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The occurrence and status of frogs in the Gnangara

Sustainability Strategy study area

Executive Summary

The Gnangara Sustainability Strategy (GSS) is divagéency taskforce initiated to
provide a framework for balancing water, land andimnmental issues on the Gnangara
Mound, and to develop a water management regintestisacially, economically and
environmentally sustainable. Because of theirdgg) frogs are likely to be sensitive to
changes in landscape hydrology and therefore § stad undertaken to assess the status
of frogs in the GSS area, and to review the biolagg distribution of these frogs to
determine what impacts have happened or may odtwas also considered that frogs

may provide an indication of what is happeningtteeo facets of wetland ecosystems.

Field studies were based on aural surveys of catftiales, as this was considered the most
efficient method of scoring presence/absence aitge Inumber of sites. Sixty-two sites
were sampled and they included all main wetlanégyip the region: lakes (n=11),
palusplains (n=14), sumplands (n=33) and wateresuiis=4). Aural surveys took place at
night in late autumn, when several frog speciels aatl late winter/early spring, when
most of the remaining species are vocal. The & ttbgMyobatrachus gouldii was not
sampled during this programme, and the MotorbilagErtoria moorei, which calls
primarily in late spring, was under-sampled. Réckta from additional sites in the GSS
area, at Whiteman Park, the Lexia wetlands and $tieath Lake, were used to supplement
the results from the aural surveys, and historieabrds for the region were obtained from
the WA Museum database. In addition, presencefabsesults from pit-fall trapping in a

concurrent GSS project were also accessed.

Of the 13 frog species known from the GSS area& species were recordedrinia
georgiana, Crinia glauerti, Criniainsignifera, Heleioporus eyrei, Limnodynastes dorsalis,
Litoria adelaidensis, Litoria moorei, Myobatrachus gouldii, andPseudophryne guentheri.
Those species historically recorded from the atganbt observed during this project
include:Heleioporus albopunctatus, Heleioporus psammophilus, Heleioporus barycragus

andNeobatrachus pelobatoides. Those species known from the area historicaltynot

Frog surveysin the GSS Sudy Area 1
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recorded in the 2009 surveys are all believed tedggants in the ared. gouldii was
recorded only from trapping studies and was notremed further as it is a strictly

terrestrial species, largely independent of wettand

Patterns of distribution of frogs in the GSS araaed between species and were examined
with respect to four environmental parameters: fiamd unit; wetland type; presence of
sedges and rushes; and presence of surface watatter. H. eyrel andC. insignifera

were widespread and found in a range of sites aithmd types, irrespective of vegetation
and even at sites without surface water, whe@ggorgiana andP. guentheri had

restricted distributions, being found at few sitegthe Bassendean land system and
confined to wetlands of specific characteristicajavcourses fo€. georgiana and
palusplains and sumplands farguentheri. L. dorsalis, L. adelaidensis andL. moorel

were all associated with permanent or near-perntamettands with riparian vegetation,
and such wetlands tend to occur in the Spearwosig sy although with some examples

on the Bassendean landfori@. glauerti occurred across a range of sites, but its presence

correlated with water in winter and riparian vegeta

The patterns of distribution of frogs were ass@dawith their biology and particularly
aspects of their breeding strategy. For exampéethree species associated with
permanent or near-permanent wetlands all requeeevirater in which to lay their eggs and
all breed from late winter through spring. In gast, a few species breed in early winter
to take advantage of the first winter rains, ans #lows them to utilize a different suite of

wetlands.

Review of the biology of each frog species alloi@dan assessment of their sensitivity to
hydrological declines. Species could be broadigstd as follows:

* Robust in the face of hydrological decline and gesmsonly to almost catastrophic
change due to reliance on permanent or near-pemhamtlands. Such wetlands
tend to be large systems with considerable cap#mityontraction C. georgiana,

L. dorsalis, L. adelaidensis andL. moorei).

* Robust in the face of hydrological decline duedtoglevity and persistence even in
the face of failed breeding in successive yeammngevity effectively masks
impacts so that other facets of the wetland ecesysbuld be profoundly affected
before a change would be detected in the frog spegopulationkl. eyrel).

Frog surveysin the GSS Sudy Area 2
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» Sensitive to hydrological change with populatiaksly to decline rapidly de to
reliance on small, shallow wetlands and near-anragabitment C. glauerti and
C.insignifera). C. glauerti appears to be more sensitive ti@annsignifera.

* Very sensitive to hydrological change due to a sjgesnd inflexible breeding

biology that relies on early winter rains and vemallow wetlandsH. guentheri).

Frog surveysin the GSS Sudy Area
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INTRODUCTION

The Gnangara groundwater system is located onwlaa £oastal Plain, north of Perth,
Western Australia and covers an area of approxisnate200 knf. The Gnangara
groundwater system consists of the unconfined $igf@raquifer known as the Gnangara
Mound that overlies the confined Leederville andr#gadee aquifers. The mound aquifer
is recharged directly by rainfall (Allen 1981), apibvides Perth with approximately 60%
of its water. It supports numerous significantdiersity assets including the largest patch
of remnant vegetation on the Swan Coastal Plaithsaitthe Moore River, numerous
threatened species and ecological communities andeof approximately 600 wetlands.
In addition to these seasonal and permanent west/dinel mound underlies pine plantations
and extensive areas of natiBanksia woodlands.

The multi-agency taskforce Gnangara Sustainal#litgtegy (GSS) was initiated to
provide a framework for balancing water, land andi®nmental issues on the Gnangara
Mound, and to develop a water management regintestisacially, economically and
environmentally sustainable (DOW 2008). Becauséeif biology, frogs are likely to be
sensitive to changes in landscape hydrology. Bpagies differ in their biology to the
extent that they will almost certainly vary in thdistribution across a region, with some
wetlands being suitable for some frog species anathers, and will vary in their
responses to environmental change. These chasticepotentially make frogs important
indicators to changing hydrological conditions ba Gnangara Mound and are thus

investigated here.

The frog fauna of the GSS study area is well-doautete(Storret al. 1978; Tyleret al.
2000), with 8 genera and 13 species expected tar:dCania georgiana, Crinia glauerti,
Crinia insignifera, Helel oporus albopunctatus, Heleioporus eyrei, Heleioporus
psammophilus, Heleloporus barycragus, Limnodynastes dorsalis, Litoria adelaidensis,
Litoria moorei, Myobatrachus gouldii, Neobatrachus pel obatoides andPseudophryne
guentheri. However, local patterns of distribution are wetfl-understood and are
discussed in this report. The aims of the invesiogs are:
1) To provide baseline data on the current distributbfrog species across the
GSS study area and examine this distribution vagipect to environmental

Frog surveysin the GSS Sudy Area 1
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parameters such as soil, vegetation, presencetef vggasonal variations in
water levels, presence of other species, watertgueic.
2) To review the biology of each species in orderdteptially predict sensitivity

to hydrological change.

METHODS

Aural surveys and environmental parameters

Aural surveys of calling males were carried ouvatlands within the GSS study area
including wetlands in urban areas. The majoritgmécies call from late winter to late
spring (see Figure 1 and Figure 2), but a few gsecall in autumn/early winter (the
Moaning FrogHeleioporus eyrei, H. psammophilus andH. albopunctatus and Ginther’'s
Frog Pseudophryne guentheri). Thus, surveys were carried out in May/June and
August/September when it was expected almostadl $pecies would be calling. Late
spring and summer-calling speciegpria moorei and particularlyMyobatrachus gouldii,
were not adequately sampled with aural surveyshitnreport, the May/June and
August/September survey periods are referred tbeaautumn and winter surveys

respectively.

Surveys took place on evenings with fine weathernaarm temperatures to maximize
frog observations. Mike Bamford supervised eachiesuwith assistance from Brent
Johnson (DEC), Alice Reaveley (DEC), Natalia HuédgC), Tracy Sonneman (DEC),
Katy Montgomery (DEC) and Janine Kuehs (UWA). $itio sites were selected to
represent a range of wetland types across the ahedy with assistance from Dr. Rob
Davis. These wetland types include lakes (n=14alygplains (n=14), sumplands (n=33)
and watercourses (n=4). Plates 1 to 18 illustsgiieal examples of each wetland type.
Wetland type definitions were adapted from Semegil@emeniuk (1995)iake =
permanently inundated baspglusplain = seasonally waterlogged flatympland =
seasonally inundated basimater course (categorised asreek by the afore-mentioned
authors) = seasonally inundated channel.

Frog surveysin the GSS Sudy Area 2
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Locations of sites in relation to the GSS studwae shown in Figure 3. Appendix 1

details the coordinates (GDA 94) of each survey aitd the dates the sites were visited in

autumn and winter.

Heleioporus eyrei
Pseudophryne guentheri
Crinia insignifera

Crinia georgiana
Limnodynastes dorsalis
Litoria adelaidensis

Crinia glauerti

Jan Feb Mar Apr May Jne Jly Aug Sep Oct Nov Dec

I I I I I I I I I |
I I I I I | I I I |
I I I I I I I I I |
I I I I I | [ e . I I |
I I I I I | [ I I I |
T T T T
[ T T T 7T T [ ]

Figure 1. Frog calling phenology at Whiteman Pamn( Bancroft and Bamford 2008).

The darker the shading the more frogs are callihg. darkest grey represents peak calling

times.

Litoria moorei

Myobatrachus gouldii

Jan

Feb Mar

Apr May Jne Jly Aug Sep Oct

Neobatrachus pelobatoides |

Heleioporus barycragus

Nov Dec

Heleioporus psammophilus |

Heleioporus albopunctatus |

Figure 2. Frog calling phenology based on theditee, for species known from the GSS

area but not reported by Bancroft and Bamford (2008e darker the shading the more

frogs are calling. The darkest grey represents pabikg times.
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Frog Survey Sites
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Figure 3. Frog aural survey sites in the GSS Pt@jea (red circles with site codes).

Other locations for which data are available og$rare also indicated. Detailed maps of
site locations and codes of other surveys are shiowheir associated appendices. Note:
species location data from the Western Australiassélim specimen records database are

shown in a separate appendix (Appendix 10).
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Aural surveys involved listening at each site fop@ximately 5 minutes and counting the
number of each species heard. These abundanaswature then grouped into categories:
1-10, 11-30 and >30. Further differentiation bedawealling individuals was difficult
beyond 30. Brief descriptions of vegetation, wadléaype and water levels were also

recorded at each site.

In addition to the aural surveys conducted asqfaftis project, detailed information on
the distribution of frogs at other sites in the G88a was obtained from Bamford and
Everard (2008) for the Lexia wetlands area and Bdhand Bamford (2008) for
Whiteman Park. Both locations are in the south-efthe GSS area and the detailed
studies provide location information for frogs dtuether 23 sites (5 at Lexia and 18 at
Whiteman Park). Detailed personal observationsaiidl A. Bamford) are available from
Herdsman Lake in the south-west of the GSS ameddntal capture data of frogs in
pitfall traps as part of the parallel GSS faunassuiis also included. These additional
sites are included on distribution maps for eadtigs, while observations contribute to
the review of their biology. Records from thesleentsources, including detailed site
locations, are summarised in Appendices 6 to Sadutiition, the results include spatial frog
specimen information extracted from NatureMap (DE@)7), showing data from the

Western Australian Museum specimen database (spemiix 10).

Four parameters considered important in influenéiag distribution were: i) landform

unit, ii) wetland type, iii) presence of sedges amshes, and iv) the presence of surface
water in winter. Appendix 2 provides a descriptodreach site in terms of these
parameters. Appendix 3 provides a further desonpif the vegetation at each site. The
effects, if any, of the above four parameters @ngiresence/absence of frog species across

the wetlands were examined.

Frog surveysin the GSS Sudy Area 5



Gnangara SQustainability Strategy

Plate 1. SiteOa (Tick Flat). Mostly dead Plate 2. Site 1. Palusplain severely damaged by
paperbark treeswith invading upland vegetation.  wildfire.

."‘
: L A bl
Plate 4. Site 3. Watercour se flowing through a
gallery forest of eucalyptsand paperbarks.

“

Plate5. Site4. Fringe of large swamp. Shrubs Plate6."Site 7: Flooded drain d avégetaled
and treesregener ating from recent fire. sumpland surrounded by pasture.

Frog surveysin the GSS Sudy Area 6
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Plate 7. Site9. Palusplain with paperbar ks over
shrubs. No surface water.

- s ";.ﬁé-" o - 2
Plate 8. Site16. Edge of sumpland supporting
very large Flooded Gums; under stor ey vegetation

Plate 9. Site 21. Paluspln suportng dense, low
shrubs. No surfacewater.

removed by human activities. No surface water.

Plate 10. Site 24. Palusplain supporting
M elaleuca teretifolia, indicative of past long
seasonal inundation, but surface water in 2008

Plate11. Site25a. A seasonally inundated
sumpland with sedges and paperbarks.

was only in deep whesd ruts.

Plate 12. Site28. Fire-holedug in broad
sumpland containsthe only water present.

Frog surveysin the GSS Sudy Area
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Plate 13. Site 36, Paperbarksover sedgesand ~ Plate 14. Site4L. (Tuscan Park) A sumpland
extensive water of mound spring. with moreor less permanent water (probably
maintained) and extensiveriparian vegetation.

Plate 15. Site 31. Palusplain with a belt of dense  Plate 16. Site 34. Palusplain with some
paperbarksover shrubs. No surface water. paperbarks and a dense sward of sedges. No
surface water.

