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Summary
Of the 12 frog species known to occur in the Murray Valley of South Australia the Southern bell frog (Litoria raniformis) is
considered to be the largest. Readily responding to flooding and occupying recently inundated areas to breed,
L. raniformis is one of a number of aquatic species that has been affected by river regulation and reduced flows. Its
distribution and abundance in the Coorong, Lower Lakes and Murray Mouth (CLLMM) region has greatly diminished over
recent years.
In the past, water levels of the Lower Lakes were managed at a regulated ‘pool’ level of 0.7 metres Australian Height
Datum (mAHD). In recent years however, water levels of the Lower Lakes have been managed on an annual cycle of ~
between 0.5 and 0.85 mAHD. Inundation of the shallow fringes of the wetlands surrounding the Lower Lakes occurs when
lake levels exceed 0.7 mAHD, and thus, the annual water level management provides an opportunity to trigger breeding
events in L. raniformis.
Between September 2015 and January 2017 a monitoring project was undertaken to determine how L. raniformis
responds to water level management within Lake Alexandrina using automated sound recording units. It was hypothesised
that 1) calling behaviour by male L. raniformis will be in greater abundances at water levels higher than 0.75 mAHD and 2)
no calling behaviour by male L. raniformis will occur at water levels below 0.7 mAHD. Sound recording units were installed
within close proximity to sites previously occupied by L. raniformis within the last 6 years and were programmed to record
sounds each night for five minutes.
A total of 1180 sound recordings (98.3 hours) were captured across the two monitoring periods in 2015/16 (six sites) and
2016/17 (four sites). Calling male L. raniformis were detected at only one location in both years by the automated sounds
recoding: Wellington East Wetland (site WEL). At this site calls were heard in October and November over a 63 and 30 day
period in 2015 and 2016 respectively. During the community surveys, L. raniformis were detected at Dunn’s Lagoon,
Clayton Bay, in December 2015, leading to the instalment of a sound recording unit at this location, and Boggy Creek in
November 2016. Abundances of calling males were generally low (two to nine individuals) to extremely low (one). Water
levels were predominantly in the range of 0.775 to 0.925 mAHD during the period L. raniformis were calling and no
L. raniformis were observed calling when water levels were below 0.7 mAHD.The hypotheses that calling behaviour by
male L. raniformis will be in greatest abundance at water levels higher than 0.75 mAHD and that no calling behaviour will
occur below 0.7 mAHD was supported by the results of this project. However, the high water levels in 2016/17 and cooler
conditions experienced prior to the breeding period (August/September) suggests that water levels alone will not induce
breeding behaviour as L. raniformis did not call during this period. Temperature, habitat condition and water levels were
considered to be the key drivers in breeding behaviour in 2015/16 and 2016/17.
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Overview
Lake Alexandrina and Lake Albert (collectively referred to as the Lower Lakes) lie at the terminus of Australia’s most
economically important river system, the Murray-Darling Basin (MDB). Water levels in this region are managed through
the operation of Lock 1 (at Blanchetown) and the barrages downstream at Goolwa. Whilst limitations exist for large
fluctuations in water levels from the risk of exposure of acid sulfate soils (Kingsford et al 2011), smaller fluctuations in
water level provide opportunities to increase productivity and promote breeding in water-dependant species, including
the Southern bell frog (Litoria raniformis).
Of the 12 species known to occur in the Murray Valley of South Australia, L. raniformis is considered to be the largest
(Tyler and Walker 2012) and occupies both permanent and temporary wetlands, predominantly the latter for breeding
(Wassens et al 2008, Schultz 2007). Its distribution and abundance has greatly diminished over recent years, leading to its
current conservation status as a vulnerable species under the Environment Protection and Biodiversity Conservation Act
(1999). The abundance of frogs constitutes an integral element within food webs in the South Australian Murray-Darling
Basin (SAMDB), providing services throughout all stages of their dual aquatic and terrestrial life cycles, such as
contributing to limiting algae growth, insect consumption and as prey for many water dependant and terrestrial species
(Robinson 2000, Baldwin et.al 2005, Hocking & Babbitt 2014).
Inundation of the shallow fringes of the wetlands of the Lower Lakes occurs when lake levels exceed the previously
regulated ‘pool’ level of 0.7 mAHD, with areas of these wetlands remaining connected and thus characterized as
permanent wetlands. Inundating ephemeral wetland habitats is important for Southern bell frog breeding and for other
aquatic species (Gonzalez et al 2001, Bice et al 2014). Since 2009, frog monitoring in the Lower Lakes has generally been
conducted on a monthly basis during the active season from September to January. Results showed a general trend of
calling L. raniformis males (breeding behaviour) detected when lake levels were elevated above 0.7 mAHD levels (Mason &
Durbridge 2015). However, monitoring was not frequent enough to clearly determine the specific water levels required to
trigger breeding behaviour or how sensitive the species is to small water level fluctuations. In the Lower Lakes, permanent
wetlands have large ephemeral fringes and there is a lack of evidence of the responsiveness of L. raniformis to fluctuations
in water level in permanent wetlands leading to the question: How does water level manipulation in permanent fringing
wetlands influence breeding behaviour in L. raniformis?

