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Abstract 

Small freshwater fishes have been reported to have an extinction risk greater than or 

equal to that of their larger counter parts. This may be due to certain traits many small 

freshwater fishes possess, such as: limited geographic range, relatively poor dispersal 

and movement capabilities, specialized habitat requirements, and vulnerability to 

predation, especially by alien fishes. This is appears to be the case in Australia, with 

77.7% of freshwater fishes listed as threatened being of small body size: only 63.4% 

of the total number of freshwater fish species are small-bodied. Southern pygmy 

perch, Nannoperca australis, is one of these species: its range has dramatically 

declined in recent decades, particularly within New South Wales, and it is listed as 

threatened in that state and in Victoria.  

 

The overall aim of this study was to determine the current abundance and distribution 

of southern pygmy perch within NSW, assess impacts contributing to its decline and 

provide tools and advice for future management. The specific objectives were to : 1) 

examine temporal and spatial changes in the distribution and abundance of the 

southern pygmy perch population in Coppabella Creek, southern NSW, under extreme 

climatic conditions; 2) evaluate the suitability of marking and tagging techniques to 

aid in conservation and management of southern pygmy perch in NSW and 

elsewhere; and 3) examine the relationship between the abundance and distribution of 

southern pygmy perch populations within NSW relative to the distribution and spread 

of alien fish species, and evaluate these finding in relation to the current and future 

management and conservation of southern pygmy perch. 

 
The distribution and abundance of southern pygmy perch within Coppabella Creek, a 

small tributary of the Upper Murray River, were dramatically impacted on by extreme 

climatic events, a prolonged drought (1996-2010) followed by flooding (2010, 2011 

and 2012). While there was significant drying of pools and loss of fish during the 

drought, the fish persisted within refuge sites. However, following flooding, there 

were catastrophic declines in the both the abundance and the distribution of the 

species. Fish collected declined from 2375 individuals across 6 sites during the 

drought to only 4 individuals at 2 sites after the floods. During the drought, the 
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distribution of this species covered 28 of the 34 km of Coppabella Creek. After 

flooding, that distribution reduced to 5 km. The abundance and distribution of the 

alien common carp (Cyprinus carpio), by contrast, dramatically increased after 

flooding: the species advanced a further 8.8 km upstream, and collections increased 

by more than four times.  

 

I tested two quick and cost-effective methods for the marking of southern pygmy 

perch: 1) calcein for the mass or batch marking of juvenile fish; and 2) visible implant 

elastomer (VIE) for the marking of individuals or cohorts. The calcein marking 

showed similar results to those achieved in previous studies, with 100% detection rate 

with the higher (1%) concentration of calcein at 114 days, and no significant impacts 

on growth or mortality. Whilst there was no significant impact on growth or mortality 

with VIE tags, the tagging location proved problematic. Two of the tag locations 

(dorsal and anal) had substantial tag rejections and hence detectability problems, with 

only the caudal peduncle being identified as viable tagging location.  

 

I also explored relationships between the presence/absence of southern pygmy perch 

and alien species, by sampling multiple sites in three small tributaries of the Murray 

River, Coppabella, Mountain and Blakney’s creeks.  Generalized liner mixed model 

analysis found that, overall, the presence of southern pygmy perch was significantly 

related to the abundance of common carp. Unlike the results of other studies, where 

redfin perch (Perca fluviatilis), brown trout (Salmo trutta) and gambusia (Gambusia 

holbrooki) were found to have a detrimental impact on southern pygmy perch, the 

results of my study did not find any statistically significant relationships between the 

presence/absence of southern pygmy perch and the other alien species present within 

these creeks. However, there was circumstantial evidence that redfin perch may have 

a detrimental impact on the abundance and distribution of southern pygmy perch in at 

least one of the streams studied.  

 

The current Fisheries NSW Priorities Actions Statement lists; surveying, mapping and 

monitoring as key objectives for the ongoing management of southern pygmy perch 

populations within NSW. This study has gone a long way in supporting this recovery 

strategy, by documenting the abundance and distribution of the currently known 

southern pygmy perch populations within NSW. It has established good baseline data, 
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along with documenting temporal and spatial changes in these populations, and has 

established a series of spatial survey points that can continue to be monitored to track 

trends and changes in the abundance and distribution of southern pygmy perch within 

the study creeks. My results highlight that, despite the current recovery efforts, which 

in the case of southern pygmy perch in NSW have been substantial, the trend is still 

one of an alarming decline in both abundance and distribution. This study also 

outlines lessons learned for the conservation of other small-bodied freshwater fishes 

in Australia and worldwide. 
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Chapter 1: General Introduction 

1.1 Freshwater fish declines 

1.1.1 Conservation Status of Australia’s Freshwater Fishes 

Despite the Australian fish fauna having an overall low number of species relative to 

other parts of the world, it has a high level of endemism and a diversity of life cycles 

morphologies and behaviours (Allen et al., 2002). Although more than 15 000 species 

of freshwater fish are recognised worldwide (Hammer et al., 2013a), Australia has 

only 256 species (Unmack, 2013). This total pales in comparison to that of other 

continents of similar extent, such as North America (600 species), South America 

(2000), Africa (1400) or China (600) (Allen et al., 2002). A large number of 

Australian freshwater fishes are under threat, with now at least 58 (23%) listed 

federally as threatened, eight as critically endangered and another seven as 

endangered (Lintermans, 2013). 

 

Unfortunately the situation is of even more concern in south-eastern Australia, where 

the pressures of human populations and developments are greatest. Indeed, 46-55% of 

freshwater fish species in the Australian Capital Territory, South Australia, Tasmania 

and Victoria are listed as threatened (Lintermans, 2013). This is also the case for the 

Murray-Darling Basin (MDB), with 56.5% of the native freshwater fish species, 

recognised as either rare or threatened in State, Territory or National listings.  

1.1.2 Threats to freshwater fishes of Australia  

Human impacts on the aquatic environment in Australia, the driest inhabited continent 

on earth, have been extensive, particularly in some of the more developed and densely 

populated south-eastern regions, such as the Murray-Darling Basin (Gehrke et al., 

1995; Lintermans, 2013; MDBC, 2008; Pittock & Finlayson, 2011). The threats 

facing Australian freshwater fish (Allen et al., 2002; Lintermans, 2007) are, however, 

similar to those faced by freshwater fish globally (Jelks et al., 2008; Malmqvist & 

Rundle, 2002) and are broadly of seven kinds: habitat modification, altered flow 

regimes, declining water quality, barriers to movement, alien species, translocation 
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and stocking and overexploitation (Lintermans, 2013). The influence that each of 

these threats imposes varies temporally and spatially, depending upon the level of 

development and population density.  

 

Given that infrastructure development and human populations, as well as the 

pressures on natural resources that these bring, are all increasing, deleterious impacts 

on freshwater fish will continue and no doubt be exacerbated in the future. Whilst 

there may not be consensus across studies, there is evidence from several studies that 

small-bodied freshwater fish species have at least an equal or greater, risk of being 

threatened than large-bodied species (Angermeier, 1995; Olden et al., 2007; Olden et 

al., 2010; Reynolds et al., 2005; Shaw, 2014). Of the 26 rare or threatened fish species 

in the MDB, 13 are small-bodied. Indeed, small fishes in the MDB are likely to be 

among the most at-risk fauna in Australia, and this risk is unlikely to change any time 

soon (Kingsford, 2000; MDBC, 2008).  

1.1.3 Conservation status of threatened small-bodied freshwater 

fishes 

Globally, small-bodied freshwater fish species have apparently suffered greater 

declines than their large-bodied relatives (Olden et al., 2007; Reynolds et al., 2005). 

Australia is no exception, with the geographic range and abundance of many species 

having declined dramatically since European settlement (Knight et al., 2012; 

Lintermans, 2013). In Australia, a disproportionate number of threatened freshwater 

fish species are small fish, with an adult size of less than 150 mm (Lintermans, 2013). 

Of the freshwater fish species listed under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act 2013) and the Australian Society for 

Fish Biology (ASFB), 77.7% are small species (Lintermans, 2013). This percentage of 

small fishes is greater than the percentage based on the native Australian freshwater 

fish fauna as a whole of which 63.4% are small based on (Froese & Pauly, 2015). 

Despite this situation, the bulk of the research and funding has been devoted to large 

species that are perceived as having greater economic and social importance (Ellis et 

al., 2013; Olden et al., 2007; Scharpf, 2001).  
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While the general threats to small-bodied freshwater fish species are similar to those 

of larger species outlined above, the specific threats may be very different.  Small-

bodied fishes, with relatively small geographic ranges, small population sizes and 

specialized habitat requirements, are at greater risk of extinction than their larger 

counterparts. Limitations for small species to disperse over long distances, often 

resulting in small home ranges, are thought to increase their susceptibility to 

stochastic events and, as a result, extirpation or extinction (Pimm et al., 1988; 

Reynolds et al., 2005). A recent study by Shaw (2014) showed that certain functional 

traits (parental care, smaller body size and habitat affiliation with fine substrates) can 

be used to predict the threatened status of small-bodied freshwater, and that the 

smaller the fish, the more likely it is to be threatened. 

 

Southern pygmy perch, a small-bodied freshwater species endemic to south-eastern 

Australia, exhibits some of the traits, identified above, that increase their risk of being 

threatened. These include relatively poor dispersal capabilities and an association with 

fine substrates. Additionally, their primary habitat is floodplain wetlands, billabongs, 

swamps and slow-flowing waters: habitats that have been most impacted on by water 

resource development, particularly within the MDB (Kingsford, 2000). All of these 

factors combine to make this particular species at high conservation risk.   

 

 

1.2 Study species: southern pygmy perch 

1.2.1 Species description 

Southern pygmy perch, Nannoperca australis, is a small freshwater fish in the family 

Percichthyidae, that reaches a maximum size of 85 mm, but is rarely more than 65 

mm long (Allen et al., 2002; Kuiter et al., 1996; Lintermans, 2007). Southern pygmy 

perch occurs in the drainages of the southern part of the Murray-Darling Basin, South-

east coast of Victoria, South Australian Gulf, the north of Tasmania and King and 

Flinders Islands (Figure 1.2). Recent genetic studies have suggested that there are two 

species within the southern pygmy perch: an eastern coastal species and a species in 

the Murray-Darling Basin and western coastal streams (Unmack et al., 2011). The 
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Murray-Darling Basin form likely represents a separate subspecies (Unmack et al., 

2011).  

 

Southern pygmy perch is a relatively short-lived species, with individuals living for 

up to 5 years, although most populations are dominated by 0+ fish, with the remaining 

small percentage made up of 1+ and 2+ fish (Humphries, 1995). The species is a 

generalist carnivore, feeding on a wide variety of mostly planktonic and benthic 

crustaceans (amphipods, ostracods, cladocerans and copepods) and insects (e.g., larval 

chironomids, ephemeropterans, and adult zygopterans) (Humphries, 1995; Sanger, 

1978; Woodward, 2005). Habitat preferences are generally for still to slow-flowing 

water, with abundant aquatic vegetation cover; they are rarely found in fast-flowing 

sections of streams unless displaced by floods (Humphries, 1995; Woodward, 2005; 

Woodward & Malone, 2002). 

 

Both sexes are reported to mature within the first year of life, at approximately 30 mm 

in length (Humphries, 1995; Llewellyn, 1974). Spawning occurs between September 

and January, when water temperatures exceed 16 oC. Clutch size is dependant on the 

size of the female and can vary from 100-4200 transparent, non-adhesive eggs 

(Humphries, 1995; Llewellyn, 1974; Morrongiello, 2011). The species is sexually 

dimorphic during the breeding season, with the dorsal, caudal and anal fins of males 

becoming bright orange to red (Figure 1.1). For both sexes, the fin margins, the 

ventral edge of the caudal peduncle, the region around the vent, the ventral surface 

between the pectorals and the chin turn black, but the males have much brighter red 

and darker black colourations than the females (Kuiter et al., 1996; Mitchell, 1976). 
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Figure 1.1. (a) Male southern pygmy perch from Coppabella Creek (b) 
Female (top) and male (bottom) southern pygmy perch from Coppabella Creek. 

(a) 

(b) 
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1.2.2 Conservation Status  

 
Some of the earlier accounts of southern pygmy perch describe its distribution and 

occurrence as patchy and not locally abundant (Lake, 1967, 1978; Merrick & 

Schmida, 1984). However, these descriptions were based on studies carried out more 

than a century after major disturbances to rivers (Humphries and Winemiller, 2009), 

and so it may be that the species was already in decline at that time.  With large-scale 

reductions in the range of this species having occurred since European settlement 

(McDowall, 1980), it is now listed as endangered in South Australia and New South 

Wales (Hammer, 2002; West, 2008), and the Murray-Darling lineage is listed as 

vulnerable in Victoria (DSE, 2013).  

 

In NSW, southern pygmy perch has undergone significant and rapid declines in both 

its abundance and distribution since the mid to late 1970s. Anecdotal evidence 

suggests that the species was abundant as recently as the early 1960s.  Llewellyn 

(1974) suggested that the species had potential as a forage fish in fish farming for 

commercially farmed species. Indeed, Llewellyn was reliably catching southern 

pygmy perch from irrigation channels during this time. If it could be readily captured 

from highly modified systems such as irrigation channels, one could infer that it still 

occurred in similar, if not greater, abundances in the river systems that supplied these 

irrigation channels. (Wedlick, 1961, 1981) stated that the species was commonly used 

as bait for redfin perch (Perca fluviatilis) and trout (Salmo trutta and Oncorhynchus 

mykiss), and that it was often considered the best bait for big trout (Wedlick, 1981). 

These descriptions come complete with photographs of the species and diagrams on 

how to rig them and fish with them!  

 

Since that time, there has been limited research on, and few surveys of, the species in 

NSW, with records from only five sites in NSW since the early 1980s: Normans 

Lagoon, Albury; Millewa Forest, Mathoura; Coppabella Creek, Jingellic; Upper 

Billabong Creek,  Holbrook; and Blakney Creek, Yass (Gilligan et al., 2010). It 

appears as though the Normans Lagoon and Millewa Forest populations have been 

lost, with recent extensive surveys of both these sites, specifically targeting southern 

pygmy perch, failing to detect any individuals (Sharpe & Wilson, 2012; Sharpe et al., 
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2012). This finding leaves only three remaining populations within the NSW region of 

the Murray-Darling Basin: in Coppabella Creek, Blakney Creek and Upper Billabong 

Creek. The species is now most likely locally extinct from the Murrumbidgee 

catchment (Gilligan, 2005) and the regulated portions of the NSW Murray and 

Lachlan catchments. 

 

None of the texts mentioned earlier indicated any concerns with regard to the 

conservation status of southern pygmy perch (Lake, 1967, 1978; Merrick & Schmida, 

1984). This absence suggests that these significant declines have happened relatively 

recently, since the late 1970s early 1980s. The earliest reference with concern for the 

conservation status of southern pygmy perch in NSW was by  Kuiter et al. (1996). 

They described the species as suffering large-scale reductions in range since European 

settlement, especially in the Murray-Darling Basin (South Australia, New South 

Wales and Victoria), which they considered were of major concern. This information 

was later followed by Schiller et al. (1997), wherein southern pygmy perch, along 

with 12 other fish species, were not detected in the NSW River Survey. The species 

was listed as vulnerable in August 2000 by the NSW Fisheries Scientific Committee 

under the Fisheries Management Act 1994, but was not included as a threatened 

species on any other State or Commonwealth list at that time. However, it was totally 

protected in South Australia. With the continued population decline, the listing in 

NSW was upgraded to endangered in January 2008, with the species being considered 

locally extinct from the Murrumbidgee River system (FSC, 2008; Gilligan et al., 

2010).  With these listings and more information becoming available, concern 

escalated for the remaining southern pygmy perch populations in NSW (Allen et al., 

2002; Gilligan, 2005; Gilligan et al., 2010; Lintermans, 2007; Lintermans & Osborne, 

2002; Morris et al., 2001; Pitman & Gilligan, 2004). 

 

Southern pygmy perch are currently listed as: endangered in NSW under the Fisheries 

Management Act 1994; protected in South Australia under the Fisheries Management 

Act 2007, endangered within the Action Plan for South Australian Fishes (Hammer et 

al., 2009); and vulnerable in Victoria under the Flora and Fauna Guarantee Act 1988 

(DSE, 2013). Southern pygmy perch is not currently listed under any federal 

legislation, nor is it listed on the IUCN Red List.   
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1.2.3 Distribution  

 
 
 
Figure 1.2. Distribution of southern pygmy perch in south-eastern Australia. Blue 
shaded areas refer to know distributions of southern pygmy perch at the river basin 
scale. 
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1.2.4 Background on recent management actions for 

southern pygmy perch within NSW 

Since the listing of southern pygmy perch as vulnerable in NSW in 2000, significant 

efforts have been made in an attempt to secure the current populations and increase 

their abundance and distribution. Many projects focusing on southern pygmy perch 

have been carried out across their current and historical range, including 

environmental watering events, fish rescues, maintenance of captive populations and 

captive breeding, habitat restoration, improved fish passage, maintenance of existing 

barriers to the movement of alien species, and community education and engagement 

(Gould & Pearce, 2012; Mercier et al., 2012; Rourke & Tonkin, 2009). I will now 

give a little detail on each of these activities, with a summary provided in Table 1.1. 

 

Environmental watering events 

 

At least two environmental watering events have specifically targeted southern pygmy 

perch (Table 1.1). Both events occurred during the extensive dry period known as the 

millennium drought (1995-2009), at wetland sites from which southern pygmy perch 

had been recorded recently. The first occurred at the height of the drought in 2009, in 

Toupna Creek, part of the Millewa Forest. Southern pygmy perch had been found in 

Toupna Creek and two other wetlands (Pinchgut and Fishermens Bend Lagoons) 

within the Millewa Forest in 2007 (Rourke & Tonkin, 2009). With the continuation of 

the drought and the unprecedented drying of the creeks and wetlands in the Millewa 

forest, Tonkin and Rourke (2008)found that the southern pygmy perch population was 

at risk of extinction without immediate intervention. An environmental flow was 

delivered to Toupna Creek in 2009, to provide habitat and maintain this population; 

however, subsequent surveys have failed to detect southern pygmy perch from 

Toupna Creek or anywhere else within the Barmah-Millewa Forest complex (Rourke 

& Tonkin, 2009; Sharpe & Wilson, 2012; Sharpe et al., 2012; Stoffels & 

Weatherman, 2014). The second targeted environmental watering occurred at 

Normans Lagoon, Albury, in 2010. Southern pygmy perch was last detected in 

Normans Lagoon in 2006 (Fisheries NSW Freshwater Fish Research Database, D. 

Gilligan 2014, pers. comm. 7 Nov). As for the Millewa Forest, the continuation of 
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ongoing unprecedented drought conditions saw Normans Lagoon critically low during 

the spring and early summer in 2009. A total of 80 ML of environmental water was 

delivered in January 2010; however, this resulted in water within the lagoon becoming 

anoxic (L. Peace unpublished data) and an associated fish kill. Subsequent surveys 

have failed to detect any southern pygmy perch (Sharpe et al., 2012). 

 

Fish Rescues    

 

Rescues of southern pygmy perch have occurred for both the Coppabella and Blakney 

Creek populations, for different reasons (Table 1.1). Two separate recues at 

Coppabella Creek, in response to the effects of the prolonged drought, the cessation of 

flow and drying to a series of small, isolated pools, and the pools then contracting 

further.  

 

Concerns about the impact of the drought on the southern pygmy perch population in 

Coppabella Creek began in 2006.  NSW Fisheries became aware that the section of 

Coppabella Creek occupied by southern pygmy perch was severely drought affected, 

had stopped flowing and had contracted to a series of small, isolated pools. The fish 

within these pools were increasingly exposed to predation by birds, and were at risk of 

poor water quality or desiccation when the pools completely dried. The first rescue of 

southern pygmy perch from these drying pools occurred in early 2007, with 122 fish 

captured from three separate drying pools and taken to the Narrandera Fisheries 

Research Centre (NFRC) where they were housed in an earthen pond. When flows 

returned, 69 remaining fish were returned to the sites from where they were rescued 

(Gilligan et al., 2010). Drought conditions continued to worsen during 2008 and 2009, 

with many small pools known to support thousands of southern pygmy perch drying 

completely between February and March 2009 (Gilligan et al., 2010). A second rescue 

captured approximately 2000 southern pygmy perch, of which approximately 1800 

were taken to the NFRC and 200 to a holding facility at Tumut. The fish that were 

held at the Tumut facility were later relocated to Charles Sturt University and all were 

used for the experiments in Chapter 3 of this thesis. The fish taken to the NFRC were 

housed in an earthen pond, where they bred over the next 4 years.  
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The progeny of the fish bred at the NFRC were used for a restocking program, in an 

attempt to try to re-establish populations within their former range. These young fish 

have been stocked in the following locations: Thegoa Lagoon, Wentworth (4500), 

Washpen Creek, Euston (4500), David Mitchell Wetlands, Charles Sturt University, 

Albury-Wodonga (2500) and Deniliquin Wetlands (200). Whilst some recaptures 

occurred early after the initial stocking, there have been no recent recaptures at any of 

the stocking locations (Fisheries NSW Freshwater Fish Research Database, D. 

Gilligan 2014, pers. comm. 7 Nov., Josh Campbell 2014, pers. comm.), so it appears 

unlikely that any of these populations have established. The last of the southern 

pygmy perch rescued from Coppabella Creek and held at the NFRC died in 2014. The 

pond in which they were held was drained in April 2014, and only 2 fish were still 

alive. 

 

The second rescue/emergency response involved fish from Blakney Creek. This time, 

the threat was not from the drought (even though Blakney Creek was drought 

affected), but from the recent incursion of redfin perch in Blakney Creek and the 

upper Lachlan River system. With the discovery of redfin perch in the Blakney Creek 

catchment for the first time in 2005 (Pearce, 2013), and predation of redfin perch on 

southern pygmy perch well documented (Cadwallader, 1979; Hammer, 2002; Wager 

& Jackson, 1993; Woodward, 2005; Woodward & Malone, 2002), it was feared that 

the redfin perch could have a major impact on the southern pygmy perch population. 

