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Introduction
The Lachlan River has undergone significant hydrological change due to the construction of dams
and weirs, and subsequent regulation has resulted in a substantial decrease in flows that reach the
lower floodplains, particularly below Brewster weir (Hillman et al., 2003, Wassens and Maher, 2011).
Between 2000-2010 there was a prolonged dry period in the Lachlan catchment, culminating in the
cessation of flows in the Lachlan River below Condobolin towards the end of the drought period
(State Water Corporation, 2010). The prolonged dry resulted in a decrease of wetland habitats and
perennial and non-perennial creeks in the lower catchment and subsequently reductions in available
habitats for frogs. The significant rainfall in 2010, 2011 and 2012 resulted in large flow events across
the Lachlan Catchment refilling wetlands in the lower catchment and increasing habitat availability
for frog species.
The Southern Bell frog, Litoria raniformis, is listed as vulnerable nationally (Commonwealth
Environment Protection and Biodiversity Conservation Act 1999), and endangered in NSW (NSW
Threatened Species Conservation Act 1995). Litoria raniformis was recorded at Lake Bullogal during
surveys between September 2012 – April 2013 in the Lower Lachlan Swamp (Amos et al., 2013). It
was also recorded in October 2013 at Ville dam and a billabong south west of the Ville dam (Blakely,
R. Personal communication UNSW) (Figure 1). Historical records of L. raniformis are at Oxley in
1972 and in the Booligal wetlands in 1978 (Wassens, 2008). Litoria raniformis requires areas of
permanent water throughout the year, associated with seasonally flooded wetlands and high
vegetation complexity, particularly fringing vegetation - the vegetation that is present around the
edges of a wetland (Wassens et al., 2010).
The aim of this project was to identify potential Southern Bell frog habitats along the Noonamah
Stock channel. The Noonamah stock channel consists of 150km of constructed open channels which
enabled water to be pumped from the Lachlan River at Noonamah to refill 43 dams on properties to
the northwest of the river. This channel was run seasonally in Spring each year until it was
superseded by piped water scheme in 2012 (Wise et al., 2013). The Noonamah stock channel
received annual flows throughout 2000-2010 and in the vicinity of Lake Bullogal has a number of
dams that held water throughout the millennium drought. The original delivery channel constructed
for the Noonamah Stock Scheme joins the Lachlan River downstream of the current pump site and
links Lake Bullogal to the Ville Dam (Figure 1). As the closest source of permanent water within the
area the channel scheme and permanent dams could have provided refuge habitat to L. raniformis,
and others, throughout the extended dry period of 2000-2010.

Plate 1: Litoria raniformis (Southern bell frog) (Credit: J. Ocock).
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Methods
Survey sites
Five dams, on the property of Noonamah, were surveyed in November 2013, January 2014 and
March 2014 (Figure 1). All five dams were replenished via the stock channel in January of 2014. A
sixth dam site on ‘the Ville’ property, recently acquired by NSW National Parks, was surveyed in
January and March 2014 (Figure 1). This was due to the detection of calling from L. raniformis by
University of NSW researcher, Rachel Blakey in October 2013 (Blakely, R. Personal communication
UNSW). Litoria raniformis was also detected in a billabong north of the Lachlan River by Rachel
Blakey in October 2013, however this site was dry at the commencement of Noonamah surveys and
therefore was not surveyed (Blakely, R. Personal communication UNSW) (Figure 1). Six stock
channel sites where also surveyed once in January 2014 while water was being delivered (Figure 1).
Channel sites were not surveyed on the other two occasions as they were dry.

Figure 1: Noonamah Stock Channel site map showing survey site locations, including previous sites
where L. raniformis was detected in November 2012 (Lake Bullogal) and October 2013 (the Ville dam
and billabong south west of the Ville dam).
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Water quality
Water quality was measured at three different locations at each site on each survey occasion. Five
water quality variables were measured; temperature ( ˚C), conductivity (mScm-1), dissolved oxygen
(mg/L), pH and turbidity (NTU). Measurements were made using a handheld YSI within 2-3 m of each
other. Depth ranged from 0.5-1.5 meters, with exception of sites that had drawn down below these
water levels.

Vegetation
Vegetation transects accounted for aquatic and riparian vegetation that was present at each site.
Dam sites had one transect across the centre. At channel sites transects were spaced 20 metres
apart with 3 transects per site. Transects were two metres wide and cut directly across the water
body, starting from five metres out of the shore to the other side of the wetland or creek line, if that
distance was beyond site the closest point that vegetation could be identified by sight was used. In
each transect, the most prevalent aquatic vegetation types, greater than 10 percent, were identified
to species and the percentage cover of each species recorded; less dominant species were classified
into broad categories. Percent cover of litter, bare ground, coarse woody debris, and open water
were also recorded. The number of dead standing timber was recorded for each transect during the
first survey period.

