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1. Executive Summary 
 

The Hindmarsh Island area of the Lower Lakes harbours a diverse fish community, 

unique within the Murray-Darling Basin, and is complemented by the presence of 

nationally and State threatened freshwater species. Murray hardyhead 

(Craterocephalus fluviatilis) and Yarra pygmy perch (Nannoperca obscura) are listed 

as vulnerable under the Commonwealth EPBC Act (1999) and the southern pygmy 

perch is considered endangered in the Lower Murray and is fully protected in South 

Australia (Fisheries Act 1982). In 2005 a three-year project commenced to 

investigate the population dynamics (i.e. abundance, distribution and recruitment) of 

the three threatened fish species, the variation (i.e. spatial and temporal) in the 

abundance and species composition of fish assemblages and relationships between 

fish assemblages and environmental parameters. This report details the results of 

sampling in summer (February) 2006 and 2007 with reference to baseline data 

collected in 2005. 

Fourteen sites from two broad habitat types (‘inside’/drain habitat, <40 m wetted 

width, and ‘outside’/lake habitat, >40 m wetted width) were sampled using a suite of 

sampling methods (fyke nets, seine nets and box traps). Due to annual variation in 

water levels, only nine of these sites were sampled in all years (2005, 2006 and 

2007), thus quantitative analysis is limited to these sites. 

A total of 471 Murray hardyhead, 234 southern pygmy perch and 127 Yarra pygmy 

perch were collected in summer in the three years combined. Murray hardyhead are 

the most widespread of these species (collected at six or more sites, out of 14, each 

year). The numbers of Murray hardyhead (n = 89), southern pygmy perch (n = 49) 

and Yarra pygmy perch (n = 22) were lowest in 2007. Nevertheless, no significant 

difference in the relative abundance (restricted to nine sites sampled each year) of 

Murray hardyhead (Kruskal-Wallace rank test, H2,26= 1.56, p = 0.458) , southern 

pygmy perch (H2,26= 2.88, p = 0.237) or Yarra perch (H2,26= 0.992, p = 0.609) was 

detected between years due to large inter-site variation each year.  

Recruitment of Murray hardyhead, southern pygmy perch and Yarra pygmy perch 

was inferred from length frequency distributions in 2005, 2006 and 2007.  Although 

relative proportions of the number of new recruits remained stable over the years for 

each species, the absolute numbers decreased due to a general decline in the 

abundance of each species. Furthermore, in 2007, the estimated 0+ cohorts of both 

1  
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pygmy perch species were smaller in length than those from previous years, 

potentially due to decreased growth rates as a result of low water levels and 

consequently decreased productivity.  

Based upon an assessment of key biological performance indicators against 

reference values developed from the data collected in 2005, the Murray hardyhead, 

southern pygmy perch and Yarra pygmy perch populations investigated were 

performing well in 2006. In 2007, however, reduced numbers and restricted 

distribution of southern (decrease in abundance of c. 50%, n = 3 sites) and Yarra 

pygmy perch (decrease in abundance of c. 40%, n = 3 sites) resulted in a failure to 

meet the established indicator values, signifying poor performance of these species. 

A total of 3586 (20 species) and 3381 (25 species) fish were sampled in 2006 and 

2007 in comparison to 3985 (21 species) in 2005. No difference was detected 

between the general fish assemblages collected each year. Nevertheless, the 

assemblages differed spatially. Australian smelt (Retropinna semoni), redfin perch 

(Perca fluviatilis), bony herring (Nematalosa erebi) and flat-headed gudgeon 

(Philypnodon grandiceps) were consistently more abundant from ‘outside’/lake 

habitats, and southern pygmy perch, Yarra pygmy perch and Eastern gambusia 

(Gambusia holbrooki) were consistently more abundant from ‘inside’/drain habitats. 

Murray hardyhead were collected in the greatest numbers from ‘inside’ habitats in 

2005 and 2006 but became more abundant from ‘outside’ habitats in 2007. This 

suggests a potential shift in habitat use from ‘inside’ habitats (in 2005 and 2006) 

towards ‘outside’ habitats in 2007 possibly as a result of diminishing water levels in 

‘inside’ habitats. 

BIOENV rank correlation analysis (Primer 5.2) revealed different combinations of 

environmental variables that provide the ‘best match’ with fish assemblage patterns 

in different years. Conductivity (salinity), mean depth, water temperature, turbidity, 

dissolved oxygen content, pH and the proportion of submerged vegetation all 

exhibited significant relationships with fish assemblages to various degrees in 2005, 

2006 and/or 2007.  

This study detected decreases in the numbers of Murray hardyhead, southern pygmy 

perch and Yarra pygmy perch in the Lower Lakes in 2007, whilst the distribution of 

southern pygmy perch and Yarra pygmy perch had contracted. With water levels 

likely to continue receding through summer 2007/2008, further habitat for these 

species will be lost. A priority for future research is to determine the broad-scale 

2  
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distribution of these species within the Lower Lakes and locate any refuge sites being 

utilised by these species during times of low water levels. Monitoring should also be 

conducted upon the re-establishment of favourable Lake levels to assess the full 

impact of the low water levels on these species. Ageing of fish (all three species) via 

otolith analysis should also be viewed as a research priority as this will provide 

greater certainty in the assessment of recruitment success. 
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2. Introduction 
 
The Coorong and Lower Lakes have been recognised as wetlands of international 

significance under the Ramsar convention for over 20 years (DEH 2000). The 

importance of the region for threatened bird species, particularly migratory waders 

(Paton 2002), has been well documented, however, the significance of habitats within 

the Lower Lakes for native freshwater fish has only recently been recognised 

(Hammer et al. 2002; Wedderburn and Hammer 2003; Higham et al. 2005).  Two 

species in the region – the Murray hardyhead (Craterocephalus fluvitilus) and Yarra 

pygmy perch (Nannoperca obscura) – are nationally listed as vulnerable under the 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC), while a third 

species, the southern pygmy perch (Nannoperca australis), is considered to be 

endangered in the Lower Murray region and is fully protected within South Australia 

(Fisheries Act 1982).  

 

Murray hardyhead, southern pygmy perch and Yarra pygmy perch have been 

collected from various locations in the Lower Lakes (see Wedderburn and Hammer 

2003; Smith and Fleer 2006) but the core habitat of these species is situated around 

Hindmarsh Island (Hammer et al. 2002; Wedderburn and Hammer 2003), part of 

which lies within the Coorong National Park. An ongoing monitoring program has 

been in place since 2005 to inform the management and conservation of threatened 

native fish in this area. Monitoring was conducted to investigate the population 

dynamics of the three threatened fish species, their habitat preferences and to 

monitor change in the ‘general’ fish community over time. The current project was 

undertaken as part of program 11 of the South Australian Murray-Darling Basin 

Natural Resource Management Board’s Phase 4 Investment Strategy (SAMDB NRM 

Board 2006). 

 

Monitoring began in 2005, when sites in the proximity of Hindmarsh Island were 

sampled on three occasions (summer, winter and spring; see Bice and Ye 2006). 

Baseline data on seasonal variation in abundance, distribution and size structure 

(recruitment) were collected for Murray hardyhead, southern pygmy perch and Yarra 

pygmy perch. Seasonal variation in the relative abundance and species composition 

of the ‘general’ fish assemblage was also determined. Specific biological 

performance indicators were developed for Murray hardyhead, southern pygmy 

perch and Yarra pygmy perch in order to assess their population status in later years.  

Late summer was suggested as a favourable time for future population assessment 
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when small individuals (<40 mm, likely new recruits) of each of the three threatened 

species are present. Thus in 2006 and 2007, the current project specifically aimed to, 

 

• Monitor the relative abundance and distribution of Murray hardyhead, 

southern pygmy perch and Yarra pygmy perch in habitats in the proximity of 

Hindmarsh Island, in the Lower Lakes,  

 

• Investigate annual variation in population size structures of the three 

threatened species, and assess recruitment using length-frequency 

distribution analysis and, 

 

• Compare these data with reference values of biological indicators developed 

by Bice and Ye (2006) to assess population performance for Murray 

hardyhead, Southern pygmy perch and Yarra pygmy perch in 2006 and 2007. 

 

Secondarily the project aimed to improve knowledge on the ecology of the ‘general’ 

freshwater fish community in the region by addressing the following objectives, 

 

• To investigate inter-annual and spatial variation in the abundance and 

species composition of fish assemblages in the aquatic habitats associated 

with Hindmarsh Island, 

 

• To describe habitat characteristics and water quality at fish sampling sites, 

and to investigate their possible relationships with fish assemblages.  
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3. Species descriptions 
 
3.1. Murray hardyhead, Craterocephalus fluviatilis (McCulloch 1913), 

Family Atherinidae 
 

The Murray hardyhead is a member of the Family Atherinidae, a primarily marine and 

estuarine family. In Australia, 14 species inhabit freshwaters (Cadwallader and 

Backhouse 1983), having evolved from marine ancestors that originally colonised 

inland saline waters before adapting to freshwater habitats (Allen et al. 2002). 

