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Non-technical Summary
Principle Investigator:

Mr Matthew Jones
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Barriers were originally constructed in the Murray-Darling Basin (MDB) to achieve a constant and reliable
source of water for agricultural and domestic supply. However, the construction of barriers has had detrimental
impacts on native fish populations, through preventing movements critical for life-history processes such
as spawning and obtaining suitable habitat. Importantly, the Murray-Darling Basin Commission (MDBC)
recognises that instream barriers are a key threat to native fish populations and that their construction has
contributed to a reduction in native fish numbers. In light of this, fishways are being installed on all major
barriers in the Murray River from the mouth to Lake Hume (approximately 2225 km), restoring upstream
passage for native fish.
Unhindered passage to and from forest creeks (or floodplain areas) is also very important for native fish, as
some species utilise these areas for spawning, feeding and recruitment. One of the largest floodplain areas
within the MDB, is the Barmah-Millewa Forest (BMF), a 65,000 Ha stand of River Red Gum, located between
Tocumwal, Deniliquin and Echuca. The forest contains numerous creeks, the majority of which are now
controlled by regulators (or low-level barriers), which regulate flows from the Murray River into forest creeks.
Regulators were originally installed in the BMF to keep water out during high irrigation flows. Unfortunately,
there are no fishways facilitating fish movements to and from floodplain areas in the BMF, or in the MDB,
and there are no regulators operating to facilitate fish passage whilst maintaining their original function of
flow regulation. An increased understanding of the effects that regulators and their operation, and varying
environmental conditions (particularly flow and temperature variations) have on river-floodplain movements,
may provide the information necessary to manage floodplain regulators for native fish.
In light of this, the Arthur Rylah Institute for Environmental research was contracted to investigate movements
of native fish between the Murray River and forest creeks, and to determine the impact of regulators on
native fish movements in the BMF. A number of techniques including, radio-telemetry, t-bar tagging, boat
electrofishing, and netting were used.
Results suggest that movement between the Murray River and forest creeks occurs on a regular basis in
unregulated parts of the BMF. Fish generally respond to changes in flow by moving into forest creeks on rising
flows and returning on falling flows. In regulated systems, fish generally approached the regulator on falling
flows, presumably trying to return to the Murray River like fish in unregulated creeks, but being prevented from
returning by the regulators and therefore remaining stranded downstream. Movements back to the Murray
River were only possible for a few large-bodied individuals during flood conditions, when regulators were
drowned-out and water velocities and turbulence reduced to the extent that such fish could escape.
To facilitate return movements to the Murray River, after peak flows have passed and water levels are falling,
regulator gates should be left fully opened and flows in the Murray River lowered to the level at which the
creek ceases to flow. This will provide slow water velocities through the regulator gates. Fish then will receive
the stimulus of falling water levels and return to the safety of mainstream areas. Once the Murray River has
reached the level at which the creek ceases to flow, the regulators can be closed and flows in the Murray River
returned to whatever level desired. Alternatively, fishways may be constructed on regulators to facilitate return
movements, however construction costs may limit the success of this technique, particularly when trying to
pass fish over a large size-range i.e. 15–1200 mm.
Movement from forest creeks to the Murray River appeared to be relative to the fish’s position at the time flows
began to fall. Those fish located closest to the upstream exit, moved upstream, and those located near the
downstream exit, moved downstream. Such a result suggests that if lowering the Murray River water level to
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induce return movements to the Murray River, then fish located further from an exit will require a longer drawdown period, to allow for longer return distances compared with those located in close proximity. Importantly, a
substantial number of regulated forest creeks flow into complex wetlands, and downstream movement is very
limited – upstream passage past regulator gates is often the only path back to the Murray River.
The response of native fish to the release of environmental water (EWA) during spring-summer 2005–06 was
positive. Rising water levels induced fish to move into forest creeks and fish generally occupied these creeks for
the duration of the EWA. In fact movement data suggests that fish remain in forest creeks for as long as they are
inundated. Modelled flow data also indicated that without the EWA, flows in the Murray River would have dipped
below bank capacity (approximately 10,000 ML/d) on three occasions between mid-October and mid-November
2005. Data collected prior to the EWA release suggests that fish were likely to have left the forest creeks and
returned to the Murray River during such conditions, possibly interrupting feeding and/or spawning activities.
Future EWA should aim to release water between September-February to encourage native fish to move into
forest areas during the known breeding period.
During the irrigation season (from August through to May each year), flows in the Murray River (in BMF) run
at bank capacity. Under such conditions even small river rises can result in water flooding the surrounding
forest. Such river rises are typically caused by natural flow events originating in the Ovens and Kiewa rivers
(unregulated), and flood events caused by irrigators cancelling pre-ordered water. Regulators in the forest are
typically opened to prevent flooding, however fish move into forest creeks during flood conditions, potentially
becoming stranded. Flows originating in the Ovens and Kiewa rivers are unable to be controlled. Efforts can,
however, be made to minimise the number of times forest regulators have to be opened in order to prevent
pre-ordered irrigation water from flooding the forest. The potential of leaving storage capacity in Lake Mulwala,
or running the Murray River at a lower peak irrigation flow (to cope with any unplanned flow increases) should
be investigated.
A number of river-floodplain sites occur in the Murray-Darling Basin and native fish are likely to be behaving in
a manner similar to those documented in the BMF. Attempts should be made to provide flows suitable for fish
to inhabit forest creeks so that normal life-history processes such as spawning and feeding can occur.

Key recommendations:
1.

Leave forest regulators open after flood events and allow flows to recede naturally with the Murray River.
Fish then have unrestricted access between the Murray River and forest creeks.

2.

Closure of forest regulators, whilst water levels in the Murray River remain high, should be avoided, as fish
located downstream will become stranded, particularly in creeks where downstream movement is limited.

3.

Modernise regulators in the BMF to include a fishway (recommendation 3 can be in addition to
recommendation 1 or in replacement of it, if recommendation 1 cannot be achieved).

4.

Reduce the number of times forest regulators have to be opened with unexpected flow rises (i.e.
cancellation of pre-ordered irrigation water). In this way the number of fish moving into forest areas will be
reduced as will the number becoming stranded.

5.

Stop recreational angling in pools downstream of forest regulators. Native fish are confined and
concentrated in isolated pools and are easy targets for recreational anglers.

6.

Ensure that EWA’s are delivered during spring months when water temperatures are rising. This will
maximise the chances of native fish utilising food and habitat resources in forest creeks and spawning.

7.

Ensure that EWA’s are ‘spiked’ so that fish move into forest creeks, and species that spawn on rising water
levels (i.e. golden perch), spawn.

8.

Ensure that EWA’s do not involve large and rapid reductions in flow (for example, reductions of 15,000 ML
per week). Such conditions result in fish moving from forest creeks back to the Murray River.

9.

Ensure that EWA flows stay above approximately 7,000-10,500 ML/d, as flows less than this generally result
in fish returning from forest creeks to the Murray River.

10. Ensure that the needs of native fish are considered prior to future EWA’s.
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Executive Summary
Background
Australia is one of the driest continents on earth. As such, many thousands of weirs and floodplain levee banks,
dams and intra- and inter-basin water transfers schemes have been constructed. In the Murray-Darling Basin, it
is estimated that irrigated floodplain agriculture accounts for 90% of annual water consumption and yields more
than A$10 billion annually.
Unfortunately, development of many of Australia’s riverine systems has resulted in changes to the flow
characteristics and reduced river-floodplain exchanges specifically in the Murray-Darling Basin. Flow alterations
have also resulted in alterations to fish communities and vegetation types
In response to such alterations and growing public concern over the effects of water infrastructure, an
Environmental Water Allocation has been developed for the Murray River through the Living Murray Initiative, the
vision of which is to create a healthy River Murray system, sustaining communities and preserving unique values.
Development of the Living Murray Initiative comes in the wake of an EWA 100 GL (annually) for the BarmahMillewa forest. To date, the Barmah-Millewa Forest has received three EWA’s, one in 1998, 2000–01 and 2005–06,
each consecutively larger, 97GL, 341GL and 513GL respectively. The 2005–06 EWA was the largest release of
water targeted to the environment in Australian history.
Two studies were investigating non-native carp (Cyprinus carpio L.) in the Barmah-Millewa forest during the
2000/01 EWA and it was found that carp benefited from the event through provision of access to spawning and
recruitment zones. Since then, close consideration has been given to non-native fish as they may benefit more
than the natives with delivery of an EWA.
Environmental Water Allocations are an important step towards restoring the Ecological Connectivity of a
riverine system. Equally important is restoring the longitudinal connectivity for instream fauna, mostly fish, as
fish movements are known to be directly affected by instream barriers. Fish need to move in order to complete
various aspects of their life-cycle and to access and utilise necessary resources. Fish movement has evolved to
optimise feeding, avoid unfavourable conditions, enhance reproductive success, and to colonize new areas.
Re-establishing connectivity between mainstream and offstream (i.e. flood-runners, floodplains) areas is also
very important, as native fish use offstream areas. Prior to European settlement and regulation the riverfloodplain system naturally operated as one system. Recent research suggests that regulators controlling flows
between the Murray River mainstream and offstream areas of the Barmah-Millewa forest are impacting native
fish by restricting their movements and stranding thousands.
In the past, operation of the Barmah-Millewa regulators has been focused on protecting the forest from
unnatural flooding, providing vehicle access, facilitating forest industries and promoting colonial bird breeding.
Few regulators were operated to enhance fish passage. Understanding when native fish move laterally and how
regulating structures affect such movements is an essential step forward for minimising the effects of water
infrastructures.
This project aims to increase our understanding of: (1) fish movements in riverine and floodplain habitats,
(2) the environmental cues which stimulate fish to move, and (3) how offstream regulators influence the
movements of fish.
The specific project objectives were to:
a) Identify the timing and environmental cues (eg. threshold flows) which stimulate lateral movements to and
from floodplain anabranches and flood-runners.
b) Develop procedures and protocols for provision of effective passage devices (including fishways) for fish
entering or leaving the Barmah-Millewa floodplain.
c) Develop operational protocols to minimise the impacts of regulators on the movements of native fish and
their larvae.
d) Identify major entry and exit points to the floodplain and major barriers to native fish movement.
e) Determine the significance of lateral movements onto the floodplain and their management implications.
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Methods
The project was carried-out in the Barmah-Millewa forest, a 65,000 Ha stand of River Red Gum (Eucalyptus
camaldulensis) located between Tocumwal, Deniliquin and Echuca. The forest consists of a complex system of
creeks and flood-runners, typically connected by wetlands and floodplains. The Murray River regularly floods
this stretch of forest because of its unusually low, narrow banks. In fact, instream flows are limited to 8,900
ML/d downstream of the Edwards River junction.
Twenty-eight fish species (10 exotics) have been recorded in the Barmah-Millewa forest. In recent studies
18 native and eight exotic species have been recorded. Ten of the 18 native fish species recorded in the
Barmah-Millewa forest are currently listed under state and/or Commonwealth threatened species lists
Sampling was carried-out at a number of key sites across the Barmah-Millewa forest including Black Engine
and Tongalong Creek, Gulf Creek, Murray River, Budgee Creek, Edwards River and Gulpa Creek.
A number of different methods were used to help answer the project objectives including, boat electrofishing,
t-bar tagging, gonad histology, and radio-telemetry. The primary role of boat electrofishing was to a) document
the presence of species, b) document the abundance of individuals and c) document the change in species
presence and abundance with changes in water flow and temperature.
A number of egg samples were taken from mature fish caught during electrofishing surveys to document
gonad development of fish in regulated and unregulated sites and fish were also t-bar tagged. T-bar tagging
is a standard technique used to investigate the movement behaviours of fish. Radio-telemetry was another
technique used to investigate the movement behaviours of fish. This technique provides significantly more
information compared with t-bar tagging. Fish were radio-tagged in regulated and unregulated sites.

Results
A total of 64,065 fish and eighteen (includes 2 hybrid species) fish species were recorded from the BarmahMillewa forest between September 2003 and July 2005. Most of the 64,065 fish were small-bodied species
such as Australian smelt, unspecked hardyhead and oriental weatherloach. A total of 4,876 (7.6%) large bodied
individuals were recorded, 84.4% of which were exotic. Golden perch and Murray cod dominated (90%) the large
bodied native fish, while carp and goldfish dominated (86%) the exotic fish. A broad range of size classes was
evident for both native and exotic fish species indicating that spawning and recruitment has taken place over the
previous few years. Results from gonad histology also suggest that fish were spawning.
Golden perch were found to contain more lesions compared with other large-bodied native of exotic fish
species, and carp from Gulf-Budgee Creek harboured more lesions than the Gulpa-Edwards system.
The CPUE of native fish in Black Engine/Tongalong Creek (unregulated) and the Murray River was similar,
however more carp were found Black Engine/Tongalong Creek than the Murray River. The CPUE of native fish
was higher in the Edwards River, while carp numbers were similar at both sites.
The CPUE of native fish and carp in the Murray and Edwards Rivers was found to relate to water flow and
temperature, with more fish being caught at low flows. In contrast the number of native fish caught in Gulpa
Creek increased with increasing flow, while the CPUE of carp was similar to the Murray and Edwards Rivers.
A total of 1,158 fish were t-bar tagged during the current project, 199 of which were re-captured during this
project and 22 from a previous project. The return rate for all fish tagged during the current project is 15.3%.
Recaptured fish included carp (89), golden perch (40), Murray cod (36), silver perch (5), goldfish (4) and redfin (3).
Fish tagged in the Edwards River and Budgee Creek were always recaptured in the same system. In contrast,
fish tagged in Moira Creek, Black Engine and Tongalong Creek and Gulpa Creek were either recaptured in the
same system and/or the Murray River. Fish tagged in the Murray River were generally recaptured in the Murray
River, however they were also recaptured in tributaries and anabranches. Most fish tagged in Gulf Creek were
recaptured in Gulf Creek, however they were also recaptured in the Murray River, Black Engine Creek, Ulupna
Creek and Cobrawonga Creek. Five fish safely navigated the Gulf Creek regulators and four fish released into
the Murray River returned to Gulf Creek.
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Radio-telemetry revealed that most fish made repeated movements between the Murray River mainstream
and Tongalong/Black Engine Creek (unregulated). Movements from the anabranch to the Murray River typically
occurred when flows were falling or had stabilised after falling. Flows were typically between 7,000–10,500 ML/d,
but fish exit movements were made at much higher flows. Very few fish remained in the anabranch when flows
were less than 5,560 ML/d.
Movement from the Murray River to the anabranch typically occurred when flows were rising. Some fish moved
back to the anabranch on small river rises (i.e. 2,500 ML/d), however others did not respond until rises of larger
magnitude. Flows were typically between 6,000–12,500 ML/d, and occasionally at higher flows (ie. 32,000 ML/d).
Water temperatures varied at the time of entry, but were typically between 10–23°C.
Five of the six fish radio-tagged in the Gulf Creek (regulated) moved downstream (0.4–6.9 km) within a week of
the regulators opening while one remained at its release site. During the first major flow event in September,
all six fish moved downstream out of range of the Gulf Creek logger (range approx. 300 m downstream).
One fish (393.125) later returned and exited Gulf Creek. The remaining fish were found to make repeated
movements within range of the logger. Four of the five fish exited Gulf Creek during the second flow event, the
Environmental Water Allocation. One fish (393.165) remained in Gulf Creek throughout the entire study period
and was subsequently re-captured during the 2006 pump-out. Movements out of Gulf Creek occurred at flows in
excess of 19,400 ML/d. In contrast, fish located in Snag Creek exited by moving downstream on low flows.

Conclusions
Data from this study suggests that movement between mainstream and offstream (channel) areas occurs on
a regular basis in unregulated parts of the Barmah-Millewa forest. Fish generally responded to changes in
flow by moving into unregulated areas on rising flows and out on falling flows. Some fish display individualistic
movement behaviours. However, water temperature did not appear to be the main environmental cue for
movement, however movements onto the floodplain sometimes coincided with water temperature rises.
Most fish moved into the unregulated anabranch when flows were between 6,000–12,500 M/d, and occasionally
flows were higher. Occupation of the offstream site appeared to be related to duration of the flow event, as
fish generally stayed for longer period during the EWA (a larger flood event). Movements back to the Murray
River were generally made on a falling hydrograph (particularly rapid decreases) and very few fish remained
in Black Engine/Tongalong Creek when flows were less than 5,560 ML/d. (Commencement flows for the Creek
are 5,000 ML/d). To ensure that fish move into offstream areas, management should try and deliver flows
between 6,000–12,000 ML/d and avoid rapid flow reductions, particularly during the spawning period (approx.
October – January).
Electrofishing results suggest that fish exited the offstream anabranch by moving in both an upstream and
downstream direction. Radio-telemetry revealed that fish in Tongalong Creek generally exited by moving
downstream as most fish were located in the lower reaches of this Creek. Therefore, it is possible that the
movement direction depends upon where fish are located relative to the exit point. Fish in the upper reach of
Gulf Creek attempted to move upstream with falling flows, while fish in Snag Creek moved downstream with
falling flows. Providing slow rates of reduction during a falling hydrograph therefore becomes very important in
longer anabranches that dry-up (i.e. fish may become stranded).
Fish located in the regulated Gulf Creek behaved differently to fish located in Black Engine/Tongalong Creek,
displaying behaviour consistent with fish trying to escape. Fish moved downstream with increasing flows
(upstream movement was impossible due to the regulator), but then made repeated movements toward
the regulator, particularly with decreasing flows. Fish remained trapped behind the regulator until flows
increased to over 19,000 ML/d after an extended period of flooding (as head loss at the regulator was reduced)
and then escaped.
To allow unrestricted fish movement, regulators should be fully opened, or flows delivered that will reduce the
head loss at the regulators to allow fish passage. Fish would also benefit from the presence of a fishway on
these structures, as upstream movements (past the regulator) could be made with natural rises and fish would
not have to wait for larger flows. Furthermore, smaller fish would also be able to use the fishway to pass the
regulator. The feasibility of a new regulator should be investigated.
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Executive Summary

Regulators throughout the Barmah-Millewa forest are typically closed when flows drop below 11,000 ML/d at
Tocumwal, as this reduces the amount of water lost from the main channel. However this does not allow fish
located downstream to receive any stimulus to move (i.e. falling hydrograph) and leads to their stranding (Jones
and Stuart 2004). An alternative way to close regulators and maximise the chances of fish returning to the
safety of the Murray River might be to drop the river level, leave the regulator gates opened until flows in the
Murray River are below commence-to-fill levels for the creek, then shut the regulator gates and return flows
in the Murray River to the desired level. Leaving the regulator gates open would also be particularly effective
during short-term flushes, such as rain-rejection events, or at the end of a large flood when the regulators will
not be opened again
Release of the Environmental Water Allocation during the spring-summer period of 2005–06 provided
appropriate conditions for golden perch and Murray cod to inhabit offstream anabranches in addition to allowing
fish return to the Murray River from Gulf Creek. Modelled data suggest that flows would have naturally dipped
below 10,000 ML/d on three occasions without this release, possibly resulting in fish moving back into the
Murray River in Black Engine/Tongalong Creek and stranding fish in Gulf Creek. The 2005–06 Environmental
Water Allocation was a positive outcome for native fish.
During this study, native fish were recorded using a number of entry and exit points in the Barmah-Millewa
forest including: Gulf Creek, Snag Creek, Tongalong Creek, Black Engine Creek, Little Budgee Creek, Gulpa
Creek. They regularly used the Murray River and were also found in the Edwards River. Although flooding did
occur, movements between the Murray River and offstream areas were always associated with Creeks and
even when fish were distributed in the forest they were typically located in flood-runners but not the floodplain
proper. Such behaviour probably reduces the risk of becoming stranded.
Several similar river-floodplain sites occur in the Murray-Darling Basin, with native fish possibly behaving in
a similar manner. Therefore, providing appropriate flows to allow fish to occupy these offstream areas should
allow normal life-history processes such as spawning, feeding, predator avoidance, reducing competition, and
habitat utilisation.

Major recommendations include:
1.

Leave regulator gates open and allow flows to recede naturally with the Murray River. Fish then have
unrestricted access between mainstream and offstream areas.

2.

