent large fluxes of sediment and
nutrients to the river systems in the region
before the drought breaks. Computer models
were developed to estimate local reductions
in sediment and nutrient load, and field
inspections and interviews with landholders
confirmed many of the assumptions made in
the 2006 model run. As part of this project,
monitoring plans were developed for the
catchments of the Queensland Murray–Darling

Azolla, Victoria. Source: Wayne Tennant
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Basin in order to ensure consistent and ongoing
monitoring of river health and water quality.
Across the border in NSW, the Wetland
Recovery Program—a suite of projects
developed to deliver long term and permanent
benefits to ecologically significant wetlands
through water efficiency, water buy-back,
weed control and improved management—
was commenced, initially focussing on the
internationally significant Macquarie Marshes
and Gwydir Wetlands.
In the ACT, an expert panel continued to
administer environmental flows and employ
adaptive management in the Cotter and
Murrumbidgee Rivers within the ACT. While
Victoria established an Environmental Flow
Monitoring and Assessment Program to
coordinate the monitoring of ecosystem
responses to environmental flows in eight of
the State’s regulated rivers, including five within
the MDB: the Wimmera, Goulburn, Broken,
Loddon and Campaspe Rivers. The framework
and monitoring systems were developed and
CMAs started to implement the on-ground
program. The five rivers within the MDB all
have a fish monitoring component, which will
help to determine whether implemented flows
deliver expected habitat features and expected
ecological responses.
The drought continued to impact on
environmental flows throughout the Basin. In
Victoria, guidance was provided to the CMAs
to develop drought response plans for the
2007–2008 season to prepare for the possibility
of continuing low flow conditions. These plans
include identification of high value assets,
including fish under threat and development of
contingency plans. DSE developed a map and
list of locations in northern Victoria identifying
priority aquatic refuges and advising options for
water allocation.
Monitoring of key wetlands at the Hattah Lakes
Icon Site, into which environmental water was
delivered via pumping as part of the Living
Murray Initiative, revealed that, contrary to initial
expectations, a diverse fish community has
established in the lakes. Similarly, an ongoing
project in the Barmah-Millewa region was able
to demonstrate a strong link between native
fish spawning and recruitment and the use of
environmental water.
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No environmental flow was assigned to Broken
Creek, an important breeding ground for Murray
cod. However, in response to fish deaths various
supplementary flows were routed from the
Murray and Goulburn systems through the
creek during critical times to freshen up weir
pools and prevent azolla from accumulating,
rotting and starving the water and fish of
oxygen. The flows were returned to the River
Murray with no net loss of water resource.
Further down the Murray, in South Australia,
the third year of investigations for the
Chowilla Fish Ecology project was completed.
The project has provided extensive data on
the assemblage structure, movement and
recruitment of native and exotic fishes in the
Chowilla anabranch system and adjacent River
Murray. Importantly, the project highlighted the
potential importance of this large anabranch
system and its unique hydrodynamics to
ecology of native fish, particularly Murray cod,
in the lower River Murray.

3.1.3	Managing riverine structures
‘Sea to Hume Dam’ fish passage program
The tri-State team completed a busy field
schedule in 2006–2007 which comprised long
term monitoring work at Locks 1–3, fishway
trapping at the Murray Barrages, assessment of
fishways at Lock 9 and 10, and an intensive fish
tagging trip in the vicinity of Lock 9 and the lower
Darling. The team also arranged the purchase
of a split-beam hydroacoustic fish counter
and used the dual-frequency identification
sonar (DIDSON) to assist with fishway trapping
assessments. Automated PIT reader technology
was also expanded to include Lock 10 whilst
the team are assisting with the development of
a centralised database to consolidate the vast
amount of PIT data being generated.
The team also commenced publication of key
results. Scientific manuscripts were submitted
to the Journal of Fish Biology (‘Diel Changes in
Fish Assemblages on the Lower Murray River’),
Marine and Freshwater Research (‘Assessment
of a low gradient fishway to provide passage for
non-salmonid fish’) and Fisheries Management
and Ecology (‘Lock Gates improve passage
through a vertical slot fishway’). The team also
drafted a report summarising the first five years
of data from the fishway assessment program.
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Presentations were given at the Australian
Society for Fish Biology Annual Workshop and at
a meeting of the Australian Society for Limnology.
The tri-State team continues to represent
an integrated monitoring program that is a
showcase of inter-jurisdictional cooperation and
achievement. The team continues to provide
feedback to river operators and natural resource
managers through the Fish Passage Taskforce
and Implementation Working Group. In 2007–
2008 the team plans to shift its research focus to
Lock 1 and the Barrages in response to fishway
construction at these sites.

Lock 1–3 fish community sampling
Researchers completed five week-long day
and night electrofishing trips to Lock 1, 2 and 3
between September and February to continue
‘benchmarking’ fish community composition
prior to fishway construction. Surveys continue
to show large downstream aggregations of fish,
dominated by small-bodied native fish and Carp.
The team is planning to test a fish accumulation
model, which will see an increase in fish
aggregations downstream of Lock 2, once the
new fishway at Lock 1 commences operation in
November 2007.

Lock 9 and 10 fishway assessment
The team undertook a total of six trapping
trips to Locks 9 and 10 to finalise biological
assessments of fishway effectiveness. Both
fishways were found to be performing to design
specifications despite the low flows in the
Murray River arising from the current drought
conditions. Both fishways provided passage for
high numbers of Bony herring, Golden perch
and various small-bodied species, including
Australian smelt. Small numbers of Silver perch
were also collected and five Murray cod (all
over 900mm) successfully reached the exit of
the Lock 10 fishway, thus providing important
information on the passage of large-bodied fish
through the new fishways.

Murray barrages
Five trips were conducted at the Goolwa
barrage to continue the assessment of a
vertical slot fishway Catches were dominated
by estuarine Flat-tailed mullet and Sandy sprat,
freshwater Australian smelt and large numbers
of diadromous young-of-year Congolli. Low
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numbers of Black bream and Mulloway were
also captured attempting to migrate upstream
during reverse flow events. This was the first
occasion that these large bodied estuarine
species have been collected in the fishways and
highlights the important ecological function
that reverse flows may facilitate. The team also
undertook a brief assessment of fish passage
through the navigation lock using the DIDSON
sonar and netting techniques. The study
identified that a number of marine and estuarine
species such as Yellow-eye and Flat-tailed
mullet, Australian herring, Black bream and
various small bodied species were able to use
the navigation lock to access upstream habitat.

PIT-tagging studies
The team continued its commitment to increase
the number of PIT-tagged fish in the Murray
River by performing an intensive week of
tagging in the vicinity of Locks 9 and 10 in
August 2006. The team tagged over a thousand
fish including Murray cod, Bony herring, Silver

perch, Golden perch and Carp. A large number
of these fish were re-captured by anglers
downstream of Mildura Weir during an increase
in movement activity in January 2007. This
triggered a management response where a
short-term angling closure was put in place to
protect migrating fish and is one example of
how the assessment team is providing practical
information on fish biology throughout the
Basin. The team also finalised the installation
of a PIT reader system at Lock 10 and arranged
the programming of equipment to be installed
at Lock 1.

Lock 1 fishway assessment
Two traps for the Lock 1 fishway assessment
have recently been completed. The traps
have been transported to Lock 1 and are
now in position and awaiting the first fishway
assessment trip. The PIT-tag reader system has
also been installed; some PIT-tagged fish have
already been logged on the new system.

Tagged Carp release. Source: IA CRC
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Funnel trials
A preliminary investigation of the effects
that five different funnel designs have on the
number of fish caught in the assessment trap
was conducted at Lock 10 in September. The
preliminary examination was conducted to
determine if any one funnel outperformed
another, in which case nonperforming funnels
could be left out of remaining experimentation
(i.e., to increase replicates). Preliminary results
suggest that fish are spooked by the presence
of traps within the fishway regardless of
funnel design and make numerous attempts
to enter the trap. The most efficient funnel
design identified from this experimentation
can be retrofitted to all assessment traps for
consistency and increased efficiency.

Locks: construction
A major focus of the Sea to Hume fishways
program in 2006–07 was the Locks and Weirs
in South Australia, with commencement of the
Lock 1
fishway at Blanchetown.

Quantification of fish in irrigation off-takes
This project was completed in 2006–2007,
and sought to quantify the effects of irrigation
extraction on fish. The study focused on three
different irrigation practices on fish including

diversions into irrigation canal systems,
extraction into pumping systems and seasonal
draw-down of irrigation canals.
Channelisation significantly reduced species
diversity in irrigation systems. Areas with more
natural conditions were generally associated
with greater species diversity and abundance.
Irrigation pumps extracted up to 200 fish per
day from the Namoi River, with large and small
bodied individuals susceptible to injury or
mortality. Despite some mortality, individuals
survive and establish populations in irrigation
systems. Rapid draw-down of irrigation canal
systems was found to result in the stranding
and entrapment of up to one million fish from
14 species. Unfortunately, these fish are
essentially lost from source river systems with
few opportunities to return.
The NFS will fund an extension of this work in
2007–2008, to identify and develop mitigation
measures and strategies for pump systems in
Australia.

Spawning and recruitment of fish in
flow-managed rivers
It is thought that the majority of native fish
species in the Basin rely on changes in water
quantity, quality or flow patterns to stimulate
reproductive behaviour, gonad maturation or

Resnagging the Condamine River at Bowenville Reserve, a Dalby demonstration reach activity to increase native
fish habitat. Source: Noal Kuhl

Annual Implementation Report 2006-07

13

Murray–Darling Basin Authority

spawning. However, the impact of modifying
these characteristics is not well known for a
number of species. Previous research in the
southern Murray–Darling Basin suggests that
many fish species still breed under changed
flow conditions, however poor recruitment is
often observed, indicating recruitment failure,
and not lack of spawning, may be responsible
for low population sizes observed for some
species. A project is underway examining the
role of modified flow regimes on spawning and
recruitment of small-bodied native fish species.
It is hoped that outputs of this project can be
used to establish appropriate flow regimes to
provide suitable conditions for spawning and
recruitment, thereby ensuring sustainable fish
populations long-term.
Sampling and analysis are well advanced for
this project, which is due for completion in June
2008.

State and Territory highlights
Initial interventions were commenced to
improve fish passage at Queensland’s Loudoun
Weir by modifying the fishway, which is
ineffective due to an overestimate of tailwater
levels during construction and has been
identified as a priority barrier to fish passage in
the Murray–Darling Basin. Loudoun Weir and
Edward Street Weir mark the beginning and
end of the Dalby Demonstration Reach and it is
intended that each will have a different type of
fishway.
The Queensland Murray–Darling Committee
(QMDC) obtained funding to install a rock-ramp
fishway on Reilly’s Weir on the Condamine River
and investigated funding sources for a vertical
slot fishway on the Boomi Weir on the Macintyre
River. The committee also identified fishways
on Boggabilla and Goondiwindi town weir on
the Macintyre River Demonstration Reach as
needing modification because many fish are
currently unable to gain passage under current
flow conditions.
NSW completed a review of licensed barriers
to fish passage (dams and weirs), which
brings together past reviews and adds more
comprehensive information on the cultural,
ecological and logistical issues pertaining to
priority sites prior to the implementation of
on-ground works. The Detailed Weir Review
investigated 109 weir structures across the 13
CMA regions of NSW. A priority list of structures
for each of the eight inland CMA areas was
developed and fish passage remediation options
and recommendations made.
Recognising that many barriers to fish, such as
road crossings, both private and public, are not
licensed and, therefore, were not included in the
review, in the Namoi catchment over 1000 such
barriers were assessed to develop a priority
list. As part of this project, four demonstration
sites were established to illustrate best
practice techniques associated with the design,
construction, and remediation of instream
barriers and funding was secured to remediate
a further 11 barriers in the catchment.

Snorkel based survey work, Cotter River, ACT.
Source: M. Jekabsons 2007.
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In the ACT, research demonstrated the success
of the new fishway at Vanities Crossing on the
Cotter River in allowing passage of Macquarie
perch to and from their annual spawning
grounds in the river and wintering area in the

Annual Implementation Report 2006-07

3. The Year in Review

Figure 2: Weirs in the Murray–Darling Basin
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Cotter Reservoir. The fishway has also resulted
in a new nursery upstream. This is especially
timely given recent proposals to expand Cotter
Reservoir for town water supply to Canberra,
which will inundate all river pools previously
known to be nurseries for the perch.
Fishways are also proving effective on Broken
Creek in north-eastern Victoria, where there is
a series of seven weirs over a relatively short
distance.
Fish ladders were constructed on the weirs
between 1998 and 2003 and appear to be
allowing fish to move upstream, with increased
numbers of Murray cod and Murray rainbowfish
appearing in the upstream weirpools and new
species entering the system.
On a wider scale, the tri-State team’s
monitoring results continue to demonstrate
the success of new fishways on the Murray, a
significant part of the NFS’s ultimate aim of
restoring fish passage from Hume Dam to the
sea. Whereas overseas fishways are usually
designed to pass only a few large-bodied
economically important fish species, Murray
River fishways are unique in their design
intent of restoring the passage of whole fish
communities. The fishways are passing large
numbers (>50,000 fish over 40 days), high
diversity (13 species), and a wide size-range of
fish (40 mm to 1000 mm long). Considerable
effort has been invested in developing,
installing and maintaining seven remote
passive integrated transponder (PIT) tag reader
systems at Locks 7–10, 15, 26 and Yarrawonga
Weir and under construction at Lock 1. The
tag and reader system continually monitors
fishways for any of the 20,000 fish PIT-tagged
in the Murray River. A tagged fish can now be
tracked up and down the Murray River for its
whole lifetime, providing ecological data that
can be used to refine fishway design and guide
river and habitat management. The massive
volumes of data being collected have led to the
development of a new MDBC project to develop
an automated, centralised PIT-tag database.

The regulator would provide much needed
water to a significant area of the floodplain
and be expected to reverse the severe
ecological decline that has been observed. The
proposed design includes fishways to enable
passage for large and small-bodied native
fish when the regulator is in operation. Expert
assessment of the risks associated with the
regulator’s operation was nearly completed
and assessments of its risk to weeds, fish,
water quality, algae and geomorphology were
progressed. These will inform the development
of an operating strategy for Chowilla, detailed
regulator design and any decision to proceed to
construction.
In the meantime, Bank E at Chowilla was
replaced with a fish friendly regulator to
provide improved fish passage for native fish
from Chowilla, back into the main channel;
monitoring indicated that fish were using the
new structure.

