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INTRODUCTION

Ideally, the management of threatened species
would always be based on reliable scientific research.
In reality, the rarity of many of these species often
restricts opportunities for the collection and analysis of
threatened species data. As a consequence, the man-
agement of these species is based on either the precau-
tionary principle or the ‘best guess’ approach. Where
threatened species research does occur, we have a
responsibility not only to present our research within
the scientific community, but also to interpret our data
in terms of the conservation management of the spe-
cies. Until recently, the giant burrowing frog Heleio-
porus australiacus has been an example of a species

that has required management with little guidance
from research data.

Heleioporus australiacus is a large threatened myo-
batrachid frog in south-eastern Australia. Records of
the species are from the coast and adjacent ranges
from Singleton to approximately 100 km east of Mel-
bourne (Martin 1997, Gillespie & Hines 1999) (Fig. 1).
A disjunction of 100 km occurs in the records of the
species from south of Jervis Bay to Narooma (Lemck-
ert et al. 1998). It has been argued that populations to
the north and south of this disjunction represent sepa-
rate species (Penman et al. 2004, 2005a) but this
remains to be confirmed. For the purposes of this
paper, we refer only to the northern and southern
populations (Fig. 1).
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against stochastic events.

KEY WORDS:  Amphibian · Management · Forestry · Disturbance impacts

Resale or republication not permitted without written consent of the publisher

OPENPEN
 ACCESSCCESS



Endang Species Res 5: 45–53, 2008

Throughout its range the giant burrowing frog is
considered rare, or at least rarely encountered. As a
result the species has been listed under threatened
species legislation nationally under the Environmental
Protection and Biodiversity Conservation Act 1999, in
New South Wales (NSW) under the Threatened Spe-
cies Conservation Act (TSCA) 1995 and in Victoria
under the Flora and Fauna Guarantee Act 1988. Inclu-
sion of this species in threatened species legislation
has occurred primarily due to a small number of
records of the species suggesting the species occurs in
low abundance (Mazzer 1994) and to a poor under-
standing of the species ecology (Tyler 1997, Penman et
al. 2004). The species was listed under the TSCA
because its population and distribution were suspected
to have been reduced; it was thought that the species
faced moderate threatening processes and it was con-
sidered to be an ecological specialist (i.e. it depends on
particular types of diet or habitat) (Lunney et al. 2000).
The 2 main perceived threats to the long-term survival
of this species are fire and commercial forestry (Pen-
man et al. 2004).

Management prescriptions have been developed for
this species on land subject to commercial forestry,
although the prescriptions vary between management

regions. In the northern populations (Forests NSW—
Hunter Region), stream buffer zones of 30 m are estab-
lished around all drainage lines within 200 m of a
known locality for the species. Two Forests NSW man-
agement regions, South East Region and the South
Coast Region, cover the southern NSW populations. In
the South East Region, if an individual is found, a
200 ha exclusion zone is established, within which no
logging is to occur, and there are restrictions placed
on conducting prescribed burns. In the South Coast
Region, an exclusion zone with a 500 m radius (78 ha)
around the record is established. The more precaution-
ary approach was adopted in these regions, as fewer
records exist in these areas compared with the north-
ern populations. In Victoria, where individuals are
detected in first order streams or away from streams, a
50 ha exclusion zone is established. For records on sec-
ond order or higher streams, a linear buffer of 100 m is
established around the stream for 1 km up- and down-
stream of the record.

These prescriptions were developed in the absence
of significant research data and it is not clear how
effective they are. Here, we review the biology of the
giant borrowing frog, evaluate its conservation status
and assess the potential for logging and fire to impact
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Fig. 1. Known localities of the giant burrowing frog Heleioporus australiacus; m: northern population sites; j: southern popu-
lation sites. Dark shaded area in inset: study area in New South Wales and Victoria
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upon populations of this species. Using this informa-
tion, we assess the appropriateness of existing man-
agement prescriptions and propose alternatives that
could be applied throughout the range of the giant
burrowing frog.