 

The Murray hardyhead is a small (<80 mm), moderately deep-bodied atherinid, 

ranging from silver to dark gold in colour with a silver mid-lateral stripe (Ivantsoff and 

Crowley 1996; Figure 1). A highly mobile schooling species they typically inhabit 

lakes, billabongs, irrigation drains and slow flowing reaches of creeks and rivers, 

often in association with aquatic vegetation (Cadwallader and Backhouse 1983; 

Lloyd and Walker 1986; Crowley and Ivanstoff 1990; Allen et al. 2002). Murray 

hardyhead have a broad salinity tolerance being found in both fresh and saline 

waters (Ellis 2005; Wedderburn et al. 2007) 

 

 
 

Figure 1. Murray hardyhead (Craterocephalus fluviatilis) 
Photo: Michael Hammer 

 

Endemic to the lowland floodplains of the Murray and Murrumbidgee River systems 

in Australia, Murray hardyhead have been collected as far upstream as Yarrawonga, 

Victoria and as far downstream as Lake Alexandrina near the mouth of the Murray 

River (Ebner et al. 2003). Once considered widespread in the Murray-Darling Basin, 

Murray hardyhead have suffered a reduction in range resulting in a patchy 

distribution throughout the Basin (Lloyd and Walker 1986; Wedderburn et al. 2007). 

Populations remain in several lakes in the Kerang-Swan Hill region (e.g. North 

Woorinen and Round Lakes;  Chessman and Williams 1974; Lyon and Ryan 2005) 
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and near Mildura in Victoria (e.g. Lakes Cardross and Hawthorn;  Raadik and 

Harrington 1996; Ellis 2005). In South Australia isolated populations remain in 

evaporation basins near Berri (i.e. Disher Creek and Berri evaporation basin) and 

Riverglades wetland near Murray Bridge (Scotte Wedderburn pers. Comm.), 

although this population was likely lost when the wetland dried out in early 2007. 

They are also found in the Lower Lakes region, particularly in broad proximity to 

Hindmarsh Island (Hammer et al. 2002; Wedderburn and Hammer 2003; Smith and 

Fleer 2006).  

 

Due to declines in abundance and distribution, the Murray hardyhead is considered 

nationally vulnerable under the EPBC Act (1999).  

 

3.2. Southern pygmy perch, Nannoperca australis (Gunther 1861), Family 

Percichthyidae 
 
There are six species of pygmy perches, all of which are endemic to the freshwaters 

of Southern Australia (Allen et al. 2002). Formerly classified as belonging to the 

family Nannopercidae, most authors now consider them a member of the 

Percichthyidae together with generally much larger native species such as cods and 

basses (Hammer 2001).  
 
Southern pygmy perch are small (<80 mm), moderately compressed fish with 

variable colouring depending upon geographic location (Kuiter et al. 1996; Figure 2). 

Generally cream to green-brown with dark blotching (Kuiter et al. 1996), breeding 

males usually have darkened fins with a reddish tinge (Allen et al. 2002). They are 

commonly found in small, still or slow-flowing streams, billabongs, wetlands and 

irrigation drains, particularly those that are well-vegetated (Kuiter et al. 1996; 

Woodward and Malone 2002).  

 

 
Figure 2. Southern pygmy perch (Nannoperca australis) 

Photo: Michael Hammer 
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This species is widespread being found in the coastal drainages of Victoria, 

Tasmania and in the Murray-Darling Basin (Kuiter et al. 1996; Allen et al. 2002). 

Since European settlement the abundance and range of this species in the Murray-

Darling Basin has declined considerably (Allen et al. 2002) and they are now 

considered endangered in the Lower River Murray region (Hammer 2005). In the 

Lower Murray it is confined to four stream catchments associated with the Mount 

Lofty Ranges and several areas within Lake Alexandrina.  

 

The Southern pygmy perch is fully protected in South Australia under the Fisheries 

Act (1982). 

 

3.3. Yarra pygmy perch, Nannoperca obscura (Klunzinger 1872), Family 

Percichthyidae 
 
Yarra pygmy perch are small (<80 mm), moderately compressed fish with a pale 

brown, greyish or olive colour, with blotches along the midline and pale barring on the 

caudal peduncle (Kuiter et al. 1996; Allen et al. 2002; Figure 3). Superficially similar 

to Southern pygmy perch, Yarra pygmy perch can be distinguished macroscopically 

by a small mouth not reaching below the eye, high dorsal fin and irregular (not round) 

eye pupil (Hammer 2007).  

 

 
 

Figure 3. Yarra pygmy perch (Nannoperca obscura) 
Photo: Michael Hammer 

 
Yarra pygmy perch are typically found in well-vegetated habitat of slow flowing 

streams, wetlands and lakes (Kuiter et al. 1996; Woodward and Malone 2002). They 

are distributed in the coastal drainages of mainland South-eastern Australia from 

Melbourne in the east to the Lower Lakes at the terminus of the Murray-Darling River 

system in the west. The Lower Lakes population was first documented in 2001 and 

represents the sole population within the Murray-Darling Basin. 

8  
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The Yarra pygmy perch is listed nationally as vulnerable under the EPBC Act (1999) 

primarily due to widespread habitat degradation within its restricted range (Allen et al. 

2002). 

 

3.4. General fish community 
 
Together with the threatened species mentioned, the Lower Lakes possess a diverse 

fish fauna unique within the Murray-Darling Basin. Channels that flow across the 

islands (i.e. Hindmarsh, Mundoo, Ewe and Tauwitchere Islands) between the Lower 

Lakes and Coorong and the barrage fishways provide connectivity between the 

estuarine/marine waters of the Coorong and the freshwaters of the Lower Lakes, 

allowing the access of euryhaline and diadromous species that coexist in the region 

with the obligate freshwater species of the Lower Murray River. A total of 

approximately 40 different fish species have previously been recorded in the Lower 

Lakes region (Higham et al. 2002; Wedderburn and Hammer 2003).                                                          
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4. Methods 
 
4.1. Study area 
 

The Murray-Darling River system discharges into a shallow (average depth 2.9 m) 

terminal lake system (i.e. Lakes Alexandrina and Albert), before flowing into the Coorong 

and finally the Southern Ocean via the Murray Mouth. The Coorong and Lower Lakes 

were collectively designated as wetlands of international importance under the Ramsar 

convention in 1985 based upon the region’s unique ecological character and importance 

to migratory wader birds (DEH 2000). In addition the region has been designated as one 

of six icon sites in the Murray Darling Basin based upon its unique ecological qualities, 

hydrological significance, cultural and economic values (DWLBC 2006). 

 

Prior to regulation and barrage construction in the 1940’s, conditions within the Lower 

Lakes alternated between freshwater and estuarine depending upon river inflows and 

tidal patterns (Close 1990). The barrages, whilst effectively disconnecting the Murray 

estuary from the river, created an impounded freshwater environment upstream, which 

led to the fixation of wetland habitats favourable for certain freshwater fish species 

(Wedderburn and Hammer 2003). These habitats have likely facilitated the persistence 

of many species (e.g. pygmy perches) within the region as other habitats in the Murray-

Darling Basin and local region deteriorated (Wedderburn and Hammer 2003).   

 

Fourteen different sites across the wetlands, fringing lake habitats and irrigation 

channels (commonly referred to as drains) of Hindmarsh and Mundoo Islands and near 

Clayton were selected for sampling (site numbers follow those from Bice and Ye (2006); 

Figure 4). Sites were chosen due to their perceived importance for Murray hardyhead, 

southern pygmy perch and Yarra pygmy perch in the region. Sites were categorised as 

either ‘outside’ (i.e. Lake edge or creek habitats >40 m wetted width; Figure 5a) or 

‘inside’ habitats (i.e. drain or creek habitats less <40 m wetted width; Figure 5b).  
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Figure 4. Aerial map of the study area in the Lower Lakes region with sampling sites 
indicated in the vicinity of Hindmarsh and Mundoo Islands and near Clayton. 

