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Executive summary 

 

The Chowilla Anabranch system represents one of the largest areas of intact floodplain habitat in 

the lower River Murray and is considered an icon site of the Murray-Darling Basin (MDB) and a 

wetland of international importance under the Ramsar Convention. The system is characterised 

by a mosaic of hydraulically diverse habitats ranging from lotic (flowing) creeks to backwaters 

and large ephemeral lakes. River regulation and accompanying water abstraction have resulted in 

significant degradation of the system, including decreased floodplain inundation, elevated 

groundwater salinity, and obstructions to fish passage. Thus, a number of interventions have 

been initiated, with the objective of maintaining and restoring the ecological health of the site, 

including the construction and operation of the Chowilla Creek Regulator.  

 

Operation of the Chowilla Creek Regulator presents several risks, particularly in regards to native 

and non-native fish species. Operating the regulator in a manner that achieves management 

objectives whilst limiting potential impacts is fundamental, but requires rigorous monitoring 

programs to evaluate the benefits/impacts of regulator operation and inform future operation. 

The most significant risks related to operation of the regulator pertain to the movement, 

spawning and recruitment of Murray cod and common carp. 

 

In this report we 1) document the status of the existing radio-telemetry infrastructure in the 

Chowilla Anabranch system and the status of radio-tagged Murray cod that remain in the system 

from previous movement studies, and 2) propose a series of multi-year investigations to 

determine the influence of operation of the Chowilla Creek Regulator on:  

 

1) Movement of Murray cod within the Chowilla region (utilising and building upon 

existing infrastructure). 

2) Spawning and recruitment of Murray cod in the Chowilla region. 

3) Movement of common carp within the Chowilla region. 

4) Spawning and recruitment of common carp within the Chowilla region. 
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1. Introduction 

 

The Chowilla Anabranch system and floodplain is one of the largest areas of undeveloped 

floodplain in the lower River Murray (O'Malley and Sheldon 1990).  The system is a significant 

ecological asset of the Murray-Darling Basin (MDB), an Icon Site under the Living Murray 

Program and a Ramsar listed wetland of international importance. Nonetheless, the ecological 

character of the site is at risk from several threats, including decreased frequency, extent and 

duration of floodplain inundation, elevated groundwater salinity, and obstructions to fish 

passage. Despite the degradation that has occurred in the system, it remains an area of significant 

ecological value due primarily to its high diversity of hydraulic habitats and associated biota. 

 

The diverse aquatic habitats of the Chowilla system support a significant population of Murray 

cod (Maccullochella peelii) in the lower River Murray. The fish assemblage of the Chowilla 

Anabranch system and particularly Murray cod, have been the subject of considerable 

monitoring and research (Zampatti et al. 2008, 2011, Leigh and Zampatti 2012), including 

investigations of the movement of Murray cod (Leigh and Zampatti 2009, 2011a, b).  

 

From 2007–2011, the movements of 45 radio-tagged Murray cod were monitored over a period 

characterised by low flows from 2007–2010 and high flows in 2010/11 (Leigh and Zampatti 

2009, 2011b). Movement patterns varied between individuals and were influenced by flow. 

Under both low and high flows the majority of individuals exhibited site fidelity, whilst several 

individuals undertook broad-scale movements within the Chowilla system and between Chowilla 

and the River Murray (i.e. 10s km). Under conditions of increasing and high flows, however, 

several Murray cod moved out of Chowilla and undertook large-scale (>200 km) upstream 

movements in the River Murray (Leigh and Zampatti 2013).  

 

The warranted battery lives of many of the Murray cod radio-tagged during this study have now 

expired, several fish have emigrated from the Chowilla system and several fish died during a 

blackwater event in early 2011 (Leigh and Zampatti 2013). Therefore, few radio-tagged Murray 

cod were likely to have remained in Chowilla. Nonetheless, the number and fate of remaining 

tagged fish within the Chowilla system post 2010/11 was unknown. The remote radio receiver 

system used to track fish remains in place and may be used for future investigations of fish 

movement in the region.  
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The Chowilla Creek Regulator project aims to increase the frequency of inundation of the 

Chowilla floodplain, principally to improve the health of floodplain vegetation (e.g. river redgum, 

Eucalyptus camaldulensis), by raising water levels behind a regulator at the lower end of Chowilla 

Creek, to achieve variation in water level and varying extents of floodplain inundation with 

relatively small volumes of water. Accompanying construction of the Chowilla Creek Regulator, 

the weirs on both Pipeclay and Slaney Creeks will be upgraded (including fishway construction), 

which will increase capacity to vary flows to the anabranch system and enhance connectivity.  

Managed inundation utilising the Chowilla Regulator will be fundamentally different from natural 

flooding and involve significant alteration to the current hydrological and hydraulic conditions 

within Chowilla. This presents risks to riverine biota.  

 

Mallen-Cooper et al. (2008) concluded that operation of the Chowilla Regulator would present 

significant risks to four large-bodied native fish species, namely Murray cod (Maccullochella peelii), 

freshwater catfish (Tandanus tandanus), silver perch (Bidyanus bidyanus) and golden perch (Macquaria 

ambigua ambigua) whilst potentially enhancing the spawning and recruitment of non-native 

species, particularly common carp (Cyprinus carpio). Subsequently, Mallen-Cooper et al. (2011) 

developed a broad spatio-temporal approach to monitoring, including the range of parameters 

that would need to be monitored to answer questions regarding the risks and benefits of the 

Chowilla Regulator to fish. Mallen-Cooper et al. (2011) advocated a question-driven monitoring 

program that formed an integral part of an active adaptive management approach to the 

operation of the Chowilla Regulator. This included key questions pertaining to the movement, 

habitat use, spawning and recruitment of Murray cod and common carp. 

 

At the request of the proponents of the Chowilla Regulator (Department of Environment, Water 

and Natural Resources) the current project has two distinct objectives: 

 

1. Carry out maintenance of existing radio-telemetry infrastructure (remote logging stations), 

download data, purchase hardware for potential future investigations and establish the 

location, and number of tagged Murray cod with active radio transmitters in the Chowilla 

system and adjacent River Murray main channel as of February 2012. 
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2. Refine specific Murray cod and common carp monitoring questions as proposed in 

Mallen-Cooper et al. (2011) and design and cost experimental/monitoring protocols to 

enable robust investigations of movement, spawning and recruitment in response to the 

operation of Chowilla regulator and associated infrastructure (e.g. Slaney and Pipeclay 

weirs). 

 

These two objectives and tasks will be presented as two chapters. 
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2. Murray cod tracking in the Chowilla Anabranch system February 2012 

and infrastructure maintenance 

 

2.1 Introduction 

The diverse aquatic habitats of Chowilla support a significant population of Murray cod in the 

lower River Murray. This population is characterised by high abundances and a broad size range 

of fish (Zampatti et al. 2011).  Murray cod in the mid and lower reaches of the River Murray may 

undertake spawning movements to flowing water habitats that sometimes involve extensive 

(100s km) upstream migrations (Saddlier et al. 2008, Koehn et al. 2009). Given the diverse 

hydrodynamics of the Chowilla system it is likely that Murray cod may undertake similar 

movements in the Chowilla region, both within the anabranch system and between the River 

Murray and Chowilla. 

 

A range of interventions are proposed to improve the health of the Chowilla floodplain.  These 

include environmental flow delivery, and regulator construction and operation, both of which 

may alter connectivity and flow dynamics in Chowilla and consequently the behaviour of Murray 

cod.  In order to maximise the benefits or mitigate the impacts of such interventions on Murray 

cod a comprehensive understanding of Murray cod ecology in the region is required.   

 

A total of 45 Murray cod were tagged in the Chowilla region from 2007–2009.  These fish have 

been subsequently tracked to document fish movement and habitat use.  This chapter 

summarises the latest manual tracking and remote logger download, undertaken in February 

2012, to determine the number and location of Murray cod with active radio tags within 

Chowilla. In addition, routine maintenance was conducted on the remote radio-receiver towers 

(loggers) to ensure they were in working order for any future investigations. 
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2.2 Methods 

 

Murray cod were originally captured by boat electrofishing from Chowilla and the adjacent River 

Murray on five occasions; October 2007 (n = 6), March/April 2008 (n = 30), July 2008 (n = 1), 

November 2008 (n = 5) and January 2009 (n = 3). 

