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EXECUTIVE SUMMARY
Common carp (Cyprinus carpio L.) is a successful invader and a declared pest in several
countries including Australia, New Zealand, Canada and the United States. When in high
abundance, carp cause detrimental changes to benthic habitats, water quality and the
distribution and abundance of native flora and fauna. Previous research has demonstrated a
significant increase in turbidity at carp densities of 50-75 kg ha−1, significant negative effect
on water transparency and aquatic macrophyte cover at a mean density of 68 kg ha-1,
decline in vegetation cover and waterfowl at ~100 kg ha-1, shift from clear to turbid water
state at 174-300 kg ha-1 and detrimental effects on aquatic macrophytes at 450 kg ha-1.
These impacts stem largely from carp’s bottom-feeding behavior.
Common carp are a conspicuous component of the Torrens Lake fauna and the Adelaide
City Council are currently developing a strategy to reduce their impact. Key to the
development of this strategy is knowledge of the movement patterns and habitat preferences
of carp which may be exploited for control purposes, as well as an understanding of the carp
population dynamics and the efficiency of potential carp control techniques within this multiuser system. The objectives of the current project were to: 1) use acoustic-tagged carp to
evaluate movement patterns and the spatial and temporal habitat associations of carp within
the Torrens Lake; 2) evaluate options of harvesting carp and gain knowledge of the species’
densities

through

a

targeted

harvest/mark-recapture

experiment;

3)

provide

recommendations for the cost effective control of carp within the Torrens Lake system.
In November 2009, 25 carp >200 mm total length (TL) were implanted with v9-2x-069k-3
(5H) acoustic transmitters (nominal ping delay 180 ± 70 s) and a VEMCO acoustic tracking
array comprising 17 VR2W receivers was systematically deployed throughout the lake
system. However, due to high levels of underwater acoustic interference associated with
lake infrastructure (i.e. aerators, pumps, fountains), all receivers within the Elder
Park/Adelaide University reach and several receivers within the Main Lake were
experiencing <10% detection efficiency. While affected receivers were repositioned in an
attempt to increase efficiency, this had a negligible effect and only two receivers within the
Main Lake were consistently logging detections. Thus, tracking commenced during February
2010 with a total of six receivers deployed throughout the system. However, high flows in
September 2010 (~1400 Ml d-1) resulted in the loss of a further two receivers from the Zoo
reach. Notwithstanding, the remaining receivers were covering an area suitable to capture
the movement of carp throughout the Main Lake and into St Peters reach.
1
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A relatively small percentage of tagged carp (~20%) were consistently detected in the upper
reaches of the lake system (St Peters reach). Peak upstream detections (50% of tagged
carp) occurred during the known carp breeding season (Spring-Autumn) and may be
associated with carp attempting to locate spawning habitat (i.e. off-channel shallow
wetlands/marshes). However, preferred spawning habitat is limited throughout the lake
system. Other upstream detections are likely associated with exploratory movements into
and out of the reach. Further upstream movements are restricted by St Peters weir and the
reach is unlikely to contain resident carp as it provides limited cover (<1 m deep) and limited
feeding opportunities due to the predominately course/rocky substrate. Carp displayed a
greater preference for the Main Lake with approximately 70% of tagged carp detected each
month with peak detections (~90%) occurring in October 2010. This preference for the Main
Lake is likely due to increased feeding/foraging opportunities associated with the deep fine
textured substrate (i.e. silt, clay) and increased cover/habitat associated with deeper water
(1-5 m) and a higher density of fringing vegetation.
To calculate total numbers and densities (kg ha-1) of carp within the Torrens Lake and
evaluate the effect of harvesting (i.e. % population reduction), the resident carp population
was estimated via an adjusted Petersen mark-recapture experiment. In June 2011, 78 carp
were tagged (dart tags) from across all sections of the Torrens Lake. Recaptures were
incorporated into a targeted carp harvesting event which occurred 22-24 August 2011. This
harvesting event evaluated the efficiency of electrofishing, gill netting and fyke netting. To
determine which harvesting method was the most efficient, harvesting catch per unit effort
(CPUE) was calculated from the number of fish captured per technique divided by the actual
time spent applying each technique. Electrofishing time included set-up, total time spent on
the water and clean-up times while netting techniques included preparation time, the total
time setting, checking, clearing and resetting nets and clean-up times. Each hour of
electrofishing and managing gill and fyke nets involved three staff and the use of an
electrofishing boat (i.e. netting was conducted from the electrofishing boat).
The Peterson population estimate for carp within the Torrens Lake was ~1286 (3857 kg;
density of 223 kg ha-1). The targeted harvesting event removed 178 carp (534 kg) or 14% of
the estimated population. Subtracting this from the population estimate leaves a total
population of ~1108 (3323 kg; 191 kg ha-1) at the time of sampling. The results of the
population estimate indicate that carp are causing negative environmental impacts within the
lake and highlights the need for a cost effective control program that aims to reduce the
biomass of carp to below impact thresholds (i.e. <50 kg ha-1).
2
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Electrofishing was the most efficient technique with an overall CPUE of 12.9 fish h-1. Gill nets
and fyke nets were less efficient with an overall CPUE of 4.3 fish h-1 and 1.6 fish h-1,
respectively. Electrofishing was more efficient on the first day of harvest with a total of 113
carp caught at a CPUE of 25.1 fish h-1. However, catches decreased to 53 on the second
day and three on the final day, with a concurrent decline in CPUE to 12.8 fish h-1 and 0.7
fish h-1, respectively. No carp were captured in gill nets on the first day, catches increased
on the second day with 14 carp captured at a CPUE of 7.5 fish h-1 but decreased on the final
day with seven carp at a CPUE of 4.7 fish h-1. Fyke netting was the least efficient harvesting
technique with no carp caught on the first day, five carp on the second day at a CPUE of 3.3
fish h-1 and two carp at a CPUE of 1.3 fish h-1 on the final day. Although netting has proven
to be an effective carp harvesting technique within other systems, it had limited application
within the Torrens Lake. The system was being utilised daily by rowers, tour boats,
maintenance boats and paddle boats. As nets represented a navigation hazard this
restricted their placement to sub-optimal locations thereby reducing their efficiency.
Electrofishing is an active harvesting strategy that is largely unaffected by boating traffic
(with the exception of paddle boats) and it can target more locations throughout the system.
As such, future control efforts should utilise this technique and seek to optimise its
application as the primary harvesting strategy. The efficiency of netting techniques should
also be evaluated and optimised as they may yield a higher efficiency during future
harvesting efforts.
The data collected to date are important in determining the appropriate strategy to manage
carp within the Torrens Lake. Given that carp are predominately displaying exploratory
movements throughout the system, passive control techniques that aim to exploit
predictable/seasonal large-scale migration behaviour (e.g. carp separation cages) will have
limited effect and a more active targeted approach is required. Of the harvesting strategies
trialled, electrofishing proved to be the most efficient during the 2011 targeted harvest.
Although netting was not as effective it should continue to be evaluated during an ongoing
control program. The future application of these techniques will require careful planning, infield evaluation and long-term monitoring to optimise a harvesting strategy (i.e. timing,
duration, frequency). Ideally, this strategy should aim to achieve predefined management
targets (i.e. reduce density to <50 kg ha-1) and rely on an understanding of the ecology and
population dynamics of carp (i.e. triggers for successful spawning/recruitment, population
size/structure, etc).

