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Executive summary 

Reduced flows in the River Murray have impacted on many native fishes. Threatened fish 

are particularly vulnerable to water shortages because they have specific habitat 

requirements that are influenced by water levels (e.g. food availability). In Lake 

Alexandrina, at the terminus of the MDB in South Australia, the small-bodied Yarra 

pygmy perch (Nannoperca obscura) was extirpated during the Millennium Drought 

because its obligate habitat had deteriorated or dried. Despite attempts at 

reintroductions soon after drought, the lack of population recovery suggests one or more 

factors, such as water quality, physical habitat, food availability (including competition) 

and predation, is inhibiting recruitment of Yarra pygmy perch in Lake Alexandrina. The 

most recent reintroductions of Yarra pygmy perch occurred in October 2015. Lake levels 

were managed at between 0.75 m and 0.85 m Australian Height Datum (AHD) until 

December 2015. As a result of high evaporation and low rainfall, in conjunction with low 

water availability in late spring–summer, lake levels declined from mid-November and 

the rate of recession was higher than anticipated. Consequently, there were sudden 

water level recessions at the shallow, lake-fringing reintroduction sites.  

This intervention monitoring project examined ecological and biological aspects of Yarra 

pygmy perch reintroduced to the three sites on Hindmarsh Island to (1) determine the 

diet of Yarra pygmy perch and any changes to its prey associated with habitat variations, 

(2) determine the abundance of the alien eastern gambusia (Gambusia holbrooki) and 

its diet, and the potential for competition with Yarra pygmy perch, (3) determine the 

abundance of redfin perch (Perca fluviatilis) and its diet, and identify the risk of 

predation to Yarra pygmy perch, and (4) examine the findings to determine the most 

likely factors influencing survival and recruitment of reintroduced Yarra pygmy perch. 

The managed high lake water levels in October–November 2015 provided Yarra pygmy 

perch with suitable habitat (an abundance of healthy freshwater macrophytes), abundant 

zooplankton prey and suitable water quality (e.g. low salinity). Zooplankton assemblages 

varied greatly between a drainage channel and two sites in Shadows Lagoon. At the 

drainage channel the density of zooplankters was much higher and protists were very 

abundant. The zooplankton assemblages in Shadows Lagoon varied substantially from 

the channel, where copepods, rotifers and cladocerans were predominant. There were 

obvious differences in zooplankton assemblages between the open water and vegetation 

samples. Cladocerans had the greatest contrast in density between the micro-habitats, 

being more abundant in vegetation. The findings show that Secchi depth (turbidity), 

salinity and aquatic vegetation (composition and abundance) were key habitat variables 

influencing zooplankton assemblages. 

Adult Yarra pygmy perch had consumed invertebrates within 24 hours of their release to 

the wild, and there was a broad list of invertebrates in the diet during the study. Direct 

competition between Yarra pygmy perch and eastern gambusia was not examined, but 

they had consumed many of the same prey types. Further, by March 2016 eastern 

gambusia was prolific while Yarra pygmy perch was undetected, when water levels were 

>0.3 m lower at the release sites. There was no indication of predation on Yarra pygmy 

perch by the alien redfin perch. The overall findings of this project suggest competition 

for food with eastern gambusia is a key factor influencing the survival and recruitment of 

reintroduced Yarra pygmy perch. Low water levels that reduce habitat volumes are likely 

to intensify competitive interactions in late summer–early autumn when eastern 

gambusia is prolific. 
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Introduction 

Flow regime is the key factor influencing ecological processes in rivers (Ward et al. 

1999). In regulated rivers, these factors tend to be adjusted for human use, thereby 

altering the ecological character of riverine habitats. Reductions in the volume of river 

flows and alterations to the timing of flows in the highly regulated Murray–Darling Basin 

(MDB), south-eastern Australia, have significantly impacted on riverine and floodplain 

biota (Walker and Thoms 1993). Mid-range river flows are essentially eliminated from 

the River Murray, where low flow years (<5000 GL) now dominate approximately 

10 times more often than prior to regulation (Walker 2006). Further, the scarcity of 

water in the lower River Murray during drought led ecosystems into severe decline 

(Kingsford et al. 2011). Ecological specialists (often threatened species) are particularly 

vulnerable to water shortages because they have specific habitat requirements that are 

influenced by water levels (e.g. fish: Wedderburn et al. 2012a). Therefore, it is 

necessary to determine the requirements of ecological specialists to, for example, inform 

strategies for managed watering events (e.g. Crook et al. 2010). 

Modifications to a river’s natural flow regime impacts on biota due to the associated 

changes in water quality, physical habitat and connectivity (Lucas and Baras 2001). In 

this regard, river regulation, reduced river flows and managed water levels have 

impacted on native fishes in the MDB for many decades (Gehrke et al. 1995). In Lake 

Alexandrina, at the terminus of the MDB in South Australia, the small-bodied Yarra 

pygmy perch (Nannoperca obscura) was extirpated during the Millennium Drought 

because its obligate habitat had deteriorated or dried (Wedderburn et al. 2012b). 

Significantly, Lake Alexandrina is the sole location of Yarra pygmy perch in the MDB 

(Hammer et al. 2010). Despite reintroductions through the Critical Fish Habitat project 

(Bice et al. 2014), the lack of population recovery suggests one or more factors, such as 

water quality, physical habitat, food availability (including competition) and predation, 

might be inhibiting recruitment of Yarra pygmy perch (Wedderburn et al. 2014). For 

example, eastern gambusia (Gambusia holbrooki) and redfin perch (Perca fluviatilis) are 

listed as key threats of Yarra pygmy perch in the National Recovery Plan and Action Plan 

for South Australian Freshwater Fishes (Hammer et al. 2009; Saddlier and Hammer 

2010). 

A certain level of recruitment success is essential to re-establish and maintain fish 

populations. Recruitment in a population is determined by early-life survival of 

young-of-the-year fish, which can be determined by food availability (Bremigan and 

Stein 1997). The diets of small-bodied fishes in the MDB predominantly consist of 

aquatic and terrestrial invertebrates. It follows, therefore, that the availability of 

zooplankton (aquatic invertebrates generally <1 mm) will influence early life growth and 

survival of Yarra pygmy perch in Lake Alexandrina and, hence, its recruitment. For 

example, the diet of a successfully recruiting population of Murray hardyhead 

(Craterocephalus fluviatilis) in a managed drought refuge fringing Lake Alexandrina was 

determined by water level related variations in zooplankton abundances (Wedderburn 

et al. 2010). Competition for food with other fishes might also limit the availability of 

zooplankton prey for Yarra pygmy perch. For example, the diet of alien eastern 

gambusia (Gambusia holbrooki) overlaps with the early life stages of several native 

fishes in some habitats of the Broken River in north-eastern Victoria (King 2005). 

Further, eastern gambusia influences the occurrence, abundance and health of native 

fish in wetlands in the mid-Murray region of the MDB (Macdonald et al. 2012). 
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Recruitment in a fish population can also be influenced by predation, especially during 

early life stages (Houde 1987). In this regard, predation by alien fish is a major factor in 

the decline and extinction of native fishes worldwide. For example, redfin perch (Perca 

fluviatilis) translocated to the Southern Hemisphere likely contributed to the decline or 

localised extirpations of native fishes, mostly through predation (Morgan et al. 2002; 

Sabetian et al. 2015). The impacts of alien redfin perch on native fishes in Australia have 

rarely been examined, but have long been implied (e.g. Cadwallader and Rogan 1977). 

In south-west Western Australia, redfin perch played a role in localised extirpations of 

western pygmy perch (Edelia vittata) (Hutchison 1991). Further, redfin perch was 

identified as a threatening process to Yarra pygmy perch in several waterways in 

Victoria, where direct predation was observed (Jones et al. 2008). To understand the 

influences of predation by redfin perch, detailed life-history information about the 

predator and its prey is required (Jones and Closs 2015). 

