Carp movements on an
inundated floodplain –
Gunbower Forest case study

J. Lieschke, R. Hale,
B. Fanson, J. O’Mahony, A. Pickworth and J. O’Connor
October 2019

Arthur Rylah Institute for Environmental Research
Client Report

OFFICIAL

Acknowledgment
We acknowledge and respect Victorian Traditional Owners as the original
custodians of Victoria's land and waters, their unique ability to care for
Country and deep spiritual connection to it. We honour Elders past and
present whose knowledge and wisdom has ensured the continuation of
culture and traditional practices.
We are committed to genuinely partner, and meaningfully engage, with Victoria's
Traditional Owners and Aboriginal communities to support the protection of
Country, the maintenance of spiritual and cultural practices and their broader
aspirations in the 21st century and beyond.

Arthur Rylah Institute for Environmental Research
Department of Environment, Land, Water and Planning
PO Box 137
Heidelberg, Victoria 3084
Phone (03) 9450 8600
Website: www.ari.vic.gov.au
Citation: Lieschke, J., Hale, R., Fanson, B., O’Mahony, J. Pickworth, A., and O’Connor, J. (2019). Carp movements on an
inundated floodplain – Gunbower Forest case study. Client Report for the North Central Catchment Management Authority 2019.
Arthur Rylah Institute for Environmental Research, Department of Environment, Land, Water and Planning, Heidelberg, Victoria.
Front cover photo: Little Gunbower Creek (Jason Lieschke).
© The State of Victoria Department of Environment, Land, Water and Planning 2019

This work is licensed under a Creative Commons Attribution 3.0 Australia licence. You are free to re-use the work under that
licence, on the condition that you credit the State of Victoria as author. The licence does not apply to any images, photographs or
branding, including the Victorian Coat of Arms, the Victorian Government logo, the Department of Environment, Land, Water and
Planning logo and the Arthur Rylah Institute logo. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/3.0/au/deed.en
The contents of this publication do not purport to represent the position of the Commonwealth of Australia or the MDBA in any
way and are presented for the purpose of informing and stimulating discussion for improved management of Basin's natural
resources.
To the extent permitted by law, the copyright holders (including its employees and consultants) exclude all liability to any person
for any consequences, including but not limited to all losses, damages, costs, expenses and any other compensation, arising
directly or indirectly from using this report (in part or in whole) and any information or material contained in it.
This project was funded by The Living Murray, a joint initiative funded by the New South Wales, Victorian, South Australian,
Australian Capital Territory and Commonwealth Governments, coordinated by the Murray–Darling Basin Authority.
ISBN 978-1-76105-416-7 (pdf/online/MS word)
Disclaimer
This publication may be of assistance to you but the State of Victoria and its employees do not guarantee that the publication is
without flaw of any kind or is wholly appropriate for your particular purposes and therefore disclaims all liability for any error, loss
or other consequence which may arise from you relying on any information in this publication.

Accessibility
If you would like to receive this publication in an alternative format, please
telephone the DELWP Customer Service Centre on 136 186, email
customer.service@delwp.vic.gov.au or contact us via the National Relay
Service on 133 677 or www.relayservice.com.au. This document is also
available on the internet at www.delwp.vic.gov.au

OFFICIAL

Carp movements on an inundated
floodplain Gunbower Forest case study

Jason Lieschke, Rob Hale, Ben Fanson, Justin O’Mahony,
Andrew Pickworth and Justin O’Connor

1Arthur

Rylah Institute for Environmental Research
123 Brown Street, Heidelberg, Victoria 3084
2Environment

and Climate Change Group, Department of Environment, Land, Water and Planning
Nicholson Street, East Melbourne, Victoria 3000

Date

Arthur Rylah Institute for Environmental Research
Client Report for North Central Catchment Management
Authority 2019
Department of Environment, Land, Water and Planning

Arthur Rylah Institute for Environmental Research
Department of Environment, Land, Water and Planning
Heidelberg, Victoria

OFFICIAL

Acknowledgements
The authors would like to thank Frank Amtstaetter and John Mahoney (DELWP) for their time and support in
field sampling and Tarryn Coward (DELWP) for graphical assistance. We would also like to thank Kathryn
Stanislawski (Parks Victoria, formerly North Central CMA) for her time and input in developing the project and
Kathryn and Will Honybun (North Central CMA) for provision of data and forest operation advice and John
Koehn and Pam Clunie (DELWP) and Will Honybun for editorial comments.
This project was funded by The Living Murray, a joint initiative funded by the New South Wales, Victorian,
South Australian, Australian Capital Territory and Commonwealth Governments, coordinated by the Murray–
Darling Basin Authority.

ii

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

Contents

1
2
3

Summary
Introduction
Methods

1
3
4

3.1
3.2
3.3
3.4

Study area
Acoustic receiver deployment
Carp capture and tagging
Analysis

4
4
6
7

4

Results

10

4.1
4.2
4.3
4.4
4.5
4.6
4.7

Murray River discharge
General movement patterns of Carp
Large flood
Small flood
Managed flood
Carp movement between Gunbower Forest and lotic systems
Carp abundance on Gunbower Forest

10
10
12
13
13
15
17

5

Discussion

18

5.1
5.2
5.3
5.4
5.5
5.6
5.7

Spatial migrations
Floodplain movements
Lateral entry/exit movements
Managed flow movements
Male/female Carp movement preferences
Project limitations
Recommendations for future monitoring and options to mitigate Carp

18
18
18
18
19
20
22

6
7

References
Appendices

23
25

iii

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

OFFICIAL

Tables
Table 1. Carp capture and release locations and individual Carp details. ........................................................ 8

Figures
Figure 1. Location of Gunbower Forest study area showing Hipwell Road Environmental Regulator, lower
landscape regulators, and natural forest outfall (Three Corner Hole), as well as adjoining KoondrookPerricoota Forest. ................................................................................................................................. 5
Figure 2. Location of study area showing initial receiver deployment, including receivers already in place
from other programs. ............................................................................................................................ 6
Figure 3. Discharge of the River Murray downstream Torrumbarry Weir throughout the study period. The
bottom dashed line is 14,000 ML/day indicating start of Murray River egress. The top dashed line is
27,000 ML/Day, indicating floodplain and wetland connectivity. ........................................................ 10
Figure 4. Number of Carp recorded at locations in Gunbower forest and surrounding areas 2016-2019. Note
that data here is summarised for quarterly time periods. Q1 is January to March inclusive, Q2 is
April to June inclusive, Q3 is July to September inclusive and Q4 is October to December inclusive.
Hits represents the number of Carp recorded on that receiver. ......................................................... 11
Figure 5. Movements of Carp in and out of the Gunbower Forest system from 2016-2019. The five panels
show fish in relation to their tagging and release location: (a) Three Corner Hole; (b) Shillinglaws
Regulator; (c) Little Gunbower Creek; (d) Reedy Lagoon; and (e) between Green Swamp and Yarran
Creek. in = within the Gunbower Forest system, down = downstream of Gunbower Forest (below
receiver VR2W-104602), side = receivers in NSW, upper = upstream of Torrumbarry Weir, unknown
= period from last record until end of the study. ................................................................................. 12
Figure 6. Number of Carp recorded at locations in Gunbower Forest and surrounding areas during spring
from 2016-2018. Hits represents the number of Carp recorded on that receiver. ............................. 13
Figure 7. Number of Carp recorded at locations in Gunbower forest and surrounding areas from September
2016 to February 2017. Black circles show where no Carp were detected. Hits represents the
number of Carp recorded on that receiver. ........................................................................................ 14
Figure 8. Number of Carp detected between 7 December and 19 December 2017. Black circles show where
no Carp were detected. Hits is the number of Carp recorded on that receiver. ................................ 15
Figure 9. Monthly Carp observations June to December 2018. The black triangle shows the location of
Hipwell Regulator. Hits represent the number of Carp recorded on that receiver. ........................... 16
Figure 10. Number of fish recorded in Gunbower Forest (black line) and discharge (grey line) throughout the
study. .................................................................................................................................................. 16

iv

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

OFFICIAL

Figure 11. Movements of Carp in and out of the Gunbower Forest from 2016-2019. The five panels show fish
in relation to their tagging and release location: (a) Three Corner Hole; (b) Shillinglaws Regulator; (c)
Little Gunbower Creek; (d) Reedy Lagoon; and (e) between Green Swamp and Yarran Creek,
unknown = period from last record until end of the study ................................................................... 17
Figure 12. Number of fish recorded in Gunbower Forest (black line) and discharge (grey line) throughout the
study. .................................................................................................................................................. 17
Figure 13 . Conceptual model of Carp movements within and entering and exiting the Gunbower Forest
based on acoustic tagging data. ......................................................................................................... 21

v

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

OFFICIAL

1 Summary
Context
Gunbower Forest is an icon site within The Living Murray (TLM) program and has a watering strategy designed
and implemented for multiple biodiversity benefits. Delivery of flows into Gunbower Forest may however lead
to detrimental outcomes such as promotion of Carp recruitment, which can affect water quality (turbidity) and
aquatic vegetation (Bennetts and Sim 2016). The North Central Catchment Management Authority (North
Central CMA) prepared a Carp Management Strategy to inform future environmental watering in Gunbower
Forest and to document complementary management actions that can be used to reduce Carp numbers. This
study addressed a recommendation of the Carp Management Strategy; to identify the movement patterns used
by Carp throughout Gunbower Forest, where fish remain after flooding, and the primary entry and exit
pathways from the Murray River system.