3
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1. INTRODUCTION
In central Adelaide lies the Torrens Lake, a 4 km stretch of water between the St Peters weir
and the Torrens weir. The lake environment is iconic to the city and heavily used by the local
community and tourists, especially during the many and varied national and international
events that take place on its waters, banks and in the surrounding recreation parks (TT
2007). The lake, however, is subject to regular closures due to cyanobacterial blooms, which
are symptomatic of underlying problems including poor water quality, altered environmental
flows, pollution, destruction/alteration of the riparian zone, and the presence of exotic flora
and fauna such as common carp (Cyprinus carpio L.) (Whitton and Potts 2000).
Lake closures create significant negative media attention and are detrimental to the city’s
‘clean and green’ image. Consequently, the South Australian Government formed a highlevel Torrens Taskforce to develop an Integrated Management Plan for the entire Torrens
Catchment (some 500 km2), with a strong focus on improving the health of the Torrens Lake
(TT 2007). The Plan consists of a suite of recommendations, worth approximately
$50 million over 50 years. One of those recommendations includes a short-term priority of
“commencing a carp control/eradication program within the lake”, to minimise the adverse
effects of this declared noxious pest fish on the lake’s environment and water quality.
Common carp is a successful invader and a declared pest fish in several countries including
Australia, New Zealand, Canada and the United States (Koehn 2004). The success of carp
stems from their high fecundity (100,000 eggs kg-1; up to 1 million eggs y-1), longevity (28+
years), ability to occupy a broad range of habitats and tolerance to extreme environmental
conditions (Smith 2005). When in high abundance, carp cause detrimental changes to
benthic habitats, water quality and the distribution and abundance of native flora and fauna
(Gehrke and Harris 1994; Miller and Crowl 2006; Matsuzaki et al. 2009). These impacts
stem largely from carp’s bottom-feeding behaviour (Sibbing et al. 1986) and are most
commonly reported in shallow off-stream habitats (Parkos et al. 2003) where carp
congregate annually to feed and breed (Smith and Walker 2004; Stuart and Jones 2006).
Common carp are a conspicuous component of the Torrens Lake fauna, with electrofishing
activities conducted in May 2006 and November 2007 by SARDI Aquatic Sciences
confirming that carp dominate the lake’s fish community in terms of numbers and biomass
(carp are estimated at >95% of the fish biomass; SARDI unpublished data). Indeed, high
densities of carp have concerned the public and local government since at least the early
4
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1980s, yet control efforts to date have largely been ad-hoc and limited. At current densities,
it is expected that carp will be causing negative environmental effects as described above.
Thus, a carp control program is warranted.
Considerable resources have been invested in developing and evaluating novel strategies to
manage carp. In Australia, there is a national management strategy (Carp Control
Coordinating Group 2000) and several texts outlining the species’ ecology and management
options (Roberts and Tilzey 1996; Koehn et al. 2000). Common management methods rely
on a strong understanding of carp ecology and aim to target or sabotage exploitable
behaviours (i.e. migrations, spawning). The utility of each method is site specific and
dependent on several factors including amenity value, season (i.e. spring vs. winter), scale
(i.e. individual wetlands, river reach, whole of system), hydrology (i.e. base flow vs. flood)
and resource availability. Specific options for carp management include operational and
intervention techniques or a combination of both. To date, these largely rely on commercial
fishing, steel mesh carp exclusion screens in wetland flow control structures to restrict
access to spawning sites (French et al. 1999; Hillyard et al. 2010), electrical barriers to
restrict movements (Verrill and Berry 1995), barrier netting and liming to sabotage spawning
by destroying eggs (Inland Fisheries Service 2008), tracking “Judas” carp to locate and
harvest aggregations (Inland Fisheries Service 2008), jumping traps (William’s carp
separation cages; Stuart et al. 2006; Thwaites 2011), push traps (Thwaites et al. 2010),
pheromone traps (Sorensen and Stacey 2004), chemical piscicides (Clearwater et al. 2008)
and water level manipulations to reduce access to littoral spawning sites and expose eggs to
desiccation (Shields 1957; Yamamoto et al. 2006). The strategic delivery of water to
disadvantage carp by providing a non-preferred inundation regime or mosaics of fast- and
slow flowing habitats has been proposed but is yet to be fully evaluated (Stuart et al. 2011).
Genetic (‘daughterless’ carp; Thresher 2008) and biological (Koi herpes virus; McColl et al.
2007) technologies are also in development and although these techniques may promise
large-scale population impacts (Brown and Gilligan 2014), they are still many years from
deployment.
Key to the development of a cost effective carp control strategy is knowledge of the
movement patterns and habitat preferences of carp which may be exploited for control
purposes, as well as an understanding of the carp population dynamics and the efficiency of
potential carp control techniques within targeted systems. With this knowledge, the
appropriate strategy to manage carp can be identified (Stuart and Jones 2006) and the
feasibility of control methods such as carp exclusion screens, carp separation cages,
5
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targeted harvesting (i.e. netting, electrofishing) or the strategic delivery of environmental
water to aggregate carp for trapping can be critically evaluated and/or optimised. In addition,
the knowledge gained may support the future roll-out of blue sky technologies such as Koi
herpes virus and daughterless carp.

1.1. Objectives
The objectives of the current project were to:
1. use acoustic-tagged carp to evaluate movement patterns and the spatial and temporal
habitat associations of carp within the Torrens Lake,
2. evaluate feasible options for harvesting carp within the Torrens Lake and determine the
species’ densities through a targeted harvest/mark-recapture experiment, and
3. provide recommendations for the cost effective control of carp within the Torrens Lake
system.

6

Thwaites, L.A. et al. (2015)

Torrens Carp Report

2. METHODS

2.1. Study site
The Torrens Lake is a 4 km stretch of the River Torrens in Adelaide’s Central Business
District (CBD). The lake has a surface area of approximately 17 ha and spans from the
St Peters weir in Adelaide’s inner eastern suburbs to the Torrens weir situated in Adelaide’s
western CBD (Figure 1). The lake is fed by urban stormwater run-off and also receives
environmental flows from upstream storages.

St Peters weir

Torrens Lake

Torrens weir

Figure 1. Overview map of the Torrens Lake, South Australia.

2.2.

