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EXECUTIVE SUMMARY

Background
Many factors have contributed to the deterioration of fish habitat and reduction of native
fish populations in the Murray‐Darling Basin (MDB). These include changes to water flow,
thermal pollution, barriers to fish passage, habitat degradation, altered water quality and
the introduction of alien fish species. An expert panel convened by the (former) Murray‐
Darling Basin Commission (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 were likely to halve, to near five per cent, in the coming
40 to 50 years.
The Native Fish Strategy 2003‐2013 (NFS) was developed to address the long‐term decline in
native fish, with an overarching goal of returning native fish populations to 60% of their pre‐
European levels after 50 years of implementation. The MDBA ceased funding of its NFS
program in July 2013 after 10 years of implementation. Despite the NFS program coming to
an end, its goals and objectives are enduring.
The NFS was established through extensive consultation with agencies, interest groups and
individuals, particularly in regional areas. The draft NFS was circulated for expert
consultation and formed a very inclusive approach that shows the way ahead, as conceived
by the key partners in the MDB. It received widespread government and agency support –13
Ministers on the MDB Ministerial Council signed off on the Strategy. Government agencies
(including through their representation on MDBC/MDBA technical groups), regional
catchment organisations and a wide range of community groups were involved in
implementation of the NFS.
The NFS has 13 objectives that respond to the identified threats to the Basin’s native fish
populations. These have been condensed into six ‘driving actions’, designed to catalyse
investment in the NFS. Addressing a combination of threatening processes is the only
approach capable of achieving cumulative and meaningful outcomes for native fish
populations, aquatic habitats and river health. Native fish are an important biotic indicator
for healthy, water‐dependent ecosystems and the MDB public associate healthy fish
populations with healthy rivers. Rehabilitation of aquatic ecosystems is fundamental to
achieving the Strategy’s objectives. The objectives of the NFS provide direction and
prioritisation for investment in on‐ground management activities and associated research.
The governance arrangements for the management of the NFS program until June 2013
were based around representation from the individual jurisdictions through an NFS Advisory
Panel (NFAP). The NFAP consisted of a policy and science representative from each State
and the ACT, together with representatives from the MDBA and major Commonwealth
agencies (i.e. the environment and primary industries portfolios). The NFAP was supported
by taskforces with a particular focus (such as community stakeholders, alien fish, fish
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passage, demonstration reaches, habitat management areas and Murray cod). The NFS
program also provided funding for Coordinators from each jurisdiction to carry out
extension work and facilitate the NFS’s on‐ground application.
Community engagement was a highlight of the NFS program. Interaction with all levels of
the community, including key sectors such as recreational fishing, commercial fishing,
irrigation and Aboriginal, was highly successful. Mechanisms for consultation and
engagement included the Community Stakeholder Taskforce, the NFS Coordinators,
Awareness weeks, NFS Forums and workshops, participating in local community events, and
through the publication and dissemination of a broad range of information materials.
Purpose
The purpose of this report is to assess the success of NFS research and development
projects in terms of their contribution to the science and to the management of native fish
in the Basin. It also undertakes a critical analysis of the current level of adoption of research
and development findings across a broad range of stakeholders and provides
recommendations on how to strengthen adoption pathways.
The NFS objectives are unique in that they are effectively a threat abatement and recovery
plan for a whole community of fish species. They are necessarily broad, addressing many
threats, bringing together science and management, as well as an encouraging range of
MDB community sectors. Fundamental to the NFS was the principle that management
actions would be underpinned with good science and that an adaptive management
approach could be taken because good data would be available.
Methodology
More than 100 outputs of NFS activities, including research projects, reports from technical
workshops and expert panels, ‘one‐off’ reviews, progress reports on issues such as
demonstration reaches and the ‘Sea to Hume’ program, annual implementation reports, the
5 Year Review, the Priorities for the Next Decade 2013‐23, and information publications
were identified in this study. In order to help illustrate the level of adoption and uptake of
NFS activities, several case studies were chosen that had generic applicability, encompassed
a range of projects and/or disciplines, and addressed a number of driving actions.
The reality is that a 10 year (or less in most cases) timeframe is inadequate to allow or to
assess significant uptake, adoption and transferability of project results. This is particularly
the case for a strategy that appears to have been unique in its vision and breadth of
coverage, and which was designed to recover freshwater fish over five decades.
Nevertheless, there are certainly some ‘jewels in the crown’ in the NFS research portfolio
that can be assessed (see ‘highlights’ below), and these have certainly been adopted
elsewhere already, and will provide the basis for improvements in freshwater fish
management into the future.
Uptake and adoption
There has been significant uptake and adoption from a range of research projects, as
exemplified in case studies on such initiatives as addressing fish mortality from in‐stream
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structures, Murray cod management, demonstration reaches, fishways and Carp control.
The scope of investment has also inspired a substantial post‐graduate research portfolio. As
well, there is ample evidence that the program of investment in the NFS has significantly
improved the profile of native fish in the Basin.
The continuing need to fill basic ecological knowledge gaps is apparent from the analysis of
recommendations from individual NFS project reports. A consistent and constant barrier for
many potential management interventions is the lack of ecological knowledge for priority
species or habitats.
The review also examined improved models for the adoption of NFS project outcomes, both
by asking stakeholders about strengths and weaknesses of existing NFS processes and
through case studies (on marking hatchery fish, demonstration reaches, habitat
management areas and governance) that highlight the pitfalls as well as success stories.
A survey of key scientists, managers, policy makers and community representatives was
conducted in order to ascertain their assessment of the completeness, usefulness, level of
uptake, and key knowledge gaps of the projects undertaken in the 10 years of the NFS. The
survey attracted responses from 33 scientists, 34 managers/policy makers and 74
community organisations and individuals, generating a wealth of both quantitative and
qualitative data for assessing how NFS knowledge was obtained, how it was being used and
what the barriers were to the uptake of NFS research.
The most commonly cited strengths of the NFS that could be used by other programs were
cross‐border management, knowledge sharing, and integrating science into management.
The inability to obtain state or local Government agreement and the fact that differing
priorities between these jurisdictions often impeded action, were often raised as
problematical during the life of the NFS.
The NFS delivered several new and innovative prototypes for improving the management
and conservation of native fish, although the level of uptake has not yet kept pace with
these innovations. Successful models include methodologies for marking hatchery fish, the
‘science’ of resnagging, screening options for irrigation offtakes, demonstration reaches,
dual fishways and NFS Coordinators.
The inclusion of dedicated NFS Coordinators significantly improved dissemination of
information from the NFS and improved adoption and integration by local and regional
bodies. In any future model for adoption, the provision of equivalents to the coordinators is
considered essential. The identification of a ‘Champion’ for the NFS was often discussed, but
never completed. A high profile, charismatic spokesperson could increase the focus on NFS
issues and activities, by generating media coverage and attracting public and political
attention.
Transferability
The level of transferability of project results was assessed by identifying any uniform
approaches, technologies and methodologies adopted by other agencies. It explored the
extent of the incorporation of NFS results into large‐scale rehabilitation programs, including
demonstration reaches which show, by example, the need to address the full range of issues
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threatening native fish communities under an integrated and adaptive framework. The
development of similar holistic fish management approaches outside the MDB was also
considered, with concrete examples being the initiative to improve fish populations in
Victorian coastal streams and the recently developed Management Plan for the Lake Eyre
Basin, both of which are based on the NFS framework.
Under the Sea to Hume program, an adaptive management approach to fishway design was
taken, thus leading to constant design improvements and optimisation as the construction
program progressed. The program was used as the basis for the proposed Northern Basin
Fishways Program, as well as an international cooperative program to build fishways along
the Mekong River, in Laos and Thailand.
Another NFS project undertook experiments to develop physical design criteria for fish
screens at water diversions in the MDB as well as a scoping study of fish screening programs
elsewhere in the world to make recommendations on how to best initiate a successful
program in the Basin. The project found that the installation of screens has great potential
to significantly reduce fish entrainment at pump intakes and, in some cases, reduce
mortality from over 90 % (unscreened) to less than 2 % (when screened). The outcomes and
recommendations of this study are widely transferrable to any water extraction structure in
the MDB, and likely elsewhere in Australia.
Conclusions
The NFS was instrumental in advancing a range of initiatives designed to reduce the threats
to native fish, many of which are also threats to river health. It has played a vital leadership
role, providing a mechanism for greater collaboration between government agencies. The
NFS also provided a way to engage with a broad cross‐section of community stakeholders
and has been instrumental in addressing key knowledge gaps and then, most importantly,
seeing these findings applied.
A key feature of the NFS is that it took a multi‐step approach to addressing significant issues,
involving a sustained effort over a number of years and multiple projects. Many of the case
studies of the level of adoption and uptake, and the level of transferability, bear this out.
Similarly, applying a package of control measures to reduce the impact of alien fish (being
one of these threats), as trialled under the NFS, exemplifies a mature approach to effective
management. The benefits of coordination of Basin‐wide actions for native fish are
particularly apparent in the borderless issues, such as fishways and fish migration, alien fish
management and community engagement.
The NFS commitment to improving the management of native fish in the MDB resulted
ultimately in significant progress in transferring research knowledge to on‐ground
outcomes. Overall, the program of investment in the NFS has significantly contributed to
raising the profile of native fish in the Basin, and their associated threats. If sequential
targeted funding had not been available, these on‐ground outcomes would have been
unlikely to have been delivered.
The following highlights illustrate just a few of the successes of the NFS research and
adoption projects:
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The world‐renowned ‘Sea to Hume’ program which is restoring fish passage to over
2,000 km of the Murray River by retrofitting fishways to 15 weirs and barrages.



Implanting more than 30,000 fish with microchips to record their movements
through the fishways along the Murray River to gauge the success of the ‘Sea to
Hume’ program and guide future spending.



Developing a scientifically‐based methodology for resnagging, including its on‐
ground application to a number of stretches on the River Murray.



Establishing seven Demonstration Reaches across the Basin—community‐based,
river rehabilitation showcase sites, covering almost 800 river‐kilometres.



Supporting seven emergency interventions that have successfully prevented regional
extinctions of some of the Basin’s more highly threatened fish species.



Supporting the development of the award‐winning Williams’ Carp trap which
separates adult Carp moving through fishways while automatically releasing close to
100 per cent of native fish, untouched and unharmed.



Documenting the incidence of native fish mortality and injury from water and
irrigation infrastructure (such as weirs, pump intakes etc) and working with the
irrigation industry to find practical ways to mitigate these significant impacts.



Investigating ways to improve the management of environmental flows to ensure
the ecological values are maximised.



Leveraging co‐investment from other funding sources—since the inception of the
NFS in 2003, the MDBA has invested Basin‐wide in over 60 projects with a total value
of approximately $90 million.

A number of projects instigated by the NFS have been the recipient of international,
national and local awards, highlighting the excellent standard of science, pragmatism and
community engagement achieved by these initiatives. For example:
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The ‘Sea to Hume’ program was judged one of Australasia's Top 25 restoration
projects by the Ecological Management & Restoration journal in partnership with the
Global Restoration Network;



The development of the 'Carp Separation Cage' was the 2004 Winner of a Eureka
Prize in Water Research for innovative research;



The Katfish Demonstration Reach won a SA Premier’s Natural Resource Management
Award in 2011; and



The Condamine’s Dewfish Demonstration Reach won both the prestigious 2012
Australian Riverprize, a 2012 Australian Banksia Award for Water and the 2013

United Nations Association of Australia World Environment Day Award for
Biodiversity.
Native fish have important ecological, social, cultural and economic values. Importantly they
provide a key link between communities and their river systems. The health of native fish
populations will be seen by the public as a key indicator of the success of waterway
management into the future.

16

CHAPTER 1. BACKGROUND AND INTRODUCTION
Rehabilitation of freshwater habitats to recover aquatic fauna is a rapidly growing
management area (Cowx and Welcomme 1998, Bernhardt et al. 2005) with the
recovery of fishes being a common objective (Roni et al. 2005). However, attempts
at rehabilitating populations of freshwater fish are often unable to demonstrate
successful outcomes (Cowx and De Jong 2004). The failure to account for
differences in habitat requirements of all species present, the lack of rigorous
baseline and post‐intervention monitoring, inadequate scale of management
activities and a failure to address all threatening processes are often cited as the
main reasons for the failure of rehabilitation programs (Kondolf et al. 1996; Pretty
et al. 2003; Cowx and De Jong 2004).
The current poor status of native fish populations in the MDB is alarming, with
several indicators demonstrating the urgency of the current situation: reductions or
localised extinction of some native fish species (see Cadwallader 1977, Cadwallader
and Gooley 1984, Lintermans 2007); threats to species with nine of the 44 naturally
occurring native fish species in the Basin nationally ‘threatened’ (Lintermans 2010)
and an additional 14 species listed by States (Table 1; Lintermans 2007); rapid
declines in key recreational and commercial ‘flagship’ species such as silver perch
Bidyanus bidyanus, freshwater catfish Tandanus tandanus and Murray cod
Maccullochella peelii across the Basin (Cadwallader and Gooley 1984, Reid et al.
1997, Clunie and Koehn 2001a, 2001b); the closure of commercial fisheries for
native species; the presence of 12 alien species of fish that now comprise a quarter
of total fish species (including carp Cyprinus carpio that now make up an estimated
80‐90 % of fish biomass at many sites (Harris and Gehrke 1997, Lintermans 2007));
the presence of several translocated native fish species not endemic to the Basin’s
rivers (e.g. broad‐finned galaxias Galaxias brevipinnis; Waters et al. 2002); and
observed declines in recreational angling success.
Many factors have contributed the reduction of native fish populations, including
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 (former) MDBC in 2001 estimated that present levels of
native fish communities in the Basin were about ten per cent of those before
European settlement. Without intervention, populations are likely to reduce to
almost five per cent of pre‐European levels in the coming 40 to 50 years.
In 2000 the then Murray‐Darling Basin Commission (MDBC) approved the
development of the Native Fish Strategy 2003‐2013 for the Murray‐Darling Basin
(NFS) to address this crisis. This would build on the 1991 Fish Management Plan for
the River Murray (Lawrence 1991). Following extensive public consultation of the
draft NFS in 2002 and 2003, the NFS was unanimously approved in May 2003 by the
Murray‐Darling Basin Ministerial Council and formally launched in May 2004 (MDBC
2004). The goal of the NFS was to rehabilitate native fish communities in the MDB
back to 60% of estimated pre‐European levels after 50 years of implementation.
The NFS has 13 objectives that respond to the identified threats to the Basin’s
native fish populations:
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1. repair and protect key components of aquatic and riparian habitats;
2. rehabilitate and protect the natural functioning of wetlands and floodplain habitats;
3. improve key aspects of water quality that affect native fish;
4. modify flow regulation practices;
5. provide adequate passage for native fish;
6. devise and implement recovery plans for threatened native fish species;
7. create and implement management plans for other native fish species and communities;
8. control and manage alien fish species;
9. protect native fish from threats of disease and parasites;
10. manage fisheries in a sustainable manner;
11. protect native fish from the adverse effects of translocation and stocking;
12. ensure native fish populations are not threatened from aquaculture; and
13. ensure community and partner ownership and support for native fish management

These have been condensed into six ‘driving actions’, designed to catalyse
investment in the Strategy:
• rehabilitating fish habitat – helping to achieve objectives 1–8;
• protecting fish habitat – helping to achieve objectives 1–8;
• managing riverine structures – helping to achieve objectives 4–8;
• controlling alien fish species – helping to achieve objectives 6–9;
• protecting threatened native fish species – helping to achieve objectives 6 and 10; and
• managing fish translocation and stocking – helping to achieve objectives 9–12.
All of the driving actions included a community engagement component designed to
achieve objective 13.
After 10 years of implementation MDBA funding for the NFS program ceased.
Despite this, the objectives and driving actions of the NFS continue to provide
direction for investment in management activities and associated research, and
community involvement. The NFS continues to represent the overarching goals and
objectives for increasing native fish populations in the Basin.
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The NFS objectives are unique in that they are effectively a threat abatement and
recovery plan for a whole community of fish species. The objectives are necessarily
broad, addressing many threats, bringing together science and management, as
well as an encouraging a range of Basin community sectors. In that sense it is not
surprising that the breadth of research and adoption projects covered a wide range
of species, threats, water and flow scenarios, and management and community
expectations. As such, research projects are most valuable when they have
pragmatic outcomes, are transferable, and have the potential to contribute to
positive outcomes for native fish populations when combined with other
techniques, including the results of other research and adoption projects.
The governance arrangements of the management of the NFS were based around
representation from the individual jurisdictions through an NF Advisory Panel
(NFAP). The NFAP consisted of a policy and science representative from each State
together with representatives from the MDBA and major Commonwealth agencies.
It was supported by taskforces with a particular focus (such as community
stakeholders, alien fish, fish passage, Demonstration Reaches, habitat management
areas, Murray cod).
Community involvement and support for the NFS was crucial. The early formation of
a Community Stakeholder Taskforce instilled community ownership of actions and
priorities and a link to the science underpinning the Strategy. This was also
supported by NFS Coordinators in each State who linked research and projects to
management, and organised an annual Native Fish Awareness Week that
highlighted the importance of native fishes and provided annual NFS reports. The
Coordinators acted as knowledge brokers, engaging with a variety of stakeholders,
working directly on projects, embedding fish into wider catchment management
programs, and forming links within and between the jurisdictions. Engagement of
the community and stakeholders also occurred through a formal communication
strategy.
Implementation of the NFS was led by the MDBC and later the MDBA, using joint
funds from the Basin governments. Their initial NFS budget (in 2003/4) was
$690,000; the budget peaked in 2008/9 at $5.4M, and the final budget for the
Strategy in 2012/13 was $1,603,000 (Heleena Bamford, pers. comm.). The overall
breakup of NFS annual budgets consisted of separate components for staffing and
administration; research and adoption projects; communication and engagement
activities; pest fish initiatives (including some research and adoption projects); a
sizable contribution to the Pest Animal and later Invasive Animals CRC’s; NFS
Coordinators; seeding money for Demonstration Reaches; the running of the NFS
Working Group (later the Fish Management and Science Committee and then the
NFAP) and several expert taskforces including the Community Stakeholder
Taskforce, Fish Passage Taskforce, Murray Cod Taskforce, Demonstration Reaches
Taskforce and Basin Alien Fish Plan Taskforce (MDBA 2009). As well as the NFS
budget, a number of key actions under the Strategy were augmented by significant
monetary contributions from other ‘arms’ of the MDBC, including River Murray
Water (design and construction of fishways) and ‘The Living Murray’ (monitoring of
fishway performance, investigations into alternative fishway design, fish counting
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technologies, resnagging on the Murray, and long term flow‐related experiments in
the Barmah‐Millewa Forest). The Sustainable Rivers Audit also contributed to the
objectives of the NFS by providing scientifically robust assessments of the ecological
health of the Basin's 23 river valleys, including an assessment of changes in key
characteristics of fish communities in river channels across the Basin (Davies et al.
2012).
An independent review of the progress made in the first five years of
implementation of the Strategy was undertaken in 2009 by Peter Cottingham and
Associates in collaboration with Monash University and Water Science Pty. Ltd
(Cottingham et al. 2009). The 5 year review provided a very positive assessment of
its achievements in the first five years. The primary finding was that “the existence
of the NFS, and its continued implementation, has been successful in raising
awareness and garnering support for the management of native fish across the
Murray‐Darling Basin. The NFS is well regarded by stakeholders and its community
engagement and communication activities are highly valued. It is recommended
that the MDBA and other stakeholders maintain their commitment to achieving the
objectives of the NFS over its 50‐year life”. It also included a suite of
recommendations for future action. Among these recommendations were a
reassessment of critical actions needed to address current and emerging threats
(e.g. climate change, the implications of water transfer, a likely explosion of Carp
Cyprinus carpio numbers, and the imminent arrival of Mozambique tilapia
Oreochromis mossambicus), a focus on a smaller number of priority targets and
actions, and the need to evaluate the current level of adoption of completed
projects, and how to improve the uptake of results (adoption pathways).
In response to the review’s overriding recommendation to continue the program
over the next decade, a Priorities for the Next Decade 2013‐23 was developed to
provide a platform for broader investment, by identifying high‐priority activities for
native fish management via five key themes and twenty‐seven priority actions that
continue to address the key threats identified in the original Strategy (MDBA 2012).
Under the Murray‐Darling Basin Agreement, funding for the MDBA is provided by
contributions from both the Commonwealth Government and the Basin States and
Territory. Following the reduction of its agreed annual financial/funding
contribution to the MDBA by NSW in 2012, the Basin Officials Committee
recommended on 11 July 2012 that the NFS program (and some other natural
resource management programs of the MDBA), be wound down, and discontinued
after 30 June 2013 (Heleena Bamford, pers. comm.). In accordance with a
recommendation of the 5 year review that a synthesis and strategic review of the
knowledge generated by NFS research and adoption projects be undertaken, this
project was identified by the MDBA as being an important record of the progress of
the research and adoption portfolio undertaken through the NFS during its 11 years
of operation (2003‐2013). The MDBA also agreed that the strategic review should
be used to identify a smaller number of high priority targets and actions than was
the case at the commencement of the NFS. Furthermore, the MDBA agreed that it
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was important to assess how successful the research and adoption reports had
been in engendering community and partnership engagement and how these
projects might link to other initiatives both within and outside the Authority.
There are three main outputs of this project:






A technical synthesis (i.e. this report) that reviews the basis for selection of
original projects, the level of uptake of project outputs (including improved
models for adoption) and areas for future research. It also provides an
assessment of the level of transferability of project results, including the
identification of approaches, technologies and methodologies adopted as a
result of the outcomes of successful research and adoption projects.
A plain English summary that will provide a separate synthesis against each
of the 6 driving actions of the NFS; it gives an outline of how the research
portfolio developed, was targeted and sequenced and the catalytic effects of
individual projects; it also discusses the short‐term results of NFS projects
and initiatives, in terms of any ‘interim’ responses by both native and alien
species; and a short review of the international literature regarding relevant
NFS outputs.
Brief summaries of research and adoption (including NFS Workshop
proceedings), and other significant publications (eg ‘Fishes of the Murray‐
Darling Basin’) which will be made available on the MDBA website. The suite
of projects included in this report includes the approximately 90 research
and adoption projects commissioned over the life of the NFS, long term and
large scale monitoring initiatives (such as the performance of the new
fishways along the Murray River and at the Barrages, and resnagging
projects), reports on improvements to fishways including the efficacy of a
number of fish counting technologies, regional Carp control plans, the
outputs of a range of technical workshops, and the reports of specially
convened expert panels or workshops (e.g. emergency responses, drought).

Approaches and methods
Approximately 100 outputs of NFS activities, including research projects, reports
from technical workshops and expert panels, ‘one‐off’ reviews, progress reports on
issues such as Demonstration Reaches and the ‘Sea to Hume’ program, annual
implementation reports, the 5 Year Review, Priorities for the Next Decade 2013‐23,
and information publications (such as ‘Fishes of the Murray‐Darling Basin: an
introductory guide’) were identified in this study. Material was sourced from
MDBC/MDBA files (final project reports, etc), the MDBC/MDBA website, NFS Annual
Implementation Reports, NFS Workshop reports, proceedings from NFS Forums,
and publications in the peer‐reviewed scientific literature. Some projects that were
initiated under the NFS (eg monitoring the effectiveness of fishways, fish
recruitment in Barmah‐Millewa Forest) were later continued under the umbrella of
other programs or ‘arms’ of the MDBC/MDBA (eg River Murray Water, The Living
Murray). They were also included in the synthesis, as it is an outline of how the
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research portfolio developed, was targeted and sequenced, and the catalytic effects
of individual projects.
In order to gather information on uptake and the catalytic nature of project
findings, NFAP members and NFS Coordinators were contacted to provide examples
of:



how the outputs or findings from NFS research projects have been taken up
in jurisdictions, including examples of changed management practices; and
details of any research proposals catalysed by the NFS project
results/outcomes (not funded by the MDBA) and whether these proposals
were funded or not.

The extent to which the findings of research and development projects have been
accepted within the scientific community and successful in generating further
research will be analysed using:






at universities, the number of PhDs (including scholarships) involving
freshwater fish and/or habitat rehabilitation and management in the last 8
years;
the number of papers published in relevant journals;
the number of references to NFS research and development projects cited in
other papers;
the number of research funding proposals generated as a consequence of
NFS activities;
research funding generated ($$).

This report includes an assessment of the level of transferability of these results in
both research and management in the MDB by:




the identification of uniform approaches, technologies and methodologies
adopted by State fisheries and fish conservation agencies, CMAs, etc as a
result of the outcomes of successful research and adoption projects;
their incorporation into large‐scale rehabilitation programs, including
Demonstration Reaches;
the development of similar holistic fish management approaches outside the
MDB.

The identification of some key, high‐priority research targets for future
consideration will be based on:
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knowledge gaps identified in the synthesis;
key outcomes required for particular Driving Actions that are ‘under‐
represented’ in the projects funded thus far;
the original priority actions of the NFS;
the NFS 5 Year Review and the 10 Year Action Plan;




other overview documents such as the Koehn and Lintermans 2012 paper,
and;
the survey (see below).

To help illustrate the level of adoption and uptake of NFS activities, the Project
Steering Committee suggested the utilisation of a number of case studies. The case
studies were chosen because they had generic applicability, transgressed a range of
projects and/or disciplines, and covered a number of driving actions. Each case
study provides the background to the issue(s), identifies the key positive outcomes,
discusses aspects that didn’t work or could be improved, and explores linkages with
other initiatives.
The Project Steering Committee and the Institute for Applied Ecology (the
contractor) also agreed that key scientists, managers, policy makers and community
representatives would be surveyed in order to ascertain their assessment of the
completeness, usefulness, level of uptake, and key knowledge gaps of the projects
undertaken in the 10 years of the NFS. The objectives of the survey were to:
1. gauge the extent of general awareness of the NFS in the Basin community
2. to ascertain ‘external’ assessment of the completeness, usefulness, level of
uptake, and key knowledge gaps of the projects undertaken in the first 8
years of the NFS
3. explore any linkages between the NFS and other initiatives being undertaken
external to the MDBA (and identify any opportunities for collaboration/value
adding)
4. glean how the findings of research and development projects have been
accepted within the scientific community and successful in generating
further research (ie the number of research proposals that have been
submitted based on NFS outcomes/drivers)
5. glean how the findings of NFS initiatives (projects, workshops, etc) has
influenced management of aquatic habitats / fish populations in the Basin
6. identify strengths and weaknesses of existing NFS processes in current
adoption mechanisms.
The survey was posted on line by the Australian River Restoration Centre on 21
March 2013. A contact list for participants was derived based on suggestions
provided by the NFAP and state‐based coordinators, as well as lists of participants
of NFS forums (2010 and 2011). Three survey target groups were chosen that
differed in their roles with respect to native fish and the NFS. Some effort was
required to ensure that each survey group was approximately equally represented.
Although no attempt was made to balance participants across geographic regions,
at least 3 participants from each jurisdiction were included in each survey group. In
total 253 invitations to participate in the survey were sent out to:
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68 scientists
64 managers




57 CMA / NRM
64 community / specific interest (including catchment management
authorities CMAs)

The level of participation was encouraging, with a total of 138 respondents. As
expected with a survey of this magnitude, some forwarding of the invitation to
participate in the survey occurred, largely in the community stakeholder group (27
uninvited participants). There was also one uninvited respondent for the managers’
survey. In total the breakdown of respondents by group were as follows:




32 Scientists
34 Managers (1 of these uninvited)
72 Community/CMA (27 of these uninvited)

The results of the survey have facilitated the development of various components
of both this report and the ‘Plain English’ summary, including sections on awareness
of the NFS; adoption and uptake of project outputs; improved models for adoption;
case studies; knowledge gaps; and linkages with other initiatives.
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CHAPTER 2. PROCESS FOR SELECTION OF RESEARCH PROJECTS
Between 2002 and 2011 approximately 100 research and adoption projects were
undertaken, at a cost of >$12M (see Chapter 3). A diverse range of projects were
conducted, from short scoping studies, workshops and desktop assessments, to
detailed field studies and data compilation and storage exercises. As the
implementation of the NFS was a collaborative attempt by multiple jurisdictions to
recover native fish, the development of the research portfolio was also a
collaborative effort, guided by the NF Advisory Panel (NFAP). Since 2003, research
proposals for funding under the NFS were prioritised based on an open call for brief
project ideas circulated to all six Basin governments via the NFAP members. Project
topics were derived from a variety of arenas, including NFS workshops, previous
NFS research projects, prevailing environmental conditions (e.g. drought), or
advancements in fish ecology and management worldwide. In this way project
proposals represented a strategic response to emerging issues, with all projects
ultimately intended to support the NFS Driving Actions and objectives. Project
proposals contained a standardised set of fields to be populated consisting of:
 Background
 Key Management Issue/Driving Action (as identified in the NFS)
 Project Title
 Project Objectives
 Project Approach and Methodology
 Anticipated outputs and deliverables
 Anticipated Outcomes
 Who will be the users of the Project outputs
 Estimated cost ($) and duration (yrs)
Each proposal required three basic components before it could be ranked: a short
project description, a categorical estimate of budget cost (A = < $100K; B = $100‐
250K; C = $250‐500K; D = > $500K) and an estimate of timeframe to complete
(number of years to complete).Project proposals were collated by the jurisdictional
NFAP representatives, and if deemed of sufficient relevance, priority or merit, were
then forwarded on to the MDBA NFS team. In this way only proposals directly
relevant to the NFS Driving Actions proceeded to a full multi‐jurisdictional
assessment (see below).
All proposals submitted to the MDBA NFS team were then scored by each individual
member of the NFAP according to set criteria. The individual scores were
subsequently collated, totalled and averaged, resulting in a preliminary ranking of
all projects. This preliminary ranking was then moderated via a teleconference to
refine and develop a final prioritised project ranking, with the prioritised list used to
allocate funding over a number of years (usually one to two), or when ad hoc
funding opportunities became available.
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The criteria used from 2003‐2010 were:
scoring
Explanation
Criterion
1.
Attractiveness

Attractiveness of project to
Basin‐wide
jurisdictions/governments.

scale 0‐3 ; 0 = not
attractive; 3 =
highly attractive
scale 0‐3; 0 = not
feasible; 3 =
highly feasible

2. Feasibility

Likelihood of project being
completed in timeframe; using
allocated resources; necessary
techniques developed.

Can the research lead to changed
management? (i.e. applied vs
esoteric).
3. Practical
applicability
4. Cross‐
jurisdictional
transferability

5. Widening
the portfolio

6. Source of
funding

7. Reality
check

The extent to which the
outcomes of the project will be
transferable to other jurisdictions

Will this project expand the
research/management portfolio
of the NFS (ie. addressing a
Driving Action/Objective/issue
that has not received much
attention)

Responsibility for funding the
project, scale 0‐2; 0 = should be
funded solely by another source;
1 = potential for collaborative
funding; 2 = solely MDBA
funding.

