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Foreword 
 
I have the pleasure of presenting the 2007 Native Fish Strategy Forum Proceedings. 
 
The Native Fish Strategy (NFS) for the MDB was approved by the MDB Ministerial Council in May 2003 
and released in May 2004.  The Strategy is built around six driving actions, and promotes an integrated 
approach to rehabilitating native fish populations in the broader context of riverine restoration. 
 
Given the considerable progress made in the implementation of the Strategy in its first four years, it is 
timely to again assemble all of the key players involved in the implementation of the NFS, in order to 
promote cooperation and knowledge transfer in a facilitated environment. 
 
The objectives of the Forum, then, are to: 
 

• achieve a broad understanding of the outcomes/progress of research and adoption projects and 
programs conducted under the banner of the NFS; 

• provide a forum for active engagement between members of the stakeholder groups set up to 
implement the NFS, as noted above; and 

• provide a vehicle for cross-fertilisation of ideas regarding implementation of the NFS, including 
future priorities for research and on-ground management in the light of what has been achieved 
so far. 

 
The NFS doesn’t just preach the mantra of integration with other initiatives and programs, it actively 
pursues it: 
 

• regional NRM bodies and governments in every State are establishing demonstration reaches 
for river rehabilitation and including provisions for fish in their catchment plans; 

• the NFS works in harmony with the SRA to provide a rigorous, long term picture of how fish 
populations are tracking against space and time; 

• the “Sea to Hume Dam” program is undoubtedly the most significant achievement in “The Living 
Murray” Initiative, with 9 fishways already constructed and working; 

• significant infrastructure has been established to oversee the implementation of the Strategy – 
the NFS IWG; Fish Passage Task Force; Community Stakeholder Task Force; Murray Cod 
Task Force; and NFS Coordinators.  A Habitat Management Task Force and Basin Pest Fish 
Plan Task Force are also being established. 

 
To reinforce this, the next Forum, in 2008, will be an MDBC Fish Forum, showcasing all of the fish and 
fish-related projects carried out under the Commission’s banner, including The Living Murray and the 
SRA. 
 
 
Wendy Craik 
Chief Executive 
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Chief Executive’s welcome 
 
Acknowledgement of Country 
 
“On behalf of the Murray-Darling Basin Commission and those participating in the 2007 MDBC Native 
Strategy Forum, I would like to take this opportunity to pay my respects to the Traditional Owners of this 
land we gather on over the next two days. It is important that we also pay our respects to those Elders 
both past and present.” 
 
Opening of Forum 
 
My next task this morning is to welcome you all to the 2nd NFS Forum. 
 
Since the inaugural Forum in June last year, the Strategy continues to make significant in-roads:  
 

• The “Sea to Hume Dam” program is undoubtedly the most significant achievement in “The 
Living Murray” Initiative, with 8 fishways already constructed and working. I am told that the new 
fishway at Lock 1 will be ready to go by early November, and the designs for the fishways at 
Locks 2-6 are well under way. The Program continues to receive both international and national 
acclaim: earlier this month I was pleased to receive, on behalf of the “Sea to Hume” program, 
the Environment award from the SA Women’s Industry Network. 

 
• The continued funding (over $6m) of the Invasive Animals CRC allows a package of projects 

that not only includes the daughterless carp work, but also addresses carp hot spots; a rapid 
response system; fish biocides; pheromone work; and the logistics of whether millions of 
“daughterless” fish could ever be released.  

 
• While on the subject of invasive animals, I am pleased to announce that under the NFS a Basin 

Pest Fish Plan will be prepared over the next 2 years. A new position to coordinate this work in 
the Commission was advertised on the weekend. 

 
• I am also looking forward to the results of projects looking at applying Integrated Pest 

Management principles to the control of carp in a number of locations around the Basin. 
 

• The Strategy embraces the concept of undertaking river rehabilitation by employing multiple 
actions (resnagging, fishways, carp management, etc) simultaneously and involving the 
community at all stages – these initiatives are known as “demonstration reaches”. Through 
“seed” funding provided by the Commission there are now 9 demonstration reaches underway, 
covering all jurisdictions. 

 
• Under the Strategy the concept of a system of river parks for the Basin is being progressed. The 

vision for such an initiative is to achieve “A network of riverine and floodplain sites that work 
collectively to maintain biological, social and cultural values and improve river health across the 
Basin.” The IWG is presently setting up a Taskforce to address this issue. 

 
• The NFS recently established an expert panel to advise on issues relating to the conservation of 

the Basin’s native fish, in the face of the current drought. The Panel’s report has recently been 
completed and I look forward to its findings. The NFS is also commencing a study to look at the 
likely impacts of climate change on fish. 

 
• As a result of the findings of some of the recent projects undertaken through the Strategy, I 

have formally placed several matters on the Commission’s radar at its last meeting: 
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- an approach to assessing the risk of thermal pollution will be provided to Commission in the 
near future; 
- a new project in the NFS will assess methods that minimise the entrainment of fish in irrigation 
channels; 
- the Commission has noted the importance of fish mortality due to undershot weirs, and the 
need to identify structural solutions; 
- it also directed that all jurisdictional partners seek a consistent approach to be adopted across 
the Basin regarding fish exclusion zones around weirs and regulators. 

 
The scale of this Forum and breadth of topics covered by the research highlights the MDBC’s ongoing 
commitment to improving knowledge of our native fish and their habitats, and translating the outcomes 
of this research into improved management.  
 
We talk a lot about integration in the Commission. The next Forum, in 2008, will be an MDBC Fish 
Forum, showcasing all of the fish and fish-related projects carried out under the Commission’s banner, 
including The Living Murray and the SRA. 
 
C. Launch of Book and Annual Report 
 
My final task this morning, and I take great pleasure in this, is to launch two publications: the first is the 
3rd Annual Implementation Report of the Native Fish Strategy, for the 2005/06 year, and the second is 
Mark Lintermans’ book “Fishes of the Murray-Darling Basin: an introductory guide”. Mark’s is the first 
book devoted solely to the Basin’s fish fauna. It provides information on the identification, ecology, and 
distribution of the 57 species known to be present, as well as outlining the threats to native species and 
the impacts of alien species. The book has been painstakingly researched and, I think you’ll agree, 
beautifully produced. 
 
A complimentary copy of each of these publications will be provided to you during the course of the 
Forum. 
 
With that, let me warmly welcome you all to the NFS Forum – the Program outlines an impressive 
collection of projects that deal with all of the Strategy’s “driving actions”, and I wish you all the best for 
the next two days. 
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Alien Fish Species 

Daughterless technology - Genetic approaches to controlling carp in 
the M-D Basin 
 
Ronald E. Thresher 
 
CSIRO Marine and Atmospheric Research and the Invasive Animal CRC 
 
Currently, the options for controlling carp, or any other invasive pest fish in the Murray-Darling system, 
are extremely limited. In small water bodies, biocides (mainly rotenone) can be used to kill carp, along 
with traps or selective draining of billabongs and swamps, both of which take advantage of differences 
in the behaviour of carp and native Australian fishes to target the pest. However, such approaches are 
likely to have only small scale impacts. Control of carp over an area as large as the Murray-Darling 
Basin in the long term will require some form of biological control. Classical biological control, involving 
the release of an exotic predator, parasite or pathogen to control an alien species, has not yet been 
used against any fish species, largely because no suitable agents have been found. Australian 
scientists are currently looking at Koi Herpes Virus as an option for carp, but whether the public will 
support the release of an exotic virus to control carp and whether the virus will have a long-term impact 
is not clear. 
 
Since 1997, CSIRO has been working to develop a novel biotechnological solution for the control of 
carp - "Daughterless Technology".  The technology can be described as: "A genetic construct using 
species-specific genes that is inheritable and that biases off-spring sex ratios towards males". Logically, 
a genetic construct that slowly spreads through a population and causes fish to have only male 
offspring will inevitably lead to massively distorted sex ratios, reproductive failure and extinction. An 
initial assessment by CSIRO found the technology to be physiologically and genetically feasible, and 
with the support of the MDBC, we have been testing the idea using a small, short-lived relative of carp 
(the Japanese rice fish or medaka). The research plan focuses on medaka initially because of their 
short generation times and small sizes, which makes possible detailed development and trialling of the 
technology safely in a biosecure laboratory, before investing in the much larger and longer term effort to 
breed daughterless carp for release. 
 
Modelling carp populations shows the potential power of daughterless technology.  Because of its high 
fecundity, fishing out carp is extremely difficult. Even doubling the rate of natural mortality, which would 
be equivalent to a large scale commercial fishery, only depresses carp numbers, without actually 
driving them to extinction (Figure 1). In contrast, an inherited genetic construct that distorts offspring 
sex ratios towards males – either a daughterless gene that converts genetic females into functional 
males or a gene that selectively kills females prior to sexual maturity – can drive a carp population to 
extinction with 50-100 years at stocking rates that are logistically realistic (Figure 2). 
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Figure 1 Effects of increasing mortality rates on a modelled carp population, given 
moderate levels of density dependence and environmental variability. The populations 
base numbers are shown by the black line, while the lower lines show, respectively, the 
effects of increasing mortality rates by 50, 100 and 200 percent.
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Figure 2. The effects of a 4% annual stocking rate of carp carrying a daughterless or 
female lethal gene construct (copy number 8), under the same conditions as in Figure 1. 

To date, laboratory work has focussed on building and testing the effectiveness of a daughterless gene 
construct. Thus far, results have been promising. A construct that blocks production of a key female 
hormone, oestrogen, has been built and inserted into medaka eggs, and resulted in genetic females 
that are fully functional males. We are now attempting to determine if this gene construct can be made 
inheritable.  This involves introduction of DNA into a very large number of eggs, rearing the eggs, and 
then screening offspring of the reared adults to determine if any are carrying the construct, that is, 
determining whether the construct has been passed on to the next generation. The probability of a 
gene construct integrating (merging into a chromosome and being inherited) into germ line cells is very 
small, typically around 1-2%, so we have had to inject well over a thousand medaka eggs with DNA 
and subsequently rear and screen bred offspring from every individual, in hopes of finding a few 
individuals that have integrated. Thus far, we have analysed about half of the reared fish, and have 
found strong indications of the construct in the offspring of three. Detailed analysis of these fish and 
their progeny, as well as the remaining reared fish, is in progress.  
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Two other efforts are also underway. First, we have completed a daughterless construct targeting carp. 
This construct is designed based on the information obtained from our trials on medaka, and is 
essentially ready to be tested in carp. The principal constraint at this stage is logistical. Unlike medaka, 
for which we can run trials in small aquaria, carp will require large aquaria where fish can be held in 
biologically secure facilities for the several years needed to rear them to sexual maturity. Discussions 
are currently underway between the Invasive Animal CRC, which is managing the project, and State 
agencies about possible facilities. We hope to begin trials on carp within the next year. The second 
initiative that has started is tests of species specificity. In theory, the carp construct should affect only 
carp. Genetic differences between carp and native Australian fishes should prevent the construct from 
having any effect on a native fish, even if it somehow jumped the species barrier. In that regard, it is 
extremely unlikely that the gene would jump, as except under extremely rare conditions such a jump 
requires hybridisation between carp and native species, an unlikely outcome. Nonetheless, because 
this is new technology it is imperative that we demonstrate unambiguously that daughterless carp 
technology will not threaten the viability of native fishes, and experimental trials of the gene in a suite of 
representative native fish, starting with rainbowfish, have begun. 
 
Aside from the technical, genetic issues, one of the main constraints on a genetic approach to 
controlling carp will be the amount of stocking required to spread the gene. Studies in progress under 
the auspices of the Invasive Animal CRC, funded by the MDBC, should allow us to develop optimal 
strategies for stocking out the carriers. Nonetheless, it is likely that stocking rates equivalent to 2-4% of 
natural rates of reproduction will be required to effectively spread the gene and to control carp. In 
principle, the high fecundity of carp and the huge numbers of eggs they can produce make this a 
daunting task. Back-of-the-envelope calculations based on average carp densities in the Murray, 
average female size and fecundity, suggest that if all of the female carp in the river system bred, they 
would produce about 12,000,000,000,000,000 eggs each year. In practice, however, in most years 
most females do not spawn, and of the eggs produced, the vast majority die or are eaten before or 
shortly after they hatch. Average survival rates of eggs and fry are less than 0.0001% per year. Given 
this mortality, the task of rearing sufficient numbers of carp carriers becomes more reasonable, as the 
task is to release carp equal in numbers to 4% of the survivors, rather than 4% of the eggs produced. 
Because survival rates of eggs and fry are much higher in hatcheries than in the wild, we estimate that 
the necessary number of fry could be produced from as few as six females each year, assuming 100% 
survival. Even if survival in a hatchery is only 10%, the numbers of fish to be reared is logistically 
feasible. Moreover, there are considerable opportunities to take advantage of natural systems to 
produce daughterless carriers at low cost. While we tend to think of hatcheries as large artificial 
systems, it is also possible to rear carp in semi-natural systems by, for example, screening off a marsh 
or billabong and then stocking several pairs of carriers into the screened in area (Figure 3). With 
appropriate selection of mesh size, offspring of the carriers, themselves carriers, would be able to 
escape into the river system, while the breeding adult pairs are securely contained. As breeding pairs 
could well live upwards of twenty years, such a system could produce huge numbers of carriers 
annually for long periods at little or no cost. 
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Figure 3 Diagram of a semi-natural system that could be used to produce large numbers 
of daughterless carriers annually, based on screening off a permanent water body and 
stocking it with several pairs of daughterless breeders. 

The current daughterless project ends in mid-2008, by which time we know whether or not the construct 
is being successfully passed between generations. If we achieve that objective, the next stage will see 
the first production of daughterless carp themselves, an assessment of possible shorter-lived species 
that could be used to field test the system under biologically secure conditions (essentially fenced off 
ponds) (options being discussed are Gambusia, tilapia and weather loach), detailed tests of species-
specificity on a range of species, and extensive public consultation on the desirability of trial field 
releases.  
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MDBC Project MD756 Integrated Carp Management @ Banrock 
Station Wetland 
 

Ben Smith1, Leigh Thwaites1, Jason Nicol1, Lorenzo Vilizzi2, Chris Madden3, 
Jason Higham4 and Anthony Conallin5 
  
1SARDI Aquatic Sciences, 2MDFRC, 3Consultant - macroinvertebrates, 4PIRSA Fisheries, 
5University of Adelaide. Correspondence: smith.ben2@saugov.sa.gov.au 
 

Background 
 
Past research towards carp control has focused on ways of killing and harvesting carp, and quantifying 
the impacts of carp on the aquatic environment. Currently, the MDBC (via the Invasive Animals CRC’s 
Freshwater Products and Strategies Program) and many regional CMAs and NRM Boards are 
supporting more tactical research, which aims to collect the key biological information needed to 
formulate a strategic plan. This proposed project aims to satisfy an additional objective of the MDBC, 
which is to demonstrate the benefits of removing carp, particularly from areas where they reach high 
densities (hot-spots). Carp removal will involve the simultaneous application of a range of control 
techniques, applied strategically and as a package, in order to achieve a significant and measurable 
reduction in the damage caused by carp. This approach is novel and is needed because public 
scepticism and criticism of the rationale behind past (and future) investment in carp control activities is 
growing. There is a demand for on-ground, pragmatic action, which delivers clear outcomes.  
 

Aims 
 
In this project, we plan to 1) achieve a significant reduction in the abundance and biomass of carp at a 
‘hot spot’ (Banrock Station wetland), 2) quantify in a scientifically robust way, the ecological benefits of 
carp biomass reduction for native fish, submerged vegetation, macroinvertebrates and water quality, 
and 3) communicate those benefits as widely as possible amongst riverine stakeholders and the 
community. We will also 4) use novel modelling and analytical techniques to quantify the probability of 
carp leading to habitat degradation, thereby delivering an effective means for assessing ultimately the 
validity and extent of implementation of options/measures for control.  
 

Site Selection & Criteria 
 
Banrock Station wetland, as an Integrated Carp Management (ICM) Demonstration Site, was carefully 
chosen to ensure timely and cost-effective delivery of the project outputs and products. It satisfies all 
three selection criteria that were outlined in the project tender: 1) that it is possible to achieve a 
significant reduction in the abundance and biomass of carp at a ‘hot spot’, and that those carp reduction 
activities will result in 2) measurable ecological benefits, and 3) that those ecological benefits can be 
readily communicated as widely as possible amongst riverine stakeholders and the community. 
Specifically, Banrock Station wetland fulfils these requirements as it: 
 
• Is a carp recruitment hot-spot with extreme population densities - 60 Tonnes of carp were 

removed in 1994, and high abundances of mature carp and carp recruits were captured during a 
Baseline survey of fish on 6 November 2006. 

mailto:smith.ben2@saugov.sa.gov.au
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• Shows all the signs of a carp-affected wetland including high turbidity, lack of submerged 
vegetation, and low diversity and abundance of native fishes or other aquatic fauna. 

• Is of a workable size (approx. 100 Ha) and depth (ave., <1 m), thus helping to ensure the 
project is delivered on time and on budget. 

• Has a flexible and responsive hydrology resulting from its already established flow control 
regulators installed at its inlet and outlet, and its location – it bypasses Weir 3 on the Murray 
River, near Barmera. 

• Has existing data on fish communities in the region from past Murray River Wetlands 
Baseline Surveys.  

 
Further, Banrock Station’s Wetland is a RAMSAR wetland of international significance which: 
 
• Receives significant media attention 
• Is central to several key Riverina townships including Waikerie, Barmera, Loxton, Berri and 

Renmark, and is only 2.5 hrs from Adelaide. 
• Has a Wine and Wetland Centre that receives 100,000 + visitors per annum and has 

excellent conference/workshop facilities. 
• Has established boardwalks with interpretive signage within and around the wetland 
• Banrock’s Internet site (www.banrockstation.com.au) has a range of effective 

communication tools including a newsletter, project information and remotely activated wetland 
cameras. Thus, positive results can be quickly communicated through established 
networks. 

 

Site Description 
 
Banrock Station combines wetland conservation/rehabilitation, raising awareness of wetland values and 
functions, and private enterprise (commercial vineyard and tourism operation). Banrock Station is 
already considered a model or ‘Demonstration Site’ for the wise use concept as promoted by the 
Ramsar Convention. In October 2002, the Banrock Station Wetland Complex was designated as a 
Wetland of International Importance.  
 
Banrock Station wetland lies on the Murray River floodplain, opposite the township of Overland Corner 
and 14 km northwest of Barmera in South Australia (Error! Reference source not found.). It bypasses 
Weir and Lock 3, the construction of which converted what was previously a seasonally flooded system 
of creeks and a lagoon into a permanently inundated one. At pool level, the wetland has one inlet and 
one outlet, and covers approximately 120 ha of surface area. It is best described as a seasonal, 
shallow (average depth ~50 cm), freshwater wetland, fed by regulated streams from a regulated river 
system. It is surrounded by emergent littoral vegetation and is turbid with sparse submerged vegetation.  
 
Flow regulating structures were installed at both the inlet and outlet in 1992 to manipulate water levels 
– the whole wetland can be flooded (equivalent to 60,000 ML/d in the Murray River main channel) or 
drained. Draining alone will empty the downstream half of the wetland in 1-2 days, whilst draining plus 
evaporation is needed to empty the upstream half of the wetland (a single refuge pool near the 
upstream boardwalk currently remains and has never been dried due to a leaky inlet structure). Five 
stop logs control flow through the inlet and outlet structures, although generally, the inlet is operated 
without boards in place, maintaining a flow of water through the Main Lagoon. Consequently, water 
quality in the wetland is generally similar to that of the Murray River.  
 
A recent fish survey using fyke nets and gill nets on 06 November 2006 found the site dominated by 
mature and juvenile common carp; the diversity of native fishes was low, as was their abundance. 
Indeed, carp made up ~ 75% of the total catch, carp gudgeons were 18.5 %, and the remaining species 
were all captured in low abundance. Other resident fish include carp gudgeons (Hypseleotris spp.), 

http://www.banrockstation.com.au/
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dwarf-flathead gudgeons (Philypnodon sp.), bony herring (Nematalosa erebi), Australian smelt 
(Retropinna semoni), unspecked hardyhead (Craterocephalus stercusmuscarum fulvus) and Murray 
rainbowfish (Melanotaenia fluviatilis), and other invasive pest fishes including redfin perch 
(Perca fluviatilis), eastern gambusia (Gambusia holbrooki) and goldfish (Carassius auratus).  
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Figure 1 Locality map for Banrock Station Wetland showing the relative positions of the inlet and outlet structures, 
boardwalks, walking trails, Wine and Wetland Centre, story centres and information huts. The eastern lagoon 
(130 Ha) is dry at pool level but can be filled if the water level within the wetland is raised from 8.6m AHD to 
9.2m AHD. 
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Progress to date (March – August 2007) 
 

Carp removal from Banrock Station wetland using an integrated approach: 
 
Carp have been removed from Banrock Station wetland using a combination of draining and 

commercial fishing. The only remaining carp are now in the upstream refuge pool, and these fish will 
remain as ‘seed’ carp for our exclusion trials when the wetland is eventually re-filled. In regards to the 
draining of Banrock wetland, which occurred in mid-march 2007, we used small-mesh, bi-directional 
fyke nets in the outlet creek to evaluate associated lateral movements of native and invasive fishes. 
Sampling occurred in the outlet creek a) Before, b) During and c) After the draining event. The following 
information was recorded: 

 
Before and After draining - when there was no flow in the outlet creek 

• 2485 fish (6 natives, 3 invasive species) were captured in ~150 hours (~17 fish.hr-1). 
• More fish moved “in” (towards wetland) than “out” (towards river) at a ratio of 1.7: 1.0. 

  
During draining 

• The downstream half of the wetland was completely emptied in approximately 12 hours, including 
six hours of full flow through the outlet control structure and six hours of lesser ‘trickle’ flow. 

• 6,727 fish captured in ~ 12 hours (~561 fish.hr-1); 87 % were moving “out”. 
• 5,731 (98 %) of fish moving out were native species. 
• Only 85 carp (mostly juveniles) were captured exiting. These results are in stark contrast to the 

findings of the initial baseline survey of fish in Banrock Station wetland in November 2006, where 
75% of the fish captured were common carp. 

• Large carp remained- and swam further into the wetland against the out-flowing water. Some of 
these carp made it to small pools but later died as the pools eventually dried via evaporation. 

 
Additional carp control techniques that we hope to demonstrate during the life of this project include a) 
water level manipulations to expose spawned eggs to desiccation and trap adult carp on the floodplain 
using fencing, b) wetland carp separation cages fitted with novel pushing traps (used in lieu of carp 
screens) installed at both the wetland inlet and outlet to monitor carp movement to and from the 
wetland, c) remote tracking of ‘judas’ fish to evaluate carp habitat use and identify carp spawning and 
overwintering aggregations, d) netting gear (seine nets, gill nets, fyke nets), e) electrofishing, and 
f) testing of sensory attractants (current-flow, amino acids, acoustic baits) at the wetland outlet. 
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Construction of experimental (exclusion) and control plots 
 

The ecological impacts of carp, and the benefits of their 
removal will be quantified by comparing the diversity and 
abundance of native fish, submerged vegetation and 
macroinvertebrates, and water quality amongst replicate 
experimental (exclusion) and control plots over 2 years. 
There are three types of plot, each measuring 20 m x 20 m 
square: 

 
1. Fully-fenced - Fencing is ‘fox-proof’ type measuring 1.7 

m high, with 30cm lying over the substrate and 
extending outwards from the fence. The mesh is 
supported by steel star-droppers and is comprised of 2 
panels of galvanised Waratah chicken wire (97 cm 
depth x 5 cm diameter mesh x 1 mm thickness). The 
height of the fence ensures that the carp will not be 
able to jump their way into the enclosures, and the 
extra fencing over the ground (held in place with wire 
and steel pegs) will ensure that carp can not push their 
way underneath the fencing. 
 

2. Semi-fenced: Same fence construction as described 
for the fully-fenced plot but with 5 m gaps at each 
corner to allow carp access – to account for any effects of the fence itself. 
 

3. Control: No fencing, but is marked out by steel star-droppers. 
 

Each plot type has been randomly positioned within the main wetland area and replicated within two 
broad habitat types (Edge and Open Water). There are six sites per Habitat, and at each site there are 
three adjacent plots (one of each type, spaced at least 20 m apart). Thus, there are 18 plots in Edge 
habitat and 18 plots in Open Water habitat, giving 36 plots total. Construction of all plots is now 
complete.  
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Communication of key results as widely as possible 
 

The following is a summary of media activities that arose from the draining event that occurred at 
Banrock Station wetland in mid-march 2007. 

 
March 

 
• ABC Riverland 
• Gippsland Aquaculture Industry Network http://www.growfish.com.au/content.asp?contentid=8660 
• Courier Mail 
• ABC SA, Drivetime with Grant Cameron 
• ABC National, PM edition with Barbara Lane 

http://www.abc.net.au/am/indexes/2007/am_20070320.htm 
• Channel 7 news segment 
• Southern Fisheries article (see attached) 

http://www.sardi.sa.gov.au/pages/organisation/media_products/media_releases/2007/river_rabbit.ht
m:sectID=1220&tempID=1 

• Saturday Advertiser article (Adelaide) 
http://www.news.com.au/adelaidenow/story/0,22606,21354320-2682,00.html 

• MDBC Newsletter (a repeat of the Southern Fisheries article) 
 
April 
 
• Radio 2VM Moree with Michael Anderson 
• PIRSA – Primetime magazine article 

http://outernode.pir.sa.gov.au/__data/assets/pdf_file/0015/43017/pirsa_primetime_aut07.pdf 
• EcoVoice E-newsletter http://www.ecovoice.com.auhttp:/www.ecovoice.com.au/enews 
• Eco eNews, Issue 41 http://www.ecovoice.com.au/enews/enews-41/HAB_river-rabbit-myth-

buste.php 
• Waikerie ‘River News’  
• Web Discussion - http://www.tacklebox.com.au/forums/lofiversion/index.php/t3836.html 
 

What’s next? 
 
Begin bi-annual sampling of ecological response parameters within experimental and control 
plots 

 
Following re-filling of the wetland, we will begin to measure and compare the response of 
environmental parameters (i.e. the diversity and abundance of fish, vegetation and macro-invertebrate 
communities, and water quality) in ‘exclusion’ versus ‘control’ plots. Sampling will be bi-annual and 
continue for two years. 

 
NOTE: The ongoing drought has led to uncertainty regarding environmental water allocations for 
wetlands in South Australia. Thus, there is a possibility that this project will need to be put on hold until 
the wetland can be re-filled. Negotiations are continuing. 

http://www.growfish.com.au/content.asp?contentid=8660
http://www.abc.net.au/am/indexes/2007/am_20070320.htm
http://www.sardi.sa.gov.au/pages/organisation/media_products/media_releases/2007/river_rabbit.htm:sectID=1220&tempID=1
http://www.sardi.sa.gov.au/pages/organisation/media_products/media_releases/2007/river_rabbit.htm:sectID=1220&tempID=1
http://www.news.com.au/adelaidenow/story/0,22606,21354320-2682,00.html
http://outernode.pir.sa.gov.au/__data/assets/pdf_file/0015/43017/pirsa_primetime_aut07.pdf
http://www.ecovoice.com.auhttp/www.ecovoice.com.au/enews/
http://www.ecovoice.com.au/enews/enews-41/HAB_river-rabbit-myth-buste.php
http://www.ecovoice.com.au/enews/enews-41/HAB_river-rabbit-myth-buste.php
http://www.tacklebox.com.au/forums/lofiversion/index.php/t3836.html
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Invasive Animals Cooperative Research Centre Freshwater Products 
and Strategies Program  
 
Wayne Fulton 
 
DPI Fisheries, Victoria 
 

Background 
The Invasive Animals Cooperative Research Centre commenced operations in July 2005 as an 
initiative to counteract the impact of invasive animals through the application of new technologies and 
by integrating approaches across agencies and jurisdictions.  With a skills based board of six, and a 
CEO, the IA CRC has six work areas:  Freshwater Products and Strategies; Terrestrial Products and 
Strategies; Uptake of Products and Strategies; Detection, Prevention and Mitigation; Preparedness 
through Education; and Business and Client Services. 
 
The overall objective of the Freshwater Products and Strategies Program is to develop a Pest Fish 
Management Plan for the Murray-Darling Basin which will incorporate available options to reduce pest 
fish populations to a level where minimal damage occurs. 
 
There are a number of elements to a Pest Fish Management Plan;  
1. Prevention/Detection/Education  

• Prediction, surveillance, early warning, rapid response, community education  
 
2. Control options/techniques  

• Bio-control - genetics, disease, predation/competition) 
• Chemical control - biocides/piscicides, attractants/repellents/disruptors) 
• Mechanical/physical control - containment technologies (eg screens, barriers, deflectors) and 

capture/removal methods (eg, traps, electrofishing, netting, commercial and recreational 
targeted programs, radio tracking etc)  

 
3. Target species information 

• Species specific information on distribution, abundance, behaviour, population dynamics (age 
growth recruitment, mortality, modelling etc), movement, migration, habitat relationships, 
vulnerabilities 

 
4. Support framework  

• Policy/economics/risk - legal implications (GM’s, state boundaries etc), cost benefit analyses, 
biological risk analyses 

 
5. Education/community engagement  

• Education 
• Uptake/demonstration  
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In developing a program to address the information requirements for a Pest Fish Management Plan the 
following project portfolio was established: 
 
1. Prevention/Detection/Education 

• Generic rapid response to new pest fish invasions; DSE Victoria 
 

2. Control options/techniques 
• Genetic modification (Daughterless technology) carp; CSIRO, Hobart 
• Koi Herpes Virus assessment; CSIRO,  AAHL. 
• Biocide evaluation; DPI Victoria. 
• Sensory attractants for pest fish control; University of Minnesota USA, DPI Victoria and 

Australian National University. 
• Trapping technologies; SARDI 

 
3. Target species information 

• Carp reproduction hotspots in the Murray-Darling Basin; NSW DPI 
• Carp movement and migration in the Murray-Darling Basin; DPI Victoria 
• Carp population dynamics population modelling; DPI Victoria 
• Age validation of carp in the northern Murray-Darling Basin; QDPI & F 
• Tilapia population status and population dynamics; QDPI & F 

 
4. Support Framework 

• Genetic technology policy review; DPI Victoria 
 

5. Education/community engagement 
• Community education and engagement; Murray-Darling Association. 

 
There were also some Freshwater Projects contained within other IA CRC Programs include;  
 
Education Program - PhD students  

• Gwilym Haynes (USYD) Population genetics of carp in the Murray-Darling Basin. 
• Aaron Elkins (ANU) Identifying and isolating natural environmental attractants for common carp 

control. 
• Lindsey McFarlane (UQ) Regulation and manipulation of sex in the carp Cyprinus carpio (L) - 

Exploring RNAi and microRNA pathways. 
• Katie Doyle (UQ) Impact of increased predator presence through stocking on carp populations 

and the implications for management. 
Uptake Program  

• Carp control in the Logan Albert Catchment; Queensland Department of Primary Industries and 
Fisheries.  