Radio telemetry

Radio telemetry was considered in the initial stages of the project as the primary tracking
method and infield investigations were conducted to determine its feasibility. Air testing
suggested this could be a viable option however there were areas of poor, intermittent signal
reception. Notwithstanding, 25 carp were implanted with radio tags in early September,
2008. Multiple attempts to track these carp were conducted between October 2008 and
February 2009, however less than 50% of tagged carp were detected due to high levels of
underwater noise associated with the lake’s infrastructure (i.e. pumps, aerators, fountains,
etc) and radio interference associated with the city of Adelaide. Between 9 and 10 February
2009, the Torrens Lake drained as a result of a mechanical failure of the Torrens weir. After
7
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this event, <20% of tagged carp were detected. Given the loss of tagged carp and limited
detections prior to the draining event, this form of tracking was abandoned and alternate
methods were scrutinised with acoustic tracking deemed the most suitable.

2.3. Acoustic tracking
Range testing
Between 15 and 23 July 2009, an acoustic range finding experiment was conducted to
determine the most suitable acoustic tags in terms of detection range (distance) and to
highlight and address issues that may affect acoustic transmission and reception throughout
the lake (i.e. infrastructure, bathymetry, stream width/depth, interference, etc). The
experiment involved monitoring two VEMCO v9-2x-069k-3 acoustic tags (high and low
powered) with seven VR2W acoustic receivers at two locations (Figures 2-4). These
locations were chosen as they were considered to represent the “best” and “worst” case
scenarios for signal propagation/detection within the system. For example, the deeper wider
Main Lake (Range test 1) should yield greater signal propagation and detection efficiency in
comparison to the shallow and narrow St Peters reach (Range test 2) (Kinsler et al. 2004).
Tags were monitored over a 24 h period to determine diurnal differences in signal
detection. The VR2W receivers were spaced 50 m apart and deployed in a direct line from
the acoustic tags (covering ~250-300 m) (Figure 3). Both tags and receivers were anchored
to the substrate via besser blocks and suspended in the water column approximately 50 cm
under a surface float. The acoustic tag detection range was determined by the drop-off of
signal reception over the seven receivers (i.e. the receiver closest to the acoustic tag should
detect 100% of the acoustic signals while the receiver furthest away may only detect 10% of
signals). The distance/receiver at which ~70% of signals were detected defined the effective
detection range. High powered v9-2x-069k-3 (5H) tags provided the best detection range at
each of the locations tested with the average signal detection being maintained at ~70% for
150 m and 50 m at range test locations 1 and 2, respectively (Figure 2). The decrease in
distance across each of the locations is a function of decreasing channel width and depth
which inhibits signal propagation (Kinsler et al. 2004). However, it is important to note that
the reported ranges represent the potential range both upstream and downstream of a
VR2W receiver (i.e. 150 m upstream + 150 m downstream = detection range up to 300 m).

8
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St Peters Reach
Range Test 2

Zoo Reach

Range Test 1

Main Lake

Adelaide University Reach

Elder Park Reach

Figure 2. Torrens Lake study reaches and acoustic range finding test sites.
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Figure 3. Range finding protocol. VEMCO v9-2x-069k-3 acoustic tags (high and low powered) with
seven VR2W acoustic receivers spaced at 50 m intervals.

A.

B.

Figure 4. A) VEMCO VR2W acoustic receiver and, B) Schematic of the VR2W acoustic receiver
mooring.
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Acoustic tracking array
Initially, 17 VR2W receivers were deployed throughout the Torrens Lake (Figure 5).
Receivers were anchored to the substrate via besser blocks and suspended in the water
column approximately 50 cm under a surface float (Figure 4). Receivers were positioned to:


permit tracking of carp throughout the entire system,



target preferred carp habitat (i.e. vegetation, structure), migration bottle necks which
may be suitable for the installation of carp separation cages (i.e. St. Peters reach)
and potential overwintering habitat (i.e. Main Lake),



avoid navigation hazards for lake users (i.e. rowers, tour boats, maintenance boats,
paddle boats), and



minimise acoustic signal interference from underwater noise generated by
infrastructure (i.e. pumps, aerators, fountains) within the Main Lake, Elder Park and
Adelaide University reaches.

Given the potential for acoustic interference, the detection efficiency of receivers within the
Main Lake and Elder Park reach were tested using synchronisation tags which were
systematically deployed within the detection range of all receivers. These tags ping once
every 17 min and permit evaluation of detection efficiency by downloading and analysing the
ping train recorded on each receiver within VEMCO’s computer interface (Vemco User
Environment (VUE), 2.0.6-20130212, AMIRIX Systems Inc., Halifax, Canada). The analysis
conformed that the detection efficiency of all receivers within the Elder Park/Adelaide
University reach and several receivers within the Main Lake were experiencing high levels of
interference, with a maximum of 10% detection efficiency. This level of interference was not
detected during range testing as the Elder Park/Adelaide University reach was not used and
although some interference was observed in the Main Lake, it was minimal as receivers
were positioned further away from infrastructure toward the centre of the lake (these
positions could not be used in the long-term due to navigation issues). Given the high level
of interference, several positioning changes were made to affected receivers in an attempt to
increase detection efficiency (Table 1). However, this had negligible effect and only two
receivers within the Main Lake were consistently logging detections. Notwithstanding, these
receivers were covering an area suitable to capture the movement of carp into and
throughout the lake. When coupled with the receivers in the upper reaches of the study area
(Zoo and St Peters reaches), the tracking array provided sufficient coverage to determine if
carp were moving throughout the entire system and information regarding specific habitat
use was gathered during tagging and harvesting events. Thus, tracking commenced during
11

Thwaites, L.A. et al. (2015)

Torrens Carp Report

February 2010 with a total of six receivers deployed throughout the system. However, high
flows in September 2010 (~1400 ML d-1; Figure 9) resulted in the loss of a further two
receivers from the Zoo reach (Table 1). Although these two receivers had been downloaded
within one month of deployment there was insufficient data to warrant their use and the
movement analysis focused on detections on the receivers within the Main Lake and St
Peters reach (see below). The remaining four receivers were renamed Receiver 1 (R1;
closest receiver to St Peters weir) through to Receiver 4 (R4; closest receiver to Torrens
weir) (Figure 6).

Table 1. Development of the Torrens Lake acoustic tracking array.
Dates

Action

6/09/09

Acoustic array first deployed to provide coverage of the entire system.

13/11/09

Minor receiver positioning changes within the Main Lake, Elder Park and
Adelaide University reaches in an attempt to increase detection efficiency.

19/02/10

Further minor positioning changes within the Main Lake, Elder Park and Adelaide
University reaches in an attempt to increase detection efficiency.

17/05/10

Elder Park and Adelaide University array was removed due to high underwater
acoustic interference associated with fountains, aerators and pumps.