 

The length and weight of each fish was measured prior to surgery (Table 1).  Fish were 

anesthetised (Aqui-s) and placed on a surgery table with the ventral side facing up. The gills were 

irrigated during the procedure with a dilute (half strength) solution of anaesthetic.  An incision 

was made adjacent to the pelvic fin and the transmitter inserted.  The size of the transmitter 

implanted depended on the size of the fish, but in all cases the transmitter weight was <2% of 

the fish’s body weight.  A needle catheter was used to guide the trailing antenna through the 

lateral body wall. The incision was closed with an appropriate number of internal and external 

sutures. As a preventative to possible infection from the procedure, fish were then injected with 

the antibiotic Baytril.  Fish were also tagged with an external dart tag and passive integrated 

transponder (PIT) tag and, after recovery, were released at their original capture location (Table 

1). Transmitters were fitted with a mortality circuit that produced a distinct signal if fish did not 

move for a period >8 hours.  

 

Following implantation of transmitters and release, Murray cod were manually tracked by boat 

and the position of each fish was determined by signal strength and their location recorded on 

GPS. Additionally six remote loggers located at the junction of Chowilla Creek and major 

tributaries (River Murray Boat, Pipeclay, Slaney, little Slaney and Swifty’s Creeks) of the Chowilla 

Anabranch system were used to assess movement and determine the location of fish between 

manual tracking events.  

 

From 22–24 February 2012 the status (battery function) and location of radio tagged Murray cod 

was determined by manual tracking, remote logger data and information on the warranted 

battery life of radio-transmitters in order to determine the number of radio tagged Murray cod 

with active tags currently located within Chowilla and the adjacent River Murray main channel. 
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Table 1. Capture locations, transmitter specifications and biological details of 45 Murray cod 
implanted with radio transmitters from October 2007 to January 2009. 

Fish no. Transmitter no. Release site 

Length  

(mm) 

Weight 

 (g) Sex Surgery date 

Transmitter 

size 

Warr battery 

life (days) 

1 150.302 (24) Little Slaney Ck 810 9000 unsure 23/10/2007 C 1657 

2 150.263 (22) Little Slaney Ck 640 5500 M 23/10/2007 AA 560 

3 150.284 (22) Little Slaney Ck 1010 23000 M 23/10/2007 D 3937 

4 150.302 (23) Little Slaney Ck 750 8500 M 24/10/2007 C 1657 

5 150.263 (23) Slaney Ck d/s billabong 630 3500 F 25/10/2007 AA 560 

6 150.263 (24) Slaney Ck d/s billabong 640 3800 F 25/10/2007 AA 560 

7 150.302 (22) Slaney Ck d/s billabong 850 12500 M 31/3/2008 C 1657 

8 150.284 (23) Slaney Ck d/s billabong 1080 21500 M 31/3/2008 D 3937 

9 150.483 (24) Slaney Ck d/s billabong 975 19000 M 1/4/2008 D 3937 

10 150.302 (21) Slaney Ck d/s billabong 985 18500 M 1/4/2008 C 1657 

11 150.263 (20) Slaney Ck d/s billabong 545 2000 F 1/4/2008 AA 560 

12 150.302 (19) Slaney Ck d/s billabong 910 12700 not sighted 1/4/2008 C 1657 

13 150.263 (21) Salt Ck u/s Slaney junc 522 1900 F 2/4/2008 AA 560 

14 150.263 (18) Little Slaney Ck 486 1500 M 2/4/2008 AA 560 

15 150.342 (23) Slaney Ck u/s billabong 782 7500 F 2/4/2008 C 1657 

16 150.203 (18) Slaney Ck d/s billabong 435 904 not sighted 2/4/2008 ½ AA 258 

17 150.362 (24) Slaney Ck u/s billabong 790 8500 F 2/4/2008 C 1657 

18 150.323 (21) Chowilla Ck u/s Boat Ck 578 2500 M 3/4/2008 AA 560 

19 150.263 (19) Pipeclay Ck 605 3300 not sighted 3/4/2008 AA 560 

20 150.323 (24) Pipeclay Ck 660 4300 M 3/4/2008 AA 560 

21 150.503 (25) River Murray at Lock 6 995 18000 F 4/4/2008 D 3937 

22 150.302 (20) River Murray at Lock 6 695 5000 M 4/4/2008 C 1657 

23 150.323 (22) River Murray at Lock 6 615 3500 M 4/4/2008 AA 560 

24 150.483 (22) River Murray at Lock 6 985 17000 F 4/4/2008 D 3937 

25 150.362 (20) River Murray at Woolshed Bend 750 7000 F 8/4/2008 C 1657 

26 150.323 (25) River Murray at Woolshed Bend 695 5000 F 8/4/2008 C 1657 

27 150.284 (24) River Murray opp Chowilla junc 1040 21000 F 8/4/2008 D 3937 

28 150.503 (23) River Murray opp Chowilla junc 1110 26500 M 8/4/2008 D 3937 

29 150.342 (21) River Murray u/s Chowilla junc 950 14000 F 8/4/2008 C 1657 

30 150.323 (23) Chowilla Ck u/s Boat Ck 595 3000 F 9/4/2008 AA 560 

31 150.503 (22) Slaney Ck u/s billabong 925 12000 M 10/4/2008 D 3937 

32 150.342 (24) Slaney Ck u/s billabong 815 11000 M 10/4/2008 C 1657 

33 150.323 (20) Chowilla Ck u/s Boat Ck 630 3500 F 10/4/2008 AA 560 

34 150.483 (23) Chowilla Ck u/s Pipeclay Ck 1040 20000 F 10/4/2008 D 3937 

35 150.503 (24) Chowilla Ck d/s Slaney Ck 1050 21000 F 10/4/2008 D 3937 

36 150.362 (23) River Murray u/s Chowilla junc 740 8000 F 11/4/2008 C 1657 

37 150.503 (21) Chowilla Ck u/s Monoman Ck 1090 27500 F 24/7/2008 D 3937 

38 150.503 (20) Slaney Ck d/s billabong 1125 27000 Not sighted 27/11/2008 D 3937 

39 150.342 (20) Slaney Ck opp billabong 710 6500 Not sighted 27/11/2008 C 1657 

40 150.483 (21) Chowilla Ck immed u/s Boat Ck 760 6900 F 27/11/2008 D 3937 

41 150.362 (25) Chowilla Ck u/s Pipeclay Ck 890 14200 M 27/11/2008 C 1657 

42 150.362 (22) Lower Slaney 1010 17400 M 27/11/2008 C 1657 

43 150.483 (25) Little Slaney Ck 1230 30000 M 20/1/2009 D 3937 

44 150.342 (25) Little Slaney Ck 640 4500 M 20/1/2009 C 1657 

45 150.362 (21) Salt Ck u/s Little Slaney junc 1150 26500 Not sighted 20/1/2009 C 1657 
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2.3 Results  

A total of 45 fish were originally tagged in the Chowilla region (Table 1). Murray cod were 

captured from the River Murray downstream of Lock and Weir No. 6 (n = 10), Chowilla Creek 

(n = 8; 2 downstream of Chowilla bridge, 4 upstream of Boat Creek and 2 upstream of Pipeclay 

Creek), Pipeclay Creek (n = 2) and Slaney Creek (n = 24; 7 in Little Slaney Creek, 15 in lower 

Slaney Creek and 2 from Salt Creek immediately upstream of Little Slaney Creek). 

 

Tagged fish ranged in size from 435–1230 mm total length and 0.94–30 kg (Table 1). Equal 

numbers of males and females were tagged although the sex of seven fish was not determined 

because gonads were either not sighted or sex characteristics were difficult to distinguish.  

