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Executive summary 

Background 

Populations of Southern pygmy perch (SPP; Nannoperca australis) and Flat-headed 
galaxias (FG; Galaxias rostratus) were historically found throughout the Murray–Darling 
Basin (MDB), but have undergone significant reductions in both range and abundance, 
particularly in the NSW Murray River region. Management interventions are urgently 
required to protect, maintain and assist their recovery; however, such interventions require a 
detailed understanding of the abundance and distribution of the two species within preferred 
habitats. This project was undertaken to improve the understanding of the abundance and 
distribution of SPP and FG within the Murray LLS region, to aid in informing conservation of 
the remnant population and the re-establishment of additional viable populations of each 
species.  

The objectives of the project were to determine: 

1. the current distribution and relative abundance of SPP in the Coppabella-Jingellic 
Creek system within the context of the creek’s habitat conditions, as well as to 
contribute to a longer term monitoring program assessing SPP population trends in 
the creek over time (Chapter 2: Fish assemblage and habitat sampling in Coppabella 
Creek). 

2. if populations of SPP are present in additional creeks with similar characteristics to 
Coppabella Creek within the Upper Murray region (Chapter 3: Targeted SPP surveys 
in creeks throughout the Upper Murray region). 

3. if populations of SPP and FG are still persisting in wetlands within the Murray region, 
and if there are any additional populations that have not previously been detected 
throughout the region (Chapter 4: Targeted SPP and FG surveys in wetlands 
throughout the Murray region). 

Findings 

 The SPP population in the Coppabella-Jingellic Creek system is still present and is 
recovering from the population decline experienced during the 2010–12 floods, 
although the population declined again in 2017 (Chapter 2). 

 From 2011–17, the population was limited to the upper four sites in the creek. 

 Habitat mapping determined that this is the remaining location of complex 
macrophyte communities. 

 Further, Carp and Redfin perch are excluded from these upstream sites owing to the 
Clearsprings Weir barrier (Chapter 2). 

 No SPP were captured from any of the Upper Murray creek sites (Chapter 3) or 
Murray wetland sites (Chapter 4). 

 Likewise, we did not manage to capture any FG from the Murray wetland sites (and 
Tintaldra) either (Chapter 4). The team did, however, capture an individual Galaxias 
oliros (Obscure galaxias). 

 Native fish diversity and abundance in the majority of wetlands sampled was very 
low.  

Management implications and recommendations: 

 To facilitate the recovery and conservation of the SPP population in the Coppabella-
Jingellic system, the system should be managed with an ongoing view towards 
conserving the current core habitat (i.e. the deepest and most permanent pools) and 
complex macrophytes in the upstream reaches of the creek.  

 Efforts should be put into maintaining the exclusion of Carp and other alien species 
(e.g. the predatory Redfin perch and Brown trout) at the current Clearsprings Weir 
barrier in the Coppabella-Jingellic system. 



Threatened Species Surveys 

 

Charles Sturt University and NSW Department of Primary Industries     4 
 

 Trout or other species that may prey on SPP should not be stocked in the 
Coppabella-Jingellic system. 

 Given the importance of macrophyte communities in forming suitable habitat for SPP, 
habitat works that facilitate the regeneration and conservation of complex 
macrophyte species' should form a central component of any management plan for 
the Coppabella-Jingellic system. 

 Murray LLS and NSW DPI are currently considering the construction of a new alien 
fish exclusion barrier below Clearsprings Weir. If this new barrier was able to 
successfully exclude Carp from the upstream section of the Coppabella-Jingellic 
Creek system, then it would theoretically allow more complex macrophyte 
communities to return to these reaches, and thus provide more suitable habitat for 
the re-expansion of the SPP population lower down the system. 

 Physical removal of any existing alien species in the section above the proposed new 
barrier will be required. 

 The proposed new barrier would also provide a secondary buffer against alien 
species incursion for the current Coppabella-Jingellic Creek SPP population as well. 

 Nevertheless, the installation of any barrier comes with a range of risks for the 
passage of native fish (in addition to alien fish) by blocking longitudinal movements. 
So these risks would need to be thoroughly assessed and mitigated before the 
construction of any such barrier proceeds past the scoping phase. All of the native 
species present in the Coppabella-Jingellic Creek system are non-migratory, and 
considered relatively sedentary, so impacts should be relatively benign, relative to 
the benefits. 

 Other general habitat management actions for both SPP and FG (whether they be at 
sites associated with the Coppabella-Jingellic system, the Upper Murray creeks, or 
the Murray wetlands) should include (1) the sustained control of blackberries, willows 
and other pest plant species, since these shade and compete with the native riparian 
and aquatic plant communities; (2) stock exclusion from the riparian zone, especially 
during dry periods when effects upon the macrophyte communities are likely to be 
exacerbated; and (3) restoring native terrestrial vegetation, but at a sufficient 
distance from the stream so as not to shade and/or hinder the favourable growth of 
macrophyte communities in any way. 

 Consideration should also be given to identifying suitable alternative sites for 
potentially establishing additional SPP and FG populations. These sites would 
obviously need to meet a number of criteria in order to offer any chance of success. 
Specifically, at a minimum, they would need to: (1) provide a secure water source 
that persists during droughts; (2) have an abundance of appropriate complex 
macrophytes for suitable habitat; and (3) they would need to have no or very low 
numbers of alien fish species and be secure from future invasions (e.g. have a 
barrier or screen to prevent such events).  

 The present study considered three upper Murray creek sites as potential 
reintroduction sites for SPP: Basin Creek, Doughtys Creek and Maragle Creek. Our 
findings suggested that Basin Creek may offer the most suitable habitat conditions 
out of these three sites for reintroducing SPP, since it had a relatively high proportion 
of pool habitat and macrophyte cover, and no alien fish were detected there.  
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Chapter 1: Background 

Status of native fish communities 

Despite being well-adapted to one of the most hydrologically-variable systems in the world, 
many native fish species across the Murray–Darling Basin (MDB) have declined in 
abundance and/or distribution over the last 100 years (Reid and Harris 1997). Whilst these 
declines have affected a number of large, recreationally or commercially important species 
such as Murray cod (Maccullochella peelii) and Golden perch (Macquaria ambigua ambigua) 
(Mallen-Cooper and Brand 2007), small-bodied native species have been especially 
impacted (Saddlier et al. 2013). Indeed, Flat-headed galaxias (Galaxias rostratus), Mountain 
galaxias (Galaxias olidus), Barred galaxias (Galaxias fuscus), Southern purple-spotted 
gudgeon (Mogurnda adspersa), Southern pygmy perch (Nannoperca australis), Yarra pygmy 
perch (Nannoperca obscura), Murray hardyhead (Craterocephalus fluviatilis), Un-specked 
hardyhead (Craterocephalus stercusmuscarum fulvus), and Murray–Darling rainbowfish 
(Melanotaenia fluviatilis) have all experienced major declines in their abundance and/or 
distribution throughout the Basin (Lintermans 2007; Saddlier et al. 2013). Yet, many of these 
species have received little attention because of their lack of recreational or commercial 
value, and the associated indifferent attitudes of humans regarding the profile of these 
species (Saddlier et al. 2013). Consequently, more than half of the MDB’s native fish species 
are now regarded as threatened or of conservation concern in State, Territory or National 
listings (Lintermans 2007), and these species require urgent action to facilitate their recovery 
(Lintermans et al. 2005; Koehn and Lintermans 2012). 

Causes of the decline and ongoing threats to native fish 

The decline in native fish populations throughout the MDB has been attributed to a wide 
range of factors (Barrett 2004). The most highly cited factors include flow alterations, 
physical barriers to movement, changes to water and/or physical habitat quality, species 
introductions, and climate change (Barrett 2004; Ellis et al. 2013). River regulation has 
greatly altered the frequency and timing of high flow events, and typically been associated 
with the construction of weirs, regulators and other physical barriers (Barrett 2004). This has 
led to habitat fragmentation and reduced connectivity to the detriment of many native fishes 
(Barrett 2004). In addition, altered river flows continue to affect water quality throughout the 
MDB, by contributing to problems such as salinity; acid sulfate soils; and hypoxic blackwater 
and toxic blue-green algae events (Barrett 2004; Koehn and Lintermans 2012). Furthermore, 
numerous invasive fish species have found their way into MDB waterways, and are 
implicated in reductions to native fish populations through predation (e.g. Redfin perch 
preying upon juvenile and small native fish (Knight 2010)), competition (e.g. Eastern 
gambusia competing with SPP (Macdonald et al. 2012)), habitat alteration (e.g. Carp 
destroying macrophyte communities (Vilizzi et al. 2014)) and/or by spreading harmful viruses 
or diseases (e.g. Redfin perch spreading EHNV to native species (Langdon 1989)). Climate 
change is likely to place further pressure on some native species through a multitude of 
pathways, including via reductions to the availability of some aquatic habitats (through 
reduced rainfall and/or higher evaporation losses in some regions), and/or by forcing some 
native species to shift their distribution to higher latitudes and/or altitudes (Koehn and 
Lintermans 2012). 

Despite the many threats impacting native fish species, there are some populations which 
persist (Lintermans 2007; Saddlier et al. 2013). However, in many cases, these populations 
are exclusive to certain locations, and we have very little (or no) understanding of why the 
populations have contracted to these particular locations, and/or why the remnant 
populations are only persisting at those sites. 
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Managing the conservation and recovery of threatened native fish species 

A crucial step in managing the conservation and/or recovery of any threatened native fish 
species, involves determining whether there is suitable habitat available to the species 
and/or if the habitat available is deficient in any way (Bond and Lake 2003; Rosenfeld 2003). 
Fish select habitats with a preferred combination of habitat features that meet their biological 
requirements, so as to give themselves the optimum chance of survival (Koehn and Nicol 
2014). When a species’ preferred habitats are altered, degraded or simply not available, it 
may be exposed to greater threats and ultimately experience lower survival rates, lower 
growth rates, reduced fecundity and/or less food availability (Rosenfeld and Hatfield 2006). 
Habitat suitability assessments can be undertaken for threatened species’ to firstly, inform 
the restoration and management of critical habitat features; secondly, find suitable sites for 
possible translocations and reintroductions (Bond and Lake 2003; Koehn and Nicol 2014); 
and thirdly, better understand how the species’ may respond to natural and human-induced 
changes to their habitat (Love et al. 2017). Such assessments typically involve undertaking 
habitat surveys to identify key habitat features and potential threats that can inform the 
development of a targeted management plan for the threatened species.  

For many small-bodied threatened species, the lack of knowledge relating to their general 
ecology is a major hindrance to the development of targeted management plans (Saddlier et 
al. 2013). Furthermore, in most cases, there is little information on the available habitat 
supporting remnant populations of small-bodied species (Lintermans 2007). Combining 
information on habitat availability, with existing distributional data, is critical to inform future 
management decisions to protect existing populations of threatened small-bodied species 
and to establish new ones. 