Aims
The project aimed to investigate the movement patterns of Carp in the Gunbower Forest, specifically to identify:
•

entry/exit pathways

•

patterns of floodplain movement and

•

residual accumulations of Carp once wetlands are disconnected.

Methods
Fifteen acoustic receivers were placed at key intake/offtake areas of the forest, and within the forest between
September 2016 and October 2018. Receiver locations changed during the study depending on the magnitude
and type of flood which occurred. Three flow scenarios occurred during the three-year period: a large natural
flood (Sept 2016-Mar 2017); a small natural flood (7-12 Dec 2017) and a managed flow via Hipwell Road
Regulator (June-Oct 2018).
As part of pre-existing programs, acoustic receivers were deployed at other locations within the Murray River
system, providing further movement data on fish once they left the Gunbower Forest. Carp were captured by
boat electrofishing and acoustically tagged in September 2016, at Three Corner Hole, Shillinglaws Regulator
and key refugia habitats within the floodplain.

Results
Forty Carp were acoustically tagged, and all were detected throughout the study period, including outside the
Gunbower Forest study area. More Carp were present within the Gunbower Forest system during the
spring/early summer which correlates with the timing of higher spring flows. Carp that exited the floodplain
moved outside of the Gunbower Forest system, with a number returning with the increase in flows the following
year. Ten Carp undertook large migrations outside of the Gunbower system, as far upstream as the Barmah
Forest (230 km) and as far downstream as Hattah Lakes (600 km).
Carp entered and exited the Gunbower Forest predominantly at Three Corner Hole and at Shillinglaws
Regulator in the 2016 large natural flood, but eight Carp exited into the Murray River via unknown locations
upstream of Yarran Creek. Four new locations were identified during the 2017 small overbank event as
potential Carp entry/exit points and one (Upper Spur Creek) was a confirmed entry point. There was limited
access on and off the floodplain during the small 2017 overbank event. A few Carp that exited the floodplain
during the 2016 flood event, re-entered the floodplain during the 2017 overbank event (1 fish) and the 2018
managed Hipwell Road Channel watering event (11 fish). During the 2018 managed flow, Carp re-entered the
forest at Three Corner Hole and Shillinglaws Regulator. The number of Carp last detected on the floodplain
was higher after the 2018 managed flow event, indicating that the Carp that moved onto the floodplain during
the managed flow event were more likely to stay on the floodplain. Carp tagged within the floodplain wetlands
were also more likely to remain on the floodplain.

Conclusions and implications
This study indicates a high level of population mixing throughout the mid-Murray River, with Carp from the
Gunbower Forest detected moving into the Koondrook Forest and fish tagged in Koondrook Forest moving
into the Gunbower Forest (Duncan unpublish. data). Interestingly, these migrations occurred during the
spawning period, with Carp unexpectedly moving away from a known Carp spawning hotspot i.e. KoondrookPerricoota-Gunbower Forest (Gilligan, unpublished data). The management of Carp on the floodplain

1
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therefore requires a holistic view of the wider Carp population, not just the immediate population around the
Gunbower Forest. This supports the need for the Carp metapopulation model proposed by Koehn et al. (2016).
During managed flows Carp entered the Gunbower Forest through Shillinglaws Regulator, a lower landscape
regulator. Importantly, it is feasible to close the lower landscape regulators and make Three Corner Hole the
sole entry/exit location for Carp onto Gunbower Forest. This provides a key area to focus management options
to control both adult Carp connectivity and young-of-year/juvenile Carp exiting into the Murray River system.
The limited number of receivers available for this study restricted the ability to identify all Carp movement
pathways across the Gunbower Forest, and entry/exit locations, particularly under different flow regimes.
Incomplete data was available during this study regarding the height and duration of water movement,
particularly at inflow connection points, such as Upper Spur Creek.
The following key recommendations focus on Carp management options at key entry and exit pathways,
opportunities to enhance our understanding of movement patterns and refuge sites, and options to build on
existing Carp management actions. They include:
Target key entry/exit pathways of Carp
•

Investigate options to limit Carp access via Three Corner Hole (a key entry/exit pathway), particularly
during managed flows, where water exiting the forest is largely restricted to the outlet creek leading
to Three Corner Hole. The options may include the use of screens and/or barriers to limit access for
both adult Carp (to reduce floodplain spawning) and larval/juvenile Carp (to limit recruits entering the
Murray population).

•

Determine large-bodied fish movement (native and exotic) entering and exiting the floodplain during
floods, particularly via Shillinglaws Regulator and Three Corner Hole and other floodrunners such as
Upper Spur Creek depending on size of the flood. This information would identify the potential
impacts on native fish species in the event of implementing Carp management options such as
closing regulators or construction of barriers.

Target Carp hotspots and refuge areas for control
•

Investigate options for adult Carp removal from known hotspots and refuge areas, such as the Little
Gunbower Creek which recedes to a pool at the regulator and which could be pumped dry and Carp
removed.

•

Continue current Carp management strategies including identification of potential refuge habitats for
potential future Carp control. i.e. Spur Creek and improvement of exclusion fences around key
wetlands i.e. Reedy Lagoon.

Build knowledge base to inform management options

2

•

Establish a monitoring program to provide data on Carp population dynamics (Gunbower Forest and
Murray River populations), and their responses to interventions such as managed flows. This
program would involve surveys of the forest and surrounding waterbodies (i.e. Murray River and
Gunbower Creek), tagging of juvenile Carp and analysis of otoliths. The data would inform
management and support the validation, calibration and future refinement of the Carp population
model.

•

Further studies be initiated and include the installation of additional transmitters and receivers in the
forest to increase the resolution of Carp movement pathways and identification of refuge habitats,
particularly for upstream areas in the Gunbower Forest. Studies could be targeted at Carp hotspots
such as the lower or upper Gunbower Forest.

•

Investigate patterns of flow between the Gunbower wetlands and floodplain and the Murray River by
installing depth or pressure loggers to complement current metering. Additional knowledge of water
flow across the floodplain will enable better management of regulators and will potentially identify
additional management options. e.g. Flow from Upper Spur Creek and Kate Malone linking to Spur
Creek and through the forest to Little Reedy Wetland. Other examples include determining flow
rates required from Barham Cut to connect with the Little Gunbower Creek complex and flows
required to connect Little Gunbower Creek complex to Three Corner Hole.
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2 Introduction
Fish communities at Gunbower Island State Forest (Gunbower Forest) are threatened by several impacts, with
a reduction in the frequency of floods considered a key driver (Mallen-Cooper et al. 2014). For fish at
Gunbower Island, restoring access to floodplain resources and habitats, and restoring more ecologically
appropriate flow regimes to creeks and rivers are key rehabilitation initiatives (Mallen-Cooper et al. 2014; Stuart
and Sharpe 2015). A major component of restoration efforts has been to restore a more ecologically
appropriate flood frequency to the Gunbower Forest floodplain and to rehabilitate the function of permanent
and semi-permanent wetlands. These rehabilitation initiatives have been the focus of the Gunbower Forest
Flood Enhancement Project (North Central CMA 2014).
Gunbower Forest is an icon site within The Living Murray (TLM) program and a watering strategy with multiple
biodiversity benefits has been designed and implemented. The Gunbower Forest Flood Enhancement Project
saw the construction of specifically designed environmental regulators and weirs (known as the Hipwell Road
package of works) to enable managed flooding of Gunbower Forest independently of flow conditions in the
Murray River (North Central CMA 2014). This project can inundate around 4,500 ha of Gunbower Forest, or
27% of the River Red Gum (Eucalyptus camaldulensis) community on the floodplain (North Central CMA
2019). The first watering of Gunbower Forest via the Hipwell Road Environmental Regulator (HRER) was
undertaken in 2014. While implementation of these flood enhancement activities provides benefits, there is
also the potential for Carp recruitment to be enhanced, which represents a detrimental outcome.
The impacts of Carp have the potential to limit progress towards achieving Icon Site ecological objectives. In
Gunbower Forest, there is evidence that Carp are impacting both water quality (turbidity) and the establishment
of aquatic vegetation (Bennetts and Sim 2016) and that they compete with native fish populations, potentially
inhibiting their recovery (Koehn et al. 2017).
The Living Murray Icon Site Managers forum held in Echuca in 2015 also highlighted the impact of Carp at
other sites, and the benefit of developing local site Carp Management Strategies. Subsequently, the North
Central Catchment Management Authority (North Central CMA) identified that Gunbower Forest needed a
Carp Management Strategy to inform future environmental watering of Gunbower Forest and to document
complementary management actions that can be used to reduce Carp numbers.
Carp management relies upon a sound understanding of the species’ ecology to exploit intrinsic behaviours
such as spawning and migration. The North Central CMA identified knowledge gaps in the local ecology of
Carp in the Gunbower Forest and undertook several investigations to inform the Carp Management Strategy.
To date the strategy has been informed by potential management scenarios that have been identified by
leading fish ecologists during a workshop held in March 2016 (North Central CMA 2016) and was tested by
Carp modelling in 2017 (Koehn et al. 2017). The Carp model included data collected as part of a Carp
Depletion Trial (Sharpe and Stanislawski 2016), analysis of otoliths collected (Krusic-Golub 2016) and ten
years of data collected annually through the Condition Monitoring Program.
The Carp workshop (North Central CMA 2016) also recommended the identification of movement pathways of
Carp throughout Gunbower Forest – where they remain at the end of flooding, and which are the primary
entrance and exit pathways into and back to Gunbower Creek or the Murray River. Natural flood conditions in
2016 provided an opportunity to tag Carp and track their movement on and off the floodplain and determine if
and where they remain in the forest after floodwaters recede. The Carp movement study ran from September
2016 to March 2019. The natural flood in 2016 was considered a large flood during the three-year study and
occurred from September to December 2016. A small natural flood also occurred in December 2017 and a
managed watering event (flood) via HRER occurred from July to November 2018. These three different flood
types provided three separate scenarios to investigate Carp movement within Gunbower Forest and the
surrounding areas (Gunbower Creek and Murray River).
The project aims were to investigate the movement patterns of Carp in the Gunbower Forest, specifically to
identify:
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•