As a contingency measure, 50 southern pygmy perch were taken to the NFRC in 

2006, where they were housed in an earthen pond. They bred in the following spring, 

with 397 of the progeny being released in April 2007 into Pudman Creek, in an 

attempt to establish another population. The pond was then restocked with 100 fish 

(50 that were held over and another 50 from the wild). The water level in the pond 

was lowered the following year (April 2008), and only six fish remained alive. These 

fish were also subsequently released into Pudman Creek. Another 63 southern pygmy 

perch were rescued from Blakney Creek on October 2009, again to insure against the 

potential threat from redfin perch, and also in an attempt to breed the fish again in 

captivity. These fish were taken to a facility in Tumut, where a small number were 

bred in captivity. Thirty-seven fish were released into Pudman Creek in 2009, and 106 

(including the original 63 rescued) in 2010. A further 100 southern pygmy perch were 

captured from Blakney Creek in November 2010 and released into an earthen pond at 
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the NFRC. The water level in the pond was lowered in April 2012 and no southern 

pygmy perch remained. Subsequent sampling of the release site in Pudman Creek has 

yielded consistent recaptures of the fish. However, an extensive longitudinal survey of 

Pudman Creek in 2013 revealed that, while fish persisted at the stocking location, they 

had not spread (Pearce, 2014).  
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Table 1.1.  Summary of fish rescue, stocking and environmental watering for 

southern pygmy perch over the past 7 years. 

Location Year  Action Number of fish 
rescued or 
released  

Partner organisations  

Coppabella 
Creek  

2007 Drought rescue  122 Stocked into earthen pond at 
NFRC 

Coppabella 
Creek 

2008 Fish release 69  

Coppabella 
Creek 

2009 Drought rescue 2000 1800 Stocked into earthen 
pond at NFRC, 200 kept at a 
holding facility Tumut 

Toupna Creek 2006 Environmental 
watering  

No subsequent 
record of SPP 
within this 
system 

Office of Environment and 
Heritage, State Forests,   

Normans 
Lagoon 

2010  Environmental 
watering  

Hypoxic black 
water event and 
fish kill 

Office of Environment and 
Heritage 

Blakney Creek 2006 Redfin perch 
incursion rescue 

50 Stocked into earthen pond at 
NFRC 

Pudman Creek 2007 Fish release  379 Lachlan Catchment 
Management Authority, 
Greening Australia   

Blakney Creek 2007  Redfin perch  
incursion rescue 

50 Stocked into earthen pond at 
NFRC 

Pudman Creek 2008 Fish release 6  
Blakney Creek 2009 Redfin perch 

incursion rescue 
63 Stocked into an 

experimental breeding 
facility at Tumut  

Pudman Creek 2009 Fish release 37  
Pudman Creek 2010 Fish release 106  
Thegoa Lagoon 2011 Fish release 4500  
Washpen Creek 2011 Fish release  4500  
David Mitchell 
Wetlands 
Charles Sturt 
University  

2011 Fish release 2500  

Deniliquin 
wetlands  

2012 Fish release 200 Murray Catchment 
Management Authority 
(CMA)/ Local Land 
Services(LLS), Deniliquin 
Shire Council. 
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Habitat Restoration  

 

The NSW Department of Primary Industries has worked in partnership with many 

organisations and community groups at each of the three locations where southern 

pygmy perch still exist (Table 1.2). Coordinated programs between Catchment 

Management Authorities, Local Land Services, the Office of Environment and 

Heritage, local Landcare groups, Greening Australia, the Australian River Restoration 

Centre and local landholders have been developed to deliver a suite of on-ground 

works measures targeting the recovery of southern pygmy perch populations. 

Activities are summarised in Table 1.2 and include weed control, fencing and stock 

exclusion, revegetation, erosion control, re-snagging and maintenance of a barrier to 

exclude alien fish species. These works are ongoing and have targeted the core 

remaining southern pygmy perch habitats in an effort to secure the current populations 

(Gould & Pearce, 2012).      

 

Table 1.2.  Summary of recent habitat restoration works targeting southern pygmy 

perch.  

Location Years works 
undertaken 

Actions Partner organisations  

Coppabella 
Creek 

2008, 2009, 
2012, 2013, 
2104 

Weed control, re-vegetation, 
stock management, weir repairs, 
fish monitoring, community 
education 

Murray CMA/LLS, 
Department of 
Environment and Heritage  

Blakney 
Creek  

2011, 2012, 
2013, 2014 

Weed control, erosion control, 
stock management, off stream 
watering, fish monitoring, 
community education 

Lachlan CMA/LLS, 
Department of 
Environment and 
Heritage, Upper Lachlan 
Landcare  

Pudman 
Creek 

2010, 2011, 
2012 

Weed control, erosion control, 
stock management, off stream 
watering, community education 

Lachlan CMA/LLS, 
Greening Australia, Rye 
Park Landcare. 

Deniliquin 
Wetlands 

2012, 2103 Wetland rehabilitation, fish 
monitoring, community 
education 

Murray CMA/LLS, 
Deniliquin Shire Council, 
Department of 
Environment and Heritage  

Upper 
Billabong 
Creek  

2012, 2013, 
2014 

Weed control, erosion control, 
stock management, habitat 
mapping, fish monitoring, re-
snagging, community education  

Murray CMA/LLS, 
Holbrook Landcare. 
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1.3 Relevance of this study 

In recent years, significant effort has been made and expense incurred in attempts to 

secure and recover southern pygmy perch within NSW. However, there has been little 

effort to gather data on the status and extent of the populations, their trends through 

time, and the current major threats to these populations. Consequently, the present 

study aimed to collect baseline data on spatial and temporal patterns of abundance and 

distribution of this endangered species in the remaining NSW populations, to aid 

ongoing and future management decisions for the conservation of this species. It also 

investigated factors that currently threaten these populations, as well as management 

tools that may allow a better understanding of population structure and movement. 

The study provided information to assess the current status and trends of southern 

pygmy perch populations in NSW, and contributed to an assessment of the current 

threatened species classification for the species both in NSW and nationally.  

 

1.4 Aims and Objectives of this Study  

 
The overall aim of this study was to determine the current abundance and distribution 

of southern pygmy perch within NSW, assess impacts contributing to their decline 

and provide tools and advice for future management. Specific objectives were to: 

1. Examine temporal and spatial changes in the distribution and abundance of the 

southern pygmy perch population in Coppabella Creek under extreme climatic 

conditions; 

2. Evaluate the suitability of marking and tagging techniques to aid in 

conservation and management of southern pygmy perch in NSW and 

elsewhere; 

3. Examine the relationship between the distribution and spread of alien fish 

species and the abundance and distribution of southern pygmy perch 

populations within NSW; and 

4. Evaluate these findings in relation to the current and future management and 

conservation of southern pygmy perch. 
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Chapter 2: Distribution and abundance of southern 

pygmy perch and other fishes in Coppabella Creek 

through climatic extremes  

 

   

2.1. Introduction  

Australian freshwater fishes inhabit diverse environments across a naturally variable 

and unpredictable climate (Morrongiello et al., 2011). Most native Australian fishes 

are hardy, opportunistic, and often highly mobile, with life cycles that allow them to 

survive, and in some cases, take advantage of an erratic climate (Humphries & 

Walker, 2013). They have evolved to cope with hugely variable and often 

unpredictable flow regimes, floods, droughts, and fluctuations in water quality 

(Boulton & Brock, 1999). Given that past climatic variability and unpredictability 

have shaped the present native fish fauna of Australia, one might expect that 

Australia’s native fish fauna would be well suited to be able to endure anthropogenic 

disturbances as well as climate change. But Australia’s freshwater fish fauna has 

suffered greatly from a myriad threats since European settlement (Humphries and 

Winemiller, 2009), and  the rate of climate change is projected to outpace the adaptive 

capacities of many species (Morrongiello et al., 2011). 

    

The combined synergistic impacts of climate change, increased probability of alien 

species invasion and other anthropogenic stressors may dramatically change 

freshwater ecosystems (Diez et al., 2012). These factors are likely to have a greater 

impact on species that have; limited or reduced ranges, poor movement and dispersal 

capabilities, specific habitat requirements, and vulnerability to predation 

(Morrongiello et al., 2011; Munday & Jones, 1998). Small-bodied freshwater fishes is 

a group that possesses many of these traits, thus have suffered more than most (Olden 

et al., 2007).  Unfortunately, probably because they are not of commercial or 

recreational importance, it is this group, that we know least about, yet it arguably 

deserves the most attention.   
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Southern pygmy perch (Nannoperca australis Gunther 1862) is a small freshwater 

percichthyid fish native to the Lachlan, Murrumbidgee and Murray catchments in 

NSW, all Victorian tributaries of the Murray River and the lower River Murray in 

South Australia (Kuiter et al., 1996, Allen et al. 2002). It is also present in coastal 

catchments between the Murray River in South Australia and the Genoa River in 

Victoria/NSW, in Northern Tasmania and on King and Flinders Islands. Recent 

genetic studies have suggested that there are two species within the southern pygmy 

perch: an eastern coastal species and a species in the Murray-Darling Basin and 

western coastal streams (Unmack et al., 2011). The Murray-Darling Basin form likely 

represents a separate subspecies (Unmack et al., 2011). 

 

Since 2000, only five remnant, isolated populations of southern pygmy perch have 

been found in NSW in the following localities: Normans Lagoon, Albury; Millewa 

Forest, Mathoura; Coppabella Creek, Jingelic; Upper Billabong Creek, Holbrook; and 

Blakney Creek, Yass (Gilligan et al., 2010). It appears as though the Normans Lagoon 

and Millewa Forest populations have been lost, with recent extensive surveys of both 

these sites, specifically targeting southern pygmy perch, failing to detect any 

individuals (Sharpe & Wilson, 2012; Sharpe et al., 2012). This leaves only three 

known populations within the NSW portion of the Murray-Darling Basin in 

Coppabella Creek, Blakney Creek and the Upper Billabong Creek system. 

 

Southern pygmy perch were collected from Coppabella Creek first in 1992 and again 

in 1999 (Gilligan et al., 2010). During the late 1990s and early 2000s, with the 

continuation of one of the worst droughts in living memory (Murphy & Timbal, 2008; 

Ummenhofer et al., 2009), grave concerns developed regarding the security of the 

population within Coppabella Creek. During 2006, surveys at the original collection 

site found that southern pygmy perch were still present and abundant. However, the 

site was heavily drought affected and, as an emergency response, 122 fish were 

removed from the shallow remnant pools in January/February 2007. The rescued fish 

were held in an outdoor pond at the Narrandera Fisheries Centre until flows returned. 

In February 2008, when the 69 remaining fish were returned to the collection site at 

Coppabella Creek (Gilligan et al., 2010).  
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Ongoing surveys of Coppabella Creek in 2008 confirmed the presence of southern 

pygmy perch; however, continued low rainfall throughout 2008 and 2009 resulted in 

even drier conditions within Coppabella Creek than were seen in 2007. Many remnant 

pools known to contain southern pygmy perch were drying rapidly. A second 

emergency response was enacted, and several thousand southern pygmy perch were 

rescued and taken to either the Narrandera Fisheries Centre or a holding facility at 

Tumut.  

 

As a result of the ongoing threat from continued drought within Coppabella Creek, a 

decision was made to map the location and depth of remnant refuge pools within 

Coppabella Creek and undertake a rapid-assessment fish survey within these pools to 

determine the distribution of southern pygmy perch. Ten survey sites were also 

established along the length of the creek to allow for the undertaking of standard fish-

assemblage surveys and to assess the status and distribution of fish species along the 

entire length of the creek. The mapping of the remnant pools, rapid fish assessment 

and standard fish-community sampling were done to provide greater understanding of 

the distribution and status of the fish community along the length of Coppabella Creek 

and allow for more informed management decisions to secure and maintain the 

southern pygmy perch population within the creek during the drought and afterward. 

 

Subsequent years saw a complete turn-around in climatic conditions. Significant 

flooding events occurred in March, September and October 2010, October 2011 and 

March 2012, the most significant of these being the event in October 2010, with the 

peak of the flood experienced on the 15th. At its peak, the gauge on 

Jingellic/Coppabella Creek was 3.6 m higher than the previous gauge record in 1975 

(estimated >100 year Average Recurrence Interval (ARI)) (Bewshers, 2012). 

 

Given the links of flooding to recruitment, dispersal and re-colonization of southern 

pygmy perch proposed by Tonkin et al. (2008), it was expected that the flooding 

events would have been beneficial to the Coppabella Creek population and would 

have led to an increase in the size and distribution of the population. Considering the 

magnitude and repeated nature of the flood events, it was hypothesised that the 

southern pygmy perch that were previously present within Coppabella Creek might 

have been displaced further downstream or into off-stream wetland habitats.  
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The overall aim of this chapter is to document the impacts of extreme climatic events 

(drought and floods) on the Coppabella Creek southern pygmy perch population, 

abundance and distribution.  The specific aims are to: 

 

1. Describe changes in the abundance and distribution of southern pygmy perch 

in Coppabella Creek between 2009 and 2013;  

2. Determine the impacts of extreme climatic events on the abundance and 

distribution of southern pygmy perch in Coppabella Creek; and 

3. Evaluate the future potential risks posed by similar extreme climatic events to 

southern pygmy perch and similar small threatened fish species. 
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2.2. Study area   

 

2.2.1. Location and Regional Setting 

 

The Coppabella Creek catchment lies in southern NSW, due west of the township of 

Tumbarumba. The creek is a small (38 km long) tributary of the upper Murray River 

with a catchment area of 390 km2 (Figure 2.1). Coppabella Creek originates to the 

west of the township of Rosewood at an altitude of 650 m. From there it flows in a 

southerly direction until it meets Jingellic Creek, from where it continues as Jingellic 

Creek, until its confluence with the upper Murray River, south-west of the township 

of Jingellic at an altitude of 213 m. A total fall of 437 m over its 38 km length, results 

in a gradient of 11.5 m.km-1.  

 

Figure 2.1. Location of Coppabella Creek in southern New South Wales. 
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2.2.2. Barriers to Fish Passage 

Over the duration of this study, there have been three barriers to fish passage that have 

impacted on the fish community within the creek by restricting the passage of certain 

alien species upstream. Barrier 1, the most downstream barrier, was a small concrete 

road crossing and culvert-structure which was destroyed in the 2010 flood events 

(Figure 2.2a). Barrier 2 is a natural rock bar, that forms a small waterfall (Figure 2.2 

b). Barrier 3 is a small, redundant concrete and rock weir (Figure 2.2c).   

 

 

 
Figure 2.2. (a) Barrier 1, (b) Barrier 2 and (c) Barrier 3. 

(a) 

(b) 

(c) 
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2.2.3. Landforms, Geology and soils  

The topography of the Coppabella Creek catchment ranges from steep and rolling 

hills to gently inclined foot-slopes of colluviums (Muller et al., 2011), with an average 

elevation of 327 m above sea level. Shallow (<0.5 m), rocky soils have formed on 

crests, ridges and upper slopes, shallow red and yellow clayey sand soils and sandy 

clay soils and black clay soils occur on upper and mid-slopes, red clayey sand soils 

occur on lower slopes, and yellow and grey clay soils occur in drainage lines (Muller 

et al., 2011).The underlying geology of the Coppabella Creek catchment is mostly 

made up of the Wagga Marginal Basin, deep-water flysch Ordovician sediments 

deposited in a marginal sea, consisting of shale, subgreywacke, quartzite, impure 

sandstone, black (carbonaceous) slate and siltstone. The ranges surrounding the lower 

southern section of the creek consist of intrusive Syn-Kinematic Granites, from the 

late Ordovician to early Silurian periods (Degeling, 1977)   

2.2.4. Land use and Management  

The majority of the upper catchment consists of radiata pine, Pinus radiata 

plantations, whereas the mid to lower reaches are dominated by cleared grazing lands, 

with a mix of exotic and native pastures. There are limited remnant dry sclerophyll 

forests, comprising Eucalyptus macrorhyncha, E. goniocalyx, E. nortonii, E. 

robertsonii, and E. rubida, in the mid-section, along upper parts of the catchment and 

on the ridge lines. There is direct stock access to the majority of the creek, with the 

only exception being the upper plantation sections that are not grazed. 

2.2.5. Climate 

The climate data used for this study were taken from the Tumbarumba Post Office, as 

it represents the closest (approx. 26 km due east) long-term climatic data available for 

the Coppabella Creek region. Rainfall records for the Tumbarumba Post Office 

commenced in 1885, with the mean annual rainfall being 979.6 mm (BOM, 2013) 

(Figure 2.3).  
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Figure 2.3. Rainfall at the Tumbarumba Post Office: (a) annual rainfall for the years 
1990-2012; (b) annual rainfall for the years 1886-2012; (c) monthly rainfall for 2006 
and 2010. Source: Bureau of Meteorology   
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The climate of the Coppabella Creek catchment is typical of the Southwest Slopes 

region of NSW, with cool to cold winters, frequent frost and snowfall on the higher 

peaks, with winter minimum temperatures dropping to below -3.5 ºC (Figure 2.4). 

Summers are warm to hot, temperatures often exceeding 32 ºC, with December to 

February generally being the hottest months. Temperature records commenced in 

1965, with the mean annual maximum temperature of 19.6 °C and the mean annual 

minimum of 5.5 °C. 

 

The period from October 1996 to May 2009 was an extended dry period in south-

eastern Australia, (Figure 2.3b), with the lowest mean rainfall within the instrumental 

period (Murphy & Timbal, 2008; Timbal, 2009), and unprecedented high 

temperatures (Ummenhofer et al., 2009), which led to record low inflows into the 

River Murray system (Leblanc et al., 2009). Coppabella Creek, located within this 

region, was significantly affected by this prolonged dry period. The seconded lowest 

annual rainfall recorded was in 2006, measuring only 424.7 mm. Before that, the 

lowest on record for the Tumbarumba Post Office was 420.8 mm in 1967.  Between 

the years of 1996 and 2009, only 3 of 13 years had above-average rainfall: 1999 

(1021.9 mm), 2000 (1055.5 mm) and 2005 (1029 mm) (BOM, 2013). 

 

Figure 2.4. Monthly mean maximum and minimum, highest maximum and lowest 
minimum temperatures (ºC) recorded at Tumbarumba Post Office. Source: Bureau of 
Meteorology  
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2.2.6. Discharge 

Discharge data (measured at the Jingellic Creek at Jingellic gauge, site number 

401013) have been collected for the Jingelic/Coppabella Creek system since 1965. 

The mean annual discharge from Jingelic/Coppabella Creek is 50,712 ML.year-1 

(Figure 2.5). The majority of the discharge occurs during the winter/early spring 

period, from July to October. Mean monthly discharge ranges from 669 ML.month-1 

in  February to 11,200 ML.month-1 in August (NOW, 2013). 
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Figure 2.5. Mean monthly discharge from Jingelic/Coppabella Creek from 2007 to 

2010 and overall mean discharge since records began in 1965. Source:  NSW Officer 

of Water. 

 

The Murray-Darling Basin received record low inflows from 2006 to 2009 (MDBA, 

2009). Coppabella Creek was no exception to this trend, with prolonged periods of 

zero discharge during the summers of 2007 and 2009, causing large sections of the 

creek to dry to a series of isolated pools (Figure 2.6). The lowest annual discharge on 

record, 2922.65 ML, just over 5% of the mean annual discharge, occurred in 2006. 

The following year had the second lowest on record, 5113.24 ML. Between 1997 to 

2009, only 2000 exceeded the mean annual discharge; the remaining 12 years had 

well below the mean annual discharge, and included the two lowest discharges on 

record.  
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Figure 2.6.  Mean annual discharge in Jingelic/Coppabella Creek 1966-2010, 

measured at the Jingellic Creek and Jingellic gauge. Source: NSW Office of Water. 
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Figure 2.7. Daily discharge of Coppabella/Jingellic Creek in ML/day for October 

2010 and 1975 over the mean daily discharge rate. Source: NSW Office of Water. 

 

This period of low stream discharges was followed by an unusually wet period and a 

succession of flooding events, with the most significant being in October 2010 (Figure 

2.7).  This event far exceeded any previous flooding events. The peak of the event on 
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the 15th, was 7786 ML greater and 3.6 m higher than the previous record in 1975, and 

was estimated as >100 ARI (Bewshers, 2012). The discharge on the 15th October 

2010 was 14487 ML.day-1, which is 28% of the mean annual discharge, and the total 

monthly discharge for October 2010 was 32226 ML, which is 64% of the mean 

annual discharge. Significant flooding events also occurred in March 2010, September 

2010, October 2011 and March 2012. However, none of these events was comparable 

in magnitude to the October 2010 event.  



 
 

34 

 

2.3. Methods  

 

2.3.1. Fish sampling 

  

2.3.1.1. Standardised fish sampling  

Ten sites were surveyed for southern pygmy perch, five times between April 2009 and 

April 2013: eight sites in Coppabella Creek and two in Jingellic Creek (Figure 2.8). 

These sites were surveyed in April 2009, December 2011, April 2012, 

November/December 2012 and April 2013. The upper-most site was located at the 

Maginnitys Gap Road and the most downstream site was located at Jingellic, 

approximately 1 km upstream of the confluence of Jingellic Creek and the Murray 

River. The remainder of the sites were approximately equidistant within this system. 

 

Standardised sampling protocols were those developed for the Murray-Darling Basin 

Authority’s Sustainable Rivers Audit – Fish Theme (Davies et al., 2008). These are 

based on eight standardised 150 sec backpack electrofishing shots. Each operation 

was undertaken using intermittent electrofishing, with the backpack used to fish all 

areas accessible to the stationary operators (1.5-2 m radius). Following electrofishing 

of that area, the operators moved ~ 3 m and repeated the process. The operators 

progressed in a zigzag fashion in an upstream direction. All electrofishing was 

conducted with either a Smith-Root LR24 or LR20 electrofisher unit. The setting on 

the units where varied to account for changes in the water conductivity,  frequency 

was maintained at 120Hz, duty cycle was varied between 12-25% and the voltage 

varied between 200-400, volts depending on conditions. Immobilised fish were 

collected with a dip-net with a 380 mm x 320 mm opening and 3 mm mesh. In 

addition to electrofishing, 10 un-baited concertina-style bait traps (450 x 250 x 250 

mm with a 2 mm mesh size and a 40mm opening), were set for a minimum of two 

hours. At the completion of each sampling operation (electrofishing or bait traps), 

captured individuals were identified, their lengths were measured (to the nearest mm) 

and they were examined for externally visible parasites, wounds and diseases, before 
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being released. Rapid habitat assessment of each operation included recording 

characteristics of riparian and in-stream vegetation (classified into rushes and sedges, 

littoral grasses, floating macrophytes, submerged macrophytes and algae), substratum, 

in-stream cover and meso-habitat (e.g., pool, run, riffle) as per Gilligan et al. (2010). 