6/07/10

Further minor receiver positioning changes within the Main Lake; all but two
receivers were experiencing poor detection efficiency due to underwater acoustic
interference associated with fountains, aerators and pumps.

5/09/10

Two receivers (R3 and R4) were lost in a high flow event in the Zoo reach (Figure
5).

1/10/10-27/10/11

Further receiver positioning changes within the Main Lake in an attempt to
increase detection efficiency.

12
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R1
R2

R4
R3

R6
R17

R5

R7

R16
R14

R9

R15

R11
R12
R13

R8
R10

Figure 5. Initial design of the Torrens Lake acoustic tracking array, 6 September 2009 (R= Receiver).
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R1
R2

R4
R3

Figure 6. Final Torrens Lake acoustic tracking array (R= Receiver).
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Tagging carp with acoustic transmitters
In November 2009, 25 carp >200 mm total length (TL) were implanted with v9-2x-069k-3
(5H) acoustic transmitters (nominal ping delay 180 ± 70 s) (Table 2 and Figure 7). Carp were
captured using a boat mounted electrofishing system (7.5 kW Smith Root Model® GPP). Prior
to surgery, all carp were held in aerated river water within a 50 L tank. Carp were
anaesthetised (Stage III - loss of reflex reactivity, surgical anaesthesia; MacFarland 1959) in
a 50 L aerated fish bin containing AQUI-S® (AQUI-S®, New Zealand Ltd) at a concentration
of 35 ppm. The sex of each carp was determined (where possible) and their length (mm),
weight (g) and tag ID recorded (Table 2) before each carp was inverted in a v-shaped PVC
fish cradle.

A.

B.

Figure 7. A) VEMCO acoustic transmitter being inserted into abdominal cavity of carp. Insert shows a
carp in the v-shaped PVC fish cradle post-operation after insertion of visual identification dart tags
(Photo: SARDI), B) VEMCO V9 coded acoustic transmitter (http://vemco.com).

During surgery, gills were irrigated with an aerated 50% dilute solution of AQUI-S® (17.5
ppm). Each v9-2x-069k-3 (5H) transmitter was implanted by first removing six adjacent
scales from an area 3 scales posterior to the right side of the pelvic fin. This area was
swabbed with Betadine® (Faulding Pharmaceuticals, Salisbury, S.A., Australia) and absolute
ethanol before a 2 cm incision was made through the ventral wall. The tag was inserted into
the abdominal cavity anterior to the incision (Figure 7). The incision was closed using one
external suture (Ethicon Inc. Somerville, New Jersey, USA) and sealed with Vet-bondTM (3M
Animal Care Products, St. Paul, MN, USA). To permit visual identification of carp implanted
with transmitters, two external dart tags (Hall Print, Hindmarsh, S.A., Australia) were inserted
between the dorsal pterygiophores (the internal extension of the dorsal fin ray structure)
(Figure 7). Carp were then injected in the dorsal musculature with a long-term (2 weeks)
antibiotic (Baytril®, Bayer Australia, Pymble, NSW, Australia) at a rate of 0.1 ml kg -1 body
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weight. At the completion of surgery, carp were transferred to an aerated fresh water
recovery tank and monitored until they regained equilibrium. Recovered carp were released
at the point of capture. All surgical instruments and equipment were sterilised with Betadine®
and absolute ethanol and air dried before each surgery. This surgical procedure was
adapted from the methods prescribed by Leigh and Zampatti (2013).
Table 2. Summary data of acoustically tagged carp.
Fish No.

Tag ID

Sex

Total Length (mm)

Weight (g)

1

62646

N/A

417

1185

2

62628

M

535

2049

3

62622

F

520

2109

4

62634

M

570

2658

5

62640

M

420

1320

6

62629

F

495

2165

7

62642

F

555

2500

8

62625

N/A

417

1236

9

62623

N/A

413

1205

10

62641

N/A

430

1320

11

62635

N/A

410

1194

12

62636

M

450

1505

13

62630

N/A

584

3001

14

62637

N/A

425

1371

15

62643

F

515

1920

16

62631

N/A

498

1845

17

62624

F

527

2102

18

62644

F

635

4238

19

62645

M

538

2515

20

62638

N/A

547

2583

21

62632

M

518

2354

22

62626

M

495

1900

23

62639

N/A

650

3712

24

62633

N/A

460

1751

25

62627

N/A

675

5492
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Data analysis
Carp positional data are analysed using the VEMCO’s VUE software to describe carp
movements and behavioural responses to changes in flows and temperature. Surface water
data (flow and temperature) were sourced from waterconnect.sa.gov.au (DS Second Creek
data point). Due to loss/removal of receivers and poor detections within mid reaches and
parts of the Main Lake, this analysis focused on identifying movements into St Peters reach
(receivers R1 and R2) and the Main Lake (R3 and R4) and determining potential triggers for
these movements (i.e. changes in flow and temperature). It was anticipated that the majority
of tagged carp would move into the upstream St Peters reach during the carp breeding
season (spring-autumn) in an attempt to locate preferred off-stream breeding habitat and
seek the more stable water temperature of the deeper water in the Main Lake during the
colder winter months (after Smith 2005). In addition, given that St Peters reach is the only
location within the system that is physically suitable for carp control infrastructure (i.e. carp
separation cages, Appendix A), a high percentage (70-80%) of tagged carp being
consistently detected within this reach may support its installation.

2.4. Mark-recapture/Targeted harvest/Catch per unit effort
Estimating carp population size and biomass via a mark-recapture experiment
To calculate total numbers and densities (kg ha-1) of carp within the Torrens Lake and
evaluate the effect of harvesting (i.e. % population reduction), the resident carp population
was estimated via an adjusted Petersen mark-recapture experiment (Equation 1; Ricker
1975):
~

N

( M  1)(C  1)
………………………………………………….
( R  1)