entry/exit pathways

•

patterns of floodplain movement and

•

residual accumulations of Carp once wetlands are disconnected.
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3 Methods
3.1 Study area
The Gunbower Forest is situated in north central Victoria and is a highly complex floodplain ecosystem of the
Murray River, also bounded by Gunbower Creek. Gunbower Island is 19,450 ha and contains Victoria’s second
largest River Red Gum forest and has substantial areas of Grey Box (Eucalyptus microcarpa) and Black Box
(E. largiflorens) woodlands. The Gunbower Forest with an area of 19,500 ha, is listed in the Directory of
Important Wetlands in Australia (Environment Australia 2001), as it contains many permanent and semipermanent wetlands and lagoons that are significant for aquatic flora and fauna and, migratory waterbirds.
The periodic connection of floodplain, floodplain forest, floodplain wetlands and creeks to the Gunbower Creek
and River Murray during periods of naturally high flow, or during environmental flows, is critical to the ecological
processes sustaining the Gunbower Forest ecosystem. Directly across the Murray River from the Gunbower
Forest is the Koondrook-Perricoota Forest (Figure 1). Both forests can collectively be called the GunbowerKoondrook-Perricoota Forest.
The Gunbower Forest has natural unregulated floodrunners, but also regulators on some of the larger
floodrunners that can control flow entering and exiting the forest (Figure 1). The lower landscape regulators
(Yarran Creek, Shillinglaws, Reedy, Black Swamp, Barham Cut, Little Gunbower Creek and Wattles Creek)
were constructed to allow bidirectional flow control, but also allow lateral fish movement and carbon transfer
from the forest to either the Murray River or Gunbower Creek. The Hipwell Road regulator has inflow only
(managed flows) and a fishlock to enable upstream fish passage. Three Corner Hole is the natural forest
outfall into Gunbower Creek, which is unregulated, but also allows lateral fish movement and carbon transfer
from the forest.
The gauge recording discharge downstream Torrumbarry Weir was used as a surrogate for flows in the Murray
River along the Gunbower Forest. Effluent flows start to occur when flows in the Murray River exceed 14,000
ML/day. These flows start filling wetlands. When the Murray River flows exceed 27,000 ML/day, overbank
flooding commences with connectivity between wetlands and the floodplain. With the use of the lower
landscape regulators, the North Central CMA are able to manipulate Murray River and Gunbower Creek
connections in both managed and natural flood events. However, during large overbank floods the North
Central CMA loses the ability to manipulate connections between the forest and Murray River.

3.2 Acoustic receiver deployment
Fifteen VEMCO Model VR2W acoustic receivers were placed in-situ between 31 August and 9 September
2016 prior to Carp tagging just prior to a large natural flood event (Figure 2, Table A1 in Appendix). Eleven
receivers were placed in the forest, three in Gunbower Creek adjacent to lowland regulators, and one in the
Murray River at Shillinglaws Regulator. The placement of receivers at key intake/offtake areas of the forest,
including Hipwell Road Environmental Regulator (Gunbower Creek), Shillinglaws Environmental Regulator
(Murray River), Little Gunbower Creek Environmental Regulator (Gunbower Creek) and Three Corner Hole
enables identification of the primary entrance and exit pathways into and back to Gunbower Creek or the
Murray River. Three Corner Hole is the natural drainage point of the Gunbower forest, where it drains into
Gunbower Creek. The placement of receivers within the forest enables identification of the movement
pathways of Carp throughout Gunbower Forest, as well as refuge habitat, where Carp remain at the end of
flooding. Receivers at key pathways (Murray River at Shillinglaws Regulator and Three Corner Hole on
Gunbower Creek) remained in place for the duration of the study.
Other monitoring programs have existing acoustic receivers located at junctions with the Murray River (Little
Murray River, Gunbower Creek, Goulburn River and Broken Creek) and the Murray River at Torrumbarry Weir
and within the Koondrook-Perricoota Forest and at the Swan Regulator the Murray River. Receivers were also
deployed into the Murray River between Torrumbarry Weir and the Goulburn River junction in December 2016
and at the Hattah Lakes during the project1. This project was able to make use of these additional receivers.

1
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The number of receivers and locations from additional projects changed overtime.
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Figure 1. Location of Gunbower Forest study area showing Hipwell Road Environmental Regulator,
lower landscape regulators, and natural forest outfall (Three Corner Hole), as well as adjoining
Koondrook-Perricoota Forest.

The 15 acoustic receivers used in this project were downloaded between 19 and 21 December 2016. Nine
receivers were reset at initial locations, however six receivers (Spur Track, Barham Cut Regulator, Between
Green Swamp and Yarran Creek, Yarran Creek at Thiess Logger, Yarran Creek forest side of Shillinglaws
Regulator and Hipwell Road), were removed when areas became dry. These loggers were moved to areas
within the floodplain where water was expected to remain on the floodplain for a longer period (Black Swamp,
Green Swamp, two in Corduroy Wetland, additional receiver in Little Gunbower Creek and Gunbower Creek
upstream Hipwell Road Environmental Regulator).
A small flood occurred in December 2017 resulting in receivers being shifted to small floodrunners of the
Murray River, to identify additional entrance/exit locations that were missed in 2016 (due to lack of appropriate
number of receivers). Receivers were deployed far enough down the floodrunner to detect fish using the
floodrunner and not just swimming past in the Murray River. In December 2017, when the sites dried, these
were redeployed into the lower forest prior to the 2018 managed flood, targeting entry/exit locations (e.g.
5
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Barham Cut, Hipwell Road Environmental Regulator, Yarran Creek at Shillinglaws Regulator) and forest areas
such as Spur Creek and Spur Track.

Figure 2. Location of study area showing initial receiver deployment, including receivers already in
place from other programs.

3.3 Carp capture and tagging
Forty Carp were captured via boat electrofishing and acoustically tagged between 5 and 8 September 2016
(Table 1). The capture locations were chosen as they were predicted to be areas where Carp would
accumulate due to water flowing from the floodplain or where aggregations of Carp were expected to be
already on the floodplain.
The capture and tagging of Carp included:
•

•

•
•
•

Ten Carp from Three Corner Hole on 5 September 2016, just prior to the forest water reaching
Gunbower Creek. A small outflow had occurred from a smaller flood prior to tagging at Three Corner
Hole resulting in Carp being attracted and accumulating in this area.
Ten Carp from Yarran Creek immediately below Shillinglaws Regulator and were released 240 metres
upstream (forest side) of the regulator on 6 September 2016; At this time, Shillinglaws Regulator was
in the fully overshot mode to facilitate forest draining, with Carp accumulated below the regulator.
Ten Carp from Little Gunbower Creek on 7 September 2016.
Four Carp from Reedy Lagoon on 8 September 2016.
Six Carp from Yarran Creek immediately below Shillinglaws Regulator, were released in the forest
between Green Swamp and Yarran Creek on 8 September 2016. These Carp were transported further
into the forest as Shillinglaws Regulator was fully open, essentially allowing fish passage in either
direction. Transporting and releasing these six Carp upstream removed the risk of these Carp moving
into the Murray River immediately following surgery.