The probability that the
recommendations from the
project will be implemented.

scale 0‐3; 0 =
outcomes not
likely to facilitate
change in
management; 3 =
outcomes highly
likely to change
management
scale 0‐3; 0 = not
transferable; 3 =
highly
transferable
scale 0‐3; 0 =
project concerns
issue that has
received much
attention; 3 =
project concerns
issue that has
not received
attention
scale 0‐2; 0 =
should be funded
solely by another
source; 1 =
potential for
collaborative
funding; 2 =
solely MDBA
funding
scale 0‐3; 0 =
zero probability;
3 = high
probability

Where possible a combination of risk profiles, project durations, and project cost
was considered Once the projects had been ranked, the available funding in the
NFS budget was allocated, with project briefs prepared and let by either select or
open tender. Preparation of project briefs and the tender/procurement process
were conducted by the MDBA, to ensure there were no issues with perceived
conflict of interest. Tenders were assessed by an independent tender panel
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comprised of MDBA staff, independent technical specialists, and selected NFSAP
members (not involved in tendering). Projects that fell below the available funding
in any one year retained their priority for future funding, or until a new
prioritisation process was initiated. Often the NFSAP adopted a staged approach to
individual proposals, either breaking projects into a series of clearly identifiable
components delivered over multiple years, or the funding of an initial scoping study,
leading to a refined project proposal for subsequent years.
Following the 5 year review of the NFS, and the identification in the Priorities for the
Next Decade 2013‐2023, the original assessment criteria were reviewed and
expanded somewhat (Appendix A) and applied in a prioritisation of research
projects to be commenced in 2011‐12. However, the decision in 2012 to wind‐up
the NFS program from June 2013 meant that the use of the revised criteria was
never completed.
The collaborative and collegiate nature of this process highlighted the willingness of
most individual researchers to share their knowledge for project ideas within the
NFS ‘family’, with no guarantee of ultimately winning the right to actually conduct
the research (as projects were competitively tendered).
A separate NFS budget allocation for alien fish research and management
associated with the development of the Basin Alien Fish Plan (BAFP) followed a
similar prioritisation process, with priorities aligned with those identified as part of
the BAFP.
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CHAPTER 3. THE RESEARCH PORTFOLIO
Between 2002 and 2011 approximately 100 research and adoption projects were
undertaken, at a cost of >$12M. These figures are not exact, as details for a small
number of projects were not available to the project team. An indicative breakdown
of project activity across the six driving actions is shown in Figure 1. A number of
projects were of a general nature, and addressed all driving actions (Figure 1).

Figure 1. The number and cost of projects in the NFS research and adoption
portfolio categorised by Driving Action. Costs are the total cost for all projects in
each Driving Action.
A diverse range of projects were conducted, ranging from short scoping studies,
workshops and desktop assessments to detailed field studies and data compilation
and storage exercises.
It can be seen that the driving actions that were most often addressed and had
most expenditure directed at them during the first 10 years of the NFS were
Controlling Alien Fish and Managing Riverine Structures (Figure 1). Under
Controlling Alien Fish, the majority of projects were directed at Carp (e.g. Carp
separation cages; Carp screens) although some projects were directed at Gambusia,
and Mozambique tilapia (later in the program). Under Managing Riverine
Structures, the effort was focussed around fishways (e.g., trialling different options
for passage or assessing passage, Sea to Hume monitoring; Northern Basin fish
passage) with activity also directed at weir impacts (downstream mortality,
screening options, irrigation extraction).
Driving Actions that were under‐represented in the research portfolio were
Managing Fish Translocation and Stocking, and Protecting Fish Habitat (Figure 1).
Even though these driving actions had fewer projects or resources directed at them,
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they still delivered highly significant project outcomes (e.g. improved
methodologies for discriminating stocked and wild fish).
Individual projects can be categorised by either length or financial cost with each
driving action containing a mix of project categories (Table 1). Short‐term (< 1 year
contract duration) or low cost (< $100k) projects were most common, but this is
slightly misleading in that a number of projects consisted of a series of short‐term
low‐cost contracts around a common problem/issue. A balanced portfolio should
contain a mix of project types and risk profiles and the NFS achieved this, with very
few projects (< 5%) failing to deliver.
Early in the research portfolio, a number of scoping or data compilation studies
were completed that allowed future priorities for investment to be determined
(e.g., scoping studies on thermal shock, audit of water quality problems, a
compilation of fish habitat requirements, guidelines on habitat rehabilitation). The
use of workshops on particular key issues also allowed identification and
subsequent targeting of knowledge gaps. For example, the 2003 workshop on
Downstream Movement (Lintermans and Phillips 2004) identified that the diversion
or extraction of water from mainstream environments was also likely to be
removing significant numbers of native fish. This initiated an initial investigation of
larval fish mortality at weirs (Baumgartner et al. 2006), prompting a larger study of
weir mortality (Baumgartner et al. 2011). An investigation of selected irrigation
practices on fish (Baumgartner et al. 2007) also commenced as a result of the
recommendations of the Downstream Movement workshop. Once the extent of fish
impacts from water extraction or diversion were appreciated, a subsequent project
investigated designs for screens at offtakes and developed screening criteria for a
range of fish species and structures across the Basin (Boys et al. 2012).
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Table 1. Number of NFS projects categorised by cost and duration across Driving Action. Note some projects could not be allocated
to categories because of insufficient information at the time of compilation.
Driving
Action

Rehabilitating
fish habitat
Protecting
fish habitat
Managing
riverine
structures
Controlling
alien fish
Protecting
threatened
fish
Managing
translocation
and stocking
All Driving
Actions.
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Project length

Project cost

Short
(< 1
year)

Medium
(1‐3
years)

Long
(≥ 3
years)

Low
(<
$100K)

Medium
($100‐
300k)

High
(≥
$300k)

10

1

1

9

1

2

4

1

‐

4

‐

1

5

9

2

5

5

6

14

3

3

14

3

3

5

2

4

7

1

3

4

2

1

4

1

2

8

6

2

12

3

1

CHAPTER 4. ADOPTION AND UPTAKE OF PROJECT OUTPUTS
One of the key pillars of the NFS was a philosophy of management informed by
good science. Consequently, it is important to evaluate how the science has been
taken up by management. As a result of the cessation of the NFS program after only
10 years, many key actions identified in the Strategy were not implemented. It is
also important to recognise that the NFS was conceived, approved and operated for
virtually the entire millennium drought (1997‐2010), where environmental concerns
received a lower priority than other factors such as critical human water needs.
Nevertheless, extensive uptake and adoption occurred from a range of research
projects, including examples provided in the case studies below.
The NFS research portfolio has resulted in the publication of >190 reports and peer‐
reviewed publications to date (Appendix C), with more to come. The survey
conducted for this report reinforced the extent of project adoption. All three groups
surveyed were similar in their use of NFS knowledge. Improving technical
knowledge was the most common use of NFS information for all three survey
groups.
Overall, the program of investment in the NFS has significantly contributed to
raising the profile of native fish in the Basin, and their associated threats, which has
stimulated a substantial post‐graduate research program at numerous universities.
Appendix B lists the known fish‐related theses that have been undertaken during
the life of the NFS, with the NFS providing considerable impetus for this research
interest. This chapter, then, addresses:
 brief comments on the role of the Commonwealth Government (other than
MDBA);
 the results of the survey;
 feedback from project leaders, Coordinators and the NFAP; and
 five case studies, that largely illustrate the incorporation of findings into
management practices by fisheries agencies and CMAs.
The role of the Commonwealth Government in adoption and uptake
The direct influence of NFS projects on the Commonwealth Government is
effectively restricted to activities under the Environment Protection (Biodiversity
Conservation) Act, including threatened species listings, recovery plans (e.g. Murray
cod), threat abatement plans; and projects funded by the Fisheries Research and
Development Corporation (FRDC). The NFS also played a significant role in funding
and influencing the direction of the fish program of the Invasive Animals CRC, and
active state and territory participants in the NFS also played a significant role in the
development of the draft national Freshwater Pest Fish Strategy 2013‐2020 under
the Australian Pest Animal Strategy.
Currently, six Murray‐Darling freshwater fish species are listed under national
threatened species legislation. During the life of the NFS, Murray cod was listed as
vulnerable on 3 July 2003 and Murray hardyhead was upgraded to endangered on
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16 March 2012. It should be noted here that, under State and Territory threatened
species legislation or advisory lists, 22 out of a possible 34 Basin native fish species
(excluding those with uncertain taxonomy) are listed. Four aquatic ecological
communities are also listed as threatened, the Murray River and its tributaries in
Victoria, and the Lachlan River, the lower Murray and lower Darling Rivers in NSW.
The FRDC funded 12 relevant projects during the life of the NFS, on topics ranging
from Murray cod fisheries; Trout cod reintroduction; freshwater fish stocking; flow
and fish ecology in the Coorong; models for recreational fishing in SA; Carp control
techniques; and viruses of alien species.
The discontinuous nature of Commonwealth representation on the NFAP likely
inhibited maximal uptake of NFS initiatives by the Commonwealth.

Adoption and uptake – survey results
The NFS has a large number of stakeholders with sometimes vastly different views
on important issues concerning native fish. To compliment information gained
directly from NFS project reports, NFS projects leaders and NFAP members, a survey
of the broader stakeholder group was undertaken. Below are the results of the
survey questions relating to adoption and uptake of NFS projects across and outside
the MDB. These are divided up into their main stakeholder groups for ease of
interpretation of outputs.
Scientists
Uptake of NFS knowledge
In terms of accessing information generated from NFS research projects the most
common methods were NFS annual forums (79%), peer reviewed journal articles
(76%) and project reports (70%) (Figure 2) (see Appendix D for full survey results).
Very few scientists found NFS community events (3%) and NFS awareness week
activities (18%) useful for accessing NFS research (Figure 2). One scientist valued
informal communication with peers as the most important conduit of NFS research
outcomes.
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Figure 2. Question 10 of the survey for scientists relating to the five most useful
methods by which NFS knowledge has been accessed.
Use and adoption of NFS knowledge
The most common way (94%) in which scientists used information emanating from
NFS research was to improve technical knowledge (Figure 3). Most scientists (76%)
also used NFS research outcomes to determine research priorities and to inform
monitoring and evaluation of projects (Figure 3). Other common uses of NFS
research by scientists were to inform policy and/or planning activities and inform
on‐ground works (both 67%), and to enhance their own personal interest (64%)
(Figure 3). Less than half of the scientists used NFS research outcomes to engage
the community or inform communication approaches and products (Figure 3). Just
over half of scientists surveyed used NFS research outcomes to support funding
applications or to generate new work or other projects (Figure 3). The majority
(67%) used NFS investment to generate new research proposals, with many
scientists generating multiple research proposals based on NFS investments. Twelve
of 33 scientists were aware of NFS approaches being used by other programs or
groups for example:
- Minimising fish injury and mortality relating to downstream movement past
weirs in Laos (using information generated from NFS project MD744)
- Marking of hatchery fish techniques and implementation strategies used
elsewhere in Australia (based on NFS projects R5003, MD239, MD697 and
MD741)
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-

Some coastal catchment groups are implementing habitat rehabilitation
work (e.g. Victoria coastal catchment groups) similar to that of the NFS
(primarily the Demonstration Reach model).

Figure 3. Question 7 of the survey for scientists relating to how they have used
knowledge and activities developed though the NFS.

Barriers to uptake and adoption of NFS knowledge
The survey of scientists found that the most common barriers to the uptake and
adoption of NFS were budgetary (88%) differing priorities of NRM agencies (76%)
and science to policy interface (73%) (Figure 4). Few scientists (<30%) found access
to knowledge, water availability, research capacity and legislation to be barriers to
the implementation of the NFS (Figure 4). Several researchers noted that
differences in inter‐jurisdictional policies and management (mainly at the state
level) had hampered implementation of the NFS, with one surveyed scientist
notably commenting that: “there is little or no effective overlap in priorities and
objectives between the state‐based fisheries agencies”.
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Figure 4. Question 11 of the survey for scientists relating to the perceived barriers
to implementing the NFS.
Managers
Uptake of NFS knowledge
The four methods that were most commonly cited as useful for accessing NFS
research by managers were through NFS coordinators (79%), NFS native fish forums
(71%) and project reports and science communication products (both 65%) (Figure
5). Very few managers (<30%) used conferences, the MDB website or peer‐
reviewed journal articles to access NFS knowledge (Figure 5). One surveyed
manager noted that whilst project reports were a good source of information, the
time lag between the research and the final project report was too great, but the
NFS forums provided an interim measure of getting the information across. Several
managers noted that the MDBA website was very disappointing and a poor
reference site for native fish issues.
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Figure 5. Question 10 of the survey for managers relating to the five most useful
methods by which NFS knowledge has been accessed.
Use and adoption of NFS knowledge
Managers were similar to scientists in the most common use of NFS research
outcomes being improving technical knowledge (94%) (Figure 6). The next most
common use of NFS research was to inform policy and/or planning activities (82%)
(Figure 6). In a marked difference to scientists, the majority of managers (74%) used
NFS research to both inform communication approaches and products and to
engage the community (Figure 6). The majority of managers also used NFS research
to inform on‐ground works (71%) and to inform monitoring and evaluation (65%)
(Figure 6). The majority of managers were aware of the NFS initiatives being used by
other groups. Some examples provided by managers on NFS initiatives being used
were:
- Potential Demonstration reach establishment in the Mary River (based on
the Demonstration reach model from the NFS)
- Demonstration reach model used (primarily the monitoring and evaluation
component) in other catchments (e.g. Upper Peel River, Castlereagh River
and Macquarie River)
- The Living Murray and the Basin Plan use information generated by the NFS
for a range of purposes such as background information and Icon site
management
- Improvements to fishway technology being implemented nationwide.
- Re‐snagging project (MD261) being used by other Victorian agencies
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Figure 6. Question 7 of the survey for managers relating to how they have used
knowledge and activities developed though the NFS.
Barriers to uptake and adoption of NFS knowledge
Similar to the response of scientists, managers responded that budgetary pressures
(76%) and different priorities of NRM agencies (65%) were far and away the
greatest barriers to implementing the NFS (Figure 7). Although access to knowledge
was only selected by a small number of managers as a barrier to the
implementation of the NFS, one manager noted that: “issues with accessing NFS
knowledge and the capacity that NFS has built will become more and more relevant
as the NFS disappears”.
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Figure 7. Question 11 of the survey for managers relating to the barriers to
implementing the NFS.
Cross‐jurisdictional differences in priorities and objectives were again a central
theme to the comments provided by managers in terms of barriers to the
implementation of the NFS. A number of managers commented that politics was a
barrier and that the failure of senior bureaucrats to support the NFS was a
prominent issue.
Community/CMA
Uptake of NFS knowledge
The most commonly cited methods by which community/CMA members accessed
NFS knowledge was by science communication products (60%), NFS coordinators
(57%) and NFS strategy community events (54%) (Figure 8). NFS annual fish forums,
NFS Awareness week activities and NFS project reports were also commonly cited
(all 47%) as methods by which community/CMA members accessed NFS knowledge
(Figure 8). Very few community/CMA members accessed NFS knowledge through
the MDBA website (31%), peer‐reviewed journal articles (24%) or by attending
conferences (20%) (Figure 8). Feedback was mostly positive with several
community/CMA members commenting that they in fact use all listed methods to
access NFS knowledge.
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Figure 8. Question 10 of the survey for community/CMA members relating to the
five most useful methods by which NFS knowledge has been accessed.
Use and adoption of NFS knowledge
The most common way the NFS knowledge has been used by community/CMA
members is to improve technical knowledge (42%) (Figure 9). The next most
common ways in which community/CMA members used NFS knowledge was to
determine research priorities and inform monitoring and evaluation (both 34%)
(Figure 9). Interestingly, the least cited use of NFS knowledge by community /CMA
members was to engage the community (19%) (Figure 9).
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Figure 9. Question 7 of the survey for community/CMA members relating to how
they have used knowledge and activities developed though the NFS.
The majority (60%) of community/CMA members were not aware of NFS
approaches or initiatives being used by other programs or groups. Some examples
of responses of respondents who were aware of other programs or groups that are
using NFS approaches or initiatives are:
- Native Fish Strategy for Western Australia
- Demonstration reach concept being applied at other sites including
Condamine headwaters and Oakey Creek
- North Central CMA Mid‐Murray Floodplain Native Fish Recovery Plan, which
builds directly on achievements of the Sea to Hume and The Living Murray
projects.
- Lachlan CMA running Native Fish Forums for local communities.
The vast majority of community /CMA members surveyed indicated that at least
some (i.e. little, some or a lot) NFS objectives and driving actions had been
integrated into their catchment or regional plans (Figure 10). Some examples of the
integration of the NFS objective and driving actions into catchment and regional
plans were:
- Mid‐Murray Floodplain Native Fish Recovery Plan (as part of the North
Central Regional Catchment Strategy)
- Riparian restoration (no location given)
- NFS helped provide funding opportunities to integrate program on the
Ovens River.
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-

Fish passage in the Mt Lofty ranges.

A small proportion of respondents indicated that none of the NFS objectives and
driving actions had been integrated into their catchment or regional plans (Figure
10).

Figure 10. Question 11 of the survey for community/CMA members relating to what
extent NFS objectives and driving actions had been integrated into catchment and
regional plans.
The majority of community /CMA members surveyed (70%) stated that uptake
and/or dissemination of NFS knowledge had been enhanced by the use of state‐
based NFS coordinators. In general the feedback was positive. One respondent
commented:
“XX is one of our greatest assets he has worked tirelessly on the reach and across
the catchments he is an integral part of the team and has contributed greatly to our
success”
And another:
“Coordinators have undoubtedly made a valuable contribution, though I am unable
to say with confidence to what degree. They have contributed to the majority of
communication initiatives that I have participated in (Native Fish Forums,
Awareness Weeks etc) ‐ without them these initiatives would not have occurred”.
And another:
“The NFS state‐based coordinators have been the go to people for me, for any
specific information I have required.”
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Not all respondents felt as positive about the role of coordinators in enhancing
uptake and/or dissemination of NFS knowledge.
Barriers to uptake and adoption of NFS knowledge
The most commonly cited barrier to implementing the NFS as determined by
community /CMA members was budgetary pressures (82%), followed by differing
priorities of NRM agencies (60%) (Figure 11). Transferability of research findings
(15%) and timeframes (19%) were the least cited barriers to implementing the NFS
by community members (Figure 11).

Figure 11. Question 11 of the survey for community/CMA members relating to the
barriers to implementing the NFS.
Comparison of responses between survey groups
Among the three groups surveyed there were similarities and differences in the
methods each used to access NFS knowledge. NFS native fish forums and project
reports were common methods by which NFS knowledge was accessed by all three
groups, especially scientists and managers. Scientists appeared to favour more
technical methods by which to access NFS knowledge such as peer‐reviewed
journals and conferences, whereas managers and community /CMA members
seemed to prefer less technical avenues such as science communication products,
NFS awareness week activities and native fish coordinators. This difference reflects
the spheres in which each group are trained and operate, with scientists more
commonly communicating (both accessing and providing information) through
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more formal avenues (peer‐reviewed journal articles and conferences) and
managers and community /CMA members though less formal and more face‐to‐
face avenues (e.g. community events, forums and informal exchanges between
colleagues).
All three groups surveyed were similar in their use of NFS knowledge. Improving
technical knowledge was the most common use of NFS information for all three
survey groups. Perhaps surprisingly, at least for community /CMA members,
engaging the community was the least commonly cited use of NFS knowledge for all
three groups.
The three survey groups were very similar in their responses to what are the
barriers to implementation of the NFS. Budgetary pressures and differing priorities
of NRM agencies were the most commonly cited barriers to the implementation of
the NFS by all three survey groups. The only marked difference between the three
survey groups was in the number of respondents citing science to policy interface as
being regarded as more of a barrier to uptake by scientists than for managers and
community members.
Adoption and uptake – feedback from NFS Project leaders, Coordinators, and
NFAP
The level of adoption and uptake of research findings, methodologies or approaches
can be notoriously difficult to measure by just using literature searches and
citations. Publications in the peer‐reviewed literature often do not occur for several
years after research projects have been completed, and changes in management
policies and practices often exhibit similar time lags. Consequently all NFS projects
leaders, NFAP members and NFS Coordinators were contacted and asked for:




citations of any research outputs emanating from each project (see collation
in Appendix C)
a list of the conferences and workshops where you presented results/
findings/implications from your projects
any example of uptake or changed management practices from your
projects.

A substantial number of reports and peer‐reviewed journal publications have
emanated from NFS research and adoption projects (Appendix C) and many more
are still in the process of being published. To promote wide distribution of project
findings, and recognising the inherent time lags from project completion to journal
publication, the results of NFS research and adoption projects have been presented
at dozens of workshops, conferences and forums, both nationally and
internationally.
Some examples of the responses received are presented below to illustrate uptake
and adoption.
NFS Project
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Example of Uptake and Adoption

MD59 Lateral
movements
(Jones 2006)

MD119,
MD1284
Mesoscale
Movements

MD1043
Native fish
recovery
following
removal of
alien fish
species

R5003,
MD239,
MD697,
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Lateral movements are generally considered in
discussions of all freshwater fish research, this was
different in the past!
Barmah‐Millewa Forest regulators are now managed
with river‐floodplain movements in mind.
Goulburn‐Broken CMA has completed concept designs
for a fishway to be constructed on the Gulf Creek
regulators, while two other smaller regulators in the
Barmah forest have concept designs sympathetic to fish
passage and cater for retrofitting a fishway at a later
date.
Lateral movements of native fish have been considered
at all Gunbower/Koondrook‐Perricoota regulators.
North Central CMA has conducted series of fish
movement workshops to determine the operation and
management of floodplain regulators and connectivity
with the Murray River. The CMA has a fish movement
plan for Gunbower forest.
The North Central CMA has conducted a series of
workshops on fish movement in the Loddon River, and
has funded a pilot fish movement study to investigate
lateral connectivity with Pyramid Creek, Cow Swamp and
Torrumbarry Irrigation Scheme.
SEWPAC sought advice on environmental watering
strategies and watering priorities in the Border Rivers
after reading the mesoscale movements report.
DERM sought distribution records and information on
sites significant for native fish in the northern Basin as
part of their Aquabamm project.
Movement of small bodied and juvenile fish into
offstream waterholes and wetlands information has
been used in Waterway Barrier Works assessments and
Self Assessable Codes to protect fish movement in small
connection channels in Qld.
Deniliquin lagoon eastern gambusia removal project.
Murray Catchment Management Authority.

Upper Murrumbidgee eastern gambusia removal
program. (ACT Waterwatch).
Used to investigate Macquarie perch recruitment in
Cotter Reservoir, ACT.

MD741
Marking
Stocked Fish

MD1959
Murray cod
fishery
management
model
MD745 Murray
cod modelling
to address key
management
actions

Sea to Hume
fishways
MD256
Innovations in
the vertical
slot fishway
design ‐ Lock8
CFD modelling

R2104 Carp
separation
cages /traps
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Used to differentiate stocked fish cohorts for the urban
lakes stocking program, ACT Government.
Now used in hatchery marking by NSW and Vic.
Marked fingerlings were released within the Dewfish
Demonstration Reach, Qld.
Used in considerations for ACT size and bag limit
changes. One change has already been legislatively
instituted.

Change to NSW and Vic regulations from min legal
lengths to ‘slot’ sizes.
Prompted formation of Murray Cod Fishery
Management Group.
Increased scientific nature of Murray cod management
significantly.
Highlighted importance of fishways and movements‐
stimulated variety of fishway programs in Vic.

Sea to Hume process used in Nepean Fishway Program in
NSW.
Vertical slot designs influenced a number of existing and
proposed fishways in NSW
Sea to Hume process used in NSW State Water fishway
program both for existing and proposed fishways.
Two automated Carp traps installed into waterways at
sites within the Macquarie Marshes, in central west
NSW.
Various community groups are now using these portable
traps in Queensland for local Carp control. They are
particularly effective in lagoons and waterholes between
flow events.
Carp traps being used in (in a modified form) for carp
and goldfish management in NZ lakes.

Carp Screens
True Tales of
the Trout cod

Drought Expert
Panel
MD215 Dual‐
frequency
Identification
Sonar
(DIDSON)

MD1058 Vaki
Riverwatcher
infrared fish
counter

MD742
Improving
post‐release
survival of
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Carp screens have been installed on a number of
different wetlands in the SA MDB.
Increased incorporation of historical knowledge into fish
management.
Prompted other oral history projects and products.
Collected historical data used to improve SRA Fish
Technical Advisory Group rarity scores used in the
Murray‐Darling Basin Sustainable Rivers Audit.
Input of past occurrence and abundance of native fish
species used as a reference for the development of a
classification program for managing waterways as
recreational fisheries in and for native fish recovery in
Victoria.
Input of past occurrence and abundance of Macquarie
perch used as a reference for the identification and
prioritisation of waterways for stocking of Macquarie
perch in Victoria.
Informed MDBA watering strategies.
Informed development of Drought Action Plan in SA.
Didson units now being used in a range of coastal fish
passage studies.

Led to an understanding that Barrage fishways were
problematic for large fish.
Qld DPI used the DIDSON to assess the impact of
Paradise Dam on native fish.
The DIDSON was used in the Vaki Riverwatcher study to
assess fishway trap effectiveness.
DIDSON was used to help determine the effectiveness of
Carp cages at Lock 1.
DIDSON was used in project (MD1019 ‐ Development of
fish screening) to determine impingement rates of native
fish on irrigation pump screens.
Being considered for installation in the Snowy mountains
to monitor annual trout migrations.

The Narrandera Fish Hatchery purchased a small Vaki
unit to count fish which are produced each year.
Information provided to and use by fish stocking groups
to increase survival of fingerlings when being restocked.
Follow on research on Habitat preferences for juvenile
Murray cod, Golden and Silver perch as well as small

hatchery‐
reared
threatened fish

Murray cod in
anabranches

bodied fish done to ensure fingerlings released into
suitable habitats.
This information has also been used from two fish
habitat restoration projects on the Warrego River
around Charleville.
Increased recognition of Lindsay and Mullaroo as
important waterways for Murray cod, fed into regulators
debate and fishway on Mullaroo

Some examples are presented below on where NFS research has catalysed new
project proposals.
NFS Project
MD1373 Design and installation
of a novel wetland carp
harvesting set up at Lake
Bonney, South Australia
MD1402 Carp management plan
for the Upper Murrumbidgee
Demonstration Reach

MD239 Impacts of Stocking

MD256 Innovations in the
vertical slot fishway design ‐
Lock8 CFD modelling
MD1398/1399 Fishway Options
for Weirs of the Northern
Murray‐Darling Basin

Murray cod Workshop (and
formation of Murray cod
Reference Group/Taskforce)
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Example of catalysed project proposal
Contributed to the project proposal
“Trial Carp Reduction Program”, an
ACT project. Funding was applied for
under a government funding bid,
which unfortunately was unsuccessful.

Wetland Carp harvesting system is now
taking out Koi carp in new Zealand and
did initially get interest from the
United States.
PIRSA followed up on this project with
a risk assessment associated with
stocking Murray cod in the SA section
of the MDB.
Contributed to an ACT fishways
assessment and design
recommendations report for the ACT
Govt.
Currently being used to prioritise
funding for fishway in the northern
Basin. One priority fishway has
received offset funding and
construction will begin in the dry
season.
Prompted formation of Murray Cod
Fishery Management Group, and
subsequent multi‐jurisdictional, multi‐
stakeholder project application to
Fisheries Research and Development
Corporation.

CASE STUDIES OF ADOPTION AND UPTAKE
In order to help illustrate the level of adoption and uptake of NFS activities, a
number of case studies are presented. They were chosen because they had generic
applicability, transgressed a range of projects and/or disciplines, and covered a
number of driving actions. Each case study provides the background to the issue(s),
identifies the key positive outcomes, discusses aspects that didn’t work or could be
improved, and explores linkages with other initiatives.
DOWNSTREAM MOVEMENT WORKSHOP, WEIR MORTALITY AND IRRIGATION
OFFTAKES PROJECTS
Background
In 1997 a project commenced under the Fish Management Plan for the Murray
River (Lawrence 1991), the precursor to the NFS, to investigate the downstream
dispersal of larval and juvenile fish in the Murray River (Gilligan and Schiller 2003),
with this project following earlier work that highlighted the importance of larval
drift (Koehn 1997; Koehn and Nicol 1998). It was apparent that while the NFS and its
predecessor were successfully addressing upstream fish passage issues (i.e. fish
moving upstream past weirs, roadways, and other barriers) (e.g. see Barrett and
Mallen‐Cooper 2006; Barrett 2008), there had been little consideration of
downstream fish passage.
Consequently, the NFS workshop on Downstream movement of fish in the Murray‐
Darling Basin (Lintermans and Phillips 2004) was held in 2003, with 3 overseas
scientists invited to give international perspectives on the issues involved. The
workshop highlighted the need for consideration of downstream passage, with the
diversion or removal of large numbers of larval fish from mainstream habitats by
water diversion or extraction practices being identified as a significant issue (e.g.
Koehn et al. 2004; Gilligan and Schiller 2003). While the importance of downstream
dispersal of native fish larvae and eggs was well known (e.g. Koehn and O'Connor
1990; Humphries and Lake 2000 ), the estimation by Gilligan and Schiller (2003) that
millions of cod larvae and eggs of Golden and Silver perch were annually being
potentially extracted from the Murray River, crystalised the potential impacts of
water extraction. Consequently, the 2003 workshop Statement and
Recommendations noted that:
‘… impeded downstream movement of eggs, larvae, juvenile and adult fish is
contributing to the following problems:
i. Removal of significant numbers of eggs, larval, juvenile and adult fish from
the river population through irrigation and other water diversions;
ii. High levels of mortality due to entrainment/diversion into unfavourable
habitats such as turbines or irrigation channels;
………’
recommended that there was a need to:
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‘Undertake an assessment of each barrier/structure to identify options for assisting
downstream movement (engineering, operational, bypass through floodplain
wetlands etc.), and establish priorities for attention during the life of the current
Native Fish Strategy (until 2013) and Living Murray Programme.’
and concluded that:
‘A sustained research and monitoring effort is required. There will be no quick fix.’
The workshop also highlighted 25 high priority and 4 medium priority knowledge
gaps for future research including:







What are the injury and mortality levels for each species caused by weirs and
other barriers, and what are the effects of:
• structure type;
• passage mechanism (through or over), and
• pool effects ?
Which fish species and what life‐history stages are in irrigation channels?
There is a need to measure larval extraction rates through irrigation, town
water offtakes etc. to gain a clearer understanding of the impacts of water
larval extraction on the fish population, and to design improved approaches
to reduce this impact, if warranted (see above also regarding ‘pilot testing’).
What is the relative mortality of different engineering approaches? There is a
need to review the literature and then conduct targeted studies for
Australian fish species and structures/rivers.