Avoid closure of forest regulators whilst water levels in the Murray River remain high – otherwise fish
located downstream are likely to be come stranded.

3.

Install new regulators in the Barmah-Millewa forest which incorporate the SCADA (Supervisory Control
And Data Acquisition) system and a fishway.

4.

Reduce the incidence of short-term rain-rejection events. This will reduce the number of unnatural
stranding events in offstream areas.

5.

Stop recreational angling downstream of regulators, as fish are concentrated in isolated pools.

6.

Ensure that EWA’s are delivered during spring months when water temperatures are rising – this will
increase the chances of fish moving into offstream areas and utilising food and habitat resources. It may
also help spawning activities.

7.

Ensure that EWA’s are ‘spiked’ during periods of constant flow. Fish will move into offstream areas with
rising water levels and species such as golden perch (which generally spawn on rising water levels)
may spawn.

8.

Ensure that EWA’s do not involve large and rapid reductions in flow (for example, 15,000 ML per week).
This may result in fish returning to the Murray River and offstream activities (i.e. spawning) interrupted.

9.

Ensure that EWA’s stay above base flows of approximately 7,000–10,500 ML/d – flows less than this typically
result in fish returning to the Murray River.

10. Ensure that the needs of native fish are considered prior to future EWA’s.

xiii

1. Introduction
Australia is one of the driest continents on earth (Finlayson and McMahon, 1988). As such, many thousands of
weirs and floodplain levee banks, 446 large dams and over 50 intra- and inter-basin water transfers schemes
have been constructed to secure water for human usage (Arthington and Pusey, 2003). In the Murray-Darling
Basin, it is estimated that irrigated floodplain agriculture accounts for 90% of annual water consumption and
yields more than A$10 billion annually (Thoms and Sheldon, 2000).
Unfortunately, development of many of Australia’s riverine systems has resulted in changes to the flow
characteristics and reduced river-floodplain exchanges specifically in the Murray-Darling Basin (i.e.(Walker,
1985; Walker and Thoms, 1993)). The average monthly and annual flows in the Murray River Australia are now
considerably lower than those that prevailed under natural conditions (Maheshwari et al., 1995). There are
now fewer large winter/spring flood events to inundate extensive floodplains, (floods are mitigated by irrigator
dams) and more small summer/autumn events that flood low-lying areas due to irrigation flows (Chong and
Ladson, 2003).
Flow alterations have also resulted in alterations to fish communities and vegetation types (Cadwallader,
1978; Chesterfield, 1986; Gehrke et al., 1995). Gehrke et al. (1995) for example, found that carp dominated the
highly regulated systems such as the Murray and Murrumbidgee Rivers, while there was a significant trend for
reduced species diversity in increasingly regulated systems. It was suggested that the balance between alien
and native fish species has been changed by desynchronizing the environmental and reproductive cycles of
native species (Gehrke et al., 1995).
In response to such alterations and to growing public concern over the effects of water infrastructure, all states,
territories and the Commonwealth Government have committed the nation to water reform and ecologically
sustainable practices (Arthington and Pusey, 2003). The Murray-Darling Basin Ministerial Council has taken a
leading role with the development of an Environmental Water Allocation for the Murray River through the Living
Murray Initiative, the vision of which is to create a healthy River Murray system, sustaining communities and
preserving unique values (MDBC 2002).
Development of the Living Murray Initiative comes in the wake of an EWA for the Barmah-Millewa forest, which
was also commissioned by the Murray-Darling Basin Ministerial Council in 1993. The Barmah-Millewa Forest
now receives an annual Environmental Water Allocation (EWA) of 100GL. An additional 25GL is contributed from
each state (VIC NSW) if seasonal allocations along the Murray River reach 100%, plus 30% of water sales.
To date, the Barmah-Millewa Forest has received three EWA’s, one in 1998, 2000/01 and 2005/06, each
consecutively larger, 97GL, 341GL and 513GL respectively. On all occasions the EWA’s were released from the
Hume Dam to complement natural floods originating in the Ovens and Kiewa Rivers, both of which are largely
unregulated. Monitoring of the 1998 EWA revealed that floodplain plant and bird species reacted favourably,
but the period of inundation was of insufficient duration and depth to achieve the desired ecological outcomes
(Blanch 1999). However the 2000/01 EWA was considerably more successful, with bird breeding being ranked as
a 1 in 10 year event. Frog breeding was also successful (BMF 2001).
Two studies investigated non-native carp (Cyprinus carpio L.) in the Barmah-Millewa forest during the 2000–01
EWA. Stuart and Jones (2002, 2006) found that carp benefited from the event through provision of access to
spawning and recruitment zones, while Brown et al (2005) suggests that carp population in the Mid-Murray
River was positively correlated with flooding. Both studies suggested that close consideration needs to be given
to non-native fish as they may benefit more than the natives with delivery of an EWA. Stuart and Jones (2006)
also collected golden and/or silver perch eggs during the 2000–01 flood, however comparisons to previous
non-EWA years were not made.
Environmental Water Allocations are an important step towards restoring the Ecological Connectivity of a
riverine system. Equally important is restoring the longitudinal connectivity for instream fauna, mostly fish, as
fish movements are known to be directly affected by instream barriers (Mallen-Cooper, 1996). In an attempt
to reduce the impact of mainstream barriers on fish in the Murray-Darling Basin (1,073,000 km2), the MurrayDarling Basin Commission (MDBC) is constructing 13 new fishways to allow fish movement along 2225 km
of the Murray River between the river mouth and the headwaters at Lake Hume (Barrett and Mallen-Cooper,
2006; Maheshwari et al., 1995). Such action is an important step towards mitigating the effects of mainstream
barriers on native fish i.e (Mallen-Cooper, 1996).
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Fish need to move in order to complete various aspects of their life-cycle and to access and utilise necessary
resources (Eiler 2000). Fish movement has evolved to optimise feeding, avoid unfavourable conditions, enhance
reproductive success, and to colonize new areas (Northcote, 1978). Koehn (2006), for example, found that large
distance movements of mature Murray cod were related to spawning activities, while Stuart and Jones (2002)
found that the movements of adult carp were related to floodplain access and to resources (i.e. food, spawning
habitat). The movements of golden perch are also related to feeding and spawning behaviour (Llewellyn, 1968;
O’Connor et al., 2005; Reynolds, 1983). Mallen-Cooper et al. (1995) found that upstream movement of immature
golden perch was related to feeding optimisation, colonisation and compensation for downstream drift of
pelagic eggs and larvae.
Re-establishing connectivity between mainstream and offstream (i.e. flood-runners, floodplains) areas is also
very important, as native fish use offstream areas. Prior to European settlement and regulation the riverfloodplain system naturally operated as one system. Recent research suggests that regulators controlling flows
into offstream areas of the Barmah-Millewa forest are impacting on native fish by restricting their movements
and stranding thousands of fish (Jones and Stuart, 2004). This indicates that current infrastructure and
management restricts lateral fish movements.
The Barmah-Millewa forest is one area where numerous floodplain regulators exist. The exception to this
is Black Engine/Tongalong Creek. Regulators were originally constructed to prevent water intrusion from
prolonged high summer irrigation releases and to prevent the effects on red gums (Cadwallader, 1977).
Regulators throughout the Barmah-Millewa forest are usually opened when flows are likely to exceed
approximately 11,000 ML/d at Tocumwal (Bren, 1988). Opening regulators allows flows of greater magnitude to
pass with minimal flooding of the forest.
In the past, operation of the Barmah-Millewa regulators has been focused on protecting the forest from
unnatural flooding, providing vehicle access, facilitating forest industries and promoting colonial bird
breeding. Few regulators were operated to enhance fish passage. Understanding when native fish move
laterally and how regulating structures affect such movements is an essential step forward for minimising
the effects of water infrastructures.
Recognising this, the Murray-Darling Basin Commission, together with the Barmah-Millewa Forum, funded two
3-year projects, one monitoring the movements of native fish around regulators and EWA’s (this study) and the
other investigating the spawning of native fish during EWA’s (King in prep.). Unlike the 1998 and 2000–01 EWA’s,
the 2005–06 release targeted the interests of native fish in addition to the forest’s vegetation, bird breeding and
frogs. The 2005/06 EWA was the largest release of water targeted to the environment in Australian history.
This project aims to increase our understanding of: fish movements in riverine and floodplain habitats, the
environmental cues which stimulate fish to move, and how offstream regulators influence the movements
of fish.
The specific project objectives were to:
a) Identify the timing and environmental cues (eg. threshold flows) which stimulate lateral movements to and
from floodplain anabranches and flood-runners.
b) Develop procedures and protocols for provision of effective passage devices (including fishways) for fish
entering or leaving the Barmah-Millewa floodplain.
c)

Develop operational protocols to minimise the impacts of regulators on the movements of native fish and
their larvae.

d) Identify major entry and exit points to the floodplain and major barriers to native fish movement.
e) Determine the significance of lateral movements onto the floodplain and their management implications.
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2. Methods
Study Area
The project was carried-out in the Barmah-Millewa forest, a 65,000 Ha stand of River Red Gum (Eucalyptus
camaldulensis) located between Tocumwal, Deniliquin and Echuca (Figure 1). The forest consists of a complex
system of creeks and flood-runners, typically connected by wetlands and floodplains. The Murray River
regularly floods this stretch of forest because of its unusually low, narrow banks. In fact, instream flows are
limited to 8,900 ML/d downstream of the Edwards River junction (Bren, 1988). An additional 2,500 ML/d can
pass down the Edwards River system, bypassing the ‘Barmah choke’, giving a total capacity of approximately
11,000 ML/d.
Figure 1: Location of the Barmah-Millewa Forest.

Early accounts suggest that native fish in the Barmah-Millewa area were diverse and abundant, forming an
important component of the diet of Aboriginals (King, 2005). The local fish population also formed a significant
commercial fishery after European settlement, with weekly catches of Murray cod varying from one to six
tonnes (average three tonnes) (Priestly 1965, cited in King 2005). However, by the 1890’s the total catch taken
had declined to around 35 tonnes per year, and was dominated by golden perch (Leslie 1995). By the 1930’s
the number of fish being harvested (commercial and recreational) had decreased to a point where large-scale
commercial fishing was uneconomical (Dakin and Kesteven 1938, cited in King 2005). The Barmah-Millewa area
no longer supports a commercial fishery, however the area remains a popular location for recreational anglers.
Twenty-eight fish species (10 exotics) have been recorded in the Barmah-Millewa forest (Loyn et al., 2002).
In recent studies eighteen native and eight exotic species have been recorded, including large migratory
fishes such as Murray cod (Maccullochella peelii peelii), golden perch (Macquaria ambigua) and trout cod
(Maccullochella macquariensis) (Jones and Stuart, 2004; McKinnon, 1997; Stuart and Jones, 2002). Carp
(Cyprinus carpio) are also abundant in the area (Stuart and Jones, 2002). A number of species were not
recorded in the early 1990s despite extensive surveys, however Murray rainbowfish (Melanotaenia fluviatilis),
southern pygmy perch (Nannoperca australis) and unspecked hardyhead (Craterocephalus stercusmuscarum
fulvus) have been recorded in the latest research (King et al., 2005).
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Ten of the 18 native fish species recorded in the Barmah-Millewa forest are currently listed under state and/or
Commonwealth threatened species lists. In fact, native fish populations throughout the Murray-Darling Basin
have undergone significant declines, with the population now estimated to be at 10% of pre-European levels
(MDBC 2003). Despite this, fish fauna of the forest remains diverse with all but a few species not being recorded
(McKinnon 1997, Stuart and Jones 2002, Jones and Stuart 2004, King in prep).

Sites
Sampling was carried out at a number of key sites across the Barmah-Millewa forest including Black Engine
and Tongalong Creek, Gulf Creek, Murray River, Budgee Creek, Edwards River and Gulpa Creek (Figure 2).
A brief description of each of the key sites has been included below.
Figure 2: Map of study area

Tongalong/Black Engine Creek
Black Engine Creek originates approximately 64 km upstream of Barmah Lake and rejoins as Tongalong Creek
56 km upstream from Barmah Lake (Figure 2). The creek is approximately 6 km long and is lined with River
Red Gum and scattered areas of willow (Salix spp.), emergent giant rush (Juncus ingens), cumbungi (Typha
spp.) and common reed (Phragmites australis). A regulator does not control flows in this creek, however flows
through the system are determined by flows coming down the Murray River, and releases from the Yarrawonga
weir (Figure 3a,b). It was likely that this creek did not require a regulator because of its well formed banks
containing high irrigation flows and inundating only a small area of floodplain. The first 1–2 km of Black
Engine Creek is braided, approximately 10 m wide and 1.5 m deep. After this, the creek alters form and is up
to 30 m wide and 2 m deep, and flows slow to <1 m-s.
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Figure 3: a) Entrance to Black Engine Creek, b) Tongalong Creek exit. Note the logging towers used to log
movements of fish to and from the anabranch. Pictures were taken in September 2004.

Gulf Creek
Gulf Creek originates on the Victorian side of the Murray River, approximately 46 river kilometres upstream
of Barmah Lake. Two regulators control flows into Gulf Creek, both of which receive gravity fed water from
the Murray River. Each regulator has five bays, which allow flows up to 2,500 ML/d (in total) to pass when fully
open (Figure 4). The creek quickly becomes braided downstream of the regulators, with a number of channels
typically 8-10 m wide and 1–2 m deep in the first 5–6 km. Water velocity is typically less than 1.5 ms-1. The midsection (6–8 km downstream) of Gulf Creek splits into a series of smaller flood-runners (<1 m deep) and then
into a series of shallow floodplain wetlands (8–12 km downstream) dominated by submergent vegetation. Flows
then converge again into a series of smaller flood-runners and finally for Snag Creek, which flows into Budgee
Creek and the Murray River (via Barmah Lake) by-passing the restrictive ‘Barmah choke’.
Figure 4: Gulf Creek regulator (South). Note the leaking gate.
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Gulpa Creek
Gulpa Creek originates on the New South Wales side of the Murray River at Picnic Point, approximately 16 km
upstream of Barmah Lake. An undershot regulator controls flows from the Murray River into Gulpa Creek (a).
The Creek flows northward, running parallel with the Edwards River for approximately 47 Km before joining.
Depths range up to 3 m along its length, however 1.5 m is typical and water velocity is typically less than 1 ms-1.
The banks are lined with River Red gum and scattered areas of willow, emergent giant rush, cumbungi and
common reed. Instream habitat is typically woody debris (Figure 5b). A large wetland system (Reed Bed Swamp
and Duck Lagoon) exists approximately 5 km downstream from the Murray River confluence. The wetland
system is approximately 580Ha and is an important area for waterbirds. Three sites were chosen on Gulpa
Creek for boat electrofishing. Two of the bottom sites were within 8 km of the Edwards River junction and one
below the regulator at the Murray River off-take. Habitat was similar for the bottom two sites, however the top
site was devoid of instream woody debris and the water velocity was substantially higher.
Figure 5: a) Gulpa Creek regulator b) Gulpa Creek electrofishing site (low flows)
a)

b)
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Edwards River
The Edwards River originates at Picnic Point, approximately 17 km from Barmah Lake. The Edwards River
is controlled by a large regulator with flows travelling northward to Deniliquin before turning west, running
parallel with the Murray River before joining again near Swan Hill. The electrofishing site used during this
program was located at the confluence of Gulpa Creek, approximately 30km (river km) downstream of the
Murray River junction. Typically this reach of river contained large amounts of woody debris and depths were up
to 3.5 m and flows typically <1.5ms-1 (Figure 6).
Figure 6: Edwards River electrofishing site (looking upstream). Note, flows were extremely low at the time.

Murray River
The Murray River flows through the Barmah-Millewa forest. This length of river varies from other reaches
because of its unusually low, narrow banks. This section of the river regularly floods as channel capacity is
limited to 11,000 ML/d at Tocumwal and 8,900 ML/d below the Edwards River off-take. Like most creeks and
flood-runners in the forest, the banks of the Murray River are lined with River Red gum, scattered silver wattles
(Acacia dealbata) and willow trees. Emergent vegetation is common along the banks and is typically made up
of scattered areas of giant rush, common reed and cumbungi. Instream habitat is largely woody debris that has
fallen from the banks (Figure 7). River depths are commonly 1–3 m deep. Flows in the Murray River (at BarmahMillewa) are primarily regulated by the Yarrawonga Weir. It takes approximately 3–4 days for flows released
from the Yarrawonga weir to reach the Barmah-Millewa forest.
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Figure 7: Murray River at the Gulf Creek regulators.

Budgee Creek
Budgee Creek originates at the junction of Snag and Little Budgee Creek, in the Barmah forest (Figure 8).
Budgee Creek receives regulated flows from Snag Creek, however flows from Little Budgee Creek are not
regulated and the water is typically ‘cleaner’ than flow from Snag Creek (i.e. low turbidity, high dissolved
oxygen). Budgee Creek flows southeast for approximately 9 km before terminating into Barmah Lake.
Flows in Budgee Creek are typically less than 1 ms-1 and maximum depth ranged from approximately
0.5–3 m. Instream habitat is typically woody debris, however there are scattered areas of emergent giant
rush, cumbungi and common reed.
Figure 8: Photos taken from Snag Creek at the junction of Snag and Little Budgee Creeks (right)
during a period of low flow. Budgee Creek originates from this junction.
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Surveys
A number of different methods were used to help answer the project objectives (see introduction) including boat
electrofishing, t-bar tagging, gonad histology, and radio-telemetry.
The primary role of boat electrofishing was to a) document the presence of species, b) document the abundance
of individuals and c) document the change in species presence and abundance with changes in water flow and
temperature. Electrofishing sites were selected on the basis that a regulator was either present or absent so
comparisons could be made.
A number of egg samples were taken from mature fish caught during electrofishing surveys. This was carried
out to document gonad development of fish in regulated and unregulated sites to determine if fish in regulated
offstream sites develop and spawn naturally.
Generally, fish captured during electrofishing and netting surveys were t-bar tagged. T-bar tagging is a
standard technique used to investigate the movement behaviours of fish. Fish were tagged in regulated and
unregulated (offstream) sites and the Murray River. A movement from a regulated/unregulated site to the
Murray River would provide evidence that fish can return to the safety of the Murray River with changes in water
flow/temperature. Radio-telemetry was another technique used to investigate the movement behaviours of fish.
This technique provides significantly more information compared with t-bar tagging, as movement between
the release and capture location of the fish remains unknown with t-bar tagging. Fish were radio-tagged and
released in two locations in the Barmah forest; Tongalong/Black Engine Creek and Gulf Creek, and at Gulpa
Creek in the Millewa forest.
Fish were radio-tagged in Tongalong/Black Engine Creek (offstream creek) as there is no regulator on
this system and flows are determined largely by what is being released at the Yarrawonga weir. Therefore,
movements between the offstream creek and the Murray River should reflect that which would naturally
occur in an unregulated system (i.e. move on and off floodplain with changes in flow/temperature). Fish were
also tagged downstream of Gulf Creek and Gulpa Creek to determine what movements are like in regulated
systems. In addition, the movement behaviours of fish in both regulated and unregulated systems can also be
studied before, during and after release of an environmental water allocation.