The situation for Southern pygmy perch and Flat-headed galaxias 

Southern pygmy perch  
Southern pygmy perch (SPP; Nannoperca australis) are small-bodied (maximum size of 
85 mm, but usually less than 65 mm), short-lived (up to 5 years) percichthyid fish, which are 
native to the Murray, Murrumbidgee and Lachlan catchments in NSW; all Victorian tributaries 
of the Murray River; and the lower Murray River in South Australia (Humphries 1995; Allen et 
al. 2002). Populations have also been recorded in coastal catchments between the Murray 
River in South Australia and the Genoa River in eastern Victoria, as well as on King and 
Flinders islands in Tasmania (Unmack et al. 2011). SPP prefer slow-moving or still 
waterbodies that are well vegetated, such as small streams, billabongs, wetlands and lakes 
(Humphries, 1995; Woodward & Malone, 2002). The species was once found throughout the 
MDB (Humphries 1995; Allen et al. 2002; Lintermans 2007), but has undergone significant 
reductions in both range and abundance, particularly in NSW (Allen et al. 2002; Woodward 
and Malone 2002) since the 1970’s (Llewellyn 1974). Indeed, SPP are now currently listed 
as endangered in New South Wales, South Australia and Victoria (Tonkin et al. 2008), and 
there are only three known populations remaining in the former state: (i) Blakney Creek near 
Yass; (ii) Upper Billabong Creek (Mountain and Spring Creek) near Holbrook; and (iii) 
Coppabella Creek near Jingellic (Pearce 2015). A common threat to each of these three 
NSW populations is habitat degradation (Pearce 2015). Specifically, declines in their 
abundance and distribution are thought to be related to a loss of aquatic vegetation and 
habitat alteration (Pearce 2015; Price et al. 2016). These habitat alterations have allowed for 
increased predation and competition from invasive species that have been better-adapted to 
the altered conditions — particularly Redfin perch (Perca fluviatilis), Eastern gambusia 
(Gambusia holbrooki) and Carp (Cyprinus carpio) (Humphries 1995; Lintermans 2007). 

Flat-headed galaxias  
Flat-headed galaxias (FG; Galaxias rostratus) are small-bodied (maximum size of 146 mm, 
but usually less than 100 mm) galaxid fish that are native to the southern MDB (Lintermans 
2007). Populations of the species have been sporadically observed in wetlands and the main 
channel of the upper Murray (near Albury); a range of habitats in the mid-to-lower section of 
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the Murrumbidgee River; and the Goulburn, Loddon, and Murray catchments in Victoria 
(Lintermans 2007). The species is currently listed as Critically Endangered within NSW and 
Critically Endangered nationally under the Environmental Protection and Biodiversity 
Conservation Act (EPBC Act). The last official record of FG in the NSW Fisheries Database 
is from a sampling event undertaken at Normans Lagoon near Albury in 2003, no 
observations have been made since by DPI Fisheries (Luke Pearce, pers. comm.). 
Consequently, the need for targeted surveys to determine the current distribution and 
abundance of FG is listed as a High Priority within the Priority Action Statement for the 
species; however, no such surveys have been undertaken to date (Luke Pearce, pers. 
comm.). There have only been several incidental captures of small numbers of the species 
by other researchers (Jarod Lyon in 2005, Leah Beesley in 2010, and Peter Unmack in 
2013). It is quite likely that the species may be locally extinct in the NSW portion of the 
Murray or only persisting in very low abundances. The decline in the species’ abundance 
and distribution is thought to have been largely due to habitat loss/alteration, competition 
and/or predation from invasive species (particularly Redfin perch, Eastern gambusia and 
trout), and flow regulation effects (altered flow regimes and cold water pollution) (Lintermans 
2007). 

The way forward for both SPP and FG 
The management of SPP and FG is currently hampered by a lack of understanding about 
why remnant populations persist and how to best-manage any associated threats. In order to 
save these species, a clearer understanding of their abundance and distribution, and the 
availability of their preferred habitats, is needed. It has been found that small-bodied 
freshwater fishes globally, are more susceptible to the risk of becoming a threatened species 
due to them often having specialised habitat requirements and low dispersal capabilities 
(Kopf et al. 2017) (with SPP being an exemplary species possessing these attributes). 
Without effective monitoring and management techniques, there are grave concerns for the 
long-term persistence of SPP and FG in NSW waterways. 

Objectives of this report 

This project was undertaken to improve our understanding of the distribution and abundance 
of SPP and FG (Figure 1), within the Murray LLS region (Figure 2), to aid in informing the re-
establishment of viable populations of each species. The specific objectives of the project 
were to determine: 

1. the current distribution and relative abundance of SPP in Coppabella Creek within 
the context of the creek’s habitat conditions, as well as to contribute to a longer term 
monitoring program assessing SPP population trends in the creek over time (Chapter 
2: Fish assemblage and habitat sampling in Coppabella Creek). 

2. if populations of SPP exist in creeks with similar characteristics to Coppabella Creek 
within the Upper Murray region that have not been previously sampled (Chapter 3: 
Targeted SPP surveys in creeks throughout the Upper Murray region). 

3. if populations of SPP and FG are still persisting in wetlands where they have 
previously been detected within the Murray region, and if there are any additional 
populations that have not previously been detected throughout the region (Chapter 4: 
Targeted SPP and FG surveys in wetlands throughout the Murray region). 
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(a) 

 

(b) 

 

 

Figure 1. Southern pygmy perch (SPP; Nannoperca australis) (a) and Flat-headed galaxias 
(FG; Galaxias rostratus) (b) (the SPP photo is courtesy of NSW DPI, and the FG photo is 
courtesy of Museums Victoria). 
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Figure 2. Map of south-east NSW, showing the Murray LLS region and study sites assessed 
in this report. 
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Chapter 2: Fish assemblage and habitat sampling in Coppabella Creek 

Introduction 

Coppabella Creek supports one of only two remaining populations of the endangered 
Southern pygmy perch (SPP; Nannoperca australis) in the Murray region, and one of only 
three remaining populations in NSW (Pearce 2015). SPP were first recorded in Coppabella 
Creek in 1992 and again in 1999 (Gilligan et al. 2010). Coppabella Creek dried up to a series 
of pools on several occasions during the Millennium Drought (1997–2010), which ultimately 
resulted in two separate emergency temporary translocations being undertaken to conserve 
the SPP population (Pearce 2015).  

A series of major flood events between October 2010 and March 2012 placed further stress 
upon the SPP population by altering the creek’s channel morphology and habitat (Pearce 
2015). In particular, the floods caused significant erosion, channel widening and deepening; 
redistributed and mobilised large amounts of sediment; and destroyed large areas of 
macrophyte beds (Pearce 2015). Macrophyte beds have slowly returned to the creek since 
the flooding, but complex macrophyte communities are now only found in the upper section 
of the creek, where there are currently no Carp (Cyprinus carpio) owing to the presence of a 
downstream barrier formed by the Clearsprings Weir (Luke Pearce, pers. comm.). The 
distribution of SPP has correspondingly retreated to the Carp-free upper creek section with 
the complex macrophyte communities (Luke Pearce, pers. comm.).  

Murray Local Land Services (Murray LLS) and NSW Department of Primary Industries (DPI) 
have been actively rehabilitating terrestrial and aquatic habitat to improve aquatic 
biodiversity within the Coppabella Creek area since 2006, with a particular focus on SPP 
(Pearce 2015). One proposed management action involves building a new alien fish-
exclusion barrier further downstream of the Clearsprings Weir to encourage the regeneration 
of complex macrophyte communities in this part of the creek, and thus increase the area of 
suitable habitat for SPP (Pearce 2015). However, there is no quantitative baseline 
information on the present habitat conditions in Coppabella Creek, or on the habitat 
preferences of the SPP population. Yet, these are fundamental knowledge requirements for 
both assessing the effectiveness of habitat restoration efforts for any threatened species, 
and understanding their general ecology (Bond and Lake 2003; Rosenfeld 2003). 

In this component of the study, we: 

1. mapped the habitat available along the entire length of Coppabella Creek for the 
resident fish SPP population 

2. examined the current distribution and relative abundance of SPP in Coppabella 
Creek, as part of the longer term monitoring program assessing fish population 
trends in the creek over time 

3. investigated associations between SPP and habitat features to gain an appreciation 
of their habitat requirements and the availability of suitable habitat. 

Methods 

Study sites 
The Coppabella Creek catchment is situated in the southern region of NSW, west of 
Tumbarumba. Coppabella Creek is a 38 km-long tributary of the upper Murray River (Figure 
3). It rises in the west near Rosewood (650 m elevation) and flows in a southerly direction 
before discharging into Jingellic Creek. Jingellic Creek subsequently discharges into the 
upper Murray River, south-west of the township of Jingellic (213 m altitude). Presently, the 
only major physical barrier to fish passage on Coppabella Creek is the Clearsprings Weir 
(Pearce 2015) (Figure 4). This weir consists of a fixed crest concrete and rock structure and 
is located at latitude -35.791585 and longitude 147.696730. It was originally used to transfer 
water through a water race to meet irrigation requirements, but is no longer operated 
(Pearce 2015). 
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Sampling was undertaken over the entire length of the Coppabella-Jingellic system at ten 
sites — with eight of these sites in Coppabella Creek and two in Jingellic Creek (Table 1; 
Figure 3). These sites were established during the Millennium Drought in 2009 to allow for 
assessments of the long-term changes to the system’s fish community (Pearce 2015). The 
uppermost site (Site 1) was positioned at the Coppabella Road bridge, while the most 
downstream site (Site 10) was situated at Jingellic, about 1 km from where Jingellic Creek 
flows into the Murray River. These sites were chosen on the basis that they represented 
equidistantly spaced locations along the system (Pearce 2015)  (Table 1; Figure 3). 
Clearsprings Weir lies between site’s 4 and 5 in the second most upstream reach (i.e. Reach 
2) of the system. 

Table 1. Locational details of the 10 long-term (2009–17) monitoring sites and four reaches 
established along Coppabella Creek and Jingellic Creek. This study involved the 2017 
sampling, although the results were analysed within the context of the long-term dataset. 

Site number  Creek Reach Latitude  Longitude  Altitude  

Site 1 Coppabella   1 -35.74057° 147.7256° 360 

Site 2 Coppabella   1 -35.75689° 147.71606° 350 

Site 3 Coppabella   1 -35.76791° 147.71036° 342 

Site 4 Coppabella   2 -35.79173° 147.69673° 310 

Site 5 Coppabella   2 -35.80697° 147.696° 295 

Site 6 Coppabella   3 -35.83488° 147.703° 279 

Site 7 Coppabella   3 -35.85081° 147.70799° 255 

Site 8 Coppabella   4 -35.88203° 147.70337° 247 

Site 9 Jingellic   4 -35.89275° 147.69157° 222 

Site 10 Jingellic   4 -35.92983° 147.69299° 220 
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Figure 3. Map of the Coppabella Creek study area, showing the location of the 10 long-term 
monitoring sites and four reaches established along Coppabella-Jingellic Creek system. See 
Table 1 for further details about the sites. 
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Figure 4. The Clearsprings Weir (latitude -35.791585 and longitude 147.696730) — the only 
physical barrier to fish movement currently in Coppabella Creek (photo courtesy of Luke 
Pearce). 

 

Fish surveys 

The Coppabella Creek fish community was sampled in December 2017 using fish sampling 
protocols developed for the Murray–Darling Basin Authority’s Sustainable River Audit – Fish 
theme (Davies et al. 2008; MDBC 2008). The protocols involved using backpack 
electrofishing (Model 24 Smith Root) and 10 unbaited concertina-type shrimp traps at each 
site, set for a minimum of 1.5 hours. Backpack electrofishing required eight standardised 
electrofishing ‘shots’, each of 150s duration, at each site. Two operators would commence 
sampling, from a downstream to upstream direction. At the completion of each electrofishing 
‘shot’, captured fish (all species) were identified, counted, measured (to the nearest mm) and 
released. Measurements were taken of either fork length or total length depending on the 
morphology of the caudal fin for the species (Pearce 2015). Any species’ observed, but not 
caught, during each ‘shot’ were recorded as ‘observed’. A rapid habitat assessment was 
performed at the end of each ‘shot’ and included recording riparian and instream vegetation, 
substrate, instream cover and mesohabitat type (e.g. pool, run, riffle). An AFOR (abundant, 
frequent, occasional, rare) system was used. In addition, water temperature (°C), dissolved 
oxygen (mg L-1), pH, conductivity (μS cm-1) and turbidity (NTU) were assessed using a 
Horiba® U10 water quality meter (HORIBA, Austin, USA). 

