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SUMMARY

Warriparinga Wetland is an artificial or constructed wetland located in a 3.5 ha reserve on the
corner of Sturt and Marion Roads, Bedford Park, South Australia. At present, the wetland’s
primary function is to treat storm water from the Sturt River but it also has aesthetic, cultural
and community values. An intent of the Warriparinga Wetland management plan is to create
a self sustaining native ecosystem, supporting a diverse range of aquatic and terrestrial native
flora and fauna. A key threatening process to the establishment of healthy native fish
populations is the presence of invasive species, such as redfin perch, gambusia and common
carp. In an attempt to prevent these species dominating the wetland’s fish assemblage, native
fish were introduced in the early stages of the wetlands development. However, recent
surveys and initial site inspections indicate that common carp, redfin perch and gambusia
have invaded the wetland. With these species threatening the function of the Warriparinga
Wetland, the Marion City Council engaged SARDI Aquatic Sciences to assess the resident
fish assemblage and to develop preliminary management recommendations in regards to the
control of invasive species and the ongoing management of native fish stocks. The results of
the survey indicate that Warriparinga Wetland is dominated by two invasive species with a
total of 70 redfin perch and 2 common carp captured across all four ponds. Only one native
species, common galaxias, was captured in low abundance (n=2). While no gambusia were
captured in nets or traps during the survey, this species was visually observed within the
wetland. In contrast, the assemblage of the adjacent Sturt River was dominated by common
galaxias with a total of 83 captured. Invasive species were in low abundance with only 2
redfin perch and 11 gambusia captured. The presence of invasive species within Warriparinga
Wetland is likely to cause detrimental impacts including a decline in native species
recruitment and survival and a reduction in the effectiveness of the stormwater treatment
process. In this regard, it is important to consider the most cost -effective
control/eradication/exclusion strategies that align with existing and future management
objectives of the invaded system. However, given the multifaceted intent of the wetland
(stormwater treatment/biodiversity), invasive species control/management will represent a

difficult challenge and will first require prioritisation of the systems primary objective.
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BACKGROUND

Warriparinga Wetland is an artificial or constructed wetland designed to take seasonal
stormwater overflows from the adjacent Sturt River. These overflows are treated via passage
through and retention within the vegetated wetland ponds using natural processes to improve
water quality prior to its return into the Sturt River and subsequent discharge to sea at the
Patawalonga Creek outlet, Glenelg (WWMMP 2011). While constructed wetlands form part
of Marion City Councils stormwater management infrastructure they are also intended to
provide a broad range of environmental, cultural and aesthetic outcomes including aquifer
recharge, stormwater reuse, re-establishment of native flora and fauna, enhancement of
landscape and community amenity and capacity building opportunities which involve passive
and active recreation, education and learning (WWMMP 2011). Warriparinga Wetland and
its surrounding parklands also represent an important area for its traditional owners, the
Kaurna people, and were once used for celebration and ritual. Archaeological evidence
suggests the area was inhabited more or less continuously by the Kaurna people prior to
European settlement. In recognition, the Living Kaurna Cultural Centre and interpretative
trail have been established adjacent to the Warriparinga Wetland (WWMMP 2011).

An intent of the Warriparinga Wetland management plan is to create a self sustaining native
ecosystem, supporting a diverse range of aquatic and terrestrial native flora and fauna. In this
regard, the wetland and surrounding parklands are being rehabilitated using indigenous
species. The primary aim is to establish a revegetated landscape similar to the original Grey
Box (Eucalyptus microcarpa) woodland of the Adelaide plains ( WWMMP 2011).

A key threatening process to the establishment of healthy native fish populations within
Warriparinga Wetland is the presence of introduced redfin perch (Perca fluviatilis), eastern
gambusia (Gambusia holbrooki) and common carp (Cyprinus carpio) (see McNeil et al.
2011). In an attempt to prevent these species dominating the wetlands fish assemblage, native
fish were introduced in the early stages of the wetlands development (WWMMP 2011). The
introduced native species were:

e black bream (Acanthopagrus butcheri),

e common galaxias (Galaxias maculatus),
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¢ small-mouthed hardyhead (Atherinosoma microstoma),

e congolli (Pseudaphritis urvillii),

e Dbig-headed or flat-headed gudgeon (Philypnodon grandiceps),
e Dblue-spot goby (Psuedogobius olorum), and

¢ bridled goby (Amoya bifrenatus).