SPECIES BIOLOGY

A complete review of the species biology is pre-
sented by Penman et al. (2004). It was found that little
is known of the species’ habitat use and behaviour
throughout its range. Descriptions of habitat were
based on a small number of observations of the species
in a relatively small area (e.g. Gillespie 1990, Daly
1996, Lemckert et al. 1998). Northern populations
were commonly associated with heath communities
(Mahony 1993), whereas the southern populations
were reported from a range of forest environments
(Littlejohn & Martin 1967, Webb 1987, Gillespie 1990,
Lemckert et al. 1998).

More recent radio-tracking studies have allowed for
a comprehensive analysis of the species’ behaviour
(Lemckert & Brassil 2003, Penman 2005). These studies
have found that individuals spend the majority of the
year (>95%) in forest areas away from the breeding
site. In the non-breeding environment, individual frogs
have non-breeding territories, which are on average
500 m2 or 0.05 ha. There is no significant difference in
the size of the male and female territories; however,
male territories are more commonly found closer to the
breeding site than female ones (males: mean = 99 m,
females: mean = 143 m; Penman 2005). Within each
territory an individual will have a number of ‘home
burrows’ or sites they frequently use and a number of
single use burrows. Frogs appear to select burrow sites
based on the degree of shading from the shrub and
understorey layer; however, there were no recorded
differences between home burrows and single use
burrows. The frogs burrow to depths ranging from 1 to
30 cm, with an average depth of 10 cm.

Traditional habitat modelling approaches have been
combined with spatial modelling techniques to assess
the habitat requirements of the species, particularly for
the southern populations (Penman et al. 2005b, 2007a).
In these areas, the species appears to select dry forest
environments with low levels of vegetative ground
cover. The species is most commonly associated with
catchments of first and second order streams (as
defined by Strahler 1952), where breeding occurs.
Spatial modelling predicted that the species will not
occur in steep areas, either because these areas do not
have a suitable soil profile for the species to burrow
into, or because they do not provide appropriate
breeding habitats for the species. Climatic conditions

appear inappropriate for the species in large river
valleys, coastal lowlands and on high peaks (Penman
et al. 2005a).

Studies on this species have been limited by the
small number of known sites and the lack of true or
known absence sites. As a result, statistical analysis
and verification of the derived statistical models is dif-
ficult. The lack of true or known absence sites means
that any presence/absence statistical approaches re-
quire the use of random or null sites. These sites may in
fact be occupied by the species, i.e. false negatives,
and the inclusion in a model as a negative site will bias
model results. This has occurred, as the species is diffi-
cult to detect even in areas where it is known to exist.
While statistical methods are available for dealing with
imperfect detection (e.g. MacKenzie et al. 2003, Tyre
et al. 2003, Wintle et al. 2004), data for such models
have not been collected for this species.

Detection rates for this species using common
amphibian survey techniques are extremely low. This
occurs in part because the behaviour of this species is
strongly associated with specific environmental condi-
tions. The species is most active following rainfall of
at least 5 mm, when temperatures are above 8oC,
humidity above 60% and in still or light wind condi-
tions (Penman et al. 2006a). Using pitfall traps in
known population areas has resulted in detection
rates ranging from 1 in 800 trap nights (Penman 2005)
up to 1 in 3000 trap nights (Kavanagh & Webb 1998).
Gillespie (1990) reported capturing no frogs in 5400
pitfall trap nights in suitable habitat for the species in
eastern Victoria. The rate of detection using nocturnal
road transects varies widely according to a number of
factors, including habitat traversed, experience of the
observer and vehicle speed. Nocturnal road transects
are one of the main techniques utilized in pre-logging
surveys for this species; however, few have actually
detected them. In approximately 250 nights of tar-
geted surveys only 11 frogs have been detected, 10 of
which were in one area on one night (C. Slade, A.
Fawcett, K. Rowley, Regional Ecologists, Forests
NSW, pers. comm.). Auditory surveys are another
commonly used technique for amphibian surveys, but
these are ineffective for the giant burrowing frog
(Penman et al. 2006b).

It is clear that techniques to improve the rates of
detection for this species need to be developed. There
should be a trial usage of tadpole surveys as an alter-
native means of detection. This technique is likely to
be successful, as the species have large, conspicuous
tadpoles (Anstis 2002), which persist in the water bod-
ies for a number of months following hatching (Daly
1996). Tadpole surveys can therefore be conducted for
up to 12 mo after a breeding event, independently of
climatic conditions. This technique does require that a
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successful breeding event has occurred in an area and
may, therefore, not be reliable if an area is only sur-
veyed in a single season.

