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NON-TECHNICAL SUMMARY 

Penrith Lakes Fish Scheme – 2009 Fish monitoring Program 

 
 
PRINCIPAL INVESTIGATOR: James T. Knight 
 
ADDRESS: Industry & Investment NSW 

Port Stephens Fisheries Institute 
Locked Bag 1 
Nelson Bay NSW 2315 
Telephone: 02 4982 1232 Fax: 02 4982 2265 

 
OBJECTIVES: 

The specific objectives of the program were to: 
1. Assess the composition, abundance and size structure of the fish assemblages from seven 

of the Penrith Lakes. 
2. Examine the biology of Australian bass sampled from the SIRC Lakes and Duralia Lake to 

provide insights into the health of the stocked populations. 
 
LAY SUMMARY: 

The Penrith Lakes are a series of artificially constructed water bodies located on the floodplain of 
the Nepean River west of Sydney that are managed by the Penrith Lakes Development Corporation 
(PLDC). Native fish communities play a key role in the succession of the developing lake 
environments, as well as providing recreational fishing opportunities through the stocking of 
Australian bass. Within the framework of ongoing assessments of the status of fish communities, 
Industry & Investment NSW (I&I NSW; formerly NSW Dept. of Primary Industries) was 
commissioned to assess the composition, abundance and size structure of the fish assemblages from 
the permanently connected Warm-up and Regatta Lakes, (collectively termed the SIRC Lakes), and 
Main Lake A, Duralia Lake, Middle Basin, Cranebrook Lake and North Pond. A secondary aim 
was to examine the biology of Australian bass sampled from the SIRC Lakes and Duralia Lake to 
provide insights into the health of the stocked populations. 
 
A total of 9,273 fish belonging to 11 species, 181 freshwater prawns and 3,530 freshwater shrimp 
were sampled between the 2nd and 10th of February 2009. Overall, the seven surveyed lakes 
appeared to have relatively healthy, functioning aquatic ecosystems. Water quality was generally 
good, although recorded pH levels were high and Duralia Lake appeared to be thermally stratified. 
There was an abundance of aquatic life including a good supply of small forage fish and 
crustaceans to sustain larger predatory species such as bass and eels. Species composition has also 
remained relatively stable over the last four years with no apparent disappearances or new 
occurrences of fish species. There were substantial increases in the numbers of some of the small-
bodied native fish species caught in 2009 compared to 2008 and 2007. 
 
The survey results also indicated that although differences were found among lakes in the size 
structure of the non-stocked native fish, all of the populations were self-sustaining as evidenced by 
the capture of both juvenile and adult fish. Unfortunately, the same was true for the noxious eastern 
gambusia, which was caught in much larger numbers in most lakes in 2009 than in the previous 
two years. Relatively large populations of the noxious common carp were also detected in Main 
Lake A and North Pond. There was, however, no evidence of recent recruitment occurring in any 
of the carp populations sampled, with numbers of this species appearing to be on the decline in the 
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SIRC Lakes. Unfortunately, catches of most species of native fish inhabiting Regatta Lake had also 
declined. The largest catch of bass in 2009 came from Middle Basin, whereas the numbers of bass 
caught from Duralia Lake and Warm-up Lake were generally similar among years. Main Lake A 
and North Pond appeared to have low abundances of bass, while there was evidence that fish 
stocked into Cranebrook Lake may not have survived. Analysis of morphometric data, sex ratios, 
ages and diets of bass revealed that the population inhabiting the SIRC Lakes was not as healthy as 
the populations inhabiting Middle Basin and Duralia Lake or as healthy as a population previously 
studied in the adjacent Hawkesbury-Nepean River. 
 
Several recommendations are made in relation to monitoring and improving lake water quality. 
Management plans should also be developed in consultation with I&I NSW to reduce the potential 
impacts by eastern gambusia and common carp on the health and aquatic biota of the Penrith 
Lakes. Given current difficulties in identifying the probable causes for temporal variation in the 
success of the stocking program it is recommended that the stocking data for each year is 
comprehensively assessed to identify factors that may have contributed to this variation, and to 
provide insights into ways of optimising the stocking program. In addition, the bass biological 
study should be expanded to include fish from Middle Basin and the experimental design of the 
dietary analysis improved by increasing the number of replicate samples collected and by 
broadening the assessment of the range of potential sources of bass prey. The adopted fish 
community sampling protocol should be continued in its current form as it appears to be providing 
a representative insight into the status of the aquatic communities inhabiting the Penrith Lakes. 
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1. INTRODUCTION 

The Penrith Lakes are a series of artificially constructed water bodies located near Penrith west of 
Sydney. The lakes have been formed as a result of progressive rehabilitation works at a large, 1,935 
hectare, sand and gravel quarry located on the floodplain of the Nepean River (Figure 1). The lake 
system is managed by the Penrith Lakes Development Corporation (PLDC) and several of the 
completed lakes including Regatta Lake and Warm-up Lake are used as public venues for 
recreational activities such as rowing. Native fish communities play a key role in the succession of 
ecosystems in the developing lake environments, as well as providing recreational fishing 
opportunities. As part of the adaptive management of the lakes approximately 129,000 Australian 
bass have been stocked since 1996 (Table 1). As the survival of bass in any system (riverine or 
impounded) is linked to the overall fish community structure, a comprehensive sampling regime 
that monitors all fish species is recognised as an important component of the management of the 
Penrith Lakes system. Annual monitoring has been carried out since 1998 with Industry & 
Investment NSW (I&I NSW; formerly NSW Dept. of Primary Industries) contracted to undertake 
the survey work since 2006 (Pease and Pogonoski 2006; Pease 2007, 2008). 
 
 
Table 1. History of Australian bass stocking in the Penrith Lakes between 1996 and 2008. 

Stocking did not occur in 2003 and 2006 – 2008. Source: PLDC. 
 
Lake stocked 1996 1997 1998 1999 2000 2001 2002 2004 2005 Total 

Regatta Lakes 12,000 10,000 12,000 12,000 5,000 7,000 12,000 2,000 6,000 78,000 
Main Lake A     5,000 1,200  4,500 6,000 16,700 
Final Basin  2,000      4,000 2,000 8,000 
Middle Basin     2,500    2,000 4,500 
Northern Pond     2,500   5,000 2,000 9,500 
Duralia Lake*        6,000 3,000 9,000 
Cranebrook Lake         3,000 3,000 
Duck Pond        500  500 

Total 12,000 12,000 12,000 12,000 15,000 8,200 12,000 22,000 24,000 129,200 

* previously known as Boyces Lake. 
 
In addition to the Australian bass, surveys by I&I NSW between 2006 and 2008 have also recorded 
three other large-bodied native species, including the freshwater catfish, shortfinned eel and 
longfinned eel, and five small-bodied native species, including the Australian smelt, olive perchlet, 
flathead gudgeon, and two species of Hypseleotris carp gudgeon (Table 2). The two carp gudgeons 
have been formerly identified as the firetailed gudgeon (H. galii) and western carp gudgeon (H. 
klunzingeri) but can be difficult to separate in the field and therefore have only been classified to 
genus level during survey work. In addition, three species of alien fish (i.e., introduced from 
overseas) occur in the lakes. Two of these fish are declared as Class 3 noxious species under the 
NSW Fisheries Management Act 1994 including the eastern gambusia and common carp. The 
goldfish is also present but is not listed as noxious and, apart from being responsible for the spread 
of a disease that affects trout, is considered to have few or no adverse impacts in Australian 
waterways (Lintermans 2007). With the exception of the longfinned eel, earlier survey work by 
SKM (2004) and SKM (2005) recorded a similar fish assemblage to the one recorded by I&I NSW 
(Table 2). 
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Figure 1. Aerial photograph of the Penrith Lakes system adjacent to the Nepean River, west 

of Sydney. 
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Table 2. Fish species recorded from the Penrith Lakes by I&I NSW between 2006 and 2008. Data from the current survey in 2009 are also included to 
provide an up-to-date summary of the species record for the system. Data from 2006 to 2008 sourced from the I&I NSW Freshwater Fish 
Research Database. Each year column in which a lake was not sampled is shaded grey. R = Recorded. 

 
  Water Body 

Family & species name Common name Duralia 
Lake 

Cranebrook 
Lake 

Final 
Basin 

Main 
Lake A 

Lewis 
Lagoon 

Middle 
Basin 

North 
Pond 

Regatta 
Lake 

Warm-up 
Lake 

  06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09 

Native species                                      

Ambassidae 
Ambassis agassizii 

 
Olive perchlet 

          
 

                   
R 

 
R 

 
R 

 
R 

 
R 

   
R 

Anguillidae 
Anguilla australis 
Anguilla reinhardtii 
Anguilla spp. 

 
Shortfinned eel 
Longfinned eel 
Unidentified eel 

        
R 

 
R 
R 

    
R 

 
R 

     
 
R 

  
R 

  
R 
R 

 
R 

     
R 
R 

 
R 

 
R 
R 

 
 
 
R 

 
R 
R 

 
 
R 

 
R 
R 

 
R 
 
R 

Eleotridae 
Hypseleotris spp. 
Philypnodon grandiceps 

 
Carp gudgeons 
Flathead gudgeon 

  
 
R 

 
 
R 

 
R 
R 

  
 
R 

  
R 
R 

 
R 
R 

  
R 
R 

  
R 
R 

 
R 
R 

  
R 
R 

     
R 
R 

  
 
R 

 
R 
R 

    
R 
R 

 
R 
R 

 
 
R 

 
 
R 

 
 
R 

 
R 
R 

 
 
R 

 
 
R 

 
R 
R 

Percichthyidae 
Macquaria novemaculeata 

 
Australian bass 

  
R 

 
R 

 
R 

     
R 

  
R 

  
R 

   
R 

     
R 

  
R 

 
R 

    
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

Plotosidae 
Tandanus tandanus 

 
Freshwater catfish 

         
R 

    
R 

                
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

Retropinnidae 
Retropinna semoni 

 
Australian smelt 

  
R 

 
R 

 
R 

    
R 

 
R 

  
R 

  
R 

   
R 

     
R 

        
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

Alien species                                      
Cyprinidae 
Carassius auratus 
Cyprinus carpio 

 
Goldfish 
Common carp 

         
 
R 

  
 
R 

  
R 
R 

   
 
R 

     
 
R 

  
R 
R 

 
 
R 

    
R 
R 

 
R 
R 

 
R 
R 

 
R 
R 

  
 
R 

 
R 
R 

 
 
R 

 
 
R 

Poeciliidae 
Gambusia holbrooki 

 
Eastern Gambusia 

   
R 

 
R 

    
R 

 
R 

  
R 

   
R 

  
R 

   
R 

  
R 

  
R 

 
R 

    
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 

 
R 
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In 2008, aspects of the biology of bass were studied to identify possible causes for the absence of 
larger size classes of fish in the Penrith Lakes (Pease 2007, 2008). Comparisons of the sex ratios, 
age structure and diet of bass sampled from Duralia Lake and the interconnected Regatta and 
Warm-up Lakes (collectively known as the Sydney International Regatta Centre or SIRC Lakes) 
revealed major differences in stock structure and diet. Fish from Duralia Lake were predominately 
young females of two to three years of age with relatively high growth and survival rates whereas 
the bass population from the SIRC Lakes had a 50/50 sex ratio of much older fish of up to 10 years 
of age (Pease 2008). The diets of the two populations were also different, with small, forage fish 
such as Australian smelt forming a more prominent part of the diet of bass from Duralia Lake. 
Interpretation of these results was limited, however, due to the small sample sizes obtained (40 fish 
in total) and because many of the smaller fish had undeveloped gonads that could not be accurately 
sexed (Pease 2008). Future studies of the bass populations in the SIRC and Duralia Lakes were 
recommended to validate and add to these preliminary results. In turn, the biological data may 
provide insights into ways of optimising the production of large bass for the recreational fishery 
and of improving the overall success of the stocking program. 
 
The primary aim of the 2009 study was to assess the composition, abundance and size structure of 
the fish assemblages from seven of the Penrith Lakes specified in the PLDC Fish Monitoring 
Program (Reedy 2008). A secondary aim was to examine the biology of Australian bass sampled 
from the SIRC Lakes and Duralia Lake to validate and add to the preliminary findings by Pease 
(2008) into the health of the stocked populations. 
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2. METHODS 

The fish and crustacean macrofauna in seven water bodies of the Penrith Lakes system were 
surveyed from the 2nd to the 10th of February 2009 in accordance with the PLDC Fish Monitoring 
Program (Reedy 2008) and the methodology of Pease (2008). The program categorises the different 
lakes into Priority A and B sites in which different sampling regimes are specified (Table 3). In 
2009, Priority A lakes included Regatta Lake, Warm-up Lake and Main Lake A. Priority B lakes 
included Duralia Lake (previously named Boyces Lake), Cranebrook Lake, Middle Basin, and 
North Pond. The locations of these lakes are shown in Figure 1. Water quality data (temperature, 
pH, conductivity, dissolved oxygen and turbidity) were collected from each lake concurrently with 
the fish surveys. 
 
 
Table 3. Sampling protocol for each lake category. 
 
Zone Priority A Lake Priority B Lake 

Shallow 
12 x 90 second boat electrofishing shots 

6 x seine net shots 
25 x bait traps – set overnight 

6 x 90 second boat electrofishing shots 

3 x Seine net shots 
12 x bait traps – set overnight 

Deep 6 x panel nets – set for 1hr at 18:00hrs ± 1hr 3 x panel nets – set for 1hr at 18:00hrs ± 1hr 

 

2.1. Sampling techniques 

2.1.1. Electrofishing 

Electrofishing was done using the I&I NSW Research Vessel Electricus in accordance with the 
Australian Code of Electrofishing Practice (NSW Fisheries 1997). Electricus is a 5 metre 
aluminium hulled vessel powered by a four-stroke 90 hp Honda outboard and equipped with a 7.5 
kilowatt Smith Root TM gasoline powered pulsator (GPP). One person operated the boat and 
electrofishing controls, while two others netted fish at the front deck of the boat with long-handled, 
fibreglass dip nets (3 mm mesh). A series of 90-second (‘on-time’) electrofishing shots were done 
in the littoral zone of each lake during daylight hours according to the protocol in Table 3. For each 
shot, DC voltage, pulses per second, % of range (duty cycle), output (in amps) and electrofisher on-
time (seconds) and real time (seconds) were recorded. Settings were adjusted according to water 
conductivity and fishing success. 

2.1.2. Panel nets 

Panel nets consist of a series of gill nets with differing mesh sizes joined together in random order 
to create a single net with the capability of catching a wide size range of fish. Panel nets for this 
survey measured 25 x 2 m and were comprised of five 5 m long deep gillnets with mesh sizes of 
36, 76, 100, 130 and 160 mm. Replication of panel nets in each lake was based on the protocol in 
Table 3. The nets were set in the deeper, central areas of the lakes for one hour between the hours 
of 5pm and 8pm in order to passively sample large-bodied fish (other than eels) in the central areas 
of the lakes during the dusk period, when the nets are less visible and crepuscular activity of many 
species increases. 
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2.1.3. Beach seine nets 

Non-overlapping shots or sweeps using a beach seine net (20 x 1.8 m with 7 mm mesh) were 
undertaken in each lake according to the protocol in Table 3. The net was set from the shore in a 
“U” shape then retrieved to the shore by pulling both ends simultaneously thereby forcing fish and 
crustaceans into the cod-end. 

2.1.4. Traps 

Traps measured 250 x 250 x 450 mm and consisted of 3 mm nylon mesh covering a rectangular, 
collapsible wire frame with an open, inverted funnel at each end with 40 mm openings. Traps were 
set unbaited overnight in the littoral zone in depths between about 0.5 m and 2.0 m according to the 
protocol in Table 3. 