This workshop outputs initiated a series of studies to examine mortality associated
with weirs, quantify fish diversions via irrigation extraction, and then subsequently
investigate, develop and trial management solutions to mitigate impacts on fish
from irrigation pumping.
Initial investigation of native fish mortality at weirs
The workshop recommendations stimulated a preliminary trial in 2004‐05 to
examine mortality of Murray cod and Golden perch at overshot and undershot
weirs. It was found that 95% of Murray cod and 52% of Golden perch larvae died as
a result of passing through an undershot weir, significantly greater than occurred
with overshot weirs (Baumgartner et al. 2006).
MD744 ‐ Quantifying and mitigating the impacts of weirs on downstream passage
of native fish in the Murray‐Darling Basin (Baumgartner et al. 2011)
There are an estimated 10,000 dams and weirs installed on the Murray‐Darling
Basin (MDB). Two major weir designs, undershot and overshot, are constructed on
MDB waterways, both delivering water downstream in a different way. A controlled
field study in 2004‐06 aimed to determine the impacts of downstream fish passage
of common MDB fish species of a range of age classes and fish sizes (larvae, adults,
small‐bodied, large‐bodied) through each weir type at a range of flows to determine
fish welfare impacts.
49

Passage through overshot weirs was associated with substantially greater survival in
all species (Golden perch, Silver perch, Murray cod, Australian smelt and Unspecked
hardyhead) compared to undershot weirs. Few fish died as a result of overshot
weirs and the main welfare issues arose when water from overshot weirs fell into
shallow water, where fish became physically injured when impacting the
downstream weir apron. These results indicate that the construction of overshot
weirs with deep plunge pools would provide safe conditions for many fish species
and sizes moving downstream. Most Golden perch and Silver perch larvae, and
more than half of Murray cod larvae died during undershot weir passage regardless
of tailwater depth. Small‐bodied native fish such as Australian smelt and Unspecked
hardyhead displayed extremely high mortality when passing through undershot
weirs. Adult life stages of large‐bodied species were also affected by undershot
weirs but to a much lesser degree, with most adult Golden perch and Silver perch
and a third of Murray cod suffering minor injuries when passing through small gate
openings. Undershot weirs were characterised by higher values of shear, turbulence
and pressure changes. Experimental modifications made to undershot gates to try
to reduce these impacts were unsuccessful in mitigating effects on native fish.
R5006 ‐ The effects of selected irrigation practices on fish of the Murray‐Darling
Basin (Baumgartner et al. 2007)
As identified in the 2003 Downstream movement of fish in the Murray‐Darling Basin
workshop, water diversion and extraction practices have the potential to harm
native fish populations. An investigation in 2004‐06 of selected irrigation practices
on fish was primarily undertaken to quantify the effects of three different irrigation
practices on fish. These included diversions into irrigation canal systems, extraction
into pumping systems and seasonal draw‐down of irrigation canals. This study was
the first large‐scale quantification of native fish in irrigation supply offtakes in the
MDB. The specific aims were to identify the species most susceptible to the effects
of extraction and to identify possible mechanisms to mitigate these effects.
Sampling was undertaken in northern (Namoi River) and Southern (Murrumbidgee
and Mulwala canal systems) reaches of the catchment to determine any spatial
differences in expected ecological effects.
In the Murrumbidgee River and Bundidgerry Creek offtake (New South Wales) a
wide range of species and size classes were entrained over the study period. Life
history stages with poorer swimming abilities, such as larvae and juveniles, were
most susceptible to entrainment, particularly when large proportions of water were
extracted from the host river. Sampling was also undertaken in the Namoi River to
investigate the effects of pumping systems on fish. Irrigation pumps were found to
extract large numbers of fish from many species and size classes. In some instances
over 200 fish per day were extracted by a single pump, with high‐flow pumps having
the greatest impact. Post extraction, two size classes of fish ‐ large (>200 mm) and
small (<50mm) ‐ were susceptible to injuries and mortality. There were no
significant differences in entrainment rates between night and day; suggesting diel
changes to operating protocols are not a suitable mitigation option. High extraction
rates of fish suggest that the cumulative effects of pumping systems, on a river or
50

catchment scale could have substantial effects on fish and other aquatic fauna.
Sampling undertaken in the Mulwala canal system, at the end of the irrigation
season found that rapid draw‐down of irrigation resulted in the stranding and
entrapment of almost one million fish from 14 species.
Ultimately, the study identified that the primary impact of irrigation development
on fish is direct entrainment from main river systems. Preventing entrainment at
the point of water extraction presents the most suitable method of mitigating the
effects of irrigation systems on fish. Entrainment could be reduced or eliminated by
developing engineering solutions to physically exclude fish or to develop
operational protocols that minimise situations where diversion flows exceed river
flows.
MD1019 ‐ Development of fish screening criteria for water diversions in the
Murray‐Darling Basin (Boys et al. 2012)
One of the most common tools to combat the loss of fish from rivers via water
abstraction is fish screens on irrigation intake pipes. There were no guidelines for
intake screens in the MDB, and this project conducted from 2008‐11 aimed to
undertake experiments to develop physical design criteria for fish screens at water
diversions. The project also reviewed fish screening programs elsewhere in the
world to make recommendations on how to best initiate a successful program in
the Basin.
A combination of field and laboratory‐based experiments at simulated intake
screens was used to test how approach velocities (water velocities in front of and at
right‐angles to the screen face) and screening materials affected potential injury
and mortality of native fish species. It was found that the installation of fish screens
has great potential to significantly reduce fish entrainment at intakes. Mortality at
an experimental intake was reduced from over 90% (unscreened) to less than 2%
(when screened) in the laboratory. Approach velocities of up to 0.4 m/sec were
effective in reducing entrainment of juvenile Golden perch and Silver perch in
laboratory trials, with very little injury or mortality resulting from incidental screen
contacts or impingement. In comparison, field observations of an assemblage of fish
at a screen demonstrated that even modest increases in approach velocity (from
0.1 to 0.5 m/sec) produced a significant increase in the rate of screen contact for
fish less than 150 mm, with the impact being more marked for smaller fish. There
was little difference in the rate of screen contact or entrainment when using three
different sizes of woven wire mesh. Together, these findings suggest that screening
material may not be as important as approach velocity when designing screens for
protecting fish.
The review of successful screen programs in the USA found that coordinating
committees are a key factor to success. Government‐irrigator cost‐share programs
have proven to be strong incentives to implementing screen diversions elsewhere in
the world and their use should be further explored for the MDB.
Outcomes of research Program
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The benefits of a 10+ year program investigating downstream movements and
impacts on fish of various infrastructure have been substantial. Weir designs and
operation are now informed by the fish mortality data generated, and the extent of
extraction and damage to fish individuals and populations has been quantified for
some locations. Criteria and designs for fish screening at water diversion in the MDB
are now available. The NFS commitment to improving the management of native
fish in the MDB resulted ultimately in significant progress in transferring research
knowledge to on‐the‐ground outcomes. If sequential targeted funding had not been
available, these on‐the‐ground outcomes would have been unlikely to have been
delivered.
The incorporation of international experience and perspectives has also been
salutary, from the involvement of international experts in the Downstream
Movement workshop, to a study tour by Australian scientists to investigate
screening technologies in the United States. This international ‘debt’ is now being
repaid through the publication of numerous papers on the Australian research in
international journals (Baumgartner and Boys 2012; Baumgartner et al. 2009; Boys
et al. in press a, b).
The major research projects mentioned above were initially solely funded by the
MDBC/MDBA (e.g. Downstream movement workshop; R5006; MD744) but
subsequent projects attracted funding contributions from industry and catchment
groups such as the Cooperative Research Centre for Cotton Communities and
Catchments, and the Namoi Catchment Management Authority (MD1019).
Additional investigations on similar topics have been funded independently by state
agencies (e.g. Baumgartner et al. 2006; King and O’Connor 2007). The value and
catalytic nature of the NFS workshops was also demonstrated, with a relatively
small investment in the workshop ($20‐30K) amply repaid by the knowledge and
management gains from ensuing projects. Workshops such as this are important in
that they assemble a critical mass of research, management, policy and community
stakeholders in a location where ideas can be openly discussed, cross‐fertilised and
new insights developed. Without such forums, critical knowledge gaps or research
avenues can often be overlooked.
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SEA TO HUME FISHWAY PROGRAM
Background
In 2001 the MDBC (now MDBA) undertook a project to restore fish passage along
the Murray River from the sea to Hume Dam, a distance of 2,225 kilometres. The
NFS (science and monitoring) and River Murray Water (RMW) (design and
construction) were charged with the joint development and implementation of the
program, which soon became a flagship initiative of MDBC and its partner
governments. A Fish Passage Taskforce (FPTF) comprising engineers, fish biologists
and river operators was established to oversee the design and assessment of the
fishways, with the NFS providing the Chair. The budget for construction was vested
in RMW, while the NFS initially provided funds for long‐term monitoring of the
outcomes of the program, performance monitoring of each new fishway,
assessments of innovative fish counting technologies, consultancies for expert
advice on improved efficiencies of the fishways and concept designs for ‘auxiliary
fishways’ (e.g. at Lake Victoria and several anabranches), and the running of the
FPTF. The budget for long‐term monitoring and performance monitoring was later
transferred to ‘The Living Murray’ program.
The award‐winning ‘Sea to Hume’ fishway initiative is the first program anywhere
that allows fish passage for the entire migrating fish community, rather than being
focused on a small number of species of economic or social significance (Barrett et
al. 2006). It is also one of the longest fish passage river restoration projects in the
world. This is achievable because of the low gradient of the river, as all the weirs
from the Barrages to Lock 15 inclusive (approximately 1600km), are less than 5
metres high. See Figure 12 for map of fishways that comprise the Sea to Hume
program.
Current status
An adaptive management approach to fishway design was taken, thus leading to
constant design improvements, optimisation, and improved cost‐effectiveness as
the construction program progressed (Barrett et al. 2008). The adaptive
management framework comprised:
• biological assessment to quantify fish passage (including species and size) of
the new fishways as they were being built,
• biological assessment to determine the ecology of migration,
• experimental research to address new findings on migration and fishway
design,
• changing the fishway designs mid‐project to incorporate the experiment
findings,
• ongoing re‐assessment of the new designs.
The assessment turned up species not previously considered migratory and fish of
sizes smaller than expected. The fishway design changed mid‐project from a single
fishway design trying to pass small and large fish, to dual fishways, where these
functions were separated and fish had a choice of fishway.
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Figure 12. Map of the fishways on the Murray River as part of the Sea to Hume
program.
The final fishways have been delayed by floods, most notably in 2010 and 2011, but
should be completed in 2013. Considerable effort has been invested in developing,
installing and maintaining remote passive integrated transponder (PIT) tag reader
systems at the new fishways that continually monitor for any of the 35,000+ fish PIT
tagged in the Murray River (and 40,000+ in the MDB). A tagged fish can now be
tracked up and down the Murray River for its whole lifetime, providing important
ecological data.
What worked
The three disciplines of biology, hydraulics and engineering are inherently linked in
fishway design (Barrett et al. 2006). Recognising this, the MDBC established the
FPTF (described above) to oversee the design and assessment of the fishways. The
rigour instilled in the design process by the integration of these disciplines has been
crucial to the overall success of the program. As well, an on‐ground team of fish
biologists from each of the jurisdictions regularly liaised with the FPTF on fishway
performance and the ecological requirements for new fishways. Importantly, this
team also provided capacity‐building across the Basin by developing and agreeing
on consistent methodologies for monitoring fish (such as electrofishing).
A considerable emphasis was placed from the outset on adequate monitoring of the
performance of the new fishways, both individually and as a whole. The intensive
field sampling schedule has produced robust results that clearly demonstrate that
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the new fishways are setting a worldwide standard for ecosystem restoration
(Stuart et al. 2008).
Research conducted as part of the program has resulted in substantial advances in
the knowledge of movement behaviour of native fish species within the Basin.
Scientists identified many more migratory fish and crustacean species than were
known before the assessment program began. Small fish species, such as carp
gudgeons, Murray rainbowfish and Unspecked hardyhead, previously thought not
to be migratory, have been trapped within the fishways in their thousands. These
results suggest that future fish passage facilities should include a greater range of
species and size classes than originally considered. This new information was
utilised in several innovative experiments to advance fishway design and provide
improved passage for the smallest fish and crustaceans among the migratory
community, and ultimately led the FPTF to refine the design of existing fishways
(Mallen‐Cooper et al. 2008).
With the completion of each fishway, its operation has been assessed on‐site by the
monitoring team in conjunction with the designer. Detailed hydraulic
measurements (headloss, velocity, flow distribution, etc) have proved particularly
valuable in fine‐tuning the fishway’s performance, and providing information to
improve subsequent designs. A potential benefit of this on‐site fishway assessment
has come from manipulating the turbulence and velocities in the pools and slots
(Mallen‐Cooper et al. 2008). This has suggested some innovative cost‐saving
improvements to the performance of other fishways in Australia.
At the mouth of the Murray, the Barrages form the last regulatory structure before
freshwater enters the Coorong and discharges to the sea, and are also the first
barriers that impede upstream migration of fish (Barrett et al. 2008). Assessment of
fishways at the Murray River Barrages demonstrated that many diadromous and
displaced freshwater fishes undertook upstream migrations from the Coorong
estuary to the freshwater Lower Lakes (Stuart et al. 2005).
Problems and solutions
Communication between construction contractors and the FPTF was limited, which
meant that small issues on site often went unchecked, resulting in potentially
significant implications for fish passage. These included positioning of metal plates
on the fishway entrance. In some instances these were set up and provided a
headloss of 300mm which was too high for many of the target species.
Small‐bodied fishes attempted to migrate through the fishways in relatively large
abundances. Movement, however, was inhibited by fishway hydraulics unsuitable
for small‐bodied fishes. As the migration of a range of small‐bodied species was
previously unknown, a solution to future fishway designs was sought, and led to
successful refinements to fishway design, as described above.
These modifications to existing designs led to the development of ‘dual’ fishways,
which combined a 1:18 vertical slot fishway (for larger species) with a fishlock (for
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smaller species and crustaceans). Some engineering aspects of the new fish locks
were problematical, especially in terms of the operation of the gates. Although the
biological data supporting the application of fish locks was strong, the engineering
aspects did not work. Unfortunately engineers and designers could not devise a way
to seamlessly operate new fishlock gates. Issues with some engineering
components could not be resolved and many of the new fish locks are presently not
operational and pending repair. Flooding inundated most of the remote PIT
monitoring sites following completion. In hindsight, full IP68 waterproof rating of all
gear near water should have been a priority from the start.
The NFS invested considerable resources into a variety of fish counting
technologies, mostly developed overseas. Assessment of a hydroacoustic (single
frequency split‐beam hydroacoustic system (MD823)) and a sonar (dual frequency
identification sonar – DIDSON (MD215)) counting method found that both systems
had some inaccuracies under low river levels/low fish migration rates, although the
DIDSON system provided extremely useful data on fish behaviour that is difficult to
determine through trapping (Baumgartner et al. 2006). A field study on the
effectiveness of an infrared fish counter, the Vaki Riverwatcher (which measures
the size, date and shapes of fish (MD1058)), was undertaken in conjunction with a
DIDSON sonar and split‐beam acoustic technology to compare the relative
advantages and disadvantages of different technologies. The study explored the
limitations and advantages of the system in both controlled and field environments.
The Vaki Riverwatcher tracked fish movement successfully and was accurate at low
turbidity and during periods of low‐moderate fish passage (Baumgartner et al.
2010a). However, it often underestimated fish numbers and lengths, particularly
when high numbers of fish migrated. Field trials also documented a degree of
fishway‐avoidance by fish. It appears that the best type of fish counter, i.e. one that
not only accurately counts fish but also identifies species, under a range of river
conditions, has not yet been developed.
At Goolwa a brief assessment was undertaken 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 (Aldrichetta
forsteri) and Flat‐tailed mullet (Liza argentea), Australian herring (Arripis
georgianus), Black bream (Acanthopagrus butcheri) and various small bodied
species were able to use the navigation lock to access upstream habitat (MDBC
2008).
Linkages with other initiatives
The Sea to Hume Program has been used as the basis for a proposed Northern Basin
Fishways Program (Nichols et al. 2011) , as well as an international cooperative
program to build fishways along the Mekong River, in Laos and Thailand
(Baumgartner et al. 2012).
An important product of the adaptive management process is the successful design
and implementation of award winning ‘Carp Separation Cages’ (CSC) (Stuart 2009).
Originating from a lock manager’s observation that concentrations of carp were
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occurring at fishways, a new approach to carp management was developed to take
the place of labour intensive and less humane trapping methods. The “Williams’
CSC” was trialled and found to be a highly effective way to separate and capture
carp whilst avoiding capture of native fish.
What improvements to the current ‘system’ would optimise the goals/vision of the
NFS?
The new Lock fishways have essentially only been assessed during the period of
lowest flows on record (the millennium drought), producing results dominated by
small‐bodied species with limited movements of larger migrants such as Murray cod
or Golden perch. While these results are significant, in order to fully assess the
fishways and to gain a more complete understanding of migratory fish ecology, fish
movement through the fishways still needs to be investigated during moderate and
flood flows when species composition is expected to change (Barrett et al. 2008).
The life‐history and movement ecology of small‐bodied fish is an important research
area. Several important engineering and biological priorities remain and these
include facilitating passage of small fish, attraction efficiency, assessments of
fishways during floods, and investigation of the broader ecology of fish migrations.
In particular, there is a need to determine the proportion of the small fish
population that migrate upstream and are attracted to the fishway. Small‐bodied
fish cannot be PIT tagged and other techniques are required (e.g. dyes, otolith
marking etc) to investigate these questions.
Long‐term monitoring will be essential to demonstrate the effectiveness of
fishways. In addition, some commonly‐used monitoring methods rely on physical
capture of fish, which can be labour intensive and affect fish behaviour and hence
the reliability of data. If monitoring is to be feasible over the long term, the
development of reliable capture‐independent systems to count and measure fish is
vital. In the meantime, the maintenance of PIT readers at each fishway (Sea to
Hume and others, e.g. in northern Basin) and a centralised database must be
complemented by a continued program of PIT tagging, which should be a necessary
component of all major fish projects in the Basin, not just the Murray River.
A comprehensive report that investigates options for harvesting and disposing of
Carp at the Lock fishways was prepared in 2009 for the MDBA but remains to be
implemented (Jackson 2009). While the primary emphasis has been on utilising the
separation cage technology outlined above, other potential capture methods have
also been explored. CSC cages also need to be adaptively managed with the needs
of native fish in mind. Having a carp cage in a fishway will catch carp but restrict
native fish passage – therefore having times when Carp cages are removed to
optimise native fish passage are essential (Figure 13).
A number of other improvements to the Lock fishways could be effected by
determining:
 the movement patterns and habitat use of adult Golden perch and Silver
perch.
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fishway attraction efficiency for large‐bodied PIT tagged fish (i.e. Golden
perch, Murray cod, Silver perch and Carp).
fishway attraction, efficacy and migration of fish during high flows and
floods and then re‐evaluate life‐history models.
relative spawning and recruitment levels for Golden perch and Silver perch
in the river reach between Lock 11 and Lock 26.

At the Barrage fishways, the relationship between freshwater inflows, fish movement and
the recruitment ecology of large bodied estuarine species is not well understood (Jennings
et al. 2008). Movement of large‐bodied estuarine species is greatest during spring and early
summer when adult Black bream are known to form spawning aggregations in response to
environmental cues and when the abundance of juvenile and sub‐adult Mulloway increases
as fish enter the estuary from the sea. Fishway sampling in 2007 indicated that adult Black
bream, sub‐adult Mulloway and adult and sub‐adult Flat tail mullet may attempt to utilise
the fishways during periods of low and reverse flows (Jennings et al. 2008). These large‐
bodied estuarine species were noticeably absent from the fishways but present in the
vicinity of the Barrages.
The greatest challenge to the design and operation of fishways at the Barrages will
be the ability to facilitate fish passage in a dynamic system that experiences large
independent variations in head and tail water levels (Barrett et al. 2008). Also,
environmental water allocations for the fishways are likely to be an ongoing issue.
During prolonged periods of low flow, fishways that can ease fish passage whilst
discharging low volumes of freshwater will be best in meeting the ecological
requirements of migratory fish communities in such a highly regulated system. High
flow fishways with diffuse discharge will, however, also be needed to improve fish
passage during future periods of high discharge from the Barrages.
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Figure 13. Numbers of Carp and native fish trapped at Locks 1 ‐ 3 on the Murray
River from September to February. Carp cages in fishways will catch carp but
restrict native fish passage – it will be necessary to remove Carp cages at certain
times (e.g. late Spring/early Summer) to optimise native fish passage.

MURRAY COD
Background
Murray cod is Australia’s largest freshwater fish and an icon species. It has
significant economic, cultural, recreational and environmental values for all
Australians. The population of Murray cod across the MDB has declined significantly
from its early‐European settlement levels (Rowland 1989, 2005; Kearney and Kildea
2001) and is now listed as a nationally threatened species. Causes for decline
include habitat loss and degradation, barriers to fish passage, flow regulation, cold‐
water releases and fishing (Kearney and Kildea 2001, Lintermans et al. 2005;
Rowland 2005). Murray cod is a slow‐growing, territorial, long‐lived apex predator
(Rowland 1998; Ebner 2006). It is especially vulnerable to overfishing, localised
habitat alteration, and poor water quality (e.g. blackwater events and pollution), as
witnessed by a succession of fish kills in some parts of the Basin in the 2000s (see
Koehn 2005; Sinclair 2005). Stocking from hatcheries is currently an important
management tool used to supplement Murray cod fisheries across the Basin each
year, but it is not a long‐term conservation solution and does have some risks that
need to be managed (e.g. potential introduction of disease, changes to genetic
structure).
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Previous research on Murray cod in the mid‐1990s under the Fish Management Plan
for the Murray River (Lawrence 1991), the precursor to the NFS, revealed important
information about cod movement patterns. Contrary to accepted wisdom (that cod
were sedentary), cod moved seasonally, with upstream migrations of up to 120 km
recorded during the breeding season, followed by return migrations to the pool of
origin (Koehn 1997; Koehn and Nicol 1998). The combination of the species iconic
status, the realisation that previous ‘truisms’ about cod ecology may be incorrect,
and the 2003 listing of the species as nationally threatened, meant that an
evaluation of cod management and ecological requirements was needed.
Consequently, a NFS workshop on the conservation and management of Murray cod
was held in Canberra in June 2004.
Murray Cod Workshop (Lintermans and Phillips 2005).
Twelve keynote papers were given at the workshop addressing various ecological,
cultural or management issues around Murray cod. The workshop reviewed current
knowledge of the history, status, population trends, threats and management
responses relating to Murray cod and formulated a series of priority actions and
recommendations. The workshop participants made a series of recommendations
on the management of Murray cod, and identified a range or research priorities to
fill knowledge gaps.
Another significant outcome of the workshop was the formation of a Murray Cod
Reference Group (which became the Murray Cod Taskforce) with representation
from scientists, fishery managers, recreational fishers, aquaculturalists, community
members, and Aboriginal interests. This reference group contributed extensively to
the development of the National Recovery Plan for Murray Cod and played an
important role in combining conservation and fishery objectives for the species.
Murray Cod Taskforce
Following the drafting of the National Recovery Plan for Murray Cod (completed in
2008, but not finalised by the Commonwealth until 2010), the Murray Cod
Taskforce continued to provide advice to the MDBC on key issues associated with
this threatened species. The Taskforce also identified and developed project briefs
for research priorities with a key recommendation being the development and use
of a population model for Murray cod (see below). Importantly, the taskforce
provided a link between the interests of conservation and recreational fishery
management incorporating a cross jurisdictional approach. It prompted a workshop
in 2010 that focussed on the recreational fishery for Murray cod, and consequently
a multi‐jurisdictional Murray Cod Fishery Management Group was formed (see
below). This group included significant overlap in membership of the original
taskforce and the NFS provided initial funding support to set up the group.
MD745: Murray cod modelling to address key management actions (Todd and
Koehn 2009)
One of the concerns that was raised at the Murray Cod Workshop related to the
different fishing regulations in force across the species range (size and bag limits,
closed seasons, etc), and the inability to explore different management scenarios to
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balance the conservation and recreational fishery objectives for cod. Consequently,
a population model was developed to:
 investigate population responses of Murray cod under alternative
management options.
 devise various management scenarios in relation to size and bag limits and
potential recovery times from over fishing, fish kills and other management
or environmental scenarios which may affect Murray cod populations.
 document the implications for developing management options for Murray
cod and the research on Murray cod biology and ecology required for
improving the model (or models).
Modelled management scenarios for Murray cod indicated that the risk to
populations can be reduced substantially by appropriate changes to management
actions. In particular, changes to the size limits on angler take can have a major
impact on long‐term survival of populations. The implementation of a ‘slot’ size
(combination of minimum and maximum length) that protects both smaller and
larger fish (most importantly, as this is the breeding stock) reduced population risk
considerably. Whilst habitat changes were difficult to quantify, it was shown that
reductions in amount of habitat can place additional risk on populations,
particularly when combined with angler take. Importantly, the collective impacts of
less recognised threats such as thermal pollution, fish kills and mortalities to larvae
over weirs and losses into irrigation off‐takes (see above) can be explored and need
to be recognised as having the potential to contribute significantly to mortalities at
certain sites. Such modelling also highlights data gaps and monitoring requirements
and can become an integral part of the conservation and fishery management
process, as well as providing a tool for exploring the outcomes of management
scenarios at both the regional and local scale. The modelling process has helped
facilitate interagency Murray cod management and emphasises the need for
coordination between fishery managers, water and environmental
protection/conservation agencies (Koehn and Todd 2012).
Sustainability of recreational fisheries for Murray Cod in the Murray‐Darling Basin
(Fulton 2011)
This FRDC‐funded project collected critical information on specific aspects of the
biology of Murray cod as well as details on the recreational fishery for this species,
and is an example of a project that flowed from the other NFS‐funded
investigations. The project collected information by on‐site creel survey; to quantify
the catch and harvest taken by recreational anglers and examine the methods used.
A further component of the study examined looked at the survival rate of fish that
had been caught and released by anglers. Results were then incorporated into a
population model developed for Murray cod (Allen et al. 2009), which was then
used to examine various management scenarios such as variation in legal minimum
length (LML) and various levels of stocking to assess which combinations provided
the best returns to anglers whilst at the same time ensuring that the fishery was
sustainable into the future.
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Fishery workshop and formation of Murray Cod Fishery Management Group (DPIF
2010)
The preparation of the National Recovery Plan highlighted that much of the
management of Murray cod is undertaken for recreational fishery, rather than
conservation purposes. This highlighted the need for coordinated management
both across sectors (fishing, conservation) as well as jurisdictions. In February 2010
a workshop of fishery management, recreational angler and conservation interests
was held to "Enhance Murray Cod Recreational fisheries outcomes across the
Murray‐Darling Basin through improved collaboration and alignment of
management and research" (DPIF 2010).
The workshop also sought to “develop a shared understanding of the key issues
impacting the Murray Cod fishery; develop an action plan to improve Murray Cod
recreational fishing/fishery through collaborative partnerships; and, build a shared
commitment by key stakeholders to implement an Action Plan. A key theme of the
workshop was to look for opportunities and benefits that come from working
together across multiple jurisdictions, to avoid duplication of effort, better engage
recreational fishers and align policy wherever possible” (DPIF 2010). The formation
of the Murray Cod Fishery Management Group (MCFMG) at this workshop resulted
in the production of a draft Murray Cod Fishery Action Plan (MCFMG 2011) and a
subsequent literature review related to actions in the draft Action Plan (MCFMG
2012) as part of a process to develop research priorities related to the Murray cod
fishery in the Basin. On the basis of the identified priorities, in 2012 a multi‐state,
multi‐stakeholder, collaborative research proposal was developed for submission to
the Fisheries Research and Development Corporation (FRDC) (see below).
FRDC project: Integrating fishery‐derived and fishery‐independent survey data to
better understand and manage the Murray cod fishery in the Murray‐Darling
Basin
This FRDC project commencing in mid‐2013 will develop an innovative and cost
effective approach for monitoring Murray cod populations in partnership with
recreational fishers, utilising both historical and contemporary datasets in an
integrated manner to establish the population status of this species in individual
river systems. It is believed that this is the first time a project like this has been
attempted on an Australian fish species. A key deliverable of this project will be the
establishment of a number of angler‐based monitoring events at key reference sites
throughout the MDB so that information can be gathered cost effectively on the
abundance, distribution, size range, growth and movements of Murray cod.
Discussions with recreational fisher members of the Murray Cod Fishery
Management Group, and members of the broader fishing community in response to
articles published in ‘Freshwater Fishing’ on the purpose of this project have yielded
consistently positive feedback, and generated significant interest regarding
participation in data collection among the angling community.
Outcomes of Research Program
As with the Downstream Movement Case Study, the initial projects mentioned
above were solely funded by the MDBC/MDBA (e.g. Murray cod Workshop; MD745
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Murray cod modelling) but subsequent projects (e.g. Fulton 2011, MCFMG initial
workshop) and the operation of the MCFMG were jointly funded by industry (e.g.
FRDC, Australian Fisheries Management Forum), with the 2013 FRDC project to be
jointly funded by FRDC, state recreational fishing trust programs, and the state
fisheries agencies involved in implementing updated management arrangements.
The long‐term involvement of the NFS in Murray cod research and management has
also facilitated the development of research staff through their
completion/enrolment in graduate and postgraduate study. For example, there
have been a number of Honours, Masters and PhD theses underway or completed
in Murray cod ecology and management (e.g. Koehn 2006; Kaminskas 2006; 2011;
see thesis list at Appendix B).