Boat Electrofishing
Boat electrofishing was conducted during daylight hours at eight sites, some of which were regulated and
others unregulated (Table 1). Ephemeral sites such as Tongalong/Black Engine Creek, and Budgee and Gulpa
creeks were surveyed less often given that intermittent flows limited the number that could be surveyed.
An electrofishing boat (14 foot) equipped with an on-board 5.0 KVA Smith-Root Model GPP 5.0 H/L electrofishing
system was used on all trips with the exception of December 2004 and April 2005. A larger boat (7.5 KVA) was
used during these trips because the other boat was being repaired or was not available for use. Two anodes
were suspended from booms at the front of the boat and a single cathode was mounted along the bow. The
electrofisher usually operated at 500–1000 V DC, 7.5 amps pulsed at 120 Hz and 35% duty cycle, depending on
water conductivity.
Sites were sampled with the electrofishing boat fourteen times between September 2003 and May 2005. Boat
electrofishing was conducted using standardised 120 second replicates of electrofishing time (shots). Usually
10 shots (totalling 1200 seconds) were completed at each site, five along each riverbank. On several occasions,
during low flow conditions, the fishable area was reduced and so fewer shots were completed.
Table 1: Electrofishing sites within the Barmah-Millewa Forest.
Unregulated

Regulated

Black Engine Creek (entrance) and Tongalong Creek

Gulpa Creek at Picnic Point

Murray River at Black Engine Creek junction

Gulpa Creek at Edwards River junction

Murray River at Tongalong Creek exit

Gulpa Creek halfway between Picnic Point and the
Edwards River junction
Edwards River at Gulpa Creek junction
Budgee Creek
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All fish captured were identified and measured for length to the nearest millimetre (Figure 9). Fork length (FL)
measurements were taken for fork-tailed species and total length (TL) for others. Most large fish captured
were t-bar tagged immediately before being released (see t-bar tagging). Fish positively identified but
not caught were recorded as ‘observed’. Schools of Australian smelt (Retropinna semoni) and unspecked
hardyhead (Craterocephalus stercusmuscarum fulvus) were common in the Murray River and so generally
not dip-netted. Instead, a sub-sample of these schools was captured for measurement and the total numbers
estimated as ‘observed’.
Fish were also inspected for ‘lesions’. Fish were considered to have ‘lesions’ if lernaea sp., ulcers or other
blemishes were noted when being measured. The number of lesions on one side of each fish was recorded
so comparisons could be made between sites and species. It was decided that the number of lesions should
be recorded because Jones and Stuart (2004) noted that fish behind the Gulf Creek regulator ‘appeared’ to
harbour more lesions than fish located in other systems i.e. Murray River. Sites were grouped into Black
Engine/Tongalong Creek-Murray River systems, Gulf-Budgee Creek systems and Edwards-Gulpa system for
comparison. The Black Engine/Tongalong Creek-Murray River system was grouped together as there was no
regulator present, while the Gulf-Budgee Creek system was grouped because Budgee Creek is a continuation
of the regulated Gulf Creek. The Edwards-Gulpa systems are in close proximity to each other and Gulpa Creek
flows into the Edwards system.
Figure 9: Murray cod captured while electrofishing in Gulpa Creek (Top) and the Murray River (Bottom).

Netting
The Gulf Creek regulators were opened from July-October 2003 (approximately 11 weeks). Drum (2), fyke (2),
frog (4) and larval (1) nets together with two large fish traps were used to sample fish in Gulf and Snag Creeks
on two occasions, in September and October 2003 (Figure 10). Nets were typically set for 2-4 nights in Snag
Creek (upstream of the junction of Snag and little Budgee Creeks), downstream of the Gulf Creek regulators
and at four mile crossing. The large traps were set at four-mile crossing and in Snag Creek.
Nets were primarily set at these sites/times to determine which species were utilising the waterways and
to determine whether movement was influenced by flow. During the first trip in September flows were at
channel capacity, however during the second survey, nets were specifically set to capture fish during/after the
regulators had been closed (Figure 11). Nets were set to catch fish moving upstream and downstream, while the
two large traps were set to collect fish moving downstream only. All fish captured were identified, measured,
t-bar tagged and released.
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Figure 10: a) Golden perch captured during netting surveys; b) larval net set in Snag Creek.
a)

b)

This short-term netting experiment was not conducted again during the 2004–05 season, as there was very
limited opportunity to do so. It was decided that the movement behaviour of fish below regulators would be
better understood by using radio-telemetry. See radio-telemetry section.

Water Quality
Fourteen electrofishing surveys and two netting trips were conducted between September 2003 and July
2005 and the radio-telemetry studies ran from September 2003 to approximately May 2006 (Figure 11).
Environmental conditions varied greatly over the study period. Large flow fluctuations were evident, while water
temperatures followed a cyclic pattern from season to season (Figure 11). An Environmental Water Allocation
was released in late 2006 and continued to early 2006 (see below).
Electrofishing sites on the Murray River and Black Engine/Tongalong Creek were analysed using data (flow/
temperature) gathered from a gauging station located at Tocumwal. Data from Gulpa Creek and the Edwards
River were analysed using data collected from respective gauging stations at Picnic Point.
Figure 11: Mean daily discharge and temperature of the Murray River at Tocumwal. Sample dates for each
boat electrofishing and netting trip are also shown.
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2005–06 Environmental Water Allocation (EWA)
An EWA occurred during the last season of sampling. The 2005–06 EWA released 513 GL between early October
2005 and early March 2006 (Figure 12). During this time, flow peaks (downstream of the Yarrawonga weir) were
22,000 ML/d, 24,500 ML/d and 28,200 ML/d. Interestingly, without the EWA probable flow peaks would have
been 14,000 ML/d, 16,000 ML/d and 24,000 ML/d (Figure 12). Furthermore, the period in which flows were in
excess of 11,000 ML/d (Barmah-Millewa forest channel capacity, and so flooding the floodplain) during the
EWA release ranged from October 14 – December 19 (only a total of 67 days). In contrast, flows in excess of
11,000 ML/d (with out releasing EWA) occurred on three separate occasions in October and November 2006
(a total of 17 days) (Figure 12).
Figure 12: Plot of the 2005–06 EWA in the Barmah-Millewa forest. Graph supplied by the Murray-Darling
Basin Commission.

Analyses
Boat electrofishing surveys were standardised by electrofishing time so that sites could be statistically
compared. Fish densities were estimated as catch per unit effort (CPUE), and expressed as the number of fish
per minute of electrofishing. Large-bodied native fish such as golden perch, Murray cod, silver perch and trout
cod were pooled for analysis as they were recorded in low numbers. A two-way ANOVA was used to compare
CPUE Log10 (x +0.1) to site (see below), trip and their interaction for both native fish and carp.
A General Linear Model (GLM) was used to compare CPUE of native fish and carp to flow temperature and their
interaction (CPUE = Flow + Temp (Flow x Temp)) in the Murray River and Edwards River. This model was chosen
over models with water flow or temperature alone as water flow and water temperature interact together to
produce an effect. The results did not change when the tests were re-run with the large boat trips included.
The GLM was also used to compare the CPUE Log10 (x +0.1) of native fish and carp to flow in Gulpa Creek.
Note temperature data was not available for Gulpa Creek.

T-bar tagging
Most large fish captured during the program were t-bar tagged immediately before being released near
their initial capture location. Tags were inserted on the left-hand side, approximately 5 mm below the dorsal
surface between the third and fourth fin spine (Figure 13). All tags were inserted at approximately 45° to the
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dorsal surface. Different external tags were used depending on the fish size: large fish (>500 mm FL) with an
85 mm long dart tag; medium-sized fish (280–500 mm FL) with a 70 mm long T-bar tag; and sub-adult fish
(<280 mm FL) with a 35 mm long T-bar tag.
All tags were labelled with information for anglers, asking them to record when a fish was captured – the
tag number, capture date and location, and fish length (FL). Anglers who reported tagged fish were
rewarded with a tag return certificate, containing information on their tagged fish, ie. movement distance,
direction and information relevant to the project. An official drink holder or lure was also provided to each
of these anglers.

Gonad Histology
The gonads of native fish were sampled from both live and euthanased fish captured during electrofishing
surveys and pump-out (Jones 2007). Gonads were sampled to give an indication of gonad development at
various locations. Fish were collected from a number of sites, including the Torrumbarry weir fishway and Gulf
Creek (Table 1). Fish from Torrumbarry weir were included in the table as there was an opportunity to sample
these fish during November-December 2003. It also represents the rate of gonad development of fish located
further from Barmah-Millewa. Gonad sampling was conducted in an ad hoc manner.
To sample the gonad, a small section was removed by cannulation. The cannula, a plastic tube 3.8 mm in
diameter, is inserted into the urinogenital pore and into the oviduct, and oocytes are then removed by applying a
gentle suction. Oocytes from the anaesthetised fish are then preserved in 10% buffered formalin.
Egg samples were taken to the Werribee Veterinary Clinic (Monash University) to be prepared and placed onto
slides for interpretation. The slides were then interpreted by the Department of Primary Industries, Queenscliff.
See Appendix 10 for methods, results and discussion.
Figure 13: Tagged golden perch (a) and Murray cod (b).
a)

b)

Radio-Telemetry
Tongalong/Black Engine and Gulpa Creeks
Thirty-two golden perch ranging in size from 373 to 592 mm TL and nine Murray cod ranging in size from 450
to 954 mm TL were radio-tagged on three occasions between September 2003 and November 2005 (Table 2).
Twenty-three golden perch were females, eight were males and one was of unknown sex, while five Murray
cod were females, one male and three were of unknown sex (Table 2). Nine fish (3 MC, 6 GP) were radio-tagged
in Gulpa Creek, three in Black Engine Creek and 29 in Tongalong Creek. The mortality switches of six fish in
Tongalong/Black Engine Creek were activated shortly after release and so these fish were excluded from the
analysis (Table 2).
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Table 2: Details of the fish captured and implanted with radio-transmitters
Date

Batch Species

20/09/2003

1

20/09/2003
21/09/2003
21/09/2003
20/09/2003
20/09/2003
21/09/2003
20/09/2003
20/09/2003

1
1
1
1
1
1
1
1

20/09/2003
21/09/2003
20/09/2003

1
1
1

23/08/2004
25/08/2004
25/08/2004
25/08/2004
23/08/2004
24/08/2004

2
2
2
2
2
2

25/08/2004
26/08/2004
25/08/2004
26/08/2004
25/08/2004
23/08/2004
25/08/2004
25/08/2004
23/08/2004
24/08/2004

2
2
2
2
2
2
2
2
2
2

25/08/2004
26/08/2004
25/08/2004
26/08/2004
23/08/2004

2
2
2
2
2

25/08/2004
25/08/2004
23/08/2004
25/08/2004
24/08/2004
16/11/2005

2
2
2
2
2
3

17/11/2005

3

17/11/2005

3

Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Macquaria ambigua
Maccullochella peelii
peelii
Maccullochella peelii
peelii
Maccullochella peelii
peelii

Length Weight Sex

Frequency Tag No.

Pit Tag No.

Capture Location

Mortality
Activated

604

3220

Female

234.145

12766

112031967 Tongalong Creek

N

471
440
592
558
555
570
460
687

1833
1425
2170
2998
3003
3216
1495
5026

Female
Male
Female
Female
Female
Female
Male
Male

883.175
883.195
903.185
903.195
924.135
924.145
943.135
963.185

12765
12750
12753
12763
12764
12752
12761
12760

112031966
112031950
112031954
112031964
112031965
112031953
112031962
112031961

Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek

N
N
N
N
N
N
N
N

536
441
954

3585
1314
14600

Female
Male
Female

984.135
984.145
984.175

12762
12751
12759

112031963 Tongalong Creek
112031951 Tongalong Creek
112031960 Tongalong Creek

N
N
N

439
518
495
400
520
450

1553
2119
2382
1097
3046
1526

Male
Female
Female
Female
Female
Immature

883.135
883.145
883.185
903.115
903.125
903.135

26499
19892
19895
26486
19899
26497

111639951
111639294
111639299
111639276
111639948
111639953

Gulpa Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Gulpa Creek
Gulpa Creek

Y
N
N
N
N
Y

440
468
484
511
460
373
418
411
465
697

1569
1992
1819
2334
1448
1030
1088
1199
2036
5285

Male
Female
Female
Female
Male
Female
Unknown
Male
Female
Female

903.145
903.165
903.175
924.125
924.175
924.185
924.195
943.105
943.145
943.175

26491
19887
19891
19888
26494
26500
26487
26488
19898
19897

111639312
130818720
111639230
130816423
111639304
111639946
111639276
111639292
111639949
111639954

Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Gulpa Creek
Tongalong Creek
Tongalong Creek
Gulpa Creek
Gulpa Creek

N
N
N
N
N
N
N
N
N
N

453
543
545
525
850

1873
2846
2970
2278
9650

Female
Female
Female
Female
Female

943.185
943.195
963.125
963.135
963.145

26492
19890
19896
19889
26600

111639057
111639318
111639066
130816419
111639950

Tongalong Creek
Tongalong Creek
Tongalong Creek
Tongalong Creek
Gulpa Creek

N
N
N
Y
N

525
478
471
455
423
850

2545
2133
1948
1567
1168
8300

Female
Female
Female
Female
Male
Female

963.195
984.115
984.125
984.185
984.195
984.155

19894
19893
19900
26493
26498
-

111639278
111639282
111639947
111639321
111639952
-

N
N
N
N
N
Y

462

1585

Unknown

924.155

-

469

1460

Unknown

963.105

-

Tongalong Creek
Tongalong Creek
Gulpa Creek
Tongalong Creek
Gulpa Creek
Black Engine
Creek
- Black Engine
Creek
- Black Engine
Creek

Fish were captured at each site by boat electrofishing and held in aerated tanks prior to surgically implanting
each radio-transmitter. Fish were implanted with pulse-coded 150 MHz radio-transmitters from Advanced
Telemetry Systems (ATS) (Figure 14). Transmitters weighed 20 g (<1.5% body weight), had a life expectancy of
approximately 357 days and an aerial 300 mm long. All transmitters were encapsulated within inert waterproof
resin and contained a mortality switch (activated after 8 Hr of inactivity).
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Figure 14: Pulse-coded 150 MHz radio-transmitter.

Each fish was weighed (nearest g), measured (mm TL) and placed into an aerated tub of water containing
0.2 g/L (4.0 mg/ 20lt) of Alfaxan-CD, an anaesthetic. The anaesthesia was administered passively through gill
absorption. General anaesthesia took between 9–15 minutes, when swimming movements ceased. The incision
site was swabbed in Betadine and a small number of scales removed. A 3-cm longitudinal incision was made
with a scalpel through the ventral body wall (dermis, musculature and peritoneum) and the sex of the fish
noted (Figure 15). The disinfected (alcohol soak) transmitter was then inserted into the body cavity and pushed
anterior to the incision site. A catheter was used to create an exit for the whip antennae on the left side of the
fish approximately 2 cm above and behind the incision site. The incision was closed with two-three interrupted
dissolvable internal sutures (Ethicon 3-0 Polydioxanone Acid sutures swaged to a tapered needle) and three-four
external interrupted sutures (Ethicon silk) (Figure 15). The exterior of the incision was then lightly coated in a
flexible cover of surgical adhesive (Vetbond) to promote healing. Fish were also t-bar and PIT tagged to allow for
identification of the fish.
Fish were then transferred to a recovery tank while still anaesthetised. The aerated tank contained 10 g/lt of
salt to reduce the probability of bacterial disease. The fish were held in the recovery tank for approximately 10
minutes until they regained equilibrium and swimming motions. Each operation took approximately 15 minutes.
Fish were then released at their capture site.
Remote logging stations were set up to document the movements of radio-tagged fish to and from offstream
areas (Figure 16). Loggers were positioned at Gulf Creek, Tongalong and Black Engine Creeks, Budgee Creek
and Ulupna Creek (Figure 2). The Ulupna Creek logger was part of another radio-telemetry study. Remote down
loading could not be performed due to limited phone service and so loggers were manually downloaded on an ad
hoc basis. No loggers were erected on Gulpa Creek.
Manual tracking (foot, boat, car and helicopter) was conducted in addition to logging towers. Not all fish were located
on each trip as access was often very difficult. Each fish’s position was pinpointed using the triangulation method.
This involves approaching the fish from at least three directions and locating the centre (i.e. strongest signal
strength). To achieve a more accurate location of the fish, the antenna was removed and signal gain switch lowered.
The final fish locations were recorded using a hand- held GPS (Garmin III) capable of receiving 12 satellites. The
GPS map datum was set to World Geodetic System 1984. Each fish’s position was used to verify logger readings.
Figure 15: Suturing an incision following transmitter implantation in a Murray cod.
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Figure 16: Data-logging tower on the Junction of Tongalong Creek and the Murray River.

Gulf Creek
Thirteen golden perch and one Murray cod were radio-tagged downstream of the Gulf Creek regulators
between May-November 2005 (Table 3). Fish were implanted with pulse-coded 150 MHz radio-transmitters
from Advanced Telemetry Systems (ATS) (Figure 17). Transmitters weighed approximately 20 g (<1.5% body
weight) and had a life expectancy of approximately 357 days.
Fish were captured by boat electrofishing, weighed (g) and measured for length (mm TL) and held in tanks at
Gulf Creek prior to surgery. Fish were captured at three sites; behind the Gulf Creek regulators, the Murray
River near Gulf Creek and Snag Creek (Figure 2). Fish from the Murray River were translocated to increase
the number of fish in the experiment, while fish captured in Snag Creek were released at their capture site for
comparison with fish released in upstream reaches of the creek. For details of surgery technique see Black
Engine/Tongalong Creek radio-telemetry.
Remote logging stations were set-up to document the movements of radio-tagged fish to and from offstream
areas. Loggers were installed at the top end of the Gulf Creek (junction of Murray River) and on Budgee Creek at
the junction of Little Budgee Creek (the lower end of the Gulf Creek system). Data loggers were also positioned
on the Murray River at Tongalong and Black Engine Creek and Ulupna Creek (Figure 2). Logging towers were
downloaded on an ad hoc basis.
Manual tracking was conducted by foot, boat, car and helicopter (Figure 17). Not all fish were located on each
trip as elevated water levels flooded low-lying forested areas making access very difficult. Each fish’s position
was pinpointed using the triangulation method. The final fish locations were recorded using a hand- held GPS
(Garmin III) capable of receiving 12 satellites. Map datum was set to World Geodetic System 1984. The locations
of each fish were then plotted on Arcview for analysis and interpretation.
River Murray Water (RMW) provided estimates of daily river discharges (ML/d) at Tocumwal (gauging station
409202) from April 2005 to June 2006. All analysis was conducted using flow data from River Murray Water,
as height data for Gulf Creek was unavailable at the time of writing up the final report.
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Figure 17. Radio-tagged golden perch (a) and radio-tracking from a helicopter (b).
a)

b)
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Table 3: Details of the fish captured and implanted with radio-transmitters.
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Length Weight Sex

Capture
Frequency Tag No. Pit Tag No. Location

Release
Location

Mortality
(Y/N)

Date

Species

30/5/05

Macquaria ambigua

478

1414

Female

903.155

19711

101570678 Gulf Creek

Gulf Creek

N

30/5/05

Macquaria ambigua

448

1282

Female

963.115

19722

131015833 Gulf Creek

Gulf Creek

Y

30/5/05

Macquaria ambigua

481

1594

Female

883.105

19720

131015835 Gulf Creek

Gulf Creek

N

30/5/05

Macquaria ambigua

441

1268

Female

393.165

26478

111639369 Gulf Creek

Gulf Creek

N

30/5/05

Macquaria ambigua

505

1737

Female

373.165

19712

101570679 Gulf Creek

Gulf Creek

N

2/6/05

Macquaria ambigua

523

2517

Female

373.125

19730

131015825 Murray River

Translocated
to Gulf Creek

Y

2/6/05

Macquaria ambigua

532

2794

Female

883.115

19731

131015046 Murray River

Translocated
to Gulf Creek

Y

2/6/05

Macquaria ambigua

518

2869

Female

393.125

11295

111639803 Murray River

Translocated
to Gulf Creek

N

2/6/05

Macquaria ambigua

424

1172

Male

903.105

19732

131015824 Murray River

Translocated
to Gulf Creek

Y

2/6/05

Macquaria ambigua

430

1047

Male

963.155

19733

131015823 Murray River

Translocated
to Gulf Creek

Y

2/6/05

Macquaria ambigua

435

1069

Male

883.125

19734

131015821 Murray River

Translocated
to Gulf Creek

N

15/11/05 Macquaria ambigua

445

1780

Unknown

883.165

-

-

Snag Creek

Snag Creek

N

15/11/05 Macquaria ambigua

563

3327

Female

963.175

-

-

Snag Creek

Snag Creek

N

15/11/05 Maccullochella peelii
peelii

463

1540

Immature

393.135

-

-

Snag Creek

Snag Creek

Y

3. Results
Fish fauna of Barmah-Millewa
Fish Abundance
A total of 64,065 fish and eighteen (includes 2 hybrid species) fish species were recorded from the BarmahMillewa forest between September 2003 and July 2005 (Table 4). Twelve native and six exotic species were
recorded. A total of 59,189 (92.4%) small-bodied fish (Australian smelt, carp gudgeon, Murray rainbowfish,
unspecked hardyhead, flathead gudgeon, southern pygmy perch, gambusia, oriental weatherloach) were
collected, with Australian smelt (98.1%) dominating. A total of 4,876 (7.6%) large bodied individuals were
recorded, 84.4% of which were exotic. Golden perch and Murray cod dominated (90%) the large bodied native
fish, while carp and goldfish dominated (86%) the exotic fish. (Table 4)
One southern pygmy perch was recorded in Snag Creek and a small number of bony herring, flathead gudgeon
and gambusia were also recorded (Table 4). Murray rainbowfish were common (165), however they were only
found below the Gulpa Creek regulator. Carp gudgeon and carp-goldfish hybrids were also present (Table 4).
Table 4: Total number and size distribution of fish species caught in the Barmah-Millewa forest from
September 2003 to November 2005 (Electrofishing and netting results combined).
SPECIES