Habitat mapping 
A detailed inventory of available aquatic and riparian habitat variables was performed along 
the entire length of Coppabella and Jingellic creek’s in December 2017. Within the study 
area, aquatic and riparian habitat variables were mapped continuously, as encountered, over 
the entire 38 km section. Two or three staff worked together to map all of the habitat features 
within the bank-full river channel on foot. Aquatic habitat variables were identified by walking 
the entire length of the creek, and their location and main characteristics were manually 
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recorded using GIS software installed on a Panasonic Toughbook (Model 64). Mapped 
habitat variables included substrate, mesohabitat, physical cover, snags, macrophyte beds, 
willows, eroded and undercut banks, and depth. Substrate was defined as the transition from 
one type to another at the point considered to be the baseflow waterline, regardless of 
ambient flows on the day of mapping. Substrate categories included bedrock, boulders 
(>512 mm), cobble (64–512 mm), gravel (2–64 mm), sand (62 μm–3 mm), mud (<62 μm), 
clay (<62 μm) or detritus (organic material). Mesohabitat categories considered included 
pool (still or very slowly flowing water), run (flowing water with little or no surface turbulence), 
riffle (flowing water with a turbulent surface), rapid (very turbulent), and dry (no water). The 
maximum depth of each pool was recorded using a Bluetooth depth sounder (Deeper Pro+, 
Deeper Smart Sonar). For each substrate or mesohabitat type, the river channel boundary 
was manually digitised using the GIS software to create a polygon representing the total 
area of the river channel. Woody and rocky habitats were characterised as large or small, 
and simple or complex. Rocky habitat was considered to be boulder(s) whether big or small 
that existed in other habitat types. Snags were categorised as either large (> 2 m maximum 
length) or small (< 2 m maximum length), as well as either complex (having either complex 
branches, a trunk with branches, or a trunk with a hollow or root mass) or simple (having one 
simple branch or trunk). Macrophyte beds were recorded by developing a polygon of start 
and finish extent along the river channel. For each polygon, the macrophyte species was 
recorded and further classified as simple, complex or a combination of simple and complex. 
Simple macrophyte beds consisted of either validus, Eleocharis, Phragmites, cambungi, or 
tassel; complex macrophyte beds consisted of either Potamogeton, Nitella, waterwort, or 
Ludwidgia; simple/simple macrophyte beds consisted of a combination of two or more simple 
macrophyte species; complex/complex macrophyte beds consisted of a combination of two 
or more complex macrophyte species; and simple/complex macrophyte beds consisted of a 
combination of simple and complex species. Depth in deeper reaches was determined using 
the portable Bluetooth depth sounder. The data were recorded in either of two formats, 
position dependent or position independent, depending on the habitat feature being 
recorded. The spatial data and the attributes collected were imported and processed using a 
desktop GIS software (ArcGIS Pro) to map and quantify the distribution of the habitat 
features for Coppabella Creek. 

Data analyses 

All of the main analyses for this chapter were undertaken at both year- and site-related 
scales, as well as at a site-scale for 2017 alone. The year-related analyses were performed 
by extending annually-collected habitat and fish data from NSW DPI Fisheries (i.e. from 
2009–16) by an additional year to allow for the examination of long-term patterns. 

Habitat characteristics 
Year- and site-related differences in overall habitat characteristics were initially investigated 
using principal components analysis [PCA in Primer v6.0 (Clarke and Warwick 2001)]. All 
continuous environmental variables were log10(x + 1) transformed (except pH) and 
normalised prior to analysis. The year- and site-related differences in habitat conditions were 
then formally tested using permutational analysis of variance [PERMANOVA in Permanova+ 
for Primer (Anderson et al. 2008)]. Site-related differences in habitat conditions were also 
assessed separately for the 2017 sampling year using descriptive figures and tables. 

Habitat mapping 

The habitat variables, mesohabitat, macrophytes, snags, and substrate, were displayed at 
the reach scale to provide a visual overview of the spatial distribution of these variables in 
the Coppabella-Jingellic Creek system. The spatial layer used to represent the creek was 
sourced from the river network provided by the NSW Spatial Services Digital Topographic 
Database (DTDB 2011, www.lpi.nsw.gov.au). Each habitat variable was created as a point 
or a polygon vector layer in ArcGIS Pro, with the corresponding attribute table containing the 
features identified in the field. The coordinate systems adopted for spatial analysis and 

http://www.lpi.nsw.gov.au/
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mapping were available from the GIS software, and were based on the Datum GDA 1994 
projected using the Transverse Mercator transformation for Zone 55S. 

In addition to visually displaying each variable for the creek reaches, the count and type of 
habitat was also presented to support map interpretation. The procedure applied to obtain 
these results is explained below. 

Firstly, the creek was divided into four 10 km reaches, using the Split tool available in 
ArcGIS Pro to define four reaches with equal length in the creek. A buffer of 50 m was then 
applied (using the Buffer tool in ArcGIS Pro) to select the habitat variables closer to each 
reach. The Spatial Join tool was used to associate the attribute table of both the creek and 
habitat variable layers. This allowed us to count the number of habitat variables per reach 
and to identify the habitat features recorded. Specifically, for the macrophytes (which had 
their area represented using polygons), the Intersection tool was used to extract and quantify 
the area allocated to each reach. The records were exported and processed further using 
the R software (R Core Team, 2013) to compute and display stacked bar charts presenting 
the count and type of each habitat variable. 

Fish 
Variation in fish community patterns among years and sites were initially examined using 
non-metric multidimensional scaling (nMDS in Primer v6.0 (Clarke and Warwick 2001)) and 
PERMANOVA (Anderson et al. 2008). All fish community analyses were based on Bray–
Curtis similarity matrices (with a dummy variable of 0.000001), and performed on square-
root transformed data to reduce the potential for the dominant taxa to overshadow the 
results. Total abundance and species richness patterns for the fish community were also 
examined using descriptive figures and tables over all sampling years and sites. We then 
focused our analyses on the temporal and spatial patterns for SPP abundance and length-
frequency distributions, again using descriptive figures and tables. 

Fish-habitat variable relationships 
Fish-habitat variable relationships were examined to determine which habitat attributes were 
most strongly related to both the overall fish community structure as well as SPP 
abundance. Prior to undertaking any fish-habitat analyses, continuous habitat variables were 
log10(x + 1) transformed (except pH), normalised and draftsman plots were examined to 
determine whether any environmental variables were highly correlated (95% or greater, Bob 
Clarke, Plymouth Marine Laboratory, UK, pers. comm.). The distance-based linear models 
procedure [DISTLM in Permanova+ for Primer (Anderson et al. 2008). ] was undertaken to 
determine which habitat variables were best related to the fish community and SPP 
abundance, using a step-wise procedure with an R2 selection criterion. All DISTLM analyses 
were undertaken on square-root transformed biotic data, and based on Bray-Curtis similarity 
matrices for the fish community analysis, and Euclidean similarity matrices for the SPP 
abundance analysis (Anderson et al. 2008).  

Results 

Coppabella Creek habitat characteristics 

Overall temporal and spatial patterns 
Habitat characteristics varied among sampling years in the Coppabella-Jingellic system, 

especially between 2009, 2011/12 and 2014/15/17 (Figure 5a). The 2011/12 year group 

differed from the other sampling year groups due to their being more run habitat, higher 

stream velocities and fewer submerged macrophytes during 2011/12. The 2009 year group 

further differed from the 2014/15/17 year group due to the substrate being composed of a 

greater proportion of mud/silt and there being a greater proportion of plant litter present 

during the former year group (Figure 5a). The overall site-related patterns were not as clear 

(Figure 5b). Site 1 was typically narrower, and had a cooler water temperature, but a greater 

proportion of mud/silt, plant litter and submerged macrophytes than the other sites (Figure 
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5b). PERMANOVA confirmed that the habitat characteristics varied significantly according to 

year, site, and the interaction between year and site; and that there was more variation 

among years (23%) than among sites (13%) (Table 2). 

a) 

 

 

b) 

 

Figure 5. Principal components analysis showing variation in habitat characteristics among 
years (a) and among sites (b) (based on data averaged for each site-year combination). 
Only environmental variables with correlations > 0.5 have been presented for the sake of 
clarity. Prior to analysis, samples with missing data were removed (including DO); 
temperature, EC, turbidity, width and depth were log10(x+1) transformed; and all variables 
were normalised and checked for multicollinearity). 
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Table 2. Pseudo-F statistics from Permanova analyses investigating site- and year-related 
variation in habitat characteristics and fish community structure. ** P < 0.001. Note, there 
were only 62 degrees of freedom (df) for the Site×Year component of the habitat 
characteristics PERMANOVA instead of 63, due to there being missing data for some sites 
and/or years. 

Response variable Source Site Year SitexYear 

   df 9 7 62 

Habitat characteristics Pseudo-F 22.537** 51.474** 6.9978** 

 
 df 9 7 63 

Fish community structure 
(electrofishing and bait trapping) Pseudo-F 29.049** 17.418** 3.4383** 

Fish community structure 
(electrofishing only) Pseudo-F 26.180** 17.896** 3.307** 
 

Spatial variation observed during the 2017 sampling year 
During the 2017 sampling, all four reaches were dominated by run and riffle habitat, but the 
proportion of pool habitat progressively increased from Reach 1 through to Reach 4 (Figure 
6a; Figure 27a-d). The composition of macrophyte communities was more ‘complex’ in 
Reach 1 and 2, than in Reach 3 and 4 (Figure 6b; Figure 27e-h). Similarly, snag composition 
changed from being mainly large and complex in the two uppermost reaches (Reach 1 and 
2), to large and simple, and/or small and complex in the two lower reaches (Figure 6b; 
Figure 27i-l). Substrate composition became sandier in the lower reaches (Figure 6d; Figure 
27m-p). Water temperature, pH and turbidity were all generally higher in the lower part of the 
system, whereas conductivity was generally higher in the upper part of the system (Table 3). 
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a) 

 

b) 

 

Figure 6. The proportion of each habitat feature within each reach in Coppabella Creek, 
observed during the 2017 sampling year. 
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c) 

 

d) 

 

Figure 6 continued. The proportion of each habitat feature within each reach in Coppabella 
Creek, observed during the 2017 sampling year. 
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Table 3. Water quality characteristics at each site during the 2017 sampling year. 
Temperature (oC), electrical conductivity (EC) (µS.cm-1), turbidity (NTU) (see the Appendix 
for the full set of water quality results from every sampling year). Note, dissolved oxygen 
(DO) was not measured in 2017 due to an error with the DO probe at the time of sampling.  

Site Temperature pH EC Turbidity 

S1 24.8 5.69 0.146 10 

S2 25.4 5.95 0.160 11 

S3 26.1 5.48 0.146 5 

S4 25.2 5.92 0.147 4 

S5 24.6 6.01 0.142 16 

S6 23.9 5.47 0.145 77 

S7 24.7 6.10 0.145 49 

S8 25.7 5.91 0.120 40 

S9 29.1 6.27 0.126 17 

S10 29.0 6.12 0.129 13 
 

Fish community patterns 

Overall community 
A total of 4537 fish, comprising twelve species, were sampled via electrofishing and bait 
trapping in the Coppabella-Jingellic Creek system over the period of annual sampling from 
2009–17 (Table 4). Six of these species were native (Nannoperca australis, Gadopsis 
marmoratus, Galaxius olidus, Macculochella peeli, Hyspeleotris spp., Retropinna semoni), 
and the remaining six were alien (Cyprinus carpio, Perca fluviatlilis, Gambusia holbrooki, 
Carassius auratus, Salmo trutta, Orcorhynchus mykiss). Overall, SPP was the most 
abundant species, occurring in high numbers in 2009 (Table 4). In comparison, only one 
Hyspeleotris spp. and two Oncorhynchus mykiss were detected between 2009 and 2017 
(Table 4). 