DEMONSTRATION REACHES
Background and the Demonstration Reach approach
A Demonstration Reach is intended to show by example the need for river
rehabilitation to address the full range of issues threatening native fish communities
under an integrated and adaptive framework. The successful rehabilitation of a
reach improves community awareness and support, provides visible examples,
focuses the attention of funding agencies and boosts scientific knowledge of rivers
and fish (Barrett and Ansell 2003).
Demonstration reaches followed a seven step process (Figure 14) (Barrett and
Ansell 2003). The first step was to set up a Demonstration Reach steering
committee containing representatives of all main stakeholder groups (e.g. state
agencies, local government, catchment management agencies, conservation and
indigenous groups, anglers, landholders and scientists) toensure that all values are
represented. . The accepted criteria for Demonstration Reaches were that they be
degraded but able to demonstrate results from rehabilitation actions; able to gain
strong community support; substantial, accessible and visible to the public; allow
the trialling of rehabilitation techniques and approaches; able to give examples of
solutions to problems; able to transfer solutions to other sites; affected by several
different threats or ecological issues; and able to allow the testing of scientific
hypotheses and the measurement and monitoring of results (Barrett 2004).
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Figure 14. Diagrammatic representation of the process of establishing a
Demonstration Reach (from Barrett and Ansell 2003).
Demonstration reaches are large‐scale, both temporally and spatially as this is often
required for the benefits of management actions to be significant, transferable and
to come to fruition. Currently there are seven functioning Demonstration Reaches
and three that have ceased (Table 2). The majority of Demonstration Reaches have
had measurable benefits both in terms of ecological responses and increases in
community engagement.
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Table 2. Demonstration Reach locations, lengths of river reaches, nearest town to the reach and current status.
State
Site of
Length
Nearest town
Status
Demonstration
Reach
NSW
Tarcutta Ck
26 km
Tarcutta/Wagga
Ceased
Wagga
NSW
Bourke to
200km
Bourke and
Functioning
Brewarrina
Brewarrina
NSW
Namoi River
150km
Gunnedah /
Functioning
Narrabri
Victoria
Hollands Ck
22 km
Tatong
Functioning
Victoria
Ovens River
80 km
Wangaratta
Functioning
Victoria
Campaspe
42km
Echuca
Ceased
River
SA
Katarapko
38km
Gerard/Berri
Functioning
QLD
Condamine
110km
Chinchilla
Functioning
QLD
Macintyre
335km
Goondiwindi
Ceased
ACT
Upper
100km
Canberra
Functioning
Murrumbidgee
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Successful Demonstration Reaches:
Overall the Demonstration Reach concept was largely successful with many
rehabilitation projects resulting in on‐ground benefits to native fish populations
(Inovact 2012). Two examples of where the Demonstration Reach concept excelled
were the Condamine and Brewarrina to Bourke Demonstration Reaches.
Condamine “Dewfish”
Site description
The Dewfish Demonstration Reach, located centrally in the Condamine Catchment
in Queensland, is a joint project of the Condamine Alliance River Rescue Project,
MDBA Native Fish Strategy and the QLD Department of Employment, Economic
Development and Innovation, in conjunction with the Western Downs Regional
Council, Toowoomba Regional Council, Oakey Freshwater Fish Stocking Association
and landholders adjoining this section of the catchment. The Reach is the flagship
model for the implementation of future on‐ground works across the Condamine
catchment. Work along the Reach first commenced in early 2007 with the repair
and modification to the Loudoun Weir Fishway and rehabilitation of Oakey Creek at
Bowenville Reserve.
Key issues
The mission for the Dewfish Demonstration Reach centred on three main goals:
1. Restore riparian vegetation on each bank for 400km of the Condamine River;
2. Restore in‐river native fish habitat; and
3. Promote and implement Best Management Practice by landowners.
Rehabilitation and monitoring activities
Eleven key threats/stressors were identified for the Dewfish Demonstration Reach
including lack of instream structure, barriers to fish passage and riparian
degradation. Multiple intervention activities were applied to rectify these threats
and stressors including re‐snagging, fishways construction, fencing of riparian zones
and bank stabilisation.
To evaluate the success of the interventions on remediating the threats and
stressors, a robust scientific monitoring and evaluation program was designed (see
Butcher 2009 for details). The Dewfish Demonstration Reach is considered to be a
flagship of the initiative having a raft of achievements both for the environment and
the community.
Some key achievements of the Dewfish Demonstration Reach to date are:
 Increased native fish numbers at all intervention sites.
 Increased Golden perch, Bony herring and Dewfish (Eel‐tailed catfish)
numbers at intervention sites.
 The return of Hyrtl’s tandan to the reach for the first time in 15 years.
 Recorded the Dwarf flat‐headed gudgeon above Loudon Weir fishway,
100km beyond previous known range.
 Established committed partners across all sectors that were willing to invest
resources.
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Expanded the original reach by 45km in response to overwhelming public
demand to be involved.
The Condamine Alliance was awarded the illustrious the 2012 Australian Riverprize
for demonstrating excellence in restoring native fish populations to the Condamine
River, largely due to the Dewfish Demonstration Reach activities. The Condamine
Alliance also won the 2012 Banksia Environmental Award – Water, and the 2013
United Nations Association of Australia World Environment Day Award for
Biodiversity.

Brewarrina to Bourke
Site description
The Bourke to Brewarrina Demonstration Reach is on the Barwon‐Darling River in
northern NSW. Along with other Demonstration Reaches being implemented
throughout the Basin, this semi‐arid region Demonstration Reach exemplifies a truly
basin‐wide approach to restoring fish populations. The Reach project is a
collaborative effort between NSW DPI (the practitioner) and the Western CMA and
the MDBA NFS. NSW DPI is also coordinating the ecological monitoring program. A
report by Boys et al. (2005) on the Barwon‐Darling and Paroo rivers identified some
serious issues with the Barwon‐Darling River, namely: low abundance of in‐channel
habitat, impeded fish passage, bank slumping and dominance of alien species in
catches.
Key issues
After the findings of Boys et al. (2005), the following key issues were identified for
rehabilitation action in the reach: fish passage, community involvement, instream
habitat and monitoring.
Rehabilitation and monitoring activities
A vertical‐slot fishway was installed at the Brewarrina Weir on the Barwon River,
providing fish with ~1000km of uninterrupted passage. The fishway was designed to
blend into heritage‐listed stone fish traps downstream of the weir to help protect
cultural and heritage values as well as providing fish passage. A provision in the
design was made to be compatible with Carp separation cages (CSC), to help hinder
the passage and reduce numbers of this species. A monitoring program was also
designed to monitor fish passage of native species through the fishway (Boys et al.
2008).
Habitat mapping of over 175 km of the river recorded over 4000 snags. This
mapping was used to determine load and to target re‐snagging activities. To date
over 450 snags have been introduced to the river, as well as a monitoring program
to determine the effectiveness of re‐snagging activities in terms of benefits for
native fish (Boys et al. 2008).
The Bourke to Brewarrina Demonstration Reach activities also included a number of
community involvement activities such as carp musters, tree planting, weed
control,gully stabilisation and stock exclusion.
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Unsuccessful attempts to establish Demonstration Reaches:
Although most of the Demonstration Reaches were largely successful, three sites
ultimately could not meet the criteria to be considered a Demonstration Reach,
though some rehabilitation was conducted. One such site was Tarcutta Creek.
Tarcutta Creek
Site description
The Tarcutta Creek site, running for 26 km between the Sturt Highway Bridge and
the confluence of the Murrumbidgee River was suggested as a small Demonstration
Reach, targeted at Trout cod.
Key issues
Key issues of the Tarcutta Creek Demonstration Reach site were riparian and
instream habitat health, exotic riparian species, bank stability and community
engagement.
Rehabilitation and monitoring activities
In its early stages the on‐ground works at the Tarcutta site included: riparian
vegetation rehabilitation (removal of willows, stock proof fences), bank
stabilisation, instream habitat enhancement by large woody debris and, initial
monitoring of fish communities.
Despite the on‐ground works, ultimately in 2007 a selection panel found that this
site did not constitute a Demonstration Reach as it did not intend to develop a
monitoring program, was inadequately resourced to address all of the key
interventions required, and was too remote and small in scale; as a result the
application for further funding was unsuccessful.
Cost/benefits of Demonstration Reaches
In any rehabilitation project, the cost of identified works should be evaluated
against the potential benefits for the environment to maximise potential gain.
However, it is often difficult to tease apart cost versus benefit in rehabilitation
project activities where multiple interventions are undertaken, such as that of
Demonstration Reaches. Successful Demonstration Reaches highlight the
advantages of using a multiple intervention approach for rehabilitating native fish
habitat (and engaging a wide section of the community), when compared to a single
intervention approach. How this materialises in a cost benefit analysis has not yet
been resolved. Successful Demonstration Reaches engage the community and
generate their own funding and ultimately should aim to become largely self‐
sustaining.
As an example of self‐funding, the Bourke to Brewarrina Demonstration Reach
attracted an additional $3.3M in investment from regional NRM groups and local
stakeholders. Funding bodies have been confident that their investment forms part
of a strategic investment plan, and have been willing to invest in reducing barriers
to fish passage, managing alien species and improving riparian and floodplain
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habitat. Also, the Namoi Demonstration reach between Boggabri and Narrabri has
become a focal point for NRM investment from local community and business
organisations. Funding from the Native Fish Strategy (approximately $250K) has
been significantly augmented by the Namoi CMA, the NSW Government,
landholders and industry. Importantly, this initiative has allowed the development
of partnerships with the expanding coal industry in the Namoi valley, linking local
industry, employment and development to improved riverine health.

CARP CONTROL
Background
Since the population explosion and rapid and widespread expansion of Carp in the
MDB in the 1970s (Shearer and Mulley 1978), there have been numerous
unsuccessful efforts to eradicate or control carp over various scales (Carp Control
Coordinating Group 2000). But, this has not been matched by commensurate
efforts to determine any actual adverse impacts of the species, although the
estimated economic impact of Carp in Australia has been conservatively put at
$15.8 million per year (McLeod 2004). Sustained community concern has
nevertheless led to the formulation of a number of State and national strategies
and plans to control Carp; unfortunately none of these have been adequately
implemented (Braysher, 2003). More recently, a Basin Alien Fish Plan (BAFP) has
also been developed under the umbrella of the NFS (Heleena Bamford, pers.
comm.). Also, organisations such as the Pest Animals (and its successor the Invasive
Animals) CRC have devoted significant resources to a plethora of individual projects,
including ‘blue sky’ (high cost, high risk, potential high return) research such as
‘Daughterless Carp’ (Thresher 2008).
Current status
There are few effective techniques available for invasive freshwater fish
management. They can be broadly classified as physical removal, chemical
treatment, habitat manipulations and biological control (Koehn et al. 2000). All have
limitations and in each case their success will depend on a range of factors including
the biology of the species, location, costs of control and resources available,
potential impacts on non‐target species, and the objectives of any control program.
To date most of effort has concentrated on removal (e.g. commercial netting,
electrofishing), exclusion (screens), chemicals (e.g. rotenone) and potential
biological methods (e.g. viruses, daughterless technology) (Ayres et al. 2010a).
Historically, State authorities only attempted direct control in isolated (mainly still
water or lentic) habitats (e.g. Inland Fisheries Service 2004); addressing entire river
systems was seen as both impractical and too expensive (Ayres et al. 2010a).
Chemicals were typically the method employed to rid small dams and drainages of
Carp. Also, the attitude towards Carp has been polarised – while some regarded
them as vermin, others actively imported, kept and spread Koi for ornamental
purposes or consider them highly as recreational angling targets (Lintermans 2004).
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Most of the traditional control methods for Carp (including poisoning,
electrofishing, netting and screening) involve direct population reduction and are
not species‐specific. Integrated programs that employ a number of methods offer
the most promise for effective long term control (Barrett 2007).
What worked
A Carp separation cage (CSC) is a specially designed trap that takes advantage of the
jumping behaviour of migrating Carp by drafting them into a holding cage for later
removal, while allowing native fish to continue swimming upstream. Field
experiments at fishways in the Murray River have found that the CSC separates over
80% of adult carp into the confinement area while automatically releasing 99.9% of
native fish moving through the fishway untouched and unharmed (Stuart 2009). In
2009 SARDI developed a carp push trap designed to catch large carp (>250mm TL)
(Thwaites et al. 2009). The key feature of the design is the trap element, which is
made up of a series of one‐way steel ’fingers‘, hinged and suspended under a
supporting frame. Depending on the site, push traps can be retrofitted to existing
CSCs in existing fishways. They can also be incorporated with Carp Exclusion Screens
(CES) fitted to wetland inlet/outlet structures. CES are mesh barriers that are
installed at inlets to wetlands to exclude large fish from entering. A disadvantage of
CES is that they can exclude large native fish, and other fauna such as turtles. In
2009 the South Australian Research and Development Institute (SARDI), with
funding from the IA CRC, surveyed the various types of CES found in the MDB and
which species (native and invasive) used the wetlands (Hillyard et al. 2010); this
information was then used to design standardised screens that would exclude large
Carp (>250 mm Total Length; TL).
Both jumping and pushing traps have the potential to be used wherever moving
Carp become spatially constrained, e.g. in wetlands and irrigation channels, as well
as fishways. The ‘Wetlands Carp Separation Cage’ (WCSC), trialled in the lower
Murray, was found to be transferable to other wetlands, and will be especially
helpful in harvesting Carp that are trying to move in and out of shallow lakes in
response to springtime water allocations (Thwaites 2010). Ideally, Carp traps should
be used with other techniques (such as commercial netting, electrofishing, and
biological control) in order to effectively control Carp.
Research conducted by NSW Fisheries has allowed Carp to be targeted at a finite
number of recruitment sources (‘hotspots’) in the MDB, rather than attempting
control over tens of thousands of kilometres of river (Gilligan 2007). Eighty per cent
of carp recruitment in the NSW section of the MDB is attributed to only 4‐5
localities. The identification of Carp ‘hotspots’ can add value to large‐scale control
programs by targeting adult fish migrating towards spawning areas; targeting
spawning aggregations; excluding spawning adults from ‘hotspots’; and intercepting
juveniles as they leave spawning areas.
Integrated pest management (IPM) focuses not merely on reducing the density of a
pest, but on measureable environmental (or economic) achievements such as
improved habitat or numbers of native species present, and involves the application
70

of a range of technologies applied simultaneously (Braysher 2003; Braysher and
Barrett 2000). The NFS commissioned two projects (in Qld and SA) to trial the IPM
concept on Carp – while some encouraging results were reported, a number of
constraints (e.g. reduced flows (and high flows!), low water levels, upstream water
extraction, competing resources for water, vandalism of equipment, and
inadequate timeframes) limited the success of the projects (Gehrke et al. 2010).
What didn’t work
Most of the traditional control methods for alien species involve direct population
reduction. But as has happened time and again, employing only one technique just
doesn’t work. Also, the documentation of past eradication and control attempts has
generally lacked detail, making it difficult to learn from past experience (Ayres et al.
2010a). Detailed objectives, description of site characteristics, the methodology
used (including monitoring), resources required, costs, permits, public consultation
and engagement, all need to be documented to enable learning from each exercise.
Also, a potential problem is that Carp are now a primary component of the food
chain – if millions of Carp are removed at once (such as through a virus), do water
birds like cormorants, herons, pelicans all switch to native fish (prey‐switching) with
unintended consequences? Or, as suggested by Gehrke et al. (2010), will native fish
populations rapidly fill this gap, at least for small‐bodied species?
Carp fishing competitions can be a means of engaging the community and
generating income for local businesses. However, research in Queensland has
confirmed that Carp ‘fish‐out’ competitions have a negligible impact on local Carp
populations and are not an effective control mechanism. A project undertaken
through the IACRC quantified the amount of the Carp population removed in three
‘fish‐outs’ in the Queensland portion of the MDB (Norris 2011). Competition catches
and post‐event electrofishing enabled the Carp population size at each site to be
estimated from tag return rates. The removal efforts occurred over many
kilometres, resulting in low angling pressure and removal rates. Population
reductions were observed in the range of 0.5% ‐ 1.8% across the competition areas.
As a direct form of control, these results demonstrated that Carp angling
competitions are simply not effective. Nevertheless, they are an integral
communication and extension tool that involves community participation.
Linkages with other initiatives
Carp were found in Tasmania in 1995 in lakes Sorell and Crescent (Inland Fisheries
Service 2004, 2010). As ‘drastic’ methods such as poisoning and draining the lakes
were not possible, the preferred option was to contain the fish to these two lakes,
and try to eradicate them through various techniques. A variety of management
options were employed, and as a result Carp have been contained to these lakes,
and possibly eradicated from Lake Crescent. In Lake Sorell however, due to its larger
size, its wetland spread and response to rainfall, as well as the effect of several
spawning events, the removal of the last remaining Carp has proven difficult,
requiring a number of adaptive and innovative management techniques. The
control of Carp in these two lakes is a good example of ‘adaptive management’.
Control commenced in 1995, and the estimated cost of removing carp so far (2012)
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is $8m. This also highlights the importance of prevention and containment as a
control strategy.
The ‘Lachlan River Carp Cleanup’ was partly funded by the IACRC and has been
operating since January 2007 to trial and showcase control technologies (including
several used at lakes Sorell and Crescent). Control tools have included William’s
Carp separation cages to harvest Carp migrating within the river channel;
pheromone traps; and using the ‘Judas’ Carp approach to maximise the commercial
harvest and removal of Carp from Lake Cargelligo.
Regional carp plans have been prepared under a structured but flexible process that
assist decision‐making about Carp management. Key elements include setting the
Carp problem and solution within a broader framework of river rehabilitation;
problem definition; identifying feasible management units; significant involvement
by the community; and rigorous monitoring and evaluation. A suite of regional plans
have been prepared using this methodology (Braysher et al. 2008a, b; Stuart et al.
2010), and in several instances are one of the key components of Demonstration
Reaches, which show by example the need for river rehabilitation to address the full
range of issues and to demonstrate the benefits that can be achieved by integrated
programs (Barrett et al. 2005). Where possible, Demonstration Reaches must
contain examples of the range of threats identified for the entire river system so
that knowledge gained is transferable to other areas.
Two recent initiatives offer promise for more effective Carp control in the MDB, and
elsewhere. A Basin Alien Fish Plan (BAFP) has been prepared to protect and restore
native fish populations and habitats by managing alien fish species through a
consistent and coordinated approach across the Basin as part of the NFS (MDBA
2013). The Plan will lead to better integration of alien fish control initiatives with
other river rehabilitation activities; greater coordination and cooperation in
managing alien fish on a Basin‐wide scale; scientifically valid, consistent and
transferable control technologies; and a community that is aware, supportive and
engaged in positive on‐ground actions. Also, the ‘PestSmart Toolkit ’is a suite of
products developed by the IA CRC that provides information and guidance on best‐
practice invasive animal management on several key vertebrate pest species
including Carp. Information is provided in various forms such as fact sheets, case‐
studies, technical manuals and scientific reports (see feral.org.au).
What improvements to the current ‘system’ would optimise the goals/vision of the
NFS?
Managing alien fish in isolation will not restore native fish populations and habitats
throughout the MDB: an integrated approach is needed, one that combines the
management of alien fish with other initiatives. Managing existing problems will
include implementing long‐term integrated management at Carp hotspots and
other priority locations, and on‐ground action to reduce the impacts of Carp in
priority high value areas. Also, there is increasing evidence that Carp (and other
species such as Gambusia and Oriental weatherloach) can benefit from targeted
releases of water designed to achieve otherwise positive outcomes (e.g. King et al.
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2007). Agencies responsible for water delivery need to ensure that watering events
do not accidently create dispersal pathways and nurseries for unwanted fish. The
installation of CSCs, WCSCs, and/or wetland carp screens at weirs and regulators
with high biomass, combined with netting and/or electrofishing downstream, will
optimise carp control at those sites (see separate section on ‘Best Combinations’).
Completing the identification of all major Carp recruitment hotspots and other
aggregation sites throughout the entire MDB and implementing long‐term
integrated management at those hotspots should be a high priority. Integrated
approaches using a combination of methods to prevent access to hotspots to Carp
during spawning, combined with physical removal, habitat manipulation or water
level management (for desiccation of attached e.g.gs), may prove effective in
reducing the number of Carp in the system with a long‐term program. As potential
new Carp hotspots are artificially created through river regulation or the creation of
urban lakes and ponds, Carp management programs may also need to be initiated
at these locations.
Priority areas for conservation also need to be targeted. This can be partly achieved
by adopting the ‘vulnerable catchments’ approach to prioritise management.
Human assisted dispersal is the major mechanism for the spread or introduction of
alien fish species (Lintermans 2004). Information generated by a pathways analysis
will help to identify vulnerable catchments and priority areas for early detection.
Alternatively, a ranking system to identify high priority sites for alien fish
management could be developed (choosing areas that will give a result – i.e. where
there are threatened species/systems or where damage control is possible).
Because densities of pest fish and their impacts can vary widely in different
environments and circumstances, control should focus on areas where impacts are
greatest or where the return for effort is greatest. Control programs should initially
be undertaken at locations where site characteristics (e.g. natural barriers to
reinvasion, accessibility, cooperative landowners) improve the probability of
success.
Applying pest management principles, there is a need to increase the evidence‐base
with respect to (i) the damage caused by Carp; (ii) the best combinations of control
techniques; (ii) control scenarios in mainstream vs. off‐channel habitats vs. both.
This can partly be achieved by documenting control programs that are transferable
to other areas/species and are consistent in terms of broad objectives,
experimental design and performance criteria. Improved liaison between managers,
scientists and the community is required. This should include communicating
research outcomes for Carp to policy, management, research and broader
community sectors.
Better coordination of Carp control activities should include a Coordination and
Implementation Group to provide strategic planning at a Basin‐wide level, and to
stimulate community awareness and a commitment to implementation of the BAFP
by both government and business sectors; a coordinator to oversee the
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implementation of a Carp harvest and disposal program; and a ‘Champion’ to act as
a spokesperson for initiatives and activities occurring across the Basin, and catalyse
further funding.
ADOPTION AND UPTAKE ‐ OVERALL CONCLUSIONS
There is ample evidence that the program of investment in the NFS has significantly
improved the profile of native fish in the Basin. Extensive uptake and adoption
occurred from a range of research projects, including the examples provided in the
case studies.
Overall, the survey highlighted that different groups (scientists, managers and
community) are seeking some different outcomes from the NFS, and, with its
multiple layers and integrated approach, the Strategy has delivered on this. In the
fields of species conservation and recovery, and ecosystem rehabilitation, this is a
rare commodity. Nevertheless, there were also commonalities. NFS native fish
forums and project reports were shared methods by which NFS knowledge was
accessed by all three groups. All three groups rated increasing technical knowledge
as the most common use of NFS information. They also considered budgetary
pressures and differing priorities of NRM agencies to be the main barriers
implementing the NFS.
Governments are adept at getting plans developed – and these are often invaluable
documents – but have a poor track record in implementing them (consider for
example recovery plans for threatened species, or threat abatement plans for pests)
(e.g. see Lintermans 2013). This is a serious shortcoming which needs to be
addressed by both State and Commonwealth governments. Also, inconsistent
legislation and policies between States remains a serious impediment to effective
control. Legislation is often fragmented between exploitative (commercial and
recreational fishing) and conservation legislation, with different components
managed by different agencies (e.g. recreational fish vs. threatened fish) (Koehn
and Lintermans 2012).
One specific example of a project that did not achieve the necessary level of
adoption and uptake was the ‘Daughterless Carp’ initiative, which was progressed
under the IA CRC’s Freshwater Program. Although the ‘Daughterless’ construct has
now been shown to work in the laboratory, its practical rollout has not been
adequately developed, with numerous legal, technical and other risks to delivery
being identified by the CRC. This is a disappointing outcome after many years of
constructive research and a large financial commitment by MDBC/MDBA.
Importantly, uptake and adoption is still occurring; other chapters in this report
highlight a number of instances where information from NFS projects is currently
influencing new proposals or works (e.g. fishways, Carp control, and rehabilitation
approaches).
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CHAPTER 5. KEY KNOWLEDGE GAPS
Although a considerable amount of knowledge has been generated by the NFS
research program, there are still significant knowledge gaps that remain to be
addressed for fish of the MDB. The majority of the 100+ projects completed under
the NFS identified knowledge gaps that required further study. As these project
outputs were produced over a ~10 year period, and acknowledging that later
projects often addressed previously identified knowledge gaps, this chapter
attempts to identify priority knowledge gaps that remain to be addressed by any
future research programs targeting Basin fish species. A selection of important
knowledge gaps follows, organised by the six NFS driving actions. It was also
apparent that there are many knowledge gaps relating to general fish ecology that
applied across multiple driving actions, and so a seventh category of ‘fish ecology’
was created to accommodate these. To assist in identifying the important or priority
knowledge gaps, four selection criteria were employed:
 Urgency
 Transferability (to systems and/or jurisdictions)
 Feasibility, and
 Impact (value‐benefit).
Priority knowledge gaps were classified as either short‐term (can be addressed in 3
years or less) or long term (> 3 years). The criteria used were: importance and
urgency; transferable; technically feasible; impact (value/benefit).
KNOWLEDGE GAPS – PROTECTING HABITAT
Some areas in the Basin are still in relatively good condition and support healthy
aquatic ecosystems, including viable fish populations. These areas should be
managed carefully so that the requirements of native fish species, including all of
their lifecycle needs, are met. The original resource condition targets for protecting
fish habitat (from the NFS) were developed just prior to the start of an intense and
prolonged drought. They aimed to achieve ‘functional processes and river
floodplain linkages reestablished for 80% of remaining wetland habitats through
improved flow management by 2010’ and ‘major elements of the natural flow
regime that are important to sustain native fish reinstated’. Meeting these targets
has been severely curtailed due to prolonged low inflows, low water availability and
the water resource management decisions taken in response to climatic conditions
and water demand.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short‐term:
 Identify areas of high native fish biodiversity (a scoping study on this has
been completed).
 Develop criteria for optimal floodplain inundation (when, how, how long?).
 Increase the limited knowledge of critical habitats for key species or life
stages (e.g. Murray cod, lower Murray River).
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Long‐term:
 Improve the level of information on the spatial distribution of habitats
(including refugia).
 Investigate whether or not wetlands offer drought refuges for native fish.

KNOWLEDGE GAPS – TRANSLOCATION and STOCKING
Fish stocking plays an important role in managing recreational fisheries, especially
in habitats that cannot naturally sustain populations such as man‐made lakes.
Stocking also plays an important role in the recovery of threatened species (Lyon et
al. 2012; Koehn et al. in press), as does translocation. Whilst translocation and
stocking may have beneficial effects on target species populations, they may also
have deleterious effects, with the spatial scale of such effects extending far from
the stocking site. Native fish communities can be threatened by the release of both
alien and native species outside of their natural range, and by hatchery‐bred fish.
Native species are also at risk from the potential release of genetically restricted
individuals from aquaculture operations using limited numbers of native brood
stock, potentially reducing the genetic fitness of natural populations. Stocking is
often seen as a ‘panacea,’ to native fish declines, but may in fact just mask severe
underlying problems. Translocation is an important management option for
threatened species, particularly those where hatchery breeding programs do not
exist (often small‐bodied species) (see Ellis et al. in press; Hammer et al. in press;
Chilcott et al. in press). Historically, many translocations have failed to establish
self‐sustaining populations, and the reasons for this are largely unknown.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short‐term:
 Trial marking technologies (calcein, alizarin red) on species (other than
Golden perch and Murray cod).
 Investigate techniques which can increase the success of threatened species
stocking programs.
 Investigate cost‐benefit comparisons of translocation versus stocking as
techniques for rehabilitating threatened fish species or communities.
 The success of stocking programs needs to be examined in economic terms,
as well as recreational and ecological terms. Such an economic focus will
clarify the costs and benefits from stocking programs for local communities.
 The endemicity of Murray crayfish populations in the Lachlan and Macquarie
catchments needs investigation (historical translocation?).
 Assess the risks of introducing diseases, parasites and exotic organisms
unintentionally when stocking fish.
Long term:
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Within the MDB, there have been no investigations of behavioural
differences between stocked and wild fish.
Investigate (experimentally) the impacts of competition and predation by
stocked fish on wild fish within the MDB.
Determine the environmental and biological factors that affect survival of
stocked fish.
Examine impacts of stocking on food web dynamics and resident biota.
Undertake research on genetic impacts of fish stocking in rivers.
Conduct further studies on the contribution of stocked fish to wild
populations for other species and locations (e.g. not Golden perch).
Monitoring programs (with a consistent approach) need to be established to
ascertain the success or otherwise of stocking and translocation programs.
Such monitoring programs should also have the capacity to detect or
investigate ‘leakage’ of stocked fish from impoundments).
What influences the effectiveness of translocations (Impact on local fish in
areas where translocated outside of their normal range).

KNOWLEDGE GAPS – PROTECTING THREATENED SPECIES
Protecting the threatened fish species of the MDB is a flagship action of the NFS.
Without protection it is likely that many threatened fish species would become
extinct. It is these species that have been most affected since European settlement.
Knowledge on the biology and ecology of these species, and understanding the
threats and how to best mitigate them were common themes of several NFS
research and adoption projects. The original goal of the NFS was to restore native
fish species to 60% of that of pre‐European settlement levels. It is the threatened
species that have the furthest to travel to meet this goal and in some instances the
initial priority is to stop the decline.
Below are some key knowledge gaps raised by research and adoption projects
undertaken under the NFS relating to protecting threatened fish species:
Short term:
 Determine the distribution and abundance of smaller fish species in the
MDB during early European settlement based on historical records.
 Determine the distribution and abundance of native fish in the northern‐half
of the MDB during early European settlement based on historical records.
 Investigation of the habitat requirements and use by fish life stage (larvae,
juveniles, sub‐adults and adults) is required for many threatened species.
 The current status of many threatened species (including Murray crayfish)
across their range is poorly known.
 There is a need to develop individual population models for each threatened
species, with such models allowing the trialling of a range of conservation
scenarios
 The movement ecology (lateral, longitudinal, temporal) of many threatened
species is poorly understood.
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Long term:
 The impacts of alien fish species on threatened fish species are often
inferred, but rarely known.
 The spawning and recruitment triggers and requirements of many
threatened fish are poorly known or understood.
 The effects of habitat modification on threatened species (e.g. Murray
crayfish populations) are poorly known.
 Identification of the ecology and habitat requirements of near‐threatened
species is not known but is required to facilitate improved management and
potentially halt their decline to threatened species status.
KNOWLEDGE GAPS – REHABILITATING FISH HABITAT
Many aquatic habitats in the MDB have been severely degraded, e.g. by removing
snags and riverside vegetation, realignment of river banks, erosion, increased
sediment, and invasion by introduced plants such as willows. If native fish
populations are to recover, instream and riparian habitats must be actively
rehabilitated. The Basin’s native fish are also facing a number of water quality
problems including changed temperatures, increased salinities, pesticides, heavy
metals and turbidity. The rehabilitation of degraded riverine habitats is a worldwide
industry with the number of projects growing exponentially (Bernhardt et al.2005),
and this is also the case in the MDB. The Demonstration Reach approach of the NFS
has contributed significantly to understanding in this area, but there are many key
knowledge gaps that remain.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short‐term:
 Further knowledge is required of species‐specific drifting pattern for species
(other than the already studied Golden perch, Murray cod, Trout cod or
Silver perch).
 Information on the positive and negative threshold flow requirements are
still poorly understood for fish and many other organisms, and are critical
for the effective management of future environmental watering strategies.
 Whether the response by fish to habitat rehabilitation represents
aggregation or enhancement requires investigation.
 There is very limited knowledge from stakeholders (including indigenous)
about habitat condition prior to disturbance/decline.
 There is a need to quantify the benefits (both ecological and economic) from
habitat rehabilitation.
 What are the costs and time‐frame requirements for monitoring?
 Investigate the impact of watering trials and similar floodplain flow
manipulations on native fish species.
 There also needs to be an effort made to locate and collate the original
descriptions of the various environments as they were prior to European
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settlement, presented in the form of a comprehensive, compact, searchable
resource.
Long term:
 A deficiency in the technical literature is an understanding of the use of
artificial habitats, for example as spawning sites or for shelter.
 Determine key components of environmental watering/flood that trigger
increased spawning activity of Golden and Silver perch.
 Determine mechanisms for increasing recruitment strength from
environmental watering.
 Continue monitoring the effects of various flow regimes (whether managed
or natural events) on fish spawning and recruitment, to better determine
key hydrological and other environmental features which are required for
enhancing native fish spawning and recruitment.
 How can we separate cause and effect of individual interventions when
multiple interventions are carried out simultaneously?
 What is the scale (magnitude, temporal, spatial) of the expected response to
habitat rehabilitation exercises, what is the chance of detecting this
response?