1.1 Project objectives
The primary aim of this project was to investigate the influence of water level management on L. raniformis populations
within the Lower Lakes and Murray Mouth region and assess the species diversity and relative abundance of the wider
frog community. Targeted surveys of frog populations at sites previously occupied by L. raniformis were undertaken to
address the key questions and test the hypothesis outlined in Table 1.
The broad services of the project were to:


Deploy automated sound recording units at four sites previously occupied by L. raniformis;



Identify key extant frog populations; and



Assess breeding behaviour (calling) of L. raniformis in response to water level management.
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Table 1: Objectives, key questions and hypotheses for frog species monitoring in fringing wetlands of Lakes
Alexandrina and Albert (Lower Lakes)

Monitoring Objective
To assess the influence of

Key Questions


How does water level manipulation

Hypotheses


Calling behaviour by male

water levels in the Lower

in semi-permanent wetlands

L. raniformis will be in greatest

Lakes on populations of

influence breeding behaviour in L.

abundance at water levels

L. raniformis.

raniformis?

higher than 0.75 mAHD.



What are the species richness and



No calling behaviour by male

abundance for other frog species in

L. raniformis will occur at water

the region under the same lake level

levels below 0.7 mAHD.

influences?

1.2 Distribution of L. raniformis in the CLLMM region
Locations of known occupancy by L. raniformis have been recorded through observations and collected specimens at 18
locations in the Coorong, Lower Lakes and Murray Mouth region (CLLMM) between 1967 and 2015 (Figure 1). There is no
known record of L. raniformis occurring in Lake Albert nor across large areas of the eastern side of Lake Alexandrina. The
closest known historical location in this area includes specimens collected by the SA Museum from the Narrung Narrows
at the confluence with Lake Alexandrina in 1967 and 1975. The majority of available records are relatively recent
observations from 2000 onwards. These include data from the Environment Protection Authority (EPA) frog census in 2000
where L. raniformis were identified from sound recordings at Wellington and on the northern fringes of Lake Alexandrina
at Turvey’s Drain. A number of frog surveys were carried out as part of the River Murray Baseline Survey during 2004 and
2005 where L. raniformis was recorded at only two out of 13 wetlands surveyed (Holt et al. 2004; Simpson et al. 2006).
These sites were Pelican Lagoon and Tolderol Game Reserve, also located in the northern fringes of Lake Alexandrina. The
EPA frog census discontinued from 2002 onwards. In 2005, an adult frog was photographed on Mundoo Island by
landowner C. Grundy after being discovered in dislodged soil.
Severe drought conditions across the Murray-Darling Basin were experienced between 2007 and 2010, commonly referred
to as the Millennium Drought, where extensive and prolonged drying of fringing wetlands occurred. Wetlands below Lock
1, which rely on flows from upstream, were directly affected by the poor quality (lack of nutrients) and low quantity of
water reaching this area. During this time large-scale drought response intervention measures were implemented in the
CLLMM region to prevent exposure of acid sulphate soils. Works involved isolating high risk areas, such as Lake Albert, the
Goolwa Channel and lower Currency Creek and Finniss River, and inundating them with water from Lake Alexandrina. An
inventory of L. raniformis distribution was undertaken in 2009 coinciding with the inundation of the Goolwa Water Level
Management Area (GWLMA). L. raniformis was recorded at three locations during the inventory. The largest population
(10-50 individuals) was recorded at Clayton Bay, and smaller populations were detected in the Finniss River at ‘Wally’s
Landing/Watchalunga’ (2-9 individuals) and Mundoo Island (1 individual). This individual observed on Mundoo Island was
located outside the GWLMA.
Frog monitoring conducted in the region in 2010 detected L. raniformis at six locations in moderate to low abundances:
Pelican Lagoon (Sites 1 & 2), Finniss ‘Watchalunga/Wally’s Landing’, Finniss ‘Sterling Downs’, Clayton Bay ‘Red Top Bay’
and Mundoo Island. L. raniformis had been found at or near three of these sites in the past. A photograph of an adult
discovered in a pump shed at Turvey’s Drain was provided by landholders, north-east of Milang Township in 2010. No
formal L. raniformis monitoring was conducted in 2011, however opportunistic survey events yielded moderate
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abundances at Nalpa Station ‘Pomanda Point Causeway’, approximately 4.5 km south of Pelican Lagoon where they were
recorded the previous year.
In 2012/13 L. raniformis was detected at two locations; Pomanda Point causeway in moderate abundances and one
individual near Clayton Bay (Goolwa Channel). The most recent observations of L. raniformis in the CLLMM region in
2013/14 were at Wellington East Wetland, near the location of previous SA Museum and Frog Census records, where low
numbers (3-5 individuals) were heard calling and one individual near Clayton Bay (Goolwa Channel).
L. raniformis is known to occupy a range of natural and artificial habitats including permanent and ephemeral wetlands,
streams, riverine floodplains, farm dams, flooded paddocks, marshes, garden ponds, quarries and irrigation channels
(Stratman 2007).The known habitat preference of L. raniformis in the Lake Alexandrina, Lake Albert and tributaries region
has generally consisted of lignum (Duma florulenta) shrublands, low sedgelands, inundated grasses (both terrestrial and
non-monotypic common reed, Phragmites australis), and dense floating aquatic plants such as filamentous algae (Mason
2014).

