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Summary
The Living Murray (TLM) initiative aims to improve the ecological condition of six priority ‘icon’ sites through
the provision of environmental water deliveries. Each icon site has stated objectives for the condition of its
vegetation, fish, waterbird and frog communities. Annual condition monitoring programs assesses each icon
site’s condition in relation to its ecological objectives, tracking change over time. Gunbower Forest, on the
mid-Murray in northern Victoria, together with the Koondrook-Perricoota Forest in New South Wales, forms a
broad floodplain system recognised as the TLM Gunbower-Koondrook-Perricoota icon site. The overarching
objective for frog populations at Gunbower is to restore resident populations and breeding events of native
frogs, especially threatened species. The specific objectives and targets for Gunbower Forest include:
•
•

To increase the diversity and abundance of native frog species within the forest
To maintain numerous populations of resident, breeding common and threatened frog species, with
the following targets:
o Each of the six commonly occurring native species occurs each year in 15 of the 20
monitoring sites
o By 2030, at least one of the listed threatened or extinct species recorded (heard calling,
seen spawn/tadpole/adult) in a least one site.

Frog monitoring is undertaken sporadically in Gunbower Forest and this report represents the first frog
monitoring in nine years. The objective of the 2019-2020 frog condition monitoring was to survey frog
populations at historical ‘sentinel’ sites within Gunbower Forest, and report on current condition and change
within and between sites compared to historic survey results.
A combination of tadpole surveys and passive acoustic monitoring was undertaken at 11 out of the 20 sites,
from September 2019 to January 2020. Ten of the sites received environmental water in winter 2019, one
site (Cameron’s Creek) is permanently wet, and the remaining sites were dry throughout the monitoring
period and were not surveyed. Tadpole surveys confirmed evidence of breeding by Peron’s Tree Frog,
Spotted Marsh Frog, Barking Marsh Frog and Crinia sp. at seven sites. Passive acoustic monitoring detected
six species in total: Peron’s Tree Frog, Barking Marsh Frog, Pobblebonk, Spotted Marsh Frog, Common
Froglet and Plains Froglet. All six species were detected at five of the 11 sites. It was not possible to reach
the target of all six species present in at least 15 sites given the reduced survey scope. We recommend
amending this monitoring objective to a proportion-based target, thus reducing the influence of the total
number of sites surveyed.
No listed threatened or rare species were detected by any survey method.
This season’s results showed no decline in community composition since frog monitoring commenced in
2004. Each species was detected at a higher proportion of monitored sites than in any other year. This is
likely an effect of using passive acoustic monitoring, rather than traditional listening and spotlight surveys.
This year, passive acoustic recorders collected an average of 81 nights of data per site, compared with an
average of 2.6 nights of data per site in previous monitoring years.
This year’s frog condition monitoring at Gunbower confirms the continued presence of the six relatively
common species. The specific objectives of the frog condition monitoring at Gunbower Forest are currently
aspirational and may require revision if they are ever to be met. Continued monitoring will maximise
knowledge about the impact of environmental watering on the condition of frog populations in Gunbower
Forest.
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Introduction

The Living Murray (TLM) initiative commenced in 2002 and is a partnership of the Australian Government
with the governments of New South Wales, Victoria, South Australia and the Australian Capital Territory.
TLM is coordinated by the Murray-Darling Basin Authority (MDBA) and feeds into the Murray-Darling Basin
Plan (Basin Plan), which secures a share of available water to be returned to the environment. Delivery of
environmental water under the Basin Plan aims to restore critical elements of the flow regime to maintain
native biota and improve ecosystem functioning. The Living Murray program focusses on six priority ‘icon
sites’ based on their significant environmental and cultural values. The six icon sites are:
1. Barmah-Millewa Forest
2. Gunbower-Koondrook-Perricoota Forest
3. Hattah Lakes
4. Chowilla and Lindsay-Mulcra-Walpolla Island
5. Lower Lakes, Coorong and Murray Mouth
6. River Murray Channel

The Living Murray initiative aims to improve the ecological condition of each icon site through
monitoring and assessing condition against specific objectives (MDBA 2011). The ecological condition of the
six Living Murray icon sites have been monitored since 2006-07 to assess key indicators of health, and to
track progress against each site’s stated ecological objectives (MDBA 2018). The success of the
environmental watering in meeting the objectives is assessed by monitoring the status of fish, bird, frog and
vegetation populations. In Gunbower Forest, condition monitoring of frog populations has been monitored in
some years but not others, dependent on available funding. Frog populations at Gunbower have been
monitored in four of the 14 years since condition monitoring under TLM commenced (2007-08, 2008-09,
2009-10 and 2011-12). This report represents the fifth monitoring year, and the first frog monitoring at
Gunbower in nine years.
Gunbower Forest, on the mid-Murray in northern Victoria, together with the Koondrook-Perricoota Forest in
New South Wales, forms a broad floodplain system recognised as the Gunbower-Koondrook-Perricoota icon
site of TLM program. The forest supports a range of vegetation types including permanent and semipermanent wetlands, river red gum communities, black box and grey box woodlands. The health of the forest
and the native fauna it supports is closely tied to the local hydrology, which has been significantly altered by
river regulation and water extraction. The provision of a managed watering regime seeks to achieve the
ecological objectives for Gunbower Forest under TLM. The current objective for frog populations at
Gunbower is to ‘restore resident populations and breeding events of native frogs, especially threatened
species’ (MDBA 2018).