KNOWLEDGE GAPS – MANAGING RIVERINE STRUCTURES
It is widely acknowledged that damming of rivers is a major contributor to native
fish declines. Damming interrupts fish passage, causes death or injury to fish passing
through or over structures, introduces cold water pollution and alters flow regimes.
One significant project of the NFS was the Sea to Hume Dam fish passage program
which aimed to provide fish passage from the sea at the Murray River mouth
upstream to the Hume Dam (over 2000 km). Other research and adoption projects
under the “Managing riverine structures” driving action included study of
environmental flow requirements, movements of native fish and the impacts of
different types of riverine structures and how to best mitigate these.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short term
 Undertake research on the impacts of high dam structures on downstream
movement. Investigate how best to get stakeholder acceptance of the
importance of thermal pollution remediation?
 Investigate the response of native fish to prolonged Environmental Water
releases as opposed to short‐term releases.
Long term
 What is the relative mortality of native fish in terms of different engineering
approaches? What are the best management options to assist downstream
movement – operational versus engineering?
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Investigate the efficiency and ecological benefit of high fishways.
Investigate fishway performance under a range of river flows and climatic
conditions.

KNOWLEDGE GAPS – CONTROLLING ALIEN FISH SPECIES
The ongoing invasion and spread of alien fish is one of the major threats to native
fish in the Basin. Without intervention, alien fish numbers and their impacts will
continue to increase, making future rehabilitation of native fish and habitats
difficult to achieve. The original resource condition target for controlling alien
species is ‘the distribution and abundance of selected alien species reduced by 30%
at selected locations’. The NFS 5 Year Review recommended that the target ‘be
restated to include some benchmark or reference condition and the scale at which
the target is to apply’. This is difficult to apply at a Basin‐wide scale but leads to the
underlying principle of “integrated pest management” which focuses not on simply
reducing the density (i.e. numbers) of the pest species, but at measureable
environmental (or economic) achievements such as improved habitat or numbers of
native species present.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short‐term:
 Identify the feasible control options for alien species other than Carp.
 Investigate the use of Carp Separation Cages in the northern Basin to
account for small‐bodied species such as Spangled perch that are known to
jump. For example, cages covered in large mesh (ie 50 mm square) may
allow spangled perch to pass through unhindered while still confining adult
carp.
 Investigate options for the humane harvest of alien fish (including ethical
euthanasia), and their appropriate disposal.
 Identify other impediments to the utilisation of new technologies and the
pragmatic implementation of control plans.
 Investigate the relationship of alien fish (other than Gambusia and Carp)
density and impact.
 Enhance the understanding of risks through assessment of pathways
analysis and social research.
 Assess the potential for opportunistic control of alien fish (e.g. during
drought, infrastructure maintenance etc.).
 Investigate the potential risks associated with watering events and
mitigation measures.
 Investigate how current Carp‐focused initiatives could incorporate other
alien species and/or how multiple‐species management can be put into
effect.
 Investigate sites for "natural" incursions of Mozambique tilapia, whether by
floods or water diversions, and assess risks.
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Investigate high priority sites for incursions of Mozambique tilapia by human
intervention.

Long term:
 What are the impacts (which are currently assumed rather than known) of
species such as Oriental weatherloach, Crucian carp, Goldfish, Mozambique
tilapia and Redfin?
 How do we understand and control vectors for dispersal?
 How could a biocontrol release strategy for Koi Herpesvirus work?
KNOWLEDGE GAPS – FISH ECOLOGY
Although ‘fish ecology’ was not one of the six driving actions of the NFS, there were
many knowledge gaps that cut across multiple driving actions and were about the
need for knowledge of the basic ecology of fish species. Improved knowledge of this
‘basic ecology’ could then be used to improve management or identify threats
under particular driving actions.
The following priorities were identified from research and adoption projects, NFS
workshops, and expert panel reports:
Short‐term:
 Further knowledge is required of species‐specific drifting pattern for species
other than the already studied Golden perch, Murray cod, Tout cod or Silver
perch.
 More knowledge is required on the ecology of threatened species in order
to construct population models. Initial priorities should be Barred galaxias;
Freshwater catfish; Southern purple‐spotted gudgeon.
 Conduct a project collecting and validating oral history and other historical
records for native fish in the northern MDB.
 Identify species with limited available ecological information, to focus
research efforts in filling knowledge gaps, with priority given to threatened
populations, species or ecological communities.
 Develop drought‐recovery indicators from fish community characteristics.
 Investigate water quality tolerances of key native fish species and life stages.
 Construct and populate a digital spatial database to hold spatial
distributional data for fish.
 Determine the injury and mortality levels for each species caused by weirs
and other barriers, and what are the effects of: structure type passage
mechanism (through or over), and pool effects.
 Investigate the susceptibility and epidemiology of freshwater fish species
living in the Murray‐Darling Basin to Dwarf Gourami Iridovirus (DGIV).
 Review the recovery and recolonisation ability of native compared to alien
fish species.
Long term:
81












Collect additional information to sufficiently identify native fish hotspots.
Continue research on habitat heterogeneity, natural connectivity and the
effects of artificial barriers that affect natural ecological, reproductive and
evolutionary processes.
Investigate reproductive and migratory requirements and dispersal potential
of native fish and crustaceans within the Basin.
Long‐term monitoring is required of particular populations to determine if
stocking has swamped natural recruits, if there is significant natural
recruitment, and if there is any evidence that stocked fish are spawning and
producing recruits.
There is little up‐to‐date information on the status of fish populations and
the spatial distribution of habitats.
Identify and resolve species complexes, cryptic species and evolutionary
significant genetic units.
Investigate larval settlement and habitat requirements for priority species
(eggs and drift and barriers).
Identify critical sites for spawning/recruitment of native fish.
Establish the reasons (under dry and flood conditions) for active or obligate
lateral migration needs (feeding, reproduction, or predator avoidance?).

The above knowledge gaps have been condensed from a larger set of research
requirements identified by previous projects and workshop reports. They highlight
the continuing need to invest in the understanding of native fish requirements,
especially as they relate to, and compete with, other processes and activities. New
technologies to improve the management of native fish, as well as effective,
integrated management of alien species are also required. A set of high‐priority
research targets has been drawn from these knowledge gaps, and is outlined in the
next chapter.
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CHAPTER 6. HIGH PRIORITY RESEARCH FOR FUTURE
PROGRAMS
From the large number of knowledge gaps identified in the preceding chapter, the
Project Team has prioritised, for each driving action, two short‐term and two long‐
term projects that would have the greatest benefit for rehabilitating native fish
populations, and, subject to funding, should commence immediately. These 28
projects all fulfil the criteria referred to in the “Knowledge Gaps” chapter, i.e.
urgency, transferability, feasibility, and impact. In arriving at the final list, the
Project Team also took into account key outcomes required for particular Driving
Actions that are ‘under‐represented’ in the projects funded thus far; the original
priority actions of the NFS; the NFS 5 Year Review and the Priorities for the next
decade; and other overview documents (such as Koehn and Lintermans 2012).
The above criteria were consistently applied by the Project Team to arrive at a brief
final compilation of high priority research projects However, it needs to be stressed
that the advent of any new funding arrangement for freshwater fish should
necessitate a targeted workshop of key researchers, managers and other key
stakeholders from across southeastern Australia to revisit the whole array of
knowledge gaps associated with each driving action, and identify any new or
immediate threats and other issues. Such a workshop was actually proposed as part
of this synthesis, but was not considered a desirable deliverable within the
timeframe and funding available.
PROTECTING FISH HABITAT
Short term
Identify areas of high native fish biodiversity as source stocks. Recent ecological
research at the landscape scale suggests that there may be key locations, or
"hotspots", that play a disproportionate role in sustaining species and ecological
communities. The identification of these “hotspots’ and the recolonising mechanics
(e.g. resilience after drought) greatly assist managers in protecting biodiversity and
maintaining important ecological processes for native fishes (see Tonkin et al.
2010).
Develop criteria for optimal floodplain inundation (when, how, how long?). There is
an urgent need to develop and apply operating rules that deliver appropriate water
regimes to facilitate timely native fish passage to, from and between floodplain
wetlands. It is also important to develop, and where necessary modify, operating
rules for regulators to optimise native fish movements to and from floodplain
wetlands during inundations, and to minimise fish strandings when regulators are
closed. A comment from the Survey is that ‘one of the most important [objectives]
in the River Murray, is minimising the impacts [of] artificial watering activities (i.e.
floodplain regulators and pumping) on native fish.’
Long term
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Improve the level of information on the spatial distribution of habitats (including
refugia). This would include developing an inventory of critical wetland habitat
areas for threatened and near threatened native fish species and communities
across the Basin, and identifying and mapping artificial barriers to wetland
inundation.
Investigate whether or not wetlands offer drought refuges for native fish. Within the
Basin it is uncertain whether an adequate network of drought refuges remains to
preserve native fish species/populations through extended drought. Areas which
act as drought refuges require adequate management to ensure the long term
survival of native fish populations. Experimental studies examining the role of fish in
the ecology of MDB wetlands are limited, and have focused on native carp
gudgeons and introduced Carp and Redfin perch.
TRANSLOCATION and STOCKING
Short term
Investigation is needed into techniques which can increase the success of threatened
species stocking programs. There have been numerous deficits associated with
hatchery‐bred native fish. Paramount in such considerations are the behavioural
deficits from captive rearing and potential for reductions in genetic diversity
associated with low numbers of broodstock or matings. While there has been some
investigation into such matters (e.g. Hutchinson et al. 2012), methods for
transferring mitigation activities (e.g. training of fish prior to release) from the
research to industry spheres still need to be explored and developed. The long‐term
ramifications of such mitigation techniques also need to be explored (i.e. survival
more than a few months post release).
Impacts of introducing diseases, parasites and exotic organisms unintentionally. The
diseases and parasites of native and alien fish are generally poorly understood, and
while hatchery protocols provided some level of security for hatchery‐produced fish
(e.g. Rowland and Tully 2004), the introduction of parasites and diseases through
the ornamental trade and subsequent spread to the wild is cause for extreme
concern. For example wild populations of Oriental weatherloach have been shown
to carry a number of new pathogens (Dove and Ernst 1998), the exotic tapeworm
Bothriocephalus acheilognathi has been found in a number of native fish in the MDB
(Dove et al. 1997), and viruses such as Dwarf Gourami Iridovirus has been recorded
in a number of hatcheries or ponds (Go and Whittington 2006; Go et al. 2006). The
ramifications of the spread of these and other pathogens either through stocking
programs, translocations, or escapes/releases of ornamental fish are unknown.
Long term
Conduct studies on the contribution of stocked fish to wild populations for additional
species and locations. The contribution of stocked Golden perch has been
documented for some streams in the southern MDB, but there is no information
available for other widely stocked species such as Silver perch, and Murray cod. As
an example, it is unknown whether the reported upsurge in Freshwater catfish
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abundance following the breaking of the drought in the lower Murray is natural or
related to illegal stocking of this species. As there has been more than 60 million
native fish stocked in the MDB, this is a pressing knowledge gap.
Evidence for competition and predation of stocked fish on wild fish. Although the
potential impacts of fish stocking have been widely reported and inferred from
overseas studies, there is little conclusive experimental evidence of such impacts for
MDB species. Laboratory trials to investigate aggressive interactions (both lethal
and sub‐lethal) within and between species (wild vs stocked; native vs alien) would
provide much needed information for improved management of stocking programs.
What does stocking large predatory native species such as Murray cod or Golden
perch have on smaller native fish and crustaceans?

PROTECTING THREATENED SPECIES
Short term
Investigate the habitat requirements and use by fish life stage for threatened
species. Significant gaps in the knowledge of the habitat requirements and use of
many threatened species (including many life‐history phases of many species – i.e.
larval, early juvenile, sub‐adult and adult) still remain. Knowledge of habitat
requirements and use will allow better targeting of conservation and rehabilitation
of critical habitats which is a foundation for threatened species conservation.
There is a need to develop individual population models for each threatened species.
The development of population models for each threatened species will allow the
trialling of a range of conservation scenarios and assess the impacts of factors such
as climate change and translocation and stocking. This will provide managers with a
tangible model by which to proceed with conserving individual threatened fish
species.
Long term
The spawning and recruitment triggers and requirements of many threatened fish
are poorly known or understood. Successful recruitment is a primary objective of
any fish population, and becomes even more important when a population at low
density (the case for many populations of threatened species). Knowledge of the
spawning and recruitment drivers for individual species will provide valuable
information for managers to provide conditions that are conducive to recruitment
and increasing abundances of threatened species.
The impacts of alien fish species on threatened fish species are often inferred but
rarely known. Resolution of these impacts (if present) will allow prioritisation of
alien fish management with respect to threatened species conservation.

REHABILITATION OF FISH HABITAT
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Short term
Whether the response by fish to habitat rehabilitation represents aggregation or
enhancement. The controversy over whether increased fish abundance represents
aggregation (i.e. fish are just clustering around a structure) or enhancement (more
fish have been produced as a result of the habitat enhancement) has been around
for many years, and is a critical issue to resolve (Brickhill 2005). If management
agencies are expected to conduct costly rehabilitation exercises, they want to know
whether they are actually getting more fish for their dollar, or just concentrating
them in an area where they may be more prone to angling or exploitation.
Investigate the impact of watering trials and similar floodplain flow manipulations
on native fish species. Limited investigation of the fish response to floodplain
watering has demonstrated both positive (e.g. increased abundance of pygmy perch
(Tonkin et al. 2008) and negative (e.g. increased gambusia and Carp abundance).
More research into floodplain watering is required (length of inundation, seasonal
effects, balance with blackwater etc).
Long term
What is the scale (magnitude, temporal, spatial) of the expected response to habitat
rehabilitation exercises, and what is the chance of detecting this response? The
multitude of habitat rehabilitation projects in the MDB are occurring largely in
ignorance of the scale of remediation required, or the scale of the potential fish
response. Scale issues requiring investigation are related to the spatial quantity of
rehabilitation activity required (e.g. number and spatial arrangement) and the
temporal aspects of response (time lags). The use of multiple interventions at sites,
whilst desirable for demonstration purposes, is often relatively ad hoc, and does not
assist in disentangling responses to individual interventions. Whilst some large‐scale
interventions are being studied (e.g. the Riparian restoration study (see Reid et al.
2008; Giling et al. 2009); and the Hume resnagging project (Lyon et al. 2010)) more
of these large scale, hypothesis‐driven investigations are required so that the best
mix and appropriate scale of intervention can be applied in future rehabilitation
efforts.
Monitoring the effects of various flow regimes (whether managed or natural events)
on fish spawning and recruitment. Environmental flows are globally conceptually
popular, but actually delivering on the concept has proved problematic (Le Quesne
et al. 2010) and then monitoring of responses to releases is even more problematic.
When monitoring has been conducted, it has often been focussed on specific target
groups (e.g. river red gums, waterbirds) and ignored fish response. The work around
the Barmah‐Millewa Forest under the NFS and The Living Murray (TLM) has been
ground‐breaking in its documentation of fish response (see King et al. 2009, 2010)
but this largely revolved around a single flow event in a single river. Such
assessments need to be applied across different environmental flow types and
sizes, and in a variety of river valleys, and include the response of both native and
alien species.
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MANAGING RIVERINE STRUCTURES
Short term
There is a need to undertake research on the impacts of high dam structures on
downstream movement of native fish. While some research has been conducted on
low level weir structures (i.e. the effects of over‐shot vs undershot weir types on
native fish species), no research has been conducted on the effects of large dam
structures on downstream movement. This includes the effects of large dams on
downstream larval drift of native fish and the downstream migration past high
dams (and the injury or mortality associated with different large dam types). This
knowledge is important to inform fish‐friendly construction of new large dam
structures and to provide guidance for retro‐fitting existing high dams with more
fish friendly downstream movement structures.
There is a need to investigate the response of native fish to prolonged (long‐
duration) Environmental Water releases as opposed to short‐term releases.
Research should be focussed on floodplain and wetland habitats as these habitats
are the most likely to show the largest response from native fish. Longer term
benefits may also materialise for main channel populations. Knowledge of the
benefits of prolonged Environmental Water releases for native fish will provide
managers with another tool to best manage native fish populations.
Long term
Investigate fishway performance under a range of river flows and climatic
conditions. Much research has been undertaken on fishway performance under low
flow conditions (often the prevailing conditions of the MDB). However, there has
been little research conducted on fishway performance under higher flow
conditions. There has been some evidence to suggest that some species of native
fish undertake migrations with the onset of high flows. Therefore, it is paramount
that fishways performance is determined and maximised under such conditions.
The best management options to assist downstream movement with respect to
operational (ie dam or weir levels) versus engineering (different type of weirs,
fishways etc.) are still largely unresolved for many riverine structures. Further
investigation into addressing each of these options in terms of providing the
greatest downstream passage of native fish will benefit native fish that require
downstream passage as part of their ecology.

CONTROLLING ALIEN FISH SPECIES
Short term
Investigate the potential risks associated with environmental watering events and
the most beneficial regimes to assist with alien fish control. There is increasing
evidence that alien species including Carp and Gambusia can benefit from targeted
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releases of water designed to achieve otherwise positive outcomes (although there
is recent evidence that flow events can contribute to a reduction in the density of
Gambusia (Heleena Bamford, pers. comm.)). Agencies responsible for water
delivery need to ensure that there are systems in place to prevent watering events
from inadvertently creating dispersal pathways and nurseries for alien fish.
Investigate high priority sites for incursions of Mozambique tilapia by human
intervention and implement mitigation strategies. People are a major contributor to
the introduction and spread of alien fish and it is important to understand the social
factors (values, attitudes and behaviours) involved. A major priority is to ensure that
Mozambique tilapia does not get introduced. Specific mitigation strategies will be
required and will need to involve communities in Queensland and NSW particularly.
Long term
What are the impacts (which are currently assumed rather than known) of species
such as Weatherloach, Crucian carp, Goldfish, Mozambique tilapia and Redfin?
Coordinated research is required on current and potential impacts of invasive
species on biodiversity and intra‐species changes.
How do we understand and control vectors for dispersal? Understanding more
about the vectors that could introduce Mozambique tilapia and other alien species
and the mitigation measures that need to be taken to prevent this occurring are key
priorities.

FISH ECOLOGY
Short term
Investigate water quality tolerances of key native fish species and life stages. As
anthropogenic pressures on the aquatic resources continues to intensify in coming
years, and the spectre of climate change is realised, key water quality parameters
are likely to change. For example, water temperature and salinity is likely to
increase, and increased sediment loads or turbidity from more frequent extreme
events (e.g. bushfires, floods) is likely. The water quality tolerances for most species
were poorly known when reviewed in 2003 (SKM 2003), particularly for early life
phases such as eggs and larvae, and the situation has hardly changed since.
Construct and populate a digital spatial database to hold spatial distributional data
for fish. There is no central repository of spatial distribution information for the
Basins fish species. Whilst an initial attempt to collate such information (SKM 2006)
demonstrated the utility of such a database (e.g. Lintermans 2007), there has been
no progress in developing such a resource. The Sustainable Rivers Audit has
collected tens of thousands of fish records since the mid‐2000s (Davies et al. 2010,
2012), and individual NFS and agency projects have collected substantial amount of
spatial information as well, but still there is no single source for fish distributional
information for the MDB.
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Long term
Identify and resolve species complexes, cryptic species and evolutionary significant
units. The recent identification of numerous new taxa or evolutionary significant
units (ESU) of freshwater fish in Australia and the MDB (e.g. galaxias (Raadik 2011),
smelt (Hammer et al. 2007), pygmy perch (Unmack et al. 2011) gudgeons (Faulks et
al. 2008) highlights the need to invest in basic research into taxonomy and genetic
composition of the Basins freshwater fish species (Moore et al. 2010). Until we
know the diversity and distributions of ESU’s and species, appropriate and targeted
management is difficult.
Investigate migratory requirements and dispersal potential of native fish and
crustaceans within the Basin. While the longitudinal movement requirements of
several large‐bodied species are reasonably well understood (e.g. Murray cod,
Golden perch, Silver perch), knowledge of their lateral movement patterns (e.g. use
of floodplains) is still rudimentary. The movement requirements of small‐bodied
species and crustaceans (lateral, longitudinal, temporal) are poorly understood, as
demonstrated by the large numbers of carp gudgeons, smelt and freshwater prawns
attempting to use Sea to Hume fishways (Barrett 2008). If management responses
to barriers to fish passage (weirs, regulators, floodplain blockbanks) are to be well‐
targeted and applicable to a range of species and situations, knowledge of these
movement requirements is essential.
Identify critical sites for spawning/recruitment of native fish. Just as the
identification of carp hotspots’ has facilitated improved targeting of alien fish
management programs, improved knowledge of native fish spawning and
recruitment sites and cues will greatly assist in prioritising the protection of
important breeding and recruitment areas for native fish. Such information could be
a vital input into the design of a future Freshwater Protected Area network for the
Basin, and the protection or enhancement of critical processes that support
breeding or recruitment (e.g. flows).
HIGH PRIORITY RESEARCH – SURVEY RESULTS
To complement the areas of high priority research and management identified from
the research project reports, the survey was employed to gain the perspective of
the broader stakeholder group including scientists, managers and community/CMA
members.
Scientists indicated that general fish ecology and flow management were the
research areas that most required ongoing investment (Figure 15). Fish passage,
alien fish management, threatened species and habitat rehabilitation were also
commonly selected area of research that scientist considered to require further
investment (Figure 15). Protected areas, fish stocking and recreational fisheries
management appear to be low priority research area in terms of requiring ongoing
investment (Figure 15). Other areas identified by scientists that require ongoing
investment are drought refugia, recruitment dynamics of large bodied‐fish, science
communication and targeted conservation management. Two scientists
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commented that they felt that environmental legislation was inadequate and
difficult to interpret.

Figure 15. Question 17 of the survey of scientists relating areas that require ongoing
investment.

PRIORITY FUTURE FISH MANAGEMENT – SURVEY
Scientists:
Based on the 13 objectives of the NFS, modification of flow regulation practices was
the most commonly selected by scientists surveyed (Figure 16) in terms of a priority
for future management. Repairing and protecting key habitats, providing fish
passage, controlling alien fish species, implementation of recovery plans for
threatened species and rehabilitation and protection of the functioning of wetlands
and floodplain habitats were the next most commonly selected NFS objectives that
scientists considered a priority (Figure 16). Improving key aspects of water quality
and protection of native fish from the adverse effects of translocation and stocking
were the least selected objectives of the NFS as a priority by scientists (Figure 16).
Many of the scientists surveyed commented that selecting just five of the objectives
was difficult and that most (if not all) should be viewed as a priority for
management.
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Figure 16. Question 13 of the survey of scientists relating to their view of the
priority NFS objectives. ‘All other responses’ indicates the number of participants
that answered this question.
Managers:
Providing fish passage, repairing and protecting key habitats, modification of flow
regulation practices and control and management of alien fish species were the
most commonly selected NFS objectives by managers as an area of priority for
management (Figure 17). Devising and implementing threatened species recovery
plans, creation and implementation of management plans for other native fish
species and communities and protecting native fish from adverse effects of
translocation and stocking were the least selected NFS objectives by managers as an
area of priority for management (Figure 17). One manager commented that in
South Australia some of these objectives had been largely addressed.
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Figure 17. Question 13 of the survey of managers relating to their view of the
priority NFS objectives. ‘All other responses’ indicates the number of participants
that answered this question.
Community/CMA:
Repairing and protecting key habitats, rehabilitate and protect natural functioning
of wetlands and floodplains, providing fish passage and control and management of
alien fish species were the most commonly selected NFS objectives by
community/CMA members as an area of priority for management (Figure 18).
Devising and implementing threatened species recovery plans, creation and
implementation of management plans for other native fish species and
communities and managing fisheries in a sustainable manner were the least
selected NFS objectives by community/CMA members as an area of priority for
management (Figure 18). Again, community members commented that it was hard
to pick just five and that most if not all of these objectives are still a priority. One
community/ CMA member commented that the NFS alone was unlikely to achieve
any of these objectives and that they were mostly aspirational and led to unrealistic
expectations when read by the average person.
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Figure 18. Question 13 of the survey of community/CMA members relating to their
view of the priority NFS objectives. ‘All other responses’ indicates the number of
participants that answered this question.
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CHAPTER 7. IMPROVED MODELS FOR ADOPTION
The survey overwhelmingly reinforced the need for a fish strategy for the MDB (see
below) to effectively manage fishes in the MDB. Given the discontinuance of the
NFS program, it is, however, worthwhile looking at the strengths and barriers from
the NFS to inform any future vehicle for investment in native fish. The Strategy has
certainly spawned new and innovative prototypes for improving the management
and conservation of native fish, although the level of uptake has generally not kept
pace with these innovations. Successful models include Demonstration Reaches,
NFS Coordinators, and methodologies for marking hatchery fish – some of these are
detailed as case studies below.
However, there were also a number of shortcomings, relating to governance,
budgeting and reporting. A significant shortcoming was the relative inflexibility of
budgeting approaches which discourage long‐term or high‐cost research (with only
single‐year budgets since the incorporation of MDBC into MDBA). This has meant
that some projects have been artificially divided into a series of smaller sub‐
projects, causing unnecessary delays to the realisation of project outcomes and
hence uptake (e.g. the Murray‐Darling Native Fish Information System).
Dissemination of sensitive information (see HMA case study later in this report), and
the gap between science and management (suggesting the need for revisiting the
network of extension services that occurred in previous decades) are other issues
that are explored in further detail in this chapter.
Finally, the ‘deck of cards’ MDBA funding model, where one jurisdiction
withdrawing funding support was the final straw that finally resulted in the demise
of the entire NFS program, was seriously flawed. Any future NFS equivalent must
have some certainty for long‐term funding, otherwise the identity and badging of
such programs is ultimately misleading.
Improved models for adoption – strengths and barriers to uptake – results from
the survey
Scientists:
The most commonly cited strength of the NFS approach that could be used by other
programs was cross‐border management (Figure 19). Integrating science into
management and sharing knowledge were the next most commonly cited strength
of NFS approaches from scientists (Figure 19). Building capacity received the least
citations (less than half of respondents) as a strength of the NFS approach (Figure
19). A common comment on the weakness of the NFS approach was the inability to
get state or local Government agreement and that differing priorities between
these jurisdictions often impeded action. Several scientists surveyed also indicated
a lack of funding available at the federal level meant that action on threatened
species issues was often lacking or overlooked. One scientist commented that the
integration of disciplines may not have been as strong as it had to the potential to
be.
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Figure 19. Question 14 of the survey for scientists relating to what the strengths of
the NFS approach that could be used by other programs.
Managers:
As for scientists, cross‐border management, along with sharing knowledge and
integrating science into management were the most commonly selected strengths
of the NFS approach that could be used by other programs (Figure 20). Managers
also indicated that community‐government partnership was also a strength of the
NFS (Figure 20). Many managers commented that having good science to make
management decisions (and feed into adaptive management processes) was a
strength of the NFS. As one manager notes: “The investment has provided hard
science to back up management decisions and ongoing monitoring has allowed for
an adaptive management approach”. Some weaknesses or barriers to uptake and
adoption highlighted by managers related to jurisdictional and governance issues
particularly with respect to state and federal governments as one manager noted:
“Lack of knowledge, ownership and politics between the state agencies and MDBA
managers”.
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Figure 20. Question 14 of the survey for managers relating to what the strengths of
the NFS approach that could be used by other programs.
Community/CMA:
Community/CMA members indicated that the strongest aspect of the NFS approach
that could be used by other programs was its knowledge sharing (Figure 21). Cross‐
border management, community‐government partnership and integration of
science into management were also commonly selected strengths of the NFS
approach (Figure 21).
Generally comments were positive from community/CMA members about the NFS
program with comments on the strengths of the NFS:
“The planning framework i.e. whole life plan, on‐ground works, monitoring and
evaluation and communication and engagement” and “working together and all
doing things the same way”.
Some feedback was not as positive and a community/CMA member indicated that
increased consultation with community groups could have been much better and
that “…often government departments have been a hindrance”. Another community
member felt that none of the strengths listed in question 14 of the survey (see
Figure 19 for list) were evident in South Australia. This sentiment was somewhat
echoed by another who commented that the strengths listed were not in fact
strengths of the NFS. One community/CMA member was critical of the “expert
panel” approach indicating that more local community members should be
incorporated instead of “out of town university graduates”.
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Figure 21. Question 14 of the survey for community/CMA members relating to what
the strengths of the NFS approach that could be used by other programs.

IMPROVED MODELS FOR ADOPTION CASE STUDIES
MARKING HATCHERY FISH
Background/outline
In recent years there has been increased recognition of the need for rigorous
monitoring of the effectiveness of management interventions and associated
environmental outcomes (Lindenmayer and Likens 2009, 2010; Davies et al. 2010;
Lintermans 2013). There is also increasing recognition of the use of fish in such
assessments (Harris 1995; Harris and Silveira 1999; Davies et al. 2010; Pearson et al.
2011). The Sustainable Rivers Audit was developed as a surveillance monitoring
program for the MDB with fish used as one of 5 themes to be monitored (MDB
2004; Davies et al. 2010), but one of the concerns with using fish as a biological
indicator is that wild fish and stocked fish are often indistinguishable. This inability
to determine stocked from ‘wild’ fish, potentially confounds assessments of river
health (MDBC 2004) and individual species (e.g. see Lintermans et al. 2005 for
Murray cod). More than 47 million fish from 4 species (Golden perch, Murray cod,
Silver perch, Trout cod) have been stocked in the Basin up to the early 2000s with
more than three million native fish now produced in private and government
hatcheries and stocked into Basin waterways each year (Gillanders et al. 2006).
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Little is known of the fate of stocked fish or their impact on wild populations, in part
because of a lack of suitable methods for marking small juvenile fish. The ability to
non‐destructively determine whether a captured fish is from wild or stocked origins
would greatly assist individual species and fish community status assessments.
What worked
A series of projects commencing in 2002 developed techniques for marking
hatchery bred fish, investigated the national chemical registration requirements for
the chemicals involved in the marking, and then trialled these techniques in a
number of streams to examine the contribution of stocked fish to ‘wild’ fish
populations.
In project R5003 three marking methodologies were successfully trialled and
developed using golden perch as the model fish species (Crook et al. 2006):
 Osmotic induction marking of fingerlings (which enhances uptake of the
marker chemical by immersing fish in a 5% saline solution) with
alizarin red S and calcein.
 Marking of otoliths via immersion of fingerlings in enriched stable isotopes
of strontium and barium.
 Transgenerational marking of otoliths through the injection of enriched
stable isotopes of barium into maternal broodfish.
The feasibility of each of the methods was examined with particular emphasis on
practicality and economic considerations for government and private hatcheries.
Each of the methods was found to have strengths and weaknesses, with the choice
of method dependent upon the aims and limitations of the marking program.
Techniques that only marked otoliths (i.e. stable isotopes) require the fish to be
killed and the otoliths analysed in a laboratory to determine whether they are
marked. However alizarin and calcein leave external marks that can be detected in
the field without having to sacrifice the fish, a distinct advantage for most river
health monitoring programs or projects involving threatened species.
A wide variety of statutory controls exist around the use of chemicals in veterinary
medicine, agriculture, pest control, food production, and the environment, and also
the use of chemicals in products that could end up being consumed by the public
(e.g. eating marked recreational fish species). Project MD697 investigated whether
the chemical marking techniques developed in the previous project were captured
by the relevant legislation at a national and state level, and revealed that there
were no registration requirements for any of the marking techniques and chemicals,
and that the chemical marking techniques developed during the project can be
legally applied in hatcheries provided specific processes are undertaken (Sanger and
Crook 2007).
In the final project (MD741), the objectives were to:
 develop and evaluate practical mass marking techniques to allow for
accurate discrimination of hatchery‐produced and wild fish;
 facilitate and encourage broad‐scale uptake of the marking techniques by
government agencies and commercial hatcheries; and
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apply the marking techniques to quantify the contribution of stocked fish to
populations in experimentally stocked rivers within the MDB.