Total
Number

Number
Measured

Average
Length (mm)

Minimum
Length (mm)

Maximum
Length (mm)

Standard
Deviation

Australian smelt

58051

1076

41.3

10

86

10.6

Carp gudgeon

62

22

33

18

43

8

Native

Murray rainbowfish

165

42

58.5

35

80

12.1

Flathead gudgeon

2

2

56.5

41

72

21.9

Golden perch

310

258

412.4

46

563

95.8

Unspecked hardyhead

476

69

44.3

13

70

12

Murray cod

375

323

383.1

55

1200

224.5

MC/TC Hybrid

1

1

285

-

-

-

Silver perch

49

47

347.8

52

450

70.4

Southern pygmy perch

1

1

52

-

-

-

Trout cod

25

24

252

87

587

134.7

Bony herring

2

2

161

120

202

58

Carp

2928

888

377.3

30

661

139.7

CP/GF Hybrid

31

13

337.5

40

393

91.8

Gambusia

1

1

24

-

-

-

Goldfish

577

305

123.5

34

447

56.1

Oriental weatherloach

431

139

106

68

176

20

Redfin

578

281

144.7

42

480

65.2

Grand Total

64,065

3,494

Exotic
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Size of fish
A broad range of size classes was evident for golden perch, however most fish collected were around 400–500 mm
TL (Figure 18). Smaller size-classes were also present, indicating recent recruitment. In contrast, most Murray
cod collected were <500 mm TL (Figure 18). Most silver perch were adult fish >300 mm FL (Figure 18).
Australian smelt displayed a bimodal distribution (around 25–32 mm and 40–50 mm), while unspecked
hardyhead were evenly distributed, with the exceptions being between 48 and 55 mm (Figure 19). Oriental
weatherloach displayed a normal distribution with most fish being between 85-105 mm long TL, though smaller
size-classes were absent (Figure 19).
The size range of carp varied considerably, with all size classes of fish up to approximately 700 mm FL present.
Most carp were between 400–500 mm FL (Figure 20). In contrast, most goldfish and redfin were <200 mm FL
(Figure 20).
Tout cod ranged in size from 87–587 mm (mean 252 mm), and one trout cod – Murray cod hybrid (285 mm)
was also recorded (Table 4). Murray rainbowfish ranged in size from 35–80 mm and flathead gudgeon between
41–72 mm, bony herring were between 120–202 mm long (Table 4). Carp gudgeon ranged between 18–43 mm
and one southern pygmy perch 52 mm long was collected. Carp-goldfish hybrids ranged between 40 and
393 mm and one gambusia was 24 mm long (Table 4).

20

3. Results

Figure 18: The size distribution of large bodied fish (GP, MC, SP) caught. Note the differing length and
frequency scales.
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Figure 19: The size distribution of small bodied fish (AS, USHH, CG) caught. Note the differing length
and frequency scales.
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Figure 20: The size distribution of large bodied fish (CP, GF, RF) caught. Note the differing length
and frequency scales.
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Presence of lesions
A total of 1525 fish were checked for lesions (Table 5, Figure 21); these were from Black Engine/Tongalong
Creek (76), Budgee Creek (72), Edwards River (103), Gulf Creek (786), Gulpa Creek (196), Murray River (292).
Lesions were counted on seven different species, four of which were native (Table 5). The average number
of lesions ranged from zero for trout cod to 2.7 for golden perch. Excluding fish without lesions present, the
average number of lesions per fish ranged from 1.7 for goldfish to 4 for golden perch (Table 5).
ANOVA revealed that the number of lesions found on each species varied significantly (P≤0.001) (note, trout cod
were excluded from analysis) (Figure 22). Post Hoc Bonferroni test revealed that all species differed from one
another (all P-values less than 0.028) with the exception of silver perch and Murray cod (P>0.05)(Table 5).
ANOVA also revealed that the number of lesions found on fish in the Black Engine/Tongalong Creek-Murray
River systems, Gulf-Budgee Creek systems and Edwards-Gulpa system was not significantly different for
Murray cod (P=0.213), golden perch (P=0.439) or redfin (P=0.316). However, there was a significant difference
for carp (P=0.01) and goldfish (P=0.001). The goldfish result however, was disregarded as most fish (320) were
collected from one site, the Gulf-Budgee Creek system. Post Hoc Bonferroni test revealed that carp found in the
Gulf-Budgee Creek system (mean 1.01 ± 1.7) harboured significantly more lesions (P=0.009) on average than
the Edwards-Gulpa complex (mean 0.56 ± 1.3).
Figure 21: Golden perch with ulcers (a) and Murray cod with Lernaea (b).
a)

b)

24

3. Results

Table 5: Presence of lesions on various fish species. Note, species are pooled from all sites.
Av. No. lesions on
fish with lesions
present (±SD)

No.
Measured

No. with lesions
(% of total)

196

94 (48.0%)

3.8 (5.3)

1.8 (4.1)

18

0 (0%)

-

-

Golden perch

164

112 (68.3%)

4.0 (6.0)

2.7 (5.3)

Silver Perch

32

22 (68.8%)

2.0 (1.6)

1.4 (1.6)

Carp

563

222 (39.4%)

2.2 (2.2)

0.9 (1.7)

Goldfish

353

132 (37.4%)

1.7 (1.4)

0.6 (1.2)

Redfin

194

18 (9.3%)

1.6 (1.2)

0.15 (0.6)

Species

Av. No. Lesions (±SD)
(see graph below)

Native fish
Murray cod
Trout cod

Exotic fish

Total

1520

Figure 22: The presence of lesions on various fish species. Results are pooled for all sites.

silver
perch

trout
cod

murray
cod

golden
perch

redfin

goldfish

carp

The influence of site, flow and temperature
A total of eleven electrofishing trips were conducted in the Murray River downstream of Tongalong Creek and
upstream of Black Engine Creek between October 2003 and July 2005. The CPUE of native fish was significantly
related to trip and the interaction between trip and site, but not site alone (Table 6). The interaction between
site and trip was deemed to be biologically insignificant as there was no clear pattern evident. While, the CPUE
of carp was significantly related to trip, but not site, or their interaction (Table 6). The lack of a relationship
between site and CPUE allowed pooling of sites (2 Murray River sites) for further analyses.
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A total of eight electrofishing trips, one of which was conducted by the large electrofishing boat, were conducted
in Black Engine Creek between October 2003 and July 2005. The CPUE in Black Engine Creek was then
compared to the CPUE in the Murray River (combined sites). Note results were only analysed in the Murray
River for the eight respective trips, and the large boat trips were excluded from the analysis. The CPUE was
not related to site for native fish, but was significantly related to trip and the interaction between site and trip,
however the interaction between trip and site was deemed biologically insignificant as there were no clear
patterns evident (Table 6). There was, however, a significant relationship between site and trip for carp, but not
their interaction (Table 6). Significantly more carp were caught in Black Engine/Tongalong Creek compared with
the Murray River (combined) (Figure 23).
A total of 11 electrofishing trips were conducted in the Edwards and 10 in Gulpa Creek between October 2003
and July 2005. The CPUE of native fish was significantly related to site with more fish being caught in the
Edwards River (mean CPUE/Min 0.51 ± 0.59) compared with Gulpa Creek (mean CPUE/Min 0.24 ± 0.41). The
CPUE of native fish was significantly related to trip, but not the interaction between site and trip. For carp there
was a significant relationship between trip and the interaction between site and trip, but not site alone (Table
6). The interaction between trip and site was deemed biologically insignificant as there were no clear patterns
evident. The results did not change when an extra two electrofishing trips (large boat) were included (Table 6).
The CPUE of native fish and carp was significantly related to flow and water temperature in the Murray River
(combined sites) (Table 7, Figure 24). There was generally higher numbers of native fish and carp caught at
lower flows compared with high flows. A similar result was found in the Edwards River with more native fish
and carp being caught in low flows compared with high flows (Table 7).
A similar result was evident for Gulpa Creek, with CPUE being related to water flow (water temperature data
was not available), however the CPUE was higher with increasing flows for native fish, but lower for carp with
increasing flows (Table 7). In contrast, the CPUE of native fish in Budgee Creek was not related to flow or
temperature (df=5, r2=0.101, P=0.767), nor was the CPUE of carp (df=5, r2=0.101, P=0.767).
Figure 23: Mean CPUE (±1SD) of carp in the Murray River and Black Engine/Tongalong Creek.
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Table 6: Results from ANOVA performed on CPUE Log10 (x +0.1) data.
Source

SS

DF

MS

F-ratio

P

Q1. Are there more fish in the Murray River d/s of Tongalong Ck compared with the Murray River u/s of Black
Engine Ck.? and how do they interact with trip ?
Native fish
Site (M.River- u/s BE Ck. v’s M.River d/s Tong Ck.)

0.98

1

0.98

1.07

0.302

Trip

76.59

10

7.66

8.36

0.001

Site x Trip

20.28

10

2.03

2.20

0.018

180.44

197.0

0.92

0.73

1

0.73

0.61

0.435

Trip

65.69

10

6.57

5.55

0.001

Site x Trip

13.47

10

1.35

1.14

0.335

233.11

197

1.18

Error
Carp
Site (M.River- u/s BE Ck. v’s M.River d/s Tong Ck.)

Error

Q2. Are there more fish in Black Engine/Tongalong Ck compared with the Murray River (d/s & u/s combined) and
how do they interact with trip ?
Native fish (Large boat excluded)
Site (BE/Tong v’s M. River u/s & d/s combined)

0.92

1

0.92

0.93

0.337

Trip (or flow)

22.80

7

3.26

3.27

0.003

Site x trip (or flow)

32.56

7

4.65

4.66

0.001

208.48

209

1

Site (BE/Tong v’s M. River u/s & d/s combined)

64.63

1

64.63

64.57

0.001

Trip (or flow)

38.05

7

5.44

5.43

0.001

9.84

7

1.41

1.40

0.205

209.19

209

1.00

Error
Carp (Large boat excluded)

Site x trip (or flow)
Error

Q3. Is the CPUE in the Edwards River and Gulpa Creek equal and is there an interaction between CPUE in the
Edwards River and Gulpa Creek and trip?
Native fish (Large boat excluded)
Site

14.86

1

14.86

13.92

0.001 (0.001)

Trip (or flow)

19.39

7

2.77

2.6

0.014 (0.027)

5.34

7

0.76

0.72

0.660 (0.700)

214.54

201

1.07

1.74

1

1.74

1.61

0.206 (0.226)

Trip (or flow)

50.90

7

7.27

6.70

0.001 (0.001)

Site x Trip (or flow)

26.24

7

3.75

3.46

0.002 (0.008)

218.03

201

1.09

Site x Trip (or flow)
error
Carp (Large boat excluded)
Site

error

Note: results did not change with the addition of the large boat trips, shown in brackets
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Table 7: Results from linear regression performed on CPUE data.
Source

SS

DF

MS

F-ratio

P

12.29

0.001

Q1. Is there a relationship between CPUE in the Murray River and flow and temperature?
Murray River combine – Native fish
(GLM) Model CPUE = Flow + Temp + (Flow x Temp)
Regression

8.23

3

2.74

Residual

3.35

15

0.22

R2=0.711

Note: results did not change when 3 large boat trips were included P=0.001, r2=0.755
Murray River combine – Carp
(GLM) Model CPUE = Flow + Temp + (Flow x Temp)
Regression
Residual

12.43

3

4.14

2.4

15

0.16

25.91

0.001
R2=0.838

Note: results did not change when 3 large boat trips were included P=0.001, r2=0.786
Q2. Is there a relationship between CPUE in the Edwards River and flow and temperature?
Edwards River – Native fish
(GLM) Model CPUE = Flow + Temp + (Flow x Temp)
Regression

2.72

3

0.91

Residual

0.34

6

0.06

15.96

0.003
R2=0.889

Note: Results did not change when large boat was included P=0.001, r2=0.903
Edwards River – Carp
(GLM) Model CPUE = Flow + Temp + (Flow x Temp)
Regression

7.35

3

2.45

Residual

0.34

6

0.06

43.93

0.001
R2=0.956

Q3. Is there a relationship between CPUE in Gulpa Creek and flow? Note: Temperature data not available
Gulpa Creek – Native fish
(GLM) Model Log CPUE = Flow
Regression

13.33

1

13.33

3.16

9

0.35

Regression

1.71

1

1.71

Residual

4.51

9

0.50

Residual

38.03

0.001
R2=0.809

Gulpa Creek – Carp
(GLM) Model Log CPUE = Flow

Note: Too few trips were conduct at the Gulpa Creek top site to conduct analysis
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3.42

0.098
R2=0.275
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Figure 24: The catch per unit effort (mean CPUE ±1 SD) of native fish (a) and carp (b) for Murray River
(combine) and Murray River flows and water temperatures.
a)

b)
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Netting
Equal numbers of golden perch (13) were caught on both samplings (September and October 2003), while
two Murray cod were caught during the October survey. Most golden perch were caught moving upstream
in Snag Creek (bottom end of Gulf Creek) during the September sample. However, during the October
sample most golden perch were caught just below the Gulf Creek regulators when the regulator gates
were shut off trying to move upstream. Fish became stranded after t h e g u l f c r e e k regulator gates
were shut off and thousands of carp were observed downstream of the Gulf Creek regulator. One Murray
cod was caught moving downstream in Snag Creek and while one large fish was rescued in Gulf Creek
immediately after the regulators were shut off. Only three golden perch were caught moving upstream in
Snag Creek.
Results from larval nets show that oriental weatherloach dominated the catch (94%, n=93) during the
September sample, with most being caught in Snag Creek. Five Australian smelt and one goldfish were
also caught. Australian smelt and oriental weatherloach dominated the catch (78.4 and 19.4% respectively)
during the October sample. One southern pygmy perch, one goldfish and 30 carp gudgeon were also caught.

T-bar tagging
A total of 1,158 fish were t-bar tagged during the current project. Native fish tagged included golden perch
(263), Murray cod (199), silver perch (37) and trout cod (12). Exotic fish tagged included carp (602), redfin (32)
and goldfish (13). Fish were tagged in the Murray River (313), Gulf Creek (226), Gulpa Creek (221), Black Engine/
Tongalong Creek (174), the Edwards River (125), Budgee Creek (89), and Snag Creek (10).
A total of 199 fish were recaptured during the current project. Twenty-two were angler returns from the
previous project (returned during this project) (Table 8). Of the 177 tag returns from this project, 137 were boat
electrofished and 40 caught by anglers. The return rate for all fish tagged during the current project is 15.3%.
Recaptured fish included carp (89), golden perch (40), Murray cod (36), silver perch (5), goldfish (4) and redfin (3).
Silver perch ranged in size from 335-422 (mean 377.4 ± 32.3), goldfish from 219-342 (mean 299.3 ± 57.6), carp
from 260-640 (mean 431.5 ± 76.8), Murray cod from 223-1030 (mean 452.5 ± 159.1), golden perch from 291-550
(mean 447.7 ± 69.0) and redfin from 257-300 (mean 274.3 ± 22.7).
Fish were recaptured in Black Engine/Tongalong Creek (13), the Murray River (43), Edwards River (13), Ulupna
Creek (1), Cobrawonga Creek (1), Gulf Creek (91), Gulpa Creek (14) and Budgee Creek (1) (Table 8). The
additional 22 angler returns were from Black Engine/Tongalong Creek (1), Edwards River (1), Loddon River (1),
Murray River (18) and Ulupna Creek (1) (Table 8).
Fish tagged in the Edwards River and Budgee Creek were always recaptured in the same system (Table 8).
In contrast, fish tagged in Moira Creek, Black Engine and Tongalong Creek and Gulpa Creek were either
recaptured in the same system and/or the Murray River (Table 8). Fish tagged in the Murray River were
generally recaptured in the Murray River, however they were also recaptured in tributaries and anabranch
sites, one site being Gulf Creek. Most fish tagged in Gulf Creek were recaptured in Gulf Creek, however they
were also recaptured in the Murray River, Black Engine Creek, Ulupna Creek and Cobrawonga Creek. Five
fish safely navigated the Gulf Creek regulators and four fish released into the Murray River returned to Gulf
Creek (Table 8).

Gonad Histology
Gonad samples were collected from September 2003 until February 2005 (Table 9). A total of 101 gonad
samples were collected by cannulation, most of which (73 or 72.3%) were from golden perch. R esults
suggest that there is a distinct cyclic pattern of gonad maturation in golden perch. No comment has been
made on the development of Murray cod or silver perch because of the low number of samples.
Gonads of golden perch appeared to be developing and maturing from April to September, ripe and
running ripe from September to October, partially spent and spent from October to December, and spent to
reabsorbing from December, while fish were generally resting in February (Table 9).
Samples were collected where possible and so the number collected at each site varied. However, gonad
development appeared to be similar across all sites at any one time (Table 9).
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Table 8: Details of tag returns during the study period.
No.
Fish

Initial Tag

No. Fish

Angler

1

Moira Creek

Angler

6

Capture

Tag Return

Comment

1

Murray River

Downstream movement

Black Engine Creek
(Ent.)

2

Murray River

At BE.Ck. (U/S)

Angler

“ ”

3

Murray River

Upstream movement

Angler

“ ”

1

Tongalong Creek

Downstream movement

ARI

4

“ ”

4

Black Engine Creek

NIL movement

Angler

3

Tongalong Creek
(middle)

1

Tongalong Creek

NIL movement

“ ”

1

Murray River

At Tong. Ck. (D/S)

“ ”

1

Murray River

Downstream movement

“ ”

3

Tongalong Creek

NIL movement

ARI

“ ”

2

Murray River

At BE. Ck. (U/S)

ARI

“ ”

3

Murray River

At Tong. Ck. (D/S)

Angler
Angler
ARI

Angler

8

4

Edwards River

2

Edwards River

Downstream movement

“ ”

2

Edwards River

NIL movement

ARI

9

“ ”

9

Edwards River

NIL movement

Angler

11

Gulf Creek

1

Cobrawonga Creek

Upstream movement

“ ”

1

Gulf Creek

NIL movement

7

Murray River

4 released into M.River
(3 navigated regulator)

2

Ulupna Creek

1 released into M.River
(1 navigated regulator)

1

Black Engine Creek

Entrance (U/S)

86

Gulf Creek

4 released into M.River
(i.e. returned to Gulf Creek)

Gulpa Creek

5

Gulpa Creek

NIL movement

“ ”

1

Murray River

Upstream movement

“ ”
“ ”
ARI

87

“ ”
“ ”

Angler

6

ARI

9

“ ”

9

Gulpa Creek

NIL movement

ARI

1

Budgee Creek

1

Budgee Creek

NIL movement

Angler
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Murray River

18

Murray River

NIL movement

“ ”

3

Murray River

Upstream movement

“ ”

7

Murray River

Downstream movement

“ ”

1

Loddon River

Downstream movement

“ ”

1

Edwards River

Downstream movement

“ ”

1

Black Engine Creek

Upstream movement

Murray River

12

Murray River

NIL movement

“ ”

3

Gulf Creek

Downstream movement

“ ”

1

Gulf Creek

Upstream movement

“ ”

2

Black Engine Creek

Upstream movement

1

Tongalong Creek

Upstream movement

ARI

19

“ ”
Total

199

199
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Fish
No.
18
19
21
23
24
25
26
28
30
10
17
1
2
3
6
7
8
9
11
13
16
14
20
27
29
5
22
15
7
8
9

W1033-04
W1033-04
W1033-04

Sample
No.