2.2. Recorded catch data 

All captured fish were identified to species (with the exception of carp gudgeons which were 
identified to genus; see Introduction) and counted. Fish that were observed in the electric field 
during electrofishing operations but fled before capture were identified to species where possible 
and recorded as ‘observed’. For all small-bodied fish species, the lengths of the first 30 individuals 
sampled from each lake with each sampling technique were measured. The lengths of all of the 
captured large-bodied fish were also measured to the nearest millimetre. Each fish was measured to 
the nearest millimetre from the tip of the snout to either the fork of the tail (fork length) for species 
with forked tails or to the tip of the tail (total length) for species with rounded tails. All measured 
bass were also weighed to the nearest gram to assist in gauging the health of the stocked 
populations from all lakes from which they were sampled. Most native fish were immediately 
returned to the water, with the exception of the bass held for biological studies. All caught alien 
fish (carp, goldfish and gambusia) were euthanased and discarded into bins provided by PLDC. 
Freshwater prawns and shrimp were identified to genus and counted before being returned to the 
water. 
 
Biological studies of the Australian bass aimed to quantify the sex ratios, ages and diets of fish 
sampled from the SIRC Lakes and Duralia Lakes. In an attempt to avoid destructive sampling, an 
initial attempt was made to determine the sex of ten bass via cannulation as recommended by Pease 
(2008). However, the technique was not successful as oocytes (unfertilised eggs) or spermatocytes 
(developing sperm) could not be extracted from any fish. Histological examination of these gonads 
later revealed that they had not developed sufficiently by the time of sampling in February to allow 
the extraction of cells with a cannula (bass breed between June and September in Sydney 
waterways [Harris 1986]). 
 
As cannulation was unsuccessful, a total of 37 fish from the SIRC Lakes and 40 fish from Duralia 
Lake were euthanased in an overdose of Clove Oil (approximately 300mg/L) and dissected to 
determine their sex by macroscopic examination of the gonads. Gonads from fish that could not be 
sexed by this method were preserved and sexed by examination of histological sections. In 
addition, the digestive tract and sagittal otoliths were removed for laboratory analysis of diet and 
growth rates. 

2.3. Data analysis 

Water quality and catch data were analysed using Microsoft Excel to produce a range of summary 
statistics and descriptive graphs. Multivariate statistical techniques were used to examine patterns 
in fish assemblages sampled between 2007 and 2009. To allow meaningful comparisons to be 
made, the total catch data from the Priority A lakes were initially standardised based on the 
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sampling effort deployed in the Priority B lakes. Data from 2006 were not included because the 
sampling protocol employed in that year differed from that used in subsequent years which thereby 
prevented inter-annual comparisons of total catches (Pease and Pogonoski 2006). Likewise, data 
from Final Basin and Lewis Lagoon were not included because in 2008 these lakes were not 
sampled with all the sampling gears specified in the sampling protocol (Pease 2008). The catch 
from eel traps was excluded from the total catches from 2007 and 2008 as this technique was not 
used in 2009. Data were also standardised where minor discrepancies in sampling effort occurred in 
2009. These included the setting of two additional panel nets (i.e., n = 5) in Duralia Lake to catch 
sufficient numbers of bass for the biological studies, and slight reductions in the number of 
replicate traps set in Regatta Lake (n = 15) and Cranebrook Lake (n = 11). 
 
Following standardisation, fish assemblage data were analysed using the PRIMER 6.1.11 software 
package (Plymouth Marine Laboratories, UK). PRIMER allows comparisons of samples to be 
made based on the degree to which these samples share particular species, at comparable levels of 
abundance. A non-metric multidimensional scaling (nMDS) ordination was generated using Bray-
Curtis similarities on fish assemblages among lakes sampled over time. Analysis of Similarity 
(ANOSIM) was used to test for differences in catches between years. A SIMPER (similarity of 
percentages) procedure was used to examine the contribution of each fish species to the mean 
dissimilarities in assemblage composition between years. The mean dissimilarity indicates the 
magnitude of difference in assemblage structure in each pairwise comparison between years. The 
SIMPER procedure also calculates the percent contribution, which is the average contribution each 
species makes to the dissimilarity between years, and the consistency ratio, which is a measure of 
the reliability of using the particular species to discriminate between two years. Larger ratios 
(approximately >1.0) indicate greater consistency as a discriminating species. Bubbles of various 
sizes corresponding to species standardised abundance were superimposed onto the nMDS plots to 
aid in identifying which species were associated with particular sites over time. 
 
Length-frequency histograms were constructed for fish species where ten or more individuals were 
captured so that size distributions could be visually assessed. As done in previous analyses (Pease 
2007, 2008), samples from Regatta and Warm-up Lakes were combined into one SIRC Lakes 
sample. Kolmogorov-Smirnov two-sample tests were used to determine if samples were distributed 
identically (Sokal and Rohlf 1995). This test compares the D statistic, the largest difference 
between two cumulative frequency distributions at any interval, with expected critical values. In 
addition, length-weight relationships were constructed for bass sampled from lakes with sample 
sizes of ten or greater and condition factors were calculated for all bass that were measured and 
weighed. The methodology outlined in Harris (1987) was used to calculate these two indicators of 
fish health so that direct comparisons could be made between the results of this study and published 
data on the species from the adjacent Hawkesbury-Nepean River. Thus, the equations for the two 
health indicators are: 
 
1) Logarithmic length-weight relationship: log10W = b (log10 Lf) + log10 a 
 
and 
 
2) Condition factor: C = 0.1W/(0.01 Lf)3 

 
where W is the weight of the fish, Lf is the fork length of the fish, b is the slope and is close to 3 in 
isometric growth (i.e., increasing in all dimensions at the same rate), a is a constant determined 
empirically, and C is the condition of the fish. 
 
Statistical t tests were used to determine if there were significant differences between lakes in the 
slopes and elevations of the length-weight relationships following the methodology outlined in Zar 
(1984). To meet the assumptions underlying condition factor analysis, mean condition factors and 
associated confidence limits were calculated for size classes of fish for which there was no 
significant relationship between fish length and condition factor. Following this, t tests were used 
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to determine if there were significant differences in condition factors between lakes for a given size 
class. 
 
Additional biological analyses were done on the sex, age and diet data of the bass collected from 
the SIRC lakes and Duralia Lakes. Sex ratios were assessed using a Chi-square test (Zar 1984). 
Fish were aged by counting growth rings on the transverse section of one otolith from each bass 
using a compound microscope. Based on the work of Harris (1985a), one ring was assumed to be 
laid down each year and each fish was assigned the nominal birthday of the 1st of September. 
Length-at-age data collected in this study and in the previous year by Pease (2008) were modelled 
using non-linear regression in the statistical software package SPSS to calculate von Bertalanffy 
growth curves for bass from each lake system. This curve is the mostly commonly used 
mathematical equation for estimating fish growth (King 2003). The von Bertalanffy equation is: 
 
Lt = L∞(1 –exp[-K(t – t0)]) 
 
where Lt is the length of the fish at age t, L∞ is the theoretical maximum (or asymptotic) length of 
the species, K is the rate at which the maximum length is reached, and t0 is the theoretical age at 
which the length of the fish is zero. Calculations were done using the observed fork length and 
estimated age in years and days. 
 
The instantaneous rate of total mortality (Z) of bass from the SIRC Lakes was estimated from the 
2009 sample by constructing a logarithmic catch curve, the relationship between the natural 
logarithm of the sample size for each age class and age (Ricker 1975; Harris 1988). To adjust for 
differences in the numbers of bass stocked among years, sample sizes were standardised based on 
the stocking of 12,000 fingerlings per year. The annual survival (the ratio of the number of fish 
alive at the end of the year, divided by the initial number) was estimated by calculating the 
exponent of Z (Harris 1988). 
 
Dietary data were subjected to similar analyses as in Pease (2008). However, attention was paid to 
determining whether the incidence of feeding had changed between the 2008 and 2009 study 
periods, and whether the difference observed in 2008 in dietary compositions of bass between 
Duralia and the SIRC Lakes was maintained in 2009. The dietary analysis and subsequent report by 
Platell (2009) has been incorporated into the relevant sections of this document except for the 
dietary discussion, which is provided in the appendices. 
 
The gut contents of each bass stomach were examined following the methods outlined in Harris 
(1985b) and in Platell and Potter (2001). Thus, stomach fullness was initially scored as either 0 
(empty), or ranging from 1 to 10 (10% to 100% full, respectively) and later transformed to 
correspond to the fullness scores used by Harris (1985b). A t test (not assuming equal variances) 
was used to determine whether stomach fullness scores differed significantly between the two 
systems. This test was also used to elucidate whether the fullness scores in each system had 
changed between 2008 and 2009. The stomach contents were sorted to the lowest taxon (prey item) 
and then placed into the 19 groups proposed by Harris (1985b), subsequently referred to as dietary 
categories. The number of times that a prey category occurred in the sample of stomachs was 
divided by the total number of non-empty stomachs, to produce a percentage frequency of 
occurrence (%F) that did not sum to 100 (cf Harris 1985b). The percentage contribution of each 
dietary category to the overall dietary volume (%V) in each stomach was also calculated. The %F 
and %V dietary data of the different dietary categories was tabulated for the diets of fish in each 
lake and the %V dietary data was used for subsequent analyses. The overall contributions of 
unidentifiable organic material to the diets of fish were 20.8 and 2.9% in Duralia Lake and the 
SIRC Lakes, respectively. In subsequent analyses, this unidentifiable organic material was 
excluded to minimise any potential bias, and the contributions of dietary categories adjusted 
upwards to 100%. 
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The mean %V of the various dietary categories to the diets of bass in 50 mm length classes, i.e., 
200 – 249, 250 – 299 and 300 – 349 mm fork length, in each system were calculated and plotted as 
histograms. The mean %V of the various dietary categories in the stomach contents of each bass 
within the 250 – 299 mm size class were calculated and coded separately for each lake system. 
These dietary data were square-root transformed and used to produce a Bray-Curtis similarity 
matrix that was then subjected to nMDS ordination using PRIMER. ANOSIM was used to 
determine whether there was a significant overall difference between the dietary compositions of 
bass between the two lakes. In order to explore whether there were any differences in the diets of 
fish in the two systems between 2008 and 2009, nMDS ordination and ANOSIMs were then re-run, 
this time also incorporating the dietary data for comparable-sized fish recorded during 2008 (Pease 
2008). In these latter analyses, ANOSIM was used to ascertain whether the diets of bass in each 
system differed between the two years and SIMPER was used to determine which dietary 
categories distinguished between the dietary compositions of bass in different years for each 
system. 
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3. RESULTS 

3.1. Water quality 

In general, the water quality parameters recorded at each of the seven survey lakes were within or 
just outside the ANZECC (2000) guidelines limits for freshwater lakes of south-eastern Australia 
(Table 4). Water temperatures were high in all lakes, reflecting high air temperatures (maximum of 
approx. 40° C) experienced at the time of sampling in late summer. Most lakes were, however, not 
stratified with similar water temperatures and dissolved oxygen concentrations near the surface and 
substrate of each lake. An exception was Duralia Lake, which had anoxic water near the substrate 
that was 11° C cooler than near the surface. These anoxic waters were well below the ANZECC 
guidelines limits for dissolved oxygen concentrations (Table 4). Concentrations near the surface of 
North Pond and Middle Basin and throughout the water column of Main Lake A were also below 
the ANZECC guidelines limits. Lake waters were typically clear, alkaline and fresh. The highest 
surface turbidity, pH and conductivity levels were recorded in North Pond, Regatta Lake and Main 
Lake A, respectively. The measurements for the latter two parameters taken from all lakes were 
higher than the ANZECC limits. Equipment failure prevented the recording of a number of water 
quality measurements, particularly near the substrate of North Pond. 
 
 
Table 4. Water quality parameters recorded at each survey lake in 2009. Values in bold font 

are outside the ANZECC (2000) guidelines limits for freshwater lakes of south-
eastern Australia, which are given in the last table row. 

 
Survey lake Depth (m) Temp. 

(° C) 
pH Conductivity 

(µS. cm-1) 
Dissolved oxygen 
(mg. L-1) (% sat.) 

Turbidity 
(NTU) 

0.2 29.7 No data 629 7.87 103.98 1 
Warm-up Lake 

1.0 29.3 7.70 628 7.63 100.13 3 
0.2 30.3 9.59 626 8.57 114.39 8 

Regatta Lake 
4.0 29.5 9.00 633 6.93 91.25 20 
0.2 28.1 8.50 817 5.25 67.53 24 Main Lake A 
3.0 28.2 8.37 816 5.18 66.74 25 
0.2 30.2 No data 784 7.73 103.06 0 

Duralia Lake 
9.0 19.2 6.87 738 0.18 1.96 No data 

Middle Basin 0.2 31.0 8.62 423 6.54 88.27 10 
0.2 31.0 8.97 306 6.75 91.06 5 

Cranebrook Lake 
5.0 27.5 7.93 298 4.95 62.89 39 
0.2 26.2 8.25 404 4.43 55.02 26 North Pond 
4.0 22.0 6.92 472 No data No data No data 

Range  19.2 – 31.0 6.87 – 9.59 298 – 817 0.18 – 8.57 1.96 – 114.39 0 – 39 

Mean  27.9 8.25 583.6 6.00 78.86 14.6 

ANZECC limits   6.5 – 8.0 20 – 30  90 – 110 1 – 20 
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3.2. Catch summary for lakes 

Ten fish species and two crustacean taxa recorded in the February 2009 survey are listed in Table 
5. All of these species have previously been recorded from the Penrith Lakes system (Table 2; I&I 
NSW Freshwater Fish Research Database). Close examination of several captured specimens from 
the carp gudgeon complex revealed two species were present in the lakes, the firetailed gudgeon 
Hypseleotris galii and western carp gudgeon H. klunzingeri, thereby bringing the total number of 
fish species recorded to eight native and three alien (i.e., introduced from overseas) species. One 
previously recorded species, the longfinned eel, was not sampled in 2009 (Tables 2 and 5). 
However, four eels were observed during electrofishing surveys that could not be identified before 
they escaped which were either this species or the closely related shortfinned eel (Table 2). 
 
Table 5. Total catch of each species of fish and crustacean recorded from the Penrith Lakes 

in 2009. L = large-bodied fish species. S = small-bodied fish species. 
 

Priority A Lakes Priority B Lakes 
Species Warm-up 

Lake 
Regatta 

Lake 
Main 

Lake A 
Duralia 

Lake 
Middle 
Basin 

Cranebrook 
Lake 

North 
Pond 

Total 
catch 

No. 
lakes 

Native fishes          
Australian bass (L) 38 2 7 43 45  9 144 6 
Freshwater catfish (L) 15 8      23 2 
Shortfinned eel (L) 2    2 2  6 3 
Unidentified eel (L) 3 1      4 2 
Australian smelt (S) 115 6 11 184 197 134  647 6 
Flathead gudgeon (S) 56 21 554 178 802 161 137 1909 7 
Carp gudgeons (S) 1  616 1 131 1 509 1259 6 
Olive perchlet (S) 1 29      30 2 
Total catch 231 67 1188 406 1177 298 655 4022  
Species richness1 7 6 4 4 5 4 3 7  

Alien fishes          
Common carp (L) 1  49  4  14 68 4 
Goldfish (L)       1 1 1 
Eastern gambusia (S) 1175 335 192 721 195 2040 524 5182 7 
Total catch 1176 335 241 721 199 2040 539 5251  
Species richness 2 1 2 1 2 1 3 3  

Native + alien fishes          
Total catch 1407 402 1429 1127 1376 2338 1194 9273  
Species richness1 9 7 6 5 7 5 6 10  

Crustaceans          
Freshwater prawn 17 13 83    68 181 4 
Freshwater shrimp 19 30 64 305 101 160 2851 3530 7 
Total catch 36 43 147 305 101 160 2919 3711  
Species richness 2 2 2 1 1 1 2 2  

1 Unidentified eels were not included in the calculations of species richness. 
 
 
Comparison of the fish species sampled between 2006 and 2009 revealed that the species 
composition of each lake has remained relatively stable over time (Tables 2 and 5; I&I NSW 
Freshwater Fish Research Database). Differences were due primarily to the relative detectability of 
a few species, which appear to be in extremely low abundances in several lakes. For example, only 
one carp gudgeon has ever been recorded from Duralia Lake and Cranebrook Lake. This species 
has also been recorded in low numbers in the SIRC lakes with only three individuals caught from 
these two lakes in 2006, none in 2007 and 2008, and only one in 2009. Likewise, small samples of 
the olive perchlet have been recorded from Warm-up Lake only in 2006 and 2009, low numbers of 
carp have been sampled from Regatta Lake between 2006 and 2008 but not in 2009, and two 
freshwater catfish were sampled in Main Lake A in 2006 but none were caught in 2007 or 2009. 
Goldfish too, displayed temporal fluctuations in detection, with only one to two fish caught on 
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occasion in Warm-up Lake, Middle Basin and Main Lake A. One goldfish was also recorded from 
Regatta Lake each year between 2006 and 2008, but none were sampled in 2009. These trends 
suggest a continual presence of these species in these lakes, with their absence from catch records 
in some years due to their low abundances reducing the chances of detection. The fish assemblage 
in Cranebrook Lake appears to be an exception to this trend. A total of five species were recorded 
from this lake in 2009, including three in relatively high abundances, whereas only one of these 
species was recorded in 2007 (Table 2 and 5). 
 