1.1

Frog species of Gunbower Forest

Six frog species have been recorded in Gunbower Forest in recent times: Peron’s Tree Frog Litoria peroni,
Pobblebonk or Eastern Banjo Frog Limnodynastes dumerilii, Barking Marsh Frog L. fletcheri, Spotted Marsh
Frog L. tasmaniensis, Plains Froglet Crinia parinsignifera and the Common Froglet C. signifera. An additional
five species are known historically and/or nearby: Common Spadefoot Toad Neobatrachus sudelii, Sloane’s
Froglet C. sloanei, Bibron’s Toadlet Pseudophyrne bibronii, Growling Grass Frog Litoria raniformis and the
Giant Banjo Frog Limnodynastes interioris (VBA 2020). These last five species have declined in the region
over the last several decades and are now either threatened or rarely encountered. Sloane’s Froglet has not
been recorded in Gunbower since 1993, and Bibron’s Toadlet not since 1982. Existing records of Growling
Grass Frog, Common Spadefoot Toad and Giant Banjo Frog in the Gunbower area are sparse (VBA 2020)
and surveys have not detected any of these species for at least 20 years, since a record of the Giant Banjo
Frog, in 2000 (Conole and Mac Nally 2000).
Arthur Rylah Institute for Environmental Research
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Maintenance of locally extant frog species, and restoration of populations of threatened frogs, is dependent
on the extent and availability of suitable habitat, and the amelioration of threats that contributed to their
decline. In order to assess the status of frog populations in Gunbower, and which factors influence
population condition and persistence over time, regular monitoring is required, ideally using standardised
methods repeated annually at the same set of sites.
The objective of this project was to monitor the current frog condition (abundance and diversity) at historical
monitoring sites within Gunbower Forest and assess progress toward the Gunbower icon site’s ecological
objectives for frogs (Table 1). Budget constraints meant it was not possible to monitor all 20 of the historical
monitoring sites this year. The North Central Catchment Management Authority (NCCMA) nominated 11 of
these sites for sampling in 2019-2020, representing locations affected by the season’s planned water
deliveries.

Table 1. TLM Gunbower Forest frog objectives and targets (table reproduced from the
Gunbower Condition Monitoring Plan (TLM 2018)).
Objectives and targets

Definitions

Overarching objective(s):
Increase the diversity and abundance of native
frog species within the forest
Detailed objective(s):
Numerous populations of resident, breeding
common and threatened frog species.

Numerous means all common species recorded (heard
calling, seen spawn/tadpole/adult) in 15 of 20
monitoring sites.
Common species include Peron’s Tree Frog, Spotted
Marsh Frog, Plains Froglet, Common Froglet,
Banjo/Pobblebonk Frog and Barking Marsh Frog.
Threatened species include Bibron’s Toadlet, Growling
Grass Frog and Giant Bullfrog.

Target(s):
Each commonly occurring native species occurs
each year in 15 of the 20 monitoring sites.

Common species include Peron’s Tree frog, Spotted
Marsh Frog, Plains Froglet, Common Froglet,
Banjo/Pobblebonk Frog and Barking Marsh Frog.

By 2030, at least one of the listed threatened or
extinct species recorded (heard calling, seen
spawn/tadpole/adult) in a least one site.

Threatened species include Bibron’s toadlet, Growling
Grass Frog and Giant Bullfrog.
Locally extinct species include Sloane’s Froglet,
Common Spadefoot Toad, Broad-palmed Frog and
Wrinkled Toadlet.

Monitoring objective
To identify the presence of frog species in the
system and record evidence of breeding.

The Living Murray – Frog Condition Monitoring in Gunbower Forest
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2

Methods

2.1

Surveyed sites

The 11 sentinel sites selected for monitoring in 2019-2020 include those surveyed by Davies (2004), Ward
(2006, 2008) and Robertson and Coventry (2012). The sites are shown in Figure 1 and listed in Appendix 1
and Table 2. Site GB1 (Cameron Creek) is ~3.4 km southeast (upstream) of the main group of sites, which
lie in the northwest section of Gunbower Forest.
To determine species presence and seek evidence of breeding at each site, a combination of tadpole
surveys and passive acoustic monitoring was used.