Frog, tadpole and fish surveys
Methods were developed from (Wassens and Amos, 2011, Wassens et al., 2011).
Adult frogs and metamorphs were surveyed for 20 minute periods starting 15-30 minutes after
sunset, with a 25 watt spotlight in a one metre wide transect along the water’s edge searching to
two metres either side in surrounding habitat. Species type, life stage and number found were
recorded within this period. Two one minute aural surveys were also conducted at the beginning
and end of visual observations, recording species type (identification by call) and estimating the
number of individuals per species calling. Tadpole and small-bodied fish were surveyed using a handheld sweep net. This was completed during the day using a sweep net with dimensions 35 cm x 50
cm at the opening, with a mesh size 2 mm x 3 mm. Sweeping was conducted in five x one minute
timed periods in a 10 m x 10 m square with focus on habitat areas most typically occupied by
tadpoles, for example, course woody debris or aquatic vegetation. Tadpole individuals were
identified using (Anstis, 2002), and life stage and total numbers found were recorded. Tadpoles were
returned to same location in the same water body immediately after being counted and staged. Fish
individuals were identified using (Lintermans, 2007) and length, for the first 10 individual’s per net,
and numbers found recorded. It must be noted that it is not possible to determine between carp and
gold-fish <25mm and they were grouped below this size. Native fish were also directly returned to
the same location in the same water body immediately after being counted and measured. Alien
species when in low numbers were euthanised according to NSW Fisheries ACEC guidelines.
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Results
Water quality
Temperature at dam sites increased overtime with exception of the Ville dam which temperatures
decreased between January and March 2014, this was likely due to filling in March 2014 (Figure 2a).
The highest temperature reading was at Noonamah Dam 2 in March 2014 at 27.40 ˚C, and lowest at
Noonamah Dam 4 in November 2013 at 22.03 ˚C (Figure 2a). Dissolved oxygen at dam sites
decreased over time with the highest reading at Noonamah Dam 4 in November 2013, 19.59 mg/L,
and lowest at the Ville dam in March 2014, 4.44 mg/L (Figure 2b). Conductivity levels were high at all
dam sites with readings greater than 0.800 mScm-1 at the majority of sites during all months (Figure
2c). Previous surveys by (Amos et al., 2013)across the region indicated a mean conductivity of 0.884
mScm-1 at wetlands with a hydroperiod greater than 10 months. A study by (Smith et al., 2007)
indicates that conductivity does not start to impact tadpoles until levels of 3.0 mScm-1 therefore
these readings should have no adverse impact on frog species. pH readings increased overtime at all
dam sites from a pH less than seven in November 2013 to a pH greater than eight in January and
March 2014 (Figure 2d). Turbidity displayed no trend overtime at dam sites. The highest reading was
at Noonamah Dam 2 in January 2014 at 292.40 NTU and lowest at Noonamah Dam 3 in January 2014
at 15.03 NTU (Figure 2e).
Channel sites where dry in both November 2013 and March 2014 and therefore there are only water
quality readings from January 2014. Temperature at channel sites range from the lowest reading of
25.97˚C at Noonamah Channel 1, to a high of 31.31˚C at Noonamah Channel 4 (Figure 3a). Dissolved
oxygen ranged from a low of 9.20 mg/L at Noonamah Channel 3, to a high of 10.20 mg/L at
Noonamah Channel 1 (Figure 3b). Conductivity ranged from a low of 0.606 mScm-1at Noonamah
Channel 1, to a high of 0.940 mScm-1 at Noonamah Channel 4 (Figure 3c). pH readings ranged from a
low of 8.79 at Noonamah Channel 3, to a high of 9.24 at Noonamah Channel 2 (Figure 3d). Turbidity
showed the greatest variance between channel sites with a low of 11.47 NTU at Noonamah Channel
6, and a high of 193.10 NTU at Noonamah Channel 1 (figure 3e). This is most likely due to Noonamah
Channel 1 site being located where the pump deposited water into the channel from the Lachlan
River (Plate 2).