Water quality data were also collected for each site, including temperature (°C), 

dissolved oxygen (mg.L-1), pH, conductivity (mS.cm-1), and turbidity (NTU). These 

were recorded using a Horiba U10 water quality meter for the 2009 survey and a 

Horiba U52 for the subsequent surveys. 

The sites surveyed in Coppabella Creek in 2009 were sampled as part of another 

project in which I was involved, however, I did not collect the data myself. This data 

has been supplied from the Fisheries NSW Freshwater Fish Research Database, which 

was supplied with permission from D. Gilligan 2014 (pers. comm. 7 Nov). All of the 

samples were collected using the methods outlined above. The remainder of the data 

and information presented in this chapter were collected by the author. 



 
 

36 

 
Figure 2.8. Location of the 10 standardised sampling sites in Coppabella Creek, 

southern New South Wales, that were sampled in April 2009, December 2011, April 

2012, November/December 2012 and April 2013 in Coppabella/Jingellic Creek. 

Barriers to fish passage are shown. 
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2.3.1.2. Rapid assessment fish surveys  

During the mapping of the remnant pools on 24-26 March 2009, a rapid fish 

assessment was carried out to determine the presence/absence of southern pygmy 

perch within each pool. The rapid assessment technique involved the use of a sweep 

net with a 380 mm x 320 mm opening and 3 mm mesh, which was swept through all 

available habitats (generally macrophytes), or until southern pygmy perch was 

detected. This same rapid fish assessment technique was carried out again for each of 

the pools in surveys undertaken on 6-9 June 2012. 

2.3.1.3. Wetland fish surveys    

Wetland sites were sampled on three occasions in attempts to locate southern pygmy 

perch that had been displaced downstream by floods. The sampling techniques 

selected for each site were dependant on the location and size of the wetland. 

 

Coppabella Creek wetlands  

Due to the generally steep nature of the topography of the Coppabella/Jingellic Creek 

system, there is no floodplain for the majority of the length of the stream, and where 

there is a floodplain, it is quite small and has very few wetlands. In total, eight small 

non-permanent wetlands were identified along the length of the system. All eight 

wetlands were sampled with the rapid fish assessment technique described above, 

from 24 November 2011 to 16 January 2012. 

 

Murray River wetlands 

The larger wetlands associated with the Murray River were sampled with two small-

mesh (2 mm) fyke nets (dual wings, each 2.5 x 1.2 m, with square entry of 0.15 x 0.15 

m and covered by a plastic grid with rigid square opening of 0.05 x 0.05 m) and 10 

un-baited concertina style bait traps (450 x 250 x 250 mm with 2 mm mesh and a 

40mm diameter opening) set overnight at each wetland location. All nets were set late 

in the afternoon/evening and retrieved early the following morning. All fish captured 

were identified, their lengths were measured to the nearest 1 mm and they were 

examined for externally visible parasites, wounds and diseases, before being released. 

Habitat characteristics of each were recorded including: the fringing and aquatic 

vegetation, substratum, and cover (rock, timber or plant litter). Water quality data 
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were also collected for each site, including: temperature, dissolved oxygen, pH, 

conductivity, and turbidity. These were recorded using a Horiba U52 water quality 

meter. These larger wetland sites were sampled from 18 January to 16 February 2012.  

 

Figure 2.9. Location of the 8 Coppabella Creek and 7 Murray River Wetland sites in 

southern New South Wales, that were sampled between 24 November 2011 and 16 

January 2012. 
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2.3.1.4. Biomass  

Biomass estimates were calculated for all fish. When individuals were captured and 

their length not measured, an average length from all other fish captured atthat site 

and time used to estimate the biomass. Individual fish weights and overall biomass 

estimates were calculated from length-weight relationships of each species, based on 

samples collected by fisheries research agencies in south-eastern Australia (MDBC, 

2004):  

 

Log10 W = slope *Log10 SL 

 

Where W = weight (g) and SL= standard length (mm). 

 

If more than 50 individuals were captured during a single operation, only the lengths 

of the first 50 individuals were measured, and the remainder were counted. When this 

occurred, for the purpose of biomass estimates, the mean length of measured fish was 

assigned to individuals that were not measured.  

To eliminate the potential for size bias, fish were measured and then released at the 

end of each shot (8 shots per sampling operation) as the operation progressed 

upstream. There was no opportunity for size bias, as all of the first 50 fish were 

measured, as they were captured, then released. There were no occasions where there 

were more than 50 fish captured within one shot   

2.3.2. Habitat mapping 

A continuous 29 km length of Coppabella Creek was walked during 24–26 March 

2009 to map refuge habitat and, in conjunction with the rapid fish assessments, the 

distribution of southern pygmy perch within the refuge pools. Mapping commenced at 

-35.6860S, 147.7250E and continued downstream. Trimble Nomad™ 800LC units 

installed with Terrasync™ mapping software and were used to map the location, area, 

maximum depth and photograph location of each pool. Each pool was then sampled 

with the rapid fish assessment technique outlined above, to determine the 

presence/absence of southern pygmy perch within each pool. This mapping and 

survey technique continued downstream until the isolated pools became both larger 

and deeper, there was perceptible flow between the pools, and the rapid assessment 
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technique became ineffective. The data collection ceased at the junction of 

Coppabella Creek and Sandy Waterhole Creek (-35.8390S, 147.7090E). Data were 

uploaded into a GIS and visually assessed and the variables collated in ArcView®.  

 

The same length of stream was again re-surveyed during 6-9 June 2012, with each of 

the remnant pools being re-photographed and the rapid fish assessment repeated. Due 

to the nature of the changes to the system after the flooding events and the higher flow 

rates, the remnant pools were not re-mapped.  

 

2.3.3 Data analysis 

Fish collections are expressed as catch per unit effort (CPUE), which represents the 

numbers of fish collected per 8 electrofishing shots of 150 seconds. Fish collections 

from bait trap data was excluded from the analysis due to very low catch rates. To 

examine the relationship between CPUE of fish and site and sample time, the counts 

for each species were analysed with a Generalized Linear Model, using a negative 

binomial distribution. Sites and times were considered fixed factors and R 3.0.1 

(2013-05-16) was used for the analysis. Post-hoc examination of residuals confirmed 

the appropriateness of the negative binomial distribution. 

 

To examine differences in the fish community, among both sites and sampling times, 

non-metric multidimensional scaling was carried out with PRIMER 5.1.2 (Plymouth 

Marine Laboratory). Similarity matrices were created with the Bray-Curtis similarity 

index (Bray & Curtis, 1957). Data were square root transformed to equalise the 

contribution of rare and common taxa. Data were plotted using multi-dimensional 

scaling (MDS) ordinations in two dimensions. ANOSIM (ANalysis Of SIMilarities) 

(Clarke, 1993) was used to test the differences in the fish community before and after 

flooding events and above and below a significant barrier to fish passage.  

 

Attempts were made to analyse the biomass data using a generalized linear model 

with a negative binomial distribution, however, the residual deviance divided by the 

DF showed a very poor fit. It was not, therefore, possible to analyse this data using a 

GLM. 
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2.4. Results  

2.4.1. Standardised fish surveys 

A total of 11 species and 3055 individual fish was collected from the 10 sites in 

Coppabella Creek over the five sampling events (Table 2.1). An additional 636 

individuals were observed but not collected.  The overall fish fauna was dominated by 

southern pygmy perch (75.18%), followed by common carp, Cyprinus carpio 

(9.37%), eastern gambusia, Gambusia holbrooki (8.72%), redfin perch, Perca 

fluviatilis (2.87%), river blackfish, Gadopsis marmoratus (1.6%) and Australian 

smelt, Retropinna semoni (1.11%). The remaining five species all contributed less 

than 1% of the total fish fauna. Three species, which were not sampled in the 2009 

surveys but were sampled in the later surveys, were brown trout (Salmo trutta) 

rainbow trout (Oncorhynchus mykiss) and Murray cod (Maccullochella peelii).  

  

Major changes in the abundance of many of the species occurred over the survey 

period. The most notable changes were in the abundance of southern pygmy perch 

and common carp. Southern pygmy perch made up 89.54% (2765) of the total fish 

fauna in 2009, but subsequently only 10 more individuals were collected. By contrast, 

the abundance of common carp was 0.71% (14) in 2009, and increased to 74.85 % 

(122) by 2012, before decreasing again in 2013 to 36.52% (84).  
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Table 2.1. Total catch, percent catch and percent biomass estimates of fish recorded at the 10 survey sites in Coppabella for each of the 5 sampling periods. 

Values in parentheses are the number of fish that were observed but not captured. Sampling times are of the form Aut09 = 2009 autumn, Sum11 = 2011 

summer, Aut12 = 2012 autumn, Sum12 = 2012 summer and Aut13 = 2013 autumn 

 Species Aut 09 Sum 11 Aut 12 Sum 12 Aut 13 Total 

 Total 

Catch 

% 

Catch 

% 

Bio-

mass 

Total 

Catch 

% Catch % 

Bio-

mass 

Total 

Catch 

% 

Catch 

Bio-

mass 

Total 

Ctach 

% 

Catch 

% 

Bio-

mass 

Total 

Catch 

% 

Catch 

% 

Bio-

mass 

Total  

Catch 

% 

Catch 

% 

Bio-

mass 

Southern pygmy 

perch 

2375 

(390) 

89.54 31.02 1 1.35 0.08 4 2.94 0.06 3 1.84 0.03 2 0.87 0.02 2385 

(390) 

75.18 1.50 

River blackfish 0 (1) 0.03 0 0 (2) 2.70 0 27 (3) 22.06 0.48 13 (3) 9.82 0.22 10 4.35 0.34 50 (9) 1.60 0.29 

Mountain 

galaxias 

1 0.03 0.01 1 1.35 0 0 0 0 6 (5) 6.75 0 0 0 0 8 (5) 0.35 0 

Murray cod 0 0 0 0 0 0 0 0 0 1 0.61 0.11 8 3.48 0.13 9 0.24 0.07 

Australian smelt 9 (6) 0.49 0.02 0 0 0 0 0 0 0 0 0 26 11.30 0.04 35 1.11 0.01 

Common carp 14 (8) 0.71 67.54 16 (24) 54.05 99.4

5 

44 (34) 57.35 97.6

7 

72 (50) 74.85 99.54 63 (21) 36.52 98.18 209 (137) 9.37 97.08 

Redfin perch 13 (3) 0.52 0.55 4 (2) 8.11 0.46 15 (2) 12.50 0.51 3 1.84 0.08 61 (3) 27.83 1.00 96 (77) 2.87 0.54 

Gambusia 198 

(64) 

8.48 0.09 11 (13) 32.43 0.01 2 1.47 0 0 0 0 34 14.78 0.01 245 (77) 8.72 0.01 

Goldfish 6 0.19 0.78 0 0 0 1 0.74 0.19 0 0 0 2 0.87 0.29 9 0.24 0.22 

Brown trout 0 0 0 0 0 0 2 (1) 2.21 1.09 7 4.29 0.03 0 0 0 9 (1) 0.27 0.27 

Rainbow trout  0 0 0 0 0 0 0 (1) 0.74 0 0 0 0 0 0 0 0 (1) 0.03 0 

Total 2616 

(472) 

  33 (41)   95 (41)   105 (58)   206 (24)   3055 

(636) 
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Southern pygmy perch was recorded at sites 1-6 in autumn 2009, with maximum 

median abundance per electrofishing shot at site 1 (38) and minimum median 

abundance per electrofishing shot at site 6 (1) (Figure 2.10). Following the floods of 

2010, southern pygmy perch was recorded only at site 3 in summer 2011, sites 1-3 in 

autumn 2012 and  site 1 in the following two sampling times.  Generalized linear 

modelling indicated that abundance of SPP varied significantly with time (<2e-16) 

and site (<2e-16) (Table 2.2).  
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Figure 2.10. Box plots of CPUE (median abundance per electrofishing shot) of 

southern pygmy perch by site and sample time in Coppabella Creek for the period 

autumn 2009 - autumn 2013. Box plot show median values (solid horizontal line) 

interquartile range (box outline) and the minimum and maximum (whiskers). Sites 

start at 1, the most upstream site, and end at 10, the most downstream site. See Figure 

2.8 for locations of sites (scale is the same for all sampling times).  Sampling times 

are of the form 09Aut = 2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 

12Sum = 2012 summer and 13Aut = 2013 autumn.
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Table 2.2 Results from the GLM for electrofishing data, factors=Time, Site and Time*Site, d.f. = degrees of freedom, *P < 0.05, **P < 0.01, 
*** P < 0.001 
 
Species AIC Deviance DF. Intercept Time Site Time*site 
    Wal Chi-

Square 
d.f. Wal Chi-

Square 
d.f. Wal Chi-

Square 
d.f. Wal Chi-

Square 
d.f. 

Southern 
pygmy 
perch 

504.331 84.938 350 5.069 1 138.407*** 4 48.993*** 5 2.663 2 

River 
blackfish 

281.878 66.351 350 27.328 1 4.173 4 5.236 5 9.625 5 

Mountain 
galaxias 

138.422 20.006 350 6.152 1 4.288 1     

Murray 
cod 

145.465 22.238 350 13.047 1 0.762 1 0.774 3   

Common 
carp 

736.629 139.808 350 0.505 1 28.523*** 4 27.281*** 5 22.976 16 

Redfin 
perch 

399.443 113.649 350 43.96 1 9.56* 4 13.788* 5 15.083 13 

Goldfish 135 14.274 350 6.778 1 1.317 1     
Gambusia 323.483 118.264 350 6.309 1 0.684 2 35.074***  4   
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Common carp was detected at sites 7, 8 and 9 in Autumn 2009, with a maximum 

median abundance at site 9 and a minimum at site 7 (Figure 2.11). Following the 

floods of 2010, the distribution and abundance increased: common carp was present at 

sites 5 – 10 in summer 2011, autumn 2012 and summer 2012, but detected only at 

sites 7-10 in autumn 2013. Generalized linear modelling indicated that abundance of 

common carp varied significantly with time (P<0.001) and site (P<0.001) (Table 2.2).  
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Figure 2.11. Box plots of CPUE (median abundance per electrofishing shot) of 

common carp by site and sample time in Coppabella Creek for the period autumn 

2009 to autumn 2013. Box plot show median values (solid horizontal line) 

interquartile range (box outline) and the minimum and maximum (whiskers). Sites 

start at 1, the most upstream site, and end at 10, the most downstream site. See Figure 

2.8 for locations of sites(scale is the same for all sample times). Sampling times are of 

the form 09Aut = 2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 

12Sum = 2012 summer and 13Aut = 2013 autumn. 
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Redfin perch was detected at sites 5 and 6 and 8-10 in autumn 2009, with a maximum 

median abundance at site 9 and a minimum at site 8 (Figure 2.12). Following the 

floods of 2010, the distribution and abundance reduced: redfin perch was detected 

only at sites 7 – 9 in summer 2011, in autumn 2012 it was recorded at sites 5-10, in 

summer 2012 it was recorded only at sites 6, 7 and 9, and in Autumn 2013 it was 

again recorded from sites 5-10. Generalized linear modelling indicated that abundance 

of redfin perch varied significantly with time (P=0.017) and marginally with site 

(P=0.049) (Table 2.2).  
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Figure 2.12. Box plots of CPUE (median abundance per electrofishing shot) of redfin 

perch by site and sample time in Coppabella Creek for the period autumn 2009 to 

autumn 2013. Box plot show median values (solid horizontal line) interquartile range 

(box outline) and the minimum and maximum (whiskers). Sites start at 1, the most 

upstream site, and end at 10, the most downstream site. See Figure 2.8 for locations of 

sites (scale is the same for all sample times). Sampling times are of the form 09Aut = 

2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 12Sum = 2012 summer 

and 13Aut = 2013 autumn. 
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Gambusia was detected at sites 3-10 in autumn 2009, with a maximum median 

abundance at site 10 and a minimum at site 7 (Figure 2.13). Following the floods of 

2010 gambusia was only found at site 10. No gambusia was collected during autumn 

2012 and summer 2012 and it was only collected at site 10 in autumn 2013. 

Generalized linear modelling indicated that abundance of gambusia varied 

significantly with time (P=0.031) and site (P=0.012) (Table 2.2).  
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Figure 2.13.  Box plots of CPUE (median abundance per electrofishing shot) of 

gambusia by site and sample time in Coppabella Creek for the period autumn 2009 to 

autumn 2013. Box plot show median values (solid horizontal line) interquartile range 

(box outline) and the minimum and maximum (whiskers). Sites start at 1, the most 

upstream site, and end at 10, the most downstream site. See Figure 2.8 for locations of 

sites (scale is the same for all sample times). Sampling times are of the form 09Aut = 

2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 12Sum = 2012 summer 

and 13Aut = 2013 autumn. 
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River blackfish was not collected in the autumn 2009 and summer 2011 sampling 

events (Figure 2.14). In autumn 2012, it was detected at sites 1-4 and site 7, with the 

highest median abundance at site 2 and the lowest at site 7. In the summer 2012 

sampling the species was detected only at sites 2 and 3, and in autumn 2013 it was 

detected at sites 1-6.  Generalized linear modelling indicated that abundance of river 

blackfish did not vary significantly with time (P>0.05) or site (P>0.05) (Table 2.2).  
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Figure 2.14. Box plots of CPUE (median abundance per electrofishing shot) of river 

blackfish by site and sample time in Coppabella Creek for the period autumn 2009 to 

autumn 2013. Box plot show median values (solid horizontal line) interquartile range 

(box outline) and the minimum and maximum (whiskers). Sites start at 1, the most 

upstream site, and end at 10, the most downstream site. See Figure 2.8 for locations of 

sites (scale is the same for all sample times). Sampling times are of the form 09Aut = 

2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 12Sum = 2012 summer 

and 13Aut = 2013 autumn. 
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Murray cod was not collected in the autumn 2009, summer 2011 and autumn 2012 

sampling events (Figure 2.15). In summer 2012, a single fish was collected at site 7. 

In the autumn 2013 sampling the species was detected in low abundances at sites 6-9. 

Generalized linear modelling indicated that abundance of river Murray cod did not 

vary significantly with time (P>0.05) or site (P>0.05) (Table 2.2).  
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Figure 2.15. Box plots of CPUE (median abundance per electrofishing shot) of 

Murray by site and sample time in Coppabella Creek for the period autumn 2009 to 

autumn 2013. Box plot show median values (solid horizontal line) interquartile range 

(box outline) and the minimum and maximum (whiskers). Sites start at 1, the most 

upstream site, and end at 10, the most downstream site. See Figure 2.8 for locations of 

sites (scale is the same for all sample times). Sampling times are of the form 09Aut = 

2009 autumn, 11Sum = 2011 summer, 12Aut = 2012 autumn, 12Sum = 2012 summer 

and 13Aut = 2013 autumn.
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Multi-dimensional scaling ordination indicated (1) differences in the fish community 

above and below a barrier to alien fish passage between sites 4 and 5, and (2) changes 

in the fish community after flooding (Figure 2.16). Sites 1-4 (above the barrier) in 

autumn 2009 grouped closely in ordination space, and these were sites that had high 

abundances of southern pygmy perch and no introduced fish species. After flooding 

(Sum11-Aut13), sites 1-4 remained broadly grouped together: however, they shifted, 

indicating a change in the fish community. Sites below the barrier to alien fish 

passage (5-10) were broadly grouped together, indicating a similarity of the fish 

community, which is dominated by alien species. Results of the ANOSIM 

comparisons of the fish community showed significant differences in the fish 

community pre- vs post-flooding (R=0.461 P=0.001) and above vs. below the barrier 

to fish passage (R=0.689 P=0.001). 
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Figure 2.16. MDS ordination of fish community in Coppabella Creek, by site and 

sample date. Sites start at 1, the most upstream site, to 10, the most downstream site. 

In autumn 2009 there was a barrier to common carp movement between sites 6 and 7, 

this barrier was destroyed by the 2010 floods. There remains a barrier top the 

movement of common carp redfin perch and gambuisa between sites 4 and 5, see 

Figure 2.8. Sampling times are of the form Aut09 = 2009 autumn, Sum11 = 2011 

summer, Aut12 = 2012 autumn, Sum12 = 2012 summer and Aut13 = 2013 autumn. 
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There were considerable changes in the biomass of the fish community over time 

(Table 2.3). The most notable change was that of southern pygmy perch, which 

declined from 31.02% of the total fish biomass in autumn 2009 to 0.02% in autumn 

2013. Conversely, common carp biomass went from representing 67.54% in autumn 

2009 to 99.54% in summer 2012. Each of the post-flooding biomass estimates of 

common carp biomass was greater than 96%. This result occurred despite common 

carp not being recorded at the top 4 sites within the system. All of the other species, 

biomass estimates were negligible, and were less than 1% of the total biomass with 

the exception of brown trout in autumn 2012 were it represented 1.09% of the total 

biomass. 
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Figure 2.17. Total biomass of fish captured in Coppabella Creek between autumn 

2009 and autumn 2013 shown for each sampling period, by species.
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Table 2.3 Biomass in grams per species for each of the sample times and percentage contribution to the total biomass of fish captured in 

Coppabella Creek between autumn 2009 and autumn 2013. 

 

 Autumn 2009 Summer 2011 Autumn 2012 Summer 2012 Autumn 2013 Total 

Species Weight Percentage Weight Percentage Weight Percentage Weight  Percentage Weight  Percentage Weight Percentage 

Southern 
pygmy 
perch 13510.46 31.02 

19.06 

0.08 

57.51 

0.06 

36.27 

0.03 

19.46 

0.02 13642.76 3.25 
River 
blackfish  0 0.00 

0  
0.00 

490.47 
0.48 

277.61 
0.22 

438.62 
0.34 

1206.71 
0.29 

Mountain 
galaxias 2.33 0.01 

0.71 
0.00 

0  
0.00 

3.1 
0.00 

0  
0.00 

6.14 
0.00 

Murray 
cod 0 0.00 

0  
0.00 

0  
0.00 

138.46 
0.11 

165.26 
0.13 

303.71 
0.07 

Australian 
smelt 10.14 0.02 

0  
0.00 

1.4 
0.00 

0 
0.00 

45.06 
0.04 

56.6 
0.01 

Common 
carp 29414.78 67.54 

25116.13 
99.45 

99987.72 
97.67 

127305.98 
99.54 

126062.65 
98.18 

407887.25 
97.08 

Redfin 
perch 238.81 0.55 

116.13 
0.46 

523.22 
0.51 

106 
0.08 

1281.13 
1.00 

2265.28 
0.54 

Gambusia 39.41 0.09 2.28 0.01 0.75 0.00 0  0.00 9.51 0.01 51.95 0.01 
Goldfish 338.75 0.78  0 0.00 196.09 0.19 0  0.00 373.23 0.29 908.06 0.22 
Brown 
trout 0 0.00 

 0 
0.00 

1112.38 
1.09 

32.5 
0.03 

0  
0.00 

1144.88 
0.27 

Total 43554.68  25254.31  102369.53  127899.9  128394.91  420151.5  
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2.4.2. Rapid fish assessment  

 

Southern pygmy perch occupied 58% of the pools surveyed during 2009 (Gilligan 

et al., 2010), whereas none was found in pools surveyed in 2012 (Figure 2.18). 