 

 

 

 
   (a)      (b) 

 
Figure 5. (a) ‘Outside’/lake edge habitat at Mundoo causeway (site 11), (b) well-vegetated 

‘inside’/drain habitat on Hindmarsh Island (site 4) 
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4.2. Lake levels during sampling 
 
In February 2005 and 2006 Lake levels were generally maintained within an average 

range of 0.65-0.85 m (AHD; Figure 6), although levels varied daily as much as 0.3 m in 

both years due to wind seiche. In February 2007, following months of decreasing inflows, 

water levels in Lake Alexandrina ranged from 0.1-0.4 m (AHD; Figure 6). At lake levels 

below 0.35 m (AHD), significant drain and creek habitats for threatened fish species on 

Hindmarsh Island were disconnected from Lake Alexandrina and isolated from one 

another. Lake levels below 0.35 m (AHD) also result in a substantial decrease in Lake 

edge habitat.  
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Figure 6. Water level fluctuations in Lake Alexandrina at the Goolwa barrage from January 
2005-June 2007. Sampling events are indicated. Lake level of 0.35 m (AHD) is presented 
and represents events when Hindmarsh Island habitats were disconnected from Lake 

Alexandrina. 
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4.3. Fish community sampling 
 
Standardised sampling involved the use of a combination of techniques at each site, 

 

• Seine net (7 × 2 m × 6 mm stretched mesh). Three 10 m hauls. Net hauls are 

made perpendicular to the bank where possible. 

 

• Single wing fyke nets (6 m wing, 60 cm diameter entry, 8 mm mesh). Three nets 

set overnight. Nets are set perpendicular to the bank where possible. At each site 

nets were set in the same configuration throughout the project. 

 

• Box traps baited with cat food (24 × 24 × 40 cm, 1 mm stretched mesh). Ten 

traps wetted for 1 hour. 

 

The riparian zone was targeted for sampling as this habitat is considered favourable to 

small-bodied fish as it provides protection from predators, shelter and abundant food 

(Copp 1997). All fish sampled were identified to species and counted. Length 

measurements were taken for Murray hardyhead (caudal fork length, FL), Southern 

pygmy perch and Yarra pygmy perch (total length, TL) for up to 100 fish per species per 

site from each gear type. Sampling was conducted under a Section 59 permit in 

accordance with the Fisheries Act 1982 and PIRSA Animal Ethics Committee standards. 

 

Of the 14 sites, only nine were sampled in all three years and as such quantitative 

analysis is limited to these sites. In 2006 site 8 was not sampled, and in 2007 sites 2 and 

7 were not sampled due to low water levels. Sites 15 and 16 were added in summer 

2007 and were not sampled on any other occasion. 

 

4.4. Length-frequency distribution analysis 
 
Inter-annual variation in the size structure of the Murray hardyhead, southern pygmy 

perch and Yarra pygmy perch populations was investigated through the comparison of 

length-frequency distributions (Kolmogorov-Smirnov goodness-of-fit-test). In late 

Summer, cohorts of small individuals (<40 mm FL and TL) are present for each of the 

aforementioned species (Bice and Ye 2006). These cohorts likely represent 0+ fish 

(young-of-the-year (YOY) individuals; evidence of recent recruitment) allowing 

estimations of recruitment success and comparisons between years.  
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4.5. Data analysis 
 

Abundance data for Murray hardyhead, southern pygmy perch and Yarra pygmy perch 

was not normally distributed. Thus, the non-parametric Kruskal-Wallace test (Kruskal 

and Wallace 1952), or ‘analysis of variance by ranks’, was used to compare the relative 

abundance (number of fish/site/sampling occasion) of Murray hardyhead, southern 

pygmy perch and Yarra pygmy perch between years. The Kruskal-Wallace test was 

suitable for these data because it does not assume populations are normally distributed 

or that variances are homogeneous as does parametric analysis of variance (Zar 1984). 

Data from nine sites sampled each year were used for this analysis. 

 

Differences in fish assemblages between years (temporal variation) and between ‘inside’ 

and ‘outside’ habitats (spatial variation) were examined using Bray-Curtis similarity 

measures (Bray and Curtis 1957), and Analysis of Similarities (ANOSIM) was used to 

test for significant differences (Clarke 1993). The relative abundance data (number of 

fish/site/sampling occasion) were fourth-root transformed to prevent abundant species 

from influencing the dissimilarity measure excessively (Clarke 1993).  Non-metric 

Multidimensional Scaling (MDS) ordination was subsequently used to visualise the 

spatial and temporal patterns. Species which contributed most to the differences 

between groups were determined using SIMPER (Similarity Percentages) with a cut-off 

level of 60% cumulative contribution.  The multivariate analyses followed the methods 

described by Clarke (1993) using PRIMER v.5.2 (Plymouth Routines in Multivariate 

Ecological Research) software package. 

 

4.5. Assessing population performance against biological indicators 
 
Distribution, relative abundance and a recruitment index were identified as key biological 

indicators to assess the performance of the Murray hardyhead, southern pygmy perch 

and Yarra pygmy perch populations in the lower Lakes region on an annual basis (see 

Bice and Ye 2006). Comparisons of performance in 2006, 2007 and future years will be 

made with reference to the values for performance indicators established in 2005 (Table 

1). We suggest that failure to meet at least two of the performance indicators (< 

reference values) will reflect negatively on the performance of a population. 
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Table 1. Reference values of Biological Performance Indicators (BPI) suggested in Bice 
and Ye (2006). The chosen performance indicators are; Distribution (# sites where 

collected), relative abundance (# fish/site/sampling occasion) and recruitment index 
(proportion of the population comprised by the estimated 0+ cohort; c. upper size limit to 

this cohort is presented for each species).  
 
BPI Reference value Murray 

hardyhead 
Southern pygmy 

perch 
Yarra pygmy 

perch 
Distribution 7 4 4 

Relative Abundance 16 10 3 

Recruitment index ≥70% 
(< c. 38 mm FL) 

≥75% 
(< c. 40 mm TL) 

≥75% 
(< c. 40 mm TL) 

 
 
4.6. Linking fish assemblages with environmental parameters 
 
On each sampling occasion at each site, water quality and habitat characteristics were 

recorded, including, 

• Water temperature, pH, conductivity, dissolved oxygen (using a model 90 FL-T 

TPS water quality meter) and turbidity (secchi depth) 

• Size of water body (small, medium or large), bank slope, mean depth, wetted 

width, percent cover of submerged and emergent vegetation and the presence of 

large predatory fish (i.e. redfin perch). 

 

The protocols given by Clarke and Ainsworth (1993) were followed to assess the 

relationship between water quality parameters and habitat characteristics with the fish 

assemblages.  The routine BIOENV in the software PRIMER v.5.2 (Clarke and Warwick 

2001) was used for this correlation analysis.  The rank similarity matrices (Bray-Curtis for 

fish assemblages and Euclidean distance for water quality and habitat parameters) were 

compared using the weighted Spearman rank correlation. The rank correlation coefficient 

(ρw) lies between –1 and +1, corresponding to the cases where the fish assemblage and 

environmental patterns are in complete opposition or complete agreement.  Values 

around 0 correspond to the absence of any match between the two patterns (Clarke and 

Ainsworth 1993). Symbols scaled in size to represent the values of water quality and 

habitat parameters were also individually superimposed onto the two-dimensional MDS 

configurations of fish assemblages in order to identify visual concordance (Field et al. 

1982).  
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5. Results 
 
5.1. Catch summary 
 
A total of 3586 (20 species) and 3381 (25 species) fish were sampled in 2006 and 2007 

respectively, in comparison to 3985 (21 species) fish in 2005 (Table 2). Common 

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

flat-headed gudgeon (Philypnodon grandiceps) and eastern gambusia (Gambusia 

holbrooki) were abundant every year, whilst carp gudgeon (Hypseleotris Spp.), dwarf 

flat-headed gudgeon (Philypnodon sp.) and carp (Cyprinius carpio) were always caught 

in relatively low numbers. Many estuarine species (e.g. sandy sprat, Hyperlophus 

vitattus) were not present every year. The most widespread species were common 

galaxias, small-mouthed hardyhead, flat-headed gudgeon and congolli (Pseudaphritus 

urvillii; all 4 species recorded from 12 sites). 
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Table 2. Summary of species, total number and relative abundance (RA; No. fish/site/sampling occasion) of native fish sampled from the Lower 
Lakes region in 2005, 2006 and 2007. 