A recent survey commissioned by the Adelaide and Mount Lofty Ranges Natural Resource
Management Board (AMLRNRMB) indicated a moderate to high abundance of common
galaxias and a moderate abundance of blue-spot gobies (McNeil et al. 2011). While this
finding resulted in a relatively high score for native fish values, the authors also reported a
high abundance of redfin, gambusia and common carp. Due to the dominance of these
invasive species and the associated impacts, McNeil et al. (2011) scored the wetland poorly
in terms of fish health and recommended that invasive species control be a key management
objective. Indeed, the presence of these invasive species threatens several of the wetlands key
service criteria, including quality, effectiveness and condition e.g. water, soil and native biota
(WWMMP 2011), and may represent a severe threat to the survival of stocked native species.
Given the multifaceted intent of the wetland (stormwater treatment/biodiversity), invasive
species management may represent a difficult challenge that will first require prioritisation of
the systems primary objective.

The Marion City Council has responsibility for the ongoing management and maintenance of
the Warriparinga Wetland. With invasive species threatening the function and ecological
objectives of the Warriparinga Wetland, the Council engaged SARDI Aquatic Sciences to
assess the resident fish assemblage and to develop preliminary management
recommendations in regards to the control of invasive species and the ongoing management
of native fish stocks. Specifically, the objectives of this study were to:

e develop and conduct a baseline survey of the resident fish assemblage of both the

Warriparinga Wetland and the adjacent Sturt River, and
e provide a brief report outlining the resident fish assemblage and preliminary

recommendations regarding the management of invasive and native species.
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METHODS

Site description

Warriparinga Wetland is a constructed wetland located in a 3.5 hectare reserve on the corner
of Sturt and Marion Roads, Bedford Park, South Australia (35°1.136°S; 138°33.633°E)
(Figure 1). The wetland comprises four vegetated ponds designed to intercept and treat
seasonal stormwater overflows from the adjacent Sturt River. Intercepted stormwater is
treated during passage and retention via natural processes before being returned to the Sturt
River and discharged to sea at the Patawalonga Creek outlet, Glenelg, South Australia. The
ponds have a depth <3 m and varying side slopes up to a maximum of 1V:6H. The ponds are
able to hold 22,650 m® of water when full. The pond arrangement permits linear flow through
the wetland from inlet to outlet without any possibility of short circuiting. The pond
arrangement and bathymetry provides for distinct inlet, dense emergent macrophyte beds
between each pond and open water zones within the system. Emergent macrophytes have also
colonised large areas of the shallow littoral zone fringing each pond. Collectively,
macrophyte beds occupy approximately 20-40% of the total pond area (WWMMP 2011).

Figure 1. Google earth image of Warriparinga Wetland showing the four ponds and the adjacent Sturt
River
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Water quality

Dissolved oxygen, conductivity, pH, and temperature data was collected on the first day of
sampling (27" June, 2011) from the surface at a central location within each of the four ponds
and from within the Sturt River using a TPS 90-FLT portable water quality logger (TPS Pty
Ltd, Springwood, Brisbane, Australia).

Fish survey

To assess the Warriparinga Wetland fish assemblage, sampling was conducted in each of the
four ponds and the adjacent Sturt River from 27" to 29" June, 2011. In each pond, two fyke
nets (10 mm stretched mesh, 5 m leader, 3 m funnel, 7 support rings and 3 chambers), one
multi-panel gill net (15 m total length, comprising 3 x 5 m panels of 3", 4" and 5” mesh each)
and two box traps were set. Five fyke nets and five box traps were set in the adjacent Sturt
River. Nets and traps were set and retrieved mid-morning over three consecutive days (two
overnight sets of 24 h). In addition, backpack electrofishing (Smith Root® LR24; 150-200V,
60-120Hz, 20% duty cycle using pulsed direct current) was conducted in the inlet pond of the
wetland (Pond 1; Figure 1) and within the Sturt River on 29™ June. Length (Total Length
(TL) mm) and weight (g) data was collected from all fish immediately after capture. Invasive
species were euthanized prior to processing and all native fish were released at their capture

location after processing.
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RESULTS

Water quality

Water quality within Warriparinga Wetland and the Sturt River during the time of the survey
was well within acceptable levels for both native and invasive fish spawning, recruitment and

survival (Table 1).