 

 

Figure 2.18. Distribution of southern pygmy perch captured during the rapid fish 

assessment in 24-26 March 2009 and 6-9 June 2012. 
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2.4.3. Wetland fish surveys  

 

Fish were collected from only one of the eight wetlands sampled along the length of 

Coppabella/Jingellic Creek between 24 November 2011 and 16 January 2012, fish 

were collected from only one wetland. Twenty-six juvenile southern pygmy perch 

were collected from COP WL 1, on 19 December 2011, however, this wetland dried 

three weeks later.  

A total of 1909 fish was collected from the seven Murray River wetlands surveyed 

between 18 January 2012 and 16 February 2012 (Table 2.4).  The fish comprised two 

native species (Australian smelt and carp gudgeon) and four alien species (goldfish, 

common carp, gambusia and redfin perch). The fish communities in these wetlands 

were dominated by alien species, which constituted 83.2% of the individuals 

collected. The native fish present were almost entirely carp gudgeons, with the only 

other native fish captured being one Australian smelt. The bulk of the fish (78.8%) 

came from only two wetlands (SPP WL2 and SPP WL3). Another 11.8% came from 

SPP WL1, and the remaining 10% came from the final four wetlands. No southern 

pygmy perch were collected from any of the larger wetlands sampled along the 

Murray River below the confluence of Jingellic/Coppabella Creek.  
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Table 2.4. Total number of fish captured from the Murray River wetlands between 18 

January – 16 February 20112, refer to Figure 2.7 for site locations.  

 

  Species 

Wetland Site 

Gold 

fish 

Common 

carp Gambusia 

Carp 

gudgeon 

Redfin 

perch 

Aus. 

smelt Total 

SPP WL1 143   83       226 

SPP WL2 1  764 117 10 1 893 

SPP WL3 4 5 437 163   609 

SPP WL4 38 19   2  59 

SPP WL5   1 6 23 1  31 

SPP WL6 16 10 13 17   56 

SPP WL7 21 14     35 

Total 223 49 1303 320 13 1 1909 
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2.4.4. Water Quality 

 

The greatest variation in the water quality variables measured was between autumn 

2009 and all other sampling times. In autumn 2009, there was a large variation 

between sampling sites in the dissolved oxygen (2.83 - 12.17 mg.L-1), conductivity 

(0.1375 - 0.2845 mS.cm-1) and turbidity (14 - 477.5 NTU) (Figure 2.19). This 

variation may have been caused by the fact that, at the time of sampling, the creek 

was not flowing and was a series of disconnected pools that may have been influenced 

by local ground-water intrusion and localised algal blooms and impacts from stock 

access. Other than these anomalies, the remainder of the measurements showed only 

small variations, all of which would be considered within normal temporal and spatial 

variations.  
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Figure 2.19 Coppabella/Jingellic Creek water quality data, (a) temperature, (b) dissolved 
oxygen, (c) pH, (d) conductivity and (e) turbidity. Site 1 is the most upstream site, and 10 
the most downstream site. Note that data for sites 9 and 10 in 2009 were not available. 
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2.4.5. Changes in habitat 

The major flooding event that occurred in October 2010 caused extensive changes to 

the geomorphology of Coppabella Creek, with large scale-erosion, the reworking and 

mobilisation of bed-load and sediment, redistribution of large woody debris, damage 

and loss of many large riparian trees and most notably the extensive loss of aquatic 

macrophtyes, the primary habitat of southern pygmy perch.  

In autumn 2009, the top three sites on Coppabella Creek supported most types of 

macrophytes, except littoral grasses (Figure 2.20) whereas further downstream only 

rushes and sedges were common, although floating and submerged forms were found 

at some of the middle sites.  
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Figure 2.20. The presence of types of macrophytes at the 10 sites in the 
Coppabella Creek in autumn 2009.  
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In summer 2011, the submerged and floating macrophtyes were absent from all of 9 

upper sites along the length of Coppabella Creek, with only the floating form being 

found at site 10 (Figure 2.21). Rushes and sedges were found at all sites other than 

site 7, and some littoral grasses were found at the upper sites. 
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Figure 2.21. The presence of types of macrophytes at the 10 sites in the 
Coppabella Creek in summer 2011.  
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In autumn 2012, the submerged and floating macrophtyes were absent from all of 10 

sites along the length of Coppabella Creek, (Figure 2.22). Rushes and sedges were 

found at all sites other than site 7, and some littoral grasses were found at the upper 

and lower sites. 
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Figure 2.22. The presence of types of macrophytes at the 10 sites in the 
Coppabella Creek in autumn 2012.  
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In summer 2012,  floating macrophytes were found at sites 1 and 10, and submerged 

at site 2, all 10 sites contained rushes and sedges and littoral grasses were found at 

sites 6-9 (Figure 2.23). 

Figure 2.23. The presence of types of macrophytes at the 10 sites in the 
Coppabella Creek in summer 2012.  
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In autumn 2013, submerged macrophytes were found only at sites 1 and 3, floating 

macrophytes at sites 1, 4 and 10, rushes and sedges were found at all 10 sites and 

littoral grasses at all sites other than site 4 (Figure 2.24). 
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Figure 2.24. The presence of types of macrophytes at the 10 sites in the Coppabella 
Creek in autumn 2013.  
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Photographs show differences in macrophyte presence before (March 2009) and after 

(June 2011) flooding (Figure 2.25). Most notable is the loss of floating and 

submerged macrophtes, the primary habitat for southern pygmy perch. The change in 

land use from grazing to pine plantation can also be clearly seen  (Figure 2.25, a, b, 

c,d ). 

Figure 2.25. Examples in the changes in macrophyte abundance and stream 
geomorphology, (a,c,e,g) taken before flooding March 2009 (b,c,f,h) taken of the 
same sites after flooding June 2012. Photographs a and b were taken at site 3, c 
and d at site 2 and e,f,g and h at site 1. 

(a) 

(f) 
(e) 

(d) (c) 

(b) 

(g) 
(h) 
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2.5 Discussion   

The floods in the Coppabella Creek system in 2010/2012 had a devastating impact on 

the landscape, causing major alterations to the riparian vegetation, stream banks, 

stream substrate, and aquatic macrophytes. These major floods and subsequent 

flooding events were followed by significant changes in the fish community and 

species distributions. One of the most significant changes in the fish community was 

the dramatic reduction in the abundance and distribution of southern pygmy perch. 

Equally noteworthy was the increase in the abundance and distribution of common 

carp, which spread into new areas where it was not present before flooding. There was 

little, if any, recovery of the southern pygmy perch population in Coppabella Creek in 

the three years after flooding. Although there were certainly changes in the 

abundances of the other fish species in the system, these were, overall, not as dramatic 

as those of southern pygmy perch and common carp. What follows is a discussion of 

the potential reasons for the changes in the observed abundance and distribution of 

southern pygmy perch. 

 

In 2009, the sites with the lowest abundance of southern pygmy perch were those at 

the most downstream end of its range. At site 5, southern pygmy perch co-existed 

with redfin perch and at site 6 it co-existed with both redfin perch and gambusia. It is 

possible that the presence of redfin perch and gambusia affected the abundance and 

recruitment of southern pygmy perch at these sites. Several authors have shown that 

predation by redfin perch (Humphries, 1995; Woodward, 2005; Woodward & 

Malone, 2002) and interactions with gambusia (Lloyd, 1987; Lloyd & Walker, 1986) 

may affect the abundance of southern pygmy perch. However, during the 2009 

surveys, the presence of common carp below the barrier between sites 6 and 7 may 

have been most critical to the presence of southern pygmy perch, as none of the latter 

species was detected downstream of that barrier. Subsequent sampling events in 2011, 

2012 and 2013 did not detect any southern pygmy perch below the barrier between 

sites 4 and 5, where it previously existed prior to the flooding events and the 

colonisation of common carp. This point will be explored further in Chapter 4.    
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Major concerns for the security of the Coppabella Creek southern pygmy perch 

population were first raised during the millennium drought (1995-2009), following the 

cease to flow and drying of large sections of Coppabella Creek and  the desiccation of 

many thousands of fish. Several fish rescues were enacted to save fish from drying 

pools. However, despite this situation, further investigation by Gilligan et al. (2010) 

found that sufficient drought refugia were available to ensure the persistence of the 

remnant population during most drought periods. Gilligan et al. (2010) concluded 

that, although many individuals would perish as a number of shallow remnant pools 

dried, the population as a whole was not as vulnerable to drought as was previously 

thought.  Furthermore, Tonkin et al. (2008) showed that southern pygmy perch may 

increase spawning and recruitment during years of floodplain inundation and that 

flooding facilitates dispersal and re-colonisation. This is a common stratagem 

employed by species that inhabit floodplain environments (Winemiller et al., 2000).  

 

Given the above information, it might be conjectured that the flooding events of 2010 

and 2012 would have benefitted the Coppabella Creek southern pygmy perch 

population, and resulted in increases in its abundance and distribution. The results of 

this study show that this was not the case. Where southern pygmy perch occupy small 

upland stream habitats in highly altered catchments, such as the one in this study, 

large flood events can have a significant detrimental impact on the population, 

causing catastrophic declines. Furthermore, subsequent high-flow events, which 

occurred during the following breeding season, reduced spawning and recruitment 

opportunities and thus recovery of the population. Other studies have found similar 

declines in the abundance of southern pygmy perch and Yarra pygmy perch following 

an erosive flooding event (Woodward, 2005). These major flooding events may have 

resulted in the adults, larvae and eggs being washed downstream, causing mortalities 

and stranding fish or washing them into unsuitable habitats. Large flood events are 

well known to cause reduction in fish populations, particularly in young fish (Harvey, 

1987; Matthews et al., 1994; Resh et al., 1998). This phenomenon is of particular 

concern in New South Wales, where the only known remaining populations of 

southern pygmy perch are all found in similar small, upland tributaries, which are 

susceptible to such events. 
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Flooding as a mechanism for dispersal, however, may well be relevant in small upland 

systems, whose populations once formed source populations that survived during 

prolonged dry periods and then recolonise within-stream, down-stream and lowland 

floodplain habitats during floods or high-flow events(Cook et al., 2007; Tonkin et al., 

2008). Having said that, I did not find any evidence of the species being redistributed 

into floodplain wetlands further downstream along the Coppabella Creek system, or 

further along the Murray River. Furthermore, the wetland habitats that were surveyed 

as part of this study showed very little capacity to support southern pygmy perch. The 

systems were generally degraded, with little or no suitable habitat. They also often 

had poor water quality and were dominated by alien fish species. All of the wetlands 

studied have been significantly impacted by river regulation, had altered shoreline 

zones, reduced connectivity with the main channel, and experienced regular, 

prolonged drying events. 

 

The primary habitat of southern pygmy perch seems to be low-gradient rivers and 

creeks and floodplain habitats with slow flowing or still waters, which most 

commonly have little or no flow during summer (Kuiter et al., 1996; Unmack et al., 

2011; Unmack et al., 2013).  The Coppabella Creek population may, therefore, be a 

relict population, in sub-optimal habitat, at the extreme of the species range. This 

situation makes the population vulnerable to climatic extremes and other disturbances, 

such as alien species. Flooding events are unlikely to be beneficial for spawning and 

recruitment for upland stream populations of southern pygmy perch. Indeed, the 

species may benefit from low-flow conditions during breeding, as the chain of 

disconnected pools and extensive macrophyte growth provides good habitat for all life 

stages (Humphries, 1995). Furthermore, adults are known to be poor swimmers 

(Dexter et al., 2013). 

     

Climate- change modelling for south-eastern Australia predicts increases in the 

intensity of flood-producing rainfall events (Department of Environment, 2010), 

longer dry spells and reduced runoff (CSIRO & BOM, 2007). It is likely, therefore, 

that the already vulnerable populations of southern pygmy perch will face more 

frequent threats of increased intensity in the future. The majority of studies of climate-

change impacts on freshwater organisms have looked at either the impacts of lower 

rainfall, increased temperatures and reduced runoff within arid or semi-arid regions 
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where water availability is limited (Morrongiello et al., 2011; Pittock & Finlayson, 

2011), or the impacts of exceeding thermal tolerances in more northern latitudes, 

where water availability is currently not, and is unlikely to be, limiting (Buisson et al., 

2008; Graham & Harrod, 2009; McCullough et al., 2009). While the impacts of longer 

dry spells and reduced runoff will undoubtedly affect southern pygmy perch, the 

results of my study indicate that major storm events and flooding may be just as 

significant. These events have been linked to declines and extirpations of a variety of 

taxa, including river-dwelling amphibians (Barrett et al., 2010; Kupferberg et al., 

2012; Nickerson et al., 2007), pond breeding amphibians (Wojnowski, 2000), reptiles 

and arachnids (Schoener & Spiller, 2006; Schoener et al., 2004).  

 

My results clearly show that the Coppabella Creek population of southern pygmy 

perch was dramatically affected by extreme climatic events: in this case, flooding 

after a prolonged dry spell. My study also sounds a warning about the possible 

impacts on southern pygmy perch of the encroachment of common carp and 

potentially other introduced species, whose spread, at least in Coppabella Creek, 

seems to be facilitated by these extreme climatic events. These factors, coupled with 

changes to land use within the catchment, have the potential to increase the risk of 

extinction of southern pygmy perch in this system. It is therefore vital for us to gain 

increased knowledge of southern pygmy perch in regard to population sizes, structure 

and dynamics, and movement within Coppabella Creek and in the broader catchment. 

To do this we require reliable marking and identification techniques that are specific 

for small-bodied species and allow for the identification of groups, cohorts and 

individual fish. This will be the topic of the next chapter. 
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Chapter 3: Evaluation of two marking techniques for the 

threatened southern pygmy perch 
 

3.1 Introduction  
 

It has been widely reported that freshwater fish around the globe are experiencing 

significant declines (Dudgeon et al., 2006; Duncan & Lockwood, 2001; Jenkins, 

2003). Conservative estimates suggest that 20% of the world’s freshwater fishes are 

extinct or at risk (Moyle & Leidy, 1992). Small-bodied freshwater fish species have 

apparently suffered more than their large-bodied relatives (Olden et al., 2007; 

Reynolds et al., 2005). Australia is no exception, with the geographic range and 

abundance of many species having declined significantly since European settlement 

(Knight et al., 2012; Lintermans, 2013). Within Australia, a disproportionate number 

of threatened fish species are small fish with an adult size of less than 150 mm 

(Lintermans, 2013). Of the freshwater fish species listed under the Environment 

Protection and Biodiversity Conservation Act 1999 (EPBC Act 2013) and the 

Australian Society for Fish Biology (ASFB), 77.7% are small species (Lintermans, 

2013). Small fish are over-represented in the list of threatened Australian freshwater 

fishes as a whole, of which 63.4% are small (Froese & Pauly, 2015). Despite this 

situation, the bulk of the research and funding has been devoted to large species that 

are perceived as having greater economic and social importance (Ellis et al., 2013; 

Olden et al., 2007; Scharpf, 2001).  

 

The principal threats to small freshwater fish species are similar to those of larger 

species (Lintermans, 2013; Malmqvist & Rundle, 2002) and broadly are of seven 

kinds: habitat modification, altered flow regimes, water quality, barriers to movement, 

alien species, translocation and stocking and over-exploitation (Lintermans, 2013).  

But, because of relatively small geographic ranges, small population sizes, specialized 

habitat requirements, short life spans and low fecundity, small species may be at 

greater risk of extinction than their larger counterparts. 

 

The improved management of small, isolated populations of threatened small-bodied 

fishes is reliant on a greater understanding of the current extent of existing 
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populations, movement capabilities and patterns, and survival rates. To gain this 

information, it is essential that we can monitor and track fish and detect individuals in 

a non-lethal manner. The lack of established techniques available for the tagging and 

marking of small fish species can hinder study of certain aspects of a species’ ecology 

(Crook & White, 1995). Tagging or chemical marking can allow for the recognition of 

individual fish, batches of fish, and cohorts, and can provide information regarding 

stock identity, movements and migration, abundance, age, growth, mortality, 

behaviour and stocking success (Crook & White, 1995). The most commonly used 

marking methods include external tags, such as dart, anchor, spaghetti and Petersen 

disk tags (McFarlane et al., 1990), and passive integrated transponder (PIT) tags. The 

size and potential impacts of these tags renders them unsuitable for use with many 

small and delicate fish (Crook & White, 1995). However, the information gained from 

the tagging of fish is just as pertinent to small fish as it is to larger fish. Various 

marking techniques have been used in the past to mark small fish, including dyes 

(Hart & Pitcher, 1969), coded wire tags and visual implant tags (Crook & White, 

1995). Calcein dye is now one of the most widely used techniques to batch mark fish 

in Australia  (Cameron et al., 2011; Crook et al., 2009a; Crook et al., 2009b) and has 

great promise for use on small fishes. Visible implant elastomer tags (VIE) have been 

evaluated on a number of small freshwater fish, including common bully 

Gobiomorphus cotidianus and perch Perca fluviatilis (Goldsmith et al., 2003), blue 

gill Lepomis macrochirus (Dewey & Zigler, 1996), barbel Barbus barbus (Farooqi & 

Morgan, 1996), Colorado pikeminnow  Ptychocheilus lucius (Haines & Modde, 1996) 

and brown trout Salmo trutta (Olsen & Vøllestad, 2001).While the results of these 

studies have been favourable, VIE tags have not been evaluated on any members of 

the Percichthyidae family or other small Australian freshwater fish species. 

 

The aims of this chapter are to evaluate the suitability of two of the most promising 

marking techniques for small fishes - calcein and VIE tags - for southern pygmy 

perch, Nannoperca australis, by: (1) determining the impacts of each marking 

technique on survival and growth rates; and (2) determining the detectability of marks 

made with each technique. 
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3.2 Methods 

 

3.2.1 Brief review of previous uses of calcein and visible implant 

elastomer tags 

The use of osmotic induction marking with calcein (2,4-bis-[N,N’-di(carbomethyl)-

aminomethyl]fluorescein) has been gaining popularity in both North America 

(Frenkel et al., 2002; Logsdon & Pittman, 2012; Mohler, 2003; Negus & Tureson, 

2004)  and Australia in recent years (Baumgartner et al., 2012; Cameron et al., 2011; 

Crook et al., 2009b). It has been developed as a reliable marking technique for a range 

of commercially-produced species, including walleyes, Sander vitreus (Logsdon & 

Pittman, 2012), Atlantic salmon, Salmo salar (Mohler, 2003), Chinook salmon, 

Oncorhynchus tshawytscha (Negus & Tureson, 2004), and guppies, Poecilia 

reticulata (Bashey, 2004). More recently in Australia, techniques have been 

developed for Australian bass, Macquaria novemaculeata (Cameron et al., 2011), 

golden perch, Macquaria ambigua (Crook et al., 2009b) and Murray cod, 

Maccullochella peelii (Baumgartner et al., 2012). However, no information is 

available on the suitability of the technique for the use on a small, short-lived species, 

such as southern pygmy perch, Nannoperca australis.  Some preliminary trials 

conducted on Yarra pygmy perch (Nannoperca obscura), a very similar species, 

indicated high mortalities within a few hours of treatment (Zampatti pers. comm., 

2011).    

 

Visible implant elastomer (VIE) tags were developed by Northwest Marine 

Technology in the early 1990s, and have been used extensively since to mark many 

species of fish including rainbow trout, Oncorhychus mykiss (Leblanc & Noakes, 

2012), bluegills, Lepomis macrochirus (Dewey & Zigler, 1996), brown trout, Salmo 

trutta (Olsen & Vøllestad, 2001) and crappies, Pomoxis spp. (Fryda et al., 2007), as 

well as crustaceans (Davis et al., 2004; Godin et al., 1995; Jerry et al., 2001), 

amphibians (Anholt & Negovetic, 1998; Bailey, 2004; Davis & Ovaska, 2001) and 

reptiles (Calsbeek & Irschick, 2007; Penny et al., 2001; Waudby & Petit, 2011). The 

VIE system was developed to be used to batch mark; however, there is substantial 
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scope for the potential use of different colours, different tag locations and multiple 

tags to generate many different combinations, to allow for individual identification. 

For example, three tags, eight locations and seven colours were used to identify over 

4116 individual guppies, Poecilia reticulata (Bryant & Reznick, 2004).  And Jung et 

al (2000) used three colours and four body locations to create 255 individual codes in 

their study of salamanders, Plethodon cinerus.  

3.2.2 Study species  

 

Southern pygmy perch, Nannoperca australis, is a small freshwater fish in the family 

Percichthyidae, with a maximum size 85 mm, but is rarely more than  65 mm long 

(Allen et al., 2002; Kuiter et al., 1996; Lintermans, 2007). It occurs in the southern 

part of the Murray-Darling Basin, South-east coast of Victoria, South Australian Gulf, 

the north of Tasmania and King and Flinders Islands. Recent genetic studies suggest 

that there are two species within the southern pygmy perch: an eastern coastal species 

and a species in the Murray-Darling Basin and western coastal streams (Unmack et 

al., 2011). The Murray-Darling Basin form likely represents a separate subspecies 

(Unmack et al., 2011). Large-scale reductions in the range of this species have 

occurred since European settlement (McDowall, 1980). The species is listed as 

endangered in both South Australia and New South Wales (Hammer, 2002; West, 

2008).  