Overall temporal and spatial patterns in fish community structure 
Annually, there was a clear separation between the fish community sampled during the 2009 
sampling year and those sampled during the other years. This separation was driven by the 
greater abundance of SPP in 2009 (Figure 7a). The site-related patterns were much more 
discernible, since there was a clear distinction between fish communities found at site’s 1-4 
and those found at site’s 5-10 (Figure 7b). The upper four sites were characterised by the 
absence of Carp and Redfin perch and relatively high abundances of SPP, whereas the 
lower six sites were characterised by relatively high abundances of Carp and Redfin perch 
and relatively low abundances of SPP (Figure 7b).  

PERMANOVA confirmed that fish community structure varied significantly according to year, 
site, and the interaction between year and site; and that the variation was greater among 
sites (22% (electrofishing and bait trapping), and 19% (electrofishing only)) than among 
years (11% (electrofishing and bait trapping), and 10% (electrofishing only) (Table 2). 

Overall temporal and spatial patterns in fish abundance and species richness 

Overall fish abundance was greatest in 2009, and lowest in 2011 (Table 4). Overall species 
richness, on the other hand, was greatest in 2012, and equally lowest in 2011 and 2015 
(Table 4). SPP and Carp were detected every year of sampling between 2009 and 2017, 
whereas Hypseleotris spp. was only detected in 2016, and Oncorhynchus mykiss was only 
detected in 2012 and 2017 (Table 4). From a site-level perspective, SPP were most 
abundant overall at the four uppermost sites (site’s 1-4), whereas Carp were only detected at 
the lower six sites (site’s 5-10) (Table 5). Overall site abundance was greatest at the 
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uppermost site (Site 1), whereas overall site richness was greatest at the fourth-most-
downstream site (Site 7) (Table 5). 

 

Table 4. Temporal changes in the total abundance and richness of fish species recorded in 
Coppabella Creek (pooled over all 10 sites). 

    Sampling year 

Species 2009 2011 2012 2013 2014 2015 2016 2017 Total (N) 

Native (Richness) 4 3 4 3 4 2 5 3 - 

 
Nannoperca australis 2765 1 7 2 3 57 139 17 2991 

 
Gadopsis marmoratus 1 2 6 0 5 0 21 1 36 

 
Galaxias olidus 1 1 11 0 3 0 1 2 19 

 
Macculochella peeli 0 0 1 8 0 0 0 0 9 

 
Hypseleotris spp. 0 0 0 0 0 0 1 0 1 

 
Retropinna semoni 15 0 0 26 2 13 5 0 61 

Alien (Richness) 4 3 6 4 3 4 3 6 - 

 
Cyprinus carpio 22 40 200 84 64 90 312 31 843 

 
Perca fluviatilis 16 6 20 64 0 13 13 55 187 

 
Gambusia holbrooki 262 24 2 34 4 0 0 26 352 

 
Carassius auratus 6 0 1 2 0 1 2 4 16 

 
Salmo trutta 0 0 10 0 2 1 0 7 20 

 
Oncorhynchus mykiss 0 0 1 0 0 0 0 1 2 

Total abundance 3088 74 259 220 83 175 494 144 4537 

Total richness 8 6 10 7 7 6 8 9 - 
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a) Year-related variation 

Electrofishing and bait trapping 

 

Electrofishing only 

 

Figure 7. nMDS plots showing temporal (a) and spatial (b) variation in the Coppabella Creek 
fish community structure (based on square-root transformed data averaged for each site-
year combination). Only species with correlations > 0.5 have been presented for the sake of 
simplicity. 
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b) Site-related variation 

Electrofishing and bait trapping 

 

Electrofishing only 

 

Figure 7 continued. nMDS plots showing temporal (a) and spatial (b) variation in the 
Coppabella Creek fish community structure (based on square-root transformed data 
averaged for each site-year combination). Only species with correlations > 0.5 have been 
presented for the sake of simplicity. 
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Table 5. Site-related variation in the total abundance and richness of fish species recorded in 
Coppabella Creek (pooled over all sampling years from 2009–17). 

    Site 

Species 1 2 3 4 5 6 7 8 9 10 

Native (Richness) 1 2 2 2 3 2 3 0 2 2 

 

Nannoperca australis 1674 126 330 807 42 12 0 0 0 0 

 
Gadopsis marmoratus 1 8 8 15 2 0 2 0 0 0 

 
Galaxias olidus 0 0 1 0 3 0 0 0 0 15 

 
Macculochella peeli 0 0 0 0 0 2 4 1 2 0 

 
Hypseleotris spp. 0 0 0 0 0 0 0 0 0 1 

 
Retropinna semoni 0 0 0 0 0 0 2 0 10 49 

Alien (Richness) 1 1 1 1 2 3 3 4 2 4 

 

Cyprinus carpio 0 0 0 0 45 142 172 127 171 186 

 
Perca fluviatilis 0 0 0 0 13 8 20 19 74 53 

 
Gambusia holbrooki 0 0 0 0 0 8 110 20 1 213 

 
Carassius auratus 0 0 0 0 1 1 0 2 0 12 

 
Salmo trutta 7 5 6 2 0 0 0 0 0 0 

 
Oncorhynchus mykiss 0 1 0 0 1 0 0 0 0 0 

Total abundance 1682 140 345 824 107 173 310 169 258 529 

Total richness 2 3 3 3 5 5 6 4 4 6 

 

Temporal variation in SPP abundance and length frequency distributions 
Overall, there was a decline in SPP abundance during the period from 2011-14, followed by 
a slight increase in their abundance during 2015 and 2016, and then another decrease in 
their abundance in 2017 (Table 6; Figure 8). Site-specific analyses revealed that the 
extraordinarily high abundance of SPP in 2009 was consistent across the six uppermost 
sites (Table 6). They also showed that SPP was only detected post 2011 in the four 
uppermost sites (Table 6). Most SPP were in the 31–45 mm size class over all sites and 
years combined, but there was variation in the distribution of size classes among years 
(Figure 9). Specifically, the size class diversity of SPP was greatest in 2016, followed by 
2009 and 2015; whereas the size class diversity of SPP was equally lowest in 2011, 2012 
and 2013 (Figure 9).  

Spatial variation in SPP abundance  
There was annual variation in SPP abundance among the ten sites. SPP were collected 
from the upper six sites in 2009 (Table 6). Of the six sites that SPP occurred in in 2009, they 
were most abundant at Site 1, and least abundant at site’s 5 and 6 (Table 6). From 2011–17, 
all observations were limited to one or more of the upper four sites.  

Site-related variation observed during the 2017 sampling year 
During the 2017 sampling year, SPP were only recorded at the three most upstream sites, 
and they were again, most abundant at Site 1 (Table 6).  
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Table 6. Pooled abundance (electrofishing and bait trapping) of SPP at each site during 
each sampling year. 

Site 1 2 3 4 5 6 7 8 9 10 Total per year 

2009 1494 100 312 805 42 12 0 0 0 0 2765 

2011 0 0 1 0 0 0 0 0 0 0 1 

2012 4 1 2 0 0 0 0 0 0 0 7 

2013 2 0 0 0 0 0 0 0 0 0 2 

2014 1 2 0 0 0 0 0 0 0 0 3 

2015 57 0 0 0 0 0 0 0 0 0 57 

2016 104 20 13 2 0 0 0 0 0 0 139 

2017 12 3 2 0 0 0 0 0 0 0 17 

Total per site 1674 126 330 807 42 12 0 0 0 0 2991 

 

 

 

 

Figure 8. The abundance of SPP for sampling occasion (pooled over all sites). 
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a) 2009 size class distribution (n = 1059) 

 

 

b) 2011 size class distribution (n = 1) 

 

Figure 9. Size class distributions of SPP for each sampling year (pooled over all sites). 
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c)  2012 size class distribution (n = 1) 

 

 
d) 2013 size class distribution (n = 1) 

 

 

e)  2014 size class distribution (n = 3) 

 

Figure 9 continued. Size class distributions of SPP for each sampling year (pooled over all 
sites). 
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f) 2015 size class distribution (n = 55) 

 

 

g) 2016 size class distribution (n = 130) 

 

 

 

h) 2017 size class distribution (n = 15) 

 

Figure 9 continued. Size class distributions of SPP for each sampling year (pooled over all 
sites). 
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i) Overall size class distribution (n = 1256) 

 

Figure 9 continued. Size class distributions of SPP for each sampling year (pooled over all 
sites). 

 

Habitat variables related to SPP abundance (or community structure) 
Over all sampling years and sites combined, variation in the fish community was best 
explained by the proportion of mud/silt in the substrate, and the occurrence of floating 
macrophytes and algae (each variable explained more than 11% of the variation in fish 
community structure overall and was statistically significant (P =0.001)) (Table 7). These 
findings were probably largely related to the presence of Carp and Redfin perch in 
downstream reaches. Further investigation indicated that SPP abundance was positively 
correlated with EC, turbidity, and the proportion of mud/silt, macrophytes (floating and 
submerged) and plant litter; and negatively correlated with temperature, and the proportion 
of cobble, rock, run and riffle habitat, and velocity, width and depth (Table 7).  
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Table 7. Habitat variables explaining variation in fish community structure, and SPP 
abundance (based on DISTLM analyses). The values for significant variables have been 
highlighted in bold. Spearman rank correlation coefficients have also been included for the 
SPP abundance analysis. 

MARGINAL TESTS Fish community SPP abundance 

Variable P % variation explained P Correlation coefficient 

Temperature 0.001 5.42 0.002 -0.39 

pH 0.184 1.83 0.1 -0.19 

Conductivity 0.083 2.37 0.027 0.29 

Turbidity 0.009 4.30 0.001 0.44 

Bedrock 0.001 5.39 0.242 -0.14 

Boulder 0.244 1.69 0.409 -0.10 

Cobble 0.044 2.95 0.005 -0.34 

Gravel 0.704 0.87 0.983 0.00 

Sand 0.756 0.75 0.352 -0.11 

Mud/silt 0.001 11.90 0.001 0.32 

Clay 0.029 3.11 0.127 0.13 

Native trees 0.001 8.34 0.29 0.13 

Exotic trees 0.351 1.40 0.191 0.15 

Shrubs 0.33 1.48 0.824 -0.02 

Terrestrial grass 0.008 3.87 0.992 0.00 

Rushes, sedges 0.89 0.58 0.642 0.06 

Littoral grasses 0.062 2.47 0.584 -0.08 

Floating macrophytes 0.001 11.03 0.01 0.31 

Submerged macrophytes 0.001 7.34 0.025 0.27 

Algae 0.001 11.49 0.372 0.11 

Rock 0.01 4.20 0.027 -0.25 

Timber 0.582 1.03 0.46 0.09 

Undercuts 0.714 0.79 0.512 -0.08 

Plant litter 0.001 5.10 0.038 0.26 

Pool 0.681 0.88 0.562 0.06 

Run 0.11 2.20 0.037 -0.24 

Riffle 0.051 2.77 0.005 -0.30 

Rapid 0.043 2.68 0.101 -0.12 

Velocity 0.461 1.16 0.027 -0.24 

Width 0.001 10.59 0.001 -0.42 

Depth 0.098 2.25 0.003 -0.29 
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Discussion 

Habitat conditions within the Coppabella-Jingellic system 
Habitat characteristics varied temporally in the Coppabella-Jingellic system among sampling 
years (over all 10 sites combined). The most significant changes coincided with the end of 
the Millennium Drought affecting south-eastern Australia. This drought lasted from 1997 to 
2010 and resulted in the most persistent dry conditions and associated low flows since the 
start of the twentieth century (Lake 2011). During the 2009 sampling period, there were low 
or no flows through the Coppabella-Jingellic system, and there was a relatively high 
proportion of submerged macrophytes and plant litter present, and the substrate was 
composed of a relatively high proportion of mud/silt. When flooding occurred during 2010-12, 
high flows created more run habitat, and resulted in the eventual scouring of macrophyte 
communities and streambed substrate. Flows stabilised following this period and many 
macrophyte species began to recolonise the system. 