 
  2005 2006 2007 
Common Name Scientific Name Abundance RA ± SE Abundance RA ± SE Abundance RA ± SE 

Native Species        

Yarra pygmy perch@ Nannoperca obscura 31 2.8 ± 1.6 74 6.7 ± 12.2 22 1.8 ± 3.2 
Southern pygmy perch@ Nannoperca australis 117 10.6 ± 6.5  72 6.5 ± 7.2 45 3.8 ± 6.8 
Murray hardyhead@ Craterocephalus fluviatilis 177 16.1 ± 5.2 205 18.6 ± 21.1 89 7.4 ± 4.5 
Golden perch@ Macquaria ambigua 0 - 0 - 1 0.1 
Australian smelt@ Retropinna semoni 79 7.2 ± 3.6 305 27.7 ± 8.4  27 2.3 ± 2 
Unspecked hardyhead@ Craterocephalus stercusmuscarum f. 151 13.7 ± 4.8 115 10.5 ± 3 302 25.2 ± 24.7 
Bony herring@ Nematalosa erebi 114 10.4 ± 1.6 693 63 ± 39.6 66 5.5 ± 3.3 
Flat-headed gudgeon@ Philypnodon grandiceps 372 33.8 ± 17 223 20.3 ± 9.7 237 19.8 ± 10.3 
Dwarf flathead gudgeon@ Philypnodon sp. 21 1.9 ± 1.2 33 3 ± 1.4 2 0.2 
Carp gudgeon complex@ Hypseleotris Spp. 2 0.2 1 0.1 3 0.3 ± 0.2 
Common galaxias^ Galaxias maculatus. 530 48.2 ± 16.5 680 61.8 ± 30.8 577 48 ± 82.6 
Congolli^ Pseudaphritus urvillii 65 5.9 ± 2.9 51 4.6 ± 2.5 259 21.6 ± 19.5 
Small-mouth hardyhead* Atherinosoma microstoma 1849 168.1 ± 116.3 276 25.1 ± 16.7 991 82.6 ± 35.3 
Lagoon goby* Tasmanogobius lastii 202 18.4 ± 12.9 0 - 15 1.3 ± 1.2 
Tamar river goby* Favonigobius tamarensis 24 2.2 ± 2.6 16 1.5 ± 2.7 188 15.7 ± 37.2 
Bridled goby* Arenogobius bifrenatus 16 1.5 ± 0.4 0 - 13 1.1 
Western blue-spot goby* Pseudogobius olorum 9 0.8 ± 1.5 13 1.2 ± 0.8 75 6.3 ± 6.9 
Sandy sprat* Hyperlophus vitattus 0 - 26 2.4 48 4 
Yellow-eyed mullet* Aldrichetta forsteri 21 1.9 ± 4 22 2 ± 4.3 0 - 
Flat-tail mullet* Liza argentea 0 - 0 0 9 0.8 ± 0.2 
Smooth toad fish* Tetractenos glaber 0 - 0 0 1 0.1 
River garfish* Hyporhamphus regularis 0 - 0 0 1 0.1 

Exotic species        
Eastern gambusia@ Gambusia holbrooki 148 13.5 ± 5.7 635 57.7 ± 54.9 199 16.6 ± 8.8 
Redfin@ Perca fluviatilis 50 4.5 ± 1.5 108 9.8 ± 4.1 155 12.9 ± 4.8 
Carp@ Cyprinus carpio 3 0.3 ± 0.2 5 0.5 ± 0.3 25 2.1 ± 2.6 
Goldfish@ Carrassius aurata 4 0.4 ± 0.2 33 3 ± 1.6 31 2.6 ± 1.2 

 Totals 3985  3586  3381  
@freshwater, ^diadromous, *estuarine/marine 
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5.2. Relative abundance and distribution of threatened species 
 
Murray hardyhead (Craterocephalus fluviatilis) and Yarra pygmy perch (Nannoperca 

obscura) were collected in the greatest numbers in 2006, while southern pygmy 

perch (Nannoperca australis) were collected in the greatest number in 2005 (total 

number, not confined to nine sites sampled in all years; Table 3). All three species 

were collected in their lowest numbers and represented their lowest proportions of 

the ‘total catch’ in 2007.    

 

 
Table 3. Numbers of Murray hardyhead, southern pygmy perch and Yarra pygmy perch 
collected and their proportion of the total catch (TC) sampled from the Lower Lakes in 

February 2005, 2006 and 2007. 
 

Species 
Abundance 

05 % of TC
Abundance 

06 % of TC

 
Abundance 

07 % of TC

Murray hardyhead 177 4.4 205 5.7 
 

89 2.6 

Southern pygmy perch 117 3 72 2 
 

45 1.3 

Yarra pygmy perch 31 0.8 74 2.1 
 

22 0.7 
 

 
Nevertheless, analyses (Kruskal-Wallace rank test;  Kruskal and Wallace 1952) of 

the samples from the nine common sites in 2005, 2006 and 2007 indicated that the 

relative abundance of Murray hardyhead (H2,26= 1.56, p = 0.458), southern pygmy 

perch (H2,26= 2.88, p = 0.237) and Yarra pygmy perch (H2,26= 0.992, p = 0.609) did 

not differ significantly between years (Figure 7). Lack of statistical significance is 

likely due to large inter-site variations in abundances for these species within each 

year.  
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Figure 7. Relative abundance (number of fish/sampling site/sampling occasion ± SE) of 
Murray hardyhead, southern pygmy perch and Yarra pygmy perch in the Lower Lakes 

in Summer 2005, 2006 and 2007. Data are from nine sites sampled in all years. 
 
 
 
 
Murray hardyhead were the most widespread of the three threatened species every 

year. Murray hardyhead, however, were collected from fewer sites in 2006 (n = 6) 

and 2007 (n = 7) compared to 2005 (n = 9; Table 4). Yarra pygmy perch were also 

collected from fewer sites in 2006 (n = 2) and 2007 (n = 3) in comparison to 2005 (n 

= 6; Table 4). Southern pygmy perch were found from a similar number of sites each 

year (n = 3-4; Table 4). In 2007, of the sites deemed important for these species by 

Bice and Ye (2006); site 2 (tributary of Hunters Creek) was not sampled as it had 

dried out, and no threatened fish were collected from site 4 (Hunters Creek drain), 

but reasonable numbers of southern pygmy perch (n = 42) and Yarra pygmy perch (n 

= 20) were collected from site 6 (Hunters Creek).  
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Table 4. Site numbers and numbers of Murray hardyhead, southern pygmy perch and 
Yarra pygmy perch collected in the proximity of Hindmarsh Island in the Lower Lakes 

region in summer 2005, 2006 and 2007. Sites 2, 4 and 6 are highlighted based upon the 
perceived importance of the sites for these species (Bice and Ye 2006). 

 
 Murray hardyhead Southern pygmy perch Yarra pygmy perch 
Site 2005 2006 2007 2005 2006 2007 2005 2006 2007 
2 34 1 N/S 14 3 N/S 1 8 N/S 
4 1 - - 50 53 - 13 66 - 
5 - 7 5 - - - - - 1 
6 46 177 6 53 11 42 11 - 20 
7 40 5 N/S - - N/S - - N/S 
8 28 N/S 2 - N/S - 1 N/S - 
9 - - - - - 2 - - - 
10 13 - 31 - - - - - - 
11 11 - - - - 1 4 - - 
12 17 9 39 - - - - - - 
13 - - - - - - - - - 
14 4 6 5 - 2 - 1 - - 
15 N/S N/S - N/S N/S - N/S N/S - 
16 N/S N/S 1 N/S N/S - N/S N/S 1 
Total 
Sites 

9 6 7 3 4 3 6 2 3 

 

  

 

5.3. Length-frequency distribution analysis 
  

5.3.1. Murray hardyhead 
 

Length-frequency distributions of Murray hardyhead differed significantly between 

2005 and 2006, and, 2006 and 2007, but not between 2005 and 2007 (Table 5). In 

2005 and 2006 fish lengths ranged from 14-63 mm FL (Figures 8a & b) and in 2007 

lengths ranged from 17-53 mm FL (Figure 8c). In 2005 we suggested fish <38 mm 

represented the 0+ cohort (Bice and Ye 2006), comprising c. 80% of the population. 

In 2006 and 2007 fish <38 mm comprised c.95% and c. 80% of the population 

respectively. However, in 2007, two separate size-classes seemed to exist at 17-31 

mm (c. 40% of the population) and 33-40 mm FL, respectively (Figure 8c). This 

division in size-classes was not obvious in 2005 or 2006, although length 

distributions did not differ significantly between 2007 and 2005 (K-S, Table 5). 

Recently spawned young-of-year (YOY; <20 mm FL) are present in each year 

(Figures 8a-c).  
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Table 5. Results of Kolmogorov-Smirnov (K-S) pairwise testing of length-frequency 
distributions for Murray hardyhead, southern and Yarra pygmy perch between years 

(2005-2007) in the Lower Lakes region. D = the K-S ‘D’ statistic. Significant p values are 
indicated. 