Boat electrofishing was also conducted on the floodplain between Green Swamp and Yarran Creek on
September 7. Fifteen fyke nets were also used between Green Swamp and Yarran Creek on 7 and 8
September and at Spur Creek on 8 and 9 September but no Carp were captured.
Acoustic tagging of fish followed the methods of Koster et al. (2013). Anaesthetised fish were weighed (nearest
g) and measured (total length, mm). Implantation of transmitters generally took 4-5 minutes and recovery to
6
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full consciousness was usually 5-8 minutes. The individually coded transmitters were all Vemco (V9-2L-069k1 VEMCO) and had a life span of 912 days (expected expiry 6–9 March 2019). All transmitters emitted a signal
at a random pulse interval of 110 to 190 s. An external T-bar tag (Hallprint) was also inserted into the muscle
surrounding the dorsal fin spine. Information on the T-bar tag offered a reward and provided a phone number
for the tag’s return. Passive Integrated Transponder (PIT) tags were also inserted into the peritoneal cavity,
allowing the identification of fish using the fishway at Torrumbarry Weir. Carp capture and tagging was carried
out under Fisheries Victoria permit RP827 and Ethics permit ARI 14-004.

3.4 Analysis
Daily discharge records for the Murray River were based on the gauge measuring flow downstream of
Torrumbarry Weir. All other flow data and regulator operations as provided by the North Central CMA.
The Carp data was summarised to:
1. describe the distribution of fish within the Gunbower Forest throughout the study, but also specifically
in relation to the flow events highlighted above
2. examine the movement of fish in and out of the Gunbower Forest throughout the study, in terms of
when Carp are conducting these movements and
3. estimate the number of Carp present both within the Gunbower forest specifically but also the
Gunbower Forest system.
To describe the distribution of fish within Gunbower Forest, we present the number of Carp recorded at the
receivers throughout the study (summarised in quarterly time intervals) and then at shorter time periods
relevant to the duration of each of the focal flow events. To examine movements in and out of the Gunbower
Forest and estimate the number of Carp present within the system, we examined the movement of each Carp
based on their known location of release, and then when they were recorded at receivers. We classified fish
as being outside the system according to the follow criteria:
-

Downstream: when fish were detected at the Murray River just downstream the Gunbower Creek
junction (VR2W-104602)

-

Side: when fish were observed at receivers in NSW

-

Upper: when fish were observed upstream of Torrumbarry Weir and

-

Unknown: from last know record until the end of study.

To estimate the number of fish in Gunbower Forest rather than the Gunbower system overall, receivers that
were in the system but outside of the forest were reclassified as out, and we re-examined all Carp movements
to calculate the proportion in/out at particular times. Additional antecedent river movement is also important
for these flow events, particularly if any accumulations around Shillinglaws Regulator or Three Corner Hole
occurred outside the flood periods. The time between the larger and smaller floods was used to identify refuge
habitats within the Gunbower Forest.
Three separate analyses were undertaken to include the three flow scenarios:
1. Large natural flood (Sep 2016–March 2017)
2. Small natural flood (7-20 December 2017)
3. Managed flow via Hipwell Road Environmental Regulator (12 June - 27 October 2018)

7
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Table 1. Carp capture and release locations and individual Carp details.

8

Waterbody Name

Release Location

Length
(mm)

Weight
(g)

T-bar Tag
Number

Acoustic
Tag Number

Date
Tagged

Date Tag
Expires

Sex

Gunbower Ck

Three Corner Hole

580

3306

137743

52334

5/09/2016

6/03/2019

Female

Gunbower Ck

Three Corner Hole

546

2614

137744

52341

5/09/2016

6/03/2019

Gunbower Ck

Three Corner Hole

518

2908

137745

52348

5/09/2016

6/03/2019

Gunbower Ck

Three Corner Hole

458

1872

137746

52355

5/09/2016

6/03/2019

Gunbower Ck

Three Corner Hole

438

1604

137747

52362

5/09/2016

6/03/2019

Gunbower Ck

Three Corner Hole

485

2388

137748

52361

5/09/2016

6/03/2019

Gunbower Ck

Three Corner Hole

426

1354

137749

52333

5/09/2016

6/03/2019

Male

Gunbower Ck

Three Corner Hole

508

2384

137750

52354

5/09/2016

6/03/2019

Male

Gunbower Ck

Three Corner Hole

408

1158

137651

52347

5/09/2016

6/03/2019

Male

Gunbower Cr

Three Corner Hole

442

1608

137652

52340

5/09/2016

6/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

485

2060

137653

52367

6/09/2016

7/03/2019

Male

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

490

2184

137654

52353

6/09/2016

7/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

437

1596

137655

52339

6/09/2016

7/03/2019

Male

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

495

2178

137656

52332

6/09/2016

7/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

508

2306

137657

52360

6/09/2016

7/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

503

2120

137658

52345

6/09/2016

7/03/2019

Male

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

530

2522

137659

52352

6/09/2016

7/03/2019

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

444

1624

137660

52359

6/09/2016

7/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

511

2446

137661

52346

6/09/2016

7/03/2019

Female

Yarran Ck at Shillinglaws Reg*

Yarran Ck forest side of Shillinglaws Reg

441

1490

137662

52366

6/09/2016

7/03/2019

Male

Little Gunbower Ck

Little Gunbower Ck

595

4638

137663

52343

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

524

2604

137664

52338

7/09/2016

8/03/2019
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Male

Waterbody Name

Release Location

Length
(mm)

Weight
(g)

T-bar Tag
Number

Acoustic
Tag Number

Date
Tagged

Date Tag
Expires

Sex

Little Gunbower Ck

Little Gunbower Ck

478

1906

137665

52350

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

468

1940

137666

52331

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

491

2382

137667

52330

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

395

1114

137669

52358

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

548

2968

137670

52365

7/09/2016

8/03/2019

Male

Little Gunbower Ck

Little Gunbower Ck

419

1538

137671

52344

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

468

2058

137672

52351

7/09/2016

8/03/2019

Female

Little Gunbower Ck

Little Gunbower Ck

421

1596

137673

52337

7/09/2016

8/03/2019

Reedy Lagoon

Reedy Lagoon

640

6150

137674

52364

8/09/2016

9/03/2016

Female

Reedy Lagoon

Reedy Lagoon

640

5926

137675

52357

8/09/2016

9/03/2016

Female

Reedy Lagoon

Reedy Lagoon

570

4490

137676

52329

8/09/2016

9/03/2016

Female

Reedy Lagoon

Reedy Lagoon

577

3780

137677

52336

8/09/2016

9/03/2016

Male

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

406

1244

137678

52356

8/09/2016

9/03/2016

Male

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

415

1402

137679

52363

8/09/2016

9/03/2016

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

512

2868

137680

52335

8/09/2016

9/03/2016

Female

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

446

1490

137681

52328

8/09/2016

9/03/2016

Male

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

422

1448

137682

52342

8/09/2016

9/03/2016

Yarran Ck at Shillinglaws Reg*

Between Green Swamp and Yarran Ck

441

1558

137683

52349

8/09/2016

9/03/2016

* Thirty metres of Channel between Shillinglaws Regulator and Murray River
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4 Results
4.1 Murray River discharge
During the three-year study period, a large natural flood with bank-overflow occurred from September to
December 2016 (Figure 3). Low lying forest effluents begin to receive flows when flow volume is greater than
14,000 ML/day and full overbank flooding occurs when flow is greater than 27,000 ML/day. In December 2017,
a small flood occurred with flows exceeding 14,000 ML/day for a nine-day period, although not exceeding
27,000 ML/day. In October 2018 flows surpassed 14,000 ML/day for a ten-day period, and only trickled into
Upper Spur Creek, the lowest connecting floodrunner as regulators on the Murray River side of Gunbower
Forest remained closed.

Figure 3. Discharge of the River Murray downstream Torrumbarry Weir throughout the study period.
The bottom dashed line is 14,000 ML/day indicating start of Murray River egress. The top dashed line
is 27,000 ML/Day, indicating floodplain and wetland connectivity.