 

The fish used for the calcein experiments were hatchery-bred fish sourced from the 

Department of Primary Industries, Narrandera Fisheries Centre; the brood stock of 

which was sourced from Coppabella Creek (-35.73669S 147.72540E), a tributary of 

the Upper Murray River. The fish used were young-of-the-year fish, that were the size 

and age of fish that are currently being stocked into the wild by NSW Fisheries in an 

attempt to re-establish extirpated populations. The fish used for the VIE tagging 

experiments were larger, adult fish, 48-65 mm total length and 1.18-3.41 g in weight. 

These fish were rescued from drying pools in Coppabella Creek (-35.736692E 

147.725407S), during February 2009, then held in captivity at Tumut, until being 

moved to Charles Sturt University, Albury-Wodonga campus late in 2010.  
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3.2.3 Housing  

 

All fish were housed in a controlled temperature room at Charles Sturt University 

Albury-Wodonga campus. The fish were held in 45 L aquaria, with 10 and 4 fish per 

aquarium for the calcein and VIE experiments, respectively. Each experiment was set 

up with a separate re-circulating aquarium system, with the calcein system consisting 

of 27 aquaria and the VIE system consisting of 15 aquaria. Each system was plumbed 

to a 3-stage filtration system. All fish were fed a diet of frozen bloodworms daily for 

the duration of both of the experiments.  

 

3.2.4 Treatments  

Calcein experiments  

 

Calcein osmotic induction marking is a 2-step process:  1/ fish were immersed in 

hyperosmotic salt solution to cause their cells to dehydrate; and 2/ fish were immersed 

in the calcein solution. As the cells rehydrated in the calcein solution, they took up the 

calcein, which resulted in marking of calcified tissues. 

 

This experiment assessed the efficacy (mark intensity, fish growth and survival)  of 

calcein marking for southern pygmy perch in relation to: 1/ salt immersion time, 2/ 

calcein immersion time and 3/ calcein solution concentration (Table 1). Three 

solutions were used: a 5% saline solution and 0.5% and 1% calcein solutions. 

Solutions were prepared as described by Crook et al. (2009b) and Cameron et al. 

(2011).  

 

The 5% saline solution was prepared by dissolving 50 g of commercially available 

natural salt (Olsson fine grade sea salt) in 1 L of aquarium water. The 0.5% calcein 

solution was prepared by dissolving 5 g of calcein powder in 1 L of aquarium water, 

The 1% calcein solution was prepared by dissolving 10 g of calcein powder in 1 L of 

aquarium water. The addition of the calcein powder to aquarium water caused a 

significant decrease in the pH of the water. The pH was adjusted back to the original 

level by progressively adding 1.0 M sodium hydroxide (NaOH) solution, until the pH 
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returned to the original level. Each of the solutions was aerated with pure oxygen 

during the course of the experiments.   

 

Table 3.1.   Treatments used in the study of calcein marking for southern pygmy 

perch, showing different salt and calcein immersion times and calcein concentrations. 

Treatment Salt immersion 
time (min) 

Calcein 
concentration (% 
by volume) 

Calcein immersion 
time (min) 

1 2.5  0.5 5  

2 2.5 0.5 10  

3 2.5 1 5  

4 2.5 1 10  

5 5  0.5 5  

6 5 0.5 10  

7 5 1 5  

8 5 1 10  

Control 0 0 0 

 

The 10 fish from each aquarium were netted and weighed as a group and placed into a 

1 L plastic container with a fine-mesh bottom. This container was then immersed in 

the salt solution for either 2.5 or 5 min, allowed to drain, then immersed in the calcein 

solution of either 0.5% or 1% for either 5 or 10 min, Fish were then rinsed in 

aquarium water and returned to the aquarium from which they came. Control fish 

were subjected to the same process and were netted and placed into the same 1 L 

container and put through the 5 and 10 min process, but having the saline and calcein 

solutions replaced with pure aquarium water. This procedure was done to remove the 

bias that any potential handling impacts may have had. A fresh salt and calcein 

solution was made up for each treatment, to remove any impacts that the immersion of 

the fish may have had on the concentrations.  

 

The design was based on a 3 x 9 array, with each row equivalent to a replicate, and 

columns representing the order of treatment within a replicate. Blocking in two 

dimensions was used with spatial optimisation.  

 



 
 

75 

 

The fish were then maintained in the aquaria for a period of 141 days, with water from 

the same source, fed a daily ration of (~2 g per day per aquarium) of frozen 

bloodworms, and maintained at a constant temperature of 18-20 oC with a 12:12 h 

light : dark cycle.   

 

The fish were observed daily to detect any mortalities or poor health. Any deaths were 

recorded, and dead fish were immediately removed from the tank, weighed and 

frozen. After the 141 day period, all remaining fish were removed from the aquaria 

and weighed in the same manner as at the commencement of the experiment.  

 

Mean specific growth rate over the 141 days was estimated for all treatments by 

calculating the specific growth rate (Busacker et al., 1990), as: 

 

Where Y1 is the initial weight of the fish, Y2 is the final weight of the fish and t2 – t1 is 

the number of days during which growth occurred. 

 

Calcein marks were detected by three methods: 

1. Each treatment was viewed in a darkened room, through amber-filtered glasses 

with an ultra-violet torch used to fluoresce the marks. This procedure  was 

done to determine whether the marks could readily be determined by this 

simple method alone.   

2. Visual examination of head, otoliths and caudal fins via a dissecting 

microscope fitted with a GFP3 filter set. Photos to compare the fluorescence of 

the different treatments were taken (Figure 3.5).The fish were thawed and 

photographs taken of the head, caudal fin, otoliths and operculum of one fish 

from each replicate in a darkened room, using a fluorescence dissecting 

stereomicroscope (Model MZ16 F: Leica, Switzerland) linked to a digital 

camera (Infinity Capture 3.5.1; Lumernera Corp., Canada). The GFP3 filter set 

used  was a 470-nm excitation filter with 40-nm half bandwidth and 525-nm 

Specific growth rate = 100. ( loge Y2 – loge Y1 

t2 – t1 ) 
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band pass barrier filter with 50-nm half bandwidth. All photographs were 

taken under identical magnification, exposure times and camera settings, and 

paired with a control as a reference.  

3. Fluorescence was measured with an Opti-science GFPIII Fibre Optics based 

Filter Fluorometer.  The GFPIII Fluorometer was used to obtain the values 

given in the relative units of fluorescence known as ‘tics’ on all the fish. The 

GFPIII Fluorometer was used to assess the ability of the unit to correctly 

distinguish between calcein marked and unmarked fish.  

 

A total of six measurements per fish were taken from two locations: three readings 

from the ventro-posterior edge of the pre-operculum and three from the caudal fin. 

The readings were taken from three fish from each replicate, providing a total of 18 

readings per replicate. For each location and each fish, the highest reading for each 

location on the fish was used as the final fluorescence reading. Readings over 500 tics 

were considered a positive reading, as described in Crook et al. (2009).  Readings 

were obtained by placing the fibre optic probe directly on the selected location and 

taking the measurement. The probe was then removed and replaced between each 

reading. Readings that were above the output range of the GFPIII meter, classified as 

signal overload, were assigned the maximum signal limit of the unit (3000 tics). 
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 Visible Implant Elastomer Tagging 

 

Marking Procedure  

 

Visible implant elastomer (VIE) is a two-part silicon-based material that is mixed 

immediately prior to use. VIE tags are injected as a liquid that soon cures into a 

pliable, biocompatible solid. These tags are implanted beneath transparent or 

translucent tissue and remain externally visible.  

 

The VIE used was supplied by Northwest Marine Technologies (Shaw Island, 

Washington, USA). It was mixed and injected as outlined in the “Northwest Marine 

Technology, Visible Implant Elastomer Tag Project Manual” (2008).  

 

Three separate tag locations were chosen, as these sites were suggested as appropriate 

marking sites in Northwest Marine Technology, Tagging Small Fish with Visible 

Implant Elastomer (2006). Marking locations were the lateral edge of the caudal 

peduncle, parallel to the base of the dorsal fin and the proximal base of the anal fin 

(Figure 3.1) 
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Figure 3.1.  Tagging location for visible implant elastomer on southern pygmy perch 

(a) Dorsal, treatment 2 (b) Base of anal fin, treatment 3 (c) Caudal peduncle, treatment 

4. Tag is indicated in each case by a green arrow. Treatment 1 was the control and not 

shown. 

 

All fish were anaesthetised with Aqui-S (iso-eugenol) at a rate of 60 mg.L1 [as 

recommended by Barker et al. (2009)]. This treatment immoblized the fish and 

allowed them to be measured to the nearest mm and weighed to the nearest 0.01 g, 

and allowed accurate placement of the tags, using a 0.03 cc insulin syringe with a 29 g 

needle in a manual elastomer injector. Each fish was marked in one of the three 

locations or left unmarked as a control. Control fish were anaesthetised, measured and 

weighed in the same way as the marked fish to remove any handling bias. A single 

colour of VIE was injected under the skin at a shallow angle, and the elastomer was 

dispensed as the needle was withdrawn to leave a mark approximately 4-5 mm long. 

To prevent the elastomer trailing from the injection wound the flow was ceased before 

the needle was fully withdrawn and the wound was lightly wiped with tissue. One 

person carried out all marking to avoid any variation in mark application between 

personnel that may have influenced the trial results. A fish with each marking location 

and one control were then placed into each 45 L aquarium. The fish were held in the 

 

(a) 
 

(b) 

(c) 
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aquaria for a period of 216 days. They were re-measured and weighed after a period 

of 100 days and then again after the 216 days. All fish were held in the same water 

source, monitored daily for mortalities and tag retention. Any mortalities or tag loses 

were recorded, and dead fish were removed and frozen. Fish were fed a daily ration of 

frozen blood worms (~0.1 g per 4 fish). Response time to food was also recorded for 

three days prior to the fish being marked and then for the first eight days after the fish 

had been marked. Food response was used as an indicator of behavioural difference, 

between the marked and control fish. Fish were also observed daily for any 

abnormalities or health problems, along with the wounds associated with the needle 

insertion, and any infections were recorded.  

 

Survival and Growth 

 

The fish were observed daily to detect any mortalities, tag loss, tags protruding from 

injection site or wounds failing to heal. Deaths were recorded and dead fish were 

immediately removed from the tank, weighed, measured for length and frozen. After 

100 and 216 days, all fish were re-weighed and their lengths re-measured. 

 

Mean specific growth rates at both 100 and 216 days were estimated for all treatments 

by calculating the specific growth rate (Busacker et al., 1990), as was done for the 

calcein experiment above. 

 

Tag Detection  

 

VIE tags were detected visually under natural light. Where tags had either been 

rejected or could not be identified, fish were viewed under a UV light with amber 

glasses to fluoresce the tags and greatly enhance tag detection. 

 

Tags were recorded as either visible under natural light, visible under UV light or 

non-detectable. Any tag rejection was recorded, as was whether it was a complete or 

partial rejection, and whether any tag was still visible. 
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3.2.5 Statistical analysis 

All analysis was performed with R version 3.2.2, IBM SASS statistics version 20, and 

Microsoft Excell 2003 version 8.  

Calcein  

A three-way analysis of variance (ANOVA) was performed to test for differences in 

the specific growth rates among treatments. Chi-squared tests were performed to test 

for differences in the mortality rates and detection rates.  

VIE Tagging 

A mixed effects model (GLMER) was performed to test for differences in the specific 

growth rates among treatments at 100 and 216 days. Tank was included as a random 

factor, however it was not significant and was therefore it was removed from the 

analysis as it did not contribute anything to the model. Post Hoc Tukey multiple 

comparisons of means test were carried out to determine between which treatments 

the significant differences occurred. Chi-squared tests were performed to test for 

differences in mortality rates, tag detectability and tag retention rates. The level of 

significance for all tests was 0.05. 
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3.3 Results 

 

3.3.1 Calcein 

 

Treatment effects on behaviour and mortality 

  

Of the 270 fish used in the experiment three died and a further two jumped out of the 

aquaria during the experimental period. None of these deaths occurred during the 

marking procedure or within the 24h period thereafter. The first fish death – of a 

control fish - occurred 71 days after marking. The first death of a marked fish 

occurred 97 days after marking. No significant differences in mortality were detected 

among the treatment groups (Figure 3.2; χ
 2 = 7.74, df = 8, P> 0.05).  

 

The fish did, however, show signs of distress when immersed in the saline solutions, 

with some erratic swimming behaviour and loss of equilibrium and mobility. This loss 

of equilibrium continued while the fish were immersed in the calcein solution; 

however, they quickly recovered once returned to the aquarium.  

 

 

Figure 3.2. Number of dead (black bars) and alive (white bars) southern pygmy perch 

at 141 days after marking with calcein. 
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Treatment effect on specific growth rates 

Mean final weights ranged from 1.457-1.943 g and 1.781-1.985 g for calcein-marked 

and unmarked fish, respectively (Figure 3.3a). Mean specific growth rates ranged 

from 0.181- 0.385 and 0.308- 0.396 for calcein-marked and unmarked fish, 

respectively (Figure 3.3b). Salt immersion time had a slight significant effect on 

growth rates (ANOVA: F = 4.0989, d.f. = 2, P = 0.03413), with the 5 minute 

immersion time having a more significant effect (P = 0.00972) than the 2.5 minute 

immersion (P=0.03604). Fish in both the 2.5 minute and 5 minute immersion time 

treatments showed slower mean specific growth rates than fish in the control fish over 

the 141-day period. The mean final weights of the 2.5 min, 5 min and control fish 

where 1.75g (49% increase), 1.68g (47% increase) and 1.87g (60% increase), 

respectively.    

 

 

 

Figure 3.3. Mean (+SE) (a) final weights at 141 days and  (b) specific growth rates 

for southern pygmy perch at 141 days after marking with calcein. Pink bars = 5 min 

calcein immersion and blue bars = 10 min calcein immersion.  
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Table 3.2.   Results of factorial ANOVA examining the effects of salt immersion 
time, calcein immersion time and calcein concentration on growth rates.  
 

Factor d.f. Sum sq Mean sq F value P value

Salt time 2 0.015721 0.0078606 4.0989 0.03413

Calcein concentration 1 0.000204 0.002037 0.1062 0.74822

Calcein time 1 0.002536 0.0025358 1.3223 0.26523

Salt time x calcein concentration 1 0.00445 0.0044499 2.3204 0.14507

Salt time x calcein time 1 0.00944 0.009443 0.4924 0.49183

Calcein concentration x calcein time 1 0.00162 0.0001621 0.0845 0.77455

Salt time x calcen concentration x calcein time 1 0.004979 0.0049787 2.5961 0.12452
  

 

Treatment effects on detectability  
There was no difference in the detectability among treatments for the flourometer 

readings taken from the ventro-posterior edge of the pre-operculum (Figure 4a; χ 2 = 

12.226, df = 7, P>0.05). However, a significant difference was detected for readings 

taken from the caudal fin (Figure 3.4b; χ
 2 = 15.230, df = 7, P< 0.05), indicating that 

detection rates were not equal among the treatments.  

 

For the fluorometer readings taken from the ventro-posterior edge of the pre-

operculum, the marks were detected in 100% of the samples for treatments 1, 3, 4, 5, 

7 and 8. With the reading taken from the caudal fin only, 100% detection was 

recorded in treatments 3, 4, 7 and 8.  This higher detection rate for treatments 3, 4, 7 

and 8 is also shown in the photos taken under the stereomicroscope with the GFP3 

filter in place (Figure 3.5). This is particularly evident for treatments 4 and 8, which 

had the 10 min emersion time in the calcein 1% solution, They can clearly be seen to 

fluoresce more brightly than the other treatments (Figure 3.5b, f).    
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Figure 3.4. Calcein detection rates at 141 days after marking (for 28 fish in each 

treatment), for (a) ventro-posterior edge of the pre-operculum; and (b) caudal fin. 

Black bars = mark detected and white bars = mark not detected. Treatments; 1 = 2.5 

min salt 0.5% calcein 5 min, 2 = 2.5 min salt 0.5% calcein 10min, 3 = 2.5 min salt 1% 

calcein 5 min, 4 = 2.5 min salt 1% calcein 10 mins, 5 = 5 min salt 0.5% calcein 5 min, 

6 = 5 min salt 0.5% calcein 10 min, 7 = 5 min salt 1% calcein 5 min, 8 = 5 min salt  

1% calcein 10 min, 9 = control. 
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Figure 3.5.  Photographs taken of each treatment as numbered, (a) and (b) operculum, (c) and 
(d) whole otoliths, (e) and (f) caudal fins. Photographs on the left were taken under a 
stereomicroscope with unfiltered white light; photographs on the right taken with the GFP3 
filter set in place. Number in the photos identify treatments; 1 = 2.5 min salt 0.5% calcein 5 
min, 2 = 2.5 min salt 0.5% calcein 10min, 3 = 2.5 min salt 1% calcein 5 min, 4 = 2.5 min salt 
1% calcein 10 mins, 5 = 5 min salt 0.5% calcein 5 min, 6 = 5 min salt 0.5% calcein 10 min, 7 
= 5 min salt 1% calcein 5 min, 8 = 5 min salt  1% calcein 10 min, 9 = control. 
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3.3.2 VIE Tagging 

Treatment effects on mortality 

  

Very low mortality was observed during the first 100 days of the experiment, with 

only two fish dying during this period, both in treatment 3. A further four fish died 

during the next 116 days - three from treatment 2 and one from treatment 1 - making a 

total of six fish from 60 that died during the 216-day experimental period.  

 

No significant differences in mortality were detected among the treatment groups at 

either 100 or 216 days (χ2 = 6.2, df = 3, P> 0.05; χ2 = 3.7, df = 3, P> 0.05).   

 

Figure 3.6. Mortality rates for southern pygmy perch under the four treatments 

(dorsal anal and caudal tagging locations) at (a) 100 and (b) 216 days. Black bars = 

deaths and white bars = survival. 

Treatments 

N
um

be
r 

of
 fi

sh
 

Control Dorsal Anal Caudal 

(b) 

0 
2 
4 
6 
8 

10 
12 
14 
16 

(a) 

0 
2 
4 
6 
8 

10 
12 
14 
16 



 
 

87 

Table 3.3.   Results of factorial ANOVA examining the effects of time, mark location 
on the growth rates for length and weight.  
 

Factor d.f. Sum sq Mean sq F value P value 

Time 1 0.52128 0.52128 144.7148 < 2e-16

Mark location 3 0.04014 0.01338 3.7145 0.01375

Time x mark location 3 0.01752 0.00584 1.3211 0.18872

Time 1 0.250073 0.250073 128.8531 < 2e-16

Mark location 3 0.010103 0.003368 1.7352 0.1646

Time x mark location 3 0.005176 0.001725 0.8891 0.4496

Weight

Length

 
 

Treatment effects on specific growth rate. 

 Highly significant difference were found over the two sample times for both length 

(ANOVA: F = 144.7148, df = 1, P = < 2e-16) and weight (ANOVA: F = 128.8531, df 

= 1, P = <2e-16). No significant differences were found among treatments for specific 

growth rates for weight (ANOVA: F = 1.7352, df = 3, P = 0.1646). However, there 

was a slight significant difference detected in length among treatments (ANVOA: F= 

3.7145, df = 3, P = 0.01375). A Tukey multiple comparisons of means test showed 

that treatment 1 (control) and treatment 2 (dorsal tag) were significantly different 

from each other (P = 0.0086530)  
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Figure 3.7. Specific growth rate of southern pygmy perch % for length (a) and weight 

(b). 

Treatment effects on detectability  

 

A significant difference in detectability for the different tag locations was found for 

100 days (Figure 3.8; χ 2 = 14.566, df = 2, P< 0.05). Treatment 4 (caudal peduncle 

tag) was able to be detected with the naked eye in 100% of the fish, compared with 

80% and 53% for Treatments 3 and 2, respectively. However, this difference did not 

continue with the 216 day results, with no significant differences being detected 

among the treatments (χ 2 = 9.236, df = 2, P> 0.05). 
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A similar pattern was observed with the tag retention rates, with a significant (Figure 

3.9) difference being detected among the treatments for the 100 days ( χ 2 = 13.016, df 

= 2, P< 0.05). All of the tags were retained in both Treatments 3 and 4, but only 60% 

were retained in Treatment 2. Tag retention rates at the 216 day were 93%, 69% and 

14% for Treatments 4, 3 and 2, respectively. However, these differences in retention 

rates were not significant (χ 2 = 5.479, df = 2, P> 0.05).  

 

The tag rejection in some of the fish was a staged process, with the tag first appearing 

to protrude from the injection site, then part or all of the tag being rejected (Figure 

3.10). In some instances, the injection site then became infected. For one fish, the 

entire tag location became infected, and the fish subsequently died 28 days after the 

216-day experimental period. 

 

 

 

Dorsal Anal Caudal

(b)

Treatments

N
um

be
r 

of
 fi

sh

0

2

4

6

8

10

12

14

16
Visible 

Partially visible

Not visible

Visible under UV

(a)

0

2

4

6

8
10

12

14

16

Dorsal Anal Caudal

(b)

Treatments

N
um

be
r 

of
 fi

sh

0

2

4

6

8

10

12

14

16
Visible 

Partially visible

Not visible

Visible under UV

Visible 

Partially visible

Not visible

Visible under UV

(a)

0

2

4

6

8
10

12

14

16

 

Figure 3.8. VIE tag detectability at three locations on southern pygmy perch after (a) 

100 days and (b) 216 days. 



 
 

90 

Dorsal Anal Caudal
0

2

4

6

8
10

12

14

16

N
um

be
r 

of
 fi

sh

(b)

Treatments

0

2

4

6

8
10

12

14

16

(a)

0

2

4

6

8
10

12

14

16

Dorsal Anal Caudal
0

2

4

6

8
10

12

14

16

N
um

be
r 

of
 fi

sh

(b)

Treatments

0

2

4

6

8
10

12

14

16

(a)

0

2

4

6

8
10

12

14

16

 

Figure 3.9. VIE tag retention at three locations on southern pygmy perch after (a) 100 

days and (b) 216 days. White bars = tags retained and black bars = tags rejected. 
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(b) 

 
(a) 

 
(c)  

(d) 

 
(e) 

 
(f) 

Figure 3.10.  Photographs taken of the same VIE tagged fish, (a) tag protruding 2 days after 
injection; (b) protruding tag removed; (c) 100 days after tagging, tag completely rejected and 
wound not healed; (d) and (e) 216 days infection has spread to entire tag site; and (f) fish died 
28 days after the experiment, 244 days after tagging. 
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3.4 Discussion 

The results of the marking experiments using calcein and VIE tags showed that both 

methods provide viable marking techniques for southern pygmy perch. No significant 

impacts on mortality or growth rates were found for either method relative to controls. 