Figure 1: Known distribution of the Southern bell frog (Litoria raniformis) in the CLLMM region displaying earliest
record of occupancy.
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2.0

Methodology

Automated sound recording units (model: Faunatech Songmeter SM3 and SM2) were deployed at seven wetlands (Table
2) within the CLLMM region, with six sites in 2015/16 and four sites in 2016/17. Units were attached to steel star-droppers
using metal zip-lock ties and positioned 1 metre off the ground at the edge of the wetland. To prevent vandalism or theft
at Dunn’s Lagoon, the units were attached to steel droppers on a small reed island approximately 150 metres from the
shore. Sites were selected based on past occupancy by L. raniformis (DEWNRb 2015). The units were programmed to
record for five minutes at 10.00pm each night from 1st September to 31st January. Frog abundance and species richness
were assessed from each sound recording based on the calling of male frogs. As counting frogabundance is difficult when
present in high numbers, abundance scores were used (Table 2). Although the presence of calling male frogs do not
inherently represent breeding or recruitment success, in this study it is used to imply an increased likelihood of breeding
occurring. As the quality of the sound recordings and range of the detection diminish with unwanted noise such as wind
or wave action, a score between zero and four was given to each sound recording. All sound recordings that were given a
noise score of 4 were omitted from the analysis as confidence in accurate species identification and estimation of
abundance was low. In some cases high-pass filters (350kHz, 6dB), using the audio software Audacity (version 2.1.2), were
applied after a sound recording was analysed to increase accuracy of L. raniformis abundance scores and increase
detection.
Water level data was obtained from telemetered water monitoring stations (www.waterconnect.sa.gov.au). Daily mean
water level data, in metres Australian Height Datum (mAHD), relative to sea level, was extracted from stations closest to
each of the sites. Daily rainfall data was obtained from the station closest to occupied sites (www.bom.gov.au ). To assess
the structure of breeding habitat used by frogs, vegetation at each site was assessed using Braun-Blanquet (BraunBlanquet et al. 1965) cover abundance scores against submerged, emergent, floating and fringing vegetation within a 50
metre radius. This was undertaken at least twice at each survey site.
Table 2: GPS locations of survey sites using GDA94 datum to accuracy of ±5 metres.
Site