Plate 2: Pump running at Noonamah channel site (1 January 2014). (Credit: C. Amos).
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a) Mean temperature at dam sites overtime(November
2013 n=3, January 2014 n=3, March 2014 n=3)

b) Mean dissolved oxygen at dam sites overtime
(November 2013 n=3, January 2014 n=3, March 2014 n=3)

c) Mean conductivity at dam sites overtime (November
2013 n=3, January 2014 n=3, March 2014 n=3)

d) Mean pH at dam sites overtime (November 2013 n=3,
January 2014 n=3, March 2014 n=3)

e) Mean turbidity at dam sites overtime (November 2013
n=3, January 2014 n=3, March 2014 n=3)

Figure 2 (a-e): water quality measurements at dam sites overtime
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a) Mean temperature at channel sites, January 2014 n=3

b) Mean dissolved oxygen at channel sites, January 2014 n=3

c) Mean conductivity at channel sites, January 2014 n=3

d) Mean pH at channel sites, January 2014 n=3

e) Mean turbidity at channel sites, January 2014 n=3

Figure 3 (a-e): Water quality values at channel sites, January 2014
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Vegetation
The percentage of total aquatic vegetation cover varied with inundation and increased depth. At
many of the dam sites, vegetation that was present in November 2013 was not evident in January
2014, having been covered by open water from the running of the Noonamah channel. Aquatic
vegetation appeared again in some of the dam sites in March 2014 after a period of stable high
water levels for growth (Figure 4, Plates 3-5). Overall, the Ville dam had the largest amount of
aquatic vegetation of all the sites, but was not surveyed in November 2013 (Plate 6). Channel sites,
with exception of Noonamah Channel 1, had very low if no vegetation (Figure 4, Plates 7, 8). Any
frog calling that occurred within the channel, except for Noonamah Channel 1, was observed in logs,
stick and litter that were present within the channel.

Figure 4: Changes in open water and total aquatic vegetation cover at each survey site over the
three survey periods in 2013-14 (Noonamah dam 1-4 and Solar tank n=3, the Ville Dam n=2,
Noonamah channel sites n=3)
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Plate 3: Transect 1 Noonamah dam 2 November
2013

Plate 4: Transect 1 Noonamah dam 2 January 2014

Plate 5: Transect 1 Noonamah dam 2 March 2014

Plate 7: Noonamah channel 3 March 2013

Plate 6: The Ville dam transect 1 January 2014

Plate 8: Noonamah channel 3 January 2014
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Frogs
Three species were detected across the three survey periods. Limnodynastes tasmaniensis (Plate 9)
was the most common species at 100% of dam sites and 83% of channel sites (Figures 5-6). Litoria
peronii (Plate 11) the least common at 20% of dam sites and no channel sites (Table 1, Figures 5-6).
Limnodynastes fletcheri was detected at 80% of dam sites and 17% of channel sites (Plate 10, Figures
5-6). No tadpoles of any species were detected. Litoria raniformis, the Southern Bell frog, (Plate 1)
was not detected during the formal surveys but was recorded during opportunistic surveys by R.
Blakey (pers. Comm. UNSW). Solar Tank, the only dam that is fenced, had the highest frog species
richness with three species being detected (Figure 5). The Solar Tank supported the greatest total
abundance of frogs overall in November 2012 (Figure 6).
Table 1: Total abundance, observed and call, of frog species from surveys in November 2013,
January 2014 and March 2014.
Species

Common name

Total Abundance
(both observed and call)

Limnodynastes tasmaniensis
Limnodynastes fletcheri
Litoria peronii

Spotted marsh frog
Barking marsh frog
Perons tree frog

228
24
1

Plate 10: Limnodynastes fletcheri (Barking marsh frog)

Plate 9: Limnodynastes tasmaniensis (Spotted marsh frog)

 Plate 11: Litoria peronii (Perons tree frog)
(Credits: C.Amos)
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Figure 5: Mean abundance of frog species per channel site, January 2014

Figure 6: Mean abundance of frog species per dam site overtime. Note that one individual L. peronii
was only recorded at Solar Tank, January 2014. L. tasmaniensis was also recorded at Noonamah Dam
1 (mean abundance of two), Noonamah Dam 3 (mean abundance of one) and Solar Tank (mean
abundance of three) in January 2014.
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The filling of the dam sites in January 2014 triggered calling from L. tasmaniensis which is an
indication of breeding. Calling increased in March 2014 when there was more vegetation available at
the dams and no adults of any species were observed, only calls recorded, immediately after
inundation in January 2014 (Figure 7).