In 2009, the highest fish species richness was recorded from Warm-up Lake and the lowest from 
Duralia and Cranebrook Lakes (Table 5). Similar species compositions were sampled from the 
interconnected SIRC Lakes; the only differences being the capture of two additional species in 
Warm-up Lake (carp gudgeons and carp). Likewise, Main Lake A, Middle Basin, Duralia Lake and 
Cranebrook Lake all had similar species compositions, differing only in the presence/absence 
patterns of several large-bodied fish including eels, carp and bass. North Pond had the lowest 
native and highest alien species richness, being the only lake from which the alien goldfish was 
captured and the native smelt was not (Table 5). In regards to the catch of crustaceans, the 
freshwater shrimp was recorded from all seven lake systems while the freshwater prawn was 
sampled from all of the Priority A lakes but only one of the Priority B lakes (Table 5). 
 
A total of 9273 fish were caught or observed and 3711 crustaceans were sampled (Table 5). Greater 
than half of the total fish catch (caught + observed) was comprised of the small-bodied alien fish, 
the eastern gambusia (Figure 2a). This species was sampled from all seven lakes (Table 5). The 
remainder of the total catch was dominated by three small-bodied native species including the 
flathead gudgeon, carp gudgeons and Australian smelt. Like gambusia, these species were also 
relatively wide-spread with the former native fish captured in all seven lakes and the latter two 
found in six. Australian bass were also sampled from each lake except for Cranebrook Lake (Table 
5). This species contributed only 2% to the total catch (Figure 2a), but was the most abundant 
large-bodied fish sampled accounting for 59% of the total catch for these species (Table 5). The 
second most abundant large fish was the alien carp. This species was recorded from four lakes, 
while the remaining large-bodied species, including eels, goldfish, and freshwater catfish were 
relatively rare, contributing very little to the total catch and being recorded from three lakes or less 
(Table 5; Figure 2a). The latter species was found only in the SIRC lakes as was the small-bodied 
olive perchlet. Relatively low catches of prawns and shrimps were sampled from the Priority A 
lakes, whereas a higher number of shrimp were caught in the Priority B lakes, particularly in North 
Pond (Table 5). 
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Figure 2. Contribution of each fish species to the total catch (caught + observed) for a) all 

survey lakes combined and b - h) each of the lakes surveyed. 
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Although Cranebrook Lake had the lowest recorded number of fish species it had the largest 
recorded total catch with 2338 fish sampled (Table 5). This is despite Cranebrook Lake being a 
Priority B lake and hence being surveyed with only half the amount of sampling effort as the 
Priority A lakes (Table 3). In fact, one of the Priority A systems, Regatta Lake, had the lowest 
recorded fish catch of all seven lakes. Despite the large differences in total catches, the fish 
assemblages of Cranebrook Lake and Regatta Lake were both dominated by alien gambusia 
(Figures 2c and 2g). The remainder of the catch from Cranebrook Lake consisted primarily of 
native smelt and flathead gudgeons, whereas relatively small numbers of a wide variety of species 
comprised the rest of the catch from Regatta Lake. The two other Priority A lakes shared similar 
total catches, although the catch composition differed markedly. Eighty-four percent of the catch 
from Warm-up Lake was comprised of alien gambusia (Figure 2b) whilst 83% of the fish sampled 
from Main Lake A were native carp gudgeons and flathead gudgeons (Figure 2d). Like the 
interconnected Regatta Lake, the remainder of the catch from Warm-up Lake was comprised of 
relatively small to moderate catches of a wide range of species. Alternatively, a relatively large 
catch of carp and small catches of smelt and bass made up the rest of the catch from Main Lake A. 
 
Apart from Cranebrook Lake, the total catches from the three other Priority B lakes were relatively 
similar in size (Table 5). Gambusia dominated the catch from Duralia Lake, although moderate 
catches of smelt and flathead gudgeons were also taken (Figure 2e). A large catch of bass was also 
taken, with total numbers equivalent to those recorded from Middle Basin (Table 5). However, two 
extra panel nets were deployed in Duralia Lake in order to catch sufficient bass for the biological 
studies. Thus, the relative abundance of bass was higher from Middle Basin. Likewise, it was much 
higher than that recorded from Warm-up Lake, which was surveyed with twice the amount of 
sampling effort. The highest relative abundance of bass recorded in the study therefore came from 
Middle Basin. However, like Main Lake A, the catch compositions from Middle Basin and also 
North Pond were comprised mainly of native gudgeons (Figures 2d, 2f and 2h). Native smelt were 
also an important component of the catch from Middle Basin whereas alien species comprised 45% 
of the catch from North Pond. 

3.3. Fish assemblage structure 

Ordination based on fish assemblage structure (using the standardised total catch) indicated that 
there were differences among the lakes over time (Figure 3). The stress value of 0.15 associated 
with the ordination indicates that it was a good representation with little prospect of a misleading 
interpretation of the data. The differences among the lakes were consistent between years, a finding 
supported by ANOSIM (Global R = 0.347, P = 0.003). As shown in Figure 3, lakes sampled in 
2009 grouped together and were separated from sites sampled in 2007 and 2008. Accordingly, a 
significant difference in fish assemblage structure was found between 2007 and 2009 (R = 0.434, P 
= 0.003) and 2008 and 2009 (R = 0.622, P = 0.003) but not between 2007 and 2008 (R = -0.181, P 
= 0.897). 
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Figure 3. Two-dimensional non-metric multidimensional scaling (nMDS) ordination of the 

lakes sampled in 2007 ( ), 2008 ( ) and 2009 ( ) based on the similarities 
among fish assemblages (standardised total catch). 

 
 
 
The differences in fish assemblage structure were attributed to higher standardised abundances of 
gambusia, flathead gudgeons and carp gudgeons and lower abundances of smelt in 2009 (Table 6). 
Together, these four small-bodied species accounted for approximately 95% of the dissimilarity in 
fish assemblage structure between 2007 and 2009 and between 2008 and 2009. The gambusia was 
the most reliable species used to discriminate between years (consistency ratio >1.0) as it was 
caught in much higher numbers from most lakes in 2009 than in the preceding years (Figure 4a). 
An exception was Main Lake A where catches from 2007 and 2009 were similar in size (N.B. the 
lake was not sampled in 2008). The other three species were less reliable discriminators 
(consistency ratios <1.0). Although on average, abundances of the gudgeon species were highest 
and of smelt were lowest in 2009, these trends were not consistent for individual lakes over time. 
Specifically, while catches of the flathead gudgeon from most lakes increased over time they 
decreased, albeit by small amounts, from Regatta Lake (Figure 4b). Catches of smelt from Regatta 
Lake also decreased over time and as they did from Warm-up Lake between 2008 and 2009 (Figure 
4c). However, catches from Duralia Lake were highest in 2007 but were similar in size in 2008 and 
2009. Alternatively, catches of smelt were higher in 2009 from Cranebrook Lake and Middle Basin 
than in the preceding years in which they were sampled (Figure 4c), as they were for carp 
gudgeons from Middle Basin and Main Lake A (Figure 4d). The highest standardised catch of carp 
gudgeon came from North Pond in 2009 but this lake was not sampled in the two preceding years. 
This species was either rarely caught or absent from the catches taken from the other lakes sampled 
over time. 
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Table 6. Species contributing most to differences in fish assemblages between years as 
determined by SIMPER analysis. 

 
Fish species Mean abundance Consistency ratio Contribution % Cumulative % 

 2007 2009 Mean dissimilarity = 77.29  
Gambusia 52.96 625.20 1.41 46.99 46.99 
Flathead gudgeon 46.26 229.72 0.93 18.68 65.67 
Smelt 151.30 83.00 0.84 15.92 81.59 
Carp gudgeons 0.40 135.71 0.71 14.04 95.63 

 2008 2009 Mean dissimilarity = 79.51  
Gambusia 31.48 625.20 1.55 49.82 49.82 
Flathead gudgeon 46.31 229.72 0.93 18.61 68.43 
Carp gudgeons 0.00 135.71 0.71 13.91 82.34 
Smelt 113.63 83.00 0.96 11.95 94.29 

 
 
 
Plots of an additional four fish species that had standardised total catches of greater than 30 for all 
three years combined are presented in Figures 4e to 4h. Catches of bass from Regatta Lake have 
decreased over time but have increased in the permanently connected Warm-up Lake (Figure 4e). 
Pooling of the catches from these two lakes revealed that numbers have remained relatively 
constant among years, ranging from 20 fish in 2007 and 2009 to 25 fish in 2008. The highest 
standardised bass catch was recorded from Duralia Lake in 2008, whereas catches from this lake in 
2007 and 2009 were similar in size to those recorded from Warm-up Lake in 2008 and 2009. As 
discussed earlier, the highest standardised bass catch in 2009 came from Middle Basin. This catch 
was much higher than the catch from this lake in 2008 (Figure 4e). 
 
Catches of carp from both of the SIRC Lakes have decreased over time, have increased 
substantially from Main Lake A, and have remained relatively stable from Middle Basin (Figure 
4f). Relatively large numbers of carp were also recorded from North Pond in 2009. Relative 
abundances of freshwater catfish declined in the SIRC Lakes between 2007 and 2008 but have 
remained constant since (Figure 4g), whereas catches of olive perchlet from Regatta Lake have 
increased over time (Figure 4h). 
 
The remaining species recorded from the Penrith Lakes between 2007 and 2009, i.e., eels and 
goldfish, were rarely caught and contributed little to the standardised catches from each lake in 
which they were sampled. One notable trend was the numbers of shortfinned eels caught in Regatta 
Lake which have diminished over time. 



Penrith Lakes 2009 Fish Survey, J.T. Knight 

I&I NSW – Fisheries Research Report Series: No. 25  23 

 
Figure 4. Two-dimensional nMDS ordination plots of the lakes sampled between 2007 and 

2009 based on the similarities among fish assemblages with superimposed bubbles 
of increasing size representing increasing standardised catches for those species 
with sample sizes of greater than 20. Note that the bubbles are scaled only for 
within species comparisons and not for between species comparisons (species 
standardised catch totals are given for all survey years combined). Bubbles for 
Warm-up Lake have been moved to the left in some plots to allow them to be 
clearly distinguished, with arrows pointing to their original position in ordination 
space. 
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3.4. Sampling gear efficiency 

An overview of the numbers of each species of fish and crustacean sampled by each sampling 
technique is provided in Table 7 with summaries for each lake given in Appendix 1. A total of 
8645 (93%) of the 9273 fish sampled were caught with the remainder observed while electrofishing 
and retrieving panel nets (Table 7). Eight of the 10 fish species were recorded with the 
electrofishing boat. However, this method only accounted for 9.7% of the total catch (caught + 
observed) (Table 7). The only species not represented in the electrofishing catches was the 
goldfish, which was rarely sampled, and the olive perchlet, a small, cryptic species most effectively 
caught in unbaited traps. Only 744 (8%) of the 9027 small-bodied fish recorded were sampled with 
electrofishing, but this method was effective at sampling the large-bodied species (63%). Panel nets 
were also effective at sampling the larger species, capturing four of the six species (Table 7). Eels 
were the only large species that were not captured by this method. This was expected as the body 
shape of eels prevents them from getting caught in the mesh. For the same reason, small-bodied 
species were also not captured with this method. These species also primarily inhabit shallow, 
littoral zones whereas the panel nets were deployed in deeper water environments. 
 
 
Table 7. Total catch of each species of fish and crustacean by each sampling method during 

the 2009 survey. Fishes observed but not caught are given in parentheses. 
 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap Total 

Grand total: 
caught + observed 

Native fishes       

Australian bass 44 (17) 80 (3)   124 (20) 144 
Freshwater catfish 20 3   23 23 
Shortfinned eel 5 (1)    5 (1) 6 
Unidentified eel (4)    (4) 4 
Australian smelt 60 (115)  472  532 (115) 647 
Flathead gudgeon 98 (70)  1496 245 1839 (70) 1909 
Carp gudgeons 1  1190 68 1259 1259 
Olive perchlet   1 29 30 30 
Total 228 (207) 83 (3) 3159 342 3812 (210)  
Grand total 435 86 3159 342 3812 (210) 4022 

Alien fishes       

Carp 47 (18) 3   50 (18) 68 
Goldfish  1   1 1 
Gambusia (400)  4039 743 4782 (400) 5182 
Total 47 (418) 4 4039 743 4833 (418)  
Grand total 465 4 4039 743 4833 (418) 5251 

Native + alien fishes       

Grand total 900 90 7198 1085 8645 (628) 9273 

Crustaceans       

Freshwater prawn   109 72 181 181 
Freshwater shrimp   3384 146 3530 3530 
Total   3493 218 3711 3711 
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Seine netting captured more fish than any other method, accounting for 78% of the total catch. This 
method is most suited to targeting small-bodied fish in un-vegetated and sparely vegetated shallow 
habitats. Consequently, all of the small-bodied fish were recorded with this technique, whereas no 
large-bodied species were captured. This technique accounted for 80% of the small-bodied species, 
60% of the freshwater prawns and 96% of the freshwater shrimps sampled. 
 
Unbaited traps set on the substrate collected 12% and 6% of the total catch of fish and crustaceans, 
respectively. Like seine netting, this method also specifically targets small-bodied animals, thereby 
accounting for four of the five small fish species and both species of crustacean, but no large-
bodied fish. The olive perchlet was most effectively sampled with traps, whilst the technique did 
not capture any smelt, a pelagic species that aggregates in surface waters. 
 

3.5. Fish population characteristics 

3.5.1. Australian bass 

Morphometric comparisons 
Australian bass have been stocked into some of the Penrith Lakes since 1996, including the seven 
water bodies sampled in 2009 (Table 1). In this study, bass were recorded from all of these water 
bodies except Cranebrook Lake (Table 5), with a total of 124 fish captured and measured (Table 7). 
The weight of 117 of these fish was also recorded. These data were used to construct length-
frequency distributions and calculate condition factors for bass from all of the lakes sampled. 
However, only the samples sizes from the SIRC Lakes, Duralia Lake and Middle Basin were large 
enough to analyse statistically and to compute meaningful length-weight relationships (Appendix 
1). 
 
The length-frequency distributions are depicted in Figure 5. Fish ranged in fork length from 165 
mm to 344 mm and had an average length of 250.8 mm (S.E. ± 4.18 mm). The length distributions 
of bass sampled from the SIRC Lakes, Duralia Lake and Middle Basin were very different from 
each other (Figure 5), a finding supported by the results of Kolmogorov-Smirnov tests (Appendix 
2). The catch from Duralia Lake was characterised by large bass ranging in length from 251 to 344 
mm, whereas 95% of the fish sampled from the two other lakes were less than 275 mm in length 
(Figure 5). Only fish greater than 200 mm in length were sampled from the SIRC Lakes. The 
sample from Middle Basin was the most widely distributed having the largest portion of bass in the 
smallest size classes less than 201 mm but also containing a few fish in the largest size classes. The 
small sample taken from Main Lake A also included a relatively wide range of size classes, 
whereas the one taken from North Pond only contained fish longer than 200 mm. Based on the 
reported minimum length at maturity for this species of 180 to 200 mm (Pusey et al. 2004), it is 
plausible that the samples from all of the lakes contained at least some adult fish. A few fish were 
also caught from Middle Basin and Main Lake A that were below this minimum length and hence 
were likely to be juveniles (Figure 5). 
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Figure 5. Length-frequency distributions for Australian bass sampled from Duralia Lake, the 

SIRC Lakes, Middle Basin, North Pond and Main Lake A. 
 