Table 1. Water quality parameters for each of the four Warriparinga Wetland ponds and the Sturt River

Dissolved Oxygen Conductivity
Sample Area (ppm) (ps.cm™) pH
Pond 1 10.68 1257 7.27
Pond 2 9.24 1216 7.12
Pond 3 8.91 1205 7.18
Pond 4 8.14 1192 7.64
Sturt River 7.26 660 7.76

Fish survey

The fish assemblage of the Warriparinga Wetland was dominated by two invasive species
with a total of 70 redfin perch (157 mm TL + 6.8 S.E.; 66.9 g + 6.8 S.E.) and 2 common carp
(618.5 mm TL £ 18.5 S.E.; 3573 g = 18.5 S.E.) captured across all four ponds (Figure 2).
Only one native species, common galaxias (166 mm TL = 16 S.E.; 32 g £ 1 S.E.), was
captured in low abundance (n=2) within the wetland. While no gambusia were captured in
nets or traps during the survey, this species was visually observed within the wetland. In
contrast, the assemblage of the adjacent Sturt River was dominated by common galaxias with
a total of 83 captured (130 mm TL = 2 S.E.; 13 g £ 1 S.E.). Invasive species where in low
abundance with only 2 redfin perch (142 mm TL £ 0 S.E.; 37 g £ 0 S.E.) and 11 gambusia
captured (36 mm TL + 1 S.E.; 8 g combined weight). In addition, 1 yabbie (Cherax

destructor) was captured from within the Sturt River (Table 2 and Figure 2).
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Table 2. Species assemblage for all fish captured from within the Warriparinga Wetland and the Sturt
River

Average Length Average Weight
Site Species Abundance (TL-mm + SE) (9 SE)
Warriparinga Common galaxias 2 166 + 16 32+1
Wetland (Galaxias maculatus)
Redfin perch 70 157 7 68 +8
(Perca fluviatilis)
Common carp 2 619+ 19 3573 £ 636
(Cyprinus carpio)
Sturt River Common galaxias 83 1302 13+ 1 (n=30)
(Galaxias maculatus)
Redfin perch 2 142+0 370
(Perca fluviatilis)
Eastern gambusia 11 36x1 8 g combined weight
(Gambusia holbrooki)
Yabbie 1 n/a 24

(Cherax destructor)

Length frequency of species found in both Warriparinga Wetland and the Sturt River are
shown in histograms below (Figure 2). Most notably was the dominant size class of 100-120
mm TL (juveniles) redfin perch which is indicative of a large recruitment year for the species.
Also of note, was the size class of common galaxias found in the Sturt River. This was
dominated by adult individuals (120-150 mm TL) which is likely representative of a
spawning aggregation. In addition, the distribution of length classes indicates the population

is consistently recruiting and long lived.
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Figure 2. Length-frequency histograms for all species captured from within the Warriparinga Wetland

and the Sturt River
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Gut content analysis of redfin perch

Gut content analysis was conducted on five redfin captured from within the Warriparinga

Wetland (Table 3). This analysis indicted a level of intraspecific predation with two of the

specimens containing redfin perch- the only other species observed were yabbies. In addition,

one redfin perch captured within the fyke nets was found with a common galaxias protruding

from its mouth (Figure 3). While this predation may have occurred in the confines of the fyke

net, it highlights the aggressive nature of the species and may also indicate why native

species were found in such low abundance within the wetland.