An attempt to reintroduce Yarra pygmy perch to the MDB in 2011–12 was unsuccessful 

(Bice et al. 2014; Wedderburn 2014), which is significant given the species is 

‘Vulnerable’ under the Environment Protection and Biodiversity Conservation Act 1999. 

The apparent failure might relate to a number of factors, including predation, starvation 

and the influence of water level fluctuations on its obligate habitats fringing Lake 

Alexandrina. A further reintroduction attempt occurred in October 2015 when lake water 

levels were temporarily raised approximately 10 cm above the standard height of 0.75 m 

Australian Height Datum (AHD). There was subsequent lowering of lake levels over 

summer 2015–16, by more than 0.3 m, which led to water level recessions at the 

reintroduction sites. 

The current project relates to The Living Murray (TLM) Intervention Monitoring program, 

and specifically the recently updated Condition Monitoring objective F-2 (previously 

referred to as a target) to Ensure recruitment success of threatened fishes in the Lower 

Lakes to maintain or establish self-sustaining populations (Robinson 2014; Wedderburn 

and Barnes 2016a). 

The objective of this intervention monitoring project was to examine ecological and 

biological aspects of Yarra pygmy perch from the reintroductions in October 2015 as 

related to water level fluctuations in Lake Alexandrina, which determine water levels at 

the fringing release sites. The monitoring aims were to (1) determine the diet of Yarra 

pygmy perch and any changes to its prey associated with habitat variations, (2) 

determine the abundance of eastern gambusia and its diet, and examine the potential 

for competition with Yarra pygmy perch, (3) determine the abundance of redfin perch 

and its diet, and identify the risk of predation to Yarra pygmy perch, and (4) examine 

the findings of aims 1‒3 to determine the most likely factors influencing survival, and 

therefore recruitment, of Yarra pygmy perch. 
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Materials and methods 

Study sites 

Three sites were sampled on Hindmarsh Island, based on the location of Yarra pygmy 

perch reintroductions by Aquasave, Nature Glenelg Trust (Table 1). Site 5 is in a 

drainage channel (~3 m wide) that has been deepened by excavation to access water for 

agriculture, and is located in Wyndgate Conservation Park (Figure 1). The channel runs 

between Steamers Drain and Holmes Creek – a major channel leading to the estuary 

through the Mundoo Barrage. Aquatic habitat in site 5 is heavily dominated by hornwort 

(Ceratophyllum demersum), and there is a moderate abundance of cumbungi 

(Typha sp.). 

Sites 34 and 68 are approximately 1 km apart in Shadows Lagoon. Site 34 is accessed 

via private property on the north-eastern section of the lagoon. Aquatic vegetation at the 

site includes abundant ribbon weed (Vallisneria australis) and a low abundance of 

cumbungi. Site 68 is within Wyndgate Conservation Park on the south-western section of 

Shadows Lagoon. The site is adjacent to a channel that was excavated in the summer of 

2014–15 to allow flow through to Hunters Creek, which winds down to the estuary below 

Mundoo Barrage. Habitat includes low to moderate abundances of ribbon weed, water 

milfoil (Myriophyllum sp.), water primrose (Ludwigia peploides) and cumbungi. 

 

 

Table 1. Reintroduction sites sampled in spring 2015 (UTM zone 54H, WGS84). 

Site  Site description Easting Northing Habitat type 

 5 Channel off Steamer Drain 310426 6066005 Drainage channel 

 34 Shadows Lagoon 311165 6067555 Wetland 

 68 Shadows Lagoon–Hunters Creek 310784 6067009 Wetland 

 

 

 

 
Figure 1. Locations of sampling sites on Hindmarsh Island. 

Mundoo Island

Hindmarsh Island
Site 5

Site 34
Site 68Hunters Creek

Holmes Creek

Murray mouth

Mundoo Barrage
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Habitat 

Water level changes at each site were gauged against a fixed point predetermined at the 

start of the study. Managed water levels in Lake Alexandrina from 0.85 m AHD (October 

2015) to 0.55 m AHD (March 2016) determined water levels at the study sites 

(Figure 2). Secchi depth (cm) was measured. Electrical conductivity units (EC), pH and 

water temperature (°C) were recorded using a TPS WP-81 meter. The proportion of area 

at the site covered by aquatic plants was estimated. 

 

 

 

Figure 2. The 7-day rolling average lake level (m AHD) in Lake Alexandrina over 2015–16. 

 

Zooplankton 

Quantitative zooplankton sampling occurred on five occasions at all sites in 2015: 

sample A (3 September), sample B (1 October), sample C (27–29 October), sample D 

(3–5 November) and sample E (24–26 November). The three days for samples C, D and 

E correspond with reintroductions of Yarra pygmy perch at sites 68, 34 and 5, 

respectively. Specifically, sampling occurred 1 day, 7 days and 28 days after the Yarra 

pygmy perch reintroductions. During each sampling event, zooplankton were collected at 

each site with 3×4 L Haney trap samples, and the total 12 L was filtered through a 

60 µm mesh net (Figure 3). The concentrate was captured in a 250 ml PET bottle at the 

end of the tow net, and immediately preserved in 100% ethanol. The zooplankton 

sampling equipment was cleaned in a bucket with dilute detergent and rinsed with tap 

water prior to sampling at each site to prevent cross contamination. At each site on each 

occasion, samples were collected from (1) open water and (2) aquatic vegetation. 
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The zooplankton samples were decanted into a 200 ml measuring cylinder and the 

volume recorded. The cylinder was then capped with Parafilm, inverted three times to 

distribute the contents, and a 1 ml Gilson pipette sample taken from approximately the 

centre of the agitated sample. The 1 ml was run into a pyrex gridded Sedgewick-Rafter 

cell, the contents counted in their entirety and zooplankters identified on an Olympus 

BH-2 compound microscope (Nomarski optics). The density of zooplankton in the 1 ml 

aliquot was multiplied by the sample volume to provide an estimate of the density in the 

volume, and the number of zooplankter/L was calculated. Taxonomic guides were Shiel 

(1995) and the series Guides to Identification of the Microinvertebrates of the 

Continental Waters of the World (Backhuys, Leiden). 

 

 

 
Figure 3. Collecting zooplankton using a 4 L 
Haney trap and filtering through a 60 µm 
mesh net (Photo: Russell Shiel). 

 

Fish 

Approximately 300 Yarra pygmy perch were released at each of three sites by Aquasave 

(Nature Glenelg Trust) on 27 October, 28 October and 29 October 2015 at sites 5, 68 

and 34, respectively. The fish assemblages at each site were sampled 1 day, 7 days and 

28 days after the release dates (i.e. samples C, D and E). Five single-leader fyke nets 

(5 mm half mesh) were set overnight, and placed perpendicular to the bank. Grids 

(50 mm) at the entrances of nets excluded turtles and fish that might harm threatened 

fish, but are not expected to affect their ability to capture fish <250 mm long (cf. Fratto 

et al. 2008). All fish were identified to species and counted. Total lengths (TL) of Yarra 

pygmy perch and redfin perch were measured to the nearest millimetre. 