Pearce (2015) reported the substantial recovery of Potamogeton tricarinatus, Vallisneria 
gigantes, Myriophyllum verrucosum, Scirpus validus and Phragmites australis — all species 
that form the main structural habitat for SPP. The distribution of these species expands 
during low flow, and contracts during high flow. Similar flood-related scouring and 
recolonization patterns have been documented for macrophyte communities in rivers and 
streams elsewhere throughout the world (e.g. the Rhone River in France (Henry et al. 1996)) 
and Whakapipi Stream in New Zealand (Whittaker and Goodman 1979)), with recolonization 
often rapidly attained post flood by pioneer species adapted to frequent disturbances (Henry 
et al. 1996). As such, this cycle of expansion and contraction is likely to be supporting the 
existing SPP population, but also preventing expansion through downstream zones where 
this habitat is limited.  

Habitat conditions at the most upstream site differed to those at the other nine sites. 
Specifically, the upper site had a narrower stream width and a cooler water temperature, but 
a greater proportion of mud/silt, plant litter and submerged macrophytes than the other sites. 
There was some indication of habitat changing with stream length. For instance, the upper 
reaches (1 and 2) typically had a higher proportion of complex macrophyte communities and 
snags than the lower reaches (3 and 4). The relatively high proportion of complex 
macrophyte communities in the two upper reaches was most likely largely due to the 
exclusion of Carp from this section of the creek (Pearce 2015). Carp are known to destroy 
macrophyte communities (Vilizzi et al. 2014), and thus their exclusion from reach’s 1 and 2 
would have allowed for the re-establishment of more complex macrophyte communities in 
those reaches following scouring effects of the 2010–12 floods (Pearce 2015). In turn, this 
absence of Carp may be creating favourable conditions for SPP and providing refuge from 
associated impacts.  

 

Figure 10. Photos of typical habitat in the upper reaches of Coppabella Creek, reach’s 1 and 
2 (photos courtesy of Luke Pearce). 
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Figure 11. Photos of typical habitat in the lower reaches of Coppabella Creek, reach’s 3 and 
4 (photos courtesy of Luke Pearce). 

 

Distribution and relative abundance of SPP in Coppabella Creek  
There were no consistent temporal differences in fish community structure (over all 10 sites 
combined), with the exception of in 2009 when SPP were highly abundant. In contrast, total 
fish abundance and species richness were lowest in 2011, corresponding with the period of 
flooding and scouring of macrophyte communities and streambed substrate. Matthews 
(1986) similarly observed reductions in species richness and in the abundance of some 
species immediately following a flood in an Ozark Stream in northern Arkansas (USA), while 
Chapman and Kramer (1991) reported that flooding resulted in the loss of 75% of Poecilia 
gillii (Poeciliidae) populations from an intermittent stream in Santa Rosa National Park, 
Costa Rica. The adverse flooding effects on the SPP population in the Coppabella-Jingellic 
system demonstrate that floods can impact SPP either directly by harming various life stages 
(e.g. by contributing to strike effects and/or scouring larvae and eggs), or indirectly by 
altering their habitat (e.g. by changing channel morphology or removing macrophyte 
communities) and food resources (e.g. by scouring and reducing zooplankton densities) 
(Carline and McCullough 2003).  

There was a clear difference between the fish communities found at sites 1-4 and those 
found at site’s 5-10. The upper four sites were characterised by the occurrence of SPP, and 
the absence of Carp and Redfin perch. The lower six sites were characterised by the 
occurrence of Carp and Redfin perch and the absence of SPP. These findings are consistent 
with those reported by Gilligan et al. (2010) and Pearce (2015) in suggesting that SPP do 
not co-exist with Carp in the Coppabella-Jingellic system. The findings further suggest that 
the Clearsprings Weir is functioning as a barrier to both Redfin perch and Carp distribution 
expansion.  

Further investigation indicated that the SPP population was limited to the upper four sites in 
the creek from 2011–17, even though members of the population had been observed in the 
upper six sites in 2009. The restriction of the population to the upper four sites from 2011 
onwards, was probably related to the fact that those were the sites with the highest 
proportion of complex macrophyte communities after the 2010–12 flood events (in addition 
to the fact that Carp were excluded from that section of the creek). Indeed, a number of 
studies have argued that macrophyte communities are crucial for supporting the persistence 
of SPP populations (Pearce 2014; Pearce 2015; Price et al. 2016), and our results 
correspondingly also found that SPP abundance (pooled over all sites and sampling years) 
in the Coppabella-Jingellic system was positively correlated with the proportion of both 
submerged and floating macrophytes present. Irrespective of their spatial distribution, 
however, SPP individuals were most commonly in the size range of 31–45 mm over all sites 
and sampling years combined, suggesting that the majority of the population were capable 
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of reproducing during each sampling year (SPP reach sexual maturity once they are 30–
33 mm in length (Lintermans 2007)).  

Conclusions 

The SPP population in Coppabella-Jingellic Creek system began recovering in 2015 from 
the scouring effects of the 2010–12 floods, but it declined again for some unknown reason in 
2017. It has failed to reach the same population size as seen in 2009. The current 
distribution is limited to the upper four sites in the creek owing to the Clearsprings Weir 
barrier effect. The SPP population has fluctuated in size over the past decade but is confined 
to the upper reaches. Therefore, the population is extremely vulnerable to any adverse 
practices occurring in that reach. Any sustained pressure on the population in the upper 
reaches could significantly impact long term persistence.  

Management implications and recommendations: 
1. To facilitate the recovery and conservation of the SPP population in the Coppabella-

Jingellic system, the system should be managed with an ongoing view towards 
conserving the current core habitat (i.e. the deepest and most permanent upstream 
pools) (Gilligan et al. 2010); and by maintaining the exclusion of Carp and other alien 
species at the current Clearsprings Weir barrier (Pearce 2015). The upper reach is 
critical as a source population for this species and must be protected and enhanced.  
 

2. Trout or other species that may prey on SPP should not be stocked in the 
Coppabella-Jingellic system, especially during periods when SPP populations are 
recovering from disturbances such as flood events (Pearce 2015).  
 

3. Given the importance of macrophyte communities in forming suitable habitat for SPP 
(Humphries 1995; Woodward and Malone 2002), habitat works that facilitate the 
regeneration and conservation of complex macrophyte species' should form a central 
component of any management plan for the Coppabella-Jingellic system. 
 

4. Murray LLS and NSW DPI are currently considering the construction of a new alien 
fish exclusion barrier. The barrier will prevent natural upstream movement of Carp 
and Redfin perch. It must be recognised that the barrier will not prevent transfer via 
other means (e.g. human translocation). 
 

5. The exclusion of Carp by the proposed barrier should theoretically allow more 
complex macrophyte communities to return to these reaches, and thus provide more 
suitable habitat for the re-expansion of the SPP population lower down the system. 
Any Carp (and Redfin perch and Eastern gambusia) upstream of the new barrier 
would need to be removed immediately after construction. 
 

6. The installation of any barrier comes with a range of risks for the passage of other 
native fish (in addition to alien fish). So the potential benefits for the SPP population 
will need to be considered against the risks to other native species before the 
construction of any such barrier proceeds past the scoping phase. None of the native 
species currently in Coppabella Creek are considered migratory, so barrier effects 
would be expected to minimal in comparison to the benefits to SPP (Luke Pearce, 
pers. comm.). 
 

7. Other habitat management actions in the catchment should include: 
 
(a) the sustained control of blackberries, willows and other pest plant species, since 
these shade and compete with the native riparian and aquatic plant communities. But 
care must be used not to use pesticides that will harm SPP in the upper section; 
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(b) stock exclusion from the riparian zone, especially during dry periods when effects 
upon the macrophyte communities are likely to be exacerbated; and  
 
(c) restoring native terrestrial vegetation, but at a sufficient distance from the stream 
so as not to shade and/or hinder the favourable growth of macrophyte communities 
in any way (Pearce 2015).  
 

8. Consideration should also be given to identifying suitable alternative sites for 
potentially establishing additional SPP populations (Pearce 2015). These sites would 
obviously need to meet a number of criteria in order to offer any chance of success. 
Specifically, at a minimum, they would need to: (1) provide a secure water source 
that persists during droughts; (2) have an abundance of appropriate complex 
macrophytes for suitable habitat; and (3) they would need to have no or very low 
numbers of alien fish species and be secure from future invasions (e.g. have a 
barrier to prevent such events) (Pearce 2015).  
 

9. Finally, consideration should be given to translocating SPP from the upper reaches 
and establishing an ‘insurance’ population. Considering there are no other sources of 
SPP in the region, any adverse event that impacts the current population may lead to 
localised extinction. If an insurance population were established elsewhere, it would 
provide an opportunity to reintroduce the population if an adverse event occurred.  
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Chapter 3: Targeted SPP surveys in creeks throughout the Upper Murray 
region 

Introduction 

Whilst the importance of Coppabella Creek for Southern pygmy perch (SPP; Nannoperca 
australis) has been well documented (Gilligan et al. 2010; Pearce 2015), comparatively less 
effort has been put into determining whether SPP populations exist in other creeks 
throughout the Upper Murray region. Indeed, there are many creeks throughout the Upper 
Murray region that have similar habitat and climatic characteristics to those of Coppabella 
Creek, which may already support SPP populations, or be suitable reintroduction sites. 

However, no targeted SPP surveys have been undertaken in the Murray region (NSW) to 
date, and thus there are extensive areas of potential habitat that have not been surveyed 
(Luke Pearce, pers. comm.). For this component of the study, targeted specific surveys were 
performed to determine if populations of SPP exist in creeks throughout the Upper Murray 
region, and if there are any additional populations that have not previously been detected 
throughout the region. Additionally, if SPP are not present in these creeks, a further objective 
was to assess the suitability of the creeks for potential reintroduction sites to establish 
additional populations. 

Methods 

Study sites 
Sampling was undertaken at three sites in the Upper Murray region of NSW — Basin Creek, 
Doughtys Creek, and Maragle Creek (Table 8; Figure 12). Our intention had been to also 
sample a fourth site, Four Mile Creek, but it could not be included because it was dry at the 
time of our study (Table 8; Figure 12).These four sites were targeted for SPP based on the 
rationale that they (1) have similar habitat features to Coppabella Creek, and are located 
nearby in the same region of the Upper Murray River in NSW; and (2) have a barrier to fish 
passage, either natural or manmade and are thought to be currently free of Carp and Redfin 
perch. 

Basin Creek (Figure 13) is a small tributary of the upper Murray River, located approximately 
20 km west of Coppabella Creek. It is approximately 13 km in length and flows in a westerly 
direction from Woomargama National Park to the upper Murray River just downstream of 
Talmalamo. The upper reaches flow through native forest within Woomargama National 
Park, with the lower reaches flowing through cleared grazing land. There is a significant 
barrier to fish passage in the form or a series of waterfalls located at -35.874452, 
147.478085. No Carp or Redfin perch have previously been detected above this barrier. 
There are instream macrophytes present, similarly to in Coppabella. 

Doughtys Creek (Figure 15) is a small tributary of Mannus Creek. It is approximately 6 km in 
length, and flows in a north-easterly direction towards Rosewood. It is located only 10 km 
north-east of Coppabella Creek, and has large amounts of instream macrophytes similar to 
Coppabella, and flows through cleared grazing lands. There is a barrier to fish passage in 
the form of Mannus Dam, above which there is no record of Carp. There are, however, 
significant numbers of Redfin perch and Goldfish within Mannus Dam.  

Maragle Creek is a small creek approximately 46 km east of Coppabella Creek. Maragle 
Creek is approximately 36 km in length, it flows in a generally south-westerly direction, from 
an elevation of 996 m, to join the confluence of the Tumbarumba Creek at 256 m. 
Tumbarumba Creek subsequently flows into the Tooma River, which then flows into the 
upper Murray River. Maragle Creek flows through a mix of native forest, pine plantation and 
cleared grazing land similar to Coppabella Creek. There is a natural barrier to fish passage 
in the form of a rock cascade at -35.960244, 148.093392, with no reports of Carp or Redfin 
perch reported upstream of this point. 
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Four Mile Creek (Figure 14) is a small tributary of the Billabong Creek system approximately 
17 km north west of Coppabella Creek. The Upper Billabong Creek catchment is known to 
support a population of SPP in other tributaries (Spring Creek, Ten Mile Creek and Mountain 
Creek) with similar attributes to Four Mile Creek, so it was suggested that Four Mile Creek 
may currently support SPP or have suitable habitat to support a population.    