(Equation 1)

where, M is the number marked and released, C is the number subsequently examined for
marks, R is the number of marks found (i.e. recaptures) in the sample C, N is the total
(and unknown) number in the population and Ñ is the adjusted Petersen estimate of N.
In June 2011, 78 carp were tagged across all sections of the Torrens Lake including the
creek section (St Peters reach). Carp were captured using a boat mounted electrofisher (7.5
kW Smith Root Model® GPP). All carp were tagged with two external dart tags inserted
between the dorsal pterygiophores and measured and weighed before being released at
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their capture location. Recaptures were incorporated into a targeted carp harvesting event
which occurred approximately two months after initial tagging.
Assessing the feasibility of available carp management strategies
As the utility of carp management strategies is site specific and dependent on several factors
including amenity value, season, scale, hydrology and resources, the feasibility of a range of
available management strategies was assessed (Appendix A). Of these methods, targeted
harvesting (netting, electrofishing) was considered the most feasible physical control option
for the Torrens Lake. While a carp separation cage (Stuart et al. 2006; Thwaites et al. 2010)
was also considered feasible, justifying the expenditure associated with installing and
maintaining this infrastructure is dependent on identifying large scale carp movements into
an area which is suitable for trapping. If this behaviour is not recorded then this option will
not be feasible.
Targeted harvest and recaptures for population estimates
To evaluate feasible carp harvesting strategies for the Torrens Lake and recapture carp for
the Petersen population estimates a targeted carp harvest event was conducted between 22
and 24 August, 2011. The targeted harvest incorporated; electrofishing (boat mounted 7.5
kW Smith Root Model® GPP), three monofilament gill nets (six inch stretched mesh, 15 m
total length and 3 m depth), eight small-mesh fyke nets (10 mm stretched mesh, 5 m leader,
3 m funnel, 7 support rings and 3 chambers) (Figure 8). Electrofishing was conducted over a
three day period (22-24 August, 2011). Effort was applied across the entire system and
targeted all available habitat including vegetation, snags, lake infrastructure, bare banks and
open water. All nets were set for two 24 hour blocks over two days. To optimize catch rates,
each gear type was set within the particular habitat and depth where they are most effective
(SKM 2006). Fyke nets were set in the littoral zone in close proximity to submergent and
emergent vegetation while gill nets were set in open deeper sections of the system.
However, due to potential navigation issues some open water and littoral habitats could not
be targeted (Figure 8). All carp captured (both tagged and untagged) were counted, with tag
numbers recorded. Total length (TL, mm) and weight (g) were recorded from a sub-sample
of 62 carp. The presence of small-bodied native fish and the total numbers of large-bodied
native species were recorded. All capture carp were euthanised (after Close et al. 1997) and
native fish were released unharmed.
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Targeted harvest catch per unit effort (CPUE)
Traditional calculations of catch per unit effort (CPUE) do not reflect the actual time
associated with each harvesting technique. For example, electrofishing is generally
standardised to the number of fish captured per minute or hour of “power-on” time (e.g.
within one hour of harvesting the electrical power may only be applied for 600 s). Netting
techniques are generally standardised by dividing the number of fish captured by the
multiple of the number of nets and the soak time per net (e.g. 10 fish / (10 nets X 10 hour
soak) = 0.1 fish.net.hour-1). For this study, harvesting CPUE was calculated from the number
of fish captured per technique divided by the actual time (hour) spent applying each
technique. Electrofishing time included set-up, total time spent on the water and clean-up
times while netting techniques included preparation time, the total time setting, checking,
clearing and resting nets and clean-up times. Each hour of electrofishing and managing gill
and fyke nets involved three staff and the use of an electrofishing boat (i.e. netting was
conducted from the electrofishing boat).

19

Thwaites, L.A. et al. (2015)

Torrens Carp Report

F8

G3
F7

F6
F5
G1

F4

G2
F1
F2

F3

Figure 8. A map indicating where and what sampling gear was used as a part of the 2011 Torrens targeted harvest experiment. (G=Gill nets, F=Fyke nets).
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3. RESULTS AND DISCUSSION
3.1. Carp movement
Tagged carp were recorded moving into St Peters reach each month of the study period
(Figures 9 and 10). Detections on receiver R2 peaked in March and April 2010 with 50% and
43% of tagged carp detected, respectively. A secondary, but lesser peak movement was
recorded in November and December 2010 with 21% and 28% of tagged carp detected,
respectively. Detections on the most upstream receiver (R1; close proximity to St Peters
weir) peaked in November and December 2010 with 28% of tagged carp detected. These
peak detections occurred during the known carp breeding season (spring-autumn) and may
be associated with carp attempting to locate preferred spawning habitat (i.e. off-channel
shallow wetlands/marshes; Smith 2005; Conallin et al. 2012) However, preferred spawning
habitat is limited throughout the lake system and this may explain the low level of carp
recruitment. Other detections on receivers R1 and 2 are likely associated with exploratory
movements into and out of the reach. Further upstream movements are restricted by St
Peters weir and this reach is unlikely to contain resident carp as it provides limited cover (<1
m deep) and feeding opportunities due to the predominately coarse/rocky substrate.
Although carp were moving toward St Peters weir, the only location within the system that is
physically suitable for carp control infrastructure (i.e. carp separation cages, Appendix A),
the installation of this infrastructure is not recommended due to the relatively low numbers of
carp, associated costs (>$100K; Thwaites 2011), risk of damage during high flows (Figure 9)
and lack of evidence to suggest that sufficient numbers of carp are making seasonally
predictable migrations to this location.
While a relatively small percentage of tagged carp were consistently moving into the
upstream reaches, carp displayed a greater preference for the Main Lake (Figures 11 and
12). An average of 73% ± 3.13 S.E. (range: 38%-93%) of tagged fish were detected on R3
and 64% ± 3.38 S.E. (range: 43%-87%) on R4 across the study period with peak
percentages detected on R3 (93%) and R4 (87%) in October 2010. This preference for the
Main Lake in comparison to upstream reaches is likely due to increased feeding/foraging
opportunities associated with the deep fine textured substrate (i.e. silt, clay) and increased
cover/habitat associated with deeper water (1-4 m) and a higher density of fringing
submergent/emergent macrophytes (Smith 2005; SARDI unpublished data). Although it was
hypothesised that carp overwinter within the Main Lake, this behavior was not detected.
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Previous investigations of carp movement in the southern hemisphere report the majority of
tracked carp (~80%) maintain a small home range (5-10 km) and display a level of site
fidelity while a relatively small percentage (<20%) move large distances (up to 890 km) from
their tagging location (Reynolds 1983; Stuart and Jones 2006; Jones and Stuart 2009;
Osborne et al. 2009; Thwaites et al. 2014). While carp are unable to undertake large scale
movements due to in stream barriers (i.e. St Peters and Torrens weirs), their movements
throughout the system are consistent with commonly reported home range movements.
Their preference for the Main Lake may suggest a level of site fidelity which presents several
logistic issues associated with harvesting carp from the system (see Section 3.3).
Average monthly discharge (ML d-1) and water temperature (°C) varied over the duration of
the study (Figure 9-12). Peak discharge of 1355 (ML d-1) ± 986.26 S.E (range: 85-5191 ML
d-1) occurred during September 2010, while peak water temperatures were recorded at an
average of 25 °C ± 0.21 S.E. (range: 23-28 °C) in February 2010 and 25 °C ± 0.19 S.E.
(range: 23-28 °C) in January 2011. Regression analysis indicated that carp movement was
not influenced by flow or temperature (p-value >0.05) and this is consistent with previous
studies (Reynolds 1983; Jones and Stuart 2009; Thwaites et al. 2014).
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Figure 9. Percentage (%) of tagged carp moving past acoustic receivers R1 and R2 (St Peters
reach), and flow discharge (ML/day) in the Torrens Lake.