A field detection kit for calcein marks was developed which included a field
fluorometer for quantitative measurement of calcein fluorescence and a specialised
torch and glasses set for visual identification of marked fish.
Chemically marked fish were stocked into three rivers of the southern MDB
(Billabong Creek, Edward River, Murrumbidgee River). Post‐stocking surveys over a
5‐year period showed that at least a proportion of the stocked fish survived to
reach the legal minimum size in all three rivers. However, the impacts of stocking on
population structure were very different among rivers. In the Edward and
Murrumbidgee Rivers, the age classes corresponding to the years of stocking were
comprised of 18‐38% experimentally stocked fish, and these fish made only a
relatively minor contribution to the total catch of Golden perch. In contrast, stocked
fish comprised up to 100% of age classes corresponding to stocking years in
Billabong Creek, and stocking resulted in a four‐fold increase in the catch rates of
Golden perch.
A range of extension and communication activities were undertaken to disseminate
the projects findings and outputs. These activities included seminars at a variety of
forums and scientific conferences (national and international), production of a CD
and pamphlet describing the projects activities, radio interviews, and visits to
hatcheries to discuss the project and demonstrate chemical marking techniques. In
2009 a workshop provided information and practical training in chemical marking
techniques for hatchery fish and the use of the portable field detection kit, with
more than 40 stakeholders, including hatchery operators, recreational fishing
representatives, scientists and fisheries and natural resource managers attending.
At the conclusion of the workshop, each Basin jurisdiction was provided with a
quantity of calcein for marking fish, and a field detection kit, which allowed
agencies to immediately take up the techniques developed during the NFS projects.
The work has been presented nationally and internationally, and a series of peer‐
reviewed scientific papers produced (Munro et al. 2008, 2009; Crook et al. 2007,
2009, 2012; Woodcock et al. 2011a, b, 2012). Large‐scale calcein marking of
hatchery fish commenced in 2009 and agencies from all State and Territory
jurisdictions within the MDB have initiated processes to incorporate calcein marking
into their stocking and/or research programs. By 2010 more than 350,000 fish from
eight species had been marked with calcein (Crook et al. 2010).
What didn’t (issues)
In the first year of commercial uptake after the projects’ completion, a small
number of hatcheries experienced high mortality of calcein‐marked fish, resulting in
commercial losses. Upon investigation it was found that these hatcheries had not
strictly followed the marking protocols developed by the research project, with the
result that many fish died. The calcein marking protocol uses immersion in a
concentrated saline solution (osmotic induction) to promote calcein uptake, and
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deviations from the specified osmotic induction procedures are thought to have
precipitated the high mortality. This demonstrates the potential pitfalls of
transferring methodologies developed under rigorous scientific conditions to
commercial operators where the consequences of deviation from the prescribed
methodologies may not be appreciated.
Recommendations for improved models
The model of developing techniques through scientific research, investigating the
potential legislative ramifications of applying the techniques in the real world, and
then working with industry partners to identify barriers to uptake and refine
techniques is a sound one. The provision of a ‘starter kit’ to agencies (chemicals,
detection apparatus) facilitated rapid uptake by agencies. A recommendation from
the final project (MD741) was that the in the rollout to industry, an increased focus
on developing coordinated strategies to facilitate uptake was required (Crook et al.
2010). They recommended that such a process needed to engage relevant
stakeholders (e.g. via workshops, establishment of standing committees), and
should consider a range of issues relating to the adoption of chemical marking,
including: policy and management responses; resourcing and logistical issues; data
acquisition and reporting requirements; and risk management. The establishment
and coordination of such is not usually the responsibilities of research personnel,
and the process has not occurred. Had additional support and oversight of industry
uptake of the calcein marking technology been available, the initial teething
problems encountered by some hatcheries may have been avoided.

DEMONSTRATION REACHES
Background/outline
The concept of Demonstration Reaches was introduced in the Case Study in Chapter
4.
What worked
There are currently seven functioning Demonstration Reaches in the Basin; several
others have been proposed (e.g. Warrego) or commenced (Macintyre/Border
Rivers, Tarcutta Creek, Campaspe River) but were ultimately unsuccessful in fully
adopting the Demonstration Reach model (see below).
A formal review of demo reaches (Inovact 2012) found that:
 The Demonstration Reach concept is a unique and practical way to address
the ecological and social challenges concerning the Basin’s rivers and
wetlands.
 It is a unique scientific and community engagement concept that is based on
recognised best practice in the rehabilitation of native fish and is gradually
being realised in practice.
 Planned activities and outputs have been realised and remain consistent
with the original goals and objectives of the Demonstration Reach concept.
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On the basis of known science, current activities appear to the best way to
maximise effectiveness.
Communications about the Demonstration Reaches and the community
engagement activities undertaken shows that progress has been made in the
social objectives of the Demonstration Reach concept.
It is clear that most Demonstration Reaches have influenced others beyond
direct participation in the reaches such as regional NRM bodies/catchment
management authorities, river managers and community action groups.
Key successes of the concept are the quality of the science behind the
interventions, the processes for testing hypotheses and the monitoring and
evaluation framework.
The Condamine’s Dewfish Demonstration Reach won the prestigious 2012
Australian Riverprize, a 2012 Australian Banksia Award for Water and the 2013
United Nations Association of Australia World Environment Day Award for
Biodiversity.

In 2008 Boys et al. developed a framework outlining a process that can be followed
to enable an effective monitoring program for Demonstration Reaches (and other
large scale river rehabilitation exercises) to be developed and implemented. The
framework included an emphasis on conceptual models and rigorous experimental
design.
What didn’t (issues)
There have been a suite of workshops during the life of the NFS involving scientists,
managers, NFS Coordinators, CMO’s and community representatives to assess and
improve existing models and methodologies utilised in the establishment of
Demonstration Reaches, and facilitate uniform techniques and approaches. In
essence most of the methodologies have been found to be working well, although
identified improvements centre around strong financial and project management,
community involvement, monitoring, and integration with associated activities on a
landscape or catchment scale. Monitoring at the control and reference sites at one
of the most successful Demonstration Reaches (Dewfish), for example, has
suggested that merely adding water (flows) is not adequate in terms of improving
fish populations (Greg Ringwood, pers. comm.).
In the early stages of developing and testing the Demonstration Reach concept, the
MDBC (in particular) and others invested considerable effort in exploring the
feasibility of a reach in the Hume‐Yarrawonga stretch of the Murray River (MDBC
2004). Despite a range of obvious logistical advantages in establishing a reach in
that vicinity (such as close proximity to the significant population and resources at
Albury/Wodonga; existing infrastructure; already the target of several
uncoordinated rehabilitation projects; affected by several different threats;
likelihood of success), the initiative failed to gain traction, largely due to a lack of
commitment by other programs (including within the MDBC), and a perception that
success of the reach was totally dependent on addressing the issue of cold water
pollution at Hume Dam.
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Also, two other reaches were proposed by the relevant jurisdictions and received
initial funding from the NFS (Macintyre River, Qld) and Tarcutta Creek (NSW), but
ultimately failed the criteria that define successful Demonstration Reaches. In short,
they suffered from the lack of a rigorous monitoring regime, a ‘whole of life’ plan,
and adequate resources.
More generally, the Inovact (2012) review found that ‘what is lacking is a clearly
articulated framework for monitoring and reporting on community engagement
that is based on best available social science knowledge and measurement tools’.
This is one of the key aspects of Demonstration Reaches and was not considered
originally alongside the robust ecological framework. In hindsight, this may have
been one of the measureable outcomes of Demonstration Reaches that could be
seen early in the life of the reach. The review also considered that ‘evaluation of the
efficiency of the Demonstration Reach concept is constrained by gaps in financial
reporting for both MDBA and partner funding.’
Recommendations for improved models
There appears to be general agreement that the Demonstration Reach concept is a
useful and effective mechanism for integrated river rehabilitation in the Basin, and
beyond. The following recommendations would improve the concept:
 A greater emphasis on dedicated project management.
 A greater emphasis on requirement for Demonstration Reaches to be ‘self‐
funding’ (including significant in‐kind and ‘3rd party’ contributions, especially
for management interventions).
 An improvement in the quality and consistency of reporting of outcomes
achieved from management interventions and community engagement.
 Implementation of the monitoring framework (Boys 2008b), including need
for evaluation within a framework of adaptive rehabilitation; resources to be
focussed on a smaller number of robust evaluations; and for funding needs
to be contingent on a minimum standard of evaluation being upheld.
 A monitoring and reporting framework for community engagement, of a
similar standard to the framework for bio‐physical interventions developed
by Boys et al.2008, and based on the best available social science knowledge
and measurement tools, be developed and implemented by every
Demonstration Reach.
 All Demonstration Reaches having a website.
 An improvement in the quality and consistency of reporting of outcomes
achieved from management interventions and community engagement.
 The size of Demonstration Reaches (length, floodplain etc.) should be
related to the landscape dimensions needed to be rehabilitated to
significantly impact on the fish community in question (i.e. not random 20 to
200km of river).
 The intensity of interventions should be such that they can legitimately be
expected to impact on the fish community in question (no more 200‐300km
of river with a few scattered interventions and no chance of an impact).
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Planning for interventions and designing the monitoring program should go
hand in hand. Thus, there will be “real” rehabilitation experiments and avoid
issues such as snags being placed in a river for bank stabilization and then
the impact on fish monitored when the snags are not even in the water most
of the time.
The completion of a Demonstration Reach manual that provides a dedicated
resource to guide individuals and groups involved in the establishment of a
Demonstration Reach.

HABITAT MANAGEMENT AREAS
Background/outline
Protected Areas are widely used as a tool for protecting biodiversity, with
Freshwater Protected Areas (FPA) currently underutilised but growing in popularity
(Abell et al. 2007; Suski and Cooke 2007). The concept of FPAs has been applied
only patchily in Australia (Pittock et al. 2008), it does not have a comprehensive,
representative network of freshwater reserves (Nevill 2007), and it is unlikely that
existing terrestrial reserves adequately conserve native freshwater fishes (Keith
2000; Nel et al. 2007; Lintermans 2013). There was considerable nervousness in
some jurisdictions about using the term ‘protected area’ with the NFS, as some
erroneously see this terminology as implying that stakeholders may be ‘locked out’
of such areas (e.g. anglers). Consequently, the NFS introduced the concept of
Habitat Management Areas (HMA) as ‘areas that would require additional
management attention or recognition to ensure that their condition is maintained
or enhanced’ (MDBC 2004). This is akin to the ‘wise use’ philosophy applied to the
management of Ramsar‐listed wetlands of international importance. Three separate
projects have developed the HMA concept for the MDB: the first (Phillips and
Butcher 2005 (project MD241)) reviewed international and national experiences, to
examine the HMA concept from the perspectives of the science needed to underpin
the establishment of such a network in the MDB. The second (Phillips 2008 (project
MD874)) aimed to assemble a GIS system of freshwater protected areas across the
MDB, to gain an understanding of what comprises this ‘estate’, and, to produce a
simple and easy to use toolkit for distribution among users. The third (Phillips 2010
(project MD1416)) was a pilot study that examined the network of habitat
management areas of the Macquarie River.
What worked
The international scoping study and proposal for how a HMA system (termed ‘river
parks’ by the authors) could be assembled from existing land management
arrangements and tenures was sound (Phillips and Butcher 2005). The first audit of
the Basin’s potential ‘river parks’ indicated there were at least 1000 sites that could,
following further investigation, form the foundation of a Basin‐wide collaborative
‘river parks’ initiative (Phillips 2008). Pilot testing the ‘river parks’ concept on a 391
km section of the Macquarie River identified 290 riparian public lands areas along
this river reach (Phillips 2010). The potential to manage these areas to improve
103

native fish populations and overall river health was identified as the next stage with
key activities being:

Further prioritisation of habitat areas and threatening processes.

Review of existing public lands management and associated riverine
habitat values.

Preparation of plans of management for highest priority public lands,
parks and reserves.

Continuing community engagement events and awareness raising
activities.
What didn’t (issues)
The major stumbling block in the acceptance and implementation of the HMA
concept was the nervousness of particular jurisdictions about being seen to be
potentially excluding some stakeholders or activities from HMAs (Koehn and
Lintermans 2012). This resistance was so pronounced that it prevented the
dissemination of project outputs to a broader audience (either within or outside the
jurisdictional bureaucracies) for several years, but approval to publish was finally
obtained, but then subsequently lost when the MDBC became the MDBA (requiring
a new round of approvals). As a consequence, the rationale for HMAs has not be
publicly aired or discussed, and so public or agency acceptance could not be
gauged. This failure to publicly progress the discussion on HMA’s in the Basin is a
lost opportunity. The development of a Basin‐wide HMA system seems unlikely to
proceed in the future, given the demise of the NFS, and with no replacement fish
program proposed.
Recommendations for improved models
A basic governance issue has been highlighted where jurisdictional officers involved
in the ranking, evaluation and establishment of research projects were not aware of
the jurisdictional sensitivities at senior departmental levels associated with the
projects. It is unlikely that such extreme sensitivity could have been foreseen, but
raises the spectre of all future projects requiring senior departmental sign‐off
before commencement. Such a system would add needless administrative and
bureaucratic process to the provision of research services. When approval was
finally received to release the reports, unfortunate timing of the transition from the
MDBC to the MDBA meant that approval was effectively lost, and so the reports
may ultimately never be released. While the problems experienced in publishing the
suite of HMA projects was unusual, it nevertheless represents a significant
shortcoming in the research management process that needs to be addressed.
Alternatively, it might be perceived that the failure of a very small proportion of
projects to ever be released is an acceptable risk, but such a view devalues the
specific research work and potential management outcomes associated with such
projects.

GOVERNANCE
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Background/outline of governance for NFS
In 2003 the MDBA’s Fish Working Group was reconstituted (with the addition of an
independent ecologist), as the Fish Management and Science Committee, in order
to "shore up" the implementation of the new Strategy by ensuring the participation
and cooperation of management agencies in each jurisdiction. In 2006 the
committee became the NFS Implementation Working Group, and in December
2008, was renamed the NFS Advisory Panel. By then the MDBC had been convening
an interstate working group of fisheries experts for 25 years of continuous
operation, clearly underpinning the inescapable need to maintain a forum for joint
action and decision making when investing joint funds in natural resource
management actions across jurisdictional boundaries (Lawrence and Barrett,
unpublished). The breadth of activities that were established under these various
committees required the formation of a number of specialist sub‐groups (eventually
all called "taskforces") to advise the Panel, including the longstanding Community
Stakeholder Taskforce and Fish Passage Taskforce, as well as taskforces on Murray
Cod, Alien Fish, Habitat Management Areas and Demonstration Reaches (Figure 22).
Each of these groups represented a further network of experts in fisheries and
habitat management from each of the Basin governments, ensuring a high level of
involvement, engagement and endorsement from the State managing agencies. For
its part the NFAP then provided advice, through the MDBC/MDBA, to higher level
committees such as Natural Resources Management Committee (NRMC) and the
Basin Officials Committee (BOC).
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Figure 22. The governance structure of the NFS (from Koehn and Lintermans 2012)
What worked
The NF Advisory Panel was successful in guiding the development, implementation
and review of the Strategy. The achievements of the Panel (and a number of the
expert taskforces) are underlined to a large extent by the commitment of individual
members – world recognised experts that committed to their participation on the
Strategy’s committees for its duration, with two members having continuous
membership for over 20 years (Mark Lintermans, pers. comm.).
The Community Stakeholder Taskforce (CST) was established as the NFS was being
developed in 2001, and has provided a platform for advice on the development of a
communications strategy, incorporating information/technology transfer, to foster
community and political understanding, involvement and support; coordinate
information and education activities; and bring a strong and well‐focused
community perspective to support and enhance the implementation of the
Strategy. Several members of the original Taskforce remained actively involved
throughout its entire duration.
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The three disciplines of biology, hydraulics and engineering are inherently linked in
fishway design. Recognising this, in 2001 the MDBC established a Fish Passage
Taskforce (FPTF), comprising engineers, fish biologists and river operators to
oversee the design and assessment of the fishways. The rigour instilled in the design
process by the blending of these disciplines has been crucial to the overall success
of the Sea to Hume program. As well, an on‐ground team of fish biologists from
each of the jurisdictions regularly reported to the FPTF to discuss fishway
performance and the ecological requirements for new fishways. Importantly, this
team also provided capacity building across the Basin by developing and agreeing
on consistent methodologies for monitoring fish (such as electrofishing).
The NFS also provided funding for Coordinators from each jurisdiction to carry out
extension work and facilitate the NFS’s on‐ground application. Coordinators were
successful in raising the general awareness of the NFS, engaging with stakeholder
groups, and ensuring a consistent approach to the implementation of key NFS
actions (MDBC 2006). According to the survey:






‘Coordinators provided valuable insight, insider‐knowledge and contacts
about the issues and communities of the regions they looked after.’
‘The effectiveness of Coordinators is directly linked to the individual and
critically the support their parent agencies provide them with to engage,
coordinate and facilitate better outcomes.’
‘… the NFS Coordinators were one of the greatest benefits of the NFS ‐ they
did great work with the community and stakeholders, but also importantly
were actively advocating for native fish issues in all aspects of fish
management (and in many cases river and land management) within their
jurisdictions. Without this active role, native and alien fish issues may again
be overlooked.’
‘Native Fish Strategy coordinators have been a fantastic asset, providing
support and knowledge, getting involved with our activities and events and
providing links to other activities and researchers.’

The concept of coordinators has been used in other MDB programs, such as the
‘Risks to Shared Water Resources’ program.
What didn’t (issues)
The NFS suffered from significant breakdowns in communication between lines of
authority, ostensibly between the office of the MDBC/MDBA and the ‘higher level’
jurisdictional committees that ultimately provided advice to the MDB Ministerial
Council. Feedback from the survey indicated that, at the ‘higher chain of command’,
some officials either were not adequately briefed, and/or had vested interests
either in other areas of natural resources management or water management, or in
competition for funds. Other survey comments included:
 ‘The institutional and governance arrangements presented a barrier to
effective administration ‐ slow decision processes encouraged risk averse
approaches from MDBA management, particularly without various
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governance committee sign‐off. There is a perception that the
Commonwealth government is not efficient and squanders state financial
contributions. The MDBA Corporate plan lacked transparency to the public
and the Basin States ‐ States found it difficult to see where the money was
to be spent.’
‘The NFS has a role in facilitation, discussion and investment but needs to
recognise its limitations in terms of achieving state outcomes and the
cultural barriers to effective outcomes that exist across and within
agencies/jurisdictions.’
‘… some partners represented fundamental blockages to the NFS's
implementation. If community ownership and the NFS profile had gained far
broader community support, it would have been far less easy for the
government to axe the program.’
‘Better governance [is] required e.g. need to improve the perception that
researchers on the Advisory Panel help set priorities and projects and then
directly benefit from these projects as research service providers.’

Commonwealth representation on the Advisory Panel was two‐pronged, with
membership from both the ‘primary industries’ department (Bureau of Resource
Sciences) and the ‘environment’ department. Unfortunately the latter portfolio
provided, for at least the first half of the life of the NFS, representatives that were
at a junior level to other Panel representatives, unable to provide a ‘whole of
department’ view on matters under consideration, and had ‘moved on’ within
months of their appointment (Jim Barrett, pers. comm.).
While successful, the FPTF has not met since 2010, and its current lack of
‘autonomy’ (due to the imminent cessation of the NFS) may result in an inability to
provide rigorous advice on any future issues with the fishways.
The Murray cod Taskforce was established to provide regular advice on key issues
such as the identity, size, structure and dynamics of cod populations; the levels of
fishing catches from cod populations; the impacts of stocking efforts; and
community liaison and involvement in the management of the species. The original
form and structure of this body was unwieldy and difficult to coordinate and
manage, particularly so in its infancy when membership was originally sought
through an open call at the Murray Cod Workshop rather than targeted selection.
This resulted in a group of more than 20 representatives, with many community
groups expecting not only representation, but also requiring sitting fees and costs
for travel and accommodation (Mark Lintermans, pers. comm.).
There was also a disproportionate representation of recreational fishing bodies on
the CST. Despite this, some groups (notably in Victoria) persistently bemoaned their
lack of ‘influence’ on the CST – ‘Victorian fishers and Fisheries managers have not
had adequate representation on the Native Fish Strategy Advisory Group’ (Survey
comment). Other sectors (i.e. conservation movement and Indigenous) had mostly
spasmodic and ever‐changing representation, although in the later years of the
program membership became more stable.
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Recommendations for improved models of adoption
There has been a longstanding desire from government, industry and the
community to improve riverine health within the MDB. Funding under the NFS has
contributed to mitigating the key threats to native fishes including, habitat
rehabilitation and protection, re‐establishing fish passage, controlling alien species
etc. Initial outcomes have been hampered by widespread and extreme drought
conditions and much more work needs to be done. The challenge in terms of
delivering the best ecological outcome is that the initial efforts concentrated on
addressing the over‐allocation of water, and hence the focus was to invest in the
return of water to rivers, before adequate consideration of the biota that live in,
and/or depend on, that resource. A suite of inter‐related factors that are
intrinsically linked to the health of the rivers in the Basin were largely ignored at the
expense of purchasing private water entitlements back from industry. The quantity,
quality (including temperature and dissolved oxygen), timing (seasonality) and
duration of water delivery are critical factors for biota that continue to be
underplayed in many management decisions. While over‐allocation of water is
undoubtedly the most significant contributor to the degradation of our rivers, it is
by no means the sole cause of the Basin’s current problems in river health.
Arguably, the most significant achievement of the first ‘phase’ of the NFS has been
the coordination and bringing together of state‐based fisheries, conservation,
community and other NRM agencies towards a common and shared goal of
recovering native fish populations. All jurisdictions that are party to the NFS have
strongly supported its continuation when faced with the prospect of a return to a
state‐centric approach to allocating available resources. The benefits of
coordination of Basin‐wide actions for native fish are particularly apparent in the
borderless issues such as fishways and fish migration, alien fish management and
community engagement.
The vast majority of comments from the Survey were positive about the NFS
program, and supported the need for a replacement coordinated program.
Responses indicated that cross‐border management, sharing knowledge and having
good science in order to make management decisions were key strengths of the NFS
and could be adopted by other programs. Barriers to uptake and adoption
highlighted by managers related to jurisdictional and governance issues particularly
with respect to state and federal governments.
The lack of autonomy for the NFS during its ten year life is obvious. If the functions
of the NFS are to continue into the future, the (long‐existing) model provided by the
Commonwealth Government’s research and development corporations (e.g. FRDC)
may provide a useful template for improved governance arrangements for any
future long term program for the conservation and effective management of native
fish in Australia. Key features of such an arrangement would include:
 a program being established under a quasi‐independent, statutory authority,
answering directly to (preferably) the Commonwealth environment Minister,
or the Commonwealth primary industries Minister;
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the program would be overseen by an independent, skills‐based board and
administered directly by a CEO (with 2‐3 dedicated staff, including a
‘Knowledge Broker’);
the Board would be advised by 2‐3 expert committees (including a scientific
committee and a community stakeholder committee);
funding would be primarily provided by the Commonwealth, with ‘top‐up’
contributions by jurisdictions and/or industry, where projects centre around
particular locations and/or activities;
a ‘Native Fish Champion’ would be appointed to act as a spokesperson for
initiatives and activities occurring across the Basin, and catalyse further
funding.

CHAPTER 8. LEVEL OF TRANSFERABILITY AND BEST
COMBINATIONS OF OUTCOMES
This chapter provides an assessment of the level of transferability of the results of
NFS projects in both research and management in the MDB by the identification of
uniform approaches, technologies and methodologies adopted by State fisheries
and fish conservation agencies, CMAs, etc. as a result of the outcomes of successful
research and adoption projects. Included are several examples what is clearly
transferable as well as two instances of what hasn’t been transferable but should,
and hopefully, in the future, will have been. Relevant results from the survey are
also included.
There is also a discussion on the extent of the incorporation of NFS results into
large‐scale rehabilitation programs, including Demonstration Reaches. The
development of similar holistic fish management approaches outside the MDB is
also discussed, with an example being the initiative to improve fish populations in
Victorian coastal streams. Other than this, SA has recently developed a
Management Plan for the Lake Eyre Basin that is based on the NFS framework (Jono
McPhail, pers. comm.).
Finally, a case study is included that explores a hypothetical example of where
several specific outcomes from the NFS research portfolio could be combined under
an integrated and adaptive management approach to achieve a better return on
investment in an on‐ground application.

UNIFORM APPROACHES, TECHNOLOGIES AND METHODOLOGIES
LATERAL MOVEMENT
Description of issue
Unfettered fish passage is a critical ecological requirement for most fish species,
and obstructions to fish passage have been recognised as a major threat to fish
populations in Australia and internationally (Dudgeon et al. 2006; Malmqvist and
Rundle 2002). Fish passage has both longitudinal (upstream/downstream) and
lateral (river‐floodplain) components, with passage to and from floodplain areas
important as some species utilise these areas for spawning, feeding and recruitment
(Lintermans 2007). One of the largest floodplain areas within the MDB is the 65,000
ha Barmah‐Millewa Forest (BMF), located between Tocumwal, Deniliquin and
Echuca. The forest contains numerous creeks, the majority of which are now
controlled by regulators (or low‐level barriers), which regulate flows from the
Murray River into forest creeks (Jones 2006). Regulators were originally installed in
the BMF to prevent water entry to the forest during the irrigation season; however
such regulators were thought to adversely affect the lateral movements of native
fish. Understanding the effects of regulators and their operation, and varying
environmental conditions (flow and temperature) on river‐floodplain movements
would improve the management of floodplain regulators for native fish.
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What was done
The lateral movements of native fish during normal river discharges, and during an
environmental water allocation (EWA) were investigated to determine the impact
of regulators on native fish movements in the BMF. Results suggest that 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 (Jones 2006).
In regulated systems, fish in forest creeks generally approached the regulator on
falling flows, presumably trying to return to the Murray River, but being prevented
from returning by the regulators and therefore remaining 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 (Jones
2006).
Rising water levels associated with the EWA induced fish to move from the river
into forest creeks and fish generally occupied these creeks for the duration of the
EWA. Fish remained in forest creeks for as long as they were inundated (Jones
2006). Fish movement back to the river could either be in an upstream or
downstream direction, depending on where the closest exit from the forest was.
Some creek systems effectively only had an upstream exit, so some fish required
considerable time to move back to the river.
Several key recommendations on regulators resulted from this study (Jones 2006):
 Leave forest regulators open after flood events and allow flows to recede
naturally with the Murray River. Fish then have unrestricted access between
the Murray River and forest creeks.
 Closure of forest regulators, whilst water levels in the Murray River remain
high, should be avoided, as fish located downstream will become stranded,
particularly in creeks where downstream movement is limited.
 Where possible, modernise regulators in the BMF to include a fishway.
 Reduce the number of times forest regulators have to be opened with
unexpected flow rises (i.e. cancellation of pre‐ordered irrigation water). In
this way the number of fish moving into forest areas will be reduced as will
the number becoming stranded.
Outcomes/Uptake/Transferability
Since the lateral movement study was completed, there have been several
instances of uptake and adoption of the findings/recommendations within the BMF,
and the findings have now been transferred to other floodplain systems in the
southern MDB (Matt Jones pers. comm.):
 Lateral movements are generally considered in discussions of all freshwater
fish research, this was different in the past!
 Barmah‐Millewa Forest regulators are now managed with river‐floodplain
movements in mind.
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Goulburn‐Broken CMA has completed concept designs for a fishway to be
constructed on the Gulf Creek regulators, while two other smaller regulators
in the Barmah forest have concept designs sympathetic to fish passage and
cater for retrofitting a fishway at a later date.
 Lateral movements of native fish have been considered at all
Gunbower/Koondrook‐Perricoota regulators.
 The North Central CMA has conducted a series of fish movement workshops
to determine the operation and management of floodplain regulators and
connectivity with the Murray River. The CMA has a fish movement plan for
Gunbower forest.
 The North Central CMA has also conducted a series of workshops on fish
movement in the Loddon River, and has funded a pilot fish movement study to
investigate lateral connectivity with Pyramid Creek, Cow Swamp and the
Torrumbarry Irrigation Scheme.
The findings of the project are broadly applicable elsewhere in Australia where
floodplain systems have anthropogenic structures that modify water flow and fish
movements.
FISH PASSAGE
Description of issue
In 2001, the Murray‐Darling Basin Commission (MDBC) initiated a program to
improve fish passage along 2225km of the River Murray, from the sea to Hume
Dam. The program comprised: establishing a team of scientists, engineers and river
operators to recommend fishway design criteria (Fish Passage Taskforce (FPTF)),
funding the construction of 15 new fishways, and establishing a team of freshwater
fish scientists from three states of the Basin (NSW, Victoria, South Australia) to
quantitatively assess fishway performance and any associated longer term benefits
from improved fish passage. An adaptive management approach to fishway design
was taken, thus leading to constant design improvements, optimisation, and
improved cost‐effectiveness as the construction program progressed (Barrett et al.
2006). The program has a strategic holistic view and a strong ecological basis,
recognising that fish migration is frequently over hundreds of kilometres, and
occasionally over thousands.
Learnings from this program can be classified into four areas: (i) innovative fishway
design, (ii) monitoring the effectiveness of the fishways (including PIT tags and a PIT
database), (iii) governance arrangements, and (iv) Carp control. This section deals
with (i). Areas (ii), (iii) and (iv) are discussed in other parts of this report. The lessons
learned in the Sea to Hume program have been applied to other fish passage
programs, both nationally and internationally.
What was done
In 2009 the NFS funded a project to provide an assessment of the composition and
migratory requirements of the fish fauna in the northern Basin, an analysis of
available options for fish passage, and justification for the preferred options in
terms of the ecological, hydraulic and technical design constraints associated with
each weir. The aim of the project was to address the fish passage barriers in this
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region and provide similar benefits as the Sea to Hume program. At present, the
movement of fish within and between river systems north of Menindee lakes
remains significantly restricted by dams and weirs that prevent adequate fish
passage. Although the northern represents a different ecosystem, with semi‐arid
and
arid rivers, and a fish assemblage that is unique to the region, its 42 mainstream
weirs are essentially low‐level (<4.5 m in height), and lend themselves to adopting
findings of the Sea to Hume program, including innovative fishway designs that are
more cost‐effective and more water efficient, with the same or increased
functionality (Nichols et al. 2012).
Spanning river systems in both NSW and Queensland, 11 high priority sites were
identified, together with concept designs and investment costs to fix the top five
barriers to fish passage. These weirs were chosen because of their anticipated high
benefit/cost ratio. The project identified that there are two feasible approaches to
rehabilitating fish passage in the northern Basin:
• provide fish passage at the top 11 priority structures to reinstate over 2,000
km of river channel.
• provide a strategic, holistic, program re‐establishing broad‐scale river
connectivity of over 3,000 km.
Significantly, there has also been research funded by the MDBA which has improved
fishway design and reduced cost (Mallen‐Cooper et al. 2008); recent fishways on
the Darling River have been built on gradients of 1:20 but are providing close to the
functionality of the 1:32 gradient fishways on the Murray River.
The Fish Passage Taskforce has provided a good model for interdisciplinary
cooperation and integration of ideas in relation to the conceptual design, setting
objectives according to the characteristics of native fish species, construction and
monitoring of fishways (but see the section on governance). Victoria is intending to
adapt the FPTF model for all its future fishways (Matt Jones, pers. comm).
Mekong
In the Mekong, a project team (consisting of Australian scientists involved in the Sea
to Hume Program and colleagues from the Lao People’s Democratic Republic)
assessed fish passage through an experimental vertical‐slot fishway at a floodplain
regulator on the Mekong River in Central Laos between April and July 2009
(Baumgartner et al. 2012). Based on investigations undertaken for the Sea to Hume
Program, experiments were conducted to investigate the influence of fishway floor
slope on fish passage success with a view to developing a series of optimal design
criteria for the construction of vertical‐slot fishways at other barriers to fish passage
in the Lower Mekong Basin. Most species readily ascended the fishway, suggesting
that vertical‐slot fishways have excellent potential to rehabilitate lateral migrations
in the Mekong River. The construction of fishways which consider the local fish
ecology and hydrology may therefore represent a valuable management tool to
help restore important movement pathways for tropical freshwater fish.
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What were the outcomes
The MDBA has made a significant investment in improving fish passage along the
Murray River and associated anabranches through the Sea to Hume Program and
the Living Murray Initiative. These investments have attracted international
recognition for their strategic approach to riverine restoration and their
implementation of world‐leading technology. The Sea to Hume Program has also
been listed in the top 25 Australasian restoration projects by the Global Restoration
Network – see http://www.globalrestorationnetwork.org/countries/australianew‐
zealand/australia/.
The success of these fishways set a new standard for the restoration of freshwater
ecosystems. Overseas, fishways are usually designed to pass only a few large‐
bodied, economically important fish species. In contrast, the Murray River fishways
are unique in their design intent of restoring the passage of whole communities.
This more holistic approach to fishway design has set a worldwide benchmark, and
generated great interest from international experts from France, Belgium, USA,
South Africa, Sweden, Germany, Austria and the United Kingdom (MDBC 2006).
The Sea to Hume Program was clearly used as the basis for the proposed northern
Basin Fishways Program, as well as an international cooperative program to build
fishways along the Mekong River, in Laos and Thailand. The northern Basin project
has provided a clear direction for strategic investment in fish passage infrastructure
to deliver substantial improvements in connectivity, and reducing fragmentation of
fish populations. Fishway concepts were specifically designed to suit the fish
assemblage and semi‐arid ecology of the northern Basin and considered the
feasibility of construction, materials, regional context, maintenance and ownership.
Mekong
In the Mekong, the experimental vertical slot fishway demonstrated substantial
potential for wider application at sites with a diverse tropical fish community.
Information provided on species richness and total fish abundance has resulted in
the construction of a permanent fishway in Central Laos (to be completed in May
2013) at Pak San, which aims to rehabilitate biodiversity and food security in an
adjacent wetland, with (importantly) monitoring to be undertaken over the next
few years (Lee Baumgartner, pers. comm.). This provides an excellent
demonstration of how some of the approaches developed in the Sea to Hume
Program can have tangible benefits if applied in the correct context in the Mekong.
In 2011 an MOU was agreed between the MDBA and the Mekong River
Commission, and the above fishway work was a key component of that agreement.
In Victoria, the Sea to Hume ‘model’ has been employed to design and construct
fishways at Gulf Creek (Barmah), Box Creek Regulator (Cow Swamp), Dights Falls on
the Yarra (Kew), and Kerang, where the vertical slot design was based on the FPTF
experiments at Lock 8 (Matt Jones, pers. comm.).