At South Australia’s Chowilla Icon site the
combined impacts of regulation of the River
Murray system and prolonged drought have
resulted in an accelerated decline in the
floodplain vegetation over the past few years.
The construction of an environmental regulator
in lower Chowilla Creek is being investigated.
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Invasive Animals Cooperative Research
Centre (IACRC)
3.1.4 Controlling alien fish species
The Native Fish Strategy provides funding to
the Invasive Animal CRC to undertake research
into the control of alien fish species. Current
research includes list i) to xvi). More detail on
each of these projects is provided below.

i) Development of Daughterless Carp
technology

and, hence, will have no effect on native species.
The principal effort in 2006–2007 has been
directed at producing integrated ‘carriers’ of
the constructs, which can be used to assess
the efficacy of the construct in causing sex
change and to begin experiments in laboratory
populations to test the effects of a daughterless
construct on population viability. Production of
even a single carrier is a long and drawn out
process, as the integration of an introduced
gene into a chromosome is a very low probability
event, even under optimal circumstances.

Development of ‘daughterless’ technology,
that is, an inherited genetic construct that
biases offspring sex ratios towards males,
offers hope as the first long-term sustainable
management tool for the control and possible
eradication of alien fish species in the Murray–
Darling Basin. Detailed modelling and the initial
development of a suitable construct was started
by CSIRO Marine and Atmospheric Research
and continued under the auspices of the Pest
Animal Control CRC. Encouraging results
(including viable daughterless fish swimming in
the laboratory) were achieved, warranting the
continuation of daughterless development in the
Invasive Animals Cooperative Research Centre.

To produce the carriers, two sets of constructs
(the Mark 2 and Mark 5) were micro-injected
into over 1000 medaka eggs. The injection
process was completed in January 2007 and
about 400 fish survived and reached sexual
maturity. These fish are now being screened one
at a time by breeding each one to a wild-type
medaka and then checking their eggs and/or
sperm for the presence of the construct, to see
if it is being passed on to the next generation.

The global objective of the project remains to
develop a practical option for controlling, if not
eradicating, Carp from the Murray–Darling
Basin using as a core technology a genetic
construct that biases population sex ratios and
drives population fertility to zero. The immediate
objectives of this project are to test the concept
in a model species (medaka) in controlled
environments, to produce a Carp-specific
construct, and to commence a key safety study;
testing that the construct is species-specific

Given the success of the Mark 2 and Mark 5
constructs to turn genetic female medaka into
functional males, the program to produce a
Mark 1 Carp construct was commenced. This
construct uses wholly native Carp genes, and
is modelled on the medaka Mark 5. The Mark
1 Carp construct has been completed, and
tested successfully for preliminary functionality
in Zebrafish (that is, the construct has been
verified to be turning on as predicted, though
its impacts on sex change can only be tested
in Carp). The construct is ready to be injected
into Carp eggs, once suitable facilities are made
available.

Medaka female and neomale. Source: IA CRC
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Preliminary results indicate that at least one
carrier has been produced, and several more
fish show indications of being carriers. A large
proportion of the fish have yet to be screened, so
more carriers are possible.

The experimental setup to test the specificity
of the new Carp construct has commenced.
Aquarium populations of two species of
rainbowfish have been established in the PC2
laboratory in Hobart, and conditions have been
optimised for rearing their fry. First experiments
have been undertaken to develop a method
for getting the gene into their eggs (which are
extremely small and fragile). Arrangements
have been made for gudgeon to be sent to the
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laboratory for breeding. Finally, preliminary
discussions have been held with hatchery
managers at Snobs Creek, Victoria, regarding
the commencement of a program to produce
Murray cod for testing.
Experimental manipulations of sex ratios in
Gambusia have been undertaken, to model
accurately what would happen to a population
once sex ratios are distorted by a daughterless
construct. These experiments have been running
for about 7 months. The results have been very
surprising and contrary to expectations, but may
lead to a useful method for Gambusia control that
does not necessarily involve genetic manipulation.
The results are still to be verified. Results have
also been discussed briefly with the Tasmanian
Gambusia Control group, with an eye towards
field testing the approach should the replicate of
the experiments also prove positive.
Good progress is being made towards achieving
project objectives, and, in the case of Eastern
gambusia, possibly significantly exceeding
them by providing a new approach to controlling
the pest. It will take until 2007–2008 to verify
whether lines are inherited, to genetically
characterise them, and to begin cross-breeding

to produce the high copy number fish for the
experimental studies. Trial will begin on Carp,
with the Mark 1 construct in hand. A PhD
student has been recruited to use cell culture
techniques to further improve and optimise the
Carp construct, with an eye towards producing
the Carp Mark 2. The project is on schedule to
commence experimental studies in 2007–2008
on the species-specificity of the Carp construct
when injected into native Australian fish.

ii) I dentification of ‘hot spots’ of Carp
reproduction in the Murray–Darling Basin
An understanding of the recruitment dynamics
of Carp in the Murray–Darling Basin is
fundamental for pragmatic implementation of
control tools, including daughterless technology.
This project aims to identify preferred Carp
recruitment areas and their suitability for
different control measures Basin wide.
Its predecessor project in the Pest Animal
Control Cooperative Research Centre (PAC
CRC) highlighted that roughly 80% of Carp
recruitment in the NSW section of the Basin is
attributed to only four to five localities, which
can be targeted for Carp control immediately.

Figure 3: Pest Animal Control CRC Carp larval sampling sites (black) and hotspots (red)
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The current project will expand to include the
whole MDB (SA, Qld and Vic parts) and provide
temporal rigour.
The larval drift component of the former PAC
CRC project has been in operation in New South
Wales continuously since the 2003–2004 Carp
spawning season. Basin-wide sampling for

this PAC CRC project began in the 2005–2006
breeding season.
A complete set of nets and flow meters was
purchased and delivered to each collaborating
agency in September 2005. Daily flow data from
25 gauging stations throughout NSW were
downloaded from http://waterinfo.dlwc.nsw.gov.

Figure 4: The multiple sites (red circles) below Barmah-Millewa wetland where larval Carp were
collected

Figure 5: The site (red circle) on the Boomi River where larval Carp were collected
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Figure 6: The two sites (red circles) at Bourke River where larval Carp were collected

au/drr/index.html in order to make informed
decisions on the most appropriate catchments
to sample. Up until July 2006, flows occurring
in other jurisdictions were monitored by the
local agency, which then notified NSW if
suitable flows were present. Since September
2006, NSW DPI has sourced flow data from
all jurisdictions apart from Victoria, and has
monitored flows on its behalf.

It is also expected that the major irrigation
storages are acting as the Carp ‘hotspots’ in the
upper reaches of catchments.

This has postponed progress towards meeting
some of the milestones. Nonetheless, the
larval sampling for 2006–2007 season was
completed and all the data collected have been
collated, checked and entered onto the NSW DPI
Freshwater database.

Because the drought has meant that only about
half the rivers in the Murray–Darling Basin have
been sampled, a database was used containing
all NSW DPI’s freshwater fish sampling data
and Basin-wide data collected by the MDBC’s
Sustainable Rivers Audit to map the distribution
of baby Carp collected over the last 13 years.
These results support the larval drift data. In
addition to the five hotspots already identified,
the other data suggest that the Lower Bogan
River, the Macquarie Marshes, Lake Brewster
and Barren Box Swamp are also likely to be
Carp ‘hotspots’.

The project team has successfully sampled a
number of important river systems, including:
the Border Rivers, Gwydir, Namoi, Upper
Darling, Lower Warrego, Paroo, mid and upper
Murray, Edwards, Murrumbidgee and Kiewa. So
far, only five hotspots have been found within
these river systems. They include the Gwydir

All up, there are probably as few as 20 major
Carp breeding ‘hotspots’ within the Murray–
Darling Basin. Although moderate amounts of
Carp spawning are known to occur more widely,
targeted Carp control at these major breeding
locations is likely to have a huge impact on
the overall abundance of Carp in inland rivers.

Due to continuing drought conditions across the
Murray–Darling Basin, there have been minimal
sampling opportunities since the beginning of
the ‘Hotspots’ project.
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wetlands, Namoi wetlands, Barmah-Millewa
forest (see Figure 4), Lower Boomi River (see
Figure 5) and Lower Warrego River.
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Developing effective control techniques that can
be applied at the ‘hotspots’ is the next important
step in achieving Carp control.
The 2007–2008 season will be the final sampling
season and is dependant on increased rainfall
over the next twelve months. However, as most
headwater run-off is likely to be stored in empty
reservoirs rather than flow downstream, if
rainfall does increase, sampling opportunities
may not arise within the next year.

iii) I ntegrated tagging to determine
movement and migration of Carp in the
Murray–Darling Basin
This major, long-term project will integrate the
efforts of multiple State and Federal agencies in
marking and recapturing (or relocating) individual
Carp to determine their temporal and spatial
movement patterns. To efficiently plan and
implement integrated pest management (IPM) for
Carp there is a strong need to understand when,
where, and why Carp move around the Murray–
Darling Basin over time scales relevant to their
life-history (i.e., decades). Innovative use of
combined technologies including PIT tags, coded
acoustic tags, and embedded remote sensors
will facilitate an understanding of stock-structure
within the Basin, quantify movement among
stocks, and ‘triggers’ for movement. This groundbreaking project will also quantify the extent
that movement behaviour creates vulnerabilityto-control within Carp life history (for example,
aggregation, passage through fishways etc).
Experience with IPM for other major pests (for
example, mice, rabbits etc) has shown that
knowledge of movement and spatial structure is
essential for realistic evaluation of success.

Creek/Edwards/Wakool Anabranch system,
Murrumbidgee and Darling Rivers) to detect
movement of tagged fish into and from these
sub-catchments. In total 22 out of 50 VR2s are
in the field. Temperature loggers have also been
deployed on one of each pair of VR2s.
In year one (2005–2006), 100 Carp were tagged
and released over 8–10 sites in Victoria and NSW
and in year two (2006–2007) another 100 Carp
were tagged and released over 15 sites across
the Basin (including SA and Qld), with a further
50 Carp to be released in SA and Qld in year 3
(2007–2008), along with 50 datalogging receivers
(VR2s) to monitor movement. Various delays
have occurred including animal ethics approval.
In February 2007, 25 Carp were tagged with
acoustic tags and PIT-tags at two locations on
the Murray River at Barmah, and at the junction
of the Murray and Ovens Rivers upstream of
Yarrawonga and 25 more were tagged at Swan
Hill on the Murray River before the end of May
2007. An additional fifty Carp will be tagged in
June in northern NSW mainly in the Barwon
River at Walgett and Bourke. The location of
tagged Carp release points is in proximity to

Since the project started in October 2005,
various hardware has been obtained, including
50 Vemco datalogging receivers (VR2s), 100
coded acoustic transmitter tags, 25 Tidbit water
temperature dataloggers (and 300 PIT-tags).
Installation has commenced, and is ongoing.
Throughout Victorian rivers, 12 datalogging
receivers have been installed in pairs by
DPI (Vic) staff at locations at the mouths of
six Victorian tributaries of the Murray River
(Ovens River, Kiewa River, Broken River,
Goulburn River, Loddon River and Campaspe
River). In NSW, ten datalogging receivers
have been installed in pairs by NSW DPI staff
in NSW tributaries and anabranches (Gulpa
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the putative recruitment hotspots identified
through a related IA CRC project (see above).
As no further hotspots were identified (perhaps
due to dry conditions), the original intention of
having 8–10 release sites has been revised. The
alternative strategy is to have release sites in
the main channels near known hotspots in the
Murray and Darling Rivers.
An MS Access database has been populated
with VR2s and tag data (locations and
deployment and fish attributes) and a separate
database (VEMCO VUE software) of downloaded
information from the VR2s on date, time and fish
identification has also been created.
The VR2s were visited in May 2007 and any data
recovered. Data from this and PIT-tag detectors
on Torrumbarry fishway and Yarrawonga fish
lock were searched for the first evidence of
PIT-tagged Carp moving. One Carp tagged
at Barmah in February 2007 had moved
downstream to the Campaspe River and was
logged for several weeks on two VR2s in that
tributary between March and mid-May. Apart
from this result, the lack of ‘hits’ recorded on
either fishway detectors, or any other VR2s
suggest that all other tagged fish are presently
still in the Murray or Ovens Rivers where they
were released.