 

From 22–24 February 2012, seven of the 45 Murray cod originally tagged were located within 

Chowilla (Chowilla Creek n = 2, Slaney Creek n = 4) or the adjacent River Murray (downstream 

Lock 6 n = 1; Figure 1).  Since the last tracking event in April 2011, five of these fish had 

undertaken small-scale movements within Chowilla or the River Murray, one fish had moved 

between Chowilla and the River Murray and one fish undertook a large-scale riverine movement 

from Lock 8 downstream to Chowilla.  According to the warranted battery life of the radio 

transmitters an additional 9 fish potentially have active tags, but were not detected. The 

remaining 29 radio tagged Murray cod can be accounted for by either having expired batteries (n 

= 13) or were transmitting a mortality signal (n = 14) (Table 2). 

 

During the manual tracking of radio tagged Murray cod, remote loggers were downloaded and 

this information was used along with manual tracking information to determine the location of 

Murray cod. All remote loggers were functioning and in good working order. An additional ATS 

(Advanced Telemetry Systems) radio receiver/logger (model RC4500C) was also purchased 

which will increase the capacity to monitor the movements of Murray cod within the Chowilla 

region. 

  



Bice et al. 2013            Murray cod and common carp monitoring requirements for Chowilla Regulator operation 

SARDI Aquatic Sciences   9 

 

Table 2. Location of 45 Murray cod implanted with radio transmitters following manual tracking and 

remote logger download in February 2012.  Green highlights fish manually located with active radio tags, 
grey highlights fish that are no longer active (mortality or expired battery) and no highlighting represents 
fish that still have active batteries but were not manually located in February 2012.  

Fish no. Transmitter no. Feb 2012 

1 150.302 (24) 

Not located (Last detected on logger at junction of Chowilla Creek  and 

River Murray October 2011) 

2 150.263 (22) Battery expired 

3 150.284 (22) Mortality 

4 150.302 (23) Little Slaney/Salt Junction 

5 150.263 (23) Battery expired 

6 150.263 (24) Battery expired 

7 150.302 (22) Not located (Last detected Swifty’s logger Feb2012) 

8 150.284 (23) Mortality 

9 150.483 (24) Chowilla Creek u/s boat creek 

10 150.302 (21) Not located (Last located Slaney Creek Jan2011) 

11 150.263 (20) Battery expired 

12 150.302 (19) Slaney d/s Slaney Billabong 

13 150.263 (21) Battery expired 

14 150.263 (18) Battery expired 

15 150.342 (23) Mortality 

16 150.203 (18) Battery expired 

17 150.362 (24) Mortality 

18 150.323 (21) Battery expired 

19 150.263 (19) Battery expired 

20 150.323 (24) Battery expired 

21 150.503 (25) Mortality 

22 150.302 (20) 

Not located (Last detected on logger at junction of Chowilla Creek and 

River Murray Dec2011) 

23 150.323 (22) Battery expired 

24 150.483 (22) Not located (Last located Lock 10 Aug2010) 

25 150.362 (20) Mortality 

26 150.323 (25) Mortality 

27 150.284 (24) Not located (Last located Chowilla Creek regulator section Jan2011) 

28 150.503 (23) Retrieved mortality tag 

29 150.342 (21) Mortality 

30 150.323 (23) Battery expired 

31 150.503 (22) Mortality 

32 150.342 (24) Mortality 

33 150.323 (20) Battery expired 

34 150.483 (23) Retrieved mortality tag 

35 150.503 (24) Not located (Last detected on Slaney Creek logger Dec2011) 

36 150.362 (23) Not located (Lock 9 pit reader Oct2010) 

37 150.503 (21) Mortality 

38 150.503 (20) Retrieved mortality tag 

39 150.342 (20) Mortality 

40 150.483 (21) Between 600 and 602km mark 

41 150.362 (25) Chowilla Creek 

42 150.362 (22) Retrieved mortality tag 

43 150.483 (25) Lower Slaney Creek 

44 150.342 (25) Not located but detected by PIT readers Lock 8 Sept2010 

45 150.362 (21) Slaney Creek 
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Figure 1. Map of the Chowilla Anabranch system and adjacent River Murray main channel showing the location of radio tagged Murray cod 
manually tracked in February 2012. 
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2.4 Discussion 

Seven radio-tagged Murray cod were located in Chowilla and the adjacent River Murray 

in February 2012.  Fish were located in hydraulically diverse anabranch and riverine 

habitats. Similar to results from tracking in previous years (Leigh and Zampatti 2009, 

2011b), since the last tracking event in April 2011, most of these fish (n = 5) exhibited 

site fidelity undertaking small-scale movements within Chowilla. One fish moved 

between Chowilla and the River Murray, again highlighting the importance of 

connectivity between anabranch and main channel habitats. Additionally, one fish 

returned to Chowilla after being detected in August 2011 on the PIT tag reader on the 

Lock 8 fishway. This is the second fish to have returned to Chowilla after undertaking a 

large-scale upstream movement during the 2010/11 floods. This homing behaviour has 

also been observed for Murray cod in the mid-reaches of the River Murray (Koehn et al. 

2009) and highlights the importance of Chowilla as core habitat for adult Murray cod.   

In February 2012, there were potentially nine additional Murray cod at liberty with active 

batteries that were not manually located. Three of these fish were last detected in the 

vicinity of Locks 8, 9 and 10 on the River Murray, having migrated upstream sometime 

in 2010. Two fish were last recorded moving in a downstream direction into the River 

Murray below the Chowilla junction (October and December 2011), whilst another was 

last recorded exiting Swifty’s Creek (February 2012) and was likely in the River Murray 

upstream of Lock 6. Based upon logger data, the remaining three fish remained within 

Chowilla but were not located. 
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3. Proposed fish intervention monitoring in relation to operation of 

the Chowilla Regulator 

 

3.1 Introduction 

To address the threat of floodplain degradation, the Chowilla Regulator project was 

initiated with the primary objective of increasing the frequency of floodplain inundation, 

to improve the ‘health’ of the floodplain (particularly overstorey vegetation, i.e. river 

redgum (Eucalyptus camaldulensis) and black box (Eucalyptus largiflorens) woodland). The 

regulator is being constructed at the lower end of Chowilla Creek to enable raising of 

water levels, to achieve variation in instream water levels and varying extents of 

floodplain inundation with relatively small volumes of water. Accompanying 

construction of the Chowilla Creek Regulator, the weirs on both Pipeclay and Slaney 

Creeks will be upgraded (including fishway construction), which will increase capacity to 

vary flows to the anabranch system and enhance connectivity. Managed floodplain 

inundation utilising the Chowilla Regulator will be in many aspects, fundamentally 

different from natural flooding and thus presents significant risks to riverine biota. 

 

Risk assessments of the construction and operation of the Chowilla Regulator have 

highlighted risks posed to the biota of the region (e.g. Brookes et al. 2006, Mallen-Cooper 

et al. 2008, Nicol et al. 2010). Mallen-Cooper et al. (2008) concluded that operation of the 

regulator presented several significant risks to four large-bodied native fish species, 

including three threatened species, Murray cod (Maccullochella peelii), freshwater catfish 

(Tandanus tandanus), silver perch (Bidyanus bidyanus), and golden perch (Macquaria ambigua 

ambigua).  Furthermore, the regulator also posed a significant risk of enhancing non-

native species (i.e. common carp (Cyprinus carpio)). Subsequently, Mallen-Cooper et al. 

(2011) developed a conceptual framework to further understand and potentially mitigate 

these risks, including the assessment of specific mitigation strategies. 

 

The most serious risks for native fish related to the operation of the Chowilla Regulator 

pertain to reductions in hydrodynamic diversity and decoupling of floodplain and river 

hydrology (i.e. floodplain is inundated whilst the River Murray is not in flood). By 

‘backing up’ water, operation of the Chowilla Regulator may result in the temporary loss 
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of lotic (i.e. fast-flowing), hydraulically diverse creeks known to represent the core habitat 

of Murray cod and other native species within Chowilla. Such creeks not only represent 

habitat for adult Murray cod but also appear to facilitate regular spawning and 

recruitment (Zampatti et al. 2011). As such, the Chowilla region is unique in the South 

Australian MDB, in that it harbours a large population of Murray cod that exhibits a 

complex size and age structure indicative of regular recruitment. Additionally, reductions 

in hydrodynamic diversity and increases in lentic habitat and floodplain inundation are 

likely to enhance spawning and recruitment of non-native common carp (Mallen-Cooper 

et al. 2008, Bice and Zampatti 2011). 