 
Species Mean length ±SE Mean length ±SE D P value 

2005 v 2006 
Murray hardyhead 31.77 ± 0.55  

n = 177 
27.21 ± 0.54 

n = 181 
0.33 <0.001 

Southern pygmy perch 36.75 ± 0.61 
n = 117 

32.99 ± 0.35 
n = 72 

0.3 <0.001 

Yarra pygmy perch 37.81 ± 1.42 
n = 31 

34.41 ± 0.6 
n = 74 

0.23 0.18 

2006 v 2007 

Murray hardyhead 27.21 ± 0.54 
n = 181 

31.19 ± 0.73 
n = 89 

0.38 <0.001 

Southern pygmy perch 32.99 ± 0.35 
n = 72 

32.64 ± 1.4 
n = 45 

0.22 0.15 

Yarra pygmy perch 34.41 ± 0.6 
n = 74 

29.14 ± 1.8 
n = 22 

2.03 <0.001 

2005 v 2007 

Murray hardyhead 

 
31.77 ± 0.55  

n = 177 
31.19 ± 0.73 

n = 89 
0.09 0.8 

Southern pygmy perch 36.75 ± 0.61 
n = 117 

32.64 ± 1.4 
n = 45 

0.39 <0.001 

Yarra pygmy perch 37.81 ± 1.42 
n = 31 

29.14 ± 1.8 
n = 22 

0.72 <0.001 
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Figure 8. Length-frequency distributions of Murray hardyhead sampled from sites in 
the proximity of Hindmarsh Island in the Lower Lakes region in (a) 2005, (b) 2006 and 

(c) 2007. 
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5.3.2. Southern pygmy perch 

 
Length-frequency distributions differed significantly between all years except for 2006 

and 2007 (Table 5). Total length (TL) of southern pygmy perch ranged from 27-62 

mm, 22-57 mm and 22-55 mm TL, respectively, in 2005, 2006 and 2007 (Figure 9a-

c). In 2005, the median length of the primary cohort (c. 29-40 mm TL) and mean 

length of the population was larger than those in later years (Figure 9a and Table 5). 

Similarly the median length of the primary cohort in 2006 (c. 27-38 mm TL; Figure 9b) 

was larger than that of 2007 (c. 22-33 mm TL; Figures 9c). Each of these cohorts 

likely represents 0+ fish spawned in the previous spring. The 0+ cohort represents c. 

80% of the population in 2005 and 2006, and c. 75% in 2007.  A small percentage of 

larger (>50 mm) and potentially older fish were present in each year (Figure 9). 
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Figure 9. Length-frequency distributions of Southern pygmy perch sampled from sites 
in the proximity of Hindmarsh Island in the Lower Lakes region in (a) 2005, (b) 2006 and 

(c) 2007. 
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5.3.3. Yarra pygmy perch 

 

Length-frequency distributions for Yarra pygmy perch differed between all years 

except 2005 and 2006 (Table 5). Fish ranged in length from 28-56 mm, 21-56 mm 

and 22-61 mm TL in 2005, 2006 and 2007, respectively (Figure 10a-c). The primary 

cohort was of similar size in 2005 and 2006 (c. 29-40 mm TL; Figures 10a & b), but 

was smaller in size in 2007 (c. 22-32 mm TL; Figure 10c). This cohort likely 

represents 0+ individuals. The 0+ cohort comprised c. 75% of the population in 2005 

and >90% of the population in 2006 and 2007. Larger (>50 mm) and potentially older 

fish were present in small numbers each year (Figure 10).  
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Figure 10. Length-frequency distributions of Yarra pygmy perch sampled from sites in 
the proximity of Hindmarsh Island in the Lower Lakes region in (a) 2005, (b) 2006 and 

(c) 2007. 
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5.4. Assessing population performance against biological indicators 
 
An assessment of the biological performance indicators in summer 2006 and 2007 

for Murray hardyhead, southern pygmy perch and Yarra pygmy perch against 

reference values established in 2005 (Bice and Ye 2006) is shown in Table 6. We 

suggest that failure to meet at least two of the established reference values of the 

biological indicators will reflect negatively on population performance. 

 

In 2006 Murray hardyhead, southern pygmy perch and Yarra pygmy perch were 

assessed to be performing well, with each species meeting two of three performance 

indicator reference values (Table 6). The recruitment index and abundance of Murray 

hardyhead and Yarra pygmy perch met the prescribed reference values yet the 

number of sites from which they were collected (n = 6 and 2 respectively) was below 

the reference values. Samples of southern pygmy perch also contained a substantial 

proportion of new recruits (based upon age estimates from length-frequency 

distributions) and a comparable distribution, but were collected in lower numbers 

than the reference abundance (decrease of c. 35%).  

 

In 2007, Murray hardyhead were assessed to be performing well with a moderate 

level of recruitment and a wide distribution despite a decrease in numbers (decrease 

of c. 50%; Table 6). Both southern pygmy perch and Yarra pygmy perch, however, 

were considered to be performing poorly in this year. Despite substantial recruitment, 

southern pygmy perch were sampled from fewer sites (n = 3) and abundance had 

decreased by c. 50% (Table 6). Similarly Yarra pygmy perch exhibited a substantial 

recruitment index yet they were sampled from fewer sites (n = 3) and abundance had 

declined by c. 40% (Table 6). Thus the population status of the Yarra and southern 

pygmy perch in the region was of most concern in 2007. 
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Table 6. Assessment of Murray hardyhead, southern and Yarra pygmy perch 
populations from around Hindmarsh Island in 2006 and 2007, relative to reference 

values of biological performance indicators (BPI) established by Bice and Ye (2006). 
The chosen performance indicators are; Distribution (# sites where collected), relative 

abundance (# fish/site/sampling occasion) and recruitment index (proportion of the 
population comprised by the estimated 0+ cohort; c. upper size limit to this cohort is 

presented for each species).  
 

 BPI reference value 2006 2007 

Murray hardyhead    

Distribution 7 6  × 7  a 

Relative Abundance 
 

16 18.6  a 7.4  × 

Recruitment index 
 

≥70% 
(< c. 38 mm FL) 

c. 95%  a c. 90%  a 

Southern pygmy 
perch 

   

Distribution 
 

4 4  a 3  × 

Relative Abundance 
 

10 6.5  × 3.8  × 

Recruitment index 
 

≥75% 
(< c. 40 mm TL) 

c. 85%  a c. 75%  a 

Yarra pygmy perch    

Distribution 
 

4 2  × 3  × 

Relative Abundance 
 

3 6.7  a 1.8  × 

Recruitment index 
 

≥75% 
(< c. 40 mm TL) 

c. 90%  a c. 90%  a 
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5.5. Spatial and temporal variation in species composition and relative 
abundance of fish assemblages 
 

5.5.1. Annual variation in fish assemblages 
 

Non-metric multi-dimensional scaling (MDS) ordination showed no distinct groupings 

of fish assemblages by year (Figure 11). Analysis of similarities (ANOSIM) exposed 

no differences between fish assemblages collected in February of 2005, 2006 and 

2007 (Global R = 0.119, p = 0.088). 

 

2005
2006
2007

Stress: 0.12
2005
2006
2007

Stress: 0.12

 
Figure 11. MDS plot (2-dimensional) for the Lower Lakes fish assemblages sampled in 

February 2005, 2006 and 2007. 
 

 
 
5.5.2. Spatial variation in fish assemblages  

 
Non-metric multidimensional scaling (MDS) ordination of data collected from nine 

sites sampled in 2005, 2006 and 2007, displayed distinct groupings of fish 

assemblages by habitat (‘inside’/drain v ‘outside’/lake, years pooled; Figure 12). 

Analysis of similarities (ANOSIM) detected differences in fish assemblages between 

inside and outside habitats in 2005 (Global R = 0.493, p = 0.002), 2006 (Global R = 

613, p = 0.002) and 2007 (Global R = 0.455, p = 0.014). 
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Figure 12. MDS plot (2-dimensional) for Lower Lakes fish assemblages sampled from 
inside and outside habitats in 2005, 2006 and 2007 (years pooled). 

 
  

Similarity of percentages analysis reveals what species are contributing to the 

differences between habitat types (Table 7). Australian smelt (Retropinna semoni), 

redfin perch (Perca fluviatilis), bony herring (Nematalosa erebi), and flat-headed 

gudgeon (Philypnodon grandiceps) were consistently collected in higher abundances 

from outside habitats in all years and contributed considerably to the differences 

between habitat types. Eastern gambusia (Gambusia holbrooki) and southern pygmy 

perch were consistently more abundant from inside habitats. Yarra pygmy perch 

were also collected in greater numbers from inside habitats each year, albeit without 

contributing greatly to the dissimilarity detected between habitats. Small-mouthed 

hardyhead (Atherinosoma microstoma) and common galaxias (Galaxias maculatus) 

were abundant in both habitats. Murray hardyhead were more abundant in inside 

habitats in 2005 and 2006 but were more abundant in outside habitats in 2007. 
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Table 7. SIMPER analysis for the fish assemblages of ‘inside’ and ‘outside’ habitats in 
the Lower Lakes in summer 2005, 2006 and 2007. Results are based on fourth root 

transformed data.  Mean abundance is number of fish per site per sampling occasion 
from ‘inside’ and ‘outside’ sites separately. CR (consistency ratio) indicates species 

distributions between habitats, with larger values indicating greater consistency. The 
contribution (%) indicates the proportion of difference between inside and outside 

habitats (shown by ANOSIM) attributable to individual species. A cumulative 
contribution cut-off of 60% was applied. Mean dissimilarity is expressed as a 

percentage ranging from 0% (identical) and 100% (totally dissimilar). 
 