 
 
The length-weight relationships for bass sampled from Middle Basin (n = 32), Duralia Lake (n = 
39), and the SIRC Lakes (n = 37) are provided in Figure 6. The coefficient of determination (R2) 
for each relationship was higher than 0.95, meaning that greater than 95% of the variation in the 
weight of the fish sampled from each lake was due to changes in their length. Therefore, reliable 
predictions could be made from each relationship. The slopes of the regression lines for Middle 
Basin (3.0459) and Duralia Lake (3.1138) indicated that the fish sampled from these two lakes 
were relatively fat for their length. Conversely, fish sampled from the SIRC lakes were relatively 
thin (slope = 2.8577). All three slopes were assumed to be parallel to each other as they were not 
significantly different (Table 8). Hence, the rate at which weight increased with increasing length 
was similar among lakes. The elevations of the regression lines for Middle Basin and Duralia Lake 
were also not significantly different (Table 8), implying that the bass sampled from each lake had 
similar weights for a given length. However, these two elevations were significantly different from 
the elevation of the regression line for the SIRC Lakes (Table 8). As shown in Figure 6, the fish 
sampled from this lake weighed less for a given length than the fish captured from the two other 
lakes, although the rate at which weight increased with length was similar. Figure 6 also shows that 
the fish sampled from the SIRC Lakes weighed less for a given length than the fish sampled from 
the adjacent Hawkesbury-Nepean River by Harris (1987), whereas the length-weight relationships 
for bass from Middle Basin and Duralia Lake were very similar to the relationship constructed by 
Harris (1987). 
 
The above comparisons should be treated with caution as there was little overlap in the size of fish 
from the three survey lakes (Figures 5 and 6). Hence, further analysis of the condition of fish of 
similar sizes is provided below. 



Penrith Lakes 2009 Fish Survey, J.T. Knight 

I&I NSW – Fisheries Research Report Series: No. 25  27 

y = 3.0459x - 4.8533
R2 = 0.9866

y = 3.1138x - 5.0143
R2 = 0.9521

y = 2.8577x - 4.4348
R2 = 0.9679

1.8

1.9

2.0

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

2.20 2.25 2.30 2.35 2.40 2.45 2.50 2.55

 Log10 fork length (mm)

Lo
g 1

0 w
ei

gh
t (

g)
.

Middle Basin Duralia Lake SIRC Lakes 1
Linear (Middle Basin) Linear (Duralia Lake) Linear (SIRC Lakes)                 Harris 1987

y = 3.091x - 4.95
R2

 = 0.9710

 
 
Figure 6. Logarithmic length-weight relationships for Australian bass sampled from Middle 

Basin, Duralia Lake, and the SIRC Lakes, and from the Hawkesbury-Nepean River 
by Harris (1987). 

 



Penrith Lakes 2009 Fish Survey, J.T. Knight 

28  I&I NSW – Fisheries Research Report Series: No. 25 

Table 8. Results of t tests comparing the slopes and elevations of the length-weight 
relationships for Australian bass sampled from Middle Basin, Duralia Lake and the 
SIRC Lakes. t = exact value of the t test, df = degrees of freedom. 

 
t test result for slope t test result for elevation 

Lake comparison 
t df P t df P 

Middle Basin vs Duralia Lake 0.485 67 >0.05 0.307 68 >0.05 
Middle Basin vs SIRC Lakes 1.678 65 >0.05 3.867 66 <0.001 
Duralia Lake vs SIRC Lakes 1.757 72 >0.05 4.637 73 <0.001 

 
 
 
The condition factors calculated for the 117 bass measured and weighed during the study are 
summarised in Table 9. The mean condition of fish in the 151 to 250 mm size class from Middle 
Basin and in the 251 to 300 mm size class from Duralia Lake was significantly higher than the 
mean for the equivalent size classes from the SIRC Lakes (t = 3.60, df = 55, P<0.001 and t = 5.46, 
df = 30, P<0.001, respectively). This indicates that the fish sampled from the SIRC Lakes were in 
poorer condition (i.e., weighed less for a given length) than those sampled from Middle Basin and 
Duralia Lake, thereby supporting the findings of the analysis of the length-weight relationships. 
The mean condition factor for the smallest size class from the SIRC Lakes was also lower than the 
mean from North Pond but higher than the mean from Main Lake A (Table 9). However, this 
observation should be treated with caution given the relatively small sample sizes from the latter 
two lakes. The sample sizes for the middle and largest size classes were too small to make further 
comparisons among the Penrith Lakes. The mean condition of all bass sampled in each of the three 
size classes was lower than the mean for all of the equivalent sized fish sampled by Harris (1987) 
from the Hawkesbury-Nepean River (fork length 151 – 250 mm: 1.941; fork length >250 mm: 
1.987). 
 
 
Table 9. Average condition factors and associated 95% confidence limits for size classes of 

Australian bass sampled from each of the study lakes and for all fish sampled. 
 

Parameter All fish SIRC 
Lakes 

Duralia 
Lake 

Middle 
Basin 

North 
Pond 

Main 
Lake A 

Fork length 151 – 250 mm       
Mean 1.750 1.708 - 1.794 1.762 1.672 
+95% CL 1.775 1.742 - 1.829 2.003 1.707 
-95% CL 1.725 1.675 - 1.759 1.520 1.638 
n 64 27 0 30 4 3 

Fork length 251 – 300 mm       
Mean 1.770 1.622 1.827 1.773 1.786 - 
+95% CL 1.814 1.690 1.869 - - - 
-95% CL 1.725 1.544 1.784 - - - 
n 34 9 23 1 1 0 

Fork length 301 – 350mm       
Mean 1.861 1.770 1.892 1.801 - 1.516 
+95% CL 1.933 - 1.962 - - - 
-95% CL 1.789 - 1.822 - - - 
n 19 1 16 1 0 1 
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Sex ratio 
Macroscopic and histological examination of the gonads of bass taken from the SIRC Lakes and 
Duralia Lake revealed that the sample populations were dominated by females. The sex ratio of 
males to females from the respective lakes was 0.27 and 0.28. These ratios were significantly 
different from the expected value of 0.5 (50% males and 50% females) (SIRC Lakes: χ2 = 7.81, 
P<0.01; Duralia Lake: χ2 = 8.10, P<0.01). 
 
Population age structure 
Age estimates from the sectioned otoliths of 37 bass sampled from the SIRC Lakes and 40 fish 
sampled from Duralia Lake are given in Appendix 3. As seen in the images in Appendix 4, the 
annual rings on the sectioned otoliths were relatively easy to read. Fish from the SIRC Lakes 
ranged in age from 3 to 12 years, whereas the sample from Duralia Lake was comprised solely of 
fish aged 3 and 4 years (Table 10). Fish aged 3 dominated the catch from Duralia Lake (62% of 
sample). The dominant age classes of bass from the SIRC Lakes were 6 (38%) and 3 (27%) years, 
with only small numbers of fish sampled in the 4, 7, 11 and 12 year age classes. Despite the Duralia 
Lake fish being younger than 65% of the fish from the SIRC Lakes they were much larger in size. 
The mean and maximum length of 4 year old fish from the former lake was longer than the mean 
and maximum length of bass of any age from the latter system including the oldest fish. For a given 
age class sampled from each lake, the females were always larger than the males (Table 10). Never-
the-less, the shortest 3 year old male from Duralia Lake was larger than the longest 3 and 4 year old 
females from the SIRC Lakes. Likewise, the smallest 4 year old Duralia Lake male was longer than 
the largest 7 year old female from the SIRC Lakes. 
 
 
 
Table 10. Length statistics for each age class of Australian bass sampled from the SIRC 

Lakes and Duralia Lake. 
 

Age Lake system Sexes combined Male Female 
  n Min. Max. Mean n Min. Max. Mean n Min. Max. Mean 

3+ SIRC Lakes 10 204 243 221.6 2 205 225 215.0 8 204 243 223.3 
 Duralia Lake 25 251 343 284.5 9 251 287 268.4 16 270 343 293.5 
 Overall 35 204 343 266.5 11 205 287 258.7 24 204 343 270.1 

4+ SIRC Lakes 3 205 240 225.7 1 205 205 205.0 2 232 240 236.0 
 Duralia Lake 15 268 344 323.6 2 268 306 287.0 13 312 344 329.2 
 Overall 18 205 344 307.3 3 205 306 259.7 15 232 344 316.8 

6+ SIRC Lakes 14 207 261 237.9 4 207 236 219.8 10 228 261 245.0 

7+ SIRC Lakes 4 213 253 237.3 0 - - - 4 213 253 237.3 

11+ SIRC Lakes 4 264 297 274.5 2 264 270 267.0 2 267 297 282.0 

12+ SIRC Lakes 2 256 320 288.0 1 256 256 256.0 1 320 320 320.0 

All ages SIRC Lakes 37 204 320 239.1 10 205 270 230.4 27 204 320 242.3 
 Duralia Lake 40 251 344 299.2 11 251 306 271.8 29 270 344 309.5 
 Overall 77 204 344 270.3 21 205 306 252.1 56 204 344 277.1 
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Although the sex ratio of bass from each lake system was skewed in favour of females, both sexes 
were represented in each age class sampled (Table 10 and Figure 7). An exception was that 7 year 
old males were absent from the SIRC Lakes sample. The age distribution of males and females 
from each lake system was not significantly different (SIRC males vs SIRC females: D = 0.189, P 
= 0.683; Duralia males vs Duralia females: D = 0.266, P = 0.158). 
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Figure 7. Age-frequency histograms for male and female Australian bass sampled from a) 

the SIRC Lakes and b) Duralia Lake. Note that the frequency data have been 
standardised by sex. Note also the different scales on the y-axes. 

 
 
Given that both sexes were well represented in the age classes sampled, that females were 
consistently longer than males, and that the Duralia Lake bass were consistently larger than 
equivalent aged fish from the SIRC Lakes, the data for both sexes were pooled and von Bertalanffy 
growth curves constructed to define the growth of each population as a whole. The Figure 8 
scatterplot of the length-at-age of fish sampled in 2008 (data sourced from Pease 2008) and 2009 
clearly shows the consistent disparity in the age and size structure of bass from each water body. 
Accordingly, the growth curve for bass from each lake was quite different. The projected maximum 
length (L∞) was much higher for bass from Duralia Lake (Table 11), even though these fish were 
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much younger. Thus, bass from Duralia Lake grew much more rapidly, at least in the first four 
years of their life. The two cohorts of Duralia Lake fish aged 2 and 3 years in 2008 had 
respectively increased in mean length by 15.8 mm and 27.3 mm by the time they were re-sampled 
in 2009 (Table 10, Figure 8 and Pease 2008). As there was little difference in the mean length of 
fish from the SIRC Lakes aged between 3 and 7 years (Table 10), the associated growth curve 
flattened out and fell below most of the lengths of the older fish (Figure 8). 
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Figure 8. Length-at-age estimates for Australian bass sampled from the SIRC Lakes and 

Duralia Lake in 2008 and 2009, with fitted von Bertalanffy growth curves. The 
back-calculated year of stocking of each age class is also given. 

 
 
Table 11. Parameters of the von Bertalanffy equation describing the growth of Australian 

bass sampled from the SIRC Lakes and Duralia Lake. 
 

Lake L∞ (mm) K t0 (years) 
SIRC Lakes 260.4 0.476 -0.032 
Duralia Lake 385.3 0.404 -0.015 

 
 
 
The difference in the age structure of the samples reflects the stocking history of each lake (Figure 
8), thereby indicating that the age estimates are valid. Specifically, bass have been stocked in the 
SIRC Lakes annually since 1996 whereas Duralia Lake has only been stocked on two occasions, in 
2004 and 2005 (Table 1). No bass younger than 3 years of age were caught from either lake system 
in 2009 because stocking ceased in 2005. Likewise, the absence of fish aged 5 or greater than 12 
from the 2009 SIRC Lakes sample reflects a lack of stocking in 2003 and prior to 1996 (Figure 8 
and Table 1). Bass from the 1998 and 2000 stocking events were not caught in either survey year 
and only one bass was sampled from the 1999 stocking. 
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There was a highly significant negative relationship between the natural logarithm of the adjusted 
sample size for each age class and the age of bass caught in the SIRC Lakes in 2009 (r = 0.9575, df 
= 4, P<0.01) (Figure 9). Hence, the size of the age cohorts declined over time due to the 
accumulating effects of mortality. The slope of the relationship gave the instantaneous rate of 
mortality for bass from this lake system, which was estimated to be 0.23 per year, and the annual 
survival, which was 79%. 
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Figure 9. Relationship between the natural logarithm of the sample size for each age class 

and the age of Australian bass sampled from the SIRC Lakes in 2009. Sample sizes 
were standardised based on the stocking of 12,000 fingerlings per year to adjust for 
differences in the numbers of bass stocked among years. 

 
 
Diet 

Incidence of feeding 
The stomach contents of 37 bass from the SIRC Lakes and 40 bass from Duralia Lake were 
examined. Six and eight of the stomachs from the two respective systems contained no food and a 
further one stomach and four stomachs contained only unidentifiable food remains. Mean fullness 
scores, using stomachs that contained food, are shown in Table 12, with values being significantly 
greater for the SIRC Lakes than Duralia Lake (t = 3.62, df = 58, P<0.01). When stomach fullness 
scores were compared between the two study years (2008 and 2009) for each lake, significant 
differences were detected between years for Duralia Lake (t = 3.87, df = 36, P<0.001). 

Overall dietary compositions 
The diets of bass were dominated, in terms of both frequencies of occurrence and mean percentage 
volumetric contributions, by aquatic insects in both systems (Table 12). Of the aquatic insects, 
trichopteran (caddisfly) larvae comprised 41 and 55% of the diets in Duralia Lake and the SIRC 
Lakes, respectively, while larval forms of the Odonata (dragonfly) contributed 11 and 18%, 
respectively, to the overall dietary volume in those two lakes. The contribution of terrestrial insects 
was greater in Duralia Lake (19%) than in the SIRC Lakes (4%), while the reverse was true for 
natant crustaceans (carid shrimps), (5 vs 19%, respectively). The contributions of teleosts were very 
low in both Duralia Lake (5%) and SIRC Lakes (<0.1%) (Table 12). 
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Table 12. Percentage frequency of occurrence and mean percentage volumetric contributions 
of the different major taxa (bold font), dietary categories (*) and other items 
recorded for bass sampled from the SIRC Lakes and Duralia Lake. 

 
Duralia Lake SIRC Lakes 

Major taxa and dietary categories 
%F %V %F %V 

Aquatic insects 75.0 60.5 90.3 76.3 
Coleoptera* 6.3 1.4 19.4 2.2 
Diptera (larvae and pupae)* 21.9 6.9 16.1 0.7 
Hemiptera* 9.4 0.5 6.5 0.1 
Odonata larvae* 21.9 10.7 61.3 17.8 
Trichoptera larvae* 59.4 41.1 80.6 55.4 
Unidentifiable aquatic insects - - 3.2 0.2 

Terrestrial insects* 25.0 19.0 6.5 4.3 

Natantia* 15.6 4.8 48.4 18.7 

Teleostei* 9.4 4.7 3.2 <0.1 

Other 8.1 10.9 1 1 
Cnidaria* 3.1 1.7 - - 
Mollusca* - - 16.1 0.3 
Eggs* 6.3 1.1 - - 
Plant* 25 8.2 9.7 0.7 

No. of stomachs with food 32 31 

Mean ± S.E. fullness score 1.3 ± 0.1 2.0 ± 0.1 

 
 

Sizes of fish and relationships with dietary compositions 
The lengths of bass that had stomachs containing identifiable food remains ranged from 268 to 343 
mm in Duralia Lake (n = 28) and from 204 to 320 mm (n = 30) in the SIRC Lakes. The mean 
percentage volumetric data for the different dietary categories of the three 50 mm size classes of 
bass were plotted as histograms (Figure 10). The diets of the smaller fish in Duralia Lake (250 – 
299 mm) contained mainly trichopterans (45%), and also smaller proportions (50 – 10%) of 
odonatans, terrestrial insects and other (mainly plants). With the larger size class of fish (300 – 349 
mm), the contribution of trichopterans and terrestrial insects declined slightly, while those of 
coleopterans (beetle larvae) and other (mainly plants) more than doubled. Moreover, teleosts 
comprised just over 8% to the diets of individuals in this larger size class (Figure 10). 
 