 

Table 8. Upper Murray creek sites sampled for SPP during 2017. Note, our intention had 
been to also include Four Mile Creek as a study site, but it could not be sampled because it 
was dry at the time of this study. 

Site Latitude Longitude 

Basin Creek  -35.903104°  147.460337° 

Four Mile Creek  -35.682805° 147.570569° 

Doughtys Creek  -35.673326° 147.844943° 

Maragle Creek  -35.924779°  148.110257° 

 

 

 

Figure 12. Map of the Upper Murray creek sites sampled for SPP during 2017. Note, Four 
Mile Creek could not be sampled in the end, because it was dry at the time of our study. 



Threatened Species Surveys 

 

Charles Sturt University and NSW Department of Primary Industries     41 
 

 

 

Figure 13. Basin Creek (photo courtesy of Kelly Thomas). 

 

Figure 14. Four Mile Creek (photo courtesy of Kelly Thomas). 
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Figure 15. Doughtys Creek (photo courtesy of Kelly Thomas). 

Fish surveys 
The Upper Murray fish community was sampled from 8–10 January 2018, using the SRA 
backpack electrofishing and bait trap protocols (Davies et al. 2008; MDBC 2008), similarly to 
that for the Coppabella Creek study (see Chapter 2 for a detailed description of these 
methods). Sweep dip netting was also used to sample for the presence/absence of SPP 
around macrophytes and vegetation near creek banks. This technique involved using a 
sweep net, with a 320 × 320 mm opening and 3 mm mesh, to sweep through all available 
habitats, until either SPP were detected, all available habitat was sampled, or for a period of 
25 minutes (Pearce 2015). For each survey technique, all captured fish were identified, 
counted, measured (to the nearest mm) and released, using the same approach as that 
described in Chapter 2. 

Habitat surveys 
Rapid habitat assessments were done at each site, at locations corresponding with each 
electrofishing shot. These assessments involved examining mesohabitat (pool, run, riffle, 
rapid and backwater), plant and algal features (native trees, exotic frees, native shrubs, 
exotic shrubs, riparian grass, floating macrophytes, emergent macrophytes, submerged 
macrophytes, filamentous algae, suspended algae, biofilms), cover (rock, timber, undercut 
banks, leaf litter, macrophytes) and substrate (bedrock, boulder, cobble, gravel, sand, 
mud/silt, clay). 

Data analysis 
The habitat characteristics of mesohabitat, plant and algal features, cover and substrate, 
were assessed by plotting stacked bar charts showing the proportion of features for each 
habitat characteristic. Total abundance and species richness patterns for the fish community 
were also tabulated. 

Results 

Habitat characteristics 
Doughtys Creek was comprised of relatively shallow pool habitat (Table 9; Figure 16), and 
had a relatively high diversity of types of plants (aquatic and terrestrial) and algae (Figure 
17). Nevertheless, it had a relatively low diversity of types of cover (Figure 18) and substrate 
(Figure 19). In comparison, Basin and Maragle creeks had some riffle and run habitat in 
addition to pool habitat (Figure 16) and some native streamside shrubs (Figure 17). The 
substrate at Maragle Creek varied the most of the sites, and consisted of clay, gravel, 
cobble, boulder, and bedrock (Figure 19).  
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Table 9. Average depth (m) and width (m) of the sites sampled within each creek. 

Variable Basin Creek Doughtys Creek Maragle Creek 

Depth 0.5 0.4 0.5 

Width 2.1 2.9 3.6 
 

  

Figure 16. The mesohabitat features of each site observed during the 2017 sampling. 

 

 

 

  

Figure 17. The plant and algal features of each site observed during the 2017 sampling. 

 

0%

20%

40%

60%

80%

100%

Basin Creek Doughtys Creek Maragle Creek

Fr
eq

u
en

cy
 %

Site

Mesohabitat

Backwater

Rapid

Riffle

Run

Pool

0%

20%

40%

60%

80%

100%

Basin Creek Doughtys Creek Maragle Creek

Fr
eq

u
en

cy
 %

Site

Plants and algae

Biofilms

Filamentous Algae

Submerged macrophytes

Emergent macrophytes

Floating macrophytes

Riparian grass

Exotic Shrubs

Native Shrubs

Exotic trees

Native trees



Threatened Species Surveys 

 

Charles Sturt University and NSW Department of Primary Industries     44 
 

  

Figure 18. The physical cover features of each site observed during the 2017 sampling. 

 

 

 

  

Figure 19. The substrate features of each site observed during the 2017 sampling. 

 

Fish community patterns 
A total of 314 fish, consisting of three species, were recorded from electrofishing, bait 
trapping and dip netting during the 2017-18 sampling (Table 10). Two of these species were 
native (Gadopsis bispinosus (Two-spined blackfish) and Gadopsis marmoratus (River 
blackfish)), and the third was an alien species (Gambusia holbrooki (Eastern gambusia)). 
Overall, Gambusia holbrooki were the most abundant species, and Gadopsis bispinosus 
was the least abundant species (Table 10). 

Unfortunately, no SPP were detected in these creeks. 
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Total fish abundance and species richness were greatest at Doughtys Creek, although the 
high total abundance was essentially driven by Gambusia holbrooki (Table 10). In 
comparison, no fish were caught at Basin Creek, and only two Gadopsis bispinosus were 
caught at Maragle Creek (Table 10). No alien species were caught at Maragle Creek (Table 
10). 

 

Table 10. The abundance of fish species recorded within the Upper Murray creeks targeted 
during this study. 

Species Basin Creek Doughtys Creek Maragle Creek Total abundance 

Native (Richness) 0 1 1 - 

 
Gadopsis bispinosus 0 0 2 2 

 
Gadopsis marmoratus 0 10 0 10 

Alien (Richness) 0 1 0 - 

 
Gambusia holbrooki 0 302 0 302 

Total abundance 0 312 2 314 

Total richness 0 2 1 - 
 

 

Discussion 

Potential suitability of the habitat for SPP at each creek site 
Habitat conditions varied among the three Upper Murray Creek sites sampled during our 
search for SPP. Basin and Maragle creeks consisted of riffle, run and pool habitats, whereas 
Doughtys Creek was comprised exclusively of pool habitat. In addition, Doughtys Creek had 
a greater range of plant (aquatic and terrestrial) and algae-types, but fewer substrate types 
than Basin and Maragle creeks. The substrate at Maragle Creek, in particular, was quite 
variable and consisted of clay, gravel, cobble, boulder, and bedrock. The presence of 
macrophytes at several sites suggests that there is potential to support SPP populations at 
these sites (Humphries 1995). However, the current sampling regime failed to detect SPP. 
More intensive sampling would be required, at all available habitat, to provide a definitive 
conclusion. 

General fish patterns 
Only two native fishes (Gadopsis bispinosus and Gadopsis marmoratus), and one alien 
species (Gambusia holbrooki) were captured overall during the 2017 sampling of the Upper 
Murray creeks. Our inability to detect any SPP suggests that either (1) SPP populations 
were never at these sites to begin with; (2) they were there once and have since declined in 
abundance and/or distribution; and/or (3) our sampling approach (i.e. the sampling methods 
and/or timing) was not suitably efficient for detecting SPP. 

The presence of alien species could have been a major factor influencing the ability of SPP 
to establish populations and/or persist in these creeks (Macdonald et al. 2012). While there 
were essentially no alien fish in the upper three sites of the Coppabella-Jingellic system 
where SPP were found during 2017, there was a high proportion of Gambusia holbrooki at 
Doughtys Creek (and no fish were caught at Basin Creek, and only two fish were caught at 
Maragle Creek). Gambusia holbrooki is a highly successful invader of freshwater systems 
globally, and has the ability to reduce populations of native fish species both directly (e.g. via 
predation, competition, and/or agonistic interactions) and indirectly (e.g. by prompting trophic 
cascades) (Macdonald et al. 2012). Thus, even if there was suitable habitat available for 
SPP in these Upper Murray creek sites, the presence of G. holbrooki would likely prevent 
SPP from establishing viable populations and/or persisting at these sites. 
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Conclusion 

SPP were not collected from any of the Upper Murray Creeks sampled in this study using 
SRA protocols. Further, more intensive sampling, using methods suited to threatened 
species collections, would be required to confirm these observations. 

When considering the three sites as potential reintroduction sites for SPP, Basin Creek may 
offer the most suitable habitat conditions, followed by Doughtys Creek and then Maragle 
Creek. This is based on the observation that Basin Creek had a relatively high proportion of 
pool habitat and macrophyte cover, as well as the fact that no alien fish were detected there. 
Doughtys also had a relatively high proportion of pool habitat and macrophyte cover, but it 
had a high abundance of Eastern gambusia. Maragle Creek had the lowest proportion of 
pool habitat of the three potential reintroduction sites, although no alien fish were detected 
there.  
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Chapter 4: Targeted FG and SPP surveys in wetlands throughout the 
Murray region 

Introduction 

There is great concern regarding the conservation status of Flat-headed galaxias (FG; 
Galaxias rostratus) in NSW (Lintermans 2007). The species was once known to occur in 
wetlands and the main channel of the upper Murray (near Albury), in addition to a range of 
habitats in the mid-to-lower section of the Murrumbidgee River (Lintermans 2007). However, 
very few individuals have been detected throughout the state since 2003 despite extensive 
survey efforts across a range of locations, including those where the species had formerly 
been recorded (Beesley et al. 2011; Sharpe and Wilson 2012; Beesley et al. 2014). Given 
the very low capture rates over the past 15 years, it is quite possible that the species is very 
close to local extinction within NSW, or that it is, indeed already locally extinct. Currently 
there are no dedicated surveys or recovery projects targeting FG in NSW. Nevertheless, the 
MDBA’s Basin-wide Environmental Watering Strategy has included targets to facilitate the 
establishment of additional populations of the species and the extension of its range 
(Murray-Darling Basin Authority 2014). It is essential that we gain an understanding of the 
current status and distribution of FG so that management actions can be implemented to 
maintain and increase their populations, unless we are already too late.   

Similarly to FG, Southern pygmy perch (SPP; Nannoperca australis) have undergone 
significant declines both in abundance and distribution since European settlement 
throughout NSW. Whilst the declines have been particularly severe throughout creek 
systems in the Upper Murray region (see chapter’s 2 and 3 of this report, and other 
references such as Pearce 2015), the populations in Murray River wetlands have also been 
greatly impacted (Sharpe and Wilson 2012). For example, it appears that two populations 
were lost from Normans Lagoon (near Albury) and the Millewa Forest (near Mathoura) in 
2006, since extensive surveys specifically targeting SPP failed to detect any individuals at 
both of these sites (Sharpe and Wilson 2012). If these other Murray River wetland 
populations have actually been lost, this leaves only two known populations within the NSW 
portion of the Murray River: Coppabella Creek and the Upper Billabong Creek system (see 
Chapter 2).  

For this component of the study, we undertook targeted surveys to determine if previous 
populations of FG and SPP are still persisting in wetlands throughout the Murray region, and 
if there are any additional populations that have not previously been detected throughout the 
region. 