Fish were collected for dietary analysis 1 day, 7 days and 28 days after the Yarra pygmy 

perch reintroductions (i.e. samples C, D and E). During each sample up to 30 redfin 

perch were collected for dietary analysis from site 34 and the mouth of site 5. Ten 

eastern gambusia and up to 10 Yarra pygmy perch were collected from all sites. Yarra 

pygmy perch were captured in the fyke nets that were set overnight (see above). Redfin 

perch and eastern gambusia were captured directly using seine and dip netting, 

respectively. Fish were immediately killed using an overdose of AQUI-S, and placed into 

70% ethanol. Some redfin perch were too large for the pre-filled jars, so they were 

immediately put on ice and frozen within 8 hours. 
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In the laboratory, TL and vertical gape were measured for all fish before removal of their 

gastrointestinal tract (‘gut’). Prey specimens were identified to the highest possible 

taxonomic resolution. In Yarra pygmy perch and eastern gambusia, prey was examined 

using an Olympus BH-2 compound microscope (Nomarski optics). In examinations of 

redfin perch guts, unrecognisable fish were identified by their otoliths using a catalogue 

produced during an earlier Intervention Monitoring project (Wedderburn et al. 2012a). 

Specimens from redfin perch guts were examined under an Olympus Optical VMZ 

dissecting microscope at ×10 magnification. 

Data analyses and interpretation 

To examine shifts in habitat conditions and fish assemblages over 2015–16, the data 

collected in the current study was compared with the March 2016 condition monitoring 

records (Wedderburn and Barnes 2016a). Notably, the fish sampling method in March 

2016 differed somewhat (3×fyke nets and 3×seine shots), but a comparison is deemed 

suitable for examining general shifts in fish assemblages at the three sites over summer 

2015–16.  

The associations between zooplankton assemblages and sites, and the two sampled 

habitats (open water and aquatic vegetation) were examined. The densities of each 

zooplankton species (number of zooplankter/L)  were analysed by Non-metric Multi-

dimensional Scaling ordination using the Relative Sørensen distance metric, in PC-ORD 

(ver. 6: McCune and Mefford 2011). The same zooplankton data was analysed by 

Indicator Species Analysis of the combined five collection dates to list the significant 

indicator species in zooplankton assemblages at each site, based on a Monte Carlo test 

of observed maximum indicator values (Dufrêne and Legendre 1997). 

The diets of Yarra pygmy perch, eastern gambusia and redfin perch were described using 

‘frequency of occurrence’ (proportion of the species with a particular prey item in the 

gut) to describe the consistency of prey selection, and by ‘percentage composition by 

number’ (number of a prey type as a percentage of the total number of prey items) to 

identify the predominant prey items of the species (Bowen 1996). Yarra pygmy perch 

were captured using fyke nets, so there is potential net feeding bias that should be 

considered when interpreting the results. 

Results 

Habitat 

Minor variations were recorded for the six habitat variables measured during samples A 

to E (Table 2). There were minor temporal increases in salinity (herein displayed as EC) 

at all sites. Sites 34 and 68 in Shadows Lagoon consistently had higher salinities than 

site 5. Across all sites, there were ranges of pH 7.6–9.0 and water temperature 12.8–

21.9 °C for samples A to E. Secchi depth was always greater than water depth at site 5, 

but ranged between 16 cm and 43 cm at sites 34 and 68 for samples A to E. Water level 

at the gauge in site 5 increased from  48 cm at sample A to 78 cm at sample D, before 

receding to 33 cm by sample E. Water levels at sites 34 and 68 remained relatively 

constant from sample A to E. 
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Table 2. Values for habitat variables recorded during the five collection dates in 2015, and during 
the March 2016 condition monitoring (CM). 

Site 
Sample A 
3/9/2015 

Sample B 
1/10/ 2015 

*Sample C 
27–29/10/2015 

Sample D 
3–5/11/2015 

Sample E 
24–26/11/2015 

CM 
11/3/2016 

 Conductivity (µS/cm) EC 

 5 940 1018 1028 1037 1046 1306 

 34 1315 1447 1432 1409 1446 2890 

 68 1286 1270 1284 1304 1358 2434 

 pH 

 5 8.8 8.3 8.2 8.5 7.8 6.4 

 34 8.2 8.1 8.6 8.6 7.8 7.8 

 68 9.0 9.0 8.9 9.0 7.6 7.5 

 Water temperature (°C) 

 5 12.8 13.4 17.5 18.6 15.9 22.1 

 34 13.8 19.4 18.9 20.5 20.5 28.1 

 68 13.5 18.4 18.6 17.9 21.9 21.9 

 Secchi depth (cm) 

 5 >100 >100 >84 >85 >61 91 

 34 16 30 27 43 29 44 

 68 19 31 32 32 33 27 

 Water depth at gauge (cm) 

 5 48 48 70 78 33 37 

 34 46 46 47 51 49 27 

 68 44.5 45 48 48 45 19 

 Aquatic plant cover (%) 

 5 70 70 70 80 80 90 

 34 50 60 70 80 80 60 

 68 30 30 30 40 40 50 

*Sample taken 24 hours after Yarra pygmy perch reintroductions at sites 68, 34 and 5, respectively. 

 

Some habitat variables changed substantially by March 2016, as recorded in the 

condition monitoring (Wedderburn and Barnes 2016a). There was a small elevation in 

salinity at site 5 from 1046 EC at sample E in November 2015 to 1306 EC in March 2016. 

Salinities at sites 34 and 68 in Shadows Lagoon, however, had almost doubled to 

>2400 EC during the same period. Water level is another habitat variable that changed 

substantially between November and March in the two sites of Shadows Lagoon. Water 

level declined by approximately 30 cm during summer 2015–16 at sites 34 and 68, 

respectively. At site 34, the shallow water level in March 2016 had left the tops of the 

ribbon weed exposed, as is reflected in the score for aquatic plant cover. At site 68, the 

water level decline had less impact on aquatic plants, which include water milfoil and 

cumbungi. 

Fish assemblages 

Common galaxias was the predominant fish species at site 5 throughout the study and 

during the March 2016 condition monitoring (Table 3). Eastern gambusia also was 

predominant at the site, and was the most abundant fish in March 2016. Yarra pygmy 

perch were initially recaptured after their reintroductions, but the species was 
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undetected at all sites in March 2016 The composition and abundances of fish 

assemblages at sites 34 and 68 in Shadows Lagoon were somewhat comparable. An 

exception is that numbers of common galaxias were always substantially higher at 

site 68, which reflects its closer proximity to Hunters Creek. The other most common 

native fishes at sites 34 and 68 were flathead gudgeon and western blue-spot goby. 

Alien redfin perch was present in low numbers at the Shadows Lagoon sites throughout 

the study. Conversely, the alien eastern gambusia was prolific in March 2016. 

 

 

Table 3. Total abundance of each fish species captured at the three sites in samples C, D and E in 
October–November 2015 and in the March 2016 condition monitoring (CM). 

Common name Site 5 Site 34 Site 68 

 
C D E CM C D E CM C D E CM 

Yarra pygmy perch 22 2 2 0 4 3 3 0 13 3 1 0 

Southern pygmy perch 0 0 1 0 0 0 0 7 0 0 0 0 

Flathead gudgeon 0 0 0 0 50 24 33 65 36 26 19 9 

Dwarf flathead gudgeon 0 0 0 0 9 10 3 33 3 4 2 0 

Carp gudgeon 2 2 1 0 3 2 1 29 1 2 1 0 

Australian smelt 0 0 0 0 24 1 0 0 4 0 0 6 

Bony herring 0 0 0 0 0 0 0 0 0 0 0 52 

Congolli 2 0 0 0 0 3 2 0 6 3 22 0 

Common galaxias 48 29 587 37 4 1 4 0 197 44 63 14 

Smallmouth hardyhead 0 0 0 0 0 0 0 0 1 1 0 7 

Blue-spot goby 1 0 0 0 18 3 1 5 68 75 22 2 

Common carp 0 0 13 0 16 19 5 6 6 7 28 11 

Goldfish 0 0 0 1 2 0 1 4 1 6 2 0 

Redfin perch 0 0 0 0 0 2 5 2 7 4 4 17 

Eastern gambusia 31 8 96 307 17 0 1 696 16 20 72 1223 

 

Zooplankton assemblages 

Approximately 180 zooplankton taxa were recorded in this study (Appendix A). The 

estimated zooplankton densities in single 12 L samples ranged from 314–

24,954 zooplankters/L at site 5, 298–2947 zooplankters/L at site 34, and 673–

1728 zooplankters/L at site 68. Species richness was somewhat comparable between 

sites but was always greater in the vegetation samples than in open water samples. 