iv) K
 oi herpesvirus (cyprinid herpesvirus;
CyHV-3): its potential as a biological
control agent for Carp in Australia
Koi herpesvirus (KHV) has devastated Carp
populations in the US, Israel, Europe and
China. Having not yet presented in Australia,
KHV offers another highly effective biocontrol
agent if managed and implemented correctly
(as opposed to unregulated escape). Overseas
evidence is very promising, suggesting KHV
is species-specific (infecting Carp only)
and highly effective against Carp. The Fish
Diseases Laboratory at the high-security
CSIRO Australian Animal Health Laboratory
will examine the potential of KHV as a
biological control agent for Carp in Australia,
undertaking a rigorous assessment of KHV in
the laboratory against Australian native species
and Carp strains. These preliminary studies
will be strictly confined to the laboratory,
and, even if the results are encouraging, it
is likely to be many years, and involve much
public consultation, before the virus would be
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considered for use in a multi-pronged attempt
to control Carp in Australia.
At this point, two objectives have been
completed, and preliminary results have been
obtained for a third. UK and USA isolates of
KHV have been imported into the secure area
of the Australian Animal Health Laboratory.
The cell lines that are necessary for culturing
these viruses (i.e., the KF-1 and CCB lines)
have also been imported. All of these reagents
have been tested by a series of KHV-specific
polymerase chain reaction (PCR) assays in
order to: (1) confirm the presence of KHV in
the virus samples; and (2) demonstrate the
absence of virus in the uninfected cell lines.
In addition, these reagents have all been
innocuity-tested, that is, PCRs specific for
exotic pathogens of fish have been used to
demonstrate the absence of known adventitious
exotic pathogens in the imported cell lines and
in stocks of KHV. Recently, a further isolate of
KHV and a new cell-line (the KT-2 line) have
also been imported from Indonesia, and they
too have been tested in a similar manner. As
part of establishing the tools to complete the
project, procedures for the isolation of KHV in
cell culture have been established, and aliquots
of the virus have been stored for future use.
Experience and understanding have been
gained in effective handling this particular
herpesvirus in cell culture.
Several experiments were proposed to be
run between September 2006 and April 2007,
ulitising wild caught Carp:
• a susceptibility trial—to demonstrate that
KHV causes high mortality in Australian
Carp at ambient temperature range;
• a sensitivity trial—to determine the
susceptibility of KHV to physico-chemical
conditions;
• a test of the virulence of Indonesian
isolates; and excretion trials—to determine
levels of excreted KHV from clinically
affected and carrier Carp.
However, due to adverse environmental
conditions, it was impossible to obtain Carp of
the appropriate size (<10 cm) for susceptibility
studies during the spring and summer (2006–
2007). This was despite numerous attempts
by a commercial fisherman to capture wild
Carp, and, later, to artificially spawn Carp in
captivity. In October 2006, approximately 500
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wild-caught Carp, ranging in size from five to
40 cm, were transported to AAHL. The vast
majority of these fish were at the top end of the
size range, and most had skin lesions of various
severity. They were given a formalin bath, and
treated a number of times with a commercial
fish disinfectant. However, the fish were never
judged to be sufficiently healthy to participate
in a formal KHV susceptibility trial. Many of
these fish died, and a large number were killed
humanely after they had contracted secondary
infections (often fungal). Separate pools of
heart, spleen, brain, kidney and liver from 20
relatively healthy fish were cultured on three
fish cell lines (CHSE-214, EPC and KF-1, all at
25ºC) as a preliminary attempt to identify the
presence of any other viruses (cross-reactive
or otherwise) in these wild Carp. After 22 days,
there was no evidence of any replicating agents
in any of the cultures.
In summary, at this point a number of technical
objectives that are essential for conducting
the in vivo work in fish have been successfully
completed. However, drought conditions
throughout much of south-eastern Australia
appear to have been associated with reduced
breeding of Carp in 2006–2007, resulting in
an almost complete absence of juvenile Carp
over that period. While abortive attempts to
use those Carp that were available consumed a
great deal of time and effort, other unscheduled
activities were also undertaken (preliminary
characterisation of an Indonesian isolate of
KHV; the development, and preliminary testing,
of a generic cyprinid herpesvirus PCR; and the
screening of a small number of wild-caught
Australian Carp for other viruses, including
potentially cross-reactive viruses). The following
milestones need to be completed: (1) conducting
experiments to determine the persistence of
KHV in the environment; (2) raising polyclonal
antiserum that is specific for KHV; and (3)
drafting and submitting an Australian and
New Zealand Standard Diagnostic Procedures
(ANZSDP) for peer review. This will leave the
Spring and Summer of 2007–2008 for the
remaining fish work to complete the project.

v) National and State policy evaluation on
the use of genetic technologies against
invasive fish
Policy and regulations pertaining to the use
of genetically modified organisms in natural
environments are still in development. There
is no doubt that existing policy will need to
be reviewed and assessed if the release of
‘Daughterless Carp’ and other genetically
modified (GM) biotechnology for pest animal
control is to be pursued. This project will
determine what information is required either
by way of policy development or supporting
information to facilitate the release of GM fish
into inland waters.
Initial discussions have been held with the Policy
unit of DPI Victoria regarding the scope of this
project. This project is being held over pending
further discussions to determine exactly what
its focus needs to be and will commence in
detail in January 2008.

vi) A
 strategy for developing fish specific
biocides and delivery options
Potentially, piscicides represent a 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. They are also an effective tool
in the restoration of small to medium sized
waterbodies. Research and development of new
piscicides has been limited and most countries
still rely upon the nonspecific fish poisons,
rotenone and antimycin. Literature reviews
will be undertaken in three research areas to
establish specific project briefs that:
• Summarise the legislative and regulatory
framework for the registration of chemicals
as piscicides for use in Australia and New
Zealand, and which identifies the scientific
data and administrative processes required
to enable the registration of known nonspecific piscicides (rotenone and antimycin)
in Australian and New Zealand freshwater
environments.
• Summarise the range of candidate
compounds that are known to be lethal
to selected invasive fish of concern in
Australia and New Zealand, for example,
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Carp and Tilapia, and identify a suite of
biocides for further evaluation and set out
the scientific data required to undertake
such an evaluation.
• Summarise and identify any
pharmacological products, and/or
compounds that are known to be lethal
to and/or disrupt these pathways in
invasive freshwater species in Australia or
New Zealand.
As part of this process, the reviews will
assess the unique traits, physiological or
metabolic pathways of target organisms, and/
or compounds that could be used to selectively
target and control invasive freshwater fish
species in Australia. This may include detailed
discussion of:
• Biochemical or physiological traits that
are unique to invasive freshwater species
and which may be vulnerable to disruption.
These may include mode of feeding, diet,
unique enzymatic or metabolic pathways.
• Biological differences between invasive
species and native and valued introduced
fish species in Australasia that may
make Carp vulnerable to specialised
toxin delivery systems. For example
specialised stomach enzymes or gut flora
that enable digestion of detritus and or
cellulose.Project development was initially
undertaken by the NZ Department of
Conservation and has now been taken up
by DPI Vic.

vii) Evaluation of Carp exclusion screens
at wetland inlets: existing designs,
consideration of ecological effects and
development of ‘optimised’ screens
Carp exclusion screens (CES) are ‘physical
barriers of variable mesh size and design that
are placed across inflow points with a view to
excluding large fish from entering or exiting a
wetland.’ Typically, they are fitted to flow control
structures such as box or pipe culverts, which
are used to manage wetland water in a way that
is amenable to
short-term modification: that is, implementing
‘naturally-variable’ wetting/drying cycles, or
varying the timing, duration, speed and, to a
lesser degree, the extent of inundation.
Carp exclusion from wetlands, using screens,
promises favourable outcomes for native
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aquatic flora and fauna. In particular, Carp are
prevented from accessing their preferred habitat
for feeding, spawning and recruitment, and their
environmental impacts, which are thought to be
greatest in wetlands, are minimised. Possible
disadvantages exist too and these include:
• Blocking the passage of all fauna that are
too large or unwilling to pass through the
mesh, or which are incapable of overland
migration to bypass structures;
• Causing injury to fauna that pass through
the mesh;
• Allowing the passage of young Carp;
• Concentrating Carp, and their impacts,
during wetland drying events; and
• Restricting flow paths and increasing
channel velocities due to clogging, and
breaching of the regulating structures by
adult Carp during floods.
Despite the above and the basic premise
regarding the function of Carp exclusion screens
(CES), their actual benefits and disadvantages
are unknown. This is due to a combination of:
• Limited knowledge of the use of wetlands
and wetland inlets by freshwater aquatic
fauna;
• Uncertainty regarding the range in design,
use and management protocols currently
in place for CES within the Murray–Darling
Basin; and
• A lack of rigorous ecological or
experimental scientific data to support the
use of any screen design.
The current study ‘Evaluation of Carp exclusion
screens at wetland inlets’ (MDBC Project
MD746) is systematically addressing the
above knowledge gaps via desktop, laboratory
and field-based research. The ultimate goal
is to develop an ‘optimised’ mesh design
that excludes Carp of a nominated sizerange to maximise the ecological benefits
of Carp exclusion from riverine wetlands,
whilst minimising the ecological impacts to
native aquatic fauna (especially fishes). The
optimised design will be incorporated into the
development of operational strategies to govern
the future design, use and management of CES
within Basin.
In addition to completing a review of the
global literature on the use of ‘fish’ screens,
and evaluating available data to identify
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links between the presence/absence of Carp
exclusion screens and the relative abundance
of Carp, the following project aims have been
addressed:
• Identify native aquatic fauna that may be
impacted by the use of CES;
• Analyse morphometric data to calculate
‘optimum’ mesh dimensions to exclude
large-bodied Carp, whilst maximising the
passage of small native fauna; and
• Survey existing Carp exclusion screens
along the River Murray and compare these
to the
optimised designs.
A brief description of the activities and outcomes
from each aim are provided below:
1. Identify native aquatic fauna that may be
impacted by the use of CES: The suite of species
that might be impacted by the use of Carp
exclusion screens is not well known because
there are few studies that have assessed the
use of wetlands and wetland inlets by native
and invasive aquatic fauna. To address this
knowledge gap, two key data sets have been
collated (Table 3):
• Annual River Murray Wetland Baseline
Surveys (RMWBS; 2004 to 2007) to
identify fish and other aquatic fauna using
wetlands; and
• ‘After winter’ evaluation of the use of
wetland inlets by native and exotic fishes to
identify fish and other aquatic fauna using
wetland inlets.
In total, 345,817 fish from 26 species have been
captured using wetlands or wetland inlets in
South Australia (Table 3). Included are 21 native
species and five invasive pest species. Of the
native species, 11 have conservation status
in South Australia under proposed or existing
legislation. Key native species found to be using
wetlands and wetland inlets include Australian
smelt, Carp gudgeon, Bony herring, Unspecked
hardyhead, Small-mouthed hardyhead,
Murray rainbowfish and Dwarf flat-headed
gudgeon (in rank order according to numbers
captured). Together, these species comprised
a remarkable 99% of the total catch of native
fishes. Conversely, Carp and gambusia make up
the majority (94%) of the invasive fishes sampled
(n = 21,266). Six species that use wetlands, or
are known to have used wetlands, were not
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captured during any of the surveys. This is either
because they are thought to be extinct in the
State (i.e., Southern purple-spotted gudgeon,
Chanda perch), or found in upland catchments
(i.e., River blackfish) or more northerly regions
(i.e., Spangled perch, Hyrtl’s tandan, Oriental
weatherloach).
Each of the above species is at risk of being
impacted by the use of Carp exclusion screens
at wetland inlets. Additionally, other fauna
captured during the surveys that might also
be impacted included three species of turtles
(broad-shelled, long-necked and short-necked)
and yabbies.
2. Analyse morphometric data to calculate
‘optimum’ mesh dimensions to exclude largebodied Carp, whilst maximising the passage of
small native fauna: Carp exclusion screens of
myriad dimensions may be constructed from
mesh made from vertical bars (‘jail mesh’),
horizontal bars, a combination of vertical
and horizontal bars (‘grid mesh’), or circular
mesh (and potentially any other shape). The
utility of each design is reliant on its aperture
dimensions being less than either the body
depth or width of the targeted size range of Carp
to be excluded.
The project team has calculated theoretical
‘optimised’ mesh designs for CES to selectively
obstruct the passage of Carp ≥250 mm TL, and
consider the effect of the optimised designs
on the passage of other large-bodied fishes
common in wetlands. The minimum size of
250 mm total; length (TL) is well below the
estimated 350 mm TL at which the majority of
Carp are sexually mature and ecologically most
destructive. Selection of a 250 mm TL size class
also affords some protection against spatial and
temporal variation in Carp growth, which might
increase the ability of larger Carp to bypass the
optimised screens in some locations (i.e, Carp
of poor condition may have body shapes that
are relatively narrow and shallow in relation to
their length).
To calculate the theoretical ‘optimised’ mesh
designs, the project team used linear regression
analysis to establish the relationship between
length and width and length and depth for 113
Carp captured during the above ‘after winter’
fish surveys. From these relationships, the
mean width and depth of the minimum targeted
size class of Carp (250 mm TL) was calculated.
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Table 3: Summary of the species complement, total numbers and conservation status (for SA) of
fish recorded during the 2004–2007 RMWBS and ‘after winter’ IA CRC sampling of wetlands and
wetland inlets. Underlined species have not been captured during any wetlands surveys in SA
Common Name

RMWBS
(Wetlands)

IA CRC
(Inlets)

TOTAL

Cons.
Status SA

bony herring

13,375

26,531

39,906

golden perch

335

410

745

congolli

91

1

92

R

silver perch

20

20

P [V]

freshwater catfish

8

1

9

P [V]

short-headed lamprey

2

2

Murray cod

1

1

R

1

R

Large-bodied native fish (>150mm at maturity)

shortfinned eel
Hyrtl’s tandan
river blackfish

P [EN]

spangled perch

Small-bodied native fish (>150mm at maturity)
Australian smelt

4,343

148,917

153,260

carp gudgeon complex

66,180

18,172

84,352

unspecked hardyhead

15,590

14,764

30,354

flathead gudgeon

6,389

2,016

8,405

small-mouthed hardyhead

2,926

1

2,927

Murray rainbowfish

590

605

1,195

R

dwarf-flathead gudgeon

656

511

1,167

R

lagoon goby

826

common galaxias

506

western blue-spot goby

200

200

Murray hardyhead

191

191

Yarra pygmy perch

188

188

P [EN]

southern pygmy perch

85

85

P [EN]

R

826
119

625

chanda perch

P [CN]

Murray galaxias
southern purple-spotted gudgeon

P [EN]

Large-bodied exotic/invasive fish
12,592

351

12,943

goldfish

common carp

449

222

671

redfin perch

270

223

493

7

8

15

7,053

91

7,144

132,870

212,946

345,817

23

19

26

carp x goldfish hybrid
oriental weatherloach

Small-bodied exotic/invasive fish
eastern gambusia
Total Fish
Total Species
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Once reduced by 10%, width values became
the optimum minimum mesh apertures for the
vertical ‘jail mesh’ and horizontal bars (31.4
mm). Similarly, the depth values became the
optimum ‘hypotenuse’ lengths (61.5 mm) of
square grid-mesh (because Carp will orient

Karl Hillyard, undertaking a reconnaissance survey
of Carp screens along the Murray River.
Source: Leigh Thwaites

themselves to pass on the longest available
axis of the mesh). The length of each side of
the square mesh was then calculated using
Pythagoras’ Theorem (43.4 mm × 43.4 mm).
Morphometric data for other large-bodied
native fishes that are most common in wetland
habitats, including Golden perch (n = 228), Bony
herring
(n = 185), Goldfish (n = 45) and Redfin perch
(n = 30), were also analysed to estimate the
size ranges of other large-bodied fishes that
will be excluded by ‘optimised’ Carp screens.
This information is highlighted in Tables 3 and
4, and other mesh dimensions are provided for
comparative purposes.
Essentially, the body dimensions of Golden
perch, Goldfish and Redfin perch are similar to
those of Carp. Consequently, if Carp exclusion
screens are utilised, other similar sized fish will
also be excluded. Bony herring are a possible
exception, since their bodies are significantly
thinner (but not deeper) than Carp at any given
length (see Tables 4 & 5).