Date
19.9.03
19.9.03
19.9.03
19.9.03
19.9.03
19.9.03
19.9.03
19.9.03
19.9.03
15.10.03
15.10.03
14.10.03
14.10.03
14.10.03
14.10.03
14.10.03
14.10.03
15.10.03
14.10.03
29.10.03
28.10.03
29.10.03
28.10.03
28.10.03
28.10.03
28.10.03
28.10.03
30.10.03
17/11/03
17/11/03
17/11/03

Fish Species
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Silver perch
Murray cod
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Murray cod
Murray cod
Silver perch
Silver perch
Silver perch
Silver perch

Table 9: Summary of gonad development.
Site
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Snag Creek
Gulf Creek (top site)
Gulf Creek (top site)
Gulf Creek (top site)
Gulf Creek (top site)
Gulf Creek (top site)
Gulf Creek (top site)
Snag Creek
Gulf Creek (top site)
Gulf Creek (top site)
Gulpa Creek
Gulpa Creek (Picnic Pt.)
Edwards river
Edwards river
Edwards river
Gulpa Creek
Edwards river
M. River u/s BE ck
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway

Size
(mm)
517
439
435
473
443
478
512
557
494
519
510
440
445
490
480
515
435
407
970
530
463
481
430
540
425
620
1030
348
310
323
353
Tag no
12771
12772
12783
12723
12780
12773
12775
12781
12782
12730
12734
12739
12737
12736
5878
12743
12738
12731
12744
8
5
7
12012
12721
12014
MC(6)
12774
10
-

Sex
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Stage of development
II, IV
II, III, IV
II-V
II-V
V, VI
II-V
II, III, IV
II, III, IV
II, IV
II-VI
VI
I, II
II, IV
III-VI
II-VI
II-VI
VI
I, II
II-VI
II-VI
VI
II-VI
V
V, VI
II, IV
VII
POF
II-IV
Il-V
Il-V
ll-V, POF

Development
Late development and maturing
Late development and maturing
Ripe
Ripe
Running-ripe
Ripe
Late development and maturing
Late development and maturing
Late development and maturing
Running-ripe
Running-ripe
Developing
Late development and maturing
Running-ripe
Running-ripe
Running-ripe-Partially spent
Running-ripe
Developing - ripe
Running-ripe
Running-ripe
Running-ripe
Running-ripe
Ripe
Running-ripe
Late development and maturing
Running-ripe
Partially spent - spent
Late development and maturing
Ripe
Ripe
Partially spent – spent
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Fish
No.
10
11
12
13
33
34
35
36
37
38
1
21
16
17
18
39
41
42
45
49
51
40
43
44
46
47
48
50
3
5
31
20

Sample
No.
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W326-05
W326-05
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04

Date
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
17/11/03
10/12/03
10/12/03
11/12/03
11/12/03
11/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
23/12/03
3/2/04
3/2/04
17/2/04
17/2/04

Fish Species
Silver perch
Silver perch
Silver perch
Silver perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Silver perch
Silver perch
Silver perch
Silver perch
Silver perch
Silver perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch

Site
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
M. River @ Tongalong Ck.
M. River @ Tongalong Ck.
M.River @ Black Engine Ck.
M.River @ Black Engine Ck.
Black Engine Creek
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway
Gulpa Creek (Middle site)
Gulpa Creek (Bottom site)

Size
(mm)
326
328
370
364
425
492
437
472
376
476
447
447
455
490
451
380
345
390
365
400
355
475
455
500
475
480
560
490
382
435
363
470
10757
12079
12061

Tag no
13373
13397
-

Sex
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female

Stage of development
Il-lV, Vll
Il-lV, POF
Il-lV, POF
Il-lV, Vll
II, VI
II-VI
IV-VI, POF
II, III, V, VII, POF, AO
II-V, VII, POF
IV, Vl
ll-Vl
ll-V
Il-lV, Vl
IV, V
IV, Vl
II-V
ll-V, Vll
Il-V
Il-V
Il-V
II-V,VII, AO
II-V,VII, AO
II-V, VII, AO
II-VI
II-IV, VII, AO
II-V, VII, AO
II-V, VII, AO
II-V, VII, POF
IV, Vl
Vl, POF, AO
II, III
II-IV, VII, AO

Development
Running-ripe
Spent
Spent
Running-ripe
Running-ripe
Running-ripe
Partially spent – spent
Possibly spent and reabsorbing
Partially spent – spent
Running-ripe
Running-ripe (Cannulated eggs)
Ripe (Full gonad)
Running-ripe
Ripe
Running-ripe
Ripe
Running-ripe
Ripe
Ripe
Ripe
Possibly spent and/or reabsorbing
Possibly spent and/or reabsorbing
Possibly spent and/or reabsorbing
Running-ripe
Possibly spent and/or reabsorbing
Possibly spent and/or reabsorbing
Possibly spent and/or reabsorbing
Partially spent – spent
Running-ripe
Possibly spent and reabsorbing
Developing
Resting, possibly spent and/or
reabsorbing
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33

34

Sample
No.
W1033-04
W1033-04

W1033-04
W326-05

W1033-04

W1033-04

W1033-04

W1033-04

W1033-04
W1033-04
W1033-04

W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W1033-04
W326-05
W326-05

W326-05
W326-05

W326-05
W326-05

Fish
No.
27
29

30
22

21

23

28

24

19
22
25

32
15
2
6
1
4
14
19
17

3
20

14
7

28/10/04
7/12/04

28/10/04
27/10/04

6/4/04
14/4/04
14/4/04
14/4/04
26/5/04
26/5/04
26/5/04
26/10/04
27/10/04

20/2/04
20/2/04
20/2/04

19/2/04

19/2/04

19/2/04

19/2/04

18/2/04
19/2/04

Date
18/2/04
18/2/04

Murray cod
Golden perch

Golden perch
Silver perch

Murray cod
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch
Golden perch

Golden perch
Golden perch
Silver perch

Golden perch

Golden perch

Golden perch

Golden perch

Golden perch
Golden perch

Fish Species
Golden perch
Golden perch

Edwards River
Gulf Creek (South)
M. River @ Tongalong Ck.
M. River @ Tongalong Ck.
Edwards River
Edwards River
Edwards River
Gulpa Creek, Bottom site
M.River @ Black Engine
Ck.
M. River @ Tongalong Ck.
M.River @ Black Engine
Ck.
M. River @ Tongalong Ck.
Gulf Creek (North)

Torrumbarry Fishway
Torrumbarry Fishway
Torrumbarry Fishway

Gulf Creek (South)
M.River @ Black Engine
Ck.
M.River @ Black Engine
Ck.
M.River @ Black Engine
Ck.
M.River @ Black Engine
Ck.
Black Engine Creek

Site
Gulf Creek (North)
Gulf Creek (North)

Table 9: Summary of gonad development (continued).

690
458

472
320

663
485
490
471
470
461
491
430
500

378
385
344

503

426

426

460

484
460

Size
(mm)
549
470

D26598
19436

15555
15635

19922
12115
15291/92
15293
D12809
D12810
D12699
15611
15189

12181
12175
12182

12169

12145

12143/44

12115

Tag no
12095
12096

Female
Female

Female
Female

Female
Female
Female
Female
Female
Female
Female
Female
Female

Female
Female
Female

Female

Female

Female

Female

Female
Female

Sex
Female
Female

IV, V
ll-V, Vll, POF

ll-V, Vll, POF
ll-lV, Vll, POF, AO

II-IV
Il-lV
Il, lll
Il-lV
Il, lll
Il-lV
Il-lV
ll-V, Vll, POF
ll-V, Vll, POF

II, III
II, III
II-IV, AO

II, III, AO

II, III

II, III, V, VII, POF, AO

II, III

II, III, V, VII, POF, AO
ll-lV, AO

Stage of development
II-IV
II, III, AO

Ripe
Partially spent – spent

Partially spent - spent
Possibly spent and reabsorbing

Resting, possibly spent and/or
reabsorbing
Developing
Developing
Resting, possibly spent and/or
reabsorbing
Late development and maturing
Late development and maturing
Developing
Late development and maturing
Developing
Late development and maturing
Late development and maturing
Partially spent – spent
Partially spent – spent

Developing

Possibly spent and reabsorbing

Development
Late development and maturing
Resting, possibly spent and/or
reabsorbing
Possibly spent and reabsorbing
Resting, possibly spent and/or
reabsorbing (Full Gonad)
Developing (Cannulation)

Murray–Darling Basin Authority

Sample
No.
W326-05
W326-05
W326-05
W326-05

W326-05
W326-05
W326-05
W326-05

W326-05

W326-05
W326-05

W326-05

Fish
No.
10
2
4
13

6
15
18
5

12

11
9

16

22/2/05

7/12/04
8/12/04

6/12/04

8/12/04
8/12/04
9/12/04
6/12/04

Date
7/12/04
8/12/04
8/12/04
8/12/04

Golden perch

Silver perch
Silver perch

Silver perch

Golden perch
Golden perch
Golden perch
Silver perch

Fish Species
Golden perch
Golden perch
Golden perch
Golden perch

Black Engine Creek

Tongalong Creek
M. River @ Tongalong Ck.
Edwards River
M.River @ Black Engine
Ck.
M.River @ Black Engine
Ck.
Budgee Creek
Tongalong Creek

Site
Gulf Creek (South)
Black Engine Creek
Black Engine Creek
Black Engine Creek

442

378
378

335

494
487
550
353

Size
(mm)
535
500
480
470

19876

25918
26484

14910

19461
19445
12721
25919

Tag no
19435
9224
19439
19442

Female

Female
Female

Female

Female
Female
Female
Female

Sex
Female
Female
Female
Female

ll-lV, AO

ll-V
ll-V, AO

ll-V

ll-Vl
ll-Vl
ll-V, Vll, POF
ll-V, Vll

Stage of development
ll-V, POF
ll-V, Vll, POF
ll-V, Vll, POF
Il-lV, AO

Ripe
Resting or spent and/or
reabsorbing
Resting or spent and/or
reabsorbing

Ripe

Development
Partially spent – spent
Partially spent - spent
Partially spent – spent
Resting or spent and/or
reabsorbing
Running-ripe
Running-ripe
Partially spent – spent
Running-ripe
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Radio-Telemetry
Tongalong/Black Engine Creek
Movement
The movements of all fish were analysed with 19 fish from Black Engine/Tongalong Creek being displayed. Most
fish made repeated movements between the Murray River mainstream and Tongalong/Black Engine Creek (or
anabranch) (Figure 25, Figure 26, Figure 27, Appendix 11), however a small number of fish did not return to the
anabranch once they exited (Figure 26a). Some fish spent a greater amount of time in the anabranch compared
with the Murray River, while for others it was the reverse. Most peak flows induced a change in position
between the mainstream and anabranch, however a peak of 16,637 ML/d (approx. 23°C) in December 2003 and
23,817 ML/d (approx. 20 C) in February 2005, produced very little response. Murray cod behaved in a similar way
to golden perch, as did male and female golden perch (Figure 25, Figure 26, Figure 27, Appendix 11).
Movements from the anabranch to the Murray River typically occurred when flows were falling or had stabilised
after falling (Figure 25, Figure 26, Figure 27). Flows were typically between 7,000-10,500 ML/d, but fish exit
movements were made at much higher flows. Furthermore, very few fish remained in the anabranch when
flows were less than 5,560 ML/d (Figure 25, Figure 26, Figure 27, Appendix 11). Water temperatures varied
greatly at the time of exit (ie. 10–25°C). Movement direction was generally in a downstream direction (Tongalong
Creek), with only a small number of movements made in an upstream direction (Black Engine Creek).
Movement from the Murray River to the anabranch typically occurred when flows were rising (Figure 25, Figure
26, Figure 27, Appendix 11). Some fish moved back to the anabranch on small river rises, some as small as
approximately 2,500 ML/d, however others did not respond until rises of larger magnitude (Figure 25, Figure 26,
Figure 27, Appendix 11). Flows were typically between 6,000–12,500 ML/d, and occasionally at higher flows (ie.
32,000 ML/d). Water temperatures varied at the time of entry, but were typically between 10–23°C. Generally,
movement into the anabranch, after a movement into the Murray was made, was not made until a subsequent
river rise (Figure 25, Figure 26, Figure 27, Appendix 11). Movements back into the anabranch were generally
made from the bottom end, Tongalong Creek, however a small number of movements were from the top,
Black Engine Creek.

Movement during the Environmental Water Allocation
An Environmental Water Allocation was released from approximately October 2005 to January 2006, flows
peaked at 28,627 ML/d. This Environmental Water Allocation was preceded by a flow of similar magnitude
in September 2005 of 25,626 ML/d. During this period (August 2005 –January 2006) the majority of fish were
located in the anabranch (Figure 25, Figure 26, Figure 27, Appendix 11). A small number of fish moved back
into the Murray River after the first peak flow event in September and remained in the mainstream during the
Environmental Water Allocation. Most of the fish that remained in the anabranch did not respond to the flow
changes during the EWA release (Figure 26).
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Figure 25: Movement between mainstream and offstream (anabranch) areas for golden perch
(a) September 2003 to August 2005, and Murray cod (b) September 2003 to March 2006.
Mean daily flow and water temperatures are shown.

a)

b)
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Figure 26: a) and b) Movement between mainstream and offstream (anabranch) areas for golden perch
between 2004 and 2006. Mean daily flow and water temperatures are shown.

a)

b)

38

3. Results

Figure 27: Movement between mainstream and offstream (anabranch) areas for golden perch between
2004 and 2006. Mean daily flow and water temperatures are shown.

a)
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Gulpa Creek
Two fish from Gulpa Creek (883.135, 984.195) remained in Gulpa Creek for the entire study period (August 2004
– April 2005) (Figure 28). An angler caught fish 903.135, and so was excluded from the analyses. The transmitter
was subsequently located near Mathoura. Fish 924.185 remained in Gulpa Creek until late February 2005. This
fish was then located in the Edwards River in early March (Figure 28). Flows in Gulpa Creek and the Murray and
Edwards River were falling during this period.
Few locations w e re obtained for the remaining fish i n Gulpa Creek and, as such, the exit time remains
largely unknown. However, the remaining five fish had left Gulpa Creek by early March 2005. It should be
noted that Gulpa Creek and the Edwards River remained relatively unchanged from October 2004 until late
February 2005.
Figure 28: Mean daily flow of the Murray River (Tocumwal), Gulpa Creek and Edwards River during the study
period. Possible exit periods are indicated on the graph as solid lines. Transmitter numbers and the study
period are also shown.

Gulf Creek
Water flow and temperature
River conditions varied greatly throughout the study period (Figure 29). A large flood occurred from August
2005 to January 2006, with flows in excess of 25,000 ML/d recorded on two occasions, September and
October-November. An Environmental Water Allocation (EWA) was used during the second flow event from
October 2005 – February 2006 (Figure 12). Over 500 GL was released, inundating the floodplains for an
extended period. Weekly variation in water temperatures was evident, however they generally increased
throughout the study period.
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Figure 29: Mean daily flow and water temperature in the Murray River at Tocumwal between May 2005
and April 2006. The study period, duration of EWA and flows at which the Gulf Creek regulators were
opened, are also indicated.

Regulator Operation
The Gulf Creek regulator gates were never fully opened (i.e. Top and bottom bays) during the study period
(Mick Caldwell, Parks Victoria, pers. comm.). The top bays on both regulators (6 bays in total) were fully opened
during peak flows, while a number of bays were closed after the first flow event ended in later September –
these bays were re-opened during the EWA (Figure 30a). The majority of bays were closed in mid-December,
however at least one bay remained opened until the end of January 2006, to supply water for waterbird breeding
in downstream wetlands (Figure 30b).
Figure 30. Gulf Creek with five top bays opened (a) and with one top bay opened (b). One bay was opened until
the end of January 2006.
a)

b)
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Movement Summary
Thirteen adult golden perch ranging in size from 424-563 mm TL and weighing between 1047-3327 g, and one
immature Murray cod were radio-tagged in the Gulf Creek system (Table 3). Nine female, three male and one
golden perch of unknown sex were radio-tagged. An additional immature Murray cod was also radio-tagged.
Five of the fish were radio-tagged in Gulf Creek, six were translocated from the Murray River into Gulf Creek,
and three were captured and released in Snag Creek (bottom end of Gulf Creek).
The mortality switch on six transmitters was activated shortly after surgery, and so the initial movements of
these fish were not included in the study (Table 3). Eight viable fish remained. Seven out of eight radio-tagged
fish returned to deeper waters by the end of the study period and one fish remained in Gulf Creek (Figure 31,
Figure 32, Figure 33, Figure 34). Five fish exited Gulf Creek by moving upstream through the regulators and
two by moving downstream (both were tagged in Snag Creek) (Figure 31, Figure 32, Figure 33, Figure 34).
Movements downstream were made into Budgee Creek and Little Budgee Creek. Fish that exited by moving
upstream did so during peak flows, while both fish tagged in Snag Creek returned to deeper waters with
decreasing flows. Five of the six fish tagged in Gulf Creek made repeated movements in and out of range of the
logger before they exited, one exited the first time (Figure 32, Figure 33, Figure 34). Eight of the nine lateral (or
offstream) movements recorded occurred during the release of the EWA.