Figure 1. Location of sentinel sites monitored in 2019-2020

2.2

Passive acoustic monitoring

Two passive acoustic monitoring devices (Audiomoths - Open Acoustic Devices UK) were deployed at each
of the 11 sites (Figure 1) on 9-10 September 2019. The Audiomoths were housed inside plastic containers
padded with foam, with microphones adjacent to a small hole covered with waterproof fabric tape. Audiomoth
cases were cabled-tied to saplings ~ 1.2 m above ground, in locations considered the most optimum frog
habitat at each site. Two Audiomoths per site were used to spread the risk of data loss due to theft or
malfunction. The two units were installed 100-150 m apart in locations away from tracks.
All Audiomoths were programmed to record for two minutes out of every ten-minute period during two multihour blocks per day: four hours spanning sunrise (4-8 am) and six hours spanning sunset (5-11 pm).
Batteries and memory cards were changed after ten weeks on 22 November 2019, during the tadpole
Arthur Rylah Institute for Environmental Research
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sampling trip. The evening recordings were thereafter reduced to four-hour blocks (7-11 pm) as by then
daylight extended into the evenings. All Audiomoths were retrieved after another seven weeks, on 10
January 2020 by NCCMA staff and sent to the Arthur Rylah Institute (ARI) for analysis.

2.2.1

Acoustic data collation

Acoustic data were reviewed and analysed using the Kaleidoscope Pro Wildlife Acoustics (Kaleidoscope Pro
5) software. A semi-automated process workflow was used to sub-set the data and manually identify calls,
up to a minimum threshold of manual examinations per site. Though not exhaustive, this approach balanced
manual effort and time-efficiency, and revealed temporal and spatial patterns in calling frog activity. The
basic process workflow is described below:
Key metadata from each site’s Audiomoths were batch-read using ExifTool (Harvey 2013), and each twominute .wav file recording was assigned a unique identifier. The Unix hexadecimal timestamps which formed
Audiomoth .wav filenames were converted to AEST and AEDT using the statistical program R (R Core Team
2013). Using Kaleidoscope Pro, a basic cluster analysis batch process was run over each site’s acoustic
dataset, identifying prominent sounds and grouping similar types of sounds together into sound clusters for
review. Signal detection parameters were set to detect frequencies between 250 – 10,000 Hz, with a 0.5-7.5
second detection length, generating up to 500 sound clusters per basic cluster analysis. In a ‘first pass’
exercise, a proportion of each cluster was manually checked and labelled with a metadata ‘tag’ identifying
the sound as a frog, a bird, or a ‘noise’. Frog calls were identified to species, or combinations of up to five
identified species calling simultaneously. ‘Noise’ was a catch-all term for non-frog and non-bird sounds,
either biotic (i.e. insects, bats, brush-tailed possums) or abiotic (i.e. vehicle noise or miscellaneous bumping
or scratching sounds). All 500 sound clusters in each cluster analysis output were manually checked in order
to identify which clusters were predominantly frog sounds. These clusters were preferentially assigned more
metadata tags than clusters with predominantly non-frog sounds.
In a ‘second pass’ exercise, only recordings from between 6pm and 11pm, and those without at least one
metadata tag yet, were reviewed. This filtered out many diurnal birds and avoided re-assessing ‘busy’
recordings that had already been assigned a metadata tag(s). Detections in these files were manually
assigned a tag until a minimum of 10% of the two-minute recording files from each site were assigned at
least one tag. Metadata tags were then populated into a detection masterfile using each file’s unique
identifier.

2.3

Tadpole sampling

Three of the 11 monitored sites had dried by 22 November 2019, when tadpole sampling was conducted:
Charcoal Swamp, Yarran Creek and Reedy Lagoon backwater. The remaining eight sites were sampled for
tadpoles. At each of these sites, 5-8 x 15 second dip-net sweeps, using a 500-μm net, were carried out in
shallow flooded habitats (Figure 2). Collected tadpoles were transferred to containers on-site and identified
using Anstis (2013). Tadpole developmental stages were determined using Gosner (1960). The number of
individual tadpoles per species and per development stage were recorded before release at the point of
capture. Equipment hygiene protocols between sites were routinely applied, involving hand-washing and
disinfecting all equipment including waders, nets, containers and sampling trays with veterinary-grade F10
solution.
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Figure 2. Dip-netting a drying pool at site GB8 (Green Swamp)

2.3.1

Frog and tadpole habitat assessments

Alongside tadpole sampling, rapid assessments of tadpole habitat were undertaken at each site to quantify
habitat elements important for tadpole persistence. These data were not required in the project brief but were
quick to collect and may be important in the future if/when a more detailed monitoring of tadpole habitat in
Gunbower Forest is desired. At each site, the waterbody type, extent (measured using a laser rangefinder
where possible) and maximum depth were documented. Water quality parameters were recorded in aquatic
habitat adjacent to Audiomoth locations, prior to dip-netting. Ten 1m2 quadrats were placed randomly over
tadpole habitat sampled by dip-netting, to quantify basic microhabitat elements and structure: the percent
cover of bare ground, grass, emergent- submerged- or floating macrophytes, coarse woody debris, and
average depth. Photos of habitat were taken at each site on the day of tadpole sampling and provided to
NCCMA with this report. Results of habitat assessments are presented in Appendix 2.
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3