• Identifying and implementing targeted carp control options for the Lower Lachlan River 
Catchment; NSW Department of Primary Industries. 

 
In more detail, the target species information projects aim to identify natural patterns in carp movement 
and migration that may be used to enhance capture,  Whilst the Daughterless carp project (to be 
presented separately) is an example of a platform control strategy.  



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 20

A summary of a related group of projects that may use sensory attractants to assist control is included 
here.  This group of projects includes; 
 

• Sensory attractants for pest fish control; U Minn USA, PIRVic Aust 
• Screening and isolation of environmental attractants; PIRVic, ANU 
• Trapping technologies; SARDI 
• Carp reproduction hotspots in MDB; NSW Fisheries Narrandera 

 
 
This group of projects revolves around the theme of firstly identifying natural patterns in carp movement 
and migration that may be used to enhance capture 

•      carp hotspots 
•      spawning migrations & attractant flows 

 
Secondly seeing if we can enhance these patterns or aggregations in some way to facilitate removal by 
use of attractants 

•      screening for environmental attractants 
•      development of sensory attractants 

Environmental attractants. 
 
This project is designed to look at sensory attractants from the environmental side.   

– Is there a chemical cue in the environment that is specifically attracting the fish? 
 
Initial work is concentrating on trialling the methods for extraction and concentration and then for 
analysis. 

– Using water samples from Banrock Station project at present. 
– Will also use water from Lake Sorell in Tasmania in association with IFS. 

Pheromones 
 
Lab work has confirmed; 
 

• Sexually receptive female carp can be strongly attracted to a male-derived pheromone. 
• Ovulated female goldfish release a stimulatory and attractive pheromone that attracts male 

goldfish (will be repeated for carp). 
• Both pheromones can be extracted using resins. 
• Can attract carp to food odours, can enhance this attraction using flows. 

 
Field trials are now being undertaken in Minnesota in a 100ha lake that contains a known density of 
carp including radio-tagged fish. 
 

• Been able to strongly attract carp using carp-specific baits 
• About to trial the pheromones 

 
The ultimate objective of this group of projects is to feed the results back into actual field trials such as; 
 

–  SARDI projects in South Australia 
–  CRC Uptake project in Lachlan catchment 
–  IFS project in lakes Sorell and Crescent in Tasmania 
–  Fisheries Vic trial in Rocklands Reservoir in Victoria 

 
and subsequently also into Pest Fish Management Plans. 
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Management of carp and other pests in demonstration reaches 
 
Mike Braysher1 and  Jason Higham2 

 
1 Institute for Applied Ecology, University of Canberra 
 2 SA Native Fish Coordinator, Department of Primary Industries and Resources 
 
The project supported by the MDBC, aims to develop ready-to-implement, community-based plans to 
manage the damage due to carp and other pests. They are integrated into the actions developed for 
the enhancing native fish habitat and populations in a demonstration reach. In other words, it is a sub-
plan of the demonstration reach plan. They will test and demonstrate the effectiveness of pragmatic, 
intensive and integrated application of a range of carp management techniques and strategies. 
 
The Native Fish Strategy for the Murray-Darling Basin recognises that recovery of native fish 
populations will require a suite actions undertaken in combination (MDBC 2004). The major factors that 
need to be addressed were assessed in a report to the MDBC by an expert committee (MDBC 2002 -
Figure 1). They are: 
 

• Allocation of environmental flows; 
• Habitat restoration 
• Abatement of cold water pollution 
• Provision of fishways 
• Establishment of aquatic reserves 
• Carp management 
• Management of other introduced fish species that are threatening native fish communities. 

 
The committee concluded that none of the strategic interventions, if taken singularly, has the capacity 
to recover Basin native fish communities from the current level of 10% to beyond 25% of their pre-
European level. There is the potential to increase native fish communities to approximately 60% of their 
pre-European level if all interventions are undertaken in combination, although the time frame would be 
50 – 60 years. Further the committee concluded that these need to be addressed on a case by case 
basis as the strategies and options for applying them will change with the location and local constraints.  
 
Two Demonstration reaches were selected to develop carp management sub-plans, the Macintyre 
River in the Border Rivers of southern Qld, northern NSW and the Katarapko Reach, on the Murray 
River near Berri, South Australia. 
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Figure 1. Restoration of native fish communities 
 
Ownership of the project by the local community and their continued engagement over the long-term is 
essential to the success of both the demonstration reach and the carp management plans. Both 
demonstration reach projects build on the extensive consultation and catchment planning that has been 
undertaken with the local community. Building trust and a close working relationship with the 
community is often a slow but necessary process, especially since community ownership of the plan 
and assistance with its implementation is essential. Several of the interventions can have major impacts 
on the day to day operations of landholders. For example, fencing of stock from riparian zones and 
revegetating the area can reduce land available to landholders that abut the river. 
 
Macintyre River 
 
This demonstration reach is within the Border Rivers region of southern Queensland and northern New 
South Wales. 
 
There are two distinct hydrological zones as defined by Moffat and Voller (2002): 
 
1) The upper foothills zone 400-600 m a.s.l., between Stanthorpe/Inverell and 

Inglewood/Texas/Wallangara. This includes parts of Macintyre Brook between Lake Coolmunda 
and Inglewood, the Dumaresq River between Pike Creek and Texas, the Macintyre River above 
Wallangara and the Severn River (NSW) between Ashford and Pindari Reservoir. These sections 
are predominantly pool and riffle habitats with semi-permanent flowing clear water. Submerged 
aquatic plants are common. In places, for example the Dumaresq River, there is significant 
sediment within the rivers which could reduce the depth of fish refuge holes. The quality and extent 
of riparian vegetation varies but is generally good. 

 
2) The lower foothills zone 150-400 m a.s.l., between the upper foothills zone and Toobeah on the 

Macintyre River. This region is characterised by a network of pools, intermittently connected during 
floods. The sides of pools are often clay or mud, while the bottoms are covered with sand or silt. 
Areas of bedrock and rubble are common. Waters are quite turbid, visibility is usually less than 30 
cm and submerged aquatic vegetation is patchy and uncommon. 
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Figure 2. Map of the Border Rivers Catchment 
 
 
The following criteria were used to select the boundaries of the demonstration reach: 
 

• Ideally on the border between NSW and Qld to utilise the expertise and potential resources from 
both the QMDC and the CMA. 

• Be in a prominent location with easy public access so that the works could be readily show-
cased. 

• Have supportive local landholders, preferably members of active catchment planning groups. 
• Have several interventions that could be show-cased and in an area without dominating 

influence from a single factor that cannot be easily addressed (e.g. severe cold water pollution). 
• Contains a reasonable variety and population of native fish. 

 
The reach chosen is the section upstream from Talwood Weir to Boggabilla Weir including associated 
tributaries and flood plains. Another seemingly ideal section, the Dumaresq from Glenlyon Dam on 
Pikes Creek to the junction with the Macintyre Brook was rejected on two main grounds. Cold water 
pollution from Glenlyon Dam which is likely to mask the influence of other interventions such as bank 
stabilisation and revegetation of the riparian zone, and secondly, the significant sediment load in the 
Dumaresq which appears to be slowly moving down the River. 
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The demonstration reach is broken into 3 sections: 
 
Reach A: Goondiwindi Weir Pool from Boggabilla Weir to Goondiwindi Weir, approximately 17 km. 
 
Reach B: Goondiwindi Weir to the start of the Callendoon Creek Sub Catchment Planning Group, 
approximately 30 km. 
 
Reach C: Start of the Callendoon Creek Sub Catchment Planning Group to Talwood, approximately 
110km 
 
Fish recorded or believed to occur in the demonstration reach are shown in Appendix 1. 
 
Pest management 
 
The highest priority for pest management is to have a strategy in place to prevent the introduction and 
establishment of new species and, if a new outbreak is detected, to eliminate it while numbers are low. 
For established species, management needs to be strategically applied since the application of 
available techniques is usually expensive and can disrupt other uses of the aquatic system. Rarely can 
techniques be applied across the total area over which the unwanted fish occurs, at least not 
concurrently. Management may achieve the best outcome by targeting areas where introduced fish 
concentrate and/or breed. 
 

Preventing the establishment of new species 
 
In addition to the potential for newly introduced species that could establish in the MDB (Bomford and 
Glover, 2004) there are already many species in captivity in Australia which could establish (QLD DPI, 
2000). There are others that are established in some waterways but which could spread to others such 
as the MDB. Of notable concern is Tilapia. This species has been recorded in the upper reaches of the 
MDB in Toowoomba (Braysher and Barrett 2001), but apparently failed to establish. An Alert and Rapid 
Response Strategy is required that can detect and rapidly respond to eradicate new incursions. 
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Established pests 
 
Table 1 lists and discusses techniques and strategies for managing carp in the Macintyre 
demonstration reach. Many of these are also applicable to the Katarapko Reach.  
 
Table 1. Techniques for managing the damage due to introduced fish (based on Koehn et al., 2000; and Braysher 
and Barrett, 2000). 
Technique Suitability for the Border Rivers 
Capture and removal of 
pest fish. Methods 
include: 
• Electrofishing 
• Nets 
• Traps in fish ways or 

streams 
• Intensive line fishing 

On its own, capture and removal, whether commercial or 
not, is unlikely to reduce populations to a level where 
damage is acceptable. Remaining fish can quickly 
recover unless other strategies are used to further reduce 
the population and maintain it at low levels. Possible 
below weirs and other impoundments where carp often 
congregate.  
 
However, snags are common which would severely limit 
the use of nets. Also native fish are common so there is a 
significant risk of non-target kills. In addition, the use of 
commercial harvesters to help offset costs is limited due 
to the ban on commercial fishing of carp.  
 
Likely to be of most use for clearing carp from farm dams 
and targeted control of carp in critical areas of native fish 
habitat such as eel-tailed catfish breeding sites. 
 
It is suggested that capture and removal be opportunistic. 
There is potential to target carp removal in key native fish 
habitat, for example in anabranches that may be habitat 
for native fish such as catfish. Targeted removal of carp 
prior to catfish breeding may be advisable should such 
sites be identified in the demonstration reach. 
 
Line fishing such as carp ‘fish outs’ can remove carp but it 
is unlikely to have a significant impact on the carp 
population. Such events should be carefully crafted to 
promote demonstration reach concept and not carp 
removal per se. 

 Chemicals 
• Rotenone 
 

Chemical poisoning of fish has been used to eradicate or 
control isolated populations of pest fish. However, 
poisons are relatively non-specific. There seems little 
opportunity to use chemicals for broad-scale carp 
management in the catchment. However, chemical 
treatment is a primary tool for treating incursions of new 
exotic species. It is also useful to mop up carp remaining 
after netting or electro-fishing farm dams. 

Habitat manipulation 
• Draining waterways 

and removing carp 
• Draw down of fish 

breeding areas to 
expose and kill 
eggs. 

The use of this strategy is yet to be fully evaluated. There 
is little opportunity to use this technique in the Border 
Rivers. Most of the flood-out carp breeding areas are 
relatively small and often above normal river height. 
There would be little opportunity to gear up and rapidly 
take advantage of these numerous flood-outs during flood 
events. Also, the capacity to manipulate water level to 
expose carp eggs appears to be severely limited  
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Restoration of the 
aquatic system to 
encourage native fish 
including predatory 
species. They include: 
Restoring riparian 
vegetation; re-snagging 
sections of river and 
reducing the impact of 
cold-water pollution.  

The primary aim is to restore habitat so that it is more 
suitable for native species, especially predatory fish and 
to reduce the suitability of the habitat for non-native 
species. Extensive use will be made of this strategy as 
part of the restoration works in the demonstration reach. 
 
The MDBC expert group on native fish management 
(MDBC 2002) recommended this approach for upland 
sections of the Basin. 

Bio-manipulation. 
For example, to increase 
the population of native 
predatory species such 
as golden perch and 
Murray cod. 

The system may not support the additional biomass and 
there may be undesired impacts on other parts of the 
system due to increased predation. Native fish such as 
Murray cod and golden perch are stocked in Glenlyon 
Dam and in several of the rivers. There already is concern 
that the rivers are overstocked. A study is proposed for 
the Dumaresq to test the impact on native fish 
populations of stocking with Murray cod (Brian Dare pers. 
comm.). Natural recovery of predatory fish through the 
restoration works in the demonstration reach will increase 
the pressure on carp and other alien species 

Disease agents. 
Includes: 
• Parasites 
• Viruses 
• Bacteria 

Little potential for the Border rivers at this stage 
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Figure 3 Katarapko Demonstration Reach 
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This reach comprises a series of land parcels under separate land management arrangements. Part of 
the site is composed of a section of the Murray River National Park; Katarapko. Additionally, the Saline 
Irrigation Water Disposal Basin and council land directly north of it are also included as part of the 
reach.  
  
The Katarapko and Eckert Creek floodplain includes; The Splash, Sawmill and Piggy Creeks (total 
length of the anabranch is approximately 38 km). Four wetland complexes exist in the site (Katarapko 
Island Horseshoe Lagoons, Katarapko Island swamps, Ngak Indau and Eckert Creek wetlands) with a 
total area of approximately 230 hectares. 
  
The fish community within the Katarapko system is believed to be diverse due to the waterway being a 
system of primary and secondary anabranches, with diverse physical and hydraulic habitats (Appendix 
2). The vegetation health of the floodplain varies across the site with large areas of healthy riparian 
vegetation within the River flushed zone through to degraded areas adjacent to both the Berri and 
Katarapko Island Evaporation Basins. 
 
The total area of the proposed demonstration reach is nearly 9,000 hectares and while the majority of 
the site lies within the River Murray National Park, (Katarapko) or on other crown land, it also includes 
land held by the Gerard Aboriginal Reserve and a number of small private holdings. Consultation with 
all these players is vital to the success of the project. 
 
Management of carp and other pests 
 
 A summary of the interventions is listed in Table 2. As for the Macintyre reach, a key strategy is to 
have a process in place to prevent the establishment of additional pest species. Several of these are 
discussed in Table 1. However, commercial harvest of carp aggregations is possible in SA as there is 
no ban on this activity as there is in Qld. 
 
Table 2. List of potential interventions to manage carp in the Katarapko reach 
 

• Prevent establishment of new species 
• Traps/separation cages in barriers – where feasible and economic 
• Regulate river level during carp spawning runs to destroy eggs deposited on 

shore plants and other sites.  
• Commercial & recreational exploitation of lock chambers as a catchment 

area. 
• Trap carp at the entrance/exit of wetland 
• Exclude carp from wetlands 
• Targeted interventions at key breeding & other sites 
• Targeted management of foxes 
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Issues 
 
There are several issues that need to be appropriately addressed if there is to be effective 
implementation of the carp management sub-plans in the demonstration reaches. These include:  
 

• Drought 
– This could affect the level of community engagement and support 
– Lack of sufficient water flows may prevent the use of some techniques such as drawing 

carp to off-river sites to be trapped and also inhibit the recovery of native fish populations  
• Integration with demonstration reach timetable & actions. The two plans need to be developed 

in concert. Delays in the broader reach actions could slow the implementation of the carp 
management actions. 

• Resources. Some of the interventions require extensive financial and other resources. Lack of 
sufficient funds may inhibit addressing issues such as cold water pollution and major barriers to 
fish passage. Failure to address some of these may negate the value of carp and other habitat 
recovery actions. 

• Turnover of key staff. Many of the projects are dependent on one or more key staff. Often the 
trust developed with the community is based on the efforts of these key officers. Should they 
leave unexpectedly, the success of the project may be at risk. Succession processes need to be 
built into the program. 

• Capacity to manage dominant effects (eg cold water pollution, major weirs, flow manipulation) 
• Monitoring and evaluation – is an effective program possible? Most of the changes to habitat 

and the associated native fish populations will take many years if not decades. It will be difficult 
to establish a monitoring program of sufficient timescale to observe these changes, and it may 
also be difficult to detect change due to implementation of other management actions. 
Responses may also be swamped by other changes such as changes to climate or drought.  
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Appendix 1. List of fish species captured in the region in recent surveys (after Butcher 2007). 
 Species Common name 
Ambassis agassizii Olive perchlet 
Bidyanus bidyanus Silver perch 
Craterocephalus amniculus Darling River hardyhead 
Craterocephalus 
stercusmuscarum fulvus 

Un-specked hardyhead 

Gadopsis marmoratus Northern river blackfish 
Galaxias olidus Mountain galaxias 
Hypseleotris spp Carp gudgeons 
Leiopotherapon unicolor Spangled perch 
Maccullochella peelii peelii Murray cod 
Macquaria ambigua Golden perch 
Melanotaenia fluviatilis Murray-Darling rainbow fish 
Mogurnda adspersa Southern purple-spotted gudgeon  
Nematalosa erebi Bony herring 
Philypnodon grandiceps Flat-headed gudgeon 
Retropinna semoni Australian smelt 
Tandanus tandanus Freshwater catfish 
Carassius auratus* Goldfish 
Cyprinus carpio* Carp 
Gambusia holbrooki* Eastern Gambusia 
Perca fluvatilis* Redfin perch 
*: denotes alien species 
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Appendix 2. Species captured during electrofishing surveys in the Katarapko Reach. 

Common name Scientific name 

Golden perch Macquaria ambigua 

Murray cod Maccullochella peelii peelii 

Silver perch Bidyanus bidyanus 

Bony herring Nematalosa erebi  

Australian smelt Retropinna semoni  

Murray-Darling rainbowfish Melanotaenia fluviatilis 

Flat-headed gudgeon Philypnodon grandiceps 

Un-specked hardyhead Craterocephalus stercusmuscarum  
fulvus 

Carp gudgeon spp Hypseleotris spp 

Carp Cyprinus carpio* 

Eastern Gambusia  Gambusia holbrooki* 

Goldfish Carassius auratus* 

Redfin perch Perca fluviatilis* 
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Introduction 
 
Epizootic Haematopoietic Necrosis Virus (EHNV) is considered to be a serious threat to a number of 
native fish species in the Murray-Darling Basin. This virus, unique to Australia, was first isolated in 1985 
in redfin perch. It causes sudden mortalities and the fish display necrosis of the renal haematopoietic 
tissue, liver, spleen and pancreas. Experimental work by Langdon (1989) demonstrated that a number 
of native species were susceptible to the disease, including the threatened Macquarie perch and silver 
perch, as well as mountain galaxias. The virus has been recorded from Victoria, New South Wales, 
South Australia and the ACT. The spread of EHNV has been aided by its relative resistance. It can be 
readily transmitted from one location to another in water, by infected fish, and likely also on nets, fishing 
lines, boats and other equipment (Whittington et al. 1996, 1999). Langdon found that the virus retained 
its infectivity after being stored dry for 113 days. Once EHNV has entered a water body it is considered 
impossible to eradicate. 
 
Langdon (1989) tested 11 fish species for susceptibility to EHNV (Table 1). For example, when 
Macquarie perch were held in aquaria and exposed to low concentrations of EHNV in water, all ten fish 
in two separate trials died. The susceptibility of most other species in the Basin remains unknown. 
There have been no subsequent trials to validate Langdon’s findings or to test additional species. It is 
speculated that the sudden and severe depletion of the Macquarie perch population in Lake Eildon, 
Victoria, may have been partly due to EHNV. However, there are populations of Macquarie perch and 
silver perch still remaining in catchments that have experienced outbreaks of EHNV, which suggests 
that the epidemiology of this virus in the wild may be different to that recorded under laboratory 
conditions. The distribution of redfin perch in the Basin is still expanding through human activity. There 
is a real chance that redfin will be transported past existing barriers and expose further populations of 
threatened species to risk from the virus. The aims of this project are to validate earlier findings of 
susceptibility of native fish to EHNV, to determine the susceptibility to infection of a range of previously 
untested fish species, to investigate the epidemiology of EHNV in wild populations of priority fish 
species, to develop an immunological test to determine exposure of wild populations of priority fish 
species and to identify the extent to which EHNV is a risk to native fish in the Murray-Darling Basin. The 
project commenced in 2007. 
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Table 1. Susceptibility of finfish to EHNV. Most data are from Langdon (1989). 
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Background 
 
Carp exclusion screens are “physical barriers of variable mesh size and design that are placed across 
inflow points with a view to excluding large fish from entering or exiting a wetland” (Meredith et al. 
2005). They are typically fitted to flow control structures such as box- or pipe culverts, which are used 
to manage wetland water in a way that is amenable to short-term modification i.e. implementing 
‘naturally-variable’ wetting/drying cycles, or varying the timing, duration, speed and to a lesser degree 
the extent, of inundation (Jensen 2002).  
 
Carp exclusion from wetlands, using screens, promises favourable outcomes for native aquatic flora 
and fauna. In particular, carp are prevented from accessing their preferred habitat for feeding, spawning 
and recruitment, and their environmental impacts, which are thought to be greatest in wetlands, are 
minimised. Possible disadvantages exist too and these include: 
 
1. Blocking the passage of all fauna that are too large or unwilling to pass through the mesh, or which 

are incapable of overland migration to bypass structures, 
2. Causing injury to fauna that does pass through the mesh (Swanson et al. 2005),  
3. Allowing the passage of young carp (Wilson 2005), 
4. Concentrating carp, and their impacts, during wetland drying events (French et al. 1999; Meredith et 

al. 2005), and 
5. Restricting flow paths and increasing channel-velocities due to clogging, and breaching of the 

regulating structures by adult carp during floods (Wilson 2005).  
 
Despite the information above and the basic premise regarding the function of carp exclusion screens 
(CESs), their actual benefits and disadvantages are unknown. This is due to a combination of: 

 

1. Limited knowledge of the use of wetlands and wetland inlets by freshwater aquatic fauna (MDBC 
2005) 

2. Uncertainty regarding the range in design, use and management protocols currently in place for 
CESs within the Murray-Darling Basin (MDB) (Smith 2006) 

3. A lack of rigorous ecological or experimental scientific data to support the use of any screen design 
(Hillyard 2007). 

mailto:smith.ben2@saugov.sa.gov.au
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Aims 
 
The current study ‘Evaluation of carp exclusion screens at wetland inlets’ (MDBC Project MD746) is 
systematically addressing the above knowledge gaps via desk-top, laboratory and field-based research. 
The ultimate goal is to develop an ‘optimised’ mesh design that excludes carp of a nominated size-
range to maximise the ecological benefits of carp exclusion from riverine wetlands, whilst minimising 
the ecological impacts to native aquatic fauna (especially fishes). The optimised design will be 
incorporated into the development of operational strategies to govern the future design, use and 
management of CESs within the Murray-Darling Basin. 

 

Progress to date (March – August 2007) 
 
In addition to completing a review of the global literature on the use of ‘fish’ screens (Hillyard 2007), 
and evaluating available data to identify links between the presence/absence of carp exclusion screens 
and the relative abundance of carp (Smith et al. 2007a), we have addressed the following project aims: 
 
1.  Identify native aquatic fauna that may be impacted by the use of CES. 
 
2.  Analyse morphometric data to calculate “optimum” mesh dimensions to exclude large-bodied carp, 

whilst maximising the passage of small native fauna. 
 
3.  Survey existing carp exclusion screens along the Murray River and compare these to the optimised 

designs. 
 
A brief description of the activities and outcomes from each aim are provided below:  

Identify native aquatic fauna that may be impacted by the use of CES 
The suite of species that might be impacted by the use of carp exclusion screens is not well known 
because there are few studies that have assessed the use of wetlands and wetland inlets by native and 
invasive aquatic fauna. To address this knowledge gap, we have collated two key data sets (Table 1): 
 

1. Annual River Murray Wetland Baseline Surveys (RMWBS – 2004 to 2007) (Holt et al. 2004; 
Smith 2006; Smith et al. 2007b; Smith and Fleer 2007).  

⇒ To identify fish and other aquatic fauna using wetlands 
 
2. ‘After winter’ evaluation of the use of wetland inlets by native & exotic fishes (Invasive Animals 

CRC Project 4.F.12) (Unpub. Data, SARDI Aquatic Sciences and The University of Adelaide).  
⇒ To identify fish and other aquatic fauna using wetland inlets 
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Table 1 Summary of the species complement, total numbers and conservation status (for SA) of fish recorded 
during the 2004-2007 RMWBS and ‘after winter’ IA CRC sampling of wetlands and wetland inlets. Underlined 
species have not been captured during any wetlands surveys in SA. 
 

RMWBS IA CRC Cons. 
Status

Common Name (Wetlands) (Inlets) TOTAL SA

Large-bodied native fish                      
(>150 mm at maturity)
bony herring 13,375 26,531 39,906
golden perch 335 410 745
congolli 91 1 92 R
silver perch 20 20 P [V]
freshwater catfish 8 1 9 P [V]
short-headed lamprey 2 2
Murray cod 1 1 R
shortfinned eel 1 R
Hyrtl’s tandan
river blackfish P [EN]
spangled perch

Small-bodied native fish                      
(<150 mm at maturity)

Australian smelt 4,343 148,917 153,260
carp gudgeon complex 66,180 18,172 84,352
unspecked hardyhead 15,590 14,764 30,354 R
flathead gudgeon 6,389 2,016 8,405
small-mouthed hardyhead 2,926 1 2,927
Murray rainbowfish 590 605 1,195 R
dwarf-flathead gudgeon 656 511 1,167 R
lagoon goby 826 826
common galaxias 506 119 625
western blue-spot goby 200 200
Murray hardyhead 191 191 EN
Yarra pygmy perch 188 188 P [EN]
southern pygmy perch 85 85 P [EN]

chanda perch P [CE]

Murray galaxias
southern purple-spotted gudgeon P [CE]

Large-bodied exotic / invasive fish

common carp 12,592 351 12,943
goldfish 449 222 671
redfin perch 270 223 493
carp x goldfish hybrid 7 8 15
oriental weatherloach

small-bodied exotic / invasive fish

eastern gambusia 7,053 91 7,144

132,870 212,946 345,817
23 19 26

Total Fish
Total Species  
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In total, 345,817 fish from 26 species have been captured using wetlands or wetland inlets in South 
Australia. Included are 21 native species and 5 invasive pest species. Of the native species, 11 have 
conservation status in South Australia under proposed or existing legislation. Key native species found 
to be using wetlands and wetland inlets include Australian smelt, carp gudgeons, bony herring, 
unspecked hardyhead, small-mouthed hardyhead, Murray-rainbowfish and dwarf flathead gudgeon (in 
rank order according to numbers captured). Together, these species comprised a remarkable 99 % of 
the total catch of native fishes (n = 324,551). Conversely, common carp and eastern gambusia make 
up the majority 94 % of the invasive fishes sampled (n = 21,266). Six species that use wetlands, or are 
known to have used wetlands, were not captured during any of the surveys (Table 1). This is either 
because they are thought to be extinct in SA (i.e. southern purple-spotted gudgeon, chanda perch), or 
found in upland catchments (i.e. river blackfish) or more northerly regions (i.e. spangled perch, Hyrtl’s 
tandan, oriental weatherloach). 
 
Each of the above species is at risk of being impacted by the use of carp exclusion screens at wetland 
inlets. Additionally, other fauna captured during our surveys that might also be impacted included three 
species of turtles (broad-shelled, long-necked and short-necked) and yabbies. 

Analyse morphometric data to calculate ‘optimum’ mesh dimensions to exclude large-bodied 
carp, whilst maximising the passage of small native fauna 
 
Carp exclusion screens of myriad dimensions may be constructed from mesh made from vertical bars 
(‘jail mesh’), horizontal bars, a combination of vertical and horizontal bars (‘grid mesh’), or circular mesh 
(and potentially any other shape). The utility of each design is reliant on its aperture dimensions being 
less than either the body depth or width of the targeted size-range of carp to be excluded. For example, 
the aperture of vertical jail mesh should be related to the mean body width of the size-range of carp to 
be excluded, minus 10 % to compensate for the estimated (unquantified) body compression of carp 
attempting to force their way through/underneath barriers (Thwaites et al. 2007). This also applies to 
horizontal mesh, because carp are likely to orient themselves to pass through horizontal mesh on their 
sides. Grid-mesh, on the other hand, may be square or rectangular in shape but the dimensions of the 
mesh will be dependent on fish depth, rather than width; bearing in mind that carp will likely orient 
themselves to pass through the mesh on the diagonal and again, that some body compression (~10 %) 
is likely. 

We have calculated theoretical ‘optimised’ mesh designs for CESs to selectively obstruct the passage 
of common carp ≥250 mm TL, and consider the effect of the optimised designs on the passage of other 
large-bodied fishes common in wetlands. The minimum size of 250 mm TL is well below the estimated 
350 mm TL at which the majority of carp are sexually mature and ecologically most destructive 
(Thwaites et al. 2007). Selection of a 250 mm TL size class also affords some protection against spatial 
and temporal variation in carp growth, which might increase the ability of larger carp to bypass the 
optimised screens in some locations, i.e. carp of poor condition will have body shapes that are relatively 
narrow and shallow in relation to their length. 