General Movements
Five of the six fish radio-tagged in the Gulf Creek moved downstream (0.4–6.9 km) within a week of the
regulators opening and one remained at its release site (Figure 32, Figure 33, Figure 34). However, during the
first major flow event in September, all six fish moved downstream out of range of the Gulf Creek logger (range
approx. 300 m downstream). One fish (393.125) later returned and exited Gulf Creek. Interestingly, this fish was
logged on the Snag creek logger during the second flow event in early November (Figure 32a). Four of the five
remaining fish returned to within range of the logger when flows subsided below 10,000 ML/d in late September
(Figure 32, Figure 33, Figure 34).
Manual tracking was conducted in early October after the first peak flow had passed. This coincided with a
smaller short-term peak of approximately 17,000 ML/d. All five fish were located in between two waterholes,
3-6 km downstream (Four-mile and Mill log track crossing), and when flows subsided (to approx. 9,000 ML/d)
all five had returned to within range of the logger again. No fish were located further downstream than the fourmile crossing waterbody, emergent vegetation (spikerush, cumbungi) restricting further movement.
Four of the five fish exited Gulf Creek during the second flow event, the Environmental Water Allocation
(Table 10). One fish, 393.165, remained in Gulf Creek throughout the entire study period and was subsequently
re-captured during the 2006 pump-out (Jones 2007). Initial movements out of Gulf Creek occurred at flows
in excess of 19,400 ML/d (Table 10). These four fish were subsequently logged on the Tongalong Creek logger
(8.5 km upstream), two of which were logged further upstream at Ulupna Creek (35 km upstream). Interestingly,
all four fish made return movements to Gulf Creek shortly after their upstream movements. Two of these
fish moved back into Gulf Creek, when flows were in excess of 22,800 ML/d and continued their movement
downstream out of the range of the logger (Figure 32, Figure 33, Figure 34, Table 10). The same two fish were
recorded leaving Gulf Creek (within four days of each other) during a small rise in December. Flows were in
excess of 13,000 ML/d at the time, and the fish moved upstream one passing Ulupna Creek. It should be noted
that flow data for Gulf Creek is not yet available and so movement to and from Gulf Creek (ie. timing with
respect to Murray River flows) should be interpreted with caution.
In contrast, the two fish radio-tagged in Snag Creek exited on relatively low flows (ie. <14,000 ML/d). One exited
by moving up Little Budgee Creek to the Murray River and the other by moving downstream into Budgee Creek.
Both fish were recorded making repeated movements in and out of range of the logger (logger reception range
approx. 100 m), like the fish released in Gulf Creek.
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Figure 31: Movements of fish tagged in Snag Creek – a) movement was into the Murray River
b) movement was into Budgee Creek.
a)

b)
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Figure 32: Movements of fish tagged in Gulf Creek – both a) and b) moved into the Murray River.
a)

b)
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Figure 33: Movements of fish tagged in Gulf Creek – both a) and b) moved into the Murray River.
a)

b)
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Figure 34: Movements of fish tagged in Gulf Creek – a) fish remained in Gulf Creek,
b) movement was into the Murray River.
a)

b)
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Table 10: Dates and flows (Murray River at Tocumwal) associated with fish movements to and from Gulf
Creek. Note flows in the Murray River at Tocumwal are different from those at Gulf Creek – data for Gulf
Creek were not available at the time of writing.
Freq.
393.125

Date left Gulf
Creek

Flow (ML/d)

EWA being
released

Date return
Gulf Creek

Flow
(ML/d)

Date left
Gulf Creek

Flow

16/9/05

21,806

N

-

-

-

-

903.155

25/10/05

22,167

Y

28/10/05

22,167

11/12/05

14,577

373.165

29/10/05

21,268

Y

3/11/05

21,806

16/12/05

13,077

883.105

31/10-13/11/05

19,446-27,779

Y

-

-

-

-

883.125

3/11/05

21,806

Y

-

-

-

-
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4. Discussion
Fish Community of Barmah-Millewa
A total of 64,065 fish were captured over the sampling period and the majority (58,051) of these were smallbodied fish such as Australian smelt. Rare species such as southern pygmy perch, trout cod and Murray
rainbowfish were recorded in very low numbers, while some other species classified as common, such as
carp gudgeon and flathead gudgeon, were also recorded in low numbers. Jones and Stuart (2004) generally
recorded higher abundances of small-bodied species, as did McKinnon (1997), however these results maybe a
reflection of the sampling techniques used. Nets specifically designed to sample small fish species were only
used twice, in September and October 2003, and most of the sampling was conducted with the electrofishing
boat, which is not efficient at capturing small-bodied species. In contrast, Jones and Stuart (2004) and
McKinnon (1997) used nets designed to captured small-bodied fish in addition to pumping out waterbodies
where most fish are collected.
The total number of large-bodied native fish such as golden perch, silver perch and Murray cod was greater
(759 in total) in this study compared with previous surveys conducted in the area (Jones and Stuart 2004,
Stuart and Jones 2002). McKinnon (1997) was the exception to this, recording far more golden and silver perch
than any study since 1997. Direct comparisons should not be made because sampling effort varied, such data
providing some indication of the abundance of each species. Langtry’s (in Cadwallader 1977) 1949 Murray River
investigations noted large numbers of native fish in the Barmah-Millewa forest and King (2005) recently collated
information that suggests that native fish were historically abundant in the region, forming an important
component of the diet of local aboriginals. A commercial fishery was later established (after European
settlement) to harvest an abundant supply of Murray cod and later golden perch. Such accounts indicate that
both Murray cod and golden perch are not as abundant as they once were (King 2005).
A total of 11 native fish species were captured over the sampling period representing over 60% of fish species
previously recorded in the Barmah-Millewa area (BMF 2002, Cadwallader 1977, King 2005, McKinnon 1997,
Stuart and Jones 2002). River blackfish (Gadopsis marmoratus), Murray hardyhead (Craterocephalus fluviatilis),
freshwater catfish (Tandanus tandanus) and galaxids (Galaxias spp.) were most notably absent from the current
survey results. These species have all undergone range contractions and are rare in the Barmah area (Stuart
and Jones 2002).
It is now accepted that native fish populations in the Murray-Darling Basin are at approximately 10% of preEuropean levels (MDBC 2003). Langtry’s 1949 Murray River investigation was one of the first to document
the demise of native fish populations in the Murray-Darling, noting that native fish numbers decreased at
the Barmah forest when water was first released after the construction of the Hume Dam. Since Langtry’s
observations a number studies have outlined potential causes of the decline in the range and abundance of
native fish in the Murray-Darling Basin (Cadwallader 1978, Koehn and O’Connor 1990). Some of the likely
causes include habitat removal, sedimentation, reduced water quality, barriers to fish movement, flow
alterations, exotic species (i.e. carp, oriental weatherloach), and overfishing.
The low abundance of trout cod in the Barmah-Millewa area is not unexpected as they are classified as critically
endangered and few have been recorded recently (ASFB 2001, Jones and Stuart 2004). This result is despite
one of the most significant trout cod populations in Australia being located further upstream near Yarrawonga
(Douglas et al. 1994, Nicol and Todd 2004) and despite recent range expansions over the last 10 years (J. Koehn
pers. comm.).
A large number of exotic fish were collected, most notably carp and goldfish. The Barmah-Millewa forest is
noted for the abundance of exotic fish, particularly carp, which utilise the inundated floodplains for growth and
reproduction (Stuart and Jones 2006). Furthermore, the Barmah-Millewa area appears to be a recruitment zone
for a much wider area. Adult fish move large distances to access floodplains and juveniles move upstream and
drift large distances downstream (i.e. to Torrumbarry weir) (Crook and Gillanders 2006, Stuart and Jones 2006).
Several management options are available to control carp in the region and these and other control methods
should be investigated for application to redfin, oriental weatherloach and gambusia (Stuart et al. 2006).
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The presence of smaller size-classes of large-bodied native fish such as Murray cod and golden perch, and
small-bodied species such Australian smelt and unspecked hardyhead suggests that spawning is taking place
in or near the Barmah-Millewa forest. This finding supports the findings of recent larval surveys in the BarmahMillewa area where Murray cod larvae and golden perch eggs were collected (Jones and Stuart 2004, King et
al. 2005). However, small size-classes (i.e. <300mm) of silver perch were almost absent with only 4 individuals
recorded. This suggests that spawning and recruitment may not have occurred in recent years (i.e. 2), however
larval surveys have confirmed silver perch recently spawning (King et al. 2005.). It is possible that smaller
size-classes of silver perch are located further downstream, as silver perch eggs are pelagic and subject to
downstream drift.
A flood recruitment model has been proposed for golden and silver perch, consistent with the flood pulse
concept. It suggests that inundated floodplains generally result in higher recruitment of most fish species (Junk
et al. 1989, Harris and Gehrke 1994). However, large-bodied native fish appear to have more flexible recruitment
strategies and alternative hypotheses have been recently proposed (Mallen-Cooper and Stuart 2003). Whether
these fish were spawned on the floodplain, or actively moved from riverine spawning areas, is unknown. However
maintaining floodplain connectivity to allow fish (smaller size-classes in particular) to move safely back into
the Murray River appears important if they are in the Barmah-Millewa area where spawning and recruitment is
taking place.
The presence of a broad range of size-classes for exotic species indicates that spawning and recruitment is
occurring. This is not surprising given that the Barmah-Millewa floodplains provide suitable aquatic vegetation for
spawning. This result supports previous findings that exotic species are abundant in the Barmah-Millewa area
(Stuart and Jones 2002, 2006). Interestingly, small size-classes (<65 mm) of oriental weatherloach were not
recorded, suggesting that spawning might not be as strong as with the other exotic species. However sampling
methods (boat electrofishing) used were not efficient at capturing small size-classes of this benthic species.
The marked decrease in abundance of Murray cod greater than 50 cm (TL), for example (the size they enter the
recreational fishery), is evidence that overfishing is impacting on Murray cod populations (Nicol et al. 2005.). It
appears that recreational fisherman are effectively harvesting these larger size classes at a considerable rate.
Management should consider altering fishing regulations so smaller size-classes get a chance to breed prior
to being angled. Murray cod mature at approximately 590 mm in length, while fish in impoundments mature at
slightly larger sizes (Rowland 1998).

Lesions
Native fish including Murray cod, and golden and silver perch carried more lesions compared with exotic species
such as carp, goldfish and redfin. In fact, lesions consisting mostly of the copepod parasite Lernaea or Anchor
worm, and Lernaea are native to Eurasia, where cyprinids are also native. The presence of similar numbers of
lesions on native fish at regulated and unregulated sites was surprising. Jones and Stuart (2004) first suggested
that there maybe elevated numbers downstream of regulated sites, however results here suggest otherwise.
Despite this, further sampling is required before conclusive evidence is provided as the number of native fish
collected was quite low compared with carp and goldfish. In contrast, carp present in regulated conditions (i.e.
Gulf-Budgee Creek system) were more likely to have lesions compared with carp located elsewhere, supporting
Jones and Stuart’s (2004) initial theory. This result is significant because it suggests that regulated conditions
lead to increased lesions, potentially decreasing fish health when present in high numbers. Management
should therefore consider that regulated offstream sites may be contributing to higher stress levels in local fish
populations.

Gonad Histology
It was evident that gonad development followed a cyclic pattern of maturation in golden perch. Gonad
development (i.e. conditioning for spawning) appeared to take place from as early as April-May, and fish were
generally not ripe until September-October in 2003–04. This coincided with rises in water temperature and
discharge. Spent fish were not recorded until October, which was after peak river flows in both years. These
data support the findings of other researchers where spawning is thought to take place with rising water levels
and temperatures (Lake 1967, MacKay 1973, Mallen-Cooper and Stuart 2002). Spawning on rising flows and
water temperature is though to be an adaptation to maximise the chances of survival for eggs and larvae, as the
rivers productivity is maximised (i.e. food availability).
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Management of the Murray-Darling Rivers should take the effects of rising water levels and temperatures on
gonad development into account, particularly when deciding upon the timing of future Environmental Water
Allocations. Releasing Environmental Water when water temperatures are not rising for example, may not
induce spawning in golden perch.
It was also evident that fish in the Murray River and in regulated and unregulated offstream creeks were at
similar stages of gonad development at any one time. This was unexpected but not surprising given that water
temperatures are similar across all sites, whether regulated or not (i.e. Stuart and Jones 2002). Furthermore,
it is possible that fish collected in regulated sites may have moved from unregulated sites, such as the Murray
River, prior to sampling.
The natural cycle of gonad development in regulated systems may be important for native fish populations.
Whether spawning leads to subsequent survival and recruitment in regulated systems, however, remains
unknown. It is known that larvae spawned upstream of regulators are at risk of mortality once they pass
through or over the regulator wall (Baumgartner et al. 2006). In light of this, management needs to consider
that during the spawning period fish located in regulated offstream areas need to be exposed to conditions
that will stimulate spawning in addition to nurturing the natural behavioural processes associated with
spawning. Closure or partial closure of regulators may interrupt spawning and or spawning behaviour (ie
courting) and prevent juvenile and adults from returning to unregulated refuge waters. Constructing a fishway
on main barriers will partially alleviate this problem, while leaving regulator gates opened with falling flows
would potentially eliminate most problems associated with such barriers.

The influence of site, flow and temperature
The abundance of native fish and carp caught in the Murray River at Black Engine Creek and Tongalong
Creek was not significantly different. The lack of a biologically significant result for the interaction between
site and trip suggests that this trend does not change through time. This result supports Jones and Stuart’s
(2004) findings, where the abundance of carp and native fish remained relatively unchanged in the Murray
River at Black Engine Creek through time. However, it also suggests that even during trips with low flows, the
abundance of fish did not change, possibly indicating that fish (present in the offstream sites) exit by moving
upstream and downstream. In fact, radio-telemetry results suggest that fish in Black Engine/Tongalong
Creek will move in an upstream and downstream direction with falling flows. In regulated offstream sites
however, fish moving upstream are likely to become stranded by regulator walls (see below), while fish moving
downstream may safely exit the system.
Equal numbers of native fish were found in Black Engine/Tongalong Creek as the Murray River throughout the
sample period, while there was a statistically significant interaction between site and trip. Further analysis
of the trip-site interaction revealed that there was no biological basis to it. It appears that fish occupy Black
Engine/Tongalong Creek as much as the Murray River. However, there were periods (i.e. May) when the
offstream creek was virtually dry, suggesting that fish had returned to the Murray River. This result is supported
by the radio-telemetry (see below). Koehn (2006) also found a similar result radio-tracking with Murray cod
where they preferred the Murray River mainstream and floodplain channels (i.e. anabranch) over floodplain
areas. Such behaviour is potentially related to additional resources such as food and habitat being available
in offstream sites or the risk of becoming stranded. It also suggests that fish will move into offstream areas
(channels) with targeted water releases (i.e. EWA). In contrast, carp preferred to occupy the offstream habitats
of Black Engine/Tongalong Creek during all trips. This preference has been shown by other studies (Stuart and
Jones 2002).
The abundance of native fish in the Edwards River was significantly higher than Gulpa Creek suggesting that
the Edwards River can support a larger population of fish. This is not surprising given its greater size. The lack
of a relationship between site and trip suggests that the Edwards River always supports more fish or that any
changes in abundance are not detectable. The Edwards River flows are more variable than Gulpa Creek and
management should consider that the highly regulated flows of Gulpa Creek (showing little flow variation) may
be affecting the abundance of native fish found there. Flow variations that resemble natural conditions should
be considered for Gulpa Creek. In contrast, the abundance of carp was equal in the Edwards River and Gulpa
Creek, potentially indicating that both systems are of equal benefit to carp. The two-way interaction between
site and trip was not biologically significant.
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The abundance of native fish and carp was significantly related to flow and temperature in the Murray and
Edwards Rivers, while the abundance of native fish was related to flow in Gulpa Creek. On all occasions
the r2 value was high, indicating a strong relationship - the model was largely driven by flow and not water
temperature. Interestingly, the CPUE of native fish in the Murray and Edwards Rivers increased with decreasing
flow, as did the CPUE of carp in the Murray and Edwards Rivers and Gulpa Creek. Such a result is in contrast
to McKinnon (1997), where the number of native fish captured by fyke, drum and gill nets increased with
increasing flow. It is likely that the increase in CPUE during low flow periods may relate to electrofishing
efficiency. Electrofishing efficiency is known to vary with environmental conditions (ie. water depth, turbidity)
and size/species of fish (Cowx and Lamargue 1990, Growns et al. 1996, Jones and Stuart 2004, Zalewski and
Cowx 1990). Reduced electrofishing efficiencies at depth make fish more difficult to catch. Fish in larger
systems such as the Murray and Edwards Rivers, may be unreachable because of water depth. For example,
if fish prefer to inhabit structure at or near the benthos during all flows, the electrofishing field will be further
away during high flows, thereby reducing its effect. Advanced electrofishing and analysis techniques need to
be developed in order to understand the relationship between the abundance of fish and flows/temperatures/
depths using electrofishing techniques. This is particularly important for sampling deeper river systems and
low fish numbers.
In contrast, the CPUE was greater for native fish in Gulpa Creek, suggesting that fish move into offstream areas
with increasing flow/temperatures, a result supported by others (Koehn 2006, McKinnon 1997, Jones and Stuart
2004). A similar result was expected for Black Engine/Tongalong Creek (Jones and Stuart 2004), but the CPUE
remained unchanged during this study. A difference in site selection may explain the results. Jones and Stuart’s
(2004) electrofishing site selection was, for most of the time, located in the middle of the Black Engine and
Tongalong Creeks. However, during this study most of the electrofishing was conducted at the top and bottom
of the system, to avoid disturbing radio-transmitter fish located in the middle section. Therefore, the abundance
of fish in the offstream area is likely to be influence by fish abundances from the Murray River i.e. fish moving
between Murray River mainstream and offstream. It also suggests that Gulpa Creek maybe better suited to boat
electrofishing compared to the Murray or Edwards Rivers. Gulpa Creek is generally not as deep as the Murray
or Edwards Rivers and the flows are less than half the capacity of the Edwards River and significantly less than
the Murray River. Ideally, electrofishing should be conducted at sites where the location of fish are within reach
of the electrofisher at all flows (high and low).

T-bar Tagging
The recapture rate of tagged fish during this study (15.3%) was greater than previously reported by Reynolds
(1983) (11.2%) and Stuart and Jones (2002) (7.1%), but less than Jones and Stuart (2004) (37%). Despite the
lower return rate, the methods used in this study were similar to Jones and Stuart (2004). The relatively high
recapture rate of this study and Jones and Stuart’s (2004) study was a result of the survey methods used (ie.
certain sites were repeatedly surveyed). Previous studies relied mainly on angler returns and general fish
surveys in areas where fish were free to move. Angler returns from this study (3.5%) are similar to the return
rate of previous studies.
Fish tagged in the regulated Gulf Creek were generally caught in Gulf Creek and this result is not surprising
given previous findings (Jones and Stuart 2004). Jones and Stuart (2004) concluded that regulators and their
operation were impacting on fish populations by restricting their movements between mainstream and
offstream areas. However, data from this study also suggest that a small number of fish do safely navigate
the regulators. This supports the radio-telemetry results. It is likely that the fish moved out of Gulf Creek
during high flow events, although the timing of the exit could not be determined. Management must consider
that under current practices, although some fish can return to the safety of the Murray River, the majority
remain stranded after the regulator closure.
The movement of fish between the unregulated anabranch (Black Engine and Tongalong Creek) and the
Murray River mainstream reflects those data collected by radio-telemetry. The majority of tag-returns
from this system were in the Murray River, suggesting that fish movement was unrestricted between the
anabranch from this system and the mainstream. These data contrast those collected in Gulf Creek, where
the majority of fish became stranded with few returning to the Murray River. Providing unrestricted access
between anabranch systems and the Murray River will ensure that fish can perform important life-cycle
activities such as spawning, feeding, movement to reduce predation pressure or competition.
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Tag recaptures from systems such as Moira and Gulpa Creek show (like Black Engine and Tongalong
Creek) that fish in these locations can also gain access to the Murray River. Moira Creek is unregulated, so
movement back to the mainstream habitats is expected. Gulpa Creek is, however, regulated from the origin
and upstream movement may therefore be restricted. The direction of movement in Gulpa Creek is unclear,
however radio-telemetry suggests that movement downstream to the Edwards River and upstream to the
Murray River is a likely option.
Fish tagged in the Edwards River were generally recaptured there. The Edwards River is large enough to
support a substantial native fish population (see electrofishing results) and resources such as food and
habitat are similar to that occurring in the Murray River.

Radio-Telemetry
Black Engine/Tongalong Creek
Repeated movements between the Murray River mainstream and Black Engine/Tongalong Creek suggest that
anabranches are important habitats for the ecology of adult golden perch and Murray cod. Results from this
study provide direct evidence that adult golden perch and Murray cod actively inhabit offstream, inundated
channels, moving between the two sites with changes in flow.
It appears that rising water levels combined with rising water temperatures (but not always temperature) may
trigger lateral fish movements. There were numerous instances when the anabranch was inundated to a level
sufficient to inhabit (commencement flow approx. 5,000 ML/d), but fish did not enter until a river rise occurred.
In fact, lateral movements were made on river rises as small as 2,500 ML/d. In a related study, Reynolds (1983)
found that golden perch spawning movements are triggered by river rises and the onset of major flooding,
while McKinnon (1997) found that Murray cod did not move laterally into the forest areas until spring flooding
occurred. Koehn (2006) found that they used anabranch channels almost as soon as they were available.
It is generally accepted that fish need to move for spawning, to optimise feeding, avoid unfavourable conditions,
and colonise new areas (Northcote 1978, Reynolds 1983, Mallen-Cooper 1995, O’Connor et al. 2005, Koehn 2006).
Therefore it seems reasonable to assume that lateral movements (into the Barmah forest) are for one or more of
these reasons. However it is unlikely that such movements were to reduce predation risk as the average fish size
was large (Golden perch - 524 mm TL, median 478 mm), but more likely to be related to feeding and/or habitat,
while spawning has been documented in the area (Jones and Stuart 2004, King et al. 2005.
Movement back into the Murray River on falling flows is likely to be an attempt to avoid becoming stranded.
Such refuge movements have been shown to occur as a result of seasonal losses of aquatic habitat and extreme
environmental circumstances (West et al. 1992, Brown et al. 2001). This behaviour also suggests that golden
perch and Murray cod were able to detect falling water levels, and actively move to avoid low flow conditions
even during cool water temperatures. Hence, water management should aim to facilitate connectivity between
the river and its floodplain and when necessary reduce flows at a rate that facilitates safe fish passage to
deeper refuge areas particularly for long anabranches.
Movements of fish from the anabranch to the Murray River mainstream during relatively stable or gently
increasing flows was surprising. However, this behaviour was usually preceded by flows of a larger magnitude,
suggesting that fish may have potentially achieved the purpose of their floodplain movement (i.e. spawning).
Movement from the anabranch to the Murray in a downstream direction with falling flows might be an
adaptation for reducing the risk of stranding. Movements were also recorded in an upstream direction (through
Black Engine Creek) but it is likely that these fish were located close to the exit point when flows were declining.
These data support the radio-telemetry findings from Gulf Creek where fish moved in the direction of the
nearest exit point or safety zone (see below). Furthermore, most fish were radio-tagged in the middle to lower
reaches of Tongalong Creek (fish were readily available in these sections), and so the result is likely to be
partially skewed in favour of movement via Tongalong Creek.
Release of the Environmental Water Allocation during the spring-summer period of 2005–06 provided
appropriate conditions for golden perch and Murray cod to inhabit the anabranch. Modelled data provided by the
Murray-Darling Basin Commission suggest that flows would have naturally dipped below 10,000 ML/d on three
occasions without this release. These flow troughs occurred between late October and early November 2005
(Figure 12). Movement data suggests that fish located in the anabranch were likely to have moved back into the
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Murray mainstream during these periods and maybe returned during subsequent flow peaks. Therefore,
future Environmental Water Allocations should consider the effects that rapid and large flow reductions have
on fish behaviour.
Importantly, a similar situation may perpetuate during rain-rejection events. Fish located in offstream areas
may return to the Murray River with changes in flow or, alternatively, fish located in the Murray River may be
stimulated to move laterally for a short period of time. To avoid such situations, management could consider
increasing the storage capacity within Lake Mulwala to ‘buffer’ incoming flows. Alternatively, the proposal to
channel water from Yarrawonga across to the Goulburn system would possibly reduce the effects of
rain-rejections.
These data also showed that fish moved out of the unregulated Tongalong/Black Engine Creek on much lower
flows compared with the regulated Gulf Creek (see below). In fact, fish movement out of Tongalong/Black
Engine Creek occurred when flows were falling, unlike movement out of Gulf Creek, which occurred when
waters were rising. The contrasting behaviour appears a direct result of Gulf Creek being regulated. Fish are
generally unable to move out of Gulf Creek with low flows, the exception being after a large flood and head
loss at the regulator is reduced (see below) Therefore, management should consider changing the operation
of regulating structures to facilitate lateral movements at times that reflect natural behaviour, or that which
occurs in unregulated systems (i.e. falling flows). Failure to do this will result in fish regularly becoming
stranded downstream of regulators (Jones and Stuart 2004). This may involve a series of operational and or
structural changes, such as installation of a SCADA regulator with fishway, and or modification of flow delivery
(see recommendations).