There were, however, issues associated with both the detectability and retention of the 

VIE tags in particular locations on the fish, and differences in the mark strength and 

detectability of the calcein-marked fish among treatments. I will now discuss the 

results of the experiments for each method separately in more detail.  

  

3.4.1 Calcein 

 

The present chapter demonstrated that immersion of southern pygmy perch in a 5% 

salt solution for either 2.5 or 5 min, followed by immersion in a calcein solution of 

either 0.5 or 1%, for either 5 or 10 min, can produce fluorescent marks on juvenile 

southern pygmy perch. This study also demonstrated that calcein marking had no 

detectable effect on the survival of southern pygmy perch over the 141-day period of 

the experiment. Despite the fish showing obvious signs of distress during the marking 

procedure, calcein concentration, and calcein immersion time had no detectable 

significant effects on either mortality or growth rates, however, salt immersion time 

had slight significant negative effect on growth rates, with the 5 minute immersion 

time having a greater impact on the growth rate than the 2.5 minute immersion time. 

The reasons for these reduced growth rates are unclear, and, in contrast to the results 

found in other studies. For example Crook et al. (2009b) noted an increase in the 

growth rate of golden perch subjected to similar calcein treatment, relative to controls. 

And Cameron et al. (2011) and Westergaard (2013) recorded no changes in growth 

rates of calcein-marked  Yarra pygmy perch and Australian bass relative to controls. 

 

Mortality rates were very low during the experimental period, which suggests that the 

handling, exposure to salt and calcein, and combinations of these factors, had no 

short-term negative effects on the mortality of southern pygmy perch, a similar 

finding to the results of previous studies on other species (Cameron et al., 2011; 
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Crook et al., 2009b; Leips et al., 2001). The differences in the growth rates of the 

calcein-marked and un-marked fish suggests that the marking salt immersion 

component of the procedure may inhibit the post-marking growth of southern pygmy 

perch over the period of the study. Further research is required to determine the effect 

of salt immersion on the growth rates of southern pygmy perch, and if the reduced 

growth rates seen in this study where linked to the calcein treatment that followed or 

caused by the salty immersion alone. Further research is also required to determine if 

sufficiently detectable marks can be achieved without the need for osmotic induction 

and the associated salt immersion.   

 

Despite there being no significant differences in the detectability of the treatments for 

the fluorometer readings taken from the ventro-posterior edge of the pre-operculum, it 

is worth noting that treatments 2 and 6 did not have a 100% detection rate. It is also 

worth pointing out that the only treatments that had a 100% detection rate for the 

fluorometer readings taken from the caudal fin were treatments 3, 4, 7 and 8: all 

treatments with the higher (1%) concentration of calcein. This pattern can also be 

clearly seen in the photographs taken of the operculum and the caudal fin, particularly 

with treatments 4 and 8, which had visibly higher fluorescence. This result is in line 

with previous studies that have shown that higher concentrations of calcein tend to 

produce more intense marks (Crook et al., 2009a; Crook et al., 2009b; Mohler, 1997; 

Smith et al., 2010). The results also suggest that a lower calcein concentration may 

not produce a mark that is detectable 100% of the time, even when the reading is 

taken from the ventro-posterior edge of the pre-operculum, as suggested by Crook et 

al. (2009), for readings taken with an Opti-science GFPIII Fibre Optics based Filter 

Fluorometer at 141 days. The immersion time in both the salt and calcein solutions 

appeared to have no effect on the detectability of the calcein mark in either the pre-

operculum or caudal fin readings. However, given that it has been shown by other 

authors that calcein marks can fade over time (Leips et al., 2001), and with exposure 

to high temperatures and sunlight (Bashey, 2004), further investigation is required to 

determine the longevity of the marks under field conditions. 
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3.4.2 VIE Tagging 

 

The present chapter also demonstrated that VIE tags are a suitable way to mark and 

follow individual or cohorts of southern pygmy perch in the short to medium term. 

However, the placement of the tags proved to be problematic, with the different 

locations impacting on tag retention and, therefore, detectability. From these results, I 

would recommend that only the caudal peduncle be used as the tag location for 

southern pygmy perch and similar small species, as the other two locations tagged in 

this study both showed significant tag losses and hence poor detectability. The 

differences in tag retention may have been due to factors associated with the skill 

level of the tagger, as this has been highlighted as important (Frederick, 1997). 

However, this is unlikely, as all of the tags were injected by the same operator (L. 

Pearce) who tagged 100+ juvenile golden perch and Murray cod before conducting 

this study. Therefore, it appears that there are problems with the suitability of both the 

dorsal and above the anal fin as locations to insert VIE tags in southern pygmy perch.  

 

Why the tags were rejected at higher rates from the dorsal and anal fin regions is 

unclear, as these locations are apparently suitable for the marking of other species of 

fish (Buckley et al., 1994; Dewey & Zigler, 1996; Frederick, 1997; Olsen & 

Vøllestad, 2001). However, some authors have found VIE tags to be rejected or 

unable to be detected in some body locations in other species of fish, particularly over 

longer periods. (Dewey & Zigler, 1996; FitzGerald et al., 2004). FitzGerald et al. 

(2004) reported that this problem may be related to a fish size threshold, length of 

time after tagging or a combination of both factors. 

 

The present study is the first to validate the use of such methodology for a small 

threatened member of the Percichthyidae under laboratory conditions. I would 

recommend the use of VIE tags - tagging in the caudal peduncle area - for individual 

or cohort identification. The other locations used in this study had significant 

problems with tag retention and detection. This method still provides for the 

identification of a number of individuals or cohorts by the use of various colours, and 

by using both sides of the fish. It may also be possible to use more than one colour 
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and tag on the caudal peduncle of an individual, although this approach would require 

further examination.  

Conclusions 

 

In summary, I found that the use of VIE and calcein are potentially valuable tools in 

the research and management of southern pygmy perch and potentially other small 

threatened fish species. They are effective and practical techniques that will be useful 

for short- to medium-term studies including mark-recapture, movement, distribution 

and stocking assessment studies. However, further research is needed to provide 

information on the retention rate of both marking techniques under field conditions, as 

well as other possible VIE tagging locations and/or multiple tags.  

 

Originally, these techniques were going to be used to monitor southern pygmy perch 

populations within Coppabella Creek to gain a greater understanding of population 

sizes, distribution, and movements being undertaken within the system during the 

drying and wetting phases the creek was experiencing. At the commencement of the 

study, the creek was experiencing an extended period of exceptional dry weather, with 

record low inflows, and regular cease to flow periods each summer reducing to a 

series of disconnected pools. It was thought that, once flow returned, southern pygmy 

perch would repopulate previously dry sections of the creek quite quickly. I had 

hoped to use these marking techniques to determine the distances travelled by the 

southern pygmy perch to recolonise these previously dry sections of the creek, to gain 

a greater understanding of the movement strategies and capabilities of southern 

pygmy perch within a small creek system. Unfortunately, the extreme flooding events 

described in Chapter 2 occurred before these experiments could be undertaken, with 

the southern pygmy perch population within Coppabella Creek suffering severe 

declines, to the point where there were not enough fish to allow robust, rigorous 

marking experiments.  Instead, I decided to investigate more broadly the relationship 

between alien fish species and the abundance and distribution of southern pygmy 

perch in several creeks where the species remains in southern NSW. 
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Chapter 4: Patterns in abundance of southern pygmy 

perch and alien fish species in three New South Wales 

creeks  

4.1 Introduction 

Freshwater ecosystems may well be some of the most degraded ecosystems 

worldwide (Dudgeon et al., 2006; Duncan & Lockwood, 2001; Malmqvist & Rundle, 

2002). This situation is also the case in Australia, and particularly in the Murray-

Darling Basin (MDB). Native fish numbers in the MDB are estimated at 10% of pre-

European levels, and more than half of the native species are recognised as either rare 

or threatened (Koehn & Lintermans, 2012). Much research, conservation and 

management focuses on large, recreationally or commercially important species 

(Dudgeon et al., 2006). Smaller species, which are either largely unknown to the 

broader community or have little perceived value, often attract little or no attention 

(Olden et al., 2007). Conversely, these smaller species are typically more prone to 

extinction than larger species (Angermeier, 1995; Olden et al., 2007; Shaw, 2014). 

 

The Percichthyidae (pygmy perches) is a family of freshwater fishes that includes 

some of the most threatened species in Australia (Hammer, 2001, 2002). The group 

comprises seven described species, six of which have some form of threatened status 

(ASFB, 2010; Hammer et al., 2009; Knight et al., 2012; Morris et al., 2001; West, 

2008). Five of the species are recognised as nationally threatened: Yarra pygmy perch 

(Nannoperca obscura), variegated pygmy perch (N. variegata), Oxleyan pygmy perch 

(N. oxleyana), Balston’s pygmy perch (N. balstoni) and the little pygmy perch (N. 

pygmaea). Three are listed on the IUCN Red List of Threatened Animals, since 2000 

(Yarra pygmy perch, variegated pygmy perch and Oxleyan pygmy perch) (IUCN, 

2014). Four are listed under various State legislation: Yarra pygmy perch and 

variegated pygmy perch are listed as threatened in both Victoria and South Australia; 

Oxleyan pygmy perch is listed within New South Wales (NSW) and Queensland; and 

southern pygmy perch (N. australis) is listed in NSW, South Australia and Victoria. 

The final species, western pygmy perch (N. vittata), has no formal threatened status, 

and is still considered to be widespread and locally abundant (Morgan et al., 1998). 
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Southern pygmy perch, the subject of this study, is a small endemic species of south-

eastern Australia, occurring in NSW, Victoria, Tasmania and South Australia (Kuiter 

et al., 1996). As for other pygmy perch species, southern pygmy perch, has undergone 

significant declines in both abundance and distribution, and it is now listed as 

endangered in NSW and vulnerable in Victoria. As for many small threatened fish 

species, a long list of threats have been blamed for the decline of southern pygmy 

perch: habitat degradation, including loss of aquatic and riparian vegetation; 

alienation of floodplain habitats by flood mitigation works such as construction of 

regulators and levees; river regulation, leading to altered wetting and drying regimes 

in wetlands; cold-water pollution, interrupting natural breeding cycles; predation by, 

and competition with, alien fish species, such as redfin perch (Perca fluviatilis) and 

eastern gambusia (Gambusia holbrooki) (DPI, 2014). Predation by redfin perch and 

brown trout (Perca fluviatilis and Salmo trutta) has been suggested as a possible cause 

for decline of southern pygmy perch (Cadwallader, 1979; Hammer, 2002; Humphries, 

1995; Wager & Jackson, 1993; Woodward, 2005; Woodward & Malone, 2002). 

While there is little doubt that all of the above threats have contributed to the decline 

of southern pygmy perch, very little research has attempted to quantify these threats 

and determine the mechanisms involved. This deficiency is especially true for the 

impacts of alien species.  

 

The overall aim of this chapter was to investigate the impacts that alien fish species 

(common carp (Cyprinus carpio), redfin perch  (Perca fluviatilis) and gambusia 

(Gambusia holbrooki)) are having on the abundance and distribution of southern 

pygmy perch in the remaining three populations of this species within NSW.  

The specific aims were to: 

1. Describe the distribution and abundance of fish species in the Coppabella, 

Blakney and upper Billabong Creek systems, where southern pygmy perch are 

known to persist within NSW; 

2. Relate the abundance of alien species to the distribution and abundance of 

southern pygmy perch; and 

3. Evaluate the findings in relation to the future management and conservation of 

southern pygmy perch. 
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4.2 Methods  

4.2.1 Study areas 

 

The study areas are located within the Murray-Darling Basin in south-eastern New 

South Wales. They include are four streams: Coppabella Creek a tributary of the 

Murray River; Blakney Creek a tributary of the Lachlan River; and Mountain and 

Spring creeks, both tributaries of Billabong Creek, which is a tributary of the Murray 

River (Figure 4.1). All of these streams are small, unregulated systems, located in the 

upper parts of their respective catchments.   

 

 

 

Figure 4.1. Geographic location of each of the stream used in this study: Blakney 

Creek, Coppabella Creek, Mountain Creek and Spring Creek. 
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4.2.2 Coppabella Creek 

The Coppabella Creek catchment lies within southern New South Wales due west of 

the township of Tumbarumba. Coppabella Creek is a small (38 km long) tributary of 

the upper Murray River with a catchment area of 390 square km. Coppabella Creek 

originates to the west of the small township of Rosewood at an altitude of 650 m. 

From there it flows in a southerly direction until it meets the Jingellic Creek, which 

continues until its confluence with the upper Murray River, south-west of the 

township of Jingellic at an altitude of 213 m. Ten sites were established along the 

length of Coppabella/Jingelic Creeks (Figure 4.2) Sites were dispersed at roughly 

equal distances along the length of the stream. These 10 sites where sampled between 

the dates; 3-8 April 2009, 7-16 December 2011, 13-20 April 2012, 30 November-6 

December 2012 and 4-10 April 2013. For further details on Coppabella Creek, refer to 

Chapter 2. 
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Figure 4.2. Location of Coppabella Creek in southern New South Wales, showing the 

location of the 10 sampling sites. 
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4.2.3 Upper Billabong Creek catchment (Mountain and 

Spring Creeks) 

 

Mountain and Spring creeks lie within southern NSW, south east of the township of 

Holbrook, both being upper tributaries of Billabong Creek. Both streams commence 

within Woomargama National Park, flowing north-west into Billabong Creek (Spring 

Creek via Yarra Yarra Creek). Both are relatively short systems:  Spring Creek is 20 

km in length and has a catchment area of 87 km2 and Mountain Creek has a length of 

51 km and catchment area of 300 km2. Apart from the very upper reaches of each 

system within the Woomargama National Park, both streams drain mostly cleared 

mixed farm land, supporting grazing and dry-land cropping. The landscape is highly 

modified, with little remaining native vegetation, particularly riparian vegetation.  

Both streams commence at an elevation of just under 600 m, with Spring Creek 

terminating at 288 m and Mountain Creek 234  m. Nine sites were surveyed along the 

length of Mountain and Spring creeks (Figures 4.3 and 4.4). Sites were dispersed a 

roughly equidistance along the length of the stream.  Mountain Creek was surveyed 

from 29 to 31 January 2013 and Spring Creek from 26 September to 3 October 2012 

and 19 March to 4 April 2013.  
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Figure 4.3. Location of Mountain Creek in southern New South Wales , showing the 

9 survey sites. 
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Figure 4.4. Location of Spring Creek in southern New South Wales, showing the 9 

survey sites. 
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4.2.4 Blakney Creek 

 

Blakney Creek is a small tributary of the upper Lachlan River north-east of the 

township of Yass (Figure 4.5). It is approximately 35 km in length, flows in a north-

easterly direction before flowing into the Lachlan River, and has a catchment area of 

261 km2. It drains mostly cleared mixed farm land, supporting grazing and dry-land 

cropping. The landscape is highly modified, with little remaining native vegetation, 

particularly riparian vegetation. There are, however, good growths of submerged and 

emergent macrophytes along the upper and mid sections of the creek. Fourteen sites 

were surveyed along the length of Blakney Creek (Figure 4.5). Sites were dispersed a 

roughly equidistance along the length of the stream. Blakney Creek was surveyed on 

two separate occasions: from 3 to13 February 2009 (Chain of Ponds Junctions was not 

surveyed in 2009 and data from 22 February 2007 were substituted) and 20 to 31 May 

2013.   
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Figure 4.5. Location of Blakney Creek in southern New South Wales showing the 14 

sites surveyed. 
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4.3 Methods 

 

4.3.1 Fish sampling methods  

 

Ten survey sites were sampled on Coppabella Creek, nine on Spring Creek, nine on 

Mountain Creek and 14 on Blakney Creek. Fish sampling was carried out with a 

combination of backpack electrofishing and unbaited traps as developed for the 

Sustainable Rivers Audit (SRA) (Davies et al., 2008). (Davies et al., 2008). These are 

based on eight standardised 150 sec backpack electrofishing shots. Each operation 

was undertaken using intermittent electrofishing, with the backpack used to fish all 

areas accessible to the stationary operators (1.5-2 m radius). Following electrofishing 

of that area, the operators moved ~ 3 m and repeated the process. The operators 

progressed in a zigzag fashion in an upstream direction. All electrofishing was 

conducted with either a Smith-Root LR24 or LR20 electrofisher unit. The setting on 

the units where varied to account for changes in the water conductivity,  frequency 

was maintained at 120Hz, duty cycle was varied between 12-25% and the voltage 

varied between 200-400 volts depending on conditions. Immobilised fish were 

collected with a dip-net with a 380 mm x 320 mm opening and 3 mm mesh. In 

addition to electrofishing, 10 un-baited concertina-style bait traps (450 x 250 x 250 

mm with a 2 mm mesh size and a 40 mm opening), were set for a minimum of two 

hours. Captured individuals were identified, counted, measured (to the nearest 1 mm) 

and observed for externally visible parasites, wounds or diseases before being 

released.  

 

Water quality data were also collected for each site, including temperature (°C), 

dissolved oxygen (mg.L-1), pH, conductivity (mS.cm-1), and turbidity (NTU). These 

variables were recorded with a Horiba U10 water quality meter for the 2009 survey 

and a Horiba U52 for the subsequent surveys (Horiba Instruments Inc., Irvine, CA, 

USA). Additionally, a range of habitat descriptors were recorded during each 

electrofishing operation, including flow, substratum, habitat structure, riparian and 
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instream vegetation, stream width and depth (Appendix 1 shows an example of the 

data sheets used). 

The sites in Coppabella Creek sampled in 2009 and the Blakney Creek sites were 

sampled as part of other projects which I was involved in, but I did not collect the data 

myself. My role in these of these projects was research design, project supervision, 

research and field sampling oversight and data analysis and interpretation. These data 

were supplied from the Fisheries NSW Freshwater Fish Research Database, with 

permission of (D. Gilligan, pers. comm. 7 Nov 2014). All of the samples were 

collected with the methods outlined above.  

4.3.2 Biomass  

 

Biomass estimates were calculated for all fish, where individuals were captured and 

their length not measured, an average length from the fish captured was used to 

estimate biomass. Individual fish weights and overall biomass estimates were 

calculated from length-weight relationships of each species, based on samples 

collected by fisheries research agencies in south-eastern Australia (MDBC, 2004):  

 

Log10 W = slope *Log10 SL 

 

Where W = weight and SL= standard length. 

 

If more than 50 individuals were captured during a single operation, only the lengths 

of the first 50 individuals were measured, and the remainder were counted. When this 

occurred, for the purpose of biomass estimates, the mean length of all measured fish 

was assigned to individuals that were not measured.    

 

4.3.3 Data analysis  

 

The survey results from all the years and all of the sites were analysed together in a 

Generalised Linear Model, and used to investigate the relationships between the 

presence/absence of southern pygmy perch and: year and creek (as random factors), 

site as a fixed factor and water quality variables (temperature, turbidity and dissolved 
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oxygen) and abundances of alien fish species as covariates. Initially, all variables 

were included in the model, and subsequently, only those variables that made 

significant contributions to the model were kept. The survey results were also 

analysed with the exclusion of the results from Coppabella Creek, to remove any 

influence the large flooding events experienced within that system may have had on 

the results. All analyses were carried out in R 3.0.1 (2013-05-16) with the GLM 

procedure and a binomial (logit) family of distribution. Residual deviances confirmed 

the appropriateness of the binomial distribution. 

 

Due to very low catch rates from the bait trap sampling, only data from electro-fishing 

was used in the GLM analysis, bait trap data was only used for the biomass estimates 

and length frequency’s. 

Length frequency results for southern pygmy perch that coexisted at the same 

locations as; redfin perch, carp and without alien species were compared using two-

sample Kolmogorov-Smirnov test carried out in R 3.0.1 (2013-05-16), for the pooled 

data across all creek and all sample times and each creek individually, besides 

Blakney Creek as the sample size was too small. 
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4.4 Results 

4.4.1 General results 

 

A total of 42 sites from four creeks was sampled over 10 sampling periods. 

Standardised sampling yielded a catch of 5040 fish, and an estimated additional 1065 

individuals were observed but not collected (Table 4.1). In total, 13 species of fish 

were collected. These included seven native species and six alien species. Southern 

pygmy perch made up 51.5% and common carp 6.85% of the number of individuals 

captured, and 2.98% and 93.07% of the total biomass, respectively.  

 

Table 4.1. CPUE, percent CPUE and percent biomass estimates of all fish recorded 

from Coppabella Creek, Spring Creek, Mountain Creek and Blakney Creek over all 

sample times. Numbers of fish observed but not collected are in parentheses. 

 

 

Species Total catch % Catch % biomass
Southern pygmy perch 2596  (403) 51.5 2.98
River blackfish 205    (37) 4.07 1.19
Mountain galaxias 35      (8) 0.69 0.01
Murray cod 9 0.18 0.06
Smelt 166    (21) 3.29 0.03
Carp gudgeon 414     (2) 8.21 0.07
Flat-headed gudgeon 27 0.54 0.03
Common carp 345  (178) 6.85 93.07
Redfin 119    (77) 2.36 0.9
Gambusia 1021 (335) 20.26 0.03
Goldfish 94     (2) 1.87 1.42
Brown trout 9 (1) 0.18 0.21

Total 5040 (1064)
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Coppabella Creek 

 

For total CPUE, percent CPUE and percentage of biomass estimates of fish recorded 

at the 10 survey sites in Coppabella Creek for each of the 5 sampling periods, refer to 

table 2.1 and description in section 2.5.1 in Chapter 2. 

 

Mountain Creek 

Standardised sampling yielded a catch of 123 fish, and an estimated additional 36 

individuals were observed but not collected (Table 4.2). Five species of fish were 

collected. They included two native species and three alien species. Southern pygmy 

perch made up 23.46% and common carp 45.68% of the number of individuals 

captured, and 1.06% and 93.13% of the biomass, respectively.  

 

Table 4.2. CPUE, percent CPUE and percent biomass estimates of fish recorded at 

the 9 survey sites along Mountain Creek. Values in parentheses are the number of fish 

that were observed but not captured. 