Table 4: Summary of the vertical / horizontal bar apertures needed to block Carp of 100–600 mm
(the 250 mm size class is highlighted). Estimates of the associated size range of other large-bodied
fishes that will also be excluded by the disparate bar apertures are also provided
TO STOP
CARP OF

THE BAR APERTURE*
MUST BE

Length
(mm)

Width
(mm)

(*equivalent to body
width, allowing 10%
compression)

100

10.7

150

BUT THIS WILL ALSO PREVENT THE PASSAGE OF
OTHER LARGE-BODIED FISHES, INCLUDING
Golden
Perch
(mm)

Bony
Herring
(mm)

Goldfish
(mm)

Redfin
(mm)

9.6

107

107

73

105

18.8

16.9

152

183

119

148

200

26.8

24.1

196

259

165

191

250

34.9

31.4

241

335

211

234

300

42.9

38.6

286

411

258

278

350

51.0

45.9

331

487

304

321

400

59.0

53.1

375

563

350

364

450

67.1

60.4

420

639

396

407

500

75.1

67.6

465

715

442

450

550

83.2

74.8

510

791

488

493

600

91.2

82.1

554

866

534

536
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Table 5: Summary of the dimensions of square grid-mesh needed to block Carp of 100–600 mm
(the 250 mm size class is highlighted). Estimates of the associated size range of other large-bodied
fishes that will also be excluded by the disparate bar apertures are also provided
TO STOP
CARP OF

THE MESH
HYPOTENUSE*
MUST BE
(*equivalent
to body width,
allowing 10%
compression)

RELATED
DIMENSIONS
(square
mesh)

Length
(mm)

Width
(mm)

100

35.3

31.8

150

46.3

200

BUT THIS WILL ALSO PREVENT THE
PASSAGE OF OTHER LARGE-BODIED
FISHES, INCLUDING
Golden
Perch
(mm)

Bony
Herring
(mm)

Goldfish
(mm)

Redfin
(mm)

22.4 x 22.4

141

139

113

144

16.9

29.4 x 29.4

174

178

149

180

57.3

24.1

36.4 x 36.4

207

217

185

218

250

68.3

31.4

43.4 x 43.4

240

256

221

253

300

79.3

38.6

50.4 x 50.4

273

295

258

289

350

90.3

45.9

57.4 x 57.4

306

334

294

325

400

101.3

53.1

64.4 x 64.4

339

373

330

362

450

112.3

60.4

71.4 x 71.4

372

412

367

398

500

123.3

67.6

78.4 x 78.4

405

451

403

434

550

134.3

74.8

85.4 x 85.4

438

489

439

470

600

145.3

82.1

92.4 x 92.4

471

528

476

507

Figure 7: Summary of the mesh types and designs that are used to construct Carp exclusion
screens at wetland inlets in SA/NSW/Vic
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3. Survey the design of existing Carp exclusion
screens (CES) along the River Murray and
compare these to the optimised designs: The
project team identified, visited and evaluated
wetland CES along the length of the River
Murray in SA/NSW/VIC during July 2007 to
compare existing designs with the ‘optimised’
designs.
Eight mesh designs were identified. The most
common designs were ‘walkway’ (n = 2; 44%)
and weld (n = 10; 19 %) mesh (Figure 7). Other
varieties included security, woven, reinforced
walkway and double-layered security mesh, and
vertical and horizontal bars. Mesh dimensions
were consistent within the walkway, reinforced
walkway and double-layered security meshes
but varied within the weldmesh, woven mesh
and the standard security mesh. Most screens
were made of aluminium (n = 36; 67%), stainless
steel (n = 12; 22%) or galvanised steel (n = 6;
11%).
The mesh dimensions of all designs appeared
small enough to exclude large-bodied fishes
but only ~5 % of screens had dimensions that
approximated the ‘optimised’ designs, and no
screen had the exact dimensions (see Figure 7
below).
In 2007–2008, the project team plan to
undertake laboratory trials to evaluate the
relative performance of the most common
existing screen type (walkway mesh) and
optimised designs identified, in terms of
excluding Carp > 250+ mm TL whilst still
allowing the unimpeded passage of smallbodied native fishes.

viii) D
 evelopment of management strategies
for the control and eradication of Tilapia
populations in Australia
In the last 5 years Tilapia have spread
significantly throughout Queensland waters
and are now seriously threatening invasion of
the MDB. Preventative approaches are being
addressed in the ‘National rapid response plan
for new incursions of alien freshwater fish’
project (see xii), but critical population data
are needed to inform a Tilapia control strategy,
and assess any ‘Achilles heel’ which may be
exploited for control. Tilapia pose a huge threat
to the MDB and the Invasive Animal Cooperative
Research Centre (IA CRC) aims to initiate a
coordinated response with a host of other
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agencies in Queensland. This project will:
• Collect 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.
Field sampling for this project commenced
in September 2006. Five study sites in north
Queensland were chosen and monthly sampling
is being conducted at two impoundments
(Tinaroo and Herbeton), an unregulated river
(Mulgrave), an urban canal (Kewarra) and a set
of artificial lagoons (Paradise Palms). To date
nearly 3200 Tilapia (Oreochromis mossambicus
and Tilapia mariae) have been caught. Gonad
samples and otoliths have been collected
from the majority of these fish and preserved
for later processing to provide information
on reproductive development, growth and
population age structure. Stocks being
monitored include two ‘stunted’ populations of
O. mossambicus.
The efficacy of a number of sampling
methodologies including netting, electrofishing
and trapping was assessed and electrofishing
is now being utilised as the primary capture
technique. A 4.3 m boat equipped with a SmithRoot model 7.5 Generator Powered Pulsator is
being used to sample the two impoundments
and the Mulgrave River while a backpack
electrofishing unit is being employed at the

Male and female Tilapia. Source: Wade Micke
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smaller Kewarra site. At one location, Paradise
Palms, cast netting was found to be the most
efficient sampling technique.
An age validation experiment has commenced
and, to date, about 340 O. mossambicus and
160 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.
The critical life history studies, including the
monthly sampling of feral Tilapia populations,
will continue until mid 2008. Similarly, the
otolith ageing validation experiment will also
continue until mid 2008. The next phase of the
project involves commencing modification of
the CARPSIM model with a view to having it fully
operational by September 2008.

ix) A
 geing validation of northern Carp
populations
This is a small supplementary project that will
inform other Carp sampling related projects in
the IA CRC. Anecdotal evidence suggests that
age at maturity and growth rates of Carp may
vary between northern and southern catchments
of the Basin. Determining differences will
be important for modelling and population
dynamics, and will inform control strategies.
This project had a delayed start due to issues
with permits. In order to release tagged Carp
into two small lagoons it was necessary to obtain
native title approval. This caused considerable
delays to the start of the project. Given the
ongoing drought, finding lagoon sites small
enough to ensure recapture of marked fish that
were unlikely to dry out was also a problem. Two
sites were ultimately selected near Goondiwindi.
One was a deep lagoon in the Goondiwindi
Northern Murray–Darling Basin Botanic
Gardens, the second was an ornamental pond
owned by the main roads department at the
entrance to Goondiwindi townsite. The drought
also slowed progress on collection of adequate
numbers of Carp for an ageing validation
experiment. Many lagoons known as Carp
hotspots had dried out. Eventually reasonable
numbers of Carp were found in the Surat and
Goondiwindi districts.
Thirty-six adult Carp were held in tanks at the
State Fisheries Centre (SFC) and marked with
OTC and PIT and dart tagged. Another 133 adult
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and sub-adult Carp were marked with OTC, PIT
and dart tagged and released into the small
lagoons near Goondiwindi. A further 20 Carp
were collected, marked tagged and released
into the lagoons at the end of May. The drought
has impacted on natural Carp recruitment and
collection of young of the year Carp. To date
80 young-of-the-year (YOY) Carp have been
collected and are currently being held in tanks
at SFC. Only one site has consistently produced
YOY Carp, a lagoon that had its level artificially
raised in spring, when used as a temporary
irrigation storage. After another 20–40 YOY Carp
have been collected all these fish will be treated
with OTC. Thirty YOY Carp will be retained in
tanks at SFC; the remainder will be released
into the Main roads department pond.

x) Spawning migrations and attractant flows:
Achilles heel exploitation of innate Carp
behaviours
In temperate lowland rivers Carp are allied
with two important habitats: shallow wellvegetated spawning habitat, preferably in
off-steam wetlands, and deep over-wintering
habitat in the main river channel. The shallow
wetland habitat enables spawning and the
replenishment of populations via recruitment.
The deep habitat is thought to provide refuge
from flow and maintain stable temperatures
in comparison with shallow surface waters.
Movement between these two habitats 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 targeted, effective Carp management
efforts. This 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; and
• Physical (current-flow) and chemical (food
odours, other chemical stimuli) attractants
to optimise the uptake of Carp into traps.
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Carp exclusion study site, Riverglades. Source: Jim Barrett

While existing CSC technology has proven
effective in trapping migrating Carp by
exploiting their jumping behaviour, field and
laboratory observations have shown that
Carp indicate a preference to push their way
under barriers rather than to jump over them.
Modifications to existing CSCs to incorporate
a gated, spring tensioned or weighted pushing
mechanism have considerable potential to
further increase trapping effectiveness by
exploiting this behaviour. Field sampling was
undertaken during late summer and early
autumn 2007 within the main lake region of the
Torrens River in central Adelaide to indirectly
determine the pushing power of Carp via
pulling measurements made by line hooked
individuals. Carp pulling power exhibits a strong
linear relationship with both fish length and fish
weight with Carp typically pulling (pushing) as
much as twice their body weight. The results
of these measurements are to be used for the
development and manufacture of wetland CSCs
incorporating a pushing component (in a ‘catflap’ configuration) for field testing in
August 2007.
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Research at Banrock Station (Kingston-onMurray) evaluated the movement of native and
invasive fish from that wetland as it was drained
in mid-February. Native fish (small-bodied) were
quick to leave in large numbers but Carp were
determined to stay within the wetland and even
swam further into the wetland against the outflowing water. Media interest in this research
has included:
6th March – ABC Radio, Riverland;
16th March – ABC National Radio, PM edition
with Barbara Lane;
16th March – Courier Mail;
19th March – ABC Radio SA, Drivetime with
Grant Cameron;
30th March – Channel 7 nightly news segment;
5th April – Radio 2VM Moree with Michael
Anderson;
March – Southern Fisheries magazine article;
March – Saturday Advertiser article (Adelaide);
March – MDBC Newsletter
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At this stage, the trials of exclusion screens
and sensory attractants are planned to occur at
Banrock Station’s wetland.
All the major milestones for the project have
been met:
• Completed three months of weekly
sampling, from mid-August to midNovember 2006, at six study wetlands
along the Lower River Murray in South
Australia. This sampling was to evaluate
the lateral migration patterns (timing,
frequency and duration) of Carp and native
fish in relation to environmental variables.
All data has been collated, entered
and verified but are awaiting statistical
analysis/modelling.
• Estimated Carp pushing power via pulling
measurements obtained from line-hooked
individuals. It was found that Carp are
able to exert a pulling (= pushing) force
of at least twice their body weight. This
information is critical for the development
of ‘push traps’ to be incorporated into the
wetland CSC design (and Carp exclusion
screens).
• Seized the opportunity to begin sensory
attractant work at Banrock Station wetland
when it was drained in mid-February.
Lateral movements of Carp and native fish
were evaluated—native fish were quick to
leave the drying wetland but Carp stayed
and actually swam further into the wetland,
against the out-flowing water. Replicated
water samples taken from: 1) the wetland;
2) the outlet creek; and 3) the river, before,
during and after the draining event. These
samples were sent to DPI-Werribee for
chemical analyses. Significant media
attention arose from this work.
• Completed the literature review of Carp
movement and migration, and possible
sensory attractants for laboratory and field
testing.
SARDI has recently secured two new Carp
projects, funded by the Native Fish Strategy:
1) Integrated Carp Management at Banrock
Station; and 2) Evaluation of Carp exclusion
screens at wetland inlets. A new Honours
project on Carp ‘push traps’ will begin in June
2007, and the two associated PhD projects will
continue in 2007–2008.
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Materials for two wetland CSCs have been
ordered; construction is due to commence in
June for installation at Banrock Station by 1
August 2007. Field testing of wetland CSCs,
disparate ‘push trap’ designs and sensory
attractants in lentic and lotic waters is to begin
in September 2007.

xi) I dentifying and isolating natural
environmental attractants for Carp
control
The aim of this project is to extract and
identify any naturally occurring environmental
compounds that act as attractants for Carp or
other pest fish species, with a view to assisting
control technologies in the wild. Attraction
testing of these compounds in a choice of three
Australian locations in the
IA CRC demonstration site at the Lachlan
Catchment of NSW; the permanent SA Murray
River wetlands and Lakes Sorell and/or
Crescent in Tasmania and possibly lakes in
Minnesota, USA, would follow.
Initially, time sequences of water samples
will be collected from a range of known Carp
aggregation habitats. These will be analysed to
identify single or groups of compounds likely
to be acting as chemical cues drawing Carp to
these locations. Bioassay guided isolation will
be used to identify the most potent attractants
and after identification, these compounds will be
systematically tested in the field against a broad
range of cues (possibly in combination with
pheromones) to optimise attraction in situations
which permit active and rigorous experimental
manipulation.
The project began at the end of February 2007.
Examining the records of the Inland Fisheries
Team revealed that there were several sites
on the Tasmanian lakes where Carp strongly
congregated and other sites, which appeared
similar, where the Carp did not gather. Several
sites were identified for water collection
experiments when the Carp
are spawning.
Collaboration with SARDI for the collection
of waters attractive to Carp also began in
February. The Banrock Station wetland was
drained and water samples were collected
upstream, downstream and in the wetland
before, during and after draining. Analyses of
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these water samples will allow determination of
the chemical differences between the collection
sites.
Preliminary analytical work has focused on
method development. Initial results allow
confidence that the sampling containers are not
going to cause problems (i.e., they do not leach
chemicals from the plastic into water samples).