Zooplankton species richness in open water samples ranged from 13–31, 14–21 and 18–

28 taxa at sites 5, 34 and 68, respectively. Zooplankton species richness in vegetation 

samples ranged from 20–58, 30–44 and 30–51 taxa, respectively. Zooplankton indicator 

species at site 5 included numerous protists and rotifers, and a single cladoceran species 

Chydorus cf. eurynotus (Table 4). The significant indicator species at site 34 were 

predominantly rotifers, but also included two cladocerans and one copepod species (see 

Figure 4). The rotifer Keratella quadrata was the only significant indicator species in the 

zooplankton assemblages at site 68. 
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Table 4. Significant indicator species (P <0.05) in zooplankton assemblages at each site for the 
five collection dates based on a Monte Carlo test of observed maximum indicator values. 

Site 5 Site 34 Site 68 

PROTISTA   

Peridinium/Gymnodinium Vorticella sp.  

Coleps spp.   

Indeterminate ciliate   

Arcella bathystoma   

Arcella discoides   

Difflugia cf. fallax   

Difflugia cf. globulosa   

Netzelia tuberculata   

ROTIFERA   

Conochilus sp. Brachionus calyciflorus s.l. [n. sp.] Keratella quadrata 

Lecane cf. closterocerca Keratella australis  

Lecane curvicornis Keratella procurva  

Colurella sp. Conochilus natans  

Lepadella ovalis Proalides tentaculatus  

Lepadella sp. a     

Mytilina ventralis   

Cephalodella sp. b   

Proales sp.   

Trichocerca cf. weberi   

indeterminate toed rotifer   

CLADOCERA   

Chydorus cf. eurynotus Dunhevedia crassa  

 Ceriodaphnia sp.  

COPEPODA   

 Gladioferens spinosus  

 Nauplii  

 

 

 

Figure 4. Various zooplankters including rotifers (top; left to right) Brachionus n. sp., 
Keratella quadrata and Lecane luna, and cladocerans (bottom; left to right) Kurzia 
latissima, Simocephalus exspinosus and Camptocercus australis (Photos: Russell Shiel). 
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The ordination of sites based on zooplankton composition and abundance shows a 

distinct separation of the two Shadows Lagoon sites (left of plot) from site 5 (Figure 5). 

Multi-response Permutation Procedure confirmed that the groups are significantly 

different (P <0.001). Salinity is the habitat variable most strongly correlated with 

zooplankton assemblage structure, towards sites 34 and 68 on axis 1 (EC: r = −0.95). 

Conversely, Secchi depth is correlated on axis 1 towards site 5 (r = 0.91). Aquatic 

vegetation cover and gauged water depth follow a similar trend on axis 1 (r = 0.47 and 

0.23, respectively). Water temperature is correlated with samples collected later in the 

study at sites 34 and 68 (axis 1: r = −0.51; axis 2: r = −0.61). The correlations for pH 

were low (axis 1: r = −0.14; axis 2: r = 0.09). 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Ordination for all zooplankton samples at site 5 (red), 

site 34 (green) and site 68 (blue), and overlay of habitat vectors 
directed towards and length proportional to their correlation with 
sites (two-dimensional solution; stress 10.9%). 
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The two-dimensional ordination displays a distinct separation of zooplankton 

assemblages in vegetation (top of plot) and open water when the two Shadows Lagoon 

sites are analysed without site 5 (Figure 6). Multi-response Permutation Procedure 

confirmed that the open water and vegetation groups are significantly different (P = 

0.006). The principle zooplankton species correlated on axis 2 with vegetation in 

samples A and B include the calanoid copepod Gladioferens spinosus (r = 0.78), the 

protist Difflugia lismorensis (r = 0.71), an indeterminate juvenile copepod species (r = 

0.67), and the protist Centropyxis ecornis (r = 0.53). Cyclopoid copepod nauplii (r = 

−0.66 and −0.38 on axis 1 and 2, respectively) is correlated with open water at sites 34 

and 68 in the early stage of the study (samples A and B). Several zooplankton are 

correlated along axes 1 and 2 with vegetation in the latter samples (i.e. C, D and E), 

including the cladocerans Ceriodaphnia cornuta (r = 0.52 and 0.53, respectively) and 

Picripleuroxus quasidenticulatus (r = 0.23 and 0.37, respectively). Several rotifer species 

have a correlation on axis 1 with both sites over the latter part of the study, including 

Brachionus lyratus (r = 0.71), Brachionus angularis (r = 0.54), Filinia longiseta s.l. (r = 

0.66) and Keratella quadrata (r = 0.41). Similarly, calanoid copepod nauplii (r = 0.85) is 

correlated with the same group of samples on axis 1. The rotifer Filinia pejleri (r = 

−0.48) is correlated on axis 2 with the open water zooplankton assemblage in 

samples D and E from site 34. 

 

 

 

 
 

 
Figure 6. Ordination of zooplankton data for the two sites in Shadows 
Lagoon (sites 34 and 68) with open water (black dots) and vegetation 
(white dots) samples indicated, and overlay of zooplankton species with 
vectors directed towards and length proportional to their correlation 
with sites (two-dimensional solution; stress 11.1%).  
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Protista was the predominant zooplankton group at site 5 in the drainage channel, but it 

was a minor proportion of the assemblage at sites 34 and 68 in the wetland (Figure 7). 

The proportions of cladocerans, copepods and rotifers at sites 34 and 68 were somewhat 

comparable, with cladocerans more prominent in vegetation samples. 

 

 

 

 

 
 

Figure 7. Proportions of total density (zooplankter/L) of major zooplankton 
groups collected from open water (‘open’) and vegetation (‘veg’) in samples A 
to E at each site. 
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Generally, when the extreme densities of protists are excluded from site 5, the highest 

densities of other zooplankton groups were recorded in site 34 and mostly in the 

vegetation samples (Figure 8). The higher densities in vegetation samples at all sites are 

largely a result of higher densities of cladocerans. 

 

 

 

 

 
 
Figure 8. Total density (zooplankter/L) of major zooplankton groups excluding 
Protista (i.e. extreme abundance at site 5) collected from open water (‘open’) 

and vegetation (‘veg’) in samples A to E at each site. 
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Fish diets 

Yarra pygmy perch 

The average total lengths of Yarra pygmy perch captured for dietary analyses from site 5 

in samples C, D and E were 44.9 mm (range = 41–55 mm), 42.5 mm (40–45 mm) and 

44.5 mm (39–50 mm), respectively. The average total lengths of Yarra pygmy perch 

from site 34 in samples C, D and E were 47.8 mm (36–60 mm), 49.0 mm (44–52 mm) 

and 48.0 mm (46–51 mm), respectively. The average total lengths of Yarra pygmy perch 

from site 68 in samples C, D and E were 46.0 mm (39–55 mm), 43.7 mm (40–46 mm) 

and a single fish at 39.0 mm, respectively. 

Macroinvertebrates were in the diet of most Yarra pygmy perch (Table 5; Figure 9; 

Figure 10). Chydorid cladocerans were the most frequently encountered zooplankton 

prey, but calanoid and cyclopoid copepods also were substantial. Details of prey items 

from each site are in Appendix B. Notable numbers of unidentified eggs were consumed 

by many fish – some might have been attached to invertebrates at the time of ingestion. 