Table 3. Gut content analysis of redfin captured from within the Warriparinga Wetland

Fish Gonad Length
No. Species Stage  (TL, mm) Gut Content
1 Redfin 3 275 1 x yabbie
2 Redfin 3 258 1 x yabbie, 1 x redfin (96 mm TL)
3 Redfin 3 237 2 x redfin (102 and 95 mm TL, respectively)
4 Redfin 3 261 Empty
5 Redfin ripe 200 Empty

Figure 3. Redfin perch captured within one of the fyke nets with a large common galaxias protruding

from its mouth (Photo: Josh Fredberg)
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DISCUSSION

Stocking of native species was used in the developmental phase of the Warriparinga Wetland
to discourage the establishment of invasive species. While this strategy may have had some
benefit in the initial phases, the results of the present survey indicate the wetland is now
dominated by redfin perch and to a lesser extent common carp and gambusia. The combined
effects of these invasive species are likely to cause detrimental impacts to the Warriparinga
Wetland, including a decline in native species recruitment, survival and abundance and a

reduction in the effectiveness of the stormwater treatment process.

Redfin perch

Since their introduction into Australia during the 1860’s redfin perch (Figure 4) have been
implicated in the decline of several threatened and non-threatened native fish species
(McDowall 1996; Morgan et al. 2002). This impact stems from the species ability to establish
large numbers within enclosed water bodies, from their voracious predatory behaviour toward
native species, invasive species, fish eggs and invertebrates and from direct competition for
available food resources (Lintermans 2007; Lintermans et al. 2007). The combined effects
generally result in a severe decline in native species abundance and an alteration in the
behaviour and resource utilisation of native prey i.e. native species may be displaced from the
relative safety of preferred edge habitats into open water habitat where they are more
susceptible to predation (Shirley 2002; Closs et al. 2006). The high abundance and aggressive
predatory behaviour of redfin may also result in cascading effects through heavy predation on
algal-grazing zooplankton communities which may increase the relative abundance of algae
and potentially increase the frequency of algal blooms (Hicks et al. 2007). In addition, redfin
may also devastate native fish communities through the transmission of Epizootic

Haematopoietic Necrosis Virus (EHNV) (Lintermans 2007; Lintermans et al. 2007).

Tl ¥ TN 7 W

RS e
Figure 4. Redfin perch (Perca fluviatilis) (Photo: Guther Schmida)

10
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Common carp

Common carp (Figure 5) is a formidable 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™; up to 1 million eggs.y™; 40%
survival), their longevity (28+ years), their ability to occupy a broad range of habitats and
their tolerance to extreme environmental conditions (Smith 2005).

Carp occupy two broad habitats: shallow wetland habitats during spring through autumn
(water temperature >16°C) and deep water habitats during winter (water temperature <16°C).
The shallow habitat enables feeding, spawning and the replenishment of populations via
recruitment (Smith and Walker 2004b; Stuart and Jones 2006). The deep habitat maintains
warmer stable temperatures in comparison with surface waters (Johnsen and Hasler 1977,
Inland Fisheries Service 2008; Penne and Pierce 2008). Migrations between these two

habitats occur annually (Penne and Pierce 2008).

The environmental impacts of carp relate to their bottom-feeding behaviour (Sibbing et al.
1986) and are most commonly reported in shallow wetlands (Parkos et al. 2003) where large
numbers of carp congregate annually to feed and breed (Smith and Walker 2004a; Stuart and
Jones 2006). Bottom feeding or mumbling commences at approximately 30 days of age (25
mm TL) and can result in (adapted from Gehrke and Harris 1994; Smith 2005; Miller and
Crowl 2006; Matsuzaki et al. 2009):

e suspension of sediments- increased turbidity- decreased photo-depth,

e aquatic vegetation being undermined- potentially uprooted,

e prevention of the establishment of seedlings,

e areduction in the available seed bank- consumption/redistribution,

e reduction in zooplankton/macroinvertebrates- consumption,

e undermining banks,

e increase relative abundance of nutrients through excretion (and death/decay) - algal

blooms,
e suspension of sediments through bottom feeding behaviour, and

e competition for available food resources.