xii) A
 national rapid response plan for new
incursions of alien freshwater fish
Currently, there is no rapid response plan
for new pest fish incursions in Australia.
The Murray–Darling Basin, which arguably
contains the highest proportion of alien fish
in the country (approximately 25% of MDB
fish species are alien, and up to 90% of
individuals in some catchments), has no pest
fish management strategy. Early intervention
at best, limits emerging problems and provides
efficient returns on investment, however,
control measures frequently commence only
when problems are well entrenched. The
purpose of this project is to develop a national
rapid response capability in close consultation
with other projects in the IA CRC Freshwater
Program. The plan will be field tested and
reassessed against one or two (Tilapia and/or
Oriental weatherloach) invasive species already
present in Australia.

xiii) Engaging communities of the Murray–
Darling Basin on the Freshwater
Products and Strategies Program
Understanding of any control technology will
be needed to gain acceptance from the broader
community. Often without adequate consultation
and engagement, the public feels despondent
and is likely to reject or disapprove of the CRC’s
efforts and hereby jeopardise the rollout of
control strategies. This project builds on but
expands and enhances on the community
engagement process of the former Pest Animal
Control CRC’s Daughterless Carp project. The
current program has a broadened agenda,
engages the Murray–Darling Basin communities
and the broader Australian community on the
IA CRC’s Freshwater Program that focuses on
management of alien pest fish.
The work to date has involved:
• Attendance and presentations on the
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Freshwater Program at community events;
• Presentations on the Freshwater Program
at school events and youth forums;
• Finalising a framework developed by
students for student community surveys on
alien fish;
• Publishing of information about the
Freshwater Program in the Cyprinus
national Carp newsletter;
• Reporting progress on the Freshwater
Program at meetings of the Community
Stakeholder Taskforce NFS;
• Assisting the media with stories and
giving media interviews on the Freshwater
Program;
• Preparing and distributing media releases
about Freshwater Program initiatives;
• Ensuring that unreal expectations are not
created in the community;
• Maintaining contact with the Freshwater
Program leaders/staff;
• Presentations on the Freshwater Program
at four community meetings, five school
presentations and other community
activities during the 2007 Native Fish
Awareness Week program in South
Australia; and
• Distributing over 500 posters and
brochures about Carp and alien fish in
seven months.

xiv) Q
 ueensland Carp demonstration site:
Carp control in the Logan and Albert
Rivers Catchment
The Albert and Logan Rivers are located in
South-east Queensland between Brisbane and
the Gold Coast. There is concern about the
aquatic health and sediment load carried by the
Logan-Albert Rivers to Moreton Bay. Carp are
potential contributors to these problems and
therefore the impacts of Carp on water quality
and turbidity are of concern.
The Logan-Albert system is large enough to
demonstrate a substantial impact on Carp
control in Australia, but also small enough for
effects of control measures to be measurable
in the course of the project. A range of different
habitats are invaded by Carp in the Logan-Albert
catchment, including lowland slow flowing
river reaches, lagoons, dams and weir pools,
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Carp habitat 1

Carp habitat 2

Carp habitat 3. Source: Andrew Norris
These images show decreasing water turbidity due
to removal of Carp

Michael Hutchison (left) and Andrew Norris

wetlands, middle reaches and small tributary
and creek systems. This broad range of habitats
may require different Carp management
methods, thus, outcomes from this catchment
should be widely applicable to other river
systems.
One of the important features of this site is the
strong community support for control of Carp in
the catchment. This enables access for research
purposes to numerous private properties in
the catchment. Strong community support for
Carp control also exists in the McIntyre and
Balonne Rivers where the impact of Carp fishing
competitions will be evaluated. In these regions,
the Queensland Murray–Darling Committee
and local fishing groups work together in
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running Carp competitions in order to remove
Carp, promote the issue and raise money for
restocking native fish species.
The objectives of this demonstration site are
to investigate the role of the community in the
effective management of invasive species, and
to demonstrate the feasibility of eradicating or
managing an established invasive fish species
in a catchment system using new and current
technologies. The results of the project will
include best practice guidelines that can be
applied in a range of habitats in other waterways
by various fisheries and community groups.
The research will be divided into four streams:
• Community involvement and dialogue
• Cost effectiveness of control technologies
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Aerial photo of the Great Cumbungi Swamp
Source: Ned Hamilton

A large (~ 600 mm) Carp being measured.
Source: NSW Department of Primary Industries

Using electrofishing to sample Carp and native
fish at one of the monitoring sites. Source: NSW
Department of Primary Industries

Carp in separation cage. Source: Ivor Stuart

• Trialling new and innovative control
technologies
• Development of best practice management
The proposed program will explore a range
of targeted and environmentally friendly
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pest fish control measures, with the goal of
controlling pest fish throughout an entire
catchment. Control measures will involve both
low tech and high tech solutions and strong
community participation. Each of these will be
comprehensively tested and evaluated under
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field conditions, leading to a best practice guide
that highlights methods most appropriate to
different habitats and circumstances. Methods
proven to be successful will lead to marketing
opportunities for CRC partners and also be
available for take-up in other catchments in
Australia and elsewhere.

population, relative level of Carp recruitment
from each hotspot, and the status of water
quality parameters, riverbank stability, aquatic
vegetation cover, macro-invertebrate and native
fish community composition and social attitudes
towards Carp.

Specifically, by 2009 the project aims to:

• Determine the impact and effectiveness of
community involvement in invasive animal
control;

• Reduce Carp impacts at the local
catchment scale;
• Explore the social issues of pest fish
management;
• Produce a Carp fishing competition
guideline;
• Demonstrate the effectiveness of new IA
CRC technologies; and
• Develop best practice Carp control
guidelines for local and regional managers.

xv) NSW Carp demonstration site: identifying
and implementing targeted Carp control
options for the Lower Lachlan Catchment
The Lower Lachlan catchment provides a
unique opportunity for implementation of a
Carp (and other pest fish) control program in
the Murray–Darling Basin. Firstly, the density
of Carp in the Lachlan catchment is one of the
highest in any catchment in New South Wales,
and is probably one of the most abundant Carp
populations in Australia. Therefore, high Carp
densities are available for control trials in this
catchment. Secondly, the Carp population in the
lower Lachlan is supported by two known and
two other potential Carp recruitment ‘hotspots’:
the Great Cumbungi Swamp, Lake Brewster,
Lake Cargelligo and Lake Cowal, each having
features amenable to trialling of control options.
And thirdly (and most importantly), the Lachlan
is typically an endorheic system (largely isolated
from the remainder of the Murray–Darling Basin)
and only ever connects with the Murrumbidgee
River during periods of exceptionally high
flow (1 in 20 year floods). As a result, the Carp
population within the Lower Lachlan catchment
is not exposed to continual immigration from
Carp populations in other catchments.
In the initial two years of the project the
focus is on benchmarking the status of the
Carp population and the aquatic ecosystem
in the lower catchment. Benchmarks are
being established for the size of the Carp
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By 2011, the project aims to:

• Determine the cost effectiveness
of individual and integrated control
technologies over a range of riverine
habitats;
• Field trialling of new and innovative control
technologies and new IA CRC technologies;
and
• Develop best practice guidelines for
the control of Carp through adaptive
management and community involvement.

xvi) Sensory attractants: identifying male
and female sex pheromonal attractants
for Carp
Recent advances in isolating Carp and goldfish
specific pheromone cues have led to the
possibility of employing sensory attractants
(pheromones) for Carp control. This project
aims to develop means to isolate, test and
eventually identify pheromones released by both
mature male and ovulated (sexually receptive)
female Carp.
Work commenced in late January 2007. As
planned, initial studies focused on the Goldfish,
a close relative of the Carp that employs many
of the same olfactory cues and is much easier
to study because of its calmer disposition and
smaller size. The existence of a male-derived
pheromone that attracts sexually receptive female
Goldfish has been verified in the laboratory. The
utility of C18 resins to extract and concentrate this
pheromone has also been confirmed. Controls
have not elicited any responses; these findings
are definitive and will be published.
The existence of a similar male-derived sex
pheromone has also now been confirmed in
Carp. Specifically, sexually receptive female
Carp are attracted to conspecific male
odour in small laboratory mazes. Control
experiments have confirmed that the response
is not an artefact. The assay is working well
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and a population of nearly 150 precociously
mature fish is now established for these (and
future) tests. Experiments using C18 resins
have confirmed that this odour can also be
extracted and purified. Neural recording (EOG)
experiments from the olfactory system of Carp
show that this extract is highly stimulatory.
Ongoing experiments appear to confirm that the
male-derived pheromone can be extracted with
XAD7HP resin, a finding of special significance
because this resin could allow the eventual
extraction and testing of much larger quantities
of the pheromone for field trials.
The behavioural potency of XAD7HP extract will
be tested in laboratory mazes against whole
male odour to determine if this resin extracts
the entire (or at least the majority of the cue). If
it does, large-scale isolation will be conducted
and tests will progress to large aquarium tanks
(3 m in diameter), and thence to the field. If
this resin is not suitable, other XAD resins will
be investigated, likely delaying field (but not
laboratory) work.
Greater detail on each of these projects is
provided below.

Carp separation cage (the ‘Williams’
separation cage)
The tri-State monitoring team has shown that
large numbers of native fish are using the new
‘Sea to Hume Dam’ fishways, but also that Carp
are occasionally abundant. Trapping fish is an
important method for demonstrating fishway
success and also an opportunity to remove Carp.
Goulburn Murray Water has built a scale
physical model of a new weir pool Carp
separation cage (Mark V) that substantially
advances the present ‘within-channel’ Mark IV
cage. The new design works on the same ‘Carp
jumping’ principle but operates in the weir pool;
importantly this eliminates the expense of an
extra long fishway exit channel. The new Mark V
has several other important advantages over the
Mark IV design: 1) the Mark V cage can operate
on the exit of any fishway type (Denil, verticalslot, lock) and exit configuration; (2) more Carp
and native fish biomass can be held; (3) the
trapped biomass is held in lower water velocity
conditions; (4) native fish are exited into the weir
pool rather than into the fishway; and (5) the
Mark V cage is more transferable among exits or
to different fishways.
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 arp management plan for Katarapko
C
Demonstration Reach, South Australia
The area of the Katarapko-Eckert Creek
Demonstration Reach is approximately 9000
hectares. It occupies part of the floodplain of the
Murray River near Berri in South Australia. The
series of land parcels that comprise the reach
are under several separate titles. Consequently,
ensuring community engagement and adoption
of the plan for restoring the demonstration reach
and implementing the Carp management plan
has been a high priority. Both now have strong
community support. The Carp management plan
is to be fully integrated into the plan for restoring
the reach, rather than being a sub-plan. It
includes actions to manage Carp damage both
up and downstream of the demonstration reach.
In 2007–2008 it is intended to not only address
the damage due to Carp, but also other alien
species of fish and terrestrial pest plants and
animals.

State and Territory highlights
On behalf of all States and Territories (except
Victoria), NSW DPI obtained a permit that
enables the use of rotenone in controlling pest
fish. The permit is valid until 2011 and applies
to employees of government departments
responsible for pest fish eradication, or
persons under their direct supervision. It will
significantly increase capacity to deal with new
incursions, and streamline response times,
maximising chances of successful eradication of
alien species.
The Invasive Animals CRC (IACRC) commenced
coordinating the development of a rapid
response plan for invasive freshwater fish
in Australia, due for completion in mid 2009.
It aims to review national and international
approaches to dealing with rapid response
and containment of invasives, document
exiting programs and identify their strengths
and weaknesses and review previous fish
eradication and control exercises in Australia.
An IACRC funded project to investigate Carp
movement and migration within the Basin began
yielding results. The project is using acoustic
pinger tags and remote acoustic data logging
stations along the rivers to follow the movement
of hundreds of Carp to investigate large-scale
patterns of movement to determine the level
of spatial segregation of stocks. It is hoped the
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project can identify recruitment hotspots and
hence identifiable breeding populations, and
identify movement bottlenecks that may provide
management opportunities.
Drought has stalled an innovative project
commenced at South Australia’s Banrock
Station. The project is envisaged to be the first to
demonstrate the effects of Carp on the aquatic
environment and the benefits of their removal.
Banrock wetland was drained and most resident
Carp, intent on remaining within the wetland,
were killed as refuge pools dried out and/
or water quality declined. In contrast, native
fish were quick to leave, and no large-bodied
fish were found stranded. The installation of
experimental plots was completed, to quantify
the ecological response to Carp removal when
the wetland is re-filled.
A literature review was completed as the first
stage in a project, based at Adelaide University,
to evaluate Carp exclusion screens at wetland
inlets. The project aims to assess aspects of the
construction and configuration of wetland Carp
exclusion screens to inform the development
of operational standards for their future
construction, use and management within the
Murray–Darling Basin. Initial findings suggest
Carp screens predominate in South Australia
but their application throughout the MDB should
be considered.
In Queensland, as part of the Macintyre River
Demonstration Reach activities, a Carp cull
event was held, allowing recreational anglers
to raise money for restocking purposes and
alerted the wider community to the Carp
problem. To investigate the effectiveness of
Carp fishing competitions in reducing Carp
numbers, a number of Carp were tagged in
areas along the river where competitors were
fishing to help estimate the proportion of the
population removed by the anglers. Recapture
rates suggested that population reductions in
the surveyed sites were much less for angling
(0.5%) than for electrofishing (13%). However,
much angler effort was outside the study area.

The project will take place in two phases:
the first, which is currently underway, is
a laboratory-based trial to test whether
fingerlings can be trained to avoid fish and
bird predators, and whether sub-adults can
be trained to respond to live prey. The second
phase will incorporate field trials in the
Condamine River system.
A literature review has been completed to
examine hatchery domestication effects on
stocking success, evaluation of methods to
minimise domestication effects, and strategies
to improve post-stocking survival of fish,
including endangered species. Tank-based
training and evaluation trials and tagging trials
have also commenced with Silver perch, and
Eel-tailed catfsh.
Preliminary results indicate that predator
trained Silver perch (after just one day of
training) respond very differently in test tanks
to predators than the naïve control fish. Control
fish happily swim near the predator and roam
the tanks in very loose dispersed schools;
trained fish form tight schools distant from
predators. One or two school members may
occasionally inspect the predator and bolt back
to the school.