 

Species Total catch% Catch % Biomass

Southern pygmy perch 35 (4) 23.46 1.06
River blackfish 19 14.2 3
Mountain galaxias 0 
Murray cod 0 
Smelt 0 
Carp gudgeon 0 
Flat-headed gudgeon 0 
Common carp 42 (32) 45.68 93.13
Redfin 1 0.62 0.03
Gambusia 0 
Goldfish 26 16.05 2.78
Brown trout 0 

Total 123 (36)

2013 
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Spring Creek 

A total of nine sites along the length of Spring Creek was sampled twice, in spring 

2012 and autumn 2013. Standardised sampling yielded a catch of 717 fish, and an 

estimated additional 36 individuals were observed but not collected (Table 4.3). In 

total, six species of fish were collected. They included two native species and four  

alien species. Southern pygmy perch made up 15.98% and common carp 1.29 % of 

the number of individuals captured, and 8.15% and 59.38% of the total biomass, 

respectively.  
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Table 4.3. Total CPUE, percent CPUE and percent biomass estimates of fish recorded at the 9 survey sites in Spring Creek for the two sampling 

periods. Values in parentheses are the number of fish that were observed but not captured. 

 

 Species Total catch % Catch % Biomass Total catch % Catch % BiomassTotal catch % Catch% Biomass

Southern pygmy perch 48 (4) 22.51 11.01 68 (4) 13.21 6.75 116 (8) 15.98 8.15
River blackfish 55 (20) 32.47 32.04 64 (3) 17.25 12.41 119 (23) 21.78 18.87
Mountain galaxias 0 0 0 
Murray cod 0 0 0 
Smelt 0 0 0 
Carp gudgeon 65 28.14 1.1 144 26.42 0.74 209 26.93 0.86
Flat-headed gudgeon 0 0 0 
Common carp 2 0.87 32.63 7 (1) 1.47 72.52 9 1.29 59.38
Redfin 0 0 0 
Gambusia 33 (4) 14.29 0.07 223 40.92 0.23 256 (4) 32.99 0.18
Goldfish 4 1.73 23.15 4 0.73 7.35 8 12.55
Brown trout 0 0 0 

Total 207 (28) 510 (8) 717(36)

2012 2013 Total
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Blakney Creek 

A total of 14 sites along the length of Blaney Ck was sampled twice, in summer 2012 

and autumn 2013. Standardised sampling yielded a catch of 1146 fish, and an 

estimated additional 293 individuals were observed but not collected (Table 4.4). In 

total, 10 species of fish were collected. They included six native species and four  

alien species. Southern pygmy perch made up 4.24% and common carp 6.53 % of the 

number of individuals captured, and 0.79% and 87.87% of the total biomass, 

respectively.  
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Table 4.4. Total CPUE, percent CPUE and percentage of biomass estimates of fish recorded at the 14 survey sites along Blakney Creek for the 

two sampling periods. Values in parentheses are the number of fish that were observed but not captured. These data were supplied from the 

Fisheries NSW Freshwater Fish Research Database, with permission from D. Gilligan (pers. comm. 7 Nov 2014). 

 Species Total catch % Catch % BiomassTotal catch% Catch % BiomassTotal catch% Catch% Biomass

Southern pygmy perch 42 4.08 1.18 18 (1) 4.65 0.47 60 (1) 4.24 0.79 
River blackfish 13 (1) 1.36 1.38 4 0.98 0.21 17 (1) 1.25 0.74 
Mountain galaxias 3 (1) 0.39 0.01 24 (2) 6.36 0.16 27 (3) 2.08 0.09 
Murray cod 0 0 0 
Smelt 7 0.68 0.01 124 (21) 35.45 0.26 131 (21) 10.56 0.15 
Carp gudgeon 172 16.7 0.58 33 (2) 8.56 0.06 205 (2) 14.38 0.29 
Flat-headed gudgeon 20 1.94 0.48 7 1.71 0.09 27 1.88 0.27 
Common carp 64 (6) 6.8 87.24 21 (3) 5.87 88.39 85 (9) 6.53 87.87 
Redfin 8 0.78 2.67 14 3.42 5.53 22 1.53 4.24 
Gambusia 425 (222) 62.82 0.27 95 (32) 31.05 0.05 520 (254) 53.79 0.15 

Goldfish 45 (1) 4.47 6.19 6 (1) 1.71 4.77 51 (2) 3.68 5.41 
Brown trout 0 0 0 
Total 799 (231) 347 (62) 1146(293)

2009 2013 Total
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4.4.2 Distribution patterns of southern pygmy perch and 

alien species   

Southern pygmy perch were found in the mid to upper reaches of all of the streams 

investigated. More often than not these occurrences were at with sites that had either 

few or no alien species. At sites where southern pygmy perch coexisted with an alien 

species, it was generally with only one species.  

 

At Coppabella and Blakney creeks, there was a reduction in the distribution and 

abundance of southern pygmy perch during the sampling period (Figures 4.6 and 4.7), 

whereas the opposite was the case for Spring Creek (Figure 4.8). Only one round of 

sampling was carried out in Mountain Creek (Figure 4.9).  
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Coppabella Creek 

The distribution of southern pygmy perch appeared to change substantially from 2009 

to 2013 (Figure 4.6). In 2009, southern pygmy perch captured along a 23 km of the 

creek and was found at 6 sites in Coppabella Creek, whereas in 2013 it  captured 

along 5 km and was found at only one site. Conversely, common carp distribution 

increased: in 2009 common carp was captured in the lower 15.42 km of Coppabella 

Creek below a man-made barrier to fish passage, in the form of a causeway. During 

the 2010 flood events, this causeway was washed away, and common carp spread a 

further 8.8 km upstream to the next barrier, a redundant low-level weir. Redfin perch 

distribution did not change in Coppabella Creek between 2009 and 2013.  

 

 

Figure 4.6 Distribution of southern pygmy perch, common carp and redfin perch in 

Coppabella Creek 2009 and 2013. 
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 Blakney Creek 

A total of 30.72 km of Blakney Creek was surveyed as part of the present study. In 

2009, common carp was found along the entire length, southern pygmy perch was 

captured in the upper 15.5 km, and redfin perch in the lower 5.26 km (Figure 4.7). In 

2013, again common carp was found along the entire length, southern pygmy perch 

had contracted by 3 km to the upper 12.5 km, and redfin perch had moved a further 

16.5 km upstream, increasing its total range to 21.76 km.   

 

 

 

Figure 4.7 Distribution of southern pygmy perch, common carp and redfin perch in 

Blakney Creek 2009 and 2013. 
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Spring Creek 

A total of 16 km of Spring Creek was surveyed as part of the present study.  In 2012, 

common carp was captured only in the bottom 1 km of the creek, above the 

confluence with Yarra Yarra Creek, southern pygmy perch was captured along the 

mid 7.5 km, and no redfin perch were captured (Figure 4.8). In 2013, common carp 

had moved a further 2 km upstream, and southern pygmy perch had increased its 

distribution 4 km downstream and 1.6 km upstream, increasing its total range to 13.1 

km. 

 

 

Figure 4.8 Distribution of southern pygmy perch, common carp and redfin perch in 

Spring Creek 2009 and 2013. 
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Mountain Creek 

 

A total of 50 km of Mountain Creek was surveyed in 2013.  Common carp was 

captured in 38.9 km of the creek and southern pygmy perch 13.8 km, with the 

distribution of common carp and southern pygmy perch overlapping for 6.27 km 

(Figure 4.9). Redfin perch was only captured in 6.35 km of the lower section of the 

creek, and did not overlap with any of the sites where southern pygmy perch was 

found.  

 

 

Figure 4.9 Distribution of southern pygmy perch, common carp and redfin perch in 

Mountain Creek 2013. 
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4.4.3 Length-frequency distributions 

 

There were highly significant differences in the length-frequency distributions of 

southern pygmy perch co-occurring with alien species (D = 0.417, P < 2.2e-16) 

compared to those that were captured at sites where alien species were not observed 

(Figure 4.10). There were highly significant differences in the length-frequency 

distributions for southern pygmy perch co-occurring with redfin perch (D=0.4394, P = 

1.194e-08) and southern pygmy perch co-occurring with carp (D = 0.4058, P = 

2.634e-12) compared to those found at sites where redfin perch and common carp 

were not observed. No southern pygmy perch individuals < 30 mm or >70 mm TL 

occurred at sites occupied by alien species, and no individuals <40 mm or >65 mm TL 

occurred at sites occupied by redfin perch.  A much broader range of size classes 

occurred in the areas where aliens were absent (15-82 mm TL) than in areas where 

aliens were present (30-70 mm TL). 
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Figure 4.10. The length-frequency distributions of southern pygmy perch: a) total of 

all southern pygmy perch sampled (n=1334), b) southern pygmy perch co-occurring 

with alien species (n=140), c) southern pygmy perch as mono-specific populations 

(n=1195), d) southern pygmy perch co-occurring with redfin perch (n=52) and e)  

southern pygmy perch co-occurring with common carp (n=90).  
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Coppabella Creek 

There were highly significant differences in the length-frequency distributions of 

southern pygmy perch co-occurring with redfin perch and those occurring without 

redfin perch in Coppabella Creek (D = 0.586, P = 1.475e-13) (Figure 4.11). 
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Figure 4.11. The length-frequency distributions of southern pygmy perch sampled in 

Coppabella Ck: a) total of all southern pygmy perch (n=1069); b) southern pygmy 

perch co-occurring with redfin perch (n=46).  
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Blakney Creek 

Length-frequency distributions for Blakney Creek were not analysed due to sample 

size being too small (Figure 4.12). 
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Figure 4.12. The length-frequency distributions of southern pygmy perch sampled in 

Blakney Ck: a) total of all southern pygmy perch (n=59); b) southern pygmy perch 

co-occurring with redfin perch (n=5). 
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Spring Creek  

There was no significant difference in the length-frequency distributions of southern 

pygmy perch co-occurring with carp and those occurring without carp (D = 0.2155, P 

= 0.4013) (Figure 4.13) 
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Figure 4.13.  The length-frequency distributions of southern pygmy perch sampled in 

Spring Ck: a) total of all southern pygmy perch (n=116); b) southern pygmy perch co-

occurring with common carp (n=21). 
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Mountain Creek 

There were significant differences in the length-frequency distributions of southern 

pygmy perch co-occurring with common carp and those occurring without common 

carp in Mountain Creek (D = 0.586, P = 1.475e-13) (Figure 4.14). 
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Figure 4.14.  The length-frequency distributions of southern pygmy perch sampled in 

Mountain Ck: a) total of all southern pygmy perch (n=35); b) southern pygmy perch 

co-occurring with common carp (n=9). 
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4.4.4 Generalized linear mixed model 

There was a highly significant relationship between the abundance of common carp 

and the presence of southern pygmy perch, with and without the Coppabella Creek 

results included, but overall, no effect of creek (Table 4.6, AIC=113.9).   There was 

no significant relationship with any of the other alien species (redfin perch, gambusia 

and goldfish) or the water quality variables measured as part of this study (Appendix 

2). 

 

Table 4.6. Summary of generalized liner mixed binomial logistic model for  

presence/absence of southern pygmy perch as the dependent variable and year as a 

random factor and creek and abundance of common carp as fixed factors. 

Estimated SD Error z value P

(Intercept) 0.6505 0.6477 1.004 0.31525

Common carp Coppabella Cr included -0.3334 0.1067 -3.126 0.00177

Common carp Coppabella Cr excluded -0.2303 0.0988 -2.333 0.0197

Coppabella Ck -0.9832 0.6603 -1.489 0.1365

Mountain Ck 1.3696 1.1616 1.179 0.23839

Spring Ck 0.8987 0.833 1.079 0.28064
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Where southern pygmy perch were present at sites in the four creeks, common carp 

were either completely absent or in very low abundance (Figure 4.15). By contrast, 

where southern pygmy perch were absent, common carp were in relatively high 

abundance.  

 

2009 2011

2012 2013

0

10

20

30

40

0

10

20

30

40

0 1 0 1

Presence/absence of pygmy perch

To
ta

l c
at

ch
/s

ite
 c

om
m

on

 

 

Figure 4.15. Box plot of the total abundance of common carp in the presence and 

absence of southern pygmy perch, by year, for all creeks combined. 
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Figure 4.16. Box plot of the total abundance of common carp in the presence and 

absence of southern pygmy perch, by year and creek. 
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4.5 Discussion  

 

4.5.1 Abundance and distribution patterns  

 

Southern pygmy perch made up 2.98% of the total biomass and 51.5% of the 

individuals of all the fish sampled from all of the sites and the four creeks over the 

sampling period. The latter percentage made makes southern pygmy perch the most 

abundant native fish within these systems. Samples from Coppabella Creek in 2009 

contributed 83.8% of the total number of southern pygmy perch. With the 2009 

Coppablella Creek catch excluded, southern pygmy perch made up 0.94% of the total 

biomass and were the second most abundant native fish, after river blackfish, which 

made up 1.19% of the total biomass. By far the greatest contributor to biomass was 

common carp, which made up 93.07% of the total. If the biomass of common carp 

was converted into southern pygmy perch, using the average weight of the latter 

species, it would equate to 81,306.6 individuals. Whilst direct comparison between 

the biomass of common carp and southern pygmy perch cannot be drawn; this 

conversion gives some indication of the amount of resources being exploited by this 

large, long-lived species in these very small streams.  

 

The present study showed that southern pygmy perch had a very limited distribution, 

generally not overlapping with alien species at most of the sites surveyed. Blakney 

Creek was the exception, where common carp were present over the entire length of 

the creek, including where southern pygmy perch were present. Although there was 

some overlap between southern pygmy perch and alien species at other sites, southern 

pygmy perch’s abundance was lower in those areas, than in the areas where they 

existed exclusively.  

 

In both Coppabella and Blakney creeks, there was evidence of a marked decline in 

both the distribution and the abundance of southern pygmy perch between 2009 and 

2013. Although these declines cannot be attributed to effects of the alien species, they 

coincided with a break in the extended drought and flooding and either the incursion 

or increased distribution of alien species: common carp in Coppabella Creek and 
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redfin perch in Blakney Creek. The initial declines in Coppabella Creek were caused 

by flooding (see Chapter 2); however, the increase in the distribution and abundance 

of common carp may have affected the ability of southern pygmy perch to recover 

after flooding.  

 

Generalized liner mixed model analysis found no relationship between the presence of 

southern pygmy perch and water quality, individual creek systems or other alien 

species, besides common carp. The presence of southern pygmy perch was, however, 

significantly related to the abundance of common carp. In other studies (Hammer, 

2002; Humphries, 1995; Schiller & Harris, 2001) redfin perch, trout and gambusia 

have been found to have a detrimental impact on southern pygmy perch, but such not 

the case here. Alien species, other than common carp, either had limited distributions 

(e.g., gambusia occurred at only 12 of the 42 sites), or were found in low abundances 

(e.g., redfin perch made up approx. 2% of the individuals captured and <1% of the 

biomass). The low abundances and limited distributions of the alien species other than 

common carp mean that these species are unlikely to be a threat to the persistence of 

southern pygmy perch populations. However given evidence of predation on southern 

pygmy perch from these alien species, the abundance and distribution of the latter 

within known southern pygmy perch habitats, should be monitored carefully for any 

signs of change. 

 

Interestingly, in some locations, southern pygmy perch coexist with an alien species: 

redfin perch at two of the sites in Coppabella Creek in 2009; and common carp at 7 

sites in Blakney Creek in 2009. There are however highly significant differences in 

the length frequency of southern pygmy perch where they coexist with alien species, 

compared to those occurring as mono-specific populations. A much broader range of 

size classes occurred in areas where alien species were absent, than in areas where 

aliens where present, with the smaller and larger size classes lacking in the latter. It 

appears that when more than one alien species was present, a coincident decline or 

complete demise of southern pygmy perch occurred at that particular site. I 

hypothesise that the combined multiple impacts inflicted upon southern pygmy perch 

by multiple alien species are too great for perch to be able to persist. Sites with high 

abundances of southern pygmy perch generally had either no or low abundances of 

alien species.  
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The result of this study, showing that southern pygmy perch do not co-exist with 

common carp where the latter are present in relatively high abundances, suggest two 

possibilities: 1) common carp are either directly or indirectly causing the decline of 

southern pygmy perch; or 2) conditions that favour high abundances of common carp 

are not favourable to southern pygmy or vice versa. I speculate that both factors are at 

play in these systems. I will expand on these ideas in the following section.   

4.5.2 Interactions between common carp and southern 

pygmy perch 

 

Common carp have long been implicated as contributing to declines in water quality 

in freshwater systems, modifications of habitats and declining native fish populations 

(Faragher & Harris, 1994; Roberts et al., 1995). Both in Australia and overseas, 

common carp have been attributed with causing declines in macrophytes (Crivelli, 

1983; Vilizzi et al., 2014; Williams et al., 2002), decreases in native biota (Schiller & 

Harris, 2001), increased turbidity (King et al., 1997), and changes in plankton 

densities and diversity (Khan, 2003; Khan et al., 2003; Miller & Crowl, 2006).   

 

There are four main hypotheses for how common carp may affect the NSW southern 

pygmy perch populations: impacts on macrophytes, impacts on turbidity, direct 

predation on eggs and larvae of southern pygmy perch and competition. 

 

1. Impacts on macrophytes  

Common carp have often been blamed for causing significant damage to macrophyte 

beds, either directly through grazing, or via their feeding habits.  Common carp may 

uproot or disturb macrophytes despite not directly feeding upon them, or they may, 

through their actions, increase sediment suspension and change water chemistry 

(Crivelli, 1983; Roberts et al., 1995). Given that macrophytes are the primary habitat 

for southern pygmy perch, and that the species is reliant on them for spawning sites, 

cover and feeding (Hammer, 2002; Humphries, 1995; McDowall, 1980), any effect on 

macrophytes would potentially have an impact on southern pygmy perch. Humphries 

(1995) speculated that the reason southern pygmy perch persisted in the Macquarie 
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River, Tasmania, was the extensive macrophyte beds within that system. This 

persistance was despite the prevalence of two piscivorous fish species, redfin perch 

and brown trout. Thus, macrophytes may provide refuge from predation for southern 

pygmy perch. If common carp affect the number or extent of macrophytes, they may 

increase the risk of predation on southern pygmy perch by fish and birds. 

 

2. Impacts of increased turbidity 

The impacts of common carp on turbidity in Australian freshwaters vary. One study 

reported no increases in turbidity at common carp densities of 140-1500 kg.ha-1 

(Fletcher et al., 1985), whereas another reported turbidity increase at common carp 

densities of 510-1181 kg.ha-1 (King et al., 1997). However, it appears that during low-

flow periods, high turbidity can be attributed to common carp in most wetlands and in 

many of the streams they inhabit (Schiller & Harris, 2001). Turbidity suppresses 

biofilm production, disrupts zooplankton grazing, limits growth of macrophytes and 

algae by decreasing the available light, reduces the survival of eggs and larvae of 

various fish species, alters fish breeding behaviour and limits the foraging activities of 

visually cued fish (Calsbeek & Irschick, 2007). Given that southern pygmy perch is a 

visual feeder, predominantly on plankton and benthic invertebrates (Humphries, 

1995), and given its close association with macrophytes, it is undoubtedly susceptible 

to high turbidity. This susceptibility may be one of the reasons why southern pygmy 

perch is currently found only in the middle and upper reaches of the creeks systems 

surveyed, where common carp numbers and turbidity are relatively low.   

 

3. Direct predation on eggs and larvae 

 Although there is little evidence of widespread predation by common carp on small 

fish species or on the larvae and juveniles of larger species, common carp may prey 

on the eggs of native species, especially eggs that are laid on the substratum or on 

plants or logs (Schiller & Harris, 2001). Given that southern pygmy perch lay 

demersal eggs, deposited either amongst aquatic vegetation or directly onto the 

substrate, and that the early stage larvae are relatively sedentary (Morrongiello, 2011), 

common carp could disturb or ingest the eggs and larvae of southern pygmy perch 

when feeding.    
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4. Competition   

Little has been published on the diet of southern pygmy perch, with Humphries 

(1995), Sanger (1978) and Woodward (2005) being the only studies to date. 

Comparisons of these and those studies of other pygmy perch, including Oxleyan 

pygmy perch, western pygmy perch (Pen & Potter, 1991; Pen et al., 1993), and 

Balston’s pygmy perch (Morgan et al., 1995), have revealed similarities in their diets 

(Knight, 2000). All species are carnivorous, with common food items consumed 

including ostracods, amphipods, copepods, caladocerans, dipterans and 

hymenopterans (Humphries, 1995; Knight, 2000; Morgan et al., 1995; Sanger, 1978; 

Woodward, 2005). Studies in Australia have shown common carp diets to vary with 

age, with microcrustacea being the most important food item in the diet of larval and 

juvenile common carp (Hume et al., 1983; Khan, 2003). There is thus substantial 

dietary overlap between southern pygmy perch and common carp larvae. Common 

carp of all sizes have been shown to prey on zooplankton (Khan, 2003) and can 

deplete zooplankton abundances to the extent that larvae of native fishes may face 

limited food resources (Hume et al., 1983). Given the small and intermittent nature of 

the systems investigated in this study, these impacts are likely to be amplified during 

times of low rainfall and limited flows. Each of the systems in this study is prone to 

prolonged periods of low to zero flows, and often dries to a series of small 

disconnected pools. It would be during these periods when food resources become 

limited that the impacts of food competition would be at their greatest.  

 

 

4.5.3 Implications for conservation and future management 

of southern pygmy perch and other similar species  

 

Alien predatory fish, such as redfin perch and trout, have long been implicated in the 

decline of a number of pygmy perch species, including southern pygmy perch 

(Hammer, 2002; Humphries, 1995; Hutchinson, 1991; Lintermans, 2007; Woodward, 

2005). Although the results of this study do not indicate a causal relationship with 

alien fish, there is evidence that the abundance of common carp is negatively related 
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to the presence of southern pygmy perch within the systems studied. There was also 

circumstantial evidence that redfin perch may have an effect on southern pygmy 

perch, when it occurs together with common carp. The presence of the two alien 

species may reduce the viability of southern pygmy perch, through interactions 

currently not understood (but see Chapter 5 for more discussion on this point). 