CONSERVATION STATUS

It is difficult, if not impossible, to determine the true
conservation status of the species. The species may be
far more widespread than our current records indicate,
as suitable habitat appears widespread throughout
the species range. Alternatively, the species may be
extremely patchy in its distribution with current re-
cords reflecting the main populations in its distribu-
tion. Such a distributional pattern may have resulted
from natural and anthropogenic disturbances through-
out the species’ history. If we take this approach,
the species may not be difficult to
detect — it may simply not be present
in the majority of areas surveyed.
Management needs to consider both
these scenarios.

The majority of the northern popula-
tions are located within existing con-
servation reserves, whereas the south-
ern populations are largely known
from land managed for commercial
forestry. This result is probably due to
the higher level of survey effort in con-
servation reserves in the northern
populations and the much higher den-
sity of conservation reserves around
the Sydney area. A summary of the
reserves and forest land areas where
the species has been recorded is pre-
sented in Table 1.

Throughout the species distribution
there are few areas where more than 5
individuals have been detected. As a
result, it is difficult to assess whether
populations of this species are remain-
ing stable, declining or even increas-
ing. For example, Mahony (1993)
argued that a population around Kul-
nura (NSW) became locally extinct as
a result of increased road traffic, as no
individuals were detected in subse-
quent nocturnal road transects. No
work was conducted away from the
road and recent surveys have located
individuals in the surrounding areas
(F. L. Lemckert unpubl. data), suggest-
ing that the species did not become
extinct, rather that it may simply have
stopped utilizing the road matrix.

DISTURBANCE IMPACTS

Fire

The primary impact that fire could have on this spe-
cies is mortality, through overheating or dehydration
(Lunney & Barker 1986, Lemckert & Brassil 2003).
Using agar models, moisture loss during a hazard
reduction burn was found to be unlikely to result in
mortality for individuals buried at depths of 5 cm or
greater (Penman et al. 2006c). As individuals occupy
burrows at depths of 1 to 30 cm, with an average depth
of 10 cm (Lemckert & Brassil 2003, Penman 2005), only
a small proportion of the population may be directly
affected by dehydration during a fire event — this pre-
sumes that individuals would not burrow deeper into
the soil profile.
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Northern NSW Southern NSW Victoria

Conservation Reserve
Wollemi NP Wadbilliga NP Snowy River NP
Yengo NP Biamanga NP Coopracambra NP
Brisbane Water NP Nadgee NR
Kurringhai NP South East Forest NP
Marramarra NP Ben Boyd NP
Jilliby SCA
Dharug NP
Popran NP
Blue Mountains NP
Garigal NP
Royal NP
Heathcote NP
Dharawal NP
Bargo SRA
Morton NP
Budderoo NP
Barren Grounds NR
Jervis Bay NP
Booderee NP

Lands managed for commercial forestry
Olney SF Bodalla SF Boda FMA
Putty SF Wandella SF Ben Cruachan FMA
McPherson SF Dampier SF Freestone FMA
Ourimbah SF Bermagui SF Sandy Creek FMA
Strickland SF Glenbog SF Marthavale FMA

Gnupa SF Mount Alfred FMA
Yurammie SF Sansfield FMA
Broadwater SF Dead Horse FMA
Nullica SF Buldah FMA
East Boyd SF West Colquhoun FMA
Timbillica SF Boggy FMA
Yambulla SF Gillingall FMA
Bondi SF Martins Creek FMA

Purgagoolah FMA
Coast Range FMA

Table 1. Records of the giant burrowing frog Heleioporus australiacus from con-
servation reserves and lands managed for commercial forestry. NP: National
Park, NR: Nature Reserve, SCA: State Conservation Area, SRA: State Recreation
Area, SF: State Forest (New South Wales, NSW), FMA: Forest Management

Area (Victoria)
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Frequent anthropogenic fire is thought to simplify
the structure and diversity of vegetation (e.g. Tasker &
Bradstock 2006). Similarly, the exclusion of fire from
some vegetation communities is thought to result in
changes in the vegetation structure and diversity (e.g.
Penman et al. 2008). The indirect effects of changed
fire regimes on the giant burrowing frog are not clear,
as habitat requirements for this species are still not
well understood.