 

Mallen-Cooper et al. (2011) suggest that given 1) the scale (both spatial and monetary) of 

the Chowilla Regulator project, 2) the potential risks to fish (including iconic threatened 

species) and 3) potential for variable operation of the regulator, that there is an 

opportunity to apply responsive adaptive management. Integral to this process is the 

development of hypothesis-driven monitoring programs to assess the impacts and 

benefits of the Chowilla Regulator and inform adaptive management and operation of 

the Chowilla Regulator on an ongoing basis. Mallen-Cooper et al. (2011) present multiple 

hypotheses and questions on fish response related to regulator operation based upon 

conceptual models of species’ biology and risk assessment. In this report we further 

develop questions proposed by Mallen-Cooper et al. (2011) relating to the ecology of the 

threatened native Murray cod and non-native common carp. We also propose 

monitoring programs (including approximate costings) to investigate these questions and 

subsequently inform the operation of the Chowilla Regulator.  

 

An ‘Operations Plan’ for the Chowilla Regulator is currently in development, a large 

focus of which is the development of a range of operational strategies. Several variables 

including, but not limited to, the timing of operation (i.e. season), flow at the time of 

operation, weir pool heights and planned extent of inundation, will all influence the 

nature of a given operation of the regulator and its resulting risks. As such there is no 

explicitly defined ‘regulator operation’, but rather there will be several potential types of 

operation. The following questions form the basis of a hypothesis-based monitoring 

program to inform operation and ‘active’ adaptive management of the Chowilla 

Regulator. In the absence of defined regulator operating strategies, the authors have 
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deliberately kept these questions generic. For instance the term ‘operation’ herein, refers 

to all manner of regulator operation. As such, upon completion of the operations plan, 

the following questions and proposed monitoring plans will provide a basis for 

developing more specific hypothesis-based monitoring programs on the ecology of 

Murray cod and common carp in relation to specific regulator operation. The key 

questions are related to, 

 

1. The movement and habitat use of Murray cod in Chowilla and adjacent River 

Murray in relation to operation of the Chowilla Regulator 

o Does regulator operation result in changes in movement patterns and 

habitat utilisation of Murray cod within Chowilla? 

o Does the Chowilla Regulator impede annual spawning migrations of 

Murray cod? 

o Do Murray cod migrate from preferred core habitats within Chowilla 

system regulator operation?  

o Do Murray cod utilise ephemeral floodplain and off-channel habitats 

during managed inundation? 

 

2. Spatio-temporal variation in spawning and recruitment of Murray cod in the 

Chowilla system in relation to operation of the Chowilla regulator 

o Does regulator operation influence the spawning locations of Murray 

cod? 

o Does regulator operation have positive or negative impacts on Murray 

cod recruitment within Chowilla? 

 

3. The movement and habitat use of common carp in relation to operation of 

the Chowilla regulator 

o Does regulator operation result in changes in movement patterns and 

habitat utilisation of common carp within Chowilla?  

o Do common carp utilise ephemeral floodplain and off-channel habitats 

during managed inundations? 
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4. Spatio-temporal variation in spawning and recruitment of common carp in 

the Chowilla system in relation to operation of the Chowilla regulator 

o Does regulator operation influence the spawning locations of common 

carp? 

o Does regulator operation have positive or negative impacts on common 

carp recruitment and abundance? 
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3.2 Investigation of movement and habitat use of Murray cod in Chowilla and the 

adjacent River Murray in relation to operation of the Chowilla Regulator 

 

Background 

 

Mallen-Cooper et al. (2011) developed conceptual models of the life-history of Murray 

cod based upon region specific knowledge of Murray cod ecology and biology in the 

Chowilla system, and more broadly in the MDB. Key processes in the Murray cod life-

cycle (i.e. migration, spawning and recruitment) and requirements to facilitate these 

processes were identified. Based on proposed regulator operation, there was deemed to 

be a significant threat to these vital processes.  

 

In the Chowilla Anabranch system, Murray cod are typically found in greatest abundance 

in lotic anabranch habitats (Zampatti et al. 2011). A study of Murray cod movement 

within the system indicated that the majority of fish exhibited strong site fidelity in these 

hydraulically diverse habitats, undertaking localised movements (i.e. <2 km), particularly 

during periods of low flow (Leigh and Zampatti 2009). Some fish, however, moved 

extensively within the Chowilla system and between Chowilla and the River Murray over 

scales of 10s of kilometres, highlighting the importance of connectivity within the system 

and between Chowilla and the River Murray. During a year of high flow conditions, 

similar movement patterns were observed, however, a proportion of fish also undertook 

large-scale (i.e. >200 km) upstream movements within the River Murray (Leigh and 

Zampatti 2011b). Movement activity, irrespective of flow, appeared greatest during the 

spawning season (i.e. September–October); with movement from the River Murray into 

the Chowilla system and within the Chowilla system potentially occurring for the 

purpose of locating spawning sites and mates. 

 

The operation of the Chowilla regulator may impact Murray cod movement and habitat 

use in three fundamental ways: 1) the regulator may present a barrier to the movement of 

Murray cod, particularly during spring spawning movements, 2) a decrease in 

hydraulically diverse habitats in Chowilla during regulator operation may result in a loss 

of preferred habitat resulting in emigration from core habitats and altered movement 

patterns, and habitat use, and 3) regulator operation will result in increased inundation of 
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ephemeral floodplain habitats and other off-channel habitats, which may or may not be 

utilised by Murray cod. 

 

To answer these questions and inform regulator operation, we suggest that the 

movement of individual Murray cod in Chowilla and adjacent River Murray is 

investigated using radio-telemetry. Ideally this investigation would occur for a period of 

approximately ten years to include multiple years of no regulator operation with variable 

hydrology and several years of varied regulator operation. At a minimum the 

investigation should occur for a period of three years, which would include at least one 

year of no regulator operation and one year of regulator operation.  

 

Proposed method 

Transmitters 

Radio-transmitter size and weight are generally governed by battery size – with larger 

transmitters having longer battery life. The transmitters used to investigate Murray cod 

movement should have a battery life of > 3 years (but up to 20 years) to ensure the same 

individuals are tracked for the length of the project. The size of the fish to be tagged 

dictates the size of transmitter (e.g. transmitter weight should constitute ≤2% of body 

weight) and therefore fish tagged would generally be >500 mm TL. Nonetheless, there 

may be some scope to tag a small number of juvenile fish. Transmitters should be fitted 

with a mortality circuit that activates if the fish (transmitter) has not moved for a period 

of 24 hours. 

 

Fish capture and transmitter implantation 

 

Ideally, ~60 individual Murray cod should be implanted with radio transmitters in the 

first year of the study, with the scope for additional transmitters to be implanted in 

subsequent years depending on emigration, mortality or expiration of batteries. Fish 

would be collected from Chowilla and the adjacent River Murray by electrofishing and 

implanted with transmitters a considerable time before the spawning season (e.g. no later 

than July) to 1) limit the impact on the subsequent output of reproductively mature fish 

and 2) allow potential spring spawning movements to be monitored. Specifically, fish 

should be collected from locations within Chowilla that are likely to be influenced by the 
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operation of the regulator (e.g. Slaney, Pipeclay, Boat and Chowilla Creeks) and the 

upgraded structures at Slaney and Pipeclay Creeks, and in the adjacent River Murray. All 

fish would be tagged following the methods described by Zampatti et al. (2011).  