To calculate the theoretical ‘optimised’ mesh designs, we used linear regression analysis to establish 
the relationship between length and width and length and depth for 113 carp captured during the above 
‘after winter’ fish surveys. From these relationships, the mean width and depth of the minimum targeted 
size class of carp (250 mm TL) was calculated. Once reduced by 10%, width values became the 
optimum minimum mesh apertures for the vertical ‘jail mesh’ and horizontal bars (31.4 mm). Similarly, 
the depth values became the optimum ‘hypotenuse’ lengths (61.5 mm) of square grid-mesh (because 
carp will orient themselves to pass on the longest available axis of the mesh). The length of each side 
of the square mesh was then calculated using Pythagoras’ Theorem (43.4 mm × 43.4 mm).  
 
Morphometric data for other large-bodied native fishes that are most common in wetland habitats, 
including golden perch (n = 228), bony herring (n = 185), goldfish (n = 45) and redfin perch (n = 30), 
was also analysed to estimate the size-ranges of other large-bodied fishes that will be excluded by 
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‘optimised’ carp screens. This information is highlighted in Tables 2 & 3, below, and other mesh 
dimensions are provided for comparative purposes.  
 
 
Table 2. Summary of the vertical / horizontal bar apertures needed to block carp of 100-600 mm (the 250 mm 
size-class is highlighted). Estimates of the associated size-range of other large-bodied fishes that will also be 
excluded by the disparate bar apertures are also provided. 
 

Length 
(mm)

Width 
(mm)

(*equivalent to body width, allowing 
10% compression) golden perch bony herring goldfish redfin

100 10.7 9.6 107 107 73 105
150 18.8 16.9 152 183 119 148
200 26.8 24.1 196 259 165 191
250 34.9 31.4 241 335 211 234
300 42.9 38.6 286 411 258 278
350 51.0 45.9 331 487 304 321
400 59.0 53.1 375 563 350 364
450 67.1 60.4 420 639 396 407
500 75.1 67.6 465 715 442 450
550 83.2 74.8 510 791 488 493
600 91.2 82.1 554 866 534 536

BUT THIS WILL ALSO PREVENT THE PASSAGE OF      
OTHER LARGE-BODIED FISHES, INCLUDING

TO STOP CARP 
OF THE BAR APERTURE* MUST BE

 
 
 
Table 3 Summary of the dimensions of square grid-mesh needed to block carp of 100-600 mm (the 250 mm size-
class is highlighted). Estimates of the associated size-range of other large-bodied fishes that will also be excluded 
by the disparate bar apertures are also provided. 
 

THE MESH HYPOTENUSE* 
MUST BE

100 35.3 31.8 22.4 x 22.4 141 139 113 144
150 46.3 41.7 29.4 x 29.4 174 178 149 180
200 57.3 51.6 36.4 x 36.4 207 217 185 216
250 68.3 61.5 43.4 x 43.4 240 256 221 253
300 79.3 71.4 50.4 x 50.4 273 295 258 289
350 90.3 81.3 57.4 x 57.4 306 334 294 325
400 101.3 91.2 64.4 x 64.4 339 373 330 362
450 112.3 101.1 71.4 x 71.4 372 412 367 398
500 123.3 111.0 78.4 x 78.4 405 451 403 434
550 134.3 120.9 85.4 x 85.4 438 489 439 470
600 145.3 130.8 92.4 x 92.4 471 528 476 507

goldfish redfinLength 
(mm)

Depth 
(mm)

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

TO STOP 
CARP OF

BUT THIS WILL ALSO PREVENT THE PASSAGE OF         
OTHER LARGE-BODIED FISHES, INCLUDING

golden perch bony herring

RELATED 
DIMENSIONS 
(square mesh)

 
 
Essentially, the body dimensions of golden perch, goldfish and redfin perch are similar to those of 
common carp, for any given length. Consequently, if carp exclusion screens are utilised, other similar 
sized fish will also be excluded. Bony herring are a possible exception, since their bodies are 
significantly thinner (but not deeper) than common carp at any given length. 
 

Survey the design of existing carp exclusion screens along the Murray River and compare these 
to the optimised designs 
 
We identified, visited and evaluated wetland CES along the length of the Murray River in SA/NSW/VIC 
during July 2007 to compare existing designs, with our “optimised” designs outlined above. 
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A total of eight mesh designs were identified. The most common designs were “walkway” (n = 24, 44%) 
and weld (n = 10, 19 %) mesh (Figure 4). Other varieties included security, woven, re-enforced 
walkway and double-layered security mesh, and vertical and horizontal bars. Mesh dimensions were 
consistent within the walk-way, reinforced walk-way and double-layered security meshes but varied 
within the weldmesh, woven mesh and the standard security mesh. Most screens were made of 
aluminium (n = 36, 67%), stainless steel (n = 12, 22%) or galvanised steel (n = 6, 11%).  

The mesh dimensions of all designs appeared small enough to exclude large-bodied fishes but only ~5 
% of screens had dimensions that approximated the ‘optimised’ designs (above), and no screen had 
the exact dimensions.  

 
Table 4. Summary of the mesh types and designs that are used to construct carp exclusion screens at wetland 
inlets in SA/NSW/VIC. 
 

Name Walkway mesh        
(n  = 24, 44%)

Weld mesh           
(n  = 10, 19%)

Security mesh         
(n  = 5, 9%)

Woven mesh         
(n  = 5, 9%)

Vertical 
aperture 34 mm 21-50 mm 52-58 mm 22-25.3 mm

Horizontal 
aperture 97 mm 22-75 mm 55-63 mm 22-25.3 mm

Name Re-inforced Walkway   
(n = 4, 7%)

Double-layered security 
(n = 3, 6%)

Horizontal bars        
(n  = 4, 4%)

Vertical bars          
(n  = 1, 2%)

Vertical 
aperture 34 mm 26 mm 15 mm 330 mm

Horizontal 
aperture 43 mm 34 mm 290-450 mm 7 mm

 

What’s next? 
 
For the remainder of 2007-08, we plan to undertake laboratory trials to evaluate the relative 
performance of the most common existing screen type (walkway mesh) and our optimised designs, in 
terms of excluding carp > 250+ mm TL whilst still allowing the unimpeded passage of small-bodied 
native fishes. Time permitting, we may also investigate options for constructing screens from other 
materials, including durable, non-corrosive plastics.  
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Introduction 

For migratory fish, the restoration of longitudinal and lateral connectivity that contributes to population 
recovery is a major outcome of fishway construction (Barrett and Mallen-Cooper 2006). However, it is 
also apparent that detecting population recovery post fishways is difficult, particularly in de-coupling 
field data from other environmental rehabilitation efforts and from long-term variation in fish population 
dynamics. Worldwide, studies that demonstrate population recovery following fishways are uncommon, 
particularly for many of the long-lived (>20 years) potamodromous fishes and long-term monitoring is 
essential.  

In south-eastern Australia, in the regulated Murray River many migratory fish populations have declined 
in their geographic distribution and abundance. For example, over the past 50 years there has been 
serious decline in the abundance and distribution of a medium sized (commonly to 400 mm FL) 
potamodromous Terapontid, silver perch (Bidyanus bidyanus; Mallen-Cooper and Brand 2007). Under 
the 50-year vision of the Native Fish Strategy (NFS) restoration of connectivity along 2500 km of the 
Murray River, at 14 riverine weirs and five tidal barrages will be achieved by a major fishway 
construction program (Barrett and Mallen-Cooper 2006). The fishways will be important in restoring 
native fish populations to 60% of pre-European levels.  
 
The first of the new Murray River fishways has been operating since 1991 and fish numbers have been 
monitored daily. The vertical-slot fishway at Torrumbarry Weir might provide an indication of long-term 
fish population trends and of the environmental factors that influence daily passage rates. Our aim was 
to examine the numbers of native and non-native fish using the Torrumbarry Weir fishway each day 
since 1991, the environmental factors that influence fish migration, and any changes in abundance of 
silver perch and golden perch (Macquaria ambigua; commonly to 500 mm TL) in upstream reaches, 16 
years after fish passage restoration.  

Methods & Results 
The exit of the Torrumbarry Weir fishway has been monitored daily, by on-site weir keepers, from 
March 1991 to March 2007. Including all the catch data (some samples > 24 h), an overall total of 161 
225 fish representing 12 species were collected at the top of the vertical-slot fishway (Table 1). Of 
these, 33 313 fish ascended the original fishway prior to April 1996 and 127 912 ascended the new 
fishway after March 1997. A maximum of 3 357 fish were captured in 24 h. For the 2 383 sample days 
(24 h each) significantly (P = <0.001) greater numbers of golden perch, silver perch and bony herring 
ascended the new fishway (after 1997) compared to the old fishway (Figure 1). Significantly (P = 0.012) 
more common carp also ascended the new fishway. For Murray cod there were too few fish to conduct 
any analyses of daily numbers and fishway, or environmental variables.  
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Table 1.  The total number of fish collected for five common species, between 1 August and 
31 July, each year at the top of the Torrumbarry Weir fishway from March 1991 to March 
2006.  The numbers in brackets indicate juvenile fish (less than 250 mm long).  A new 
fishway began operation in March 1997. 
 
 Silver perch Golden 

perch 
Bony 
herring 

Murray 
cod 

Common 
carp 

March to 
July 1991 

67 (1170) 477 (413) 57 (44) 9 (2) 37 (2) 

1991/92 382 (281) 479 (80) 172 (39) 13 (1) 3552 
1992/93 399 (333) 414 (134) 1640 (652) 2 6638 (58) 
1993/94 142 (81) 362 (1768) 306 (210) 3 1165 

(361) 
1994/95 11 (44) 223 (8) 40 (244) 5 3395 (8) 
1995/96 13 (4120) 498 (59) 73 (104) 1 2515 
1996/97* 10 (279) 75 (206) 48 (13) 3 55 (1) 
1997/98 95 (1146) 930 (413) 38 (150) 9 4333 
1998/99 817 (5103) 1409 

(1335) 
124 (3607) 2 2628 (1) 

1999/00 968 (5438) 1230 
(198) 

394 (935) 12 984 (3) 

2000/01 1206 (11768) 3022 
(3260) 

686 
(12135) 

90 (1) 462 
(11709) 

2001/02 715 (638) 375 (15) 307 (253) 81 (1) 728 (9) 
2002/03 1142 (1374) 523 (268) 79 (411) 47 456 
2003/04 1306 (616) 362 (20) 17 (143) 19 377 (2) 
2004/05 1999 (1998) 1010 (432) 39 (34) 32 (2) 284 
2005/06 767 (10011) 894 (332) 106 (274) 30 181 
2006/07 
TOTAL 

164 (21141) 
10203 
(65541) 

236 (7) 
12519 
(8948) 

12 (9) 
4138 
(19257) 

12 
370 
(7) 

298 
28088 
(12154) 
 

 
GRAND 
TOTAL 

 
75 744 

 
21 467 

 
23 395 

 
377 

 
40 242 

*New fishway construction from April 1996 to March 1997  

Boat electrofishing below Yarrawonga 

A total of 274 silver perch, 697 golden perch, 1 631 Murray cod, 1 059 trout cod, 7 bony herring, 7 river 
blackfish (Gadopsis marmoratus), 4 113 common carp, and 28 redfin perch were collected or observed 
at the 3 boat electrofishing sites sampled below Yarrawonga Weir between 1995 and 2005. A linear 
increase in the relative abundance of silver perch between 1995 and 2006 was detected in the Murray 
River below Yarrawonga (r2= 0.332, F1,26, p=0.001, Figure 2). In contrast, a linear increase in the 
relative abundance of golden perch was not detected over time (r2= 0.003, F1,26, p=0.771). 
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Figure 1. The number of fish 
collected at the top of 
Torrumbarry fishway (per 24hr 
period, five days per week) 
between March 1991 and March 
2006, plotted against flow. There 
was no fish passage from April 
1996 until a new fishway began 
operation in March 1997. 
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Discussion 
 
The Torrumbarry Weir fishway has passed a relatively large number of fish since beginning operation in 
early 1991 with over 75 000 federally endangered silver perch using the facility. In passing large 
numbers of migratory fish, the Torrumbarry fishway has restored connectivity to an 869-km stretch of 
the Murray River between Euston and Yarrawonga weirs. 
 
One characteristic of the daily flows released from Torrumbarry Weir appeared to be particularly 
important in stimulating migration of native fish, particularly juveniles. When tail water height varied in 
spring and summer, large numbers of fish migrated upstream and in January/February 2005/06 and 
2006/07, when there were small flow variations each day, usually approximately 0.2 m and 150 ML d-1 
,but over 2 200 juvenile silver perch were collected in 24 h and over 5 000 in 3 days. In a low gradient 
river, these small flow changes represent small changes in the total river depth (often 4 m), though 
such variation appears to have direct effects on the river ecosystem and native fish with juvenile silver 
perch responding by moving upstream. 
 
An immediate potential management outcome is manipulating low and medium flows (500 ML d-1 
exceeded 100% of the time since 1991) to restore some natural variability to enhance dispersal and 
enhance connectivity. We suggest that the same amount of water can be delivered downstream but 
with slight variation, daily rises and falls of <150 ML d-1.   
 
For some fishes, and particularly juvenile (1+ years old) golden perch and silver perch these data 
suggest a model of pulsed upstream migration (Figure 3). Strong dispersal movements stimulated by 
spring/summer floods, or for juvenile silver perch simple variation in annual within-bank irrigation flows, 
coupled with warmer summer water temperatures. The juvenile fish then stopped migrating as the river 
level fell, but apparently without returning downstream. A staged upstream migration appears to be an 
appropriately flexible movement strategy for juveniles of long-lived potamodromous fishes, within a long 
semi-arid, low-gradient river system, that naturally dried into a series of pools. 
 
The migration model, with mainly adults migrating at Locks 7-11 and many juveniles (1+ years old) at 
Locks 15 and 26 also suggest a major recruitment area between Lock 11 and Lock 15. Hence the 
Murray fishways are important in monitoring fish populations and in targeting specific habitats for new 
research. We suggest a study of the ecology of golden perch and silver perch and the relative 
abundance of larvae/recruits between Lock 11 and 15 might be useful. 
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Figure 2: Relative abundance of silver perch and golden perch between 1995 and 2006 in the Murray River 
below Yarrawonga. 
 
 
In conclusion, restoring fish passage is an important step in the catchment-scale rehabilitation of 
migratory fish populations and an important aim under the 50-year vision of the NFS. On the Murray 
River a new initiative to construct 14 new fishways will be vital in this process and will likely be a major 
step in native fish restoration (Barrett and Mallen-Cooper 2006). The long-term data from Torrumbarry 
Weir and the electrofishing upstream are among the first to detect positive change in populations post-
fishway construction. Long-term counts of fish successfully utilising these fishways will also be 
important in demonstrating recovery of migratory fish populations. 
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Figure 3. A model of the life-history of golden and silver perch between Torrumbarry Weir and 
Lock 11. Adults migrate and spawn in unknown habitats between Lock 11 and Torrumbarry. 
Larvae drift downstream and return upstream in spring/summer a pulsed migration depending 
on river flows. 
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Background 
 
Dams and weirs have been constructed throughout the Murray Darling Basin to regulate river flows. 
The construction of these instream barriers, however, has reduced connectivity and fragmented the 
river landscape. Loss of connectivity adversely impacts native fish by interfering with movement, which 
is critical in spawning, feeding, dispersal and colonisation. 
 
The construction of fishways helps to mitigate adverse impacts of instream barriers on native fish, 
whilst simultaneously helping the Native Fish Strategy achieve its main objective of restoring native fish 
populations.   
 
As part of a broader program to upgrade existing dams and weirs, the MDBC has constructed fishways 
to restore connectivity across Locks and weirs of the Murray River between the Murray mouth and Lake 
Hume.  Fishways have been established at eight instream barriers on the Murray River, with a further 
four fishways are due for completion at Locks 2-6 by 2010.   
 
A tri-state research and monitoring team, comprising members from Victoria (Arthur Rylah Institute for 
Environmental Research), New South Wales (NSW Department of Primary Industries) and South 
Australia (SARDI Aquatic Sciences), has been assessing fishway performance and investigating 
suitability of fishway designs since 2002.   
 
The four main objectives of the program are to assess the following: 
 
1. Are the fishways allowing passage of a full range of species and size classes of fish? 
2. Are the fishways reducing accumulations of fish downstream of the barrier? 
3. Are the fishways contributing to positive changes in the abundance and diversity of native fish in 

the river? 
4. How can the location, design and operation of the fishways be optimised? 
 
 

Results and conclusions for monitoring and fishway assessment 
 
Lock 1-3 Monitoring - monthly sampling September - February, 2000-2005.   
 
A total of 40,003 individuals representing 12 species were collected downstream of Locks 1-3 (Table 1).  
Abundances of fish were generally higher at Lock 1 compared with Locks 2 and 3, which had similar 
abundances of fish. Differences between Locks is attributed mostly to common carp, Australian smelt 
and bony herring.  Higher abundances of fish downstream of Lock 1 were predicted due to the more 
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extensive riverine system and large lake, Lake Alexandrina, that exists downstream of Lock 1, while the 
environment downstream of Locks 2 and 3 is restricted to shorter river reaches and weirpool habitat 
conditions.   
 
Time of day also influenced abundances, size-class structure and total number of species of fish across 
all Locks.  Diurnal sampling yielded 23,206 individuals, with common carp, Australian smelt and bony 
herring dominated catches.  Fewer fish were sampled at night (16,797 fish), and, while carp, smelt and 
herring again dominated catches, the numbers of goldfish, carp gudgeon and golden perch were 
elevated.  Diel size variations were evident, with small goldfish, Australian smelt, bony herring and 
unspecked hardyhead being found during the day (Table 2).  During the night, smaller golden perch 
and common carp were found.   
 
The mechanism/s responsible for the diel differences observed here were not investigated. Other 
studies indicate that vertical migrations between the surface and river bed, lateral migrations between 
the bank and the channel, and longitudinal migrations from more distant areas are all important, and 
may vary with predation risk and feeding.  The sampling efficiency of the boat electrofisher may also 
change as fish migrate (vertical, lateral and longitudinal).   
 
These results have shown that diel sampling is required to obtain an accurate indication of fish 
assemblages accumulating in the vicinity of instream barriers.  Such information can now be used to 
improve the design of fishways, enabling the movement of a range of fish species, size-classes and 
behaviours. 
 
Lock 7, 9, 10 Fishway Assessment – Spring/Summer sampling (see Table 3) 
 
A total of 113,326 fish from 13 species were trapped from the fishways of Locks 7, 9 and 10 (Table 3), 
indicating that fish are able to move across each structure.  Catches were dominated by golden perch, 
common carp and bony herring at all Locks.  Medium-bodied species such as common carp, golden 
perch and silver perch were collected in higher abundances at the exits compared with the entrances 
(Lock 9, 10) (Table 3), and this may indicate the active avoidance of traps by fish (trap shyness) within 
fishways, which is known to occur.   
 
No entrance samples were taken from the Lock 7 fishway, but 6,381 fish from 9 species were collected 
at the exit.  Like Locks 9 and 10, catches were dominated by medium-bodied fish species.  Few Murray 
cod were collected from all fishways during regular sampling, but a recent (mid-late 2007), one off 
survey found numerous large Murray cod passing through Lock 10.  This result coincided with an 
increase in flow at Lock 10.   
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Table1.  A summary of diel fish catches from sites sampled below Locks 1, 2 and 3 on the Murray River, South 
Australia. Data are pooled across all replicates within day (D) and night (N) periods.  Max refers to the maximum 
body length attained.  
 
 Species Max Lock 1 Lock 2 Lock 3 
 (mm) D N D N D N 
Native fish        
Australian smelt 95 1,320 1,157 462 249 718 316 
Bony herring 400 3,408 2,599 3,370 2,107 3,153 1,195 
Flat-headed gudgeon 95 21 76 35 46 57 30 
Un-specked 
hardyhead 

70 102 153 339 145 354 44 

Golden perch 550 135 275 91 177 57 108 
Murray cod 1800 2 2 2 2 0 5 
Murray rainbowfish 90 79 11 71 49 128 29 
Shortheaded lamprey 500 2 1 0 0 0 0 
Silver perch 500 11 5 23 17 35 25 
Carp gudgeon 45 13 62 57 85 61 209 
        
Non-native fish        
Carp 550 5,935 4,092 1,935 1,371 984 814 
Redfin perch 450 81 148 4 30 8 22 
Goldfish 400 74 431 44 295 35 415 
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Table 2. A comparison of size-classes of the most abundant fish caught during day and night sampling in the 
Murray River, South Australia.  n represents the number of fish used in the analyses, with mean length (mm) ± 
one standard deviation (SD).  Sig. Smaller fish denotes whether significantly (P < 0.05) smaller size-classes were 
caught during the day or night. 
 

Day Night Species 

n Mean 
length 
± SD 

n Mean 
length 
± SD 

KS stat Sig. 
Smaller 
fish 

Lock 1       
Goldfish 79 121±58 398 141±43 0.288 Day 
Un-specked hardyhead 96 36±10 89 42±9 0.341 Day 
Carp 1032 470±126 1374 377±151 0.314 Night 
Golden perch 125 326±123 263 211±98 0.469 Night 
Bony herring 2144 134±60 1470 147±68 0.215 Day 
Australian smelt 579 52±10 381 53±12 0.147 Day 
       
Lock 2       
Goldfish 31 141±56 286 154±42 0.199 - 
Un-specked hardyhead 171 36±10 74 40±8 0.202 Day 
Carp 762 455±126 728 368±155 0.340 Night 
Golden perch 80 345±90 180 273±101 0.392 Night 
Bony herring 1561 130±68 1116 156±53 0.368 Day 
Australian smelt 181 46±10 108 50±14 0.297 Day 
       
 
Lock 3 

      

Goldfish 59 83±33 455 125±38 0.437 Day 
Un-specked hardyhead 267 32±11 40 38±9 0.359 Day 
Carp 438 440±142 554 340±156 0.336 Night 
Golden perch 65 317±107 112 277±92 0.347 Night 
Bony herring 1724 125±76 750 157±70 0.326 Day 
Australian smelt 327 42±12 94 50±12 0.292 Day 
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Table 3. Summary of all fish trapped at the entrances and exits of fishways at Lock 7 (04/05 and 05/06), 9 (05/06 
and 06/07) and 10 (06/07).  
 

Lock 7 Lock 9 Lock 10   
Common name Ent* Exit Ent Exit Ent Exit 

 
Grand Total 

Small-bodied fish (<100mm)       
Australian smelt - 16 821 193 279 220 1,529 
Carp gudgeon - 1 53 1 183 0 238 
Gambusia - 0 1 0 211 7 219 
Murray rainbowfish - 0 4 0 2 0 6 
Flatheaded gudgeon - 0 12 1 2 5 20 
Un-specked hardyhead - 0 52 2 3 1 58 
        
Medium-bodied fish (100-
600mm)       
Bony herring - 1,420 306 530 294 345 2,895 
Carp - 2,620 11 1,104 1 120 3,856 
Golden perch - 2,271 215 1,315 212 691 4,704 
Goldfish - 1 0 1 0 1 3 
Redfin perch - 1 0 0 0 0 1 
Silver perch - 44 5 26 1 13 89 
        
Large-bodied fish (>600mm)       
Murray cod - 7 0 0 0 1 8 
         
Grand Total - 6,381 1,480 3,173 1,188 1,404 13,626 
* No entrance trapping was conducted at the Lock 7 fishway 
 
The length of fish species collected indicates that all three fishways were operating to design 
specifications; golden perch, silver perch, bony herring and Australian smelt between 40 mm and 
1000 mm were collected from fishways (Figure 1).  Unexpectedly, however, numerous small sized 
individuals were collected, indicating that the fishways are ‘passing’ fish outside the design 
specifications (Figure 1).  Small bodied species such as Australian smelt, gambusia and carp gudgeon 
(smaller than 40 mm) were collected at the entrance but not the exits, indicating that they were unable 
to ascend a 1:32 fishway.  This provided new information on the size range of fish that move, and the 
gradients over which they move.  Providing passage for these very small individuals may greatly 
increase capital outlay and research to improve fishway performance and cost-effectiveness has been 
a key component of the Program.  
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Figure 1.  Length frequency distributions and Kolmogorov-Smirnov statistics for the most frequently sampled 
species from the entrance (shaded bar) and exit (unshaded bar) of the vertical slot fishway at Lock 9 (a) and 10 
(b). KS is the Kolmogorov-Smirnov critical value calculated using n (number) of individuals and p is the 
significance level of the test. The shaded plot area depicts fish outside the design range of the fishway (40-
1000 mm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b)a) 
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Sea to Hume Fishways Monitoring: Barrage Fishways 
 
Brenton Zampatti1, Paul Jennings1, Ivor Stuart2 and Lee Baumgartner3 
 
1SARDI Aquatic Sciences, 2Arthur Rylah Institute, 3NSW Department of Primary Industries 

Introduction 
The Murray River terminates into an expansive shallow lake system, comprising of Lakes Alexandrina 
and Albert, and the Coorong, before discharging into the Southern Ocean through the Murray Mouth 
(Figure 1). This region covers 953 km2 and historically formed a dynamic interface between marine and 
freshwater processes known as the Murray Estuary. The completion of five tidal barrages (total length 
7.6 km) in 1940 created an impounded freshwater environment and an abrupt barrier between 
estuarine and freshwater environments. 

 
River regulation and associated changes in stream hydrology have dramatically affected the ecological 
function of river, floodplain and estuarine ecosystems in the Murray-Darling Basin (Arthington and 
Pusey, 2003; Kingsford, 2000; Walker and Thoms, 1993). In the Coorong and lower lakes isolation of 
the estuary and a reduction in freshwater inflows has led to a decline in commercial fisheries production 
of freshwater and estuarine species, and a decline in the distribution and abundance of smaller native 
fishes (Sloan, 2005; Wedderburn and Hammer, 2003; Hall, 1984). 
 

 
Figure 1. Location of the lower lakes, barrages, Coorong estuary and Murray mouth. 
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Fish assemblages of the lower Murray lakes and Coorong 
 
Fifty-nine fish species have been recorded within the Coorong since barrage construction. Thirty-four of 
these are primarily marine and are irregular visitors to the region, eleven are estuarine and fourteen 
freshwater (Higham et al., 2002). Four fish species, yellow-eyed mullet (Aldrichetta forsteri), black 
bream (Acanthopagrus butcheri), greenback flounder (Rhombosolea tapirina), and mulloway 
(Argrosyomus hololepidotus), support important commercial and recreational fisheries in the Coorong 
(Sloan, 2005). In total, 31 species have been collected that potentially migrate between the estuary and 
freshwater environments at the Murray Barrages, including two catadromous (congolli, Pseudaphritis 
urvilli and common galaxias, Galaxias maculatus) and two anadromous species (shortheaded lamprey, 
Mordacia mordax and pouched lamprey, Geotria australis). 

 

In 2001 the Murray-Darling Basin Commission instigated a program to provide passage for migratory 
fish from the sea to Hume Dam, a distance of 2225 km. This included all locks and weirs on the Murray 
River and the tidal barrages at the Murray mouth. In order to facilitate passage for a diverse range of 
freshwater, marine and estuarine fish species, in a highly variable hydrological environment, an 
experimental approach to fish passage was adopted at the Murray Barrages. The MDBC Fish Passage 
Reference Group, in consultation with barrage operators and commercial fishers, recommended three 
fishways that were considered to offer the highest potential for effective fish passage at the Murray 
Barrages, namely vertical-slot, Denil and rock ramps. A stepped program was initiated, commencing 
with the construction of a vertical-slot fishway at Goolwa barrage and a vertical-slot and rock ramp 
fishway at Tauwitchere Barrage. A Denil fishway was not constructed, as this type of fishway is unable 
to operate effectively with variable headwater (Clay, 1995). 
 

In 2004 a full depth vertical slot and a rock ramp fishway were constructed at Tauwitchere Barrage 
followed by a partial depth vertical slot fishway at Goolwa Barrage in 2005. The hydraulics of the 
vertical slot fishways (0.3 m slots, 0.2 m headloss between cells and maximum water velocities of 2.0 
ms-1) were intended to accommodate the swimming abilities of fishes greater than 150 mm whilst the 
rock ramp was designed for smaller bodied fishes (40 - 150 mm).  

 

This paper provides a broad summary of the barrage fishway assessment program to date including a 
specific example of the species composition, abundance and size of fishes attempting to utilise and 
successfully ascending the Goolwa vertical slot fishway. We also discuss how improved biological 
knowledge acquired during the program has been incorporated into the design of future fishways at the 
Murray Barrages. 
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Methods 
 
Due to low flows in the Murray River, freshwater releases from the barrages were intermittent in 
2004/2005. After a brief pilot study in December 2004, the efficiency of the Tauwitchere vertical-slot 
fishway was assessed bi-daily in January and early February 2005. The Goolwa vertical-slot fishway 
and the Tauwitchere rock ramp fishway were subsequently assessed between July 2005 and March 
2006 during which time approximately 660 GL of freshwater flowed through the barrages enabling the 
fishways to operate continuously. Four sampling trips were undertaken during this period, totalling 15 
field days. 
 
All fishways were assessed by trapping fish for two consecutive days at the entrance and exit of the 
fishway thus providing paired samples of those fish that entered the fishway as well as an independent 
sample of those that fully ascended. To enable smaller fish to enter the bottom sample, water flow 
through the vertical slot fishways was reduced so that the entrance head loss was lowered from 200 
mm to 30-50 mm. 
 
On each sampling occasion specifically designed fishway traps were set for a 14-18 hour period using 
mobile cranes operated by SA Water staff. Fish were removed from the traps and held in large aerated 
tanks. Where possible all fish were identified, counted, measured and released upstream of the 
fishway. For abundant species (>100 individuals), a sub-sample of 100 individuals was measured to 
represent the size structure of individuals utilising the fishway. Measurements of fish lengths were 
taken to the nearest mm, dependent on species-specific tail morphology (FL or TL). 
 