Results

3.1

Hydrology and aquatic habitat

Several wetland complexes in Gunbower Forest were targeted for environmental watering in 2019-2020:
Reedy Lagoon, Little Gunbower Complex and Little Reedy Complex (including Green Swamp and Little
Reedy Lagoon; Figure 1). Reedy Lagoon received 533 ML of environmental water over 16 days from 23 May
to 7 June 2019. A scheduled spring top-up did not proceed at Reedy Lagoon as winter drawdown was
minimal and water levels remained high enough to support the growth and establishment of aquatic
vegetation through spring. The objective for Black Swamp in 2019-2020 was to implement a drying phase to
eliminate carp ahead of filling in autumn 2020, however the wetland partially filled during delivery to Little
Gunbower Complex. A total of 1.12 GL was delivered to Little Gunbower Complex through the Little
Gunbower Regulator on Gunbower Creek from 1-12 July 2019. A total of 1.88 GL was delivered to Little
Reedy Complex through Yarran Creek Regulator on Gunbower Creek from 18-30 July 2019. Green Swamp
was full by 22 July, and water started filling Little Reedy Lagoon on 26 July. By 30 July, water had started to
fill the outer fringing swamp areas of Little Reedy Lagoon and had reached Charcoal Swamp. Cameron
Creek is a permanent waterbody (that currently supplies irrigators) maintained by the Torrumbarry Weir pool
on the Murray River.
On 9-10 September 2019, when Audiomoths were deployed, all sites held water to varying degrees. Those
closest to drying were Charcoal Swamp (2 x 2 m puddle), Yarran Creek (28 cm deep where Audiomoths
were deployed) and Reedy Lagoon backwater (10 cm deep). By 22 November 2019, when tadpoles were
surveyed and Audiomoth batteries and SD cards changed, those three sites had dried completely. Sites with
the highest-quality tadpole habitat, indicated by high macrophyte cover, were Reedy Lagoon, Little Reedy
Lagoon and Cameron Creek (Appendix 2). All other sites were comparatively structurally simple, with low
macrophyte cover.

3.2

Passive Acoustic Monitoring

Twenty-two Audiomoths were deployed at 11 sites, two per site an average of 122 m apart, from 9
September 2019 until 10 January 2020. As a result of batteries in all units expiring prior to a battery refresh
in November, two separate time periods of acoustic data was collected – an initial four week period from
early September until early October (average date of battery expiry 6/10/19); and a second seven week
period, from 22 November until early-January 2020 (average date of battery expiry 7/1/2020; Figure 3). A
total of 1,549 survey nights of acoustic data was collected, across all Audiomoths at all sites. On average, 81
nights of acoustic data was collected per site.
No Audiomoths were lost to theft, however two units malfunctioned, one at Iron Punt Lagoon and one at
Green Swamp. Fortunately, the paired Audiomoth at each of these sites collected data to represent the full
length of both data collection periods.
In total, 16,588 manual identifications were assigned to detected sounds, within 12,040 two-minute
recordings. Frog detections accounted for 5,633 (34%) of the manually identified sounds, with the remainder
being either birds or sounds tagged as non-frog or non-bird ‘noise’. Six frog species were identified in total
(Table 2). Frog activity, indicated by the number of call detections, varied across sites. Some sites had high
frog activity (i.e. Cameron Creek, Reedy Lagoon, Reedy Lagoon backwater, Black Swamp A and B, and
Little Gunbower Creek), and some sites had very few or almost no calling frogs this season (i.e. Charcoal
Swamp, Green Swamp and Yarran Creek; Table 2).
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Table 2. Number of calling frog detections in sub-sampled acoustic data, per site.
Peron’s
Tree Frog