 

Monitoring  

Monitoring radio-tagged Murray cod movement will benefit from existing tracking 

infrastructure in Chowilla, including six fixed logging stations (ATS radio 

receiver/loggers model RC4500C) located on major tributaries of Chowilla Creek, at the 

junction of Chowilla Creek and the River Murray, and at the junction of Swifty’s Creek 

and the River Murray (Figure 2). At least three additional receivers need to be installed, 

including one at the Chowilla Regulator to monitor movement and potential habitat use 

within the vicinity of the regulator, and two on creek junctions in the eastern region of 

the Chowilla floodplain (e.g. the Punkah and Salt Creek Junction), not covered by the 

existing infrastructure (Figure 2). All existing and new logging stations should be 

‘telemeted’ to enable remote access to data and system status information (e.g. solar 

panel function and battery charge). This will decrease the requirement to manually 

download data and enable efficient identification of the areas in which to focus manual 

tracking effort. 

 

Data collected by logging stations indicate ‘reaches’ where fish are residing (i.e. between 

two logging stations) but do not provide an accurate position of radio-tagged fish or 

information on finer-scale movements. Changes in the patterns of movement of fish in 

relation to altered hydrology may involve changes in medium-scale (km’s) spatial 

residency (i.e. in what reaches is residency occurring), which would be monitored by 

remote logging towers, but alternatively or in addition, may involve changes in finer-scale 

movement patterns, for instance, changes in the frequency of small-scale movements. 

Thus, monitoring movement solely through remote logging towers may not provide the 

resolution to capture changes in fish behaviour and movement in relation to altered 

hydrology. Thus manual tracking should also be undertaken. Manual tracking would 

occur year round, at least monthly, with an increased frequency of tracking (weekly–

fortnightly) during the spring spawning season or regulator operation (daily–weekly). The 

frequency of manual tracking will be determined by the questions posed. 
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The hydraulic environment at key sites within Chowilla should be characterised at key 

periods throughout the project (i.e. low flows, high natural flows, during regulator 

operation, etc.). These data would best be collected with an acoustic Doppler current 

profiler (ADCP) which generates current velocity profiles through the water column. 

This information could then be linked to fish movement data to investigate the influence 

of hydraulic characteristics on habitat use and movement. Estimated costs (current at the 

time of publication) for various components of the project, for the first three years of 

investigations are detailed in Table 3. 

  

 

Figure 2. Map of the Chowilla region showing the location of major creeks, off-channel 
lakes and the Chowilla Regulator. Current radio-telemetry logging stations are indicated 
with red stars and potential locations of proposed additional logging stations for the 
Murray cod movement investigation are indicated by green stars. 

 

 

Werta wert

Coombool 
Swamp

Lake Littra

Lake Limbra

Regulator



Bice et al. 2013            Murray cod and common carp monitoring requirements for Chowilla Regulator operation 

SARDI Aquatic Sciences   26 

 

Table 3. Description and cost summary for individual components of the proposed 
investigation of Murray cod movement in the Chowilla region in relation to operation of 
the Chowilla Regulator.  Costs are indicative at the time of publication. 

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8,000 

Purchase of additional ATS 
radio-telemetry receivers and 
infrastructure for installation 

3 x ATS receivers 
3 x logging station infrastructure (i.e. 
towers, boxes, etc) 

$60,000 

Telemeting of all new and 
existing logging stations. 
This enables data to accessed 
remotely 

10 x receivers to be telemeted 
(~$5000 per receiver) 

$50,000 

Purchase of radio-
transmitters 

60 x transmitters 
(~$400 per transmitter) 

$24,000 

Capture of fish and 
implantation of transmitters. 
Includes purchase of 
consumables required for 
undertaking surgeries  

4 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$82,000 

Installation of new logging 
stations (i.e. towers) and 
telemeting of existing towers 

2 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$24,000 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks of fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$127,000 

Hydraulic characterisation of 
Murray cod habitats  

Transects of creek and anabranch 
habitats will be undertaken using an 
Acoustic Doppler Current Profiler 
(ADCP). The adcp transects provide a 
current velocity profile for a given 
waterbody. Current velocity profiles 
would be generated for a number of 
creeks within the Chowilla Anabranch 
system.  

$15,000 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current velocity 
profiles.   

$20,000 

Total year 1  $410,000 
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Table 3 continued. 

Activity Description  Cost 

Year 2 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8240 

Further fish tagging (if 
required)  

10 transmitters (~$400 each) 
1 week fieldwork 

$22,000 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks of fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Receiver maintenance 
- Accommodation costs 
- Salaries 

$130,810 

Hydraulic characterisation of 
Murray cod habitats  

As above  $15,400 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current velocity 
profiles.   

$20,600 

Total year 2  $197,050  

   

Year 3 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8487 

Further fish tagging (if 
required)  

10 transmitters (~$400 each) 
1 week fieldwork 

$22,660 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks of fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Receiver maintenance 
- Accommodation costs 
- Salaries 

$134,734 

Hydraulic characterisation of 
Murray cod habitats  

As above  $15,862 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current velocity 
profiles.   

$21,218 

Total year 3*  ~$202,961  

*Year 3 increases in cost reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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3.3 Investigation of spatio-temporal variation in spawning and recruitment of Murray cod 

in the Chowilla region in relation to operation of the Chowilla regulator 

 

Background 

Operation of the Chowilla Regulator may decrease the area of hydraulically diverse 

habitat leading to impacts on Murray cod spawning and recruitment, particularly if the 

regulator is operated during the spring spawning season. Whilst spawning typically occurs 

annually and independently of flow, reductions in lotic habitats may decrease the 

availability of spawning habitats, leading to potential changes in the locations of Murray 

cod spawning and increased competition for favourable spawning locations. Additionally, 

under current conditions, fish move into the Chowilla system from the adjacent River 

Murray in spring, potentially to spawn (Leigh and Zampatti 2009, 2011b). With the 

Chowilla Regulator in place and operating, Murray cod from outside of the system may 

not be stimulated to enter the system or their movement may be obstructed by the 

regulator (see Section 3.2). Decreases in favourable spawning habitat, obstruction of 

spawning movements between the River Murray and Chowilla and increased competition 

for spawning sites may individually, and cumulatively, lead to decreased spawning of 

Murray cod in Chowilla. 

 

Survival of larvae and 0+ individuals, and subsequent recruitment of Murray cod, is 

typically greatest in hydraulically diverse lotic habitats (e.g. Slaney Creek). Contrastingly, 

recruitment in lentic habitats, such as the main channel of the lower River Murray under 

regulated conditions, is typically poor (Ye and Zampatti 2007). Enhanced recruitment in 

hydraulically diverse habitats may be related to the provision of low velocity littoral 

habitats bordering high velocity habitats, where larval and juvenile food resources may be 

relatively more accessible, more diverse and more abundant (Mallen-Cooper et al. 2011). 

Irrespective of spawning output, if hydraulically diverse habitats are greatly reduced and 

replaced with lentic habitat, recruitment of Murray cod in Chowilla is likely to be 

reduced. 
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Proposed method 

This project would be divided into two components, specifically investigating 1) 

spawning (location and larval abundance) and 2) recruitment. Ideally this investigation 

would occur for a period of approximately ten years to include multiple years of no 

regulator operation with variable hydrology and several years of varied regulator 

operation. At a minimum the investigation should occur for a period of three years, 

which would include at least one year of no regulator operation and one year of regulator 

operation.  

 

Spawning 

Methods would be adapted from those presented by Zampatti et al. (2011) and use a 

combination of drift nets and light traps, and potentially larval tows, to sample Murray 

cod larvae at a range of sites within the Chowilla system. Site selection should include 

creek habitats where Murray cod are known to spawn and which are likely to be 

impacted by operation of the regulator (i.e. upstream of the regulator); sites within 

Chowilla where adult fish reside that are likely to be less impacted by regulator operation; 

a site in the tail-water of the Chowilla Regulator and a site in the adjacent River Murray 

(Figure 3). A total of 6 fortnightly sampling events should occur annually over the 

Murray cod spawning season (i.e. September–November).  