Figure 10. Percentage (%) of tagged carp moving past acoustic receivers R1 and R2 (St Peters
reach), and water temperature (°C) levels in the Torrens Lake.
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Figure 11. Percentage (%) of tagged carp moving past acoustic receiver R3 and R4 (Main Lake), and
flow discharge (ML/day) in the Torrens Lake.

Figure 12. Percentage (%) of tagged carp moving past acoustic receiver R3 and R4 (Main Lake), and
water temperature (°C) levels in the Torrens Lake.
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3.2. Targeted harvest
Species composition during the 2011 targeted harvest consisted of two large bodied
species, common carp (n=178) and native freshwater catfish (Tandanus tandanus; n=19)
and three small bodied native species, rainbow fish (Melanotaenia fluviatilis), carp gudgeon
(Hypseleotris spp.) and flat-headed gudgeon (Philypnodon grandiceps) (Table 3). A total of
41% (n=73) of all carp were captured in the Main Lake, 31% (n=56) in the Zoo reach, 21%
(n=38) in the Adelaide University reach, 6.1% (n=11) in the Elder Park reach (Table 3 and
Figure 13) and no fish were captured in the St Peters reach.
Table 3. Species composition and abundances of fish captured across various reaches of the Torrens
Lake.
Location

Species

No. of Fish

Main Lake

Common carp (Cyprinus carpio)
Freshwater catfish (Tandanus tandanus)

Elder Park reach

Common carp (Cyprinus carpio)
Freshwater catfish (Tandanus tandanus)

Adelaide University reach

Common carp (Cyprinus carpio)
Freshwater catfish (Tandanus tandanus)

Zoo reach

Common carp (Cyprinus carpio)
Freshwater catfish (Tandanus tandanus)

Total no. of carp

73
9
11
0
38
6
56
4
178

Total no. of freshwater catfish

19

Grand Total

197

*Note* Small bodied fish (rainbow fish, carp gudgeons and flat-headed gudgeons) were present in all sections of
the sample area; however their abundance was not recorded.

Size classes of carp were collated from a single sub-sample (n=62). A total of 61.3% (n=38)
were in the 560-760 mm TL size class, with the highest frequency count of 11 fish in the
600-640 mm TL size class (~8+ years of age; Smith 2005) (Figure 13). A smaller sexually
mature cohort was also captured with 11.3% (n=7) in the 360-400 mm TL size class (~3-4
years of age; Smith 2005) (Figure 13). These results indicate that carp have limited
recruitment success within the lake. Indeed, no carp <320 mm TL were captured indicating
there has been minimal, or no recruitment of carp within the system for the preceding 3-4
years. The low level of recruitment is likely associated with limited spawning habitat. Carp
prefer shallow, warm, well-vegetated, lentic or slow flowing waters for spawning (i.e.
wetlands/marshes; Crivelli 1981; Kanitskiy 1983; Koehn et al. 2000). Although the Torrens
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Lake is predominately slow flowing there are few areas that provide all attributes associated
with the preferred spawning habitat. Notwithstanding, it is important to note that the species
composition and size classes may have been significantly different prior to the lake draining
event which occurred in February 2008.
Common carp (Cyprinus carpio)
12

Frequency (No. of Fish)

10

8

6

4

2

760

720

680

640

600

560

520

480

440

400

360

320

0

Length (mm)

Figure 13. Length frequency of carp (Cyprinus carpio) caught in the Torrens Lake during the 2011
targeted harvest/mark re-capture program (n=62).

Carp were the most abundant of all large bodied species caught during the 2011 harvesting
event, with the highest percentage of all carp captured within the Main Lake. This is
consistent with the movement data as a high percentage of tagged carp were regularly
detected in this section. Carp catches within this reach were associated with structure
including woody debris, fringing vegetation, overhanging riparian vegetation and
infrastructure (i.e. fountains). Structure also accounted for the majority of catches in the
Adelaide University reach (i.e. over hanging/partially submerged woody vegetation) and the
Zoo reach (i.e. aerators, over hanging vegetation). Macrophytes, woody debris, overhanging
riparian vegetation are characteristics of habitats preferred by carp (Stuart and Jones 2002;
Smith 2005) and should be targeted in conjunction with lake infrastructure during future
harvesting events.
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3.3. Catch per unit effort
To determine which harvesting method was the most efficient, CPUE (fish h-1) was
calculated for each method utilised during the 2011 targeted harvest (Table 4). Electrofishing
was the most efficient technique with an overall CPUE of 12.9 fish h-1. Gill nets and fyke nets
were less efficient with an overall CPUE of 4.3 fish h-1 and 1.6 fish h-1, respectively.
Electrofishing was more efficient on the first day of harvest with a total of 113 carp caught at
a CPUE of 25.1 fish h-1. However, catches decreased to 53 on the second day and three on
the final day, with a concurrent decline in CPUE to 12.8 fish h-1 and 0.7 fish h-1, respectively.
No carp were captured in gill nets on the first day, catches increased on the second day with
14 carp captured at a CPUE of 7.5 fish h-1 but decreased on the final day with seven carp at
a CPUE of 4.7 fish h-1. Fyke netting was the least efficient harvesting technique with no carp
caught on the first day, five carp on the second day at a CPUE of 3.3 fish h-1 and two carp at
a CPUE of 1.3 fish h-1 on the final day.
-1

Table 4. CPUE data (fish h ) for the fishing gear utilised during the 2011 targeted harvest of carp in
the Torrens Lake.
-1

Fishing Method

Date

No. of fish caught

Time (h)

CPUE (fish h )

Electrofishing

22/08/2011

113

4.5

25.1

23/08/2011

53

4.1

12.8

24/08/2011

3

4.5

0.7

Totals

169

13.1

12.9

22/08/2011

0

1.5

0

23/08/2011

14

1.9

7.5

24/08/2011

7

1.5

4.7

Totals

21

4.9

4.3

22/08/2011

0

1.5

0

23/08/2011

5

1.5

3.3

24/08/2011

2

1.5

1.3

Totals

7

4.5

1.6

3 x Gill nets

8 x Fyke nets

*Note* CPUE was calculated from the number of fish captured per harvesting technique divided by the actual
time (hours) spent applying each technique (see Section 2.4).
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Although netting has proven to be an effective carp harvesting technique within other
systems (Inland Fisheries Service 2008), it was the least efficient within the Torrens Lake
during the August 2011 targeted harvest. The system was being utilised daily by rowers
(Main Lake), tour boats (Main Lake to Zoo reach), maintenance boats (entire system) and
paddle boats (Elder Park reach) (Figure 2). As nets represented a navigation hazard this
restricted their placement to sub-optimal locations. Netting may become a more effective
harvesting technique if boating activities can be suspended during carp harvesting periods.
However, this will require negotiations with affected stakeholders and further investigations
in order to optimise the strategy.
Electrofishing is an active harvesting strategy that is largely unaffected by boating traffic
(with the exception of paddle boats) and, in comparison to netting, can target more locations
throughout the system. While this harvesting strategy was the most effective, catch rates
declined over three days with the first two days providing the highest efficiency. This decline
in harvesting efficiency is likely due to:


the learned behaviour of carp that had been partially immobilised by the electrical field
but escaped capture during the previous days/hours of electrofishing. The sound of the
electrofishing boat (motor and generator) is likely to initiate a flight response in these
carp which may stimulate other schooling carp to react and move into areas less suitable
for electrofishing. This response appears to diminish over several days (~1 week) post
harvesting and catch rates increase within previously targeted sites at the onset of
subsequent electrofishing activities,



the probability of catching carp decreases as increasing numbers of carp are removed
from a system. Notwithstanding, the estimate that ~1100 carp remained within the
system after harvesting suggests this may only have limited effect and the reduced catch
rates are more likely a result of the flight response.