FISH SCREENING CRITERIA
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Description of issue
There is mounting evidence to suggest that significant numbers of fish are being lost
from Australian rivers via water abstraction. One of the most common tools used to
combat this loss is fish screening on irrigation intakes, but there were no guidelines
for the design or deployment of intake screens in the MDB. An NFS project
(MD1019: Boys et al. 2012) aimed to undertake experiments to develop physical
design criteria for fish screens at water diversions in the MDB as well as undertaking
a scoping study of fish screening programs elsewhere in the world to make
recommendations on how to best initiate a successful program in the Basin.
What was done
Initially a full‐scale field trial of the intake screens and approach velocities was
undertaken, though some technical difficulties hampered results. The project then
proceeded but first under laboratory conditions. Finally a combination of field and
laboratory‐based experiments at simulated water abstraction intake screens was
used to test a variety of approach velocities (velocities in front of and perpendicular
to the screen face) and screening designs. This project was undoubtedly fast‐
tracked and improved through a visit by the project team to the USA to discuss
details of the project with local screening experts and get on‐ground insight into the
way in which fish screening operates in the US operates.
The project found that the installation of screens has great potential to significantly
reduce fish entrainment at pump intakes and, in some cases, reduce mortality from
over 90 % (unscreened) to less than 2 % (when screened). Approach velocities
(measured 8 cm from the screen) of up to 0.4 m/sec (1.5 m/sec slot velocity
through the screen) were effective in reducing entrainment of juvenile Golden
perch and Silver perch in laboratory trials, with very little injury or mortality
resulting from incidental screen contacts or impingement. In comparison, field
observations of an assemblage of fish at a screen in a river demonstrated that even
modest increases in approach velocity (from 0.1 to 0.5 m/sec) produced a
significant increase in the rate of screen contact for fish smaller than 150 mm, with
the impact being more marked the smaller fish were.
Several key recommendations on regulators resulted from this study (Boys et al.
2012):
 Approach velocities of MDB fish screens should not exceed 0.1 m/sec
(precautionary, requires some further testing).
 Screening construction materials are not as important as approach
velocities.
 Guidelines for fish screens on water extraction structures need to be
developed for the MDB.
 Setting up of a fish screening working group to advise on water extraction
fish screening guidelines.
Outcomes/Uptake/Transferability
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The outcomes and recommendations of this study are widely transferrable to any
water extraction structure in the MDB, and likely elsewhere in Australia (although
the applicability to non‐MDB fish species would require investigation). Currently
there has been no uptake or adoption of these design criteria, despite the wide
transferability and potential to protect native fish. This may largely be explained by
the relatively recent completion of this project. For the results of this research to be
implemented a set of guidelines regarding fish screening criteria needs to be agreed
upon (based on good science) first and then the guidelines need to be
implemented. The project highlighted two main tools by which adoption can be
assisted: legislation (or regulation) and incentives. The review found that although
there were examples around the world where fish screening legislation had been
implemented, it was largely restricted to cases where threatened species were
concerned. The review concluded that the most appropriate tool by which to
increase adoption of fish screening criteria in the MDB would be through providing
incentive to structure owners and operators. Several Journal articles have been
published from this project.

DEMONSTRATION REACH MONITORING
Description of issue
Demonstration reaches present a unique opportunity to design multi‐intervention
experiments that allow the exploration of the complex nature of human impact on
ecological systems. However, Demonstration Reaches all vary in scope, size,
duration and governance, and although the NFS dictated that an adequate
monitoring program was an essential component of each and every Demonstration
Reach, it became apparent quite early that the monitoring of each reach was not
only variable in terms of timeframe, scientific rigour etc. but that the results would
have limited transferability. A sound monitoring program should be accessible,
adaptable, transparent, interdisciplinary, quantitative, scientifically defensible,
accountable and realistic. Standardised reporting needs to occur so that project
design flaws can be detected and the science of river rehabilitation can be
progressed under an adaptive management framework.
The risk of placing a limited value on the need for ecologically representative
monitoring may lead to a reduction in the scientific credibility of aquatic
rehabilitation. It may also result in losing public support for both rehabilitation
projects and the important role that programs such as the NFS have to play in
facilitating the recovery of native fish populations in the MDB. Although, over time,
it is logical to assume that increased knowledge about the ecological responses to
rehabilitation will lead to a reduction in the level of investment in monitoring in
some areas, continued research is needed in the meantime to refine monitoring
programs and develop indicators that are meaningful, affordable and repeatable.
What was done
A Demonstration Reach monitoring framework, including the key criteria for
ecologically effective monitoring, has been developed by a team of scientists from
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across the Basin, providing a cost‐effective method that allows managers and
researchers to evaluate ecological response to Demonstration Reach activities (Boys
et al. 2008). As a framework, rather than a monitoring program, the report outlines
a process that can be followed to enable an effective monitoring program to be
developed and implemented. The criteria should be seen as best‐practice or a set of
minimum standards which should be promoted with the goal of implementing
effective, affordable and logistically achievable rehabilitation. The framework is
underpinned by an emphasis on conceptual models and rigorous experimental
design. It also includes the need for evaluation within a framework of adaptive
rehabilitation; resources to be focussed on a smaller number of robust evaluations;
and for funding needs to be contingent on a minimum standard of evaluation being
upheld.
In all Demonstration Reaches there is only one legitimate intervention or treatment
location (ie the Demonstration Reach!). Therefore, results from a single treatment
location will always be reach specific and generalisation to other rivers may be
limited. The results are still highly informative to rehabilitation science, however,
and can be viewed in the context of findings from other Demonstration Reaches,
using a multiple‐levels‐of‐evidence approach to make generalisations regarding
rehabilitation in the MDB and progress towards ecological targets outlined in the
NFS.
What were the outcomes
The framework has already been adapted to a number of large scale river
rehabilitation projects, both within and outside the Basin. Monitoring at the Namoi
Aquatic Habitat initiative Demonstration Reach is currently undergoing review to
align with the monitoring framework. Habitat mapping and the collation of baseline
data have been completed at existing project sites and will continue at potential
project sites. Also, monitoring at Upper Castlereagh demonstration sites have
included assessment of the condition of aquatic habitat over 35 kilometres of
waterway and fish sampling has occurred at five sites.
The challenge now is to ensure that these standards can be implemented. This will
entail (i) ensuring that those involved in rehabilitation embrace the need for
evaluation within a framework of adaptive rehabilitation, (ii) promoting a greater
level of coordination so that resources can potentially be focussed on a smaller
number of robust evaluations rather than many smaller‐scale experiments that
promote little learning, and (iii) agencies that sponsor river rehabilitation (e.g. CMAs
and governments) assuming a greater level of responsibility over what
rehabilitation projects get funded, by ensuring a minimum standard of evaluation is
maintained.
Feedback from the Survey indicates that uptake of the framework will be
significantly increased if it is disseminated more widely. It is expected that the
framework will be adapted to different scenarios, tested and refined over the
coming years.
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MONITORING OF FISHWAYS
Description of issue
In order to quantify both the long‐term and short‐term outcomes of the fishway
program on the River Murray fish populations, the NFS Fish Passage Taskforce
(FPTF) identified four key questions:
Long‐term:
1. To what extent has the “Sea to Hume Dam” fishway construction program
contributed to positive changes in the abundance and diversity of native fish
in the River Murray?
Short‐term:
2. Is the fishway allowing passage of the full range of fish size classes and
species specified?
3. Is the fishway reducing accumulations of fish downstream of the barrier?,
and
4. What lessons can be learned about optimising the location, design and
operation of the fishways (Barrett 2008)?
With these criteria established to deliver highly effective migratory fish passage
from the sea to Hume Dam, a monitoring and assessment program was considered
essential to guiding improvements, and to assessing and reporting the outcomes. In
order to achieve a ‘whole of river’ approach to the program, the monitoring
resources from the three jurisdictions States (NSW, Victoria and South Australia)
were combined as a tri‐State monitoring team (input from Queensland was also
obtained) (Ivor Stuart, pers. comm.).
What was done
As fishway construction was to commence at Locks 7 to 10, an assessment of fish
populations and aggregations was made at Locks 1 to 3 in 2001/02, the aim being to
pilot a pre‐construction monitoring model. The model proved effective and base‐
line monitoring has continued there, to help answer the long‐term question (1,
above).
Prior to the Sea to Hume Program, fishway monitoring techniques and technologies
varied between every jurisdiction in the MDB. In agreeing to a long‐term
commitment to assessing both the short (performance) and long‐term
(intervention) effectiveness of the fishways, which was significant in terms of both
duration and cost, a condition imposed by the MDBC was that States should devise
and implement a single set of protocols for monitoring, as with the Sustainable
Rivers Audit. A further advantage of this requirement, when taken up by the States,
was the degree of on‐ground cooperation and capacity building generated, with
field sampling consisting of interstate teams of scientists and technical officers
(Brenton Zampatti, pers. comm.). This group was referred to as the ‘tri‐State team’.
To respond to the short‐term questions (2, 3, 4 above), the tri‐State team sampled
and measured fish populations at each weir before and after each fishway was
constructed. Further samplings post‐construction have enabled a better assessment
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of changes to fish accumulations. Electrofishing, radio tracking and sonar and
trapping have all been used by the tri‐State monitoring team to investigate the
effectiveness of the individual fishways. It should be noted, however, that only one
set of monitoring cages (which are purpose built to fit at either the top or the
bottom of the fishway, and so can be used to compare the number of fish trying to
ascend the fishway versus the number that are successful) were built. Therefore,
weir staff will not all be able to monitor fish passage over the long term, as
currently there are insufficient cages (Lee Baumgartner, pers. comm.).
An early recommendation from the tri‐State team, that PIT (passive integrated
transponder) tag reader loops be installed in each new fishway, was implemented.
Correspondingly, each fish sampling has provided the opportunity for the tri‐State
team to insert the small tags into selected fish (Baumgartner et al. 2010). Over
35,000 fish in the River Murray are now tagged, providing a simple and powerful
tool for their ongoing tracking. The team also equipped and trained selected weir
staff, enabling them to insert PIT tags as sampling opportunities within their
fishways arise (Darryl Jones, pers. comm.). River Murray Water as the authority
which oversees the construction, operation and maintenance of the weirs now
needs to revise the position descriptions of weir staff and provide an ongoing
annual budget to ensure long‐terms goals of the fishway monitoring program are
met. Ongoing training in fish biology and animal care and ethics requirements are
also needed and must be managed as part of a longer‐term program.
With the completion of each fishway, its operation has been assessed on‐site by the
monitoring team with the designer. Detailed hydraulic measurements (headloss,
velocity, flow distribution, etc.) have proved particularly valuable in fine‐tuning the
fishway’s performance, and providing information to improve subsequent designs.
A potential benefit of this on‐site fishway assessment has come from manipulating
the turbulence and velocities in the pools and slots of the vertical slot fishways. This
has suggested some innovative cost saving improvements to the performance of
other fishways in Australia.
The vertical‐slot fishways presently being installed at the Lock/weirs on the Murray
River are world class in functionality but costly, and their broadscale application
throughout the rest of the MDB is unlikely to be practical. In 2004 the FPTF utilised
the Australian Centre for Value Management to explore opportunities to reduce
costs of fishway design and construction. This consultation ensured that
functionality and other benefits were preserved whilst several cost‐saving fishway
configurations were identified.
A major factor in the cost is the slope of the fishway channel, which determines the
total length of the fishway. Hence, an experiment was conducted at the Weir and
Lock/weir 8 fishway in 2005 to compare the performance of variations in the
vertical‐slot baffle at higher slopes (Mallen‐Cooper et al. 2008). The experiments
yielded major findings that are likely to lead to reduced cost and improved
performance of fishways. One finding was that separating the function of passing
small fish and large fish has significant potential to reduce the capital cost, and
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improve the function, of fishways at a range of sites. The Sea to Hume fishway
program has been recognised as one of the top 25 Australasian projects listed by
the Global Restoration Network:
[http://www.globalrestorationnetwork.org/countries/australianew‐zealand/] and is
used as a case study of adaptive management in the new textbook on Australian
fish ecology and management (Lintermans 2013).
What were the outcomes
A considerable emphasis was placed from the outset on adequate monitoring of the
performance of the new fishways, both individually and as a whole. The intensive
field schedule produced robust results that clearly demonstrate that the new
fishways are setting a worldwide standard for ecosystem restoration. While many
overseas fishways are designed to pass only a few large‐bodied economically
important fish species, the Murray River fishways are unique in their design intent
of restoring passage for the majority of the migratory fish community.
The tri‐State team has been an effective and productive collaboration, with
continued support and interaction with lock staff. Its extension activities not only
included informing lock staff and the FPTF, but also:
 Organising and convening 6 technical training sessions aimed at helping lock
staff gain fish biology experience (between 2009‐2011).
 Presenting at every NFS Forum that has been held.
 Presenting at international conferences and also national conferences such
as Australian Society for Fish Biology (ASFB) and Australian Society for
Limnology (ASL).
 Providing detailed data summaries to the FPTF.
 Production of 19 formal technical reports and scientific journal articles.
 Numerous media releases to inform stakeholders about the success of the
program.
 A detailed data analysis halfway through the program.
 Purchasing innovative monitoring gear and assessing for potential rollout to
weir staff.
The attempted upstream movement of small‐bodied species such as Carp gudgeons
was not known before the ‘Sea to Hume’ program, highlighting the need to identify
the migratory community prior to fishway construction (Stuart et al. 2008). The
subsequent passage of Carp gudgeons through modified fishways will assist in
restoring the ecological processes of dispersal and recolonisation for this group.
At the Barrages, fishway types identified as being suitable to facilitate small‐bodied
fish passage include small fish locks, low‐head vertical‐slot and rock‐ramp fishways.
To be effective and efficient at facilitating the passage of small‐bodied fish over a
long migration season (potentially August to March) these fishways will need to
operate over a broad range of flow and headloss conditions. Securing
environmental water allocations and delivering these in a manner that resembles
natural seasonal cycles will potentially deliver the greatest ecological benefit. Also,
observed changes in diel abundance patterns of fish assemblages in the lower
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Murray River have important implications for future fish passage studies ‐ both day
and night samples are required to adequately describe the migratory community
(Baumgartner et al. 2008).
Remote PIT tag reader systems (discussed in another part of this report), which
have been installed at most of the new fishways, continually monitor for any of the
35,000+ fish PIT tagged in the Murray River (Baumgartner et al. 2010). Upon
completion of the program a tagged fish can be tracked up and down the river for
its whole lifetime, providing important ecological data and also offering community
stakeholders the opportunity to be involved in the program.
Restoring fish migration in over 2200 km of river is likely to have flow‐on benefits.
These will not only maximise the potential success of other management practices
such as habitat restoration and threatened species protection for the rehabilitation
of native fish populations in the Basin, but also provide proven models for other
systems, both in Australia and overseas.
Some NFS projects did not end up having the level of transferability that was initially
envisaged, and the Murray‐Darling Freshwater Fish Information System was one of
these.

NATIVE FISH INFORMATION SYSTEM
Description of issue
There are numerous spatial datasets of relevance to native fish currently scattered
across multiple agencies and jurisdictions in the MDB. These datasets are often not
readily available, and cannot be interrogated simultaneously (i.e. as ‘layers’ within a
single query). Spatial models integrated into information systems offer an analytical
environment that can sensibly combine a range of historical and current knowledge,
providing a useful tool for prioritisation and strategic planning. A spatial information
system containing both fish data and biophysical data related to fish ecology would
enable much needed synthesis of native fish distribution, abundance and ecological
attributes across the MDB. Such an information system would enable the
identification of areas of high conservation value, provide river managers with
ready access to past research in their region, and the ability to select areas for
rehabilitation activities. A spatially explicit information system would also provide a
centralised repository for the diversity of fish information being collected across the
MDB, both by MDBC/MDBA programs (NFS, Sustainable Rivers Audit, The Living
Murray) and jurisdictional agencies. To this end, the development of a spatial fish
information system (Murray‐Darling Freshwater Fish Information System – MDFFIS)
was initiated under the NFS.
What was done
The development of the MDFFIS commenced in 2007 and involved three separate
but related projects, concluding in 2009. It was envisaged that the development of
the MDFFIS be conducted in 3 phases, with the first two projects comprising stage
1, and the third project being the start of Phase 2 (the main development stage
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where the system is constructed and the data/meta‐data collection regime put in
place) and Phase 3 being ongoing and involving the continued maintenance of the
MDFFIS and further development of any new feature required over time (Sharley et
al. 2009).
The first of the projects was a scoping report that critically reviewed and prioritised
the potential data layers relevant to fish in the MDB; evaluated the relative merits
of a rigorous quantitative approach versus a more qualitative expert rule approach;
refined a conceptual model to underpin and guide the management model;
outlined the chronology of steps required to produce a functioning spatial data
model; and identified the range of management outputs that the model is likely to
provide (Cant et al. 2007). The second phase identified the essential elements of the
MDFFIS, decided on the best structure for it, and outlined a clear path for further
development (Kitchingman and Cant 2008). The final project was the development
of a ‘seed’ database of meta‐data. The seed database was to act as a pilot to test
the process of data collection, while also providing meta‐data to begin populating
the MDFFIS (Sharley et al. 2009).
Problems
The development and completion of the MDFFIS was probably the most ambitious
undertaking solely funded by the NFS with development from project
commencement to finish of Phase 2 projected to take around 7 years (2007 – 2013,
with stage 3 to be ongoing (Figure 23) (Sharley et al. 2009). Budgetary processes
within the MDBC did not allow guaranteed funding over more than 3 year periods,
and so the project was attempted in a series of smaller components. When
commenced, the overall cost to develop the MDFFIS was unknown, but at the
completion of each component, the scope of funding required became clearer. At
the end of project 1 (MD740) it was estimated that collation of existing data,
depending on the extent of the collation exercise, would cost approximately
$300,000 to set up over one or two years and $120,000 per year to maintain.
Additional costs for data analysis and synthesis was estimated at $50,000‐$200,000
per output, with 12 outputs notionally identified (Cant et al. 2007). Following
project 2 (MD1108) it was proposed that it would cost a maximum of $600,000 over
1 year to build a Data‐warehouse and Spatial Data Management System and Online
accessibility (Kitchingman and Cant 2008), and following project 3 (MD1282) it was
proposed that an additional $195,000 was required to continue to collect metadata,
identify a suitable location for the data repository, build a web‐based working
prototype user‐interface for data discovery, and demonstrate how products from a
fully‐fledged MDFFIS will support decision making (Sharley et al. 2009).
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Figure 23. Road map for development of the MDBNFIS (from Sharley et al. 2009).
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A number of key challenges had been identified throughout the 3 projects,
including:
•
Access to data across jurisdictions and institutions.
•
Availability of expert modellers.
•
Making the models accessible to model‐users so they can be understood and
used appropriately.
•
Immediate management needs versus building long‐term capacity in the
model.
•
Data quality control – being able to quantify the accuracy of data (locational,
attribute, resolution, etc).
•
Uneven availability of fish sampling data across regions.
•
Identifying the most useful set of environmental variables, and constructing
these.
•
Cost.
Phase 2 of the project was never completed, partly because of the need to re‐
examine priorities for the NFS as part of its 5 year review (Cottingham et al. 2009),
reduced budgetary resources after the MDBC became the MDBA (and part of the
Commonwealth Government), partly because of the increasing realisation of the
quantum of funding required, and then finally with the demise of the NFS
announced in July 2012.
Outcomes/Uptake/Transferability
The failure of the MDFFIS to be completed highlights a number of issues associated
with large (cost and timeframe) projects, resourced from a single area with a
relatively small budget (the NFS), with identified higher‐level governance issues (see
Governance case studies), in a time of structural reorganisation (MDBC to MDBA) of
the ‘driving’ organisation.
As the system was never completed, it effectively has no transferability or uptake,
despite being a much needed and potentially very valuable piece of work that
received substantial investment.

PIT DATABASE
Description of issue
Passive Integrated Transponders (PIT) are small electronic tags used to identify and
track the movements of individual fish (and other organisms). PIT tags use Radio‐
Frequency Identification (RFID) technology to communicate via radio‐waves and a
reader. Since the 1990’s, PIT tagging has become widely used in the Murray‐Darling
Basin for a variety of purposes (fish passage, fish ID, fish movement etc.), with an
estimated 35,000+ fish implanted with PIT tags (Baumgartner et al. 2010). PIT tag
systems generate a significant amount of data, and in conjunction with the many
thousands of PIT tagged fish within the MDB, can produce millions of records that
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become too complex to manage without an effective way to summarise / interpret
the data. Because of this, the need for a centralised database was identified.
The objectives of the PIT tag database project were to:
1. Establish a centralised data warehouse for management of fish tag data for
all tags (electronic and passive) in the Basin.
2. Allow rapid processing of automated PIT‐tag reader data.
3. Allow streamlined reconciliation and processing of recapture information
from public and private sources.
4. Allow scope for future analysis and initiatives.
5. Safeguard the considerable investment in tagging and maximise information
yield.
6. Provide fish passage data for improved understanding of fish movement and
innovative concepts for fishway design.
7. Document requirements for ongoing maintenance and management of the
database.
8. Integrate and collate tag returns reported by anglers and community groups.

What was done
The database delivered on objectives 1‐7. It was later realised that the eighth
objective would require significant funding to achieve, though the database has
however, the capacity to integrate the anglers tag returns database (currently
access database).
A preliminary assessment conducted by the Murray River Fishway Assessment Team
(tri‐State team) found that it is a functioning database (requiring some robust
queries) with the capacity to assess fishway functionality, in addition to improving
the management of fish species within the MDB. Examples of the types of
information that can be generated were provided by the tri‐State team, however
detailed interpretation was restricted because of a number of rectifiable issues
within the database. It was also suggested that significant funding was required to
improve user friendliness and to upgrade the field PIT reader hardware installed.
What were the outcomes
PIT tag data and the large‐scale monitoring system can provide multi‐scale data
relating to native fish including:
 Rehabilitation of fish communities (by providing data on upstream and
downstream migrations).
 Return to large‐scale cyclic migrations (through distance‐based queries).
 Management of environmental flows (by plotting time‐scale data against
flow and other water quality variables).
 Improved management of introduced species.
 Assessment of fishway performances.
 Providing real time feedback in to river operations in relation to flows and
fish movements.
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In order to maximise the effectiveness of the database, the NFS suggested that the
use of PIT tags be a requirement in contracts for all fish‐related field experiments,
including SRA sampling (Jim Barrett, pers. comm.). It is unclear to what extent this
has been adopted by MDBA and jurisdictional fisheries agencies. The database has
been used by the tri‐State team for assessing fish passage and fishway efficiency. It
is useful for overall management of PIT data and for some queries; with further
expansion of the querying capacity, the database will be an important resource for
managers, scientists, universities and anglers. The software that underpins the
database is owned by private source, which has led to a number of issues that have
stalled further progress. The possibility of continuing to develop the current
database, or tendering out a new database, was to be explored further by MDBA,
however this has not been done because of the cessation of the NFS program.
Imperative to the success of the database is to have a PIT reader system collecting
reliable data in the field. The Pacific States Marine Fisheries Commission, in the
USA, should be used as a model of how to establish an effective and reliable PIT
reader/database system, where over 99% of PIT tagged fish passing a PIT tag reader
are registered on the non‐proprietary PTAGIS database. The Pacific States Marine
Fisheries Commission has a dedicated team working to ensure that the data
collected is accurate. The team includes staff to oversee the installation, and
maintenance of new PIT reader equipment, and are able to respond to emerging
issues within 24 hours.

INCORPORATION OF NFS APPROACH AND OUTCOMES INTO LARGE‐SCALE
PROGRAMS
Description of issue
Singular advancements in ecological knowledge, techniques and methodologies for
enhancing the conservation of native fish species and populations are described
elsewhere in this report.
Demonstration reaches show by example the need for river rehabilitation to
address the full range of issues and to demonstrate the benefits that can be
achieved by integrated, large‐scale programs. The successful rehabilitation of a
reach will enhance community awareness and support, provide compelling models,
focus the attention of funding agencies and boost scientific knowledge of rivers and
fish. So, the principle behind Demonstration Reaches is a coordinated attempt to
address concurrently the major environmental and fish problems of an individual
reach (Barrett and Ansell 2003). They are also seen as a crucial step to refining
guidelines for the restoration of rivers elsewhere in the Basin. Current rehabilitation
projects are spread thinly across the Basin, diluting the effectiveness of limited
resources.

What was done
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Without proper assessment of the outcomes of Demonstration Reaches and other
large scale programs, there is a risk of reducing the scientific credibility of aquatic
rehabilitation as well as public support for rehabilitation projects. Under funding
from the NFS, a Demonstration Reach monitoring framework has been developed
to provide a scientifically‐robust and cost‐effective framework to guide the
monitoring and evaluation of ecological response to river rehabilitation carried out
within a Demonstration Reach (Boys et al. 2008). The framework can be used for
defining the ecological scope of a reach and understanding what sort of ecological
responses can be meaningfully monitored with respect to the chosen interventions;
it can easily be transferred or adapted to different scenarios.
Aspects of the following ‘large rehabilitation programs’ have been enhanced by
incorporating NFS findings, technologies or methodologies:
 The Mekong fishways project has incorporated various outputs from the Sea
to Hume program, including monitoring protocols, setting of objectives and
criteria, laboratory and in situ experimentation, and governance (including
input of local community) (Baumgartner et al. 2012).*
 Victorian fishways have been modelled on the Sea to Hume ‘model’ (Matt
Jones, pers. comm). *
 NSW Coastal fishways (eg on the Nymboida and Richmond Rivers) have been
modelled on the Sea to Hume ‘model’, which has also influenced the
Nepean River fishway program (11 fishways), and was (and still is) used for
the State Water fishway program in NSW (Matt Gordos, pers. comm.).
 The Northern Basin fishways program has adopted findings of the Sea to
Hume program, including innovative fishway designs that are more cost‐
effective and more water efficient, with the same or increased functionality
(Nichols et al. 2012). *
 The Victorian coastal fish guide has adopted many components of the NFS,
including the holistic approach to rehabilitation, focus on the whole fish
community, expert panel approach, community participation, and habitat
rehabilitation sites. (Drew 2008) *
 The Namoi and Upper Castlereagh aquatic habitat initiatives have
incorporated the Demonstration Reach framework (NSW DPI 2006).
 ‘The Living Murray’ program has adopted various outputs from the Sea to
Hume program (including the design and construction of other fishways, e.g.
Stevens weir and Edward River Offtake, etc. (John Prentice, pers. comm.)),
resnagging around Corowa, environmental flows at Barmah‐Millewa Forest
and Carp separation technology (various MDBC and MDBA Annual Reports).
*See separate section

What were the outcomes
The Demonstration Reach framework has been adapted to a number of large‐scale
river rehabilitation projects, both within and outside the Basin. As mentioned
above, monitoring at the Namoi aquatic habitat initiative Demonstration Reach was
reviewed to align with the monitoring framework. Also, monitoring at Upper
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Castlereagh demonstration sites have included assessment of the condition of
aquatic habitat over 35 kilometres of waterway and fish sampling has occurred at
five sites.
Other than Demonstration Reaches, there are few multi‐intervention rehabilitation
programs for freshwater conservation, either in Australia or overseas, that have
been established in the same period of the NFS. However, a number of significant
initiatives have either been established or planned (such as A guide to the
management of native fish: Victorian coastal rivers, estuaries and wetlands (Drew
2008) and Upper Hunter Rehabilitation Reach), and there are certainly innovative
components that have been drawn from the NFS to augment the effectiveness of
these and other projects, as mentioned above.
Feedback from the Survey included:


‘Knowledge from NFS has been used in conjunction with our Large Scale
River Restoration Programs’.