Empty guts were recorded at times when small numbers of Yarra pygmy perch were 

captured, although they usually had some volume of fine floc that was indiscernible. The 

ten Yarra pygmy perch captured from site 68 during sample C had the following 

percentage composition by number of prey: 17% Cladocera, 17% Copepoda, 

9% Ostracoda, 54% macroinvertebrates and 3% eggs (i.e. no figure presented herein 

for site 68 because guts from samples D and E were empty). 

The genera of cladocerans most widely consumed by Yarra pygmy perch throughout the 

study and across sites were the chydorids Chydorus, Graptoleberis and Dunhevedia, the 

daphniids Ceriodaphnia, and Simocephalus, and the sidid Diaphanosoma (Figure 11). 

The most widely consumed genus of copepod throughout the study and across sites 5 

and 34 was Gladioferens. There was no apparent preference by Yarra pygmy perch for 

any particular ostracods. The most widely consumed macroinvertebrates were Diptera 

(mainly chironomids), Amphipoda and Odonata. Notably, the high numbers of 

chironomids recorded in the diets of Yarra pygmy perch in sample C were possibly from 

the last captive feed 48 hours before capture. 

 

 

 
Table 5. Frequency of occurrence (%) of each food item in the diets of Yarra pygmy perch at each 
site from samples C, D and E. 

Food item Site 5 Site 34 Site 68 

 
C 

(n = 10) 

D 
(n = 2) 

E 
(n = 2) 

C 
(n = 4) 

D 
(n = 3) 

E 
(n = 3) 

C 
(n = 10) 

D 
(n = 3) 

E 
(n = 1) 

Cladocera 100 0 100 100 33 0 30 0 0 

Copepoda 100 0 50 75 33 0 10 0 0 

Ostracoda 60 0 0 50 0 0 30 0 0 

Macroinvertebrates 100 0 100 100 33 100 80 0 0 

Eggs 60 0 50 25 0 0 10 0 0 

Empty gut 0 100 0 0 0 0 20 100 100 
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Figure 9. Percentage composition by number of prey in the diet of 
Yarra pygmy perch from site 5 (no prey recorded in sample D). 

 

 

 

 
 

Figure 10. Percentage composition by number of prey in the diet of 
Yarra pygmy perch from site 34. 

 

 

 

 

 
Figure 11. Zooplankton consumed by Yarra pygmy perch after reintroductions (left to right) 
included an unidentified ostracod (~800 µm), the calanoid copepod Gladioferens spinosus, and 

cladocerans Graptoleberis testudinaria and Dunhevedia crassa (Photos: Russell Shiel).  
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Eastern gambusia 

The average total lengths of eastern gambusia captured for dietary analyses from site 5 

in samples C, D and E were 37.5 mm (range = 29–44 mm), 38.5 mm (36–43 mm) and 

18.3 mm (16–21 mm), respectively. The average total lengths of eastern gambusia from 

site 34 in samples C, D and E were 37.8 mm (25–50 mm), 40.4 mm (30–46 mm) and 

22.8 mm (16–47 mm), respectively. The average total lengths of eastern gambusia from 

site 68 in samples C, D and E were 30.8 mm (26–36 mm), 32.9 mm (20–48 mm) and 

30.1 mm (17–44 mm), respectively. The general reduction in size of eastern gambusia 

at sites 5 and 34 over the 4-week study period relates to its first recruitment event for 

the 2015–16 breeding season, where samples C and D were adult fish and sample E 

predominantly was their offspring. 

Macroinvertebrates were in the diet of at least 80% of eastern gambusia from all sites 

(Table 6). Similarly, cladocerans were frequent in the diet of eastern gambusia from all 

sites, whereas copepods were frequent only at the drainage channel (site 5). Many 

eastern gambusia sampled from the wetland (sites 34 and 68) had consumed numerous 

leaves (~1.3 mm) from the small, free floating aquatic plant Tiny Duckweed (Wolffia 

australiana) (Figure 12). The genera of cladocerans most widely consumed by eastern 

gambusia throughout the study and across sites were the chydorids Chydorus, 

Picripleuroxus, Pleuroxus, and the daphniids Ceriodaphnia, Diaphnia, and Simocephalus 

(Appendix B). The most widely consumed genus of copepod throughout the study and 

across sites were Gladioferens and Acanthocyclops. Ostracods were uncommon in the 

diet of eastern gambusia (Figures 13, 14 and 15). The macroinvertebrates most widely 

consumed by eastern gambusia were Diptera, Amphipoda, Odonata and Hemiptera. 

 

 
Table 6. Frequency of occurrence (%) of each food item in the diets of eastern gambusia at each 
site from samples C, D and E. 

Food item Site 5 Site 34 Site 68 

 
C 

(n = 10) 

D 
(n = 10) 

E 
(n = 10) 

C 
(n = 10) 

D 
(n = 10) 

E 
(n = 10) 

C 
(n = 10) 

D 
(n = 10) 

E 
(n = 10) 

Cladocera 80 100 70 50 90 90 50 80 60 

Copepoda 20 90 0 0 10 40 0 0 0 

Ostracoda 20 30 0 10 30 0 10 0 10 

Macroinvertebrates 40 80 100 90 90 90 80 80 40 

Terrestrial inverts. 80 30 0 10 50 30 0 20 40 

Wolffia australiana 0 0 0 70 50 30 40 10 20 

Empty gut 10 0 0 0 0 0 10 20 0 

 

 
Figure 12. Items consumed by eastern gambusia (left to right) included amphipods and ants, 

Wolffia australiana leaves, nemertean worm and Ceriodaphnia cornuta (Photos: Russell Shiel).  
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Figure 13. Percentage composition by number of food items in the 

diet of eastern gambusia from site 5. 

 

 
Figure 14. Percentage composition by number of food items in the 
diet of eastern gambusia from site 34. 

 

 
Figure 15. Percentage composition by number of food items in the 
diet of eastern gambusia from site 68.  
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Redfin perch 

Redfin perch (100–142 mm TL) from site 5 consistently selected invertebrates as prey, 

mostly cladocerans and dipteran pupae, but their diets also included smaller proportions 

of clam shrimp, atyid shrimp and other macroinvertebrates (Table 7). Cladocerans 

comprised up to 88% of individual prey items by number in the diet of redfin perch from 

site 5 (Figure 16). Fish were infrequent in the diet of redfin perch from site 5, with 

western blue-spot goby and lagoon goby in relatively small proportions. 

All redfin perch (109–196 mm TL) from site 34 had consumed corixids (water boatmen 

4–7 mm long) in all samples. Atyid shrimp was present in 38% of redfin perch (i.e. 

three fish) in sample D, as were other macroinvertebrates (e.g. damselfly nymph, 

backswimmer). Western blue-spot goby was the fish most frequent in the diet of redfin 

perch from site 34 in all samples, and several other native fishes were occasionally 

encountered. Corixids comprised >80% of individual prey items by number in the diet of 

redfin perch at site 34 in all samples (Figure 17). The wide range of prey in juvenile 

redfin perch displays a generalist feeding behaviour (Figure 18). 

 

 

 

Table 7. Frequency of occurrence (%) of each food item in the diets of redfin perch at site 5 and 
site 34 from samples C, D and E. 

Food item Site 5 Site 34 

 

C 

(n = 30) 

D 

(n = 18) 

E 

(n = 4) 

C 

(n = 12) 

D 

(n = 8) 

E 

(n = 2) 

FISH       

Western blue-spot goby 17 11 0 25 15 50 

Flathead gudgeon 0 0 0 0 13 0 

Lagoon goby 10 11 0 0 0 0 

Australian smelt 0 0 0 8 0 0 

Common galaxias 6 0 0 0 0 0 

Congolli 0 0 0 0 13 0 

Smallmouth hardyhead 6 0 0 0 0 0 

Redfin perch 3 0 0 0 0 0 

Unidentified fish 17 11 50 8 13 0 

INVERTEBRATES       

Cladocera 57 44 25 0 0 0 

Laevicaudata (clam shrimp) 20 33 50 0 0 0 

Atyid shrimp 17 11 25 0 38 0 

Diptera (pupae) 43 78 0 0 13 0 

Corixidae (water boatmen) 0 0 0 100 100 100 

Other macroinvertebrates 30 6 25 8 38 0 

MISCELLANEOUS       

Indiscernible pulp 50 39 25 0 13 0 

Empty gut 3 0 0 0 0 0 
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Figure 16. Percentage composition by number of fish and invertebrates in 
the diet of redfin perch from site 5. 