Pre- flow
Post- flow

Figure 7: Mean abundance of adults observed and heard calling at dam sites during each survey
month (November 2013 n=5, January 2014 n=6, January 2014 n=6).
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Other aquatic animals
Four other aquatic organisms were picked up in the sweep nets. Gambusia holbrooki was the most
common fish species and juvenile carp or gold fish was the least common (Table 2). An Eastern longneck turtle Chelodina longicollis was also caught and observed on the edge of Solar tank (Plate 12).
Gambusia holbrooki were most common in dam sites, being recorded at only one channel site
(Noonamah channel 3) in low numbers (Figure 8). Gambusia holbrooki numbers are important as
they are a predatory species that can prey upon tadpoles (Komak and Crossland, 2000, Ralph et al.,
2011). Hypseleotris spp.was the only native fish species detected and was present at 100% of dam
sites but no channel sites (Figure 8). Although Macrobrachium spp.were not displayed within the
figure they were present at 83% of dam sites and were not found at channel sites.
Table 2: Total abundance of other aquatic organisms during the survey period (November 2013,
January 2014, March 2014).
Species
Common name
Total abundance
Gambusia holbrooki
Eastern gambusia
758
Cyprinus spp
Juvenile Carp
1
& Carassius auratus
or Goldfish (<25 mm)
Hypseleotris spp.
Carp gudgeon
79
Macrobrachium spp. Prawn/ Shrimp
610

Figure 8: Overall mean abundance of fish species at all sites (Noonamah dam sites n=15, Noonamah
Channel sites n=5, the Ville Dam n=10).
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Discussion
Three species were detected across the study area of the Noonamah Stock channel scheme and the
Ville. Litoria raniformis has been recorded the Ville dam, in October 2013, but has not been recorded
at any dams on the Noonamah Stock channel. This may be due to the low cover of aquatic
vegetation at these sites which is crucial for L. raniformis, not just for breeding but also for shelter
(Wassens et al., 2010).
It is important to note that L. raniformis can be a cryptic species and has a tendency to utilise aquatic
habitats opportunistically, as a result it is not expected to permanently reside at dam sites, but
instead may utilse these habitat only during very dry periods. The current primary survey method
being used, nocturnal transect surveys for adults, has been shown to have the highest detection
probability out of several frog surveying methods (Wassens et al., in review). The detection of L.
raniformis at Lake Bullogal in November 2012 and the Ville dam in October 2013 indicates that a
small population could still be persisting in the region.
Of the species detected L. tasmaniensis was present in the largest abundance and demonstrated a
positive potential breeding reaction to the flow run. This is evident through calling that was recorded
post flow as calling is a response from male frogs in adequate conditions to attract a potential
breeding partner. The highest species richness and also highest abundance in November 2013 was at
Solar Tank, the only site that was fenced off from stock. Gambusia holbrooki also had high
abundance compared to other aquatic organisms, this species has been seen to prey upon tadpole
species and can potentially impact tadpole survival where vegetation cover is limited (Komak and
Crossland, 2000, Ralph et al., 2011).
The Noonamah stock channel in 2013-14 was opportunistically utilised by frog species while it
contained water and may also provide connectivity between isolated dam refuges such as the Ville
Dam and nearby habitats.

Plate 12: Plastron of Eastern long-necked turtle (Chelodina longicollis) from edge of Solar Tank
(Credit: C Amos).
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Recommendations
Surveys of the Noonamah stock channel and the Ville dam in 2013-14 indicate that they support the
dominant frog species within the area L. tamaniensis, L. fletcheri and L. peronii (Amos et al., 2013).
The Ville dam, with a confirmed record of L. raniformis, has a much higher percentage of emergent
aquatic vegetation which is strongly linked with L. raniformis presence (Wassens et al., 2010). The
stock channels have low aquatic vegetation percentage and did not hold water for sustained periods
so therefore do not provide adequate conditions for frogs, however they do provide connectivity
across the local floodplain and between the dams allowing for the movement of all species.
Although L. raniformis did not respond to the delivery of environmental water in the Noonamah
Stock Channel in this instance there is evidence that the species is still persisting in the region and
therefore we recommend that at least some of the dams are maintained as refuge habitat. If there
are natural wetland habitat areas that can be inundated, from the stock channel, with hydroperiods
that can be maintained for a minimum of seven months it is recommended that they also receive
water as due to their drying they contain lower fish predator densities and provide suitable breeding
habitat for frog species, including the Southern bell frog if the remanent population is viable –i.e.
there is more than one frog (Komak and Crossland, 2000, Hazell et al., 2004, Wassens et al., 2010).
Repeat surveys should still be completed before, during and post the running of the flow in the
channel due to the low chances of detecting L. raniformis and to provide a more complete
assessment of the status of this species in the region.
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