Methods 

Study sites 
Sampling was undertaken at 11 Murray River wetland sites to search for both FG and SPP 
(Table 11; Figure 20). Seven additional sites were sampled for slightly different objectives 
and/or using slightly different methods. One of these seven additional sites, Khancoban 
Airport, was sampled to search for SPP. Another of these sites, Tintaldra, was sampled to 
search for FG, and was a Murray River main channel site. The remaining five additional sites 
were sampled in the Millewa Forest: Toupna Creek, Nine Panel Lagoon 1 (small), Nine 
Panel Lagoon 2 (large), Fishermans Bend Lagoon, and Pinchgut Lagoon. All 18 sites (i.e. 
the 11 Murray River sites and seven additional sites) were selected for sampling on the 
basis that they (1) historically have been known to support FG (and/or SPP) in the past; or 
(2) are located in close proximity to these historical sites, and have similar habitat features. 
In addition, one of the sites – Boomanoomana Lagoon - had been known to support 
Mogurnda adspersa (Southern purple-spotted gudgeon) (Luke Pearce, pers. comm.). The 
wetlands all had varying degrees of connectivity to the Murray River, and were distributed 
from near the confluence with Jingellic Creek (Leura Lagoon) all the way to just below 
Yarrawonga (Jimmys Island) (Table 11; Figure 20).  
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Table 11. Murray River sites sampled for FG and SPP. *Note, Khancoban Airport was only 
sampled for Southern Pygmy Perch. In comparison, Tintaldra was only sampled for FG, and 
was a main channel river site. Thus, boat electrofishing and bait traps were used at that site 
in accordance with the SRA protocol (see the Methods for more detail). Also, the additional 
Millewa Forest sites have been denoted by the use of ^. 

Site Latitude Longitude Site ID 

Nine Panel Lagoon 2 (large)^ -35.832803°  145.056943° 1 

Nine Panel Lagoon 1 (small)^ -35.834486° 145.062919° 2 

Fishermans Bend Lagoon^ -35.825036°  145.080066° 3 

Pinchgut Lagoon^ -35.825319°  145.137146° 4 

Toupna Creek^ -35.814722° 145.165278° 5 

Jimmys Island  -35.989420°  145.807672° 6 

Boomanoomana Lagoon  -35.944429°  145.873192° 7 

Victoria Island  -35.960995°  145.947511° 8 

Lumms Island  -36.015222°  145.971206° 9 

Dairy Lagoon  -36.033253°  146.361894° 10 

Snake Island  -35.956841° 146.517123° 11 

Red Cliffs  -36.039778°  146.690703° 12 

Jingera Lagoon  -36.063264°  146.825600° 13 

Normans Lagoon  -36.099357°  146.949033° 14 

Bonegilla Lagoon  -36.101603°  147.017270° 15 

Leura Lagoon  -35.960132°  147.548813° 16 

Tintaldra* -36.045775°  147.932463° 17 

Khancoban Airport* -36.211551° 148.111787° 18 

 

 

Figure 20. Map of the Murray River wetland sites sampled for FG and SPP. The main 
Murray River channel was also sampled at Tintaldra (17) to check for FG. See the table 
above for a description of the sites. 
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Figure 21. Lumms Island (photo courtesy of Kelly Thomas). 

 

 

Figure 22. Khancoban Airport (photo courtesy of Kelly Thomas). 

 

Fish surveys 
The fish communities at the 11 Murray River sites were sampled during the summer of 2016-
17 using boat electrofishing wherever possible, in accordance with the SRA protocols 
(Davies et al. 2008; MDBC 2008). Backpack electrofishing was used at sites that could not 
be boat electrofished (see Chapter 2 for a full description of the SRA backpack electrofishing 
methods). We also set five double-wing small (4mm mesh) fykes and 10 bait traps (baited 
with bread) over night, and carried out beach hall seine netting at sites where it was possible 
to do so.  

The Khancoban Airport site was sampled using the methods described in Chapter 3. 

The fish community at the Tintaldra main channel site was sampled using SRA boat 
electrofishing and bait trap protocols (which involve using unbaited bait traps) because of the 
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river channel-nature of this site, and the fact that we were only targeting FG there (although 
observations of other fish species were still recorded).  

The five Millewa sites were sampled by Clayton Share from CPS Enviro as part of a larger 
project for the Office of Environment and Heritage. These sites were included to be sampled 
as part of this project, however due to the fact they were being sampled by Clayton his 
results have been incorporated into this report. Methods consisted of setting four large mesh 
fyke nets, four small mesh fyke nets, and four bait traps overnight. No electrofishing was 
undertaken at these sites. 

For each site and sampling technique, all captured fish were identified, counted, measured 
(to the nearest mm) and released, using the same approach as that described in Chapter 2. 

Habitat surveys 
Rapid habitat assessments were again undertaken at each site (except for the five Millewa 
sites), using the methods described in Chapter 3. 

Data analysis 
The habitat characteristics of mesohabitat, plant and algal features, cover and substrate, 
were assessed by plotting stacked bar charts showing the proportion of features for each 
habitat characteristic, similarly to in Chapter 3. Also, total abundance and species richness 
patterns for the fish community were again tabulated. 

Results 

Habitat characteristics 
All wetland sites were comprised of backwater and pool habitat, (Figure 23), and had 
physical cover consisting of macrophytes and timber (Figure 25). The plant and algal 
features of the wetlands mainly consisted of macrophytes, trees (native and exotic) and 
riparian grass (Figure 24), and their substrata mainly consisted of mud/silt, although 
Redcliffs and Lumms Island had some sand as well (Figure 26). 

The one river site, Tintaldra, differed from the wetland sites in that it contained some run 
habitat in addition to pool habitat (Figure 23); it had some leaf litter and undercuts for its 
physical cover (Figure 25); and it had a far greater diversity of different substrate types 
(Figure 26). 
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Figure 23. The mesohabitat features of each site observed during the 2017 sampling. 

  

Figure 24. The plant and algal features of each site observed during the 2017 sampling. 
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Figure 25. The physical cover features of each site observed during the 2017 sampling. 

 

  

 

Figure 26. The substrate features of each site observed during the 2017 sampling. 
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Fish community patterns 
A total of 15,548 fish, consisting of 18 species, were detected from electrofishing and netting 
(bait, fyke and seine) during the 2017 sampling (Table 12). Of these 18 species, 12 were 
native, and six were alien (Table 12). Overall, Hypseleotris sp. 1 (Murray–Darling carp 
gudgeon 1) was the most abundant species, followed by Gambusia holbrooki (Eastern 
gambusia) and then Australian smelt. No FG or SPP were caught at any of the wetland sites 
or at Tintaldra (Table 12).  

Total fish abundance was greatest at Normans Lagoon, mainly due to the high numbers of 
Hypseleotris sp. 1 there (Table 12). Total richness was equally greatest at Victoria Island 
and Boomoonama Lagoon. By contrast, total abundance and richness were both lowest at 
Khancoban Airport. More than half of the species at Khancoban Airport, Tintaldra, Leura 
Lagoon, Bonegilla Lagoon and Normans Lagoon, Fishermans Bend Lagoon, Pinchgut 
Lagoon, and Toupna Bridge were alien (Table 12).  

Interestingly, a single individual of Galaxias oliros (Obscure galaxias) measuring 45 mm 
(standard length) was sampled at Snake Island (Table 12). 
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Table 12. The abundance of fish species recorded within each Murray wetland site. 
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Native (Richness) 0 2 2 3 2 3 4 4 4 5 8 9 4 2 2 3 3 1 
 

    River blackfish 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 

    Two-spined blackfish 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 

    Australian smelt 0 0 38 27 0 32 68 266 16 30 164 134 47 0 3 1 4 0 830 

    Flat-headed gudgeon 0 0 0 61 8 64 25 0 40 41 50 55 36 8 0 2 5 0 395 

    Murray-Darling carp gudgeon 1 0 0 104 10 2970 307 204 642 466 356 570 1178 203 11 1452 2691 589 11 11764 

    Murray-Darling carp gudgeon 2 0 0 0 0 0 0 0 0 0 0 17 92 0 0 0 0 0 0 109 

    Bony herring 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 

    Un-specked hardyhead 0 0 0 0 0 0 0 2 0 69 121 46 42 0 0 0 0 0 280 

    Murray-Darling rainbowfish 0 0 0 0 0 0 0 0 0 0 24 11 0 0 0 0 0 0 35 

    Golden perch 0 0 0 0 0 0 0 0 0 0 3 2 0 0 0 0 0 0 5 

    Murray cod 0 3 0 0 0 0 0 0 1 1 4 1 0 0 0 0 0 0 10 

    Obscure galaxias 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 

Alien (Richness) 1 3 3 6 4 3 2 3 3 1 3 2 2 4 3 3 2 3 
 

    Oriental weatherloach 0 0 0 3 0 0 0 0 0 0 0 0 0 2 0 1 0 0 6 

    Gambusia 1 10 192 29 25 108 6 262 515 0 310 46 186 1 8 2 3 90 1793 

    Brown trout 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

    Redfin perch 0 3 1 15 4 3 0 0 53 0 0 0 0 3 0 0 1 0 83 

    Goldfish 0 0 0 1 4 0 0 17 0 0 38 0 0 0 6 0 0 1 67 

    Carp 0 8 1 3 2 16 6 18 5 21 6 16 34 4 2 1 0 19 162 

Total abundance 1 28 336 150 3013 530 310 1208 1096 518 1307 1582 548 29 1471 2698 602 121 15548 

Richness (Total) 1 5 5 9 6 6 6 7 7 6 11 11 6 6 5 6 5 4   

Marked sites indicate different methods used for fish sampling. * Site sampled using backpack electrofishing and bait traps as per the Sustainable River Audit Protocol (MDBC, 2008); ** Sites sampled using fyke nets 
and bait traps set overnight. 
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Discussion 

A single Obscure galaxias (Galaxias oliros) was recorded from Snake Island during the 
2017-18 sampling, but no FG and SPP were detected at any of the Murray River wetland 
sites, or at the main channel site of Tintaldra. The apparent absence of FG and SPP from 
these sites suggests that the sites no longer have suitable conditions to support their 
population persistence (in the case of sites where they once occurred e.g. Normans 
Lagoon), and/or establishment (in the case of sites where they have not previously been 
recorded). In particular, the presence of relatively high abundances of the alien species, 
Gambusia holbrooki, may have played a role in creating unfavourable conditions for FG and 
SPP, since the alien species’ dietary and habitat niches substantially overlap with those of 
larval and juvenile SPP and FG (King 2004, 2005; Macdonald et al. 2012). 

Another potential explanation for the apparent absence of FG and SPP may involve capture 
inefficiency. There is some conjecture regarding the catchability of FG (Llewellyn 2005) in 
particular, and thus current sampling programs may not be effective in capturing them. For 
example, Llewellyn (2005) reported that on one occasion in Bartley’s Dam (a small farm dam 
near Narrandera in NSW), FG could not be caught by haul netting even though they were 
present in reasonable abundances, because they were observed jumping the net. These fish 
were later caught using bait traps baited with bread (Llewellyn 2005). For the present study, 
we used the Sustainable Rivers Audit standard protocol in conjunction with additional 
targeted sampling techniques that have successfully been used to capture FG in the past. 
The fact that we included these additional targeted sampling techniques and still failed to 
capture FG at any of the sites either adds more weight to the explanation that FG are either 
no longer present at these sites or only present in very low abundances, or alternatively, 
may indicate that future targeted surveys may need to include an even greater number of 
sites to cover a broader search area. 

To efficiently sample cryptic species, it is preferable to sample more sites, less intensely 
(Sutherland 2006). Such a strategy allows a greater spatial coverage (Sutherland 2006). 
Furthermore, it is preferential to sample specific habitats, rather than a range. The 
Sustainable Rivers Audit standard protocol was originally designed to elucidate multi-species 
distribution patterns. As such, it favours sampling as many habitats as possible. But in many 
instances threatened species favour particular habitats (Saddlier et al. 2013). To obtain a 
more biased sample towards the collection of FG, it may be necessary to focus more time on 
preferred habitats such as weed beds in deep pools rather than attempting to sample all 
habitats. Further efforts to collect FG should therefore consider a more targeted sampling 
strategy within each selected pool. 