Gulpa Creek
Limited monitoring of fish in Gulpa Creek combined with the absence of logging towers meant that the timing
of movements between an anabranch and the Edwards River mainstream could not be determined. However
these results do show that fish remained in the anabranch between August and December 2005. Two flow
events (one major) occurred during this time and most fish remained in Gulpa Creek on the decreasing flows.
This differed from fish in Tongalong/Creek and might be explained by the sustained flows (between 550 to
750 ML/d) being substantial enough for fish to remain in Gulpa Creek. Decreasing flows from approximately
550 to 350 ML/d did result in one fish leaving Gulpa Creek and it is also likely that other fish may have
also exited around this time. As in Tongalong/Black Engine Creek, fish are likely to have exited by moving
downstream into the Edwards River, as this was the closest exit point. The occurrence of two fish in Gulpa Creek
at the end of the study period suggests that they were either stranded or chose to remain in deeper reaches
of the creek. Future studies should install data-loggers on Gulpa Creek to gain a clearer understanding of the
movement behaviours of fish in this system.

Movement in a regulated system (Gulf Creek)
Movement of fish in a downstream direction after the regulators were opened was not surprising, as some
fish are known to move with changes in flow (ie. David and Closs 2002, O’Connor et al. 2003) and upstream
movement was impossible due to the head loss at the regulators when initially opened (M. Jones pers. obs.).
Remaining at the regulator was the only other choice available and one fish chose this option for some time
before moving downstream. Movement to downstream reaches would allow fish to explore new areas, possibly
taking advantage of feeding opportunities after being confined to a limited area (behind the regulators) for an
extended period.
The return of one fish after the first peak flow in early September (earlier than most) and exit during the
subsequent flow peak, approximately five weeks after the initial opening, suggests that this fish was possibly
motivated to move for spawning which occurred in the area (King in prep). Movement out of the system on rising
flows also appeared to be a successful strategy because returning to the regulators on a falling hydrograph,
as most fish did in late September (when regulators were partially shut), meant that passage was impossible.
However the choice of fish to move in an upstream direction on a falling hydrograph is probably a result of
heavily vegetated areas limiting downstream movement. Alternatively, movement to a previously occupied site
on falling flows may possibly equate to a refuge movement, as fish know they can survive in previously occupied
areas. The next small rise produced a behavioural response similar to the first. Fish returned to downstream
floodplain habitats with rising water levels, and returned to the regulators shortly after on falling flows.
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Most fish responded differently during the second major flow event when the Environmental Water Allocation
(EWA) compared with the first flow event. The EWA produced peak flows that were substantially higher and
lasted longer than would have naturally occurred (Figure 12). It was expected that with a rise in flow, fish would
move downstream as was the case during the first flow event. However, fish remained in the upper reaches
of the creek, moving in and out of range of the logger over a short period (days). Such behaviour suggests that
these fish were repeatedly attempting to exit the creek, but were either unable or unwilling to move through the
turbulent area immediately downstream of the regulator gates. It is possible that warmer water temperatures
combined with rising water levels produced such a movement response, possibly driven by spawning behaviour.
Four of the five fish that exhibited this behaviour passed through the Gulf Creek regulators during late October
– early November. Flows at the time exceeded 19,400 ML/d and fish moved rapidly upstream, two fish moving
more than 35 km. The one remaining fish did not leave Gulf Creek.
The movement of two fish out of Gulf Creek at flows in excess of 21,800 ML/d and subsequent return movement
at flows as low as 13, 077 ML/d suggests that fish can pass partially opened regulators, even at low flows.
However, this result should be viewed with caution, as flows in the Murray River were not the only contributing
factor. Head loss at the regulator is a major contributor to water velocity. The higher the head loss, the greater
the water velocity and turbulence, and the harder it is for fish to navigate (Mallen-Cooper et al. 1995). The period
of flooding is known to affect the head loss of the Gulf Creek regulators (Mick Caldwell, Parks Victoria, pers.
comm); the longer the period of flooding, the less head loss. Over three months of flooding had occurred prior
to these two lateral movements. Apparently the forest was primed (ie waterlogged), therefore all water passing
the regulators was held up, reducing the head loss at the regulators. This made lateral movements possible at
flows that were otherwise impassable. Quantification of the head loss difference is lacking and these data would
be worth further investigation.
Movement out of Gulf Creek up the Murray River and back again suggests that these fish were motivated and
following some cyclic pattern of behaviour. Such behaviour has been documented for Murray cod. Similar
movements, in fact, have been documented for golden perch (Koehn and Nicol 1998, O’Connor et al. 2003).
Two other fish behaved in a similar fashion but did not re-enter Gulf Creek. One remained outside and the
other moved further downstream. Warmer water temperatures combined with rising water levels suggest
that movements upstream in the Murray River were possibly related to spawning. In fact, golden perch eggs
were found around the time these fish were moving upstream (King in prep.). Had the EWA not been released,
flows through the regulators would have been reduced, possibly stranding fish in Gulf Creek and making
upstream movement impossible. Importantly, EWA could also be used during years when fish are stranded
behind regulators, specifically using this water to allow flows to recede naturally (in the river) without partially
closing regulators.
Fish radio-tagged in Snag Creek behaved differently to fish in Gulf Creek. These fish moved downstream into
deeper waters during decreasing flows while fish in the upstream reaches chose to move upstream during
similar conditions. Movement in an upstream direction would have resulted in less water being available to fish
in lower reaches, as the middle reaches of the Gulf Creek system are largely floodplains and shallow wetlands.
Such movement behaviour suggests that golden perch have the ability to sense falling flows and move to
reduce their chance of becoming stranded. Similar behaviour has been documented for salmonids (ie. Bradford
et al. 1995, Bradford 1997). It also suggests that fish ‘know’ where exit points are located. Therefore it seems
plausible that movement direction will depend upon the location of each fish, relative to the nearest exit point
or refuge area during a falling hydrograph. For example, one fish that moved into the Murray River with falling
flows, returned to a similar position in Snag Creek with high irrigation flows in 2006, indicating that movements
are directional and with purpose. Similar homing behaviour has been previously documented (Jones and Stuart
2002, Koehn 2006, O’Connor 2005).
The movement behaviours documented downstream of the Gulf Creek regulators provide important biological
information to improve fish passage. Evidence suggests that given the right conditions fish can safely navigate
partially opened regulators. Five out of six golden perch returned to deeper refuge waters after the Gulf Creek
regulators were opened. This suggests that movement past the Gulf Creek regulators might be facilitated more
easily than was first suspected (Jones and Stuart 2004). However fish passage is only possible when head loss
is reduced at the regulator, which in turn only occurs when large flows (>20,000 ML/d) are provided over an
extended period. River managers should consider these results to modify existing structures or operational
procedures for facilitating fish passage. Replacing the existing structures with a new regulator and fishway
will allow greater control over water manipulation and allow fish to pass when flows allow. An alternative, cost
effective (ie. no regulator construction costs), and highly desirable management initiative would be to leave the
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regulator gates fully open and to allow flows to recede naturally below the commencement flows for the creek.
Allowing fish to naturally sense when flows in the creek are falling would allow them the best possible chance
to escape prior to regulator closure (such as is occurring in unregulated systems). Once Murray River flows are
below Gulf Creek commencement flows, the regulator can then be shut without stranding fish. To achieve such
a management action, flows would need to be managed from Lake Mulwala at Yarrawonga, or possibly also
from Lake Hume. This method could be used more effectively in conjunction with installation of an automated
SCADA system. Allowing natural recession does not require any additional capital outlay, though it does require
a cultural change for on-ground operators and the ongoing cost of acquiring water. The benefits of this use of
environmental water should also be quantified.
Importantly, the response of small-bodied fishes, invertebrates and turtles to falling flows remains unknown.
Certainly they may have less capacity to swim against the high flows present at regulators. It is possible to
design fishways for these smaller individuals, however a greater understanding of their behaviour is required.
More research is also required on the movement response of individuals at other sites throughout the MurrayDarling Basin, and on the escape rates of individuals during a natural river recession.
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5. Conclusion
Data from this study suggests that movement between mainstream and offstream (channel) areas occurs on
a regular basis in unregulated parts of the Barmah-Millewa forest. Fish generally responded to changes in
flow by moving into unregulated areas on rising flows and out on falling flows. Some fish display individualistic
movement behaviours. Water temperature did not appear to be the main environmental cue for movement,
though movements onto the floodplain sometimes coincided with water temperature rises.
Most fish moved into the unregulated anabranch when flows were between 6,000–12,500 M/d, and occasionally
when flows were higher. Occupation of the offstream site appeared to be related to duration of the flow event,
as fish generally stayed for longer period during the EWA (a larger flood event). Movements back to the
Murray River were generally made on a falling hydrograph (particularly rapid decreases) and very few fish
remained in Black Engine/Tongalong Creek when flows were less than 5,560 ML/d, (commencement flows for
the Creek are 5,000 ML/d). To ensure that fish move into offstream areas, management should try and deliver
flows between 6,000–12,000 ML/d and avoid rapid flow reductions, particularly during the spawning period
(approx. October – January).
Electrofishing results suggest that fish exited the offstream anabranch by moving in both an upstream and
downstream direction. Radio-telemetry revealed that fish in Tongalong Creek generally exited by moving
downstream as most fish were located in the lower reaches of this Creek. Therefore it is possible that the
movement direction depends upon where fish are located relative to the exit point. Fish in the upper reach of
Gulf Creek attempted to move upstream with falling flows, while fish in Snag Creek moved downstream with
falling flows. Providing slow rates of reduction during a falling hydrograph therefore becomes very important in
longer anabranches that dry up (i.e. fish may become stranded).
Fish located in the regulated Gulf Creek behaved differently to fish located in Black Engine/Tongalong Creek,
displaying behaviour consistent with fish trying to escape. Fish moved downstream with increasing flows
(upstream movement was impossible due to the regulator), but then made repeated movements toward
the regulator, particularly with decreasing flows. Fish remained trapped behind the regulator until flows
increased to over 19,000 ML/d, after an extended period of flooding (as head loss at the regulator was reduced),
then escaped.
To allow unrestricted fish movement, regulators should be fully opened, or flows delivered that will reduce the
head loss at the regulators to allow fish passage. Fish would also benefit from the presence of a fishway on
these structures, as upstream movements (past the regulator) could be made with natural rises and fish would
not have to wait for larger flows. Furthermore, smaller fish would also be able to use the fishway to pass the
regulator. The feasibility of a new regulator should be investigated.
Regulators throughout the Barmah-Millewa forest are typically closed when flows drop below 11,000 ML/d at
Tocumwal, as this reduces the amount of water lost from the main channel. However, this does not allow fish
located downstream to receive any stimulus to move (i.e. falling hydrograph), leading to stranding (Jones and
Stuart 2004). An alternative way to close regulators and maximise the chances of fish returning to the safety
of the Murray River might be to drop the river level, leave the regulator gates opened until flows in the Murray
River are below commence-to-fill levels for the creek, then shut the regulator gates and return flows in the
Murray River to the desired level. Leaving the regulator gates open would also be particularly effective during
short-term flushes, such as rain-rejection events, or at the end of a large flood when the regulators will not be
opened again
Release of the Environmental Water Allocation during the spring-summer period of 2005–06 provided
appropriate conditions for golden perch and Murray cod to inhabit offstream anabranches in addition to allowing
fish return to the Murray River from Gulf Creek. Modelled data suggest that flows would have naturally dipped
below 10,000 ML/d on three occasions without this release, possibly resulting in fish moving back into the
Murray River in Black Engine/Tongalong Creek and stranding fish in Gulf Creek. The 2005–06 Environmental
Water Allocation was a positive outcome for native fish.
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During this study, native fish were recorded using a number of entry and exit points in the Barmah-Millewa
forest including: Gulf Creek, Snag Creek, Tongalong Creek, Black Engine Creek, Little Budgee Creek and Gulpa
Creek. Fish regularly used the Murray River and were also found in the Edwards River. Although flooding did
occur, movements between the Murray River and offstream areas were always associated with Creeks. Even
when fish were distributed in the forest they were typically located in flood-runners but not the floodplain
proper. Such behaviour probably reduces the risk of becoming stranded.
A number of similar river-floodplain sites occur in the Murray-Darling Basin, with native fish possibly behaving
in a similar manner. Therefore providing appropriate flows to allow fish to occupy these offstream areas should
effect normal life-history processes such as spawning, feeding, predator avoidance, reducing competition, and
habitat utilisation.
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6. Recommendations
Aim: To ensure fish have passage between mainstream and offstream areas during spring-summer months.
1. Leave regulator gates open and allow flows to recede naturally with the Murray River. Fish then have
unrestricted access between mainstream and offstream areas.
How to achieve:
i)

Lower flows from Yarrawonga for a short period (ie. create a ‘hole’ in the Murray River)

ii)

Close the regulators once flows in the Murray River are below commencement flows for each
regulated creek

iii)

Return flows in Murray River to desired height with closed regulators

iv)

Use Environmental water (EWA) to pass through regulators until Murray River flows are below creek
commencement levels

2. Avoid closure of forest regulators whilst water levels in the Murray River remain high - otherwise fish
located downstream are likely to become stranded.
How to achieve:
v)

Leave regulator gates open until water levels are at cease to flow levels (see recommendation 1)

Benefits:
vi)

Fish have unrestricted access between mainstream and offstream areas

vii)

Fish are less likely to become stranded in offstream areas

3. Install new regulators in the Barmah-Millewa forest which incorporate the SCADA (Supervisory Control
And Data Acquisition) system and a fishway.
Benefits:
viii)

Reduces water leakage, therefore reducing time spent in field by operator staff

ix)

Allows remote operation

x)

Provides precise laminar flows

xi)

Allows flows to be manipulated to suit ecological requirements

xii)

Enables fish to move upstream during fishway operation

xiii)

Makes instantaneous manipulation possible

xiv)

Allows for exotic fish control (ie. incorporation of a carp jumping cage)

4. Reduce the incidence of short-term rain-rejection events. This will reduce the number of unnatural
stranding events in offstream areas.
How to achieve:
xv)

Increase (or manipulate) Lake Mulwala storage capacity to cope with larger volumes of water

xvi)

Inter catchment transfer from Yarrawonga to the Goulburn catchment (proposed by the current
government)

xvii)

Use pricing/payment protocols to reduce rain rejection events

5.	Stop recreational angling downstream of regulators
Benefit:
xviii) Reduction in the number of mature fish removed by anglers.
– fish are easily caught behind regulators.
Environmental Water delivery for large-bodied native fish

58

6. Recommendations

6.	Ensure that EWA’s are delivered during spring months when water temperatures are rising.
– this will increase the chances of fish moving laterally
– may increase feeding opportunities and habitat availability
– may increase the chances of spawning
7.	Ensure that EWA’s are ‘spiked’ during periods of constant flow
– this may stimulate fish to move laterally
– this may allow fish in Gulf Creek to escape (given the right flow conditions)
– may provide appropriate conditions for spawning
8.	Ensure that EWA’s do not involve large and rapid reductions in flow (for example, 15,000 ML per week)
– this may result in fish exiting anabranches, potentially interrupting feeding and or spawning behaviour.
– this may strand fish in offstream areas
9.	Ensure that EWA’s stay above base flows of approximately 7,000-10,500 ML/d
– flows below this magnitude may result in fish leaving the anabranch, particularly on a falling
hydrograph.
10.	Ensure that the needs of native fish are considered prior to future EWA’s.

Future research/work
1.

Investigate options to facilitate fish passage for the Gulf Creek regulator and similar regulators throughout
the Barmah-Millewa forest.

2.

Investigate other water delivery options to ensure regulators do not have to be operated for small parcels
of water.

3.

Investigate the response of native fish to prolonged Environmental Water releases as opposed to
short-term releases.

4.

Investigate the movement response of fish located in regulated offstream areas to determine if fish
naturally return to the Murray River with receding flows.

5.

Trial the response of differing rates of de-watering on the movement response of large-bodied native fish

6.

Identify and research other areas throughout the Murray-Darling Basin where regulators are impacting on
native fish.

Outputs
‘Lateral movements of native fish in the Barmah-Millewa forest’. Australian Society for Fish Biology Annual
Conference, Adelaide 2004.
‘Effects of Environmental Flow Allocations on the lateral movements of native fish in the Barmah-Millewa
forest’. Annual progress report for the Murray-Darling Basin Commission. 2004, 24p.

Victoria Fishing Monthly, December 2005 ‘Impact of regulators on native fish’ p 7 (See article below).
Gunbower Community Information Day, ‘Fish on Floodplains’, January 2005. Seminar presented to North
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‘Lateral movements of native fish’. Arthur Rylah Institute for Environmental Research seminar series. October
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2006. (Appendix 13)
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Appendix 1
Report 1 by K.P. Sivakumaran
Histological description of the developmental stages of the gonads of female golden perch.
Stage

Description

I Chromatin nucleolar stage

Very small oocytes, nucleus surrounded by a thin layer of dark-blue-stained
cytoplasm (<20 m)

II Perinucleolar stage

Oocyte size increases slightly as dark-blue-stained cytoplasm thickens,
nucleoli appear at the periphery of nucleus

III Cortical alveoli stage

Appearance of cortical alveoli in pale-blue-stained cytoplasm, pinkstained zona radiata distinguishable, oil vesicles appearing, lampbrush
chromosomes often visible in the nucleus

IV Yolk stage

Marked increase in oocyte size, cytoplasm filled with pink-stained yolk
granules, cortical alveoli and oil vesicles increase in size and number

V Nuclear migration stage

Migration of nucleus to periphery of oocyte, fusion of yolk granules into yolk
plates; fusion of oil vesicles into the oil droplet

VI Early hydration stage

Fusion of yolk granules into yolk plates and fusion of oil vesicles into the oil
droplet started

VII Hydration stage

Further increase in size of oocytes, all yolk granules fused into a few plates.