Although electrofishing catch rates declined over successive days, this strategy still yielded
the highest overall catches and the greatest efficiency. As such, future control efforts within
the Torrens Lake should utilise this method as the primary harvesting strategy and seek to
optimse its application.
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3.4. Mark-recapture experiment
A total of 78 carp were tagged with 10 recaptured during the targeted harvesting event. In
total, 178 carp were captured during this event (Table 3). This equated to ~534 kg, given an
average weight for carp of 3 kg (n = 62). The Peterson population estimate for carp within
the Torrens Lake was ~1286 (3857 kg; density of 223 kg ha-1) at the time of sampling, with
the upper and lower 95% confidence intervals equating to 2480 carp (7443 kg; 429 kg ha-1)
and 729 carp (2187 kg; 126 kg ha-1), respectively. Subtracting the targeted harvest (178
carp; 534 kg) from the population estimate leaves a population of ~1108 carp (3323 kg; 191
kg ha-1) with an upper 95% interval of 2303 carp (6909 kg; 399 kg ha-1) and a lower 95%
interval of 551 carp (1653 kg; 95 kg ha-1). This indicates that the targeted harvesting event
removed ~14% of the estimated population (7% of the upper 95% interval; 24% of the lower
95% interval).
Previous research concerning the environmental impacts has demonstrated a significant
increase in turbidity at carp densities of 50-75 kg ha−1 (Zambrano and Hinojosa 1999), a
significant negative effect on water transparency and aquatic macrophyte cover at a mean
density of 68 kg ha-1 (Vilizzi et al. 2014), decline in vegetation cover and waterfowl at
~100 kg ha-1 (Bajer et al. 2009), shift from clear to turbid water state at 174-300 kg ha-1
(Williams et al. 2002; Parkos et al. 2003; Haas et al. 2007; Matsuzaki et al. 2009) and
detrimental effects on aquatic macrophytes at 450 kg ha-1 (Hume et al. 1983; Fletcher et al.
1985; Osborne et al. 2005; Pinto et al. 2005). Thus, the results of the population estimate
confirm that at the reported biomass, carp are causing negative environmental impacts
within the lake and highlights the need for an effective control program that aims to reduce
carp biomass to below impact thresholds (i.e. <50 kg ha-1).
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4. CONCLUSION AND RECOMMENDATIONS
The data collected are important in determining the appropriate strategy to manage carp
within the Torrens Lake. Given that carp are predominately displaying exploratory “home
range” movements throughout the system, passive control techniques that aim to exploit
predictable/seasonal large-scale migration behaviour (e.g. carp separation cages) will have
limited effect and a more active targeted approach is required. Of the harvesting strategies
trialled during the 2011 targeted harvest, electrofishing proved to be the most efficient.
Although netting was not as effective, this result may vary across seasons and the technique
should continue to be evaluated during an ongoing control program. The future application of
these harvesting techniques will require careful planning, in-field evaluation and long-term
monitoring to optimise a harvesting strategy (i.e. timing, duration, frequency). Ideally, this
strategy should aim to achieve predefined management targets (i.e. reduce carp density to
<50 kg ha-1) and rely on an understanding of the ecology and population dynamics of carp
(i.e. triggers for successful spawning/recruitment, population size/structure, etc). The
following recommendations outline a program which aims to gather current knowledge of the
Torrens Lake carp population, optimise electrofishing as the primary carp harvesting/control
strategy and continue to evaluate the feasibility of netting as a harvesting technique. The
specific objective of this program is to control carp numbers to below predefined impact
threshold levels through an informed, adaptive and cost-effective framework.
Recommendations


Mark-recapture experiment – conduct a mark-recapture experiment to calculate
estimates of the current Torrens Lake carp population size. The results of this
experiment will aid in:
o

Determining how the population size has changed since the August (2011)
harvesting event.

o

Calculating the current density (kg ha-1) of carp and understanding the likely
impacts of this biomass.

o

Establishing carp management objectives and targets for the system (i.e. %
population reduction required to achieve target density thresholds of <50 kg ha-1)
and undertaking monitoring to evaluate the outcomes.

o

Understanding and reporting the results/impact of each harvesting event (% of
population removed).
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Optimise electrofishing harvesting and continue to evaluate netting techniques – catch
rates declined over three days with the first two days providing the greatest benefit. As
such, it is recommended that carp harvesting is conducted using a boat mounted
electrofisher (7.5 kW Smith Root Model® GPP) for a minimum of a two day period once
every fortnight prior to and during the carp breeding season (spring-early autumn). It is
also recommended to trial harvesting during the cooler months in order to evaluate
seasonal differences. During each harvesting event, gill and fyke nets should be set to
target all suitable carp habitat while avoiding potential navigation issues. Ideally, council
should seek to negotiate a trial suspension of boating activities during at least one
harvesting event. If this can be negotiated then the efficiency of nets could be evaluated
within optimal locations. To minimise the environmental impacts of carp within the lake it
is recommended that harvesting continue until the biomass of carp within the system is
reduced to <50 kg ha-1. If the current abundance of carp within the lake is similar to the
abundance reported herein then this will require the removal of approximately 800-900
carp. Given that there appears to be limited recruitment success within the lake, once
densities are reduced to below this level periodic harvesting may only be required.



Biological/ecological data – all carp captured during harvesting events should be counted
and bulk weighed to determine relative abundance and total weight. Native fish by-catch
should be enumerated, measured for length (TL, mm) and weight (g) and released
unharmed. A subsample of captured carp should be measured for length (TL, mm),
width/depth (mm) and weight (g). Ideally, each specimen should be sexed, gonads
weighed (gonadosomatic index; GSI, g) and their eggs staged. Environmental
parameters at targeted sites should be collected including habitat type and water quality
(temperature, salinity, dissolved oxygen, pH, and turbidity). These data will aid in
determining the optimal time to harvest (i.e. pre-spawning as defined by GSI and egg
staging) and identify the most appropriate habitat/micro-habitats to target. In addition,
length frequency data and age estimations can be used to identify years of high levels of
breeding/recruitment success and determine associated environmental triggers. Native
fish data will aid in determining the response of the lake’s native fish assemblage to the
reduction in carp numbers.