 

Recruitment 

To assess recruitment of Murray cod in Chowilla we suggest utilising boat electro-fishing 

to sample key Murray cod habitats in autumn, thus providing the greatest opportunity of 

collecting newly recruited young-of-year fish. A total of approximately 22 sites are 

currently sampled at Chowilla annually during autumn as part of The Living Murray 

Program condition monitoring, including several key Murray cod sites (see Zampatti et al. 

2011 for detailed methods) and these data would be incorporated in the proposed 

project. Nonetheless, additional electro-fishing effort would likely be required (~1 week), 

specifically targeting Murray cod habitat not sampled during condition monitoring (this 

could be achieved through an expansion of current condition monitoring). Estimated 

costs (current at the time of publication) for various components of the project for the 

first three years of investigations are detailed in Table 4. 
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Figure 3. Map of the Chowilla region showing the location of major creeks, off-channel 
lakes and the Chowilla Regulator. Proposed monitoring locations for sampling Murray 
cod larvae are indicated by red stars. 
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Table 4.  Description and cost summary for individual components of a proposed 
investigation of spatio-temporal variation in spawning and recruitment of Murray cod in 
Chowilla in relation to operation of the Chowilla Regulator.  Costs are indicative. 

 

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8000 

Larval sampling events 6 x fortnightly larval sampling events 
over the period September – November 

$80,000 

Sorting larval samples and 
identification  

Both drift net and light trap samples 
must be sorted in the laboratory prior to 
identification 

$75,000 

Electro-fishing to monitor 
Murray cod recruitment   

3 weeks of sampling are conducted as 
part of Chowilla Condition Monitoring 
(see Leigh and Zampatti 2012). An 
additional week of electro-fishing may 
be required, targeting key Murray cod 
habitat. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries  

$20,000 

Data analysis and reporting  $20,000 

Total year 1  $218,000 

Total year 2*  $209,090 

Total year 3*  $215,363 

*Years 2 and 3 costs reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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3.4 Investigation of movement and habitat use of common carp (Cyprinus carpio) in the 

Chowilla region in relation to operation of the Chowilla Regulator 

 

Background 

 

Common carp (Cyprinus carpio) are widespread and abundant in the lower River Murray, 

including the Chowilla Anabranch system (Zampatti et al. 2011, Leigh and Zampatti 

2012). The species is found across all mesohabitat types in the Chowilla region, namely 

fast and slow flowing creeks, backwaters and the main river channel; nonetheless, 

juvenile and adult common carp are more abundant in lentic habitats (Zampatti et al. 

2011). 

 

Common carp are highly mobile and undertake both lateral movements between river 

and off-channel habitats (Jones and Stuart 2009, Connallin et al. 2011) and substantial 

(>100 km) longitudinal within-channel movements (Stuart and Jones 2006b). Spawning 

typically occurs in shallow, warm, well-vegetated, lentic or slow-flowing waters (Crivelli 

1981, Koehn et al. 2000) and the species has been shown to move onto floodplain 

habitats in the mid-Murray upon flooding, likely for the purpose of spawning (Stuart and 

Jones 2006a, Jones and Stuart 2009). Within Chowilla, common carp spawn in slow-

flowing and backwater habitats in low-flow years, however, the presence of young-of-

year fish in the outer lakes of Chowilla (e.g. Lake Littra) following high flows in 2010/11 

indicates that spawning may have occurred in these ephemeral habitats following 

movement from perennial anabranches. 

 

Operation of the Chowilla Regulator will lead to increased frequency of inundation of 

ephemeral floodplain habitats and a general increase in lentic habitats throughout the 

system during operation.  Regulator operation thus has the potential to influence the 

movement patterns of common carp, particularly by increasing inundation of ephemeral 

floodplain habitats. To determine the influence of the operation of the Chowilla 

Regulator on common carp movement in the Chowilla region we suggest that the 

movement of individual common carp in the Chowilla system and adjacent River Murray 

is investigated using radio-telemetry. Ideally this investigation would occur for a period 

of approximately ten years to include multiple years of no regulator operation with 
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variable hydrology and several years of varied regulator operation. At a minimum the 

investigation should occur for a period of three years, which would include at least one 

year of no regulator operation and one year of regulator operation.  

 

Proposed method 

 

Transmitters 

See Section 3.2 (Murray cod – transmitters).   

 

Fish capture and transmitter implantation 

 

Ideally, ~60 individual common carp would be implanted with radio transmitters. Fish 

could be collected as per the previous Section 3.2 and should be implanted with 

transmitters in autumn/winter before the spawning season to allow potential spring 

spawning movements to be monitored. Fish would be collected (and released) from 

locations throughout the Chowilla system and in the adjacent River Murray. Fish would 

be implanted with transmitters following methods described section 3.2. Tags would 

have battery lives from 1–5 years and thus, additional carp would need to be tagged on 

an annual basis to account for expiration of batteries, as well as emigration and mortality.  

 

 Monitoring  

 

As per the proposed Murray cod movement investigation, this project would be 

significantly benefited by the existing six fixed logging stations (ATS radio 

receiver/loggers model No. RC4500C) located on major tributaries of Chowilla Creek, at 

the junction of Chowilla Creek and the River Murray and at the junction of Swifty’s 

Creek and the River Murray (Figure 4.).  An additional three receivers would be installed 

on the junctions of anabranch habitats and the connections of ephemeral wetland/lake 

habitats of Chowilla (e.g. Werta Wert, Coombal Swamp, Lake Limbra and Lake Littra), 

with exact locations to be determined based upon updated plans for regulator operation 

(Figure 4). This array of receivers would enable monitoring of general movements of 

common carp within Chowilla and potential movement between anabranch and 

ephemeral floodplain habitats. 



Bice et al. 2013            Murray cod and common carp monitoring requirements for Chowilla Regulator operation 

SARDI Aquatic Sciences   34 

 

Three Yagi antennae are positioned on each logging station; one upstream, one 

downstream and one in the direction of the tributary.  The presence of fish in the vicinity 

of any of the antenna is recorded automatically as a frequency, antenna number, time and 

signal strength, enabling the direction of movement of fish to be established. Currently, 

the existing logging stations require manual downloading to collect logged data. We 

propose that all existing and new logging stations be ‘telemeted’ to enable remote access 

to data, which will decrease the time spent retrieving data and identify areas in which to 

focus manual tracking effort. 

 

Data collected by logging stations indicate ‘reaches’ where fish are residing (i.e. between 

two logging stations) but do not provide an accurate position of radio-tagged fish. As 

such, smaller-scale alterations to patterns of movement and habitat use in relation to 

regulator operation would not be captured. Thus, manual tracking should also be 

undertaken. Manual tracking would occur year round, at least monthly, with an increased 

frequency of tracking (weekly–fortnightly) during the spring spawning season or during 

regulator operation (daily–weekly).  The frequency of manual tracking will ultimately be 

determined by the questions posed. 

 

Estimated costs for various components of the project for the first three years of 

investigations are detailed in Table 5. 
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Figure 4. Map of the Chowilla region showing the location of major creeks, off-channel 
lakes/wetlands and the Chowilla Regulator. Current radio-telemetry logging stations are 
indicated with red stars and potential locations of additional logging stations for the 
common carp movement investigation are indicated by green stars (these stations are 
situated on the junction of anabranches and creeks feeding off-channel ephemeral lakes). 
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Table 5. Description and cost summary for individual components of the proposed 
investigation of common carp movement in the Chowilla Anabranch system in relation 
to operation of the Chowilla Regulator.  Costs are indicative.  

 

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8000 

Purchase of additional ATS 
radio-telemetry receivers and 
infrastructure for installation 

3 x ATS receivers 
3 x logging station infrastructure (i.e. 
towers, boxes, etc) 

$60,000 

Telemeting of all new and 
existing logging stations. 
This enables data to accessed 
remotely 

10 x receivers to be telemeted 
(~$5000 per receiver)  

$50,000  

Purchase of radio-
transmitters 

60 x transmitters 
(~$400 per transmitter) 

$24,000  

Capture of fish and 
implantation of transmitters. 
Includes purchase of 
consumables required for 
undertaking surgeries  

4 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$82,000 

Installation of new logging 
stations (i.e. towers) and 
telemeting of existing towers 

2 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$24,000 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks of fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

127,000 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current velocity 
profiles.   