Although the diets of the smaller size class (200 – 249 mm) of fish in the SIRC Lakes also 
comprised trichopterans, these made a larger contribution to the diet than in Duralia Lake (60 vs 
35%, respectively) (Figure 10). Greater amounts of natant decapods, i.e., nearly 25%, were also 
recorded in the diets of this size class of fish in the SIRC Lakes. The contributions of these 
decapods declined to 7.5% in the diets of larger fish (250 – 299 mm), while those of trichopterans 
decreased only slightly, In contrast, the contributions made by both odonatans and coleopterans 
were greater in the 250 – 299 than 200 – 249 mm size class (Figure 10). The single representative 
of the largest size class of fish, i.e., 300 – 349 mm (data not shown) consumed almost entirely 
odonatans. 
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Figure 10. Mean percentage volumetric contributions of the different dietary categories to the 

diets of the three 50 mm size classes of Australian bass sampled from a) Duralia 
Lake and b) the SIRC Lakes in 2009. 

 
 

Comparisons of the diets of bass between both lake systems and years 
When the 2009 dietary data for each fish within the 250 – 299 mm length class from Duralia Lake 
and the SIRC lakes were subjected to MDS ordination, the points for each system were 
intermingled on the plot (Figure 11a). Accordingly, ANOSIM showed that the diets of bass did not 
significantly differ between the two systems (R = -0.06, P = 0.672). When the dietary data for 
individuals of fish of the same size class from the two lakes in the previous year (Pease, 2008) were 
added to the analysis, it was again evident that the points for the two lakes in 2009 were 
interspersed and that they were located in the right of the plot (Figure 11b). This ordination plot 
also showed that the points for both lakes in 2008 mainly lay to the left and/or above those from 
2009. ANOSIM demonstrated that the diets of fish from Duralia Lake and the SIRC Lakes in 2009 
differed significantly from the corresponding lake in 2008 (R = 0.41, P = 0.001 and R = 0.44, 
P = 0.001, respectively) and re-confirmed that, in 2008, the diets of bass in the two systems also 
differed significantly (R = 0.31, P = 0.012). 
 
SIMPER showed that the presence of greater amounts of teleosts in 2008 distinguished the diets of 
Duralia Lake bass from 2009, in which greater amounts of trichopterans and terrestrial insects were 
ingested. In contrast, greater amounts of trichopterans and odonatans distinguished the diets of fish 
in the SIRC Lakes in 2009 from those in these systems in 2008, in which greater amounts of 
dipterans were present. 
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a) b) 
 

 
Figure 11. Two-dimensional nMDS ordination of the mean percentage volumetric 

contributions of the different dietary categories to the diet of individual bass in the 
250 – 299 mm length classes sampled from the SIRC Lakes and Duralia Lake in a) 
2009 and b) 2008 and 2009. 

 

3.5.2. Freshwater catfish 

The 23 freshwater catfish sampled from the SIRC Lakes (none were found in the other lakes 
surveyed) ranged in length from 222 to 499 mm (Appendix 2) and had an average length of 389.5 ± 
15.88 mm. The sample population was characterised by two size groups, with peaks at 326 to 350 
mm and 426 to 450 mm (Figure 12). Only one fish less than 276 mm was caught, whereas all of the 
size classes in the wide size range from 276 to 500 mm were represented. Given that this species 
reaches sexual maturity at a length of between approximately 300 and 400 mm (Pusey et al. 2004), 
it is plausible that the population is self-sustaining as it consists of a smaller size group of juvenile 
and maturing fish and a larger group of adult fish. 
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Figure 12. Length-frequency distribution for freshwater catfish sampled from the SIRC Lakes. 
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3.5.3. Common carp and goldfish 

Common carp ranged in fork length from 376 to 586 mm and had an average length of 466.1 ± 
8.60 mm. All 50 fish were large adults greater than 350 mm with no juveniles sampled (Lintermans 
2007). The length-frequency distributions of carp sampled from Main Lake A, North Pond and 
Middle Basin are depicted in Figure 13. Fish from the former two lakes had very similar 
distributions that were not significantly different (Appendix 2). However, 28% of the carp from 
Main Lake A were slightly shorter than the fish from North Pond. There were no other notable 
peaks in the distributions. Instead, there was a decline in fish numbers in the larger size classes 
greater than 475 mm in Main Lake A and 525 mm in North Pond. The three carp from Middle 
Basin were all longer than the average length (Figure 13). During the study, one large 565 mm carp 
was also caught from Warm-up Lake (Appendix 2). The only goldfish caught was a relatively large 
adult fish from North Pond that measured 319 mm in fork length (Appendix 2). 
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Figure 13. Length-frequency distributions for common carp sampled from Main Lake A, 

North Pond and Middle Basin. 
 
 

3.5.4. Shortfinned eel 

Length-frequency distributions were not constructed for the shortfinned eel because the sample 
sizes were too small. The five eels measured were all sexually differentiated, ranged in total length 
from 457 to 620 mm (Appendix 2), and averaged 535.4 ± 27.37 mm in length. 
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3.5.5. Australian smelt 

The 165 Australian smelt measured during the survey ranged in fork length from 26 to 65 mm and 
averaged 36.2 ± 0.56 mm. The length-frequency distributions of fish from Cranebrook Lake, 
Middle Basin and the SIRC Lakes were not significantly different from each other (Appendix 2). 
These distributions were positively skewed with the majority of fish caught ranging from 31 to 39 
mm in length and numbers decreasing at greater lengths (Figure 14a). Middle Basin had the widest 
distribution with 8% of smelt greater than 51 mm in length. The distributions from Duralia Lake 
and Main Lake A were significantly different from each other and the other lakes from which smelt 
were sampled (Appendix 2). Seventy-seven percent of smelt from Duralia Lakes were less than 34 
mm in length while 91% of the fish measured from Main Lake A ranged in length from 40 to 51 
mm (Figure 14b). Given that Australian smelt are sexually mature at a minimum length of 
approximately 30 mm (Pusey et al. 2004), the samples from each lake contained both adult and 
juvenile fish, implying that the populations are self-sustaining. 
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Figure 14. Length-frequency distributions for Australian smelt sampled from a) Cranebrook 

Lake, Middle Basin and the SIRC Lakes, and b) Duralia Lake and Main Lake A. 
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3.5.6. Flathead gudgeon 

A total of 465 flathead gudgeons were measured from the seven survey lakes. These fish ranged in 
total length from 16 to 87 mm TL and averaged 42.2 ± 0.63 mm. The length-frequency 
distributions recorded from each lake were all significantly different from each other (Appendix 2). 
Duralia Lake had the widest size range of fish followed closely by Cranebrook Lake (Figure 15). 
Both lakes were characterised by bi-modal distributions but the locations of the modes differed. 
The highest number of large flathead gudgeons came from Cranebrook Lake. The distributions 
from Middle Basin, North Pond, Main Lake A, and the SIRC Lakes were uni-modal but had 
different size class peaks (Figure 15). Pusey et al. (2004) reported that the minimum length at first 
breeding for the species was 42 mm. Based on this size, all of the lakes contained self-sustaining 
populations comprised of both juvenile and adult fish. 
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Figure 15. Length-frequency distributions for flathead gudgeons sampled from a) Middle 

Basin, the SIRC Lakes and Duralia Lake, b) Cranebrook Lake, Main Lake A and 
North Pond. 
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3.5.7. Carp gudgeons 

The length-frequency distributions for 159 carp gudgeons measured from North Pond, Middle 
Basin and Main Lake A are depicted in Figure 18. The lengths of carp gudgeons from the SIRC 
Lakes, Duralia Lake and Cranebrook Lake were not graphed as only one fish was sampled from 
each of these systems (Table 5). The total lengths of these three fish were 17 mm, 33 mm and 24 
mm, respectively (Appendix 2). The 162 gudgeons ranged between 15 and 38 mm and averaged 
25.6 ± 0.35 mm in length. The size distributions from North Pond and Middle Basin were very 
similar in shape although a slightly wider size range of fish was sampled from North Pond (Figure 
16). Accordingly, these two distributions were not significantly different (Appendix 2). There 
were, however, significant differences between these two distributions and the one sampled from 
Main Lake A (Appendix 2). The sample from Main Lake A included the smallest carp gudgeons 
measured in the study and was comprised of fish less than 28 mm in length (Figure 16). As the 
minimum length at first maturity of carp gudgeons in NSW is approximately 23 mm (Pusey et al. 
2004), both juvenile and adult fish were present in the samples from each of the three lakes, 
implying that the populations are self-sustaining. 
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Figure 16. Length-frequency distributions for carp gudgeons sampled from North Pond, 

Middle Basin and Main Lake A. 
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3.5.8. Olive perchlet 

The 30 olive perchlets recorded in the study, which all came from the SIRC Lakes, ranged in fork 
length from 14 to 49 mm (Appendix 2), and had an average length of 31.6 ± 1.83 mm. All size 
classes were represented in the length-frequency distribution (Figure 17). There were two size 
groups of fish present, with peaks at 22 to 24 mm and 40 to 42 mm. As the reported minimum size 
of mature fish is approximately 26 mm (Pusey et al. 2004), the smaller size group was comprised 
mostly of juveniles and the larger group consisted of adult fish. The presence of both juvenile and 
adult fish indicates that the population is self-sustaining. 
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Figure 17. Length-frequency distribution for olive perchlet sampled from the SIRC Lakes. 
 

3.5.9. Eastern gambusia 

The 347 gambusia measured during the survey ranged in total length from 12 to 43 mm and 
averaged 25.3 ± 0.32 mm in length. The length-frequency distributions of fish from Main Lake A, 
Middle Basin and the SIRC Lakes were not significantly different from each other (Appendix 2). 
Fish were spread across a wide size range with the highest concentration between 16 to 27 mm 
(Figure 18a). The size distribution of gambusia from Cranebrook Lake and North Pond were also 
not significantly different (Appendix 2). The smaller size classes less than 16 mm were absent from 
these two lakes as they were from Duralia Lake, but low numbers of fish were present in the larger 
size classes above 36 mm (Figure 18b). However, the distribution from Duralia Lake was 
significantly different, as Cranebrook Lake and North Pond had uni-modal distributions with a 
distinct peak in fish of 22 to 27 mm in length whereas most of the gambusia from Duralia Lake 
ranged in length from 22 to 36 mm. All other lake comparisons were also significantly different 
(Appendix 2). As sexual maturity is reached at about 25 mm (Lintermans 2007), the samples from 
each lake were comprised of both juvenile and adult fish, implying that the populations are self-
sustaining. 
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Figure 18. Length-frequency distributions for eastern gambusia sampled from a) Middle 

Basin, the SIRC Lakes and Main Lake, and b) Duralia Lake, North Pond and 
Cranebrook Lake. 

 
 

3.5.10. Gear selectivity effects on length-frequency distributions 

Sampling gear selectivity had little to no effect on the length-frequency distributions for the 
freshwater catfish, carp, goldfish, shortfinned eel, and olive perchlet as these species were captured 
primarily by one sampling technique (Table 6). However, the remaining species were caught in 
appreciable numbers (n ≥ 10) by multiple techniques. Thus, it is possible that the distributions for 
these species may reflect the selectivity of each method for particular sizes of fish. For example, 
larger Australian bass were caught in panel nets compared to electrofishing with the distributions 
derived from these two sampling gears found to be significantly different (Table 13). This result is 
likely due to the efficiency of each technique to catch fish in certain lakes. Specifically, 91% of the 
bass from Middle Basin, which had a sample dominated by relatively small fish, were sampled with 
the electrofishing boat while all of the bass from Duralia Lake, which were relatively large, were 
caught in panel nets (Figure 5 and Appendix 1). The effects of gear efficiency and selectivity were 
not as clear for the small-bodied species sampled with multiple techniques, although on occasion, a 
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species was caught in a lake primarily by only one technique (Appendix 1). There was, however, a 
consistent tendency for the largest individuals to be caught with the electrofisher and the smallest 
fish in the seine net (Table 13), indicating that gear selectivity may have had some effect on the 
size distributions of the small-bodied species. 
 
 
 
Table 13. Descriptive statistics for lengths of fish species sampled with each capture method. 

Results of Kolmogorov-Smirnov tests for determining significant differences 
between length-frequency distributions for each method are also given. Data are 
only presented for species caught with multiple methods with minimum sample 
sizes of ten per method. EFB = Electrofishing boat, PN = Panel net, SN = seine net, 
BT = bait trap, * = P<0.05; ** = P<0.001. 

 
Capture method 

Fish species 
Lengt
h 
(mm) 

EF 
boat 

Panel 
net 

Seine 
net 

Bait 
trap 

Kolmogorov-
Smirnov test results 

Australian bass n 44 80 - - 
 Mean 211.6 269.9 - - 
 Mode 176 – 200 251 – 275 - - 
 Range 167 – 334 204 – 344 - - 

EFB vs PN: 
D = 0.614** 

Australian smelt n 54 - 111 - 
 Mean 38.5 - 35.0 - 
 Mode 37 – 39 - 31 – 33 - 
 Range 26 – 65 - 26 – 62 - 

EFB vs SN: 
D = 0.233* 

Flathead gudgeon n 88 - 164 213 
 Mean 52.4 - 36.1 42.7 
 Mode 56 – 60, 

66 – 70 
- 31 – 35 41 – 45 

 Range 23 – 87 - 16 – 70 18 – 82 

EFB vs SN: 
D = 0.519** 
EFB vs BT: 
D = 0.429** 
SN vs BT: 
D = 0.281** 

Carp gudgeons n 1 - 93 68 
 Mean 28.0 - 24.0 27.6 
 Mode 28.0 - 25 – 27 25 – 27 
 Range 28.0 - 15 – 35 37 – 38 

SN vs BT: 
D = 0.388** 

Eastern gambusia n - - 210 137 
 Mean - - 24.4 26.5 
 Mode - - 22 – 24 25 – 27 
 Range - - 12 – 43 15 – 42 

SN vs BT: 
D = 0.245** 
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4. DISCUSSION AND CONCLUSIONS 

Overall, the seven lakes surveyed in this study appeared to have relatively healthy, functioning 
aquatic ecosystems. Water quality was generally good, although a few anomalies were recorded. 
There was an abundance of aquatic life including a good supply of small forage fish and 
crustaceans to sustain larger predatory species such as bass and eels. Fish species composition has 
also remained relatively stable over the last four years with no apparent disappearances or new 
occurrences of species. There were substantial increases in the numbers of some of the small-
bodied native fish species caught in 2009 compared to 2008 and 2007. The survey results also 
indicated that, although there were differences among lakes in the size structure of the non-stocked 
native fish, all of the populations were self-sustaining as evidenced by the capture of both juvenile 
and adult fish. Unfortunately, the same was true for the noxious eastern gambusia, which was 
caught in much larger numbers in most lakes in 2009 than in the previous two years. This raises 
concerns regarding the potential impacts of the large populations of this noxious species, as does 
the detection of relatively large populations of the noxious common carp in Main Lake A and 
North Pond. There was, however, no evidence of recent recruitment occurring in any of the carp 
populations sampled, with numbers of this species appearing to be on the decline in the SIRC 
Lakes. Unfortunately, catches of most species of non-stocked native fish inhabiting Regatta Lake 
had also declined. While overall catches of stocked Australian bass have remained relatively 
constant in the SIRC Lakes, there was a pattern of increasing catches from Warm-up Lake as they 
decreased from Regatta Lake. The largest catch of bass in 2009 came from Middle Basin, whereas, 
apart from a spike in the size of the 2008 catch, the numbers of bass caught from Duralia Lake and 
Warm-up Lake were generally similar among years. There was also evidence that the bass 
population inhabiting the SIRC Lakes was not as healthy as the populations inhabiting Middle 
Basin and Duralia Lake or as healthy as a population previously studied in the adjacent 
Hawkesbury-Nepean River by Harris (1987). 
 