Results 
 
In general over 98% (57446 individuals) of the fish collected across all barrage fishways were small-
bodied species (< 100 mm long). Many of these individuals were collected attempting to use the 
fishways but were unable to ascend due to the design hydraulics, particularly at the vertical-slot 
fishways. Nevertheless, ascent of some small-bodied species was observed during periods of low or 
negative headloss between the Lower Lakes and Coorong. 
 
Goolwa Vertical Slot 
 
A total of 12378 individuals, representing 11 fish species, were collected during six paired days 
sampling at the fishway entrance and exit (Table 1). Overall abundance and species diversity was 
highest at the fishway entrance. A total of 11797 individuals and 11 species were collected during 
entrance sampling while 581 individuals and 7 species were collected at the fishway exit. The 
marine/estuarine sandy sprat (Hyperlophus vittatus) was the most abundant species, (n = 9231 
individuals) comprising 74.6% of the total catch. Other common species were the freshwater Australian 
smelt (Retropinna semoni), catadromous congolli (Pseudaphritis urvillii) and estuarine small-mouthed 
hardyhead (Atherinosoma microstoma), which contributed 9%, 7% and 6.3% to total abundance, 
respectively (Table1). 
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The abundance of all species was highest at the fishway entrance with the exception of two larger-
bodied species. Larger individuals of the displaced freshwater species bony herring (Nematalosa erebi) 
and non-native carp (Cyprinus carpio) were capable of successfully ascending the fishway in greater 
numbers relative to their downstream abundance. 

 
 
Table 1. Species composition and abundance of fish sampled from the Goolwa vertical slot fishway in six paired 
days sampling between October 2005 and February 2006. * indicates exotic species. 
 
  Entrance Exit Total 
Sampling Events  6 6 12 
CPUE (fish hr-1)  82.2 4.1  
Total species  11 7 11 
Common name Scientific name    
Australian smelt Retropinna semoni 991 120 1111 
Sandy sprat Hyperlophus vittatus 9060 171 9231 
Congolli Pseudaphritis urvilli 789 81 870 
Small-mouthed 
hardyhead 

Atherinosoma 
microstoma 

785 0 785 

Bony herring Nematalosa erebi 26 188 214 
Common galaxias Galaxias maculatus 41 14 55 
Flat-headed gudgeon Philypnodon grandiceps 11 2 13 
Tamar River goby Afurcagobius tamarensis 5 0 5 
Golden perch Macquaria ambigua 1 0 1 
Carp* Cyprinus carpio 5 5 10 
Redfin perch* Perca fluviatilis 83 0 83 
 
For the most abundant species (> 25 individuals from both entrance and exit samples) the number of 
individuals from entrance and exit samples was compared using a Wilcoxon’s rank sum test. 
Significantly greater numbers of sandy sprat (P<0.05), congolli (P<0.05) and small-mouthed hardyhead 
(P<0.05) aggregated below the fishway than were able to successfully ascend. No significant difference 
was detected for Australian smelt (P>0.05), common galaxias (Galaxias maculatus) (P>0.05) and bony 
herring (P>0.05). 
 
A broad length distribution of fish was sampled from above and below the fishway. The smallest 
individual was an 18 mm small-mouthed hardyhead and the largest a 730 mm carp. Overall, 91.8% of 
the individuals measured for all species were < 150 mm long. To determine at what size individuals 
were potentially excluded from ascending the fishway, the length frequency distribution of the most 
abundant species was compared for fish sampled at the entrance and exit of the fishway (Kolmogorov-
Smirnov goodness of fit test). For three species, Australian smelt (D149,83= 0.23, P<0.001), sandy sprat 
(D232,106 = 0.23, P<0.001) and congolli (D236,78 = 0.32, P<0.001) significantly larger individuals were 
present at the fishway exit. Insufficient individuals from all other species were collected to allow similar 
analyses. 
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Discussion 
 
The biological assessment of the three trial fishways at the Murray Barrages has generated new 
knowledge on the performance of the fishways and on the potential migratory fish assemblages in the 
Coorong and Lower Lakes. These data are being used to inform the design and optimization of a suite 
of new fishways at priority locations including the Goolwa, Tauwitchere and Boundary Creek Barrages, 
and Hunters Creek.  
 
The greatest challenge to the design and operation of fishways will be the ability to facilitate fish 
passage in a dynamic system that experiences large independent variations in head and tail water 
levels. Furthermore, environmental water allocations for the fishways are likely to be an ongoing issue. 
During prolonged periods of low flow, fishways that can facilitate effective fish passage whilst 
discharging low volumes of freshwater will have the greatest potential to meet the ecological 
requirements of migratory fish communities in this highly regulated system. Nevertheless, high flow 
fishways, with diffuse discharge, will also be required to facilitate effective fish passage during future 
periods of high discharge from the barrages. 
 
Given the high biomass of small-bodied fish species attempting to migrate, the construction of future 
fishways at the Murray Barrages will include a range of fishways that facilitate the passage of fish from 
20 to 150 mm in length. 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. 
 
The Goolwa and Tauwitchere vertical-slot fishways were designed for large-bodied fishes (> 150 mm); 
nevertheless, no large-bodied estuarine fish species (i.e. mulloway and black bream) were collected in 
the fishways, despite their presence in the vicinity of the fishway entrances. The vertical-slot fishways 
were effective, however, in facilitating the upstream passage of displaced large-bodied freshwater fish 
such as bony herring and golden perch. The return migration of displaced potamodromous fishes is an 
important ecological consideration in large rivers (Stuart and Berghuis, 2002) and the current vertical-
slot fishways appear to effectively facilitate this. 
 
The relationship between freshwater inflows, fish movement and the recruitment ecology of large 
bodied estuarine species is not well understood. 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 the abundance of juvenile and sub-adult mulloway 
increases as fish enter the estuary from the sea. Recent fishway sampling in February/March 2007 
indicated that adult black bream, sub-adult mulloway and adult flat-tail mullet (Liza argenta) may 
attempt to utilise the fishways during periods of low and reverse flows. Prior to barrage construction, a 
gradual salinity gradient would have been present during these events and large–bodied estuarine fish 
may have followed this gradient. Under current conditions fish are confronted by a sudden change in 
salinity and the biological and behavioral effects of such abrupt gradients are generally unknown 
worldwide (Larinier, 2002). Investigation of the ecology of large-bodied estuarine species, particularly in 
relation to freshwater inflows and the provision of fish passage is required. 
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Introduction 
 
In order to build efficient fishways, which will maintain and potentially restore ecosystem integrity, an 
understanding of the spatial and temporal behaviour of fishes at both the fishway scale and the 
catchment scale are essential. Worldwide, there has been increasing use of Passive Integrated 
Transponder (PIT) technology to remotely study the spatial behaviour of freshwater fishes, including 
habitat use in streams, behaviour in fishways and assessing fishway efficiency (Castro-Santos et al. 
1996; Lucas et al. 1999; Aarestrup et al. 2003). 
 
As a component of the Murray-Darling Basin Commission’s (MDBC) Lake Hume to the sea fish 
passage restoration program, over 11,000 fish have been implanted with PIT tags and fixed PIT 
readers have been installed in four new vertical-slot fishways at Locks 7-10 on the Murray River. Since 
the inception of the Murray River Fishway Assessment Program (MRFAP) in 2002, PIT tags (Texas 
Instruments Eco Version: 23mm, half-duplex) have been implanted in 11,800 fish sampled within or 
downstream of the four fishways (Locks 7-10) and in the lower reaches of the Murray River (Locks 1-3). 
The most common species tagged were golden perch (5,875) and carp (5,077), with considerably lower 
numbers of Murray cod (405) and silver perch (325). 
 
To detect fish movements, four-antenna fixed PIT reader systems (Texas Instruments RIS Series 2000 
tuners and readers) have been installed into each fishway. Antennas were installed at the fishway 
entrance, in the first vertical-slot upstream, at the mid-point of the fishway and also the exit. In this way, 
the direction of movement (i.e. upstream or downstream) of fish within the fishways could be 
determined. Each antenna/reader was connected to a laptop computer operating TIRIS Multi-reader 
Program software (Conte Anadromous Fish Research Centre – USGS-BRD, version 2). When a tagged 
fish is detected the computer records the antenna number, unique PIT number, date and time. PIT tag 
data has been recorded from Lock 8, 7, 9 and 10 since November 2003, August 2004, February, 2005 
and July 2006 respectively. The 2006/2007 PIT tag records, however, are the most complete dataset 
for all four fishways and as such, investigations of seasonality of movement are restricted to this time 
period. 
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Results 
 
Movement within fishways 
In total, 2,333 individual fish have been recorded at Lock 7, 8, 9 or 10. Over 67% of the recorded fish 
were golden perch (1,584 records) and over 24% were carp (569 records). Low numbers of Murray cod 
(n=41) and silver perch (n=34) have been recorded. Bony herring and goldfish account for < 5 records 
each. Approximately 100 fish remain unidentified and may have been PIT tagged as part of other 
investigations. 
 
In the Lock 7-10 vertical slot fishways, passage efficiency (i.e. the proportion of individuals that exited 
the fishway after entering from downstream) was relatively consistent between fishways for carp and 
golden perch but highly variable for silver perch and Murray cod, most likely due to small sample sizes. 
Passage efficiency of golden perch and carp was > 80% at the Lock 7, 8 and 9 fishways but slightly 
less at Lock 10 (carp 71% and golden perch 66%). Passage efficiency for silver perch ranged from 50% 
at Lock 9 to 100% at Lock 10, and for Murray cod from 33% at Lock 9 to 82% at Lock 7.  
 
Mean ascent rates of golden perch, silver perch and carp through the Lock 7-10 fishways differed 
significantly between species (Two-way factorial ANOVA, F2,2066=276.76, p<0.0001). Mean ascent rates 
of carp and silver perch were generally < 1.5 hours, whilst rates for golden perch were generally slower 
(i.e. 2-3 hours; Figure 1). Murray cod had the slowest mean ascent rate (> 7 hours) but this was highly 
variable, again most likely as a result of small sample sizes. 
 

Species
Silver perch Carp Golden perch Murray cod

A
sc

en
t t

im
e 

(m
in

ut
es

) ±
 s

ta
nd

ar
d 

er
ro

r (
S

E
) 

0

100

200

300

400

500

600

700

800

Lock 7 
Lock 8 
Lock 9 
Lock 10 

 
Figure 1. The mean (±SE) rates of ascent for silver perch (n=7, 10, 5 and 4), carp (n=62, 219, 218 and 82), 
golden perch (n=120, 380, 776 and 184) and Murray cod (Lock 7 n=9, Lock 8 n=15) at the Lock 7-10 fishways. 
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The timing of movement of the two most abundant PIT tagged species, golden perch and carp, 
recorded moving through the Lock 9 fishway between April 2006 and March 2007 is presented in 
Figure 2. In 2006/2007 the migratory season for PIT tagged golden perch extended from August to 
March with the highest numbers moving from late August through to January. Peak movement 
commenced in mid August as water temperate increased from an annual minimum of approximately 
10ºC. Carp movement in 2006/2007 extended from August to January with the highest rates of 
movement recorded from August through until December. Like golden perch, carp movement appears 
to commence in late August, corresponding with water temperatures rising above 10ºC. 
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Figure 2. The number of PIT tagged golden perch and carp that ascended the Lock 9 fishway per week between 
April 2006 and March 2007. Solid line is daily flow (ML/d) and dotted line is daily water temperature (ºC) at each 
Lock. 
 
Large scale movements 
PIT tags have provided extensive data on large-scale movements of golden perch, silver perch, Murray 
cod and carp. 61 carp recorded at the Lock 7-10 fishways (> 10% of carp recorded at the fishway) were 
originally tagged in the vicinity of Locks 1-3, over 550 km downstream of Lock 10. In addition, two silver 
perch that ascended all four fishways were originally tagged downstream of Lock 3 (Table 6.3). These 
long distance movements occurred during low flow years when weirs were not drowned out or 
removed, consequently fish may have used the navigation locks to bypass the structures. The longest 
distance movements recorded for golden perch were from the Chowilla Anabranch in South Australia. 
Sixty (3.78%) of the golden perch that were recorded at the Lock 7-10 fishways originated from the 
Chowilla Anabranch system which is approximately 83 km downstream of Lock 7 and 212 km d/s of 
Lock 10. 
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Discussion 
 
Over 11 000 PIT tagged fish are now at liberty in the lower Murray River (downstream of the Darling 
River junction) and remote monitoring at the Lock 7-10 fishways is contributing to improve knowledge of 
fish movement and behaviour within and between the new Murray River fishways. The low cost of PIT 
tags, their small size, unlimited life span and ease of insertion means that large numbers of individual 
fish can be tagged thus providing an effective means of investigating fishway efficiency (Castro-Santos 
et al. 1996). 
 
As a component of the Lake Hume to the sea fish passage restoration program PIT tags are enabling 
the study of the large and small-scale spatial and temporal behaviour of native and exotic fish species 
at a scale that is unprecedented in Australian Rivers. In particular, PIT tag data are revealing new 
information about the species composition of native and exotic fish utilising the fishways, the 
performance of the fishways (e.g. passage efficiency and rate), seasonality of movement through the 
fishways and large-scale movements of tagged fish. These data are being used to refine and improve 
the designs of future fishways and are adding considerably to our knowledge of the ecology of 
freshwater fishes of the Murray-Darling Basin.  
 
Data collected through the PIT tagging program will also assist in addressing a range of objectives from 
the MDBC Native Fish Strategy, including the control and management of carp. Our PIT tagging data 
indicate that carp undertake extensive upstream migrations during low flows (< 10 000 ML/d) in the 
Murray River. Over 60 PIT tagged carp (> 10% of the recorded carp) negotiated at least three locks and 
weirs, and up to six locks and weirs, to travel distances of over 550 km. The timing and scale of 
movement of carp, particularly through the newly constructed fishways, has direct application to the 
control of this species by trapping and removal from fishways (Stuart et al. 2006). Based on our PIT tag 
data on the temporal movement of carp through the Lock 7-10 fishways we would suggest the 
deployment of carp separation cages in these structures from August to February at a minimum. 
 

References 
 
Aarestrup, K., Lucas, M.C. and Hansen, J.A. 2003. Efficiency of a nature-like bypass channel for sea 

trout (Salmo trutta) ascending a small Danish stream studied by PIT telemetry. Ecology of 
Freshwater Fish 12, 160-168. 

Castro-Santos, T., Haro, A. and S. Walk (1996) A passive integrated transponder (PIT) tag system for 
monitoring fishways. Fisheries Research 28, 253-261. 

Lucas, M.C., Mercer, T., Peirson, G. and Frear, P.A. 1999. Seasonal movements of course fish in 
lowland rivers and their relevance to fisheries management. In 'Ecology and Management of 
River Fisheries'. (Ed. IG Cowx). (Fishing News Books, Blackwell Scientific Publications, Oxford)  

Stuart, I.G., Williams, A., McKenzie, J. and Holt, T. 2006. Managing a migratory pest species; a 
selective trap for common carp. North American Journal of Fisheries Management 26, 888-893. 

 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 64

Scoping options for assessing the impact of cold water pollution 
mitigation on the fish assemblage downstream of Keepit Dam, Namoi 
River  
 
C.A. Boys, N. Miles & T. Rayner 
NSW Department of Primary Industries  

Objective:  
The Murray-Darling Basin Commission (MDBC) commissioned this report to scope the feasibility of a 
four year impact assessment investigating the response of the fish assemblage in cold water pollution 
(CWP) affected reaches of the Namoi River to a proposed multi-level offtake (MLO) at Keepit Dam. It is 
the objective of this report to ensure that if a full impact assessment was commissioned at Keepit Dam, 
that it would be scientifically-robust and cost effective. This report provides background information and 
analysis to inform the design of a full impact study and reports on its feasibility.  
 

Non technical summary:  
Cold water pollution (CWP) remains a significant problem hindering the recovery of native fish 
populations in the Murray-Darling Basin (MDB). Despite this, of all the factors impacting on native fish, 
CWP is among the easiest to recognise, quantify in magnitude and extent, and there are several 
pragmatic solutions available to alleviate its impact. Unfortunately, however, faced with the large capital 
outlay required to build mitigating infrastructure, the decision whether to address CWP at large storages 
continues to be made largely based on financial considerations rather than the potential ecological 
benefits that can be gained. When and where CWP has the potential to be addressed as part of dam 
safety upgrade projects, researchers need to be ready to measure the ecological response to such 
works. Whilst there is sufficient knowledge demonstrating the negative impact of CWP on the MDB fish 
assemblage, further research is needed to gauge the degree of ecological improvement that can be 
gained from CWP mitigation. It is recommended that research into CWP mitigation within the MDB be 
considered of high priority and supported through the Murray-Darling Basin Commission’s Native Fish 
Strategy.  
 

The project details how monitoring fish assemblage response to CWP mitigation in the MDB can be 
achieved based on a well-established impact assessment design framework, appropriate sampling 
equipment and fish assemblage indicators. Whilst scoping the Keepit Dam case study, however, it 
became apparent that this type of monitoring study is not without its problems. A four year study 
determining fish assemblage response to the operation of a multi-level offtake (MLO) at Keepit Dam will 
cost about $1.2 million, almost half of the proposed works budget. Of further concern is the fact that the 
maximum 5

o
C improvement in temperature that is expected downstream of Keepit Dam may not be 

large enough to induce changes in the fish assemblage that can be cost- effectively measured using 
the indicators available. Based on this, other suitable locations for a CWP mitigation study need to be 
explored as possible alternatives to Keepit Dam. The current magnitude of CWP downstream of many 
storages in the MDB is much larger than what is experienced downstream of Keepit Dam. These other 
storages may therefore provide better case studies with which to assess CWP mitigation because the 
potential for thermal improvement is greater. This is based on the assumption that greater 
improvements in temperature will result in larger changes in fish assemblage indicators which will 
therefore be easier to detect in a study with a given level of statistical power. Alternative storages will 
have to be localities where CWP mitigation works are already being planned (e.g. Burrendong 
Dam).The design proposed in this scoping report can be equally applied to other large storages 
throughout the MDB, with only a small amount of additional work being required to apply the design to 
the site specific character of habitat, thermal regime and the fish assemblage.  
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The 2007/08 irrigation season is not going to be a suitable time to study CWP in the MDB. The 
extended drought, record low inflows and very low storage levels means that the probability of 
experiencing the required CWP event in the first year of the study remains highly unlikely. This problem 
is not unique to Keepit Dam and is being experienced at all large storages in the Basin. It is therefore 
recommended that this project not be undertaken in the 2007-2008 financial year. Other storages can 
fill quickly however. For instance, in 2005 Lake Hume’s storage levels rose from 20% to 90% in five 
months and levels at Blowering Dam rose from less than 10% to 65% over the same time period. 
These rapid filling events were not from natural inflows, however, but were due to flow releases from 
upstream storages. There is evidence that the current El Nino event is weakening, giving promise of 
improved inflows into MDB storages. Given the high priority of research into CWP mitigation in the 
MDB, it is recommended that the opportunity to support such research be re-addressed annually using 
up-to-date predictions of storage levels and the likelihood of CWP events.  



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 66

Developing an innovative pump fishway - initial results, experience and 
the way forward 

 
John H Harris1, Lee Baumgartner2, Robert J Keller3 and Brent Mefford 4 

1 Harris Research Pty Ltd; 
2 New South Wales Department of Primary Industries, Fisheries;  
3 Department of Civil Engineering, Monash University; 
4 United States Bureau of Reclamation, Denver, Co. 

Summary  
The Pump Fishway Project was initiated to develop a novel fishway design that combines technology 
from the aquaculture industry with recent fishways knowledge to attract, entrain and pump upstream-
migrating native fish over barriers in rivers. In Australia recently various fishway designs have been 
used at weirs and dams but, despite recent advances in fish passage, current designs have suffered 
from some operational limitations in their performance over the full range of fish sizes and species 
needing passage and, especially, from their high cost. Daunting cost projections for basin-scale fish-
passage remediation, as well as the need to maximise fishway efficiency, are therefore driving the 
search for improved fishway designs and new ideas. 
The pump fishway concept tested comprised four main elements: an open entrance box connected 
through an entrainment cone to a transfer chamber and thence to the upstream exit pipe, which passes 
vertically to overcome the barrier’s elevation. Water for attraction, entrainment and transfer flows is 
gravitated and/or pumped into the system from the reservoir and tailwater. Yanco Weir on the 
Murrumbidgee River near Narrandera, N.S.W. was the research site for initial prototype trials in 
September 2005 and March 2006. Flooding in 2005 and poor fish migration in 2006 prevented 
successful completion of these initial trials. The controlled conditions of a hatchery pond at the 
Narrandera Fisheries Centre, stocked with native fish, was the site for the third trials, which tested 
attraction, entrainment and transfer of the fish. 
Several changes were made during the third trials, primarily related to improving the prototype’s 
hydraulic performance and compensating for limited outputs from the pumps used for water supply. 
Modifications included use of a ‘false weir’ to attract fish through the entrance box and to entrain them 
into the flow leading to the transfer chamber. The false weir performed encouragingly in the trials, 
creating a flow separation and upwelling through which various fish passed, including small gudgeons 
and small numbers of large-bodied fish such as silver perch, golden perch and Murray cod.  
 
Trials of the prototype pump fishway have strengthened understanding of the design principles and 
they provide a basis for future development. Although only limited fish passage was achieved, the trials 
succeeded in attracting, entraining and transferring some large and small fish as intended, indicating 
that the underlying principles are sound. But the groundbreaking nature of the project, limited budget, 
lack of laboratory modelling and practical limitations of the prototype and research sites have resulted 
in only very small numbers of fish being passed. Nevertheless, we consider the preliminary trials of the 
pump fishway have provided sufficient data, experience and encouragement to justify continued 
development of the concept.  
 
The project has not addressed the increasingly important issue of downstream fish passage. The pump 
fishway is currently intended for upstream passage and different approaches are required for 
downstream movement. Although it may be useful in future to consider modifying the principles of the 
pump fishway for this purpose, it was beyond the scope of this project and other methods also need to 
be considered. 
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While the pump fishway concept has shown promise, further development is necessary to radically 
improve attraction and entrainment functions, to ensure that all entrained fish are safely transferred 
from the transfer chamber to the exit and to test the system with abundant, wild, migrating fish in a 
river. Four discrete steps must be successfully completed to develop and prove the concept for 
practical application at field sites. They relate to attracting fish into the fishway entrance, trapping them 
in an enclosure, entraining them into a pressurised system and transferring them by pump to the exit. 
Each of these steps is included in a proposal currently being designed for a Stage 2 development 
project. Its objective is to design and build a working pump fishway after further investigation of 
hydraulics and fish behaviour.  
 
Three additional issues remain to be dealt with: the need to assess possible effects on fish of pressure 
changes in pump fishways on high-level dams; the desirability of a continuously operating system, 
rather than one that cycles repeatedly; and avoiding the mechanical complexity, unreliability and high 
operating cost that have dogged high fishways. 
 
It seems feasible at this preliminary stage to build a working pump fishway for less than 20%-30% of 
the standard vertical-slot fishway cost. Even when these projections are discounted for the risks 
associated with further development and proving of the design, the potential economic benefits of 
continuing the project appear very attractive. Because of these potential benefits and the opportunity to 
meet objectives of the Murray-Darling Basin Commission’s Native Fish Strategy, implementation of the 
proposed Stage 2 program has been recommended. 

 
Figure 1. The prototype pump fishway being positioned in the Murrumbidgee River at Yanco 
Weir for the second series of trials in March 2006. 
 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 68

 
Figure 2. Establishing equipment for monitoring fish movements before topping-up pond level and pumping in the 
third trials in the Narrandera Fisheries Centre pond. 
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Performance of a single frequency split-beam hydroacoustic system: 
an innovative fish counting technology 
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Background 
A number of instream barriers exist along the Murray River, all of which adversely impact upon 
upstream movements of native fish. In light these impacts, the MDBC have made a major investment 
installing and restoring fishways on major weirs between the Murray River mouth and Lake Hume, re-
instating upstream fish passage to 2225 km of river. 

In order to assess the effectiveness of new fishways native fish accumulations have been monitored 
using capture-dependent techniques such as netting and boat electrofishing along with t-bar tagging 
and transponder tagging. Trapping within the fishway is currently used to identify and enumerate fish 
movement and success at negotiating the fishway. While trapping gives reliable results it is labour 
intensive, fish are physically handled (potentially affecting behaviour) and some fish are known to avoid 
traps to some extent.  

By utilising signals from reflected ultrasonic sound waves hydroacoustics has the potential to 
continuously count and measure all fish entering and exiting the Murray fishways over long periods 
without manual handling. As a capture independent monitoring tool hydroacoustics avoids any potential 
trap shyness or handling induced behavioural issues. Additionally the numbers of fish migrating at any 
point in time can be compared against environmental factors or manipulations to the operation of the 
fishway or weir.  

Overseas, data from hydroacoustic systems are routinely used to provide capture independent 
information on fish abundance, distribution, size and behaviour at man-made structures such as weirs 
and fishways and in natural systems between habitat types such as rivers and wetlands. The 
deployment of hydroacoustic technology will compliment and add to the quality of existing data from 
assessment methodologies by providing a continuous ability to collect data on the numbers of migratory 
fish. In some cases hydroacoustics may reduce the need for some of the current assessment 
methodologies.  
 
In 2004 the Murray-Darling Basin Commission funded a pilot study into the suitability of hydroacoustics 
for identifying the passage of fish through fishways which indicated good potential for establishing long-
term automated fish counts in the MDB. The current project has been established to purchase a 
hydroacoustic system to undertake focussed field assessment of its capabilities and limitations for 
widespread application throughout the Murray-Darling Basin. 

The objectives of the current project are: 

a) To ground-truth and validate fish count data collected using a hydroacoustic system with that 
collected in situ with existing trapping facilities at the Lock 10 fishway and with a DIDSON acoustic 
camera. 
 
b) To install the hydro-acoustic counter at Lock 10 to constantly monitor fish exiting the fishway and 
provide data on environmental cues for movement. 
 
c) Provide an automated system for compiling and distributing fish count data to project partners. 
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Project Approach and Methodology.  
A collaborative team comprising the Tri-state Murray Fishway assessment team (ARI, NSW DPI and 
SARDI) as well as QDPI&F are undertaking the project. A Simrad ES60 200 kHz split-beam hydro-
acoustic system and Echoview analytical software have been purchased. A script to automatically 
identify counts of fish using the Echoview software and attach a spreadsheet report of the data has 
been developed. Testing of the equipment, software and script has been completed by QDPI&F on the 
Burnett River, Queensland 

In October 2007, the unit will be ground-truthed and calibrated at Lock 10 fishway using artificial targets 
and from fish recorded with the DIDSON camera and daily fishway trapping data. Once testing is 
completed a more permanent installation will proceed at Lock 10 to provide a continuous data series on 
fish movement. Acoustic target strengths of migrating fish will also be determined to assess whether 
the unit can provide a guide to species composition and fish size. 

The hydroacoustics unit will be positioned looking across the exit race of the fishway and will be 
connected to an automated downloading system to distribute fish count reports. The unit will be 
synchronised with a water quality meter which records a number of variables such as turbidity, river 
flow, pH and temperature. The data from the water quality meter and hydroacoustic unit will be merged 
so that information can be used to correlate fish migrations with environmental cues. In addition, the 
unit may be used to investigate options for improving weir and fishway operation and functionality.  

 

Anticipated outputs and deliverables of this Project  
The main deliverable will be a final report presented to the MDBC and other stakeholders, detailing the 
operation and results of the single-beam hydroacoustic system. Results will also be presented at the 
Australian Society for Fish Biology or other suitable scientific forum such as the annual Native Fish 
Strategy workshop. This presentation will convey the outcomes to relevant river managers, ecologists, 
engineers and scientists. 

 
Anticipated outcomes directly resulting from this Project  
The main anticipated outcome from this project is the deployment of a new innovative counting 
technology that can count fish in fishways and compliment the quality of existing data from trapping and 
PIT tag methodologies. In some cases the hydroacoustics technology will reduce the need for manual 
trapping and handling of fish. This method will be important in demonstrating that fishways can assist 
the recovery of native fish populations in the MDB, complimenting the aims of the Native Fish Strategy. 
The project will also document the movement response of native fish species (i.e. number passing 
through a fishway) to various environmental conditions. For example, certain river flows may cue more 
or particular fish species to move. 
 
Who will be the users of the Project outputs? 
Key users of the project outputs include the MDBC, State Water, Goulburn Murray Water, River Murray 
Water, Catchment Management Authorities, research agencies, New South Wales DPI, Victorian DSE, 
SARDI, DLWBC, SA Water and conservation bodies. The data would also provide an excellent tool for 
community education and long-term population monitoring for fisheries research. 
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Assessment and Prioritisation of Weirs in the Upper Darling 
 
Angus Weingott, Adam Vey and Cameron Lay 
 
New South Wales Department of Primary Industries, Fisheries 
 
When addressing barriers to fish passage strategic investment in priority river and stream reaches has 
proven to be more effective than implementing remediation strategies in isolated pockets. For example, 
large scale projects such as the Living Murray funded “Hume Dam to the Sea” are delivering substantial 
improvements to the passage of native fish in the southern half of the Murray–Darling Basin.  
 
The Assessment and Prioritisation Weirs in the Upper Darling project was undertaken under the Native 
Fish Strategy in 2006/07 to investigate the impact of weirs in the Upper Darling of fish migration and 
prioritise sites for action. In January 2007 NSW Department of Primary Industries staff from the 
Conservation Action Unit carried out a comprehensive review and assessment of weirs in the Darling, 
Barwon, Culgoa, Balonne, Condamine and Macintyre Rivers. This review included a review of existing 
information, a field investigation and desktop assessment of the sites against a range of hydraulic, 
biological, social and economic criteria.  
 