Plate 17. Sit47. (LakeJoondaup) Very large Plate 18. Site53. Sumpland with a closed fr
lake with extensiveriparian vegetation. This of Banksia littoralis. No surfacewater.
vegetation floods seasonally.

Frog surveysin the GSS Sudy Area 8
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Review of biology of species

The review of biology of frog species involved mwing published and unpublished
literature, and meeting with recognised experttooal frog biology. Main sources of
information were Tylegt al. (2000), Bamford (1986) and Main (1965). There aia®
extensive reliance on personal information (M. Bantif. The results of the review form
the basis of the Discussion (Section 4) and asgpneéted in relation to observations in the
GSS area. For each species, key ecological cleaistitts that may affect their sensitivity

to hydrological change were summarised:

Breeding strategyWhen the species breeds and how it breeds @gg.dispersed, in

burrow, etc). Such characteristics can affecstesitivity of the species to changes in
groundwater levels.

Larval period A short larval period would be expected to malspecies more robust in

the face of hydrological change.

Diet: Larval and adult diet may have some bearing erstts of environments the species
may occur in.

Juvenile dispersaDispersal of juveniles (i.e. metamorphs; aninthhég have recently

metamorphosed) may determine the reliance of aespen wetlands towards the end of
the breeding season.

Age at maturity The age at maturity can influence the impact pbar or a good breeding

season upon the population.

Longevity. Short-lived species may suffer drastic populatienlines after only one or two
poor breeding seasons, and may be sensitive tbdgtiaction. Long-lived species may
persist, enabling them to take advantage of ocoakgood years, or perhaps just
persisting despite ongoing poor conditions. SuaBignce can mask impacts.

Movement patterns of adultddults may disperse widely, undertake regulasseal

movements or be sedentary at their natal siteebify characteristics affect the ability of
a species to recolonise sites and can determihe gpecies is affected by factors taking
place away from the breeding site.

Breeding environmentn what sort of environment does the speciesdhreeasonal or

permanent wetland, riparian vegetation or bareesh&uch wetland characteristics can

change with hydrological changes.

Frog surveysin the GSS Sudy Area 9
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Non-breeding environmenthis relates to movement patterns of juvenilesahdts.

General distribution and status in the GSS:afba distribution of the species in the

South-West and what is known about the specidsaiGISS area; where it occurs and if
there is any evidence of impacts from hydrologatenge.

Predicted sensitivity to hydrological chan§féhat do the above features of the species and

the observations made in the Gnangara projectsaiggest about its sensitivity to

hydrological change?

RESULTS

Results of this project are presented in two sastas follows:
The frog assemblage and environmental parameférs provides an overview of the

abundance of each species and how the key envirdahparameters of landform type,
wetland type, presence/absence of surface wateprasdnce/absence of sedges affect
species richness and abundance.

Species distribution pattern¥his considers each species and the sorts ofaditghich it

was recorded. This section includes a distributi@p across the GSS area for each

species, including supplementary records from atbarces (see above).

The frog assemblage and environmental parameters

The results of the aural survey for autumn andeviate shown in Appendix 4 and
Appendix 5 respectively, and are summarised onelablThese surveys confirmed the
presence of eight frog species and failed to lofmteknown from the area historically:
Heleloporus albopunctatus, Heleloporus barycragus, Hel el oporus psammophilus and
Neobatrachus pelobatoides. The Turtle Frogvlyobatrachus gouldii was also not recorded
during aural surveys, but it calls in very lateisgrand thus no surveys took place at the
right time of the year to detect it. The most treqtly recorded species wids! eioporus
eyrel (30 sites). Other species (in order of abundaweeg:Crinia insignifera (23 sites),
Crinia glauerti (21 sites)Litoria adelaidensis (19 sites) Limnodynastes dorsalis (18 sites),
Pseudophryne guentheri (8 sites)Litoria moorel (4 sites) andCrinia georgiana (3 sites).

These records should provide an accurate reflecfidime distribution and abundance of

Frog surveysin the GSS Sudy Area 10
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the frog species across the project area excepeinase ok. moorei, which tends to call
slightly later in the year than when surveys weareducted. It may thus be more

widespread than indicated and is indeed a faniiioay in suburban gardens.

No site supported all eight species, three sitdsshaor seven species, 17 sites had no
species and 15 sites supported just one specgeréH). Sites with at least 4 species
(50% of recorded species) are listed in Table & wieir key environmental parameters.
All of these sites had surface water in winter aadges/rushes. Most sites with high
species richness were in watercourses or lakesjrf@mumplands and none in palusplain.
Over half of the species-rich sites were within ®amlean landform system. The three
most species-rich sites were Sites 3, 6 and 3@akk watercourses in the Bassendean
landform in the north-east and east of the prajeea (see Figure 3). Patterns of
distribution are examined further below, firstly tgnsidering environmental parameters
broadly, and then by examining the distributioreath frog species across all the sites.

Frog surveysin the GSS Sudy Area 11
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Table 1. Frog survey sites at which each frogigiseeas recorded during aural surveys
(autumn and winter combined). See Appendix 4 appeAdix 5 for seasonal and

abundance information.

Site C. C. C. H. L. L. L. P.
Code | georgiana |glauerti|insignifera| eyrel |dorsalis| moore |adelaidensis| guentheri
Frog O
Frog Oa
Frog 01
Frog 02
Frog 03 X X
Frog 04
Frog 05 X
Frog 06 X

Frog 0649 X
Frog 07 X
Frog 08
Frog 09 X
Frog 10
Frog 13
Frog 14
Frog 15
Frog 16
Frog 18
Frog 19
Frog 21
Frog 22
Frog 23 X
Frog 24 X
Frog 25
Frog 2549 X X X X
Frog 26
Frog 27 X
Frog 28
Frog 29 X X X
Frog 30 X
Frog 309 X X X
Frog 31 X
Frog 32 X
Frog 33 X
Frog 34
Frog 35
Frog 36 X X X X X X
Frog 364
Frog 37 X
Frog 39
Frog 40 X X

X
X
X X X
X
X

Xlx<|x[X]| |
<
<

X X X X

| XX > | >¢| <

X
X
X

XX XXX
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Site
Code

C.
georgiana

C.
glauerti

C.
insignifera

L

i |dorsalis

moor el

L.
adelaidensis

P.
guentheri

Frog 404

Frog 41

X

X

Frog 419

x|

Frog 42

Frog 43

Frog 44

Frog 45

Frog 46

Frog 47

X X[ XX

XXX X| >

Frog 48

X

Frog 49

XX XXX X[ X

X

X

Frog 50

Frog 51

Frog 52

Frog 53

Frog 54

XX |[X|X| X

Frog 55

Frog 56

Frog 57

X[ X[ XX

X[ X| X

Frog 58

XX XX | X

X | X[ X[ X| X

Frog 59

Frog surveysin the GSS Sudy Area
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Number of Sites

o 1 2 3 4 5 & 7

Species Richness

Figure 4. The frequency distribution of specietimess across the sites.

Table 2. Attributes of sites with at least fourgrspecies (50% of recorded species).

Site

Species
Richness

Landform
Unit*

Wetland
type

Presence of
Sedges/Rushes

Presence of Surface
Water in Winter

Frog 03

Frog 04

Frog 05

Frog 06

Frog 07

Frog 25a

Frog 36

Frog 41

Frog 44

Frog 45

Frog 46

Frog 49

Frog 54

Frog 55

Frog 56

Frog 57
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* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain

The occurrence and distribution of each specieslation to environmental parameters are

shown in Figure 5 (landform unit), Figure 6 (wetaype), Figure 7 (presence of

sedges/rushes) and Figure 8 (presence of surfaee wavinter). Relationships between

environmental parameters and frogs can be sumrdasséllows:

Frog surveysin the GSS Sudy Area

14




Gnangara SQustainability Strategy

Landform unit (Figure 5). Bassendean unit suppoise species (8 compared with 6 in
Spearwood). The species missing from Spearwoolhmast areC. georgiana andP.

guentheri. Despite this, all frog species present on Speadwvetlands are better
represented (ie. present at a higher proportisunfeyed wetlands) than on Bassendean
wetlands. This relates to the nature of the wdsathose in the Spearwood system mostly
being large lakes and sumplands, whereas thobe iBassendean system often being very

shallow sumplands and palusplain sites.

Wetland type (Figure 6). Watercourses and lakesgdarge, permanent or near-
permanent and with extensive riparian vegetatiopperted more species generally at
higher levels of representation than sumpland ahasplain wetlandsP. guentheri was
absent from lakes but present at all other wettgpéds, whileH. eyrel was the only

species well-represented at palusplain sites. spiin sites supported only four species.

Presence of sedges (Figure 7). The presence gés@aay be closely related to the
presence of surface water and it may be eithdraxe parameters that is important for
some frog species. Both eyrei andP. guentheri appear unaffected by the presence or
absence of sedges, while a further four specieprasent at sites without sedges, albeit at

lower levels of representation than among siteb séidges.

Surface water in winter (Figure 8). This was digan important parameter for frogs, but
four species were recorded at sites without surzter;H. eyrei was present at over 40%
of such sites compared with over 50% of sites wittface waterH. eyrei andP.

guentheri had similar levels of representation at sites \arld without surface water.

Frog surveysin the GSS Sudy Area 15
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O C. georgiana
| C. glauerti

O C. insignifera
O H. eyrei

W L. dorsalis

O L. moorei

B L. adelaidensis

O P. guentheri

Figure 5. Occurrence of each species within lamdfonits
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Lake (n=11) Palusplain (n=14)  Sumpland (n=33)

@ C. georgiana
m C. glauerti

0O C. insignifera
O H. eyrei

| L. dorsalis

O L. moorei

B L. adelaidensis
O P. guentheri

Watercourse (n=4)

Figure 6. Occurrence of each species within wettgpd
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60
50 A
O C. georgiana
2 40 m C. glauerti
) 0O C. insignifera
E 30 O H. eyrei
& 1 M L. dorsalis
§ 20 O L. moorei
E | | L. adelaidensis
O P. guentheri
10
0 ‘ ; I
Presence of Sedges (n=39) Absence of Sedges (n=23)

Figure 7. Occurrence of each species within siiés and without sedges/rushes.

90
80 -
70 | o C. georgiana
" m C. glauerti
() |
5 60 O C. insignifera
S 50 O H. eyrei
m .
g 40 - ] B L. dorsalis
$ O L. moorei
o il
5 30 B L. adelaidensis
20 - O P. guentheri
10 - —’»
o [ ] 1
Surface Water in Winter (n=27) No Surface Water in Winter (n=35)

Figure 8. Occurrence of each species within si#sand without surface water in winter
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Species Distribution Patterns

Crinia georgiana

C. georgiana was found at only three sites in the northeastessd of the study area
(Figure 9). It was recorded only in winter. Theges were all located in Bassendean
soils, and had presence of both sedges/rushesigadeswater in winter. They were all
also species rich. One site was a lake that wdpa watercourse, while the remaining
two sites were parts of watercourses. These iecRite 36, a mound spring that forms
part of a complex drainage system in winter. Atitan ParkC. georgiana was also

found to be largely restricted to sites along oselto watercourses.

C. georgiana was absent from a number of apparently suitabés gtarticularly the large
lakes with extensive riparian vegetation within 8earwood landform system. Some of
these lakes, such as those within Yellagonga Rabfark, are linked by vegetated
drainage lines. It is not known why the specieasbisent from these sites, but it is
considered to be patchily distributed on the Coddtn but with an extensive distribution
along the Darling Scarp and in high rainfall arebthe adjacent plateau. Its absence for
Spearwood lake systems may be biogeographic. ritistwecords are restricted to the
south-eastern corner of the GSS area (Appendix 10).

Table 3. Attributes of sites whe@ georgiana was recorded.

Site Species Landform Wetland Presence of Presencg of Sgrface
Richness Unit* type® Sedges/Rushes Water in Winter
Frog 03 7 B W + +
Frog 06 7 B S + +
Frog 36 6 B W + +

* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain

Frog surveysin the GSS Sudy Area

18



Gnangara SQustainability Strategy
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Figure 9. Occurrence @rinia georgiana in the study area.
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Crinia glauerti

C. glauerti was recorded at 21 sites (Table 4), being betfmesented at sites in the
Spearwood (80% of sites) than the Bassendean (2@%es) land systems. It was well-
represented on watercourses and lakes, presesrhatsimplands but not present at any
palusplain sites. It occurred only at sites wilges/rushes and with water present in
winter. C. glauerti is widespread across the GSS project area excépe icentral region
where palusplain sites predominate, and has akso t@eorded in the Lexia, Whiteman

and Herdsman areas (Figure 10).

Table 4. Attributes of sites whe@ glauerti was recorded.

Site S_pecies Landfor m Wetland Presence of Pr@ence_ of Sgrface
Richness Unit* typer Sedges/Rushes Water in Winter
Frog 03 7 B w + +
Frog 05 4 B w + +
Frog 06a 3 B S - +
Frog 07 5 B S + +
Frog 25a 4 B S + +
Frog 30a 3 B S + +
Frog 36 6 B w + +
Frog 40 2 B L + +
Frog 41 5 B S + +
Frog 43 3 S S + +
Frog 44 4 B L + +
Frog 45 5 S L + +
Frog 46 4 S L + +
Frog 47 3 S L + +
Frog 48 2 S S + +
Frog 49 4 S L + +
Frog 54 5 S L + +
Frog 55 4 S L + +
Frog 56 4 S L + +
Frog 57 4 S L + +
Frog 58 2 S S + +

* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain
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Figure 10. Occurrence @frinia glauerti in the study area.