Murray cod modelling to address key
management actions
Victoria’s Arthur Rylah Institute is undertaking
a project to develop a population model for
Murray cod, which will help clarify alternative
options for management in relation to size and
bag limits and potential recovery times from
overfishing and fish kills. This will also help
identify the type of monitoring necessary to
support changing management actions as well
as assessing populations under threat.

Improving survival of hatchery reared
threatened fish

The project team has made progress in
the development of population models for
Murray cod, and undertaken an assessment
of data requirements to populate models and
management scenarios.

This new project is looking at developing
strategies to reduce domestication effects and

Data: A number of people have been identified
as holders of age data (from otolith analysis),

3.1.5 Protecting threatened fish species
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improve post-stocking survival of threatened
fishes. It is hoped to do this by training hatcheryreared fish to respond to live prey, and to avoid
bird and fish predators, to maximise survival
post release.
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pollution; environmental flows and habitat
management areas. These last two were
discussed, with specific changes to carrying
capacities as a likely way to incorporate them
in the model. No other management scenarios
were identified.
Examining climate change impacts, an
additional set of scenarios not identified at
the workshop, will also be included subject to
availability of data.

Meta-data analysis
Otolith demonstration. Source: Jarod Lyon

some of which has been provided to the project
and more is being sought. Age data is the best
data to use to estimate survival rates in the
absence of appropriate mark-recapture data.
Analysis of age data has provided for estimates
of age survival and was presented to the ASFB
Conference in Canberra in 2007. Analysis will
continue to be updated as additional data
becomes available.

Development of appropriate model(s): A
stochastic model has been modified to include
15 age classes and the density dependence
mechanism implemented has been modified to
produce smoother dependencies. That is, under
the new development, as fish density increases,
negative feedback increases in strength in a
smooth non-linear form rather than the cut-off
threshold that had been assumed previously.
Additionally, the new approach allows for
age classes of fish that may be considered
to be behaving/performing in similar roles
to influence each other. A trophic model is
currently being developed, and will be finished
in early 2008. A stock assessment approach is
also being considered.
Management scenarios: A variety of fishing
scenarios have been identified, and were
discussed at the first Steering Committee
workshop, this included: current regulations,
slot sizes as well as alternate regulations.
Another scenario to consider is what might
be useful indicators that identify a change in
a population, and how long might it take to
observe the implemented regulations. Nonfishing scenarios include: changes in habitat
(increase and decreases); the impact of thermal
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This project, undertaken by Sinclair Knight
Mertz, aims to collate all fish survey
information, including metadata, from around
the Basin and identify and implement innovative
techniques to analyse the data to provide a
broad scale overview of the status of native
fish in the Basin and trends in abundance
and distribution.
In 2006–2007 data collection was finalised
and a range of statistical analysis techniques
were considered. Outcomes from the analysis
indicated that data quality and extent was
insufficient to enable an historical assessment
of trends in fish abundance due to a lack of
standardised effort and because of the majority
of the decline in native fish abundance appears
to have occurred prior to most survey data.
An expert workshop, attended by agency
representatives and researchers decided that
based on the relative poor quality of data and
limited historical extent that an alternative
approach was required to document historical
trends in fish abundance. The revised approach
has been to document historical trends based
on the literature and anecdotal information
and, where possible, to augment this qualitative
assessment with specific examples where some
quantitative data is available, even though such
examples are limited to only a few locations over
the entire Basin.

Spatial management model of Murray–
Darling fish populations
The purpose of this study is to investigate
the feasibility and relative merits of potential
modelling approaches to the development of a
Basin-scale spatial model that integrates existing
knowledge on the condition of fish in the Murray–
Darling Basin (MDB) and on the ecological and
management factors influencing them.
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During the scoping study the steering
committee refined the purpose of the proposed
spatial management model, which was
given the title ‘Murray–Darling Freshwater
Information System’. The proposed Information
System would need to:
• provide a repository for data provided to the
NFS from commissioned projects;
• collate data relevant to fish management
from across the Basin to aid decision
making;
• provide the capacity for increasing extent
and number of data sets (other taxonomic
groups, physical processes, etc.) into the
long term future with strong linkages
to other MDBC initiatives such as the
Sustainable River Audit;
• provide a structure and data capacity for
interrogation and analysis of spatial data at
a number of scales across time and space;
and
• provide outputs that meet the needs of
a number of different users from river
managers in catchment management
authorities requiring locations of important
communities and processes using
qualitative analysis to experts requiring
higher level quantitative analysis for
complex or broader policy applications.

The study examined three case studies that
demonstrated the value of an information
system, and concluded that pursuit of an
information system approach to target and
prioritise sights for optimal resource allocation
was worthwhile. The report also recommended
inclusion of a fish habitat model that predicts
the presence of particular species at each
stream segment.

State and Territory highlights
As part of a Queensland project aimed at
improving post-stocking survival of hatcheryreared threatened fish species, a literature
review was completed on the effects of hatchery
domestication on post stocking survival. The
review contains information on ways to reduce
domestication effects and improve poststocking survival. It would appear that there
might be some benefit in training hatchery
pond-reared fingerlings to recognise predatory
fish species and to a lesser extent predatory
birds. Preliminary experiments to test this are
underway on Carp before testing the predator
aversion training on threatened species.
The final approved NSW Trout cod recovery plan
was printed and released. The plan outlines a
series of recovery objectives, actions and criteria
for evaluating success. Re-establishment of

Vanity fishway 3. Vanity Crossing rock fishway on the Cotter River. Source: Mark Lintermans
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the Trout cod at a small number of locations
represents the early stages of recovery of the
species, but it is still considered to be in danger
of extinction from factors such as habitat
modification and degradation, illegal fishing
activities and the adverse impacts of introduced
species.
In the ACT, the threatened Macquarie perch was
found to have benefited from the installation
of a fishway at Vanities Crossing on the Cotter
River. The ACT Government has developed a
rapid assessment approach to quantifying the
distribution and abundance of new recruits
through snorkel based surveys of the Cotter
River in summer.
Drought impacted on translocations of
threatened species in Victoria. During late
2006 surveys were undertaken to monitor the
presence and breeding success of Freshwater
catfish previously translocated to five
impoundments in central Victoria. It appears
that catfish cope well with translocation, and
abundant evidence of breeding activity was
found at a number of sites. Consequently,
there were plans to trial translocations into
a number of weirpools along the Loddon
River, but drought conditions constrained the
number of potential release sites. A small-scale
translocation was undertaken in April 2007,
with a total of 147 catfish translocated to two
sites judged to be suitable and offer some water
security.
The critically endangered Barred galaxias
only occurs in the upper reaches of tributaries
of the Goulburn system in small shallow
headwater streams that are typically cool and
well oxygenated. Only two of the 18 known
populations in the State are unaffected by
drought and fire. Fish were salvaged from
fire-affected sites and where base flows had
ceased. They are being kept under Temporary
Captive Maintenance (TCM) and strategies
are being formulated for release back into
collection sites when conditions improve. If the
drought continues, TCM of populations may
need to be repeated, and may become a regular
conservation measure for Barred galaxias
unless an alternative can be found.
The severe shortage of available environmental
water may result in the extinction of several of
the remaining known populations of Murray
hardyhead if in the coming 12 months water
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levels continue to fall. In October 2007 a
decision was reached that environmental water
would be released into three of the four known
Murray hardyhead sites in Victoria: Woorinen
North and Round lakes and a small area of
Cardross lakes which will be sectioned off. Lake
Hawthorn and the remainder of the Cardross
Lakes will not receive environmental water and
the populations there are considered unlikely to
survive.
The situation was no better in South Australia
where the State Government acted to protect
small, endangered native fish under threat from
the low water levels in the River Murray. The
conditions across the Murray–Darling Basin have
contributed to low water levels in the reach below
Lock 1 and Lake Alexandrina; while low rainfall
has also affected Eastern Mount Lofty Ranges
fish communities. There was a possibility of local
extinction if no action was taken.
Threatened native fish, particularly the Yarra
pygmy perch and Southern purple-spotted
gudgeon, were collected from disconnected and
drying refuge areas, and maintained in tanks.
All fish are surviving satisfactorily in individual
aquaria but long-term holding of these fish is
problematic and expensive. Progress on reintroduction once flows are restored, and longterm holding options, are being developed along
with a framework for future responses should
they be required.
An initial list of South Australian threatened
freshwater fish was prepared by the Threatened
Species Schedule Subcommittee and revealed
that over half the 58 native species were
threatened, many so seriously that they require
urgent attention to prevent their loss from the
State.

3.1.6	Managing fish translocation
and stocking
Discrimination of stocked/wild fish project
Over the past 20 years, approximately 50
million native fish have been stocked into the
Murray–Darling Basin to enhance fisheries.
Although stocking continues to be used as the
major management tool for inland fisheries,
very little is known of the fate of stocked fish.
Two techniques were developed for chemically
marking hatchery fish as part of a previous
NFS funded project (brood stock injection and
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osmotic induction marking). This project is now
testing and refining these techniques at an
appropriate scale for routine use in government
and commercial hatcheries. The project is also
identifying and implementing the approvals and
registration process for the use of alizarin red
S and other chemical marking techniques to be
used in Australian hatchery fish, and developing
a portable detection unit to allow for routine,
non-lethal detection of fish in the field. The
techniques developed and tested through this
project are then being used to determine the
contribution of stocked fish to populations.
The osmotic induction method provides a
practical means of marking fish so that they can
be non-lethally detected in the field. Marking a
batch of fingerlings using this technique takes
approximately ten minutes, and in the case of
alizarin red S, the costs are very low. Calcein
is more expensive and this may limit its utility
in some situations. A portable field detector
has been developed for calcein and work is
continuing on the development of a similar
detector for alizarin red S (see below).
Both calcein and alizarin red S may require
approval/registration by Food Safety Australia
New Zealand (FSANZ). Members of the project
team will determine the approval requirements
as part of the current project.
The second technique identified as having
great potential is immersion marking of larval
fish otoliths using stable isotopes of barium

and possibly strontium. Immersion marking
was tested on Golden perch fingerlings during
the previous project and it was found that fish
needed to be exposed to the isotopes for at least
four days for a detectable mark to be produced.
This is not likely to be practical in most hatchery
situations. However, unlike fingerlings, larval
fish are routinely held for more than four
days in static conditions, thus providing a
window of opportunity for marking fish without
interruption to normal hatchery operations.
Since the completion of the previous project,
preliminary research has shown that immersing
Golden perch larvae in isotope enriched
water can produce detectable marks without
significant changes to the normal hatchery
procedures. Given that there are a number of
different isotopes available for use, the potential
exists to develop specific markers for each
individual hatchery or batch of fish produced.
Although this method requires sacrifice of the
fish to extract the otoliths, it has the potential
to determine the specific source of the fish
(hatchery or batch) and the year of release (from
otolith ageing). The larval immersion method
will be further tested and developed as part of
the current project.
Experimental stocking of Golden perch
fingerlings was undertaken by the project team
as part of a previous ARC Linkage Project to
examine the outcomes of stocking in rivers.
The current project will continue to build upon

Figure 8: Percentages of stocked Golden perch from rivers surveyed between 2003 and 2006
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this work. A series of large-scale experimental
stockings was conducted in several rivers
in southern NSW to provide a quantitative
assessment of the influence of fish stocking on
population size, to determine the proportion
of hatchery-reared fish versus wild fish in the
stocked rivers, and to assess the potential
effects on resident fauna.
NSW DPI stocked >350,000 Golden perch
fingerlings with alizarin complexone otolith
marks into three river systems in the southern
MDB.
The Murrumbidgee River was stocked in
2002, 2004 and 2005 with 50,000 fingerlings
per year. The Edward River was stocked in
2004 and 2005 with 50,000 fingerlings per
year, and the Billabong Creek was stocked
in 2006 with 60,000 fingerlings and in 2007
with 48,000 fingerlings. In each of the stocked
rivers, 4–6 sites were stocked, each receiving
~10,000–12,500 fingerlings. The scale of these
experimental stockings is representative of
large scale stocking activities undertaken in the
Murray–Darling Basin. Annual standardised
electrofishing surveys of the Murrumbidgee
River, Edward River, Billabong Creek and
Murray River were conducted between 2003
and 2006 to determine the contribution of
stocked fish to Golden perch populations
in the river systems and to examine any
changes to the fish assemblage structures and
compositions that may have resulted from the
experimental stockings.
Preliminary results showed that stocked fish
comprised between 13 and 60% of the different
age classes of Golden perch in the stocked
rivers (Figure 8). It was also found that relative
abundances of Golden perch did not appear to
have changed in response to the stockings, and
that it is possible to identify unmarked stocked
fish with reasonable accuracy using the natural
chemical signatures of otoliths provided
that libraries of elemental fingerprints for
hatcheries are maintained across multiple
years. The frequency of sampling will be
increased to three times per year in the current
study and further quantitative assessments of
the experimental stockings will be conducted
over the life of the project.

Applications and approval for use of
chemical markers
A final report for the project ‘Chemical Marker
Registration’ (MD693) was submitted to the
MDBC in May 2007 (Sanger and Crook 2007).
The research conducted and advice obtained
as part of this project did not identify any
regulatory or legislative impediments to the use
of stable isotopes of barium and strontium for
marking hatchery fingerlings using the isotope
immersion and brood fish injection techniques
developed in the previous project ‘Improved
methodologies for discriminating stocked and
wild fish’ (R5003) (Crook et al. 2006).
Advice received from the Australian Pesticides
and Veterinary Medicines Authority (APVMA)
was that the use of calcein and alizarin red
S (ARS) for marking fish using the osmotic
induction technique does not constitute the
use of a veterinary medicine. Therefore, there
is no requirement for APVMA registration of
osmotic induction marking of fish using these
chemicals. Unlike the stable isotopes of barium
and strontium (for which no potential food
safety issues were identified), however, the
requirement for approval by FSANZ still needs
to be resolved for the use of calcein and ARS for
osmotic induction marking of fish.