The weirs reviewed in the Upper Darling were prioritised based on a number of factors, including the 
area of habitat to be remediated by the construction of a fishway, proximity to existing fishways, the 
benefits to the local native fish community and site specific characteristics such as hydrology and 
likelihood of achieving cost benefit by implementing rehabilitative actions. The criteria are designed to 
score positively for sites that have a significant impact on fish communities and where a fishway would 
be practical and beneficial.  
 
In total, 49 weirs were identified and 43 weirs were reviewed (Table 1). Six structures were not included 
in the review due to access, management and unresolved licensing issues. The review has identified 
twenty five priority weir structures that would be suitable for recommending for fishway construction. Of 
these twenty five weirs, four have current fishway projects at various states of development. Within the 
scope of this study a preliminary assessment of the feasibility of removal of any of these priority 
structures in table 1 has been undertaken.  
 
In addition to the identification of individual priority barriers, the review has identified two groupings of 
weirs (main stem of the Darling River and the Condamine-Balonne system) that would provide 
cumulative benefits from fish passage improvements. The development of a program to systematically 
address groupings of priority barriers within these reaches would provide the greatest potential 
improvement to the passage of native fish within the Upper Darling catchment. The recommendations 
in the report which was produced as a result of the project are provided as a guide to the future 
planning and development of a fishway program in the Upper Darling River catchment. 
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Table 1. Priority weirs suitable for fishway (or removal) investigations 
 
Rank Weir Name River Fishway Options Approx 

Cost  
1 Brewarrina Weir Barwon Partial Width Rock Ramp $500,000 
2 Bourke Weir Darling Vertical-Slot $500K - 

$1M 
3 Reilly’s Weir Condamine Partial Width Rock Ramp 

and Monitoring 
$45,000 

4 Loudon Weir Condamine Vertical-Slot 
Improvement 

$100,000 

5 Boomi Weir Macintyre Vertical-Slot >$1M 
6 Walgett 11A Weir Barwon Full Width Rock Ramp $500K - 

$1M 
7 Weir 19A Darling Denil $150 – 

250K 
8 Surat Weir Balonne Vertical-Slot >$1M 
9 Weir 20A Darling Denil $150 – 

250K 
10 Mungindi Town Weir Barwon Vertical-Slot >$1M 
11 Calmundi Weir Barwon Vertical-Slot >$1M 
12 E.J. Beardmore Dam Balonne Lock Fishway >$1M 
13 Jack Taylor Weir Balonne Lock Fishway >$1M 
14 Wilcannia Weir Darling Full Width Rock Ramp $250 - 

500K 
15 Louth Weir Darling Denil $150 – 

250K 
16 Tilpa Weir Darling Denil  $150 – 

250K 
17 Menindee Main Weir 

& 
Lake Wetherell 
Outlet  

Darling Vertical-Slot 
Vertical-Slot 

$6.8M 
$8.5M  

18 Chinchilla Weir Condamine Lock Fishway >$1M 
19 Cecil Plains Weir Condamine Vertical-Slot >$1M 
20 Collarenebri Weir Barwon Deelder Fishlock $250 – 

500K 
21 Banarway Weir Barwon Partial Width Rock Ramp $150-250K 
22 Lemon Tree Weir Condamine Vertical-Slot >$1M 
23 Comilaroi Weir Barwon Full Width Rock Ramp $500K-$1M 
24 Presbury Weir Barwon Full Width Rock Ramp $500K-$1M 
25 Yarramalong Weir Condamine Partial Width Rock Ramp $150-250K 
 

= existing fishway project  
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In summary, the major recommendations for improving fish passage in the Upper Darling catchment 
are as follows: 
 

1. Investigate specific site location and project feasibility for establishing demonstration reaches on 
the Upper Darling, Barwon and Condamine-Balonne Rivers.  

2. Develop design options and costings for fishway construction at the five priority barriers on the 
Darling River (Wilcannia; Tilpa Weir No 24; Louth Weir No. 21; Weir 20a and Weir 19a). In 
addition, investigate the feasibility of retrofitting the existing submerged orifice fishway channels 
(Tilpa Weir No 24; Louth Weir No. 21; Weir 20a and Weir 19a) with Denil inserts as an interim 
measure for improving fish passage 

3. Develop design options and costings for fishway construction at the five priority barriers on the 
Condamine-Balonne system (Surat Weir; Chinchilla Weir; Cecil Plains Weir, Lemon Tree Weir 
and Yarramalong Weir) 

4. Following the outcome of the Darling River weir assessments and the construction of a fishway 
on Brewarrina Weir, develop design options and costings for fishway construction at the seven 
priority barriers on the Barwon River (Walgett Weir 11a; Calmundi Weir No.8; Collarenebri Weir 
No. 5; Barnaway Weir No. 4; Presbury Weir No. 2; Comilaroi Weir No.1 and Mungundi Weir). 
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MDBC PIT Tag Database 
 
Karl Pomorin 
 
Arthur Rylah Institute, Dept. of Sustainability and Environment, 123 Brown St Heidelberg Vic 3084. 
 
 
The TRI-State Fishways team has PIT tagged thousands of fish in the Murray River below Lake Hume. 
When PIT tagged fish travel through Fishways, electronic equipment detects and records their 
movement. Automated loggers, which are connected to the electronic detection systems, email the 
collected data to TRI-State researchers. The loggers are currently operating at Fishways on Locks 7, 8, 
9, 10, 15, Torrumbarry & the Yarrawonga Weir. 
With hundreds of fish being detected each week the automated-loggers generate a substantial volume 
of data. There was unforseen difficulty in storing and manipulating large amounts of data and manual 
extraction of fish passage trends from the unfiltered data was not feasible. This led to the development 
of a new MDBC project to develop a centralised PIT tag database.  
 
The new database will automatically accept and integrate data provided by the automated-loggers. The 
database will automatically receive e-mail data, filter the files with pre-generated algorithms and 
produce data summaries. This will include the number of fish at each fishway, passage times between 
weirs and within fishways, ascent success rates, day versus night movement behaviours, and alerts for 
individual species or fish of interest.  
 
 
The database will be an industry standard Simple Query Language (SQL) system based at MDBC in 
Canberra. Users will have a Microsoft-Access style ‘frontend’ on their local PC which will connect to the 
SQL database in Canberra via the internet. Users will be able to construct custom queries on their local 
PC and execute them on the data held in Canberra without affecting the integrity of data stored in the 
database. 
The database will provide a single repository for all MDBC PIT tagged fish data and will help 
standardise data collection resulting in high data integrity. It will accommodate an ever growing dataset 
that may give rise to new, unanticipated, information on fish movement. The database project is a 
collaborative effort co-ordinated by the Arthur Rylah Institute for delivery in 2008. The database may 
eventually be linked to a webpage maintained by the MDBC for public access. 
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Automated 
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Fishway with 
PIT Tag Reader 

Emails data via mobile phone network

MDBC PIT 
Tag Database

InternetResearcher Researcher 
 
Figure 1. Schematic diagram showing the basic components of the automated PIT tag system 
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Habitat and Modelling 

Resnagging the River Murray 
 
By J. Fredrickson1, J. Lyon2, S. Nicol2 & A. Vey1 
1NSW Department of Primary Industries 
2Arthur Rylah Institute for Environmental Research 
 
As part of The Living Murray’s Environmental Works and Measures Program, a resnagging project 
is underway on the Murray River, between Hume Dam and Yarrawonga. This project, which is the 
largest of its kind in Australia, aims to return timber to the Murray River to provide habitat for the 
river’s native fish populations, many of which have become threatened due to a reduction in habitat 
availability. Between 1976 and 1987 more than 25 000 woody habitats (snags) were removed from 
the river between the Hume Dam and Yarrawonga to improve the river for navigation and water 
flow. This desnagging has had a negative impact on the ecology of the River and has been 
implicated in the decline in native fish populations. The resnagging project will see woody habitats 
reintroduced into three key reaches of the Murray River to ensure the recovery and long-term 
survival of native fish populations.  
 
Background 
The Hume Dam to Yarrawonga project follows on from an experimental project which reintroduced 
woody habitat to 14 sites further downstream on the Murray River between Yarrawonga and 
Tocumwal in 1999. To provide knowledge for future resnagging efforts, scientists from Arthur Rylah 
Institute undertook a trial investigation to determine the specific nature and location of woody 
habitats required to provide the most benefit for native fish. The project also resolved logistical 
issues such as methods of placing logs and the required timber type. Native fish monitoring over 
more than a decade has demonstrated the benefits of such works on native fish. 
 
Resnagging Hume Dam - Yarrawonga 
In the first phase of the project NSW Department of Primary Industries staff conducted an 
assessment of the current state of the in channel habitat. The location, size, complexity, alignment 
and depth of each individual woody habitat were recorded. From this data, a target instream woody 
habitat load was calculated. This benchmark estimates the level at which woody habitats may have 
been before their removal (desnagging) occurred. Priority sites for re-snagging were identified using 
habitat assessment and data on the number and location of woody habitats previously removed. 
Selection of these priority sites also took into account connectivity with areas of existing healthy 
instream habitat. Within these priority sites woody habitats are being reintroduced into the river to 
achieve the benchmark woody habitat load. 
 
Resnagging methods  
The cable dragging technique was developed by Nicol et al. (2002) as a cost-effective and quick 
way of reinstating woody habitat into a river. Adapting a method used in forest harvesting activities, 
logs are dragged into place in the river channel with heavy-duty steel cables.  
Logs are first placed at the top of the river bank, typically using a front end loader equipped with 
forks (Figure 1).  
A notch is cut into the log for the metal plate that forms the quick-release system (Figure 2). A cable 
is then attached and drawn through a pulley on the opposite river bank, and then back to where the 
log is situated. The cable is then pulled by a winch, tractor or excavator, dragging the log into the 
required position at the correct orientation (Figure 3).  
The cable is retrieved by pulling it in the opposite direction, which releases the metal plate and 
cable from the log. No foreign material remains in the log or the river.  
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More recently the resnagging project managers have been using long reach excavators to place 
woody habitat close to the river bank.  
The placement of the snags involves careful consideration of the impact on upstream water levels 
and flooding, development of anabranches, bank erosion, recreational water users and navigation.  
 

 
Figure 1. Logs are first placed in position on the river bank 

 
Figure 2. A cut is made in the log for the quick release system, to which the cable is attached via a metal 
plate 

 
Figure 3. Logs are dragged to desired position in the river with the “cable dragging technique”. 

 
Each log is embedded with a PIT tag (Passive Integrated Transponder) and its location recorded to 
allow identification of the snag’s original position if any significant movement occurs during a flood.  
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Source of timber for resnagging  
Dead timber in the riparian and floodplain zones plays important ecological and geomorphic roles. It 
provides habitat for terrestrial mammals, birds and reptiles and its removal has significant impact on 
such species. Consequently, it is not considered a desirable source of timber for resnagging. 
Instead, timber for resnagging has been sourced from development sites, road and bridge 
construction sites and approved farmland clearing. Only felled native hardwood trees that would 
otherwise have been used for firewood or woodchips have been used. Development corporations, 
local government and other authorities are contacted to ensure that trees felled as a result of such 
developments are stockpiled for later use as snags.  
 
Project management has also assessed a variety of other factors during the project planning 
stages:  

• site surveys for the presence of cultural heritage sites and threatened species  
• working with landholders to ensure access to the river through private land and site 

rehabilitation after works have taken place (maintenance of farm tracks and fencing) 
• hydraulic modeling to determine if the proposed increase in woody habitat load will have a 

significant impact on water levels, particularly overbank flows 
• risk assessment and mitigation, including a review of legislation and identification of public 

liability responsibilities 
• public notices in local media advising waterway traffic interruptions  
• public safety signage and notices warning of submerged obstacles.  

 
Ultimately, resnagging in the Hume Dam to Yarrawonga reach of the Murray River will create 
substantially more habitat. It is expected that there will be an increase the size of native fish 
populations and improvement in the conservation status of the native species present, while also 
improving the quality of the recreational fishery for native species – particularly Murray cod and 
golden perch. 
 
Native Fish Monitoring and Evaluation 
To assess whether the outcomes of this project are being achieved, a comprehensive monitoring 
and evaluation program is being conducted by scientists from Arthur Rylah Institute. The aims of 
this monitoring program are to assess the change in fish population structure in response to the 
resnagging works.: In it’s most basic form, the monitoring will discover whether there are: 

• more fish in the reach; 
• larger numbers of adults entering the reach; 
• more new adults and young from Lake Mulwala and the Ovens River; and 
• fewer fish leaving the reach 

To measure these changes, the fish populations between Hume Dam and Lake Mulwala will be 
surveyed once a year to determine the population size. For the purpose of comparison, surveying 
between Yarrawonga and Tocumwal, in the lower Ovens River, and in Lake Mulwala will also be 
undertaken. 
Most fish captured will be tagged with an external tag, and a PIT tag, while approximately 5% of fish 
will be implanted with a radio transmitter. Tags used have a unique number that identifies the 
individual fish. Recapturing these fish in the future gives us valuable information on survival and 
movement patterns.  
 
Fish surveys and tagging (2007 Season) 
In addition to approximately 10 years of historical data, during the 2007 monitoring season 228 sites 
were surveyed in three distinct river reaches (Lake Hume – Lake Mulwala, Lake Mulwala and Lower 
Ovens, Lake Mulwala – Tocumwal). A total of 3847 native fish were captured during these surveys, 
of which 1647 were tagged with PIT tags, and 1779 were tagged with external tags (many fish were 
tagged with both tag types). 
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Fish composition varied between the three sampling reaches (Figure 4). Trout cod were dominant in 
the reach below Yarrawonga, whereas golden perch and Murray cod were dominant in the reaches 
above Yarrawonga. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B.A.

Murray cod golden perch trout cod silver perch

C.B.A.

Murray cod golden perch trout cod silver perch

C.

Figure 4. Catch composition of Murray cod, golden perch, trout cod and silver perch in A. Lake Hume to Lake Mulwala 
Reach. B. Lake Mulwala – Ovens River Reach. C. Yarrawonga to Tocumwal Reach. 

 
Murray cod in size classes ≤ 400mm dominated the catch in the Yarrawonga to Tocumwal Reach 
whereas fish in the 400 – 600 mm size range dominated in the reaches above Yarrawonga (Figure 
5).  
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The size distribution of golden perch however was similar between all three reaches (Figure 6). The 
number of fish tagged and sites sampled over the last 3 years of this study provides a solid 
foundation for the monitoring program to achieve its goals. 

Figure 5. Proportional representation of the length frequency of the catch of Murray cod in each reach of 
the study. 
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Figure 6. Proportional representation of the length frequency of the catch of golden perch in each reach of 
the study. 

Radio telemetry 
A total of 286 radio transmitters were implanted in native fish between April and June 2007. 
Movements into and out of the resnagged areas is being monitored using a network of 16 recording 
stations which have been positioned along the Murray from Albury to Barmah. These stations 
record the time and direction of movement of any passing radio-tagged fish. The data recorded from 
these towers will provide researchers with valuable data on the responses of fish to resnagging 
works, and in turn will lead to a better understanding of how to maximize fish response to such 
habitat rehabilitation works. 
 
Conclusion 
Resnagging works in the Hume Dam to Yarrawonga reach of the Murray River has been funded up 
to June 2009, by which time over 4000 snags will be reintroduced to the river channel in three key 
areas. A comprehensive native fish monitoring program has established baseline data, and will 
continue to collect information on the recovery of fish numbers by gathering information on the 
movement of fish into and out of the study area. A new angler liaison project will encourage the 
local angling community to get involved and contribute any data they collect to the monitoring 
program.  
 
References 
Nicol, S., Lieschke, J., Lyon, J. and Hughes, V., 2002. Resnagging revolution: River habitat 
rehabilitation through resnagging, Department of Natural Resources and Environment, Melbourne.  
 
NSW DPI, 2005. Instream and Riparian Habitat Restoration Plan. Report to MDBC.  
 
 
Further information 
Resnagging project newsletters and project reports available by contacting 
Jenny.Fredrickson@dpi.nsw.gov.au 
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Protecting threatened and native fish species 

Spatial Management Model of Murray-Darling Fish Populations. 
 

Belinda Cant, Jane Elith, John Leathwick, Yung En Chee, Julia Taranto, and Janet Pitchard 
 

Executive Summary 
 
The Murray-Darling Basin Commission’s (MDBC) Native Fish Strategy (NFS) aims to increase the 
abundance and diversity of native fish across the basin to 60% of pre-European levels in the next 
50 years. Six driving actions1 are used to facilitate these increases in abundance and diversity. To 
maximise the cost effectiveness of these driving actions, resources (funding) need to be allocated to 
optimise the response of fish populations or communities to management actions. There are two 
main requirements for optimal resource allocation: 1. Applied knowledge of factors affecting fish 
populations and communities, and 2. The ability to select areas characterised by these factors for 
rehabilitation activities. One or both of these requirements form the basis of many native fish 
research, monitoring and rehabilitation projects undertaken by the MDBC and other agencies and 
research groups across the Basin. In order to add value to these projects the NFS envisaged 
developing a spatial database. The aims of this database or information system are: 
 

 i. to collate data relevant to fish management from across the Basin to aid decision making 
and data sharing among agencies and research groups  

 
 ii. to provide the capacity for dealing with new data (from more locations and for other 

taxonomic groups, physical processes and so on) into the long term future, including 
developing strong linkages to other MDBC initiatives such as the Sustainable Rivers Audit.  

 
 iii. to provide a structure and data capacity that allows interrogation and analysis of spatial 

data at a number of scales across time and space. 
 

 iv. to provide outputs that meet the needs of the range of likely users and applications. 
These would include, for example, (a) river managers in catchment management authorities 
requiring qualitative data on locations of important communities and processes, and (b) 
experts requiring quantitative analyses of information for complex or broader policy 
applications.  

 
An important part of the process of designing a database is to set it up so it suits the data and the 
system in question, and can provide information in a useful format for likely end uses. The most 
straightforward use, summarising data and making maps, can be achieved relatively easily. 
However, recent advances in both geographic information systems (GIS) technology and in 
analytical modelling methods allow more complex but still very useful and achievable outcomes. For 
example, knowledge about the ecological requirements of fish species can be modelled so it is 
spatially explicit over extensive areas. This could, for example, aid identification of optimal river 
reaches for rehabilitation activities and other interventions within the Murray-Darling Basin. The 
main advantage of modelled data over point records or polygons based on relatively few 
observations is that data (including physical and biological variables) can be extrapolated to every 
segment of stream (river reach) throughout the Basin. It can be done with strong ecological 

 
1 Driving actions are: 1. Rehabilitating fish habitat; 2. Protecting fish habitat; 3.Managing riverine structures; 4. Controlling alien fish 
species; 5. Protecting threatened native fish species; 6. Managing fish translocation and stocking 
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foundations, making the information more likely to be biologically meaningful compared with simpler 
geographic extrapolations of known records. With modelled information, an environmental 
classification and/or a species distribution map can indicate the state of each segment of the river 
system and which sites share those characteristics that may optimise the response of fish 
populations to rehabilitation activities. This broadens capacities to identify sites suitable for the 
allocation of resources, and to select rivers, subcatchments, species or communities that may 
benefit from non site-based regulatory intervention. In the course of identifying these sites, 
relationships between fish populations and factors affecting them are made explicit. In this way, an 
important by-product of database and model development is an increase in knowledge about the 
ecology of Murray-Darling Basin fish communities. This outcome is a highly desirable endpoint for a 
freshwater information system. 
 
The most significant element of GIS technology capable of properly representing rivers and their 
environments is a description of the stream network that then allows a set of characteristics to be 
linked to a stream segment. Most importantly, the impacts of those characteristics are linked both 
up- and down-stream (characteristics are said to accumulate through the stream network). Before 
stream networks were developed, many GIS analyses of characteristics such as water quality or fish 
presence assumed that a stream segment functioned only in relation to adjacent land, often without 
incorporation of slope. This lacked a proper definition of catchment area. In conjunction with other 
basin-wide environment variables, the stream network and associated data sets will form a 
framework upon which other smaller scale datasets may be added.  
 
Both within Australia and internationally there has been wide and varied development of GIS 
resources, but many are not well suited to river networks. This scoping study describes approaches 
to developing and using a suite of GIS tools to aid native fish management that have been 
successfully applied to decision making. We recommend developing a flexible, dynamic and 
integrated spatial information system that provides information in suitable formats for further 
modelling of biological and physical variables. A similar approach has been successfully applied to 
government decision making in other jurisdictions. These applications included modelled physical 
data, distributions of fish and invertebrates, and environmental classifications based on powerful 
modelling methods and conservation planning software. Regardless of the type of data now 
available for the Murray-Darling Basin, an information base structured in an optimal way can 
gradually expand to meet future data additions and modelling initiatives.  
 
We recommend that, as data are added to a new freshwater information base, their quality should 
be analysed and recorded, because the quality of models (e.g. of the relationship between fish 
presence and a set of site-based characteristics or predictor variables) reflect the quality of the 
underlying data. Substandard data may adversely impact the quality and outcomes of management 
decisions. A user should be able to choose to reject some records if they do not meet the quality 
specifications for a given end-use. Data that would allow informed analysis of records in a spatial 
database are described, and a selection of potentially useful data sets is presented.   
 
Three case studies highlight the value of an information system based on a stream network in 
building knowledge while using spatial data to aid decision making. While both rule-based 
approaches and quantitative approaches may be useful for solving different problems, the most 
important aspect of the database is that all the data are linked and accumulate through an 
accurately defined stream network. It is recommended that the information system be designed 
expressly to be used at a number of scales. Flexibility is the most important characteristic of the 
database, so that it can be used for a variety of purposes by a variety of users, and so that it can be 
integrated with a number of other institutions' and agencies' databases. This flexibility will also allow 
additional data to be added as knowledge of the ecosystems is increased. While developing an 
information system such as this would be highly costly if starting from scratch, the main element of 
this system, the stream network, has already been developed methodologically and is currently 
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being refined so it is useful at appropriate resolutions. The fact that the methodology is firmly 
established and has progressed well so far creates a strong foundation for system development.  
  
We recommend pursuing the information system approach as a tool for identifying sites for optimal 
resource allocation. This will involve developing a database incorporating known quality biological 
and environmental data all linked to the stream network. These data could then be interpolated 
through the network and a classification developed that accurately discriminates between fish 
communities. Highly diverse sites, sites likely to have highly valued fish communities, or sites in 
which particular threats exist, could be identified, leading to resource allocation at appropriate sites. 
Another recommended element of the information system is fish habitat models that, depending on 
the availability of suitable data, would predict the likelihood of presence of particular fish species at 
each stream segment. This will refine identification of sites if particular species require targeting.   
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Murray Cod Modelling to Address Key Management Actions 
(MD745) 
 
Charles Todd 
Arthur Rylah Institute for Environmental Research, Heidelberg 
Department of Sustainability and Environment 
 

Introduction  
The importance of Murray cod as an iconic species in the MDB is exemplified at the MDBC 
workshop (Lintermans & Phillips 2005) dedicated to the management of the species. Murray cod 
populations however, have declined and recent reviews of the conservation status (Kearney and 
Kildea 2001, NSW Fisheries 2002) of the species have led to its listing as vulnerable under the 
Environment Protection and Biodiversity Conservation Act 1999. The reasons for this listing include 
flow regulation, habitat degradation, lowered water quality, manmade barriers to fish movement, the 
introduction of alien fish species, fisheries exploitation, the spread of diseases and translocation and 
stocking of fish. Murray cod also sustain an important inland recreational fishery, with an estimated 
123,000 tonnes captured by anglers annually. Therefore the management of this species requires a 
balance between actions for a threatened species (i.e. rehabilitate populations) and those to sustain 
a fishery. 
 
A consequence of these reviews and the workshop was the realisation that whilst we have some 
ecological information for the species there is an urgent need for improved understanding of the 
species’ population dynamics. Population models are a valuable tool for addressing gaps in 
understanding, whilst facilitating decision making and guiding future investment in knowledge 
acquisition. 
 
This project will help meet objective 1 of the draft National Murray cod recovery plan: Determine the 
distribution, structure and dynamics of Murray Cod populations across the MDB. This is more 
explicitly defined in Action 1.12.: Develop appropriate decision support tools and models that allow 
the future management actions for Murray Cod to be evaluated within a risk management 
framework. This is a ‘High’ priority action for the recovery plan. The proponents of this project have 
already undertaken extensive liaison with key stakeholders to a) ensure their support and b) 
ascertain the particular interests and needs of their jurisdictional agencies. 
 

Project Objectives 
The objectives of this project are to: 

• Develop a computer model (or models) to represent the population dynamics of Murray cod 
populations under alternate management options. 

• Develop various management scenarios to relation to size and bag limits and potential 
recovery times from overfishing, fish kills and other management or environmental scenarios 
which may affect Murray cod populations. 

• Document the findings of this work, and implications thereof, in developing management 
options for Murray cod and for research on Murray cod biology and ecology required for 
improving the model (or models). 

 

 Project Methodology 
Population models vary on a continuum from simple to complex, depending on the question to be 
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addressed and the availability of information to parameterise the models. For example, trophic 
interaction models that include age structure and biomass are highly complex, whereas as logistic 
growth or simple distributional maps represent a simple description of population dynamics. 
 
A workshop was conducted to address uncertainty in: biological and ecological knowledge; data; 
management; environmental; resource exploitation/extraction; and ecological theory. The specific 
interests of each jurisdiction were identified through this process. Some of the key areas that the 
model is required to address are: habitat retention & rehabilitation; fish passage; water quality 
management (cold water, sedimentation, nutrients etc); protected areas; flow management; fishing 
regulations such as size limits, bag limits, closures, spatial & temporal, set line controls; stockings 
and predators – alien species. Consensus was achieved on the modelling approach to be adopted, 
that is an age structured stochastic model that allows the ranking of management options to be 
assessed by way of risk analysis. 
 

Model Structure 
The model structure to date to capture the life cycle of Murray cod, uses four stages and eleven 
ages: eggs; larvae; juveniles (0, 1, 2, 3, 4 year olds); and adults (5, 6, 7, 8, 9, 10+ year olds), where 
fish greater than ten years old were not identified by age and aggregated into the final age class. 
Sexual maturity in the model occurs at 5 years of age, in accordance with Rowland (1998a), and 
egg production increasing with age (Rowland, 1998b; Todd et al., 2004; 2005). Both demographic 
and environmental stochasticity were included in the model. Variation in the survival and 
reproduction of individuals was modelled by demographic stochasticity (Akçakaya, 1991). 
Demographic stochasticity was incorporated using a binomial distribution to model the number of 
individuals surviving between consecutive time steps, and a Poisson distribution to model 
recruitment to one year olds. Environmental stochasticity was incorporated by randomly varying the 
survival and fecundity rates each year. Survival rates were drawn from normal distributions 
transformed to the unit interval (Todd and Ng, 2001) with specified means and standard deviations. 
Age specific fecundities were drawn from log-normal distributions with specified means and 
standard deviations. Todd and Ng (2001) provide a methodology for specifying correlations among 
survival rates, however no information exists to quantify these correlations. Given the aquatic 
habitat in which fish live it is reasonable to assume that the correlations are likely to be positive and 
close to unity. It was assumed that survival rates were perfectly correlated to each other and 
independent of fecundity rates, fecundity rates were assumed to be perfectly correlated with each 
other (Todd et al., 2004; 2005) and a pre-breeding census construction used (Burgman et al., 1993; 
Caswell, 2001).  
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Figure 1. An example of some trajectories produced from a stochastic population model for 
Murray cod 

 

 Figure 2. Examples of different risk curves (cumulative distribution of minimum 
population sizes) under different proposed management actions identifying the 
concepts of added and reduced risk. 
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Model Output 
Running the model 1000 times produces 1000 different trajectories. Collecting the minimum 
population size from each trajectory is a typical method used to express risk (Todd et al., 2004; 
2005, see Figure 1). Normalising the frequency of minimum population sizes to produce a 
cumulative distribution of minimum population sizes is also known as the risk curve (see Figure 2). 
Risk curves can be easily analysed to rank different management actions as well as examining 
management actions for their efficacy (see Figure 2; added risk and reduced risk).   
 

Further work 
At this stage the model may be further developed to include up to 15 age classes depending on 
potential benefits to improving management outcomes. Once the final model structure has been 
developed all scenarios will then be run and analysis of the scenarios completed. The project will 
then report back to stakeholders through a second workshop to get feedback and make any final 
adjustments to model and scenarios. 
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The effects of selected irrigation practices on fish of the Murray-
Darling Basin 
 
Lee J. Baumgartner, Nathan K. Reynoldson, Leo Cameron and Justin G. Stanger 
 
NSW Department of Primary Industries 
Narrandera Fisheries Centre 
  
OBJECTIVES: 
 

 To quantify the occurrence of native fish in irrigation supply offtakes. 
 To determine the size classes and composition of species that are affected by irrigation 

practices. 
 To determine management strategies to help mitigate the effects of irrigation practices. 
 To highlight knowledge gaps and determine areas for further research. 

 
Summary: 
 
The Murray-Darling Basin is Australia’s largest catchment covering over one million square 
kilometres and draining water from five separate states and territories. Much of the Basin is located 
in semi-arid to arid climatic zones and receives low mean annual rainfall (430mm) with high 
evaporation. Ninety-eight percent of the catchment contributes little or no run-off, and subsequently, 
the system has a relatively small annual discharge (12,200GL) compared with other Australian 
rivers. Despite this reduced flow, the Murray-Darling Basin supports at least 40% of Australia’s 
agricultural production, a population of over 2 million people and is one of Australia’s most important 
natural resources. 
 
The overall health of the Murray-Darling system has declined over the last 100 years due to 
overfishing, water extraction, land clearing, interrupted flow regimes, riparian degradation and 
decreased connectivity. Whilst the degradation of the Murray River has had detrimental effects on 
virtually all resident biota, impacts on the abundance and diversity of native fish have been 
particularly profound. Recent estimates suggest native fish numbers within the Murray-Darling Basin 
may now be 10% of pre-European levels. 
 