Frog surveysin the GSS Sudy Area

21



Gnangara SQustainability Strategy

Criniainsignifera

C. insignifera was recorded at 23 sites (Table 5), being betfmesented at sites in the
Spearwood (60% of sites) than the Bassendean (38@%es) land systems. It was present
at all watercourse sites and most lake sites, 9 8armplands sites and a single palusplain
site. Unlike the simila€. glauerti, it occurred at several sites without water intein
and/or without rushes and sedges. This was tlendanost widespread frog species in
the GSS area (aftét. eyrel), and has also been recorded in the Lexia, Whitesnal
Herdsman areas (Figure 11). It hybridizes withgineilar Crinia pseudinsignifera

between Muchea and Bindoon, on the north eastga efdthe GSS area (Bull 1979), but
C. pseudinsignifiera was not recorded during the current surveys aaktare no historical

records for it within the project area.

Table 5. Attributes of sites whe insignifera was recorded.

Species Landform Wetland Presence of Presence of Surface
Richness Unit* type® Sedges/Rushes Water in Winter

+ +

Site

Frog 03
Frog 04
Frog 05
Frog 06
Frog O6a
Frog 07
Frog 23
Frog 24
Frog 25a
Frog 27
Frog 30a
Frog 36
Frog 41
Frog 41a
Frog 42
Frog 44
Frog 45
Frog 46
Frog 49
Frog 54
Frog 55
Frog 56
Frog 57 4

* Landform units B= Bassendean, S= Spearwood,;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain

~
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Figure 11. Occurrence €. insignifera in the study area.
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Heleioporus eyrei

H. eyrel was recorded at 30 sites (Table 6) and was presenslightly higher proportion

of Bassendean (51%) than Spearwood (31%) sitegadtpresent at all watercourses but
only some lakes, at 41% of sumplands and 64% ofSp#din sites. It was recorded at sites
with and without rushes and sedges, and 52% dfitbe where it was recorded had no
surface water. It was thus the most widespredrbgfspecies in terms of environmental
parameters and across the GSS area (Figure li8)al#o widespread at Lexia and
Whiteman Park, but is absent from Herdsman Lakeaewvater level manipulation
interferes with its breeding biology (D. Robertsgpeomm.). Historically it has been

widely recorded in urban areas (Appendix 10).

Table 6. Attributes of sites wheke eyrel was recorded.

Presence of
Surface Water in
Winter

Species Landform Wetland Presence of

Stte Richness Unit* type® Sedges/Rushes

N

Frog 01
Frog 02
Frog 03
Frog 04
Frog 05
Frog 06
Frog 07
Frog 21
Frog 22
Frog 23
Frog 24
Frog 25
Frog 29
Frog 30
Frog 31
Frog 32
Frog 33
Frog 36
Frog 37
Frog 40
Frog 40a
Frog 41
Frog 43
Frog 45
Frog 48
Frog 50
Frog 51
Frog 52
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Site S_pecieﬁ Landform Wetland Presence of Su:?;gcﬂee\r;\(/:ztg in
Richness Unit* type® Sedges/Rushes .
Winter
Frog 53 1 B S + -
Frog 54 5 S L + +

* Landform units B= Bassendean, S= Spearwood,;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain

NB. Not recorded at several sites that were notesigd in autumn, such as 06a or 25a.
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Figure 12. Occurrence &f. eyrei in the study area.
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Limnodynastes dorsalis

L. dorsaliswas recorded at 18 sites (Table 7) and was befpgesented in the Spearwood
(54% of sites) than the Bassendean (22% of sis) $ystem. It was well-represented at
lakes and watercourses, poorly represented at sunaipland was present at only one
palusplain sites. It was present only where tinaee rushes and sedges except at site 06a,
which had flooded grasses in a paddock. All exttlepone palusplain site had water
present, with many of the sites being permanentwes. Reflecting its bias in favour of
lakes of the Spearwood systdmgdorsalis was widely distributed in the west of the GSS
project area (Figure 13). It has been recordeshigtsome sites in the Lexia and

Whiteman Park areas, which lie in the south-eath®fGSS region.

Table 7. Attributes of sites whekedorsalis was recorded.

Presence of
Surface Water
in Winter

+

Species Landform Wetland Presence of

Ste Richness Unit* typer Sedges/Rushes

+

Frog 03
Frog 04
Frog 06
Frog 07
Frog 21
Frog 25a
Frog 29
Frog 30a
Frog 36
Frog 41
Frog 44
Frog 45
Frog 46
Frog 47
Frog 49
Frog 55
Frog 56
Frog 57

* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain
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Litoria moorei

L. moorei was recorded at only 4 sites (Table 8), but sughg not take place during its
peak calling period of late spring, and therefbie probably more widespread in the GSS
area than indicated. It is commonly associatet pgrmanent and near-permanent
wetlands (Tyleet al. 2000), and is the most familiar of frogs to residen urban areas,
being present throughout the near-coastal wetlaathdrom Herdsman Lake to Yanchep
(M. Bamford pers. obs.; see also Appendix 10hakl not been recorded at Lexia and has a

restricted distribution at Whiteman Park (Figurg.14

Table 8. Attributes of sites whetemoore was recorded.

Site Species Landform Wetland Presence of SurFlz;ie{/]\(/:thfr in
Richness Unit* type® Sedges/Rushes .
Winter
Frog 03 7 B W + +
Frog 06 6 B S + +
Frog O6a 4 B S - +
Frog 54 5 S L + +

* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain
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Litoria adelaidensis

L. adelaidensis was recorded at 19 sites (Table 9) and was betpeesented in the
Spearwood (77% of sites) than the Bassendean (18%es) land system. It was present
at most watercourse and lake sites, but at only @48 umpland sites and no palusplain
sites. It was found only where there were rusinelssedges, and surface water. Reflecting
its bias in favour of lakes of the Spearwood systeradelaidensis was widely distributed

in the west of the GSS project area (Figure 16ha$ been recorded at only some sites in
the Lexia area but is widespread at Whiteman Rankye many of the wetlands are part of
the Bennett Brook drainage system. It occurs thinout the near-coastal wetland chain
from Herdsman Lake to Yanchep (M. Bamford pers.;ad®® also Appendix 10).

Table 9. Attributes of sites wheke adelaidensiswas recorded.

Pr esence of
Surface Water in
Winter

+

Species Landform Wetland Presence of

Ste Richness Unit* typer Sedges/Rushes

Frog 04
Frog 06
Frog 07
Frog 25a
Frog 29
Frog 36
Frog 41
Frog 41a
Frog 43
Frog 44
Frog 45
Frog 46
Frog 47
Frog 49
Frog 54
Frog 55
Frog 56
Frog 57
Frog 58

* Landform units B= Bassendean, S= Spearwood,;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain
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Pseudophryne guentheri

P. guentheri was recorded at only eight sites (Table 10) and trad a more restricted
distribution in the GSS area than most other flmgcges. It was found only at sites in the
Bassendean landform system (but only at 15% ofilplessites within that system), and
was present along watercourses, in sumplands amtkgtalusplain site. At two of the
eight sites where it was recorded there were noeusr sedges, and at three of the sites
there was no surface water. It was also foundat@la restricted distribution at sites in
Whiteman Park (Figure 16). Historical records (Apg@ix 10) reflect this distribution
except for a single record in the west, not assediwith a wetland.

Table 10. Attributes of sites whelfe guentheri was recorded.

- ecies Landform | Wetland Presence of Presence of
Ste RSiI(D:hnws Unit* type’ Sedges/Rushes Surface_Water in
Winter
Frog 01 2 B S 3 :
Frog 02 2 B S - -
Frog 03 7 B W n "
Frog 04 5 B W + +
Frog 05 4 B W T "
Frog 06 7 B S n "
Frog 09 1 B S + -
Frog 21 3 B P n .

* Landform units B= Bassendean, S= Spearwood;
N Wetland type W= watercourse, S= sumpland, L= |&epaluslain
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DISCUSSION

Distribution in the GSS area, biology and implicats for

hydrological management

This section brings together information from titerature review on the biology of each
species and information gathered during the GS& $ierveys. Importantly, it provides
interpretation on the relationship between biold@id observations and potential

sensitivity to hydrological change.

Crinia georgiana
Life-History Attributes
Breeding strategy

Reported to breed from July to October (Main 196%) at Whiteman Park main calling
period is June to September (See Figure 1). Maksnd compete vigorously for
females, often several males attempting to graggf@male. The males have massively
enlarged fore-legs which may reflect this compeatitior mates. Eggs are scattered or
loose in shallow water (not clumped or attachedeigetation). Calling usually from low
riparian vegetation on water’s edge. Species soonly as far north as Gingin, so is at the

northern limit of its range in the GSS area.
Larval period

According to Main (1965), development is rapid @bdays). Reflecting this, tadpoles

can be found in temporary pools. Metamorphs ar&|gemm).
Diet (larvae and adults)

No specific information.

Juvenile dispersal

No specific information. Large numbers of metanmsrpan be found around the margins

of wetlands in spring.
Age at maturity

Uncertain. May breed at end of year 1 but possiblymature until end of year 2.
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Longevity

Uncertain. A captive male, collected when adulbfably year 2+) lived for two years

(therefore 4+).

Movement patterns of adults

Probably limited dispersal from wetlands.

Breeding environment

Shallow waters associated with near-permanent andgnent wetlands.
Non-breeding environment

Adults appear to stay close to wetlands throughwaiyear. At Whiteman Park, largely
restricted to permanent wetlands (Bancroft and Bamin2008). Wetlands usually have

extensive low riparian vegetation for cover.

General distribution and statusin GSS area

The distribution is confined to the South-West ighhrainfall areas from Gingin in the
north to as far east as Cape Le Grande, and imtatiet western and southern Wheatbelt
(Tyler et al. 2000). It appears to be widespread along wateseswof the Darling Scarp

but to be very patchily distributed on the Swan $alPlain around Perth (pers. obs.) The
GSS area is therefore in the extreme north of pleeiss’ range. Very fragmented
distribution in the GSS area, recorded from somiawds in the Lexia area, at Whiteman
Park (Bennett Brook System), Lake Yakine (in theaBwalley), Frog Survey Site 36
along Neaves Road (near The Maze), and at Froge@@wes 4, 5 and 6 that are
associated with a large wetland and watercoursigeimorth of the area. Around Lexia,
common at EPP 173 and Lake Yakine (more or lesageent wetlands) but occasional
records at seasonal wetlands, possibly the realidt dispersal (Bamford and Everard
2008). At Whiteman Park, more or less restricteddrmanent wetlands that are part of
the Bennett Brook drainage system, thus animalseta@at and expand their range along a
connected system (Bancroft and Bamford 2008).sSieveyed as part of the GSS project

were also large, reliable, with long hydro-perieasl part of interconnected systems.

Frog surveysin the GSS Sudy Area 35



Gnangara SQustainability Strategy

Predicted sensitivity to hydrological change

Short larval stage would suggest ability to utiiemporary wetlands, but adults appear to
be reliant on mesic conditions so this may be Ingit Suggests species may be limited by
adult survival and reliance on mesic refugia rathan breeding biology. The GSS
population is at the northern limit of the speciesige and is therefore likely to suffer if
the range of the species contracts.

Crinia glauerti
Life History Attributes
Breeding strategy

Reported to breed throughout the year excludingsenfMain 1965), but at Whiteman
Park the calling period, ‘though broad, peaks ia l@inter (See Figure 1). Eggs are
scattered or loose in shallow water (not clumpedttached to vegetation) and tend to sink
(Main 1965). Calling usually from low riparian vegtion on water’'s edge. Species

occurs only as far north as Gingin, so is at thehon limit of its range in the GSS area.
Larval period

According to Main (1965), development is prolon@etlO0 days). Metamorphs are large
(8-9mm) considering the species rarely exceeds 2@mnris sexually mature at 12-13mm.

Growth is concentrated in the larval stage.
Diet (larvae and adults)

No specific information. Extended larval stagehwédrge size of metamorphs (compared

with adult) suggests that access to food may bgiwgvortant in the larval stage.
Juvenile dispersal

No specific information. Large numbers of metanmsrpan be found around the margins
of wetlands in spring.

Age at maturity

Given the large size at metamorphosis and the sizallat sexual maturity (Main 1965),
almost certainly able to breed when less than eae gld. The small difference in
metamorph size and size at sexual maturity sugtjestsinder some circumstances,

animals may breed opportunistically within the lolieg season of their own development.
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Longevity
Uncertain. Possibly only 2-3 years.
Movement patterns of adults

Probably limited dispersal from wetlands but preseat isolated wetlands in Whiteman
Park suggests dispersal through terrestrial enmeonis does occur (Bancroft and Bamford
2008). A very isolated seasonal wetland in MeledeBark appeared to be recolonised by

the species (Bamford and Everard 2008).
Breeding environment

Shallow waters with emergent vegetation around paent or seasonal wetlands.
Favoured vegetation is low: sedges and grassess.islthe sort of vegetation that floods

during late winter when peak calling occurs.
Non-breeding environment

Adults appear to stay close to wetlands throughmiyear. At Whiteman Park (Bancroft
and Bamford 2008) and Lexia (Bamford and Evera@B20present around seasonal and
permanent wetlands. Adults are presumably abdeitaive dry conditions by sheltering in

mesic refugia at seasonal wetlands.