4.2 General movement patterns of Carp
The movement patterns of Carp throughout the study were complex. The movement of receivers to
accommodate the three different flood scenarios also meant some components of the analysis are restricted
making it hard to interpret and convey.
For general fish movement, we define the Gunbower Forest system as the Murray River from downstream
Torrumbarry Weir to just downstream the Gunbower Creek system, including Gunbower Creek and the forest,
which includes the floodplain and wetlands, between these two waterbodies. All forty Carp were detected
throughout the study period, including Carp detected by other programs outside the study area. While a full
dataset of Carp detections outside of the study area is not available, there is enough information to confirm
whether Carp were outside the system (upstream Torrumbarry Weir, in Koondrook-Perricoota Forest (KPF) or
downstream of the Gunbower Creek junction). There is a clear pattern of more Carp being within the system
during the spring/early summer, which correlates with the timing of higher spring flows (Figure 4). Carp that
do not remain on the floodplain moved outside of the Gunbower Forest system, with a number returning with
the increase in flows the following year.
Carp were detected undertaking large migrations outside of the system. This included four Carp exiting the
Gunbower Forest in 2016, moving through Torrumbarry Weir when the gates were fully open in October 2016
10

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

and moving as far upstream as the Barmah Forest (a distance of 230 km). Three of these Carp remained
upstream for the duration of the project, whilst the other Carp moved back into the system and then migrated
out of the system (downstream) in December 2017. Another Carp moved upstream to Barmah Forest in
October 2016 via Koondrook-Perricoota Forest and returned to the Gunbower Forest system in November
2016. This Carp then moved out of the system moving downstream in late November 2017 and was detected
at the Hattah Lakes in early December 2017. Another Carp also moved downstream in December 2017 and
was detected at the Hattah Lakes in December 2017. Another four Carp exited the Gunbower Forest system
and moved downstream to the Little Murray River near Swan Hill in September 2016. Three of these Carp
had returned to the Gunbower Forest system by mid December 2016.

Figure 4. Number of Carp recorded at locations in Gunbower forest and surrounding areas 20162019. Note that data here is summarised for quarterly time periods. Q1 is January to March inclusive,
Q2 is April to June inclusive, Q3 is July to September inclusive and Q4 is October to December
inclusive. Hits represents the number of Carp recorded on that receiver.

Individual Carp movements within the Gunbower Forest system, KPF or outside the system (upstream or
downstream) from the three-year study are graphically shown in Figure 5. The ‘unknown’ component of this
figure refers to an individual’s last known detection until the end of the study. Five Carp were last detected on
the Gunbower Forest in 2016, either escaping to unknown locations or perishing. Another four Carp were last
detected in the Murray River within the Gunbower Forest system in late 2016 or early 2017. These Carp may
be river residents, fish that moved into the KPF, or fish that entered the Gunbower Forest at unknown locations
and weren’t detected by the receiver array, which was possible if they remained in the very upper forest
floodplain. The movement behaviour of Carp captured from different locations appears to be different (Figure
5). Carp tagged within the floodplain wetlands are more likely to remain on the floodplain (Figure 5 c and d),
while Carp captured at Shillinglaws Regulator, irrespective of their release locations (Figure b and e), were the
only Carp detected in the KPF.
Most detections were primarily in the spring/summer (as evident from Figure 4), and the number of detections
within the Gunbower Forest system during these months was investigated (Figure 6). There was widespread
movement through the 2016 large flood both on the floodplain and at key entry exit locations (Shillinglaws
Regulator and Three Corner Hole), but with limited movement in 2017. This flood was not large enough for
Three Corner Hole to connect and Shillinglaws Regulator remained closed, however, there were more
11
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detections at these two locations indicating accumulations of Carp at these areas trying to access the
floodplain. Again in 2018, there was higher detection rates at Shillinglaws Regulator and Three Corner Hole,
but fish also moved throughout the floodplain downstream Yarran Creek, with fish detected at Spur Track,
Little Gunbower Creek and Black Swamp (see section 3.5). The number of Carp detected at each receiver
and their tagging location is shown in Table A2 in the Appendix.
Ten Carp moved long distances; six females, three males and one of an unknown sex. Of these long-distance
movements, four of the five Carp that moved upstream were female; one male and one female Carp returned
downstream, with the other three female Carp remaining upstream. Three female and three male Carp moved
large distances downstream. For the fish that stayed on the Gunbower Forest or only moved into the Murray
River for a short period (not including fish that were last detected on floodplain in 2016), there was also a 50:50
sex ratio with three of each sex showing site fidelity.

Figure 5. Movements of Carp in and out of the Gunbower Forest system from 2016-2019. The five
panels show fish in relation to their tagging and release location: (a) Three Corner Hole; (b)
Shillinglaws Regulator; (c) Little Gunbower Creek; (d) Reedy Lagoon; and (e) between Green Swamp
and Yarran Creek. in = within the Gunbower Forest system, down = downstream of Gunbower Forest
(below receiver VR2W-104602), side = receivers in NSW, upper = upstream of Torrumbarry Weir,
unknown = period from last record until end of the study.

4.3 Large flood
During the large flood, flows exceeded 14,000 ML/day from 29/07/2016 to 25/11/2016 at Torrumbarry Weir
and exited Three Corner Hole from 7/09/2016 until 9/11/2016. A small flow had exited the forest at Three
Corner Hole prior to 7/09/2016, but no information on dates and volumes are available. Shillinglaws Regulator
was open from 7/09/2016 until water stopped draining from the forest in early December 2016. During this
flood Carp moved across the floodplain throughout September, with many fish exiting the system in October
and November, as illustrated by detections outside of the Gunbower Forest system (Figure 7). By November,
less Carp remained on the floodplain, with even fewer present in December. However, in December they were
still detected at the key entry/exit locations. Carp exited the floodplain into the Murray River at unknown
locations upstream Shillinglaws Regulator and by February 2017 had left the system.
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Figure 6. Number of Carp recorded at locations in Gunbower Forest and surrounding areas during
spring from 2016-2018. Hits represents the number of Carp recorded on that receiver.

4.4 Small flood
During the small natural flood in December 2017 floodrunners upstream of Shillinglaws Regulator connected
for 3–9 days (floodrunner connection varies in height/flow). Even though this event was predicted to be small,
receivers were placed at five potential locations where water may flow onto the floodplain at locations that
were not targeted in 2016. This small flood did not flow through the forest and link up wetlands downstream
Yarran Creek with no flow exiting the floodplain via Three Corner Hole. Shillinglaws Regulator was also closed
for the duration of the flood. In total, five Carp were detected from four (Upper Spur Creek, Kate Malone,
Camp 53 and between camps 44 and 45) of the five locations between 7 and 12 December 2017 (Figure 8).
No Carp were detected from the receivers downstream of Camp 43. Only one of the five Carp detected at
these smaller floodrunners, which was detected at Upper Spur Creek on 7/12/2017, moved onto the floodplain
and remained on the floodplain. The Upper Spur Creek is the first floodrunner to connect as the Murray River
rises, connecting at about 14,000 ML/day. It is also a deep channel compared to the other small floodrunners
which had receivers in place. Carp were also detected at Shillinglaws Regulator, as well as Three Corner Hole
and at Gunbower Creek and the Murray River at the Gunbower Creek junction.

4.5 Managed flood
The 2018 managed flow delivered by used the Hipwell Road Environmental Regulator (HRER) and provided
an opportunity to track Carp movements through the forest and determine whether they would re-enter the
forest via Shillinglaws Regulator or Three Corner Hole. The environmental regulator on Gunbower Creek at
Yarran Creek (YCER) was also open from 17/09/2018 to 7/11/2018, however, no receiver was in place at
YCER during this event. The managed flow event started at HRER on 12/06/2018 and finished on 28/10/2018.
Water started overflowing Shillinglaws Regulator on 8/10/2018 and was opened on 10/10/18 and lasted until
14/11/2018, while flows drained into Gunbower Creek at Three Corner Hole from 8/08/2018 to 6/11/2018. The
water reached Little Gunbower Creek on 1/8/2018.
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Figure 7. Number of Carp recorded at locations in Gunbower forest and surrounding areas from
September 2016 to February 2017. Black circles show where no Carp were detected. Hits represents
the number of Carp recorded on that receiver.
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Figure 8. Number of Carp detected between 7 December and 19 December 2017. Black circles show
where no Carp were detected. Hits is the number of Carp recorded on that receiver.

Four Carp were recorded at Three Corner Hole in July 2018, but only moved onto the floodplain from midAugust to mid-September (Figure 9). Carp entered the forest almost immediately after connection with four
Carp detected at Spur Track between 10 and 16 August (connected at Three Corner Hole on 8 August).
Another three Carp were detected at Spur Track from 4-13 September. Of the seven Carp moving onto the
floodplain via Three Corner Hole during the managed flow event, six remained. The Carp that exited the forest
was detected at Spur Track on 5 October and Three Corner Hole on 7 October, being the only Carp detected
at Spur Track after 17 September, despite water draining from the forest until 6 November.
Four Carp entered the forest via Shillinglaws Regulator during the 2018 managed flow between 10 and 16
October, including the day it was opened (10 October). This included two Carp that then exited the forest via
Shillinglaws Regulator (from 24 to 30 October) and two fish that remained on the floodplain and were last
detected between Yarran Creek and Green Swamp, indicating possible movements into the upper forested
area. One fish may have exited into Gunbower Creek via Yarran Creek Environmental Regulator (YCER), as
it was last detected between Yarran Creek and Green Swamp in October 2018, while YCER was open for exit
after this period.
Only one Carp detected in the upper floodplain, early in the managed flow. This Carp was detected at upper
Spur Creek during the 2017 small flood, must have remained on the floodplain (probably in Spur Creek) and
was detected at Yarran Creek in July 2018. This fish remains on the floodplain at an unknown location. No
other Carp were detected in the upper forested area (Spur Creek or Hipwell Road) during the managed water
event. However, no receiver was placed in Little Reedy Lagoon during this time.
By December 2018, no Carp were detected in the system aside from on the floodplain. This is the same
pattern as the large flood with fish exiting the Gunbower Forest system, apart from the Carp remaining on the
floodplain following the flood drawdown.