 

 

 

 
 

Figure 17. Percentage composition by number of fish and invertebrates in 
the diet of redfin perch from site 34. 

 

 

 

 

 

Figure 18. Prey items from the guts of redfin perch (left to right) including clam shrimp, atyid 
shrimp, corixid and western blue-spot goby (Photos: Thomas Barnes).  
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Discussion 

This intervention monitoring project has produced new information about the prey and 

habitat of Yarra pygmy perch as they relate to water level shifts in fringing sites of Lake 

Alexandrina. The managed high lake water levels (~0.85 mAHD) in October–November 

2015 provided Yarra pygmy perch with suitable habitat, which included an abundance of 

healthy freshwater macrophytes, and abundant zooplankton prey and suitable water 

quality (e.g. low salinity). Significantly, the findings show that Yarra pygmy perch 

consumed invertebrates within 24 hours of their release. During the study, however, the 

alien eastern gambusia consumed many of the same prey types as Yarra pygmy perch. 

Further, by March 2016 eastern gambusia was prolific while Yarra pygmy perch was 

undetected when water levels were >0.3 m lower at the release sites. There was no 

indication of predation on Yarra pygmy perch by the alien redfin perch, but small sample 

numbers mean this finding is tentative. The overall findings of this project suggest 

competition for food with eastern gambusia is a key factor influencing the survival and 

recruitment of Yarra pygmy perch. Low water levels that reduce habitat volumes are 

likely to intensify competitive interactions in late summer–early autumn when eastern 

gambusia is prolific. 

There were no striking temporal differences in zooplankton assemblages between 

September and November 2015, but they varied greatly between the drainage channel 

and the two wetland sites. In the drainage channel (site 5) the density of zooplankters 

was much higher and protists were very abundant. There are some defining features of 

the drainage channel that might differentiate the zooplankton assemblage from the 

wetland sites (sites 34 and 68). The drainage channel is narrow (~3 m wide), and 

connected to a main channel (i.e. close to river flows). Despite the connectivity with 

Holmes Creek, however, there was no flow through the drainage channel during the 

monitoring (upstream culvert is blocked) so hornwort was extremely abundant (a thick, 

feathery-leaved, submerged macrophyte). The two sites in Shadows Lagoon are distant 

from the main river flows, more exposed to wind (lower Secchi depth), and had higher 

salinities. The vegetation was strikingly different at the wetland sites, and was 

predominantly ribbon weed and cumbungi. Correspondingly, the findings of this 

intervention monitoring show that Secchi depth (turbidity), salinity and aquatic 

vegetation (composition and abundance) are key habitat variables influencing 

zooplankton assemblages in the threatened fish habitats. This concurs with other studies 

where turbidity, salinity and dissolved oxygen were responsible for shifts in zooplankton 

assemblages in estuarine lakes (Jones et al. 2016). 

Zooplankton assemblages also varied between the open water and vegetation samples at 

all sites. In the wetland there was greater species richness in the vegetation samples, 

which was expected (Shiel 1976). The zooplankters use vegetation as refuge from 

predation and for feeding on the associated food resources (Cazzanelli et al. 2008; 

Estlander et al. 2009; Lucena-Moya and Duggan 2011). Cladocerans showed the 

greatest contrast in density between the micro-habitats, being more abundant in 

vegetation samples. Similarly, Estlander et al. (2009) found that cladoceran biomass 

peaked when aquatic macrophyte density was highest. Higher densities of calanoid 

copepods in vegetation samples from site 34 were especially notable in the current 

monitoring, and might be a reflection of the high abundance of ribbon weed (i.e. algae 

food source on leaves). Calanoid copepods are salt-tolerant (Sarma et al. 2006), and 

numerous halophilic species have been recorded in the region (e.g. De Deckker and 

Geddes 1980). Copepods are dominant in marine ecosystems (Sarma et al. 2006), so 
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the proximity of the study sites to the Murray estuary (via Hunters Creek) is likely to 

explain their presence. The calanoid copepod Gladioferens spinosus (see Figure 10) was 

correlated with vegetation samples in the wetland sites where salinities were higher, and 

was a significant indicator species at site 34. The species has previously been recorded 

in the Murray Mouth region (Geddes 2005). In contrast, the density of rotifers was 

relatively high and fluctuated widely in open water and vegetation samples at all sites 

throughout the monitoring. 

There was a broad list of invertebrates in the diet of adult Yarra pygmy perch, which had 

consumed prey within 24 hours of their release into the wild. Macroinvertebrates, 

particularly amphipods, chironomids (some recorded in sample C were possibly from 

captivity) and damselfly nymphs, constituted a substantial part of the diet. Cladocerans 

(chydorid and daphniid) and copepods (calanoid and cyclopoid) were also substantial in 

the diet of Yarra pygmy perch. These findings suggest that Yarra pygmy perch forages 

on the zooplankton that are most closely associated with aquatic macrophytes. For 

example, the calanoid copepod Gladioferens spinosus and the cladoceran Dunhevedia 

crassa were prey of Yarra pygmy perch, and were correlated with vegetation at the 

wetland sites. Further, they were significant indicator species of site 34 where ribbon 

weed was abundant. Notably, rotifers were absent in the diet of adult Yarra pygmy 

perch. A possible explanation is that the small size of rotifers (generally <0.1 mm) 

makes them less suitable prey for the adult fish. Rotifers, however, may be important 

food during early life development of Yarra pygmy perch in early spring (cf. Wedderburn 

et al. 2010), especially if water levels flood exposed sediments and increase rotifer 

abundances (Ortega-Mayagoitia et al. 2000; Wedderburn et al. 2013; Woodward and 

Malone 2002). 

There were minor differences in the diet of eastern gambusia between the drainage 

channel and wetland sites, where fish had consumed some of the same zooplankton 

genera as Yarra pygmy perch. Eastern gambusia had consumed mainly cladocerans and 

macroinvertebrates in wetlands. Interestingly, half of the individual eastern gambusia 

from the wetland sites had consumed numerous leaves from the small aquatic plant 

Wolffia australiana. Eastern gambusia had consumed many of the same invertebrates as 

Yarra pygmy perch at the wetland sites, especially numerous cladocerans including 

Chydorus, Ceriodaphnia and Simocephalus. Diets of the two fish species also included 

the calanoid copepod Gladioferens and cyclopoid copepods. Ostracods were more 

infrequent in the diet of eastern gambusia than in the diet of Yarra pygmy perch. 

Rotifers were absent in the diet of eastern gambusia. Similarly, Margaritora et al. (2001) 

found that eastern gambusia targeted the larger zooplankters. Conversely, King (2005) 

recorded small numbers of rotifers in the diet of eastern gambusia. Eastern gambusia 

also had consumed many of the same macroinvertebrates as Yarra pygmy perch, 

including atyid shrimp, chironomids, and odonate nymphs. Terrestrial invertebrates (e.g. 

ants, spiders) were a substantial component of the diet of eastern gambusia but they 

were absent in the diet of Yarra pygmy perch. 