11
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While the results of the present survey indicate that carp are in low abundance within the
Warriparinga Wetland these catch rates may be a result of the overwintering behaviour of
carp i.e. reduced movements or movement back into the main river channel. However, the
latter is unlikely at Warriparinga due to the inlet trash rack and the outlet flow control
structure suggesting that the few carp within the wetland either washed in as larvae/juveniles
or were illegally stocked by recreational anglers. Indeed, one recreational angler reported he
had stocked six carp into the wetland within the previous year and that he would restock the
wetland beyond draining. The reasons for the nil catch rates of young-of-year carp is unclear
as there is sufficient fringing vegetation and suitable water quality for carp spawning and
recruitment. Notwithstanding, the high abundance and aggressive predatory behaviour of
redfin perch and to a lesser extent gambusia may explain the nil catch rates and this warrants

further investigation.

Figure 5. Common carp (Cyprinus carpio) (Photo: Guther Schmida)

12
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Eastern gambusia

Eastern gambusia (Figure 6) are a live-bearing small bodied fish (typically 10-30 mm TL and
less than 80 mm TL). They were first introduced into Australian freshwater systems in 1925
in an attempt to control mosquitoes, hence the common name ‘mosquito fish’ (Kerezsy
2009). However, it was subsequently found that mosquito larvae did not feature prominently
within their diet- their principle food source is aquatic invertebrates and zooplankton
(Cadwallader 1979; Bence and Murdoch 1986; Arthington 1988; Arthington 1989; Mansfield
and McArdle 1998; Garcia-Berthou 1999; Margaritora et al. 2001; Blanco et al. 2004; Rowe
et al. 2008). Gambusia prefer shallow (5-15 cm in depth) low flow or still water habitats
commonly found in wetlands, lakes and slow-flowing streams (Lintermans 2007; Pyke 2005;
Rowe et al. 2008). They are able to withstand a wide range of temperatures, oxygen levels,
salinities and turbidity’s, which when combined with their ability to reproduce over a
protracted period (up to 9 batches a year), makes this species one of the ultimate freshwater
invaders (Lintermans 2007). In inland Australia, particularly within the Murray-Darling
Basin (MDB), gambusia have well established populations and have been implicated in the
decline of at least nine native fish species and more than ten species of frogs (Roberts et al.
1995; Stuart & Jones 2006; Lintermans 2007; Kerezsy 2009). This decline can be partly
attributed to gambusia being an aggressive carnivorous species, known to fin-nip fish much
larger than themselves, prey on the eggs of both native fish and frogs as well as native fish
larvae and reduce the growth rates of small native fish, by means of habitat and food resource

competition (Lintermans 2007).

13
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Native species

Common galaxias (Figure 7) is a small-bodied slender fish native to both coastal streams in
the Mount Lofty Ranges (MLR) and the Lower River Murray in South Australia. Maximum
size is 190 mm TL, however majority are usually < 100 mm TL (Lintermans 2007). Common
galaxias life history typically displays that of a diadromous fish species, whereby newly
hatched larvae, from eggs deposited in the lower reaches of coastal rivers and streams, are
washed into the ocean during winter and spring flows (McDowall 1976; Koehn and
O’Conner 1998; McNeil et al. 2009). Larvae develop in the marine environment, before
returning en mass as juveniles to recolonise freshwater rivers and streams in the following
spring (McNeil et al. 2009). Further growth and adult residence occurs in preferred
freshwater habitats, which includes still or slow-flowing streams and margins of lakes,
lagoons and wetlands (Lintermans 2007), before downstream spawning migrations to coastal
areas in winter and spring (McNeil et al. 2009). Galaxias are carnivorous with a diet
consisting of amphipods, mircrocrustaceans, insects and insect larvae (Lintermans 2007). In
both the MLR and the Lower River Murray common galaxias are usually found in high
abundance, however, potential threats such as the impedance of fish passage e.g. by weirs and

barrages, and predation from voracious predators such as redfin are likely to cause a decline

in the overall population.