 
Species names Mean abundance CR Contribution 

(%) 
Cumulative 
contribution 

 Inside Outside  
2005   Mean dissimilarity = 55.78 
Australian smelt 0.33 22.83 1.54 8.99 8.99 
Small-mouthed 
hardyhead 

287.67 29.67 1.52 7.91 16.89 

Redfin perch 1.17 10.67 1.79 7.74 24.63 
Flat-headed gudgeon 6.17 56.17 1.38 7 31.64 
Bony herring 2.67 16.33 1.17 6.91 38.55 
Eastern gambusia 21.67 3.17 1.28 6.42 44.97 
Southern pygmy perch 19.5 0 0.97 6.14 51.1 
Murray hardyhead 24.83 7.5 1.21 6.09 57.2 
Common galaxias 30 58.5 1.3 5.72 62.92 
2006   Mean dissimilarity = 63.01 
Bony herring 0.2 115.33 2.72 12.75 12.75 
Australian smelt 9.4 43 1.82 9.51 22.26 
Redfin perch 0 18 3.75 8.95 31.21 
Eastern gambusia 118.4 7.17 1.05 8.85 40.06 
Flat-headed gudgeon 1.6 35.83 1.47 6.97 47.03 
Small-mouthed 
hardyhead 

15.8 32.83 1.32 5.84 52.86 

Southern pygmy perch 14 0.33 0.98 5.6 58.47 
Murray hardyhead 38 2.5 1.29 5.54 64 
2007   Mean dissimilarity = 65.95 
Flat-headed gudgeon 0.5 29.38 1.45 8.48 8.48 
Small-mouthed 
hardyhead 

64.25 91.75 1.02 8.44 16.92 

Redfin perch 0 19.38 1.62 7.94 24.86 
Eastern gambusia 28.75 10.5 1.03 6.62 31.48 
Congolli 62 1.38 1.48 6.29 37.77 
Common galaxias 43.5 50.38 0.78 6.27 44.03 
Bony herring 0.25 8.13 1.43 5.96 49.99 
Unspecked hardyhead 1.75 36.88 1.09 5.84 55.83 
Blue-spot goby 17.25 0.75 1.29 4.68 60.51 
Murray hardyhead 3.25 9.5 1.13 4.48 64.99 
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5.6. Investigations into relationships between fish assemblages and 
environmental parameters 
5.6. Investigations into relationships between fish assemblages and 
environmental parameters 
  
Fish assemblages from each year were linked to multivariate environmental patterns 

using BIOENV rank correlation techniques in Primer v. 5.2 (after Clarke and Warwick 

2001). Different combinations of environmental variables provide the ‘best match’ 

with assemblage patterns in different years.  

Fish assemblages from each year were linked to multivariate environmental patterns 

using BIOENV rank correlation techniques in Primer v. 5.2 (after Clarke and Warwick 

2001). Different combinations of environmental variables provide the ‘best match’ 

with assemblage patterns in different years.  

  

In 2005, conductivity (i.e. salinity) and mean depth best explained the observed fish 

assemblages (ρw = 0.648). Figure 13a shows the MDS ordination of fish 

assemblages in summer 2005 and a distinct grouping of ‘outside’ sites. Figure 13b 

shows the same ordination with superimposed circles representing the mean depth 

at each site. Sites 9, 10, 11, 13 and 14 (outside sites) form a distinct group based on 

fish assemblages while also possessing the greatest mean depths. The relationship 

between the observed fish assemblages and conductivity was unclear, although the 

‘outside’ sites previously mentioned have relatively low conductivities (Figure 13c).  

In 2005, conductivity (i.e. salinity) and mean depth best explained the observed fish 

assemblages (ρw = 0.648). Figure 13a shows the MDS ordination of fish 

assemblages in summer 2005 and a distinct grouping of ‘outside’ sites. Figure 13b 

shows the same ordination with superimposed circles representing the mean depth 

at each site. Sites 9, 10, 11, 13 and 14 (outside sites) form a distinct group based on 

fish assemblages while also possessing the greatest mean depths. The relationship 

between the observed fish assemblages and conductivity was unclear, although the 

‘outside’ sites previously mentioned have relatively low conductivities (Figure 13c).  
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Figure 13. (a) MDS plot for fish assemblages in summer 2005. Superimposed circles 
represent the values of (b) mean depth and (c) conductivity at every site. Larger circles 

represent greater values 
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In 2006, a combination of temperature, secchi depth (turbidity) and proportion of 

submerged vegetation exhibited a correlation with the observed fish assemblages (ρw 

= 0.734). Figure 14a shows the MDS ordination for fish assemblages in summer 

2006. Temperature does not appear to vary between sites (Figure 14b). Secchi depth 

is greatest (i.e. least turbid) at sites 4 and 6 (inside sites; Figure 14c). Sites 4 and 6 

also exhibited the greatest proportion of submerged vegetation, together with site 2 

(Figure 14d). Sites 2, 4 and 6 were identified as those most important to threatened 

fish species (Bice and Ye 2006) with high abundances of all three species collected 

from these sites in 2006.   
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Figures 14. (a) MDS plot for fish assemblages in summer 2006. Superimposed circles 
represent the values of (b) temperature (c) secchi depth and (d) proportion of 
submerged vegetation at every site. Larger circles represent greater values. 
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A combination of conductivity, dissolved oxygen, pH, proportion of submerged 

vegetation and temperature correlated best with the fish assemblages sampled in 

2007 (ρw = 0.623).  Figure 15a shows the MDS ordination for fish assemblages in 

summer 2007. Conductivity was greatest at sites 5 and 8 (inside sites; Figure 15b), 

and estuarine species were abundant at these sites. Dissolved oxygen levels do not 

differ markedly between sites apart from site 4 (an inside site), which exhibited the 

lowest dissolved oxygen levels (3.3 ppm; Figure15c). Eastern gambusia was the only 

species collected from this site. Temperature and pH did not vary greatly between 

sites (Figures 15d & e), while the proportion of submerged vegetation was highest at 

site 4 (Figure 15f).  
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Figures 15. (a) MDS plot for fish assemblages in summer 2007. Superimposed circles 
represent the values of (b) conductivity (c) dissolved oxygen and (d) temperature at 

every site. Larger circles represent greater values. 
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Figures 15 cont. MDS plot for fish assemblages in summer 2007. Superimposed circles 
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6. Discussion 
 
Murray hardyhead (Craterocephalus fluviatilis) and Yarra pygmy perch (Nannoperca 

obscura) are nationally listed as vulnerable under the Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC) and the southern pygmy perch 

(Nannoperca australis), considered endangered in the Lower Murray region, is fully 

protected in South Australia (Fisheries Act 1982). The Lower Lakes region and 

specifically sites in the immediate area surrounding Hindmarsh Island represent 

some of the most significant habitat areas for Murray hardyhead and southern pygmy 

perch within the Lower Murray-Darling Basin. The Lower Lakes also represent the 

sole habitat of Yarra pygmy perch within the Murray-Darling Basin. This report details 

work from the second (2006) and third (2007) years of a three-year monitoring 

project aimed at understanding the population dynamics and assessing the 

population status of threatened fishes (abundance, distribution, size structure, 

recruitment) while providing further information on the general fish community.  

Specifically, the current report provides an account of the current status of threatened 

fish populations with reference to their condition in 2005.  
 

6.1. Relative abundance and distribution of Murray hardyhead, Yarra and 
Southern pygmy perch 
 

Abundances of Murray hardyhead and Yarra pygmy perch were at their peak in 2006 

while southern pygmy perch abundance was greatest in 2005. All three species were 

collected in the lowest numbers in 2007. Relative abundances of Murray hardyhead 

and southern pygmy perch in 2005 and 2006 were similar to those recorded in the 

summers of 2003 and 2004 by Higham et al. (2005) but in 2007, their abundances 

had decreased considerably, albeit without statistical significance. Yarra pygmy 

perch were collected in relatively low abundances in the summers of 2005, 2006 and 

2007 when compared to 2003 and 2004 (Higham et al. 2005) when this species was 

one of the most abundant fish collected.   