General distribution and statusin GSS area

Confined to the South-West in high rainfall areasf the Moore River (but to Gingin
according to Main 1965) in the north to as far easthe Albany area along the south
coast, and inland to the edge of the western antthem Wheatbelt (Tyleat al. 2000).
Abundant on the Darling Scarp and Swan CoastahRlaund Perth (pers. obs.) The GSS
area is in the north of the species’ range. Widkzgpin the GSS area where wetlands are
reliable (either permanent or flood each wintéMptably abundant around urban wetlands

where there are flooded exotic grasses.

Predicted sensitivity to hydrological change

Long larval stage may make the species vulnerabltehreeding reported to be somewhat
opportunistic (Main 1965) and timing of breedingMtiteman Park coincides with rising

to peak water levels, so can take best advantagevetiand’s hydroperiod. Rapid
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maturity would give the species some robustnessgponse to variation in breeding
success, but species may be short-lived, makwgrierable to local extinction. Presumed
adult dispersal would counter the effect of locdlrections. Adults can persist around
seasonal wetlands. Main vulnerability may be releaon flooded vegetation (sedges and
grasses) for calling and breeding, as these maypéear and be replaced by woody
riparian vegetation in some circumstances. The gftilation is at the northern limit of

the species’ range and is therefore likely to suffthe range of the species contracts.

Criniainsignifera
Life History Attributes
Breeding strategy

A winter and spring breeder (Main 1965), with meafling period at Whiteman Park early
winter, occurring before the main calling periodiod very similaiC. glauerti (See Figure
1). Eggs are described as “singly on bottom” oflavel (Main 1965). The location of
calling animals can be quite variable: floatingtbe water’s surface, from emergent
vegetation in the water, from bare shoreline anchffow riparian vegetation on water’s

edge.
Larval period

According to Main (1965), development is quite thf80 days). Metamorphs are large (8-
9mm) and sexual maturity is reached at 21-22mnfialt@ving winter.

The more rapid larval stage (th@nglauerti) may account for the wider range©f
insignifera, with the species as far north as BadgingarraBdmford records) and an

isolated population on Rottnest Island (Main 1965).
Diet (larvae and adults)

No specific information. Adults presumably insgotous.
Juvenile dispersal

No specific information. Large numbers of metanmsrpan be found around the margins

of wetlands in spring.

Age at maturity
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Reported by Main (1965) to be sexually mature tiregew following larval stage (ie when
<1 year old).

Longevity

Uncertain. Although sexually mature at 21mm, feeaalan attain 29mm and males
25mm, so this suggests an age of at least 3 yeachiteve such a size. Main (1965)
reports females (possibly longer-lived than malies)g to 3-4 years. The persistence of
the species in regions of quite low rainfall wobklaided by such longevity to counteract

the impact of failed breeding.
Movement patterns of adults

Probably limited dispersal from wetlands but preseat isolated wetlands in Whiteman
Park suggests dispersal through terrestrial enmgoris does occur (Bancroft and Bamford
2008). A very isolated seasonal wetland in MeledeBark appeared to be recolonised by

the species (Bamford and Everard 2008).
Breeding environment

Shallow waters with emergent vegetation around paent or seasonal wetlands.
Favoured vegetation is very low: mown grass atwettand in Whiteman Park (Bancroft
and Bamford 2008). Also occurs around wetlandsrevbigere is emergent woody
vegetation and little low vegetation on the showli

Non-breeding environment

Adults appear to stay close to wetlands throughtmaiyear. At Whiteman Park (Bancroft
and Bamford 2008) and Lexia (Bamford and Evera@B20present around seasonal and
permanent wetlands. Adults are presumably abdeitaive dry conditions by sheltering in

mesic refugia at seasonal wetlands.

General distribution and statusin GSS area

A narrow distribution in the South-West, confinediie Coastal Plain from at least as far
north as Wongonderrah Swamp (near Badgingarra, pes$, south to Busselton (Tyletr
al. 2000). More widespread in the GSS area thanithiéas C. glauerti.
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Predicted sensitivity to hydrological change

Probably very robust in the face of hydrologicahiehe. Has a short larval period, breeds
early in the winter and has populations in muckrdenvironments to the north, where
breeding may fail completely some years and wetlandy be short-lived. Long larval
stage may make the species vulnerable, but breeelrogted to be somewhat
opportunistic (Main 1965) and timing of breeding/Mhiteman Park coincides with rising
to peak water levels, so can take best advantagevetiand’s hydroperiod. Rapid
maturity would give the species some robustnesssponse to variation in breeding
success, but species may be short-lived, makwgrierable to local extinction. Presumed
adult dispersal would counter the effect of locdlrections. Adults can persist around
seasonal wetlands. Main vulnerability may be releaon flooded vegetation (sedges and
grasses) for calling and breeding, as these mappear and be replaced by woody
riparian vegetation in some circumstances.

Wide range north of GSS area suggests this spalsieso cope with lower rainfall and

shorter hydroperiod than the similarglauerti.

Heleioporus albopunctatus

Life History Attributes

Breeding strategy

Very similar to that oH. eyrei (see Section 4.1.5).

Larval period

Larval period is long, with metamorphosis takingqga in spring.
Diet (larvae and adults)

Diet of larvae unknown. Adults presumably inseatous and large enough to take small

vertebrates.
Juvenile dispersal

Juvenile dispersal not known but probably like thiat. eyrei, with limited dispersal in

spring and a period of wide dispersal the followaugumn.
Age at maturity

Sexual maturity probably reached in the second gEliie as withH. eyrei.
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Longevity

Uncertain but may be similar té. eyrei, with a minimum age of 5 years but a longevity

possible of 10-20 years.
Movement patterns of adults

As with H. eyrei, adults may undergo true migration, moving towdnteding wetlands in
the autumn and returning to the woodland immedjaéter breeding.

Breeding environment

Breeding burrows constructed on the margin of seglsaor permanent wetlands that
experience a predictable early winter rise in whdeel. Soils around wetlands often
clayey andH. albopunctatus breeds around watercourses as well as swamps leasl(d.

Bamford pers. obs).
Non-breeding environment

Immature and aduHi. albopunctatus are entirely terrestrial and occur in upland waodl,
with adults returning to the vicinity of wetlandsuf rarely if ever entering water) only to
breed. They are active throughout the summergiiogaat night and burrowing to avoid

desiccation during the day.

General distribution and statusin GSS area

Widespread in the South-West; generally encompgskaWheatbelt but absent from
higher rainfall zone (Main 1965). Not recordedhie GSS area during aural surveys, but
some historical records from locations in the edste call ofH. albopunctatus is

distinctive and carries well, so it is unlikely thhe species was overlooked. Historical
records may be of specimens that had dispersedrfearby, as the species is more

abundant slightly north and east of the GSS area.

Predicted sensitivity to hydrological change

Probably very robust in the face of hydrologicahishe. Early breeding allows the species
to take full advantage of a wetland’s hydroperitlile longevity of individuals enables

populations to persist despite successive yeduletl breeding.
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Heleioporus eyrei
Life History Attributes
Breeding strategy

Begins calling in late autumn and calling compldigcearly winter. Breeding is preceded
by migration to breeding wetlands from surroundivgpdland. Males call from a burrow
and eggs (protected in foam) are laid in the burfbevore water levels have risen in the
wetland. Therefore, eggs and tadpoles initiallynimist conditions in the burrow, but
tadpoles able to move into the wetland as soonaésrievels rise sufficiently for the
burrow to be inundated. This strategy alldwseyrei to breed very early, and ensures that
its tadpoles get early access to the wetland. ebgs and young tadpoles are also
protected from predators. Breeding is usuallyeias®nal wetlands and relies on a

predictable seasonal rise in water level.
Larval period

Larval period is long, with metamorphosis takingqa in September or more usually
October and even into November; therefore 120+.dagsvae in seasonal wetlands have
been found to metamorphose at a larger size tlaadan a permanent wetland (Bamford
and Everard 2008).

Diet (larvae and adults)

Blyth (1994) found that larvae &f. eyrei ate the tadpoles of other frog species in a trial
designed to investigate the impact of predatoty fiddults eat a very wide range of
terrestrial invertebrates, including a high proortof nocturnally-active ants (Bamford
1986).

Juvenile dispersal

Juveniles disperse around the margins of wetlanels with some tail not fully absorbed,
but do not appear at woodland sites >1km from bngedetlands until the following
autumn (Bamford 1986). They may disperse slowraummer, perhaps waiting for rare

summer rains, or may remain close to wetlands thgifollowing autumn.

Age at maturity
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Sexual maturity appears to be reached in the segeardof life, based on recaptures of
marked animals and the size of animals found arewetthnds during the breeding season
(Bamford 1986).

Longevity

Uncertain. Bamford (1986) recorded animals withinimum age of 5 years (based on
recaptures and size at first capture) while J. [palts comm.) has suggested the species
may live for one or two decades (based on the siersie of the species on Rottnest Island
where successful breeding occurs infrequently hatefore animals must be long-lived

for the species to persist). Bamford and Evera@®8) found the size distribution of
adults at a wetland where breeding is successfylante every 3-4 years was skewed
towards large (old) animals. The persistence @fbecies in regions of quite low rainfall

would be aided by such longevity to counteractittgact of failed breeding.
Movement patterns of adults

Adults appear to undergo true migration, movingamg breeding wetlands in the autumn
and returning to the woodland immediately afteredieg. Marked adults recorded at the
same location in woodland, about 3km from the redyeeeding wetland, in successive
years (Bamford 1986).

Breeding environment

Breeding burrows constructed on the margin of seglsor permanent wetlands that
experience a predictable early winter rise in witeel. Wetlands can be small and
isolated and may not flood every year. Watercau(sewith flowing water) rarely
support the species. Vegetation seems unimpdstariiurrows rarely constructed in very

dense exotic grasses (pers. obs.).
Non-breeding environment

Immature and aduld. eyrei are entirely terrestrial and occur in upland weodl, with
adults returning to the vicinity of wetlands (bately if ever entering water) only to breed.
They are active throughout the summer, foraginggtt and burrowing to avoid

desiccation during the day.
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General distribution and statusin GSS area

Widespread in the South-West; north to the Geraldtea, east to Cape Arid and
occurring well into the western and southern Whela(@ yleret al. 2000). The most
widespread of recorded species in the GSS areadl foailing at a very wide range of sites
including many where breeding almost certainly it occur in 2008 due to the absence
of water, and may not have occurred for many yehlns. not known if such populations

are relictual or the result of dispersal from wetla where breeding does occur.

Predicted sensitivity to hydrological change

Probably very robust in the face of hydrologicahiehe. Early breeding allows the species
to take full advantage of a wetland’s hydroperitile longevity of individuals enables
populations to persist despite successive yedwsletl breeding. This longevity may also
mask the impact of hydrological change, as poputatimay persist in areas where they
can no longer breed.

Heleioporus barycragus

Life History Attributes

Breeding strategy

Very similar to that oH. eyrei.

Larval period

Larval period is long, with metamorphosis takingga in spring.
Diet (larvae and adults)

Diet of larvae unknown. Adults presumably inseatous.
Juvenile dispersal
Juvenile dispersal not known but probably like thiat. eyrei, with limited dispersal in

spring and a period of wide dispersal the followangumn.
Age at maturity
Sexual maturity probably reached in the second gkklile as withH. eyrei.

Longevity
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Uncertain but may be similar té. eyrei, with a minimum age of 5 years but a longevity
possibly of 10-20 years.

Movement patterns of adults

As with H. eyrei, adults may undergo true migration, movinganals breeding wetlands in

the autumn and returning to the woodland immedjaéter breeding.
Breeding environment

Breeding burrows constructed on the banks of wateses with strong seasonal flow, on

clay or granite (Main 1965). These are generaligg$t streams in the Darling Scarp.
Non-breeding environment

Immature and aduHd. barycragus are entirely terrestrial and occur in upland waodl,
with adults returning to the vicinity of wetlandsuf rarely if ever entering water) only to
breed. They are active throughout the summergiiogaat night and burrowing to avoid

desiccation during the day.

General distribution and statusin GSS area

H. barycragus has a restricted distribution in the South-Westuogng along the Darling
Scarp from Bullsbrook to Darkin and inland to Drglean (Tyleret al. 2000). The GSS area
Is outside the main range of teh species but #wersome historical records Appendix 10,

probably due to animals that have dispersed framathacent scarp.

Predicted sensitivity to hydrological change

Probably very robust in the face of hydrologicahege but the reliance of forest streams

may make the species sensitive to declining rdinfal

Heleioporus psammophilus
Life History Attributes
Breeding strategy

Very similar to that oH. eyrei.

Larval period
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Larval period is long, with metamorphosis takingga in spring.
Diet (larvae and adults)

Diet of larvae unknown. Adults presumably inseatous.
Juvenile dispersal

Juvenile dispersal not known but probably like thiat. eyrei, with limited dispersal in
spring and a period of wide dispersal the followaugumn.

Age at maturity

Sexual maturity probably reached in the second gEliie as withH. eyrei.

Longevity

Uncertain but may be similar té. eyrei, with a minimum age of 5 years but a longevity
possibly of 10-20 years.

Movement patterns of adults

As with H. eyrei, adults may undergo true migration, movingawals breeding wetlands in
the autumn and returning to the woodland immedjaéter breeding.