 

Interestingly the only two species of fish listed as Critically Endangered under the 

Fisheries Management Act 1994 within the NSW Marry-Darling Basin, the Murray 

hardyhead (Craterocephalus fluciatilis) and the flathead galaxias (Galaxias 

rostratus), have similar characteristics to southern pygmy perch. They are small, 

short-lived species, their primary habitat being off-channel habitats (billabongs, lakes 

swamps and wetlands). They have strong associations with macrophytes, and a diet 

consisting predominantly of microcrustaceans (Ellis et al., 2013; Lintermans, 2007; 

McDowall, 1980). I hypothesize that common carp would have a similar impact on 

these species as on southern pygmy perch. One of the major differences between 

southern pygmy perch and both Murray hardyhead and flathead galaxias, is that the 

last two species do not appear to utilise the small upland stream habitats where 

southern pygmy perch remain in NSW.         
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Chapter 5: General discussion and recommendations 

5.1 Introduction 

The overall aim of this thesis was to determine the current abundance and distribution 

of southern pygmy perch within NSW, assess impacts currently contributing to the 

species’ decline and provide tools and advice for future management. The specific 

aims were to evaluate the suitability of marking and tagging techniques for southern 

pygmy perch, and to examine temporal changes  and spatial differences in southern 

pygmy perch populations under extreme climatic conditions in Coppabella Creek and, 

more broadly, relative to environmental factors and the abundance, distribution and 

spread of alien fish species. This chapter summarises the major conclusions of the 

research presented in each of the chapters of this thesis. It presents hypotheses that 

attempt to explain the apparent ongoing declines in southern pygmy perch within 

NSW and provides some additional techniques to improve monitoring and knowledge 

of the biology of the species. These findings are then discussed in relation to the 

current and future management and conservation of southern pygmy perch within 

NSW and, more broadly, across the Murray-Darling Basin. I will also provide 

directions for future research into southern pygmy perch ecology and conservation. 

Finally, I consider the relevance of what has been learned from my work on southern 

pygmy perch, to the conservation and management of small-bodied freshwater fishes 

in general. 

 

5.2 Key findings  

5.2.1 Distribution and abundance of fishes in Coppabella 

Creek through climatic extremes   

Previous research on southern pygmy perch has generally been carried out over 

relatively short periods (<3 years) (Humphries, 1995; Stoffels & Weatherman, 2014; 

Tonkin et al., 2008; Woodward, 2005; Woodward & Malone, 2002). These studies 

have looked at the impacts of climate-related conditions (generally, flow or the lack of 

it) on southern pygmy perch. Tonkin et al. (2008) showed that recruitment and 

dispersal of southern pygmy perch within floodplain habitats, were greater after 
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flooding than in drought years. Rourke and Tonkin (2009) found that southern pygmy 

perch populations were severely impacted on by low flow and drought conditions in 

the Barmah-Millewa Forest. Woodward (2005) suggested that considerable declines 

in both southern pygmy perch and Yarra pygmy perch, in one of his study creeks, 

may have been due to an erosive flooding event in 2001, although he also found that 

this population had recovered the following year (2002). None of these studies, 

however, monitored a specific population through one climatic extreme event 

followed by another, but opposite, extreme event.  The present study, followed a 

population of southern pygmy perch through a drought and then a flood, and 

examined the impact of this sequence on the abundance and distribution of southern 

pygmy perch. 

 

The present study followed a population of southern pygmy perch during one of the 

worst droughts on record (Murphy & Timbal, 2008; Ummenhofer et al., 2009) and 

into a series of major flooding events: the largest estimated to have an average 

recurrence interval of >100 years (Bewshers, 2012). Whilst there was widespread 

drying of habitat during the drought and documented loss of southern pygmy perch 

from drying pools, the population appeared relatively resistant to these impacts, due to 

adequate drought refuge pools within the system, high abundances and wide spatial 

distribution (Gilligan et al., 2010). The persistence of the southern pygmy perch 

population in Coppabella Creek during future dry spells is increasingly uncertain, 

however, because of the recent establishment of pine plantations within the upper 

parts of the catchment and predicted changes to climate and rainfall. Runoff is likely 

to decline with the establishment of pine plantations (DeFries & Eshleman, 2004; 

Zhang et al., 2001), and, coupled with the forecast of a hotter and drier climate 

(Department of Environment, 2010), this decline is likely to reduce the resistance of 

the Coppabella Creek population to a sustained dry period.  

 

Nevertheless, it was the major flooding event in 2010, followed by subsequent flood 

events in both 2011 and 2012, that had the greatest impacts on the southern pygmy 

perch population within Coppabella Creek, causing significant reductions in its 

abundance and distribution. Conversely, the flooding events allowed common carp to 

increase its distribution because of the destruction of a barrier that previously impeded 

movement upstream. The post-flooding surveys showed a significant increase in both 
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abundance and distribution of common carp: carp moved into areas of the creek 

occupied by southern pygmy perch prior to the floods. Further expansion of common 

carp, and the potential encroachment of other alien species, aided by the previous 

flooding events, will increase risk to the long-term viability of the Coppabella Creek 

southern pygmy perch population. Pressures imposed by alien species, such as 

predation or competition, are particularly worrying during times when populations are 

in a recovery phase after drought or floods. The results of the present study show that 

southern pygmy perch have a low resilience and relatively poor ability to recover in 

the short to medium term from such a significant flood event. Continued monitoring 

will be needed to assess the long-term resilience of the population. 

 

5.2.2 Marking techniques for southern pygmy perch   

Chapter 3 showed that both calcein and visible implant elastomer (VIE) tags were 

suitable techniques to mark southern pygmy perch for short- to medium-term studies. 

Both techniques show promise as effective and practical tools that will be useful in 

further research that includes mark-recapture, movement, distribution and re-stocking 

assessment studies. The availability of such techniques is vital to allow improved 

understanding of current populations, movement capabilities, survival rates and the 

success for potential re-stocking programs of southern pygmy perch and other similar 

small fish species.  

 

Although my study showed promising results under laboratory conditions, further 

field validation is required, particularly with respect to the external detection of 

calcein-marked fish. This validation is especially needed becuase several authors have 

shown that calcein marks can fade over time in other species exposed to high 

temperatures and sunlight (Bashey, 2004; Elle et al., 2010; Leips et al., 2001; 

Westergaard, 2013).   

 

I would also recommend trialling the use of the technique without any anaesthetic, 

which has been demonstrated to work for other species (Fryda et al., 2007). The use 

of anaesthetics can slow the process of tag application, by increasing the holding time 

required for recovery, and requires additional handling and equipment.  
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The location of the placement of the VIE tags investigated in the present study proved 

to be problematic, with the different locations impacting on tag retention and, 

therefore, detectability. I would recommend that only the caudal peduncle be used as 

the tag location for southern pygmy perch and similar small species, as the other two 

locations experienced significant tag losses and hence poor detectability. Again these 

results were only arrived at under laboratory conditions and so field validation of the 

technique is required. The retention and readability of the VIE tags when placed in the 

caudal peduncle of southern pygmy perch compares favourably with studies 

conducted on other fish species (Crook & White, 1995; Dewey & Zigler, 1996; 

Leblanc & Noakes, 2012; Olsen & Vøllestad, 2001). The use of VIE tags was an 

effective, practical and inexpensive method for tagging southern pygmy perch, and it 

is likely to be a suitable method for tagging a variety of other small fish species, 

provided such fish possess suitably transparent tissue.  

5.2.3 Patterns in abundance of southern pygmy perch 

and alien species  

Predatory alien fish, such as redfin perch and trout have long been implicated in the 

decline of a number of pygmy perch species, including southern pygmy perch 

(Hammer, 2002; Humphries, 1995; Hutchinson, 1991; Lintermans, 2007; Woodward, 

2005). The results of Chapter 4 provide strong evidence that southern pygmy perch 

were rarely present when common carp were abundant within several creeks in 

southern NSW. There was also circumstantial evidence that redfin perch are having 

an effect on southern pygmy perch numbers when they occur in sympatry with both 

southern pygmy perch and common carp. It is likely that the lack of evidence for 

impacts of predatory alien fish species (redfin perch and trout) on southern pygmy 

perch is a result of the low abundances of these species at the study sites. Blakney 

Creek, the system that had the highest abundance of redfin perch in the present study, 

showed the best circumstantial evidence for a relationship between the abundance and 

spread of redfin perch and the decline of southern pygmy perch. All of the sites (4) 

that redfin perch had colonised since 2009 showed either a decline in the abundance 

of southern pygmy perch or its complete absence in 2013.  Conversely, all of the sites 

(3) where redfin perch were not detected in 2013 showed an increase in the abundance 

of southern pygmy perch. Although this result does not indicate a causal relationship, 
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there is good reason for suspecting redfin perch as a contributor to the decline in 

southern pygmy perch within Blakney Creek, as redfin perch predation on southern 

pygmy perch (Humphries, 1995; Woodward, 2005; Woodward & Malone, 2002) and 

other pygmy perch species (Morgan et al., 1995; Pen & Potter, 1991; Woodward, 

2005; Woodward & Malone, 2002) is well documented. 

     

My results also indicated that whilst southern pygmy perch may be able to co-exist 

with either common carp or redfin perch on their own at certain sites, co-occurrence 

of common carp and redfin perch seemed incompatible with the presence of southern 

pygmy perch. Only 2 of 42 sites where both common carp and redfin perch were 

present also contained southern pygmy perch, and both of these sites had very low 

numbers of southern pygmy perch and had only recently been colonised by redfin 

perch. The predation threat by redfin perch, combined with the impacts from common 

carp, may reduce the viability of southern pygmy perch at sites where the two alien 

species co-exist. The presence of common carp may also increase the vulnerability of 

southern pygmy perch to predation from redfin perch, not only by reducing potential 

habitat, but also by restricting access of southern pygmy perch to preferred habitats. 

Common carp are known to impact on macrophytes, the primary habitat of southern 

pygmy perch (Crivelli, 1983; Parkos Iii et al., 2003; Roberts et al., 1995; Vilizzi et al., 

2014).  

 

Several studies have indicated that the presence of one species can influence the 

vulnerability of another to predation (Losey & Denno, 1998; Sih et al., 1998; Soluk & 

Richardson, 1997; Swisher et al., 1998; Warfe & Barmuta, 2004). For example, it has 

been suggested that there is greater redfin perch predation on Yarra pygmy perch 

when the latter is found sympatric with southern pygmy perch, due to it access to 

habitats being restricted (Woodward, 2005).  And a study of shallow ponds in Mexico 

showed that crayfish (Cambarellus montezumae) abundance was reduced when 

common carp density was high, with the reduced abundance being attributed to loss of 

refuge habitat (macrophytes) and crayfish behaviour modification (Hinojosa-Garro & 

Zambrano, 2004). The crayfish avoided common carp, moved significantly faster in 

their presence and sought carp-free habitats, so losing the potential benefits of 

macrophyte cover (Hinojosa-Garro & Zambrano, 2004). Common carp have also been 



 
 

140 

shown to prey on small fish, and juveniles and larvae of larger fish (Britton et al., 

2007).  

 

The impact that common carp may have on the abundance and distribution of 

southern pygmy perch is of particular relevance to other similar, small wetland fish 

species. Common carp are widely distributed and locally very abundant (Gilligan et 

al., 2010; Gilligan & Rayner, 2007; Lintermans, 2007). Common carp also tend to 

occur in habitats preferred by small freshwater fishes: still or slow-flowing waters 

with abundant aquatic vegetation (Lintermans, 2007; McDowall, 1980). The species 

also has a much greater geographical range than that of either trout or redfin perch.  

More work needs to be done to understand how common carp might influence the 

persistence of populations of small-bodied fishes, like southern pygmy perch, in 

creeks such as those studied here. Further study is needed into: the dietary overlap 

between common carp and southern pygmy perch, particularly during periods of low 

or zero flow; the impact of common carp on macrophyte bed persistence and 

reestablishment after extreme climatic events; the impact of common carp on water 

quality, again particularly during low to zero flow periods; and the potential predation 

of common carp on the eggs and larvae of southern pygmy perch.  

5.3 Implications for conservation and management 

of southern pygmy perch in NSW 

 
The current Fisheries NSW Priorities Actions Statement (PAS) (DPI, 2014) lists 

surveying, mapping and monitoring as key objectives for the ongoing management of 

southern pygmy perch populations within NSW. The specific actions outlined in the 

PAS are:  

 

Action: Conduct intensive surveys in areas identified as supporting or potentially 

supporting southern pygmy perch, and map the species distribution and habitat 

associations.  

 

Action: Establish and commence a long-term monitoring program for southern 

pygmy perch to assess their conservation status and the success of recovery actions. 
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The present study has gone a long way toward completing these actions, by 

documenting the abundance and distribution of the current known southern pygmy 

perch populations within NSW. It has established good baseline data, along with 

information on temporal and spatial changes in these populations, and has established 

a series of spatial survey points that can continue to be monitored to track trends and 

changes in the abundance and distribution of these populations.  

 

My results highlight that despite the current recovery efforts, which in the case of 

southern pygmy perch in NSW have been substantial, the trend is still one of an 

alarming decline in both abundance and distribution (Bice et al., 2013; Gilligan et al., 

2010; Hammer et al., 2013b; Sharpe & Wilson, 2012; Sharpe et al., 2012; Stoffels & 

Weatherman, 2014). While it appears that the recent declines may be partly linked to 

extreme climatic events, these events combined with the continued spread of alien 

fish, may threaten the continued existence of southern pygmy perch populations. 

 

My results highlight that the two most abundant southern pygmy perch populations 

remaining in NSW are under significant threat from the encroachment of alien 

species: redfin perch in Blakney Creek and common carp in Coppabella Creek. The 

current spread of redfin perch in Blakney Creek is unabated, and its movement 

upstream is likely to result in similar declines in southern pygmy perch numbers to 

those that have occurred downstream. The need to either stop the spread of redfin 

perch within Blakney Creek, or establish refuge populations of southern pygmy perch 

from Blakney Creek in alternative habitats that are free from alien fish species, is 

clear. 

 

The spread of common carp further upstream in the Coppabella Creek system is 

currently limited by a low-level weir. Common carp have been observed at the base of 

this weir, but have thus far been unable to penetrate further upstream. The weir is a 

redundant structure with a fixed crest height of 1.2 m. It has twice suffered significant 

damage, but has been repaired with funding from the Murray Catchment Management 

Authority. However, given the poor state of the weir, its low crest height, the nature 

of its location within the landscape and the tenacious ability of common carp to move 

upstream by both swimming and jumping over structures, I believe that the current 
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barrier will not prevent movement of common carp for long.  Activities to control or 

eradicate alien species are needed, as well as those that identify areas that remain free 

of alien species and maintain them that way.    

 

The primary habitat of southern pygmy perch appears to be low-gradient rivers and 

creeks and floodplain habitats with slow-flowing or still waters (Kuiter et al., 1996; 

Unmack et al., 2011; Unmack et al., 2013), which largely occur within the regulated 

sections of the NSW portion of the Murray-Darling Basin. Environmental water has 

been historically used in an attempt to maintain and improve southern pygmy perch 

populations within NSW. However, it now appears that southern pygmy perch are 

locally extinct in the regulated section of the NSW portion of the Murray-Darling 

basin. Thus environmental water cannot be used to benefit southern pygmy perch. 

Given the apparently poor dispersal capabilities of southern pygmy perch (Dexter et 

al., 2013), the return of this species to the regulated system and its former primary 

habitat will most likely require a multi-staged approach, involving wetland 

rehabilitation, alien fish management and control, the timely use of environmental 

water, and the captive breeding and re-introduction of southern pygmy perch. These 

requirements may also be the case for several other small wetland-dependant species 

that appear to have suffered a similar fate to that of southern pygmy perch. Species 

such as purple-spotted gudgeon (Mogurnda adspersa), olive perchlet (Ambassis 

agassizii), Murray hardyhead (Craterocephalus fluviatillis) and flat-headed galaxias 

(Galaxias rostratus), are all either in extremely low abundance or locally extinct in 

the regulated NSW portion of the Murray-Darling basin (Davies et al., 2012a, 2012b; 

Gilligan, 2010, 2012; Gilligan, 2005; Harris & Gehrke, 1997; Lintermans, 2007; 

Rourke & Tonkin, 2009; Sharpe & Wilson, 2012; Sharpe et al., 2012; Tonkin & 

Rourke, 2008). 

 
My study showed that the total distribution of the remaining three known populations 

of southern pygmy perch within NSW in 2013 was 44.4 km, across 4 streams, in 3 

disconnected catchments. This distribution represents a tiny fraction of their former 

range (Figure 1.3). Additionally, the streams in which southern pygmy perch now 

occur in NSW are small upland environments, which appear to house relict 

populations, in sub-optional habitat, at the extreme of the specie’s range and 

distribution (Unmack et al., 2011). This significantly reduced geographic range, 
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coupled with the loss of two populations within the last ten years (Gilligan et al., 

2010; Sharpe & Wilson, 2012; Sharpe et al., 2012), warrants a review of the current 

threatened species listing under the Fisheries Management Act 1994. Within NSW, 

southern pygmy perch meet several of the criteria required for a listing as critically 

endangered on the IUCN Red List Criteria (IUCN, 2012), as well as the eligibility 

criteria for a critically endangered species under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act). Furthermore, with recognition of the 

southern pygmy perch from the Murray-Darling basin as a possible separate species 

from that in the eastern coastal streams of Victoria, Tasmania and Flinders Island, 

combined with recently recorded declines of the species within the Victorian portion 

of the Murray-Darling Basin (Stoffels & Weatherman, 2014), there needs to be a 

review of the status of the species in the Murray-Darling Basin.    

 
The findings of the present study also highlight that ongoing monitoring is essential to 

enable informed and timely management decisions. This need is most clearly shown 

by the example of the flooding events in Coppabella Creek. The initial assumption, 

based on the literature and knowledge related to southern pygmy perch, was that 

flooding would benefit the populations, through enhanced recruitment and increased 

abundance and distribution. However, flooding had a catastrophic impact on the 

abundance and distribution of southern pygmy perch within the system. This 

knowledge allowed for timely management decisions to be made in an attempt to 

recover the population. These decisions included two repair operations on the weir to 

maintain the upper reaches and the core southern pygmy perch habitat alien fish free, 

the control of a major infestation of willows that had spread through the effects of 

flooding and threatened to shade out the stream and prevent recolonisation and growth 

of macrophytes, and stock exclusion from the core southern pygmy perch habitats, to 

allow for macrophytes to recover and the bed and banks of the creek to stabilise and 

revegetate.  
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5.4 Lessons learned for the conservation of small-

bodied freshwater fishes 

 
The results of this study of southern pygmy perch exemplify and highlight some of 

the threats potentially facing many of our small-bodied freshwater fish species in 

Australia and the rest of the world. Small-bodied freshwater fish have suffered levels 

of decline equal to or greater than those of larger fish (Olden et al., 2007; Reynolds et 

al., 2005; Shaw, 2014), but have received much less attention and fewer recovery 

efforts (Ellis et al., 2013; Olden et al., 2007; Scharpf, 2001). Species with narrow or 

reduced distributions, poor movement and dispersal capabilities and specific habitat 

requirements have relatively high susceptibility to stochastic events, such as floods. 

My work has also shown that threats may come from previously unknown sources, 

whereas factors that were thought to be beneficial to a species, can, in particular 

environments, cause major declines in a population. With climatic extremes likely to 

increase in both frequency and intensity under current forecasts (CSIRO & BOM, 

2007; Department of Environment, 2010), the risks to similar, small-bodied species, 

will only increase.  

 

The results of my study highlight what has been found by previous authors: that 

small-bodied freshwater fish such as southern pygmy perch are at equal or greater risk 

of extinction than their larger counterparts (Olden et al., 2007; Reynolds et al., 2005; 

Shaw, 2014). This is further highlighted by the fact that 24 out of the 31 freshwater 

fish species currently listed as threatened nationally in Australia under the 

Environment Protection and Biodiversity Conservation Act 1999 (Environment, 2014) 

are small-bodied species. Many small-bodied species have a number of features that 

increase their susceptibility to extinction risk: limited distributions, small geographic 

ranges, small population sizes, specialized habitat requirements, proneness to 

predation and poor dispersal and movement capabilities.  

 

There is a real need to assess how we currently manage the recovery of these small-

bodied species, as current efforts, such as those highlighted by the results of my study, 

are largely ineffective. If we are going to manage and conserve these species, then 

there needs to be a focus on not just in situ management of existing remnant 
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populations, but also a need to establish additional populations. Given that many of 

the threats, such as extreme climatic events, are impossible to manage in situ, we need 

to establish fish in sites where they are less prone to the impacts of such events. With 

relatively poor dispersal and movement capacities and an extremely disconnected 

river system, this re-establishment will require facilitation. I would recommend more 

proactive management, aimed at broader recovery and establishment across the 

former range of the target species.      

 

With society placing greater value on larger, either commercially or recreationally 

valuable species, it is difficult to gain public attention and conservation funding for 

smaller, less well-known and valued species. This difficulty highlights the need to not 

only improve our understanding of the mechanisms of declines, but also to facilitate 

education, community engagement and management.     
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Appendices  

Appendix 1 
Example of the data sheets used to record catch data, habitat variable and water 
quality.  
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Appendix 2 
Generalized linear mixed binomial logistic model for presence/absence of southern 
pygmy perch as the dependent variable and year as a random factor and water quality, 
redfin perch and gambuisa as fixed factors.  
 
 Estimate SD Error z value P 
(Intercept) 492.94740 393.28708 1.253 0.21006

Common carp -0.509586 0.183719 -2.774 0.00554

Redfin perch -0.226889 0.261547 -0.867 0.38568

Gambusia -0.013321 0.015265 -0.873 0.38284

Temperature -0.083461 0.058196 -1.434 0.15153

Dissolved oxygen -0.185901 0.120908 -1.538 0.12416

Turbidity 0.015327 0.009758 1.571 0.11626

Creek 0.423805 0.35017 1.21 0.22617

Year -0.244043 0.165499 -1.248 0.21192
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Appendix 3 
Water quality and habitat variable for wetland assessment in Chapter 2. 
 

Site Date Depth Temp DO pH Cond Turb
SPP WL 1 18/01/2012 Surface 18.6 7.37 7.98 0.176 750

SPP WL 2 2/02/2012 Surface 22.7 3.18 6.82 0.092 172

SPP WL 3 2/02/2012 Surface 23.8 5.09 9.14 0.18 52.2

SPP WL 4 9/02/2012 Surface 23.17 6.12 7.67 0.172 800

SPP WL 5 9/02/2012 Surface 20.79 2.37 7.44 0.111 165

SPP WL 6 16/02/2012 Surface 21.06 5.63 7.85 0.176 860

SPP WL 7 16/02/2012 Surface 21.87 6.05 7.49 0.158 162
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Appendix 4 
Water quality data for Chapter 4. 
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Spring Creek 
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