Logging

During a logging operation, individual giant burrow-
ing frogs are susceptible to being crushed by fallen
trees and vehicle movements, a case of which was
described by Lemckert et al. (1998). The extent of soil
compaction is a function of both soil type and traffic
levels (Grigal & Bates 1997, Smith et al. 1997, Hutch-
ings et al. 2002). The areas of highest traffic in a log-
ging area, hence sites of compaction, are the tracks
along which logs are transported (snig tracks) and the
centralized log dumps. Individuals occupying these
areas during a logging operation are likely to be
crushed if they do not move during the initial distur-
bance (Lemckert et al. 1998, Penman et al. 2006d). The
extent of soil compaction (and hence the potential for
mortality) in areas where trees are felled without vehi-
cle movements is not clear.

The post-logging environment may not provide suit-
able burrowing habitat for the giant burrowing frog.
Logging operations reduce the vegetative cover across
the ground; however, the proportion of woody debris
will increase dramatically in the short term, thereby
reducing burrowing opportunities. This may be over-
come in part by the application of post-logging burns,
which reduce the quantity of woody debris remaining
within the coupe. Loss of vegetation from the site par-
ticularly in the understorey and shrub layers will
reduce the shading effect for which the species
appears to select (Penman 2005). This impact is likely
to be relatively short, as early stages in the forest
regeneration will provide shrub and understorey
cover.

CURRENT PRESCRIPTIONS

Most of the current prescriptions for this species in
land areas managed for forestry appear to be inappro-
priate. Existing prescriptions generally fail to provide
protection to the key elements of the population, or
appear to cover an unnecessarily large area. Another
major limitation is that these prescriptions are only
enforced if individuals are detected using standard-

ized surveys; however, such surveys have to date been
unsuccessful.

Stream-side buffer zones, as used for the northern
populations and in Victoria, appear to be inappropriate
for protecting populations of this species. Males are
more likely to be found closer to the breeding site than
females (Penman 2005). As a result, a disproportionate
number of males relative to females will be protected
by such prescriptions. This could result in a decline in
the size of the female breeding population, which will
reduce overall population size and genetic diversity.
Multi-species studies have suggested that buffer zones
of 300 m around breeding sites will protect a signifi-
cant proportion of a number of species’ populations
(Semlitsch & Bodie 2003). This would not, however, be
practical in areas occupied by the giant burrowing
frog, as most areas fall within 300 m of a potential
breeding site. Therefore, to all intents and purposes,
300 m buffer zones would function as exclusion zones.

Exclusion zones are used in the southern populations
within NSW (200 or 78 ha) and in non-breeding habi-
tats in Victoria (50 ha). Individual burrowing frogs
have average non-breeding activity areas of approxi-
mately 0.05 ha (Penman 2005). A 200 ha exclusion
zone is therefore approximately 4000 times larger than
an individual’s activity area. In a radio-tracking study
of a population over 3 successive seasons, no frogs
were found to move outside the 200 ha exclusion zone
established (Penman 2005). If exclusion zones continue
to be enforced around every population that is de-
tected, a 200 ha exclusion zone, then, is much larger
than would be necessary to protect a population; a
50 ha exclusion zone is a more appropriate size for this
species. In areas occupied by the giant burrowing frog,
50 ha would incorporate the majority of breeding and
non-breeding sites used by a local population (Pen-
man 2005).

ALTERNATIVE PRESCRIPTIONS

Two main scenarios exist that may represent the con-
servation status of this species:

(1) the species distribution is extremely patchy and
the known sites reflect the main populations within
this distribution; or

(2) the species is widespread within its distribution;
however, due to difficulties in detecting the species
current records do not reflect this.

Conservation management of this species should
consider both scenarios and develop prescriptions that
account for either possibility. The most suitable
approach therefore appears to be reserving a number
of known population areas throughout the species’
range. This can encompass populations that are
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already reserved and, if necessary, populations not yet
reserved if they are considered essential to the pro-
cess. If these protection zones were to be established,
pre-logging surveys would not be necessary and pop-
ulations outside these areas would not be afforded
additional protection. We take the Forests NSW —
South East Region, also known as the Eden Manage-
ment Area (EMA), as a case study of how this could be
implemented; this information is presented below.