Breeding environment

Breeding burrows constructed on the margin of seglsor permanent wetlands that
experience a predictable early winter rise in whteel. In a long-term study area between
Cataby and Badgingarrdl, psammophilusis the commoriHeleioporus species where
clayey soils are present in broad, ancient rivéleys, whileH. eyrel is the common

species where the soils are sandy (M. Bamford pbs. In Jarrah and Wandoo country
of the Darling Scarp, the two species appear te Isawilar soils associations (M. Bamford

pers. obs).
Non-breeding environment

Immature and adull. psammophilus are entirely terrestrial and occur in upland weodl,
with adults returning to the vicinity of wetlandsuf rarely if ever entering water) only to
breed. They are active throughout the summergfogaat night and burrowing to avoid
desiccation during the day.
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General distribution and statusin GSS area

H. psammophilus has a rather restricted distribution in the Soutbst/with a west coast
population from the Irwin River to near Busseltondanland to the western Wheatbelt,

and a south coast population from Windy Harbourelwamungup (Tylegt al. 2000).

Within these areas it appears to occur very patcihlot recorded in the GSS area during
aural surveys, but some historical records fromatioos in the east. The call of

H. psammophilus is distinctive and carries well, so it is unlikehat the species was
overlooked. Historical records may be of specinteas had dispersed from nearby, as the

species is more abundant slightly north and eateoGSS area.

Predicted sensitivity to hydrological change

Probably very robust in the face of hydrologicahede. Early breeding allows the species
to take full advantage of a wetland’s hydroperwtile longevity of individuals enables
populations to persist despite successive yedaletl breeding.

Limnodynastes dorsalis
Life History Attributes
Breeding strategy

A winter and spring breeder (Main 1965), with peaking in early to mid winter (see
Figure 1). Males call from flooded vegetation vehalmost under water and the eggs are
laid in flooded vegetation in a mass of foam. Blem permanent water according to
Tyler et al. (2000) and has colonised farm dams in the Wheafidelin 1965), but known

to utilise seasonal wetlands (M. Bamford pers. obs)
Larval period

Larval period is the longest of any frog in the BeWest; up to 160 days (Main 1965).
As a result, some metamorphs emerge as late ak #paning the species relies on more

or less permanent wetlands in some cases.

Diet (larvae and adults)
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No information on diet of tadpoles. Bamford (1986)nd adults ate a wide range of
largely terrestrial invertebrates, including largenbers of nocturnal ants, and

occasionally small vertebrates, including smallcgpens of the same species.
Juvenile dispersal

After metamorphosis juveniles disperse immediafi@g wetlands, appearing in
woodland several kilometres from breeding sitdat@ spring (Bamford 1986). This is in
contrast tdH. eyre in which juveniles do not reach woodland siteslumttumn. Juveniles

appear to disperse widely.
Age at maturity

Sexual maturity appears to be reached in the yi@ed of life, based on recaptures of
marked animals and the size of animals found arevetthnds during the breeding season
(Bamford 1986).

Longevity

Uncertain. Bamford (1986) recorded animals withinimum age of 3 years (based on
recaptures and size at first capture) which hag jusit reached estimated size at sexual
maturity. Adults likely to live for several breedj seasons so lifespan likely to be greater
than 5 years and possibly much more than this. speeies is very widespread and occurs
in low rainfall areas where breeding is likely & épisodic.

Movement patterns of adults

Bamford (1986) found that all specimens caught@oaéand several kilometres from
wetlands were juveniles or recently-matured adaltsl, no adults were recaptured. This
suggests a pattern of movement in which juveniisgaise widely from wetlands
following metamorphosis, but that with the onseitnatturity, animals move back to
wetlands and remain in the vicinity of the wetlahdreafter. Individual adults can appear
in very small wetlands, indicating that disperdbvas the species to colonise and

recolonise sites.
Breeding environment

Commonly associated with permanent wetlands, egttwvamps/lakes or streams (Main
1965; Tyleret al. 2000), but also use seasonal wetlands (M. Bangerd. obs.). Dense
emergent vegetation such as rushes and even flapdss very important for males to call
from and for egg-laying sites.
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Non-breeding environment

Immaturel. dorsalis are entirely terrestrial and occur in upland woadlalt appears that
adults remain in the vicinity of wetlands and deeenvater to breed. They are active
throughout the summer, foraging at night and bumgwo avoid desiccation during the

day.

General distribution and statusin GSS area

Widespread in the South-West; occurring north afafgkon, east of Esperance and across
much of the Wheatbelt (Tylet al. 2000). Distribution limited in the GSS area amnasbd
towards wetlands in the Spearwood system, withrdsconly from some (but not all)
permanent or near permanent wetlands. Presenoeiatssl with suitable emergent

vegetation (rushes and sedges).

Predicted sensitivity to hydrological change

The long larval period and reliance upon emergegetation for calling and egg-laying
limit the sorts of wetlands the species can utilisese mostly being large and permanent
or near-permanent. As a result, while the speuight be expected to be sensitive to
hydrological change, it occurs on wetlands thatlddave to experience extreme declines
in water levels before they became unsuitabletfoStrong powers of dispersal and
tolerance of desiccation would allow the specigseisist during temporary poor

conditions, and to recolonise sites.

Litoria adelaidensis
Life History Attributes
Breeding strategy

Primarily a spring breeder according to (Main 19@kiX peak calling in mid-winter in
Whiteman Park (Bancroft and Bamford 2008, see [Eigyr Males call from amongst
flooded vegetation, often when perched in rushemdsranches of trees. Eggs are laid in

the water in a mass attached to vegetation.

Larval period
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Larval period is not documented, but metamorphsrgeni late spring to early summer as
seasonal wetlands are drying out. The larvaemusual in often hovering in mid-water
rather than staying on the substrate of the wettandio most tadpoles of local frog

species.

Diet (larvae and adults)

No information on diet of tadpoles. Adults presinhgansectivorous.
Juvenile dispersal

After metamorphosis juveniles do not appear toetisp but have been observed in large
numbers amongst the emergent rushes of wetlarelliynsummer (M. Bamford pers.
obs.). Adults and juveniles often seen on roadsrat wetlands following summer rain

(M. Bamford pers. obs.), suggesting some localieedement does occur.
Age at maturity

Sexual maturity may be reached in the first yedifef{based on regular observations of
the species at an artificial wetland at Chandalahe eastern edge of the GSS project area,

where no discernable intermediate size is evidetiie population (Bamford pers. obs.)).
Longevity

Uncertain. Possibly short-lived. In monthly ohsgions of the species at Chandala, it
was noted that large (therefore old?) frogs werg uacommon in the population,

suggesting rapid population turnover (M. Bamfordspebs.).
Movement patterns of adults

Possibly dispersal after summer rain. May alsmb&idual movements resulting in
dispersal and contraction of local distributionidgrspring, as at Chandala the species was
found at poor sites (with little suitable vegeta)iduring spring only (M. Bamford pers.
obs.). Occasional animals caught over a kilomfetra the nearest wetland in winter by
Bamford (1986). Animals are prone to dessicatiming very elongate and having little

glandular development of the skin to reduce waiss.|
Breeding environment

Associated with emergent wetland vegetation, paerty rushes such @&aumea and

Typha, but will also use fringing and emergent treeshsas the paperbarkselaleuca spp.
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Found in a wide range of wetlands with suitableetation, including streams, lakes and

swamps. Occurs in permanent or seasonal wetlands.

Non-breeding environment

Same as for breeding environment.

General distribution and statusin GSS area

Widespread in the South-West; occurring naturatlynf at least Wongonderrah Swamp,
near Badgingarra (M. Bamford pers. obs.), southessdl to Esperance. Introduced in
some towns including Geraldton, probably as a tefdnimals being moved around with
plant nursery stock. Distribution limited in th&6 area, with records only from wetlands

with a long hydro-period and suitable emergent egsh

Predicted sensitivity to hydrological change

Likely to be sensitive to hydrological change bessaaf the reliance upon emergent
vegetation for calling and as general habitat, thedate breeding season requiring water
in the wetland until at least early summer. Thpaapnt short life-span, limited powers of
dispersal and sensitivity to desiccation would miakalised population extinction likely

in the event of failed breeding over several years.

Litoria moorei
Life History Attributes
Breeding strategy

Breeds from spring to early summer, with eggs iiaithe water in a mass attached to
vegetation (Main 1965).

Larval period

Larval period is not documented, but metamorphsrgengom early summer to as late as

April.

Diet (larvae and adults)

Frog surveysin the GSS Sudy Area 51



Gnangara SQustainability Strategy

No information on diet of tadpoles. Adults presinhgansectivorous and very probably
also eat smaller frogs.

Juvenile dispersal

Metamorphs often found in large numbers aroundamed in summer and will disperae
masse following summer rain (M. Bamford pers. obs.).spersal distances at least several

hundred metres.

Age at maturity

Sexual maturity probably reached in second yeé#feof

Longevity

Uncertain. In captivity, individuals can exceeekefiyears (M. Bamford pers. obs).
Movement patterns of adults

Possibly dispersal after summer rain. In urbangas, the same animal will often be
found in the same location for at least severalthmrsuggesting that adults may be
sedentary (M. Bamford pers. obs). Although noedblburrow, adults are fairly stocky
and have moderately glandular skin, making thems thesisture-dependent than the similar

L. adelaidensis.
Breeding environment

Associated with permanent wetlands according teflglal. (2000), but also found in
seasonal wetlands (M. Bamford pers. obs) wheraiimals must survive dry periods by
sheltering in crevices under bark or under logstl#ds where the species occurs usually
have abundant cover in the form of logs or rocksiad the wetland margin. Often also
with abundant emergent and fringing vegetatione @hly local frog species that readily
colonises and breeds in garden ponds. Found idanange of wetlands with suitable

vegetation, including streams, lakes and swamps.
Non-breeding environment

Same as for breeding environment.

General distribution and statusin GSS are

Very widespread in the South-West; occurring ndiwwfeom the Murchison River, into

the western Wheatbelt and along the south coast@®Bsperance, with the south coast
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population roughly east of Albany sometimes beilagsed as a different species

(L. cyclorhyncha). Introduced to some inland towns, including Keldie. Very abundant
in urban wetlands and suburbs in the GSS areagbtricted distribution outside urban
areas, probably because of the reliance on wetldnadisetain water at least well into
summer. Records collected during the GSS survey limaited as the species calls mainly
outside the survey period, but historical recorgpéndix 10 illustrate the extensive

distribution in urban area.

Predicted sensitivity to hydrological change

Likely to be sensitive to hydrological change bessalreeding occurs in spring and
summer and thus wetlands that retain water intanseinare needed. However, species
should have some ability to persist through sewarats of low water levels because adults

are fairly long-lived and able to cope with dry ddions.

Myobatrachus gouldii

Life History Attributes
Breeding strategy

The only frog species in the area that does not bavaquatic larvae, with the tadpole
developing entirely within the egg buried at abburtin the soil, resulting in a small frog
hatching in the autumn (Roberts 1981). Malesindlte spring/early summer during and

shortly after rain.

Larval period

No free-living larva, but metamorphs emerge in autu
Diet (larvae and adults)

Larval development entirely within the egg. Adwdte not a dietary specialist as
commonly reported (eg. Main 1965), with that asserbased upon the examination of
two specimens collected from a termite mound; ngbrssing, these specimens contained
termites in their guts (Calaby 1956). Bamford @P&nd Murray (1980) found a wide
range of invertebrate taxa in the gutdvbfgouldii, with most (if not all) likely to have

been encountered as the frog foraged underground.
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Juvenile dispersal

It is not known if any metamorph dispersal occpisssibly not as dispersal is not
concentrated in wetlands as occurs with other fiogise region. Juveniles would

therefore have no need of dispersal.

Age at maturity

Sexual maturity probably reached in second yeéfeof

Longevity

Uncertain. Occasional very large animals are fopsndgesting a lifespan potentially in
the order of 5-10 years.

Movement patterns of adults

Not known. Adults do not need to move towards aredk to breed, so animals may be

sedentary
Breeding environment

Occurs in woodland and heath, generally with saswily Extensive pitfall trapping
suggests that there is no association with termdands as alleged by Tyletral. (2000),
but that the species may be more common on lowysases rather than in dune swales

(M Bamford unpubl. data).
Non-breeding environment

Same as for breeding environment.

General distribution and statusin GSS are

Very widespread in the South-West including inahbli¢é sandy soils across the Wheatbelt.
Absent from forested areas with heavy soils. Bersn urban landscapes within the GSS
area where banksia woodland has been retainedenves. Probably occurs throughout
the GSS area where banksia woodlands have be@medstaut no aural records as these

surveys did not take place at the right time ofytear for the species.
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Predicted sensitivity to hydrological change

Likely to be very tolerant of hydrological changethe species is independent of surface
water. Soil moisture may be important but the sgseoccurs well to the north of the GSS

area in much more arid woodlands.

Neobatrachus pelobatoides

Life History Attributes
Breeding strategy

Breeds in autumn and early winter (Main 1965); ¢f@e similar in timing tdH. eyre.
However, eggs are laid in shallow water rather thaamburrow. Males often call from

breeding aggregations.

Larval period

Larval period is not documented, but metamorphsrgenas early as September.
Diet (larvae and adults)

No information on diet of tadpoles. Adults presigansectivorous.
Juvenile dispersal

No information.

Age at maturity

Sexual maturity probably reached in second yeé#feof

Longevity

Uncertain but probably 5-10 years.

Movement patterns of adults

Little information, but adults recorded widely iarksia woodland away from wetlands for
much of the year (between Cataby and Badgingarr&advhford unpubl. data). This
suggests movements to and from wetlands assoaigttedreeding.