Several reviews have identified the factors associated with river regulation that could adversely 
affect aquatic fauna. These include obstructions to migration, modification of flow regimes, alteration 
of habitat and the extraction of larvae and juveniles. Furthermore, many scientists have identified 
that unregulated rivers of the Basin are generally characterised by greater levels of species richness 
and diversity than regulated rivers. Few researchers however, have specifically identified which 
ecological processes, interrupted by river regulation, contribute to these observed discrepancies. 
Subsequently, there is little information to assist the development of management strategies aiming 
to reduce the potential impacts of these irrigation practices on aquatic ecosystems. 
 
This study represented the first large-scale quantification of native fish entrainment into irrigation 
supply offtakes in the Murray-Darling Basin. The study aimed to identify the species most 
susceptible to the effects of extraction and to identify possible mechanisms to mitigate these effects. 
To achieve this, sampling was undertaken in northern (at irrigation sites on the Namoi River) and 
southern (in the Murrumbidgee and Mulwala canal systems) reaches of the Basin to determine any 
spatial differences in expected ecological effects. The study was undertaken in three separate 
components, effects of irrigation canal systems on fish, effects of pumping systems on fish and the 
effects of irrigation draw-down on fish populations in irrigation canals.  



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 89

 
Sampling in the Murrumbidgee River and Bundidgerry Creek irrigation offtake identified that a wide 
range of species and size classes were entrained into canal systems. Life history stages with poorer 
swimming abilities, such as larvae and juveniles, are most susceptible to entrainment, particularly 
when large volumes of water are extracted. Once entrained, some species are able to form self-
sustaining populations; however, this is largely contingent on habitat availability. Areas with suitable 
habitat are generally associated with greater species richness and diversity. In channelised systems 
with less habitat, more resilient species such as carp and Australian smelt became dominant. 
Entrainment could be reduced or eliminated by developing engineering solutions to physically 
prevent fish entrainment or to develop operational protocols that minimise situations where 
diversion flows exceed river flows.  
 
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, with high volume pumps having 
the greatest impact. Post extraction, two size classes of fish large (>200 mm) and small (<50mm) 
were susceptible to injuries and mortality. Although sampling was stratified over diel period, there 
were no significant differences in entrainment rates between night and day. This observation 
suggests diel changes to operating protocols are not a suitable management option to mitigate the 
effects of pumping systems. High extraction rates of fish suggest that the cumulative effects of 
pumping systems, on a river or catchment scale could be substantial, especially when high volumes 
of water are extracted. Managers should therefore investigate the possibility of reducing fish 
extraction, through the development of screening techniques, as a method of reducing the 
entrainment of native fish. 
 
Sampling was also undertaken in the Mulwala canal system, at the end of the irrigation season, to 
quantify the effects of draw-down on fish and invertebrates. Rapid draw-down of irrigation systems 
was found to result in the stranding and entrapment of large numbers and species of fish. Impacts 
broadly fall into one of two broad categories, effects due to stranding or effects arising from changes 
in water quality. The effects of both processes could be partly reduced by employing a gradual and 
staged draw-down process to provide sufficient time for fish to find refuge areas, and also to provide 
a buffer for water quality changes. If these operational changes are possible, the effects of irrigation 
draw-down could be partly mitigated for fish entrained in canal systems. 
 
Ultimately, the study identified that the primary impact of irrigation development on fish of the 
Murray-Darling Basin is direct extraction 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. The development appropriate solutions is contingent on identifying the nature and 
scale of the impact and then developing cost effective solutions which ensure anticipated ecological 
benefits do not compromise the social advantages delivered by the irrigation scheme. Secondary 
impacts, which largely affect fish after entrainment has occurred, were also identified. These led to 
increased incidence of injury and mortality and could be ameliorated via a number of engineering 
and operational methods.  
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Assessing the effectiveness of environmental flows on fish 
recruitment in Barmah-Millewa Forest.  

MDBC Project No. BMF 2004.09. 
 
Alison King, Zeb Tonkin and John Mahoney 
Freshwater Ecology, Arthur Rylah Institute for Environmental Research 
Department of Sustainability and Environment 
PO Box 137, Heidelberg, VIC, 3084. 
Telephone: (03) 9450 8600 
 

Background 
The Barmah-Millewa (B-M) Forest is a highly significant wetland on the Murray River, whose natural 
hydrology, and consequently complex ecosystems, have been significantly affected by the rivers 
now highly regulated flow regime. In an attempt to alleviate some of these effects, the Forest’s 
water regime is highly managed and includes targeted environmental water allocations. 
Environmental flows are commonly targeted at enhancing native fish populations, through 
increasing spawning and successful recruitment events. However, our understanding of the 
relationship between flow regime and its influence on the early life of the Basin’s fishes is poorly 
known, and therefore predicting the response of particular environmental flow releases is difficult. 
 
While the fish fauna of the B-M Forest region has undoubtedly changed significantly since European 
settlement, a large diversity and abundance of native fish still utilise the Forest region. As such, and 
given the existing environmental water allocation for the Forest, the B-M Forest is an obvious site to 
evaluate the response of fish to various flow management scenarios and generate critical 
knowledge of the flow requirements of native fish. This project aimed to assess the impact of water 
management (particularly environmental flows) in the B-M Forest on fish spawning and recruitment. 
The current project was conducted from September to February in 2003/04, 2004/05, 2005/06 and 
2006/07 seasons. In October to December 2005, 513 GL of the environmental water allocation was 
used at the Forest to extend the duration and slightly increase the magnitude of a natural spring 
flood event. The managed hydrograph resulted in fairly continuous flooding of the Forest from mid- 
August to mid-December. In contrast, following season yielded extreme low water levels resulting in 
numerous permanent sample sites completely drying. 

Significant Ecological Findings 
The B-M Forest contained a high diversity of native fish, and is a significant area for native fish 
conservation, with a number of species of conservation significance detected. The majority of native 
species known to exist in the region utilised a variety of Forest habitat types for both residence and 
recruitment, during flood and non-flood conditions. This suggests that the diversity of the Forest’s 
aquatic habitat types needs to be maintained to ensure conservation of the regions fish fauna. 
Abundant breeding populations of five introduced species were also recorded in the Forest. 
Much speculation has surrounded the role of flooding in the spawning and recruitment of native fish 
in the Murray-Darling Basin. This study demonstrated that flooding can indeed influence the 
spawning and recruitment success of golden perch, silver perch, Murray cod and trout cod; but that 
the response and mechanism varies between the four species. Golden perch and silver perch 
increased their spawning activity in the main river channel during the flood of 2005/06 compared to 
the other seasons. 
Murray cod and trout cod appeared not to increase their spawning activity in the flood year, but 
rather increased the abundance of young-of–year resulting from the flood year. 
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A variety of native fish species (generally smaller species) did utilise floodplain habitats to spawn 
and recruit, however this occurred during both flooding and nonflood seasons. Most native fish were 
found not to require overbank floods to stimulate spawning despite interannual variations in flow and 
water temperature, but many species did alter the timing and extent of their spawning period in the 
2005 flood season. Counter to general predictions about the role of flooding in fish spawning and 
recruitment, there was no dramatic increase in the total abundance of all species or the abundance 
of larvae and juveniles of most native species (especially for the smaller species) associated with 
the 2005 flood event. The flood year did however indirectly increase the abundance and dispersal of 
juvenile southern pygmy perch in the Forest. The introduced species, carp, goldfish and oriental 
weatherloach also demonstrated an increase in recruitment strength associated with the 2005 flood 
event. 
This was particularly evident when compared with the low water levels of the 2006/07 season which 
resulted in very low levels of spawning and recruitment for these species. 
 
Some of the sites which completely dried during the extreme low levels of 2006/07 contained 
important populations of species of conservational significance such as southern pygmy perch. 
Sampling in 2007/08 will prove valuable in monitoring the recolonisation of these areas of both 
native and exotic species. These results will provide scientists and water managers alike with 
important information regarding fish population responses to drought conditions. 

Methodological Findings 
During the project we also examined the diel drifting behaviour of riverine fish and investigated a 
new method for capturing drifting fish in slower water velocities. The intensive diel study suggested 
that the highest numbers of fish were drifting at night, and that the peak spawning time of silver 
perch occurs between 21:00 and 01:00h. 
The passive drift net was shown to be more effective in the capture of eggs and early larvae 
however, the modified funnel net was more effective at the capture of larger individuals. 
 

Outputs of the project 
The results of this project have been disseminated at numerous scientific, management and 
community forums, reported in to-date five peer-reviewed scientific journal articles and also in 
numerous regional, State and National media (TV and print). 

Conclusion 
This study demonstrates that the 2005 flood event (including use of the environmental flow) did 
achieve some positive benefits for native fish. The most obvious being the increased spawning 
activity in golden perch and silver perch, and the increased number of young-of-year Murray cod, 
trout cod and southern pygmy perch. Flooding also played an invaluable role in habitat maintenance 
and connectivity of floodplain habitats such as wetlands and creeks for a variety of fish residing and 
recruiting on the floodplain. Indirectly it also probably provided a boost of nutrients and prey items in 
returning waters to permanent waterbodies such as the main channel and wetlands. 
 
We believe that this study has provided invaluable insights into the impact of water management on 
fish recruitment at B-M Forest, and is the first study to demonstrate a strong link between fish 
spawning and recruitment and the provision of an environmental flood at least in Australia, but 
perhaps the world. However, as flow and other environmental conditions can vary substantially 
across years, longer-term monitoring across a range of environmental conditions and flow regimes, 
including managed flow events of different types, needs to occur before strong conclusions on the 
relationship between flooding and fish spawning and recruitment can be confidently established. 
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Mortality of Native Fish during Downstream Passage through Dams 
and Weirs 
 
Lee J. Baumgartner, Nathan K. Reynoldson and Justin G. Stanger 
 
NSW Department of Primary Industries, 
Narrandera Fisheries Centre 
  
OBJECTIVES: 
 

 To understand the effects of undershot and overshot weirs on species of Murray-Darling Basin 
fish 

 To document the survival of different species and size classes as they pass through different 
weir configurations.  

 To investigate the survival of fish species as they pass over dam spillways 
 To develop techniques to improve the survival of these fish as they pass through the structures 
 To identify current management practices used to ameliorate an potential impacts of dams and 

weirs 
 To create a prioritisation list for structures requiring mitigation 
 To provide management recommendations for future construction and operation of dams and 

weirs, especially for structures to be constructed under the Living Murray initiative. 
 
Summary: 
There are two types of weirs constructed in NSW, undershot and overshot. Undershot weirs 
discharge water beneath a series of steel gates and are associated with strong turbulence and high 
water velocities. Fish that pass through undershot weirs are often injured by either physically striking 
the structure or as a result of stress associated with the turbulent conditions. Overshot weirs release 
water over the top of a crest, creating a plunging effect. Fish choosing to pass through overshot 
weirs must swim over the crest and then fall downstream to continue their migrations. This type of 
passage may result in injuries or death, especially at very high structures. There is little information 
regarding the nature and extent of potential impacts, making it difficult for fisheries managers and 
water supply authorities to improve weir operations.  
 
In 2005, NSW DPI conducted some small-scale experiments using Murray cod and golden perch 
larvae (10-12 days old) to determine any harmful effects caused by a low-level weir (1 m high). The 
study showed that 95% of Golden perch and 52% of Murray cod died whilst passing through 
undershot weirs. In contrast, mortality arising from passage through overshot weirs was less than 
1.5% for both species. This preliminary experiment clearly showed that the larvae of some native 
fish can be killed or injured by undershot weirs. By contrast, construction of overshot weirs would 
minimise potential impacts on native fish. The initial work was limited because experiments were 
undertaken at a very small structure and only provided data on two species.  
 
To obtain results that are more widely applicable to the management of other structures throughout 
the Murray-Darling Basin, NSW DPI and the Murray Darling Basin Commission have recently 
commenced a more comprehensive, 3-year research project. The project, being undertaken at the 
Narrandera Fisheries Centre, will assess downstream movements of native fish through both types 
of weir but under a wider range of flows and river conditions. Specific aspects of weir operation, 
such as discharge and tailwater depth, will be manipulated to determine any adverse effects on fish. 
Researchers will do trials with more species to try and develop general weir operating protocols that 
minimise the risk of injury or mortality. Additional species will include Australian smelt, bony herring, 
flyspecked hardyhead, Murray rainbowfish and gudgeons. 
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Work is being undertaken at Balranald Weir on the Murrumbidgee River. In 2003, a fishlock was 
constructed at the weir which incorporates an adjustable internal weir. The internal weir can be 
manipulated over a variety of heights (0-3m) and be configured as either overshot or undershot by 
simply changing the position of adjustable drop-boards. The fishlock also has manually operating 
upstream and downstream gates which permits discharge and tailwater level to be accurately 
controlled at the weir. The operational flexibility of this structure, and the close proximity to 
Narrandera, provided an excellent experimental facility to undertake experiments seeking to 
quantify injuries and mortality of downstream migrating fish. 
 
Initial work has provided interesting results regarding immature golden perch and silver perch 
(<100mm). Whilst passing through overshot weirs, mortality of both species was substantially 
greater with a high head (200mm) of water spilling over the weir (Figure 1). Importantly, mortality 
was over 50% when the weir discharged into a low tailwater (100mm). Mortality did not increase 
during low-head situations (50mm) or during discharge into relatively deep tailwater (500mm). 
 
Work on undershot weirs also yielded interesting information. Mortality of golden perch was 
significantly greater during undershot discharges with a high gate opening (200mm) (Figure 1). 
Mortality was marginally higher when the undershot weir discharged into a low tailwater level 
(100mm) but was over 40% in both cases. Interestingly, silver perch did not display a similar 
susceptibility to undershot weirs. For this species, there was no strong relationship between 
mortality and gate opening or tailwater depth. This observation is an early indication that mortality 
could be species specific. Further investigations with additional species and size classes are 
required to test this assertion further.  
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Figure 1. Summary of preliminary results seeking to determine the attributes of weir operation 
which contribute to increased injuries and mortality. 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 95

Analysis of broad scale historical trends in abundance and 
distribution of fish in the Murray-Darling Basin 
 
Simon Treadwell 

Sinclair Knight Merz, 590 Orrong Rd Armadale Vic 3143 

streadwell@skm.com.au 

 Introduction 
There is a general consensus amongst the scientific community that fish abundance has declined 
across the Murray-Darling Basin (MDB) and that the distribution of some species has significantly 
contracted to the point that many species in the Basin are now considered threatened or even 
locally extinct. Recent publicity regarding the condition of streams in the MDB and the need for the 
provision of environmental flows has focused community attention on aquatic ecosystems, although 
there is still some dispute regarding the degree of environmental impacts over the past 200 years. 
Adding fuel to the current debate is potential for the dissemination of misinformation or 
misinterpretation of various data. 

This project aims to collate fish survey information, including metadata, from around the MDB and to 
analyse the data to provide a broad scale overview of the status of native fish in the MDB and 
assess trends in abundance and distribution. The project has been undertaken in three phases: 

• assemble available datasets and metadata; 
• analyse data for common trends at Basin, State, and catchment scales as permitted by data 

quality; and 
• report trends at appropriate spatial scales to relevant stakeholder groups. 

 Data review and adopted approach 
A range of data sources were identified and accessed throughout the project. Data were obtained 
from State agency and museum databases, institutional databases, hardcopy technical reports, 
scientific literature and personal datasets. Despite repeated requests to some data custodians not 
all data has been provided in a timely manner to be included in the database.  

There were a number of issues associated with accessing data. Typically agencies were reluctant to 
provide raw data that had not been checked through internal quality and data control processes. 
This meant that in many instances data that were provided does not represent the most recent 
survey data because some agency databases are several years behind in being updated. In 
addition, some agencies do not have dedicated databases or there were third party confidentiality or 
data licensing issues that prevent access to some relevant data fields (e.g. specific locations or 
effort data). Also, there is lots of data in disparate locations, held by individuals and can only be 
accessed through reports that often do not contain relevant fields that enable specific locations or 
abundance to be determined.  

A lot of the data that was provided was of poor quality with obvious errors in location and species 
names. For example, some species were listed under different common names and multiple species 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 96

were grouped under a single genera (eg. galaxias sp.) or family (eg. cods and basses). For the 
most part, groupings represent very few records (eg. the grouping ‘freshwater perches’ comprises 
less than 10 records, compared with greater than 1000 records for each individual ‘perch’ species. 
Under these circumstances the removal of a few records of dubious quality has no observable 
impact on analysis and improves the confidence in the analysis. There were also a number of 
duplicate entries. Duplicates have been identified by cross referencing location and sample date. 
These errors have been corrected as best as possible, however, the volume of data meant that not 
every single record was individually checked for accuracy.  

Data base records often omitted information on effort and what effort data is available is restricted to 
the last 10-15 years, hence it is of limited value in assessing historical trends because there is no 
effort data associated with early surveys. In addition, where effort information was provided it was 
unclear as to what units the effort was in. For example, electrofishing effort could be recorded as 
total fishing time, machine on time (sometimes in seconds and sometime in minutes) or length of 
river fished with no time unit provided. In addition, it was not always clear whether multiple passes 
had been conducted and whether effort data accounted for this. With respect to netting methods, 
soak times were occasionally provided, although in some instances multiple nets were set but the 
total number of nets set was not provided and it is unclear whether soak times are for a single net or 
cumulative for all nets.  

Further, some records were for individual species caught in each survey (i.e. there are multiple 
records for a single species at the one location and sampling time) while within the same database 
there are other survey records where the total number of each species captured is recorded. Where 
possible, we interrogated the data to identify where individual species were recorded and then 
summed the totals to provide a total count of each species for each survey. For some survey 
records the number of individuals captured was not recorded at all. 

Conclusions from data review: 
1) Data was of variable quality, often with missing fields and obvious errors. 

2) There is limited effort data to enable standardised assessment of trends in abundance over 
historical time scales.  

3) When stratified for method there is limited temporal scale over which trends can be assessed 
(only last 10-15 years). 

4) Trends in relative abundance can be assessed over recent years for some specific locations, but 
majority of historical change has likely already occurred before bulk of surveys – so it is difficult 
to make conclusions based on this type of assessment 
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Adopted approach 

From the data collated most quantitative data is only available for the past 10-15 years and what is 
available is patchily distributed across the Basin. It is apparent from the literature that most of the 
historical decline occurred prior to the 1950s, hence there is very little empirical data available to 
quantitatively assess historical trends in abundance. Hence, our approach has been to document 
historical trends based on available literature and anecdotal information and where possible 
augment this qualitative assessment with specific examples where some quantitative data is 
available, even though such examples are limited to only a few locations over the entire basin. For 
example:  

5) Long term fishway monitoring, specifically Euston Weir fishway. 

6) Commercial harvesting records for South Australian and New South Wales. 

7) Individual surveys where some evidence of method and/or effort is provided (e.g. Langtry’s 
Murray River investigations) 

8) Instances where documented decline has been much more recent (e.g. Macquarie perch in 
ACT).  

Even though the data collected is of limited value for assessing abundance it provides a significant 
volume of data on fish location and collection data. Hence, it has been possible to plot maps of 
recorded locations at various time intervals to show basin scale spatial and temporal changes in 
distribution of key species; although some caution is needed in the interpretation of changes in 
distribution for various species as a lack of records doesn’t mean that a particular species is not 
present. 

Key findings and progress 
Key findings from the project are: 

9) Major declines in species abundance appears to have occurred prior to 1950s and prior to 
majority of available data. 

10) Declines are most pronounced in southern catchments with documented impacts associated 
with historical events, such as construction of dams and weirs and introduction of alien fish.  

11) Some species have maintained or expanded their natural range, but many have undergone a 
clear reduction in range over time. 

12) Some people claim that the “fishing has never been better”. This may be the case in respect to 
small scale improvements in recent times, but early explorer records, recollections of older 
people and photographic evidence suggest that fish were much more plentiful in the early 1800s 
through to the early 1900s. 

13) Standardised benchmarking of current conditions through the Sustainable Rivers Audit will 
enable assessment of future change. 

 

We are currently continuing with relevant analyses and compiling the final project report. 
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Meso-scale movement patterns of native fish – R5005 
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Email:adam.butcher@dpi.qld.gov.au 
 

Background 
The Native Fish Strategy outlines a long-term policy of achieving a 60% increase in native fish 
populations via a suite of actions (MDBC 2004). However, before implementing any action, we need 
to understand the ecological requirements and life history strategies of the native fishes intended for 
help. In many fish populations, there will be a proportion of individuals that undertake some 
migration. This movement can be on a within pool, reach, whole of river, or catchment scale and 
one of the major information bottlenecks is that researchers often only address questions relevant to 
small spatial and temporal scales, which have diminished relevance to large spatial and long 
temporal scale problems relevant to managers.  
 
A recent MDBC funded project collated habitat requirements for all native fish species in the Murray-
Darling Basin (SKM 2003). During this work it was revealed that very little information existed on 
movement preferences for the majority of native fish species. Although some of the more iconic 
species had some aspects of their movement requirements well documented (golden perch, Murray 
cod, trout cod), there were still large knowledge gaps for the majority of native species, particularly 
small species. If any of the smaller native species are found to undertake within-stream or off-stream 
migration, then threats such as unseasonably regulated flow patterns, instream barriers, reduced 
floodplain access and introduced predators may have a significant impact on the survival of local 
populations. 
 

Project Objectives. 
• To investigate and document small to medium scale (~river reach) movement patterns (lateral, 

longitudinal, upstream, downstream) of little-known native fish; 
• To investigate and document the stimuli associated with these movements (eg river flows, 

water temperature, season, lunar cycle)  
 
For the purposes of this project, “mesoscale movement” is defined as a movement beyond at least a 
single meander (or pool-riffle complex) or a movement between the river channel and its floodplain 
habitats. 
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Methods 
We ran a pilot phase of the project to select study areas and refine methods to be used in the main 
phase of the project. During the pilot phase, we examined satellite and aerial photography, spoke to 
SRA, NRW and CRCFE staff to locate areas with accessible floodplain lagoons and anabranches in 
the northern Murray-Darling Basin. In late 2005, we visited regions along the Macintyre and 
Condamine-Balonne Rivers before deciding on two regions of interest. The first was located 
approximately 40 km west of Goondiwindi on the Macintyre River system, and the second was 
located approximately 40 km west of the town of Condamine, on the Condamine River. 
 
Both riverscapes were similar in geomorphology. They consisted of a main river channel with 
occasional rock bars, and floodplain anabranches and lagoons. Both sites were near the boundary 
of the slopes zone and the lowlands. The difference between the two sites was that the Macintyre 
River study reach had a highly regulated flow with frequent releases from upstream water storages. 
In contrast the Condamine River reach had only natural flows, although these were reduced by 
upstream extraction. In both regions landholders were extremely generous with regards to access 
through private property to the river and adjacent wetlands. The position of both sites in the 
catchment would generally provide at least three days prior warning of a major flood event and 
would therefore permit access prior to a flood arriving. This was an important consideration for 
studies of lateral movements. The length of river selected at each location was approximately 40 
km. This length encompassed our definition of mesoscale movement. 
 
We ran a tag-recapture program using a range of tags including VIE, PIT and radio-tags. The 
tagging system was refined to maximise the number of fish that survived our tagging process. We 
also collected a range of environmental parameters including temperature, depth, O2, pH, salinity 
and turbidity using insitu data-loggers. 
 
However, we recognised that tag recapture programs are notoriously fickle and so we also 
employed a stratified standardised seasonal sampling program over several years to detect 
changes in density, composition, direction of movement and recapture of tagged fish all of which we 
could use to determine movement patterns. This program involved electrofishing from a boat, and 
setting fykes and mini-fykes. The fykes were standard SRA nets with 19 mm mesh and 5 m wings. 
The minifykes were standard minnow traps sewn onto 2m shade cloth wings attached to a metal 
frame. Fykes were paired to catch up and downstream movers. All fish were identified, counted, and 
a sub sample of 20 were measured (FL). W also took the opportunity to search off-stream sites and 
below weirs during minor flow events.  
 
The data was pooled and examined using General Linear Modeling (GLM - regression) with a 
Gamma distribution and a log linkage. The GLM fitted terms including Gear, Flow-Type, Season, 
Hydrography, River, Moon, and Substrate. We examined the influence of both main and two-way 
effects to highlight any significant influences on the catch. We also used Kolmogorov-Smirnov two-
sample test of length-frequency from standard shot data to highlight any similarities or differences in 
gear used or direction of gear deployment, based on the assumption that electrofishing data would 
sample the total population, while fykes would only sample that portion of the population that was 
moving. 
 

Results 
During the project, staff spent 73 days tagging more than 13,450 fish and a further 67 days 
undertaking standard shots in 991 sites (Table 1). This effort realized 23,000 fish. A further 12 
spangled perch and 12 bony bream were radio-tagged and tracked for periods of up to six months. 
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Table 1. total number of fish tagged and captured in standard shots in both rivers. 
River Condamine Macintyre 
# VIE tagged 8864 3229 
# PIT tagged 1297 169 
# caught in standard shots 20922 2261 

 
Tag recaptures were low (<2%) and we postulate several reasons for this. During the project we 
tagged and sampled along a distance of approximately 40 km in each of the Macintyre and 
Condamine Rivers. In 2006-7, the Murray-Darling Basin experienced a protracted dry period and 
many of the sites dried out. We estimate that in the Condamine River, more than 80% of the river 
bed dried out during this period. Other research has shown that as water holes dry down, larger 
predators are concentrated in the refugia at the expense of smaller bodied fish (Arthington et al., 
2005). While the Macintyre River maintained a continuous flow during this period, this flow was 
primarily the result of artificial releases from storage dams in the catchment. These flows are very 
minor in volume and fish numbers were never as great as in the Condamine River. We postulate 
that the nearly continuously changing, but low flow in the Macintyre River has had a profound effect 
on the stability of local populations. Secondly, many of the VIE-tagged fish were of a larger size 
indicative of mature fish. Many smaller native fish have a limited lifespan and it is possible that some 
of them may have perished by natural mortality related to senescence. Thirdly, several weir pools 
on the Condamine River, were subject to very localized inflows from adjacent creeks and any 
movement up these streams may have gone undetected. Fourthly, it is possible that tag shedding 
and post-release mortality is higher in some species, although we did examine post-release survival 
and tag-loss in several species including Hypseleotris spp., Nematalosa erebi, Ambassis agassizii, 
and Craterocephalus stercusmuscarum fulvus, during the pilot phase of the project. However, we 
still have recapture records for some 182 fish, mostly from the Condamine River (88%) and we are 
confident that we can still build a picture of movements by combining recapture, standard-shot and 
radio-tracking data. 
 
For example, with Hypseleotris spp. we captured over 6000 fish. The GLM was a significant 
regression (f<0.001) explaining 68% of deviance. The significant main effects (<0.05) were flow-
type, gear, hydrography and season. Significant two-way effects (<0.05) included flow-type by gear, 
flow-type by Lunar phase, flow-type by substrate, gear by hydrography, gear by season, gear by 
river, and hydrography by season . This is explained by our catch data with more being caught from 
the Condamine than the Macintyre River (60-40), and 90% from the river sites. The most effective 
gear was the minifykes. We have evidence that Hypseleotris spp. do accumulate below weirs during 
flow events, in one case aggregating below a weir that had been previously dry for 11 km below the 
wall. Generally, they showed a strong preference for moving downstream on a falling flow although 
in the Macintyre River, there was significant upstream movement on natural flow events. We have 
recaptured tagged Hypseleotris spp. up to 12 km upstream over 6 months.  
 
We have caught over 5,500 N. erebi during seasonal sampling. The GLM was a significant 
regression (f<0.001) explaining 79% of deviance. The significant main effects (<0.05) were river, 
gear, hydrography, substrate, season and lunar phase. Significant two-way effects (<0.05) included 
river by substrate, river by season, gear by river, gear by hydrography, gear by substrate, and lunar 
phase by hydrography. Most N. erebi were caught from the Condamine River (97%). Most were 
caught from the mid stream regions with electrofishing gear. However, there is strong evidence that 
they accumulate below weirs during flow events and are more active during a rise and peak flow. 
We also caught more in autumn (78%) and during the 1st quarter of the moon (53%). From a 
directional perspective, we caught more in downstream fykes on a falling flow, reinforcing the 
concept that native fish do move downstream to more permanent water bodies during a falling flow 
periods. Several VIE tagged N. erebi were recaptured over 600 m upstream of the release site 
within a week of release. We also radio-tracked 12 fish in the Macintyre River over a 5 month 
period. Most remained in the release site pool, spreading up and downstream by up to 600 m for the 
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next 4 months, after which they moved beyond our radio-tracking area. Two moved downstream by 
up to 1.5 km over the first month and then ceased all movement. We suspect that these were 
subjected to cod predation. 
 
During the project, we caught over 800 Melanotaenia fluviatilis predominantly from the Macintyre 
River (69%). The GLM was a significant regression (f<0.001) explaining 65% of deviance. The 
significant main effects (<0.05) were gear and river. Lunar phase by river was the only significant 
two-way effect (<0.05). Evidence shows that M. fluviatilis accumulate below weirs during flow events 
and these fish are similar in size range to those caught in fykes in the river. While more fish move 
upstream on a rise or peak of the flow, larger Melanotaenia fluviatilis are still moving upstream 
during a falling flow. Smaller fish were less common in the downstream codends, indicating that 
they are probably less susceptible to downstream displacement during small to medium flow events. 
While most VIE recaptures were within 30 m of the release site, one recapture was approximately 
210 m upstream. M. fluviatilis are less discriminate to flow type, being equally mobile on natural and 
artificial flows. 
 