4.6 Carp movement between Gunbower Forest and lotic systems
The number of Carp present within the Gunbower Forest system decreased every year, coinciding with
increased flow (Figure 10). Carp entered and exited the Gunbower Forest at Three Corner Hole and at
Shillinglaws Regulator during the 2016 large flood and the 2018 managed flow. While multiple entry/exits were
observed during the 2016 large flood, these were rare during the 2018 managed flood. Carp also exited the
forest at unknown locations upstream Yarran Creek in 2016. Shillinglaws Regulator was closed in 2017, while
the flood wasn’t large enough to connect through the forest and therefore no flow drained via Three Corner
Hole, therefore no entry/exits occurred in 2017. During the 2017 small flood event, there were four new
potential Carp entry/exit points and one confirmed entry point at Upper Spur Creek. We are not aware of Carp
exiting into the Gunbower Creek upstream Koondrook Weir during the study. Carp entered the forest at
Shillinglaws Regulator, the day the regulator was opened in October 2018.
Four Carp predominantly stayed on the floodplain, with two tagged at Reedy Lagoon and two at Little
Gunbower Creek (Figure 11 c and d). Reedy Lagoon was very low in August 2017, with the North Central
CMA pumped out Reedy Lagoon and Black Swamp to physically remove adult Carp from these wetlands. Two
Carp were recaptured and transferred from Reedy Lagoon into Gunbower Creek downstream Koondrook Weir.
Both Carp re-entered the forest via Three Corner Hole during the 2018 managed flood and remained on the
floodplain after this. They were last detected at Black Swamp and at Little Gunbower Creek in 2019 but could
not return to Reedy Lagoon given the lack of connection to Black Swamp during the managed flow.
No Carp entered the Gunbower Creek via the Yarran Creek Environmental Regulator (YCER), which was only
open for a short period in September 2016. Ten Carp were recorded at the YCER at Thiess Logger for only
one time period, between 7 and 15 September 2016, when the dual leaf gate was open. Co-incidentally, the
fishway and an additional gate was opened on 16 September 2016, the day after the last detection at this
location. It is unknown if Carp would have exited if the YCER was open to fish movement earlier.
Carp were detected on the forest side of Barham Cut Regulator during the 2016 large flood but did not exit
into the Murray River. As the receiver was within a channel with no overbank flow nearby, Carp were probably
seeking an exit from the forest. This regulator was in overshot mode and may have acted as a barrier. No
Carp exited or entered via Barham Cut during the entire study.
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Figure 9. Monthly Carp observations June to December 2018. The black triangle shows the location
of Hipwell Regulator. Hits represent the number of Carp recorded on that receiver.

Figure 10. Number of fish recorded in Gunbower Forest (black line) and discharge (grey line)
throughout the study.

16

Carp movements on an inundated floodplain - Gunbower Forest Case Study 2016–19

OFFICIAL

Figure 11. Movements of Carp in and out of the Gunbower Forest from 2016-2019. The five panels
show fish in relation to their tagging and release location: (a) Three Corner Hole; (b) Shillinglaws
Regulator; (c) Little Gunbower Creek; (d) Reedy Lagoon; and (e) between Green Swamp and Yarran
Creek, unknown = period from last record until end of the study

4.7 Carp abundance on Gunbower Forest
The number of Carp on the Gunbower Forest decreased dramatically from 40 to less than 10 by the end of the
2016 flood (Figure 12). Five Carp were last detected on the floodplain in 2016. These fish may have become
stuck on the floodplain, died as the forest dried out, or escaped. Three of these fish were last detected on the
forest upstream Yarran Creek, and many have remained on the floodplain, escaping detection since few
receivers were upstream of Yarran Creek after the 2016 flood. One Carp very likely perished on the floodplain,
being last detected at Little Gunbower Creek complex in September 2017 before this area dried out.
After the 2016 flood event, Carp re-entered the floodplain, associated with the small 2017 flood and the 2018
managed flow event (Figure 12). The number of Carp last detected on the floodplain was higher after the
managed flow event, than any other time post the 2016 flood. This indicates that the Carp that moved onto
the floodplain during the managed flow event were more likely to stay on the floodplain.

Figure 12. Number of fish recorded in Gunbower Forest (black line) and discharge (grey line)
throughout the study.
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5 Discussion
5.1 Spatial migrations
Carp movements are highly variable and occur for a range of purposes (Koehn et al. 2016). Understanding
movements across spatial scales (both up and down river) and between river and wetland habitats when
connected is important, to help inform management options. During this study 25% of the Carp undertook
major migrations of over 100 kilometres (up to 780 km), either upstream, downstream or both. These longdistance movements support the findings of Jones and Stuart (2007) who detected Carp migrating up to 230
km for spawning and the 650 kilometres downstream movements (Jones and Stuart 2009). These large withincatchment migrations are effective methods of Carp dispersal (Stuart et al. 2001). Interestingly, the large
migrations all occurred during the spawning period, with Carp unexpectedly moving away from a known Carp
spawning hotspot, Koondrook-Perricoota-Gunbower Forest (Gilligan, unpublished data).
Carp from this study (Gunbower Forest) moved into KPF; while a similar study in NSW KPF (Duncan et al.
2018a) detected Carp moving into the Gunbower Forest. A proportion of these migrating Carp subsequently
returned to the Gunbower Forest area post-spawning, indicating there is a high level of population mixing
throughout the mid-Murray River. As both of these studies targeted Carp movement within the forested area
the amount of movement is likely an underestimate. The level of population mixing may therefore be even
larger and more complex than small studies such as these have indicated.
The substantial population mixing, including Carp moving from Gunbower Forest to other spawning hotspots
such as the Barmah Forest, illustrates that Carp entering the Gunbower Forest to spawn can originate from a
much larger area than previously thought. Carp may also be searching for suitable spawning habitat in more
areas than previously envisaged. Therefore, Carp management on the floodplain of the Gunbower Forest
must take a holistic view of the wider Carp population. This finding emphasises the need for a Carp
metapopulation model proposed by Koehn et al. (2016).

5.2 Floodplain movements
In contrast to the long-distance migrations, a subset of tagged Carp stayed near their tagging location,
including within the forest and the adjacent river system. These movements are illustrated within a conceptual
model (Figure 13). Generally, once Carp entered the forest, they moved in an upstream direction. A study of
Banrock Station Wetlands also found Carp entering from the bottom entrance with 4709 fish entering via the
outlet and only four individuals entering from the inlet (Conallin et al. 2012). This indicates that Carp are
following either a flow or a chemical cue to enter the floodplain and then move upstream through the forest.

5.3 Lateral entry/exit movements
This study showed a dynamic but variable movement response with many Carp repeatedly moving into and
out of the forest during the 2016 flood event, similar to Carp movements in KPF (Duncan et al. 2018a).
Shillinglaws Regulator and Three Corner Hole were the key entry and exit locations, with some detections at
other regulators such as Yarran Creek and Barham Cut, but no confirmed exits. Carp also entered the
Gunbower Forest floodplain from inflow floodrunners during the 2017 small flood and eight Carp exited the
Gunbower Forest at unknown locations in 2016, presumably at these floodrunners. This study therefore
indicates that Carp can be opportunistic and use all connection points available to enter or exit the floodplain.
Currently, how important floodrunners are for Carp during natural larger floods for floodplain and river
connectivity is unknown.