Code

Easting

Northing

2015/16

2016/17

Pelican Lagoon

PEL

348561

6084967

*

*

Watchalunga

WAT

303573

6079626

*

Wellington East

WEL

353341

6089664

*

Pomanda Point

POM

347145

6080430

*

Boggy Creek

BOG

312067

6067186

*

Knappstein’s

KNA

310223

6070999

*

Dunn’s Lagoon

DUN

312251

6070042

*

*
*

Table 3: Scores used to estimate frog abundance
Score

Abundance

0

0

1

1

2

2-9

3

10-50

4

>50

4

Figure 2: Map location of monitoring sites.
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3.0

Results

3.1 L. raniformis breeding behaviour and conditions
A total of 1180 sound recordings (98.3 hours) were captured across the two monitoring periods in 2015/16 (six sites) and
2016/17 (four sites). Each site had a minimum of 126 recording nights (maximum 160) during each period, with the
exception of Watchalunga where only 28 recording nights were captured in 2015 and 92 nights at Knappsteins in 2016
due to unknown faults in the recording devices. Calling male L. raniformis were detected at only one location in both
years; Wellington East Wetland (site WEL). In 2015/16, male L. raniformis were detected calling across 33 non-consecutive
nights within a 63-day period from the 13th October 2015, until the 15th December 2015 and across 11 non-consecutive
nights within a 30-day period between 19th November and 19th December 2016. Relative abundance of L. raniformis was
most frequently two to nine individuals (abundance score of 2) or one in both 2015/16 and 2016/17. No trends were
observed between abundance of calling males and water level. A summary of the period in which L. raniformis were
recorded with automated sound recording units in both years is provided in Table 4. In addition to this project,
L. raniformis were detected during a community frog survey at Dunn’s Lagoon, Clayton Bay, on 15th December 2015
(Durbridge 2016). This instigated the deployment of an automated sound recording unit at this site in 2016/17, however
none were detected during this period. Approximately between two and nine (abundance score of 2) L. raniformis were
calling at Boggy Creek on the 28th November 2016 observed as part of wetland monitoring activities on Hindmarsh Island.
The frequent and clearly audible sounds of the Wellington ferry and township, which are located in close proximity to
Wellington East Wetland, did not appear to deter L. raniformis (or other species) from calling. No trend was observed in
noise score and L. raniformis abundance. A total of 19 recording nights in 2015/16 and 32 in 2016/17 were allocated a
maximum noise score of 4 and were not included in the analysis. Noise interference was predominantly due to wind.
Water levels at the nearby Wellington telemetry station (A4261159) fluctuated between 0.659 and 1.037 mAHD (Table 4)
during the 64 day period. L. raniformis were detected in 2015, when water levels were predominantly in the range of 0.775
to 0.925 mAHD (Figure 3). Levels fell below 0.75 mAHD, to 0.659 mAHD, over a one-day period on the 14th December
2015, during which L. raniformis were not observed calling. In 2016, water levels fluctuated between 0.739 and 1.076
mAHD during the period L. raniformis were detected. No breeding behaviour in L. raniformis was observed in the first half
of the study period in 2016/17, when river and lake water levels fluctuated as a result of above-average rainfall and river
inflows, reaching a maximum of 1.192 mAHD at Wellington in early October 2016. Mean water level (daily average) at
Mundoo Barrage near Boggy Creek on the 28th November 2016 was approximately 0.624 mAHD (source:
www.waterconnect.sa.gov.au station: A4261042).
Daily mean rainfall data from the Bureau of Meteorology (BOM) was obtained from weather stations at Tailem Bend and
Hindmarsh Island to gain an understanding of the climatic conditions characteristic of 2015/16 and 2016/17 across the
study region (Figure 4). No trends in daily rainfall in relation to L. raniformis were observed, however the 2015 study
period was substantially drier than that of 2016. A total of 71.6 mm of rainfall was recorded at Tailem Bend during the
study period between September 2015 and January 2016 compared to 256.2 mm in the same period the following year. A
similar trend was observed at Goolwa (63.6 mm in 2015/16 compared to 331.7 mm in 2016/17). In 2016/17, approximately
40% of the total amount of rainfall during the study period fell in September.
Mean minimum and maximum daily temperatures during the study period in 2016/17 were lower than that of 2015/16
(mean minimum 11.6C and maximum 22.4C compared to mean minimum 12.5C and maximum 24.9C) as shown in
Figure 5. This difference was more prominent in the combined October/November period where mean minimum
temperature reached 20.9C in 2016 compared to 24.8C in 2015.Table 4: Summary of detected breeding behavior in
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L. raniformis captured using automated call recording and observed water levels during 2015/16 and 2016/17
(water level data source www.waterconnect.sa.gov.au)