Within these protection zones management actions
should be restricted. Fire management practices (e.g.
hazard reduction burns and the maintenance of impor-
tant access trails) should be conducted. Hazard reduc-
tion burns reduce future fire risk by reducing fuel
loads (e.g. Penman et al. 2007b). The direct impact of a
hazard reduction burn on a population of Heleioporus
australiacus is minimal, particularly when compared to
the potential impact of an intense wildfire (Penman et
al. 2006c). Hazard reduction burns could be carried out
within a protection zone; however, following the pre-
cautionary principle, no entire protec-
tion zone should  be burnt in any one
season. The protection zone should be
divided into a minimum of 3 fire man-
agement areas, which should be identi-
fied when the protection zone is
designed. All logging should be ex-
cluded from these protection zones, as
logging operations are likely to have
negative impacts on the population, at
least in the short term (Penman et al.
2006d).

Protection zones should be based on
biologically meaningful areas and
therefore may vary in size. These areas
encompass a number of known breed-
ing sites and non-breeding habitat
areas. This may mean that additional
surveys are required to adequately
design the protection zones. It is antici-
pated that each protection zone will be
approximately 400 to 600 ha. Bound-
aries of the protection zone should be
clearly delineated by roads, mapped
drainage lines or administrative bound-
aries, to ensure these areas can be
readily identified by staff working in
the field.

Implementing such a management
approach requires subsequent moni-
toring of the populations, to determine
not only the health of the population
but the ensuing success of the whole
operation. Attempting to obtain statisti-
cally valid results from monitoring pop-

ulations of Heleioporus australiacus is likely to be
extremely difficult. It is our opinion that monitoring
breeding sites over successive seasons to determine
the presence or absence of tadpoles is the most appro-
priate technique. Monitoring for the presence of tad-
poles allows managers to assess whether an active
breeding population persists in a given area. In con-
trast, nocturnal road transects and pitfall traps will
generally only indicate whether an adult population
persists in a given area.

Individuals move to the breeding site following
heavy summer or autumn rains (Daly 1996, Penman
2005), and therefore some flexibility is required in the
monitoring of populations. A minimum of 3 monitoring
events should take place at each site following a heavy
rainfall event. The first of these should be 1 mo after
the rainfall event, with subsequent monitoring occur-
ring at 3 to 4 wk intervals. At each visit, surveyors
should determine whether tadpoles of the giant bur-
rowing frog are present, estimate the number of tad-
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Fig. 2. Records of the giant burrowing frog (GBF) Heleioporus australiacus in 
the Eden Management Area (EMA), NSW. For abbreviations see Table 1
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poles in each pool on the stream and estimate an aver-
age size of each cohort in the pool.

EDEN MANAGEMENT AREA: A CASE STUDY

The EMA is located in the south-eastern corner
of NSW (Fig. 2), covering an area of approximately
814 249 ha or 8142.5 km2. Boundaries of the EMA are
defined by the administrative boundaries of the South-
East Region of Forests NSW (formerly State Forests of
NSW). Within this area there are 248 467 ha of conserva-
tion reserves, 214 259 ha of native forest managed by
Forests NSW for commercial forestry, 8886 ha of plan-
tation forests and 35 792 ha of native forest on privately
owned land (Keith & Bedward 1999). Heleioporus
australiacus has been recorded from a total of 38 loca-
tions around the region (Fig. 2), although not all of these
records have been verified. A summary of the obser-
vations is presented in Table 2. These sites (n = 38) are
scattered throughout the various forest areas within the
region, with 11 falling in conservation reserves, 23
within land managed for commercial forestry, 3 from
native forest which has subsequently been converted
to plantations and 1  from private land. This bias does
not necessarily reflect habitat selectivity, but rather
survey effort within the region.

To develop the proposed management approach it
is necessary to understand the distribution of poten-
tial habitat. Several attempts have been made to pre-
dict the habitat for Heleioporus australiacus within
this region using spatial models (NSW National Parks
and Wildlife Service 1998, Penman et al. 2005a,
2007a). These models have not always provided valu-
able information to managers, as they have either
failed to predict known populations, thus the veracity
of the model is questionable (NSW National Parks
and Wildlife Service 1998) or predict most if not all of
the forest environments and thereby provide no use-
ful guidance for targeted surveys (Penman et al.
2005a). Recent modeling attempts have consistently
predicted the majority of the Wadbiligia Nature
Reserve (NR) and the southern end of Nullica State

Forest (SF) as unsuitable habitat for H. australiacus,
probably due to the steep and dry nature of these
areas. Outside this area, suitable habitat for the spe-
cies appears to exist throughout the naturally vege-
tated areas of the EMA.