Figure 7. Common galaxias (Galaxias maculatus) (Photo: Sydney Olympic Park Authority)

14
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Management

The most efficient and cost-effective method in invasive species control/management is to
prevent incursion. However, this is extremely difficult when invasive species seed stocks are
established within surrounding and connected catchments and when stocking of invasive
species by recreational anglers is likely to occur. In this regard, it is important to consider the
most cost effective control/management strategies that align with existing and future
management objectives of the invaded system and that will mitigate or minimise any
potential impacts on native species. It is important to note that all invasive species
control/management strategies carry the potential to severely impact native species and
require professional consultation (i.e. Adelaide and Mount Lofty Ranges Natural Resource
Management Board, PIRSA Fisheries and Aquaculture and SARDI Aquatic Sciences) before

they are implemented.

Controlling and managing common carp has been a primary focus of invasive species
research over the last decade. This research has produced several strategies which aim to
understand and exploit innate behaviours for the purpose of reducing numbers through
targeted harvesting efforts, controlling movements via physical exclusion (i.e. carp screens to
restrict access to breeding grounds) or eliminating populations via the use of chemical
pesticides. Genetic (‘daughterless’ carp; Thresher 2008), biological (Kio herpes virus;
McColl et al. 2007) and chemical (pheromones; Sorensen and Stacey 2004) control
technologies are also in development, but they are largely untested and still many years from
deployment. Recent research has also developed strategies which focus on the control of
redfin and gambusia (e.g. heat traps) however, these strategies are in the early stages of
development and are generally adapted from carp control techniques. Thus, this discussion
will focus on control/management strategies derived from carp research that are readily
available and that may be applicable in the control of other invasive species. Table 4 lists and
describes several invasive species control/management strategies that have potential
application at Warriparinga Wetland. While all strategies have been proven effective in
certain circumstances, some have limited application due to expense, aesthetics, potential
impacts and the level of expertise required to apply the technique. Notwithstanding, they are

presented as they may become more applicable as the level of invasive species incursion or

15



SARDI Aquatic Sciences

the management objectives of the wetland change (i.e. increased or decreased stormwater
treatment capacity or increased emphases on native species biodiversity).
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Table 4. Invasive species control/management options for the Warriparinga Wetland.

Control mechanism

Description

Wetland draining/drying

Draining and drying can be extremely effective in eradicating invasive species.

Not species specific, so will destroy native species and may become a complicated process if native species are re-stocked.
Native species rescue should be considered. Fish can be removed prior to draining, stored in culture facilities and released
once the wetland is refilled.

If the wetland cannot be fully drained then there is potential to destroy any fish remaining in residual pools with Rotenone
(see Chemical piscicides below).

Clean-up of stranded fish is labour intensive but required in order to ensure all invasive species are removed and to avoid
smell and potential biohazards that may arise from decaying fish.

The installation of a sump (deeper section) within the wetland will assist in aggregating fish during the draining process. A
custom made fine mesh net could be placed into the sump before draining for easy removal of aggregated fish. To ensure
optimum operation of this system, the sump placement, dimensions and netting should be developed through consultation
with scientists and design engineers.

High possibility of invasive species re-establishing from the Sturt River populations.

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

Can be extremely effective at eradicating invasive species however it is not species specific and will destroy native species
within the wetland.

Native species rescue should be considered. Fish can be removed prior to draining, stored in culture facilities and released
once the chemical is neutralised.

Will require large quantities of chemical and potentially several applications- so can be expensive. However, may have
some application if the wetland is drained down to a single pool or a series of isolated pools.

Wetland will need to be isolated and residual chemical treated to avoid downstream mortalities.

Issues associated with collecting dead fish. If not done correctly then potential offensive odours and biohazards may
become evident.

Requires specialised training and permits.

May be difficult acquiring permits due to presence of native species.
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Control mechanism

Description

Disconnection

Disconnect the wetland at the inlet and utilise fish smart irrigation off-take techniques to pump water from the Sturt River
into the wetland (irrigation pumps and fine mesh self cleaning foot valve strainers- capable of pumping up to 16 ML d™*;
http://www.sure-flo.com/scs_page.html).

Off-the-shelf technology in wide scale use throughout the USA.

Will stop large and small bodied fish (native and invasive) from entering the wetland.