Descriptive
Total number of recording nights across all sites
Number of automated recording sites
Number of sites occupied by L. raniformis
Number of nights L. raniformis recorded
First date L. raniformis recorded
Last date L. raniformis recorded
Period length L. raniformis recorded within (days)
Most frequent abundance score during calling period
Minimum water level (mAHD) during period length L.
raniformis recorded within
Maximum water level (mAHD) during period length L.
raniformis recorded within
Water level start (mAHD) during period length L.
raniformis recorded within
Water level finish (mAHD) during period length L.
raniformis recorded within
Average water level across nights L. raniformis recorded
(mAHD)

2015/16
647
6
1
33
13/10/2015
15/12/2015
63
2
0.659

2016/17
533
4
1
11
19/11/2017
19/12/2017
30
2
0.739

1.037

1.076

0.824

0.76

0.756

0.909

7

Figure 3: Timing of the detection of L. raniformis (orange) at Wellington East Wetland versus observed mean daily water
levels (mAHD) at Wellington telemetry station A4261159 (www.waterconnect.sa.gov.au) during the survey periods 1st
September 2015 to 31st January 2016 and 1st September 2016 to 31st January 2017. The red dashed line represents the
level below which breeding behaviour was hypothesized not to occur.
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2015/16

2016/17

Figure 4: Daily rainfall data (millimetres) at Tailem Bend (station: 24554) and Goolwa (station: 23825) within the 2015/16
and 2016/17 monitoring periods. Data source: www.bom.gov.au
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Figure 5: Mean daily minimum temperature (degrees Celsius) in the CLLMM region during the 2015/16 and 2016/17
study period at Meningie (station: 24518), Hindmarsh Island (station: 23894) and Strathalbyn (station: 24580). Data source:
www.bom.gov.au
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3.2 Habitat and site descriptions
The results showed little trend in the abundance of L. raniformis in relation to cover abundance of each vegetation type
due to the low number of sites in which they have been found. Areas occupied by L. raniformis were consistent with
previous observations between 2009 and 2014 where adult male frogs were observed calling within semi-open complex
habitat with moderate cover abundance of both submerged and emergent fringing vegetation (Mason & Durbridge
2015). Wellington East Wetland (site WEL) contained an extensive and generally diverse submerged plant community,
including red milfoil (Myriophyllum verrucosum), hornwort (Ceratophyllum demersum), ribbonweed (Vallisneria spiralis)
and filamentous green algae. These species were observed consistently over the length of the recording periods.
Emergent vegetation was dominated by sparse common reed (Phragmites australis) initially, which then become the
dominant feature of areas of the wetland toward the later stages of the recording period (Figure 6). Areas of open water
remained throughout this period in the centre of the wetland. Fish or tadpole surveys were not undertaken, however,
tadpoles, in particular Limnodynastes species, were observed in the clear shallows, as were schools of the invasive smallbodied fish Eastern gambusia (Gambusia holbrookii).
Although L. ranformis were not detected at Pelican Lagoon (site PEL) in either 2015/16 or 2016/17, high diversity and
abundance of other frog species were observed in both years, and high abundances of calling L. raniformis were observed
at this location in 2010/11 (Mason & Hillyard 2011). The site is on the fringe of a large permanent wetland with gently
sloping edges containing lignum (Duma florulenta) shrublands over grazed water couch (Paspalum sp.) where the wetland
fringes meet the low samphire (Halosarcia/Sarcocornia sp.) and chenopod shrublands. Diverse herblands containing
swamp crassula (Crassula helmsii), white purslane (Montia australasica), lesser loosestrife (Lythrum hyssopifolia), water
buttons (Cotula coronopifolia), swamp daisy (Brachyscome basaltica), water ribbons (Triglochin procerum), rush (Juncus
spp.), submerged aquatics including milfoil (Myriophyllum sp.).
Table 5: Maximum observed cover abundance of submerged, emergent, floating and fringing vegetation at each
monitoring location (0 = 0; 1 = <5%; 2 = 2-25%; 3 = 25-50%; 4 = 50-75% and 5 = >75%).
Submerged
vegetation