Plains
Froglet

Common
Froglet

Spotted
Marsh
Frog

Pobblebonk

Barking
Marsh
Frog

Total
no. frog
species
detected
at site

407

83

682

157

77

387

6

1

436

650

650

4

1

1

2

Site
number

Site name

GB1

Cameron
Creek

GB6

Little
Reedy
Lagoon

GB7

Charcoal
Swamp

GB8

Green
Swamp

18

GB9

Yarran
Creek

3

GB11A

Reedy
Lagoon
backwater

2

GB12

Reedy
Lagoon

GB14

1

32

3

81

1

358

316

174

394

81

82

66

Iron Punt
Lagoon

105

210

102

7

GB15

Black
Swamp A

132

411

427

266

GB16

Black
Swamp B

191

531

159

213

GB18

Little
Gunbower
Creek

114

281

571

6

2

4

2

3

6

24

62

6

16

5

24

77

6

4

37

6

35

5

The two separate time periods for which acoustic data was collected, and the total number of confirmed frog
calls per day, are shown in Figure 3. Although some Audiomoths lasted beyond October 6, data for the first
recording period are only displayed up until this day as it was the last date all Audiomoths were operational.
Frog calling activity across all sites was higher during the September-October period, than during the
November-January period (Figure 3). When calling activity is separated by species, seasonal peaks between
the species become apparent (Figure 4). Most of the September-October peak in calling activity was
attributable to the Plains Froglet, Common Froglet and Spotted Marsh Frog, whereas almost all of the calling
heard in November-January was by Barking Marsh Frog and Peron’s Tree Frog (Figure 5). The Pobblebonk
was the most infrequently detected species, calling primarily in late September-October. It was also the
species detected at the fewest sites, 5 of 11 (Table 2).
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The two separate time periods for which acoustic data was collected, and the total number of confirmed frog
calls per day, are shown in Figure 3. Although some Audiomoths lasted beyond October 6, data for the first
recording period are only displayed up until this day as it was the last date all Audiomoths were operational.
Frog calling activity across all sites was higher during the September-October period, than during the
November-January period (Figure 3). When calling activity is separated by species, seasonal peaks between
the species become apparent (Figure 4). Most of the September-October peak in calling activity was
attributable to the Plains Froglet, Common Froglet and Spotted Marsh Frog, whereas almost all of the calling
heard in November-January was by Barking Marsh Frog and Peron’s Tree Frog (Figure 5). The Pobblebonk
was the most infrequently detected species, calling primarily in late September-October. It was also the
species detected at the fewest sites, 5 of 11 (Table 2).

Figure 3. Number of frog call detections per day, all sites

The Living Murray – Frog Condition Monitoring in Gunbower Forest

OFFICIAL

13

140

(A)

(B)

No. detections

120
100
80
60
40
20
0
09-Sep-19

140

No. detections

No. detections

80
60
40
20

100
80
60
40
20

09-Nov-19

0
09-Sep-19

09-Jan-20

140

09-Nov-19

09-Jan-20

140

(E)

(F)

120

No. detections

120

No. detections

(D)

120

100

100
80
60
40
20
0
09-Sep-19

09-Jan-20

140

(C)

120

0
09-Sep-19

09-Nov-19

100
80
60
40
20

09-Nov-19

09-Jan-20

0
09-Sep-19

09-Nov-19

09-Jan-20

Figure 4. Number of frog call detections per day, across all sites, for (A) Plains Froglet, (B) Common
Froglet, (C) Spotted Marsh Frog, (D) Pobblebonk, (E) Barking Marsh Frog and (F) Peron’s Tree Frog.
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3.3

Tadpole sampling

Of the eight sites that held water and could be dip-netted, only one, Little Gunbower Creek, yielded no
tadpole captures.
A total of 43 tadpoles were captured at the remaining seven sites. Tadpoles were of at least four species:
Peron’s Tree Frog, Spotted Marsh Frog, Barking Marsh Frog and a Crinia sp. Crinia sp. tadpoles could not
be definitively identified to species, most likely being Plains Froglet or Common Froglet. Crinia sp. tadpoles
were captured at four sites: Little Reedy Lagoon, Green Swamp, Reedy Lagoon and Iron Punt Lagoon. Both
Plains Froglet and Common Froglet were recorded calling at these sites. The development stage of all
captured tadpoles is shown in Figure 6. Most Crinia sp. tadpoles were at later stages of development
(stages 28-44) compared with Peron’s Tree Frog tadpoles (stages 25-35), which fits with the known breeding
seasonality of these taxa. Crinia sp. usually reach metamorphosis in spring while Peron’s Tree Frog tadpoles
usually reach metamorphosis in December-April (Anstis 2013). At stage 46, metamorphosis is complete
(Gosner 1960).
Further evidence of breeding frogs was confirmed by the presence of egg masses at two sites in early
September, when Audiomoths were deployed, and an additional site in November. All were foam egg
masses typical of the Spotted Marsh Frog (Figure 4) and were observed in shallow floodwaters at Reedy
lagoon backwater and Black Swamp A in early September, and at Iron Punt Lagoon in November. Recently
emerged Crinia sp. metamorphs were abundant on the fringes of Reedy Lagoon when tadpole sampling was
conducted (Figure 5).
The species identity of all captured tadpoles at each site matched calls from the same species recorded at
those sites, with one exception: two Spotted Marsh Frog tadpoles were captured at Green Swamp, but no
Spotted Marsh Frog calls were confirmed for that site. In September this site was experiencing a broad
shallow inundation, and conceivably adults were calling elsewhere nearby but beyond the detection distance
of the Audiomoth (one malfunctioned at this site leaving data from only one unit). Tadpoles may then have
become ‘trapped’ in the receding floodwaters into the pools that were dip-netted in November. Alternatively,
Spotted Marsh Frogs did call at Green Swamp but were not confirmed during acoustic data review, and
potentially represent a false negative in the acoustic data processing.