 

Declines in the abundances of Murray hardyhead, southern pygmy perch and Yarra 

pygmy perch in 2007 are likely the result of drastically reduced water levels in the 

Lower Lakes. The water level in Lake Alexandrina began consistently falling below 

0.35 m (AHD) in January 2007 resulting in a loss of hydrological and ecological 

connectivity between the Lake and important drain and wetland habitats on 

Hindmarsh Island. Consequently, the area of favourable habitat and habitat quality 
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was reduced, particular in the Hunters Creek area (pers. obs. C. Bice). Predation 

pressure (e.g. from piscivorous birds) may have also increased with decreasing pool 

size and a lack of escape routes to larger pools (see Harvey and Stewart 1991).  

 

Of three sites (all ‘inside’ sites) identified as highly important to these species on 

Hindmarsh Island (Bice and Ye 2006), threatened fish were collected exclusively 

from site 6 (Hunters Creek) in 2007. Site 2 (a tributary of Hunters Creek) had dried 

out, whilst water quality at site 4 (Hunters Creek drain) had diminished to such a level 

(low dissolved oxygen content) that the only species collected was eastern gambusia 

(Gambusia holbrooki), an exotic species capable of tolerating a wide range of 

environmental conditions (McDowall 1996). Reasonable numbers of southern pygmy 

perch (n = 42) and Yarra pygmy perch (n = 20) were collected from site 6, however, 

this site had become disconnected from the Lake and was also inhabited by many 

large carp (> 100 individuals; Cyprinus carpio). Carp may accelerate habitat 

degradation by increasing turbidity (King et al. 1995) and uprooting aquatic 

vegetation (Roberts et al. 1995) via their feeding action, particularly within isolated 

pools. This likely resulted in a rapid decline of both water and habitat quality. Thus 

follow up sampling after further decreases in water level in late March 2007 yielded 

no southern pygmy perch or Yarra pygmy perch from this site and just seven 

southern pygmy perch were collected from a small isolated pool further upstream 

(SARDI unpublished data).  

 

In 2007, Murray hardyhead were not caught in large numbers from the 

aforementioned sites (n = 6 at site 6) but were collected in greater abundances, 

compared to 2006 and 2007, in outside habitats (i.e. site 10, Boundary Creek and 

Site 12, Dunn’s Lagoon near Clayton). Whilst Murray hardyhead were recorded at 

these sites in the summer of 2006 and throughout 2005 (Bice and Ye 2006), their 

abundance in 2007 was at least 50% greater than any previous recordings at these 

sites. This suggests that as water levels fell and environmental conditions in habitats 

on Hindmarsh Island worsened, Murray hardyhead actively moved into more 

permanent, deep-water habitats. Such a trend was not evident for Yarra pygmy 

perch, although southern pygmy perch were collected in low numbers (n = 2 and n = 

1) from two outside sites where they were not detected previously. Movement into 

more permanent habitats negates the immediate danger of stranding and predation 

by birds, nevertheless, predation pressure from piscivorous fish (e.g. redfin), which 

were more abundant in outside habitats, may increase (see Power 1987). 
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6.2. Length-frequency distribution analysis 
 

Bice and Ye (2006) suggested Murray hardyhead <38 mm FL in summer are likely to 

be 0+ individuals based upon the growth witnessed throughout 2005 (see Bice and 

Ye 2006) and size-distributions witnessed by Lyon and Ryan (2005) in Victoria. As 

such, substantial recruitment was detected in 2006 and 2007 (0+ cohort >70% of the 

population). Nevertheless, there was no distinct division between size-classes 

(cohorts) in 2005 or 2006, making estimates of the 0+ proportion of the population 

difficult. In 2007, there appeared to be a division between cohorts, with distinct size-

classes at 17-31 mm FL (c. 50% of population) and 33-40 mm FL.   

 

Murray hardyhead exhibit a protracted spawning season in Lakes Cardross and 

Hawthorn in Victoria (Ellis 2005). A similar situation appears to occur in the Lower 

Lakes, as indicated by the wide range of lengths and lack of division in size 

distribution modes between cohorts sampled in 2005 (Bice and Ye 2006) and 2006. 

The distinct division between cohorts in 2007 may be a result of a restricted 

spawning season for this species in 2006/2007 or, alternatively, the proportion of the 

population comprised of 0+ individuals may have been overestimated in 2005. 

Protracted spawning and differential growth rates result in difficulties in using length-

frequency distributions to identify separate cohorts. A priority for future research is 

the validation of age estimates for Murray hardyhead via otolith microstructural 

analysis. This will provide greater certainty for estimating recruitment success in 

following years.  

 

Division of cohorts of southern pygmy perch was evident in 2005, 2006 and 2007, 

and we estimate these cohorts represent groups of 0+ and likely 1+ individuals. 

Thus, considerable recruitment was evident in 2006 (0+ represented 85% of 

population) and 2007 (c. 75%) with reference to 2005 (c. 75%). Yet, the size of the 

0+ cohort differed between years, with a marked reduction in size in 2007 (c. 22-33 

mm TL) compared to 2005 and 2006 (both c. 27-40 mm TL). Length-frequency 

distributions of Yarra pygmy perch also exhibited a distinct division between the 0+ 

and 1+ cohort every year. Substantial recruitment occurred in 2006 and 2007 

(despite declines in total numbers) with the 0+ cohort representing >90% of the 

population in each year. Like southern pygmy perch the 0+ cohort from 2007 (c. 22-

32 mm TL) was smaller in size than those from 2006 and 2005 (both c. 29-40 mm 

TL).  
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The smaller size of newly recruited southern pygmy perch and Yarra pygmy perch in 

2007 (relative to previous years) may be a result of poor growth rates due to adverse 

hydrological and ecological conditions produced by falling water levels in Lake 

Alexandrina. Southern pygmy perch and Yarra pygmy perch are thought to spawn 

from September-January and September-October respectively (Humphries 1995; 

Kuiter et al. 1996; Bice and Ye 2006), which typically coincides with a time of high 

lake levels (Lake levels are ‘surcharged’ to c. 0.85 m (AHD) to compensate for 

evaporation in summer), allowing access to newly inundated spawning and nursery 

habitats. This occurred in spring 2005 and 2006, however lake levels receded at a 

much faster rate in the summer of 2006/2007 with lake levels rarely over 0.6 m 

(AHD) throughout December/January (compared to c. 0.8-0.9 m (AHD) in 2005/2006) 

as inflows to the system decreased. The rapid recession of the water level in summer 

2006/2007 may have resulted in diminished production and consequently a reduction 

in food abundance. Although not tested in the current study it is likely that the harsh 

climatic conditions experienced in 2006/2007 resulted in decreased growth rates for 

southern pygmy perch and Yarra pygmy perch spawned in 2006. This potential 

stunting could have serious consequences for both pygmy perch populations. Aday 

et al. (2002) demonstrated that bluegill (Lepomis macrochirus) from stunted 

populations in America, experienced decreased mating success and a shorter 

spawning season than bluegill from un-stunted populations. 

 

6.3. Assessing population performance against biological indicators 
 
Based on an assessment against biological performance indicators developed by 

Bice and Ye (2006), Murray hardyhead, Southern pygmy perch and Yarra pygmy 

perch populations were in good condition in 2006 with reference to 2005. This was 

also the case for Murray hardyhead in 2007. Nevertheless, the status of both 

southern and Yarra pygmy perch populations were of concern in 2007. 

 

The number of Southern pygmy perch (n = 45) and Yarra pygmy perch (n = 22) 

collected in summer 2007 was the lowest of all sampling occasions from the current 

project (see Bice and Ye 2006) and lower than those sampled by Higham et al. 

(2005). The number of sites from which these species were collected had also 

declined.  

 

Considering the results in 2006 and 2007, it appears that data collected from 2005 

represents a good baseline for future comparisons. Lake levels were within average 
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levels in 2005, whilst the numbers of threatened fish collected also appear within the 

average range in comparison to 2006, 2007 and previous years (see Higham et al. 

2005). Also, figures for the upper size limit of 0+ cohorts estimated from 2005 should 

not be viewed as definite. Inter-annual variation of growth rates may cause the size 

of 0+ cohorts to differ and consequently the estimated reference values of 

recruitment index should be viewed as a guide until greater confidence in such 

estimates is gathered via the ageing of fish (otolith analysis).  

 

6.4. Annual and spatial variation in species composition and relative 
abundance of fish assemblages 
 
No change in the ‘general’ fish assemblage was detected between years, however 

differences were consistently detected between broad habitat types. Australian smelt 

(Retropinna semoni), redfin perch (Perca fluviatilis), bony herring (Nematalosa erebi) 

and flat-headed gudgeon (Philypnodon grandiceps) were consistently more abundant 

in outside/lake habitats in all years, while southern pygmy perch, Yarra pygmy perch 

and eastern gambusia were consistently more abundant in inside/drain habitats. 