Depending on the mesh utilised and the time period when pumping occurs there may be some potential to still introduce
eggs and larvae but these will likely be destroyed in the pump- this will need to be monitored and managed to minimise or
mitigate the risk.

Potential issues with the mesh basket fouling with entrained debris/fish- regular cleaning. This can be minimised by using
relatively low-medium flow pumps, by position of the off-take, by managing the delivery of water to avoid high debris
loads (i.e. after high rainfall events), and by installing a fine mesh self cleaning foot valve strainer.

Will enable the wetland to still operate as a stormwater treatment facility and a biodiversity hotspot (for non-diadromous
species).

Due to the outlet flow control structure there is minimal possibility of invasive fish entering the wetland via the outlet.
Potential high impact as complete disconnection will exclude native diadromous species from accessing the wetland.

Education

An important component of invasive fish control is public education and support. Education programs and signage can be
used to highlight the negative impacts of invasive species and to discourage the illegal stocking of these species into the
wetland. In addition, education can also promote stocking of native species which may further discourage the stocking of
invasive species.

If native species are stocked then it may be advantageous to engage community groups, school groups and recreational
angling groups. These groups can assist in developing and implementing appropriate education programs as well as further
aid in protecting the wetland as a native biodiversity hotspot.

There is potential to develop monitoring programs for these groups which will aid in the early detection of invasive species
as well as supporting the ongoing management and maintenance of native fish stocks.

The Murray Darling Basin Authority Native Fish Strategy supplies education kits for school groups and community groups-
these kits provide accessible information on native and invasive fish species management.
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Control mechanism

Description

Velocity Barriers (Wisniewski 2006)

High flow has been used to restrict upstream movements of invasive species such as carp, redfin and gambusia.

Due to slower water velocities required to treat stormwater this strategy may not be applicable. Notwithstanding, the outlet
flow control structure could be augmented to restrict flow in order to increase outflow velocities. This will require further
investigation.

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

Vertical jail bar configuration (10 mm) with apertures between the bars of 31 mm.

Specifically designed to restrict movements of carp >250 mm TL (body width >31 mm) but will restrict movements of any
species with similar or larger body dimensions. Notwithstanding, the vast majority of small bodied native species can pass
through these screens.

To mitigate or minimise restrictions on the passage of native species a strong understanding of the movement patterns and
size range of the resident fish assemblage is required.

May have some application beyond draining (see above). However, will require screens to be tailored for the inlet and outlet
of Warriparinga Wetland. Due to the small aperture required to restrict the size class of redfin perch and gambusia within
the wetland and Sturt River, these screens will also restrict the movement of small and large bodied native species.

Flow control structures are required and screens are fabricated from galvanized steel which may be aesthetically unpleasing.

Permeable rock barrier

A variation of the exclusion screen design using a permeable gabion basket rock barrier below the inlet trash racks and at
the outlet weir may have some application.

This is a novel idea and will require further investigation in order to define suitable rock dimensions which permit
appropriate levels of flow while restricting fish passage including larvae and juveniles.

If designed and managed correctly this method will exclude all fish species from entering the wetland via the Sturt River
and assist in the long term feasibility of stocking native fish into the wetland i.e. if invasive species can be excluded then
draining (see above) to destroy these species will not be required.

A rock barrier will be more aesthetically pleasing than metal exclusion screens.

Potential high impact as it will exclude native diadromous species from accessing the wetland (i.e. common galaxias,
congolli).
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Control mechanism

Description

Targeted harvesting

Electrofishing, netting (fyke, gill), trapping (box traps) and acoustic herding.

Unlikely to eradicate all invasive species but will aid in controlling/reducing numbers.

Depending on the level of effort required to achieve a satisfactory reduction in the biomass of invasive species this may be
an expensive option.

While there may be some native species by catch, these fish can be release unharmed.

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

Used to expose and desiccate eggs which are deposited on fringing vegetation.

Can be effective for carp and redfin which spawn on submerged vegetation.

Minimal effect for gambusia as they give birth to live young.

Requires flow and water level control structures.

Timing of manipulations is critical as there is potential to impact native species spawning (i.e. common galaxias).