5.4 Managed flow movements
Managed flows have the potential to enhance Carp populations since they create large areas of newly
inundated floodplain habitats and can allow the return of Carp (adults and larval/young fish) from the floodplain
to the river (Koehn et al. 2016). These inundations allow widespread movement and provide spawning
opportunities during times of increased floodplain productivity, enhancing larval/young recruitment. Managed
flows also provide opportunities to recolonise wetlands.
Three Corner Hole is an important site for Carp to enter the floodplain under both natural floods and managed
flows. Coordination of the lower landscape regulators during managed flows can enable Three Corner Hole
to be the sole entry/exit location for Carp onto Gunbower Forest. Placement of Carp screens at this site may
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also be a potential management option. During managed flows, Carp that enter the floodplain largely appear
to remain in the lower and middle floodplain, presumably due to smaller flows. A much higher proportion of
Carp remain on the floodplain during the managed flow compared to the 2016 large natural flood. Previous
research (The Living Murray condition monitoring and Carp biomass projects. The refuge habitats downstream
Yarran Creek hold large abundances of Carp following managed flows with the Little Gunbower Creek having
the highest CPUE in the Carp biomass study (Stuart pers comm), and also for the Gunbower Forest condition
monitoring project supporting the importance of these floodplain wetlands to Carp During managed flows, the
Carp that move onto the floodplain to spawn may not have adequate time to exit, as water levels in the lower
forest immediately upstream Three Corner Hole become shallow quickly. This pattern is supported by the
failure of most of the Carp that entered the floodplain to successfully exit.
While this study was not specifically designed to investigate Carp spawning, most of the floodplain movement
behaviour detected is thought to be spawning related. Increased Carp spawning has been reported with
increased flows in a range of studies in both rivers and wetlands (Stuart and Jones 2006b; Bice and Zampatti
2011; Macdonald and Crook 2013; Bice et al. 2014; Thwaites and Fredberg 2014). Natural flooding and
managed artificial inundation of floodplains both expand the area and extent of potential habitat for Carp
spawning and recruitment (Mallen-Cooper et al. 2011; Zampatti et al. 2011), heightening the risk of Carp
population increases. Small watering events can prompt a similar recruitment response to that observed after
prolonged watering (Beesley et al. 2011), while hydrology can positively influence the recruitment strength of
Carp populations through dispersal from nursery sources (Stuart and Jones 2006a, 2006b; Macdonald and
Crook 2013). The absence of significant flows following such spawning events limits downstream dispersal
and results in retention in nursery areas (Macdonald and Crook 2013). This knowledge creates an option to
potentially contain managed flows to the floodplain, as well as prevent juvenile Carp dispersal back into
Gunbower Creek and ultimately the Murray River system. However, there is little quantitative evidence
regarding the consequences that Carp spawning events have on adult populations in the longer term (Koehn
et al. 2016). This knowledge gap is true for the Gunbower Forest, as the fate of young-of-year and juvenile
Carp within the Gunbower Forest system is unknown, as is the contribution of Carp spawning and recruitment
from the Gunbower Forest to the overall Carp population. Tagging juvenile Carp on the floodplain and tracking
their survivorship and movements would help address this knowledge gap.
The section of Gunbower Creek downstream Koondrook Weir, which coincides with the natural outfall of the
forest (Three Corner Hole), had higher levels of young-of-year Carp compared to the remaining Gunbower
Creek sites (DELWP, unpublished data). In April 2019, the Three Corner Hole site had a 10–100-fold higher
abundance of young-of-year/juvenile Carp than the other 11 Gunbower Creek sites following the 2018
managed flood event. Recent modelling of Carp populations within the Gunbower Forest system by Koehn et
al. (2016) indicated increasing population size corresponding to the frequency of flooding, with annual access
to the floodplain habitats providing the largest populations. Artificial inundations proposed using floodplain
regulators therefore could play a role in contributing to the Carp population in the Gunbower Forest.
Young-of-year Carp within the KPF had a very poor survival rate, most likely due to acidic and anoxic water
associated with the 2016 flood (Duncan et al. 2018b). Regular small-scale managed floods that don’t inundate
large areas of leaf litter may result in more successful recruitment of Carp than much larger floods that inundate
areas that have been dry for several years (Duncan et al. 2018b). The large abundance of juvenile Carp
collected in Gunbower Creek at Three Corner Hole in 2019 were likely from the 2018 managed flow. It is
unlikely that spawning occurred at other areas, as no floods occurred for Carp to spawn following the
conclusion of the 2018 managed flow until when receivers were retrieved in April 2019.
Collections of Carp otoliths to determine natal origin and surveys targeting juvenile Carp in the Gunbower
Forest, the lower Gunbower Creek and the Murray River adjacent to connection points would help address
Carp responses to environmental water management. Tagging juvenile Carp on the floodplain and tracking
their survivorship and export into the Murray River system will also help address the knowledge gap and help
determine the contribution of Gunbower Forest to the wider Carp population. Not only would this data inform
management, but it can also be used to support the validation, calibration and future refinement of the Carp
population model.

5.5 Male/female Carp movement preferences
Male Carp in the Barmah-Millewa Forest and the KPF have been shown to move significantly greater distances
than females (Stuart and Jones 2006a; Duncan et al. 2018a). In this study however, of the ten Carp that
moved long distances, six were female, three were male and one was of an unknown sex. Interestingly, of the
Carp that moved upstream, four were female and one was a male. Duncan et al. (2018a) found that female
carp were more likely to move onto the KPF and not exit, while the fish that stayed on the Gunbower forest
had a 50:50 sex ratio. These differences in sexes moving long distances may be influenced by capture and
tagging location. The two previous studies predominantly tagged Carp in the Murray River and larger creeks,
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whilst this study captured and tagged Carp either on the floodplain or at locations accumulating to get on the
floodplain (such as behind regulators).

5.6 Project limitations
The limited number of receivers available to identify all Carp movement pathways across the Gunbower Forest
means knowledge gaps remain regarding all entry/exit locations, particularly under different flow regimes.
Deployment of more receivers and placing a focus on specific zones within the Gunbower Forest would be
valuable within future studies.
Incomplete data was available during this study regarding the height and duration of water movement,
particularly at inflow connection points, such as Upper Spur Creek. Knowing the connection heights to all
floodrunners can help determine possible pathways and behavioural patterns and would also help determine
operations of the lower landscape regulators and help determine whether additional landscape regulators are
required. During larger natural floods that last for an extended period, juvenile Carp may exit the floodplain at
Upper Spur Creek. It has been demonstrated that during receding flows of the managed flow, mass migrations
of juvenile Carp try to exit the Gunbower forest via the fishlock on HRER (Sharpe and Stuart 2016; Sharpe et
al. 2016). During smaller floods, the connection isn’t long enough for Carp to spawn, and for the recruits to be
large enough to exit the floodplain, particularly at the upstream connection points.
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Figure 13 . Conceptual model of Carp movements within and entering and exiting the Gunbower
Forest based on acoustic tagging data.
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5.7 Recommendations for future monitoring and options to mitigate
Carp
Target key entry/exit pathways of Carp
•

Investigate options to limit Carp access via Three Corner Hole (a key entry/exit pathway), particularly
during managed flows, where water exiting the forest is largely restricted to the outlet creek leading
to Three Corner Hole. The options may include the use of screens and/or barriers to limit access for
both adult Carp (to reduce floodplain spawning) and larval/juvenile Carp (to limit recruits entering the
Murray population).

•

Determine large-bodied fish movement (native and exotic) entering and exiting the floodplain during
floods, particularly via Shillinglaws Regulator and Three Corner Hole and other floodrunners such as
Upper Spur Creek depending on size of the flood. This information would identify the potential
impacts on native fish species in the event of implementing Carp management options such as
closing regulators or construction of barriers.

Target Carp hotspots and refuge areas for control
•

Investigate options for adult Carp removal from known hotspots and refuge areas, such as the Little
Gunbower Creek which recedes to a pool at the regulator and which could be pumped dry and Carp
removed.

•

Continue current Carp management strategies including identification of potential refuge habitats for
potential future Carp control. i.e. Spur Creek and improvement of exclusion fences around key
wetlands i.e. Reedy Lagoon.

Build knowledge base to inform management options

22

•

Establish a monitoring program to provide data on Carp population dynamics (Gunbower Forest and
Murray River populations), and their responses to interventions such as managed flows. This
program would involve surveys of the forest and surrounding waterbodies (i.e. Murray River and
Gunbower Creek), tagging of juvenile Carp and analysis of otoliths. The data would inform
management and support the validation, calibration and future refinement of the Carp population
model.

•

Further studies be initiated and include the installation of additional transmitters and receivers in the
forest to increase the resolution of Carp movement pathways and identification of refuge habitats,
particularly for upstream areas in the Gunbower Forest. Studies could be targeted at Carp hotspots
such as the lower or upper Gunbower Forest.