$20,000 

Total year 1  $394,000 
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Table 5 continued. 

 

Activity Description  Cost 

Year 2 

Project management As above $8240 

Further fish tagging (if 
required)  

10 transmitters (~$400 each) 
1 week fieldwork 

$22,000 

Manual tracking events As above $130,810 

Data analysis and report 
writing 

As above   $20,600 

Total year 2  $181,650  

 
Year 3 

Project management As above $8487 

Further fish tagging (if 
required)  

10 transmitters (~$400 each) 
1 week fieldwork 

$22,660 

Manual tracking events As above $134,734 

Data analysis and report 
writing 

As above $21,218 

Total year 3*  $187,099  

*Year 2 and 3 increases in cost reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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3.5 Investigation of spatio-temporal variation in spawning and recruitment of common 

carp in Chowilla in relation to operation of the Chowilla regulator 

 

Background 

 

Whilst both adult and juvenile common carp utilise a range of habitats within Chowilla, 

spawning is most likely to occur in shallow, warm, well-vegetated, lentic or slow-flowing 

waters (Crivelli 1981, Koehn et al. 2000). In the mid-Murray, increased spawning, and 

larval and juvenile abundance have been associated with natural floodplain inundation 

(King et al. 2003, Stuart and Jones 2006a). Furthermore, a managed rise in static water 

level (without increased flow) as a result of an engineering intervention in Lake 

Alexandrina was shown to enhance recruitment in common carp (Bice and Zampatti 

2011).  Operation of the Chowilla Regulator will result in increased frequency of 

floodplain inundation and increases in lentic habitat during operations, which are 

favourable environments for spawning and recruitment of common carp. Given the 

potential dispersive ability of juvenile common carp (Stuart and Jones 2006b) and 

enhanced recruitment under operation of the regulator, Chowilla may act as a source of 

common carp for broader areas of the MDB (see Crook and Gillanders 2006).  

 

Proposed method 

 

Methods should be adapted from those presented by Zampatti et al. (2011) and could be 

divided into two components specifically investigating: 1) spawning location and 

output/abundance and 2) recruitment of common carp. Ideally this investigation would 

occur for a period of approximately ten years to include multiple years of no regulator 

operation with variable hydrology and several years of varied regulator operation. At a 

minimum sampling would occur during at least one year with no regulator operation and 

during at least one year of regulator operation.   

 

Spawning 

 

Investigation of common carp spawning should involve the use of both drift nets and 

light traps to sample larvae at a range of sites within Chowilla. Site selection would 
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include creek habitats that are likely to be impacted by operation of the regulator (i.e. 

upstream of the regulator); off-channel ephemeral lake habitats (when inundated); sites in 

the tail-water of the Chowilla Regulator; and sites in the adjacent River Murray. Where 

possible, sites previously sampled at Chowilla where common carp larvae have been 

detected (Zampatti et al. 2011) would be included.. At least 8 fortnightly sampling events 

per year should be undertaken over the common carp spawning season (i.e. August–

December).  

 

 

Figure 5. Map of the Chowilla region showing the location of major creeks, off-channel 
lakes and the Chowilla Regulator. Proposed monitoring locations for sampling common 
carp larvae are indicated by red stars. 
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Recruitment 

 

To assess the influence of regulator operation on the recruitment of common carp in 

Chowilla we suggest implementing a before-after-control-impact (BACI) experimental 

design. Boat electro-fishing should be utilised to sample impact sites within Chowilla and 

control sites in other floodplain anabranch systems of the lower River Murray (e.g. 

Kataraptko or Pike). Monitoring of a control anabranch system would determine if 

variation in common carp recruitment in the Chowilla system is related to operation of 

the regulator or occurring more broadly across the region. Sampling should occur 

annually in autumn to provide the greatest chance of sampling newly recruited young-of-

year fish.   

 

A total of approximately 22 sites are currently sampled annually during autumn at 

Chowilla as part of The Living Murray Program condition monitoring and these data would 

be incorporated in the proposed project. Additional electro-fishing effort would likely be 

required (2 weeks) to undertake monitoring of control sites. This will be dependent upon 

two major factors; 1) concurrent engineering works being undertaken at these systems 

and the effect of these works on the suitability of these systems as control sites, and 2) 

potential pre-existing monitoring programs at these sites. Other monitoring programs 

may exist at these sites that will collect the data required for this project, but due to the 

uncertainty of these programs, this work has been costed under the current project.  

 

Estimated costs for various components of the project for the first three years of 

investigations are detailed in Table 6. 
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Table 6.  Description and cost summary for individual components of a proposed 
investigation of spatio-temporal variation in spawning and recruitment of common carp  
in Chowilla in relation to operation of the Chowilla Regulator.  Costs are indicative. 

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$8000 

Larval sampling events 8 x fortnightly larval sampling events 
over the period August–December. 

$105,000 

Sorting larval samples and 
identification  

Drift net and light trap samples must be 
sorted in the laboratory prior to 
identification 

$105,000 

Electro-fishing to monitor 
Common carp recruitment   

3 weeks of sampling are conducted as 
part of Chowilla Condition Monitoring 
(see Leigh and Zampatti 2012). An 
additional 2 weeks of electro-fishing will 
be conducted at a control anabranch 
system (not influenced by an 
intervention). Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries  

$40,000 

Data analysis and reporting  $20,000 

Total year 1  $278,000 

Total year 2*  $286,340 

Total year 3*  $294,930 

*Years 2 and 3 costs reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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3.6 Project synergy  

The proposed projects have been presented as ‘stand-alone’ but there is scope for some 

components to be conducted simultaneously, presenting cost savings and the potential 

for a more holistic understanding of fish ecology in the region. For example, concurrent 

projects investigating Murray cod movement, spawning and recruitment, would be 

complementary in regards to providing a greater understanding of the life history and 

ecology of Murray cod. Additionally, shared infrastructure between projects and 

integration of field operations may present cost reductions for some project 

combinations. In particular there could be significant budgetary savings by conducting 

the Murray cod and common carp movement studies simultaneously. Similarly, there 

may be some savings associated with conducting Murray cod and common carp 

spawning/recruitment projects simultaneously. 

 

Simultaneous Murray cod and common carp movement studies 

Conducting concurrent Murray cod and common carp movement studies, would incur 

significant savings due to 1) overlap of logging stations to monitor movement of both 

species (e.g. costs for telemeting receivers has been included in both project budgets, but 

would only need to be purchased once), 2) fish capture and tagging could be conducted 

simultaneously and utilise the same resources (i.e. boats, surgical equipment, etc.), and 3) 

both species could be tracked simultaneously during manual tracking. A preliminary 

costing for concurrent Murray cod and common carp movement studies is presented in 

Table 7. 
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Table 7. Description and cost summary for simultaneously conducting the proposed 
investigations of Murray cod and common carp movement in Chowilla in relation to 
operation of the Chowilla Regulator. Costs are indicative.  

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$12,000 

Purchase of additional ATS 
radio-telemetry receivers and 
infrastructure for installation 

6 x ATS receivers 
6 x logging station infrastructure (i.e. 
towers, boxes, etc) 

$120,000 

Telemeting of all new and 
existing logging stations. 
This enables data to accessed 
remotely 

13 x receivers to be telemeted 
(~$5000 per receiver) 

$65,000 

Purchase of radio-
transmitters 

120 x transmitters 
(~$400 per transmitter) 

$48,000 

Capture of fish and 
implantation of transmitters. 
Includes purchase of 
consumables required for 
undertaking surgeries  

6 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$123,000 

Installation of new logging 
stations (i.e. towers) and 
telemeting of existing towers 

3 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$36,000 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
15 weeks fieldwork (monthly tracking. 
15 weeks reflects the greater time 
required to track two species). Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries 

$190,500 

Hydraulic characterisation of 
Murray cod habitats  

Transects of creek and anabranch 
habitats will be undertaken using an 
Acoustic Doppler Current Profiler 
(adcp). The adcp transects provide a 
current velocity profile for a given 
waterbody. Current velocity profiles 
would be generated for a number of 
creeks within the Chowilla Anabranch 
system.  