The behaviour of A. agassizii was different to most other small native fish in this study. The GLM 
was a significant regression (f<0.001) explaining 82% of deviance. The significant main effect 
(<0.05) was season and hydrography by substrate was the only significant two-way effect (<0.05). 
Ambassis agassizii were more common in the Condamine River (84%) and predominantly caught in 
lagoon habitat (97%) with soft substrates (silt or mud). Although fykes caught more and larger fish 
than the electrofishing boat, it was difficult to determine whether there was a strong directional 
influence. The limited evidence from our fyke catches infers that they have a preference for moving 
upstream on rising and peak flows and downstream during falling flows. However, in summer 2006, 
we experienced the only lateral connectivity event of the whole three year study. This was to a small 
lagoon adjacent to the Macintyre River and A. agassizii were captured from this inundated lagoon at 
a level six times greater than the catch rate in the river. Initially, these were predominantly large fish 
but sampling during subsequent months indicated that recruitment had occurred. However, we don’t 
know whether spawning occurred within the lagoon, or whether post-larvae recruited during the 
connection event. This lagoon dried out within 4 months of connection and all tagged fish were lost. 
 
All of the dwarf flathead gudgeons Phylipnodon macrostoma caught in this project were taken from 
the Condamine River. The GLM was a significant regression (f<0.001) explaining 75% of deviance. 
The significant main effects (<0.05) included gear, moon and hydrography. There were no 
significant two-way interactions. Those P. macrostoma moving were predominantly of a smaller size 
range than those caught by the electrofishing boat, and more were caught in the downstream 
codend, in spring during a falling flow, during the last quarter of the moon. They do accumulate 
below weirs during flow events and these are larger fish than those caught by electrofishing. In on 
instance, about 15 were caught below a weir during local flow event, after 11 km of the river bed 
had dried up downstream of the weir. These were significantly larger (p<0.05) than the general 
population that was caught by electrofishing. 
 
The Leiopotherapon unicolor taken in this study were predominantly caught from the Condamine 
River (98%). The GLM was a significant regression (f<0.001) explaining 86% of deviance. The 
significant main effects (<0.05) included gear, hydrography, substrate and lunar phase. Significant 
two-way interactions (<0.05) included gear by hydrography, gear by lunar phase and lunar phase by 
hydrography. L. unicolor move on both natural and artificial flows, and move in both directions. More 
fish were caught in autumn (62%) and during a falling flow (77%). They accumulate below weirs, but 
are also caught in significant numbers in downstream codends. VIE and PIT tag recapture data 
indicate that movements in excess of 2 km are common. Radio-tracking of 12 fish in the Condamine 
River between July and December 2006 indicated that they will cover distances in excess of 4 km 
over a 2 month period if longitudinal connectivity exists. Unfortunately, we have no evidence of 
lateral movement, other than some catch data from the same lagoon mentioned earlier with the 
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Ambassids. In this lagoon, a small number of spangled perch were captured during summer of 
2006, but were not sighted again before the lagoon dried out four months later.  
 
The catches of Neosilurus hyrtlii (n=125) were from the Condamine River only. The GLM model was 
intriguing in that we were unable to establish a significant regression (f = 0.427) and yet the model 
explained 84 % of deviance. Most of the catch of N. hyrtlii were taken in spring (74%), during a 
falling flow, during the last phase of the moon (71%). Upstream movement was predominantly by 
larger fish while downstream movers were predominantly smaller fish during falling flow events, 
suggesting that juveniles and adults move indifferent directions. We also caught them in lagoons 
suggesting some historical lateral movements. Recapture data indicates that those caught below a 
weir on the Condamine River were unable to bypass this barrier in a six month period after tagging 
and remained in water holes below the weir. These waterholes dried out in the ensuing 12 months 
with the loss of all fish. 
 
Problems encountered in this research program include the limited opportunities to study lateral 
movement of small native fish. There does appear to be some evidence that the summer of 2007/08 
may see a return towards a more normal rainfall and stream flow pattern and we aim to take 
advantage of any lateral connectivity events. 
 

Conclusions 
• Small native fish can move distances of several kilometres in a few days. Fishways must be 

designed to accommodate the swimming capacity of these smaller fish. 
 

• Movement by small and medium sized fishes can be both upstream and downstream in low 
flow events. Spillways and fishways need to also accommodate downstream movement. 

 
• Lagoons are possibly important recruitment sites for species such as A. agassizii.  Reduced 

frequency of connection and increased frequency of desiccation could be a threat to 
populations of this species. 

 

Future research 
• Stable isotope analyses as a means of determining recruitment source 
• Importance of lagoons in the northern basin for recruitment of small and medium sized 

fishes. (eg A. agassizii) 
• Impacts of reduced frequency of connection of lagoons and increased frequency of 

desiccation on populations of small native fish 
• Optimum fishway velocities for movement of small fish 
• Influence of Ecological flow allocations on fish movement and recruitment. 
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More than three million native fish are currently produced in private and government hatcheries and 
stocked into waterways of the Murray-Darling Basin each year. 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 aims of the Native Fish Strategy project R5003 (Improved methodologies for 
discriminating stocked and wild fish) were to trial and develop a suite of methods for discriminating 
hatchery and wild fish with the potential to be adopted by both government and commercial 
hatcheries. Three methodologies were successfully trialled and developed using golden perch as 
the model fish species:  

• Osmotic induction marking of fingerlings 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 logistic and 
economic considerations for government and private hatcheries. Each of the methods was found to 
have particular strengths and weaknesses, with the choice of method dependent upon the aims and 
limitations of the marking program. 

A subsequent NFS project (MD741 - Methods for discriminating hatchery fish and outcomes of 
stocking in the Murray-Darling Basin) undertaken by the project team will further refine these 
methods and trial them at the hatchery scale. A portable non-lethal field detection is currently being 
trialled as part of this project and any regulatory impediments to the use of the methods will also be 
addressed. The ultimate goal of this research is to provide researchers and managers with a suite 
of practical tools for evaluating the success and impacts of fish stocking in the MDB. 
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Executive Summary 
The current inability to readily distinguish between stocked and naturally recruited fish in rivers limits 
our ability to effectively manage and monitor fish populations in the Murray-Darling Basin. As part of 
a previous project funded under the Murray-Darling Basin Commission’s Native Fish Strategy, a 
series of new techniques was recently developed for marking hatchery produced fish with 
fluorescent chemical markers (calcein and alizarin red S) and stable isotopes of barium (137Ba) and 
strontium (86Sr) (Crook et al. 2006). Broad scale adoption of such marking techniques by 
government and private hatcheries will maximise the number of marked fish that are released into 
the wild, and hence contribute to solving the long standing problem of discriminating between 
stocked and naturally recruited fish. 
 
A wide variety of statutory controls exist around the use of chemicals in veterinary medicine, 
agriculture, pest control, food production, and the environment. The use of chemical marking 
compounds on fish produced at hatcheries was arguably captured by these definitions. Hence, this 
project aimed to identify whether the chemical marking techniques were captured by the relevant 
legislation at a national and state level, whether any of the chemicals needed to be registered, could 
be registered or were registered as veterinary chemical products. The project also aimed to identify 
any other steps that would be necessary to clear statutory hurdles that may inhibit the extension of 
the experimental marking techniques to broad scale use by hatcheries throughout the Murray-
Darling Basin. 
 
AgAware Consulting Pty Ltd was engaged by the Arthur Rylah Institute for Environmental Research 
to act on behalf of the project team in correspondence with the relevant authorities. The consultant 
and a representative of the project team had discussions with the Australian Pesticides and 
Veterinary Medicines Authority (APVMA) and requested a ruling on whether calcein and alizarin red 
S when used for the purpose of marking fish constituted the use of a veterinary chemical product. 
The ruling received from the APVMA stated that the use of these chemicals for marking fish as 
described in a summary report to the authority did not require registration under the Agriculture and 
Veterinary Chemical Code Act 1994. The Biological and Chemical Risk Management Unit of the 
NSW DPI Division of Biosecurity Compliance and Mine Safety and the Chemical Standards Branch 
of the Victorian DPI Biosecurity Victoria division also provided further written advice that the use of 
calcein and alizarin red S for the purpose of marking fish in hatcheries would not constitute use of 
an unregistered stock medicine under the NSW Stock Medicines Act 1989 and the Victorian 
Agricultural and Veterinary Chemicals (Control of Use) Act 1992. 
Although the techniques and the two fluorescent compounds have effectively been cleared for use 
by the APVMA and the State agencies responsible for the use of veterinary and agricultural 
chemicals, there remains some doubt about the legality of their use in fish that may eventually be 
consumed as food. The project team, via the consultant, corresponded with Food Standards 
Australia New Zealand (FSANZ), the statutory authority charged with overseeing the registration of 
chemical additives to foods in Australia and New Zealand. FSANZ advised that as calcein and 
alizarin red S are not registered chemical additives in Australia, their presence as quantifiable 
residues in food sold in Australia may be not be permitted. There is considerable legal and technical 
clarification required to resolve the uncertainty created by the advice received from FSANZ. The 
project team will continue to seek further advice to resolve these outstanding issues. Consideration 
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of the potential requirements for registration of the enriched stable isotopes 137Ba and 86Sr was 
undertaken by the project team and the Consultant. A written interpretation by the Consultant of the 
advice received from the APVMA stated that the use of enriched isotopes for the sole purpose of 
marking fish does not require registration under the Commonwealth Agriculture and Veterinary 
Chemical Code Act 1994. With regards to the requirement for approval by FSANZ, the total 
concentrations of Ba used for the immersion method of marking fish are well below the maximum 
concentrations outlined in the Australian Drinking Water Guidelines. The concentrations of both Ba 
and Sr are also within the typical range of concentrations found in water in the natural environment.  
 
Consequently, there is no potential for treated fish to assimilate residues of either element above 
the levels commonly found in fish inhabiting natural freshwater and marine environments. On this 
basis, it is concluded that there is no potential requirement for FSANZ registration of enriched stable 
isotopes of Ba or Sr for the immersion marking of fish as described by Crook et al (2006). 
For the broodstock injection method of marking fish, the total mass of Ba enrichment was 
determined to be <0.1 μg per marked fish. The average daily dietary intake of Ba is ~800 μg per day 
and levels of up to 10 mg L-1 in drinking water have been shown to have no adverse effects on 
humans after 8 weeks. The maximum concentration of the Ba solution injected into the maternal 
broodfish (1 g L-1) exceeds the maximum concentration of Ba for drinking water in Australia. 
Research on the assimilation of Ba suggests that it is unlikely that broodfish would retain high levels 
of Ba in their edible tissues. However, as a conservative approach, broodfish injected with Ba 
should not be released into the wild or otherwise made available as food until research on their 
suitability for consumption is conducted. Given the minimal Ba enrichment of marked fish, and 
provided that Ba injected brood fish will not be made available as food, it is concluded that there is 
no potential requirement for FSANZ registration 
or approval of the use of the enriched stable isotopes Ba for broodstock injection marking of fish as 
described by Crook et al. (2006). 
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Improving survival of hatchery reared threatened fish. 
 
Michael Hutchison, Adam Butcher, Andrew Norris, 
John Kirkwood and Keith Chilcott 
 
Queensland Department of Primary Industries and Fisheries 
 

Background 
A number of Australian native fish species in the Murray-Darling Basin have declined significantly 
and are listed as vulnerable or endangered in part of, or across all of their former range within the 
Basin (Lintermans 2007). These species include large bodied icon species such as Murray cod 
Maccullochella peelii peelii, trout cod Maccullochella macquariensis, Macquarie perch Macquaria 
australasica, silver perch Bidyanus bidyanus and eel-tailed catfish Tandanus tandanus, as well as 
small bodied species like the southern purple spotted gudgeon Mogurnda adspersa and the olive 
perchlet Ambassis agassizi (Lintermans 2007). 
 
The Murray-Darling Basin Commission has developed a Native Fish Strategy to restore native fish 
populations to 60% of their pre-European colonization levels. Driving actions of the Strategy include 
rehabilitating fish habitat, protecting fish habitat, managing riverine structures (barriers to migration), 
controlling alien fish species, protecting threatened fish species and managing fish translocation 
and stocking (Murray-Darling Basin Commission, 2004). Although all these actions are likely to have 
positive effects on the recovery of threatened fishes, in some catchments of the Basin these fish 
have already become locally extinct, or declined so drastically that carefully managed conservation 
re-stocking of hatchery reared fish may become a necessary part of any recovery program.  
 
Conservation stockings are not always successful. Recent work in Australia, Europe, North America 
and Japan suggests some stocking failures are due to domestication effects of hatchery rearing. 
The Murray-Darling Basin Commission has recently funded a project to improve post-stocking 
survival of hatchery-reared threatened fish species in the Basin. This project commenced in 2007.  
 
In the early phase of this project we have completed a draft review of the literature on hatchery 
domestication effects and strategies to improve post-stocking survival of hatchery reared threatened 
species. We have also completed a review of the current practices of hatcheries and grow-out 
facilities producing threatened Murray-Darling Basin Fish species. 
 
After reviewing the relevant literature, hatcheries and grow-out facilities, and following consultation 
with experts in the field we have developed a series of experiments, commencing in spring 2007, 
that will attempt to enhance the predator avoidance and foraging behaviour of stocked fish. We 
have adopted a staged approach. This includes tank based evaluation in spring and summer 2008. 
If the tank based evaluation shows positive results, then we will proceed to field based trials. In this 
paper we present a brief summary of the key findings from the literature review and present an 
overview of potential domestication in Australian hatcheries and grow-out facilities. We also present 
an outline of our planned experiments. 
 

Summary of recent research into hatchery domestication effects and strategies to improve 
post-stocking survival of hatchery reared fish 
It has been recognised for some time that stocking of hatchery reared fishes does not always 
deliver the dramatic improvements in fish stocks that might be expected (see Blaxter, 2000, 
Hutchison et al. 2006 and Larscheid 1995 for examples). Fisheries scientists have known of poor 
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post-release survival rates of hatchery reared fishes for over a century (Brown and Day 2002). A 
review paper by Brown and Laland (2001) provided evidence that hatchery reared fish have lower 
survival rates and provide lower returns to anglers than wild fish.  
 
Olla et al. (1994) provided evidence that hatchery rearing of fish can produce behavioural deficits 
that can impact on their survival post-release. Brown and Laland (2001) also noted the difference in 
mortality rates between hatchery-reared and wild fish is especially large when size and age are 
taken into account. Most mortality occurs immediately after stocking, i.e. in the first few days, rather 
than first few weeks (Brown and Laland 2001, Olla, et al. 1994). One of the major causes of 
mortality is predation (Olla et al. 1994, Buckmeier et al. 2005).  
 
A comprehensive review of research into stocking, hatchery domestication effects and strategies to 
improve post-stocking survival of hatchery reared fish has enabled us to make the following broad 
generalisations. 
 
 Domestication effects contribute to poor survival of hatchery fish relative to wild fish, including 

increased susceptibility to predation and reduced foraging efficiency. 
 
 Pond or extensively reared hatchery fish are likely to have better post-release survival than 

intensively tank-reared fish of the same size. 
 
 The increased size of long-term tank reared fish may confer on them a survival advantage, but 

this is counter-balanced by a reduced ability to forage effectively. 
 
 After accounting for the effect of stocking size and the type of hatchery rearing, further 

improvements in post-stocking survival can probably be made through pre-release predator 
awareness training and live food foraging training. 

 
 Minimising transport stress and acclimation or habituation at time of release can also improve 

the ability of newly stocked fish to avoid predation.  
 
Current hatchery and grow-out facility fish rearing practices in Australia 
A questionnaire was sent to 84 private and government hatcheries and grow-out facilities in eastern 
Australia that produce fish native to the Murray-Darling Basin. (A copy of the Questionnaire will be 
available through the MDBC in the appendix of the literature and hatchery review document). The 
questionnaire was designed to determine the degree of domestication of hatchery and grow-out 
facility produced threatened fish species, endemic to the Murray-Darling Basin. This was to enable 
planning of appropriate treatments to reduce potential domestication effects.  
 
Hatcheries and grow-out facilities have different objectives. Hatcheries hold brood-stock fish and 
breed fish to produce fingerlings to supply stocking groups, the aquarium trade or grow-out facilities. 
Grow-out facilities on-grow fish to larger sizes, either for the aquarium trade or for human 
consumption and occasionally for stocking. Some grow-out facilities may have their own hatchery, 
but most rely on other hatcheries to supply them. 
 
We received responses from 26 (31%) of the facilities contacted. The responses were from ten 
grow-out facilities and 16 hatcheries. Predation by fish (excluding cannibalism in cod) was reported 
by 6.25% of hatcheries and by none of the grow-out facilities. Exposure to fish predators (excluding 
cannibalism) was therefore rare or absent. Predation by birds (cormorants, herons, pelicans) was 
reported as common by 37.5% of hatcheries and 40% of grow-out facilities. Predation by birds was 
reported as rare by 37.5% of hatcheries and 10% of grow-out facilities. No predation by birds was 
reported by 12.5% of hatcheries and 50% of grow-out facilities. Bird control was practised by 50% of 
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hatcheries and 20% of grow-out facilities. Bird control was not necessary in grow-out facilities where 
fish were maintained indoors in tanks. 
 
None of the respondents produced Macquarie perch and only two hatcheries produced trout cod. 
The main threatened species produced were silver perch, Murray cod and eel-tailed catfish. 
However, only three hatcheries and two grow-out facilities produced catfish, and the grow-out 
facilities did not complete all questions.  
 
A common trend across all species is that hatchery-reared fish tend to be produced in ponds and 
exposed to live foods. There is also exposure in some facilities to predation by birds. Excluding 
cannibalism in cod, there is virtually no exposure to predation by fish. All grow-out facility reared 
silver perch and cod are pellet fed. The bulk of grow-out facility reared cod are tank reared and not 
exposed to predation by birds. In contrast silver perch are pond reared and just over half are 
exposed to birds. 
It is probably not necessary to train hatchery reared fingerlings to take live foods, as all are exposed 
to these foods. Most fingerlings are also exposed to some level of bird predation, but approximately 
half the hatcheries that produce fingerlings rarely encounter birds or not at all. Therefore there may 
be some merit in bird training for some of these fish. As most fingerlings are not exposed to fish 
predation (excluding cannibalism) then predatory fish training can be expected to be of benefit. 
 
Grow-out facility reared fish would probably benefit from live food training. As grow-out facility 
produced fish are of large size, they would most likely be not susceptible to predation by fish post-
stocking unless very large Murray cod were present at the release site. However the work of Ebner 
et al.(2006) suggests that fish stocked at large sizes can still be vulnerable to predation by birds. 

Proposed experimental methodology to reduce hatchery domestication effects and improve 
post-stocking survival of hatchery reared threatened species in the Murray-Darling Basin 
Based on the review of the literature and current hatchery and grow-out facility practices in 
Australia, it is proposed to train fingerlings of threatened Murray-Darling species to recognise and 
avoid predatory fish and birds. It is also proposed to train large grow-out facility reared fish to 
recognise and avoid bird predators and to train them to forage for live foods.  
 
If the training of these species can be validated in tank based trials, then experiments will proceed 
to field testing of the effectiveness of these training techniques. Field trials would also create an 
opportunity to test the addition of predator exclusion cages as described by Schlechte and 
Buckmeier (2006). If successful, these cages could offer a simple and effective way of enhancing 
survival of fish released for conservation purposes. 

Proposed tank-based training of pond reared fingerlings (Murray cod, silver perch and 
catfish) 

Fish predator training 
Fish predator awareness training for the treatment groups, will take place in a 5000L tank with cover 
areas and a mesh screen permeable to fingerlings, but not to predators. Predators (Murray cod, 
golden perch and spangled perch) will be kept on one side of the screen. The permeable screen will 
be covered with a solid removable plastic or plexiglass screen. The solid screen will be removed for 
two hour periods in the morning and afternoon of each training day. When removed, fingerlings can 
freely pass through the mesh into the predator enclosure, or they can pass through the mesh back 
into the predator free zone. It is likely some fish will be preyed on when they pass through the mesh. 
It is proposed to house a small number of micro-tagged wild conspecifics (or wild spangled perch in 
case of silver perch) of similar size to the hatchery reared fish in the same tank as the treatment 
fish. This is in order to provide social learning opportunities for the hatchery fish from the wild fish 
responses (Mathis et al. 1996). This should minimise losses of the fingerlings to the predators in the 
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tank. The training will take place over three days. At the end of each training day a sub-sample of 
the hatchery fish will be removed from the training tank, then housed in a separate tank for future 
testing. After three days the training will be terminated.  
 
Control group and treatment groups will both be fed a mixture of live and frozen wild prey. The 
amount of frozen food used will depend on availability of live prey, but the intention is to provide as 
much live prey as possible, to replicate the pond rearing environment. Control groups will be reared 
in tanks of similar set up to the treatment group, with a permeable mesh screen and removable solid 
screen. The solid screen will be removed at the same times as for the treatment fish, but there will 
be no predators present on the other side.  
 
An alternative approach to direct predator exposure could be to expose fingerlings in a large tank to 
a caged predatory fish. Meshes of the cage would not be permeable to fingerlings. This exposure 
would be done in conjunction with release of con-specific’s skin extract to initiate alarm responses. 
Should logistics permit it, we may also test this approach, as it would be simple for hatcheries to 
implement 
 
Bird predator training 
The only example of bird predator training found in the literature (Fraser, 1974) did not succeed in 
improving survival. Fraser used electric shock from a model bird, but this only caused fish to stay 50 
cm away from the bird and did not produce a flight response. Our preference is to use a live bird for 
the training. At this stage is appears likely that we can loan a cormorant from a wildlife park for this 
purpose. The cormorant will be released into the training tank for short periods of time, to expose 
the fish to predatory pressure. A further option is to expose part of the tank to predation by wild 
kookaburras and herons, and to entice these birds to the vicinity of the tank with food rewards. This 
will broaden the range of bird predators the fish are exposed to. We may also investigate use of 
model birds combined with releases of skin extract of conspecifics into the water to reinforce alarm 
response. The bird training tanks will use the same set up as the fish training tanks. There will be 
cover areas where fish can avoid predation from real predators or harassment from simulated 
predators. 
 
Evaluation 
In the first year it is proposed to validate the training using tank based experiments.  
Tank based evaluation will use video monitoring to record behaviour of fish for 15 minutes before 
and 15 minutes after exposure to predators in screened aquaria.  Responses of control and 
treatment groups will be compared. Parameters to be measured include school cohesiveness, 
frequency of use of cover and distance of individual fish from the predator. Fish trained to take live 
prey will be compared with pellet fed control fish. The time taken to catch a live prey item will be 
compared between the two groups. It is proposed to refine techniques using goldfish before 
proceeding to experiments with silver perch, Murray cod and eel-tailed catfish. 

Future research 
If the tank based experiments show a significant difference between treatment and control groups, 
then in year two, field based testing will be initiated. It is proposed to compare the relative survival of 
control and treatment fish stocked into the wild. Fish will be batch tagged with VIE tags to enable 
comparisons. In addition to comparing the effects of predator recognition training and live food 
foraging training, it is proposed to compare the post-stocking survival of fish released into predator 
exclusion cages with the post-stocking survival of fish released using current standard release 
practices. 
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Despite the fact that approximately 50 million native fish produced in hatcheries have been stocked 
into waterways in the Murray-Darling Basin over the past 30 years, there has been relatively little 
study of the fate of these fish once they have been released. Several studies of the impacts of 
stocking on recreational fishing values in impoundments have been conducted, however almost 
nothing is known of the fate of fish stocked into open river systems. 

As part of a recent completed Australian Research Council Linkage Project, the project team began 
a study that aimed to compare the population structure and abundance in experimentally stocked 
rivers. This study was designed to quantitatively estimate the mortality rates of stocked fish, assess 
the influence of fish stocking on population size, determine the proportion of hatchery-reared fish 
versus wild fish in the stocked rivers, and assess the potential effects on resident fauna. The study 
also aimed to provide important ecological information on the influence of environmental conditions 
(e.g. effects of flow regulation) on natural recruitment and stocking success. Four rivers within the 
southern Murray-Darling Basin were included in the study: Murrumbidgee River, Murray River, 
Edward River and Billabong Creek. Over a three years period, more than 300,000 golden perch 
fingerlings were stocked in the rivers and subsequent surveys conducted to assess the outcomes of 
the stockings. 

As part of a subsequent NFS project (MD741 - Methods for discriminating hatchery fish and 
outcomes of stocking in the Murray-Darling Basin), surveys of the stocked rivers will be continued 
until 2009. Initial results from the surveys suggest that stocked fish are making a significant 
contribution to golden perch populations in at least some of the stocked rivers, and that stocking has 
the potential to drastically alter species composition and age structure of resident populations. 
Although the results of this aspect of the study are preliminary at present, the surveys will be 
continued and a detailed analysis of the outcomes of the experimental stockings will be produced 
and used to assess the implications for fisheries and conservation management in the MDB. 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 112

Cultural Significance of the Murray Cod to the Aboriginal People of 
the Murray-Darling Basin 
 
Gondwana Consulting Pty Ltd 
 
 
This project stemmed from a recommendation of the 2003 MDBC workshop on Management of 
Murray Cod in the Murray-Darling Basin that the significance of Murray cod in Indigenous culture 
and oral history should be more comprehensively investigated and recorded. It’s dual objectives 
were: 

 to review and collate existing published information on the significance of Murray Cod to 
Aboriginal People; and 

 to record the oral history and contemporary significance of Murray Cod for a number of 
Aboriginal communities. 

 
First-hand discussions with Aboriginal People regarding the cultural significance of the Murray cod 
were a fundamental part of this project, acknowledging Aboriginal people as the key knowledge-
holders and rightful custodians of the cultural information being sought. The MDBC identified 8 
localities within the Basin where consultation with, and the involvement of, the Aboriginal 
Community was to be targeted - Murray Bridge, Mildura-Wentworth, Swan Hill, Echuca, Narrandera, 
Bourke, Moree and Cunnamulla. A total of 21 Aboriginal groups/organisations (and individuals) 
were involved in the project across these 8 locations, as well as opportunitistic discussions with 
Aboriginal people from Wilcannia and Broken Hill. It was stressed to contributors that anything 
about the Murray cod and its place in Indigenous culture and life was relevant and that the project 
was not limited to traditional or pre-invasion knowledge and stories, but covered all times with a 
focus on the Indigenous cultural associations, role and uses of the Murray cod in Aboriginal life – 
past, present and future.  
 
These discussions were supported by extensive searches and review of published and less readily 
available information sources. Sources used included – journals of early European explorers, 
accounts by later explorers/adventurers, early settlers’ records, anthropological texts (both by early 
European settlers/observers and later researchers/academics), autobiographies and biographies, 
theses and research texts, local histories, educational materials, and popular books (such as 
“Australiana” and Aboriginal “dreamtime” and “legends” publications). Special efforts were made to 
source information produced by Aboriginal people. Information was collated and discussed by 
region and time period, however the availability and nature of data across different regions of the 
Basin varied markedly. 
 
The project adopted a very broad approach to identifying cultural significance. It was considered 
that cultural significance involved any, or all, of the following elements – social, spiritual/religious, 
historic and inter-generational, utilitarian, environmental, and aesthetic. Ultimately, and 
appropriately, assessment of the Murray cod’s cultural significance for Aboriginal people or 
communities must be driven by the community members themselves. As the project progressed it 
became apparent, as was suspected initially, that no overall “statement of significance” describing 
the Murray cod’s cultural importance for the Basin’s Aboriginal peoples was practical or realistic. 
Different Aboriginal groups across the Basin did, and still do, view and relate to this species in 
differing ways and at differing levels of meaning and significance. 
 
The Murray cod’s cultural significance as a creation being, or major figure in traditional belief 
systems, is strongly centred on the Lower Murray area in Ngarrindjeri Country (where the Cod’s 
traditional cultural associations have also been better documented). Creation stories from this 
region describe Ponde, or Pondi, a giant ancestral Murray cod as the creator, or creative 
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agent/force, for the Murray River. Several regional and sub-regional variations of this creation belief 
occur, however the two most frequent (and most thoroughly attributed) accounts feature Pondi 
creating the Murray River from an embryonic stream largely on his (or her) own, while the other tells 
how the ancestral cod Ponde created the river while being pursued by the hero figure Ngurunderi. 
Both describe the ancestral cod as the progenitor of all other fish species in the river, lakes and (in 
some versions) the sea. These accounts of the Murray River’s creation were, in the 1960s and 
1970s, included in a range of publications popularising Aboriginal “dreamtime” stories, which had 
the effect of taking the Ponde-Ngurunderi creation story well beyond its traditional/cultural origins 
and instilling these version in wider popular belief. 
 
Precisely how far up the Murray River the Ponde-Ngurunderi accounts were, traditionally, the 
dominant creation story will now probably never be known. However there is evidence that around 
the Murray-Darling junction, and the Central Murray, other creation beings were already pre-eminent 
or at least figured prominently in Aboriginal mythology. However Ponde beliefs still extend, in 
conjunction with other creation stories and beliefs, upriver into the Central and Upper Murray as well 
as into the Lower Darling. The cod’s traditional cultural prominence appears to have declined quite 
quickly upstream on the Darling River, especially so on the Upper Darling where Baiame becomes 
the pre-eminent mythic being. Elsewhere across the Basin the Murray cod most usually features, 
when it occurs at all, in a subordinate or supporting role in the creation stories dominated by other 
deities (particularly Baiame), or occurs sporadically in less well-documented individual accounts. 
From the comparatively fewer and more fragmentary accounts available for the Basin’s far north, it 
appears that the Murray cod was not a central creation figure or traditionally significant being in this 
area. 
 
Despite this – and perhaps indicative of the connectivity and overlap in beliefs along the Murray 
River – there remain several isolated Murray cod “creation” stories from widely separate areas. One 
of these, from the Upper Murray, features an ancestral cod called Otchout who creates the Murray 
while pursued by the mythic hunter Totyerguil, in a story which closely parallels the Ponde-
Ngurunderi belief. This account also explains the origin of the Murray cod’s dorsal spines, which are 
Totyerguil’s spears, as well as several traditional fishing implements. 
 
These creation stories and traditional beliefs remain of significance to the Basin’s Aboriginal people 
today, both as knowledge passed down though generations (despite the impacts of dispossession 
and marginalisation) or as “rediscovered” knowledge from early anthropological accounts and other 
sources. 
 