Not only where no SP or FG identified at any of the sites, generally the native fish 
community in the majority of wetlands sampled was very poor, with only 3 wetlands (Lumms 
Lagoon, Victoria Lagoon and Boomanomana Lagoon) having diversity of native fish greater 
than 4, with the majority of the sites having a diversity of only 2-3 species of native fish. With 
the exclusion of Hypseleotris sp. 1 (Murray-Darling carp gudgeon) and Australian smelt at 
three sites (Snake Island, Victoria Island and Boomanoomana Lagoon), the abundance of 
the remainder of native fish was very low, with many species not being detected or detected 
only in low abundances at the majority of sites.   

Conclusion 

FG or SPP were not detected in any of the Murray wetland sites sampled in this study. 
Further surveys are recommended with a more biased and targeted sampling strategy 
focused on heavily vegetated pools. More intense sampling in such habitats is likely to yield 
better survey outcomes if threatened species are present.  
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Chapter 5: General conclusions and management recommendations 

General conclusions 

The SPP population in the Coppabella-Jingellic Creek system began recovering in 2015 
following the adverse effects of the 2010–12 floods, although it declined again in 2017 
(Chapter 2). Since 2011, the population has remained confined to the upper four sites, 
where there are still complex macrophyte communities present and Carp and Redfin perch 
are excluded owing to the Clearsprings Weir barrier (Chapter 2). No SPP were captured 
from any of the Upper Murray creek sites (Chapter 3) or Murray wetland sites (Chapter 4). 
Likewise, no FG were collected from the Murray wetland sites (and Tintaldra) either (Chapter 
4). 

Management recommendations 

General recommendations 
1. A more intense, and biased, sampling program should be implemented at sites 

where FG and SPP have been previously recorded. 
2. A sampling strategy should target known habitat preferences and intensively sample 

these areas. 
3. A range of specific gear types should be used when targeting specific cryptic and 

rare species. 
4. Monitoring should continue annually at locations where key populations of SPP (e.g. 

Coppabella Creek) currently remain. This should be done for both the fish 
populations and their habitat conditions (using rapid GIS-based habitat assessment 
methods). 

5. Considering no FG were collected during this study, it is difficult to make specific 
management recommendations. But identifying potential habitat and then 
translocating individuals from elsewhere may be a useful strategy. 

6. Performing targeted research to identify captive breeding techniques, and then 
advancing production on a significant scale, would be essential to augment wild 
recruitment. 

7. Conservation efforts should also be put into establishing additional populations of 
SPP and FG to extend their ranges, mitigate the extinction risks associated with 
stochastic disturbance events, and facilitate the long-term survival of both species 
(Pearce 2015). 

8. Potential translocation and/or reintroduction sites would need to: (1) provide a secure 
water source that persists during droughts; (2) have no or very low numbers of alien 
fish species and be secure from future invasions (e.g. have a barrier to prevent such 
events); and (3) have an appropriate cover of complex macrophytes for suitable 
habitat (Pearce 2015). 

9. Future work should aim to: (1) seek out potential translocation/reintroduction sites 
that meet the above site requirements; (2) develop translocation strategies and 
scenarios, using population models (e.g. the SPP population viability model) and/or 
any other available population data to ensure sustainable outcomes for both the 
donor and new populations; and (3) monitor both the donor population and any new 
populations to evaluate the effectiveness of the translocation/reintroduction strategies 
(Pearce 2015). 

10. In the event that there are no suitable sites available for potential 
translocation/reintroduction, managers may need to investigate the option of 
undertaking onground works that improve the sites so that they meet the 
translocation/reintroduction site requirements (Pearce 2015). 

Additional recommendations specific to Coppabella Creek 
1. The current core habitat of SPP (i.e. the most permanent pools) in the Coppabella-

Jingellic Creek system should be conserved wherever possible through careful flow 
management. Owing to the crucial importance of complex macrophyte communities 
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to the persistence of SPP, habitat works should be undertaken to enhance and 
safeguard these macrophyte communities (Pearce 2015). 

2. To reduce shading and competition effects for native riparian and aquatic plant 
communities in the Coppabella-Jingellic Creek system, pest plant species (e.g. 
willows, blackberries) should be controlled and stock should be excluded from the 
riparian zone (Pearce 2015). Native verge and riparian vegetation should be 
restored, but at an appropriate distance from the stream so as not to shade and/or 
thwart the beneficial growth of macrophyte communities (Pearce 2015). 

3. The Coppabella-Jingellic SPP population should be rehabilitated and preserved by: 
a. Maintaining the Clearsprings Weir barrier to prevent the incursion of alien 

species, such as Carp and Redfin perch, into the upper reaches of the system.  
o This weir functions as a barrier during low and medium flow events, but is at 

risk of failing during a flood event and thus allowing alien species to invade 
the upper reaches (Pearce 2015). 

o The structure was in poor repair after the 2010–12 floods.  
o It has had repair works carried out over the last few years, but will need 

ongoing maintenance (Pearce 2015). 
b. Establishing a more stable barrier, that prevents alien fish movement over a 

greater range of flows (Pearce 2015). 
o The NSW DPI and Murray LLS have suggested that this second barrier could 

be constructed downstream of Clearsprings Weir to allow for the removal of 
alien fish between the two barriers.  

o This would potentially allow for more macrophyte recolonization downstream 
and thus an increase in the area of suitable habitat for SPP (Pearce 2015). 

o Nevertheless, there are likely to be a number of risks associated with 
constructing a new barrier for the native fish species and other aquatic fauna. 

o Any such risks would need to be thoroughly assessed and mitigated before 
moving forward with this option. 

o It must be noted that the weir will only block fish migrations and will not 
prevent incursions from other routes (translocations by humans and birds). 
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Appendix 

 

a) Reach 1 – Mesohabitat 

 

Figure 27. Habitat features in Coppabella Creek, observed during 2017. 
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b) Reach 2 - Mesohabitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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c) Reach 3 - Mesohabitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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d) Reach 4 - Mesohabitat 

 

 Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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e) Reach 1 - Macrophyte habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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f) Reach 2 - Macrophyte habitat 

 
Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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g) Reach 3 – Macrophyte habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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h) Reach 4 – Macrophyte habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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i) Reach 1 – Snag habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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j) Reach 2 – Snag habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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k) Reach 3 – Snag habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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l) Reach 4 – Snag habitat 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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m) Reach 1 – Substrate 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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n) Reach 2 – Substrate 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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o) Reach 3 – Substrate 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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p) Reach 4 – Substrate 

 

Figure 27 continued. Habitat features in Coppabella Creek, observed during 2017. 
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Table 13. Water quality characteristics at each site during each sampling year. 

Temperature (oC), dissolved oxygen (DO) (mg.L-1), electrical conductivity (EC) (uS.cm-1), 

turbidity (NTU). Note, DO was not measured in 2017 due to an error with the DO probe at 

the time of sampling. 

Year Site Temperature DO pH EC Turbidity 

2009 Average 17.4 5.36 7.08 0.213 104 

 S1 18.4 2.88 6.57 0.185 231 

 S2 15.2 10.74 8.30 0.138 107 

 S3 15.4 4.38 7.00 0.173 35 

 S4 15.1 3.49 6.97 0.245 425 

 S5 16.8 6.81 6.83 0.175 71 

 S6 18.2 5.22 6.81 0.158 14 

 S7 20.3 5.87 7.13 0.283 13 

 S8 16.3 3.01 6.87 0.281 47 

 S9 20.1 5.00 7.21 0.267 59 

  S10 18.5 6.19 7.15 0.228 40 

2011 Average 23.4 6.12 8.11 0.120 42 

 S1 24.3 6.26 7.88 0.119 52 

 S2 21.6 5.57 7.66 0.123 10 

 S3 19.7 6.20 7.69 0.119 21 

 S4 21.9 7.16 7.44 0.124 12 

 S5 24.2 6.66 8.15 0.124 65 

 S6 26.5 6.87 8.14 0.123 57 

 S7 26.3 5.15 8.81 0.124 23 

 S8 21.1 5.64 8.47 0.120 11 

 S9 23.1 5.39 8.38 0.111 58 

  S10 25.3 6.32 8.50 0.114 117 

2012 Average 23.6 10.06 8.41 0.139 6 

 S1 21.4 11.02 8.30 0.149 7 

 S2 20.8 9.83 8.37 0.147 2 

 S3 19.4 9.21 7.77 0.142 5 

 S4 22.8 11.02 7.96 0.145 1 

 S5 24.2 10.06 8.39 0.142 5 

 S6 26.2 9.60 7.72 0.137 12 

 S7 27.6 9.59 9.24 0.139 4 
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 S8 21.5 10.50 8.54 0.133 5 

 S9 25.8 10.31 9.15 0.126 5 

  S10 25.9 9.44 8.66 0.131 14 

2013 Average 18.9 7.54 7.91 0.149 18 

 S1 22.0 7.91 7.95 0.160 23 

 S2 18.0 8.95 8.08 0.152 2 

 S3 16.4 7.05 7.61 0.151 5 

 S4 13.9 8.23 7.35 0.163 40 

 S5 16.4 5.80 7.74 0.153 19 

 S6 20.1 7.87 7.95 0.149 40 

 S7 21.1 7.80 8.61 0.159 10 

 S8 17.2 6.98 8.02 0.140 8 

 S9 21.5 7.66 7.84 0.131 7 

  S10 22.0 7.12 7.92 0.134 21 

2014 Average 22.0 9.30 8.01 0.132 17 

 S1 16.2 10.82 7.16 0.136 11 

 S2 19.9 9.10 8.44 0.158 23 

 S3 24.9 10.27 8.81 0.110 0 

 S4 22.7 9.80 8.60 0.139 7 

 S5 23.9 8.20 8.46 0.143 3 

 S6 19.7 6.46 7.83 0.134 22 

 S7 25.1 11.22 8.49 0.128 25 

 S8 20.5 12.53 7.39 0.121 34 

 S9 25.9 6.48 7.43 0.126 26 

  S10 21.8 8.10 7.48 0.124 19 

2015 Average 23.3 9.44 7.68 0.135 15 

 S1 20.0 13.56 8.30 0.158 5 

 S2 23.0 6.89 8.15 0.127 2 

 S3 24.0 13.29 6.87 0.159 4 

 S4 26.0 8.25 8.47 0.118 9 

 S5 24.2 8.33 7.96 0.119 6 

 S6 24.0 7.49 7.64 0.119 37 

 S7 21.6 8.67 7.27 0.119 41 

 S8 21.2 10.68 6.99 0.144 12 
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 S9 23.8 7.65 7.55 0.140 7 

  S10 25.6 9.58 7.61 0.146 23 

2016 Average 22.9 7.60 8.02 0.163 30 

 S1 20.8 7.18 7.38 0.144 15 

 S2 20.2 7.73 8.19 0.170 11 

 S3 23.5 8.37 8.24 0.156 14 

 S4 23.5 7.78 8.14 0.171 20 

 S5 24.9 7.64 8.44 0.194 22 

 S6 23.6 7.66 7.73 0.191 126 

 S7 26.5 6.85 8.68 0.150 27 

 S8 21.3 8.13 7.64 0.200 26 

 S9 21.7 7.30 8.02 0.128 20 

  S10 23.2 7.35 7.74 0.130 20 

2017 Average 25.8 N/A 5.89 0.141 24 

 S1 24.8 N/A 5.69 0.146 10 

 S2 25.4 N/A 5.95 0.160 11 

 S3 26.1 N/A 5.48 0.146 5 

 S4 25.2 N/A 5.92 0.147 4 

 S5 24.6 N/A 6.01 0.142 16 

 S6 23.9 N/A 5.47 0.145 77 

 S7 24.7 N/A 6.10 0.145 49 

 S8 25.7 N/A 5.91 0.120 40 

 S9 29.1 N/A 6.27 0.126 17 

  S10 29.0 N/A 6.12 0.129 13 
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