•

Investigate patterns of flow between the Gunbower wetlands and floodplain and the Murray River by
installing depth or pressure loggers to complement current metering. Additional knowledge of water
flow across the floodplain will enable better management of regulators and will potentially identify
additional management options. e.g. Flow from Upper Spur Creek and Kate Malone linking to Spur
Creek and through the forest to Little Reedy Wetland. Other examples include determining flow
rates required from Barham Cut to connect with the Little Gunbower Creek complex and flows
required to connect Little Gunbower Creek complex to Three Corner Hole.
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7 Appendices
Appendix A1. Receiver details, including owner, locations, set times, retrieval times, flood event monitoring and purpose. ‘Other’ in Owner
column refers to receivers from additional projects. NCCMA is North Central Catchment Management Authority; ARI is Arthur Rylah
Institute
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Receiver

Owner

Station Name

Flood Event

Purpose

Latitude

Longitude

Date Set

Date Retrieved

102718

ARI

Hipwell Channel

Large

Forest movement and
exit/entry

-35.85495

144.33415

31/08/2016

21/12/2016

124273

NCCMA

Spur Ck

Large

Forest movement and
refuge habitat

-35.83320

144.32347

9/09/2016

3/10/2017

125953

NCCMA

Little Reedy Wetland

Large

Forest movement and
refuge habitat

-35.76667

144.26773

9/09/2016

3/10/2017

103578

ARI

Green Swamp and Yarran Ck

Large

Forest movement

-35.75061

144.24598

1/09/2016

20/12/2016

102620

ARI

Gunbower Ck at Yarran Reg

Large

Forest movement and
exit/entry

-35.76486

144.23233

31/08/2016

3/10/2017

103588

ARI

Yarran Ck at Thiess Logger

Large

Forest movement and
exit/entry

-35.76226

144.23192

31/08/2016

20/12/2016

103590

ARI

Spur Track

Large

Forest movement

-35.67107

144.15379

1/09/2016

20/12/2016

124272

NCCMA

Murray R at Shillinglaws Reg

Large, Small,
Managed

Exit/entry

-35.73940

144.25496

1/09/2016

29/04/2019

103575

ARI

Yarran Ck at Shillinglaws Reg

Large

Exit/entry

-35.74063

144.25174

1/09/2016

20/12/2016

103579

ARI

Reedy Lagoon

Large

Forest movement and
refuge habitat

-35.72776

144.20763

2/09/2016

31/08/2017

124269

NCCMA

Barham Cut - forest side

Large

Forest movement and
exit/entry

-35.69424

144.21104

1/09/2016

20/12/2016
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Receiver

Owner

Station Name

Flood Event

Purpose

Latitude

Longitude

Date Set

Date Retrieved

103574

ARI

Gunbower Ck at Little Gunbower
Ck Reg

Large

Exit/entry

-35.69495

144.17438

1/09/2016

3/10/2017

125952

NCCMA

Little Gunbower Ck Reg

Large

Forest movement and
refuge habitat

-35.69679

144.17647

2/09/2016

1/05/2019

124271

NCCMA

Little Gunbower Ck - Forest

Large

Forest movement and
refuge habitat

-35.70409

144.19101

2/09/2016

3/10/2017

103581

ARI

Three Corner Hole

Large, Small,
Managed

forest movement and
exit/entry

-35.65617

144.14344

1/09/2016

30/05/2018

102718

ARI

Gunbower Ck at Hipwell Reg

Large

Exit/entry

-35.85870

144.33501

21/12/2016

3/10/2017

103578

ARI

Corduroy Swamp upstream

Large

Forest movement and
refuge habitat

-35.75746

144.25777

20/12/2016

3/10/2017

103588

ARI

Corduroy Swamp downstream

Large

Forest movement and
refuge habitat

-35.75582

144.25558

20/12/2016

3/10/2017

103575

ARI

Green Swamp

Large

Forest movement and
refuge habitat

-35.75892

144.24755

20/12/2016

3/10/2017

124269

NCCMA

Black Swamp

Large

Forest movement and
refuge habitat

-35.71021

144.17972

20/12/2016

31/08/2017

124269

NCCMA

Black Swamp

Large

Forest movement and
refuge habitat

-35.71021

144.17972

4/10/2017

29/04/2019

103590

ARI

Little Gunbower Ck- Forest
downstream

Large

Forest movement and
refuge habitat

-35.69674

144.18786

21/12/2016

30/05/2018

104602

Other

Murray R downstream Gunbower
Ck

Large

Exit/entry

-35.63697

144.13167

1/09/2016

29/04/2019

102701

Other

Murray R upstream Gunbower Ck

Large

Exit/entry

-35.64326

144.14009

1/09/2016

29/04/2019

104603

Other

Gunbower Ck upstream Murray R

Large

Exit/entry

-35.64196

144.13591

1/09/2016

29/04/2019

115426

Other

Murray R at Swan Reg

Large

Exit/entry

-35.91236

144.42647

1/09/2016

29/04/2019
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Receiver

Owner

Station Name

Flood Event

Purpose

Latitude

Longitude

Date Set

Date Retrieved

124271

NCCMA

Gunbower Ck downstream
Koondrook Weir

Small, Managed

Exit/entry and Gunbower
Ck movement

-35.65627

144.12625

4/10/2017

29/04/2019

124273

NCCMA

Gunbower Ck upstream Three
Corner Hole

Small, Managed

Exit/entry and Gunbower
Ck movement

-35.65514

144.14168

4/10/2017

29/04/2019

102718

ARI

Barham Cut - Murray R side

Small

Exit/entry

-35.69273

144.21235

7/12/2017

20/12/2017

103574

ARI

Barham Cut - Forest side

Small

Exit/entry

-35.69424

144.21104

7/12/2017

20/12/2017

103575

ARI

Yarran Ck at Shillinglaws Reg

Small

Exit/entry

-35.74063

144.25174

7/12/2017

20/12/2017

103578

ARI

Camp 53 on Bend 84

Small

Exit/entry

-35.80566

144.37139

7/12/2017

20/12/2017

103588

ARI

Between Camps 44 and 45

Small

Exit/entry

-35.83424

144.37195

7/12/2017

20/12/2017

125953

NCCMA

Downstream Camp 43

Small

Exit/entry

-35.83900

144.37247

7/12/2017

20/12/2017

102620

ARI

Camp 39 - Upper Spur Ck

Small

Exit/entry

-35.85340

144.38213

7/12/2017

20/12/2017

103579

ARI

Kate Malone

Small

Exit/entry

-35.86647

144.40273

7/12/2017

20/12/2017

125953

NCCMA

Spur Track

Managed

Forest movement

-35.67107

144.15379

30/05/2018

30/04/2019

103574

ARI

Barham Cut - Forest side

Managed

Exit/entry

-35.69424

144.21104

29/05/2018

6/12/2018

103575

ARI

Yarran Ck at Shillinglaws Reg

Managed

Exit/entry and forest
movement

-35.74063

144.25174

30/05/2018

6/12/2018

103578

ARI

Green Swamp and Yarran Ck

Managed

Forest movement

-35.75061

144.24598

30/05/2018

30/04/2019

103588

ARI

Spur Ck

Managed

Forest movement

-35.83320

144.32347

30/05/2018

30/04/2019

102718

ARI

Hipwell Channel

Managed

Forest movement

-35.85495

144.33415

28/05/2018

30/04/2019

102620

ARI

Camp 39 - Upper Spur Ck

Managed

Exit/entry

-35.85340

144.38213

29/05/2018

STOLEN

103579

ARI

Kate Malone

Managed

Exit/entry

-35.86647

144.40273

29/05/2018

27/11/2018
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Appendix A2. Number of Carp detected at each receiver (listed from downstream to upstream) by Carp Tagging Location.
Tagging Location
Receiver Location

Hattah Lakes
Murray River upstream Little Murray River Junction (2016 only)
Murray River downstream Gunbower Creek Junction
Murray River upstream Gunbower Creek Junction
Gunbower Creek upstream Murray River Junction
Gunbower Creek downstream Koondrook Weir
Gunbower Creek upstream Three Corner Hole (2017 and 2018)
Three Corner Hole
Spur Track upstream Three Corner Hole
Little Gunbower Creek - Forest downstream
Little Gunbower Creek - Forest
Little Gunbower Creek - Regulator
Black Swamp
Reedy Lagoon
Barham Cut - Forest
Yarran Creek at Thiess Logger (2016 only)
Yarran Creek upstream Shillinglaws Regulator
Murray River at Shillinglaws Regulator
Between Green Swamp and Yarran Creek
Little Reedy Lagoon (2016 only)
Spur Creek
Hipwell Channel
Unnamed floodrunner between Camps 44 and 45 (2017 only)
Unnamed floodrunner near Camp 53 (2017 only)
Upper Spur Creek (2017 only)
28

Number of
Carp Detected

Three
Corner Hole

Little Gunbower
Creek

Reedy
Lagoon

Shillinglaws
Regulator

Green
Swamp

2
4
20
13
21
5
12
22
17
3
14
16
10
6
6
10
24
21
23
17
10
3
2
1
2

0
3
6
4
10
1
7
10
8
0
2
3
2
0
1
0
1
3
2
1
1
0
1
0
0

0
0
5
3
5
1
2
5
6
3
6
10
5
2
4
0
4
4
2
4
3
1
0
0
0

0
0
3
2
3
2
2
3
3
0
2
2
2
4
0
0
3
2
3
1
1
0
0
0
1

2
1
5
2
2
1
1
4
0
0
4
1
1
0
1
8
10
7
10
7
5
2
1
1
0

0
0
1
2
1
0
0
0
0
0
0
0
0
0
0
2
6
5
6
4
0
0
0
0
1
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Tagging Location
Receiver Location

Kate Malone (2017 only)
Murray River at Swan Regulator
Koondrook-Perricoota Forest*
Murray River upstream Torrumbarry Weir

Number of
Carp Detected

Three
Corner Hole

Little Gunbower
Creek

Reedy
Lagoon

Shillinglaws
Regulator

Green
Swamp

1
9
6
5

0
0
0
0

0
3
1
1

0
0
0
0

0
4
3
1

1
2
2
2

* May be an underestimate as NSW hasn’t supplied the full data set.
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