Figure 5. Audiomoth deployed at Black Swamp B; Spotted Marsh Frog egg mass observed at Iron
Punt Lagoon; recently-emerged Crinia sp. metamorph at Reedy Lagoon.

The Living Murray – Frog Condition Monitoring in Gunbower Forest

OFFICIAL

15

Figure 6. Number and development stage of captured tadpoles
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3.4

Temporal trends

The number of sites where frog populations have been monitored each year has varied considerably, from 626 sites (Davies 2004, Ward 2008). By considering the proportion of monitored sites each species is
detected at each year, we can begin to assess change over time. This year, the six common frog species
were all detected at a relatively high proportion of sampled sites, compared with frog surveys carried out in
2006, 2008, 2010 and 2011 (Figure 7). This year’s results were most similar to the 2004 monitoring.
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Figure 7. Proportion of monitored sites each species was detected at over time. Note x-axis not to
scale.
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4

Discussion

Current condition of the Gunbower frog community
The monitoring target of numerous populations of resident, breeding common and threatened frog species
has not yet been achieved by The Living Murray program in the Gunbower icon site thus far. This is partly
due to the current definition of ‘numerous populations’, with ‘numerous’ to mean that all six common species
are recorded in 15 of the 20 sentinel monitoring sites, annually (Table 1). Due to budget constraints, only 11
sites were monitored this year; the six relatively common frog species were detected at five of these sites. In
this respect, although the six common species were recorded across a high proportion of monitored sites,
the target as currently articulated was not met this year. Furthermore, at least one of these six species, the
Pobblebonk, requires semi-permanent waterbodies to sustain a local population, in part due to its long larval
lifespan. Pobblebonk tadpoles require 5-6 months of aquatic habitat before metamorphosing into adult frogs,
typically in December-April (Anstis 2013). This year, Pobblebonks were heard calling at the most permanent
waterbodies, which held water throughout the season: Cameron Creek, Reedy Lagoon and Reedy Lagoon
backwater, and Black Swamp A and B. Three of the monitored sites had dried completely by late November.
If the conditions needed to sustain long-lived tadpoles (i.e. standing water into at least the beginning of
summer) are not present across most frog monitoring sites each year, then the presence of all six species
should not be expected. This monitoring target may need further discussion or revision.
No threatened or rare species were detected during frog monitoring this year. This result is the same as for
The Living Murray frog monitoring at the Barmah Forest icon site, where no rare species have been detected
since the re-commencement of frog monitoring there in 2018-2019 (Howard et al. 2019, 2020).
Potentially the most likely rare or threatened species that may still occur in Gunbower Forest is the Common
Spadefoot Toad. This species is known from western and northern Victoria and inland NSW, however no
records exist from within Gunbower Forest itself. The Common Spadefoot Toad is cryptic, often burrowing
underground waiting for heavy rain to catalyse its irruptive breeding. Gunbower Forest did not receive any
large rainfall events during 9 September 2019 – 10 January 2020 when Audiomoths were recording. The
maximum daily total was 16.7 mm on 2 November 2019 (Gunbower Gee Tee Stud weather station, BOM
2020). While rain amounts as little as 5 mm appear sufficient to prompt emergence and surface foraging by
the Common Spadefoot Toad (Heatwole and Rowley 2018), breeding activity (including calling) only occurs
after sufficient rain to fill shallow depressions, and rainfall such as this was not experienced at Gunbower.
The occurrence of this species within Gunbower Forest thus remains possible, but unconfirmed.
The four other rare or threatened frog species known historically from Gunbower have not been recorded
there for many years. Sloane’s Froglet was last recorded in Gunbower Forest in January 1993, when three
individuals were captured during a pitfall trapping survey near Gunbower township (VBA 2020). The Giant
Bullfrog was last recorded in January 2000, also during pitfall trapping. The Growling Grass Frog was last
detected in 1982 in Gunbower Forest, at Reedy Lagoon, although populations are known regionally (Brown
and Bayes 2020). Bibron’s Toadlet has not been recorded in Gunbower Forest since 1961 when several
museum specimens were collected in northern Gunbower near Koondrook (VBA 2020). However, Bibron’s
Toadlet is an autumn breeder, with peak calling in March-May, so spring-focussed frog monitoring is biased
against detection of this species. Frog surveys in the last two decades have not detected these five rare or
threatened species in Gunbower Forest, although considerably more targeted survey effort would be
required to confirm the absence of each with a high degree of certainty.
At present, TLM Gunbower Forest frog monitoring objectives include a target of ‘at least one threatened or
locally extinct species [to be] recorded in at least one site’ by the year 2030. It is unlikely that this target will
be achieved without first carefully considering the possible causes for the local extirpation of these species.
For example, their decline may have been driven by a reduction in habitat quality or connectivity, by disease,
by competition for resources, or other ecological factors. If suitable habitat for one or more of these
presumably now locally-extinct species does persist, but there is no pathway for recolonisation of that