Breeding environment

Noted by Main (1965) to breed in temporary waterslay. Between Cataby and
Badgingarra, breeding recorded in clay-based weaslémat support a wet heath of
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Melaleuca spp. (M. Bamford pers. obs). Such wetlands arefided rather than exposed

groundwater.
Non-breeding environment

Woodland in general vicinity of breeding sites.il 8ot critical.

General distribution and statusin GSS are

Very widespread across the Wheatbelt and adja@storal zone, but absent from the
lower South-West. In the GSS area, some old redoodh the east, where there are clay-
based, seasonal wetlands, but the species wasaartled during aural surveys despite
these taking place when the species should b&gallHowever it is reported that the call

can only be heard over a short distance (Main 1%@bdhe species may still be present.

Predicted sensitivity to hydrological change

Likely to be tolerant of hydrological change as #uleilts are terrestrial and the species
breeds in wetlands that are not groundwater depeéndtealso occurs widely in lower
rainfall zones. The potential may exist for thpgaies top expands its range in the GSS

area with declining rainfall.

Pseudophryne guentheri

Life History Attributes
Breeding strategy

Reported to bred following rain from late summeegoly winter (Main 1965; Tylest al.
2000), but at Whiteman Park within the GSS arelfingaconcentrated in May and June
(Bancroft and Bamford 2008P. guentheri therefore has the shortest calling period of any
frog found in the area. The eggs are laid in daoipin a tunnel, in a location that will be
flooded as water levels rise in the wetland. #&hitievelopment of the larvae takes place

within the egg, so that tadpoles are well-developkdn they emerge

Larval period
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The larval period is among the shortest of frogstbin the GSS area at as little as 42
days (Main 1965), although this excludes initialelepment that takes place inside the

egg capsule.
Diet (larvae and adults)

No information on diet of tadpoles. Adults presinhgansectivorous.

Juvenile dispersal

No information but large numbers of metamorphstzafound around breeding wetlands

in late winter and early spring.

Age at maturity

Unknown. As with some other small frog speciesy lm@mature in one year.
Longevity

Unknown.

Movement patterns of adults

Little information, but adults generally recordetyowithin a few hundred metres of
seasonal wetlands between Cataby and BadgingarrBgMford unpubl. data). This

suggests limited dispersal.
Breeding environment

Margins of wetlands, particularly where very shallvater floods during winter. This can
either be a seasonal wetland or associated withgent wetlands that extend during
winter. Adults often associated with logs or piié®arth. Not associated with any
particular vegetation type (M. Bamford pers. obs.).

Non-breeding environment

Adults appear to remain fairly close to wetland gnas throughout the year, but do move
into adjacent woodland where they shelter undes,ldgnse leaf-litter and other mesic

refugia.
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General distribution and statusin GSS are

Very widespread across the South-West with prob#id\greatest distribution of all

species recorded in the GSS area. In the GSSalleecords are on sites in the east.

Predicted sensitivity to hydrological change

The biology of the species and its wide distribatsniggest a high tolerance of
hydrological change. Despite this, it has a ret&d distribution in the GSS area, while
Bancroft and Bamford (2008) suggested that it heddided due to changes in groundwater
levels more than other species in Whiteman Patks donsidered to be because it breeds
very early in the rainy time of year and lays igg®in areas of very shallow slope on the
margins of wetlands. Therefore, it is vulnerabléailure of follow-up rains in early

winter.

Frog distribution, biology and implications for

hydrological management

There was considerable variation in the biology patterns of distribution of the frogs
recorded across the GSS ar€ageorgiana andP. guentheri were the most restricted in
distribution and both were confined to the Bassandgystem, but the former occurred
only along watercourses that were often permaneat least contained water for long
periods, whereas the latter occurred widely on san@s, including sites with no surface
water or sedges and rushes. The two frogletglauerti andC. insignifera, were both
widespread but the latter was found at slightly ergites, including sites without water and
without sedges and rushes. In contr@sglauerti was recorded only at sites with surface

water in winter and with sedges and rushes.

L. dorsalis andL. adelaidensis both showed a preference for wetlands in the Syt
system, typically in wetlands with permanent orraqgermanent water and abundant

sedges and rushek. moorei is probably similar but was inadequately sampled.

M. gouldii was not recorded in the aural surveys but is knfsam the area historically
and from trapping carried out for the GSS projélthe remaining frog species known

historically from the ared. albopunctatus, H. barycragus, H. psammophilus andN.
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pelobatoides, were not recorded in aural or trapping surveyl.ake known historically
only from sites in the east of the GSS area (sqeeAgpix 10). Such records may have
taken decades to accumulate and may represeni@ualadispersing individuals from
populations several kilometres to the east, as ofdbese species are more closely

associated with the heavy soils of the Darling S¢han the sands of the coastal plain.

The pattern of distribution of frogs across the G&& reflects to a great extent their
biology; the biology of the species interacts with existing environment, particularly

with respect to hydrology, and has implicationsifopacts of any changes in hydrology.
For examplel.. adelaidensis relies on emergent rushes and sedges for hathjagnds

upon mesic refugia (favouring permanent wetlandd)l@eeds in spring when wetlands
start to dry out. It is therefore confined to wetlls that are permanent or have a long
hydro-period, and that provide it with suitable i@ In contrastH. eyrei is highly
terrestrial, breeds as early as possible in thedagdriod of wetlands, and is long-lived so
that populations can persist despite successilegfareeding seasons. The characteristics
of each species that affects its sensitivity torblaical change in the GSS area are

described in Section 4.1 above, and are summaisiesl.

Crinia georgiana
Key characteristics:

Closely associated with watercourses, limited ghib resist desiccation, probably short-
lived as an adult, at northern limit of distributjdreeding does not begin until well into
winter but larval life is short with very small naeborph (therefore can take advantage of

temporary pools but metamorph may be vulnerabtegiccation).
Impact of hydrological change:

Likely to remain confined to watercourses and samietlands in the GSS area. By being
restricted to the most reliable wetland typésgeorgianais likely to persist on such

wetlands unless catastrophic hydrological decloeesir.

Crinia glauerti

Key characteristics:
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Associated with wetlands with a long hydroperiod anth emergent rushes/sedges.
Probably short-lived as an adult, at northern liofiidlistribution, breeding does not begin

until well into winter and larval life is long.
Impact of hydrological change:

Vulnerable to reduced hydroperiod and changegarian vegetation. Contraction of
range likely with hydrological declines, and hashably already occurred, with the
species absent from many wetlands. Further dectmbe expected. Species likely to

persist in larger wetlands that are near-permanent.

Criniainsignifera

Key characteristics

A widespread species associated with a broad raingetland types. Evidence of
persistence or colonisation at wetlands that didsnpport breeding in recent years.
Probably short-lived as an adult, widespread nofthe GSS area and breeds in early

winter with a short larval life.
Impact of hydrological change

More tolerant of hydrological declines than theifamC. glauerti. Some declines have
probably already occurred, but the ability of theses to persist for at least a few years
may make it valuable as an indicator. Contractibrange likely with hydrological

declines but species likely to persist in wetlati@g contain water at least in most years.

Heleioporus albopunctatus

Unlikely to be resident in GSS area. Possibilgg@es may colonise area due to
hydrological decline, although soils generally utehle.

Heleioporus barycragus

Unlikely to be resident in GSS area and habitatsndtble. Range of species is largely to

south of GSS area so more likely to disappear fyeneral region.
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Heleioporus eyrei
Key characteristics:

A very widespread species associated with a braagler of wetland types. Long-lived
adults able to persist at wetlands even with infesq breeding success. Timing of

breeding enables species to make full use of ang&dt hydroperiod.
Impact of hydrological change:

Likely to persist for some years after hydrologidatlines make a wetland unsuitable for
breeding, so impact not likely to be manifestedsieveral years. This persistence may

make the species unsuitable as an indicator ofatygical change.

Heleioporus psammophilus

Unlikely to be resident in GSS area.

Limnodynastes dorsalis
Key characteristics:

A widespread species associated with wetlandsstigiort emergent riparian vegetation.
Adults probably long-lived and able to tolerate donditions, but breeding biology and
long larval-life make the species reliant on pererdror near-permanent wetlands.

Impact of hydrological change:

Likely to persist for some years after hydrologidatlines make a wetland unsuitable for
breeding, particularly as juveniles are entirelydstrial and take several years to reach
maturity. In the GSS area, the species is alreaalstly confined to large, near-permanent
or permanent wetlands. Therefore, the specieshmaglerant of all but the greatest of

hydrological declines.

Litoria adelaidensis
Key characteristics:

A widespread species associated with permanergarrpermanent wetlands that support
emergent riparian vegetation. Adults have limaédity to tolerate dry conditions, while
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timing of breeding and long larval life further linthe sorts of wetlands where the species

can survive.
Impact of hydrological change:

L. adelaidensis may already have disappeared from some wetlandmyMf the wetlands
where it remains are large and therefore massideolygical declines will be required
before impacts on the species become apparent.

Litoria moorei
Key characteristics:

A moderately widespread species of permanent aadpemanent wetlands. Limited in

distribution to such wetlands by late spring bregdand long larval life.
Impact of hydrological change:

Already appears to have disappeared from somenastia the GSS area. Many of the
wetlands where it remains are large and theref@gsive hydrological declines will be

required before impacts on the species become expipar

Myobatrachus gouldii

Key characteristics:

Probably very widespread and wholly terrestrialid&gpread to the north of the GSS area.
Impact of hydrological change:

Probably independent of hydrology, although maydbant on soil moisture, but its
survival in much drier areas suggests that declmesinfall in the GSS area will have
little if any impact upon it.

Neobatrachus pelobatoides
Key characteristics:

Occurs mainly to the north and breeds in wetlarigstgpe that are found only in the east
of the GSS area. Well-adapted to low rainfall emwinents and wetlands with a short

hydroperiod that may be independent of groundwater.
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Impact of hydrological change:

Declines in rainfall could actually lead to thisspes spreading south into the GSS area.

Pseudophryne guentheri

Key characteristics:

The breeding biology d?. guentheri takes advantage of early winter rains and thetsidul

are tolerant of dry conditions, but the specieséhesstricted distribution in the GSS area.
Impact of hydrological change:

P. guentheri is confined to shallow wetlands and appears taldsent from apparently
suitable sites, possibly because its breeding yofoakes it vulnerable to the failure of

early winter rains. It may therefore be particlylaensitive to hydrological declines.

Summary

Of the 13 frog species recorded in the GSS &fegpuldii is probably independent of any
hydrological declines, whilkl. albopunctatus, H. barycragus andH. psammophilus are
unlikely to occur regularly in the regiom. pelobatoides is not currently present at
detectable levels but hydrological declines coalttlito it expanding into the area, at least
where there are suitable clay soils in the eake rEmaining species are likely to be

impacted adversely in some way.

Those species reliant on permanent or near-permamiands C. georgiana,

L. adelaidensis, L. dorsalis andL. moorel) may already have suffered some local
contractions in range, but the sorts of wetlands/bith they depend will be robust except
in the case of catastrophic hydrological changer. ekample, large lakes may contract in
size, but there would have to be a massive fajfaundwater and rainfall for such lakes to

fail to continue to support their present suitérogs.

Those species that rely on seasonal wetla@dgléuerti, C. insignifera, H. eyrei and
P. guentheri) are most likely to react to slight or moderateimogical changes. In the
face of declining rainfall and groundwater levélsgyrei will probably persist for many

years, which could mask effects on other componaitse biota.C. insignifera and
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particularlyC. glauerti would be more sensitive to change and their peeseauld

indicate wetland systems that have not yet beearadly affected to a great degree. They
could also be expected to disappear within a feavsydue to hydrological declines and the
reliance of their populations on annual or neartahrecruitment.P. guentheri may

already have declined across much of the GSS arkapears to be especially sensitive
to hydrological declines. This makes it a spewieghy of focus in monitoring studies.
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APPENDICES