Emergent
vegetation

Floating
vegetation

Fringing
vegetation

BOG

2

2

0

5

KNA

3

3

1

5

PEL

2

4

4

5

POM

1

3

1

3

WAT

0

3

0

5

WEL

3

4

1

2

KNA

3

3

2

5

PEL

2

4

4

5

WEL

3

4

1

2

DUN

1

2

1

5

Site
2015/16

2016/17
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a)

b)

c)

Figure 6: Wellington East Wetland in a) September 2015 and b) February 2016 demonstrating the growth of common
reed (Phragmites australis) during this period and c) November 2016 with the camera positioned to the right and one
metre higher than the previous photos.
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a)

b)

c)

Figure 7: Lignum shrublands, Paspalum grasslands and water ribbon herblands at Pelican Lagoon taken in a) November
2016 during a short high spike in lake levels, b) December 2016 and c) January 2017 when much of the fringe of the
wetland had dried.
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3.3 Other frog species
A total of six frog species (excluding L. raniformis) were recorded across the six monitoring locations in 2015/16 (Table 6)
and 2016/17 (Table 7). For four of these species, presence in audio recordings increased by between 23 and 40 percent
between 2015/16 and 2016/17. The largest increase was of the Eastern banjo frog, from 31 to 53 percent of audio
recordings.
The highest diversity of species observed was at Wellington East Wetland with seven species (including L. raniformis). The
common froglet (Crinia signifera) was recorded more consistently in higher abundance across sites (Table 6, Table 7), with
the exception of Wellington East Wetland in 2016/17. While not always in high abundance, the long-thumbed frog
(Limnodynastes fletcheri) was identified in the highest percentage of recordings in 2015/16 and second-highest in 2016/17
(60.6 and 57 per cent respectively)(Figure 8). In late spring/early summer of both years, the long-thumbed frog was the
dominant species at Pelican Lagoon. Peron’s tree frog (Litoria peronii) was observed at only two locations, Pelican Lagoon
and Wellington East, and was one of the dominant species calling in late spring and summer at Wellington in 2016 at
these sites. The long-thumbed and Peron’s tree frog both demonstrated preferences for late spring and early summer
months.
Four of the seven frog species, the Eastern banjo frog (Limnodynastes dumerilii), spotted grass frog (Limnodynastes
tasmaniensis), common froglet (Crinia signifera) and the Eastern brown tree frog (Litoria ewingii), were detected within a
greater percentage (as high as 41 percent) of audio recordings in 2016/17 than 2015/16 (Figure 8) and often in higher
abundances (Table 6, Table 7).
Table 6: Maximum abundance scores recorded for each frog species during 2015/16 (abundance scores: 0 = 0; 1= 1; 2=
2-9; 3= 10-50; 4=>50).
Eastern
Eastern banjo
Common
Spotted grass
brown tree
Long-thumbed
Peron's
frog
froglet
frog
frog
frog
tree frog
(Limnodynastes
(Crinia
(Limnodynastes
(Litoria
(Limnodynastes
(Litoria
dumerilii)
signifera)
tasmaniensis)
ewingii)
fletcheri)
peronii)

BOG
KNA
PEL
POM
WAT
WEL

3
3
3
2
3
3

4
4
4
4
4
4

2
3
3
2
2
3

3
2
2
2
2
3

4
2
4
4
3
3

0
0
2
0
0
4

Table 7: Maximum abundance scores recorded for each frog species during 2016/17 (abundance scores: 0 = 0; 1= 1; 2=
2-9; 3= 10-50; 4=>50).
Eastern
Common
Spotted grass
Peron's
Eastern banjo
Long-thumbed
brown tree
froglet
frog
tree frog
frog
frog
frog
(Limnodynastes
(Limnodynastes
(Crinia
(Limnodynastes
(Litoria
(Litoria
dumerilii)
fletcheri)
signifera)
tasmaniensis)
ewingii)
peronii)

DUN
KNA
PEL
WEL

3
3
4
4

4
4
4
3

3
3
4
3

3
2
2
4

2
3
4
4

0
0
0
4
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Figure 8: The percentage of audio recordings each frog species was detected each water year (2015/16 n= 647, 2016/17 n
= 533)
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3.0