The following discussion expands on some of the key findings stated above and provides 
management recommendations. An evaluation of the sampling protocol is also given to guide 
future monitoring of the Penrith Lakes. 

4.1. Lake water quality 

Most of the measured physico-chemical parameters were either within the ANZECC guideline 
limits for south-eastern Australian lakes or were at a level reportedly tolerated by each native fish 
species sampled (Pusey et al. 2004). Data did indicate, however, that Duralia Lake was thermally 
stratified with cool, anoxic waters near the substrate. This was likely to be caused by the high air 
temperatures experienced at the time heating the surface waters but the deepness of the lake 
preventing adequate mixing of the water column (Wootton 1992). The dissolved oxygen levels in 
the anoxic layer were well below the minimum concentrations tolerated by fish (Wootton 1992; 
Pusey et al. 2004), thereby reducing the amount of available fish habitat in the lake. To maintain 
the health of aquatic life in Duralia Lake, consideration should be given to ensuring lake waters are 
adequately mixed during the warmer months of the year. 
 
Elevated pH may also be a problem as levels near the surface of each lake were higher than 
recommended by the ANZECC guidelines. In addition, they were higher than those recently 
recorded during a recent fish survey of the Hawkesbury-Nepean River near Penrith (Knight and 
Creese 2008; I&I NSW Freshwater Fish Research Database). The alkaline waters in Regatta Lake 
may be of particular concern as the surface pH was higher than the levels of waters typically 
recorded to support each of the native fish species present in this lake (Pusey et al. 2004), and 
hence may be causing physiological stress in some fish. The alkaline waters of Regatta Lake may 
possibly be contributing to the general decline in fish numbers observed in the lake over time. It is 
also possible that the corresponding increase in the catches of bass in Warm-up Lake, where pH 
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levels were lower (at least at a depth of one metre), is a physiological response by fish to access 
less stressful environmental conditions. Other factors such as less refuge habitat and higher levels 
of human activity in Regatta Lake than in Warm-up Lake may also be contributing to the decline in 
fish catches from the former lake. As problems were experienced with the water quality sampling 
equipment during the survey, these data should be cross-checked with those regularly recorded by 
the PLDC before management options to improve lake water quality are considered. 
 
Although all conductivity measurements were much higher than the ANZECC limits for lakes, 
these limits are not considered suitable guides as they are based on the extremely freshwaters of 
lakes in Tasmania whereas conductivity is determined to a certain extent by the geology of a 
particular lake’s catchment (ANZECC 2000). Accordingly, conductivity levels were very similar to 
those recorded from the Hawkesbury-Nepean River (Knight and Creese 2008; I&I NSW 
Freshwater Fish Research Database), which fell within the ANZECC guidelines for lowland rivers 
of 125 – 2200 µS. cm-1. The lake conductivities were also similar to the average conductivities of 
relatively undisturbed water bodies that support each native fish species (Pusey et al. 2004). 
 
The three alien species sampled are all considered to be hardy fish that are tolerant of a wide range 
of physico-chemical conditions (McDowall 1996; Lintermans 2007), and therefore were likely to 
not be affected by most of the measured extremes in water quality. Conversely, alien species are 
often believed to degrade water quality. There is some evidence that this may be occurring in the 
Penrith Lakes as there was a highly significant positive correlation between the standardised 
catches of carp and turbidity (r = 0.8944, df = 5, P<0.01). Indeed, carp are thought to cause or are 
often associated with increased turbidity levels, bank erosion, siltation, nutrient loads, and toxic 
algal concentrations (Koehn 2004). High densities of gambusia are also capable of degrading water 
quality by increasing algal blooms via heavy predation on zooplankton communities (Hurlbert et 
al. 1972; Pyke 2008). 

4.2. Status of the fish populations 

The occurrence of ten of the eleven fish species identified in this survey conforms to their 
previously reported distributions within Australia (McDowall 1996). The translocated olive 
perchlet is the exception as it has a natural east-coast distribution that extends only as far south as 
the Clarence River catchment in northern NSW (Pusey et al. 2004; Pease 2008). Knight and Creese 
(2008) reported a similar species assemblage inhabiting the Hawkesbury-Nepean River near 
Penrith. Primary differences included the presence of migratory species in the river, such as the 
freshwater herring, sea mullet, and bullrout, and the absence of several small gudgeon species from 
the lakes. 
 
The fish species composition of each lake appears to be relative stable over time with slight 
differences attributed to the relative detectability of several rare species. Cranebrook Lake was an 
exception with the recorded species richness increasing from zero in 2005 (SKM 2005) to one 
species in 2007 (Pease 2007) and then five species in 2009. A species of freshwater crustacean was 
also recorded for the first time in 2009. Accompanying the increased species richness in the lake 
was a notable increase in the catch of the small-bodied flathead gudgeon, Australian smelt, and the 
alien gambusia. SKM (2005) reported that the null catch in 2005 was expected given that fish had 
not been introduced by human intervention and because the lake’s relative isolation reduced the 
ability of fish to establish naturally from nearby water bodies. Apparently, this situation has since 
changed and the increased richness and abundance of aquatic biota recorded in 2009 coupled with 
the presence of self-sustaining fish populations indicates that the lake currently supports viable 
communities of fish and crustaceans.  
 
As in Cranebrook Lake, data indicated that most of the other survey lakes had experienced 
substantial increases in the size of populations of the flathead gudgeon. Numbers of carp gudgeons 
had also increased notably in several lakes, while smelt numbers displayed a general decline over 
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time but catches fluctuated considerably among lakes. These patterns may reflect the population 
dynamics and behaviour of each species in each lake. Indeed, small-bodied fish are generally fast 
growing and short-lived but have compensatory reproductive strategies that enable populations to 
flourish under favourable environmental conditions (Wootton 1992). Thus, it is possible that 
environmental conditions may have existed recently that have enhanced the spawning and 
recruitment success of the gudgeons. Alternatively, populations of small-bodied species are also 
prone to fluctuations in size as they may decline under less favourable environmental conditions. 
Therefore, recent conditions may not have been ideal in some lakes (e.g., the SIRC Lakes) for 
smelt. However, the fluctuating smelt numbers may also be related to the schooling behaviour of 
this species with catch rates partially influenced by the size and locations of these highly-mobile 
schools at the time of sampling. Catches of gudgeons were unlikely to be affected in this way as 
they are not gregarious species (Pusey et al. 2004). 
 
The most abundant species caught in 2009 was the noxious gambusia, with numbers increasing in 
all lakes sampled over time except for Main Lake A where they remained relatively constant. This 
species is regarded as a prolific breeder that often becomes locally abundant, and poses a potential 
problem to ecosystem health as it is implicated in declines in water quality, native fish, and other 
aquatic life such as micro-crustaceans and frogs (Macdonald and Tonkin 2008; Rowe et al. 2008). 
Unfortunately, gambusia populations are difficult to control as there are few effective techniques 
currently available. Traditional methods for controlling pest fish such as exclusion, egg 
dehydration, direct removal, and commercial harvesting are often not very effective as the 
reproductive capabilities of the live-bearing gambusia allows it rapidly replenish populations. 
Chemical applications, (e.g., rotenone and lime), and the drying of water bodies have both 
successfully eradicated this species from enclosed bodies of water such as isolated ponds and dams, 
but success is dependent upon an extremely thorough treatment and extensive knowledge of the 
hydrology of the area (Macdonald and Tonkin 2008). However, these techniques also impact 
heavily on the treated water body and its indigenous aquatic communities and thus call for the 
temporary removal of important components of the ecosystem prior to treatment. Where total 
eradication is not feasible, minimising the impact of eastern gambusia on native fish may be an 
important strategy. The stocking of predatory species such as bass may assist in controlling 
gambusia numbers; however the current level of predation in the Penrith Lakes does not appear 
high enough to prevent abundances increasing. This may reflect a preference by bass for other 
foods items as indicated by the dietary analysis or insufficient numbers of bass to apply effective 
predation pressure. Other methods such as increasing native species habitat by enhancing thick 
aquatic vegetation and watering during times of extreme low levels may reduce the impact of 
eastern gambusia on native fish fauna. New technologies are also currently being investigated such 
as the development of gambusia specific traps that aim to reduce abundances to manageable levels 
(Macdonald and Tonkin 2008). As some of the above techniques could be applied in the Penrith 
Lakes, a gambusia management plan developed in consultation with I&I NSW may assist in 
reducing the potential impacts of this species on lake health and the associated aquatic biota. 
 
The other noxious fish inhabiting the Penrith Lakes, the common carp, appears to be declining in 
the SIRC Lakes but catches have increased substantially from Main Lake A. Relatively large 
numbers were also recorded from North Pond during this survey, while low numbers were 
consistently sampled from Middle Basin in 2008 and 2009. Although no signs of recent recruitment 
were observed in 2009, juvenile carp have been caught in previous years (e.g., Pease 2008), 
suggesting the successful breeding does infrequency occur. As carp are believed to contribute to 
degradation in water quality, and reductions in the biomass and diversity of fish, macro-
invertebrates and macrophytes (Koehn 2004), a targeted carp control program should be considered 
to maintain and improve the health of the Penrith Lakes. Effort should be directed towards 
preventing carp from dispersing into Duralia and Cranebrook Lakes because these two systems 
currently appear to be free of this pest. Continuation of the Penrith Lakes stocking program should 
also assist in limiting carp recruitment as experimental research has shown that bass prefer to prey 
on small, 20 to 50 mm carp and shrimp rather than native fish species (Doyle et al. 2009). Carp 
abundances can also be effectively reduced by employing a range of physical removal techniques 
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such as nets, electrofishing and carp separation cages (Diggle et al. 2004; Inland Fisheries Service 
2008; Norris et al. 2009; Smith et al. 2009). The efficiency of these techniques can be enhanced by 
encouraging carp to congregate for harvesting via the deployment of automated feed dispensers, the 
creation of attraction flows of warm water and/or the placement of fish implanted with pheromonal 
attractants upstream of the harvesting area (Norris et al. 2009; Sorensen and Lim 2009; D. Gilligan, 
Senior Research Scientist, I&I NSW, pers. comm.). In addition, the fencing off of key carp 
spawning habitat may impede population recovery. This integrated approach coupled with the use 
of ‘Judas’ fish (radio-tagged fish) to effectively locate and target isolated groups of fish has 
successfully eliminated carp populations in one large (2,400 hectares) Tasmanian lake and 
dramatically reduced abundances in another (5,400 hectares) (Inland Fisheries Service 2009). 
 
One of the management strategies currently adopted in the Penrith Lakes, the stocking of native 
Australian bass, appears to have had varying levels of success. For example, although some 3000 
bass were stocked into Cranebrook Lake in 2005 (Table 1), sampling in 2007 and 2009 has 
provided no evidence that these stocks have survived. Assuming low survival of these fingerlings, 
fresh attempts to establish a population of bass may be warranted given that a good supply of 
forage fish and crustaceans now exists in this lake. Indeed, successful stocking of this predatory 
fish may assist in reducing the relatively large numbers of gambusia present in the lake, thereby 
assisting in the establishment, maintenance or restoration of a balanced ecosystem. Prior to 
stocking, the lake’s alkaline waters may require attention, as the pH near the surface (8.97) was the 
second highest recorded in the study and was much higher than the concentrations typical of 
relatively undisturbed water bodies supporting bass (range: 6.3 – 8.1; Pusey et al. 2004). As stated 
previously, water quality data should be cross-checked with PLDC’s data before management 
options are considered. 
 
Based solely on the standardised catches of bass sampled from each lake in 2009, stocking appears 
to have been most successful in Middle Basin. This lake had the highest catch despite having one 
of the lowest overall rates of stocking with only 4,500 fingerling released since 2000 (Table 1). 
Catches were much higher here than from North Pond and Main Lake A, which have been stocked 
with 2 to 3.7 times as many bass. Reasonable numbers of bass were also sampled from Duralia 
Lake and Warm-up Lake. The long and consistent stocking history of the SIRC Lakes allowed the 
survival rate in this system to be estimated at 79% per year. This high rate is similar to the one 
reported by Harris (1988) for fish in the Hawkesbury-Nepean River of 76% but is lower than those 
reported by Wilde and Sawynok (2005) of 93 to 97% for bass from four impoundments in south-
eastern Queensland. The latter authors attributed the differences in survival rates among the 
impoundments to local differences in angler’s willingness to release fish. Although the Penrith 
Lakes recreational bass fishery is a carefully managed no-take fishery (i.e., catch and release only, 
use of barbless hooks, encouragement to use careful fish handling practices [R. Wright, PLDC, 
pers. comm.]), the lower survival rate in the SIRC Lakes may be at least partially influenced by 
angling pressure and the associated proportion of released bass that survive (Hall et al. 2009, in 
press). As the SIRC Lakes and Final Basin are the only lakes currently open to the angling public, 
it is possible that survival rates are higher in the other stocked lakes. More long-term stocking 
histories and age estimates for fish from different lakes would be required to test this proposition. 
 
Interestingly, the SIRC Lakes’ stocking history and corresponding age estimates for bass sampled 
in 2008 and 2009 also indicate that the size of the catch of each age class is related to the number 
of fingerlings stocked and the age of the fish. Thus, the strength of particular age classes may 
simply reflect the numbers stocked rather than greater survival of one cohort over another. 
However, fingerlings released between 1998 and 2000 did not fit this trend and appeared to have 
had very poor survival. The possible reasons for this are numerous and may include, for example, 
fingerlings being released into an unfavourable environment at the time, the release of unhealthy 
fish, disproportionately high angling pressure exhibited on these cohorts, or combinations of these 
factors. A review of stocking records in conjunction with age analysis of the bass from Middle 
Basin, which was stocked in 2000 and is closed to the public, may aid in developing a better 
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understanding of the outcomes of specific stocking events in the Penrith Lakes, thereby leading to 
more effective stocking practices. 
 
It was evident that even the healthiest of the Penrith Lakes fish were not in as good a condition as 
the bass sampled by Harris (1987) from their natural environment in the Hawkesbury-Nepean 
River as the average condition factor for each size class of lake fish was lower than those recorded 
for the river bass. Differences were also apparent in the health of bass sampled from various lakes, 
with fish from Duralia Lake and Middle Basin healthier than those from the SIRC Lakes. Fish from 
the former two lakes were similar to the river fish in regards to being relatively rotund for their 
length and having similar weights for a given length. Alternatively, bass from the SIRC Lakes were 
relatively thin for their length and were consistently lighter for a given length than fish from the 
other three systems. As the rate at which weight increased with length was similar among all four 
systems, this suggests that the fish from the SIRC Lakes have always been relatively light. 
However, it should be noted that these analyses lacked data on the first two years of growth of the 
2004 and 2005 cohorts stocked into the SIRC Lakes and Duralia Lake. Thus, it is possible that 
differences existed in the rate at which fish stocked into the various lakes initially gained weight 
for a given length. This could be the result of differences in the productivity between the two lake 
systems influencing the growth of the bass populations. The growth models support this notion as 
they revealed that fish from the SIRC Lakes were increasing in length much slower than those from 
Duralia Lake. It is unlikely that the observed differences were due to some sort of biased stocking 
effect such as the release of poorer conditioned fingerlings into the SIRC Lakes as the Penrith 
Lakes are always randomly stocked with fish from the same batch at the same time of year 
(October) (R. Wright, PLDC, pers. comm.). 
 