Appendix 1. Survey site locations (GDA 94) and autiwinter survey dates

Site Code Suéggrggte Su\r/il/g/teDrate Latitude Longitude
Frog 0 13/05/2008 | 19/08/2008]  31° 24'5.91'|S  11B%8.50" E
Frog 0a 13/05/2008 | 19/08/2008  31° 23 58.86! S  4WB42.18" E
Frog 01 13/05/2008 | 19/08/2008  31° 23 40.68] S MEBA4.26" E
Frog 02 13/05/2008 | 19/08/2008  31° 23 47.12] S HIB36.20" E
Frog 03 13/05/2008 | 19/08/2008  31°23 41.27|'S  MBB0.32"E
Frog 04 13/05/2008 | 19/08/2008  31° 23 43.19/ S MEBU5.84" E
Frog 05 13/05/2008 | 19/08/2008  31°24' 10.34 S MBBU2.17"E
Frog 06 13/05/2008 | 19/08/2008  31° 23 53.88' S MEB4.90" E
Frog 06a i 10/08/2008|  31° 23 53.88"|S  115° ABA4E
Frog 07 13/05/2008 | 19/08/2008  31° 24' 32.04' S  EIB36.98" E
Frog 08 13/05/2008 | 19/08/2008  31° 24'55.67] S EB53.01" E
Frog 09 13/05/2008 | 19/08/2008  31°26' 2.07'S  EB27.84"E
Frog 10 i 10/08/2008 | 31° 27 48.50"|S  115° 52' 81
Frog 13 14/05/2008 | 20/08/2008  31° 27' 20.80] S ME517.87"E
Frog 14 14/05/2008 | 20/08/2008  31° 27 48.24 S  MEB56.16" E
Frog 15 i 20/08/2008 | 31°28' 10.19"|S  115° 45 47D
Frog 16 14/05/2008 | 20/08/2008  31° 28 2558/ S MEB7.60" E
Frog 18 14/05/2008 | 20/08/2008  31°33 37.59] S EIBA1.57"E
Frog 19 14/05/2008 | 20/08/2008  31°34' 12.62 S  BIB40.15"E
Frog 21 11‘613//%56//22%%88' 20/08/2008 | 31°37'49.63"$ 115° 50' 57.47
Frog 22 ]i‘g/%%/é%%% 20/08/2008 | 31°36'30.16"$ 115° 51' 12.53f
Frog 23 ]i‘é’/%%/é%%% 20/08/2008 | 31°38'47.19"$ 115° 51' 27.74¢
Frog 24 11‘(‘5’/%%//22%%88' 27/08/2008 | 31°39'26.20"$ 115° 52 45.82]
Frog 25 ]i‘é’/%%/é%%% 27/08/2008 | 31°39'50.89"$ 115°53' 11.61f
Frog 25a i 27/08/2008|  31°39' 57.42"(S  115° 5B@5E
14/05/2008, o 1o e N
Frog26 | 00208 | 27/08/2008 | 31°41'955'§  115°50'23.98
Frog 27 21%’/%%//22%%88' 27/08/2008 | 31°41'23.96"$ 115°53' 14.30f
Frog 28 20/05/2008 | 27/08/2008  31°42'32.77'S  EB29.12" E
Frog 29 20/05/2008 | 27/08/2008  31°42'17.03'S  EB52.44" E
Frog 30 20/05/2008 | 27/08/2008  31° 42 23.63' S  EEBI8.71"E
Frog 30a i 27/08/2008|  31° 42 39.23"|S  115° 56/82E
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Frog 31 20/05/2008 27/08/2008 31°43'9.57"S EHH20.51"E
Frog 32 20/05/2008 27/08/2008 31°43'34.44'S HB19.20"E
Frog 33 20/05/2008 3/09/2008 31°44'1.45"S 1¥1TB3R.81"E
Frog 34 20/05/2008 3/09/2008 31°43'34.501S HB38.62"E
Frog 35 20/05/2008 3/09/2008 31°43'50.28{ S HB27.18"E
Frog 36 13/05/2008 19/08/2008 31°39'14.40'S EHIA19.08"E
Frog 36a 20/05/2008 3/09/2008 31°43'40.32'S BE655.65"E
Frog 37 20/05/2008 3/09/2008 31°44'25.981S HHBS0.97"E
Frog 39 20/05/2008 3/09/2008 31°43'52.921S HWBS1.32"E
Frog 40 20/05/2008 4/09/2008 31°47'8.04"S 115953.78"E
Frog 40a 20/05/2008 3/09/2008 31°43'35.56'S BB514.82"E
Frog 41 20/05/2008 4/09/2008 31°47'7.03"S  11548.46"E
Frog 41a 20/05/2008 3/09/2008 31°43'20.35'S &BI516.23"E
Frog 42 20/05/2008 4/09/2008 31°47'0.94"S 11543.42"E
Frog 43 20/05/2008 4/09/2008 31°46'47.431S HIB19.99"E
Frog 44 20/05/2008 3/09/2008 31°44'57.011S HBS5.50" E
Frog 45 20/05/2008 3/09/2008 31°43'39.761 S MIB38.90"E
Frog 46 20/05/2008 4/09/2008 31°44'36.531S MIBS37.37"E
Frog 47 20/05/2008 4/09/2008 31°45'39.521S MIBS5.75"E
Frog 48 i%//(())SB//ZZ%%% 22/08/2008 31°48'13.58" S 115° 48'43.58
Frog 49 i%//(())SB//ZZ%%% 22/08/2008 31°48'22.17"$S  115° 48' 59.25
Frog 50 14/05/2008 20/08/2008 31°28'24.24S ¥B5%6.16" E
Frog 51 14/05/2008 20/08/2008 31°28'8.76"S  HES0.40" E
Frog 52 14/05/2008 27/08/2008 31°39'23.04'S HI539.96" E
Frog 53 14/05/2008 27/08/2008 31°41'21.12'S HIBT7.49"E
Frog 54 28/05/2008 29/09/2008 31°52'38.86' S HUIB25.66" E
Frog 55 28/05/2008 29/09/2008 31°51'1.42"S  HIBS11.50"E
Frog 56 28/05/2008 4/09/2008 31°32'30.691S MIBA7.56" E
Frog 57 28/05/2008 4/09/2008 31°38'2.99"S 11546.34"E
Frog 58 - 4/09/2008 31°33'32.93"|S 115°41'16H7
Frog 59 - 4/09/2008 31°34'25.15"|S  115° 41' 2483
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Appendix 2. Survey Sites Description. Landform UB# Bassendean, S= Spearwood,;
Wetland Type (adapted from Semeniuk & Semeniuk5)99= Lake (permanently
inundated basin), P= Palusplain (seasonally wajgdd flat), S= Sumpland (seasonally
inundated basin), W= Watercourse (otherwise knoswreek, seasonally inundated
channel); Surface Water Present/Absent (+/-) inté¥jrSedges/Rushes Present/Absent
(+/-)

Ste Landform \yetjand Type - enceof SurPf;iSee\r/]\?thfrin
Code Unit yp Sedges/Rushes :

Winter
Frog O

Frog Oa

Frog 01
Frog 02
Frog 03
Frog 04
Frog 05
Frog 06
Frog O6a
Frog 07
Frog 08
Frog 09
Frog 10
Frog 13
Frog 14
Frog 15
Frog 16
Frog 18
Frog 19
Frog 21
Frog 22
Frog 23
Frog 24
Frog 25
Frog 25a
Frog 26
Frog 27
Frog 28
Frog 29
Frog 30
Frog 30a
Frog 31
Frog 32
Frog 33
Frog 34
Frog 35
Frog 36
Frog 36a

+ v 4+ 0 + + + +
1

+

+ + + 4+ 0+ 4+ 4+
+ + 1

+ 1
+

+
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Site Landform
Code Unit

Wetland Type

Pr esence of
Sedges/Rushes

Pr esence of
Surface Water in
Winter

Frog 37
Frog 39
Frog 40
Frog 40a
Frog 41
Frog 41a
Frog 42
Frog 43
Frog 44
Frog 45
Frog 46
Frog 47
Frog 48
Frog 49
Frog 50
Frog 51
Frog 52
Frog 53
Frog 54
Frog 55
Frog 56
Frog 57
Frog 58
Frog 59

VOVLLOHDTTDTTTOLOLOOLOOLOLOTOLOO O LT

nuprrcrCc,OoOonoorecrErrCcrC Mo T

+ + 4+ + 4+ 4+ 4+

+ + 4+ + + + +
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Appendix 3. Vegetation description of each site.

Site Vegetation

Frog 0  Mixed woodland dfl. priessiana, E. rudis, B. menziesii, B. ilicifolia andB.
littoralis, over shrubs.

Frog 0a Woodland oM. priessiana over shrub-thicket dkunzea andAdenanthos.

Frog 01 Woodland dfl. priessiana andM. rhaphiophylla overRegelia shrubland.

Frog 02 Woodland dfl. priessiana over mixed shrub heath.

Frog 03  Gallery forest d¥l. rhaphiophylla andE. rudis over sedges and bracken.
Sedges and trees flooded.

Frog 04 Swamp forest &fl. priessiana, M. rhaphiophylla andE. rudis over mixed
shrubs, grasses and sedges. Vegetation floodeattn

Frog 05 Gallery forest d¥l. rhaphiophylla andE. rudis over sedges and bracken.
Sedges and trees flooded.

Frog 06 = Swamp forest &fl. priessiana, M. rhaphiophylla andE. rudis overM.
teretifolia and mixed shrubs, grasses and sedges. Vegefiatoled in part.

Frog 0O6a Paddock (grassland) adjacent to Sitexdénsively flooded with shallow
water in spring.

Frog 07 Swamp forest &fl. priessiana, M. rhaphiophylla andE. rudis over mixed
shrubs, grasses and sedges. Some impact frorolikesAlso flooded
pasture.

Frog 08 Woodland dfl. priessiana over shrub-thicket oKunzea andRegelia.

Frog 09 Woodland dfl. priessiana over shrub-thicket dkunzea andRegelia. Also
some areas of sedge.

Frog 10 Woodland dE. rudis, M. priessiana andM. rhaphiophylla overAstartea
shrubland

Frog 13 Woodland of mostly youris rudis over shrub-thicket dkunzea over
sedges. Somid. priessiana andB. littoralis also present.

Frog 14 Woodland of very lardd. priessiana with invadingE. rudis andB.
attenuata, over mixed shrub-thicket.

Frog 15 Woodland dE. rudis andM. priessiana over shrub-thicket dkunzea

Frog 16 Complex of woodland & rudis and someéM. priessiana over mixed shrub-
thicket; also areas of shrub-thicket with no ovanesy and some bracken.

Frog 18  Shrub-thicket dfunzea over sedges with scattered emerdgittoralis, B.
ilicifolia, M. priessiana andE. rudis.

Frog 19 Forest of young (20-30 yeM) priessiana andE. rudis over sedges in broad
depression; presumably an old excavation to asgass. Surrounded by
Kunzea shrub-thicket.

Frog 21 Sedgeland on peaty soil with marginal waodlofM. priessiana andB.
littoralis. Scattered and stuntétl teretifolia across sedgeland.

Frog 22  Shrub-thicket dfunzea and young\. priessiana with scattered. rudis.
Area partly cleared beneath transmission lines.

Frog 23  Open woodland ™. priessiana overM. rhaphiophylla andM. teretifolia
over sedges.

Frog 24  Shrub-thicket d¥l. teretifolia andKunzea over sedges. Few emergémt
priessiana. Surrounded by pine plantation.

Frog 25 Forest dE. rudis andM. priessiana with understorey oKunzea andRegelia.

Frog 25a Woodland d¥l. priessiana over shrub-thicket dkunzea fringing wetland

supportingBaumea articulata andJuncus. Surrounded biganksia woodland
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Site Vegetation

Frog 26 Woodland dfl. priessiana with some mostly young. rudis andB. littoralis
over shrubland oflypocalymma and youngM. preissiana.

Frog 27 Woodland d¥l. priessiana over heath to 1.5m degelia.

Frog 28 Low woodland dfl. priessiana over heath oHypocalymma.

Frog 29 Complex of forest ®fl. priessiana and shrub-heath étegelia with some
areas of sedges. Thicket®farticulata in pool in fire hole. All regenerating
from intense fire within previous 2 years.

Frog 30 Open woodland ™. priessiana with someB. ilicifolia andNuytsia over
heath ofHypocalymma, Xanthorrhoea and other shrubs.

Frog 30a Remnam. priessiana andE. rudis in paddock, withB. articulata emergent
in wetland.

Frog 31 Woodland dfl. priessiana over heath oHypocalymma.

Frog 32 Woodland dfl. priessiana over heath oHypocalymma and sedgeland.

Frog 33 Low forest oM. priessiana over mixed shrubs, with some areas of pure
shrub-thicket. Surrounded by pine plantation

Frog 34 Woodland and open woodlandvbfpriessiana andB. littoralis over
Hypocalymma heath and sedgeland.

Frog 35 Woodland dfl. priessiana andM. rhaphiophylla over sedges and grassy
weeds.

Frog 36  Swamp forest &fl. rhaphiophylla over pools, sedges and rushes. Flooded
paddocks adjacent. This is a mound spring adjdoefihte Maze along
Neaves Road.

Frog 36a Heath dRegelia andHypocalymma

Frog 37 Heath ofypocalymma

Frog 39 Open woodland ™. priessiana andB. littoralis over sedges

Frog 40  Around open water, shallows, some barestiher a belt of mostly dead, low
sedgesJuncus sp?); shrub-thicket degraded and weed invadedfeami¥.
priessiana andE. rudis.

Frog 40a Low woodland d¥l. priessiana over scattere®unzea andXanthorrhoea, ovel
sedgeland. Adjacent to pine plantation.

Frog 41  An urban pond with open water, extensivishs rushesR. articulata and/or
similar) and some shrub-thickets, but few treesajdcent lawn.

Frog 41a Woodland d¥l. priessiana around a heathland bfypocalymma and
sedgeland. Some bare areas with shallow puddiasriecent rain in spring.

Frog 42 Centre of wetland consists of a rushbelypla, B. articulata and pampas
grass. Surrounding this is a low fores&ofudis, M. rhaphiophylla andM.
priessiana over a shrubby understoreyAdacia, Viminaria andHypocal ymma

Frog 43 Lake bed completely coveredTypha with water present. Margins of lake
cleared and replaced by weeds, including massles pf kikuyu grass.
Scatteredicacia regrowth ande. rudis andM. priessiana.

Frog 44 Complex vegetation in zones around wetldhdarticulata rushbeds in water
and along shore, broad sedgeland behind this, devsth oHypocalymma,
Pericalymma andRegelia, then woodland ofl. priessiana andE. rudis.

Frog 45 Around open water, a broad belfwicus andB. articulata. Shrub-thickets

and woodlands around this mostly cleared and refdlay weeds, but sonte
rudis andMelaleuca spp. remain; also some exotic eucalypts and acacias
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Site

Vegetation

Frog 46

Frog 47

Frog 48
Frog 49

Frog 50

Frog 51
Frog 52

Frog 53
Frog 54

Frog 55

Frog 56

Frog 57

Around open water, broad belffgpha with someB. articulata; little bare
shoreline. Remnant forest M. rhaphiophylla but most upland areas replaced
by lawn.