$15,000 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current velocity 
profiles.   

$40,000 

Total year 1  $649,500 
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Table 7 continued. 

Activity Description  Cost 

Year 2 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$12,360 

Further fish tagging (if 
required)  

20 transmitters (~$400 each) 
1 week fieldwork 

$28,500 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Receiver maintenance 
- Accommodation costs 
- Salaries 

$196,215 

Hydraulic characterisation of 
Murray cod habitats  

As above  $15,400 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current 
velocity profiles.   

$41,200 

Total year 2  $293,675 

   

Year 3 

Project management Co-ordination of tasks below including 
all purchasing, etc. 

$12,731 

Further fish tagging (if 
required)  

10 transmitters (~$400 each) 
1 week fieldwork 

$29,355 

Manual tracking events Monthly tracking events to ascertain 
position ‘fixes’ on tagged fish. 
10 weeks fieldwork. Includes, 
- Boat costs 
- Vehicle costs 
- Receiver maintenance 
- Accommodation costs 
- Salaries 

$202,101 

Hydraulic characterisation of 
Murray cod habitats  

As above  $15,862 

Data analysis and report 
writing 

Various analyses would be undertaken 
on movement data including linking 
movement patterns with current 
velocity profiles.   

$42,436 

Total year 3*  $302,485 

*Years 2 and 3 increases in cost reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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Simultaneous Murray cod and common carp spawning and recruitment projects 

 

Both of these projects would investigate spawning and recruitment and could be 

conducted simultaneously but do not present the same synergies as the movement 

projects. In regards to spawning, ideally 8–12 sites would be sampled within each project 

and sites are largely species-specific. Some sites could be monitored for both species; 

however, given the number of sites able to be monitored within a sampling week is 

limited, the total number of sites monitored specifically for Murray cod and common 

carp would also be limited. Thus, the investigation of species-specific hypotheses may be 

compromised. Additionally, these projects would be conducted over slightly different 

time periods with Murray cod spawning to be investigated over September–November 

and common carp spawning to be investigated over August–December. Nonetheless, 

there may be some cost savings in relation to field trips, and larval sorting and 

identification.    

 

Investigations of recruitment for both projects would benefit from data collected from 

several sites within Chowilla during annual condition monitoring. The additional 

monitoring proposed for the recruitment component of each project, however, is not 

complementary and each would be carried out separately. Nonetheless, there is the 

potential that additional sampling for common carp recruitment, outside of Chowilla, 

may be funded under pre-existing monitoring programs at other anabranch sites. 

Preliminary costings for concurrent Murray cod and common carp spawning and 

recruitment studies are presented in Table 8. 
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Table 8. Description and cost summary for individual components of simultaneously 
conducting the proposed investigations of spatio-temporal variation in spawning and 
recruitment of Murray cod and common carp in Chowilla in relation to operation of the 
Chowilla Regulator.  Costs are indicative. 

 

Activity Description  Cost 

Year 1 

Project management Co-ordination of tasks below 
including all purchasing, etc. 

$12,000 

Larval sampling events 14 weeks larval sampling events over 
the period September – November 

$186,667 

Sorting larval samples and 
identification  

Sorting of drift net and light trap 
samples prior to identification 

$150,000 

Electro-fishing to monitor 
Murray cod recruitment   

3 weeks of sampling are conducted 
as part of Chowilla Condition 
Monitoring (see Leigh and Zampatti 
2012). An additional week of electro-
fishing may be required, targeting key 
Murray cod habitat. Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries  

$20,000 

Electro-fishing to monitor 
Common carp 
recruitment   

2 weeks of sampling are conducted 
as part of Chowilla Condition 
Monitoring (see Leigh and Zampatti 
2012). An additional 2 weeks of 
electro-fishing will be conducted at a 
control system (not influenced by an 
intervention). Includes, 
- Boat costs 
- Vehicle costs 
- Accommodation costs 
- Salaries  

$40,000 

Data analysis and 
reporting 

 $30,000 

Total year 1  $427,867 

Total year 2*  $440,704 

Total year 3*  $453,925 

*Years 2 and 3 increases in cost reflect indexation 

*Costings for further years would likely be similar, but would require revised budgeting and reassessment. 
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3.7 Summary of proposed monitoring 

The Chowilla system represents one of the most significant habitats for juvenile and 

adult Murray cod in the lower River Murray and construction and operation of the 

Chowilla Regulator poses several risks for this species. Notably the regulator may 

represent a barrier to the movement of Murray cod and altered hydraulic conditions (i.e. 

decreases in lotic habitat and increases in lentic habitat) may negatively influence 

spawning and recruitment. Additionally, the same alteration to hydraulic conditions may 

result in increases in habitat favourable for the spawning and recruitment of common 

carp. 

 

This report presents monitoring programs that would enable an evaluation of the 

response of Murray cod and common carp movement, spawning and recruitment to the 

operation of the Chowilla Regulator. Nonetheless, these programs also provide an 

opportunity to initiate a truly adaptive management program. The Chowilla regulator will 

be flexible in its operation and the proposed monitoring programs could act not only to 

determine the general benefit/impact of the regulator, but inform its operation. Ideally, 

investigations in the order of ten years would provide the temporal scope to monitor 

response to multiple different regulator operations and multiple years with no operations, 

and varying flows. At an absolute minimum, projects running for a period of three years, 

including at least one year of regulator operation and at least one year of no operation, 

would provide some insight on the response of Murray cod and common carp to generic 

regulator operation.  
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4. Conclusion 

 

The Chowilla Anabranch system represents one of the largest areas of intact floodplain 

habitat in the lower River Murray and is characterised by a diversity of perennial and 

ephemeral aquatic habitats. The ecological significance of Chowilla is reflected in the 

regions’ status as an Icon Site under the MDBA’s Living Murray Program and listing 

under the Ramsar Convention as a wetland of international importance. Chowilla is 

characterised by a diverse and abundant fish assemblage, that includes relatively high 

abundances of Murray cod and other native fish species (Zampatti et al. 2011, Leigh and 

Zampatti 2012). Furthermore, Chowilla supports recruitment of Murray cod in contrast 

to much of the lower River Murray in South Australia where significant recruitment has 

been minimal since the mid-1990s.   

 

Operation of the Chowilla regulator represents an unparalleled experiment in lowland 

river restoration. The operations plan for the regulator is currently in development and 

will include variable operations strategies that are being developed in consideration of 

risks to biota that were identified in various risk assessments (Brookes et al. 2006, Mallen-

Cooper et al. 2008, Nicol et al. 2010, Mallen-Cooper et al. 2011). Specifically, the aspects 

of the system that make it favourable for the residence and recruitment of Murray cod 

(i.e. hydraulically diverse lotic habitats) may be compromised, whilst conditions 

favourable for the residence, spawning and recruitment of common carp may be 

enhanced.  

 

Adequate monitoring and responsive adaptive management will be keys to mitigating 

risks and optimising benefits for all biota. Given the potential benefits and risks of 

regulator operation, determining operating strategies that are a compromise between 

limiting the extent and consequence of impacts and also meeting the objectives of the 

intervention is the most desired outcome. Rigorous monitoring programs are vital tools 

to inform management and operation, and thus provide this outcome. 

 

Currently within the Chowilla region, significant infrastructure exists for monitoring the 

movement of radio-tagged fish. Additionally, significant knowledge on the movement, 

spawning and recruitment of Murray cod within the Chowilla Anabranch system has 
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been gathered in recent years. The existing fish movement monitoring system, continued 

presence of Murray cod with active radio tags within the system (from previous 

investigations) and knowledge of fish movement prior to regulator construction, together 

with the experimental/monitoring protocols developed, form the basis of a powerful 

tool for informing the future operation and adaptive management of the Chowilla 

Regulator to maximise ecological benefits and minimise risks. 
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