Investigations into possible differences in the productivity of the SIRC Lakes and Duralia Lake 
were made in this study via studying the diets of bass from each system and quantifying the relative 
abundances of available fish and crustacean prey. A major finding of the diet study was that fish 
from both lakes were not feeding as well at the time of sampling in 2009 as they were in 2008 and 
that teleosts were lacking from the diets in 2009 (refer to Appendix 5 for a complete discussion of 
the dietary study results). This implies that there may have been a reduction in the availability of 
potential prey in 2009, such as in the Australian smelt. Based on the standardised catches of smelt, 
this was the case in the SIRC Lakes but not in Duralia Lake. Furthermore, the standardised total 
catch of crustaceans and small-bodied forage fish from these lakes were much higher in 2009 
implying that larger quantities of potential prey may have been available then than in 2008. The 
reasons for the discrepancies between years in the stomach contents of the bass and the amount of 
available forage fish and crustaceans are unclear. It may be due to some component of sampling 
bias such as differences in the time between when fish were feeding and when they were sampled 
or perhaps that environmental conditions at the time of sampling in 2009 (e.g., the high air 
temperatures) were suppressing the feeding behaviour of the bass. It should be borne in mind that 
the dietary results were based on small sample sizes collected once during a restricted period of 
each year and thus only provide a brief insight into feeding behaviour. In this context, the two 
studies broadly revealed both similarities and differences in the diets of fish from each lake 
between years. This may reflect the flexible and opportunistic nature of feeding by bass which 
allows them to adapt to widely varied and unpredictable environments (Harris 1985b, 1987). 
 
Although female bass were consistently larger than males (as occurs in the wild [Harris 1987]), the 
similarities in the ratios of males to females sampled from the SIRC Lakes and Duralia Lake meant 
that differences in the condition and growth of the bass were not due to a dominance of a particular 
sex in one lake. The ratio of 0.27 from the former system and 0.28 from the latter system equate to 
a ratio of one male to every 2.7 and 2.6 females, respectively, which are very similar to the 1:3 
ratio for fish sampled from the Hawkesbury-Nepean River (Harris 1988). Thus, the skewed sex 
ratios of the lake populations appears to be normal for this species and probably reflects the 
naturally higher mortality rate of male fish (Harris 1988). It is possible, however, that the 
biological data for bass from the SIRC Lakes could reflect the effects of angling pressure removing 
the faster growing and largest, healthiest fish from the population. Although the fishery is closely 
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managed and includes initiatives to protect the bass stock, it is possible that some level of mortality 
still occurs (Hall et al. 2009, in press). It is equally plausible that the higher growth and better 
condition of the Duralia Lake bass could be due to relatively low stocking pressure as considerably 
fewer fish have been released into this system on considerably fewer occasions than in the SIRC 
Lakes. Indeed, Harris (1987) attributed the extraordinarily large length and weight of two bass that 
had apparently survived for 15 years in a water supply dam in Queensland to their existence in low 
densities, freed of the normal density-dependent constraints on growth. 
 
As mentioned earlier, optimisation of the bass stocking program for the Penrith Lakes requires a 
detailed examination of the stocking data. In addition, it is currently difficult to determine whether 
other factors such as lake productivity, angling pressure, or stocking pressure are contributing to 
the differences in the health of bass from the SIRC Lakes and Duralia Lake. The expansion of the 
biological study to include bass from Middle Basin may assist in clarifying these issues as this 
would essentially add another replicate sample from a lake lacking both angling and intense 
stocking pressure. Assuming that this lake was stocked in 2000 at the same time of year as the 
SIRC Lakes with the same batch of fingerlings, studying the Middle Basin fish may also shed light 
on whether the apparent low survival of this age cohort in the SIRC Lakes was due to the stocking 
of poorly conditioned fish or some other factor. It also appears that the sampling regime for the 
dietary study has insufficient replication to inform the debate on the effects of lake productivity on 
bass health. It is therefore recommended that additional replicate dietary samples are collected at 
least within one season of the year. Quantification of additional potential sources of prey such as 
the diversity and relative abundance of aquatic and terrestrial invertebrates may also provide a 
more comprehensive insight into temporal and spatial differences in lake productivity that may 
affect bass health. 

4.3. Assessment of the sampling protocol 

The spatio-temporal patterns in species composition and abundance indicate that the sampling 
protocol is capturing a representative sample of the status of aquatic communities inhabiting the 
Penrith Lakes. The protocol seems to be successfully detecting the species present except for those 
in very low abundance. Indeed, greater variation in detection rates would be expected if sampling 
effort was only sufficient to consistently capture the most common species (Green and Young 
1993; Knight et al. 2007; Ebner et al. 2008). The deployment of multiple sampling gears within a 
range of different aquatic habitats maximises the chances of consistently detecting a species 
because the catching power of each gear type can depend on environmental conditions at the time 
of sampling and the associated behaviour of the target species (Angermeier and Smogor 1995; 
Jackson and Harvey 1997). Thus, this strategy provides the best opportunity to consistently sample 
a wide variety of fish species and gain a representative sample of the fish assemblage (Hayes et al. 
1996; Hubert 1996). Detailed exploration of the catch data set using power analysis would quantify 
the sampling precision and indicate ways to optimise the cost efficiency of the sampling regime. 
However, the amount of variation that is considered important to trigger a management response 
would need to be specified and there is an associated danger that reducing sampling replication to 
reduce costs based on only three years of data may lead to the inability to detect certain 
unaccounted-for variation during future years. 
 
The effectiveness of the sampling protocol is also indicated by the analysis of the age cohorts of 
bass from the SIRC Lakes. Although the sampling numbers were low, the strong relationship 
between the declining catch of the age cohorts as mortality compounds with age is intuitively 
correct. Hence, the sampling protocol appears to be catching a representative sample of the 
abundance of each cohort which in turn suggests that at least for this species, the protocol may be 
providing an unbiased insight into the status of the age cohorts of each bass population. 
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4.4. Summary of key recommendations 

• To maintain the health of aquatic life in Duralia Lake, consideration should be given to 
preventing thermal stratification by ensuring lake waters are adequately mixed during the 
warmer months of the year. 

• Elevated pH appears to be a problem in each lake and particularly in Regatta Lake. As 
problems were experienced with the water quality sampling equipment during the survey, these 
data should be cross-checked with those regularly recorded by the PLDC before management 
options to improve lake water quality are considered. 

• Management plans should be developed in consultation with I&I NSW to reduce the potential 
impacts by the abundant populations of noxious eastern gambusia and common carp on the 
health and aquatic biota of the Penrith Lakes. 

• Examination of stocking data for each year of stocking, including the source of fish, average 
fish length and weight, and date of stocking, is warranted to assist in optimising the bass 
stocking program. 

• Given current difficulties in identifying the probable causes for variation in the success of the 
stocking program among lakes, the bass biological study should be expanded to include fish 
from Middle Basin. 

• Additional replicate dietary samples should be collected at least within one season of each year 
to improve the experimental design of the dietary study. The study should also be expanded to 
include quantification of an increased range of potential sources of bass prey. 

• The sampling protocol adopted for the Penrith lakes should be continued in its current form as 
it appears to be providing management authorities with a representative insight into the status 
of the aquatic communities inhabiting the Penrith Lakes. 
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APPENDICES 

Appendix 1. Total catch of each species from each lake by each sampling method. Fishes 
observed but not caught are indicated in parentheses. 

 
Warm-up Lake 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass 3 (2) 33   36 (2) 38 
Freshwater catfish 13 2   15 15 
Shortfinned eel 2    2 2 
Unidentified eel (3)    (3) 3 
Australian smelt   115  115 115 
Flathead gudgeon   32 24 56 56 
Carp gudgeons   1  1 1 
Olive perchlet    1 1 1 
Total 18 (5) 35 148 25 226 (5)  
Grand total by method 380 1 778 17 796 (380) 1176 

Alien fishes       

Carp  1   1 1 
Gambusia (380)  778 17 795 (380) 1175 
Total (380) 1 778 17 796 (380)  
Grand total by method 380 1 778 17 796 (380) 1176 

Native + alien fishes       

Grand total by method  36 926 42 1022 (385) 1407 

Crustaceans       

Freshwater prawn    17 17 17 
Freshwater shrimp   16 3 19 19 
Total   16 20 36 36 
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Regatta Lake 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass  2   2 2 
Freshwater catfish 7 1   8 8 
Unidentified eel (1)    (1) 1 
Australian smelt   6  6 6 
Flathead gudgeon 1   20 21 21 
Olive perchlet   1 28 29 29 
Total 8 (1) 3 7 48 66 (1)  
Grand total by method 9 3 7 48 66 (1) 67 

Alien fishes       

Gambusia (20)  314 1 315 (20) 335 
Total (20)  314 1 315 (20)  
Grand total by method 20  314 1 315 (20) 335 

Native + alien fishes       

Grand total by method 29 3 321 49 381 (21) 402 

Crustaceans       

Freshwater prawn   2 11 13 13 
Freshwater shrimp   27 3 30 30 
Total   29 14 43 43 

 
Main Lake A 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass 4 (3)    4 (3) 7 
Australian smelt   11  11 11 
Flathead gudgeon   470 84 554 554 
Carp gudgeons   616  616 616 
Total 4 (3)  1097 84 1185 (3)  
Grand total by method 7  1097 84 1185 (3) 1188 

Alien fishes       

Carp 32 (17)    32 (17) 49 
Gambusia   186 6 192 192 
Total 32 (17)  186 6 224 (17)  
Grand total by method 49  186 6 224 (17) 241 

Native + alien fishes       

Grand total by method 56  1283 90 1409 (20) 1429 

Crustaceans       

Freshwater prawn   47 36 83 83 
Freshwater shrimp   51 13 64 64 
Total   98 49 147 147 
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Duralia Lake 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass  40 (3)   40 (3) 43 
Australian smelt   184  184 184 
Flathead gudgeon   162 16 178 178 
Carp gudgeons   1  1 1 
Total  40 (3) 347 16 403 (3)  
Grand total by method  43 347 16 403 (3) 406 

Alien fishes       

Gambusia   547 174 721 721 
Total   547 174 721  
Grand total by method   547 174 721 721 

Native + alien fishes       

Grand total by method  43 894 190 1124 (3) 1127 

Crustaceans       

Freshwater shrimp   303 2 305 305 
Total   303 2 305 305 

 
Middle Basin 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass 32 (10) 3   35 (10) 45 
Shortfinned eel 1 (1)    1 (1) 2 
Australian smelt 36 (5)  156  192 (5) 197 
Flathead gudgeon 39  722 41 802 802 
Carp gudgeons 1  104 26 131 131 
Total 109 (16) 3 982 67 1161 (16)  
Grand total by method 125 3 982 67 1161 (16) 1177 

Alien fishes       

Carp 3 (1)    3 (1) 4 
Gambusia   180 15 195 195 
Total 3 (1)  180 15 198 (1)  
Grand total by method 4  180 15 198 (1) 199 

Native + alien fishes       

Grand total by method 129 3 1162 82 1359 (17) 1376 

Crustaceans       

Freshwater shrimp   35 66 101 101 
Total   35 66 101 101 
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Cranebrook Lake 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Shortfinned eel 2    2 2 
Australian smelt 24 (110)    24 (110) 134 
Flathead gudgeon 58 (70)   33 91 (70) 161 
Carp gudgeons   1  1 1 
Total 84 (180)  1 33 118 (180)  
Grand total by method 264  1 33 118 (180) 298 

Alien fishes       

Gambusia   1599 441 2040 2040 
Total   1599 441 2040  
Grand total by method   1599 441 2040 2040 

Native + alien fishes       

Grand total by method 264  1600 474 2158 (180) 2338 

Crustaceans       

Freshwater shrimp   152 8 160 160 
Total   152 8 160 160 

 
North Pond 

 Sampling method Methods combined 

 
EF 

boat 
Panel 

net 
Seine 
net 

Bait 
trap 

Total Grand total: 
caught + observed 

Native fishes       

Australian bass 5 (2) 2   7 (2) 9 
Flathead gudgeon   110 27 137 137 
Carp gudgeons   467 42 509 509 
Total 5 (2) 2 577 69 653 (2)  
Grand total by method 7 2 577 69 653 (2) 655 

Alien fishes       

Carp 12 2   14 14 
Goldfish  1   1 1 
Gambusia   435 89 524 524 
Total 12 3 435 89 539  
Grand total by method 12 3 435 89 539 539 

Native + alien fishes       

Grand total by method 19 5 1012 158 1192 (2) 1194 

Crustaceans       

Freshwater prawn   60 8 68 68 
Freshwater shrimp   2800 51 2851 2851 
Total   2860 59 2919 2919 
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Appendix 2. Sample size and length statistics for fish species measured from each lake and 
results of Kolmogorov-Smirnov tests comparing the length frequencies of species 
between systems. 

Australian bass 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 36 204 320 239.2 
Regatta Lake 2 213 225 219.0 
Main Lake A 4 165 313 227.8 
Duralia Lake 40 251 344 299.2 
Middle Basin 35 167 334 212.7 
North Pond 7 217 325 246.7 

 
Results of Kolmogorov-Smirnov tests 

Lake comparisons D P 

Duralia Lake vs Middle Basin 0.914 <0.001 
Duralia Lake vs SIRC Lakes 0.846 <0.001 
Middle Basin vs SIRC Lakes 0.499 <0.001 

 
Freshwater catfish 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 15 222 499 414.6 
Regatta Lake 8 283 452 342.5 

 
Common carp 

Length Statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 1 565 565 565.0 
Main Lake A 32 376 586 459.6 
Middle Basin 3 485 576 522.0 
North Pond 14 417 560 462.1 

 
Results of Kolmogorov-Smirnov test 

Lake comparisons D P 

Main Lake A vs North Pond 0.406 0.058 
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Goldfish 

Length Statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
North Pond 1 319 319 319.0 

 
Shortfinned eel 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 2 550 620 585.0 
Middle Basin 1 457 457 457.0 
Cranebrook Lake 2 500 550 525.0 

 
Australian smelt 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 34 28 45 34.3 
Regatta Lake 6 32 41 36.2 
Main Lake A 11 26 49 42.8 
Duralia Lake 30 26 47 31.1 
Middle Basin 60 26 65 37.7 
Cranebrook Lake 24 30 50 38.2 

 
Results of Kolmogorov-Smirnov tests 

Lake comparisons D P 

Duralia Lake vs Cranebrook Lake 0.575 <0.001 
Duralia Lake vs Main Lake A 0.842 <0.001 
Duralia Lake vs Middle Basin 0.417 <0.001 
Duralia Lake vs SIRC Lakes 0.383 <0.01 
Cranebrook Lake vs Main Lake A 0.617 <0.01 
Cranebrook Lake vs Middle Basin 0.192 0.391 
Cranebrook Lake vs SIRC Lakes 0.308 0.059 
Main Lake A vs Middle Basin 0.659 <0.001 
Main Lake A vs SIRC Lakes 0.809 <0.001 
Middle Basin vs SIRC Lakes 0.183 0.214 
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Flathead gudgeon 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 54 16 54 38.3 
Regatta Lake 21 35 70 45.0 
Main Lake A 86 18 55 39.1 
Duralia Lake 59 19 82 45.4 
Middle Basin 97 23 65 34.0 
Cranebrook Lake 91 26 87 57.8 
North Pond 57 24 51 35.6 

 
Results of Kolmogorov-Smirnov tests 

Lake comparisons D P 

Duralia Lake vs Cranebrook Lake 0.516 <0.001 
Duralia Lake vs Main Lake A 0.312 <0.01 
Duralia Lake vs Middle Basin 0.496 <0.001 
Duralia Lake vs North Pond 0.507 <0.001 
Duralia Lake vs SIRC Lakes 0.408 <0.001 
Cranebrook Lake vs Main Lake A 0.701 <0.001 
Cranebrook Lake vs Middle Basin 0.751 <0.001 
Cranebrook Lake vs North Pond 0.796 <0.001 
Cranebrook Lake vs SIRC Lakes 0.721 <0.001 
Main Lake A vs Middle Basin 0.366 <0.001 
Main Lake A vs North Pond 0.342 <0.001 
Main Lake A vs SIRC Lakes 0.206 <0.05 
Middle Basin vs North Pond 0.238 <0.05 
Middle Basin vs SIRC Lakes 0.489 <0.001 
North Pond vs SIRC Lakes 0.331 <0.001 
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Carp gudgeons 