Around open water, broad belfTgpha with someB. articulata; little bare
shoreline but some grassy shallows amongst rushbBdsnnant forest dl.
rhaphiophylla andE.rudis more extensive than at other Lake Joondalup site
(Frog 46).

Swamp forest &fl. rhaphiophylla with someE. rudis.

Extensive rushbeds®farticulata along shore. Scatterédrudis. Damp an
tangled Kikuyu grass.

Woodland dfl. priessiana over shrub-thicket oRegelia andKunzea. B.
ilicifolia invasion around margins. Somik priessiana dead.

Woodland dE. rudis andM. priessiana over shrub-thicket dkunzea.

Heath oM. teretifolia and other shrubs with extensive sedgelands; margin
woodland ofM. priessiana andB. littoralis.

Low forest oM. priessiana andB. littoralis over sedges.

Open water with extensive bed3ygha andB. articulata. Some bare
shoreline, but also a lot of flooded Kikuyu gra8me remnart. rudis and
M. priessiana andM. rhaphiophylla woodland, but upland areas largely
replaced by lawn.

Open water with extensive bed3ygha andB. articulata. Some bare
shoreline, but also a lot of flooded Kikuyu. SoramnantE. rudis andM.
priessiana andM. rhaphiophylla woodland, but upland areas largely replaced
by lawn.

Complex vegetation. Open water is fringietl very dense stands Bf
articulata so there is almost no shoreline, except whereghasstone wall
backed by lawn. Almost no shallows. Behind rushesvamp forest d¥l.
teretifolia andM. rhaphiophylla. Adjacent vegetation includes lawns and
eucalypt/banksia woodland

Complex vegetation. Around open watermrsitye beds ofypha (a little B.
articulata) backed by swamp forests M rhaphiophylla andE. rudis. Market
gardens on one shore; eucalypt/banksia woodlarodhaar.

Frog 58

Frog 59

Dense sedgelaricepidosperma) over shallow water in centre, fringing with
dense acacias and other shrubs regenerating iafteiSicatteredt. rudis and

M. priessiana.

Mass of sapling. rudis across lake bed forming a dense thicket. Dead and
some liveM. rhaphiophylla andE. rudis around margins, backed by
eucalypt/banskia woodland
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Appendix 4. Aural survey results in autumn. Da@gnouped into categories of 1-10, 11-
30 and >30 calling animals. Blank cells indicatd records. Asterisks indicate sites not

surveyed in this season.

C. C. C . L L L P

Site Code georgiana glauerti insignifera H. eyre dors.alis moo.rei addaidensis guent.heri

Frog O

Frog Oa

Frog 01 1-10 1~10 1~10
Frog 02 1~10 1~10
Frog 03 11~30 1~10
Frog 04 >30 1~10
Frog 05 11~30 1~10
Frog 06 >30 >30
Frog 06a*

Frog 07 11~30

Frog 08

Frog 09 1~10
Frog 10*

Frog 13

Frog 14

Frog 15*

Frog 16

Frog 18

Frog 19

Frog 21 1~-10 1~10 1~10
Frog 22 1~-10

Frog 23 1~10 1~10

Frog 24 1~10 1~10

Frog 25 11~30
Frog 25a*

Frog 26

Frog 27 1~10

Frog 28

Frog 29 11~30

Frog 30 1~10

Frog 30a*

Frog 31 1~10

Frog 32 1~-10

Frog 33 11~30

Frog 34

Frog 35

Frog 36 1-10 >30

Frog 36a

Frog 37 1~-10

Frog 39

Frog 40 1~-10

Frog 40a 1~10
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Site Code geor(gzj.iana gla(li.erti insig(r:{ifera H. eyrel dor:alis rmlz).rei adel all'_(.jensis guerﬁ)t.heri
Frog 41 1-10 1-10 1-10 1-10
Frog 41a 1~10

Frog 42 1~10

Frog 43 >30

Frog 44 1~10 1~10 1~10 >30
Frog 45 1~10 >30

Frog 46 >30 1~10

Frog 47 >30 1~10
Frog 48 1~10

Frog 49 >30 1~10
Frog 50 1~10

Frog 51 1~10

Frog 52 11~30

Frog 53 1~-10

Frog 54 1~10 >30 1~10

Frog 55 1~10 >30

Frog 56 1~10 1~10

Frog 57 1~10 1~10 1~10
Frog 58*
Frog 59*
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Appendix 5. Aural survey results in winter. Data grouped into categories of 1-10, 11-30
and >30. Blank cells indicate null records.

C. C. C. L. L. L. P.

Site Code georgiana glauerti insignifera H. eyre dorsalis moorei adelaidensis guentheri

Frog O

Frog Oa

Frog 01

Frog 02

Frog 03 1~10 1-10 11-30 1~10 1~10

Frog 04 >30 1~10 1~10
Frog 05 1-10 1~10

Frog06 1-10 >30 >30 1-10 1-10
Frog 06a 1-10 1-10 1~10

Frog 07 1~10 1~10 1~10 1~10
Frog 08

Frog 09

Frog 10

Frog 13

Frog 14

Frog 15

Frog 16

Frog 18

Frog 19

Frog 21

Frog 22

Frog 23

Frog 24

Frog 25
Frog 25a 11~30 11~30 1~10 11~30
Frog 26

Frog 27

Frog 28

Frog 29 1~-10 1~10 1~10
Frog 30
Frog 30a 1-10 11-30 1~10

Frog 31

Frog 32

Frog 33

Frog 34

Frog 35

Frog36 1~10 1~10 1~10 1~10
Frog 36a

Frog 37

Frog 39

Frog 40 1~10
Frog 40a

Frog 41 >30  1~10 1~10 11~30
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Site Code ¢ ¢ G H. eyrei L. L. L P.
georgiana glauerti insignifera dorsalis moorei adelaidensis guentheri

Frog 41a 1~10
Frog 42

Frog 43 1~10 1~-10
Frog 44 >30 1~-10 1~-10 1~10
Frog 45 >30 1~10 1~10 11~30
Frog 46 >30 1~-10 >30
Frog 47 >30 11~30 11~30
Frog 48 11~30

Frog 49 11~30 11~30 1~-10 11~30
Frog 50

Frog 51

Frog 52

Frog 53

Frog 54 1~10 1-10 1-~10
Frog 55 11~30 11~30 1~-10
Frog 56 >30 1~-10
Frog 57 >30 1~10 >30
Frog 58 >30 1~-10
Frog 59
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Appendix 6. Site locations and species recordeah flrexia (Bamford and Everard 2008).

Site Site Name Latitude Longitude C. C. C. H. L. L. L. P.
Code georgiana | glauerti | insignifera | eyrei dorsalis moorei | adelaidensis | guentheri
LX01 Lexia 86 3%145'13"S | 11557°29"E X X X X X X X
LX02 | EPP Wetland| 31°42'19”"S | 11557'45"E X X X X X X X

173
LX03 Lexia 94 3145'17"S | 11558'21"E X X
LX04 Lexia 186 3144'40"S | 1155742"E X X X X X
LX05 Lake Yakine | 3347'40"S | 11559'56"E X X X X X
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Appendix 7. Site locations and species recordaah Whiteman Park (Bancroft and Bamford 2008).

Site Site Name C. C. C. H. L. L. L. P.
Code Latitude L ongitude georgiana | glauerti | insignifera | eyrei | dorsalis | moorei | adelaidensis | guentheri
WPO01| Keith Maine Pool |31°49'42.68" $115° 55' 38.39" E X X X
WP02| Beechboro Road X X X X X

Entrance 31°50' 46.67" $115° 55' 40.51" H
WPO03 Bennett Brook X X X X X X X
Tributary 1 31°50' 14.87" 815° 55' 43.73" H
WPO04 Bennett Brook X X X X X
Tributary 2 31°50' 28.56" 815° 55' 48.71" H
WPO05 Bennett Brook X X X
Tributary 3 31°50' 37.35" 815° 55' 51.46" B
WPO06| Trap Site 2 (Emu X X X X
Way) 31°49'58.12" §115° 55' 59.14" B
WPO07 Bennett Brook X X X X
Tributary 4 31°50' 34.18" $115° 56' 1.01" E
WPO08 Trap Site 1 31° 50" 31.21" $115° 56' 22.16" E X X X X
WPO09| Kangaroo Flat Pool[31° 49' 38.18" $115° 56' 23.14" B X X X X
WP10 Trap Site 4 31° 48'50.35" $115° 56' 51.64" B X X
WP11 Mussel Pool  |31° 50' 38.88" $115° 56' 58.78" E X X X X X
WP12|Bennett Springs Drivi81° 51' 27.98" $115° 57' 6.22" E X X X X X
WP13| Cranleigh Street [31°51'5.66" S| 115°57'16.36"[E X X X X
WP14 Horse Swamp (31° 50" 37.78" $115° 57' 22.76" B X X X X
WP15 Near Catchment X X X X X X
Centre 31°52'19.75" 815° 57' 22.00" B
WP16| Grogan Swamp |31°52'57.20" $115°57'33.75"§ X X X X X X
WP17| Swamp alongside X X X X X X
Lord Street 31°50'1.62" S| 115°57' 49.04" E
WP18| Lord Street Entrance X
Pool 31°50'4.26" S| 115°57'53.58"|E
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Appendix 8. Site locations and species recordeéteadsman Lake (M. and A. Bamford pers. obs.).

Site Name Latitude Longitude C. georgiana| C. glauerti | C.insignifera| H. eyrei |L.dorsalis| L. moorei | L. adelaidensis |P. guentheri
Herdsman |51 5443 714 5 | 115° 48' 5.22" X X X X X
Lake
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Appendix 9. Site locations and species recorden fparallel GSS fauna survey. Species recorded eagrired in pitfall traps, except for a single

capture of the Motorbike Frdgtoria moorei in an Elliott trap at Site 15A.

C. C. C. H. L. L. L. P. M.
Site Code Latitude L ongitude georgiana | glauerti | insignifera | eyrei | dorsalis | moorei | adelaidensis | guentheri | gouldii
GSS/01A | 31°30'38.30"§ 115°39'22.46"|E X | X
GSS/01B | 31°30'53.48"3§ 115°39'36.29"E X | X
GSS/02A | 31°31'15.82"§ 115°39'14.47"|E XX
GSS/02B | 31°31'19.84"§ 115° 39'24.09"|E X | X
GSS/03A | 31°21'27.81"§ 115°40'16.30"|E X
GSS/03B | 31°21'49.86"3§ 115°40' 29.63"|E X X
GSS/04A | 31°28'24.83"§ 115°45'55.19"E X
GSS/04B | 31°28'21.37"§ 115°46'10.86"|E X
GSS/05A | 31°31'3.69"S 115° 42'53.13"|E X
GSS/05B | 31°31'15.56"§ 115°42'54.03"|E X
GSS/06A | 31°23'51.50"§ 115°44'43.03"|E XX X
GSS/06B | 31°23'59.94"§ 115°44'47.16"|E X | X X
GSS/07A | 31°26'35.09"§ 115°52'9.79" B X X
GSS/07B | 31°26'37.42"§ 115°52'7.07" K X X X X
GSS/08A | 31°27'6.44"S 115° 50' 47.08"|E X
GSS/08B | 31°26'55.98"§ 115°50'45.15"E X | X X
GSS/09A | 31°27'38.74"§ 115°50'6.26" B X X
GSS/09B | 31°27'38.02"§ 115°50'10.54"|E X
GSS/10A | 31°34'23.69"§ 115°41'38.76"|E
GSS/10B | 31°34'29.85"§ 115°41'39.26"|E X
GSS/11A | 31°33'5.62"S 115°41'34.24" |E
GSS/11B | 31°33'8.69"S 115°41' 35.02"|E
GSS/12A | 31°30'28.52"§ 115°41'17.86"|E X X
GSS/12B | 31°30'29.35"§ 115°41'0.71"E X
GSS/13A | 31°30'33.38"§ 115°41'56.66"|E X X
GSS/13B | 31°30'27.11"§  115°41'55.07"|E X
GSS/14A | 31°32'38.85"§ 115°40'35.13"|E XX
GSS/14B | 31°34'10.14"§ 115°41'32.51"E X
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Appendix 9 (cont.)

C. C. C. H. L. L. L. P. M.
Site Code Latitude Longitude georgiana | glauerti | insignifera | eyrei | dorsalis | moorei | adelaidensis | guentheri | gouldii
GSS/15A | 31°33'29.71"§ 115°41'17.58"|E X
GSS/15B | 31°33'25.96"9§ 115°41'16.17"|E X
GSS/16A | 31°30'37.58"§ 115°43'33.48"|E X
GSS/16B | 31°30'35.33"§ 115°43'36.83"|E X
GSS/17A | 31°24'7.69"S 115° 41' 45.05"|E X X
GSS/17B | 31°24'5.83"S 115°41'53.41"|E X X
GSS/18A | 31°37'17.97"§ 115°49'20.79"|E
GSS/18B | 31°37'15.32"§  115° 49' 25.09"|E
GSS/19A | 31°42'23.65"§ 115°56'18.63"|E
GSS/19B | 31°42'21.55"§ 115°56'14.87"|E X
GSS/20A | 31°42'27.59"§ 115°55'29.32"|E
GSS/20B | 31°42'28.06"§ 115°55'33.95"E
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Appendix 10. Frog records in the GSS area fronuiéatap.
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Appendix 10 (cont.)
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