State and Territory highlights
A partnership between volunteers, agencies
and groups was established in 2006 to monitor
the contribution of native fish stocking rates
to recruitment of the Murray cod populations
in 56 kilometres of the Dumaresq River on
the Queensland/New South Wales border;
the findings will have relevance to stocking
management throughout the Basin.
Following the publication of New South Wales
The Hatchery Quality Assurance Program
(HQAP) Manual in late 2005, the scheme was
implemented. It accredits hatcheries to produce
native fish for stocking and is designed to guide
the production of key native species in a manner
that provides high quality, disease free and
genetically sound stock. Over time accreditation
will cover the production of all species used
in fish stocking activities in NSW, as well as
species stocked for conservation purposes and
salmonids.
Victoria has continued its development of a
microsatellite library of Murray cod DNA to
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learn more about the species and its genetic
characteristics. Analysis of the contemporary
genetic Murray cod population across the MDB
has revealed up to six genetically discreet
populations. The project is currently evaluating
the effects of different breeding and stocking
practices on the genetic diversity of these wild
populations, and aims to link genetic markers
with desirable traits for aquaculture production.
In 2006–2007, 665,000 native fish, mainly Golden
perch and Murray cod, were released into
Victoria’s inland rivers and impoundments. In
addition, some of the funding from recreational
fishing license fees was allocated to stocking
of Murray cod and Golden perch in northern
regions. Strategic translocations also continued
in the ACT with the release of 126 Macquarie
perch juveniles at Molonglo Gorge, which
is expected to be a good translocation site
because of the absence of Redfin perch, which
are carriers of the Epizootic Haematopoietic
Necrosis Virus (EHN).
A draft policy document reviewing the literature
on stock enhancement and recommending a
policy for the South Australian Government
in relation to the release of cultured or
translocated species into wild populations was
completed and released for public comment.
This was partly in response to the various
applications made to release cultured or
translocated fish species into wild populations
to enhance stocks under the argument that an
increase in the numbers of a target species will

Trout cod and Murray cod broodstock from the
Narrandera Fisheries Centre. Source: NSW DPI
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result in increased catches and higher economic
gains. As the document points out, significant
difficulty exists in predicting the success of
stock release. The many risks involved include
reduction in genetic diversity, alteration of food
chain interactions, the potential introduction
of disease and predation on other organisms,
and may have serious biological, economic,
environmental and social implications.

3.2	Other projects and activities
Assessing the effectiveness of environmental
flows on fish recruitment in Barmah-Millewa
Forest (BMF)
This recently completed project aimed to assess
the impact of water management (particularly
environmental flows) in the Barmah-Millewa
Forest on fish spawning and recruitment. The
project was conducted from September to
February in the 2003–2004, 2004–2005 and
2005–2006 seasons. From October to December
2005, 513 GL of the environmental water
allocation was used at the forest to extend the
duration and slightly increase the magnitude
of a natural spring flood event. The managed
flows resulted in fairly continuous flooding of
the forest from mid-August to mid-December.
Information on fish recruitment before and
after the Environmental Water Event (EWE) of
2005–2006 was collected.
The project found that different species
responded in different ways to the EWE, but
that there was a positive response in fish
recruitment. A variety of native fish species
(generally smaller species) did utilise floodplain
habitats to spawn and recruit, however this
occurred during both flooding and non-flood
seasons. Most native fish were found not to
require overbank floods to stimulate spawning
despite interannual variations in flow and
water temperature, but many species altered
the timing and extent of their spawning period
in the 2005 flood season. Counter to general
predictions about the role of flooding in fish
spawning and recruitment, there was no
dramatic increase in the total abundance of
all species or the abundance of larvae and
juveniles of most native species (especially
for the smaller species) associated with the
2005 flood event. The flood year did however
indirectly increase the abundance of juvenile
Southern pygmy perch found in the Forest. The
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introduced species, Carp, Goldfish and Oriental
weatherloach also demonstrated an increase
in recruitment strength associated with the
2005 flood event. The most obvious benefit of
the flooding was increased spawning activity
in Golden perch and Silver perch, and the
increased number of young-of-year Murray cod,
Trout cod and Southern pygmy perch. Flooding
also played an invaluable role in habitat
maintenance and connectivity of floodplain
habitats such as wetlands and creeks for a
variety of fish residing and recruiting on the
floodplain. Indirectly, it also probably provided
a boost of nutrients and prey items in returning
waters to permanent waterbodies such as the
main channel and wetlands.
This report is available from MDBC in either
hard copy or electronically through the Native
Fish Strategy website: www.mdbc.gov.au/NFS.

Effects of environmental flows on lateral
fish movement
This recently completed project was established
to examine the effects of environmental water
allocations to investigate movements of native
fish between the Murray River and forest creeks,
and to determine the impact of regulators on
native fish movements in the Barmah-Millewa
Forest (BMF). The project was designed to
provide an increased understanding of the
effects that regulators and their operation, and
varying environmental conditions (particularly
flow and temperature variations) have on riverfloodplain movements, which may provide the
information necessary to manage floodplain
regulators for native fish.

The study presents management
recommendations for the operation of forest
regulators, to minimise the likelihood of fish
becoming stranded with the sudden closing off
of regulators.
This report is available from MDBC in either
hard copy or electronically through the Native
Fish Strategy website: www.mdbc.gov.au/NFS.

Australian Society for Fish Biology
and sponsorship
The MDBC sponsored the 2006 Australian
Society for Fish Biology’s annual workshop
(held in Canberra), which focused on Spatial
Management in fisheries (http://www.asfb.
org.au) and was attended by biologists and
managers from around Australia. Two of the
keynote presentations given were particularly
relevant to the Murray–Darling Basin: a
presentation by Dr John Koehn entitled ‘Spatial
management of freshwater fish: A case study
for Murray cod’, and a presentation by Dr Bill
Phillips entitled ‘Building a system of riverine
protected areas across the Murray–Darling
Basin’. Several presentations were also given
during conference relating to management and
research of fish in the Murray–Darling Basin,
particularly in areas of movement and pest
management.

The report suggests that fish movement
between the Murray River and forest creeks
occurs on a regular basis in unregulated parts
of the BMF. Fish generally respond to changes
in flow, by moving into forest creeks on rising
flows and returning on falling flows. In regulated
systems, fish generally approached the regulator
on falling flows, presumably trying to return
to the Murray River like fish in unregulated
creeks, but were prevented from returning by
the regulator’s presence and therefore remained
stranded downstream. Movements back to
the Murray River were only possible for a few
large-bodied individuals during flood conditions,
when regulators were drowned out and water
velocities and turbulence reduced to the extent
that such fish could escape.
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3.3 Infrastructure
3.3.1	The NFS Implementation
Working Group
The NFS Implementation Working Group
Terms of Reference
The NFS Implementation Working Group
(IWG) provides high-level advice—through the
Natural Resource Mangement Committee
to the Commission—on fish conservation,
rehabilitation and management issues
in the Basin, especially in relation to the
implementation of the NFS.

The NFS IWG meets on an ‘as needed’ basis,
usually three to four times per year.

Membership
NFS Implementation Working Group is
comprised of:
• The Director of Strategy Implementation,
as Chairperson;
• The Senior Manager of the NFS, as
Executive Officer;

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

• A senior policy representative and a
scientific representative from each
jurisdiction;

• Identify emerging or potential issues in fish
conservation and management that may
be applicable to Murray–Darling Basin fish
communities;

• A senior representative from the Australian
Government agriculture & fisheries
portfolio, and environment portfolio;

• 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 NFS 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
and pursue two-way communication with
the range of departments, agencies and
policies;
• Coordinate and advise on the
establishment and implementation of
demonstration reaches in the Murray–
Darling Basin;
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• Provide advice to the CE on the suitability
of reports funded under the NFS for
publication and distribution.

• An independent scientific expert; and
• A representative nominated by the
Community Advisory Committee as an
observer.
Taskforces established and reporting to the
NFS IWG are:
• Fish Passage Taskforce;
• Murray Cod Taskforce;
• Community Stakeholder Taskforce; and
• Native Fish Strategy Coordinators.
During 2006–2007, membership of the NFS
Implementation Working Group comprised:
• Dr Sharon Davis, MDBC (Chairperson)
• Mr Jim Barrett, MDBC
• Mr Mark Lintermans, MDBC
• Mrs Nicole Dickson, MDBC
• Mr Paul Hardiman, DEH (C’wlth)
• Mr Alex McNee, DAFF (C’wlth)
• Mr Paul Bennett, DSE
• Dr John Koehn, DSE
• Mr Craig Copeland, NSW DPI
• Dr Michael Hutchison, Qld DPIF

• Provide direction, as required, to NFSrelated Taskforces;

• Dr Peter Jackson, Qld DPIF

• Provide timely periodic reports and an
annual consolidated Basin report on the
implementation of the NFS; and

• Dr Qifeng Ye, SARDI

• Ms Alice Fistr, PIRSA
• Ms Sarah Moles, CAC
• Dr John Harris, consultant
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The NFS IWG met in September 2006 and
February 2007 (Canberra). Major outcomes of
these meetings included to:
• highlight key issues to be progressed at
NFS-hosted workshops;
• prioritise knowledge gaps and develop
project briefs for research funds;
• develop a process for providing ‘seed
money’ for demonstration reaches;
• review the role of the Community
Stakeholder Taskforce in implementing the
NFS;
• establish an expert panel on fish and
drought to produce a position statement for
the Commission; and
• agree on a three year rolling plan for
effective implementation of the NFS.

3.3.2	The NFS Coordinators

implementation of key actions under the
NFS’s objectives across the Basin; and
• undertake formal liaison with the MDBC
and associated groups.
In 2006–2007, the NFS coordinators were:
• Ms Sharon Molloy and Mr David Harasti,
New South Wales
• Mr Jason Higham, South Australia
• Ms Natalie Baker, Queensland
• Mrs Fern Hames, Victoria
Contact details of the NFS Coordinators can be
obtained from the MDBC.
The Coordinators met in October 2006
(Canberra), December 2006 (Canberra), and
June 2007 (Port Stephens Fisheries Centre). In
addition, they participated in the NFS Awareness
Week in March 2007. Major outcomes of these
meetings included:

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

• identification of communication needs and
development of educational material;

• raise the general awareness of the NFS in
the jurisdictions;

• development of detailed work plans for
Coordinator activities; and

• engage with stakeholder groups such as
catchment management organisations,
non-government organisations, Indigenous
peoples, local government, fishing groups,
landholders and industry;

• development of NFS Annual
Implementation Reports.

• ensure regional natural resource
management plans properly reflect the
objectives and priorities of the NFS;

The Fish Passage Taskforce Terms
of Reference

• 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
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• establishment of demonstration reaches in
each jurisdiction;

3.3.3	The Fish Passage Taskforce

On the premise that hydrology, hydraulics and
biology are three essential and interrelated
elements in developing fish passage, the MDB
Fish Passage Taskforce (FPT) will:
• 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;
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• provide an emphasis on river ecology and
its relationship with fish passage;

Barrages, major outcomes of these meetings
included:

• ensure that there is an appropriate
monitoring and evaluation component for
each new fishway; and

• providing comments on design of fishways
in the Chowilla system;

• 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).
The Fish Passage Taskforce meets on an ‘as
needed’ basis, usually three to four times a year.

Membership
The Fish Passage Taskforce is comprised of:
• The Senior Manager of the NFS, as
Chairperson;

• trialling a number of fish counting
technologies and innovative fishway
designs;
• examining concept designs for Lake
Victoria inlet and Edward River off-take
regulators; and
• advising on fish passage issues at Moira
Lake.

3.3.4	The Murray Cod Taskforce

• The Assets Manager, River Murray Water;

The Murray Cod Taskforce Terms of
Reference

• Fisheries biologists and engineers from the
State/Territory jurisdictions;

Under the umbrella of the MDBC’s NFS IWG, the
Murray Cod Taskforce (MCT) is to:

• A representative from SA Water operations;

1. 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:

• An independent scientific expert; and
• The construction Project Manager.
In 2006–2007, membership of the Fish Passage
Taskforce 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)

• the identity, size, structure and dynamics of
cod populations;
• the levels of fishing catches from cod
populations;
• the levels of recruitment;
• the impacts of stocking efforts;
• the 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;

• Mr Brenton Zampatti, SARDI

• 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;

The FPT met in August 2006, October 2006
and March 2007. Other than progressing the
construction of fishways (and monitoring their
effectiveness) at the River Murray Locks and the

• the feasibility, design and implementation
of potential additional Murray cod
management measures that are widely
employed in the conservation of other

• Mr Ivor Stuart, VIC DSE (ARI)
• Mr Robert Alaia, SA Water (Project
Manager, Locks fishways)
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• organising training on fish biology for Lock
staff;
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freshwater and marine fisheries such as
closed areas; catch and release areas;
identification, definition and declaration of
critical habitats; and trophy fisheries; and
• measures to further promote Murray cod
as an iconic species.
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 decision-making in
the management of Murray cod.
The Murray Cod Taskforce meets on an ‘as
needed’ basis, usually two to three times a year.

Membership
The Murray Cod Taskforce is comprised of:
• The Manager of the NFS, as Chairperson;
• The Senior Project Coordinator, NFS, as
Executive Officer;
• Fish biologists and enforcement officers
from the State/Territory jurisdictions;
• Representatives from stocking groups;
• Recreational fishing representatives;
• An independent scientific expert; and
• A representative from the conservation
movement.
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, conservation, Native Fish Australia,
ecology, fish biologists and enforcement.
During 2006–2007, membership of the MCT
comprised:
• Mr Mark Lintermans, MDBC (Chairperson)
• Mr Dean Ansell, MDBC
• Mr Phil Duncan
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• Mr Richard Ping Kee
• Dr Stuart Rowland
• Dr John Harris
• Dr John Koehn
• Dr Qifeng Ye
• Dr Michael Hutchison
• Mr Robert Loats
• Dr Dean Gilligan
• Mr Marc Ainsworth
• Mr Ben Bowman
• Mr Peter Teakle
• Mr Les Kowitz
• Mr Ron Lewis
• Mr Paul Sinclair
• Dr Peter Jackson
In 2007, the Murray Cod Taskforce met in March
and May. The primary purpose of the meetings
was to provide input into the draft national
Murray Cod Recovery Plan.