Length Statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 1 17 17 17.0 
Main Lake A 30 15 26 20.2 
Duralia Lake 1 33 33 33.0 
Middle Basin 57 20 35 27.1 
Cranebrook Lake 1 24 24 24.0 
North Pond 72 18 38 26.6 

 
Results of Kolmogorov-Smirnov tests 

Lake comparisons D P 

Middle Basin vs North Pond 0.198 0.068 
Main Lake A vs Middle Basin 0.777 <0.001 
Main Lake A vs North Pond 0.678 <0.001 

 
Olive perchlet 

Length statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 1 42 42 42.0 
Regatta Lake 29 14 49 31.2 
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Eastern gambusia 

Length Statistics 

 Length (mm)  Lake Sample size Min. Max. Mean 
Warm-up Lake 47 15 40 24.0 
Regatta Lake 38 12 38 21.3 
Main Lake A 36 14 36 23.1 
Duralia Lake 60 21 40 30.2 
Middle Basin 45 12 41 22.2 
Cranebrook Lake 60 16 42 26.7 
North Pond 61 16 43 25.9 

 
Results of Kolmogorov-Smirnov tests 

Lake comparisons D P 

Duralia Lake vs Cranebrook Lake 0.333 <0.001 
Duralia Lake vs Main Lake A 0.594 <0.001 
Duralia Lake vs Middle Basin 0.528 <0.001 
Duralia Lake vs North Pond 0.389 <0.001 
Duralia Lake vs SIRC Lakes 0.488 <0.001 
Cranebrook Lake vs Main Lake A 0.450 <0.001 
Cranebrook Lake vs Middle Basin 0.372 <0.001 
Cranebrook Lake vs North Pond 0.172 0.181 
Cranebrook Lake vs SIRC Lakes 0.377 <0.001 
Main Lake A vs Middle Basin 0.239 0.088 
Main Lake A vs North Pond 0.368 <0.001 
Main Lake A vs SIRC Lakes 0.210 0.113 
Middle Basin vs North Pond 0.262 <0.05 
Middle Basin vs SIRC Lakes 0.099 0.766 
North Pond vs SIRC Lakes 0.281 <0.01 
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Appendix 3. Morphological and physiological data for the Australian bass sampled from the SIRC Lakes and Duralia Lake in 2009. M = Male, F = Female. 
N.B. The nominal birth-date of the 1st of September was used to age Australian bass (after Harris 1985a). Hence, any bass sampled in October 
would have 0.083 years added to their age and therefore fish captured in February are +0.415 years. 

 
Fish Otolith 

ID Lake Length 
(mm) 

Weight 
(g) 

Sex Length 
(mm) 

Width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Comment Ring 
count 

Estimated 
age 

09_1 Regatta 213 171 F - - 1.32 - Broken 7 7.415 
09_2 Regatta 225 194 M 9.92 5.07 1.08 0.0699  3 3.415 
09_3 Warm-up 205 158 M 10.25 5.05 1.09 0.0693  4 4.415 
09_4 Warm-up 244 261 F 11.00 5.87 1.25 0.0952  7 7.415 
09_5 Warm-up 236 242 M 10.82 5.56 1.36 0.1006  6 6.415 
09_6 Warm-up 261 297 F 11.04 5.76 1.28 0.1060  6 6.415 
09_7 Warm-up 243 223 F - 5.29 1.05 - Broken 3 3.415 
09_8 Warm-up 239 219 F - - 1.44 - Broken 7 7.415 
09_9 Warm-up 253 240 F 11.11 5.88 1.28 0.1030  7 7.415 
09_10 Warm-up 226 178 F - - - - Broken 3 3.415 
09_11 Warm-up 244 267 F 10.99 5.54 1.35 0.1041  6 6.415 
09_12 Warm-up 247 253 F 10.68 5.37 1.26 0.0926  6 6.415 
09_13 Warm-up 232 214 F - 5.46 1.08 - Broken 4 4.415 
09_14 Warm-up 256 274 M 11.65 6.01 1.61 0.1357  12 12.415 
09_15 Warm-up 240 222 F 11.00 5.59 1.20 0.0906  4 4.415 
09_16 Warm-up 260 300 F 10.57 5.98 1.33 0.0977  6 6.415 
09_17 Warm-up 225 197 F - 5.71 1.04 - Broken 3 3.415 
09_18 Warm-up 235 216 F 10.32 5.42 1.27 0.0880  6 6.415 
09_19 Warm-up 222 181 M 10.06 5.42 1.37 0.0815  6 6.415 
09_20 Warm-up 267 302 F 12.88 6.58 1.48 0.1429  11 11.415 
09_21 Warm-up 212 156 F 10.01 5.25 1.08 0.0660  3 3.415 
09_22 Warm-up 270 351 M 12.48 5.93 1.41 0.1368  11 11.415 
09_23 Warm-up 245 248 F 11.21 5.77 1.27 0.1067  6 6.415 
09_24 Warm-up 297 416 F 12.71 6.83 1.38 0.1481  11 11.415 
09_25 Warm-up 220 174 F - 5.43 0.94 - Broken 3 3.415 
09_26 Warm-up 205 149 M - 5.32 1.04 - Broken 3 3.415 
09_27 Warm-up 320 580 F 13.62 7.09 1.86 0.1920  12 12.415 
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Fish Otolith 
ID Lake Length 

(mm) 
Weight 

(g) 
Sex Length 

(mm) 
Width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Comment Ring 
count 

Estimated 
age 

09_28 Warm-up 264 292 M 12.10 5.70 1.45 0.1193  11 11.415 
09_29 Warm-up 215 169 F 10.16 5.59 0.95 0.0723  3 3.415 
09_30 Warm-up 228 209 F 10.53 5.32 1.21 0.0870  6 6.415 
09_31 Warm-up 207 155 M 9.94 5.02 1.29 0.0787  6 6.415 
09_32 Warm-up 241 239 F 11.09 5.72 1.10 0.0859  3 3.415 
09_33 Warm-up 254 256 F 11.32 5.74 1.35 0.1102  6 6.415 
09_34 Warm-up 204 157 F 10.47 4.98 1.10 0.0647  3 3.415 
09_35 Warm-up 214 165 M 10.64 5.47 1.20 0.0908  6 6.415 
09_36 Warm-up 242 252 F 11.02 5.69 1.27 0.1028  6 6.415 
09_37 Warm-up 235 218 F 10.57 5.75 1.26 0.0984  6 6.415 
09_39 Duralia 270 377 M 11.12 5.91 1.28 0.1003  3 3.415 
09_40 Duralia 300 499 F 11.80 6.19 1.14 0.1045  3 3.415 
09_41 Duralia 326 634 F 13.46 6.64 1.39 0.1430  4 4.415 
09_42 Duralia 269 366 M 11.29 5.71 1.10 0.0912  3 3.415 
09_43 Duralia 296 432 F 11.99 6.21 1.01 0.1057  3 3.415 
09_44 Duralia 312 618 F 13.18 6.60 1.26 0.1332  4 4.415 
09_45 Duralia 316 623 F - 6.80 1.26 - Broken 4 4.415 
09_46 Duralia 251 301 M 10.76 5.75 1.12 0.0875  3 3.415 
09_47 Duralia 276 379 M 11.04 5.48 1.11 0.0823  3 3.415 
09_48 Duralia 332 698 F 13.22 6.91 1.16 0.1392  4 4.415 
09_49 Duralia 332 680 F 12.97 6.62 1.17 0.1301  4 4.415 
09_50 Duralia 343 785 F 13.28 6.71 1.32 0.1432  4 4.415 
09_51 Duralia 344 819 F 13.27 6.82 1.17 0.1435  4 4.415 
09_52 Duralia 323 656 F - 6.92 1.22 - Broken 4 4.415 
09_53 Duralia 315 611 F 12.34 6.63 1.30 0.1252  4 4.415 
09_54 Duralia 273 385 F 11.92 5.96 1.26 0.1055  3 3.415 
09_55 Duralia 268 371 M 11.37 6.10 1.28 0.1220  4 4.415 
09_56 Duralia 335 740 F 13.57 6.91 1.11 0.1413  4 4.415 
09_57 Duralia 320 533 F 13.11 6.38 1.09 0.1206  3 3.415 
09_58 Duralia 255 302 M 10.80 5.85 1.18 0.0840  3 3.415 
09_59 Duralia 311 489 F 12.14 6.56 1.03 0.1143  3 3.415 
09_60 Duralia 270 386 F 11.09 5.68 1.33 0.1210  3 3.415 
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Fish Otolith 
ID Lake Length 

(mm) 
Weight 

(g) 
Sex Length 

(mm) 
Width 
(mm) 

Thickness 
(mm) 

Weight 
(g) 

Comment Ring 
count 

Estimated 
age 

09_61 Duralia 274 402 F 11.96 6.42 1.28 0.1123  3 3.415 
09_62 Duralia 293 402 F 12.03 6.11 1.12 0.1042  3 3.415 
09_63 Duralia 297 463 F 11.68 6.26 1.15 0.1066  3 3.415 
09_64 Duralia 332 750 F 13.37 7.00 1.27 0.1172 Broken 4 4.415 
09_65 Duralia 268 348 M 11.40 5.96 1.14 0.0937  3 3.415 
09_66 Duralia 335 725 F 13.18 6.84 1.35 0.1465  4 4.415 
09_67 Duralia 343 - F 12.86 6.37 1.17 0.1226  3 3.415 
09_68 Duralia 299 467 F 12.10 6.40 1.30 0.1155  3 3.415 
09_69 Duralia 283 403 F 11.33 6.20 1.08 0.1044  3 3.415 
09_70 Duralia 335 711 F 13.03 7.09 1.14 0.1431  4 4.415 
09_71 Duralia 288 456 F 12.62 6.05 1.20 0.1093  3 3.415 
09_72 Duralia 281 380 F 11.59 5.78 1.14 0.0937  3 3.415 
09_73 Duralia 285 405 F 11.59 6.32 1.02 0.1018  3 3.415 
09_74 Duralia 287 421 M - - 1.13 - Broken 3 3.415 
09_75 Duralia 275 402 M 11.31 5.79 0.95 0.0764  3 3.415 
09_76 Duralia 283 396 F 12.18 6.23 1.06 0.1024  3 3.415 
09_77 Duralia 306 493 M 12.02 6.64 1.37 0.1209  4 4.415 
09_78 Duralia 265 355 M 11.11 5.83 1.01 0.0881  3 3.415 
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Appendix 4. Micrographs of sectioned bass otoliths from the SIRC Lakes 
 
 
Specimen I.D. 09_6: aged at 6.4 years 

 
 
 
 
Specimen I.D. 09_20: aged at 11.4 years 
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Appendix 5. Discussion on the results of the dietary analysis of bass sampled from the SIRC 
Lakes and Duralia Lake extracted in its entirety from Platell, M. E. 2009. Diets of 
Australian Bass (Macquaria novemaculeata) in two systems of the Penrith Lakes 
complex. Unpublished report to Industry & Investment NSW, University of 
Newcastle, NSW. 

 
Overall dietary compositions 

A similar range of prey types was recorded in the present study than when the diets of bass were 
first examined in these aquatic systems (Pease 2008), which again supports the observation by 
Harris (1985) that this species can be considered a “euryphagic carnivore”. Moreover, certain of the 
prey types recognised by Harris were still not recorded in the present study, such as aquatic 
arachnids, brachyuran crabs, non-decapod crustaceans (such as copepods), terrestrial vertebrates, 
and nematomorphs. This most probably reflects, as was concluded previously, the limited time 
frame and reduced variability in habitat types in comparison to the study conducted by Harris, and 
also the relative “newness” of these artificial aquatic systems. However, it is worth noting that the 
absence of copepods in the diets of bass in this study and Pease (2008) is most likely due to the fact 
that bass in the Penrith Lakes complex exceed the size at which they may be expected to consume 
this very small crustacean prey (cf Ingram and Silva 2007). 
 
Although teleosts were recorded in relatively large amounts in 2008, and particularly in Duralia 
Lake (Pease 2008), this prey taxa was only ingested by three of the nearly 80 fish examined in 
2009. The volumetric contribution of teleosts in 2009 was thus very low, being <5 and 0.1% in 
Duralia Lake and the SIRC Lakes, respectively. This implies that there may have been a reduction 
in the availability of potential prey in 2009, such as in the Australian smelt that were observed in 
large numbers in 2008. 
 
Sizes of fish and size-related changes in diets 

The extent of size-related changes in the diets in 2009 was far less than in 2008 (Pease 2008), 
which is partly a result of the smaller number of size classes in the present study, despite double the 
numbers of fish being collected in 2009. Thus, the vast majority of fish fell within two 50 mm size 
classes, i.e., 250 – 299 and 300 – 349 mm, in Duralia Lake and within the smaller of these size 
classes and the 200 – 249 mm size class in the SIRC Lakes.  
 
From the above, and from Pease (2008), it is evident that bass in Duralia Lake are consistently 
larger than in the SIRC Lakes, which implies that there may differences in the growth rates of these 
two populations, which may in turn reflect differences in the potential prey of those two systems. It 
is probably relevant that in 2008 and, to a lesser extent in 2009, the amounts of teleosts, an energy-
rich prey source, were greater in the diets of bass from Duralia than the SIRC Lakes. 
 
Although the extents of size-related changes were less in 2009 than in 2008, the trends were 
similar, with typically larger prey such as odonatans and teleosts being ingested by larger fish. 
However, the size range of fish in the present study did not lend itself to further analyses of any 
size-related changes in these bass. 
 
Incidence of feeding, dietary compositions and opportunism in the two lakes 

In the present study, eight of the 40 stomachs in Duralia Lake and six of the 37 stomachs in the 
SIRC Lakes did not contain food, implying that fish were not feeding prior to capture and that this 
was consistent between the two lakes. This differs from that observed in 2008, when only two of 
the 38 stomachs were empty, with both being from Warm-up Lake. This large difference in the 
percentage of empty stomachs implies that the amount of potential prey may be less in 2009 than in 
2008, and particularly so in Duralia Lake. 
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In Duralia Lake, the stomach fullness scores of bass were 1.3 ± 0.1 (out of 6, consistent with Harris 
(1985), compared to 2.2 ± 0.2 in 2008. Since t-tests showed this difference to be significant, this 
implies that bass are feeding less well in 2009 than 2008. However, in the SIRC Lakes, the mean 
stomach fullness scores were 1.6 ± 0.2 in 2008 and 2.0 ± 0.1 in 2009, which was not significantly 
different. This apparent contradiction may be explained by a reduction in the availability of suitable 
teleost prey in particularly Duralia Lake (see earlier). 
 
It is highly relevant that, in 2009, MDS ordination and tests of significance detected no significant 
difference in the diets of bass between the two systems, which implies that the potential prey was 
similar in both Duralia Lake and the SIRC Lakes. This contrasts with that for 2008, in which 
significant differences were recorded between the diets in the two systems, with the main taxa 
responsible for those differences being teleosts. 
 
The opportunistic nature of feeding by Australian bass (Harris 1985) is again supported by the 
results of the present study. Thus, the reduction in feeding by bass in 2009 on teleosts and 
concomitant increases in trichopterans, terrestrial insects and odonatans, the latter of which made 
only low contributions in 2008, implies that bass are capable of “switching” to an alternative prey 
source when its “preferred prey” is not abundant (see also Nobriga and Feyrer 2008). 
 
Conclusions 

In comparison to a similar study conducted in 2008, it is evident from the above that there is a 
restricted size range of fish, greater amounts of empty stomachs and an overall lack of teleosts in 
the diets of bass in Duralia and SIRC Lakes in 2009. It may thus be timely to compare, not only the 
length-weight and length-age relationships of bass in each of these lakes with those for wild 
populations (see also Wilde and Sawynok 2005), but also to assess the types of potential prey and 
stocking densities of bass in both Duralia Lake and the SIRC Lakes, in order to help elucidate the 
reasons for the above trends. It should also be borne in mind that the results for each of 2008 and 
2009 were based on only a small number of stomachs during a restricted period of the year. 
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