These habitat associations agree with other findings in the Murray-Darling Basin 

(Cadwallader 1979; Lloyd and Walker 1986), particularly the Lower Lakes (Higham et 

al. 2005; Bice and Ye 2006). 

 

Small-mouthed hardyhead and common galaxias were abundant in both habitat 

types. Both species are pelagic, highly mobile and tolerant of a wide range of 

environmental conditions (particularly salinity; Chessman and Williams 1975; Molsher 

et al. 1994), and as such appear not to favour any specific habitat in the Lower 

Lakes.  

 

In the Lower Lakes, Murray hardyhead have often been collected in association with 

well vegetated ‘inside’ (drain) habitats (Hammer et al. 2002; Wedderburn and 

Hammer 2003; Bice and Ye 2006; Wedderburn et al. 2007). In the current project, 

this species was more abundant in ‘inside’ habitats in 2005 and 2006 but became 

more abundant in ‘outside’ habitats in 2007. Given the low lake level in 2007, this 

may indicate a lateral migration into deep-water habitats as a result of dropping water 

level. Higham et al. (2005) also witnessed a shift in habitat use by Murray hardyhead 

toward outside habitats in 2003 but the mechanism behind this shift was unclear. 

Regardless of the mechanism behind this shift in habitat use, our results suggest that 
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Murray hardyhead are a highly mobile species capable of actively shifting between 

habitats upon the onset of unfavourable environmental conditions. 

 
6.5. Investigations into relationships between fish assemblages and 
environmental parameters 
 
Relationships between fish assemblages and environmental parameters were 

variable between years indicating that different factors may influence the abundance 

and distribution of fishes in this region on an inter-annual basis. Combinations of 

conductivity (salinity), mean depth, water temperature, sechi depth (turbidity), 

dissolved oxygen content, pH and the proportion of submerged vegetation all 

exhibited relationships with fish assemblages in 2005, 2006 and/or 2007. It is likely 

that other factors, not measured in the current study, may also possess relationships 

with the sampled fish assemblages. 

 

Secchi depth (turbidity) and proportion of submerged vegetation correlated well with 

the observed fish assemblages in summer 2006 (submerged vegetation correlated 

with fish assemblages again in 2007). Sites 4 and 6 were generally characterised by 

low turbidity (high transparency) and high proportions of submerged vegetation. 

These parameters are not mutually exclusive in that high transparency facilitates 

aquatic vegetation growth and productivity (Spence 1982). Southern pygmy perch 

and Yarra pygmy perch were most abundant at these sites. Various authors have 

inferred associations between these species and vegetated habitats (Humphries 

1995; Kuiter et al. 1996; Hammer et al. 2002; Woodward and Malone 2002; Hammer 

2005). 

 

In summer 2007, conductivity was highest (c. 40000 μS/cm) at site 8 (Hunters Creek 

estuary). Hunters Creek is essentially estuarine in nature but is influenced by 

freshwater inflows. For this reason estuarine species such as gobies (i.e. 

Tasmanogobius lastii, Afurcagobius tamarensis, Pseudogobius olorum and 

Arengobius bifrernatus), mullet (Aldrichetta forsteri and Liza argentea) and small-

mouthed hardyhead are typically abundant at this site. Similarly, high salinities 

(>16000 μS/cm) at site 5 (Hunters Creek) in 2007 following a salt water incursion 

event, coincided with high relative abundances of estuarine species including small-

mouthed hardyhead and flat-tail mullet (Liza argentea), as well as a previously 

undetected estuarine species (river garfish, Hyporhamphus regularis). Murray 

hardyhead were collected in low numbers from both of these sites in 2007, 

41  



                                                                          Bice and Ye (2007) Threatened fish monitoring 

demonstrating the wide salinity tolerance of this species; a factor that is believed to 

be integral in determining the catchment-scale distribution of this species 

(Wedderburn et al. 2007).  

 

Dissolved oxygen may have also structured fish assemblages in 2007. Specifically, 

site 4, although highly transparent (i.e. low turbidity) and well vegetated, was 

inhabited exclusively by the exotic eastern gambusia, most likely due to diminished 

levels of dissolved oxygen (3.3 ppm). Site 4 was previously dominated by pygmy 

perch species (Bice and Ye 2006) and although southern pygmy perch are believed 

to be highly tolerant of hypoxic conditions (McNeil and Closs 2007), eastern 

gambusia possess morphological adaptations to allow efficient air surface respiration 

(Cech et al. 1985) making them even more tolerant of hypoxic conditions. Eastern 

gambusia are also highly aggressive towards other species (McDowall 1996) and it is 

possible that they may exclude other fish from preferred habitats by interference 

competition, although eastern gambusia were collected in sympatry with both pygmy 

perch species at other sites in 2007.  

 

6.6. Conclusion 
 
This study has contributed to the limited data on the ecology of small-bodied fish in 

the Lower Lakes region. Specifically, the population dynamics of nationally and State 

threatened fish species is better understood. Murray hardyhead, southern pygmy 

perch and Yarra pygmy perch were collected in substantial numbers throughout the 

three year project but the population status of the southern pygmy perch and Yarra 

pygmy perch was of concern in 2007 due to a decline in numbers and a contraction 

in distribution.  

 

Southern pygmy perch and Yarra pygmy perch possess a strong association with 

highly transparent (low turbidity) and well-vegetated inside/drain habitats. To a lesser 

degree, Murray hardyhead are also associated with these habitats. The importance 

of the persistence of these habitats on Hindmarsh Island has been suggested by 

many authors (Hammer et al. 2002; Wedderburn and Hammer 2003; Bice and Ye 

2006), and in 2007 the degradation of these habitats, as a result of low water levels 

in Lake Alexandrina, coincided with decreased abundances and distribution of both 

pygmy perch species. 

 

42  



                                                                          Bice and Ye (2007) Threatened fish monitoring 

Murray hardyhead exhibited a shift in habitat use from inside habitats towards 

outside habitats in 2007. Murray hardyhead are a highly mobile species and this 

movement into deeper water was likely in response to the diminishing quality of 

shallow wetland and drain habitats (inside sites). This suggests the species is 

relatively flexible in its behaviour compared to both pygmy perch species and may 

use this strategy to avoid unfavourable conditions and persist during times of drought 

and low inflows. It appears both southern pygmy perch and Yarra pygmy perch are 

more reliant on specific habitat types, and as such the low water levels experienced 

in 2007 represent a severe and imminent threat to the viability of these populations. 

Current predictions suggest water levels in Lake Alexandrina may continue to recede 

to extremely low levels (< -0.5 m AHD) over the summer of 2007/2008 (MDBC 

unpublished data) and consequently the Murray hardyhead population may also 

come under serious threat. From a management perspective, the maintenance of 

suitable habitat for these species during times of low Lake levels is a priority. 

 

Despite decreased abundances for threatened species in 2007, substantial 

recruitment occurred (also in 2006). Estimated 0+ fish comprised the majority of 

Murray hardyhead, southern pygmy perch and Yarra pygmy perch populations during 

summer sampling occasions every year. Newly recruited southern pygmy perch and 

Yarra pygmy perch were smaller in size in 2007 relative to previous years, potentially 

due to diminished productivity of habitats around Hindmarsh Island. This may affect 

mating and spawning success in future years. Nevertheless, of greatest importance 

is the survivorship of these cohorts through to the next spawning season (spring 

2007). Both species are short-lived (generally 1-2 years, although older fish have 

been recorded; Kuiter et al. 1996), hence these cohorts form the majority of the 

spawning populations in the following breeding season, and consequently low 

survivorship may negatively impact on spawning success in following years.  

 

Monitoring of threatened fish populations in the Lower Lakes should be expanded 

beyond the immediate area surrounding Hindmarsh Island to determine the broad-

scale distribution of these species in the Lower Lakes and locate any possible refuge 

sites being utilised by these species. This is of utmost importance given the 

extremely low water levels (< -0.5 m AHD) expected to be experienced over the 

summer of 2007/2008 (MDBC unpublished data). Monitoring also needs to be 

conducted upon the re-establishment of favourable water levels (we suggest > 0.5 m 

AHD) to further assess the impact of the low water levels on the abundances and 
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recruitment of these populations and investigate possible re-colonisation of habitats 

on Hindmarsh Island.  

 

Age estimation from length-frequency analysis should also be validated via otolith 

microstructure analysis for southern pygmy perch, Yarra pygmy perch and, in 

particular, Murray hardyhead. Since Murray hardyhead exhibit a protracted spawning 

season, aging by otolith analysis will potentially allow the development of strong 

length-age relationships and provide greater certainty in the assessment of 

recruitment success.  
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