‘Learnings from the NFS have been widely used … with most of the
information and activities transferable to coastal systems and other non‐
MDB inland systems.’



‘The [European Union] has some great water and fish passage initiatives but
nothing as comprehensive as the NFS.’



‘The Demonstration Reach concept is being proposed for use in a national
proposal seeking funds under the current round of Caring for Country,
submitted by the recreational fishing sector.’



‘Science and knowledge from the NFS underpin initiatives being undertaken
by most government agencies and community groups under aquatic funding
programs such as Caring for our Country, Biodiversity Fund, Habitat Action
Grants (NSW), NSW Environmental Trust etc.’



‘The concept of Demonstration Reaches has been used to develop similar
on‐ground community based projects, without the rigorous monitoring and
evaluation component (referred to as Rehabilitation Reaches), across the
state including in the Upper Peel River, the Castlereagh River and Macquarie
River.’

DEVELOPMENT OF SIMILAR HOLISTIC FISH MANAGEMENT APPROACHES OUTSIDE
THE MDB – VICTORIAN COASTAL STREAMS
Background
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Originally referred to as the Victorian Coastal Fish Strategy, ‘A guide to the
management of native fish: Victorian coastal rivers and wetlands’ was published by
the Department of Sustainability and Environment (DSE) in December 2008. The
coastal catchments of Victoria support 27 species of native freshwater fish, 40 large
native freshwater decapods, 7 freshwater bivalve molluscs and more than 150
estuarine fish. Although many of these species are undergoing population declines,
the exact causes are not well understood, however, the decreasing health of
aquatic ecosystems in coastal catchments is likely to be a significant factor (Drew
2008).
Approach
The project comes under the umbrella of Victoria’s River Health Strategy and has
two main components. The first is a multiregional ‘Guide to the Management of
Native fish’, which contains valuable information about the species, the ecological
processes essential for their health, and the policy and legislative framework for
their conservation and sustainable use. The second component is the Fish
Assessment Support Tool (FAST), a web based decision support tool that helps
managers to identify activities that will help protect populations of native fish
species, by (1) assisting in planning on‐ground works that minimise detrimental
impacts on native fish, and (2) assisting in prioritising on‐ground works that that are
aimed specifically at protecting and enhancing native fish populations. The
information used in this assets‐based approach to investment can assist managers
in undertaking works in coastal waterways without requiring specialist biological
advice.
The large number of species included in the project (over 200) required some form
of prioritisation, and so a Scientific Advisory Panel (comprising freshwater and
estuarine fish experts) was consulted in order to form a prioritisation process. As
well, the broad scope of the project necessitated a range of guiding principles for
managing the species concerned, including the need for both a precautionary
approach, and a holistic approach for rehabilitation; protecting existing natural
assets, and protecting the most valuable areas and those in good condition;
expanding and linking good reaches; and removing threats (Drew 2008).
A number of threatening processes were identified under current legislation,
including the Victorian FFG Act and the EPBC Act. A prioritisation of threats was
required in order to hone in on key areas of native fish management.
Enhanced community and stakeholder engagement involved the promotion of
integrated management of aquatic habitats (including the establishment of habitat
rehabilitation sites that involve relevant stakeholders and a range of management
activities that have positive environmental outcomes for native fish) and increased
awareness (such as improving interagency and stakeholder inclusion in fish
management decisions, improving the availability of relevant information, and
highlighting areas of synergy between conservation and angling).
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A number of components and principles of the guide are similar to those of the NFS,
for example the holistic approach to rehabilitation; focus on fish communities
rather than individual species; expert panel approach; community involvement and
participation; and identification of threats. Also, habitat rehabilitation sites are
based on the Demonstration Reach initiative developed by the NFS (Barrett 2004);
CMA’s involved in the workshops undertaken to refine the guide enthusiastically
embraced the concept (John Koehn pers. comm.).
Outcomes/Uptake
The guide provides a synopsis of the best approach to monitoring fish as part of
various river management programs, to assist NRM agencies in developing well
designed monitoring programs. If the guide is implemented, then native fish will be
considered in future development activities, and there will be a more holistic
approach to river, estuarine and wetland health in coastal Victoria. The FAST system
will support the guide by providing specific management recommendation and
actions to address threatening processes at a reach scale.

BEST COMBINATION OF OUTCOMES – ‘FISHWAY’ EXAMPLE
Background
The NFS has facilitated the development of a range of successful outcomes for
rehabilitating native fish populations, including biological and ecological knowledge,
methodologies, technologies, engineering applications and ‘landscape‐scale’
initiatives. A handful of examples include Carp Separation Cages (CSC), methods for
marking hatchery‐reared fish, educating hatchery‐bred fish, screening options for
irrigation offtakes, dual fishways, methodology for resnagging rivers, the
identification of Carp hotspots, and the concept of Demonstration Reaches. Given
this wealth of new knowledge, and the seemingly ever‐decreasing supply of funds
for freshwater research and on‐ground works, it seems logical that many of these
findings could lend themselves to being applied as a cost‐effective package to
projects that are large scale or ‘concerted’ in nature. One theoretical example of
such a high level project could be combining dual fishways, CSC, Carp disposal, PIT
readers/database, irrigation screens and resnagging.
In order to explore this notion further it is useful to construct a conceptual model.
According to Boys et al. (2008), conceptual models illustrate knowledge and
assumptions about how ecosystems operate, identify gaps in knowledge, and
enable hypotheses to be generated regarding system behaviour. Conceptual models
are an integral component of adaptive management. Monitoring programs founded
on a solid conceptual model are more likely to identify key indicators needed to
measure ecological response and meaningful hypotheses regarding indicator
behaviour in response to interventions. Whilst it may be relatively simple to
hypothesise about ecological change resulting from a single intervention (e.g.
fishway), once multiple interventions are applied, as in this scenario, the potential
suite of responses may be difficult to predict. Therefore, conceptual models are an
essential first step for ‘seeing the bigger picture’ and ensuring that monitoring
doesn’t narrowly focus on single responses whilst ignoring important interactions.
131

Often, to create a conceptual model, an expert panel comprising people that are
eminent in fields such as river ecology, fish ecology, hydrology and vertebrate pest
ecology would be engaged to consider the benefits of interventions such as carp
control, control of other pest fish, environmental flows, resnagging, abatement of
cold water pollution and fishway construction. While the formation of an expert
panel is beyond the scope of this exercise, it is nevertheless possible to theoretically
explore the relative and cumulative effects of implementing a range of techniques.
Notwithstanding the range of limitations operating under such a scenario, including
spatial and temporal variation, it is still possible to provide insight into the likely key
indicators needed to measure ecological response and meaningful hypotheses
regarding indicator behaviour in response to interventions.
This approach could also borrow from the ‘integrated pest management’
methodology (discussed in the Carp control case study), the principles of restoration
ecology and the Demonstration Reach concept.
What combination of outcomes achieved by the NFS would significantly value‐add
to the status quo?
One such ‘real life’ (and not unlikely) scenario could centre on the use of traps at
one of the new ‘dual’ fishways (which incorporate a vertical slot fishway for larger
species, and a fishlock for smaller individuals). For example, an agency decides to
install cages on a new (or existing fishway) in order to determine the level of Carp
population reduction being achieved and the impacts on native fish populations.
The installation of a Carp Separation Cage (CSC) (see Stuart 2009) at Lock 1 has
provided an effective mechanism for Carp removal since 2007, with over 300 tonnes
being harvested, including 125 tonnes in the 2011/12 season alone (Brenton
Erdmann, pers. comm.). While this is on the surface admirable, and may contribute
to the local removal of alien fish biomass, consider the ‘holistic’ implications of
combining a single intervention with other complementary measures (with an
additional objective being ‘increasing native fish populations in the reach’):
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Cost effective and humane carp disposal facilities (Jackson 2009); such
facilities would address continuous improvement in the effectiveness of
CSC’s at capturing Carp and reducing any impacts on the migration of native
fishes. They would also assist in determining the level of Carp population
reduction being achieved and the impacts on native fish populations.



The installation of a PIT reader at the fishway. The use of PIT tag data can
inform management actions at multiple scales including rehabilitation of fish
communities (by providing data on upstream and downstream migrations);
management of environmental flows (by plotting temporal fish‐movement
data against flow and other water quality variables); and improved
management of introduced species (Hindell et al. 2011). An estimated
40,000+ native fish and Carp have been implanted with PIT tags in the

Murray River, largely as a result of NFS‐funded projects, especially fishway
monitoring (Baumgartner et al. 2010).


Screening irrigation offtakes from the weir pool to protect native species. A
recent study funded by the NFS found that the installation of fish screens
has great potential to significantly reduce fish entrainment at intakes, and
developed best practice recommendations for screen approach velocities to
minimise loss of fish and mortality associated with water extraction intakes
(Boys et al. 2012).



Resnagging both upstream and downstream of the weir, in order to provide
critical habitat for native fish (Nicol et al. 2002). Re‐introduction of snags at
priority areas in the Murray River has shown that large‐bodied native fish
such as Murray cod and Trout cod respond positively to resnagging (Nicol et
al. 2004).



A rigorous monitoring program that is adaptable, transparent,
interdisciplinary, quantitative, scientifically defensible, accountable and
realistic, and is set within a context that is both economically and socially
achievable (Boys et al. 2008).

The incorporation of all of the above interventions and monitoring into a
Demonstration Reach (assuming that area complies with the agreed criteria for
establishing such (see Barrett and Ansell 2003), including being visible and in close
proximity to a significant population that can supply resources and strong
community support). As a coordinated attempt to address concurrently the major
environmental and fish problems of an individual reach, successful rehabilitation
will enhance community awareness and involve its participation.
A depiction of the likely cumulative long term response achieved by applying such a
combination of techniques, which have all emanated from NFS projects (and the
SRA electrofishing protocol) is depicted in (Figure 24).
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Figure 24. Cumulative benefits for native fish in the MDB of multiple actions derived
from NFS funded research.
Discussion
Graphical representation of the model demonstrates two key points: the response
to various kinds of rehabilitation is cumulative, and will take time. It is also clear
that undertaking only a few interventions will produce only modest results, or may
have negative impacts. For example, enhancement of fish passage without a
mechanism to remove alien fish may just allow alien species to expand their
distribution upstream, or provide enhanced access to critical spawning areas
currently with limited availability. In developing the response depicted in Figure 24
it has been assumed that each strategic intervention was in place and taking full
effect immediately ‐ it is not possible to allow for implementation time lags.
The approach described above underlines that is more effective to apply multiple
rather than single interventions, due to the uncertainty over the relative
contributions and interactions of various threats. It also involves focusing limited
resources on a particular reach and thus reduces funding requirements. Finally,
while a lack of public awareness forms a major barrier to effective fish conservation
due largely to the ‘invisibility’ of fish in comparison to terrestrial species (Collares‐
Periera and Cowx 2004), this approach involves the community at all stages of
planning, implementation and evaluation.
Further conservation benefits would presumably be gained from the addition of
both existing methodologies developed under the NFS (e.g. marking hatchery fish,
carp screening on nearby wetlands) and proposed technologies (e.g. Koi
herpesvirus).
Some comments from the Survey included:
 ‘Key science and policy directions that have resulted from the NFS have had
a significant impact on the direction and implementation of a series of
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actions in SA. Principally the information on the research into fish
populations, environmental flows and habitat rehabilitation/Demonstration
Reaches.’
‘Broad rehabilitation and restoration has to be the fundamental key rather
than focusing on particular threats…community and partner ownership is
fundamental.’

CHAPTER 9. CONCLUSIONS
A highlight of the NFS has been the recognition that multiple, rather than single,
interventions to address a number of threats to native fish populations are more
likely to have improved ecological outcomes (Koehn and Lintermans 2012).
Similarly, applying a package of control measures to reduce the impact of alien fish
(being one of these threats), as trialled under the NFS, exemplifies a mature
approach to effective management.
The standard of the approximately 90 outputs emanating from research and
adoption projects, workshop reports, expert panel reports, etc. was generally high.
While the NFS has made significant innovative in‐roads into the serious plight of a
whole community of species, there are some overriding and important
shortcomings. Koehn and Lintermans (2012) have identified a number of these,
including:






There has been limited focus on fish disease issues and management
through the NFS, although recent investigations (Whittington et al. 2011)
have provided some impetus for further action.
Coldwater pollution is a major water quality impact for which the NFS has
been unable to gain significant traction (Phillips 2001), largely as a result of
the high cost of remediation, but also because of prevailing climatic
conditions (10+ year drought) which prevented trials of operating
procedures or infrastructure solutions (Boys et al. 2007).
The lack of on‐ground implementation in the MDB and nationally of a
system of freshwater protected areas;
The capacity of Demonstration Reaches to continue without NFS funding will
be an important issue for progressing integrated approaches to recovery of
fish communities in the Basin.

Another shortcoming identified in this synthesis is the relative inflexibility of
budgeting approaches which discourage long‐term or high cost research (with only
single‐year budgets since the incorporation of MDBC into MDBA). This has meant
that some projects have been artificially emasculated into a series of smaller sub‐
projects, causing unnecessarily delays to the realisation of project outcomes and
hence uptake (e.g. the Murray‐Darling Native Fish Information System). Finally, the
‘deck of cards’ NFS funding model, where one jurisdiction withdrawing funding
support lead to the demise of the entire program, was seriously flawed. Any future
NFS equivalent must have some certainty for long‐term funding, otherwise the
identity and badging of such programs is ultimately misleading.
This review suggests that significant uptake and adoption has occurred from a range
of research projects, as exemplified in the case studies and responses from the
NFAP, coordinators and project leaders in Chapter 4 and reinforced by survey
responses. The scope of investment has also inspired a substantial post‐graduate
research portfolio. But, perhaps inevitably, there were some shortcomings. For
example, the review of freshwater ‘protected areas’ (Phillips and Butcher 2005)
identified both opportunities and impediments to the establishment of such a
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system across the Basin, including within several sectors of society (i.e. political,
institutional, stakeholder, community and scientific). At the end of the day it was
disappointing that ‘river parks’ was still seen by some of these sectors to be some
new, restrictive or regulatory push by government, rather than an initiative to add
cohesion and open up opportunities for more direct community participation.
The inclusion of dedicated NFS Coordinators significantly improved dissemination of
information from the NFS and improved adoption by local and regional bodies. In
any future model for adoption, the provision of equivalents to the coordinators is
considered essential. The identification of a ‘Champion’ for the NFS was often
discussed, but never completed. A high profile, charismatic spokesperson could
have increased focus on NFS issues, activities and outcomes. Such a champion
needs to be a long‐term appointment, so that an identity can be established in the
public mind, and continuity and consistency of message can be maintained
The Sea to Hume program has developed and refined an approach to the
prioritisation and construction of fishways that is increasingly being adopted both
nationally and internationally. The approach of progressing through a series of site
visits, preliminary concepts, preferred concepts, detailed design, construction and
then monitoring truly exemplifies the adaptive management approach so often
trumpeted but so rarely completed. The make‐up of the FPTF, involving multiple
jurisdictions and several disciplines, constitutes a rigorous and successful model.
A common problem in promoting transferability of project outcomes was significant
delays in MDBC/MDBA publication of project final reports. Delays of years were not
uncommon, with ‘logo wars’ a common issue. Continual change in ‘badging’
requirements have meant that some reports have not been (and are unlikely to be)
published, as project staff have moved on, and raw project files are now difficult to
source and update without additional funding.
The continuing need to fill basic ecological knowledge gaps is apparent from the
analysis of recommendations from individual NFS project reports. Whilst sometimes
portrayed as ‘scientists bleating for more funding’, a consistent and constant barrier
for many potential management interventions was the lack of ecological knowledge
for priority species or habitats. For example, the recent identification of numerous
new taxa or evolutionary significant units (ESU) of freshwater fish in Australia and
the MDB (e.g. galaxias (Raadik 2011), smelt (Hammer et al. 2007), pygmy perch
(Unmack et al. 2013) gudgeons (Faulks et al. 2008) also highlights the need to invest
in such basic research into taxonomy and genetic composition of freshwater fish
species. Until we know the diversity and distributions of ESU’s and species,
management is difficult.
In assessing priorities for future actions, the Project Team noted the
recommendation of the NFS 5 Year Review that ‘There is… limited investment in
long‐term studies … on ecosystem and population processes such as energy
dynamics and recruitment patterns. Given limited opportunities for funding long‐
term strategic research from many other funding sources, the MDBA should give
priority to funding such projects.’ The Project Team endorses this recommendation,
and also proposes funding a mixture of short term and long term priority research.
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There is a need for increased evidence‐based science to maximise environmental
benefits.
The survey attracted responses from 33 scientists, 34 managers/policy makers and
74 community organisations and individuals. The survey provided valuable
information for assessing how NFS knowledge was obtained, how it was being used
and what the barriers were to the uptake of NFS research. In general the response
from the three survey groups to the same questions were quite similar, with
differences on questions such as where information was sourced largely explained
by the spheres that each group were trained and operate in (i.e. scientists more
formal communication, managers and community member less formal). There was
a surprisingly positive awareness of the uptake of the NFS research and approach to
other programs, illustrating the importance and the success of the NFS. Overall,
there was resounding support from the survey respondents for the NFS and the
need for an NFS style program to continue into the future, with many respondents
citing the program’s holistic approach as unique and successful.
In terms of governance, the NFS suffered from a lack of autonomy during its ten
year life. While the ‘lateral’ consultation and feedback arrangements (i.e. between
the NFAP and various taskforces, etc.) were a success, with relevant groups working
cohesively and effectively, the ‘vertical’ or hierarchical approach (i.e. NFAP – high
level committees – Ministerial Council) was a significant shortcoming (and
recognised as such in survey responses). These ‘upper levels’ were less engaged in
native fish issues, and had no fish expertise. Improved governance arrangements for
any future long‐term program for native fish should include establishment under a
quasi‐independent, statutory authority, answering directly to a Commonwealth
Minister; overseen by an independent, skills‐based board and administered directly
by a CEO; advised by a small number of expert committees; and with funding
primarily provided by the Commonwealth, with ‘top‐up’ contributions by
jurisdictions and/or industry.
From the survey:
‘By establishing an 'Authority' that oversees catchment scale recovery plans, much
bureaucracy and red tape may be cut or amended so that sensible on‐ground
recovery actions can be implemented.’
‘A coordinated approach to management in the MDB is absolutely essential.
Individual States cannot achieve this to anywhere near the same extent‐ there needs
to be an outside driving and coordinating body. The NFS has been fucked over by
State‐Commonwealth political battles that need to be placed aside so that the MDB
natural resources can be effectively managed‐ the NFS has provide a very effective
model for this.’
‘This program was a great one‐ cross border, working together on a catchment as a
whole rather than piecemeal within each state.’
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‘The NFS, and previous NRMS programs of MDBA and MDBC, has been a significant
force in promoting consistency among jurisdictions in management approaches to
native fish and their habitats.’
‘By establishing an 'Authority' that oversees catchment scale recovery plans, much
bureaucracy and red tape may be cut or amended so that sensible on‐ground
recovery actions can be implemented.’
‘To be successful the NFS needed a strong champion ‐ it was originally the brain child
of the MDBC and once this organisation morphed into the MDBA the strong
leadership role was lost.’
The Commonwealth Government is incapable, by itself, of effecting on‐ground,
practical solutions to natural resource management problems, including the
rehabilitation of native fish populations, alien species management, and threatened
species management. While this is not to denigrate any particular agency or
program, and is likely an unfortunate consequence of Australia’s constitutional
arrangements, together with shifts in emphasis within Commonwealth departments
(from knowledgeable purchasers to program administration), it nevertheless
presents a major stumbling block to integrated, long‐term solutions to the dilemma
faced by whole taxa of species, including the freshwater fish of the MDB.
Community engagement was judged by most observers to be a highlight of the NFS.
Interaction with all levels of the community, including key sectors such as
recreational fishing, commercial fishing, irrigation and Indigenous, has been highly
successful. Mechanisms for consultation and engagement have included the CST,
other taskforces, the NFS Coordinators, Awareness weeks, NFS Forums and
Workshops, participating in local community events, and through the publication
and dissemination of a raft of information materials.
In relation to the CST, while most sectors were content with a single representative,
the recreational fishing sector, which already had a disproportionately high number
of members on the Taskforce, constantly agitated for greater representation, both
on a Basin‐wide and jurisdictional basis. This probably reflects the lack of support
for a national or regional recreational fishing peak body (e.g. the previous Recfish
Australia), along with existing jurisdictional difficulties in identifying and securing
acceptance ‘state’ peak bodies. This lack of cohesion or focus between individual
and jurisdictional recreational fishing groups (many of whom have conflicting
agendas) is a serious issue for future fish conservation and management programs.
It is dangerous to make definitive conclusions about the progress of a 50 year
strategy that that was prematurely terminated after 10 years. The NFS was
developed to address threatening processes that have been operating for up to 150
years. Starting at the onset of the millennium drought, the Strategy aimed to deal
with a whole community of species, some of which are long‐lived, and involving
complex ecosystem interactions. The reality is that a 10 year timeframe is
inadequate to allow or to assess significant uptake, adoption and transferability for
a strategy to recover freshwater fish that appears to be unique in its vision and
breadth of coverage, and has not been mimicked elsewhere, either nationally or
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internationally (although the Victorian coastal streams management project and
Lake Eyre Management Plan both adopt the NFS approach). However, there are
unquestionably some ‘jewels in the crown’ in the NFS research portfolio that can be
assessed (such as monitoring protocols both for fishways and Demonstration
Reaches, marking hatchery fish, Carp separation cages, dual (vertical slot and lock)
fishways, a methodology for resnagging), and these have certainly been adopted
elsewhere already, and will provide the basis for improvements in freshwater fish
management into the future.
The overwhelming need for the continuation of a sophisticated strategy for native
fish in the Basin, as identified in the survey, underlines its relevance to freshwater
conservation programs generally. As Koehn and Lintermans (2012) concluded, ‘This
whole‐of‐fish‐community approach and coordinated direction of recovery actions
could be used in the restoration of fish populations in other large river systems
around the world.’
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APPENDIX A CRITERIA USED FOR 2011‐12 RESEARCH PROJECT
PRIORITISATION
Cost options (total project) = A) Catalytic. Low cost activities that can give strong
outcomes, and are low risk within the 5 yr timeframe; B) Co‐investment. Higher cost
activities that can give strong outcomes, but may involve elements of risk or require
longer timeframes to implement; C) Full‐investment. Activities with strong
outcomes, but may involve substantially larger budget sums, risk or long
timeframes
Timeframe = Estimated number of years for completion of activity
Funding Responsibility = Responsibility for funding the activity, scale 0‐2; A = should
be funded solely by another source; B = potential for collaborative funding; C =
solely MDBA funding [NB: if A or B is selected, pls identify source/s in "Funding
sources" column on right]
Cost = A = < $100K; B = $100‐250K; C = $250‐500K; D = > $500k ‐ 1 million; E = > $1
million
Alternative delivery mechanisms = Would anyone else progress this activity if NFS
didn't progress?
Transferability = Do benefits and new knowledge from the activity apply solely to a
specific region, or are they transferable to multiple regions? 1 = region‐specific; 5 =
basin‐wide transferability
Attractiveness = Attractiveness of activity to jurisdictions, i.e. does it align with
jurisdictional NRM priorities, policies and legislation, scale 0‐5; 0 = not attractive; 5
= highly attractive
Feasibility = Likelihood of activity being completed by 5 year timeframe; using
allocated resources; necessary techniques developed, scale 0‐10; 0 = not feasible;
10 = highly feasible
Importance = how closely does the project align with the NFS Action Plan 2011 ‐ 21,
scale 0‐15; 0 = doesn’t align; 15 = highly aligns
Value for money = Achieving the desired outcome at the best possible price. Weigh
up the benefits of the purchase against the cost of the purchase, scale 0‐5; 0 = very
poor; 5 = excellent
Implementation/management = Can the activity lead to changed management or
on‐ground works? (ie. applied vs esoteric), scale 0‐5; 0 = outcomes not likely to
facilitate change in management; 5 = outcomes highly likely to change management
Communication needs = Will the activity deliver improved technical or general
communication of activity results, scale 0‐5; 0 = no communication material; 5 =
high value community or scientific communications material produced
Public support = The activities will generate substantial general public support,
scale 0‐5; 0 = no support; 5 =strong support
Knowledge generation = Will the activity compliment/progress scientific knowledge
of native fish management or ecology issues, scale 0‐5; 0= activity does not increase
scientific value/knowledge; 5= significant addition to scientific knowledge
Total = Sum total of criteria scores.
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APPENDIX B POSTGRADUATE THESES FROM 2002 TO PRESENT
OF RELEVANCE TO THE NATIVE FISH STRATEGY
Below are the theses that were readily located by the Project Team. It does not purport to
be an exhaustive list.
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population PhD thesis, Faculty of Science and Technology, La Trobe University
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Hughes, V. (2011). Hydraulic habitat in the River Murray: the influence of geomorphology
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Jones, M. (2009). Fish movements and the impacts of regulators in the Barmah‐Millewa
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Misgurnus anguillicaudatus on the faunal communities within the Melbourne and Murray
Darling waterways.
Kilsby, N. (2004): Hydraulics of fish habitats PhD thesis, University of Adelaide.
King, A. (2002) Recruitment ecology of fish in floodplain rivers of the southern Murray‐
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Koehn, J. D. (2006). The ecology and conservation management of Murray cod
Maccullochella peelii peelii. PhD Thesis. University of Melbourne, Melbourne, Victoria.
Kopf, S. (still underway). Assessment of fish habitat and fish populations in an anabranch of
the Murrumbidgee River. PhD Thesis, Charles Sturt University
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Lyon, J. (still underway) Restoration and Recovery of fish populations in semi‐arid
ecosystems. PhD, University of Adelaide
Marasinghe Wadige, C.P.M, (still underway) Molonglo River metal contaminant effects on
fish and bivalve health by linking organism metal exposure, dose and response. PhD,
Institute for Applied Ecology, University of Canberra
McCasker, N. (2010) Of Life and Death in a Lowland River: Investigating Mortality During the
Early Life Stages of Murray‐Darling Fishes. PhD Thesis Charles Sturt University:
McNeil, D. (2004). Ecophysiology and behaviour of Ovens River floodplain fish: hypoxia
tolerance and the role of the physiochemical environment in structuring Australian
billabong fish communities. Ph D thesis, La Trobe University
Moore, A (deferred). Angry when outnumbered: Behavioural aggression by Gambusai
holbrooki against native fishes. PhD thesis, Australian National University
Morrongiello, J. (2011) Life history variation along environmental gradients in a freshwater
fish, the southern pygmy perch Nannoperca australi ' School of Biological Sciences, Monash
University
Mossop, K. (still underway). The impacts of changing environments on fishes: behaviour,
reproduction and persistence. School of Biological Sciences, Monash University
Nicol, S. J. (2005). The recovery of Trout cod through restoration of large wood habitats.
PhD thesis, University of Melbourne, Melbourne.
Pearce, L. (still underway) Southern Pygmy Perch population monitoring, breeding and re‐
introduction. MSc Thesis, Charles Sturt University
Price, A. (2007) Utilisation of still‐water patches by fish and shrimp in a lowland river, with
particular emphasis on early‐life stages. PhD Thesis, University of Canberra
Pritchard, J.C. (2005). Linking fish growth and climate across modern space and through
evolutionary time. Otolith chronologies of the Australian freshwater fish, golden perch
(Macquaria ambigua, Percichthyidae). Ph D thesis, School of Botany and Zoology. Australian
National University, Canberra.
Raadik, T.A. (2011). Systematic revision of the Mountain galaxias Galaxias olidus Günther
1866, species complex (Teleostei: Galaxiidae) in eastern Australia. PhD thesis, Institute for
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Ryan, K. A. (2010). Macquarie perch under pressure: spatial ecology and predation risk upon
an endangered fish species in an upland reservoir. PhD thesis. Institute for Applied Ecology,
University of Canberra, Canberra.
Shirley, M. (2002) Ecology of European perch in billabongs, Ph.D. Thesis, Monash University,
Smith. B. (2001): Ecology of juvenile carp. PhD thesis, University of Adelaide
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Srivastava, S.K. (2005). Predicting Freshwater Fish Distribution in the Murray‐Darling Basin.
PhD thesis, Australian national University
Stoessel, D. (2007). Population biology of roach (Rutilus rutilus L.) in Lake Eildon, Australia.
MSc Thesis, Deakin University, Warrnambool.
Stuart, I.G. (2009). Fishways in Australia: native fish passage and pest species control. PhD
thesis. School of Life and Environmental Sciences, Deakin University.
Syarifuddin (2001) Gudgeon predation and habitat complexity in billabongs, Ph.D. thesis, La
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APPENDIX C – PUBLICATIONS RELATED TO NFS RESEARCH
PROJECTS
Below are the publications that were readily located by the Project Team. It does not
purport to be an exhaustive list.
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In: Managing invasive freshwater fish in New Zealand. Proceedings of a
workshop hosted by Department of Conservation, 10‐12 May 2001, Hamilton.
NZ. Department of Conservation, Hamilton, NZ.
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APPENDIX D – SURVEY RESULTS.
Native Fish Survey: Scientists and Researchers
Question 1: Survey Participant Details – deleted.
Question 2:

Question 3:

Question 4:
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Question 6:
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Question 8:
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Question 9:

Question 10:
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Question 11:

Question 12:
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Question 13:

Question 14:
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Question 15:

Question 16:
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Question 17:

Question 18: Other research priorities – Written response question, responses deleted to
protect privacy of respondents.
Question 19:
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Question 20: Please provide any other comments you have about the Native Fish Strategy
and future priorities for fish management in the Murray‐Darling Basin. – Written
response question, responses deleted to protect privacy of respondents.
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Native Fish Survey: Managers and Policy Makers
Question 1: Survey Participant Details – deleted.
Question 2:

Question 3:

Question 4:
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Question 5:

Question 6:
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Question 7:

Question 8:
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Question 9:

Question 10:
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Question 11:

Question 12:
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Question 13:

Question 14:
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Question 15:

Question 16:
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Question 17:

Question 18: Please provide any other comments you have about the Native Fish Strategy
and future priorities for fish management in the Murray‐Darling Basin– Written response
question, responses deleted to protect privacy of respondents.
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Native Fish Survey: Community and Special Interest Groups
Question 1: Survey Participant Details – deleted.
Question 2:

Question 3:
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Question 5:

Question 6:
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Question 8:
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Question 12:
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Question 13:

Question 14:
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Question 15:

Question 16:
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Question 17:

Question 18:
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Question 19:

Question 20:
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Question 21: Please provide any other comments you have about the Native Fish Strategy
and future priorities for fish management in the Murray‐Darling Basin– Written response
question, responses deleted to protect privacy of respondents.
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