The proposed management approach identifies key
populations for protection within the EMA. We suggest
that a minimum of 5 population areas be protected that
have significant spatial separation and incorporate the
range of geographic and ecological conditions in
which the species is found. Four areas within the EMA
exist, from which a large number of records have been
derived. These are Nullica/Broadwater SF (hereafter
the Broadwater population), the Coolangubra section
of the South-East Forests National Park (NP) (hereafter
the Coolangubra population), Yambulla SF (hereafter
the Yambulla population) and to a lesser extent the
Gnupa/Yurammie SF (hereafter the Gnupa popula-
tion) (Fig. 2). A number of individuals have been seen
in all of these areas, but successful breeding has only
been confirmed for the Broadwater population. Before
any additional populations are identified for protec-
tion, additional survey work is necessary to determine
the status of the populations at these sites. Options for
this include the record of the species in Glenbog SF or
one of the populations in the north-east of the region
(Bermagui SF or Biamanga NP). All of these popula-
tions are geographically separated from the main
known populations.

Protection around key populations should not neces-
sarily be based on a single sized area, rather one that is
biologically meaningful for the species. Ideally, a pro-
tection zone will incorporate a number of breeding
sites, as well as a large number of the known records
for that population. These are not known for many
populations in the EMA; therefore additional survey
work should be conducted before protection zones can
be designed to meet these criteria. In the following we
outline an initial design for the Broadwater population,
which has been studied intensively.

The Broadwater population lies on the boundary of
Broadwater SF, Nullica SF and the northern section of
East Boyd NP (Fig. 2). This area has been intensively
surveyed with tadpole surveys, pitfall traps, nocturnal
road transects, auditory surveys and a radio-tracking
study. Breeding sites, non-breeding records and the
boundary of the proposed protection zone are depicted
in Fig. 3. The protection zone (630 ha: 435 ha managed
by Forests NSW, 195 ha by the National Parks and
Wildlife Service, NPWS) incorporates all known breed-
ing sites and the majority of the non-breeding records
for the species. It is not expected that the level of sur-
vey effort that has been placed into the Broadwater
population would be placed into the other population
areas. Appropriately timed tadpole surveys should
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Observation type Reliability No. of sites

Museum specimen Very high 10
Individual captured High to very high 22
Heard call Low 1
Anecdotal evidence Variable 4
Burnt body Low 1

Total 38

Table 2. Summary of observations in the Eden Management 
Area (EMA)
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allow for similar zones to be easily developed in the
other population areas.

FUTURE RESEARCH

Any research on this species is liable to be difficult
(at least resource- and time-consuming) and it is thus
important that the funds and effort be placed into
appropriate activities. We suggest that the following
questions are most relevant to the conservation biology
of this species at this point in time:

(1) an assessment of tadpole surveys as a means of
detecting the species;

(2) pending the success of (1), a study examining the
distribution of the species on a regional level in all
potential habitat areas;

(3) a study examining the direct
impact of hazard reduction burns on
individuals of the giant burrowing
frog using surrogate measures; and

(4) a study examining the direct
impact of forestry operations on indi-
viduals of the giant burrowing frog
using surrogate measures.

CONCLUSION

The giant burrowing frog is an ex-
tremely difficult species to detect, even
in areas where it is known to occur.
Commercial forestry is likely to impact
negatively upon populations in the
short term; however, the severity of this
impact remains uncertain. Additionally,
we have little knowledge of longer-
term impacts, even though most re-
cords in the south-east of NSW and
many in the north originate from previ-
ously disturbed sites. Existing manage-
ment prescriptions are inappropriate for
the species for 2 reasons: firstly, they re-
quire the detection of individuals and
secondly, the areas do not provide suffi-
cient protection to the population or
they are unnecessarily large. Recent in-
formation indicates that successful
management of this species is most
likely to be achieved by focusing on
protecting key populations across a re-
gion, and monitoring the health of these
populations through time.
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