Discussion

3.1 Southern bell frog abundance and distribution
Timing of the study period and nightly sound recording aligned well with past peak breeding periods in the CLLMM
region of September to January (Mason & Durbridge 2015). Taking into account known habitat preferences and water
levels, the distribution and abundance of L. raniformis suggests that in 2015/16 and 2016/17 conditions were suitable for
breeding.
The small spatial distribution of recording sites (limited by the number of automated sound recording units), and the low
detection of L. raniformis, limits the confidence of the estimation of the regional distribution of L. raniformis. Nevertheless,
non-detection of L. raniformis at sound recording sites does not necessarily indicate its absence from these areas. The
placement of the sound recording unit within dense reed inaccessible to foot-traffic at Duck’s Hospital, Dunn’s Lagoon
(DUN) to prevent vandalism or theft, may have affected the signal-to-noise ratio and therefore the potential occurrence of
L. raniformis at the site has not been discounted. At Pelican Lagoon (PEL), the intensity of the chorus of other frog species
may have effected the range of detection.
Frog species richness and abundance were high at Pelican Lagoon in 2016/17 and the habitat complexity was similar to
that of 2010/11, when adult male L raniformis were calling in high abundance following the return of freshwater flows to
the region and inundation of wetlands. The similarities of habitat complexity are represented as the moderate to dense
percentage cover of low emergent (aquatic or inundated terrestrial) or dense submerged (i.e. filamentous algae) and
sparse tall emergent macrophytes. Key differences between these two years at this site include the composition of plant
species and water levels experienced prior to the observed breeding period. In 2010/11, water levels returned to normal
operating pool level (~0.75 mAHD) following a prolonged period of -0.95 mAHD, well below sea level. This influenced the
vegetation community inundated upon the return of flows consisting predominantly of terrestrial species, particularly
grasses (Mason & Hillyard 2011). In 2016/17 water levels prior to October/November, when L. raniformis were calling at
Wellington East Wetland and Boggy Creek (Hindmarsh Island), were consistently above 0.75 mAHD, fluctuating between
0.75 and 1.2 mAHD (data source: waterconnect.com). This was the result of freshwater inflows from the Murray River and
the tributaries of the Finniss River and Currency Creek coupled with frequent barrage closures due to storm surges. The
plant species assemblage while structurally similar to 2010/11 comprised of a highly diverse aquatic emergent community.
The highest abundances (10 to 50 and > 50 individuals) of L. raniformis across all survey events between 2009 and 2017
have been within recently inundated areas following lower water levels (2009 within the Goolwa Water Level Management
Area and 2010 with the return of flows).
Outside of these years, modest abundances (two to nine individuals) have been observed in aquatic-dominated plant
communities where elevated water levels are experienced between October to December. These observed plant
communities, coupled with the readiness of the species to occupy newly inundated areas (Pyke 2002, Mason & Durbridge
2015, Hoffman 2015), suggest greater variation in water levels may promote vegetation assemblages more likely to trigger
larger scale L. raniformis breeding events. This may include periods of lower water levels (<0.5 mAHD) to promote the
growth of terrestrial plant species on wetland fringes, followed by periods of higher levels (>0.85 mAHD) during the
breeding period of October-December to inundate the terrestrial plant areas. The limitations to lake level management
outside of the current management envelope (0.5 to 0.85 mAHD) are not insignificant. However, acknowledging that
amphibian populations will fluctuate (Crump et al. 2017), monitoring of L. raniformis in the CLLMM region suggests that
vegetation structure and temperature in combination with suitable water level management are the key drivers for
breeding.
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Factors influencing the survival of L. raniformis in the CLLMM region that are yet to be assessed include (but are not
limited to):


the presence of Chytridriomycosis disease (Chytrid fungus);



the influence of land use and management on adults during the non-breeding period and



the predation of adult, juvenile and metamorph frogs from fox and cat populations and predation of tadpoles by
introduced fish, particularly Eastern gambusia (Gambusia holbrookii) and redfin (Perca fluviatilis).