The apparent dietary overlap of eastern gambusia and Yarra pygmy perch suggests they 

compete for food. Similarly, the diet of eastern gambusia overlaps with the early life 

stages of several other Australian fishes (King 2005). It follows that Yarra pygmy perch 

is disadvantaged by the presence of eastern gambusia, but experiments are required to 

measure the level of impact on feeding, body condition, reproductive potential and 

recruitment of the threatened species (cf. Macdonald et al. 2012). For example, Rincón 

et al. (2002) showed that the aggressive nature of eastern gambusia resulted in reduced 
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feeding rates of two native fishes in Spain which led to a 70% reduction in offspring 

numbers. Significantly, the impacts on Yarra pygmy perch would have been intensified 

over summer 2015–16 when eastern gambusia became prolific and water levels were 

receding. As a result of high evaporation and low rainfall, in conjunction with low water 

availability in late spring–summer, lake levels declined from mid-November and the rate 

of recession was higher than anticipated. Consequently, the release sites in Shadows 

Lagoon became very shallow at a time when young-of-the-year Yarra pygmy perch and 

southern pygmy perch are expected (~2–6 months old). For example, water depth at 

the gauge in site 34 declined from 51 cm in November 2015 to 19 cm in March 2016. 

The reduced volume of obligate habitat suggests Yarra pygmy perch would have been 

more confined with the high numbers of eastern gambusia and, therefore, more exposed 

to competitive interactions (see Pyke 2008). Alternatively, eastern gambusia, with its 

aggressive nature, may force Yarra pygmy perch into sub-optimal habitat where other 

threats are increased (e.g. risk of predation by redfin perch: Woodward and Malone 

2002). 

There was no indication of predation on reintroduced Yarra pygmy perch by alien redfin 

perch. Based on their size, redfin perch in the current study were approximately 1-year 

old in November 2015 (Wedderburn and Barnes 2016b). Redfin perch collected from the 

mouth of the drainage channel (site 5) had largely consumed invertebrates, mostly 

cladocerans, clam shrimp and atyid shrimp. Some piscivory of various native fishes was 

recorded. Redfin perch collected from the wetland site were obviously targeting corixids, 

which were abundant. There was a higher level of piscivory than in the channel, where 

western blue-spot goby was the most common fish in the diet of redfin perch. Adult 

redfin perch are almost entirely piscivorous (Wedderburn et al. 2012a). Therefore the 

high level of invertebrates in the diet suggests the juvenile redfin perch were 

transitioning to piscivory during the monitoring (cf. Wedderburn and Barnes 2016b). 

Yarra pygmy perch were not recorded in the diet of redfin perch at the monitoring sites, 

but difficulty capturing the alien species meant small sample sizes were obtained. 

Further, piscivorous fishes tend to forage in a density dependant manner on the most 

abundant prey (Corrêa et al. 2012). There was an intention to release 1000 Yarra pygmy 

perch at each monitoring site, but the source populations in a surrogate refuge dam 

suddenly collapsed prior to the reintroductions. Therefore, only 300 Yarra pygmy perch 

were released at each site, which limited the likelihood of their detection in the diet of 

redfin perch. 

Conclusions 

There are numerous factors associated with management of threatened small-bodied 

fishes to enhance breeding and survival of early life stages for successful recruitment 

and to establish or maintain self-sustaining populations. The availability and abundance 

of invertebrate food resources are paramount, because they influence the breeding 

condition of adult fish and the survivorship of young-of-the-year fish. Zooplankton is an 

important food source for most small-bodied fishes, especially during early development. 

In the case of Yarra pygmy perch, and the other threatened fishes (southern pygmy 

perch and Murray hardyhead) monitored as part of  Lower Lakes, Coorong and Murray 

Mouth Condition Monitoring program, the presence of alien fishes present an extra 

challenge for foraging (competition and increased threat of predation). The current 

intervention monitoring project demonstrates that when water levels in Lake Alexandrina 

are managed at >0.75 m AHD during spring and summer there is abundant zooplankton 

prey (mostly cladocerans and copepods) and aquatic plants (e.g. ribbon weed, hornwort) 
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in the obligate habitats of Yarra pygmy perch. During that time the alien eastern 

gambusia occurs in relatively low abundance but consumes many of the same 

zooplankters.  

The ecological effects of lowering lake water levels are amplified in shallow fringing 

habitats (e.g. wetlands) where small changes influence water quality (e.g. salinity), and 

reduce habitat volumes (Leira and Cantonati 2008). The current findings show that 

during the water level declines in Lake Alexandrina over summer 2015–16 the 

monitoring sites became very shallow and, in some cases, aquatic macrophytes occupied 

much of the volume of the remaining water. At the same time, the proliferation of 

eastern gambusia was likely to inhibit Yarra pygmy perch. The current findings show that 

the two species consume many of the same prey so the increasing abundance of eastern 

gambusia over summer, and therefore its high level of consumption, undoubtedly reduce 

prey availability for Yarra pygmy perch. This, combined with the aggressive nature of 

eastern gambusia physically excluding Yarra pygmy perch from its obligate habitat (Pyke 

2008), is the most probable explanation for the absence of the threatened species in 

March 2016. Similarly, eastern gambusia has been implicated in extirpations of other 

Australian fishes (Howe et al. 1997; Ivantsoff and Aarn 1999). Future reintroductions 

and attempts to recover populations of Yarra pygmy perch and other threatened small-

bodied fishes appear to require targeted control of eastern gambusia (Kerezsy and 

Fensham 2013; Whiterod et al. 2015). 
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Appendix A. List of zooplankters and macroinvertebrates recorded in the monitoring. 
Protis ta Rotife ra C ladoce ra Copepoda Ostracoda Macro inve rtebra tes

Dinoflagellata Bdelloidea Bosminidae Calanoida Cyprididae Cnidaria: Hydra

Peridinium/Gymnodinium Habrotrocha sp. Bosmina meridionalis Boeckella sp. Cypretta sp. Nematoda

Philodina alata Gladioferens spinosus Diacypris sp. Turbellaria: cf. Mesostoma

Flagellata Rotaria sp. Chydoridae copepodites Stenocypris sp. Mollusca:  limpet

Trachelomonas sp. indet. bdelloid [lg] Alona sp. nauplii Mollusca: Gastropoda

indet. bdelloid [sm] Camptocercus australis Limnocythere sp. Gastrotricha

Ciliophora Chydorus cf. eurynotus Cyclopoida Oligochaeta: Naididae

Coleps spp. [at least 2] Monogononta Dunhevedia crassa Australocyclops similis Newnhamia fenestrata Insecta: Chironomidae

Euplotes sp. Graptoleberis testudinaria Macrocyclops albidus Insecta: Collembola

Paradileptus sp. Asplanchnidae Kurzia latissima Mesocyclops cf. notius indet. juv. Insecta: Epemeroptera

Stenosemella lacustris Asplanchna brightwelli Leberis diaphanus Microcyclops varicans Insecta: Hemiptera: Corixidae

Vorticella sp. Picripleuroxus quasidenticulatus indet. cyclopoid Insecta: Hemiptera: Notonectidae

indet. ciliate Brachionidae Pleuroxus inermis copepodites Insecta: Odonata: Anisoptera/Zygoptera

Anuraeopsis sp. Pseudochydorus globosus nauplii Amphipoda: Austrochiltonia sp.

Heliozoa Brachionus angularis Decapoda: Atyidae: 

Actinophrys sp. Brachionus bennini Daphniidae Harpacticoida Arachnida: mite

Brachionus bidentatus Ceriodaphnia cornuta indet. subadult

Rhizopoda Brachionus calyciflorus s.l. [n. sp.] Ceriodaphnia sp.

Brachionus lyratus Daphnia lumholtzi

Arcellidae Brachionus novaezealandiae Daphnia sp.