Despite its significance in traditional lore and as a creation ancestor in parts of the Basin there were 
no instances, from the available records or in discussion with contemporary People, where there 
were major cultural constraints around the Murray cod. It was recorded as a totem for some 
Aboriginal groups, and many Aboriginal people along the Lower Murray are today understood to be 
tracing Ponde as their ngatji (clan totems). A few anthropological records indicated taboos around 
initiates eating the cod during parts of their initiation cycle, and other records speak of behavioural 
protocols around fishing (mostly to not scare fish off or ensure good catches). 
  
The Murray cod was a significant and valued component of the traditional food supply, and was very 
effectively exploited using a diversity of means. David Unaipon, a Ngarrindjeri man, described how 
“the wonderful fish the Pondi” abounded in “the great river Murray and its tributaries” and was 
emphatic that “to the Australian Aborigine the Murray cod is the fish ” (original italics), and that there 
is “none like it in freshwater lake or river, or salt lake, or sea”. Aboriginal people traditionally caught 
fish using spears, canoes, nets, stone and stick fish traps, hooks or gorges and lines, poisons and 
deoxygenation. The early settler accounts of Aboriginal people’s fishing skills, and some of the more 
“novel” fishing methods (such as underwater spearing or trapping fish in hollow logs placed for that 
purpose), attest to an intimate knowledge of the target species, the ingenuity and economy of the 
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Aboriginal people’s fishing abilities, and the importance of this resource. In many of these accounts 
the Murray cod is singled out as a preferred species. Interestingly, there exist several references in 
the early settler’s accounts, and later evidence, of the Wiradjuri People actively managing fish 
populations in their rivers, billabongs and swamps. 
 
In the decades following invasion fish quickly became an important item for trade with European 
settlers. However access to the rivers and their resources was increasingly restricted in the face of 
expanding settlement and intensifying land use. Despite this, numerous factors operated to enable 
the Basin’s Aboriginal people to maintain some degree of continuity and connection with the riverine 
environment, and the Murray cod. Many People came to work on the pastoral stations or other 
settlers’ enterprises, with such “shared occupation” allowing them to retain contacts with both Kin 
and Country as well as affording the chance to maintain traditional activities. At various locations, 
mainly along the Murray, Aboriginal people worked in European fishing enterprises and in some 
cases started their own fishing ventures. The location of many of the missions, stations and 
government reserves, as well a transient camps, on the Basin’s rivers allowed the river culture to 
persist, while also encouraging the continued use of these resources and the maintenance of fishing 
skills (often to supplement meagre official rations). These locations could also provide a place of 
cultural refuge and continuity, where skills, stories and traditions could be maintained and passed 
on. Heritage, culture and knowledge were passed on, secretly if needed, with both “cultural loss” 
and “cultural maintenance” taking place at the same time.   
 
Throughout these massive changes the Murray cod, and the Basin’s fish generally, retained an 
important food and subsistence value for Aboriginal People. This does not appear to have 
diminished even after the spread of Rabbits and their use as an alternative “bush” food resource. 
Subsistence fishing and the Murray cod was of increased importance for many Aboriginal people 
during the Depression years. 
 
Cultural practices around fishing persisted amongst some older individual Aboriginal people into the 
early decades of the 20th Century. However the early 1900s appear to be the time of great loss of 
cultural knowledge, experience and first-hand memories of traditional fishing practices. Despite this, 
most Aboriginal people retained strong links to the Basin’s rivers. But there is evidence, in oral 
histories and autobiographical accounts, that the relationship now had a more utilitarian focus. 
Memories of the cultural associations or spiritual importance of the rivers in general, or the Murray 
cod specifically, become increasingly scarce in the records and there is a subtle change in the focus 
of Aboriginal peoples’ knowledge and stories around the Murray cod and the rivers generally – with 
a growing emphasis on social connections and “fishing stories”. 
 
Today Aboriginal people across the Basin continue to hold significant relationships to their 
traditional Country and these links have survived almost overwhelming efforts to eradicate them. 
These relationships to Country can be both to the natural world per se and to specific places, object 
or animals. Across much of the Basin the Murray cod is a fundamental part of this sense of 
connection with the land and natural world. A more spiritual connection involving Ponde, the Murray 
cod, has survived and is also being re-established among the Aboriginal people of the Lower 
Murray. The importance of Ponde, both spiritually and culturally, for the Ngarrindjeri People of the 
Lower Murray was stressed – emphatically – by those Aboriginal people interviewed in this area. 
The dominance of the Ponde beliefs becomes progressively more sporadic upstream on the Murray 
(as is broadly consistent with the patterns evident from the ethnohistoric/anthropological record). 
 
Most contemporary Aboriginal people share the belief, along with much of the wider Basin 
community, that the Murray cod is the “number one” fish and the river’s heart and soul. This view 
was repeatedly offered during interviews - “take the cod out of the river ... the river just becomes a 
river”. Similarly the theme of Aboriginal people’s respect for the Murray cod flowed through many 
interviews, with the cod seen as “a separate fish from the others”. 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 115

 
Several of the Aboriginal people interviewed, from disparate parts of the Basin, pointed out that the 
Murray cod’s cultural role as a prominent “bushtucker” was also significant as an expression of 
Aboriginality, as well as a way of connecting with Country and the past. Many expressed concerns 
regarding the restrictions placed on their catching Murray cod, feeling “cut off from Ponde” by 
European laws, in addition to the environmental changes that invasion and settlement have brought. 
However several interviewees also noted that “the next generation is less interested [in fishing], 
they’ve got less time” and lamented younger people’s apparent ambivalence to the cod’s fate and 
the sense that “if it’s gone, it’s gone”. 
 
Aboriginal people across the Basin shared a strong concern for the condition of the Basin’s major 
waterways, expressing the general view that “if the river’s fixed up then the cod will be alright”. The 
desire for an improved river/riverine environment was a constant theme raised in all discussions 
with Aboriginal People, and was strongly held in some areas. The Ngarrindjeri People interviewed in 
the Lower Murray were very anxious that improved river environments be pursued upstream to help 
improve conditions in the lakes, so that Murray cod could once again be found there and accessible 
to as many Ngarrindjeri People as possible. Most of the Aboriginal people consulted also sought 
greater involvement in the decision-making and management of the Basin’s rivers, not simply in 
terms of the management of the Murray cod but overall. 
 
Almost all interviewees considered that the Murray cod offered possibilities for employment and 
economic development for their communities – with hatcheries and aquaculture frequently cited. 
However most were also unsure of the feasibility or sustainability of such ventures, and recognised 
the need for assistance in the viability assessment and establishment of business opportunities.  
 
Perhaps the most frequent cultural representation of the Murray cod by Aboriginal people within the 
Basin today is through art. Aboriginal people across the entire Basin have presented the Murray cod 
in paintings ranging from dot styles appropriated from the Central and Western Deserts, through 
acrylics, to linocuts.  Interestingly none of the Aboriginal people consulted had issues with the 
commercial exploitation of the Murray cod, and the appropriation or use of its image, by non-
Aboriginal people or river communities. However several considered it very desirable, and some 
thought it essential, that Aboriginal communities have a much stronger voice in the public portrayal 
of the species. However Aboriginal people were, as a group, very supportive of the wider 
community having greater awareness of the Murray cod’s cultural importance – taking the view that 
“the more [people] who know and respect him [Ponde] the better it is.”    

 



Proceedings of the Murray-Darling Basin Commission Native Fish Strategy Forum 2007 
 

Page 116

Project MD874: Audit of freshwater protected areas and 
development of Habitat Management Areas toolkit  
Dr Bill Phillips 
 
MainStream Environmental Consulting 
mainstream@mainstream.com.au 
 
This project follows on from the report River Parks: Building a system of ‘Habitat Management 
Areas’ across the Murray-Darling. An international and national review of freshwater ‘protected 
areas’ for conserving aquatic biodiversity and river health. (by Bill Phillips and Rhonda Butcher, 
MDBC Publication No. 07/06.), as commissioned by the MDBC in 2005. The follow-up project aims 
to assemble a GIS of ‘river parks’ across the Basin, and to produce a ‘toolkit’; both of which are 
designed to assist practitioners.  
 
The 2005 study referred to above identified many opportunities, and some impediments, to the 
establishment of a HMA system across the Basin. It also coined the term ‘river parks’ as a short-
hand form for HMA or riverine ‘protected areas’; the latter term being used in its broadest sense 
(across all categories specified by the World Conservation Union – IUCN).  
 
The 2005 report also highlighted that there are at present several tools available immediately for 
advancing the systematic development of a ‘river parks’ network for the Basin. These include 
Ramsar site or Biosphere reserves listings, heritage rivers, fish habitat reserves, State parks and 
reserves to protect biodiversity, through to demonstration reaches as championed by the MDBC’s 
Native Fish Strategy. Despite these opportunities, there is no strategic framework or cohesive effort 
in place at present to see these various tools working toward establishment of a ‘river parks’ system.  
 
Among the recommendations from the 2005 report which the MDBC has acted on are the 
development of an easy-to-use ‘toolkit’ spelling out how the various opportunities for advancing the 
‘river parks’ agenda can be applied; their pluses and minuses etc. This ‘toolkit’ is soon to be 
subjected to review prior to finalisation in October.  
 
The second part of this follow-up work is the drawing together into one GIS system, spatial 
information about the current state of affairs with respect to ‘river parks’ across the Basin. This aims 
to cover the following (where they contain aquatic elements) Ramsar listed wetlands, sites in the 
Directory of Important Wetlands; World heritage sites; sites on the register of the national estate, 
Biosphere reserves, sites of known importance to migratory waterbirds, Indigenous protected areas, 
sites listed under the EPBC Act as threatened ecological communities or where listed (aquatic) 
species are found, sites recognised under State or ACT (biodiversity) legislation, State/ACT parks 
and reserves of all forms, wild or heritage-listed rivers, areas/reserves declared under State 
fisheries legislation and demonstration reaches. Once this GIS is assembled (which is proving 
challenging!) the intention is to document the current ‘river parks’ estate of the Basin and then seek 
to identify key gaps for priority attention.  

mailto:mainstream@mainstream.com.au
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Spawning and recruitment of fish in flow-managed rivers: 
2007 update 
 
Paul Humphries1, Glenn Wilson2and Adam Richardson3 

 
1Institute for Land Water and Society, School of Environmental and Information Sciences, Charles 
Sturt University, Albury 
2 Department of Ecosystem Management, University of New England, Armidale 
3Murray-Darling Freshwater Research Centre, Albury 

Introduction 
Previous research in the southern Murray–Darling Basin suggests that many fish species still breed 
under changed flow conditions, but that high abundances of juveniles do not necessarily result 
(Humphries et al., 2002). This suggests that recruitment failure, rather than lack of spawning, may 
be the controlling factor underpinning the continued low population size of a number of species. 
Establishing the appropriate flow regimes that would provide suitable conditions for recruitment is 
likely the only sustainable means of maintaining viable fish populations in the long term. 
The overall aim of the project is to investigate the links between managed flows, the timing of fish 
spawning, and the levels of subsequent juvenile recruitment into riverine fish populations, in several 
regions of the Murray–Darling Basin. To achieve this, the ‘window-of-opportunity hypothesis’ will be 
tested, regarding the ways in which flow alteration may influence the recruitment dynamics of fishes, 
which have different durations of spawning. 
 
The aims of the Project are: 
1. To determine whether spawning and recruitment are synchronous between ‘flow-managed’ and 

non flow-managed’ rivers 
2. To determine whether recruitment is proportional or ‘disproportional’ to the abundance of newly 

hatched larvae for protracted spawners 
3. To determine whether spawning and recruitment are synchronous between years  
4. To determine whether timing of peak recruitment is synchronous for protracted and short 

spawners 
 

Progress towards achieving aims 
We now have two years of spawning and recruitment data from each of three reaches from two 
rivers within three rivers in different regions of the basin (Figure 1). Each pair of rivers includes a 
‘flow-managed’ and non ‘flow-managed’ river. We will be able to compare the timing of spawning - 
based on early-stage larvae – and the timing of occurrence of new recruits (juveniles) between each 
pair of rivers. Replication of reaches will allow us to determine how consistent this is for each river. 
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Ovens (low flow)
Goulburn (high flow)
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flow)
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Mullaroo (high flow)
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flow)
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Lindsay (low flow)

Mullaroo (high flow)

 
Figure 1. Location of the two study rivers in each of the three regions of the Murray-Darling Basin where fish 
larvae and juveniles have been collected during the 2005/06 and 2006/07 breeding seasons. 
 
A total of 9 species (6 native, 3 alien), 11 species (8 native, 3 alien) and 10 species (7 native, 3 
alien) were collected in the 2006/07 season from the Lower, Southern and Northern regions, 
respectively. Most species were common to all regions, although glassperch (Ambassis agassizii) 
and freshwater catfish (Tandanus tandanus) were only collected from the Northern region, redfin 
perch (Perca fluviatilis) only from the Lower region and brown trout (Salmo trutta) only from the 
Southern region. 
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Australian smelt, was collected from all regions as larvae and juveniles (Figure 2). 
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Figure 2. Abundance of Australian smelt larvae and juveniles during the 2006/07 breeding season in the 
Southern region of the Murray-Darling Basin. 
 
 
There were clear differences in the occurrence of species and the abundance and timing of 
spawning of some species between our references and flow-managed rivers (Figure 3). 
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Figure 3. Abundance of Australian smelt larvae in the Ovens (reference) and Goulburn (flow-managed) 
Rivers during the 2006/07 breeding season. 
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Over the next year 
 
Over the next and final year of the project we will be concentrating on two components of the 
project: ageing of larvae and juveniles and quantifying food availability. 
 
Ageing 
 
We will be concentrating over the next year on ageing of smelt and backcalculating ages to 
determine the timing of recruitment. We will probably look at other species as well as time permits. 
The ageing process is already underway, and involves determining the age in days of a range of 
sizes of smelt, to establish length/age relationships. This needs to be done for a range of 
temperatures, since the relationship will change as temperature changes. After completing about 50 
otoliths from fish of various sizes and ages, we are confident we will be able to establish good 
relationships between length and age for each river and region. This will then allow us to 
backcalculate the ages of juveniles so that we can compare their relative abundance with that of 
newly hatched larvae and so determine the timing of peak recruitment relative to peak spawning. 
 
Food availability 
Since one of the desirable outcomes of this project is to determine the mechanism behind 
recruitment success or otherwise, we have been taking plankton and epibenthic samples, so that 
we can assess the amount of food available to larval fishes during this important stage of their lives. 
Initially, we will concentrate on one region, and quantify the abundance of food from different size 
classes over one breeding season. We will then compare this with the timing of peak spawning and 
recruitment and determine if they coincide.  
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Appendix 1. NFS Forum Program 
 
NATIVE FISH STRATEGY FORUM 2007 
 
29th-30th August 2007 
Grand Hotel Mildura 
 
 
DAY 1.   29th August 
 
0830-0845:  Registration, coffee 
 
0845-0850:  Forum logistics 
 
0850-0900:  Welcome to the 2007 NFS Forum and launch 
   of book: Fishes of the Murray-Darling Basin Wendy Craik 
 
 
SESSION 1. ALIEN FISH SPECIES 
 
0900-0930:  The Invasive Animals CRC Freshwater 

Program, including Daughterless carp Wayne Fulton/ Ron Thresher 
 
0930-0945:  Integrated Pest Management at Banrock Station Ben Smith 
 
0955-1015: Plans for Community-based management of carp Mike Braysher  

 
 
1015-1030   EHN-V susceptibility and transmission & wild epidemiology    
      Richard Whittington 
 
1030-1055:  MORNING TEA 
 
1055-1110 Evaluation of fish 'carp' exclusion screens at  

wetland inlets      Ben Smith  
 
1110-1130: Questions & discussion of research and 

management priorities emanating from session 1  Panel of speakers 
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SESSION 2. GROUP AND PROGRAM OVERVIEWS 
 
1130-1140:  NFS Implementation Working Group Jim Barrett 
  Fish Passage Task Force 
 
1140-1145 Murray Cod Task Force & workshop program Mark Lintermans 
   
1145-1155:  Community Stakeholder Task Force   Adrian Wells  
 
1155-1200:  NFS Coordinators     Dean Ansell   
1200-1215 The Sustainable Rivers Audit    Michael Wilson 
 
1215-1230 The Living Murray     Andrew Keogh 
 
1230-1245  Questions about Programs, Working Groups or taskforces  
 
1245-1345:  LUNCH 
 
SESSION 3. MANAGING RIVERINE STRUCTURES 
 
1345-1405:  Sea to Hume Dam fishways monitoring I: 

river fishways      Matt Jones 
 
1405-1425:  Sea to Hume Dam fishways monitoring II: 

the Barrages and PIT tagging program  Brenton Zampatti 
     
1425-1445 Trends in fish population recovery 16 years after Torrumbarry   
    Ivor Stuart & Martin Mallen-Cooper 
 
1445-1500: Keepit Dam scoping study    Adam Vey 
 
 
1500-1515: Developing an innovative pump fishway 

- initial results, experience and the way forward John Harris 
 
 
1515-1530 Performance of a Single Frequency Beam Hydroacoustic system: 

 an innovative fish counting technology  Andrew Berghuis 
 
1530-1555: AFTERNOON TEA  
 
1555-1610  Assessment & prioritisation of weirs for fish passage 

 in the Darling      Adam Vey 
 

 
1610-1625:  Development of a PIT Tag database   Matt Jones 
  
 
1625-1705: Questions & discussion of research and 

management priorities emanating from session 3  Panel of speakers 
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NFS FORUM DINNER 
 
18:30:  The PS Avoca (moored on the Murray) 
 
DAY 2.   30th August 
 
08:10-08:30:  Coffee available 
 
 
SESSION 4.  HABITAT AND MODELLING  
 
0830-0910: Update on demonstration reaches in each jurisdiction (10 minutes each jurisdiction 

(NSW, Vic, SA, Qld)   NFS Coordinators 
 
 
0910-0925: Rehabilitating fish habitat: Yarrawonga to Hume Dam, 

and downstream of Yarrawonga, Murray River  
Jenny Frederickson 

 
0925-0940 Spatial management model of Murray-Darling 

 fish populations      Belinda Cant 
 
0940-0955 Murray cod modelling to address key  

management actions     Charles Todd 
 

 
0955-1015 Questions & discussion of research and 

management priorities emanating from session 4  Panel of speakers 
 
1015-1040:  MORNING TEA 
 
SESSION 5. PROTECTING THREATENED AND NATIVE FISH SPECIES  
 
1040-1055: Quantification of fish in offtakes   Gavin Butler 
 
1055-1110:  Assessing the effectiveness of e-flows on fish 

recruitment in the BMF    Zeb Tonkin 
 
1110-1125  Downstream mortality of native fish   Gavin Butler 
 
1125-1140:  Spatial distribution of fish and metadata analysis Simon Treadwell 
 
1140-1155  Meso-scale movement patterns   Adam Butcher 
 
11155-1230: Questions & discussion of research and 

management priorities emanating from session 5  Panel of speakers 
 

 
1230-1330:  LUNCH 
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SESSION 6.  MANAGING FISH STOCKING AND REINTRODUCTION 
 
1330-1345  Identification methods for stocked fish  David Crook 
 
1345-1400: Chemical marker registration    Andrew Sanger 
 
1400-1415:  Improved methodology for introducing threatened  

hatchery-reared fish      Adam Butcher 
 
1415-1430:  Methods for discriminating hatchery fish and  

outcomes of stocking in the MDB   David Crook 
 
1430-1450: Questions & discussion of research and 

management priorities emanating from session 6  Panel of speakers 
 
 
1450-1500:  Forum Close: The NFS – “Where to from here”? Jim Barrett  
 
 
1500-1530:  AFTERNOON TEA and departure 
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Appendix 2 List of Attendees at the 2007 NFS Forum 
 
Name Org/Group Email 
Wendy Craik MDBC Wendy.Craik@mdbc.gov.au 
Mark Lintermans MDBC NFS  Mark.Lintermans@mdbc.gov.au 
Dean Ansell MDBC NFS  Dean.Ansell@mdbc.gov.au 
Robyn Johnston MDBC RDR Robyn.Johnston@mdbc.gov.au 
Jim Barrett MDBC NFS  Jim.Barrett@mdbc.gov.au 
Nicole Dickson MDBC NFS  Nicole.Dickson@mdbc.gov.au 
Peter Jackson NFS Implementation Working 

Group 
peter.jackson4@bigpond.com 

Andrew Keogh MDBC TLM Andrew.Keogh@mdbc.gov.au 
Steve Saddlier Arthur Rylah Institute Steve.Saddlier@dse.vic.gov.au 
John Koehn Arthur Rylah Institute John.Koehn@dse.vic.gov.au 
John Harris Consultant john.h.harris@bigpond.com 
Clayton Sharpe MDFRC (Mildura) Clayton.Wallace@csiro.au 
Todd Wallace MDFRC (Mildura) Todd.Wallace@csiro.au 
Peter Fraser MDFRC (Mildura) Peter.Fraser@csiro.au 
Iain Ellis MDFRC (Mildura) Iain.Ellis@csiro.au 
Mike Braysher Consultant braysher@bigpond.net.au 
Jason Higham NFS Coordinator Higham.Jason@saugov.sa.gov.au 
Henry Jones NFS CST yabby@hotkey.net.au 
Paul Bennett NFS Implementation Working 

Group 
paul.bennett@dse.vic.gov.au 

Craig Copeland NFS Implementation Working 
Group 

craig.copeland@dpi.nsw.gov.au 

Julia Reed Sustainable Water, Environment 
and Innovation Division of DSE  

Julia.Reed@dse.vic.gov.au 

Michael Jensz  Sustainable Water, Environment 
and Innovation Division of DSE  

Michael.Jensz@dse.vic.gov.au 

Karen Weaver Fisheries Victoria Karen.Weaver@dpi.vic.gov.au 
Georgie Raby  Fisheries Victoria Georgie.Raby@dpi.vic.gov.au 
Joy Sloan  Fisheries Victoria Joy.Sloan@dpi.vic.gov.au 
Ivor Stuart Consultant ivor.stuart@gmail.com 
Mathew Jones Arthur Rylah Institute matthew.jones@dse.vic.gov.au 
Gavin Butler NSW DPI gavin.butler@dpi.nsw.gov.au 
Jenny Frederickson NSW DPI jenny.fredrickson@dpi.nsw.gov.au 
Brenton Erdmann SA DWLBC erdmann.brenton@saugov.sa.gov.au 
Martin Mallen-Cooper Consultant mallencooper@optusnet.com.au 
Graham Pike NFS CST gofishoz@iprimus.com.au 
Natalie Baker NFS Coordinator Natalie.Baker@dpi.qld.gov.au 
Brad Lewis QLD Rivercare  Brad.Lewis@csiro.au 
Adrian Wells NFS CST awells47@bigpond.net.au 
Peter Taylor NFS CST mullet_gut@bigpond.com 
Luke Pearce NSW DPI luke.pearce@dpi.nsw.gov.au 
Richard Whittington Uni of Sydney richardw@camden.usyd.edu.au 
Simon Kirkness NSW DPI simon.kirkness@dpi.nsw.gov.au 
Phil Duncan Murray Cod Taskforce & NFS 

CST 
ngnulu@optusnet.com.au 

Jane Frances NSW DPI jane.frances@dpi.nsw.gov.au 
Charles Todd Arthur Rylah Institute Charles.Todd@dse.vic.gov.au 
Dale McNeil SARDI dale.mcneil@saugov.sa.gov.au 
Fern Hames NFS Coordinator Fern.Hames@dpi.vic.gov.au 
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Andrew Berghuis Qld DPIF andrew.berghuis@dpi.qld.gov.au 
Simon Treadwell SKM streadwell@skm.com.au 
Matthew Bethune MDBC Matthew.Bethune@mdbc.gov.au 
Ben Smith SARDI smith.ben2@saugov.sa.gov.au 
Leigh Thwaites SARDI leigh.thwaites@saugov.sa.gov.au 
Kim Jenkins Uni of NSW kim.jenkins@unsw.edu.au 
Adam Butcher DPI & Fisheries (QLD) Adam.Butcher@dpi.qld.gov.au 
Dean Gilligan NSW DPI dean.gilligan@dpi.nsw.gov.au 
Cameron Westaway NSW DPI cameron.westaway@dpi.nsw.gov.au 
David Crook Arthur Rylah Institute David.Crook@dse.vic.gov.au 
Adam Vey NSW DPI adam.vey@dpi.nsw.gov.au 
Andrew Sanger NSW DPI andrew.sanger@dpi.nsw.gov.au 
Dan Rattray QMDC  DanR@qmdc.org.au 
Renee Stephenson QMDC  ReneeS@qmdc.org.au 
Megan Puris QMDC  MeganP@qmdc.org.au 
Allan Lugg NSW DPI allan.lugg@dpi.nsw.gov.au 
Trevor Daly NSW DPI trevor.daly@dpi.nsw.gov.au 
Peter Gallagher NSW DPI peter.gallagher@dpi.nsw.gov.au 
Gabrielle Holder NSW DPI gabrielle.holder@dpi.nsw.gov.au 
John Pursey NSW DPI john.pursey@dpi.nsw.gov.au 
Steve Clipperton NSW DPI steve.clipperton@dpi.nsw.gov.au 
Dave Ward NSW DPI dave.ward@dpi.nsw.gov.au 
Simon Rowe Ocean Watch Australia simon@oceanwatch.org.au 
Monique Needham Ocean Watch Australia monique@oceanwatch.org.au 
Will Zacharin  Primary Industries & Resources 

(SA) Fisheries 
Zacharin.Will@saugov.sa.gov.au 

Rohan Henry SA MDB NRM Board  Henry.Rohan@saugov.sa.gov.au 
Michael Harper DEH (SA) harper.michael@saugov.sa.gov.au 
Andy Moore BRS Anthony.Moore@brs.gov.au 
Jarod Lyon Arthur Rylah Institute jarod.lyon@dse.vic.gov.au 
Glenda Shelley DEWR glenda.shelley@environment.gov.au 
Kim Forbes DEWR kim.forbes@environment.gov.au 
Simon Nally DEWR simon.nally@environment.gov.au 
Paul Hardiman DEWR Paul.Hardiman@environment.gov.au 
Francine Holt Condamine Alliance  fran.holt@condaminealliance.com.au 
Rep Condamine Alliance  fran.holt@condaminealliance.com.au 
Alice Fistr NFS Implementation Working 

Group 
fistr.alice@saugov.sa.gov.au 

Zafer Sarac DPI & Fisheries (QLD) Zafer.Sarac@dpi.qld.gov.au 
Wade Micke DPI & Fisheries (QLD) Wade.Micke@dpi.qld.gov.au 
Tim Marsden DPI & Fisheries (QLD) Tim.Marsden@dpi.qld.gov.au 
Rob Loats Murray Cod Taskforce gungurru@iinet.net.au 
Kendall Benton WWF KBenton@wwf.org.au 
David Grant PIRSA Grant.David@saugov.sa.gov.au 
Anthony Conallin  SARDI anthony.conallin@saugov.sa.gov.au 
Ron Thresher CSIRO ronald.thresher@csiro.au 
Wayne Fulton DPI (VIC) wayne.fulton@dpi.vic.gov.au 
Sharon Molloy NFS Coordinator sharon.molloy@dpi.nsw.gov.au 
Charlotte Grove NSW DPI charlotte.grove@dpi.nsw.gov.au 
Qifeng Ye SARDI Ye.Qifeng@saugov.sa.gov.au 
Katherine Cheshire SARDI katherine.cheshire@saugov.sa.gov.au 
Brenton Zampatti SARDI zampatti.brenton@saugov.sa.gov.au 
Sally Hunt NSW Rivercare sally.hunt@interact.com.au 
Melinda Fletcher Western Catchment 

Management Authority (NSW) 
Melinda.Fletcher@cma.nsw.gov.au 
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Tony Herbert DWLBC Herbert.Tony@saugov.sa.gov.au 
Terry Holt Goulburn-Murray Water TerryH@g-mwater.com.au 
Andrew Evans Goulburn-Murray Water AndrewE@g-mwater.com.au 
Stuart Richardson (TBC) Goulburn-Murray Water StuartR@g-mwater.com.au 
Roly Miller Goulburn-Murray Water rolym@g-mwater.com.au 
Brendan Ebner Environment ACT Brendan.Ebner@act.gov.au 
Lisa Evans Environment ACT Lisa.Evans@act.gov.au 
Peter Gehrke SMEC Australia Peter.Gehrke@smec.com.au 
John Douglas DPI (VIC) John.Douglas@dpi.vic.gov.au 
Keith Walker South West NRM RSF@southwestnrm.org.au 
Dos O'Sullivan Aquaculture representative dosaqua@bigpond.com 
Louise McIntosh DWLBC (SA) McIntosh.Louise@saugov.sa.gov.au 
Richard Ping Kee NFS CST llke9420@bigpond.net.au 
Peter Teakle NFS CST huntcon@riverland.net.au 
Rob Kingham MDBC IBR rob.kingham@mdbc.gov.au 
Zeb Tonkin Arthur Rylah Institute Zeb.Tonkin@dse.vic.gov.au 
Belinda Cant Arthur Rylah Institute Belinda.Cant@dse.vic.gov.au 
Pam Clunie Arthur Rylah Institute Pam.Clunie@dse.vic.gov.au 
Sandra Leigh SARDI Leigh.Sandra@saugov.sa.gov.au 
Bob Keller Fishway consultant rjkeller@bigpond.net.au 
Wayne Robinson University of the Sunshine Coast wrobinso@usc.edu.au 
Troy Muster Lower Murray-Darling CMA  troy.muster@cma.nsw.gov.au 
Jason Sheehan CMA NSW jason.sheehan@cma.nsw.gov.au 
Mathew Maleil MDBC SRA Mathew.Maliel@mdbc.gov.au 
Scott Raymond Arthur Rylah Institute fl.raymond@optusnet.com.au 
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