Jumping and pushing traps (Stuart et al.
2006; Thwaites et al. 2010)

Designed to separate carp from native species by exploiting the innate jumping and pushing behaviour of carp. Native
species have not been observed displaying these behaviours.

Most effective when targeting annual migrations between river channels and off-channel habitat.

Requires cages and infrastructure to mechanically lift and empty captured fish- expensive and aesthetically unpleasing.
Given that very few carp were captured during the present survey this control method may not be cost effective.

Push trap may have application to allow large carp to exit the wetland and not return. This will require further investigation.

Barrier netting (Inland Fisheries Service
2008)

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. However carp may use the netting as spawning
substrate and deposited eggs will need to be destroyed by the application of lime.

The volume of fine mesh netting required to net-off all fringing habitat is expensive and aesthetically unpleasing.

Labour intensive to install, remove and maintain.

Limited application for gambusia and small bodied redfin.

Timing is critical as there is potential to impact native species spawning (i.e. common galaxias).

Heat traps (pers.comm Adam Daniel,
Invasive species ecologist)

Currently in development but early research has produced promising results.
Utilises gas or solar generated energy to heat sections of water in order to attract and aggregate gambusia for targeted
harvesting efforts however, requires further research in order to develop cost effective portable systems.
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Control mechanism

Description

Tracking “Judas” fish (Inland Fisheries
Service 2008)

Has been shown to be effective in controlling carp in Tasmania as the behaviour of tracker “Judas” fish mirrors that of
untagged fish thereby permitting focused harvesting efforts.

Requires expertise for surgical implantation of tags into “Judas” tracking fish and specialised tracking equipment.

Can provide good movement and habitat association data.

Tag weights should be less than 2% of body weight therefore limited application with small body species.

Can be expensive.

Electrical barriers (Verrill and Berry
1995)

Used to restrict movements of fish 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.
Unsuitable for the Warriparinga Wetland due to cost and potential risks to the general public and native species.
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Key recommendations

Invasive species management: There is a current proposal to drain the Warriparinga
Wetland in order to undertake earthworks to remove excess silt and to re-shape for the re-
establishment and expansion of aquatic reed beds and submerged vegetation (WWMMP
2011). As indicated in the Warriparinga Wetland Maintenance and Management Plan
(2011) this will provide an ideal opportunity to remove invasive species. It is
recommended that all ponds are drained and dried during this process. As carp can burrow
into the sediment, monitoring will be required to make sure all carp are removed or
perish. Draining will destroy both invasive and native species and its utility as an ongoing
management strategy will require careful consideration if native species re-stocking is to

occur (see Table 4 for further considerations).

Invasive species management: An important first step in developing an ongoing invasive
species management plan is to succinctly define the primary objective of the wetland. At
this stage, the objectives are multifaceted in terms of stormwater treatment and a public
amenity which aims to support rich biodiversity and community involvement. The most
appropriate invasive species control strategy (beyond draining) will differ depending on
whether stormwater treatment or biodiversity becomes a higher ranking priority. Once the
objective is established, it is recommended that the development of an invasive species
control strategy be undertaken through further consultation with the Adelaide and Mount
Lofty Ranges Natural Resource Management Board, PIRSA Fisheries and Aquaculture
and SARDI Aquatic Sciences.

Native species: Several of the species used in the initial stocking phase were unsuitable as
they were either estuarine (black bream, smallmouthed hardyhead, bridled goby) or
diadromous (congolli, common galaxias- although a population currently exists within the
wetland) and were therefore restricted in their ability to complete their life-cycles within
the wetland. While the diadromous species are endemic and do access inland waters, fish
passage and suitable flow management is required to assist in the establishment of self
sustaining populations. If provision cannot be made for diadromous species then species
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which are endemic and which can complete their lifecycle within inland waters should be
considered (i.e. flathead gudgeon, blue-spot goby etc.). If native species re-stocking is to
be considered then it is recommended this process is undertaken through consultation
with the Adelaide and Mount Lofty Ranges Natural Resource Management Board,
PIRSA Fisheries and Aquaculture and SARDI Aquatic Sciences.
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