Monitoring – given that applied control technique may alter the behaviour of carp and
that reducing the biomass may increase recruitment by alleviating density-dependent
limiting factors, it is recommended that a long-term monitoring program be implemented.
This program should employ a range of techniques known to sample the entire fish
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assemblage (netting, bait traps, electrofishing) and continue to collect the biological and
ecological data outlined above. In addition, this program should continue to collect the
water quality parameters outlined above in order to detect changes associated with the
removal of carp. Knowledge gained through this monitoring program could be used in an
adaptive framework to direct the ongoing carp control program.


Further considerations – the extent of the carp population within the River Torrens above
St Peters weir should be assessed and considered in the future development of a holistic
“River Torrens carp control program”. This population represents a seed stock that could
continually replenish the Lakes population and undermine the impact of the lake’s carp
control program.
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6. APPENDIX A.
Feasibility of available carp management options for the Torrens Lake.
Management option

Comments

Netting- gill and fyke nets








Electrofishing






Williams carp separation cages
(Stuart et al. 2006)







Pushing traps (Thwaites et al.
2010)




Real time tracking of “Judas” carp
to
locate
and
harvest
aggregations (Inland Fisheries
Serives 2008)






Exclusion screens (French et al.
1999, Hillyard et al. 2010)





Water
level
manipulations
(Shields 1957; Yamamoto et al.
2006)









Unlikely to catch all carp but will aid in reducing numbers to below
impact thresholds densities.
Can remove large tonnages of carp during annual spawning
migrations with large nets.
Depending on the level of effort required to achieve a satisfactory
reduction in the biomass of carp this may be an expensive option.
There may be some native species by catch, however these fish
can be release unharmed.
Require permits, can be labour intensive and difficult at some sites
(e.g. navigation issues).
May be a feasible option in the Torrens Lake but will need to be
optimised in order to make it cost-efficient.
Similar to netting, this method is unlikely to catch all carp but will aid
in reducing numbers.
Requires permits, specific expertise and can be expensive.
There may be some native species by catch, however these fish
can be release unharmed.
May be a feasible option in the Torrens Lake but will need to be
optimised in order to make it cost-efficient.
Can remove large tonnages of carp during annual spawning
migrations.
Requires expensive infrastructure to mechanically lift and empty
captured fish.
Can impact native fish as trapped fishways can become blocked by
carp during migration periods.
Requires coordinated removal from traps.
May be feasible in the Torrens Lake if large scale movements are
recorded and the population is sufficiently large to justify the
expenditure.
Field trials have shown this method to work in combination with
separation cages (jumping traps).
May be feasible if the installation of a carp separation cage is
justified.
Shown to very effective in Lake Crescent (Tasmania)
Requires expertise
Conducted in conjunction with targeted harvesting
Not feasible in the Torrens Lake due to poor detection efficiency of
radio and acoustic tagged carp.
By restricting access of adult carp to wetland spawning grounds this
can be an effective “localised” control method.
Without active screen management (i.e. opening/closing) or
periodic wetland drying there is potential to “compress” larger carp
into wetlands.
Flow control structures are required which can be expensive to
install and manage.
Will impact large-bodied native fish be restricting wetland access.
Not feasible in the Torrens Lake as there is no off-channel habitat.
Used to expose and desiccate eggs on fringing vegetation.
Can be effective for carp which spawn on submerged vegetation.
Requires flow and water level control structures.
Timing of manipulations is critical as there is potential to impact
native species spawning.
Not feasible in the Torrens Lake as there is limited spawning habitat
and it will also conflict with the lakes value as a public amenity.
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Control mechanism

Comments

Draining/drying








Chemical piscicides such as
Rotenone (Clearwater et al. 2008)









Barrier netting (Inland Fisheries
Service 2008)







Commercial Fishing







*Electrical barriers (Verrill and
Berry 1995)




Predation by native biota








Pheromone lure traps (Sorensen
and Stacey 2004)





Draining and drying can be extremely effective in eradicating carp.
Not species specific, so will impact native fish species present.
If the water body cannot be fully drained then there is potential to
destroy any fish remaining in residual pools with Rotenone (see
Chemical piscicides below).
High possibility of invasive species re-establishing during re-filling.
Impractical during environmental water delivery.
Not feasible in Torrens Lake as it will conflict with the lakes value as
a public amenity.
Can be effective at eradicating carp however it is not speciesspecific and will destroy native fish species.
May provide localised control in relatively small, isolated waters.
Will require large quantities of chemical and potentially several
applications- can be expensive.
Lake will need to be isolated and residual chemical treated to avoid
downstream mortalities.
Requires specialised training and permits.
May be difficult acquiring permits due to presence of native species.
Not feasible as it will impact native species and potentially create
negative publicity.
Fine mesh netting is deployed to restrict access of fish to preferred
spawning habitat i.e. fringing vegetation.
Has been effective in Tasmania at reducing spawning success of
carp.
Labour intensive to install, remove and maintain.
May provide localised management
Not feasible in the Torrens Lake as there is limited spawning habitat
and it will also conflict with the lakes value as a public amenity.
Can remove large tonnages of carp (e.g. an average of ~500
tonnes per year from Lower Lakes Fishery)
Unlikely to catch all carp but will aid in reducing numbers on a
“localised” scale.
There may be some native species by-catch, however these fish
can be release unharmed.
Difficult to undertake in most river situations.
Not feasible for the Torrens Lake as there is insufficient carp to
justify a commercial fishery
Used to restrict movements of fish into spawning grounds by
establishing an electrical field between two electrodes. Fish are
shocked and either turn around or are briefly paralysed and flow
downstream before recovery from paralysis.
Not feasible for the Torrens Lake due to cost, the absence of offchannel spawning grounds and potential risks to the general public.
May impact eggs, larvae or more likely, juvenile carp.
Predatory fish species are, mainly Murray Cod and Golden Perch;
their habitats do not always overlap with those of juvenile carp and
impacts of predations may not be great (Doyle 2012)
Predation may also occur by birds such as Pelicans and
cormorants; but the degree of this is unknown.
Adult carp may be taken by larger birds and Murray Cod but this is
expected to be limited due to their large size.
Stocking with predatory fish species will take many years before
adult populations capable of predation are established.
Although some predation from birds may remove limited numbers
of carp the use of predatory fish is not feasible as they are not
endemic and the effect of predation if likely to be limited
Can be expensive and requires expertise.
Limited success in field trails
Not feasible due to the limited success recorded in field trials.
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