Arcella bathystoma Brachionus quadridentatus cluniorbicularis Simocephalus exspinosus

Arcella crenata Brachionus quadridentatus mehleni Simocephalus gibbosus

Arcella discoides Brachionus rubens

Arcella hemisphaerica Brachionus urceolaris Ilyocryptidae

Arcella megastoma Keratella australis Ilyocryptus raridentatus

Arcella cf. mitrata Keratella procurva

Arcella sp. a [sm, disc] Keratella quadrata Macrotrichidae

Arcella sp. b [med] Keratella tropica Macrothrix sp.

Arcella sp. c [lg, domed]

Collothecidae Moinidae

Centropyxidae Collotheca pelagica Moina micrura

Centropyxis aculeata

Centropyxis aculeata [sm morph] Conochilidae Sididae

Centropyxis cassis Conochilus natans indet. embryo [ ?Diaphanosoma ]

Centropyxis discoides Conochilus sp.

Centropyxis ecornis

Centropyxis cf. platystoma Dicranophoridae

Centropyxis [sm] Dicranophorus sp.

Centropyxis [m] Encentrum saundersiae

Cyphoderiidae Epiphanidae

Cyphoderia ampulla Microcodides chlaena

Proalides tentaculatus

Difflugiidae

Cucurbitella sp. Euchlanidae

Difflugia acuminata Euchlanis dilatata

Difflugia australis Tripleuchlanis plicata

Difflugia corona

Difflugia elegans Flosculariidae

Difflugia cf. fallax Limnias melicerta

Difflugia cf. globulosa Sinantherina sp.

Difflugia gramen

Difflugia lacustris Lecanidae

Difflugia lanceolata Leccane aculeata

Difflugia lismorensis Leccane bulla

Difflugia llithoplites Leccane cf. closterocerca

Difflugia manicata Leccane curvicornis

Difflugia microclaviformis Lecane hamata

Difflugia varians Lecane hornemanni

Difflugia sp. a [lg, ovoid] Lecane latissima

Difflugia sp. b [med, ovoid] Lecane luna

Difflugia sp. c [sm, sph] Lecane lunaris

Difflugia sp. d [sm, pyrif] Leccane (s. str.) sp.

Difflugia sp. e [sm, glob w. collar] Leccane (M.) sp. a

Difflugia sp. f [sm, pyrif. w. collar] Leccane (M.) sp. b

Difflugia sp. g [tiny, sph., circ. apert.] Leccane (M.) sp. c

Difflugia sp. h [elong. amorph.]

Zivkovicia sp. Lepadellidae

Colurella uncinata bicuspidata

Euglyphidae Colurella sp.

Euglypha sp. a [sm] Lepadella ovalis

Euglypha sp. b [med] Lepadella sp. a  

Lepadella sp. b [tiny]

Hyalospheniidae Lepadella sp. c [glob.]

Quadrulella symmetrica Squatinella mutica

Lesquereusiidae

Netzelia oviformis Lindiidae

Netzelia tuberculata Lindia truncata

Plagiopyxidae Mytilinidae

Cyclopyxis sp. Lophocharis sp.

Mytilina ventralis

Notommatidae

Cephalodella forficula

Cephalodella gibba

Cephalodella sp. a

Cephalodella sp. b

Cephalodella sp. c [long toes]

Cephalodella sp. d [tiny]

cf. Eosphora sp.

Monommata sp.

Notommata sp.

Proalidae

Proales sp.

Synchaetidae

Polyarthra sp.

Synchaeta pectinata

Synchaeta sp.

Testudinellidae

Testudinella patina

Trichocercidae

Trichocerca cf. bicristata

Trichocerca cf. longiseta

Trichocerca rattus

Trichocerca similis

Trichocerca cf. weberi

Trichocerca sp. a [sm, banana-shaped]

Trichocerca sp. b [med, banana-shaped]

Trichocerca sp. c [med, st, long toe]

Trichotriiidae

Macrochaetus sp.

Trichotria tetractis similis

Trochosphaeridae

Filinia grandis

Filinia longiseta s.l.

Filinia passa

Filinia pejleri

Filinia sp. [check dentition]   
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Appendix B. Comparison of prey items of Yarra pygmy perch and eastern gambusia at sites 5, 34 and 68 in samples 

C, D and E. 

Food item Yarra pygmy perch Eastern gambusia

Zooplankton

Cladocera: Bosminidae: Bosmina 34E

Cladocera: Chydoridae 34C 34E

Cladocera: Chydoridae: alonine 5E 5D, 34D, 34E, 68C

Cladocera: Chydoridae: Camptocercus 5C 5D

Cladocera: Chydoridae: Chydorus 5C, 5E, 34D 5C, 5D, 5E, 34C, 34D, 34E, 68C

Cladocera: Chydoridae: Dunhevedia crassa 5C, 34C

Cladocera: Chydoridae: Graptoleberis 5C, 34C, 68C 34E

Cladocera: Chydoridae: Kurzia 5C 5D

Cladocera: Chydoridae: Picripleuroxus quasidenticulatus 5D, 34D, 68E

Cladocera: Chydoridae: Pleuroxus 5C 5D, 34D

Cladocera: Chydoridae: Pseudochydorus globosus 34D

Cladocera: Daphniidae: Ceriodaphnia 5C, 34C, 68C 5C, 5D, 34C, 34D, 34E, 68C, 68E

Cladocera: Daphniidae: Daphnia 5C 5D

Cladocera: Daphniidae: Simocephalus 5C, 34C 5C, 5D, 5E, 34C, 34D, 34E, 68C, 68E

Cladocera: Macrotrichidae: Macrothrix 68C

Cladocera: Moinidae: Moina ? 34C 5E

Cladocera: Sididae: Diaphanosoma 5C, 34C

Copepoda: Calanoida: copepodite 34C, 68C

Copepoda: Calanoida: Gladioferens 5C, 5E, 34C, 34D 5D, 34E

Copepoda: Cyclopoida 5C, 5E, 34C 5C, 34D, 34E

Copepoda: Cyclopoida: Acanthocyclops 5C 5D

Copepoda: Cyclopoida: Eucyclops 5C, 5E

Copepoda: Cyclopoida: copepodite 5D, 34D

Copepoda: Harpacticoida 5C

Ostracoda 34C, 68C 5C, 5D, 68C

Ostracoda: Candonidae: Candonopsis 5C

Ostracoda: Cyprididae: Stenocypris 5C

Ostracoda: Cyprididae 5C, 68C

Ostracoda: Limnocytheridae: Limnocythere 5C

Ostracoda: Notodromadidae: Newnhamia fenestrata 34C, 34D, 68E

Macroinvertebrates

Amphipoda: Chiltoniidae: Austrochiltonia  sp. 5C, 34C, 34D, 68C 5D, 34C, 34D, 34E, 68C, 68E

Coleopteran larvae 34E, 68E

Decapoda: Atyidae: Paratya 5C, 34C 5D

Diptera (non-chironimid) 5C 5C, 5D, 68C

Diptera: Chironomidae 5C, 5E, 34C, 34E, 68C 5C, 5D, 5E, 34C, 34D, 34E, 68E

Gastrapoda 5C, 34C, 34E, 68C

Hemiptera: Corixidae 34C 5C, 5D, 34C, 34D, 34E, 68C

Hemiptera: Dytiscidae 5C

Mollusca: Ferrissia  (freshwater limpet) 34D

Nemertea (ribbon worm) 34C, 68E

Odonata: Ephemeroptera 5C 5D, 34D, 34E

Odonata: Zygoptera nymphs 34E, 68C? 5D

Oligochaeta: Naididae (oligochaete worm) 68C

Terrestr ia l invertebrates

Ant 5C, 34D

Coleoptera 5C

Oribatid mites 5C 34C

Spider 5C, 5D, 34D, 34E, 68E

Plants

Wolffia australiana 34C, 34D, 34E, 68C, 68D, 68E  