3.3.5	The Community Stakeholder
Taskforce
The Community Stakeholder Taskforce
Terms of Reference
The Community Stakeholder Taskforce (CST):
• provides 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;
• coordinates information and education
activities;
• promotes the preparation of material
to inform the community on native fish
management issues;
• provides input from and develop links with
catchment groups, special interest groups
and educational institutions;
• promotes 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;
• promotes effective liaison between groups
involved in all aspects of native fish

49

Murray–Darling Basin Authority

management; provide feedback and advice
to the NFS IWG on relevant issues;
• brings a strong and well focused
community perspective to support and
enhance the implementation of the
Strategy; and

• Mr Dean Ansell – Murray–Darling Basin
Commission

• maintains links with the NFS IWG to
ensure a coordinated approach and avoid
duplication of work and waste of resources.

• Mr Jim Barrett – Murray–Darling Basin
Commission

The Community Stakeholder Taskforce meets
on an ‘as needed’ basis, usually three to four
times a year.

Membership
The Community Stakeholder Taskforce is
comprised of:
• A representative from the Murray–Darling
Association, as Chairperson;
• The Senior Project Coordinator, NFS, as
Executive Officer;
• Representatives from the recreational
fishing sector;
• A representative from the commercial
fishing sector;
• A representative from the indigenous
community;
• A representative from the tourism sector;
• A representative from the aquaculture
sector; and
• A representative from the conservation
movement.
In late 2001, the MDBC established a
Community Stakeholder Taskforce (CST) as
one of three groups to assist the Commission
with the development and implementation of its
anticipated NFS.
Membership of the CST in 2006–2007
comprised:
• Mr Adrian Wells (Chair) – Local
Government/community
• Mr Simon Bennison – aquaculture
• Ms Averil Bones – conservation
• Mr Phil Duncan – Aboriginal
• Mr Henry Jones – commercial fishing/
conservation
• Mr Graham Pike – recreational fishing
• Mr Richard Ping Kee – recreational fishing
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• Mr Peter Taylor – recreational fishing
business

• Mrs Nicole Dickson – Murray–Darling
Basin Commission

An annual report for 2006–2007, prepared by the
CST, is available at: www.mdbc.gov.au/NFS.

3.4 Community engagement
NFS Awareness Week 2007 – Mildura to the
Murray Mouth
Engaging the community is vital to successfully
implement the Native Fish Strategy.
In March 2007, the NFS Community Stakeholder
Taskforce, NFS Coordinators and MDBC NFS
staff travelled along the River Murray in South
Australia from the border to the river’s mouth as
part of a Native Fish Awareness Week. This was
the fourth such event in four years. The aim was
to engage river communities, raise awareness
of the Native Fish Strategy, discuss local issues
relating to native fish and listen to community
issues about native fish in the region. These
activities were also designed to deepen the
understanding of members of the NFS team on
issues facing both native fish and their habitats
in this part of the Murray–Darling Basin, as well
as the stakeholders dependent upon them.
The activities along the River Murray from the
NSW/Victorian border to its mouth near Goolwa,
was a combination of meetings, inspections,
providing information, listening and learning.
Despite the drought, the community showed an
encouraging interest in native fish and habitat
issues, alien fish, managing riparian areas, the
role of wetlands, demonstration reaches and the
relationship between the Native Fish Strategy
and the Living Murray icon sites.
The group held discussions with Local
Government councils, angling groups,
researchers, community groups, Aboriginal
people, the NRM Board, State natural resource
management agency staff and landholders.
Schools were also visited, at which the group
discussed the importance of native fish with
the students.
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The community was very receptive to discussions
around native fish and their habitats and
welcomed the week of activities. There was
widespread media interest in the week’s activities
with newspaper, TV and radio interviews.

Publications
In 2006–2007, the following publications were
developed and made available through the
MDBC office and/or website:
• Building Fish Freeways;
• Demonstration reaches for native fish; and
• Native Fish Strategy Annual
Implementation Report 2004–2005.

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 2006–2007 is detailed below
(Table 6). 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 6: Key knowledge generation projects funded by the MDBC during 2006–2007
Project
Effects of
environmental flow
allocations on the
lateral movements
of native fish in the
Barmah-Millewa
Forest

Expected outcomes

Lead
investigator(s)

• Procedures/protocols for provision of fish passage
devices in the Barmah-Millewa floodplain.

Arthur Rylah
Institute

• 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.

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

• Improved management of environmental watering
strategies for the Barmah-Millewa Forest for native
fish.

Spatial distribution
of fish
in the MDB

• New capacity to utilise fish distribution information in
natural resource management programs.

Meso-scale
movement patterns
of native fish

• Improved knowledge of movement requirements of
native fish.

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.

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

Murray cod
modelling to address
key management
actions

• Develop a population model for Murray cod to assess
impacts of threats and recovery options.

Arthur Rylah
Institute

Arthur Rylah
Institute

• 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.
Sinclair Knight
Merz

• Capacity to visually display fish distributions for
educational and interpretive programs.
Queensland
DPI&F

• Improved management of longitudinal and lateral
connectivity of aquatic systems (e.g., floodplain and
wetland connectivity, upstream and downstream
movement requirements).
Charles Sturt
University

• Improved flow management practices and
procedures to facilitate increased spawning and
recruitment of native fish in river channels.

• Help clarify alternative options for management in
relation to size and bag limits and potential recovery
times from overfishing and fish kills.
• Help identify the type of monitoring necessary to
support changing management actions as well as
assessing populations under threat.
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Project

Expected outcomes

River Parks: building
a system of ‘Habitat
Management Areas’
across the Murray–
Darling Basin

• Enhanced knowledge of the social, political, legal and
biological issues surrounding the management of
freshwater ‘Habitat Management Areas’.

Lead
investigator(s)
Mainstream
Environmental
Consulting

• Identification of potential barriers to the
establishment of a system of freshwater Habitat
Management Areas in the Murray–Darling Basin.
• Informed management options for the establishment
of freshwater Habitat Management Areas in the
Murray–Darling Basin.

Significance
of Murray cod
to Aboriginal
communities

• Improved knowledge of the significance of Murray
cod to Aboriginal people.

Improved
methodology for
the discrimination
of stocked and wild
native fish

• Identification of new options for batch-marking
hatchery fish.

Quantification of
fish in water supply
off-takes

• Improved knowledge of extent and patterns of loss of
fish through water off -takes.

Fish Friendly Farms
Program

• Aims to raise the awareness of landholders of the
connection and interaction of the terrestrial and
aquatic environments.

Gondwana
Consulting

• Enhanced awareness and participation by Aboriginal
people in relevant activities under the Native Fish
Strategy.
Arthur Rylah
Institute

• Improved capacity to distinguish hatchery-bred and
wild-bred fish in the field.
NSW DPI

• Improved management options for reducing loss of
native fish at water off-takes.
NSW DPI

• Offers guidance on ways to assess current farm
practices to improve fish habitat.
Threatened hatchery
fish survival

• Improved survival of stocked fish—particularly
threatened species.

QLD DPI&F

Integrated Pest
Management

• Significant and measurable reduction in damage
caused by Carp, via simultaneous application of a
range of control techniques, applied strategically and
as a package.

SMEC

Evaluation of Carp
exclusion screens

• Develop an ‘optimised’ Carp exclusion screen design
that excludes Carp of a nominated size range to
maximise the ecological benefits of Carp exclusion
from riverine wetlands, whilst minimising ecological
impacts to native aquatic fauna (especially fishes).

South Australian
Research and
Development
Institute (SARDI)
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Acronyms

AER

Aquatic Ecosystems Research

ARC

Australian Research Council

ARI

Arthur Rylah Institute for Environmental Research, DSE

AU

Adelaide University

BMF

Barmah-Millewa Forum

BRCMA

Border Rivers Catchment Management Association

CA

Condamine Alliance

CAC

Community Advisory Committee

CMA

Catchment Management Authority

CMO

Catchment Management Organisation

CRCFE

Cooperative Research Centre for Freshwater Ecology

CST

Community Stakeholder Taskforce

CSIRO

Commonwealth Scientific and Industrial Research Organisation

CW

Coliban Water, Urban Water Authority

DAFF

Department of Agriculture, Fisheries and Forestry

DEH

Department of Environment and Heritage (Commonwealth)

DIDSON

Dual-frequency identification sonar

DPI FV

Fisheries Victoria, DPI

DPI

Department of Primary Industries (Vic)

DPI&F

Department of Primary Industries and Fisheries (Qld)

DSE NW

North-west region, Biodiversity and Natural Resources, DSE

DSE WSG

Water Sector Group, DSE

DSE

Department of Sustainability and Environment (Vic)

DWLBC

Department of Water Land and Biodiversity Conservation (SA)

EPA

Environmental Protection Agency

EPBC

Environment Protection and Biodiversity Conservation Act 1999

ESD

Ecological sustainable development

ET

Environmental Trust

EWA

Environmental Water Event

EWMP

Environmental Works and Measures Program (TLM)

EWR	Environmental Water Reserve (Victorian White Paper Securing Our Water
Future Together, 2004)
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FCLM

Forests and Crown Land Management

FFG

Flora and Fauna Guarantee Act 1988

FMAC

Freshwater Management Advisory Committee

FPTF

Fish Passage Taskforce

FRAC

Fisheries Revenue Allocation Committee (Victorian Department of Primary
Industries)
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FRDC

Fisheries Research and Development Corporation

GBCMA

Goulburn Broken Catchment Management Authority

GHCMA

Glenelg Hopkins Catchment Management Authority

GIS

Global Information System

GL

Gigalitre, which equals 1 billion litres or 1,000 megalitres of water

GMW

Goulburn Murray Water

GVAAC

Goulburn Valley Association of Angling Clubs

HMA

Habitat Management Area

IA CRC

Invasive Animals Cooperative Research Centre

ICM

Integrated Catchment Management

IPM

Integrated Pest Management

IUCN

International Union for the Conservation of Nature

IWG

(NFS) Implementation Working Group

KHV

Koi herpesvirus

LAP

Local Action Plan

MCMA

Mallee Catchment Management Authority

MCT

Murray Cod Taskforce

MDB

Murray–Darling Basin

MDBC

Murray–Darling Basin Commission

MDFRC

Murray–Darling Freshwater Research Centre

ML

Megalitre, which equals 1 million litres of water

MLO

Multi-level off-take

MU

Monash University

NAP

National Action Plan for Salinity and Water Quality

NCCMA

North Central Catchment Management Authority (Victoria)

NECMA

North East Catchment Management Authority (Victoria)

NFA (SA)

Native Fish Australia (SA)

NFS

Native Fish Strategy

NHT

Natural Heritage Trust

NMDBP

Northern Murray–Darling Basin Program

NRM

Natural Resource Management

NSW DNR

New South Wales Department of Natural Resources

NSW DPI

New South Wales Department of Primary Industries

ORL

Our Rural Landscapes Initiative

PAC CRC

Pest Animal Control Cooperative Research Centre

PCR

Polymerase chain reaction

PIRSA

Primary Industries Research South Australia

PIRVic

Primary Industries Research Victoria

PIT

Passive Integrated Transponder

PV

Parks Victoria

QMDC

Queensland Murray–Darling Committee Incorporated

Annual Implementation Report 2006-07

55

Murray–Darling Basin Authority

56

RFLT

Recreational Fishing Licence Trust

RHS

Regional River Health Strategy

RMW

River Murray Water

ROP

Resource Operations Plan

SA MDB

South Australian Murray–Darling Basin

SARDI

South Australian Research and Development Institute

SEE

School of Ecology and Environment, Deakin University

SFC

State Fisheries Centre

SFMP

Stream Flow Management Plan

SKM

Sinclair Knight Mertz Consultants

SMEC

Snowy Mountains Engineering Corporation

SRA

Sustainable Rivers Audit

TCM

Temporary Captive Maintenance

TL

Total Length

TLM

The Living Murray Program

UC

The University of Canberra

VR2

VEMCO Datalogging receivers

WCMA

Wimmera Catchment Management Authority

WRP

Water Resource Plan

WW

Waterwatch

WWF

World Wildlife Fund

YOY

Young-of-the-year
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Australian smelt
Barred galaxias
Black bream
Bony herring
Broad-shelled turtle
Brown trout
Carp gudgeon
Carp
Common galaxias
Eastern gambusia
Eel-tailed catfish
Flat-headed gudgeon
Freshwater catfish
Golden perch
Goldfish
Greenback flounder
Hardyheads
Hyrtl’s tandan
Long-necked turtle
Macquarie perch
Mountain galaxias
Mulloway
Murray cod
Murray crayfish
Murray hardyhead
Murray jollytail
Murray–Darling rainbowfish
Obscure galaxias
Olive perchlet
Oriental weatherloach
Rainbow trout
Red-eared slider turtle
Redfin perch
River blackfish
River snail
Short-headed lamprey
Short-necked turtle
Silver perch
Small-mouthed hardyhead
Southern purple-spotted gudgeon
Southern pygmy perch
Spangled perch
Tench
Tilapia sp.
Tilapia sp.
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Retropinna semoni
Galaxias fuscus
Acanthopagrus butcheri
Nematalosa erebi
Chelodina expansa
Salmo trutta
Hypseleotris spp.
Cyprinu carpio
Galaxias maculatus
Gambusia holbrooki
Tandanus tandanus
Philypnodon grandiceps
Tandanus tandanus
Macquaria ambigua
Carassius auratus
Rhombosolea tapirina
Craterocephalus spp
Neosilurus hyrtlii
Chelodina longicollis
Macquaria australasica
Galaxias olidus
Argyrosomus hololepidotous
Maccullochella peelii peelii
Euastacus armatus
Craterocephalus fluviatilis
Galaxias rostratus
Melanotaenia fluviatilis
Galaxias sp. 1
Ambassis agassizii
Misgurnus anguillicaudatus
Oncorhynchus mykiss
Trachemys scripta elegans
Perca fluviatilis
Gadopsis marmoratus
Notopala sublineata
Mordacia mordax
Emydura macquarii
Bidyanus bidyanus
Atherinosoma microstoma
Mogurnda adspersa
Nannoperca australis
Leiopotherapon unicolor
Tinca tinca
Oreochromis mossambicus
Tilapia mariae

57

Murray–Darling Basin Authority

Trout cod
Two-spined blackfish
Unspecked hardyhead
Western Carp gudgeon
Yellow-eye mullet
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Maccullochella macquariensis
Gadopsis bispinosus
Craterocephalus stermuscuscarum fulvus
Hypseleotris klunzingeri
Aldrichetta forsteri
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