Postovulatory follicle (new) (POF)

Remaining follicle soon after ovulation. It is large, highly convoluted with an
obvious lumen, and may contain fine granular material. The layered nature
of both cell types (thecal and granulosa) remains intact in lumen.
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Figure1: Perinucleolar stage: Oocyte size increases slightly as dark-blue-stained
cytoplasm thickens, nucleoli appear at at the periphery of nucleus [Golden Perch].

Figure 2: Cortical alveoli stage: Appearance of cortical alveoli in pale-blue-stained
cytoplasm, pink-stained zona radiata distinguishable, oil vesicles appearing, lampbrush
chromosomes often visible in the nucleus [Golden Perch].

64

Appendix 1

Figure 3: Yolk stage: Marked increase in oocyte size, cytoplasm filled with pink-stained yolk
granules, cortical alveoli and oil vesicles increase in size and number [Golden Perch].

Figure 4: Nuclear migration stage: Migration of nucleus to periphery of oocyte, fusion of yolk
granules into yolk plates; fusion of oil vesicles into the oil droplet [Golden Perch].
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Figure 5: Early hydration stage: Fusion of yolk granules into yolk plates and fusion of oil
vesicles into the oil droplet started [Golden Perch].

Figure 6: Postovulatory follicle (new): Remaining follicle soon after ovulation. It is large,
highly convoluted with an obvious lumen, and may contain fine granular material. The layered
nature of both cell types (thecal and granulosa) remains intact in lumen. [Golden Perch].
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Figure 7: Yolked, Perinucleolar and Cortical alveoli oocytes are present [Silver Perch]

Figure 8: Section of Silver perch Yolked oocytes. Cytoplasm filled with pink-stained yolk
granules, cortical alveoli and oil vesicles present.
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Figure 9: Section of hydrated Murray cod oocyte. Most of the yolk granules fused into a few plates.

Figure 10: After spawning; postovulatory follicles is clearly visible. [MC].
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Slide details
GOLDEN PERCH
Slide nos 1 & 9: Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in developing stage).
Slide nos 2, 18, 29 & 30: Yolked and Perinucleolar oocytes are present. (May be gonads in late developing/
maturing stage).
Slide nos 19, 26 & 28: Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in late
developing/maturing stage).
Slide no 20: Only Migratory nuclei oocytes present. (May be gonad in ripe stage).
Slide nos 21, 23 & 25: Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be
gonads in ripe stage).
Slide nos 8, 16 & 17: Only Early hydration stage oocytes present. (May be gonads in running-ripe stage).
Slide nos 3, 8 & 17: Early hydration stage, Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be
gonads in running-ripe stage).
Slide nos 6, 7, 10, 11, 13, & 14: Early hydration stage, Yolked, Perinucleolar and Cortical alveoli oocytes are
present. (May be gonads in running-ripe stage).
Slide nos 24 & 27: Early hydration stage and Migratory nuclei oocytes are present. (May be gonads in runningripe stage).
Slide no 7: One Post ovulatory follicle (POF) and Yolked and Early hydration stage oocytes are present. (May be
gonad in spent or partially spent stage).
Slide nos 12A & 12B: No oocyte present.
MURRAY COD
Slide no 5: Hydrated oocytes are present. (May be gonad in running-ripe stage).
Slide no 22: One Post ovulatory follicle (POF) and hydrated oocytes are present. (May be gonad in spent or
partially spent stage).
SILVER PERCH
Slide no 15: Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in late developing/
maturing stage).
Slide no: 9. Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in
ripe stage).

Methods
Formalin (10% formalin) preserved oocytes samples were embedded in paraffin wax, cut at 6 m and stained
with haematoxylin and eosin (Luna 1968). The histological descriptions of the different stages of oocyte growth
used are in general as described by West (1990) and Knuckey & Sivakumaran (2001).

Results and Discussion
Figures 1–6 shows the different stages of golden perch oocytes development respectively during spring 2003.
Based on this study, it is evident that golden perch was spawning during spring 2003.
In the case of Murray cod, the presence of hydrated oocytes and postovulatory follicles shows (Figure 9 & 10)
that the spawning occurred during the month of October 2003.
Result from histology on silver perch oocytes indicate that one fish was in late developing stage (15) and other
fish was in imminent spawning (Migratory nucleus stage [9]) during the month of October 2003.
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Other studies have revealed that the ovaries of spawning females display histological evidence of past spawning
(postovulatory follicles) or imminent spawning (migratory nucleus stage oocytes or early hydration stage
oocytes or hydrated oocytes) [West 1990; Knuckey & Sivakumaran 2001].
Histology of golden perch and Murray cod oocytes collected during the month of October 2003 shows the
presence of postovulatory follicles. This is regarded as evidence of recent spawning activity.

References
1. Ian A. Knuckey and K. P. Sivakumaran, (2001). Reproductive characteristics and per-recruit analyses of blue
warehou (Seriolella brama): implications for the South East Fishery of Australia. Mar. Freshwater Res.,
52:578-87.
2. West, G.(1990). Methods of assessing ovarian development in fishes: a review. Australian Journal of Marine
and Freshwater Research, 41:199-222.
3. Luna, L. G. (1968). Manual of Histological Staining Methods of the Armed Forces Institute of Pathology. 3rd
edition. McGraw-Hill, New York. 258 pp.
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Report 2 by K.P. Sivakumaran
Histological description of the developmental stages of the gonads of female golden perch.
I Chromatin nucleolar stage: Very small oocytes, nucleus surrounded by a thin layer of dark-blue-stained
cytoplasm.
II Perinucleolar stage: Oocyte size increases slightly as dark-blue-stained cytoplasm thickens, nucleoli appear
at the periphery of nucleus.
III Cortical alveoli stage: Appearance of cortical alveoli in pale-blue-stained cytoplasm, pink-stained zona
radiata distinguishable, oil vesicles appearing, lampbrush chromosomes often visible in the nucleus.
IV Yolk stage: Marked increase in oocyte size, cytoplasm filled with pink-stained yolk granules, cortical alveoli
and oil vesicles increase in size and number.
V Nuclear migration stage: Migration of nucleus to periphery of oocyte, fusion of yolk granules into yolk plates;
fusion of oil vesicles into the oil droplet.
VI Early hydration stage: Fusion of yolk granules into yolk plates and fusion of oil vesicles into the oil
droplet started.
VII Hydration stage: Further increase in size of oocytes, all yolk granules fused into a few plates.
Postovulatory follicle (new): Remaining follicle soon after ovulation. It is large, highly convoluted with an
obvious lumen, and may contain fine granular material. The layered nature of both cell types (thecal and
granulosa) remains intact in lumen.
Postovulatory follicle (old): Convoluted nature much less apparent, lumen much reduced, even closed, and the
thecal and granulosa cells no longer retain their orderly arrangement.
Atretic oocyte (oocyte atresia): Zona radiata dissolves, oocyte shape loses integrity yolk globules begin to
disintegrate and are less regular in shape. Numerous disorganised granulosa cells surrounded by a thin thecal
and blood vessel layer. Nucleus of some of the granulosa cells is pycnotic and many of the cells contain a large
intracellular vacuole that may be empty or contain amorphous particles.
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Figure 1: Section of Silver perch early nuclear migration stage oocytes:
Early nuclear migration started.

Figure 2: Section of hydrated Silver perch oocyte. All yolk granules fused into
a few plates.
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Figure 3: Section of Murray cod early nuclear migration stage oocytes:
Early nuclear migration started.

Figure 4: Section of Golden Perch early nuclear migration stage oocytes:
Early nuclear migration started.
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Figure 5: Hydration stage: Fusion of yolk granules into yolk plates and fusion of oil
vesicles into the oil droplet started [Golden Perch].

Figure 6: Postovulatory follicle (old): Convoluted nature much less apparent, lumen
much reduced, even closed, and the thecal and granulosa cells no longer retain
their orderly arrangement.[Golden Perch].
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Figure 7: Postovulatory follicle (new): Remaining follicle soon after ovulation. It
is large, highly convoluted with an obvious lumen, and may contain fine granular
material. The layered nature of both cell types (thecal and granulosa) remains
intact in lumen. [Golden Perch]

Figure 8: Section of Golden Perch Yolked oocytes in atresia. Zona radiata dissolves,
oocyte shape loses integrity yolk globules begin to disintegrate and are less regular
in shape. Numerous disorganised granulosa cells surrounded by a thin thecal and
blood vessel layer.
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Slide details
GOLDEN PERCH
Slide no W1033-04-01, 02, 19, 21, 22, 28 & 31: Perinucleolar and Cortical alveoli oocytes are present.
(May be gonads in developing stage).
Slide no W1033-04-04, 06, 14, 15, & 27: Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonads in late developing/maturing stage).
Slide no W326-05-13 & 16: Few Yolked oocytes in atresia, Yolked, Perinucleolar and Cortical alveoli oocytes are
present. (May be gonad in resting stage/post spent stage).
Slide no W326-05-14: Few Yolked oocytes in atresia, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonad in resting stage/post spent stage).
Slide no W1033-04-20 & 49: Few Yolked oocytes in atresia, Hydrated, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonad in resting stage/post spent stage).
Slide no W1033-04-24 & 29: All Yolked oocytes in atresia, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonad in resting stage/post spent stage).
Slide no W1033-04-17: Only Migratory nuclei and Yolked oocytes are present. (May be gonad in ripe stage).
Slide no W326-05-21A & 21B: Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonads in ripe stage).
Slide no W1033-04-03, 18, 38: Only Early hydration stage and Yolked oocytes present. (May be gonads in
running-ripe stage).
Slide no W1033-04-33: Only Early hydration stage and Perinucleolar oocytes present. (May be gonads in
running-ripe stage).
Slide no W1033-04-16: Early hydration stage, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonads in running-ripe stage).
Slide no W1033-04-34 & 44: Early hydration stage, Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonads in running-ripe stage).
Slide no W326-05-01, 06 & 15: Early hydration stage, Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonads in running-ripe stage).
Slide no W1033-04-34 & 44: Early hydration stage and Migratory nuclei oocytes are present. (May be gonads in
running-ripe stage).
Slide no W1033-04-43, 47 & 48: Few hydrated oocytes in atresia, Hydrated, Migratory nuclei, Yolked,
Perinucleolar and Cortical alveoli oocytes are present.
(In these individuals few hydrated oocytes in atresia were the most advanced type observed indicating that
spawning was over or failed for these fish and reabsorption had started).
Slide no W326-05-19: Few new Post ovulatory follicles, Hydrated, Migratory nuclei, Yolked, Perinucleolar and
Cortical alveoli oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W1033-04-50: Few new and old Post ovulatory follicles, Hydrated, Migratory nuclei, Yolked,
Perinucleolar and Cortical alveoli oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W1033-04-05: Old Post ovulatory follicle (POF),Yolked oocytes in atresia and Early hydration stage
oocytes are present. (May be gonad in spent stage).
Slide no W326-05-02, 03, 04, 07, 17, & 18: Few old Post ovulatory follicles, Hydrated, Migratory nuclei, Yolked,
Perinucleolar and Cortical alveoli oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W1033-04-23, 30 & 36: Old Post ovulatory follicle (POF),Yolked oocytes in atresia, Hydrated, Migratory
nuclei, Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in spent stage).
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Slide no W1033-04-35: Old Post ovulatory follicles, Early hydration stage, Migratory nuclei and Yolked oocytes
are present. (May be gonad in spent or partially spent stage).
Slide no W1033-04-37: Few old Post ovulatory follicles, Hydrated, Migratory nuclei, Yolked, Perinucleolar and
Cortical alveoli oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W326-05-08: Slide missing.
MURRAY COD
Slide no W1033-04-32: Yolked, Perinucleolar and Cortical alveoli oocytes are present. (May be gonads in late
developing/maturing stage).
Slide no W326-05-14: Only Migratory nuclei and Yolked oocytes are present. (May be gonads in ripe stage).
SILVER PERCH
Slide no W1033-04-25: Few Yolked oocytes in atresia, Yolked, Perinucleolar and Cortical alveoli oocytes are
present. (May be gonad in resting stage).
Slide no W326-05-12. Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonad in ripe stage).
Slide no W1033-04-07, 08, 42, 45, & 49. Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are
present. (May be gonads in ripe stage).
Slide no W1033-04-39. Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonad in ripe stage).
Slide no W326-05-05 and W1033-04-41: Hydrated, Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonads in running-ripe stage).
Slide no W1033-04-10 &13: Hydrated, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonads in running-ripe stage).
Slide no W326-05-20: Few hydrated oocytes in atresia, Old Post ovulatory follicles, Hydrated, Yolked,
Perinucleolar and Cortical alveoli oocytes are present. (May be gonad in spent stage).
Slide no W326-05-09: All the hydrated oocytes in atresia, Migratory nuclei, Yolked, Perinucleolar and Cortical
alveoli oocytes are present. (May be gonad in spent stage).
Slide no W1033-04-40 & 51: Few hydrated oocytes in atresia, Hydrated, Migratory nuclei, Yolked, Perinucleolar
and Cortical alveoli oocytes are present. (May be gonads in spent stage).
Slide no W1033-04-09. Old Post ovulatory follicles, Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W1033-04-11 & 12. Old Post ovulatory follicles, Yolked, Perinucleolar and Cortical alveoli oocytes are
present. (May be gonad in spent stage).
UNKNOWN FISH
Slide no W326-05-10. Old Post ovulatory follicles, Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli
oocytes are present. (May be gonad in spent or partially spent stage).
Slide no W326-05-11. Migratory nuclei, Yolked, Perinucleolar and Cortical alveoli oocytes are present.
(May be gonad in ripe stage).
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Methods
Formalin (10% formalin) preserved oocytes samples were embedded in paraffin wax, cut at 6 m and stained
with haematoxylin and eosin (Luna 1968). The histological descriptions of the different stages of oocyte growth
used are in general as described by West (1990) and Knuckey & Sivakumaran (2001).

Results and Discussion
Figures 4–8 shows the different advanced stages of golden perch oocytes development respectively during
spring and summer 2004. Based on this study, it is evident that golden perch was spawning during spring and
summer 2004.
In the case of Murray cod, the presence of Migratory nucleus stage oocytes shows (Figure 3) that the gonad is in
ripe stage.
Result from histology on silver perch oocytes indicate that four fish were in running ripe stage and other fish
were in spent or partially spent during the month of February and December 2004.
Other studies have revealed that the ovaries of spawning females display histological evidence of past spawning
(postovulatory follicles) or imminent spawning (migratory nucleus stage oocytes or early hydration stage
oocytes or hydrated oocytes) [West 1990; Knuckey & Sivakumaran 2001].
Histology of golden perch and silver perch oocytes collected during the month of February, October and
December 2004 and November 2004 respectively shows the presence of old and new postovulatory follicles.
This is regarded as evidence of recent spawning activity.
Atresia becomes noticeable as the spawning season draws to a close and the remaining advanced oocytes in
the ovary are reabsorbed (Sivakumaran et al. 2003).
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AppendiX 3: Abstract from ASFB Presentation
Lateral movements of native fish in the Barmah-Millewa forest
Matthew Jones
ASFB – 2004
Department of Sustainability and Environment, Arthur Rylah Institute, Heidelberg, Victoria 3084.
Matthew.jones@nre.vic.gov.au
Provision of fish passage to off-channel habitats is an important aspect of restoring the ecology of wetland
systems and has been highlighted under the Native Fish Management Strategy and the Living Murray initiative.
There are, however, many significant barriers to off-channel habitats and major anabranches along the Murray
River mainstem. Safe passage of native fish to and from wetland systems along the Murray River, such as the
Barmah-Millewa forest, is likely to play a significant role in maintaining healthy native fish populations. This
study aims to investigate the timing and environmental cues which stimulate lateral movements to and from
floodplain anabranches and flood-runners, to develop procedures and protocols to minimise the impacts of
regulators, and to determine the significance of lateral movements onto floodplain habitats. Results from
radio-telemetry have indicated that native fish will move from floodplain into mainstream habitats with receding
flows, while the presence of stranded fish in regulated creeks suggests that management/structural changes
are required to facilitate fish passage. Future directions of the project and implications of current results on
management of flood-control systems will be discussed.
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Project: Effects of EWA on lateral movements of native fish in the Barmah-Millewa forest.
Matthew Jones
Native Fish Strategy Workshop, Canberra 2006.
Barriers were originally constructed in the Murray-Darling Basin (MDB) to achieve a constant and reliable
source of water for agricultural and domestic supply. Approximately 4000 barriers (ie. regulators, dams, weirs,
and barrages) now control flows in the MDB. Importantly, the MDB Commission (MDBC) recognises that
barriers and flow regulation are key threats to obtaining healthy native fish populations (Native Fish Strategy,
Living Murray Initiative). In light of this, the MDBC is installing fishways on all major barriers in the Murray River
from the Murray mouth to Lake Hume, some 2225 km upstream.
Despite the recent advances with fish passage in the Murray River mainstream, little has been done to facilitate
fish movements around regulated offstream areas that include anabranches, creeks, flood-runners and
floodplains. Additionally, significantly more barriers exist in offstream areas than in the Murray mainstream.
The Barmah-Millewa forest (BMF) is one such area where a large number of regulators control flow into
floodplain areas.
Currently, operation of floodplain regulators in the BMF is focused on protecting the forest from unnatural
flooding, providing vehicle access, facilitating forest industries and promoting colonial bird breeding. Few
regulators are being operated to enhance fish passage and presently there are no fishways on floodplain
systems in the MDB. Understanding when native fish move laterally and how regulating structures affect such
movements is an essential step for managing native fish populations.
Radio-telemetry and pumping out offstream waterbodies (Gulf Creek) were two methods used to address
knowledge gaps surrounding the lateral movements of native fish in the BMF. Results show that a significant
number of fish are stranded behind the Gulf Creek regulators each year. A total of 16,114 native fish and 7,203
exotics have been stranded since monitoring began in 2001. Native fish include sexually mature Murray cod,
golden perch, silver perch and southern pygmy perch, while trout cod are also present. Stranded fish are
effectively being removed from the Murray River population for the duration of regulator closure and spawning
behaviour is also interrupted. Regulator closure is typically from May–August (3mths) each year, depending on
the current water management strategy. The effects of segregating these fish from the Murray River population
remain unknown.
It was also found that the number of fish and species present behind the regulators was dependent on flow
variations and regulator operation (timing of opening, number of openings, duration of opening). For example,
highly interrupted flows (ie. opening, closing regulators over short time frame) typically reduce the number of
fish stranded, while opening the regulators once for an extended period increased the number and range of fish
that moved in and so become stranded.
Radiotelemetry was used to document the movements of eight fish in Gulf Creek (a regulated offstream creek)
to determine if they return to the Murray River. Two fish were tagged and released in the downstream section
(approx. 14 km from regulators) and five immediately below the regulators. Results show that fish were unable
to return to the Murray River mainstream with partially opened regulators, however with the provision of an
EWA, regulators were fully opened and the majority of fish returned to the Murray. Three fish returned to the
Murray River by moving downstream. One of these moved approximately 25 km to achieve this, while one fish
remained below the regulators and the remaining moved upstream through fully opened regulator gates.
Results indicate that lack of management of regulators in the BMF is leading to stranding of native fish.
Specifically, partially opened regulators prevent return movements to the Murray River. In contrast, fully opened
regulators allow fish to move about freely. However the occurrence of fully opened regulators is rare and
complete regulator closure usually occurs when flows in the Murray remain elevated (ie. no natural stimuli for
fish to move when water levels are expected to fall). Ideally, the Gulf Creek regulators need to be replaced with
the modern SCADA system and a fishway. This would allow for greater accuracy, efficiency in water delivery and
an increased number of management options, whilst allowing fish passage when regulators are half closed.
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An alternative, cost effective (ie. no construction costs), and highly desirable management initiative would be to
leave the regulator gates fully open and to allow flows to recede naturally below the commencement flows for
the creek. This method could be used in conjunction with installation of the SCADA system and fishway. It does
not, however, require any additional capital outlay to operate. Allowing fish to naturally sense that flows in
the creek are falling would allow them the best possible chance to escape prior to regulator closure (such as
unregulated systems). Once flows are below commencement flows for the Creek, the regulator can be shut
without fear of stranding fish and flows can then be returned to a desired level. To achieve such a management
action, flows would need to be managed from Lake Mulwala at Yarrawonga, and possibly also from Lake Hume
at Albury.
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