habitat, or source populations are too far away, then the target will not be met without direct management
intervention (i.e. translocation).
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Changes in frog community condition over time
The same six frog species were recorded this year as have been recorded since frog monitoring began, in
Gunbower Forest in 2004 (Davies 2004). This year, the six common frog species were all detected at a
relatively high proportion of sampled sites (Figure 7). Figure 7 should be interpreted with caution, however,
as survey effort and methods have varied considerably over time. For example, frog monitoring in 2006 was
carried out at 21 sites but only in January and February of that year (Ward 2006). That Peron’s Tree Frog
was detected at many more sites than Plains Froglet or Common Froglet in 2006 is likely due to the timing of
the survey, as Plains Froglet and Common Froglet call predominantly in winter-spring, and Peron’s Tree
Frog predominantly in spring-summer. In 2008 frog monitoring was carried out in June, October and
November at 26 sites (Ward 2008), and in December 2011 at 17 sites (Robertson and Coventry 2012).
These previous monitoring events also employed different methods, in part, to this year’s monitoring. This
year, tadpole sampling was conducted using the same method as in earlier years, but the listening and
spotlight surveys conducted over single-night visits were replaced by remote acoustic call recorders. This
passive monitoring collected an average of 81 nights per site from September 2019 – January 2020. This
sampling effort is substantially higher than the 1-3 nights that traditional listening and spotlight surveys can
typically afford. Previous frog condition monitoring at Gunbower surveyed each site for 1-5 nights (average
2.6) (Davies 2004; Ward 2006, 2008, 2010; Robertson and Coventry 2012). This year’s dataset covered
several months, from early September until early January, and thus captured more species’ seasonal calling
peaks. It is difficult to draw direct comparisons with previous monitoring years, due to the variable survey
effort between years. For example, in 2004 six sites were visited once per month for six months, August –
January (Davies 2004). In 2006, 20 sites were visited twice, in January and February only (Ward 2006). In
2008, 26 sites were monitored in June, October and November (Ward 2008), and in 2011, 17 sites were
monitored in December only. However, comparison of this year’s monitoring results with previous years
indicates that the frog community composition at Gunbower Forest remains stable.
Site occupancy of the six common frog species appears to fluctuate over time (Figure 7) and between sites,
but each species occurs in Gunbower Forest in at least as many locations as over the past 16 years.
Detection rates for each species have fluctuated over this period, but no decline is apparent among the six
common species. Amphibian community structures are influenced by hydrological regimes. These regimes
have three main components –hydroperiod, flooding frequency and seasonality of flows (Wassens and
Maher 2011, McGinness et al. 2014). Hydroperiod is particularly important as it directly influences
survivorship in tadpoles and thus recruitment (Pechman et al. 1989, Lane and Mahony 2002). Generalist
species with shorter larval stages and flexible breeding windows, such as the Common Froglet, Plains
Froglet, and Spotted Marsh Frog, will persist relatively longer in the face of variable or unfavourable
conditions. An assessment of change between habitats or sites within Gunbower Forest may be betterinformed by considering the other three species, which have longer larval stages (Pobblebonk) and/or
seasonally restricted breeding windows (Peron’s Tree Frog and Barking Marsh Frog). Notably, the Barking
Marsh Frog is apparently more common in Gunbower Forest, heard at seven of the 11 monitored sites (73%)
than in Barmah Forest, where it was heard this year at only two of the 22 monitored sites (9%; Howard et al.
2020).
The presence of calling Pobblebonks, Barking Marsh Frogs and Peron’s Tree Frogs at Reedy Lagoon and
Black Swamp A and B this year indicate that the water deliveries to Reedy Lagoon and Black Swamp were
successful in maximising the number of frog species confirmed for these sites. Water deliveries to the Little
Reedy Lagoon complex appeared to create ideal frog breeding habitat during September-November, with
high macrophyte coverage (Appendix 2), however Pobblebonks and Barking Marsh Frogs were not recorded
there, and only one Peron’s Tree Frog call was detected. Both Peron’s Tree Frogs and Barking Marsh Frogs
are known historically from Little Reedy Lagoon (Ward 2006, 2008). Insufficient flooding frequency results in
reduced frog species richness in Murray River floodplain environments (McGinness et al. 2014), however the
site has received regular environmental watering over the past decade (S. Piscitelli pers. comm.). It is thus
unclear why Pobblebonks, Barking Marsh Frogs and Peron’s Tree Frogs were not detected or detected at
low rates at Little Reedy Lagoon this year.
At six of the 11 monitored sites, fewer than six species were recorded. While only 11 of the 20 historically
monitored sites were sampled this season, the sampling covered several months and it is unlikely that
Pobblebonk or Barking Marsh Frog populations were present but undetected, due to the long survey duration
enabled by passive acoustic monitoring. Consistent monitoring of frog populations at sentinel sites will yield
further insights into frog population dynamics in relation to environmental watering.
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Recommendations
For future frog condition monitoring in Gunbower Forest, we make the following recommendations:

1. Revision of the ecological monitoring objective that all six common frog species are to be recorded in
15 of the 20 sentinel monitoring sites, annually. We recommend that the objective be refined to
account for differences in species life history traits, and be reported as a proportional target, i.e. 5075% of monitored sites.
2. Revision of the ecological monitoring objective that by 2030, at least one of the listed threatened or
extinct species is recorded in a least one site. Given differences in breeding seasons, life history
traits and the reduced probability of detecting rare species in generalist monitoring studies, it is
recommended that surveys, aiming to confirm with high certainty the absence of at least one of
these species, are conducted. Focussed survey effort at appropriate times of year (e.g. March-May
for Bibron’s Toadlet) are required to posit absence with high certainty, after which appropriate
conservation management options may be considered.
3.

Consider investigating why the five rare or threatened species may no longer persist within
Gunbower Forest. This may include quantifying habitat elements important for these species at each
of the sentinel sites, and at sites where these species persist outside of Gunbower Forest.

4. Commence monitoring population condition indices that allow tracking of basic ecological metrics of
interest, such as species richness, abundance, and breeding, as suggested by Robinson (2013),
similar to those being monitored in the Barmah-Millewa icon site since 2018-19 (Howard et al. 2019,
2020). Note, however, that using acoustic data to estimate abundance remains challenging, may
require deployment of arrays of sound detectors per site, and would require testing.
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Appendix 1 List of sites surveyed
Sites monitored in 2019-2020. Audiomoth locations at each site, and water quality parameters measured on 22 November 2019. Coordinates are in WGS84.
Site
number

Site name

GB1

Cameron
Creek
Little Reedy
Lagoon
Charcoal
Swamp
Green
Swamp
Yarran Creek
Reedy
Lagoon
backwater
Reedy
Lagoon
Iron Punt
Lagoon
Black
Swamp A
Black
Swamp B
Little
Gunbower
Creek

GB6
GB7
GB8
GB9
GB11A

GB12
GB14
GB15
GB16
GB18

23

Audiomoth 1
location

Audiomoth 2
location

Waterbody type

Waterbody
extent (m)

Oxygen
(mg/L)

Turbidity
(FNU)

55H 270991 6017952

55H 271085 6017880

50 x >200

51

83.9

55H 252877 6038018

55H 252954 6038076

Semi-permanent
wetland
Floodplain

6.68

1.6

9.85

100 x >200

20

205.4

7.97

13.07

16.8

55H 253551 6039437

55H 253476 6039485

Dry

na

na

na

na

na

na

55H 250798 6039548

55H 250726 6039555

Two pools

25

147.2

7.15

10.84

14.3

Dry

8 x 15,
15 x 40
na

55H 251524 6040796

55H 251535 6040737

na

na

na

na

na

55H 247729 6041995

55H 247774 6042059

Dry

na

na

na

na

na

na

55H 247425 6042917

55H 247385 6043005

45 x >200

>150

99.3

7.41

6.89

6.3

55H 247067 6045090

55H 247146 6044934

8 x >200

53

178.3

6.99

1.81

5.35

55H 245161 6043248

55H 245211 6043176

120 x >200

50

1236.1

6.59

1.38

11.5

55H 244833 6044528

55H 244492 6044543

15 x >200

47

149.5

6.54

1.95

48

55H 244350 6046161

55H 244430 6046064

Semi-permanent
wetland
Flooded
depression
Semi-permanent
wetland
Semi-permanent
wetland
Creekline

18 x >200

>150

101.3

7.30

3.82

33.01
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Max.
depth
(cm)

Conductivity
(µs/cm)

pH

Appendix 2 Habitat attributes
Mean values of selected habitat attributes present in aquatic habitat sampled for tadpoles, 22 November 2019.

Site ID

Site name

GB1
GB6
GB7
GB8
GB9
GB11A

Cameron Creek
Little Reedy Lagoon
Charcoal Swamp
Green Swamp
Yarran Creek
Reedy Lagoon
Backwater
Reedy Lagoon
Iron Punt Lagoon
Black Swamp A
Black Swamp B
Little Gunbower
Creek

GB12
GB14
GB15
GB16
GB18

24

Emergent
macrophytes
(mean % cover)
5
5
0
5
0
0

Submerged
macrophytes
(mean % cover)
20
65
0
15
0
0

Floating
macrophytes
(mean % cover)
20
10
0
5
0
0

CWD
(mean %
cover)
5
5
0
5
0
0

Tree
(mean %
cover)
5
0
0
0
0
0

Depth (cm)

5
0
0
10
0

50
5
0
0
5

60
5
5
5
5

5
5
30
15
25

5
0
16
5
0

32
16
26
23
53
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37
13
0
8
0
0

Comments

Dry
Dry
Dry
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