3.2 Other frog species
Four of the seven frog species were detected within a greater percentage (as high as 41 percent) of audio recordings in
2016/17 than 2015/16, and often in higher abundances. The high lake levels experienced during August and September
coincided with peak breeding periods of these species (Anstis 2002, Mason & Durbridge 2015). The high water levels (e.g.
up to 1.2 mAHD at Wellington in 2016, source: waterconnect.com.au) inundated large expanses of fringing wetlands in the
CLLMM region and within the tributaries of the Finniss River and Currency Creek. The timing of calling of remaining
species were consistent with past years, with Peron’s tree frog and long-thumbed frog showing a preference similar to
that of L. raniformis in spring/early summer.

3.3 Automated sound recording
The resources and human-effort required to conduct nightly frog surveys over long periods is relatively large. The
detection of amphibian species that are rare, or call infrequently, may not be successful during short duration manual
surveys (Weir et al. 2005). Automated sound recording devices offer the capability to record sound at timed intervals for
long periods and were a viable option to investigate the influence of water levels on L. raniformis breeding behaviour in
the Lower Lakes region. The advantages included the ability to record sound without disturbing survey sites and the
consistency in timing of recording. The main disadvantage is the financial limitation on good spatial coverage of
monitoring sites due to the cost of individual units. Another disadvantage is the effect of background sounds on the
clarity of recording (i.e., from wind) affecting the signal-to-noise ratio and hence the range of detection. This can limit
identification of species and abundance estimation (Weir et al. 2005, Shearin et al. 2012). However new information has
been gained that has not been captured in the past including seasonal duration of calling, frequency of calling and timing
of calling in relation to lake level management. If automated sound recording was to be repeated again in the future,
coupling their use with manual surveys over a larger spatial area will assist in greater spatial coverage. Although additional
sound recording devices would also be beneficial. Increased involvement by community using existing citizen science
opportunities such as FrogWatchSA and FrogID, particularly if campaigned to encourage multiple surveys throughout the
peak breeding period for L. raniformis in the CLLMM area (October/November), may help fill these spatial gaps.
High abundances of calling frogs create loud choruses, which can make it difficult to estimate accurate species richness
and abundance. This may also impede accurate detection of L. raniformis as the range of detection can be reduced. The
current categorical estimation of abundances do not capture the magnitude well when there are very high numbers of
individuals, ie the highest abundance score of four (>50 individuals) may be marginally or greatly exceeded, limiting the
ability to determine magnitude of breeding behaviour in relation to management or climatic conditions.
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4.0

Conclusion

The results of this project have helped to demonstrate water levels as one of the drivers for calling behaviour in
L. raniformis. With the exception of extreme water level variation experienced in 2009 within the Goolwa Water Level
Management Area and in 2010 with the return of freshwater flows following drought, elevated water levels (>0.7 mAHD)
during the peak breeding period for L. raniformis are able to provide suitable conditions for calling of adult males.
The hypotheses that calling behaviour by male L. raniformis will be in greatest abundance at water levels higher than 0.75
mAHD and that no calling behaviour will occur below 0.7 mAHD was supported by the results of this project. However, the
high water levels in 2016/17 and cooler conditions experienced prior to the breeding period suggests that water levels
alone will not induce breeding behaviour as L. raniformis did not call during the entire survey period of September to
January. Temperature, habitat condition and water levels were considered the key drivers in breeding behaviour in
2015/16 and 2016 /17.
Increased seasonal variability of water levels in the Lower Murray is recommended to cue breeding events and to increase
the breadth of the littoral zone increasing areas of suitable breeding habitat for L. raniformis. Incorporating an early spring
increase in water level above 0.7 mAHD and a slow decline in water level in summer is anticipated to generate large areas
of suitable habitat for breeding and recruitment. Based on the known timing of tadpole presence, inundation of these
shallow fringing habitats for a minimum of three months would increase the probability of hatching and survival of
tadpoles. Acknowledging the species is considered to be relatively long-lived (DEH 2006), these proposed fluctuations in
water levels may not be an annual requirement.
It is recommended that monitoring of L. raniformis populations in the CLLMM region in response to water level
management and changes in habitat condition is continued. Coupling automated sound recording with manual surveys,
with a focus on supporting the community to utilize citizen science opportunities, will provide information on the
response of L. raniformis to water levels and climatic conditions and spatial distribution. Investigating habitat use and
requirements of L. raniformis outside of the breeding season to determine the impacts of changes in terrestrial habitat to
the survival of L. raniformis is also recommended
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